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1IntrodutionThis manual douments how to use the GNU ompilers, as well as their features and inom-patibilities, and how to report bugs. It orresponds to GCC version 4.0.0. The internalsof the GNU ompilers, inluding how to port them to new targets and some informationabout how to write front ends for new languages, are doumented in a separate manual.See setion \Introdution" in GNU Compiler Colletion (GCC) Internals.
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Chapter 1: Programming Languages Supported by GCC 31 Programming Languages Supported by GCCGCC stands for \GNU Compiler Colletion". GCC is an integrated distribution of ompil-ers for several major programming languages. These languages urrently inlude C, C++,Objetive-C, Objetive-C++, Java, Fortran, and Ada.The abbreviation GCC has multiple meanings in ommon use. The urrent oÆial mean-ing is \GNU Compiler Colletion", whih refers generially to the omplete suite of tools.The name historially stood for \GNU C Compiler", and this usage is still ommon whenthe emphasis is on ompiling C programs. Finally, the name is also used when speakingof the language-independent omponent of GCC: ode shared among the ompilers for allsupported languages.The language-independent omponent of GCC inludes the majority of the optimizers,as well as the \bak ends" that generate mahine ode for various proessors.The part of a ompiler that is spei� to a partiular language is alled the \front end".In addition to the front ends that are integrated omponents of GCC, there are severalother front ends that are maintained separately. These support languages suh as Pasal,Merury, and COBOL. To use these, they must be built together with GCC proper.Most of the ompilers for languages other than C have their own names. The C++ ompileris G++, the Ada ompiler is GNAT, and so on. When we talk about ompiling one of thoselanguages, we might refer to that ompiler by its own name, or as GCC. Either is orret.Historially, ompilers for many languages, inluding C++ and Fortran, have been im-plemented as \preproessors" whih emit another high level language suh as C. None ofthe ompilers inluded in GCC are implemented this way; they all generate mahine odediretly. This sort of preproessor should not be onfused with the C preproessor, whihis an integral feature of the C, C++, Objetive-C and Objetive-C++ languages.
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Chapter 2: Language Standards Supported by GCC 52 Language Standards Supported by GCCFor eah language ompiled by GCC for whih there is a standard, GCC attempts to followone or more versions of that standard, possibly with some exeptions, and possibly withsome extensions.GCC supports three versions of the C standard, although support for the most reentversion is not yet omplete.The original ANSI C standard (X3.159-1989) was rati�ed in 1989 and published in 1990.This standard was rati�ed as an ISO standard (ISO/IEC 9899:1990) later in 1990. Therewere no tehnial di�erenes between these publiations, although the setions of the ANSIstandard were renumbered and beame lauses in the ISO standard. This standard, inboth its forms, is ommonly known as C89, or oasionally as C90, from the dates ofrati�ation. The ANSI standard, but not the ISO standard, also ame with a Rationaledoument. To selet this standard in GCC, use one of the options `-ansi', `-std=89' or`-std=iso9899:1990'; to obtain all the diagnostis required by the standard, you shouldalso speify `-pedanti' (or `-pedanti-errors' if you want them to be errors rather thanwarnings). See Setion 3.4 [Options Controlling C Dialet℄, page 20.Errors in the 1990 ISO C standard were orreted in two Tehnial Corrigenda publishedin 1994 and 1996. GCC does not support the unorreted version.An amendment to the 1990 standard was published in 1995. This amendment addeddigraphs and __STDC_VERSION__ to the language, but otherwise onerned the library. Thisamendment is ommonly known as AMD1; the amended standard is sometimes known asC94 or C95. To selet this standard in GCC, use the option `-std=iso9899:199409' (with,as for other standard versions, `-pedanti' to reeive all required diagnostis).A new edition of the ISO C standard was published in 1999 as ISO/IEC 9899:1999, andis ommonly known as C99. GCC has inomplete support for this standard version; seehttp://g.gnu.org/g-4.0/99status.html for details. To selet this standard, use`-std=99' or `-std=iso9899:1999'. (While in development, drafts of this standard versionwere referred to as C9X.)Errors in the 1999 ISO C standard were orreted in two Tehnial Corrigenda publishedin 2001 and 2004. GCC does not support the unorreted version.By default, GCC provides some extensions to the C language that on rare oasions on-it with the C standard. See Chapter 5 [Extensions to the C Language Family℄, page 201.Use of the `-std' options listed above will disable these extensions where they onit withthe C standard version seleted. You may also selet an extended version of the C languageexpliitly with `-std=gnu89' (for C89 with GNU extensions) or `-std=gnu99' (for C99 withGNU extensions). The default, if no C language dialet options are given, is `-std=gnu89';this will hange to `-std=gnu99' in some future release when the C99 support is omplete.Some features that are part of the C99 standard are aepted as extensions in C89 mode.The ISO C standard de�nes (in lause 4) two lasses of onforming implementation. Aonforming hosted implementation supports the whole standard inluding all the library fa-ilities; a onforming freestanding implementation is only required to provide ertain libraryfailities: those in <float.h>, <limits.h>, <stdarg.h>, and <stddef.h>; sine AMD1,also those in <iso646.h>; and in C99, also those in <stdbool.h> and <stdint.h>. In ad-dition, omplex types, added in C99, are not required for freestanding implementations. The



6 Using the GNU Compiler Colletion (GCC)standard also de�nes two environments for programs, a freestanding environment, requiredof all implementations and whih may not have library failities beyond those required offreestanding implementations, where the handling of program startup and termination areimplementation-de�ned, and a hosted environment, whih is not required, in whih all thelibrary failities are provided and startup is through a funtion int main (void) or intmain (int, har *[℄). An OS kernel would be a freestanding environment; a programusing the failities of an operating system would normally be in a hosted implementation.GCC aims towards being usable as a onforming freestanding implementation, or as theompiler for a onforming hosted implementation. By default, it will at as the ompiler for ahosted implementation, de�ning __STDC_HOSTED__ as 1 and presuming that when the namesof ISO C funtions are used, they have the semantis de�ned in the standard. To make it atas a onforming freestanding implementation for a freestanding environment, use the option`-ffreestanding'; it will then de�ne __STDC_HOSTED__ to 0 and not make assumptionsabout the meanings of funtion names from the standard library, with exeptions notedbelow. To build an OS kernel, you may well still need to make your own arrangements forlinking and startup. See Setion 3.4 [Options Controlling C Dialet℄, page 20.GCC does not provide the library failities required only of hosted implementations, noryet all the failities required by C99 of freestanding implementations; to use the failitiesof a hosted environment, you will need to �nd them elsewhere (for example, in the GNU Clibrary). See Setion 10.6 [Standard Libraries℄, page 369.Most of the ompiler support routines used by GCC are present in `libg', but thereare a few exeptions. GCC requires the freestanding environment provide mempy, memmove,memset and memmp. Finally, if __builtin_trap is used, and the target does not implementthe trap pattern, then GCC will emit a all to abort.For referenes to Tehnial Corrigenda, Rationale douments and information onerningthe history of C that is available online, see http://g.gnu.org/readings.htmlThere is no formal written standard for Objetive-C or Objetive-C++. The most author-itative manual is \Objet-Oriented Programming and the Objetive-C Language", availableat a number of web sites:� http://developer.apple.om/doumentation/Cooa/Coneptual/ObjetiveC/ isa reent (and periodially updated) version;� http://www.toodarkpark.org/omputers/obj/ is an older example;� http://www.gnustep.org and http://g.gnu.org/readings.html have additionaluseful information.There is no standard for treelang, whih is a sample language front end for GCC. Its onlypurpose is as a sample for people wishing to write a new language for GCC. The languageis doumented in `g/treelang/treelang.texi' whih an be turned into info or HTMLformat.See setion \About This Guide" in GNAT Referene Manual, for information on standardonformane and ompatibility of the Ada ompiler.See setion \Standards" in The GNU Fortran 95 Compiler, for details of standards sup-ported by gfortran.See setion \Compatibility with the Java Platform" in GNU gj, for details of ompati-bility between gj and the Java Platform.



Chapter 3: GCC Command Options 73 GCC Command OptionsWhen you invoke GCC, it normally does preproessing, ompilation, assembly and linking.The \overall options" allow you to stop this proess at an intermediate stage. For example,the `-' option says not to run the linker. Then the output onsists of objet �les outputby the assembler.Other options are passed on to one stage of proessing. Some options ontrol the prepro-essor and others the ompiler itself. Yet other options ontrol the assembler and linker;most of these are not doumented here, sine you rarely need to use any of them.Most of the ommand line options that you an use with GCC are useful for C programs;when an option is only useful with another language (usually C++), the explanation saysso expliitly. If the desription for a partiular option does not mention a soure language,you an use that option with all supported languages.See Setion 3.3 [Compiling C++ Programs℄, page 20, for a summary of speial options forompiling C++ programs.The g program aepts options and �le names as operands. Many options have multi-letter names; therefore multiple single-letter options may not be grouped: `-dr' is verydi�erent from `-d -r'.You an mix options and other arguments. For the most part, the order you use doesn'tmatter. Order does matter when you use several options of the same kind; for example, ifyou speify `-L' more than one, the diretories are searhed in the order spei�ed.Many options have long names starting with `-f' or with `-W'|for example,`-ffore-mem', `-fstrength-redue', `-Wformat' and so on. Most of these have bothpositive and negative forms; the negative form of `-ffoo' would be `-fno-foo'. Thismanual douments only one of these two forms, whihever one is not the default.See [Option Index℄, page 419, for an index to GCC's options.3.1 Option SummaryHere is a summary of all the options, grouped by type. Explanations are in the followingsetions.Overall OptionsSee Setion 3.2 [Options Controlling the Kind of Output℄, page 16.- -S -E -o file -ombine -pipe -pass-exit-odes-x language -v -### --help --target-help --versionC Language OptionsSee Setion 3.4 [Options Controlling C Dialet℄, page 20.-ansi -std=standard -aux-info filename-fno-asm -fno-builtin -fno-builtin-funtion-fhosted -ffreestanding -fms-extensions-trigraphs -no-integrated-pp -traditional -traditional-pp-fallow-single-preision -fond-mismath-fsigned-bitfields -fsigned-har-funsigned-bitfields -funsigned-harC++ Language OptionsSee Setion 3.5 [Options Controlling C++ Dialet℄, page 24.



8 Using the GNU Compiler Colletion (GCC)-fabi-version=n -fno-aess-ontrol -fhek-new-fonserve-spae -fno-onst-strings-fno-elide-onstrutors-fno-enfore-eh-spes-ffor-sope -fno-for-sope -fno-gnu-keywords-fno-impliit-templates-fno-impliit-inline-templates-fno-implement-inlines -fms-extensions-fno-nonansi-builtins -fno-operator-names-fno-optional-diags -fpermissive-frepo -fno-rtti -fstats -ftemplate-depth-n-fno-threadsafe-statis -fuse-xa-atexit -fno-weak -nostdin++-fno-default-inline -fvisibility-inlines-hidden-Wabi -Wtor-dtor-privay-Wnon-virtual-dtor -Wreorder-Weff++ -Wno-depreated-Wno-non-template-friend -Wold-style-ast-Woverloaded-virtual -Wno-pmf-onversions-Wsign-promoObjetive-C and Objetive-C++ Language OptionsSee Setion 3.6 [Options Controlling Objetive-C and Objetive-C++ Dialets℄,page 31.-fonstant-string-lass=lass-name-fgnu-runtime -fnext-runtime-fno-nil-reeivers-fobj-exeptions-freplae-obj-lasses-fzero-link-gen-dels-Wno-protool -Wseletor -Wundelared-seletorLanguage Independent OptionsSee Setion 3.7 [Options to Control Diagnosti Messages Formatting℄, page 34.-fmessage-length=n-fdiagnostis-show-loation=[one|every-line℄Warning OptionsSee Setion 3.8 [Options to Request or Suppress Warnings℄, page 34.-fsyntax-only -pedanti -pedanti-errors-w -Wextra -Wall -Waggregate-return-Wast-align -Wast-qual -Whar-subsripts -Womment-Wonversion -Wno-depreated-delarations-Wdisabled-optimization -Wno-div-by-zero -Wno-endif-labels-Werror -Werror-impliit-funtion-delaration-Wfatal-errors -Wfloat-equal -Wformat -Wformat=2-Wno-format-extra-args -Wformat-nonliteral-Wformat-seurity -Wformat-y2k-Wimpliit -Wimpliit-funtion-delaration -Wimpliit-int-Wimport -Wno-import -Winit-self -Winline-Wno-invalid-offsetof -Winvalid-ph-Wlarger-than-len -Wlong-long-Wmain -Wmissing-braes -Wmissing-field-initializers-Wmissing-format-attribute -Wmissing-inlude-dirs-Wmissing-noreturn-Wno-multihar -Wnonnull -Wpaked -Wpadded-Wparentheses -Wpointer-arith -Wredundant-dels-Wreturn-type -Wsequene-point -Wshadow



Chapter 3: GCC Command Options 9-Wsign-ompare -Wstrit-aliasing -Wstrit-aliasing=2-Wswith -Wswith-default -Wswith-enum-Wsystem-headers -Wtrigraphs -Wundef -Wuninitialized-Wunknown-pragmas -Wunreahable-ode-Wunused -Wunused-funtion -Wunused-label -Wunused-parameter-Wunused-value -Wunused-variable -Wwrite-strings-Wvariadi-marosC-only Warning Options-Wbad-funtion-ast -Wmissing-delarations-Wmissing-prototypes -Wnested-externs -Wold-style-definition-Wstrit-prototypes -Wtraditional-Wdelaration-after-statement -Wno-pointer-signDebugging OptionsSee Setion 3.9 [Options for Debugging Your Program or GCC℄, page 49.-dletters -dumpspes -dumpmahine -dumpversion-fdump-unnumbered -fdump-translation-unit[-n ℄-fdump-lass-hierarhy[-n ℄-fdump-ipa-all -fdump-ipa-graph-fdump-tree-all-fdump-tree-original[-n ℄-fdump-tree-optimized[-n ℄-fdump-tree-inlined[-n ℄-fdump-tree-fg -fdump-tree-vg -fdump-tree-alias-fdump-tree-h-fdump-tree-ssa[-n ℄ -fdump-tree-pre[-n ℄-fdump-tree-p[-n ℄ -fdump-tree-de[-n ℄-fdump-tree-gimple[-raw℄ -fdump-tree-mudflap[-n ℄-fdump-tree-dom[-n ℄-fdump-tree-dse[-n ℄-fdump-tree-phiopt[-n ℄-fdump-tree-forwprop[-n ℄-fdump-tree-opyrename[-n ℄-fdump-tree-nrv -fdump-tree-vet-fdump-tree-sra[-n ℄-fdump-tree-fre[-n ℄-ftree-vetorizer-verbose=n-feliminate-dwarf2-dups -feliminate-unused-debug-types-feliminate-unused-debug-symbols -fmem-report -fprofile-ars -ftree-based-profiling-frandom-seed=string -fshed-verbose=n-ftest-overage -ftime-report -fvar-traking-g -glevel -goff -gdwarf-2-ggdb -gstabs -gstabs+ -gvms -gxoff -gxoff+-p -pg -print-file-name=library -print-libg-file-name-print-multi-diretory -print-multi-lib-print-prog-name=program -print-searh-dirs -Q-save-temps -timeOptimization OptionsSee Setion 3.10 [Options that Control Optimization℄, page 61.-falign-funtions=n -falign-jumps=n-falign-labels=n -falign-loops=n-fbounds-hek -fmudflap -fmudflapth -fmudflapir-fbranh-probabilities -fprofile-values -fvpt -fbranh-target-load-optimize-fbranh-target-load-optimize2 -fbtr-bb-exlusive-faller-saves -fprop-registers -fse-follow-jumps-fse-skip-bloks -fx-limited-range -fdata-setions



10 Using the GNU Compiler Colletion (GCC)-fdelayed-branh -fdelete-null-pointer-heks-fexpensive-optimizations -ffast-math -ffloat-store-ffore-addr -ffore-mem -ffuntion-setions-fgse -fgse-lm -fgse-sm -fgse-las -fgse-after-reload-floop-optimize -frossjumping -fif-onversion -fif-onversion2-finline-funtions -finline-limit=n -fkeep-inline-funtions-fkeep-stati-onsts -fmerge-onstants -fmerge-all-onstants-fmodulo-shed -fno-branh-ount-reg-fno-default-inline -fno-defer-pop -floop-optimize2 -fmove-loop-invariants-fno-funtion-se -fno-guess-branh-probability-fno-inline -fno-math-errno -fno-peephole -fno-peephole2-funsafe-math-optimizations -ffinite-math-only-fno-trapping-math -fno-zero-initialized-in-bss-fomit-frame-pointer -foptimize-register-move-foptimize-sibling-alls -fprefeth-loop-arrays-fprofile-generate -fprofile-use-fregmove -frename-registers-freorder-bloks -freorder-bloks-and-partition -freorder-funtions-frerun-se-after-loop -frerun-loop-opt-frounding-math -fshedule-insns -fshedule-insns2-fno-shed-interblok -fno-shed-spe -fshed-spe-load-fshed-spe-load-dangerous-fshed-stalled-insns=n -shed-stalled-insns-dep=n-fshed2-use-superbloks-fshed2-use-traes -freshedule-modulo-sheduled-loops-fsignaling-nans -fsingle-preision-onstant -fspeulative-prefething-fstrength-redue -fstrit-aliasing -ftraer -fthread-jumps-funroll-all-loops -funroll-loops -fpeel-loops-fsplit-ivs-in-unroller -funswith-loops-fvariable-expansion-in-unroller-ftree-pre -ftree-p -ftree-de -ftree-loop-optimize-ftree-loop-linear -ftree-loop-im -ftree-loop-ivanon -fivopts-ftree-dominator-opts -ftree-dse -ftree-opyrename-ftree-h -ftree-sra -ftree-ter -ftree-lrs -ftree-fre -ftree-vetorize-fweb--param name=value -O -O0 -O1 -O2 -O3 -OsPreproessor OptionsSee Setion 3.11 [Options Controlling the Preproessor℄, page 87.-Aquestion=answer-A-question [=answer ℄-C -dD -dI -dM -dN-Dmaro [=defn ℄ -E -H-idirafter dir-inlude file -imaros file-iprefix file -iwithprefix dir-iwithprefixbefore dir -isystem dir-M -MM -MF -MG -MP -MQ -MT -nostdin-P -fworking-diretory -remap-trigraphs -undef -Umaro -Wp,option-Xpreproessor optionAssembler OptionSee Setion 3.12 [Passing Options to the Assembler℄, page 97.-Wa,option -Xassembler optionLinker OptionsSee Setion 3.13 [Options for Linking℄, page 97.



Chapter 3: GCC Command Options 11objet-file-name -llibrary-nostartfiles -nodefaultlibs -nostdlib -pie-s -stati -stati-libg -shared -shared-libg -symboli-Wl,option -Xlinker option-u symbolDiretory OptionsSee Setion 3.14 [Options for Diretory Searh℄, page 100.-Bprefix -Idir -iquotedir -Ldir -spes=file -I-Target OptionsSee Setion 3.16 [Target Options℄, page 108.-V version -b mahineMahine Dependent OptionsSee Setion 3.17 [Hardware Models and Con�gurations℄, page 108.ARC Options-EB -EL-mmangle-pu -mpu=pu -mtext=text-setion-mdata=data-setion -mrodata=readonly-data-setionARM Options-maps-frame -mno-aps-frame-mabi=name-maps-stak-hek -mno-aps-stak-hek-maps-float -mno-aps-float-maps-reentrant -mno-aps-reentrant-mshed-prolog -mno-shed-prolog-mlittle-endian -mbig-endian -mwords-little-endian-mfloat-abi=name -msoft-float -mhard-float -mfpe-mthumb-interwork -mno-thumb-interwork-mpu=name -marh=name -mfpu=name-mstruture-size-boundary=n-mabort-on-noreturn-mlong-alls -mno-long-alls-msingle-pi-base -mno-single-pi-base-mpi-register=reg-mnop-fun-dllimport-mirrus-fix-invalid-insns -mno-irrus-fix-invalid-insns-mpoke-funtion-name-mthumb -marm-mtps-frame -mtps-leaf-frame-maller-super-interworking -mallee-super-interworkingAVR Options-mmu=mu -msize -minit-stak=n -mno-interrupts-mall-prologues -mno-tablejump -mtiny-stak -mint8CRIS Options-mpu=pu -marh=pu -mtune=pu-mmax-stak-frame=n -melinux-staksize=n-metrax4 -metrax100 -mpdebug -m-init -mno-side-effets-mstak-align -mdata-align -monst-align-m32-bit -m16-bit -m8-bit -mno-prologue-epilogue -mno-gotplt-melf -maout -melinux -mlinux -sim -sim2-mmul-bug-workaround -mno-mul-bug-workaroundDarwin Options-all_load -allowable_lient -arh -arh_errors_fatal-arh_only -bind_at_load -bundle -bundle_loader



12 Using the GNU Compiler Colletion (GCC)-lient_name -ompatibility_version -urrent_version-dead_strip-dependeny-file -dylib_file -dylinker_install_name-dynami -dynamilib -exported_symbols_list-filelist -flat_namespae -fore_pusubtype_ALL-fore_flat_namespae -headerpad_max_install_names-image_base -init -install_name -keep_private_externs-multi_module -multiply_defined -multiply_defined_unused-noall_load -no_dead_strip_inits_and_terms-nofixprebinding -nomultidefs -noprebind -noseglinkedit-pagezero_size -prebind -prebind_all_twolevel_modules-private_bundle -read_only_relos -setalign-setobjetsymbols -whyload -seg1addr-setreate -setobjetsymbols -setorder-segaddr -segs_read_only_addr -segs_read_write_addr-seg_addr_table -seg_addr_table_filename -seglinkedit-segprot -segs_read_only_addr -segs_read_write_addr-single_module -stati -sub_library -sub_umbrella-twolevel_namespae -umbrella -undefined-unexported_symbols_list -weak_referene_mismathes-whatsloaded -F -gused -gfull -mone-byte-boolDEC Alpha Options-mno-fp-regs -msoft-float -malpha-as -mgas-mieee -mieee-with-inexat -mieee-onformant-mfp-trap-mode=mode -mfp-rounding-mode=mode-mtrap-preision=mode -mbuild-onstants-mpu=pu-type -mtune=pu-type-mbwx -mmax -mfix -mix-mfloat-vax -mfloat-ieee-mexpliit-relos -msmall-data -mlarge-data-msmall-text -mlarge-text-mmemory-lateny=timeDEC Alpha/VMS Options-mvms-return-odesFRV Options-mgpr-32 -mgpr-64 -mfpr-32 -mfpr-64-mhard-float -msoft-float-mallo- -mfixed- -mdword -mno-dword-mdouble -mno-double-mmedia -mno-media -mmuladd -mno-muladd-mfdpi -minline-plt -mgprel-ro -multilib-library-pi-mlinked-fp -mlong-alls -malign-labels-mlibrary-pi -ma-4 -ma-8-mpak -mno-pak -mno-eflags -mond-move -mno-ond-move-ms -mno-s -mond-exe -mno-ond-exe-mvliw-branh -mno-vliw-branh-mmulti-ond-exe -mno-multi-ond-exe -mnested-ond-exe-mno-nested-ond-exe -mtomat-stats-mTLS -mtls-mpu=puH8/300 Options-mrelax -mh -ms -mn -mint32 -malign-300HPPA Options-marh=arhiteture-type-mbig-swith -mdisable-fpregs -mdisable-indexing-mfast-indiret-alls -mgas -mgnu-ld -mhp-ld



Chapter 3: GCC Command Options 13-mfixed-range=register-range-mjump-in-delay -mlinker-opt -mlong-alls-mlong-load-store -mno-big-swith -mno-disable-fpregs-mno-disable-indexing -mno-fast-indiret-alls -mno-gas-mno-jump-in-delay -mno-long-load-store-mno-portable-runtime -mno-soft-float-mno-spae-regs -msoft-float -mpa-ris-1-0-mpa-ris-1-1 -mpa-ris-2-0 -mportable-runtime-mshedule=pu-type -mspae-regs -msio -mwsio-munix=unix-std -nolibdld -stati -threadsi386 and x86-64 Options-mtune=pu-type -marh=pu-type-mfpmath=unit-masm=dialet -mno-fany-math-387-mno-fp-ret-in-387 -msoft-float -msvr3-shlib-mno-wide-multiply -mrtd -malign-double-mpreferred-stak-boundary=num-mmmx -msse -msse2 -msse3 -m3dnow-mthreads -mno-align-stringops -minline-all-stringops-mpush-args -maumulate-outgoing-args -m128bit-long-double-m96bit-long-double -mregparm=num -momit-leaf-frame-pointer-mno-red-zone -mno-tls-diret-seg-refs-mmodel=ode-model-m32 -m64IA-64 Options-mbig-endian -mlittle-endian -mgnu-as -mgnu-ld -mno-pi-mvolatile-asm-stop -mregister-names -mno-sdata-monstant-gp -mauto-pi -minline-float-divide-min-lateny-minline-float-divide-max-throughput-minline-int-divide-min-lateny-minline-int-divide-max-throughput-minline-sqrt-min-lateny -minline-sqrt-max-throughput-mno-dwarf2-asm -mearly-stop-bits-mfixed-range=register-range -mtls-size=tls-size-mtune=pu-type -mt -pthread -milp32 -mlp64M32R/D Options-m32r2 -m32rx -m32r-mdebug-malign-loops -mno-align-loops-missue-rate=number-mbranh-ost=number-mmodel=ode-size-model-type-msdata=sdata-type-mno-flush-fun -mflush-fun=name-mno-flush-trap -mflush-trap=number-G numM680x0 Options-m68000 -m68020 -m68020-40 -m68020-60 -m68030 -m68040-m68060 -mpu32 -m5200 -m68881 -mbitfield -m68000 -m68020-mnobitfield -mrtd -mshort -msoft-float -mprel-malign-int -mstrit-align -msep-data -mno-sep-data-mshared-library-id=n -mid-shared-library -mno-id-shared-libraryM68h1x Options-m6811 -m6812 -m68h11 -m68h12 -m68hs12-mauto-inde -minmax -mlong-alls -mshort-msoft-reg-ount=ount



14 Using the GNU Compiler Colletion (GCC)MCore Options-mhardlit -mno-hardlit -mdiv -mno-div -mrelax-immediates-mno-relax-immediates -mwide-bitfields -mno-wide-bitfields-m4byte-funtions -mno-4byte-funtions -mallgraph-data-mno-allgraph-data -mslow-bytes -mno-slow-bytes -mno-lsim-mlittle-endian -mbig-endian -m210 -m340 -mstak-inrementMIPS Options-EL -EB -marh=arh -mtune=arh-mips1 -mips2 -mips3 -mips4 -mips32 -mips32r2 -mips64-mips16 -mno-mips16 -mabi=abi -mabialls -mno-abialls-mxgot -mno-xgot -mgp32 -mgp64 -mfp32 -mfp64-mhard-float -msoft-float -msingle-float -mdouble-float-mpaired-single -mips3d-mint64 -mlong64 -mlong32 -msym32 -mno-sym32-Gnum -membedded-data -mno-embedded-data-muninit-onst-in-rodata -mno-uninit-onst-in-rodata-msplit-addresses -mno-split-addresses-mexpliit-relos -mno-expliit-relos-mhek-zero-division -mno-hek-zero-division-mdivide-traps -mdivide-breaks-mmempy -mno-mempy -mlong-alls -mno-long-alls-mmad -mno-mad -mfused-madd -mno-fused-madd -nopp-mfix-r4000 -mno-fix-r4000 -mfix-r4400 -mno-fix-r4400-mfix-vr4120 -mno-fix-vr4120 -mfix-vr4130-mfix-sb1 -mno-fix-sb1-mflush-fun=fun -mno-flush-fun-mbranh-likely -mno-branh-likely-mfp-exeptions -mno-fp-exeptions-mvr4130-align -mno-vr4130-alignMMIX Options-mlibfuns -mno-libfuns -mepsilon -mno-epsilon -mabi=gnu-mabi=mmixware -mzero-extend -mknuthdiv -mtoplevel-symbols-melf -mbranh-predit -mno-branh-predit -mbase-addresses-mno-base-addresses -msingle-exit -mno-single-exitMN10300 Options-mmult-bug -mno-mult-bug-mam33 -mno-am33-mam33-2 -mno-am33-2-mno-rt0 -mrelaxNS32K Options-m32032 -m32332 -m32532 -m32081 -m32381-mmult-add -mnomult-add -msoft-float -mrtd -mnortd-mregparam -mnoregparam -msb -mnosb-mbitfield -mnobitfield -mhimem -mnohimemPDP-11 Options-mfpu -msoft-float -ma0 -mno-a0 -m40 -m45 -m10-mbopy -mbopy-builtin -mint32 -mno-int16-mint16 -mno-int32 -mfloat32 -mno-float64-mfloat64 -mno-float32 -mabshi -mno-abshi-mbranh-expensive -mbranh-heap-msplit -mno-split -munix-asm -mde-asmPowerPC Options See RS/6000 and PowerPC Options.RS/6000 and PowerPC Options-mpu=pu-type-mtune=pu-type



Chapter 3: GCC Command Options 15-mpower -mno-power -mpower2 -mno-power2-mpowerp -mpowerp64 -mno-powerp-maltive -mno-altive-mpowerp-gpopt -mno-powerp-gpopt-mpowerp-gfxopt -mno-powerp-gfxopt-mnew-mnemonis -mold-mnemonis-mfull-to -mminimal-to -mno-fp-in-to -mno-sum-in-to-m64 -m32 -mxl-ompat -mno-xl-ompat -mpe-malign-power -malign-natural-msoft-float -mhard-float -mmultiple -mno-multiple-mstring -mno-string -mupdate -mno-update-mfused-madd -mno-fused-madd -mbit-align -mno-bit-align-mstrit-align -mno-strit-align -mreloatable-mno-reloatable -mreloatable-lib -mno-reloatable-lib-mto -mno-to -mlittle -mlittle-endian -mbig -mbig-endian-mdynami-no-pi-mprioritize-restrited-insns=priority-mshed-ostly-dep=dependene_type-minsert-shed-nops=sheme-mall-sysv -mall-netbsd-maix-strut-return -msvr4-strut-return-mabi=altive -mabi=no-altive-mabi=spe -mabi=no-spe-misel=yes -misel=no-mspe=yes -mspe=no-mfloat-gprs=yes -mfloat-gprs=no -mfloat-gprs=single -mfloat-gprs=double-mprototype -mno-prototype-msim -mmvme -mads -myellowknife -memb -msdata-msdata=opt -mvxworks -mwindiss -G num -pthreadS/390 and zSeries Options-mtune=pu-type -marh=pu-type-mhard-float -msoft-float -mbakhain -mno-bakhain-mpaked-stak -mno-paked-stak-msmall-exe -mno-small-exe -mmvle -mno-mvle-m64 -m31 -mdebug -mno-debug -mesa -mzarh-mtpf-trae -mno-tpf-trae -mfused-madd -mno-fused-madd-mwarn-framesize -mwarn-dynamistak -mstak-size -mstak-guardSH Options-m1 -m2 -m2e -m3 -m3e-m4-nofpu -m4-single-only -m4-single -m4-m4a-nofpu -m4a-single-only -m4a-single -m4a -m4al-m5-64media -m5-64media-nofpu-m5-32media -m5-32media-nofpu-m5-ompat -m5-ompat-nofpu-mb -ml -mdalign -mrelax-mbigtable -mfmovd -mhitahi -mrenesas -mno-renesas -mnomasave-mieee -misize -mpadstrut -mspae-mprefergot -musermodeSPARC Options-mpu=pu-type-mtune=pu-type-mmodel=ode-model-m32 -m64 -mapp-regs -mno-app-regs-mfaster-struts -mno-faster-struts-mfpu -mno-fpu -mhard-float -msoft-float-mhard-quad-float -msoft-quad-float-mimpure-text -mno-impure-text -mlittle-endian



16 Using the GNU Compiler Colletion (GCC)-mstak-bias -mno-stak-bias-munaligned-doubles -mno-unaligned-doubles-mv8plus -mno-v8plus -mvis -mno-vis -threads -pthreadsSystem V Options-Qy -Qn -YP,paths -Ym,dirTMS320C3x/C4x Options-mpu=pu -mbig -msmall -mregparm -mmemparm-mfast-fix -mmpyi -mbk -mti -mdp-isr-reload-mrpts=ount -mrptb -mdb -mloop-unsigned-mparallel-insns -mparallel-mpy -mpreserve-floatV850 Options-mlong-alls -mno-long-alls -mep -mno-ep-mprolog-funtion -mno-prolog-funtion -mspae-mtda=n -msda=n -mzda=n-mapp-regs -mno-app-regs-mdisable-allt -mno-disable-allt-mv850e1-mv850e-mv850 -mbig-swithVAX Options-mg -mgnu -munixx86-64 Options See i386 and x86-64 Options.Xstormy16 Options-msimXtensa Options-monst16 -mno-onst16-mfused-madd -mno-fused-madd-mtext-setion-literals -mno-text-setion-literals-mtarget-align -mno-target-align-mlongalls -mno-longallszSeries Options See S/390 and zSeries Options.Code Generation OptionsSee Setion 3.18 [Options for Code Generation Conventions℄, page 178.-fall-saved-reg -fall-used-reg-ffixed-reg -fexeptions-fnon-all-exeptions -funwind-tables-fasynhronous-unwind-tables-finhibit-size-diretive -finstrument-funtions-fno-ommon -fno-ident-fp-strut-return -fpi -fPIC -fpie -fPIE-freg-strut-return -fshared-data -fshort-enums-fshort-double -fshort-whar-fverbose-asm -fpak-strut[=n℄ -fstak-hek-fstak-limit-register=reg -fstak-limit-symbol=sym-fargument-alias -fargument-noalias-fargument-noalias-global -fleading-undersore-ftls-model=model-ftrapv -fwrapv -fbounds-hek-fvisibility3.2 Options Controlling the Kind of OutputCompilation an involve up to four stages: preproessing, ompilation proper, assemblyand linking, always in that order. GCC is apable of preproessing and ompiling several



Chapter 3: GCC Command Options 17�les either into several assembler input �les, or into one assembler input �le; then eahassembler input �le produes an objet �le, and linking ombines all the objet �les (thosenewly ompiled, and those spei�ed as input) into an exeutable �le.For any given input �le, the �le name suÆx determines what kind of ompilation is done:file. C soure ode whih must be preproessed.file.i C soure ode whih should not be preproessed.file.ii C++ soure ode whih should not be preproessed.file.m Objetive-C soure ode. Note that you must link with the `libobj' libraryto make an Objetive-C program work.file.mi Objetive-C soure ode whih should not be preproessed.file.mmfile.M Objetive-C++ soure ode. Note that you must link with the `libobj' libraryto make an Objetive-C++ program work. Note that `.M' refers to a literalapital M.file.mii Objetive-C++ soure ode whih should not be preproessed.file.h C, C++, Objetive-C or Objetive-C++ header �le to be turned into a preom-piled header.file.file.pfile.xxfile.ppfile.CPPfile.++file.C C++ soure ode whih must be preproessed. Note that in `.xx', the last twoletters must both be literally `x'. Likewise, `.C' refers to a literal apital C.file.hhfile.H C++ header �le to be turned into a preompiled header.file.ffile.forfile.FOR Fortran soure ode whih should not be preproessed.file.Ffile.fppfile.FPP Fortran soure ode whih must be preproessed (with the traditional prepro-essor).file.r Fortran soure ode whih must be preproessed with a RATFOR preproessor(not inluded with GCC).file.f90file.f95 Fortran 90/95 soure ode whih should not be preproessed.file.ads Ada soure ode �le whih ontains a library unit delaration (a delaration ofa pakage, subprogram, or generi, or a generi instantiation), or a library unit



18 Using the GNU Compiler Colletion (GCC)renaming delaration (a pakage, generi, or subprogram renaming delaration).Suh �les are also alled spes.file.adb Ada soure ode �le ontaining a library unit body (a subprogram or pakagebody). Suh �les are also alled bodies.file.s Assembler ode.file.S Assembler ode whih must be preproessed.other An objet �le to be fed straight into linking. Any �le name with no reognizedsuÆx is treated this way.You an speify the input language expliitly with the `-x' option:-x languageSpeify expliitly the language for the following input �les (rather than lettingthe ompiler hoose a default based on the �le name suÆx). This option appliesto all following input �les until the next `-x' option. Possible values for languageare:  -header -pp-output++ ++-header ++-pp-outputobjetive- objetive--header objetive--pp-outputobjetive-++ objetive-++-header objetive-++-pp-outputassembler assembler-with-ppadaf77 f77-pp-input ratforf95javatreelang-x none Turn o� any spei�ation of a language, so that subsequent �les are handledaording to their �le name suÆxes (as they are if `-x' has not been used atall).-pass-exit-odesNormally the g program will exit with the ode of 1 if any phase of theompiler returns a non-suess return ode. If you speify `-pass-exit-odes',the g program will instead return with numerially highest error produedby any phase that returned an error indiation.If you only want some of the stages of ompilation, you an use `-x' (or �lename suÆxes)to tell g where to start, and one of the options `-', `-S', or `-E' to say where g is tostop. Note that some ombinations (for example, `-x pp-output -E') instrut g to donothing at all.- Compile or assemble the soure �les, but do not link. The linking stage simplyis not done. The ultimate output is in the form of an objet �le for eah soure�le.By default, the objet �le name for a soure �le is made by replaing the suÆx`.', `.i', `.s', et., with `.o'.Unreognized input �les, not requiring ompilation or assembly, are ignored.-S Stop after the stage of ompilation proper; do not assemble. The output is inthe form of an assembler ode �le for eah non-assembler input �le spei�ed.



Chapter 3: GCC Command Options 19By default, the assembler �le name for a soure �le is made by replaing thesuÆx `.', `.i', et., with `.s'.Input �les that don't require ompilation are ignored.-E Stop after the preproessing stage; do not run the ompiler proper. The outputis in the form of preproessed soure ode, whih is sent to the standard output.Input �les whih don't require preproessing are ignored.-o file Plae output in �le �le. This applies regardless to whatever sort of output isbeing produed, whether it be an exeutable �le, an objet �le, an assembler�le or preproessed C ode.If `-o' is not spei�ed, the default is to put an exeutable �le in `a.out', theobjet �le for `soure.suffix ' in `soure.o', its assembler �le in `soure.s', apreompiled header �le in `soure.suffix.gh', and all preproessed C soureon standard output.-v Print (on standard error output) the ommands exeuted to run the stages ofompilation. Also print the version number of the ompiler driver program andof the preproessor and the ompiler proper.-### Like `-v' exept the ommands are not exeuted and all ommand argumentsare quoted. This is useful for shell sripts to apture the driver-generatedommand lines.-pipe Use pipes rather than temporary �les for ommuniation between the variousstages of ompilation. This fails to work on some systems where the assembleris unable to read from a pipe; but the GNU assembler has no trouble.-ombine If you are ompiling multiple soure �les, this option tells the driver to passall the soure �les to the ompiler at one (for those languages for whih theompiler an handle this). This will allow intermodule analysis (IMA) to beperformed by the ompiler. Currently the only language for whih this is sup-ported is C. If you pass soure �les for multiple languages to the driver, usingthis option, the driver will invoke the ompiler(s) that support IMA one eah,passing eah ompiler all the soure �les appropriate for it. For those languagesthat do not support IMA this option will be ignored, and the ompiler will beinvoked one for eah soure �le in that language. If you use this option in on-juntion with `-save-temps', the ompiler will generate multiple pre-proessed�les (one for eah soure �le), but only one (ombined) `.o' or `.s' �le.--help Print (on the standard output) a desription of the ommand line options un-derstood by g. If the `-v' option is also spei�ed then `--help' will also bepassed on to the various proesses invoked by g, so that they an display theommand line options they aept. If the `-Wextra' option is also spei�ed thenommand line options whih have no doumentation assoiated with them willalso be displayed.--target-helpPrint (on the standard output) a desription of target spei� ommand lineoptions for eah tool.



20 Using the GNU Compiler Colletion (GCC)--version Display the version number and opyrights of the invoked GCC.3.3 Compiling C++ ProgramsC++ soure �les onventionally use one of the suÆxes `.C', `.', `.pp', `.CPP', `.++',`.p', or `.xx'; C++ header �les often use `.hh' or `.H'; and preproessed C++ �les use thesuÆx `.ii'. GCC reognizes �les with these names and ompiles them as C++ programseven if you all the ompiler the same way as for ompiling C programs (usually with thename g).However, C++ programs often require lass libraries as well as a ompiler that understandsthe C++ language|and under some irumstanes, you might want to ompile programsor header �les from standard input, or otherwise without a suÆx that ags them as C++programs. You might also like to preompile a C header �le with a `.h' extension to beused in C++ ompilations. g++ is a program that alls GCC with the default language setto C++, and automatially spei�es linking against the C++ library. On many systems, g++is also installed with the name ++.When you ompile C++ programs, you may speify many of the same ommand-lineoptions that you use for ompiling programs in any language; or ommand-line optionsmeaningful for C and related languages; or options that are meaningful only for C++ pro-grams. See Setion 3.4 [Options Controlling C Dialet℄, page 20, for explanations of optionsfor languages related to C. See Setion 3.5 [Options Controlling C++ Dialet℄, page 24, forexplanations of options that are meaningful only for C++ programs.3.4 Options Controlling C DialetThe following options ontrol the dialet of C (or languages derived from C, suh as C++,Objetive-C and Objetive-C++) that the ompiler aepts:-ansi In C mode, support all ISO C90 programs. In C++ mode, remove GNU exten-sions that onit with ISO C++.This turns o� ertain features of GCC that are inompatible with ISO C90(when ompiling C ode), or of standard C++ (when ompiling C++ ode), suhas the asm and typeof keywords, and prede�ned maros suh as unix and vaxthat identify the type of system you are using. It also enables the undesirableand rarely used ISO trigraph feature. For the C ompiler, it disables reognitionof C++ style `//' omments as well as the inline keyword.The alternate keywords __asm__, __extension__, __inline__ and __typeof__ ontinue to work despite `-ansi'. You would not want to use them in an ISOC program, of ourse, but it is useful to put them in header �les that might beinluded in ompilations done with `-ansi'. Alternate prede�ned maros suhas __unix__ and __vax__ are also available, with or without `-ansi'.The `-ansi' option does not ause non-ISO programs to be rejeted gratu-itously. For that, `-pedanti' is required in addition to `-ansi'. See Setion 3.8[Warning Options℄, page 34.The maro __STRICT_ANSI__ is prede�ned when the `-ansi' option is used.Some header �les may notie this maro and refrain from delaring ertain



Chapter 3: GCC Command Options 21funtions or de�ning ertain maros that the ISO standard doesn't all for; thisis to avoid interfering with any programs that might use these names for otherthings.Funtions whih would normally be built in but do not have semantis de�nedby ISO C (suh as alloa and ffs) are not built-in funtions with `-ansi' isused. See Setion 5.44 [Other built-in funtions provided by GCC℄, page 272,for details of the funtions a�eted.-std= Determine the language standard. This option is urrently only supported whenompiling C or C++. A value for this option must be provided; possible valuesare`89'`iso9899:1990'ISO C90 (same as `-ansi').`iso9899:199409'ISO C90 as modi�ed in amendment 1.`99'`9x'`iso9899:1999'`iso9899:199x'ISO C99. Note that this standard is not yet fully supported;see http://g.gnu.org/g-4.0/99status.html for more in-formation. The names `9x' and `iso9899:199x' are depreated.`gnu89' Default, ISO C90 plus GNU extensions (inluding some C99 fea-tures).`gnu99'`gnu9x' ISO C99 plus GNU extensions. When ISO C99 is fully implementedin GCC, this will beome the default. The name `gnu9x' is depre-ated.`++98' The 1998 ISO C++ standard plus amendments.`gnu++98' The same as `-std=++98' plus GNU extensions. This is the defaultfor C++ ode.Even when this option is not spei�ed, you an still use some of the features ofnewer standards in so far as they do not onit with previous C standards. Forexample, you may use __restrit__ even when `-std=99' is not spei�ed.The `-std' options speifying some version of ISO C have the same e�ets as`-ansi', exept that features that were not in ISO C90 but are in the spei�edversion (for example, `//' omments and the inline keyword in ISO C99) arenot disabled.See Chapter 2 [Language Standards Supported by GCC℄, page 5, for details ofthese standard versions.



22 Using the GNU Compiler Colletion (GCC)-aux-info filenameOutput to the given �lename prototyped delarations for all funtions delaredand/or de�ned in a translation unit, inluding those in header �les. This optionis silently ignored in any language other than C.Besides delarations, the �le indiates, in omments, the origin of eah delara-tion (soure �le and line), whether the delaration was impliit, prototyped orunprototyped (`I', `N' for new or `O' for old, respetively, in the �rst haraterafter the line number and the olon), and whether it ame from a delarationor a de�nition (`C' or `F', respetively, in the following harater). In the aseof funtion de�nitions, a K&R-style list of arguments followed by their dela-rations is also provided, inside omments, after the delaration.-fno-asm Do not reognize asm, inline or typeof as a keyword, so that ode an usethese words as identi�ers. You an use the keywords __asm__, __inline__ and__typeof__ instead. `-ansi' implies `-fno-asm'.In C++, this swith only a�ets the typeof keyword, sine asm and inlineare standard keywords. You may want to use the `-fno-gnu-keywords' aginstead, whih has the same e�et. In C99 mode (`-std=99' or `-std=gnu99'),this swith only a�ets the asm and typeof keywords, sine inline is a standardkeyword in ISO C99.-fno-builtin-fno-builtin-funtionDon't reognize built-in funtions that do not begin with `__builtin_' as pre�x.See Setion 5.44 [Other built-in funtions provided by GCC℄, page 272, fordetails of the funtions a�eted, inluding those whih are not built-in funtionswhen `-ansi' or `-std' options for strit ISO C onformane are used beausethey do not have an ISO standard meaning.GCC normally generates speial ode to handle ertain built-in funtions moreeÆiently; for instane, alls to alloa may beome single instrutions thatadjust the stak diretly, and alls to mempy may beome inline opy loops.The resulting ode is often both smaller and faster, but sine the funtionalls no longer appear as suh, you annot set a breakpoint on those alls,nor an you hange the behavior of the funtions by linking with a di�erentlibrary. In addition, when a funtion is reognized as a built-in funtion, GCCmay use information about that funtion to warn about problems with alls tothat funtion, or to generate more eÆient ode, even if the resulting ode stillontains alls to that funtion. For example, warnings are given with `-Wformat'for bad alls to printf, when printf is built in, and strlen is known not tomodify global memory.With the `-fno-builtin-funtion ' option only the built-in funtion funtionis disabled. funtion must not begin with `__builtin_'. If a funtion is namedthis is not built-in in this version of GCC, this option is ignored. There isno orresponding `-fbuiltin-funtion ' option; if you wish to enable built-infuntions seletively when using `-fno-builtin' or `-ffreestanding', you mayde�ne maros suh as:#define abs(n) __builtin_abs ((n))



Chapter 3: GCC Command Options 23#define strpy(d, s) __builtin_strpy ((d), (s))-fhosted Assert that ompilation takes plae in a hosted environment. This implies`-fbuiltin'. A hosted environment is one in whih the entire standard libraryis available, and in whih main has a return type of int. Examples are nearlyeverything exept a kernel. This is equivalent to `-fno-freestanding'.-ffreestandingAssert that ompilation takes plae in a freestanding environment. This implies`-fno-builtin'. A freestanding environment is one in whih the standardlibrary may not exist, and program startup may not neessarily be at main. Themost obvious example is an OS kernel. This is equivalent to `-fno-hosted'.See Chapter 2 [Language Standards Supported by GCC℄, page 5, for details offreestanding and hosted environments.-fms-extensionsAept some non-standard onstruts used in Mirosoft header �les.Some ases of unnamed �elds in strutures and unions are only aeptedwith this option. See Setion 5.48 [Unnamed strut/union �elds withinstruts/unions℄, page 330, for details.-trigraphsSupport ISO C trigraphs. The `-ansi' option (and `-std' options for strit ISOC onformane) implies `-trigraphs'.-no-integrated-ppPerforms a ompilation in two passes: preproessing and ompiling. This optionallows a user supplied "1", "1plus", or "1obj" via the `-B' option. Theuser supplied ompilation step an then add in an additional preproessingstep after normal preproessing but before ompiling. The default is to use theintegrated pp (internal pp)The semantis of this option will hange if "1", "1plus", and "1obj" aremerged.-traditional-traditional-ppFormerly, these options aused GCC to attempt to emulate a pre-standard Compiler. They are now only supported with the `-E' swith. The preproessorontinues to support a pre-standard mode. See the GNU CPP manual fordetails.-fond-mismathAllow onditional expressions with mismathed types in the seond and thirdarguments. The value of suh an expression is void. This option is not supportedfor C++.-funsigned-harLet the type har be unsigned, like unsigned har.Eah kind of mahine has a default for what har should be. It is either likeunsigned har by default or like signed har by default.



24 Using the GNU Compiler Colletion (GCC)Ideally, a portable program should always use signed har or unsigned harwhen it depends on the signedness of an objet. But many programs have beenwritten to use plain har and expet it to be signed, or expet it to be unsigned,depending on the mahines they were written for. This option, and its inverse,let you make suh a program work with the opposite default.The type har is always a distint type from eah of signed har or unsignedhar, even though its behavior is always just like one of those two.-fsigned-harLet the type har be signed, like signed har.Note that this is equivalent to `-fno-unsigned-har', whih is the negativeform of `-funsigned-har'. Likewise, the option `-fno-signed-har' is equiv-alent to `-funsigned-har'.-fsigned-bitfields-funsigned-bitfields-fno-signed-bitfields-fno-unsigned-bitfieldsThese options ontrol whether a bit-�eld is signed or unsigned, when the de-laration does not use either signed or unsigned. By default, suh a bit-�eld issigned, beause this is onsistent: the basi integer types suh as int are signedtypes.3.5 Options Controlling C++ DialetThis setion desribes the ommand-line options that are only meaningful for C++ programs;but you an also use most of the GNU ompiler options regardless of what language yourprogram is in. For example, you might ompile a �le firstClass.C like this:g++ -g -frepo -O - firstClass.CIn this example, only `-frepo' is an option meant only for C++ programs; you an use theother options with any language supported by GCC.Here is a list of options that are only for ompiling C++ programs:-fabi-version=nUse version n of the C++ ABI. Version 2 is the version of the C++ ABI that�rst appeared in G++ 3.4. Version 1 is the version of the C++ ABI that �rstappeared in G++ 3.2. Version 0 will always be the version that onforms mostlosely to the C++ ABI spei�ation. Therefore, the ABI obtained using version0 will hange as ABI bugs are �xed.The default is version 2.-fno-aess-ontrolTurn o� all aess heking. This swith is mainly useful for working aroundbugs in the aess ontrol ode.-fhek-newChek that the pointer returned by operator new is non-null before attemptingto modify the storage alloated. This hek is normally unneessary beausethe C++ standard spei�es that operator new will only return 0 if it is delared



Chapter 3: GCC Command Options 25`throw()', in whih ase the ompiler will always hek the return value evenwithout this option. In all other ases, when operator new has a non-emptyexeption spei�ation, memory exhaustion is signalled by throwing std::bad_allo. See also `new (nothrow)'.-fonserve-spaePut uninitialized or runtime-initialized global variables into the ommon seg-ment, as C does. This saves spae in the exeutable at the ost of not diagnosingdupliate de�nitions. If you ompile with this ag and your program mysteri-ously rashes after main() has ompleted, you may have an objet that is beingdestroyed twie beause two de�nitions were merged.This option is no longer useful on most targets, now that support has beenadded for putting variables into BSS without making them ommon.-fno-onst-stringsGive string onstants type har * instead of type onst har *. By default,G++ uses type onst har * as required by the standard. Even if you use`-fno-onst-strings', you annot atually modify the value of a string on-stant.This option might be removed in a future release of G++. For maximum porta-bility, you should struture your ode so that it works with string onstantsthat have type onst har *.-fno-elide-onstrutorsThe C++ standard allows an implementation to omit reating a temporary whihis only used to initialize another objet of the same type. Speifying this optiondisables that optimization, and fores G++ to all the opy onstrutor in allases.-fno-enfore-eh-spesDon't hek for violation of exeption spei�ations at runtime. This optionviolates the C++ standard, but may be useful for reduing ode size in produ-tion builds, muh like de�ning `NDEBUG'. The ompiler will still optimize basedon the exeption spei�ations.-ffor-sope-fno-for-sopeIf `-ffor-sope' is spei�ed, the sope of variables delared in a for-init-statement is limited to the `for' loop itself, as spei�ed by the C++ standard.If `-fno-for-sope' is spei�ed, the sope of variables delared in a for-init-statement extends to the end of the enlosing sope, as was the ase in oldversions of G++, and other (traditional) implementations of C++.The default if neither ag is given to follow the standard, but to allow and givea warning for old-style ode that would otherwise be invalid, or have di�erentbehavior.-fno-gnu-keywordsDo not reognize typeof as a keyword, so that ode an use this word asan identi�er. You an use the keyword __typeof__ instead. `-ansi' implies`-fno-gnu-keywords'.



26 Using the GNU Compiler Colletion (GCC)-fno-impliit-templatesNever emit ode for non-inline templates whih are instantiated impliitly (i.e.by use); only emit ode for expliit instantiations. See Setion 6.5 [TemplateInstantiation℄, page 339, for more information.-fno-impliit-inline-templatesDon't emit ode for impliit instantiations of inline templates, either. Thedefault is to handle inlines di�erently so that ompiles with and without opti-mization will need the same set of expliit instantiations.-fno-implement-inlinesTo save spae, do not emit out-of-line opies of inline funtions ontrolled by`#pragma implementation'. This will ause linker errors if these funtions arenot inlined everywhere they are alled.-fms-extensionsDisable pedanti warnings about onstruts used in MFC, suh as impliit intand getting a pointer to member funtion via non-standard syntax.-fno-nonansi-builtinsDisable built-in delarations of funtions that are not mandated by ANSI/ISOC. These inlude ffs, alloa, _exit, index, bzero, onjf, and other relatedfuntions.-fno-operator-namesDo not treat the operator name keywords and, bitand, bitor, ompl, not, orand xor as synonyms as keywords.-fno-optional-diagsDisable diagnostis that the standard says a ompiler does not need to issue.Currently, the only suh diagnosti issued by G++ is the one for a name havingmultiple meanings within a lass.-fpermissiveDowngrade some diagnostis about nononformant ode from errors to warn-ings. Thus, using `-fpermissive' will allow some nononforming ode to om-pile.-frepo Enable automati template instantiation at link time. This option also im-plies `-fno-impliit-templates'. See Setion 6.5 [Template Instantiation℄,page 339, for more information.-fno-rtti Disable generation of information about every lass with virtual funtionsfor use by the C++ runtime type identi�ation features (`dynami_ast'and `typeid'). If you don't use those parts of the language, you an savesome spae by using this ag. Note that exeption handling uses the sameinformation, but it will generate it as needed.-fstats Emit statistis about front-end proessing at the end of the ompilation. Thisinformation is generally only useful to the G++ development team.



Chapter 3: GCC Command Options 27-ftemplate-depth-nSet the maximum instantiation depth for template lasses to n. A limit onthe template instantiation depth is needed to detet endless reursions duringtemplate lass instantiation. ANSI/ISO C++ onforming programs must notrely on a maximum depth greater than 17.-fno-threadsafe-statisDo not emit the extra ode to use the routines spei�ed in the C++ ABI forthread-safe initialization of loal statis. You an use this option to redue odesize slightly in ode that doesn't need to be thread-safe.-fuse-xa-atexitRegister destrutors for objets with stati storage duration with the __xa_atexit funtion rather than the atexit funtion. This option is required forfully standards-ompliant handling of stati destrutors, but will only work ifyour C library supports __xa_atexit.-fvisibility-inlines-hiddenCauses all inlined methods to be marked with __attribute__ ((visibility("hidden"))) so that they do not appear in the export table of a DSO and donot require a PLT indiretion when used within the DSO. Enabling this optionan have a dramati e�et on load and link times of a DSO as it massivelyredues the size of the dynami export table when the library makes heavy useof templates. While it an ause bloating through dupliation of ode withineah DSO where it is used, often the wastage is less than the onsiderable spaeoupied by a long symbol name in the export table whih is typial whenusing templates and namespaes. For even more savings, ombine with the`-fvisibility=hidden' swith.-fno-weak Do not use weak symbol support, even if it is provided by the linker. Bydefault, G++ will use weak symbols if they are available. This option existsonly for testing, and should not be used by end-users; it will result in inferiorode and has no bene�ts. This option may be removed in a future release ofG++.-nostdin++Do not searh for header �les in the standard diretories spei� to C++, but dostill searh the other standard diretories. (This option is used when buildingthe C++ library.)In addition, these optimization, warning, and ode generation options have meanings onlyfor C++ programs:-fno-default-inlineDo not assume `inline' for funtions de�ned inside a lass sope. See Se-tion 3.10 [Options That Control Optimization℄, page 61. Note that these fun-tions will have linkage like inline funtions; they just won't be inlined by default.-Wabi (C++ only)Warn when G++ generates ode that is probably not ompatible with thevendor-neutral C++ ABI. Although an e�ort has been made to warn about



28 Using the GNU Compiler Colletion (GCC)all suh ases, there are probably some ases that are not warned about, eventhough G++ is generating inompatible ode. There may also be ases wherewarnings are emitted even though the ode that is generated will be ompatible.You should rewrite your ode to avoid these warnings if you are onerned aboutthe fat that ode generated by G++ may not be binary ompatible with odegenerated by other ompilers.The known inompatibilities at this point inlude:� Inorret handling of tail-padding for bit-�elds. G++ may attempt to pakdata into the same byte as a base lass. For example:strut A { virtual void f(); int f1 : 1; };strut B : publi A { int f2 : 1; };In this ase, G++ will plae B::f2 into the same byte asA::f1; other om-pilers will not. You an avoid this problem by expliitly padding A so thatits size is a multiple of the byte size on your platform; that will ause G++and other ompilers to layout B identially.� Inorret handling of tail-padding for virtual bases. G++ does not use tailpadding when laying out virtual bases. For example:strut A { virtual void f(); har 1; };strut B { B(); har 2; };strut C : publi A, publi virtual B {};In this ase, G++ will not plae B into the tail-padding for A; other ompilerswill. You an avoid this problem by expliitly padding A so that its size isa multiple of its alignment (ignoring virtual base lasses); that will auseG++ and other ompilers to layout C identially.� Inorret handling of bit-�elds with delared widths greater than that oftheir underlying types, when the bit-�elds appear in a union. For example:union U { int i : 4096; };Assuming that an int does not have 4096 bits, G++ will make the uniontoo small by the number of bits in an int.� Empty lasses an be plaed at inorret o�sets. For example:strut A {};strut B {A a;virtual void f ();};strut C : publi B, publi A {};G++ will plae the A base lass of C at a nonzero o�set; it should be plaedat o�set zero. G++ mistakenly believes that the A data member of B isalready at o�set zero.� Names of template funtions whose types involve typename or templatetemplate parameters an be mangled inorretly.template <typename Q>void f(typename Q::X) {}template <template <typename> lass Q>



Chapter 3: GCC Command Options 29void f(typename Q<int>::X) {}Instantiations of these templates may be mangled inorretly.-Wtor-dtor-privay (C++ only)Warn when a lass seems unusable beause all the onstrutors or destrutorsin that lass are private, and it has neither friends nor publi stati memberfuntions.-Wnon-virtual-dtor (C++ only)Warn when a lass appears to be polymorphi, thereby requiring a virtualdestrutor, yet it delares a non-virtual one. This warning is enabled by `-Wall'.-Wreorder (C++ only)Warn when the order of member initializers given in the ode does not maththe order in whih they must be exeuted. For instane:strut A {int i;int j;A(): j (0), i (1) { }};The ompiler will rearrange the member initializers for `i' and `j' to maththe delaration order of the members, emitting a warning to that e�et. Thiswarning is enabled by `-Wall'.The following `-W...' options are not a�eted by `-Wall'.-Weff++ (C++ only)Warn about violations of the following style guidelines from Sott Meyers' Ef-fetive C++ book:� Item 11: De�ne a opy onstrutor and an assignment operator for lasseswith dynamially alloated memory.� Item 12: Prefer initialization to assignment in onstrutors.� Item 14: Make destrutors virtual in base lasses.� Item 15: Have operator= return a referene to *this.� Item 23: Don't try to return a referene when you must return an objet.Also warn about violations of the following style guidelines from Sott Meyers'More E�etive C++ book:� Item 6: Distinguish between pre�x and post�x forms of inrement andderement operators.� Item 7: Never overload &&, ||, or ,.When seleting this option, be aware that the standard library headers do notobey all of these guidelines; use `grep -v' to �lter out those warnings.-Wno-depreated (C++ only)Do not warn about usage of depreated features. See Setion 6.10 [DepreatedFeatures℄, page 343.-Wno-non-template-friend (C++ only)Disable warnings when non-templatized friend funtions are delared within atemplate. Sine the advent of expliit template spei�ation support in G++,



30 Using the GNU Compiler Colletion (GCC)if the name of the friend is an unquali�ed-id (i.e., `friend foo(int)'), theC++ language spei�ation demands that the friend delare or de�ne an ordi-nary, nontemplate funtion. (Setion 14.5.3). Before G++ implemented expliitspei�ation, unquali�ed-ids ould be interpreted as a partiular speializationof a templatized funtion. Beause this non-onforming behavior is no longerthe default behavior for G++, `-Wnon-template-friend' allows the ompiler tohek existing ode for potential trouble spots and is on by default. This newompiler behavior an be turned o� with `-Wno-non-template-friend' whihkeeps the onformant ompiler ode but disables the helpful warning.-Wold-style-ast (C++ only)Warn if an old-style (C-style) ast to a non-void type is used within a C++program. The new-style asts (`stati_ast', `reinterpret_ast', and`onst_ast') are less vulnerable to unintended e�ets and muh easier tosearh for.-Woverloaded-virtual (C++ only)Warn when a funtion delaration hides virtual funtions from a base lass. Forexample, in:strut A {virtual void f();};strut B: publi A {void f(int);};the A lass version of f is hidden in B, and ode like:B* b;b->f();will fail to ompile.-Wno-pmf-onversions (C++ only)Disable the diagnosti for onverting a bound pointer to member funtion to aplain pointer.-Wsign-promo (C++ only)Warn when overload resolution hooses a promotion from unsigned or enumer-ated type to a signed type, over a onversion to an unsigned type of the samesize. Previous versions of G++ would try to preserve unsignedness, but thestandard mandates the urrent behavior.strut A {operator int ();A& operator = (int);};main (){ A a,b;a = b;}In this example, G++ will synthesize a default `A& operator = (onst A&);',while front will use the user-de�ned `operator ='.



Chapter 3: GCC Command Options 313.6 Options Controlling Objetive-C and Objetive-C++Dialets(NOTE: This manual does not desribe the Objetive-C and Objetive-C++ languages them-selves. See See Chapter 2 [Language Standards Supported by GCC℄, page 5, for referenes.)This setion desribes the ommand-line options that are only meaningful for Objetive-Cand Objetive-C++ programs, but you an also use most of the language-independent GNUompiler options. For example, you might ompile a �le some_lass.m like this:g -g -fgnu-runtime -O - some_lass.mIn this example, `-fgnu-runtime' is an option meant only for Objetive-C and Objetive-C++ programs; you an use the other options with any language supported by GCC.Note that sine Objetive-C is an extension of the C language, Objetive-C ompila-tions may also use options spei� to the C front-end (e.g., `-Wtraditional'). Similarly,Objetive-C++ ompilations may use C++-spei� options (e.g., `-Wabi').Here is a list of options that are only for ompiling Objetive-C and Objetive-C++programs:-fonstant-string-lass=lass-nameUse lass-name as the name of the lass to instantiate for eah literal stringspei�ed with the syntax �"...". The default lass name is NXConstantStringif the GNU runtime is being used, and NSConstantString if the NeXT runtimeis being used (see below). The `-fonstant-fstrings' option, if also present,will override the `-fonstant-string-lass' setting and ause �"..." literalsto be laid out as onstant CoreFoundation strings.-fgnu-runtimeGenerate objet ode ompatible with the standard GNU Objetive-C runtime.This is the default for most types of systems.-fnext-runtimeGenerate output ompatible with the NeXT runtime. This is the default forNeXT-based systems, inluding Darwin and Ma OS X. The maro __NEXT_RUNTIME__ is prede�ned if (and only if) this option is used.-fno-nil-reeiversAssume that all Objetive-C message dispathes (e.g., [reeivermessage:arg℄) in this translation unit ensure that the reeiver is not nil.This allows for more eÆient entry points in the runtime to be used. Currently,this option is only available in onjuntion with the NeXT runtime on MaOS X 10.3 and later.-fobj-exeptionsEnable syntati support for strutured exeption handling in Objetive-C, sim-ilar to what is o�ered by C++ and Java. Currently, this option is only availablein onjuntion with the NeXT runtime on Ma OS X 10.3 and later.�try {...�throw expr;...}�ath (AnObjCClass *ex) {



32 Using the GNU Compiler Colletion (GCC)...�throw expr;...�throw;...}�ath (AnotherClass *ex) {...}�ath (id allOthers) {...}�finally {...�throw expr;...}The �throw statement may appear anywhere in an Objetive-C or Objetive-C++ program; when used inside of a �ath blok, the �throw may appearwithout an argument (as shown above), in whih ase the objet aught by the�ath will be rethrown.Note that only (pointers to) Objetive-C objets may be thrown and aughtusing this sheme. When an objet is thrown, it will be aught by the nearest�ath lause apable of handling objets of that type, analogously to howath bloks work in C++ and Java. A �ath(id ...) lause (as shownabove) may also be provided to ath any and all Objetive-C exeptions notaught by previous �ath lauses (if any).The �finally lause, if present, will be exeuted upon exit from the imme-diately preeding �try ... �ath setion. This will happen regardless ofwhether any exeptions are thrown, aught or rethrown inside the �try ...�ath setion, analogously to the behavior of the finally lause in Java.There are several aveats to using the new exeption mehanism:� Although urrently designed to be binary ompatible with NS_HANDLER-style idioms provided by the NSExeption lass, the new exeptions anonly be used on Ma OS X 10.3 (Panther) and later systems, due to addi-tional funtionality needed in the (NeXT) Objetive-C runtime.� As mentioned above, the new exeptions do not support handling typesother than Objetive-C objets. Furthermore, when used from Objetive-C++, the Objetive-C exeption model does not interoperate with C++exeptions at this time. This means you annot �throw an exeption fromObjetive-C and ath it in C++, or vie versa (i.e., throw ... �ath).The `-fobj-exeptions' swith also enables the use of synhronization bloksfor thread-safe exeution:�synhronized (ObjCClass *guard) {...}Upon entering the �synhronized blok, a thread of exeution shall �rst hekwhether a lok has been plaed on the orresponding guard objet by anotherthread. If it has, the urrent thread shall wait until the other thread relinquishes



Chapter 3: GCC Command Options 33its lok. One guard beomes available, the urrent thread will plae its ownlok on it, exeute the ode ontained in the �synhronized blok, and �nallyrelinquish the lok (thereby making guard available to other threads).Unlike Java, Objetive-C does not allow for entire methods to be marked�synhronized. Note that throwing exeptions out of �synhronized bloksis allowed, and will ause the guarding objet to be unloked properly.-freplae-obj-lassesEmit a speial marker instruting ld(1) not to statially link in the resultingobjet �le, and allow dyld(1) to load it in at run time instead. This is usedin onjuntion with the Fix-and-Continue debugging mode, where the objet�le in question may be reompiled and dynamially reloaded in the ourse ofprogram exeution, without the need to restart the program itself. Currently,Fix-and-Continue funtionality is only available in onjuntion with the NeXTruntime on Ma OS X 10.3 and later.-fzero-linkWhen ompiling for the NeXT runtime, the ompiler ordinarily replaes alls toobj_getClass("...") (when the name of the lass is known at ompile time)with stati lass referenes that get initialized at load time, whih improves run-time performane. Speifying the `-fzero-link' ag suppresses this behaviorand auses alls to obj_getClass("...") to be retained. This is useful inZero-Link debugging mode, sine it allows for individual lass implementationsto be modi�ed during program exeution.-gen-delsDump interfae delarations for all lasses seen in the soure �le to a �le named`sourename.del'.-Wno-protoolIf a lass is delared to implement a protool, a warning is issued for everymethod in the protool that is not implemented by the lass. The defaultbehavior is to issue a warning for every method not expliitly implemented in thelass, even if a method implementation is inherited from the superlass. If youuse the `-Wno-protool' option, then methods inherited from the superlassare onsidered to be implemented, and no warning is issued for them.-WseletorWarn if multiple methods of di�erent types for the same seletor are foundduring ompilation. The hek is performed on the list of methods in the�nal stage of ompilation. Additionally, a hek is performed for eah seletorappearing in a �seletor(...) expression, and a orresponding method forthat seletor has been found during ompilation. Beause these heks san themethod table only at the end of ompilation, these warnings are not produedif the �nal stage of ompilation is not reahed, for example beause an erroris found during ompilation, or beause the `-fsyntax-only' option is beingused.-Wundelared-seletorWarn if a �seletor(...) expression referring to an undelared seletor isfound. A seletor is onsidered undelared if no method with that name has



34 Using the GNU Compiler Colletion (GCC)been delared before the �seletor(...) expression, either expliitly in an�interfae or �protool delaration, or impliitly in an �implementationsetion. This option always performs its heks as soon as a �seletor(...)expression is found, while `-Wseletor' only performs its heks in the �nalstage of ompilation. This also enfores the oding style onvention that meth-ods and seletors must be delared before being used.-print-obj-runtime-infoGenerate C header desribing the largest struture that is passed by value, ifany.3.7 Options to Control Diagnosti Messages FormattingTraditionally, diagnosti messages have been formatted irrespetive of the output devie'saspet (e.g. its width, . . . ). The options desribed below an be used to ontrol the diag-nosti messages formatting algorithm, e.g. how many haraters per line, how often soureloation information should be reported. Right now, only the C++ front end an honor theseoptions. However it is expeted, in the near future, that the remaining front ends would beable to digest them orretly.-fmessage-length=nTry to format error messages so that they �t on lines of about n haraters. Thedefault is 72 haraters for g++ and 0 for the rest of the front ends supportedby GCC. If n is zero, then no line-wrapping will be done; eah error messagewill appear on a single line.-fdiagnostis-show-loation=oneOnly meaningful in line-wrapping mode. Instruts the diagnosti messages re-porter to emit one soure loation information; that is, in ase the messageis too long to �t on a single physial line and has to be wrapped, the soureloation won't be emitted (as pre�x) again, over and over, in subsequent on-tinuation lines. This is the default behavior.-fdiagnostis-show-loation=every-lineOnly meaningful in line-wrapping mode. Instruts the diagnosti messagesreporter to emit the same soure loation information (as pre�x) for physiallines that result from the proess of breaking a message whih is too long to �ton a single line.3.8 Options to Request or Suppress WarningsWarnings are diagnosti messages that report onstrutions whih are not inherently erro-neous but whih are risky or suggest there may have been an error.You an request many spei� warnings with options beginning `-W', for example`-Wimpliit' to request warnings on impliit delarations. Eah of these spei� warningoptions also has a negative form beginning `-Wno-' to turn o� warnings; for example,`-Wno-impliit'. This manual lists only one of the two forms, whihever is not thedefault.



Chapter 3: GCC Command Options 35The following options ontrol the amount and kinds of warnings produed by GCC; forfurther, language-spei� options also refer to Setion 3.5 [C++ Dialet Options℄, page 24and Setion 3.6 [Objetive-C and Objetive-C++ Dialet Options℄, page 31.-fsyntax-onlyChek the ode for syntax errors, but don't do anything beyond that.-pedanti Issue all the warnings demanded by strit ISO C and ISO C++; rejet all pro-grams that use forbidden extensions, and some other programs that do notfollow ISO C and ISO C++. For ISO C, follows the version of the ISO C stan-dard spei�ed by any `-std' option used.Valid ISO C and ISO C++ programs should ompile properly with or withoutthis option (though a rare few will require `-ansi' or a `-std' option speifyingthe required version of ISO C). However, without this option, ertain GNUextensions and traditional C and C++ features are supported as well. With thisoption, they are rejeted.`-pedanti' does not ause warning messages for use of the alternate keywordswhose names begin and end with `__'. Pedanti warnings are also disabled inthe expression that follows __extension__. However, only system header �lesshould use these esape routes; appliation programs should avoid them. SeeSetion 5.38 [Alternate Keywords℄, page 268.Some users try to use `-pedanti' to hek programs for strit ISO C on-formane. They soon �nd that it does not do quite what they want: it �ndssome non-ISO praties, but not all|only those for whih ISO C requires adiagnosti, and some others for whih diagnostis have been added.A feature to report any failure to onform to ISO C might be useful in someinstanes, but would require onsiderable additional work and would be quitedi�erent from `-pedanti'. We don't have plans to support suh a feature inthe near future.Where the standard spei�ed with `-std' represents a GNU extended dialetof C, suh as `gnu89' or `gnu99', there is a orresponding base standard, theversion of ISO C on whih the GNU extended dialet is based. Warnings from`-pedanti' are given where they are required by the base standard. (It wouldnot make sense for suh warnings to be given only for features not in the spe-i�ed GNU C dialet, sine by de�nition the GNU dialets of C inlude all fea-tures the ompiler supports with the given option, and there would be nothingto warn about.)-pedanti-errorsLike `-pedanti', exept that errors are produed rather than warnings.-w Inhibit all warning messages.-Wno-importInhibit warning messages about the use of `#import'.



36 Using the GNU Compiler Colletion (GCC)-Whar-subsriptsWarn if an array subsript has type har. This is a ommon ause of error,as programmers often forget that this type is signed on some mahines. Thiswarning is enabled by `-Wall'.-Womment Warn whenever a omment-start sequene `/*' appears in a `/*' omment, orwhenever a Bakslash-Newline appears in a `//' omment. This warning isenabled by `-Wall'.-Wfatal-errorsThis option auses the ompiler to abort ompilation on the �rst error ourredrather than trying to keep going and printing further error messages.-Wformat Chek alls to printf and sanf, et., to make sure that the arguments suppliedhave types appropriate to the format string spei�ed, and that the onversionsspei�ed in the format string make sense. This inludes standard funtions, andothers spei�ed by format attributes (see Setion 5.24 [Funtion Attributes℄,page 217), in the printf, sanf, strftime and strfmon (an X/Open exten-sion, not in the C standard) families (or other target-spei� families). Whihfuntions are heked without format attributes having been spei�ed dependson the standard version seleted, and suh heks of funtions without the at-tribute spei�ed are disabled by `-ffreestanding' or `-fno-builtin'.The formats are heked against the format features supported by GNU libversion 2.2. These inlude all ISO C90 and C99 features, as well as featuresfrom the Single Unix Spei�ation and some BSD and GNU extensions. Otherlibrary implementations may not support all these features; GCC does not sup-port warning about features that go beyond a partiular library's limitations.However, if `-pedanti' is used with `-Wformat', warnings will be given aboutformat features not in the seleted standard version (but not for strfmon for-mats, sine those are not in any version of the C standard). See Setion 3.4[Options Controlling C Dialet℄, page 20.Sine `-Wformat' also heks for null format arguments for several funtions,`-Wformat' also implies `-Wnonnull'.`-Wformat' is inluded in `-Wall'. For more ontrol over some aspets offormat heking, the options `-Wformat-y2k', `-Wno-format-extra-args',`-Wno-format-zero-length', `-Wformat-nonliteral', `-Wformat-seurity',and `-Wformat=2' are available, but are not inluded in `-Wall'.-Wformat-y2kIf `-Wformat' is spei�ed, also warn about strftime formats whih may yieldonly a two-digit year.-Wno-format-extra-argsIf `-Wformat' is spei�ed, do not warn about exess arguments to a printfor sanf format funtion. The C standard spei�es that suh arguments areignored.Where the unused arguments lie between used arguments that are spei�edwith `$' operand number spei�ations, normally warnings are still given, sine



Chapter 3: GCC Command Options 37the implementation ould not know what type to pass to va_arg to skip theunused arguments. However, in the ase of sanf formats, this option willsuppress the warning if the unused arguments are all pointers, sine the SingleUnix Spei�ation says that suh unused arguments are allowed.-Wno-format-zero-lengthIf `-Wformat' is spei�ed, do not warn about zero-length formats. The C stan-dard spei�es that zero-length formats are allowed.-Wformat-nonliteralIf `-Wformat' is spei�ed, also warn if the format string is not a string literal andso annot be heked, unless the format funtion takes its format arguments asa va_list.-Wformat-seurityIf `-Wformat' is spei�ed, also warn about uses of format funtions that repre-sent possible seurity problems. At present, this warns about alls to printfand sanf funtions where the format string is not a string literal and thereare no format arguments, as in printf (foo);. This may be a seurity holeif the format string ame from untrusted input and ontains `%n'. (This isurrently a subset of what `-Wformat-nonliteral' warns about, but in fu-ture warnings may be added to `-Wformat-seurity' that are not inluded in`-Wformat-nonliteral'.)-Wformat=2Enable `-Wformat' plus format heks not inluded in `-Wformat'. Currentlyequivalent to `-Wformat -Wformat-nonliteral -Wformat-seurity-Wformat-y2k'.-Wnonnull Warn about passing a null pointer for arguments marked as requiring a non-nullvalue by the nonnull funtion attribute.`-Wnonnull' is inluded in `-Wall' and `-Wformat'. It an be disabled with the`-Wno-nonnull' option.-Winit-self (C, C++, Objetive-C and Objetive-C++ only)Warn about uninitialized variables whih are initialized with themselves. Notethis option an only be used with the `-Wuninitialized' option, whih in turnonly works with `-O1' and above.For example, GCC will warn about i being uninitialized in the following snippetonly when `-Winit-self' has been spei�ed:int f(){ int i = i;return i;}-Wimpliit-intWarn when a delaration does not speify a type. This warning is enabled by`-Wall'.



38 Using the GNU Compiler Colletion (GCC)-Wimpliit-funtion-delaration-Werror-impliit-funtion-delarationGive a warning (or error) whenever a funtion is used before being delared.The form `-Wno-error-impliit-funtion-delaration' is not supported.This warning is enabled by `-Wall' (as a warning, not an error).-WimpliitSame as `-Wimpliit-int' and `-Wimpliit-funtion-delaration'. Thiswarning is enabled by `-Wall'.-Wmain Warn if the type of `main' is suspiious. `main' should be a funtion withexternal linkage, returning int, taking either zero arguments, two, or threearguments of appropriate types. This warning is enabled by `-Wall'.-Wmissing-braesWarn if an aggregate or union initializer is not fully braketed. In the followingexample, the initializer for `a' is not fully braketed, but that for `b' is fullybraketed.int a[2℄[2℄ = { 0, 1, 2, 3 };int b[2℄[2℄ = { { 0, 1 }, { 2, 3 } };This warning is enabled by `-Wall'.-Wmissing-inlude-dirs (C, C++, Objetive-C and Objetive-C++ only)Warn if a user-supplied inlude diretory does not exist.-WparenthesesWarn if parentheses are omitted in ertain ontexts, suh as when there is anassignment in a ontext where a truth value is expeted, or when operators arenested whose preedene people often get onfused about. Only the warningfor an assignment used as a truth value is supported when ompiling C++; theother warnings are only supported when ompiling C.Also warn if a omparison like `x<=y<=z' appears; this is equivalent to `(x<=y? 1 : 0) <= z', whih is a di�erent interpretation from that of ordinary math-ematial notation.Also warn about onstrutions where there may be onfusion to whih if state-ment an else branh belongs. Here is an example of suh a ase:{ if (a)if (b)foo ();elsebar ();}In C, every else branh belongs to the innermost possible if statement, whihin this example is if (b). This is often not what the programmer expeted, asillustrated in the above example by indentation the programmer hose. Whenthere is the potential for this onfusion, GCC will issue a warning when this agis spei�ed. To eliminate the warning, add expliit braes around the innermostif statement so there is no way the else ould belong to the enlosing if. Theresulting ode would look like this:



Chapter 3: GCC Command Options 39{ if (a){ if (b)foo ();elsebar ();}}This warning is enabled by `-Wall'.-Wsequene-pointWarn about ode that may have unde�ned semantis beause of violations ofsequene point rules in the C standard.The C standard de�nes the order in whih expressions in a C program are eval-uated in terms of sequene points, whih represent a partial ordering betweenthe exeution of parts of the program: those exeuted before the sequene point,and those exeuted after it. These our after the evaluation of a full expression(one whih is not part of a larger expression), after the evaluation of the �rstoperand of a &&, ||, ? : or , (omma) operator, before a funtion is alled (butafter the evaluation of its arguments and the expression denoting the alledfuntion), and in ertain other plaes. Other than as expressed by the sequenepoint rules, the order of evaluation of subexpressions of an expression is notspei�ed. All these rules desribe only a partial order rather than a total order,sine, for example, if two funtions are alled within one expression with nosequene point between them, the order in whih the funtions are alled is notspei�ed. However, the standards ommittee have ruled that funtion alls donot overlap.It is not spei�ed when between sequene points modi�ations to the values ofobjets take e�et. Programs whose behavior depends on this have unde�nedbehavior; the C standard spei�es that \Between the previous and next se-quene point an objet shall have its stored value modi�ed at most one by theevaluation of an expression. Furthermore, the prior value shall be read only todetermine the value to be stored.". If a program breaks these rules, the resultson any partiular implementation are entirely unpreditable.Examples of ode with unde�ned behavior are a = a++;, a[n℄ = b[n++℄ anda[i++℄ = i;. Some more ompliated ases are not diagnosed by this option,and it may give an oasional false positive result, but in general it has beenfound fairly e�etive at deteting this sort of problem in programs.The present implementation of this option only works for C programs. A futureimplementation may also work for C++ programs.The C standard is worded onfusingly, therefore there is some debate over thepreise meaning of the sequene point rules in subtle ases. Links to disussionsof the problem, inluding proposed formal de�nitions, may be found on the GCCreadings page, at http://g.gnu.org/readings.html.This warning is enabled by `-Wall'.



40 Using the GNU Compiler Colletion (GCC)-Wreturn-typeWarn whenever a funtion is de�ned with a return-type that defaults to int.Also warn about any return statement with no return-value in a funtion whosereturn-type is not void.For C, also warn if the return type of a funtion has a type quali�er suhas onst. Suh a type quali�er has no e�et, sine the value returned bya funtion is not an lvalue. ISO C prohibits quali�ed void return types onfuntion de�nitions, so suh return types always reeive a warning even withoutthis option.For C++, a funtion without return type always produes a diagnosti message,even when `-Wno-return-type' is spei�ed. The only exeptions are `main' andfuntions de�ned in system headers.This warning is enabled by `-Wall'.-Wswith Warn whenever a swith statement has an index of enumerated type and laksa ase for one or more of the named odes of that enumeration. (The preseneof a default label prevents this warning.) ase labels outside the enumerationrange also provoke warnings when this option is used. This warning is enabledby `-Wall'.-Wswith-defaultWarn whenever a swith statement does not have a default ase.-Wswith-enumWarn whenever a swith statement has an index of enumerated type and laksa ase for one or more of the named odes of that enumeration. ase labelsoutside the enumeration range also provoke warnings when this option is used.-WtrigraphsWarn if any trigraphs are enountered that might hange the meaning of theprogram (trigraphs within omments are not warned about). This warning isenabled by `-Wall'.-Wunused-funtionWarn whenever a stati funtion is delared but not de�ned or a non\-inlinestati funtion is unused. This warning is enabled by `-Wall'.-Wunused-labelWarn whenever a label is delared but not used. This warning is enabled by`-Wall'.To suppress this warning use the `unused' attribute (see Setion 5.31 [VariableAttributes℄, page 233).-Wunused-parameterWarn whenever a funtion parameter is unused aside from its delaration.To suppress this warning use the `unused' attribute (see Setion 5.31 [VariableAttributes℄, page 233).-Wunused-variableWarn whenever a loal variable or non-onstant stati variable is unused asidefrom its delaration This warning is enabled by `-Wall'.



Chapter 3: GCC Command Options 41To suppress this warning use the `unused' attribute (see Setion 5.31 [VariableAttributes℄, page 233).-Wunused-valueWarn whenever a statement omputes a result that is expliitly not used. Thiswarning is enabled by `-Wall'.To suppress this warning ast the expression to `void'.-Wunused All the above `-Wunused' options ombined.In order to get a warning about an unused funtion parameter, you must eitherspeify `-Wextra -Wunused' (note that `-Wall' implies `-Wunused'), or sepa-rately speify `-Wunused-parameter'.-WuninitializedWarn if an automati variable is used without �rst being initialized or if avariable may be lobbered by a setjmp all.These warnings are possible only in optimizing ompilation, beause they re-quire data ow information that is omputed only when optimizing. If youdon't speify `-O', you simply won't get these warnings.If you want to warn about ode whih uses the uninitialized value of the variablein its own initializer, use the `-Winit-self' option.These warnings our only for variables that are andidates for register alloa-tion. Therefore, they do not our for a variable that is delared volatile, orwhose address is taken, or whose size is other than 1, 2, 4 or 8 bytes. Also, theydo not our for strutures, unions or arrays, even when they are in registers.Note that there may be no warning about a variable that is used only to omputea value that itself is never used, beause suh omputations may be deleted bydata ow analysis before the warnings are printed.These warnings are made optional beause GCC is not smart enough to see allthe reasons why the ode might be orret despite appearing to have an error.Here is one example of how this an happen:{ int x;swith (y){ase 1: x = 1;break;ase 2: x = 4;break;ase 3: x = 5;}foo (x);}If the value of y is always 1, 2 or 3, then x is always initialized, but GCC doesn'tknow this. Here is another ommon ase:{ int save_y;if (hange_y) save_y = y, y = new_y;...if (hange_y) y = save_y;



42 Using the GNU Compiler Colletion (GCC)}This has no bug beause save_y is used only if it is set.This option also warns when a non-volatile automati variable might be hangedby a all to longjmp. These warnings as well are possible only in optimizingompilation.The ompiler sees only the alls to setjmp. It annot know where longjmp willbe alled; in fat, a signal handler ould all it at any point in the ode. As aresult, you may get a warning even when there is in fat no problem beauselongjmp annot in fat be alled at the plae whih would ause a problem.Some spurious warnings an be avoided if you delare all the funtions youuse that never return as noreturn. See Setion 5.24 [Funtion Attributes℄,page 217.This warning is enabled by `-Wall'.-Wunknown-pragmasWarn when a #pragma diretive is enountered whih is not understood byGCC. If this ommand line option is used, warnings will even be issued forunknown pragmas in system header �les. This is not the ase if the warningswere only enabled by the `-Wall' ommand line option.-Wstrit-aliasingThis option is only ative when `-fstrit-aliasing' is ative. It warns aboutode whih might break the strit aliasing rules that the ompiler is using foroptimization. The warning does not ath all ases, but does attempt to aththe more ommon pitfalls. It is inluded in `-Wall'.-Wstrit-aliasing=2This option is only ative when `-fstrit-aliasing' is ative. It warns aboutall ode whih might break the strit aliasing rules that the ompiler is usingfor optimization. This warning athes all ases, but it will also give a warningfor some ambiguous ases that are safe.-Wall All of the above `-W' options ombined. This enables all the warnings aboutonstrutions that some users onsider questionable, and that are easy to avoid(or modify to prevent the warning), even in onjuntion with maros. Thisalso enables some language-spei� warnings desribed in Setion 3.5 [C++ Di-alet Options℄, page 24 and Setion 3.6 [Objetive-C and Objetive-C++ DialetOptions℄, page 31.The following `-W...' options are not implied by `-Wall'. Some of them warn aboutonstrutions that users generally do not onsider questionable, but whih oasionally youmight wish to hek for; others warn about onstrutions that are neessary or hard toavoid in some ases, and there is no simple way to modify the ode to suppress the warning.-Wextra (This option used to be alled `-W'. The older name is still supported, but thenewer name is more desriptive.) Print extra warning messages for these events:� A funtion an return either with or without a value. (Falling o� the end ofthe funtion body is onsidered returning without a value.) For example,this funtion would evoke suh a warning:



Chapter 3: GCC Command Options 43foo (a){ if (a > 0)return a;}� An expression-statement or the left-hand side of a omma expression on-tains no side e�ets. To suppress the warning, ast the unused expressionto void. For example, an expression suh as `x[i,j℄' will ause a warning,but `x[(void)i,j℄' will not.� An unsigned value is ompared against zero with `<' or `>='.� Storage-lass spei�ers like stati are not the �rst things in a delaration.Aording to the C Standard, this usage is obsolesent.� If `-Wall' or `-Wunused' is also spei�ed, warn about unused arguments.� A omparison between signed and unsigned values ould produe an in-orret result when the signed value is onverted to unsigned. (But don'twarn if `-Wno-sign-ompare' is also spei�ed.)� An aggregate has an initializer whih does not initialize allmembers. This warning an be independently ontrolled by`-Wmissing-field-initializers'.� A funtion parameter is delared without a type spei�er in K&R-stylefuntions:void foo(bar) { }� An empty body ours in an `if' or `else' statement.� A pointer is ompared against integer zero with `<', `<=', `>', or `>='.� A variable might be hanged by `longjmp' or `vfork'.� Any of several oating-point events that often indiate errors, suh as over-ow, underow, loss of preision, et.� (C++ only) An enumerator and a non-enumerator both appear in a ondi-tional expression.� (C++ only) A non-stati referene or non-stati `onst' member appears ina lass without onstrutors.� (C++ only) Ambiguous virtual bases.� (C++ only) Subsripting an array whih has been delared `register'.� (C++ only) Taking the address of a variable whih has been delared`register'.� (C++ only) A base lass is not initialized in a derived lass' opy onstru-tor.-Wno-div-by-zeroDo not warn about ompile-time integer division by zero. Floating point divi-sion by zero is not warned about, as it an be a legitimate way of obtainingin�nities and NaNs.-Wsystem-headersPrint warning messages for onstruts found in system header �les. Warningsfrom system headers are normally suppressed, on the assumption that they



44 Using the GNU Compiler Colletion (GCC)usually do not indiate real problems and would only make the ompiler outputharder to read. Using this ommand line option tells GCC to emit warningsfrom system headers as if they ourred in user ode. However, note that using`-Wall' in onjuntion with this option will not warn about unknown pragmasin system headers|for that, `-Wunknown-pragmas' must also be used.-Wfloat-equalWarn if oating point values are used in equality omparisons.The idea behind this is that sometimes it is onvenient (for the programmer)to onsider oating-point values as approximations to in�nitely preise realnumbers. If you are doing this, then you need to ompute (by analyzing theode, or in some other way) the maximum or likely maximum error that theomputation introdues, and allow for it when performing omparisons (andwhen produing output, but that's a di�erent problem). In partiular, insteadof testing for equality, you would hek to see whether the two values haveranges that overlap; and this is done with the relational operators, so equalityomparisons are probably mistaken.-Wtraditional (C only)Warn about ertain onstruts that behave di�erently in traditional and ISOC. Also warn about ISO C onstruts that have no traditional C equivalent,and/or problemati onstruts whih should be avoided.� Maro parameters that appear within string literals in the maro body. Intraditional C maro replaement takes plae within string literals, but doesnot in ISO C.� In traditional C, some preproessor diretives did not exist. Traditionalpreproessors would only onsider a line to be a diretive if the `#' appearedin olumn 1 on the line. Therefore `-Wtraditional' warns about diretivesthat traditional C understands but would ignore beause the `#' does notappear as the �rst harater on the line. It also suggests you hide diretiveslike `#pragma' not understood by traditional C by indenting them. Sometraditional implementations would not reognize `#elif', so it suggestsavoiding it altogether.� A funtion-like maro that appears without arguments.� The unary plus operator.� The `U' integer onstant suÆx, or the `F' or `L' oating point onstantsuÆxes. (Traditional C does support the `L' suÆx on integer onstants.)Note, these suÆxes appear in maros de�ned in the system headers of mostmodern systems, e.g. the `_MIN'/`_MAX' maros in <limits.h>. Use of thesemaros in user ode might normally lead to spurious warnings, howeverGCC's integrated preproessor has enough ontext to avoid warning inthese ases.� A funtion delared external in one blok and then used after the end ofthe blok.� A swith statement has an operand of type long.� A non-stati funtion delaration follows a stati one. This onstrutis not aepted by some traditional C ompilers.



Chapter 3: GCC Command Options 45� The ISO type of an integer onstant has a di�erent width or signednessfrom its traditional type. This warning is only issued if the base of theonstant is ten. I.e. hexadeimal or otal values, whih typially representbit patterns, are not warned about.� Usage of ISO string onatenation is deteted.� Initialization of automati aggregates.� Identi�er onits with labels. Traditional C laks a separate namespaefor labels.� Initialization of unions. If the initializer is zero, the warning is omitted.This is done under the assumption that the zero initializer in user odeappears onditioned on e.g. __STDC__ to avoid missing initializer warningsand relies on default initialization to zero in the traditional C ase.� Conversions by prototypes between �xed/oating point values and vieversa. The absene of these prototypes when ompiling with traditional Cwould ause serious problems. This is a subset of the possible onversionwarnings, for the full set use `-Wonversion'.� Use of ISO C style funtion de�nitions. This warning intentionally is notissued for prototype delarations or variadi funtions beause these ISOC features will appear in your ode when using libiberty's traditional Compatibility maros, PARAMS and VPARAMS. This warning is also bypassedfor nested funtions beause that feature is already a GCC extension andthus not relevant to traditional C ompatibility.-Wdelaration-after-statement (C only)Warn when a delaration is found after a statement in a blok. This onstrut,known from C++, was introdued with ISO C99 and is by default allowed inGCC. It is not supported by ISO C90 and was not supported by GCC versionsbefore GCC 3.0. See Setion 5.23 [Mixed Delarations℄, page 217.-Wundef Warn if an unde�ned identi�er is evaluated in an `#if' diretive.-Wno-endif-labelsDo not warn whenever an `#else' or an `#endif' are followed by text.-Wshadow Warn whenever a loal variable shadows another loal variable, parameter orglobal variable or whenever a built-in funtion is shadowed.-Wlarger-than-lenWarn whenever an objet of larger than len bytes is de�ned.-Wpointer-arithWarn about anything that depends on the \size of" a funtion type or of void.GNU C assigns these types a size of 1, for onveniene in alulations with void* pointers and pointers to funtions.-Wbad-funtion-ast (C only)Warn whenever a funtion all is ast to a non-mathing type. For example,warn if int mallo() is ast to anything *.



46 Using the GNU Compiler Colletion (GCC)-Wast-qualWarn whenever a pointer is ast so as to remove a type quali�er from the targettype. For example, warn if a onst har * is ast to an ordinary har *.-Wast-alignWarn whenever a pointer is ast suh that the required alignment of the targetis inreased. For example, warn if a har * is ast to an int * on mahineswhere integers an only be aessed at two- or four-byte boundaries.-Wwrite-stringsWhen ompiling C, give string onstants the type onst har[length℄ so thatopying the address of one into a non-onst har * pointer will get a warning;when ompiling C++, warn about the depreated onversion from string on-stants to har *. These warnings will help you �nd at ompile time ode thatan try to write into a string onstant, but only if you have been very arefulabout using onst in delarations and prototypes. Otherwise, it will just be anuisane; this is why we did not make `-Wall' request these warnings.-WonversionWarn if a prototype auses a type onversion that is di�erent from what wouldhappen to the same argument in the absene of a prototype. This inludesonversions of �xed point to oating and vie versa, and onversions hangingthe width or signedness of a �xed point argument exept when the same as thedefault promotion.Also, warn if a negative integer onstant expression is impliitly onverted to anunsigned type. For example, warn about the assignment x = -1 if x is unsigned.But do not warn about expliit asts like (unsigned) -1.-Wsign-ompareWarn when a omparison between signed and unsigned values ould produe aninorret result when the signed value is onverted to unsigned. This warningis also enabled by `-Wextra'; to get the other warnings of `-Wextra' withoutthis warning, use `-Wextra -Wno-sign-ompare'.-Waggregate-returnWarn if any funtions that return strutures or unions are de�ned or alled. (Inlanguages where you an return an array, this also eliits a warning.)-Wstrit-prototypes (C only)Warn if a funtion is delared or de�ned without speifying the argument types.(An old-style funtion de�nition is permitted without a warning if preeded bya delaration whih spei�es the argument types.)-Wold-style-definition (C only)Warn if an old-style funtion de�nition is used. A warning is given even if thereis a previous prototype.-Wmissing-prototypes (C only)Warn if a global funtion is de�ned without a previous prototype delaration.This warning is issued even if the de�nition itself provides a prototype. Theaim is to detet global funtions that fail to be delared in header �les.



Chapter 3: GCC Command Options 47-Wmissing-delarations (C only)Warn if a global funtion is de�ned without a previous delaration. Do so evenif the de�nition itself provides a prototype. Use this option to detet globalfuntions that are not delared in header �les.-Wmissing-field-initializersWarn if a struture's initializer has some �elds missing. For example, the fol-lowing ode would ause suh a warning, beause x.h is impliitly zero:strut s { int f, g, h; };strut s x = { 3, 4 };This option does not warn about designated initializers, so the following mod-i�ation would not trigger a warning:strut s { int f, g, h; };strut s x = { .f = 3, .g = 4 };This warning is inluded in `-Wextra'. To get other `-Wextra' warnings withoutthis one, use `-Wextra -Wno-missing-field-initializers'.-Wmissing-noreturnWarn about funtions whih might be andidates for attribute noreturn. Notethese are only possible andidates, not absolute ones. Care should be takento manually verify funtions atually do not ever return before adding thenoreturn attribute, otherwise subtle ode generation bugs ould be introdued.You will not get a warning for main in hosted C environments.-Wmissing-format-attributeIf `-Wformat' is enabled, also warn about funtions whih might be andidatesfor format attributes. Note these are only possible andidates, not absoluteones. GCC will guess that format attributes might be appropriate for anyfuntion that alls a funtion like vprintf or vsanf, but this might not alwaysbe the ase, and some funtions for whih format attributes are appropriatemay not be deteted. This option has no e�et unless `-Wformat' is enabled(possibly by `-Wall').-Wno-multiharDo not warn if a multiharater onstant (`'FOOF'') is used. Usually theyindiate a typo in the user's ode, as they have implementation-de�ned values,and should not be used in portable ode.-Wno-depreated-delarationsDo not warn about uses of funtions, variables, and types marked as depreatedby using the depreated attribute. (see Setion 5.24 [Funtion Attributes℄,page 217, see Setion 5.31 [Variable Attributes℄, page 233, see Setion 5.32[Type Attributes℄, page 238.)-Wpaked Warn if a struture is given the paked attribute, but the paked attribute hasno e�et on the layout or size of the struture. Suh strutures may be mis-aligned for little bene�t. For instane, in this ode, the variable f.x in strutbar will be misaligned even though strut bar does not itself have the pakedattribute:



48 Using the GNU Compiler Colletion (GCC)strut foo {int x;har a, b, , d;} __attribute__((paked));strut bar {har z;strut foo f;};-Wpadded Warn if padding is inluded in a struture, either to align an element of thestruture or to align the whole struture. Sometimes when this happens it ispossible to rearrange the �elds of the struture to redue the padding and somake the struture smaller.-Wredundant-delsWarn if anything is delared more than one in the same sope, even in aseswhere multiple delaration is valid and hanges nothing.-Wnested-externs (C only)Warn if an extern delaration is enountered within a funtion.-Wunreahable-odeWarn if the ompiler detets that ode will never be exeuted.This option is intended to warn when the ompiler detets that at least a wholeline of soure ode will never be exeuted, beause some ondition is neversatis�ed or beause it is after a proedure that never returns.It is possible for this option to produe a warning even though there are irum-stanes under whih part of the a�eted line an be exeuted, so are shouldbe taken when removing apparently-unreahable ode.For instane, when a funtion is inlined, a warning may mean that the line isunreahable in only one inlined opy of the funtion.This option is not made part of `-Wall' beause in a debugging version of aprogram there is often substantial ode whih heks orret funtioning of theprogram and is, hopefully, unreahable beause the program does work. An-other ommon use of unreahable ode is to provide behavior whih is seletableat ompile-time.-Winline Warn if a funtion an not be inlined and it was delared as inline. Even withthis option, the ompiler will not warn about failures to inline funtions delaredin system headers.The ompiler uses a variety of heuristis to determine whether or not to inline afuntion. For example, the ompiler takes into aount the size of the funtionbeing inlined and the amount of inlining that has already been done in the ur-rent funtion. Therefore, seemingly insigni�ant hanges in the soure programan ause the warnings produed by `-Winline' to appear or disappear.-Wno-invalid-offsetof (C++ only)Suppress warnings from applying the `offsetof' maro to a non-POD type.Aording to the 1998 ISO C++ standard, applying `offsetof' to a non-PODtype is unde�ned. In existing C++ implementations, however, `offsetof' typi-ally gives meaningful results even when applied to ertain kinds of non-POD



Chapter 3: GCC Command Options 49types. (Suh as a simple `strut' that fails to be a POD type only by virtue ofhaving a onstrutor.) This ag is for users who are aware that they are writ-ing nonportable ode and who have deliberately hosen to ignore the warningabout it.The restritions on `offsetof' may be relaxed in a future version of the C++standard.-Winvalid-phWarn if a preompiled header (see Setion 3.20 [Preompiled Headers℄,page 187) is found in the searh path but an't be used.-Wlong-longWarn if `long long' type is used. This is default. To inhibit the warningmessages, use `-Wno-long-long'. Flags `-Wlong-long' and `-Wno-long-long'are taken into aount only when `-pedanti' ag is used.-Wvariadi-marosWarn if variadi maros are used in pedanti ISO C90 mode, or the GNUalternate syntax when in pedanti ISO C99 mode. This is default. To inhibitthe warning messages, use `-Wno-variadi-maros'.-Wdisabled-optimizationWarn if a requested optimization pass is disabled. This warning does not gen-erally indiate that there is anything wrong with your ode; it merely indiatesthat GCC's optimizers were unable to handle the ode e�etively. Often, theproblem is that your ode is too big or too omplex; GCC will refuse to optimizeprograms when the optimization itself is likely to take inordinate amounts oftime.-Wno-pointer-signDon't warn for pointer argument passing or assignment with di�erent signed-ness. Only useful in the negative form sine this warning is enabled by default.This option is only supported for C and Objetive-C.-Werror Make all warnings into errors.3.9 Options for Debugging Your Program or GCCGCC has various speial options that are used for debugging either your program or GCC:-g Produe debugging information in the operating system's native format (stabs,COFF, XCOFF, or DWARF 2). GDB an work with this debugging informa-tion.On most systems that use stabs format, `-g' enables use of extra debugginginformation that only GDB an use; this extra information makes debuggingwork better in GDB but will probably make other debuggers rash or refuse toread the program. If you want to ontrol for ertain whether to generate theextra information, use `-gstabs+', `-gstabs', `-gxoff+', `-gxoff', or `-gvms'(see below).GCC allows you to use `-g' with `-O'. The shortuts taken by optimized odemay oasionally produe surprising results: some variables you delared may



50 Using the GNU Compiler Colletion (GCC)not exist at all; ow of ontrol may briey move where you did not expet it;some statements may not be exeuted beause they ompute onstant resultsor their values were already at hand; some statements may exeute in di�erentplaes beause they were moved out of loops.Nevertheless it proves possible to debug optimized output. This makes it rea-sonable to use the optimizer for programs that might have bugs.The following options are useful when GCC is generated with the apability formore than one debugging format.-ggdb Produe debugging information for use by GDB. This means to use the mostexpressive format available (DWARF 2, stabs, or the native format if neitherof those are supported), inluding GDB extensions if at all possible.-gstabs Produe debugging information in stabs format (if that is supported), withoutGDB extensions. This is the format used by DBX on most BSD systems.On MIPS, Alpha and System V Release 4 systems this option produes stabsdebugging output whih is not understood by DBX or SDB. On System VRelease 4 systems this option requires the GNU assembler.-feliminate-unused-debug-symbolsProdue debugging information in stabs format (if that is supported), for onlysymbols that are atually used.-gstabs+ Produe debugging information in stabs format (if that is supported), usingGNU extensions understood only by the GNU debugger (GDB). The use ofthese extensions is likely to make other debuggers rash or refuse to read theprogram.-goff Produe debugging information in COFF format (if that is supported). This isthe format used by SDB on most System V systems prior to System V Release4.-gxoff Produe debugging information in XCOFF format (if that is supported). Thisis the format used by the DBX debugger on IBM RS/6000 systems.-gxoff+ Produe debugging information in XCOFF format (if that is supported), usingGNU extensions understood only by the GNU debugger (GDB). The use ofthese extensions is likely to make other debuggers rash or refuse to read theprogram, and may ause assemblers other than the GNU assembler (GAS) tofail with an error.-gdwarf-2 Produe debugging information in DWARF version 2 format (if that is sup-ported). This is the format used by DBX on IRIX 6. With this option, GCCuses features of DWARF version 3 when they are useful; version 3 is upwardompatible with version 2, but may still ause problems for older debuggers.-gvms Produe debugging information in VMS debug format (if that is supported).This is the format used by DEBUG on VMS systems.



Chapter 3: GCC Command Options 51-glevel-ggdblevel-gstabslevel-gofflevel-gxofflevel-gvmslevelRequest debugging information and also use level to speify how muh infor-mation. The default level is 2.Level 1 produes minimal information, enough for making baktraes in partsof the program that you don't plan to debug. This inludes desriptions offuntions and external variables, but no information about loal variables andno line numbers.Level 3 inludes extra information, suh as all the maro de�nitions present inthe program. Some debuggers support maro expansion when you use `-g3'.`-gdwarf-2' does not aept a onatenated debug level, beause GCC usedto support an option `-gdwarf' that meant to generate debug information inversion 1 of the DWARF format (whih is very di�erent from version 2), andit would have been too onfusing. That debug format is long obsolete, but theoption annot be hanged now. Instead use an additional `-glevel ' option tohange the debug level for DWARF2.-feliminate-dwarf2-dupsCompress DWARF2 debugging information by eliminating dupliated infor-mation about eah symbol. This option only makes sense when generatingDWARF2 debugging information with `-gdwarf-2'.-p Generate extra ode to write pro�le information suitable for the analysis pro-gram prof. You must use this option when ompiling the soure �les you wantdata about, and you must also use it when linking.-pg Generate extra ode to write pro�le information suitable for the analysis pro-gram gprof. You must use this option when ompiling the soure �les you wantdata about, and you must also use it when linking.-Q Makes the ompiler print out eah funtion name as it is ompiled, and printsome statistis about eah pass when it �nishes.-ftime-reportMakes the ompiler print some statistis about the time onsumed by eah passwhen it �nishes.-fmem-reportMakes the ompiler print some statistis about permanent memory alloationwhen it �nishes.-fprofile-arsAdd ode so that program ow ars are instrumented. During exeution theprogram reords how many times eah branh and all is exeuted and howmany times it is taken or returns. When the ompiled program exits it savesthis data to a �le alled `auxname.gda' for eah soure �le. The data may be



52 Using the GNU Compiler Colletion (GCC)used for pro�le-direted optimizations (`-fbranh-probabilities'), or for testoverage analysis (`-ftest-overage'). Eah objet �le's auxname is generatedfrom the name of the output �le, if expliitly spei�ed and it is not the �nalexeutable, otherwise it is the basename of the soure �le. In both ases anysuÆx is removed (e.g. `foo.gda' for input �le `dir/foo.', or `dir/foo.gda'for output �le spei�ed as `-o dir/foo.o').� Compile the soure �les with `-fprofile-ars' plus optimization andode generation options. For test overage analysis, use the additional`-ftest-overage' option. You do not need to pro�le every soure �le ina program.� Link your objet �les with `-lgov' or `-fprofile-ars' (the latter impliesthe former).� Run the program on a representative workload to generate the ar pro�leinformation. This may be repeated any number of times. You an runonurrent instanes of your program, and provided that the �le systemsupports loking, the data �les will be orretly updated. Also fork allsare deteted and orretly handled (double ounting will not happen).� For pro�le-direted optimizations, ompile the soure �les againwith the same optimization and ode generation options plus`-fbranh-probabilities' (see Setion 3.10 [Options that ControlOptimization℄, page 61).� For test overage analysis, use gov to produe human readable informationfrom the `.gno' and `.gda' �les. Refer to the gov doumentation forfurther information.With `-fprofile-ars', for eah funtion of your program GCC reates aprogram ow graph, then �nds a spanning tree for the graph. Only ars thatare not on the spanning tree have to be instrumented: the ompiler adds odeto ount the number of times that these ars are exeuted. When an ar isthe only exit or only entrane to a blok, the instrumentation ode an beadded to the blok; otherwise, a new basi blok must be reated to hold theinstrumentation ode.-ftree-based-profilingThis option is used in addition to `-fprofile-ars' or `-fbranh-probabilities'to ontrol whether those optimizations are performed on a tree-based orrtl-based internal representation. If you use this option when ompilingwith `-fprofile-ars', you must also use it when ompiling later with`-fbranh-probabilities'. Currently the tree-based optimization is in anearly stage of development, and this option is reommended only for thosepeople working on improving it.



Chapter 3: GCC Command Options 53-ftest-overageProdue a notes �le that the gov ode-overage utility (see Chapter 9 [gov|aTest Coverage Program℄, page 355) an use to show program overage. Eahsoure �le's note �le is alled `auxname.gno'. Refer to the `-fprofile-ars'option above for a desription of auxname and instrutions on how to generatetest overage data. Coverage data will math the soure �les more losely, ifyou do not optimize.-dletters-fdump-rtl-passSays to make debugging dumps during ompilation at times spei�ed by letters.This is used for debugging the RTL-based passes of the ompiler. The �le namesfor most of the dumps are made by appending a pass number and a word tothe dumpname. dumpname is generated from the name of the output �le, ifexpliitly spei�ed and it is not an exeutable, otherwise it is the basename ofthe soure �le.Most debug dumps an be enabled either passing a letter to the `-d' option, orwith a long `-fdump-rtl' swith; here are the possible letters for use in lettersand pass, and their meanings:-dA Annotate the assembler output with misellaneous debugging in-formation.-db-fdump-rtl-bpDump after omputing branh probabilities, to `file.09.bp'.-dB-fdump-rtl-bbroDump after blok reordering, to `file.30.bbro'.-d-fdump-rtl-ombineDump after instrution ombination, to the �le `file.17.ombine'.-dC-fdump-rtl-e1-fdump-rtl-e2`-dC' and `-fdump-rtl-e1' enable dumping after the �rst ifonversion, to the �le `file.11.e1'. `-dC' and `-fdump-rtl-e2'enable dumping after the seond if onversion, to the �le`file.18.e2'.-dd-fdump-rtl-btl-fdump-rtl-dbr`-dd' and `-fdump-rtl-btl' enable dumping after branh targetload optimization, to `file.31.btl'. `-dd' and `-fdump-rtl-dbr'enable dumping after delayed branh sheduling, to `file.36.dbr'.-dD Dump all maro de�nitions, at the end of preproessing, in additionto normal output.



54 Using the GNU Compiler Colletion (GCC)-dE-fdump-rtl-e3Dump after the third if onversion, to `file.28.e3'.-df-fdump-rtl-fg-fdump-rtl-life`-df' and `-fdump-rtl-fg' enable dumping after ontrol and dataow analysis, to `file.08.fg'. `-df' and `-fdump-rtl-fg' en-able dumping dump after life analysis, to `file.16.life'.-dg-fdump-rtl-gregDump after global register alloation, to `file.23.greg'.-dG-fdump-rtl-gse-fdump-rtl-bypass`-dG' and `-fdump-rtl-gse' enable dumping after GCSE,to `file.05.gse'. `-dG' and `-fdump-rtl-bypass' enabledumping after jump bypassing and ontrol ow optimizations, to`file.07.bypass'.-dh-fdump-rtl-ehDump after �nalization of EH handling ode, to `file.02.eh'.-di-fdump-rtl-siblingDump after sibling all optimizations, to `file.01.sibling'.-dj-fdump-rtl-jumpDump after the �rst jump optimization, to `file.03.jump'.-dk-fdump-rtl-stakDump after onversion from registers to stak, to `file.33.stak'.-dl-fdump-rtl-lregDump after loal register alloation, to `file.22.lreg'.-dL-fdump-rtl-loop-fdump-rtl-loop2`-dL' and `-fdump-rtl-loop' enable dumping after the�rst loop optimization pass, to `file.06.loop'. `-dL' and`-fdump-rtl-loop2' enable dumping after the seond pass, to`file.13.loop2'.



Chapter 3: GCC Command Options 55-dm-fdump-rtl-smsDump after modulo sheduling, to `file.20.sms'.-dM-fdump-rtl-mahDump after performing the mahine dependent reorganization pass,to `file.35.mah'.-dn-fdump-rtl-rnregDump after register renumbering, to `file.29.rnreg'.-dN-fdump-rtl-regmoveDump after the register move pass, to `file.19.regmove'.-do-fdump-rtl-postreloadDump after post-reload optimizations, to `file.24.postreload'.-dr-fdump-rtl-expandDump after RTL generation, to `file.00.expand'.-dR-fdump-rtl-shed2Dump after the seond sheduling pass, to `file.32.shed2'.-ds-fdump-rtl-seDump after CSE (inluding the jump optimization that sometimesfollows CSE), to `file.04.se'.-dS-fdump-rtl-shedDump after the �rst sheduling pass, to `file.21.shed'.-dt-fdump-rtl-se2Dump after the seond CSE pass (inluding the jump optimizationthat sometimes follows CSE), to `file.15.se2'.-dT-fdump-rtl-traerDump after running traer, to `file.12.traer'.-dV-fdump-rtl-vpt-fdump-rtl-vartrak`-dV' and `-fdump-rtl-vpt' enable dumping after thevalue pro�le transformations, to `file.10.vpt'. `-dV' and`-fdump-rtl-vartrak' enable dumping after variable traking,to `file.34.vartrak'.



56 Using the GNU Compiler Colletion (GCC)-dw-fdump-rtl-flow2Dump after the seond ow pass, to `file.26.flow2'.-dz-fdump-rtl-peephole2Dump after the peephole pass, to `file.27.peephole2'.-dZ-fdump-rtl-webDump after live range splitting, to `file.14.web'.-da-fdump-rtl-allProdue all the dumps listed above.-dH Produe a ore dump whenever an error ours.-dm Print statistis on memory usage, at the end of the run, to standarderror.-dp Annotate the assembler output with a omment indiating whihpattern and alternative was used. The length of eah instrution isalso printed.-dP Dump the RTL in the assembler output as a omment before eahinstrution. Also turns on `-dp' annotation.-dv For eah of the other indiated dump �les (either with `-d' or`-fdump-rtl-pass '), dump a representation of the ontrol owgraph suitable for viewing with VCG to `file.pass.vg'.-dx Just generate RTL for a funtion instead of ompiling it. Usuallyused with `r' (`-fdump-rtl-expand').-dy Dump debugging information during parsing, to standard error.-fdump-unnumberedWhen doing debugging dumps (see `-d' option above), suppress instrutionnumbers and line number note output. This makes it more feasible to usedi� on debugging dumps for ompiler invoations with di�erent options, inpartiular with and without `-g'.-fdump-translation-unit (C and C++ only)-fdump-translation-unit-options (C and C++ only)Dump a representation of the tree struture for the entire translation unit to a�le. The �le name is made by appending `.tu' to the soure �le name. If the`-options ' form is used, options ontrols the details of the dump as desribedfor the `-fdump-tree' options.-fdump-lass-hierarhy (C++ only)-fdump-lass-hierarhy-options (C++ only)Dump a representation of eah lass's hierarhy and virtual funtion table layoutto a �le. The �le name is made by appending `.lass' to the soure �le name.



Chapter 3: GCC Command Options 57If the `-options ' form is used, options ontrols the details of the dump asdesribed for the `-fdump-tree' options.-fdump-ipa-swithControl the dumping at various stages of inter-proedural analysis languagetree to a �le. The �le name is generated by appending a swith spei� suÆxto the soure �le name. The following dumps are possible:`all' Enables all inter-proedural analysis dumps; urrently the only pro-dued dump is the `graph' dump.`graph' Dumps information about all-graph optimization, unused funtionremoval, and inlining deisions.-fdump-tree-swith (C and C++ only)-fdump-tree-swith-options (C and C++ only)Control the dumping at various stages of proessing the intermediate languagetree to a �le. The �le name is generated by appending a swith spei� suÆxto the soure �le name. If the `-options ' form is used, options is a list of`-' separated options that ontrol the details of the dump. Not all options areappliable to all dumps, those whih are not meaningful will be ignored. Thefollowing options are available`address' Print the address of eah node. Usually this is not meaningful as ithanges aording to the environment and soure �le. Its primaryuse is for tying up a dump �le with a debug environment.`slim' Inhibit dumping of members of a sope or body of a funtion merelybeause that sope has been reahed. Only dump suh items whenthey are diretly reahable by some other path. When dumpingpretty-printed trees, this option inhibits dumping the bodies of on-trol strutures.`raw' Print a raw representation of the tree. By default, trees are pretty-printed into a C-like representation.`details' Enable more detailed dumps (not honored by every dump option).`stats' Enable dumping various statistis about the pass (not honored byevery dump option).`bloks' Enable showing basi blok boundaries (disabled in raw dumps).`vops' Enable showing virtual operands for every statement.`lineno' Enable showing line numbers for statements.`uid' Enable showing the unique ID (DECL_UID) for eah variable.`all' Turn on all options, exept `raw', `slim' and `lineno'.The following tree dumps are possible:`original' Dump before any tree based optimization, to `file.original'.



58 Using the GNU Compiler Colletion (GCC)`optimized'Dump after all tree based optimization, to `file.optimized'.`inlined' Dump after funtion inlining, to `file.inlined'.`gimple' Dump eah funtion before and after the gimpli�ation pass to a�le. The �le name is made by appending `.gimple' to the soure�le name.`fg' Dump the ontrol ow graph of eah funtion to a �le. The �lename is made by appending `.fg' to the soure �le name.`vg' Dump the ontrol ow graph of eah funtion to a �le in VCGformat. The �le name is made by appending `.vg' to the soure�le name. Note that if the �le ontains more than one funtion, thegenerated �le annot be used diretly by VCG. You will need tout and paste eah funtion's graph into its own separate �le �rst.`h' Dump eah funtion after opying loop headers. The �le name ismade by appending `.h' to the soure �le name.`ssa' Dump SSA related information to a �le. The �le name is made byappending `.ssa' to the soure �le name.`alias' Dump aliasing information for eah funtion. The �le name is madeby appending `.alias' to the soure �le name.`p' Dump eah funtion after CCP. The �le name is made by append-ing `.p' to the soure �le name.`pre' Dump trees after partial redundany elimination. The �le name ismade by appending `.pre' to the soure �le name.`fre' Dump trees after full redundany elimination. The �le name ismade by appending `.fre' to the soure �le name.`de' Dump eah funtion after dead ode elimination. The �le name ismade by appending `.de' to the soure �le name.`mudflap' Dump eah funtion after adding mudap instrumentation. The�le name is made by appending `.mudflap' to the soure �le name.`sra' Dump eah funtion after performing salar replaement of aggre-gates. The �le name is made by appending `.sra' to the soure �lename.`dom' Dump eah funtion after applying dominator tree optimizations.The �le name is made by appending `.dom' to the soure �le name.`dse' Dump eah funtion after applying dead store elimination. The �lename is made by appending `.dse' to the soure �le name.`phiopt' Dump eah funtion after optimizing PHI nodes into straightlineode. The �le name is made by appending `.phiopt' to the soure�le name.



Chapter 3: GCC Command Options 59`forwprop' Dump eah funtion after forward propagating single use variables.The �le name is made by appending `.forwprop' to the soure �lename.`opyrename'Dump eah funtion after applying the opy rename optimization.The �le name is made by appending `.opyrename' to the soure�le name.`nrv' Dump eah funtion after applying the named return value opti-mization on generi trees. The �le name is made by appending`.nrv' to the soure �le name.`vet' Dump eah funtion after applying vetorization of loops. The �lename is made by appending `.vet' to the soure �le name.`all' Enable all the available tree dumps with the ags provided in thisoption.-ftree-vetorizer-verbose=nThis option ontrols the amount of debugging output the vetorizer prints.This information is written to standard error, unless `-fdump-tree-all' or`-fdump-tree-vet' is spei�ed, in whih ase it is output to the usual dumplisting �le, `.vet'.-frandom-seed=stringThis option provides a seed that GCC uses when it would otherwise use randomnumbers. It is used to generate ertain symbol names that have to be di�erentin every ompiled �le. It is also used to plae unique stamps in overage data�les and the objet �les that produe them. You an use the `-frandom-seed'option to produe reproduibly idential objet �les.The string should be di�erent for every �le you ompile.-fshed-verbose=nOn targets that use instrution sheduling, this option ontrols the amount ofdebugging output the sheduler prints. This information is written to standarderror, unless `-dS' or `-dR' is spei�ed, in whih ase it is output to the usualdump listing �le, `.shed' or `.shed2' respetively. However for n greaterthan nine, the output is always printed to standard error.For n greater than zero, `-fshed-verbose' outputs the same information as`-dRS'. For n greater than one, it also output basi blok probabilities, de-tailed ready list information and unit/insn info. For n greater than two, itinludes RTL at abort point, ontrol-ow and regions info. And for n over four,`-fshed-verbose' also inludes dependene info.-save-tempsStore the usual \temporary" intermediate �les permanently; plae them in theurrent diretory and name them based on the soure �le. Thus, ompiling`foo.' with `- -save-temps' would produe �les `foo.i' and `foo.s', as well



60 Using the GNU Compiler Colletion (GCC)as `foo.o'. This reates a preproessed `foo.i' output �le even though theompiler now normally uses an integrated preproessor.When used in ombination with the `-x' ommand line option, `-save-temps'is sensible enough to avoid over writing an input soure �le with the sameextension as an intermediate �le. The orresponding intermediate �le may beobtained by renaming the soure �le before using `-save-temps'.-time Report the CPU time taken by eah subproess in the ompilation sequene.For C soure �les, this is the ompiler proper and assembler (plus the linker iflinking is done). The output looks like this:# 1 0.12 0.01# as 0.00 0.01The �rst number on eah line is the \user time", that is time spent exeutingthe program itself. The seond number is \system time", time spent exeutingoperating system routines on behalf of the program. Both numbers are inseonds.-fvar-trakingRun variable traking pass. It omputes where variables are stored at eah posi-tion in ode. Better debugging information is then generated (if the debugginginformation format supports this information).It is enabled by default when ompiling with optimization (`-Os', `-O', `-O2',...), debugging information (`-g') and the debug info format supports it.-print-file-name=libraryPrint the full absolute name of the library �le library that would be used whenlinking|and don't do anything else. With this option, GCC does not ompileor link anything; it just prints the �le name.-print-multi-diretoryPrint the diretory name orresponding to the multilib seleted by any otherswithes present in the ommand line. This diretory is supposed to exist inGCC_EXEC_PREFIX.-print-multi-libPrint the mapping from multilib diretory names to ompiler swithes thatenable them. The diretory name is separated from the swithes by `;', andeah swith starts with an `�' instead of the `-', without spaes between multipleswithes. This is supposed to ease shell-proessing.-print-prog-name=programLike `-print-file-name', but searhes for a program suh as `pp'.-print-libg-file-nameSame as `-print-file-name=libg.a'.This is useful when you use `-nostdlib' or `-nodefaultlibs' but you do wantto link with `libg.a'. You an dog -nostdlib files... `g -print-libg-file-name`-print-searh-dirsPrint the name of the on�gured installation diretory and a list of programand library diretories g will searh|and don't do anything else.



Chapter 3: GCC Command Options 61This is useful when g prints the error message `installation problem,annot exe pp0: No suh file or diretory'. To resolve this you eitherneed to put `pp0' and the other ompiler omponents where g expets to�nd them, or you an set the environment variable GCC_EXEC_PREFIX to the di-retory where you installed them. Don't forget the trailing `/'. See Setion 3.19[Environment Variables℄, page 184.-dumpmahinePrint the ompiler's target mahine (for example, `i686-p-linux-gnu')|anddon't do anything else.-dumpversionPrint the ompiler version (for example, `3.0')|and don't do anything else.-dumpspesPrint the ompiler's built-in spes|and don't do anything else. (This is usedwhen GCC itself is being built.) See Setion 3.15 [Spe Files℄, page 101.-feliminate-unused-debug-typesNormally, when produing DWARF2 output, GCC will emit debugging infor-mation for all types delared in a ompilation unit, regardless of whether or notthey are atually used in that ompilation unit. Sometimes this is useful, suhas if, in the debugger, you want to ast a value to a type that is not atuallyused in your program (but is delared). More often, however, this results ina signi�ant amount of wasted spae. With this option, GCC will avoid pro-duing debug symbol output for types that are nowhere used in the soure �lebeing ompiled.3.10 Options That Control OptimizationThese options ontrol various sorts of optimizations.Without any optimization option, the ompiler's goal is to redue the ost of ompilationand to make debugging produe the expeted results. Statements are independent: if youstop the program with a breakpoint between statements, you an then assign a new valueto any variable or hange the program ounter to any other statement in the funtion andget exatly the results you would expet from the soure ode.Turning on optimization ags makes the ompiler attempt to improve the performaneand/or ode size at the expense of ompilation time and possibly the ability to debug theprogram.The ompiler performs optimization based on the knowledge it has of the program. Op-timization levels `-O2' and above, in partiular, enable unit-at-a-time mode, whih allowsthe ompiler to onsider information gained from later funtions in the �le when ompilinga funtion. Compiling multiple �les at one to a single output �le in unit-at-a-time modeallows the ompiler to use information gained from all of the �les when ompiling eah ofthem.Not all optimizations are ontrolled diretly by a ag. Only optimizations that have aag are listed.



62 Using the GNU Compiler Colletion (GCC)-O-O1 Optimize. Optimizing ompilation takes somewhat more time, and a lot morememory for a large funtion.With `-O', the ompiler tries to redue ode size and exeution time, withoutperforming any optimizations that take a great deal of ompilation time.`-O' turns on the following optimization ags:-fdefer-pop-fdelayed-branh-fguess-branh-probability-fprop-registers-floop-optimize-fif-onversion-fif-onversion2-ftree-p-ftree-de-ftree-dominator-opts-ftree-dse-ftree-ter-ftree-lrs-ftree-sra-ftree-opyrename-ftree-fre-ftree-h-fmerge-onstants`-O' also turns on `-fomit-frame-pointer' on mahines where doing so doesnot interfere with debugging.`-O' doesn't turn on `-ftree-sra' for the Ada ompiler. This option must beexpliitly spei�ed on the ommand line to be enabled for the Ada ompiler.-O2 Optimize even more. GCC performs nearly all supported optimizations thatdo not involve a spae-speed tradeo�. The ompiler does not perform loopunrolling or funtion inlining when you speify `-O2'. As ompared to `-O', thisoption inreases both ompilation time and the performane of the generatedode.`-O2' turns on all optimization ags spei�ed by `-O'. It also turns on thefollowing optimization ags:-fthread-jumps-frossjumping-foptimize-sibling-alls-fse-follow-jumps -fse-skip-bloks-fgse -fgse-lm-fexpensive-optimizations-fstrength-redue-frerun-se-after-loop -frerun-loop-opt-faller-saves-ffore-mem-fpeephole2-fshedule-insns -fshedule-insns2-fshed-interblok -fshed-spe-fregmove-fstrit-aliasing-fdelete-null-pointer-heks-freorder-bloks -freorder-funtions-funit-at-a-time



Chapter 3: GCC Command Options 63-falign-funtions -falign-jumps-falign-loops -falign-labels-ftree-prePlease note the warning under `-fgse' about invoking `-O2' on programs thatuse omputed gotos.-O3 Optimize yet more. `-O3' turns on all optimizations spei�ed by `-O2'and also turns on the `-finline-funtions', `-funswith-loops' and`-fgse-after-reload' options.-O0 Do not optimize. This is the default.-Os Optimize for size. `-Os' enables all `-O2' optimizations that do not typiallyinrease ode size. It also performs further optimizations designed to redueode size.`-Os' disables the following optimization ags:-falign-funtions -falign-jumps -falign-loops-falign-labels -freorder-bloks -freorder-bloks-and-partition -fprefeth-loop-arraysIf you use multiple `-O' options, with or without level numbers, the last suhoption is the one that is e�etive.Options of the form `-fflag ' speify mahine-independent ags. Most ags have bothpositive and negative forms; the negative form of `-ffoo' would be `-fno-foo'. In the tablebelow, only one of the forms is listed|the one you typially will use. You an �gure outthe other form by either removing `no-' or adding it.The following options ontrol spei� optimizations. They are either ativated by `-O'options or are related to ones that are. You an use the following ags in the rare aseswhen \�ne-tuning" of optimizations to be performed is desired.-fno-default-inlineDo not make member funtions inline by default merely beause they are de�nedinside the lass sope (C++ only). Otherwise, when you speify `-O', memberfuntions de�ned inside lass sope are ompiled inline by default; i.e., you don'tneed to add `inline' in front of the member funtion name.-fno-defer-popAlways pop the arguments to eah funtion all as soon as that funtion returns.For mahines whih must pop arguments after a funtion all, the ompilernormally lets arguments aumulate on the stak for several funtion alls andpops them all at one.Disabled at levels `-O', `-O2', `-O3', `-Os'.-ffore-memFore memory operands to be opied into registers before doing arithmeti onthem. This produes better ode by making all memory referenes potentialommon subexpressions. When they are not ommon subexpressions, instru-tion ombination should eliminate the separate register-load.Enabled at levels `-O2', `-O3', `-Os'.



64 Using the GNU Compiler Colletion (GCC)-ffore-addrFore memory address onstants to be opied into registers before doing arith-meti on them. This may produe better ode just as `-ffore-mem' may.-fomit-frame-pointerDon't keep the frame pointer in a register for funtions that don't need one.This avoids the instrutions to save, set up and restore frame pointers; it alsomakes an extra register available in many funtions. It also makes debuggingimpossible on some mahines.On some mahines, suh as the VAX, this ag has no e�et, beause the stan-dard alling sequene automatially handles the frame pointer and nothing issaved by pretending it doesn't exist. The mahine-desription maro FRAME_POINTER_REQUIRED ontrols whether a target mahine supports this ag. Seesetion \Register Usage" in GNU Compiler Colletion (GCC) Internals.Enabled at levels `-O', `-O2', `-O3', `-Os'.-foptimize-sibling-allsOptimize sibling and tail reursive alls.Enabled at levels `-O2', `-O3', `-Os'.-fno-inlineDon't pay attention to the inline keyword. Normally this option is used tokeep the ompiler from expanding any funtions inline. Note that if you arenot optimizing, no funtions an be expanded inline.-finline-funtionsIntegrate all simple funtions into their allers. The ompiler heuristially de-ides whih funtions are simple enough to be worth integrating in this way.If all alls to a given funtion are integrated, and the funtion is delaredstati, then the funtion is normally not output as assembler ode in its ownright.Enabled at level `-O3'.-finline-limit=nBy default, GCC limits the size of funtions that an be inlined. This ag allowsthe ontrol of this limit for funtions that are expliitly marked as inline (i.e.,marked with the inline keyword or de�ned within the lass de�nition in ++).n is the size of funtions that an be inlined in number of pseudo instrutions(not ounting parameter handling). The default value of n is 600. Inreasingthis value an result in more inlined ode at the ost of ompilation time andmemory onsumption. Dereasing usually makes the ompilation faster and lessode will be inlined (whih presumably means slower programs). This optionis partiularly useful for programs that use inlining heavily suh as those basedon reursive templates with C++.Inlining is atually ontrolled by a number of parameters, whih may be spe-i�ed individually by using `--param name=value '. The `-finline-limit=n 'option sets some of these parameters as follows:max-inline-insns-singleis set to n/2.



Chapter 3: GCC Command Options 65max-inline-insns-autois set to n/2.min-inline-insnsis set to 130 or n/4, whihever is smaller.max-inline-insns-rtlis set to n.See below for a doumentation of the individual parameters ontrolling inlining.Note: pseudo instrution represents, in this partiular ontext, an abstratmeasurement of funtion's size. In no way, it represents a ount of assemblyinstrutions and as suh its exat meaning might hange from one release to ananother.-fkeep-inline-funtionsIn C, emit stati funtions that are delared inline into the objet �le, evenif the funtion has been inlined into all of its allers. This swith does not a�etfuntions using the extern inline extension in GNU C. In C++, emit any andall inline funtions into the objet �le.-fkeep-stati-onstsEmit variables delared stati onst when optimization isn't turned on, evenif the variables aren't referened.GCC enables this option by default. If you want to fore the ompiler to hek ifthe variable was referened, regardless of whether or not optimization is turnedon, use the `-fno-keep-stati-onsts' option.-fmerge-onstantsAttempt to merge idential onstants (string onstants and oating point on-stants) aross ompilation units.This option is the default for optimized ompilation if the assembler and linkersupport it. Use `-fno-merge-onstants' to inhibit this behavior.Enabled at levels `-O', `-O2', `-O3', `-Os'.-fmerge-all-onstantsAttempt to merge idential onstants and idential variables.This option implies `-fmerge-onstants'. In addition to `-fmerge-onstants'this onsiders e.g. even onstant initialized arrays or initialized onstant vari-ables with integral or oating point types. Languages like C or C++ requireeah non-automati variable to have distint loation, so using this option willresult in non-onforming behavior.-fmodulo-shedPerform swing modulo sheduling immediately before the �rst sheduling pass.This pass looks at innermost loops and reorders their instrutions by overlap-ping di�erent iterations.-fno-branh-ount-regDo not use \derement and branh" instrutions on a ount register, but insteadgenerate a sequene of instrutions that derement a register, ompare it against



66 Using the GNU Compiler Colletion (GCC)zero, then branh based upon the result. This option is only meaningful onarhitetures that support suh instrutions, whih inlude x86, PowerPC, IA-64 and S/390.The default is `-fbranh-ount-reg', enabled when `-fstrength-redue' isenabled.-fno-funtion-seDo not put funtion addresses in registers; make eah instrution that alls aonstant funtion ontain the funtion's address expliitly.This option results in less eÆient ode, but some strange haks that alter theassembler output may be onfused by the optimizations performed when thisoption is not used.The default is `-ffuntion-se'-fno-zero-initialized-in-bssIf the target supports a BSS setion, GCC by default puts variables that areinitialized to zero into BSS. This an save spae in the resulting ode.This option turns o� this behavior beause some programs expliitly rely onvariables going to the data setion. E.g., so that the resulting exeutable an�nd the beginning of that setion and/or make assumptions based on that.The default is `-fzero-initialized-in-bss'.-fbounds-hekFor front-ends that support it, generate additional ode to hek that indiesused to aess arrays are within the delared range. This is urrently onlysupported by the Java and Fortran front-ends, where this option defaults totrue and false respetively.-fmudflap -fmudflapth -fmudflapirFor front-ends that support it (C and C++), instrument all risky pointer/arraydereferening operations, some standard library string/heap funtions, andsome other assoiated onstruts with range/validity tests. Modules so in-strumented should be immune to bu�er overows, invalid heap use, and someother lasses of C/C++ programming errors. The instrumentation relies on aseparate runtime library (`libmudflap'), whih will be linked into a programif `-fmudflap' is given at link time. Run-time behavior of the instrumentedprogram is ontrolled by the MUDFLAP_OPTIONS environment variable. See envMUDFLAP_OPTIONS=-help a.out for its options.Use `-fmudflapth' instead of `-fmudflap' to ompile and to link if your pro-gram is multi-threaded. Use `-fmudflapir', in addition to `-fmudflap' or`-fmudflapth', if instrumentation should ignore pointer reads. This produesless instrumentation (and therefore faster exeution) and still provides someprotetion against outright memory orrupting writes, but allows erroneouslyread data to propagate within a program.-fstrength-reduePerform the optimizations of loop strength redution and elimination of itera-tion variables.Enabled at levels `-O2', `-O3', `-Os'.



Chapter 3: GCC Command Options 67-fthread-jumpsPerform optimizations where we hek to see if a jump branhes to a loationwhere another omparison subsumed by the �rst is found. If so, the �rst branhis redireted to either the destination of the seond branh or a point immedi-ately following it, depending on whether the ondition is known to be true orfalse.Enabled at levels `-O2', `-O3', `-Os'.-fse-follow-jumpsIn ommon subexpression elimination, san through jump instrutions whenthe target of the jump is not reahed by any other path. For example, whenCSE enounters an if statement with an else lause, CSE will follow the jumpwhen the ondition tested is false.Enabled at levels `-O2', `-O3', `-Os'.-fse-skip-bloksThis is similar to `-fse-follow-jumps', but auses CSE to follow jumps whihonditionally skip over bloks. When CSE enounters a simple if statementwith no else lause, `-fse-skip-bloks' auses CSE to follow the jump aroundthe body of the if.Enabled at levels `-O2', `-O3', `-Os'.-frerun-se-after-loopRe-run ommon subexpression elimination after loop optimizations has beenperformed.Enabled at levels `-O2', `-O3', `-Os'.-frerun-loop-optRun the loop optimizer twie.Enabled at levels `-O2', `-O3', `-Os'.-fgse Perform a global ommon subexpression elimination pass. This pass also per-forms global onstant and opy propagation.Note: When ompiling a program using omputed gotos, a GCC extension,you may get better runtime performane if you disable the global ommonsubexpression elimination pass by adding `-fno-gse' to the ommand line.Enabled at levels `-O2', `-O3', `-Os'.-fgse-lm When `-fgse-lm' is enabled, global ommon subexpression elimination willattempt to move loads whih are only killed by stores into themselves. Thisallows a loop ontaining a load/store sequene to be hanged to a load outsidethe loop, and a opy/store within the loop.Enabled by default when gse is enabled.-fgse-sm When `-fgse-sm' is enabled, a store motion pass is run after global ommonsubexpression elimination. This pass will attempt to move stores out of loops.When used in onjuntion with `-fgse-lm', loops ontaining a load/store se-quene an be hanged to a load before the loop and a store after the loop.



68 Using the GNU Compiler Colletion (GCC)Not enabled at any optimization level.-fgse-lasWhen `-fgse-las' is enabled, the global ommon subexpression eliminationpass eliminates redundant loads that ome after stores to the same memoryloation (both partial and full redundanies).Not enabled at any optimization level.-fgse-after-reloadWhen `-fgse-after-reload' is enabled, a redundant load elimination passis performed after reload. The purpose of this pass is to leanup redundantspilling.-floop-optimizePerform loop optimizations: move onstant expressions out of loops, simplifyexit test onditions and optionally do strength-redution as well.Enabled at levels `-O', `-O2', `-O3', `-Os'.-floop-optimize2Perform loop optimizations using the new loop optimizer. The optimizations(loop unrolling, peeling and unswithing, loop invariant motion) are enabled byseparate ags.-frossjumpingPerform ross-jumping transformation. This transformation uni�es equivalentode and save ode size. The resulting ode may or may not perform betterthan without ross-jumping.Enabled at levels `-O2', `-O3', `-Os'.-fif-onversionAttempt to transform onditional jumps into branh-less equivalents. Thisinlude use of onditional moves, min, max, set ags and abs instrutions, andsome triks doable by standard arithmetis. The use of onditional exeutionon hips where it is available is ontrolled by if-onversion2.Enabled at levels `-O', `-O2', `-O3', `-Os'.-fif-onversion2Use onditional exeution (where available) to transform onditional jumps intobranh-less equivalents.Enabled at levels `-O', `-O2', `-O3', `-Os'.-fdelete-null-pointer-heksUse global dataow analysis to identify and eliminate useless heks for nullpointers. The ompiler assumes that dereferening a null pointer would havehalted the program. If a pointer is heked after it has already been derefer-ened, it annot be null.In some environments, this assumption is not true, and programs an safelydereferene null pointers. Use `-fno-delete-null-pointer-heks' to disablethis optimization for programs whih depend on that behavior.Enabled at levels `-O2', `-O3', `-Os'.



Chapter 3: GCC Command Options 69-fexpensive-optimizationsPerform a number of minor optimizations that are relatively expensive.Enabled at levels `-O2', `-O3', `-Os'.-foptimize-register-move-fregmove Attempt to reassign register numbers in move instrutions and as operands ofother simple instrutions in order to maximize the amount of register tying.This is espeially helpful on mahines with two-operand instrutions.Note `-fregmove' and `-foptimize-register-move' are the same optimiza-tion.Enabled at levels `-O2', `-O3', `-Os'.-fdelayed-branhIf supported for the target mahine, attempt to reorder instrutions to exploitinstrution slots available after delayed branh instrutions.Enabled at levels `-O', `-O2', `-O3', `-Os'.-fshedule-insnsIf supported for the target mahine, attempt to reorder instrutions to eliminateexeution stalls due to required data being unavailable. This helps mahinesthat have slow oating point or memory load instrutions by allowing otherinstrutions to be issued until the result of the load or oating point instrutionis required.Enabled at levels `-O2', `-O3', `-Os'.-fshedule-insns2Similar to `-fshedule-insns', but requests an additional pass of instrutionsheduling after register alloation has been done. This is espeially useful onmahines with a relatively small number of registers and where memory loadinstrutions take more than one yle.Enabled at levels `-O2', `-O3', `-Os'.-fno-shed-interblokDon't shedule instrutions aross basi bloks. This is normally enabled bydefault when sheduling before register alloation, i.e. with `-fshedule-insns'or at `-O2' or higher.-fno-shed-speDon't allow speulative motion of non-load instrutions. This is normallyenabled by default when sheduling before register alloation, i.e. with`-fshedule-insns' or at `-O2' or higher.-fshed-spe-loadAllow speulative motion of some load instrutions. This only makes sensewhen sheduling before register alloation, i.e. with `-fshedule-insns' or at`-O2' or higher.



70 Using the GNU Compiler Colletion (GCC)-fshed-spe-load-dangerousAllow speulative motion of more load instrutions. This only makes sensewhen sheduling before register alloation, i.e. with `-fshedule-insns' or at`-O2' or higher.-fshed-stalled-insns=nDe�ne how many insns (if any) an be moved prematurely from the queue ofstalled insns into the ready list, during the seond sheduling pass.-fshed-stalled-insns-dep=nDe�ne how many insn groups (yles) will be examined for a dependenyon a stalled insn that is andidate for premature removal from the queue ofstalled insns. Has an e�et only during the seond sheduling pass, and only if`-fshed-stalled-insns' is used and its value is not zero.-fshed2-use-superbloksWhen sheduling after register alloation, do use superblok sheduling algo-rithm. Superblok sheduling allows motion aross basi blok boundaries re-sulting on faster shedules. This option is experimental, as not all mahinedesriptions used by GCC model the CPU losely enough to avoid unreliableresults from the algorithm.This only makes sense when sheduling after register alloation, i.e. with`-fshedule-insns2' or at `-O2' or higher.-fshed2-use-traesUse `-fshed2-use-superbloks' algorithm when sheduling after register al-loation and additionally perform ode dupliation in order to inrease the sizeof superbloks using traer pass. See `-ftraer' for details on trae formation.This mode should produe faster but signi�antly longer programs. Also with-out `-fbranh-probabilities' the traes onstruted may not math the re-ality and hurt the performane. This only makes sense when sheduling afterregister alloation, i.e. with `-fshedule-insns2' or at `-O2' or higher.-freshedule-modulo-sheduled-loopsThe modulo sheduling omes before the traditional sheduling, if a loop wasmodulo sheduled we may want to prevent the later sheduling passes fromhanging its shedule, we use this option to ontrol that.-faller-savesEnable values to be alloated in registers that will be lobbered by funtionalls, by emitting extra instrutions to save and restore the registers aroundsuh alls. Suh alloation is done only when it seems to result in better odethan would otherwise be produed.This option is always enabled by default on ertain mahines, usually thosewhih have no all-preserved registers to use instead.Enabled at levels `-O2', `-O3', `-Os'.-ftree-prePerform Partial Redundany Elimination (PRE) on trees. This ag is enabledby default at `-O2' and `-O3'.



Chapter 3: GCC Command Options 71-ftree-frePerform Full Redundany Elimination (FRE) on trees. The di�erene betweenFRE and PRE is that FRE only onsiders expressions that are omputed on allpaths leading to the redundant omputation. This analysis faster than PRE,though it exposes fewer redundanies. This ag is enabled by default at `-O'and higher.-ftree-pPerform sparse onditional onstant propagation (CCP) on trees. This ag isenabled by default at `-O' and higher.-ftree-dePerform dead ode elimination (DCE) on trees. This ag is enabled by defaultat `-O' and higher.-ftree-dominator-optsPerform dead ode elimination (DCE) on trees. This ag is enabled by defaultat `-O' and higher.-ftree-h Perform loop header opying on trees. This is bene�ial sine it inreases ef-fetiveness of ode motion optimizations. It also saves one jump. This ag isenabled by default at `-O' and higher. It is not enabled for `-Os', sine it usuallyinreases ode size.-ftree-loop-optimizePerform loop optimizations on trees. This ag is enabled by default at `-O' andhigher.-ftree-loop-linearPerform linear loop transformations on tree. This ag an improve ahe per-formane and allow further loop optimizations to take plae.-ftree-loop-imPerform loop invariant motion on trees. This pass moves only invariants thatwould be hard to handle at RTL level (funtion alls, operations that expandto nontrivial sequenes of insns). With `-funswith-loops' it also movesoperands of onditions that are invariant out of the loop, so that we an usejust trivial invariantness analysis in loop unswithing. The pass also inludesstore motion.-ftree-loop-ivanonCreate a anonial ounter for number of iterations in the loop for that deter-mining number of iterations requires ompliated analysis. Later optimizationsthen may determine the number easily. Useful espeially in onnetion withunrolling.-fivopts Perform indution variable optimizations (strength redution, indution vari-able merging and indution variable elimination) on trees.



72 Using the GNU Compiler Colletion (GCC)-ftree-sraPerform salar replaement of aggregates. This pass replaes struture refer-enes with salars to prevent ommitting strutures to memory too early. Thisag is enabled by default at `-O' and higher.-ftree-opyrenamePerform opy renaming on trees. This pass attempts to rename ompiler tem-poraries to other variables at opy loations, usually resulting in variable nameswhih more losely resemble the original variables. This ag is enabled by de-fault at `-O' and higher.-ftree-terPerform temporary expression replaement during the SSA->normal phase. Sin-gle use/single def temporaries are replaed at their use loation with their de�n-ing expression. This results in non-GIMPLE ode, but gives the expandersmuh more omplex trees to work on resulting in better RTL generation. Thisis enabled by default at `-O' and higher.-ftree-lrsPerform live range splitting during the SSA->normal phase. Distint live rangesof a variable are split into unique variables, allowing for better optimizationlater. This is enabled by default at `-O' and higher.-ftree-vetorizePerform loop vetorization on trees.-ftraer Perform tail dupliation to enlarge superblok size. This transformation sim-pli�es the ontrol ow of the funtion allowing other optimizations to do betterjob.-funroll-loopsUnroll loops whose number of iterations an be determined at ompile time orupon entry to the loop. `-funroll-loops' implies both `-fstrength-redue'and `-frerun-se-after-loop'. This option makes ode larger, and may ormay not make it run faster.-funroll-all-loopsUnroll all loops, even if their number of iterations is unertain when the loop isentered. This usually makes programs run more slowly. `-funroll-all-loops'implies the same options as `-funroll-loops',-fsplit-ivs-in-unrollerEnables expressing of values of indution variables in later iterations of theunrolled loop using the value in the �rst iteration. This breaks long depen-deny hains, thus improving eÆieny of the sheduling passes (for best results,`-fweb' should be used as well).Combination of `-fweb' and CSE is often suÆient to obtain the same e�et.However in ases the loop body is more ompliated than a single basi blok,this is not reliable. It also does not work at all on some of the arhiteturesdue to restritions in the CSE pass.This optimization is enabled by default.



Chapter 3: GCC Command Options 73-fvariable-expansion-in-unrollerWith this option, the ompiler will reate multiple opies of some loal variableswhen unrolling a loop whih an result in superior ode.-fprefeth-loop-arraysIf supported by the target mahine, generate instrutions to prefeth memoryto improve the performane of loops that aess large arrays.These options may generate better or worse ode; results are highly dependenton the struture of loops within the soure ode.-fno-peephole-fno-peephole2Disable any mahine-spei� peephole optimizations. The di�erene between`-fno-peephole' and `-fno-peephole2' is in how they are implemented in theompiler; some targets use one, some use the other, a few use both.`-fpeephole' is enabled by default. `-fpeephole2' enabled at levels `-O2',`-O3', `-Os'.-fno-guess-branh-probabilityDo not guess branh probabilities using heuristis.GCC will use heuristis to guess branh probabilities if they are notprovided by pro�ling feedbak (`-fprofile-ars'). These heuristisare based on the ontrol ow graph. If some branh probabilities arespei�ed by `__builtin_expet', then the heuristis will be used to guessbranh probabilities for the rest of the ontrol ow graph, taking the`__builtin_expet' info into aount. The interations between the heuristisand `__builtin_expet' an be omplex, and in some ases, it may be usefulto disable the heuristis so that the e�ets of `__builtin_expet' are easierto understand.The default is `-fguess-branh-probability' at levels `-O', `-O2', `-O3', `-Os'.-freorder-bloksReorder basi bloks in the ompiled funtion in order to redue number oftaken branhes and improve ode loality.Enabled at levels `-O2', `-O3'.-freorder-bloks-and-partitionIn addition to reordering basi bloks in the ompiled funtion, in order toredue number of taken branhes, partitions hot and old basi bloks intoseparate setions of the assembly and .o �les, to improve paging and aheloality performane.This optimization is automatially turned o� in the presene of exeption han-dling, for linkone setions, for funtions with a user-de�ned setion attributeand on any arhiteture that does not support named setions.-freorder-funtionsReorder funtions in the objet �le in order to improve ode loality. This is im-plemented by using speial subsetions .text.hot for most frequently exeutedfuntions and .text.unlikely for unlikely exeuted funtions. Reordering is



74 Using the GNU Compiler Colletion (GCC)done by the linker so objet �le format must support named setions and linkermust plae them in a reasonable way.Also pro�le feedbak must be available in to make this option e�etive. See`-fprofile-ars' for details.Enabled at levels `-O2', `-O3', `-Os'.-fstrit-aliasingAllows the ompiler to assume the stritest aliasing rules appliable to thelanguage being ompiled. For C (and C++), this ativates optimizations basedon the type of expressions. In partiular, an objet of one type is assumed neverto reside at the same address as an objet of a di�erent type, unless the typesare almost the same. For example, an unsigned int an alias an int, but nota void* or a double. A harater type may alias any other type.Pay speial attention to ode like this:union a_union {int i;double d;};int f() {a_union t;t.d = 3.0;return t.i;}The pratie of reading from a di�erent union member than the onemost reently written to (alled \type-punning") is ommon. Even with`-fstrit-aliasing', type-punning is allowed, provided the memory isaessed through the union type. So, the ode above will work as expeted.However, this ode might not:int f() {a_union t;int* ip;t.d = 3.0;ip = &t.i;return *ip;}Every language that wishes to perform language-spei� alias analysis shouldde�ne a funtion that omputes, given an tree node, an alias set for the node.Nodes in di�erent alias sets are not allowed to alias. For an example, see the Cfront-end funtion _get_alias_set.Enabled at levels `-O2', `-O3', `-Os'.-falign-funtions-falign-funtions=nAlign the start of funtions to the next power-of-two greater than n, skippingup to n bytes. For instane, `-falign-funtions=32' aligns funtions to thenext 32-byte boundary, but `-falign-funtions=24' would align to the next32-byte boundary only if this an be done by skipping 23 bytes or less.`-fno-align-funtions' and `-falign-funtions=1' are equivalent and meanthat funtions will not be aligned.



Chapter 3: GCC Command Options 75Some assemblers only support this ag when n is a power of two; in that ase,it is rounded up.If n is not spei�ed or is zero, use a mahine-dependent default.Enabled at levels `-O2', `-O3'.-falign-labels-falign-labels=nAlign all branh targets to a power-of-two boundary, skipping up to n byteslike `-falign-funtions'. This option an easily make ode slower, beauseit must insert dummy operations for when the branh target is reahed in theusual ow of the ode.`-fno-align-labels' and `-falign-labels=1' are equivalent and mean thatlabels will not be aligned.If `-falign-loops' or `-falign-jumps' are appliable and are greater than thisvalue, then their values are used instead.If n is not spei�ed or is zero, use a mahine-dependent default whih is verylikely to be `1', meaning no alignment.Enabled at levels `-O2', `-O3'.-falign-loops-falign-loops=nAlign loops to a power-of-two boundary, skipping up to n bytes like`-falign-funtions'. The hope is that the loop will be exeuted many times,whih will make up for any exeution of the dummy operations.`-fno-align-loops' and `-falign-loops=1' are equivalent and mean thatloops will not be aligned.If n is not spei�ed or is zero, use a mahine-dependent default.Enabled at levels `-O2', `-O3'.-falign-jumps-falign-jumps=nAlign branh targets to a power-of-two boundary, for branh targets wherethe targets an only be reahed by jumping, skipping up to n bytes like`-falign-funtions'. In this ase, no dummy operations need be exeuted.`-fno-align-jumps' and `-falign-jumps=1' are equivalent and mean thatloops will not be aligned.If n is not spei�ed or is zero, use a mahine-dependent default.Enabled at levels `-O2', `-O3'.-funit-at-a-timeParse the whole ompilation unit before starting to produe ode. This allowssome extra optimizations to take plae but onsumes more memory (in general).There are some ompatibility issues with unit-at-at-time mode:� enabling unit-at-a-time mode may hange the order in whih funtions,variables, and top-level asm statements are emitted, and will likely breakode relying on some partiular ordering. The majority of suh top-levelasm statements, though, an be replaed by setion attributes.



76 Using the GNU Compiler Colletion (GCC)� unit-at-a-time mode removes unreferened stati variables and funtionsare removed. This may result in unde�ned referenes when an asm state-ment refers diretly to variables or funtions that are otherwise unused.In that ase either the variable/funtion shall be listed as an operand ofthe asm statement operand or, in the ase of top-level asm statements theattribute used shall be used on the delaration.� Stati funtions now an use non-standard passing onventions that maybreak asm statements alling funtions diretly. Again, attribute used willprevent this behavior.As a temporary workaround, `-fno-unit-at-a-time' an be used, but thissheme may not be supported by future releases of GCC.Enabled at levels `-O2', `-O3'.-fweb Construts webs as ommonly used for register alloation purposes and assigneah web individual pseudo register. This allows the register alloation passto operate on pseudos diretly, but also strengthens several other optimizationpasses, suh as CSE, loop optimizer and trivial dead ode remover. It an,however, make debugging impossible, sine variables will no longer stay in a\home register".Enabled at levels `-O2', `-O3', `-Os', on targets where the default format fordebugging information supports variable traking.-fno-prop-registersAfter register alloation and post-register alloation instrution splitting, weperform a opy-propagation pass to try to redue sheduling dependenies andoasionally eliminate the opy.Disabled at levels `-O', `-O2', `-O3', `-Os'.-fprofile-generateEnable options usually used for instrumenting appliation to produe pro�leuseful for later reompilation with pro�le feedbak based optimization. Youmust use `-fprofile-generate' both when ompiling and when linking yourprogram.The following options are enabled: -fprofile-ars, -fprofile-values, -fvpt.-fprofile-useEnable pro�le feedbak direted optimizations, and optimizations generallypro�table only with pro�le feedbak available.The following options are enabled: -fbranh-probabilities, -fvpt,-funroll-loops, -fpeel-loops, -ftraer.The following options ontrol ompiler behavior regarding oating point arithmeti.These options trade o� between speed and orretness. All must be spei�ally enabled.-ffloat-storeDo not store oating point variables in registers, and inhibit other options thatmight hange whether a oating point value is taken from a register or memory.



Chapter 3: GCC Command Options 77This option prevents undesirable exess preision on mahines suh as the 68000where the oating registers (of the 68881) keep more preision than a doubleis supposed to have. Similarly for the x86 arhiteture. For most programs,the exess preision does only good, but a few programs rely on the preisede�nition of IEEE oating point. Use `-ffloat-store' for suh programs, aftermodifying them to store all pertinent intermediate omputations into variables.-ffast-mathSets `-fno-math-errno', `-funsafe-math-optimizations',`-fno-trapping-math', `-ffinite-math-only', `-fno-rounding-math',`-fno-signaling-nans' and `fx-limited-range'.This option auses the preproessor maro __FAST_MATH__ to be de�ned.This option should never be turned on by any `-O' option sine it an resultin inorret output for programs whih depend on an exat implementation ofIEEE or ISO rules/spei�ations for math funtions.-fno-math-errnoDo not set ERRNO after alling math funtions that are exeuted with a singleinstrution, e.g., sqrt. A program that relies on IEEE exeptions for math errorhandling may want to use this ag for speed while maintaining IEEE arithmetiompatibility.This option should never be turned on by any `-O' option sine it an resultin inorret output for programs whih depend on an exat implementation ofIEEE or ISO rules/spei�ations for math funtions.The default is `-fmath-errno'.-funsafe-math-optimizationsAllow optimizations for oating-point arithmeti that (a) assume that argu-ments and results are valid and (b) may violate IEEE or ANSI standards.When used at link-time, it may inlude libraries or startup �les that hange thedefault FPU ontrol word or other similar optimizations.This option should never be turned on by any `-O' option sine it an resultin inorret output for programs whih depend on an exat implementation ofIEEE or ISO rules/spei�ations for math funtions.The default is `-fno-unsafe-math-optimizations'.-ffinite-math-onlyAllow optimizations for oating-point arithmeti that assume that argumentsand results are not NaNs or +-Infs.This option should never be turned on by any `-O' option sine it an resultin inorret output for programs whih depend on an exat implementation ofIEEE or ISO rules/spei�ations.The default is `-fno-finite-math-only'.-fno-trapping-mathCompile ode assuming that oating-point operations annot generate user-visible traps. These traps inlude division by zero, overow, underow, inex-at result and invalid operation. This option implies `-fno-signaling-nans'.



78 Using the GNU Compiler Colletion (GCC)Setting this option may allow faster ode if one relies on \non-stop" IEEEarithmeti, for example.This option should never be turned on by any `-O' option sine it an resultin inorret output for programs whih depend on an exat implementation ofIEEE or ISO rules/spei�ations for math funtions.The default is `-ftrapping-math'.-frounding-mathDisable transformations and optimizations that assume default oating pointrounding behavior. This is round-to-zero for all oating point to integer on-versions, and round-to-nearest for all other arithmeti trunations. This optionshould be spei�ed for programs that hange the FP rounding mode dynami-ally, or that may be exeuted with a non-default rounding mode. This optiondisables onstant folding of oating point expressions at ompile-time (whihmay be a�eted by rounding mode) and arithmeti transformations that areunsafe in the presene of sign-dependent rounding modes.The default is `-fno-rounding-math'.This option is experimental and does not urrently guarantee to disable all GCCoptimizations that are a�eted by rounding mode. Future versions of GCC mayprovide �ner ontrol of this setting using C99's FENV_ACCESS pragma. Thisommand line option will be used to speify the default state for FENV_ACCESS.-fsignaling-nansCompile ode assuming that IEEE signaling NaNs may generate user-visibletraps during oating-point operations. Setting this option disables optimiza-tions that may hange the number of exeptions visible with signaling NaNs.This option implies `-ftrapping-math'.This option auses the preproessor maro __SUPPORT_SNAN__ to be de�ned.The default is `-fno-signaling-nans'.This option is experimental and does not urrently guarantee to disable allGCC optimizations that a�et signaling NaN behavior.-fsingle-preision-onstantTreat oating point onstant as single preision onstant instead of impliitlyonverting it to double preision onstant.-fx-limited-range-fno-x-limited-rangeWhen enabled, this option states that a range redution step is not neededwhen performing omplex division. The default is `-fno-x-limited-range',but is enabled by `-ffast-math'.This option ontrols the default setting of the ISO C99 CX_LIMITED_RANGEpragma. Nevertheless, the option applies to all languages.The following options ontrol optimizations that may improve performane, but are notenabled by any `-O' options. This setion inludes experimental options that may produebroken ode.



Chapter 3: GCC Command Options 79-fbranh-probabilitiesAfter running a program ompiled with `-fprofile-ars' (see Setion 3.9 [Op-tions for Debugging Your Program or g℄, page 49), you an ompile it a se-ond time using `-fbranh-probabilities', to improve optimizations basedon the number of times eah branh was taken. When the program om-piled with `-fprofile-ars' exits it saves ar exeution ounts to a �le alled`sourename.gda' for eah soure �le The information in this data �le is verydependent on the struture of the generated ode, so you must use the samesoure ode and the same optimization options for both ompilations.With `-fbranh-probabilities', GCC puts a `REG_BR_PROB' note on eah`JUMP_INSN' and `CALL_INSN'. These an be used to improve optimization.Currently, they are only used in one plae: in `reorg.', instead of guessingwhih path a branh is mostly to take, the `REG_BR_PROB' values are used toexatly determine whih path is taken more often.-fprofile-valuesIf ombined with `-fprofile-ars', it adds ode so that some data aboutvalues of expressions in the program is gathered.With `-fbranh-probabilities', it reads bak the data gathered from pro�l-ing values of expressions and adds `REG_VALUE_PROFILE' notes to instrutionsfor their later usage in optimizations.Enabled with `-fprofile-generate' and `-fprofile-use'.-fvpt If ombined with `-fprofile-ars', it instruts the ompiler to add a ode togather information about values of expressions.With `-fbranh-probabilities', it reads bak the data gathered and atuallyperforms the optimizations based on them. Currently the optimizations inludespeialization of division operation using the knowledge about the value of thedenominator.-fspeulative-prefethingIf ombined with `-fprofile-ars', it instruts the ompiler to add a ode togather information about addresses of memory referenes in the program.With `-fbranh-probabilities', it reads bak the data gathered and issuesprefeth instrutions aording to them. In addition to the opportunities no-tied by `-fprefeth-loop-arrays', it also noties more ompliated memoryaess patterns|for example aesses to the data stored in linked list whoseelements are usually alloated sequentially.In order to prevent issuing double prefethes, usage of `-fspeulative-prefething'implies `-fno-prefeth-loop-arrays'.Enabled with `-fprofile-generate' and `-fprofile-use'.-frename-registersAttempt to avoid false dependenies in sheduled ode by making use of registersleft over after register alloation. This optimization will most bene�t proessorswith lots of registers. Depending on the debug information format adopted bythe target, however, it an make debugging impossible, sine variables will nolonger stay in a \home register".



80 Using the GNU Compiler Colletion (GCC)Not enabled by default at any level beause it has known bugs.-ftraer Perform tail dupliation to enlarge superblok size. This transformation sim-pli�es the ontrol ow of the funtion allowing other optimizations to do betterjob.Enabled with `-fprofile-use'.-funroll-loopsUnroll loops whose number of iterations an be determined at ompile time orupon entry to the loop. `-funroll-loops' implies `-frerun-se-after-loop'.It also turns on omplete loop peeling (i.e. omplete removal of loops with smallonstant number of iterations). This option makes ode larger, and may or maynot make it run faster.Enabled with `-fprofile-use'.-funroll-all-loopsUnroll all loops, even if their number of iterations is unertain when the loop isentered. This usually makes programs run more slowly. `-funroll-all-loops'implies the same options as `-funroll-loops'.-fpeel-loopsPeels the loops for that there is enough information that they do not roll muh(from pro�le feedbak). It also turns on omplete loop peeling (i.e. ompleteremoval of loops with small onstant number of iterations).Enabled with `-fprofile-use'.-fmove-loop-invariantsEnables the loop invariant motion pass in the new loop optimizer. Enabled atlevel `-O1'-funswith-loopsMove branhes with loop invariant onditions out of the loop, with dupliatesof the loop on both branhes (modi�ed aording to result of the ondition).-fprefeth-loop-arraysIf supported by the target mahine, generate instrutions to prefeth memoryto improve the performane of loops that aess large arrays.Disabled at level `-Os'.-ffuntion-setions-fdata-setionsPlae eah funtion or data item into its own setion in the output �le if thetarget supports arbitrary setions. The name of the funtion or the name ofthe data item determines the setion's name in the output �le.Use these options on systems where the linker an perform optimizations toimprove loality of referene in the instrution spae. Most systems using theELF objet format and SPARC proessors running Solaris 2 have linkers withsuh optimizations. AIX may have these optimizations in the future.Only use these options when there are signi�ant bene�ts from doing so. Whenyou speify these options, the assembler and linker will reate larger objet and



Chapter 3: GCC Command Options 81exeutable �les and will also be slower. You will not be able to use gprof on allsystems if you speify this option and you may have problems with debuggingif you speify both this option and `-g'.-fbranh-target-load-optimizePerform branh target register load optimization before prologue / epiloguethreading. The use of target registers an typially be exposed only duringreload, thus hoisting loads out of loops and doing inter-blok sheduling needsa separate optimization pass.-fbranh-target-load-optimize2Perform branh target register load optimization after prologue / epiloguethreading.-fbtr-bb-exlusiveWhen performing branh target register load optimization, don't reuse branhtarget registers in within any basi blok.--param name=valueIn some plaes, GCC uses various onstants to ontrol the amount of optimiza-tion that is done. For example, GCC will not inline funtions that ontain morethat a ertain number of instrutions. You an ontrol some of these onstantson the ommand-line using the `--param' option.The names of spei� parameters, and the meaning of the values, are tied tothe internals of the ompiler, and are subjet to hange without notie in futurereleases.In eah ase, the value is an integer. The allowable hoies for name are givenin the following table:sra-max-struture-sizeThe maximum struture size, in bytes, at whih the salar replae-ment of aggregates (SRA) optimization will perform blok opies.The default value, 0, implies that GCC will selet the most appro-priate size itself.sra-field-struture-ratioThe threshold ratio (as a perentage) between instantiated �eldsand the omplete struture size. We say that if the ratio of thenumber of bytes in instantiated �elds to the number of bytes in theomplete struture exeeds this parameter, then blok opies arenot used. The default is 75.max-rossjump-edgesThe maximum number of inoming edges to onsider for rossjump-ing. The algorithm used by `-frossjumping' is O(N 2) in thenumber of edges inoming to eah blok. Inreasing values meanmore aggressive optimization, making the ompile time inreasewith probably small improvement in exeutable size.min-rossjump-insnsThe minimum number of instrutions whih must be mathed atthe end of two bloks before rossjumping will be performed on



82 Using the GNU Compiler Colletion (GCC)them. This value is ignored in the ase where all instrutions inthe blok being rossjumped from are mathed. The default valueis 5.max-goto-dupliation-insnsThe maximum number of instrutions to dupliate to a blok thatjumps to a omputed goto. To avoid O(N 2) behavior in a numberof passes, GCC fators omputed gotos early in the ompilationproess, and unfators them as late as possible. Only omputedjumps at the end of a basi bloks with no more than max-goto-dupliation-insns are unfatored. The default value is 8.max-delay-slot-insn-searhThe maximum number of instrutions to onsider when looking foran instrution to �ll a delay slot. If more than this arbitrary numberof instrutions is searhed, the time savings from �lling the delayslot will be minimal so stop searhing. Inreasing values meanmore aggressive optimization, making the ompile time inreasewith probably small improvement in exeutable run time.max-delay-slot-live-searhWhen trying to �ll delay slots, the maximum number of instru-tions to onsider when searhing for a blok with valid live registerinformation. Inreasing this arbitrarily hosen value means moreaggressive optimization, inreasing the ompile time. This param-eter should be removed when the delay slot ode is rewritten tomaintain the ontrol-ow graph.max-gse-memoryThe approximate maximum amount of memory that will be allo-ated in order to perform the global ommon subexpression elim-ination optimization. If more memory than spei�ed is required,the optimization will not be done.max-gse-passesThe maximum number of passes of GCSE to run. The default is 1.max-pending-list-lengthThe maximum number of pending dependenies sheduling will al-low before ushing the urrent state and starting over. Large fun-tions with few branhes or alls an reate exessively large listswhih needlessly onsume memory and resoures.max-inline-insns-singleSeveral parameters ontrol the tree inliner used in g. This num-ber sets the maximum number of instrutions (ounted in GCC'sinternal representation) in a single funtion that the tree inlinerwill onsider for inlining. This only a�ets funtions delared in-line and methods implemented in a lass delaration (C++). Thedefault value is 450.



Chapter 3: GCC Command Options 83max-inline-insns-autoWhen you use `-finline-funtions' (inluded in `-O3'), a lot offuntions that would otherwise not be onsidered for inlining bythe ompiler will be investigated. To those funtions, a di�erent(more restritive) limit ompared to funtions delared inline anbe applied. The default value is 90.large-funtion-insnsThe limit speifying really large funtions. For funtionslarger than this limit after inlining inlining is onstrained by`--param large-funtion-growth'. This parameter is usefulprimarily to avoid extreme ompilation time aused by non-linearalgorithms used by the bakend. This parameter is ignored when`-funit-at-a-time' is not used. The default value is 2700.large-funtion-growthSpei�es maximal growth of large funtion aused by inlining in per-ents. This parameter is ignored when `-funit-at-a-time' is notused. The default value is 100 whih limits large funtion growthto 2.0 times the original size.inline-unit-growthSpei�es maximal overall growth of the ompilation unit aused byinlining. This parameter is ignored when `-funit-at-a-time' isnot used. The default value is 50 whih limits unit growth to 1.5times the original size.max-inline-insns-reursivemax-inline-insns-reursive-autoSpei�es maximum number of instrutions out-of-line opy of selfreursive inline funtion an grow into by performing reursive in-lining.For funtions delared inline `--param max-inline-insns-reursive'is taken into aount. For funtion not delared inline, reursiveinlining happens only when `-finline-funtions' (inluded in`-O3') is enabled and `--param max-inline-insns-reursive-auto'is used. The default value is 450.max-inline-reursive-depthmax-inline-reursive-depth-autoSpei�es maximum reursion depth used by the reursive inlining.For funtions delared inline `--param max-inline-reursive-depth'is taken into aount. For funtion not delared inline, reursiveinlining happens only when `-finline-funtions' (inluded in`-O3') is enabled and `--param max-inline-reursive-depth-auto'is used. The default value is 450.inline-all-ostSpeify ost of all instrution relative to simple arithmetis oper-ations (having ost of 1). Inreasing this ost disqualify inlinining



84 Using the GNU Compiler Colletion (GCC)of non-leaf funtions and at same time inrease size of leaf funtionthat is believed to redue funtion size by being inlined. In ef-fet it inrease amount of inlining for ode having large abstrationpenalty (many funtions that just pass the argumetns to other fun-tions) and derease inlining for ode with low abstration penalty.Default value is 16.max-unrolled-insnsThe maximum number of instrutions that a loop should have ifthat loop is unrolled, and if the loop is unrolled, it determines howmany times the loop ode is unrolled.max-average-unrolled-insnsThe maximum number of instrutions biased by probabilities oftheir exeution that a loop should have if that loop is unrolled, andif the loop is unrolled, it determines how many times the loop odeis unrolled.max-unroll-timesThe maximum number of unrollings of a single loop.max-peeled-insnsThe maximum number of instrutions that a loop should have ifthat loop is peeled, and if the loop is peeled, it determines howmany times the loop ode is peeled.max-peel-timesThe maximum number of peelings of a single loop.max-ompletely-peeled-insnsThe maximum number of insns of a ompletely peeled loop.max-ompletely-peel-timesThe maximum number of iterations of a loop to be suitable foromplete peeling.max-unswith-insnsThe maximum number of insns of an unswithed loop.max-unswith-levelThe maximum number of branhes unswithed in a single loop.lim-expensiveThe minimum ost of an expensive expression in the loop invariantmotion.iv-onsider-all-andidates-boundBound on number of andidates for indution variables below thatall andidates are onsidered for eah use in indution variable op-timizations. Only the most relevant andidates are onsidered ifthere are more andidates, to avoid quadrati time omplexity.iv-max-onsidered-usesThe indution variable optimizations give up on loops that ontainmore indution variable uses.



Chapter 3: GCC Command Options 85iv-always-prune-and-set-boundIf number of andidates in the set is smaller than this value, wealways try to remove unneessary ivs from the set during its opti-mization when a new iv is added to the set.max-iterations-to-trakThe maximum number of iterations of a loop the brute fore algo-rithm for analysis of # of iterations of the loop tries to evaluate.hot-bb-ount-frationSelet fration of the maximal ount of repetitions of basi blok inprogram given basi blok needs to have to be onsidered hot.hot-bb-frequeny-frationSelet fration of the maximal frequeny of exeutions of basi blokin funtion given basi blok needs to have to be onsidered hottraer-dynami-overagetraer-dynami-overage-feedbakThis value is used to limit superblok formation one the given per-entage of exeuted instrutions is overed. This limits unneessaryode size expansion.The `traer-dynami-overage-feedbak' is used only when pro-�le feedbak is available. The real pro�les (as opposed to statiallyestimated ones) are muh less balaned allowing the threshold tobe larger value.traer-max-ode-growthStop tail dupliation one ode growth has reahed given perent-age. This is rather hokey argument, as most of the dupliates willbe eliminated later in ross jumping, so it may be set to muhhigher values than is the desired ode growth.traer-min-branh-ratioStop reverse growth when the reverse probability of best edge isless than this threshold (in perent).traer-min-branh-ratiotraer-min-branh-ratio-feedbakStop forward growth if the best edge do have probability lower thanthis threshold.Similarly to `traer-dynami-overage' two values are present,one for ompilation for pro�le feedbak and one for ompilationwithout. The value for ompilation with pro�le feedbak needs tobe more onservative (higher) in order to make traer e�etive.max-se-path-lengthMaximum number of basi bloks on path that se onsiders. Thedefault is 10.



86 Using the GNU Compiler Colletion (GCC)global-var-thresholdCounts the number of funtion alls (n) and the number of all-lobbered variables (v). If nxv is larger than this limit, a singlearti�ial variable will be reated to represent all the all-lobberedvariables at funtion all sites. This arti�ial variable will then bemade to alias every all-lobbered variable. (done as int * size_ton the host mahine; beware overow).max-aliased-vopsMaximum number of virtual operands allowed to represent aliasesbefore triggering the alias grouping heuristi. Alias grouping re-dues ompile times and memory onsumption needed for aliasingat the expense of preision loss in alias information.gg-min-expandGCC uses a garbage olletor to manage its own memory alloa-tion. This parameter spei�es the minimum perentage by whihthe garbage olletor's heap should be allowed to expand betweenolletions. Tuning this may improve ompilation speed; it has noe�et on ode generation.The default is 30% + 70% * (RAM/1GB) with an upper boundof 100% when RAM >= 1GB. If getrlimit is available, the no-tion of "RAM" is the smallest of atual RAM and RLIMIT_DATA orRLIMIT_AS. If GCC is not able to alulate RAM on a partiularplatform, the lower bound of 30% is used. Setting this parameterand `gg-min-heapsize' to zero auses a full olletion to ourat every opportunity. This is extremely slow, but an be useful fordebugging.gg-min-heapsizeMinimum size of the garbage olletor's heap before it beginsbothering to ollet garbage. The �rst olletion ours after theheap expands by `gg-min-expand'% beyond `gg-min-heapsize'.Again, tuning this may improve ompilation speed, and has noe�et on ode generation.The default is the smaller of RAM/8, RLIMIT RSS, or a limitwhih tries to ensure that RLIMIT DATA or RLIMIT AS are notexeeded, but with a lower bound of 4096 (four megabytes) andan upper bound of 131072 (128 megabytes). If GCC is not ableto alulate RAM on a partiular platform, the lower bound isused. Setting this parameter very large e�etively disables garbageolletion. Setting this parameter and `gg-min-expand' to zeroauses a full olletion to our at every opportunity.max-reload-searh-insnsThe maximum number of instrution reload should look bakwardfor equivalent register. Inreasing values mean more aggressive op-timization, making the ompile time inrease with probably slightlybetter performane. The default value is 100.



Chapter 3: GCC Command Options 87max-selib-memory-loationThe maximum number of memory loations selib should take intoaount. Inreasing values mean more aggressive optimization, mak-ing the ompile time inrease with probably slightly better perfor-mane. The default value is 500.reorder-bloks-dupliatereorder-bloks-dupliate-feedbakUsed by basi blok reordering pass to deide whether to use un-onditional branh or dupliate the ode on its destination. Codeis dupliated when its estimated size is smaller than this value mul-tiplied by the estimated size of unonditional jump in the hot spotsof the program.The `reorder-blok-dupliate-feedbak' is used only when pro-�le feedbak is available and may be set to higher values than`reorder-blok-dupliate' sine information about the hot spotsis more aurate.max-shed-region-bloksThe maximum number of bloks in a region to be onsidered forinterblok sheduling. The default value is 10.max-shed-region-insnsThe maximum number of insns in a region to be onsidered forinterblok sheduling. The default value is 100.max-last-value-rtlThe maximum size measured as number of RTLs that an bereorded in an expression in ombiner for a pseudo register as lastknown value of that register. The default is 10000.integer-share-limitSmall integer onstants an use a shared data struture, reduingthe ompiler's memory usage and inreasing its speed. This sets themaximum value of a shared integer onstant's. The default valueis 256.3.11 Options Controlling the PreproessorThese options ontrol the C preproessor, whih is run on eah C soure �le before atualompilation.If you use the `-E' option, nothing is done exept preproessing. Some of these optionsmake sense only together with `-E' beause they ause the preproessor output to be un-suitable for atual ompilation.You an use `-Wp,option ' to bypass the ompiler driver and pass option diretlythrough to the preproessor. If option ontains ommas, it is split into multipleoptions at the ommas. However, many options are modi�ed, translated orinterpreted by the ompiler driver before being passed to the preproessor,and `-Wp' foribly bypasses this phase. The preproessor's diret interfae is



88 Using the GNU Compiler Colletion (GCC)undoumented and subjet to hange, so whenever possible you should avoidusing `-Wp' and let the driver handle the options instead.-Xpreproessor optionPass option as an option to the preproessor. You an use this to supply system-spei� preproessor options whih GCC does not know how to reognize.If you want to pass an option that takes an argument, you must use`-Xpreproessor' twie, one for the option and one for the argument.-D name Prede�ne name as a maro, with de�nition 1.-D name=definitionThe ontents of de�nition are tokenized and proessed as if they appeared dur-ing translation phase three in a `#define' diretive. In partiular, the de�nitionwill be trunated by embedded newline haraters.If you are invoking the preproessor from a shell or shell-like program you mayneed to use the shell's quoting syntax to protet haraters suh as spaes thathave a meaning in the shell syntax.If you wish to de�ne a funtion-like maro on the ommand line, write itsargument list with surrounding parentheses before the equals sign (if any).Parentheses are meaningful to most shells, so you will need to quote the option.With sh and sh, `-D'name(args...)=definition'' works.`-D' and `-U' options are proessed in the order they are given on the ommandline. All `-imaros file ' and `-inlude file ' options are proessed after all`-D' and `-U' options.-U name Canel any previous de�nition of name, either built in or provided with a `-D'option.-undef Do not prede�ne any system-spei� or GCC-spei� maros. The standardprede�ned maros remain de�ned.-I dir Add the diretory dir to the list of diretories to be searhed for header �les.Diretories named by `-I' are searhed before the standard system inlude di-retories. If the diretory dir is a standard system inlude diretory, the optionis ignored to ensure that the default searh order for system diretories and thespeial treatment of system headers are not defeated .-o file Write output to �le. This is the same as speifying �le as the seond non-optionargument to pp. g has a di�erent interpretation of a seond non-optionargument, so you must use `-o' to speify the output �le.-Wall Turns on all optional warnings whih are desirable for normal ode. At presentthis is `-Womment', `-Wtrigraphs', `-Wmultihar' and a warning about integerpromotion ausing a hange of sign in #if expressions. Note that many of thepreproessor's warnings are on by default and have no options to ontrol them.-Womment-WommentsWarn whenever a omment-start sequene `/*' appears in a `/*' omment, orwhenever a bakslash-newline appears in a `//' omment. (Both forms havethe same e�et.)



Chapter 3: GCC Command Options 89-WtrigraphsMost trigraphs in omments annot a�et the meaning of the program. How-ever, a trigraph that would form an esaped newline (`??/' at the end of a line)an, by hanging where the omment begins or ends. Therefore, only trigraphsthat would form esaped newlines produe warnings inside a omment.This option is implied by `-Wall'. If `-Wall' is not given, this optionis still enabled unless trigraphs are enabled. To get trigraph onversionwithout warnings, but get the other `-Wall' warnings, use `-trigraphs -Wall-Wno-trigraphs'.-WtraditionalWarn about ertain onstruts that behave di�erently in traditional and ISOC. Also warn about ISO C onstruts that have no traditional C equivalent,and problemati onstruts whih should be avoided.-Wimport Warn the �rst time `#import' is used.-Wundef Warn whenever an identi�er whih is not a maro is enountered in an `#if'diretive, outside of `defined'. Suh identi�ers are replaed with zero.-Wunused-marosWarn about maros de�ned in the main �le that are unused. A maro is used ifit is expanded or tested for existene at least one. The preproessor will alsowarn if the maro has not been used at the time it is rede�ned or unde�ned.Built-in maros, maros de�ned on the ommand line, and maros de�ned ininlude �les are not warned about.Note: If a maro is atually used, but only used in skipped onditional bloks,then CPP will report it as unused. To avoid the warning in suh a ase, youmight improve the sope of the maro's de�nition by, for example, moving itinto the �rst skipped blok. Alternatively, you ould provide a dummy use withsomething like:#if defined the_maro_ausing_the_warning#endif-Wendif-labelsWarn whenever an `#else' or an `#endif' are followed by text. This usuallyhappens in ode of the form#if FOO...#else FOO...#endif FOOThe seond and third FOO should be in omments, but often are not in olderprograms. This warning is on by default.-Werror Make all warnings into hard errors. Soure ode whih triggers warnings willbe rejeted.-Wsystem-headersIssue warnings for ode in system headers. These are normally unhelpful in�nding bugs in your own ode, therefore suppressed. If you are responsible forthe system library, you may want to see them.



90 Using the GNU Compiler Colletion (GCC)-w Suppress all warnings, inluding those whih GNU CPP issues by default.-pedanti Issue all the mandatory diagnostis listed in the C standard. Some of them areleft out by default, sine they trigger frequently on harmless ode.-pedanti-errorsIssue all the mandatory diagnostis, and make all mandatory diagnostisinto errors. This inludes mandatory diagnostis that GCC issues without`-pedanti' but treats as warnings.-M Instead of outputting the result of preproessing, output a rule suitable for makedesribing the dependenies of the main soure �le. The preproessor outputsone make rule ontaining the objet �le name for that soure �le, a olon, andthe names of all the inluded �les, inluding those oming from `-inlude' or`-imaros' ommand line options.Unless spei�ed expliitly (with `-MT' or `-MQ'), the objet �le name onsists ofthe basename of the soure �le with any suÆx replaed with objet �le suÆx.If there are many inluded �les then the rule is split into several lines using`\'-newline. The rule has no ommands.This option does not suppress the preproessor's debug output, suh as `-dM'.To avoid mixing suh debug output with the dependeny rules you should ex-pliitly speify the dependeny output �le with `-MF', or use an environmentvariable like DEPENDENCIES_OUTPUT (see Setion 3.19 [Environment Variables℄,page 184). Debug output will still be sent to the regular output stream asnormal.Passing `-M' to the driver implies `-E', and suppresses warnings with an impliit`-w'.-MM Like `-M' but do not mention header �les that are found in system headerdiretories, nor header �les that are inluded, diretly or indiretly, from suha header.This implies that the hoie of angle brakets or double quotes in an `#inlude'diretive does not in itself determine whether that header will appear in `-MM'dependeny output. This is a slight hange in semantis from GCC versions3.0 and earlier.-MF file When used with `-M' or `-MM', spei�es a �le to write the dependenies to. Ifno `-MF' swith is given the preproessor sends the rules to the same plae itwould have sent preproessed output.When used with the driver options `-MD' or `-MMD', `-MF' overrides the defaultdependeny output �le.-MG In onjuntion with an option suh as `-M' requesting dependeny generation,`-MG' assumes missing header �les are generated �les and adds them to thedependeny list without raising an error. The dependeny �lename is takendiretly from the #inlude diretive without prepending any path. `-MG' alsosuppresses preproessed output, as a missing header �le renders this useless.This feature is used in automati updating of make�les.



Chapter 3: GCC Command Options 91-MP This option instruts CPP to add a phony target for eah dependeny otherthan the main �le, ausing eah to depend on nothing. These dummy ruleswork around errors make gives if you remove header �les without updating the`Makefile' to math.This is typial output:test.o: test. test.htest.h:-MT targetChange the target of the rule emitted by dependeny generation. By defaultCPP takes the name of the main input �le, inluding any path, deletes any �lesuÆx suh as `.', and appends the platform's usual objet suÆx. The resultis the target.An `-MT' option will set the target to be exatly the string you speify. If youwant multiple targets, you an speify them as a single argument to `-MT', oruse multiple `-MT' options.For example, `-MT '$(objpfx)foo.o'' might give$(objpfx)foo.o: foo.-MQ target Same as `-MT', but it quotes any haraters whih are speial to Make.`-MQ '$(objpfx)foo.o'' gives$$(objpfx)foo.o: foo.The default target is automatially quoted, as if it were given with `-MQ'.-MD `-MD' is equivalent to `-M -MF file ', exept that `-E' is not implied. The driverdetermines �le based on whether an `-o' option is given. If it is, the driver usesits argument but with a suÆx of `.d', otherwise it take the basename of theinput �le and applies a `.d' suÆx.If `-MD' is used in onjuntion with `-E', any `-o' swith is understood to speifythe dependeny output �le (but see [-MF℄, page 90), but if used without `-E',eah `-o' is understood to speify a target objet �le.Sine `-E' is not implied, `-MD' an be used to generate a dependeny output�le as a side-e�et of the ompilation proess.-MMD Like `-MD' exept mention only user header �les, not system header �les.-fph-depsWhen using preompiled headers (see Setion 3.20 [Preompiled Headers℄,page 187), this ag will ause the dependeny-output ags to also list the�les from the preompiled header's dependenies. If not spei�ed only thepreompiled header would be listed and not the �les that were used to reateit beause those �les are not onsulted when a preompiled header is used.-fph-preproessThis option allows use of a preompiled header (see Setion 3.20 [PreompiledHeaders℄, page 187) together with `-E'. It inserts a speial #pragma, #pragmaGCC ph_preproess "<filename>" in the output to mark the plae where the



92 Using the GNU Compiler Colletion (GCC)preompiled header was found, and its �lename. When `-fpreproessed' is inuse, GCC reognizes this #pragma and loads the PCH.This option is o� by default, beause the resulting preproessed output is onlyreally suitable as input to GCC. It is swithed on by `-save-temps'.You should not write this #pragma in your own ode, but it is safe to edit the�lename if the PCH �le is available in a di�erent loation. The �lename maybe absolute or it may be relative to GCC's urrent diretory.-x -x ++-x objetive--x assembler-with-ppSpeify the soure language: C, C++, Objetive-C, or assembly. This has noth-ing to do with standards onformane or extensions; it merely selets whihbase syntax to expet. If you give none of these options, pp will dedue thelanguage from the extension of the soure �le: `.', `.', `.m', or `.S'. Someother ommon extensions for C++ and assembly are also reognized. If pp doesnot reognize the extension, it will treat the �le as C; this is the most generimode.Note: Previous versions of pp aepted a `-lang' option whih seleted boththe language and the standards onformane level. This option has been re-moved, beause it onits with the `-l' option.-std=standard-ansi Speify the standard to whih the ode should onform. Currently CPP knowsabout C and C++ standards; others may be added in the future.standard may be one of:iso9899:199089 The ISO C standard from 1990. `89' is the ustomary shorthandfor this version of the standard.The `-ansi' option is equivalent to `-std=89'.iso9899:199409The 1990 C standard, as amended in 1994.iso9899:199999iso9899:199x9x The revised ISO C standard, published in Deember 1999. Beforepubliation, this was known as C9X.gnu89 The 1990 C standard plus GNU extensions. This is the default.gnu99gnu9x The 1999 C standard plus GNU extensions.++98 The 1998 ISO C++ standard plus amendments.gnu++98 The same as `-std=++98' plus GNU extensions. This is the defaultfor C++ ode.



Chapter 3: GCC Command Options 93-I- Split the inlude path. Any diretories spei�ed with `-I' options before `-I-'are searhed only for headers requested with #inlude "file"; they are notsearhed for #inlude <file>. If additional diretories are spei�ed with `-I'options after the `-I-', those diretories are searhed for all `#inlude' dire-tives.In addition, `-I-' inhibits the use of the diretory of the urrent �le dire-tory as the �rst searh diretory for #inlude "file". This option has beendepreated.-nostdin Do not searh the standard system diretories for header �les. Only the dire-tories you have spei�ed with `-I' options (and the diretory of the urrent �le,if appropriate) are searhed.-nostdin++Do not searh for header �les in the C++-spei� standard diretories, but dostill searh the other standard diretories. (This option is used when buildingthe C++ library.)-inlude fileProess �le as if #inlude "file" appeared as the �rst line of the primarysoure �le. However, the �rst diretory searhed for �le is the preproessor'sworking diretory instead of the diretory ontaining the main soure �le. Ifnot found there, it is searhed for in the remainder of the #inlude "..."searh hain as normal.If multiple `-inlude' options are given, the �les are inluded in the order theyappear on the ommand line.-imaros fileExatly like `-inlude', exept that any output produed by sanning �le isthrown away. Maros it de�nes remain de�ned. This allows you to aquire allthe maros from a header without also proessing its delarations.All �les spei�ed by `-imaros' are proessed before all �les spei�ed by`-inlude'.-idirafter dirSearh dir for header �les, but do it after all diretories spei�ed with `-I' andthe standard system diretories have been exhausted. dir is treated as a systeminlude diretory.-iprefix prefixSpeify pre�x as the pre�x for subsequent `-iwithprefix' options. If the pre�xrepresents a diretory, you should inlude the �nal `/'.-iwithprefix dir-iwithprefixbefore dirAppend dir to the pre�x spei�ed previously with `-iprefix', and add theresulting diretory to the inlude searh path. `-iwithprefixbefore' puts itin the same plae `-I' would; `-iwithprefix' puts it where `-idirafter' would.



94 Using the GNU Compiler Colletion (GCC)-isystem dirSearh dir for header �les, after all diretories spei�ed by `-I' but before thestandard system diretories. Mark it as a system diretory, so that it gets thesame speial treatment as is applied to the standard system diretories.-iquote dirSearh dir only for header �les requested with #inlude "file"; they are notsearhed for #inlude <file>, before all diretories spei�ed by `-I' and beforethe standard system diretories.-fdollars-in-identifiersAept `$' in identi�ers.-fpreproessedIndiate to the preproessor that the input �le has already been preproessed.This suppresses things like maro expansion, trigraph onversion, esaped new-line spliing, and proessing of most diretives. The preproessor still reognizesand removes omments, so that you an pass a �le preproessed with `-C' to theompiler without problems. In this mode the integrated preproessor is littlemore than a tokenizer for the front ends.`-fpreproessed' is impliit if the input �le has one of the extensions `.i',`.ii' or `.mi'. These are the extensions that GCC uses for preproessed �lesreated by `-save-temps'.-ftabstop=widthSet the distane between tab stops. This helps the preproessor report orretolumn numbers in warnings or errors, even if tabs appear on the line. If thevalue is less than 1 or greater than 100, the option is ignored. The default is 8.-fexe-harset=harsetSet the exeution harater set, used for string and harater onstants. Thedefault is UTF-8. harset an be any enoding supported by the system's ionvlibrary routine.-fwide-exe-harset=harsetSet the wide exeution harater set, used for wide string and harater on-stants. The default is UTF-32 or UTF-16, whihever orresponds to the widthof whar_t. As with `-fexe-harset', harset an be any enoding supportedby the system's ionv library routine; however, you will have problems withenodings that do not �t exatly in whar_t.-finput-harset=harsetSet the input harater set, used for translation from the harater set of theinput �le to the soure harater set used by GCC. If the loale does not speify,or GCC annot get this information from the loale, the default is UTF-8. Thisan be overridden by either the loale or this ommand line option. Currentlythe ommand line option takes preedene if there's a onit. harset an beany enoding supported by the system's ionv library routine.-fworking-diretoryEnable generation of linemarkers in the preproessor output that will let theompiler know the urrent working diretory at the time of preproessing.



Chapter 3: GCC Command Options 95When this option is enabled, the preproessor will emit, after the initial line-marker, a seond linemarker with the urrent working diretory followed bytwo slashes. GCC will use this diretory, when it's present in the prepro-essed input, as the diretory emitted as the urrent working diretory in somedebugging information formats. This option is impliitly enabled if debug-ging information is enabled, but this an be inhibited with the negated form`-fno-working-diretory'. If the `-P' ag is present in the ommand line,this option has no e�et, sine no #line diretives are emitted whatsoever.-fno-show-olumnDo not print olumn numbers in diagnostis. This may be neessary if diag-nostis are being sanned by a program that does not understand the olumnnumbers, suh as dejagnu.-A prediate=answerMake an assertion with the prediate prediate and answer answer. This form ispreferred to the older form `-A prediate(answer)', whih is still supported,beause it does not use shell speial haraters.-A -prediate=answerCanel an assertion with the prediate prediate and answer answer.-dCHARS CHARS is a sequene of one or more of the following haraters, and mustnot be preeded by a spae. Other haraters are interpreted by the ompilerproper, or reserved for future versions of GCC, and so are silently ignored. Ifyou speify haraters whose behavior onits, the result is unde�ned.`M' Instead of the normal output, generate a list of `#define' diretivesfor all the maros de�ned during the exeution of the preproessor,inluding prede�ned maros. This gives you a way of �nding outwhat is prede�ned in your version of the preproessor. Assumingyou have no �le `foo.h', the ommandtouh foo.h; pp -dM foo.hwill show all the prede�ned maros.`D' Like `M' exept in two respets: it does not inlude the prede�nedmaros, and it outputs both the `#define' diretives and the resultof preproessing. Both kinds of output go to the standard output�le.`N' Like `D', but emit only the maro names, not their expansions.`I' Output `#inlude' diretives in addition to the result of prepro-essing.-P Inhibit generation of linemarkers in the output from the preproessor. Thismight be useful when running the preproessor on something that is not C ode,and will be sent to a program whih might be onfused by the linemarkers.-C Do not disard omments. All omments are passed through to the output �le,exept for omments in proessed diretives, whih are deleted along with thediretive.



96 Using the GNU Compiler Colletion (GCC)You should be prepared for side e�ets when using `-C'; it auses the prepro-essor to treat omments as tokens in their own right. For example, ommentsappearing at the start of what would be a diretive line have the e�et of turn-ing that line into an ordinary soure line, sine the �rst token on the line is nolonger a `#'.-CC Do not disard omments, inluding during maro expansion. This is like `-C',exept that omments ontained within maros are also passed through to theoutput �le where the maro is expanded.In addition to the side-e�ets of the `-C' option, the `-CC' option auses allC++-style omments inside a maro to be onverted to C-style omments. Thisis to prevent later use of that maro from inadvertently ommenting out theremainder of the soure line.The `-CC' option is generally used to support lint omments.-traditional-ppTry to imitate the behavior of old-fashioned C preproessors, as opposed to ISOC preproessors.-trigraphsProess trigraph sequenes. These are three-harater sequenes, all startingwith `??', that are de�ned by ISO C to stand for single haraters. For example,`??/' stands for `\', so `'??/n'' is a harater onstant for a newline. By default,GCC ignores trigraphs, but in standard-onforming modes it onverts them. Seethe `-std' and `-ansi' options.The nine trigraphs and their replaements areTrigraph: ??( ??) ??< ??> ??= ??/ ??' ??! ??-Replaement: [ ℄ { } # \ ^ | ~-remap Enable speial ode to work around �le systems whih only permit very short�le names, suh as MS-DOS.--help--target-helpPrint text desribing all the ommand line options instead of preproessinganything.-v Verbose mode. Print out GNU CPP's version number at the beginning ofexeution, and report the �nal form of the inlude path.-H Print the name of eah header �le used, in addition to other normal ativities.Eah name is indented to show how deep in the `#inlude' stak it is. Preom-piled header �les are also printed, even if they are found to be invalid; an invalidpreompiled header �le is printed with `...x' and a valid one with `...!' .-version--version Print out GNU CPP's version number. With one dash, proeed to preproessas normal. With two dashes, exit immediately.



Chapter 3: GCC Command Options 973.12 Passing Options to the AssemblerYou an pass options to the assembler.-Wa,optionPass option as an option to the assembler. If option ontains ommas, it is splitinto multiple options at the ommas.-Xassembler optionPass option as an option to the assembler. You an use this to supply system-spei� assembler options whih GCC does not know how to reognize.If you want to pass an option that takes an argument, you must use`-Xassembler' twie, one for the option and one for the argument.3.13 Options for LinkingThese options ome into play when the ompiler links objet �les into an exeutable output�le. They are meaningless if the ompiler is not doing a link step.objet-file-nameA �le name that does not end in a speial reognized suÆx is onsidered toname an objet �le or library. (Objet �les are distinguished from libraries bythe linker aording to the �le ontents.) If linking is done, these objet �lesare used as input to the linker.--S-E If any of these options is used, then the linker is not run, and objet �le namesshould not be used as arguments. See Setion 3.2 [Overall Options℄, page 16.-llibrary-l library Searh the library named library when linking. (The seond alternative withthe library as a separate argument is only for POSIX ompliane and is notreommended.)It makes a di�erene where in the ommand you write this option; the linkersearhes and proesses libraries and objet �les in the order they are spei-�ed. Thus, `foo.o -lz bar.o' searhes library `z' after �le `foo.o' but before`bar.o'. If `bar.o' refers to funtions in `z', those funtions may not be loaded.The linker searhes a standard list of diretories for the library, whih is atuallya �le named `liblibrary.a'. The linker then uses this �le as if it had beenspei�ed preisely by name.The diretories searhed inlude several standard system diretories plus anythat you speify with `-L'.Normally the �les found this way are library �les|arhive �les whose membersare objet �les. The linker handles an arhive �le by sanning through it formembers whih de�ne symbols that have so far been referened but not de�ned.But if the �le that is found is an ordinary objet �le, it is linked in the usualfashion. The only di�erene between using an `-l' option and speifying a �le



98 Using the GNU Compiler Colletion (GCC)name is that `-l' surrounds library with `lib' and `.a' and searhes severaldiretories.-lobj You need this speial ase of the `-l' option in order to link an Objetive-C orObjetive-C++ program.-nostartfilesDo not use the standard system startup �les when linking. The standard systemlibraries are used normally, unless `-nostdlib' or `-nodefaultlibs' is used.-nodefaultlibsDo not use the standard system libraries when linking. Only the libraries youspeify will be passed to the linker. The standard startup �les are used normally,unless `-nostartfiles' is used. The ompiler may generate alls to memmp,memset, mempy and memmove. These entries are usually resolved by entries inlib. These entry points should be supplied through some other mehanismwhen this option is spei�ed.-nostdlib Do not use the standard system startup �les or libraries when linking. Nostartup �les and only the libraries you speify will be passed to the linker. Theompiler may generate alls to memmp, memset, mempy and memmove. Theseentries are usually resolved by entries in lib. These entry points should besupplied through some other mehanism when this option is spei�ed.One of the standard libraries bypassed by `-nostdlib' and `-nodefaultlibs'is `libg.a', a library of internal subroutines that GCC uses to overomeshortomings of partiular mahines, or speial needs for some languages. (Seesetion \Interfaing to GCC Output" in GNU Compiler Colletion (GCC) In-ternals, for more disussion of `libg.a'.) In most ases, you need `libg.a'even when you want to avoid other standard libraries. In other words, when youspeify `-nostdlib' or `-nodefaultlibs' you should usually speify `-lg' aswell. This ensures that you have no unresolved referenes to internal GCClibrary subroutines. (For example, `__main', used to ensure C++ onstrutorswill be alled; see setion \ollet2" in GNU Compiler Colletion (GCC) In-ternals.)-pie Produe a position independent exeutable on targets whih support it. Forpreditable results, you must also speify the same set of options that wereused to generate ode (`-fpie', `-fPIE', or model suboptions) when you speifythis option.-s Remove all symbol table and reloation information from the exeutable.-stati On systems that support dynami linking, this prevents linking with the sharedlibraries. On other systems, this option has no e�et.-shared Produe a shared objet whih an then be linked with other objets to forman exeutable. Not all systems support this option. For preditable results,you must also speify the same set of options that were used to generate ode(`-fpi', `-fPIC', or model suboptions) when you speify this option.11 On some systems, `g -shared' needs to build supplementary stub ode for onstrutors to work. Onmulti-libbed systems, `g -shared' must selet the orret support libraries to link against. Failing to



Chapter 3: GCC Command Options 99-shared-libg-stati-libgOn systems that provide `libg' as a shared library, these options fore theuse of either the shared or stati version respetively. If no shared version of`libg' was built when the ompiler was on�gured, these options have noe�et.There are several situations in whih an appliation should use the shared`libg' instead of the stati version. The most ommon of these is whenthe appliation wishes to throw and ath exeptions aross di�erent shared li-braries. In that ase, eah of the libraries as well as the appliation itself shoulduse the shared `libg'.Therefore, the G++ and GCJ drivers automatially add `-shared-libg'whenever you build a shared library or a main exeutable, beause C++ andJava programs typially use exeptions, so this is the right thing to do.If, instead, you use the GCC driver to reate shared libraries, you may �ndthat they will not always be linked with the shared `libg'. If GCC �nds, atits on�guration time, that you have a non-GNU linker or a GNU linker thatdoes not support option `--eh-frame-hdr', it will link the shared version of`libg' into shared libraries by default. Otherwise, it will take advantage ofthe linker and optimize away the linking with the shared version of `libg',linking with the stati version of libg by default. This allows exeptions topropagate through suh shared libraries, without inurring reloation osts atlibrary load time.However, if a library or main exeutable is supposed to throw or ath exep-tions, you must link it using the G++ or GCJ driver, as appropriate for thelanguages used in the program, or using the option `-shared-libg', suhthat it is linked with the shared `libg'.-symboli Bind referenes to global symbols when building a shared objet. Warn aboutany unresolved referenes (unless overridden by the link editor option `-Xlinker-z -Xlinker defs'). Only a few systems support this option.-Xlinker optionPass option as an option to the linker. You an use this to supply system-spei�linker options whih GCC does not know how to reognize.If you want to pass an option that takes an argument, you must use `-Xlinker'twie, one for the option and one for the argument. For example, topass `-assert definitions', you must write `-Xlinker -assert -Xlinkerdefinitions'. It does not work to write `-Xlinker "-assert definitions"',beause this passes the entire string as a single argument, whih is not whatthe linker expets.supply the orret ags may lead to subtle defets. Supplying them in ases where they are not neessaryis innouous.



100 Using the GNU Compiler Colletion (GCC)-Wl,optionPass option as an option to the linker. If option ontains ommas, it is splitinto multiple options at the ommas.-u symbol Pretend the symbol symbol is unde�ned, to fore linking of library modulesto de�ne it. You an use `-u' multiple times with di�erent symbols to foreloading of additional library modules.3.14 Options for Diretory SearhThese options speify diretories to searh for header �les, for libraries and for parts of theompiler:-Idir Add the diretory dir to the head of the list of diretories to be searhed forheader �les. This an be used to override a system header �le, substitutingyour own version, sine these diretories are searhed before the system header�le diretories. However, you should not use this option to add diretories thatontain vendor-supplied system header �les (use `-isystem' for that). If youuse more than one `-I' option, the diretories are sanned in left-to-right order;the standard system diretories ome after.If a standard system inlude diretory, or a diretory spei�ed with `-isystem',is also spei�ed with `-I', the `-I' option will be ignored. The diretory willstill be searhed but as a system diretory at its normal position in the systeminlude hain. This is to ensure that GCC's proedure to �x buggy systemheaders and the ordering for the inlude next diretive are not inadvertentlyhanged. If you really need to hange the searh order for system diretories,use the `-nostdin' and/or `-isystem' options.-iquotedirAdd the diretory dir to the head of the list of diretories to be searhed forheader �les only for the ase of `#inlude "file"'; they are not searhed for`#inlude <file>', otherwise just like `-I'.-Ldir Add diretory dir to the list of diretories to be searhed for `-l'.-Bprefix This option spei�es where to �nd the exeutables, libraries, inlude �les, anddata �les of the ompiler itself.The ompiler driver program runs one or more of the subprograms `pp', `1',`as' and `ld'. It tries pre�x as a pre�x for eah program it tries to run, both withand without `mahine/version/' (see Setion 3.16 [Target Options℄, page 108).For eah subprogram to be run, the ompiler driver �rst tries the `-B' pre�x, ifany. If that name is not found, or if `-B' was not spei�ed, the driver tries twostandard pre�xes, whih are `/usr/lib/g/' and `/usr/loal/lib/g/'. Ifneither of those results in a �le name that is found, the unmodi�ed programname is searhed for using the diretories spei�ed in your PATH environmentvariable.The ompiler will hek to see if the path provided by the `-B' refers to adiretory, and if neessary it will add a diretory separator harater at the endof the path.



Chapter 3: GCC Command Options 101`-B' pre�xes that e�etively speify diretory names also apply to libraries inthe linker, beause the ompiler translates these options into `-L' options forthe linker. They also apply to inludes �les in the preproessor, beause theompiler translates these options into `-isystem' options for the preproessor.In this ase, the ompiler appends `inlude' to the pre�x.The run-time support �le `libg.a' an also be searhed for using the `-B'pre�x, if needed. If it is not found there, the two standard pre�xes above aretried, and that is all. The �le is left out of the link if it is not found by thosemeans.Another way to speify a pre�x muh like the `-B' pre�x is to use the envi-ronment variable GCC_EXEC_PREFIX. See Setion 3.19 [Environment Variables℄,page 184.As a speial kludge, if the path provided by `-B' is `[dir/℄stageN/', where Nis a number in the range 0 to 9, then it will be replaed by `[dir/℄inlude'.This is to help with boot-strapping the ompiler.-spes=fileProess �le after the ompiler reads in the standard `spes' �le, in orderto override the defaults that the `g' driver program uses when determin-ing what swithes to pass to `1', `1plus', `as', `ld', et. More than one`-spes=file ' an be spei�ed on the ommand line, and they are proessedin order, from left to right.-I- This option has been depreated. Please use `-iquote' instead for `-I' dire-tories before the `-I-' and remove the `-I-'. Any diretories you speify with`-I' options before the `-I-' option are searhed only for the ase of `#inlude"file"'; they are not searhed for `#inlude <file>'.If additional diretories are spei�ed with `-I' options after the `-I-', thesediretories are searhed for all `#inlude' diretives. (Ordinarily all `-I' dire-tories are used this way.)In addition, the `-I-' option inhibits the use of the urrent diretory (wherethe urrent input �le ame from) as the �rst searh diretory for `#inlude"file"'. There is no way to override this e�et of `-I-'. With `-I.' youan speify searhing the diretory whih was urrent when the ompiler wasinvoked. That is not exatly the same as what the preproessor does by default,but it is often satisfatory.`-I-' does not inhibit the use of the standard system diretories for header �les.Thus, `-I-' and `-nostdin' are independent.3.15 Speifying subproesses and the swithes to pass tothemg is a driver program. It performs its job by invoking a sequene of other programs to dothe work of ompiling, assembling and linking. GCC interprets its ommand-line parametersand uses these to dedue whih programs it should invoke, and whih ommand-line optionsit ought to plae on their ommand lines. This behavior is ontrolled by spe strings. Inmost ases there is one spe string for eah program that GCC an invoke, but a few



102 Using the GNU Compiler Colletion (GCC)programs have multiple spe strings to ontrol their behavior. The spe strings built intoGCC an be overridden by using the `-spes=' ommand-line swith to speify a spe �le.Spe �les are plaintext �les that are used to onstrut spe strings. They onsist of asequene of diretives separated by blank lines. The type of diretive is determined by the�rst non-whitespae harater on the line and it an be one of the following:%ommand Issues a ommand to the spe �le proessor. The ommands that an appearhere are:%inlude <file>Searh for �le and insert its text at the urrent point in the spes�le.%inlude_noerr <file>Just like `%inlude', but do not generate an error message if theinlude �le annot be found.%rename old_name new_nameRename the spe string old name to new name.*[spe_name℄:This tells the ompiler to reate, override or delete the named spe string. Alllines after this diretive up to the next diretive or blank line are onsideredto be the text for the spe string. If this results in an empty string then thespe will be deleted. (Or, if the spe did not exist, then nothing will happened.)Otherwise, if the spe does not urrently exist a new spe will be reated. If thespe does exist then its ontents will be overridden by the text of this diretive,unless the �rst harater of that text is the `+' harater, in whih ase the textwill be appended to the spe.[suffix℄: Creates a new `[suffix℄ spe' pair. All lines after this diretive and up to thenext diretive or blank line are onsidered to make up the spe string for theindiated suÆx. When the ompiler enounters an input �le with the namedsuÆx, it will proesses the spe string in order to work out how to ompile that�le. For example:.ZZ:z-ompile -input %iThis says that any input �le whose name ends in `.ZZ' should be passed to theprogram `z-ompile', whih should be invoked with the ommand-line swith`-input' and with the result of performing the `%i' substitution. (See below.)As an alternative to providing a spe string, the text that follows a suÆx di-retive an be one of the following:�language This says that the suÆx is an alias for a known language. This issimilar to using the `-x' ommand-line swith to GCC to speify alanguage expliitly. For example:.ZZ:�++Says that .ZZ �les are, in fat, C++ soure �les.



Chapter 3: GCC Command Options 103#name This auses an error messages saying:name ompiler not installed on this system.GCC already has an extensive list of suÆxes built into it. This diretive willadd an entry to the end of the list of suÆxes, but sine the list is searhed fromthe end bakwards, it is e�etively possible to override earlier entries using thistehnique.GCC has the following spe strings built into it. Spe �les an override these strings orreate their own. Note that individual targets an also add their own spe strings to thislist. asm Options to pass to the assemblerasm_final Options to pass to the assembler post-proessorpp Options to pass to the C preproessor1 Options to pass to the C ompiler1plus Options to pass to the C++ ompilerendfile Objet files to inlude at the end of the linklink Options to pass to the linkerlib Libraries to inlude on the ommand line to the linkerlibg Deides whih GCC support library to pass to the linkerlinker Sets the name of the linkerpredefines Defines to be passed to the C preproessorsigned_har Defines to pass to CPP to say whether har is signedby defaultstartfile Objet files to inlude at the start of the linkHere is a small example of a spe �le:%rename lib old_lib*lib:--start-group -lg -l -leval1 --end-group %(old_lib)This example renames the spe alled `lib' to `old_lib' and then overrides the previousde�nition of `lib' with a new one. The new de�nition adds in some extra ommand-lineoptions before inluding the text of the old de�nition.Spe strings are a list of ommand-line options to be passed to their orresponding pro-gram. In addition, the spe strings an ontain `%'-pre�xed sequenes to substitute variabletext or to onditionally insert text into the ommand line. Using these onstruts it ispossible to generate quite omplex ommand lines.Here is a table of all de�ned `%'-sequenes for spe strings. Note that spaes are notgenerated automatially around the results of expanding these sequenes. Therefore youan onatenate them together or ombine them with onstant text in a single argument.%% Substitute one `%' into the program name or argument.%i Substitute the name of the input �le being proessed.%b Substitute the basename of the input �le being proessed. This is the substringup to (and not inluding) the last period and not inluding the diretory.%B This is the same as `%b', but inlude the �le suÆx (text after the last period).%d Marks the argument ontaining or following the `%d' as a temporary �le name,so that that �le will be deleted if GCC exits suessfully. Unlike `%g', thisontributes no text to the argument.



104 Using the GNU Compiler Colletion (GCC)%gsuffix Substitute a �le name that has suÆx suÆx and is hosen one per ompilation,and mark the argument in the same way as `%d'. To redue exposure to denial-of-servie attaks, the �le name is now hosen in a way that is hard to prediteven when previously hosen �le names are known. For example, `%g.s ...%g.o ... %g.s' might turn into `UVUUAU.s XYAXZ12.o UVUUAU.s'. suÆxmathes the regexp `[.A-Za-z℄*' or the speial string `%O', whih is treatedexatly as if `%O' had been preproessed. Previously, `%g' was simply substitutedwith a �le name hosen one per ompilation, without regard to any appendedsuÆx (whih was therefore treated just like ordinary text), making suh attaksmore likely to sueed.%usuffix Like `%g', but generates a new temporary �le name even if `%usuffix ' wasalready seen.%Usuffix Substitutes the last �le name generated with `%usuffix ', generating a new oneif there is no suh last �le name. In the absene of any `%usuffix ', this isjust like `%gsuffix ', exept they don't share the same suÆx spae, so `%g.s... %U.s ... %g.s ... %U.s' would involve the generation of two distint �lenames, one for eah `%g.s' and another for eah `%U.s'. Previously, `%U' wassimply substituted with a �le name hosen for the previous `%u', without regardto any appended suÆx.%jsuffix Substitutes the name of the HOST_BIT_BUCKET, if any, and if it is writable, andif save-temps is o�; otherwise, substitute the name of a temporary �le, just like`%u'. This temporary �le is not meant for ommuniation between proesses,but rather as a junk disposal mehanism.%|suffix%msuffix Like `%g', exept if `-pipe' is in e�et. In that ase `%|' substitutes a singledash and `%m' substitutes nothing at all. These are the two most ommonways to instrut a program that it should read from standard input or writeto standard output. If you need something more elaborate you an use an`%{pipe:X}' onstrut: see for example `f/lang-spes.h'.%.SUFFIX Substitutes .SUFFIX for the suÆxes of a mathed swith's args when it issubsequently output with `%*'. SUFFIX is terminated by the next spae or %.%w Marks the argument ontaining or following the `%w' as the designated output�le of this ompilation. This puts the argument into the sequene of argumentsthat `%o' will substitute later.%o Substitutes the names of all the output �les, with spaes automatially plaedaround them. You should write spaes around the `%o' as well or the results areunde�ned. `%o' is for use in the spes for running the linker. Input �les whosenames have no reognized suÆx are not ompiled at all, but they are inludedamong the output �les, so they will be linked.%O Substitutes the suÆx for objet �les. Note that this is handled speially whenit immediately follows `%g, %u, or %U', beause of the need for those to formomplete �le names. The handling is suh that `%O' is treated exatly as if ithad already been substituted, exept that `%g, %u, and %U' do not urrently



Chapter 3: GCC Command Options 105support additional suÆx haraters following `%O' as they would following, forexample, `.o'.%p Substitutes the standard maro prede�nitions for the urrent target mahine.Use this when running pp.%P Like `%p', but puts `__' before and after the name of eah prede�ned maro,exept for maros that start with `__' or with `_L ', where L is an upperaseletter. This is for ISO C.%I Substitute any of `-iprefix' (made from GCC_EXEC_PREFIX), `-isysroot'(made from TARGET_SYSTEM_ROOT), and `-isystem' (made fromCOMPILER_PATH and `-B' options) as neessary.%s Current argument is the name of a library or startup �le of some sort. Searhfor that �le in a standard list of diretories and substitute the full name found.%estr Print str as an error message. str is terminated by a newline. Use this wheninonsistent options are deteted.%(name) Substitute the ontents of spe string name at this point.%[name℄ Like `%(...)' but put `__' around `-D' arguments.%x{option}Aumulate an option for `%X'.%X Output the aumulated linker options spei�ed by `-Wl' or a `%x' spe string.%Y Output the aumulated assembler options spei�ed by `-Wa'.%Z Output the aumulated preproessor options spei�ed by `-Wp'.%a Proess the asm spe. This is used to ompute the swithes to be passed to theassembler.%A Proess the asm_final spe. This is a spe string for passing swithes to anassembler post-proessor, if suh a program is needed.%l Proess the link spe. This is the spe for omputing the ommand line passedto the linker. Typially it will make use of the `%L %G %S %D and %E' sequenes.%D Dump out a `-L' option for eah diretory that GCC believes might ontainstartup �les. If the target supports multilibs then the urrent multilib diretorywill be prepended to eah of these paths.%L Proess the lib spe. This is a spe string for deiding whih libraries shouldbe inluded on the ommand line to the linker.%G Proess the libg spe. This is a spe string for deiding whih GCC supportlibrary should be inluded on the ommand line to the linker.%S Proess the startfile spe. This is a spe for deiding whih objet �lesshould be the �rst ones passed to the linker. Typially this might be a �lenamed `rt0.o'.%E Proess the endfile spe. This is a spe string that spei�es the last objet�les that will be passed to the linker.



106 Using the GNU Compiler Colletion (GCC)%C Proess the pp spe. This is used to onstrut the arguments to be passed tothe C preproessor.%1 Proess the 1 spe. This is used to onstrut the options to be passed to theatual C ompiler (`1').%2 Proess the 1plus spe. This is used to onstrut the options to be passedto the atual C++ ompiler (`1plus').%* Substitute the variable part of a mathed option. See below. Note that eahomma in the substituted string is replaed by a single spae.%<S Remove all ourrenes of -S from the ommand line. Note|this ommand isposition dependent. `%' ommands in the spe string before this one will see -S,`%' ommands in the spe string after this one will not.%:funtion(args)Call the named funtion funtion, passing it args. args is �rst proessed as anested spe string, then split into an argument vetor in the usual fashion. Thefuntion returns a string whih is proessed as if it had appeared literally aspart of the urrent spe.The following built-in spe funtions are provided:if-exists The if-exists spe funtion takes one argument, an absolutepathname to a �le. If the �le exists, if-exists returns the path-name. Here is a small example of its usage:*startfile:rt0%O%s %:if-exists(rti%O%s) rtbegin%O%sif-exists-elseThe if-exists-else spe funtion is similar to the if-exists spefuntion, exept that it takes two arguments. The �rst argument isan absolute pathname to a �le. If the �le exists, if-exists-elsereturns the pathname. If it does not exist, it returns the seondargument. This way, if-exists-else an be used to selet one�le or another, based on the existene of the �rst. Here is a smallexample of its usage:*startfile:rt0%O%s %:if-exists(rti%O%s) \%:if-exists-else(rtbeginT%O%s rtbegin%O%s)replae-outfileThe replae-outfile spe funtion takes two arguments. It looksfor the �rst argument in the out�les array and replaes it with theseond argument. Here is a small example of its usage:%{fgnu-runtime:%:replae-outfile(-lobj -lobj-gnu)}%{S} Substitutes the -S swith, if that swith was given to GCC. If that swith wasnot spei�ed, this substitutes nothing. Note that the leading dash is omittedwhen speifying this option, and it is automatially inserted if the substitutionis performed. Thus the spe string `%{foo}' would math the ommand-lineoption `-foo' and would output the ommand line option `-foo'.



Chapter 3: GCC Command Options 107%W{S} Like %{S} but mark last argument supplied within as a �le to be deleted onfailure.%{S*} Substitutes all the swithes spei�ed to GCC whose names start with -S, butwhih also take an argument. This is used for swithes like `-o', `-D', `-I',et. GCC onsiders `-o foo' as being one swith whose names starts with `o'.%{o*} would substitute this text, inluding the spae. Thus two argumentswould be generated.%{S*&T*} Like %{S*}, but preserve order of S and T options (the order of S and T inthe spe is not signi�ant). There an be any number of ampersand-separatedvariables; for eah the wild ard is optional. Useful for CPP as `%{D*&U*&A*}'.%{S:X} Substitutes X, if the `-S' swith was given to GCC.%{!S:X} Substitutes X, if the `-S' swith was not given to GCC.%{S*:X} Substitutes X if one or more swithes whose names start with -S are spei�ed toGCC. Normally X is substituted only one, no matter how many suh swithesappeared. However, if %* appears somewhere in X, then X will be substitutedone for eah mathing swith, with the %* replaed by the part of that swiththat mathed the *.%{.S:X} Substitutes X, if proessing a �le with suÆx S.%{!.S:X} Substitutes X, if not proessing a �le with suÆx S.%{S|P:X} Substitutes X if either -S or -P was given to GCC. This may be ombined with`!', `.', and * sequenes as well, although they have a stronger binding thanthe `|'. If %* appears in X, all of the alternatives must be starred, and only the�rst mathing alternative is substituted.For example, a spe string like this:%{.:-foo} %{!.:-bar} %{.|d:-baz} %{!.|d:-boggle}will output the following ommand-line options from the following inputommand-line options:fred. -foo -bazjim.d -bar -boggle-d fred. -foo -baz -boggle-d jim.d -bar -baz -boggle%{S:X; T:Y; :D}If S was given to GCC, substitutes X; else if T was given to GCC, substitutesY; else substitutes D. There an be as many lauses as you need. This may beombined with ., !, |, and * as needed.The onditional text X in a %{S:X} or similar onstrut may ontain other nested `%'onstruts or spaes, or even newlines. They are proessed as usual, as desribed above.Trailing white spae in X is ignored. White spae may also appear anywhere on the left sideof the olon in these onstruts, exept between . or * and the orresponding word.The `-O', `-f', `-m', and `-W' swithes are handled spei�ally in these onstruts. Ifanother value of `-O' or the negated form of a `-f', `-m', or `-W' swith is found later inthe ommand line, the earlier swith value is ignored, exept with {S*} where S is just oneletter, whih passes all mathing options.



108 Using the GNU Compiler Colletion (GCC)The harater `|' at the beginning of the prediate text is used to indiate that a ommandshould be piped to the following ommand, but only if `-pipe' is spei�ed.It is built into GCC whih swithes take arguments and whih do not. (You might thinkit would be useful to generalize this to allow eah ompiler's spe to say whih swithestake arguments. But this annot be done in a onsistent fashion. GCC annot even deidewhih input �les have been spei�ed without knowing whih swithes take arguments, andit must know whih input �les to ompile in order to tell whih ompilers to run).GCC also knows impliitly that arguments starting in `-l' are to be treated as ompileroutput �les, and passed to the linker in their proper position among the other output �les.3.16 Speifying Target Mahine and Compiler VersionThe usual way to run GCC is to run the exeutable alled `g', or `<mahine>-g' whenross-ompiling, or `<mahine>-g-<version>' to run a version other than the one thatwas installed last. Sometimes this is inonvenient, so GCC provides options that will swithto another ross-ompiler or version.-b mahineThe argument mahine spei�es the target mahine for ompilation.The value to use for mahine is the same as was spei�ed as the mahine typewhen on�guring GCC as a ross-ompiler. For example, if a ross-ompiler wason�gured with `onfigure i386v', meaning to ompile for an 80386 runningSystem V, then you would speify `-b i386v' to run that ross ompiler.-V versionThe argument version spei�es whih version of GCC to run. This is usefulwhen multiple versions are installed. For example, version might be `2.0',meaning to run GCC version 2.0.The `-V' and `-b' options work by running the `<mahine>-g-<version>' exeutable,so there's no real reason to use them if you an just run that diretly.3.17 Hardware Models and Con�gurationsEarlier we disussed the standard option `-b' whih hooses among di�erent installed om-pilers for ompletely di�erent target mahines, suh as VAX vs. 68000 vs. 80386.In addition, eah of these target mahine types an have its own speial options, startingwith `-m', to hoose among various hardware models or on�gurations|for example, 68010vs 68020, oating oproessor or none. A single installed version of the ompiler an ompilefor any model or on�guration, aording to the options spei�ed.Some on�gurations of the ompiler also support additional speial options, usually forompatibility with other ompilers on the same platform.These options are de�ned by the maro TARGET_SWITCHES in the mahine desription.The default for the options is also de�ned by that maro, whih enables you to hange thedefaults.



Chapter 3: GCC Command Options 1093.17.1 ARC OptionsThese options are de�ned for ARC implementations:-EL Compile ode for little endian mode. This is the default.-EB Compile ode for big endian mode.-mmangle-puPrepend the name of the pu to all publi symbol names. In multiple-proessorsystems, there are many ARC variants with di�erent instrution and registerset harateristis. This ag prevents ode ompiled for one pu to be linkedwith ode ompiled for another. No faility exists for handling variants thatare \almost idential". This is an all or nothing option.-mpu=pu Compile ode for ARC variant pu. Whih variants are supported depend onthe on�guration. All variants support `-mpu=base', this is the default.-mtext=text-setion-mdata=data-setion-mrodata=readonly-data-setionPut funtions, data, and readonly data in text-setion, data-setion, andreadonly-data-setion respetively by default. This an be overridden with thesetion attribute. See Setion 5.31 [Variable Attributes℄, page 233.3.17.2 ARM OptionsThese `-m' options are de�ned for Advaned RISC Mahines (ARM) arhitetures:-mabi=nameGenerate ode for the spei�ed ABI. Permissible values are: `aps-gnu',`atps', `aaps' and `iwmmxt'.-maps-frameGenerate a stak frame that is ompliant with the ARM Proedure Call Stan-dard for all funtions, even if this is not stritly neessary for orret exeu-tion of the ode. Speifying `-fomit-frame-pointer' with this option willause the stak frames not to be generated for leaf funtions. The default is`-mno-aps-frame'.-maps This is a synonym for `-maps-frame'.-mthumb-interworkGenerate ode whih supports alling between the ARM and Thumb instrutionsets. Without this option the two instrution sets annot be reliably used insideone program. The default is `-mno-thumb-interwork', sine slightly larger odeis generated when `-mthumb-interwork' is spei�ed.-mno-shed-prologPrevent the reordering of instrutions in the funtion prolog, or the merging ofthose instrution with the instrutions in the funtion's body. This means thatall funtions will start with a reognizable set of instrutions (or in fat one ofa hoie from a small set of di�erent funtion prologues), and this information



110 Using the GNU Compiler Colletion (GCC)an be used to loate the start if funtions inside an exeutable piee of ode.The default is `-mshed-prolog'.-mhard-floatGenerate output ontaining oating point instrutions. This is the default.-msoft-floatGenerate output ontaining library alls for oating point. Warning: the req-uisite libraries are not available for all ARM targets. Normally the failities ofthe mahine's usual C ompiler are used, but this annot be done diretly inross-ompilation. You must make your own arrangements to provide suitablelibrary funtions for ross-ompilation.`-msoft-float' hanges the alling onvention in the output �le; therefore, itis only useful if you ompile all of a program with this option. In partiu-lar, you need to ompile `libg.a', the library that omes with GCC, with`-msoft-float' in order for this to work.-mfloat-abi=nameSpei�es whih ABI to use for oating point values. Permissible values are:`soft', `softfp' and `hard'.`soft' and `hard' are equivalent to `-msoft-float' and `-mhard-float' re-spetively. `softfp' allows the generation of oating point instrutions, butstill uses the soft-oat alling onventions.-mlittle-endianGenerate ode for a proessor running in little-endian mode. This is the defaultfor all standard on�gurations.-mbig-endianGenerate ode for a proessor running in big-endian mode; the default is toompile ode for a little-endian proessor.-mwords-little-endianThis option only applies when generating ode for big-endian proessors. Gen-erate ode for a little-endian word order but a big-endian byte order. That is,a byte order of the form `32107654'. Note: this option should only be used ifyou require ompatibility with ode for big-endian ARM proessors generatedby versions of the ompiler prior to 2.8.-mpu=nameThis spei�es the name of the target ARM proessor. GCC uses this name todetermine what kind of instrutions it an emit when generating assemblyode. Permissible names are: `arm2', `arm250', `arm3', `arm6', `arm60',`arm600', `arm610', `arm620', `arm7', `arm7m', `arm7d', `arm7dm', `arm7di',`arm7dmi', `arm70', `arm700', `arm700i', `arm710', `arm710', `arm7100',`arm7500', `arm7500fe', `arm7tdmi', `arm7tdmi-s', `arm8', `strongarm',`strongarm110', `strongarm1100', `arm8', `arm810', `arm9', `arm9e',`arm920', `arm920t', `arm922t', `arm946e-s', `arm966e-s', `arm968e-s',`arm926ej-s', `arm940t', `arm9tdmi', `arm10tdmi', `arm1020t', `arm1026ej-s',



Chapter 3: GCC Command Options 111`arm10e', `arm1020e', `arm1022e', `arm1136j-s', `arm1136jf-s', `mpore',`mporenovfp', `arm1176jz-s', `arm1176jzf-s', `xsale', `iwmmxt', `ep9312'.-mtune=nameThis option is very similar to the `-mpu=' option, exept that instead of spei-fying the atual target proessor type, and hene restriting whih instrutionsan be used, it spei�es that GCC should tune the performane of the ode asif the target were of the type spei�ed in this option, but still hoosing the in-strutions that it will generate based on the pu spei�ed by a `-mpu=' option.For some ARM implementations better performane an be obtained by usingthis option.-marh=nameThis spei�es the name of the target ARM arhiteture. GCC uses this nameto determine what kind of instrutions it an emit when generating assemblyode. This option an be used in onjuntion with or instead of the `-mpu='option. Permissible names are: `armv2', `armv2a', `armv3', `armv3m', `armv4',`armv4t', `armv5', `armv5t', `armv5te', `armv6', `armv6j', `iwmmxt', `ep9312'.-mfpu=name-mfpe=number-mfp=numberThis spei�es what oating point hardware (or hardware emulation) is availableon the target. Permissible names are: `fpa', `fpe2', `fpe3', `maverik', `vfp'.`-mfp' and `-mfpe' are synonyms for `-mfpu'=`fpe'number, for ompatibilitywith older versions of GCC.If `-msoft-float' is spei�ed this spei�es the format of oating point values.-mstruture-size-boundary=nThe size of all strutures and unions will be rounded up to a multiple of thenumber of bits set by this option. Permissible values are 8, 32 and 64. Thedefault value varies for di�erent toolhains. For the COFF targeted toolhainthe default value is 8. A value of 64 is only allowed if the underlying ABIsupports it.Speifying the larger number an produe faster, more eÆient ode, but analso inrease the size of the program. Di�erent values are potentially inompati-ble. Code ompiled with one value annot neessarily expet to work with odeor libraries ompiled with another value, if they exhange information usingstrutures or unions.-mabort-on-noreturnGenerate a all to the funtion abort at the end of a noreturn funtion. Itwill be exeuted if the funtion tries to return.-mlong-alls-mno-long-allsTells the ompiler to perform funtion alls by �rst loading the address of thefuntion into a register and then performing a subroutine all on this register.This swith is needed if the target funtion will lie outside of the 64 megabyteaddressing range of the o�set based version of subroutine all instrution.



112 Using the GNU Compiler Colletion (GCC)Even if this swith is enabled, not all funtion alls will be turned into long alls.The heuristi is that stati funtions, funtions whih have the `short-all'attribute, funtions that are inside the sope of a `#pragma no_long_alls'diretive and funtions whose de�nitions have already been ompiled withinthe urrent ompilation unit, will not be turned into long alls. The exeptionto this rule is that weak funtion de�nitions, funtions with the `long-all'attribute or the `setion' attribute, and funtions that are within the sope ofa `#pragma long_alls' diretive, will always be turned into long alls.This feature is not enabled by default. Speifying `-mno-long-alls' will re-store the default behavior, as will plaing the funtion alls within the sope ofa `#pragma long_alls_off' diretive. Note these swithes have no e�et onhow the ompiler generates ode to handle funtion alls via funtion pointers.-mnop-fun-dllimportDisable support for the dllimport attribute.-msingle-pi-baseTreat the register used for PIC addressing as read-only, rather than loadingit in the prologue for eah funtion. The run-time system is responsible forinitializing this register with an appropriate value before exeution begins.-mpi-register=regSpeify the register to be used for PIC addressing. The default is R10 unlessstak-heking is enabled, when R9 is used.-mirrus-fix-invalid-insnsInsert NOPs into the instrution stream to in order to work around problemswith invalid Maverik instrution ombinations. This option is only valid if the`-mpu=ep9312' option has been used to enable generation of instrutions forthe Cirrus Maverik oating point o-proessor. This option is not enabled bydefault, sine the problem is only present in older Maverik implementations.The default an be re-enabled by use of the `-mno-irrus-fix-invalid-insns'swith.-mpoke-funtion-nameWrite the name of eah funtion into the text setion, diretly preeding thefuntion prologue. The generated ode is similar to this:t0 .asii "arm_poke_funtion_name", 0.alignt1 .word 0xff000000 + (t1 - t0)arm_poke_funtion_namemov ip, spstmfd sp!, {fp, ip, lr, p}sub fp, ip, #4When performing a stak baktrae, ode an inspet the value of p stored atfp + 0. If the trae funtion then looks at loation p - 12 and the top 8 bitsare set, then we know that there is a funtion name embedded immediatelypreeding this loation and has length ((p[-3℄) & 0xff000000).



Chapter 3: GCC Command Options 113-mthumb Generate ode for the 16-bit Thumb instrution set. The default is to use the32-bit ARM instrution set.-mtps-frameGenerate a stak frame that is ompliant with the Thumb Proedure Call Stan-dard for all non-leaf funtions. (A leaf funtion is one that does not all anyother funtions.) The default is `-mno-tps-frame'.-mtps-leaf-frameGenerate a stak frame that is ompliant with the Thumb Proedure Call Stan-dard for all leaf funtions. (A leaf funtion is one that does not all any otherfuntions.) The default is `-mno-aps-leaf-frame'.-mallee-super-interworkingGives all externally visible funtions in the �le being ompiled an ARM instru-tion set header whih swithes to Thumb mode before exeuting the rest of thefuntion. This allows these funtions to be alled from non-interworking ode.-maller-super-interworkingAllows alls via funtion pointers (inluding virtual funtions) to exeute or-retly regardless of whether the target ode has been ompiled for interworkingor not. There is a small overhead in the ost of exeuting a funtion pointer ifthis option is enabled.3.17.3 AVR OptionsThese options are de�ned for AVR implementations:-mmu=mu Speify ATMEL AVR instrution set or MCU type.Instrution set avr1 is for the minimal AVR ore, not supported by the C om-piler, only for assembler programs (MCU types: at90s1200, attiny10, attiny11,attiny12, attiny15, attiny28).Instrution set avr2 (default) is for the lassi AVR ore with up to 8K pro-gram memory spae (MCU types: at90s2313, at90s2323, attiny22, at90s2333,at90s2343, at90s4414, at90s4433, at90s4434, at90s8515, at908534, at90s8535).Instrution set avr3 is for the lassi AVR ore with up to 128K program mem-ory spae (MCU types: atmega103, atmega603, at43usb320, at76711).Instrution set avr4 is for the enhaned AVR ore with up to 8K programmemory spae (MCU types: atmega8, atmega83, atmega85).Instrution set avr5 is for the enhaned AVR ore with up to 128K programmemory spae (MCU types: atmega16, atmega161, atmega163, atmega32, at-mega323, atmega64, atmega128, at43usb355, at94k).-msize Output instrution sizes to the asm �le.-minit-stak=NSpeify the initial stak address, whih may be a symbol or numeri value,`__stak' is the default.



114 Using the GNU Compiler Colletion (GCC)-mno-interruptsGenerated ode is not ompatible with hardware interrupts. Code size will besmaller.-mall-prologuesFuntions prologues/epilogues expanded as all to appropriate subroutines.Code size will be smaller.-mno-tablejumpDo not generate tablejump insns whih sometimes inrease ode size.-mtiny-stakChange only the low 8 bits of the stak pointer.-mint8 Assume int to be 8 bit integer. This a�ets the sizes of all types: A har willbe 1 byte, an int will be 1 byte, an long will be 2 bytes and long long will be 4bytes. Please note that this option does not omply to the C standards, but itwill provide you with smaller ode size.3.17.4 CRIS OptionsThese options are de�ned spei�ally for the CRIS ports.-marh=arhiteture-type-mpu=arhiteture-typeGenerate ode for the spei�ed arhiteture. The hoies for arhiteture-type are `v3', `v8' and `v10' for respetively ETRAX 4, ETRAX 100, andETRAX 100 LX. Default is `v0' exept for ris-axis-linux-gnu, where the de-fault is `v10'.-mtune=arhiteture-typeTune to arhiteture-type everything appliable about the generated ode,exept for the ABI and the set of available instrutions. The hoies forarhiteture-type are the same as for `-marh=arhiteture-type '.-mmax-stak-frame=nWarn when the stak frame of a funtion exeeds n bytes.-melinux-staksize=nOnly available with the `ris-axis-aout' target. Arranges for indiations inthe program to the kernel loader that the stak of the program should be setto n bytes.-metrax4-metrax100The options `-metrax4' and `-metrax100' are synonyms for `-marh=v3' and`-marh=v8' respetively.-mmul-bug-workaround-mno-mul-bug-workaroundWork around a bug in the muls and mulu instrutions for CPU models whereit applies. This option is ative by default.



Chapter 3: GCC Command Options 115-mpdebug Enable CRIS-spei� verbose debug-related information in the assembly ode.This option also has the e�et to turn o� the `#NO_APP' formatted-ode indiatorto the assembler at the beginning of the assembly �le.-m-init Do not use ondition-ode results from previous instrution; always emit om-pare and test instrutions before use of ondition odes.-mno-side-effetsDo not emit instrutions with side-e�ets in addressing modes other than post-inrement.-mstak-align-mno-stak-align-mdata-align-mno-data-align-monst-align-mno-onst-alignThese options (no-options) arranges (eliminate arrangements) for the stak-frame, individual data and onstants to be aligned for the maximum singledata aess size for the hosen CPU model. The default is to arrange for 32-bit alignment. ABI details suh as struture layout are not a�eted by theseoptions.-m32-bit-m16-bit-m8-bit Similar to the stak- data- and onst-align options above, these options arrangefor stak-frame, writable data and onstants to all be 32-bit, 16-bit or 8-bitaligned. The default is 32-bit alignment.-mno-prologue-epilogue-mprologue-epilogueWith `-mno-prologue-epilogue', the normal funtion prologue and epiloguethat sets up the stak-frame are omitted and no return instrutions or returnsequenes are generated in the ode. Use this option only together with visualinspetion of the ompiled ode: no warnings or errors are generated whenall-saved registers must be saved, or storage for loal variable needs to bealloated.-mno-gotplt-mgotplt With `-fpi' and `-fPIC', don't generate (do generate) instrution sequenesthat load addresses for funtions from the PLT part of the GOT rather than(traditional on other arhitetures) alls to the PLT. The default is `-mgotplt'.-maout Legay no-op option only reognized with the ris-axis-aout target.-melf Legay no-op option only reognized with the ris-axis-elf and ris-axis-linux-gnu targets.-melinux Only reognized with the ris-axis-aout target, where it selets a GNU/linux-like multilib, inlude �les and instrution set for `-marh=v8'.-mlinux Legay no-op option only reognized with the ris-axis-linux-gnu target.



116 Using the GNU Compiler Colletion (GCC)-sim This option, reognized for the ris-axis-aout and ris-axis-elf arranges to linkwith input-output funtions from a simulator library. Code, initialized dataand zero-initialized data are alloated onseutively.-sim2 Like `-sim', but pass linker options to loate initialized data at 0x40000000 andzero-initialized data at 0x80000000.3.17.5 Darwin OptionsThese options are de�ned for all arhitetures running the Darwin operating system.FSF GCC on Darwin does not reate \fat" objet �les; it will reate an objet �le forthe single arhiteture that it was built to target. Apple's GCC on Darwin does reate\fat" �les if multiple `-arh' options are used; it does so by running the ompiler or linkermultiple times and joining the results together with `lipo'.The subtype of the �le reated (like `pp7400' or `pp970' or `i686') is determinedby the ags that speify the ISA that GCC is targetting, like `-mpu' or `-marh'. The`-fore_pusubtype_ALL' option an be used to override this.The Darwin tools vary in their behavior when presented with an ISA mismath. Theassembler, `as', will only permit instrutions to be used that are valid for the subtype ofthe �le it is generating, so you annot put 64-bit instrutions in an `pp750' objet �le.The linker for shared libraries, `/usr/bin/libtool', will fail and print an error if askedto reate a shared library with a less restritive subtype than its input �les (for instane,trying to put a `pp970' objet �le in a `pp7400' library). The linker for exeutables, `ld',will quietly give the exeutable the most restritive subtype of any of its input �les.-Fdir Add the framework diretory dir to the head of the list of diretories to besearhed for header �les. These diretories are interleaved with those spei�edby `-I' options and are sanned in a left-to-right order.A framework diretory is a diretory with frameworks in it. A framework is adiretory with a `"Headers"' and/or `"PrivateHeaders"' diretory ontaineddiretly in it that ends in `".framework"'. The name of a framework is thename of this diretory exluding the `".framework"'. Headers assoiated withthe framework are found in one of those two diretories, with `"Headers"'being searhed �rst. A subframework is a framework diretory that is in aframework's `"Frameworks"' diretory. Inludes of subframework headers anonly appear in a header of a framework that ontains the subframework,or in a sibling subframework header. Two subframeworks are siblings ifthey our in the same framework. A subframework should not have thesame name as a framework, a warning will be issued if this is violated.Currently a subframework annot have subframeworks, in the future, themehanism may be extended to support this. The standard frameworks an befound in `"/System/Library/Frameworks"' and `"/Library/Frameworks"'.An example inlude looks like #inlude <Framework/header.h>, where`Framework' denotes the name of the framework and header.h is found in the`"PrivateHeaders"' or `"Headers"' diretory.-gused Emit debugging information for symbols that are used. For STABS debuggingformat, this enables `-feliminate-unused-debug-symbols'. This is by defaultON.



Chapter 3: GCC Command Options 117-gfull Emit debugging information for all symbols and types.-mone-byte-boolOverride the defaults for `bool' so that `sizeof(bool)==1'. By default`sizeof(bool)' is `4' when ompiling for Darwin/PowerPC and `1' whenompiling for Darwin/x86, so this option has no e�et on x86.Warning: The `-mone-byte-bool' swith auses GCC to generate ode thatis not binary ompatible with ode generated without that swith. Using thisswith may require reompiling all other modules in a program, inluding sys-tem libraries. Use this swith to onform to a non-default data model.-mfix-and-ontinue-ffix-and-ontinue-findiret-dataGenerate ode suitable for fast turn around development. Needed to enable gdbto dynamially load .o �les into already running programs. `-findiret-data'and `-ffix-and-ontinue' are provided for bakwards ompatibility.-all_load Loads all members of stati arhive libraries. See man ld(1) for more informa-tion.-arh_errors_fatalCause the errors having to do with �les that have the wrong arhiteture to befatal.-bind_at_loadCauses the output �le to be marked suh that the dynami linker will bind allunde�ned referenes when the �le is loaded or launhed.-bundle Produe a Mah-o bundle format �le. See man ld(1) for more information.-bundle_loader exeutableThis option spei�es the exeutable that will be loading the build output �lebeing linked. See man ld(1) for more information.-dynamilibWhen passed this option, GCC will produe a dynami library instead of anexeutable when linking, using the Darwin `libtool' ommand.-fore_pusubtype_ALLThis auses GCC's output �le to have the ALL subtype, instead of one on-trolled by the `-mpu' or `-marh' option.



118 Using the GNU Compiler Colletion (GCC)-allowable_lient lient_name-lient_name-ompatibility_version-urrent_version-dead_strip-dependeny-file-dylib_file-dylinker_install_name-dynami-exported_symbols_list-filelist-flat_namespae-fore_flat_namespae-headerpad_max_install_names-image_base-init-install_name-keep_private_externs-multi_module-multiply_defined-multiply_defined_unused-noall_load-no_dead_strip_inits_and_terms-nofixprebinding-nomultidefs-noprebind-noseglinkedit-pagezero_size-prebind-prebind_all_twolevel_modules-private_bundle-read_only_relos-setalign-setobjetsymbols-whyload-seg1addr-setreate-setobjetsymbols-setorder-segaddr-segs_read_only_addr-segs_read_write_addr-seg_addr_table-seg_addr_table_filename-seglinkedit-segprot-segs_read_only_addr-segs_read_write_addr-single_module-stati-sub_library-sub_umbrella-twolevel_namespae-umbrella-undefined-unexported_symbols_list-weak_referene_mismathes-whatsloadedThese options are passed to the Darwin linker. The Darwin linker man pagedesribes them in detail.



Chapter 3: GCC Command Options 1193.17.6 DEC Alpha OptionsThese `-m' options are de�ned for the DEC Alpha implementations:-mno-soft-float-msoft-floatUse (do not use) the hardware oating-point instrutions for oating-point op-erations. When `-msoft-float' is spei�ed, funtions in `libg.a' will beused to perform oating-point operations. Unless they are replaed by routinesthat emulate the oating-point operations, or ompiled in suh a way as to allsuh emulations routines, these routines will issue oating-point operations. Ifyou are ompiling for an Alpha without oating-point operations, you mustensure that the library is built so as not to all them.Note that Alpha implementations without oating-point operations are requiredto have oating-point registers.-mfp-reg-mno-fp-regsGenerate ode that uses (does not use) the oating-point register set.`-mno-fp-regs' implies `-msoft-float'. If the oating-point register set isnot used, oating point operands are passed in integer registers as if they wereintegers and oating-point results are passed in $0 instead of $f0. This is anon-standard alling sequene, so any funtion with a oating-point argumentor return value alled by ode ompiled with `-mno-fp-regs' must also beompiled with that option.A typial use of this option is building a kernel that does not use, and heneneed not save and restore, any oating-point registers.-mieee The Alpha arhiteture implements oating-point hardware optimized for max-imum performane. It is mostly ompliant with the IEEE oating point stan-dard. However, for full ompliane, software assistane is required. This optiongenerates ode fully IEEE ompliant ode exept that the inexat-ag is notmaintained (see below). If this option is turned on, the preproessor maro_IEEE_FP is de�ned during ompilation. The resulting ode is less eÆient butis able to orretly support denormalized numbers and exeptional IEEE valuessuh as not-a-number and plus/minus in�nity. Other Alpha ompilers all thisoption `-ieee_with_no_inexat'.-mieee-with-inexatThis is like `-mieee' exept the generated ode also maintains the IEEE inexat-ag. Turning on this option auses the generated ode to implement fully-ompliant IEEE math. In addition to _IEEE_FP, _IEEE_FP_EXACT is de�ned asa preproessor maro. On some Alpha implementations the resulting ode mayexeute signi�antly slower than the ode generated by default. Sine there isvery little ode that depends on the inexat-ag, you should normally not spe-ify this option. Other Alpha ompilers all this option `-ieee_with_inexat'.



120 Using the GNU Compiler Colletion (GCC)-mfp-trap-mode=trap-modeThis option ontrols what oating-point related traps are enabled. Other Alphaompilers all this option `-fptm trap-mode '. The trap mode an be set to oneof four values:`n' This is the default (normal) setting. The only traps that are en-abled are the ones that annot be disabled in software (e.g., divisionby zero trap).`u' In addition to the traps enabled by `n', underow traps are enabledas well.`su' Like `su', but the instrutions are marked to be safe for softwareompletion (see Alpha arhiteture manual for details).`sui' Like `su', but inexat traps are enabled as well.-mfp-rounding-mode=rounding-modeSelets the IEEE rounding mode. Other Alpha ompilers all this option `-fprmrounding-mode '. The rounding-mode an be one of:`n' Normal IEEE rounding mode. Floating point numbers are roundedtowards the nearest mahine number or towards the even mahinenumber in ase of a tie.`m' Round towards minus in�nity.`' Chopped rounding mode. Floating point numbers are rounded to-wards zero.`d' Dynami rounding mode. A �eld in the oating point ontrol reg-ister (fpr, see Alpha arhiteture referene manual) ontrols therounding mode in e�et. The C library initializes this register forrounding towards plus in�nity. Thus, unless your program modi�esthe fpr, `d' orresponds to round towards plus in�nity.-mtrap-preision=trap-preisionIn the Alpha arhiteture, oating point traps are impreise. This means with-out software assistane it is impossible to reover from a oating trap andprogram exeution normally needs to be terminated. GCC an generate odethat an assist operating system trap handlers in determining the exat loa-tion that aused a oating point trap. Depending on the requirements of anappliation, di�erent levels of preisions an be seleted:`p' Program preision. This option is the default and means a traphandler an only identify whih program aused a oating pointexeption.`f' Funtion preision. The trap handler an determine the funtionthat aused a oating point exeption.`i' Instrution preision. The trap handler an determine the exatinstrution that aused a oating point exeption.



Chapter 3: GCC Command Options 121Other Alpha ompilers provide the equivalent options alled `-sope_safe' and`-resumption_safe'.-mieee-onformantThis option marks the generated ode as IEEE onformant. You must notuse this option unless you also speify `-mtrap-preision=i' and either`-mfp-trap-mode=su' or `-mfp-trap-mode=sui'. Its only e�et is to emit theline `.eflag 48' in the funtion prologue of the generated assembly �le. UnderDEC Unix, this has the e�et that IEEE-onformant math library routineswill be linked in.-mbuild-onstantsNormally GCC examines a 32- or 64-bit integer onstant to see if it an onstrutit from smaller onstants in two or three instrutions. If it annot, it will outputthe onstant as a literal and generate ode to load it from the data segment atruntime.Use this option to require GCC to onstrut all integer onstants using ode,even if it takes more instrutions (the maximum is six).You would typially use this option to build a shared library dynami loader.Itself a shared library, it must reloate itself in memory before it an �nd thevariables and onstants in its own data segment.-malpha-as-mgas Selet whether to generate ode to be assembled by the vendor-supplied assem-bler (`-malpha-as') or by the GNU assembler `-mgas'.-mbwx-mno-bwx-mix-mno-ix-mfix-mno-fix-mmax-mno-max Indiate whether GCC should generate ode to use the optional BWX, CIX, FIXand MAX instrution sets. The default is to use the instrution sets supportedby the CPU type spei�ed via `-mpu=' option or that of the CPU on whihGCC was built if none was spei�ed.-mfloat-vax-mfloat-ieeeGenerate ode that uses (does not use) VAX F and G oating point arithmetiinstead of IEEE single and double preision.-mexpliit-relos-mno-expliit-relosOlder Alpha assemblers provided no way to generate symbol reloations exeptvia assembler maros. Use of these maros does not allow optimal instrutionsheduling. GNU binutils as of version 2.12 supports a new syntax that al-lows the ompiler to expliitly mark whih reloations should apply to whih



122 Using the GNU Compiler Colletion (GCC)instrutions. This option is mostly useful for debugging, as GCC detets theapabilities of the assembler when it is built and sets the default aordingly.-msmall-data-mlarge-dataWhen `-mexpliit-relos' is in e�et, stati data is aessed via gp-relativereloations. When `-msmall-data' is used, objets 8 bytes long or smaller areplaed in a small data area (the .sdata and .sbss setions) and are aessedvia 16-bit reloations o� of the $gp register. This limits the size of the smalldata area to 64KB, but allows the variables to be diretly aessed via a singleinstrution.The default is `-mlarge-data'. With this option the data area is limited to justbelow 2GB. Programs that require more than 2GB of data must use mallo ormmap to alloate the data in the heap instead of in the program's data segment.When generating ode for shared libraries, `-fpi' implies `-msmall-data' and`-fPIC' implies `-mlarge-data'.-msmall-text-mlarge-textWhen `-msmall-text' is used, the ompiler assumes that the ode of the entireprogram (or shared library) �ts in 4MB, and is thus reahable with a branh in-strution. When `-msmall-data' is used, the ompiler an assume that all loalsymbols share the same $gp value, and thus redue the number of instrutionsrequired for a funtion all from 4 to 1.The default is `-mlarge-text'.-mpu=pu_typeSet the instrution set and instrution sheduling parameters for mahine typepu type. You an speify either the `EV' style name or the orresponding hipnumber. GCC supports sheduling parameters for the EV4, EV5 and EV6family of proessors and will hoose the default values for the instrution setfrom the proessor you speify. If you do not speify a proessor type, GCCwill default to the proessor on whih the ompiler was built.Supported values for pu type are`ev4'`ev45'`21064' Shedules as an EV4 and has no instrution set extensions.`ev5'`21164' Shedules as an EV5 and has no instrution set extensions.`ev56'`21164a' Shedules as an EV5 and supports the BWX extension.`pa56'`21164p'`21164PC' Shedules as an EV5 and supports the BWX and MAX extensions.



Chapter 3: GCC Command Options 123`ev6'`21264' Shedules as an EV6 and supports the BWX, FIX, and MAX ex-tensions.`ev67'`21264a' Shedules as an EV6 and supports the BWX, CIX, FIX, and MAXextensions.-mtune=pu_typeSet only the instrution sheduling parameters for mahine type pu type. Theinstrution set is not hanged.-mmemory-lateny=timeSets the lateny the sheduler should assume for typial memory referenesas seen by the appliation. This number is highly dependent on the memoryaess patterns used by the appliation and the size of the external ahe onthe mahine.Valid options for time are`number ' A deimal number representing lok yles.`L1'`L2'`L3'`main' The ompiler ontains estimates of the number of lok yles for\typial" EV4 & EV5 hardware for the Level 1, 2 & 3 ahes (alsoalled Dahe, Sahe, and Bahe), as well as to main memory.Note that L3 is only valid for EV5.3.17.7 DEC Alpha/VMS OptionsThese `-m' options are de�ned for the DEC Alpha/VMS implementations:-mvms-return-odesReturn VMS ondition odes from main. The default is to return POSIX styleondition (e.g. error) odes.3.17.8 FRV Options-mgpr-32 Only use the �rst 32 general purpose registers.-mgpr-64 Use all 64 general purpose registers.-mfpr-32 Use only the �rst 32 oating point registers.-mfpr-64 Use all 64 oating point registers-mhard-floatUse hardware instrutions for oating point operations.



124 Using the GNU Compiler Colletion (GCC)-msoft-floatUse library routines for oating point operations.-mallo-Dynamially alloate ondition ode registers.-mfixed-Do not try to dynamially alloate ondition ode registers, only use i0 andf0.-mdword Change ABI to use double word insns.-mno-dwordDo not use double word instrutions.-mdouble Use oating point double instrutions.-mno-doubleDo not use oating point double instrutions.-mmedia Use media instrutions.-mno-mediaDo not use media instrutions.-mmuladd Use multiply and add/subtrat instrutions.-mno-muladdDo not use multiply and add/subtrat instrutions.-mfdpi Selet the FDPIC ABI, that uses funtion desriptors to represent pointers tofuntions. Without any PIC/PIE-related options, it implies `-fPIE'. With`-fpi' or `-fpie', it assumes GOT entries and small data are within a 12-bitrange from the GOT base address; with `-fPIC' or `-fPIE', GOT o�sets areomputed with 32 bits.-minline-pltEnable inlining of PLT entries in funtion alls to funtions that are not knownto bind loally. It has no e�et without `-mfdpi'. It's enabled by default ifoptimizing for speed and ompiling for shared libraries (i.e., `-fPIC' or `-fpi'),or when an optimization option suh as `-O3' or above is present in the ommandline.-mTLS Assume a large TLS segment when generating thread-loal ode.-mtls Do not assume a large TLS segment when generating thread-loal ode.



Chapter 3: GCC Command Options 125-mgprel-roEnable the use of GPREL reloations in the FDPIC ABI for data that is known tobe in read-only setions. It's enabled by default, exept for `-fpi' or `-fpie':even though it may help make the global o�set table smaller, it trades 1 in-strution for 4. With `-fPIC' or `-fPIE', it trades 3 instrutions for 4, one ofwhih may be shared by multiple symbols, and it avoids the need for a GOTentry for the referened symbol, so it's more likely to be a win. If it is not,`-mno-gprel-ro' an be used to disable it.-multilib-library-piLink with the (library, not FD) pi libraries. It's implied by `-mlibrary-pi',as well as by `-fPIC' and `-fpi' without `-mfdpi'. You should never have touse it expliitly.-mlinked-fpFollow the EABI requirement of always reating a frame pointer whenever astak frame is alloated. This option is enabled by default and an be disabledwith `-mno-linked-fp'.-mlong-allsUse indiret addressing to all funtions outside the urrent ompilation unit.This allows the funtions to be plaed anywhere within the 32-bit address spae.-malign-labelsTry to align labels to an 8-byte boundary by inserting nops into the previouspaket. This option only has an e�et when VLIW paking is enabled. Itdoesn't reate new pakets; it merely adds nops to existing ones.-mlibrary-piGenerate position-independent EABI ode.-ma-4 Use only the �rst four media aumulator registers.-ma-8 Use all eight media aumulator registers.-mpak Pak VLIW instrutions.-mno-pak Do not pak VLIW instrutions.-mno-eflagsDo not mark ABI swithes in e ags.-mond-moveEnable the use of onditional-move instrutions (default).This swith is mainly for debugging the ompiler and will likely be removed ina future version.-mno-ond-moveDisable the use of onditional-move instrutions.



126 Using the GNU Compiler Colletion (GCC)This swith is mainly for debugging the ompiler and will likely be removed ina future version.-ms Enable the use of onditional set instrutions (default).This swith is mainly for debugging the ompiler and will likely be removed ina future version.-mno-s Disable the use of onditional set instrutions.This swith is mainly for debugging the ompiler and will likely be removed ina future version.-mond-exeEnable the use of onditional exeution (default).This swith is mainly for debugging the ompiler and will likely be removed ina future version.-mno-ond-exeDisable the use of onditional exeution.This swith is mainly for debugging the ompiler and will likely be removed ina future version.-mvliw-branhRun a pass to pak branhes into VLIW instrutions (default).This swith is mainly for debugging the ompiler and will likely be removed ina future version.-mno-vliw-branhDo not run a pass to pak branhes into VLIW instrutions.This swith is mainly for debugging the ompiler and will likely be removed ina future version.-mmulti-ond-exeEnable optimization of && and || in onditional exeution (default).This swith is mainly for debugging the ompiler and will likely be removed ina future version.-mno-multi-ond-exeDisable optimization of && and || in onditional exeution.This swith is mainly for debugging the ompiler and will likely be removed ina future version.-mnested-ond-exeEnable nested onditional exeution optimizations (default).This swith is mainly for debugging the ompiler and will likely be removed ina future version.-mno-nested-ond-exeDisable nested onditional exeution optimizations.



Chapter 3: GCC Command Options 127This swith is mainly for debugging the ompiler and will likely be removed ina future version.-mtomat-statsCause gas to print out tomat statistis.-mpu=pu Selet the proessor type for whih to generate ode. Possible values are `frv',`fr550', `tomat', `fr500', `fr450', `fr405', `fr400', `fr300' and `simple'.3.17.9 H8/300 OptionsThese `-m' options are de�ned for the H8/300 implementations:-mrelax Shorten some address referenes at link time, when possible; uses the linkeroption `-relax'. See setion \ld and the H8/300" in Using ld, for a fullerdesription.-mh Generate ode for the H8/300H.-ms Generate ode for the H8S.-mn Generate ode for the H8S and H8/300H in the normal mode. This swith mustbe used either with `-mh' or `-ms'.-ms2600 Generate ode for the H8S/2600. This swith must be used with `-ms'.-mint32 Make int data 32 bits by default.-malign-300On the H8/300H and H8S, use the same alignment rules as for the H8/300.The default for the H8/300H and H8S is to align longs and oats on 4 byteboundaries. `-malign-300' auses them to be aligned on 2 byte boundaries.This option has no e�et on the H8/300.3.17.10 HPPA OptionsThese `-m' options are de�ned for the HPPA family of omputers:-marh=arhiteture-typeGenerate ode for the spei�ed arhiteture. The hoies for arhiteture-typeare `1.0' for PA 1.0, `1.1' for PA 1.1, and `2.0' for PA 2.0 proessors. Referto `/usr/lib/shed.models' on an HP-UX system to determine the properarhiteture option for your mahine. Code ompiled for lower numbered ar-hitetures will run on higher numbered arhitetures, but not the other wayaround.-mpa-ris-1-0-mpa-ris-1-1-mpa-ris-2-0Synonyms for `-marh=1.0', `-marh=1.1', and `-marh=2.0' respetively.-mbig-swithGenerate ode suitable for big swith tables. Use this option only if the assem-bler/linker omplain about out of range branhes within a swith table.



128 Using the GNU Compiler Colletion (GCC)-mjump-in-delayFill delay slots of funtion alls with unonditional jump instrutions by modi-fying the return pointer for the funtion all to be the target of the onditionaljump.-mdisable-fpregsPrevent oating point registers from being used in any manner. This is ne-essary for ompiling kernels whih perform lazy ontext swithing of oatingpoint registers. If you use this option and attempt to perform oating pointoperations, the ompiler will abort.-mdisable-indexingPrevent the ompiler from using indexing address modes. This avoids somerather obsure problems when ompiling MIG generated ode under MACH.-mno-spae-regsGenerate ode that assumes the target has no spae registers. This allows GCCto generate faster indiret alls and use unsaled index address modes.Suh ode is suitable for level 0 PA systems and kernels.-mfast-indiret-allsGenerate ode that assumes alls never ross spae boundaries. This allowsGCC to emit ode whih performs faster indiret alls.This option will not work in the presene of shared libraries or nested funtions.-mfixed-range=register-rangeGenerate ode treating the given register range as �xed registers. A �xedregister is one that the register alloator an not use. This is useful whenompiling kernel ode. A register range is spei�ed as two registers separatedby a dash. Multiple register ranges an be spei�ed separated by a omma.-mlong-load-storeGenerate 3-instrution load and store sequenes as sometimes required by theHP-UX 10 linker. This is equivalent to the `+k' option to the HP ompilers.-mportable-runtimeUse the portable alling onventions proposed by HP for ELF systems.-mgas Enable the use of assembler diretives only GAS understands.-mshedule=pu-typeShedule ode aording to the onstraints for the mahine type pu-type. Thehoies for pu-type are `700' `7100', `7100LC', `7200', `7300' and `8000'. Referto `/usr/lib/shed.models' on an HP-UX system to determine the propersheduling option for your mahine. The default sheduling is `8000'.-mlinker-optEnable the optimization pass in the HP-UX linker. Note this makes symbolidebugging impossible. It also triggers a bug in the HP-UX 8 and HP-UX 9linkers in whih they give bogus error messages when linking some programs.-msoft-floatGenerate output ontaining library alls for oating point. Warning: the req-uisite libraries are not available for all HPPA targets. Normally the failities of



Chapter 3: GCC Command Options 129the mahine's usual C ompiler are used, but this annot be done diretly inross-ompilation. You must make your own arrangements to provide suitablelibrary funtions for ross-ompilation. The embedded target `hppa1.1-*-pro'does provide software oating point support.`-msoft-float' hanges the alling onvention in the output �le; therefore, itis only useful if you ompile all of a program with this option. In partiu-lar, you need to ompile `libg.a', the library that omes with GCC, with`-msoft-float' in order for this to work.-msio Generate the prede�ne, _SIO, for server IO. The default is `-mwsio'. This gen-erates the prede�nes, __hp9000s700, __hp9000s700__ and _WSIO, for worksta-tion IO. These options are available under HP-UX and HI-UX.-mgnu-ld Use GNU ld spei� options. This passes `-shared' to ld when building a sharedlibrary. It is the default when GCC is on�gured, expliitly or impliitly, withthe GNU linker. This option does not have any a�et on whih ld is alled, itonly hanges what parameters are passed to that ld. The ld that is alled isdetermined by the `--with-ld' on�gure option, GCC's program searh path,and �nally by the user's PATH. The linker used by GCC an be printed using`whih `g -print-prog-name=ld`'.-mhp-ld Use HP ld spei� options. This passes `-b' to ld when building a shared libraryand passes `+Aept TypeMismath' to ld on all links. It is the default whenGCC is on�gured, expliitly or impliitly, with the HP linker. This option doesnot have any a�et on whih ld is alled, it only hanges what parameters arepassed to that ld. The ld that is alled is determined by the `--with-ld' on-�gure option, GCC's program searh path, and �nally by the user's PATH. Thelinker used by GCC an be printed using `whih `g -print-prog-name=ld`'.-mlong-allsGenerate ode that uses long all sequenes. This ensures that a all is alwaysable to reah linker generated stubs. The default is to generate long allsonly when the distane from the all site to the beginning of the funtion ortranslation unit, as the ase may be, exeeds a prede�ned limit set by thebranh type being used. The limits for normal alls are 7,600,000 and 240,000bytes, respetively for the PA 2.0 and PA 1.X arhitetures. Siballs are alwayslimited at 240,000 bytes.Distanes are measured from the beginning of funtions when usingthe `-ffuntion-setions' option, or when using the `-mgas' and`-mno-portable-runtime' options together under HP-UX with the SOMlinker.It is normally not desirable to use this option as it will degrade performane.However, it may be useful in large appliations, partiularly when partial linkingis used to build the appliation.The types of long alls used depends on the apabilities of the assembler andlinker, and the type of ode being generated. The impat on systems thatsupport long absolute alls, and long pi symbol-di�erene or p-relative allsshould be relatively small. However, an indiret all is used on 32-bit ELFsystems in pi ode and it is quite long.



130 Using the GNU Compiler Colletion (GCC)-munix=unix-stdGenerate ompiler prede�nes and selet a start�le for the spei�ed UNIX stan-dard. The hoies for unix-std are `93', `95' and `98'. `93' is supported on allHP-UX versions. `95' is available on HP-UX 10.10 and later. `98' is availableon HP-UX 11.11 and later. The default values are `93' for HP-UX 10.00, `95'for HP-UX 10.10 though to 11.00, and `98' for HP-UX 11.11 and later.`-munix=93' provides the same prede�nes as GCC 3.3 and 3.4. `-munix=95'provides additional prede�nes for XOPEN_UNIX and _XOPEN_SOURCE_EXTENDED,and the start�le `unix95.o'. `-munix=98' provides additional prede�nes for_XOPEN_UNIX, _XOPEN_SOURCE_EXTENDED, _INCLUDE__STDC_A1_SOURCE and _INCLUDE_XOPEN_SOURCE_500, and the start�le `unix98.o'.It is important to note that this option hanges the interfaes for various libraryroutines. It also a�ets the operational behavior of the C library. Thus, extremeare is needed in using this option.Library ode that is intended to operate with more than one UNIX standardmust test, set and restore the variable xpg4 extended mask as appropriate.Most GNU software doesn't provide this apability.-nolibdld Suppress the generation of link options to searh libdld.sl when the `-stati'option is spei�ed on HP-UX 10 and later.-stati The HP-UX implementation of setloale in lib has a dependeny on libdld.sl.There isn't an arhive version of libdld.sl. Thus, when the `-stati' option isspei�ed, speial link options are needed to resolve this dependeny.On HP-UX 10 and later, the GCC driver adds the neessary options to linkwith libdld.sl when the `-stati' option is spei�ed. This auses the resultingbinary to be dynami. On the 64-bit port, the linkers generate dynami binariesby default in any ase. The `-nolibdld' option an be used to prevent the GCCdriver from adding these link options.-threads Add support for multithreading with the de thread library under HP-UX. Thisoption sets ags for both the preproessor and linker.3.17.11 Intel 386 and AMD x86-64 OptionsThese `-m' options are de�ned for the i386 and x86-64 family of omputers:-mtune=pu-typeTune to pu-type everything appliable about the generated ode, exept forthe ABI and the set of available instrutions. The hoies for pu-type are:i386 Original Intel's i386 CPU.i486 Intel's i486 CPU. (No sheduling is implemented for this hip.)i586, pentiumIntel Pentium CPU with no MMX support.pentium-mmxIntel PentiumMMX CPU based on Pentium ore with MMX in-strution set support.



Chapter 3: GCC Command Options 131i686, pentiumproIntel PentiumPro CPU.pentium2 Intel Pentium2 CPU based on PentiumPro ore with MMX instru-tion set support.pentium3, pentium3mIntel Pentium3 CPU based on PentiumPro ore with MMX andSSE instrution set support.pentium-m Low power version of Intel Pentium3 CPU with MMX, SSE andSSE2 instrution set support. Used by Centrino notebooks.pentium4, pentium4mIntel Pentium4 CPU with MMX, SSE and SSE2 instrution setsupport.presott Improved version of Intel Pentium4 CPU with MMX, SSE, SSE2and SSE3 instrution set support.noona Improved version of Intel Pentium4 CPU with 64-bit extensions,MMX, SSE, SSE2 and SSE3 instrution set support.k6 AMD K6 CPU with MMX instrution set support.k6-2, k6-3 Improved versions of AMD K6 CPU with MMX and 3dNOW! in-strution set support.athlon, athlon-tbirdAMD Athlon CPU with MMX, 3dNOW!, enhaned 3dNOW! andSSE prefeth instrutions support.athlon-4, athlon-xp, athlon-mpImproved AMD Athlon CPU with MMX, 3dNOW!, enhaned3dNOW! and full SSE instrution set support.k8, opteron, athlon64, athlon-fxAMD K8 ore based CPUs with x86-64 instrution set support.(This supersets MMX, SSE, SSE2, 3dNOW!, enhaned 3dNOW!and 64-bit instrution set extensions.)winhip-6 IDT Winhip C6 CPU, dealt in same way as i486 with additionalMMX instrution set support.winhip2 IDT Winhip2 CPU, dealt in same way as i486 with additionalMMX and 3dNOW! instrution set support.3 Via C3 CPU with MMX and 3dNOW! instrution set support. (Nosheduling is implemented for this hip.)3-2 Via C3-2 CPU with MMX and SSE instrution set support. (Nosheduling is implemented for this hip.)



132 Using the GNU Compiler Colletion (GCC)While piking a spei� pu-type will shedule things appropriately for thatpartiular hip, the ompiler will not generate any ode that does not run onthe i386 without the `-marh=pu-type ' option being used.-marh=pu-typeGenerate instrutions for the mahine type pu-type. The hoies for pu-typeare the same as for `-mtune'. Moreover, speifying `-marh=pu-type ' implies`-mtune=pu-type '.-mpu=pu-typeA depreated synonym for `-mtune'.-m386-m486-mpentium-mpentiumproThese options are synonyms for `-mtune=i386', `-mtune=i486',`-mtune=pentium', and `-mtune=pentiumpro' respetively. These synonymsare depreated.-mfpmath=unitGenerate oating point arithmetis for seleted unit unit. The hoies for unitare:`387' Use the standard 387 oating point oproessor present majority ofhips and emulated otherwise. Code ompiled with this option willrun almost everywhere. The temporary results are omputed in80bit preision instead of preision spei�ed by the type resultingin slightly di�erent results ompared to most of other hips. See`-ffloat-store' for more detailed desription.This is the default hoie for i386 ompiler.`sse' Use salar oating point instrutions present in the SSE instrutionset. This instrution set is supported by Pentium3 and newer hips,in the AMD line by Athlon-4, Athlon-xp and Athlon-mp hips. Theearlier version of SSE instrution set supports only single preisionarithmetis, thus the double and extended preision arithmetis isstill done using 387. Later version, present only in Pentium4 andthe future AMD x86-64 hips supports double preision arithmetistoo.For the i386 ompiler, you need to use `-marh=pu-type ', `-msse'or `-msse2' swithes to enable SSE extensions and make this optione�etive. For the x86-64 ompiler, these extensions are enabled bydefault.The resulting ode should be onsiderably faster in the majorityof ases and avoid the numerial instability problems of 387 ode,but may break some existing ode that expets temporaries to be80bit.This is the default hoie for the x86-64 ompiler.



Chapter 3: GCC Command Options 133`sse,387' Attempt to utilize both instrution sets at one. This e�etivelydouble the amount of available registers and on hips with sepa-rate exeution units for 387 and SSE the exeution resoures too.Use this option with are, as it is still experimental, beause theGCC register alloator does not model separate funtional unitswell resulting in instable performane.-masm=dialetOutput asm instrutions using seleted dialet. Supported hoies are `intel'or `att' (the default one).-mieee-fp-mno-ieee-fpControl whether or not the ompiler uses IEEE oating point omparisons.These handle orretly the ase where the result of a omparison is unordered.-msoft-floatGenerate output ontaining library alls for oating point. Warning: the req-uisite libraries are not part of GCC. Normally the failities of the mahine'susual C ompiler are used, but this an't be done diretly in ross-ompilation.You must make your own arrangements to provide suitable library funtionsfor ross-ompilation.On mahines where a funtion returns oating point results in the 80387 registerstak, some oating point opodes may be emitted even if `-msoft-float' isused.-mno-fp-ret-in-387Do not use the FPU registers for return values of funtions.The usual alling onvention has funtions return values of types float anddouble in an FPU register, even if there is no FPU. The idea is that theoperating system should emulate an FPU.The option `-mno-fp-ret-in-387' auses suh values to be returned in ordinaryCPU registers instead.-mno-fany-math-387Some 387 emulators do not support the sin, os and sqrt instrutions for the387. Speify this option to avoid generating those instrutions. This optionis the default on FreeBSD, OpenBSD and NetBSD. This option is overriddenwhen `-marh' indiates that the target pu will always have an FPU and so theinstrution will not need emulation. As of revision 2.6.1, these instrutions arenot generated unless you also use the `-funsafe-math-optimizations' swith.-malign-double-mno-align-doubleControl whether GCC aligns double, long double, and long long variables ona two word boundary or a one word boundary. Aligning double variables on atwo word boundary will produe ode that runs somewhat faster on a `Pentium'at the expense of more memory.Warning: if you use the `-malign-double' swith, strutures ontaining theabove types will be aligned di�erently than the published appliation binary



134 Using the GNU Compiler Colletion (GCC)interfae spei�ations for the 386 and will not be binary ompatible with stru-tures in ode ompiled without that swith.-m96bit-long-double-m128bit-long-doubleThese swithes ontrol the size of long double type. The i386 appliationbinary interfae spei�es the size to be 96 bits, so `-m96bit-long-double' isthe default in 32 bit mode.Modern arhitetures (Pentium and newer) would prefer long double to bealigned to an 8 or 16 byte boundary. In arrays or strutures onforming to theABI, this would not be possible. So speifying a `-m128bit-long-double' willalign long double to a 16 byte boundary by padding the long double with anadditional 32 bit zero.In the x86-64 ompiler, `-m128bit-long-double' is the default hoie as itsABI spei�es that long double is to be aligned on 16 byte boundary.Notie that neither of these options enable any extra preision over the x87standard of 80 bits for a long double.Warning: if you override the default value for your target ABI, the struturesand arrays ontaining long double variables will hange their size as well asfuntion alling onvention for funtion taking long double will be modi�ed.Hene they will not be binary ompatible with arrays or strutures in odeompiled without that swith.-msvr3-shlib-mno-svr3-shlibControl whether GCC plaes uninitialized loal variables into the bss or datasegments. `-msvr3-shlib' plaes them into bss. These options are meaningfulonly on System V Release 3.-mrtd Use a di�erent funtion-alling onvention, in whih funtions that take a �xednumber of arguments return with the ret num instrution, whih pops theirarguments while returning. This saves one instrution in the aller sine thereis no need to pop the arguments there.You an speify that an individual funtion is alled with this alling sequenewith the funtion attribute `stdall'. You an also override the `-mrtd' optionby using the funtion attribute `del'. See Setion 5.24 [Funtion Attributes℄,page 217.Warning: this alling onvention is inompatible with the one normally used onUnix, so you annot use it if you need to all libraries ompiled with the Unixompiler.Also, you must provide funtion prototypes for all funtions that take variablenumbers of arguments (inluding printf); otherwise inorret ode will begenerated for alls to those funtions.In addition, seriously inorret ode will result if you all a funtion with toomany arguments. (Normally, extra arguments are harmlessly ignored.)



Chapter 3: GCC Command Options 135-mregparm=numControl how many registers are used to pass integer arguments. By default, noregisters are used to pass arguments, and at most 3 registers an be used. Youan ontrol this behavior for a spei� funtion by using the funtion attribute`regparm'. See Setion 5.24 [Funtion Attributes℄, page 217.Warning: if you use this swith, and num is nonzero, then you must build allmodules with the same value, inluding any libraries. This inludes the systemlibraries and startup modules.-mpreferred-stak-boundary=numAttempt to keep the stak boundary aligned to a 2 raised to num byte boundary.If `-mpreferred-stak-boundary' is not spei�ed, the default is 4 (16 bytes or128 bits), exept when optimizing for ode size (`-Os'), in whih ase the defaultis the minimum orret alignment (4 bytes for x86, and 8 bytes for x86-64).On Pentium and PentiumPro, double and long double values should bealigned to an 8 byte boundary (see `-malign-double') or su�er signi�ant runtime performane penalties. On Pentium III, the Streaming SIMD Extension(SSE) data type __m128 su�ers similar penalties if it is not 16 byte aligned.To ensure proper alignment of this values on the stak, the stak boundary mustbe as aligned as that required by any value stored on the stak. Further, everyfuntion must be generated suh that it keeps the stak aligned. Thus allinga funtion ompiled with a higher preferred stak boundary from a funtionompiled with a lower preferred stak boundary will most likely misalign thestak. It is reommended that libraries that use allbaks always use the defaultsetting.This extra alignment does onsume extra stak spae, and generally inreasesode size. Code that is sensitive to stak spae usage, suh as embedded systemsand operating system kernels, may want to redue the preferred alignment to`-mpreferred-stak-boundary=2'.-mmmx-mno-mmx-msse-mno-sse-msse2-mno-sse2-msse3-mno-sse3-m3dnow-mno-3dnowThese swithes enable or disable the use of built-in funtions that allow diretaess to the MMX, SSE, SSE2, SSE3 and 3Dnow extensions of the instrutionset.See Setion 5.45.4 [X86 Built-in Funtions℄, page 286, for details of the funtionsenabled and disabled by these swithes.



136 Using the GNU Compiler Colletion (GCC)To have SSE/SSE2 instrutions generated automatially from oating-pointode, see `-mfpmath=sse'.-mpush-args-mno-push-argsUse PUSH operations to store outgoing parameters. This method is shorterand usually equally fast as method using SUB/MOV operations and is enabledby default. In some ases disabling it may improve performane beause ofimproved sheduling and redued dependenies.-maumulate-outgoing-argsIf enabled, the maximum amount of spae required for outgoing arguments willbe omputed in the funtion prologue. This is faster on most modern CPUsbeause of redued dependenies, improved sheduling and redued stak usagewhen preferred stak boundary is not equal to 2. The drawbak is a notableinrease in ode size. This swith implies `-mno-push-args'.-mthreads Support thread-safe exeption handling on `Mingw32'. Code that relies onthread-safe exeption handling must ompile and link all ode with the`-mthreads' option. When ompiling, `-mthreads' de�nes `-D_MT'; whenlinking, it links in a speial thread helper library `-lmingwthrd' whih leansup per thread exeption handling data.-mno-align-stringopsDo not align destination of inlined string operations. This swith redues odesize and improves performane in ase the destination is already aligned, butGCC doesn't know about it.-minline-all-stringopsBy default GCC inlines string operations only when destination is known to bealigned at least to 4 byte boundary. This enables more inlining, inrease odesize, but may improve performane of ode that depends on fast mempy, strlenand memset for short lengths.-momit-leaf-frame-pointerDon't keep the frame pointer in a register for leaf funtions. This avoids theinstrutions to save, set up and restore frame pointers and makes an extra reg-ister available in leaf funtions. The option `-fomit-frame-pointer' removesthe frame pointer for all funtions whih might make debugging harder.-mtls-diret-seg-refs-mno-tls-diret-seg-refsControls whether TLS variables may be aessed with o�sets from the TLSsegment register (%gs for 32-bit, %fs for 64-bit), or whether the thread basepointer must be added. Whether or not this is legal depends on the operatingsystem, and whether it maps the segment to over the entire TLS area.For systems that use GNU lib, the default is on.These `-m' swithes are supported in addition to the above on AMD x86-64 proessors in64-bit environments.



Chapter 3: GCC Command Options 137-m32-m64 Generate ode for a 32-bit or 64-bit environment. The 32-bit environment setsint, long and pointer to 32 bits and generates ode that runs on any i386 system.The 64-bit environment sets int to 32 bits and long and pointer to 64 bits andgenerates ode for AMD's x86-64 arhiteture.-mno-red-zoneDo not use a so alled red zone for x86-64 ode. The red zone is mandated by thex86-64 ABI, it is a 128-byte area beyond the loation of the stak pointer thatwill not be modi�ed by signal or interrupt handlers and therefore an be used fortemporary data without adjusting the stak pointer. The ag `-mno-red-zone'disables this red zone.-mmodel=smallGenerate ode for the small ode model: the program and its symbols must belinked in the lower 2 GB of the address spae. Pointers are 64 bits. Programsan be statially or dynamially linked. This is the default ode model.-mmodel=kernelGenerate ode for the kernel ode model. The kernel runs in the negative 2 GBof the address spae. This model has to be used for Linux kernel ode.-mmodel=mediumGenerate ode for the medium model: The program is linked in the lower 2GB of the address spae but symbols an be loated anywhere in the addressspae. Programs an be statially or dynamially linked, but building of sharedlibraries are not supported with the medium model.-mmodel=largeGenerate ode for the large model: This model makes no assumptions aboutaddresses and sizes of setions. Currently GCC does not implement this model.3.17.12 IA-64 OptionsThese are the `-m' options de�ned for the Intel IA-64 arhiteture.-mbig-endianGenerate ode for a big endian target. This is the default for HP-UX.-mlittle-endianGenerate ode for a little endian target. This is the default for AIX5 andGNU/Linux.-mgnu-as-mno-gnu-asGenerate (or don't) ode for the GNU assembler. This is the default.-mgnu-ld-mno-gnu-ldGenerate (or don't) ode for the GNU linker. This is the default.-mno-pi Generate ode that does not use a global pointer register. The result is notposition independent ode, and violates the IA-64 ABI.



138 Using the GNU Compiler Colletion (GCC)-mvolatile-asm-stop-mno-volatile-asm-stopGenerate (or don't) a stop bit immediately before and after volatile asm state-ments.-mregister-names-mno-register-namesGenerate (or don't) `in', `lo', and `out' register names for the staked registers.This may make assembler output more readable.-mno-sdata-msdata Disable (or enable) optimizations that use the small data setion. This may beuseful for working around optimizer bugs.-monstant-gpGenerate ode that uses a single onstant global pointer value. This is usefulwhen ompiling kernel ode.-mauto-piGenerate ode that is self-reloatable. This implies `-monstant-gp'. This isuseful when ompiling �rmware ode.-minline-float-divide-min-latenyGenerate ode for inline divides of oating point values using the minimumlateny algorithm.-minline-float-divide-max-throughputGenerate ode for inline divides of oating point values using the maximumthroughput algorithm.-minline-int-divide-min-latenyGenerate ode for inline divides of integer values using the minimum latenyalgorithm.-minline-int-divide-max-throughputGenerate ode for inline divides of integer values using the maximum through-put algorithm.-minline-sqrt-min-latenyGenerate ode for inline square roots using the minimum lateny algorithm.-minline-sqrt-max-throughputGenerate ode for inline square roots using the maximum throughput algorithm.-mno-dwarf2-asm-mdwarf2-asmDon't (or do) generate assembler ode for the DWARF2 line number debugginginfo. This may be useful when not using the GNU assembler.-mearly-stop-bits-mno-early-stop-bitsAllow stop bits to be plaed earlier than immediately preeding the instrutionthat triggered the stop bit. This an improve instrution sheduling, but doesnot always do so.



Chapter 3: GCC Command Options 139-mfixed-range=register-rangeGenerate ode treating the given register range as �xed registers. A �xedregister is one that the register alloator an not use. This is useful whenompiling kernel ode. A register range is spei�ed as two registers separatedby a dash. Multiple register ranges an be spei�ed separated by a omma.-mtls-size=tls-sizeSpeify bit size of immediate TLS o�sets. Valid values are 14, 22, and 64.-mtune-arh=pu-typeTune the instrution sheduling for a partiular CPU, Valid values are itanium,itanium1, mered, itanium2, and mkinley.-mt-pthread Add support for multithreading using the POSIX threads library. This optionsets ags for both the preproessor and linker. It does not a�et the threadsafety of objet ode produed by the ompiler or that of libraries supplied withit. These are HP-UX spei� ags.-milp32-mlp64 Generate ode for a 32-bit or 64-bit environment. The 32-bit environment setsint, long and pointer to 32 bits. The 64-bit environment sets int to 32 bits andlong and pointer to 64 bits. These are HP-UX spei� ags.3.17.13 M32R/D OptionsThese `-m' options are de�ned for Renesas M32R/D arhitetures:-m32r2 Generate ode for the M32R/2.-m32rx Generate ode for the M32R/X.-m32r Generate ode for the M32R. This is the default.-mmodel=smallAssume all objets live in the lower 16MB of memory (so that their addressesan be loaded with the ld24 instrution), and assume all subroutines are reah-able with the bl instrution. This is the default.The addressability of a partiular objet an be set with the model attribute.-mmodel=mediumAssume objets may be anywhere in the 32-bit address spae (the ompilerwill generate seth/add3 instrutions to load their addresses), and assume allsubroutines are reahable with the bl instrution.-mmodel=largeAssume objets may be anywhere in the 32-bit address spae (the ompiler willgenerate seth/add3 instrutions to load their addresses), and assume subrou-tines may not be reahable with the bl instrution (the ompiler will generatethe muh slower seth/add3/jl instrution sequene).-msdata=noneDisable use of the small data area. Variables will be put into one of `.data',`bss', or `.rodata' (unless the setion attribute has been spei�ed). This isthe default.



140 Using the GNU Compiler Colletion (GCC)The small data area onsists of setions `.sdata' and `.sbss'. Objets may beexpliitly put in the small data area with the setion attribute using one ofthese setions.-msdata=sdataPut small global and stati data in the small data area, but do not generatespeial ode to referene them.-msdata=usePut small global and stati data in the small data area, and generate speialinstrutions to referene them.-G num Put global and stati objets less than or equal to num bytes into the smalldata or bss setions instead of the normal data or bss setions. The defaultvalue of num is 8. The `-msdata' option must be set to one of `sdata' or `use'for this option to have any e�et.All modules should be ompiled with the same `-G num ' value. Compiling withdi�erent values of num may or may not work; if it doesn't the linker will givean error message|inorret ode will not be generated.-mdebug Makes the M32R spei� ode in the ompiler display some statistis that mighthelp in debugging programs.-malign-loopsAlign all loops to a 32-byte boundary.-mno-align-loopsDo not enfore a 32-byte alignment for loops. This is the default.-missue-rate=numberIssue number instrutions per yle. number an only be 1 or 2.-mbranh-ost=numbernumber an only be 1 or 2. If it is 1 then branhes will be preferred overonditional ode, if it is 2, then the opposite will apply.-mflush-trap=numberSpei�es the trap number to use to ush the ahe. The default is 12. Validnumbers are between 0 and 15 inlusive.-mno-flush-trapSpei�es that the ahe annot be ushed by using a trap.-mflush-fun=nameSpei�es the name of the operating system funtion to all to ush the ahe.The default is ush ahe, but a funtion all will only be used if a trap is notavailable.-mno-flush-funIndiates that there is no OS funtion for ushing the ahe.



Chapter 3: GCC Command Options 1413.17.14 M680x0 OptionsThese are the `-m' options de�ned for the 68000 series. The default values for these optionsdepends on whih style of 68000 was seleted when the ompiler was on�gured; the defaultsfor the most ommon hoies are given below.-m68000-m68000 Generate output for a 68000. This is the default when the ompiler is on�guredfor 68000-based systems.Use this option for miroontrollers with a 68000 or EC000 ore, inluding the68008, 68302, 68306, 68307, 68322, 68328 and 68356.-m68020-m68020 Generate output for a 68020. This is the default when the ompiler is on�guredfor 68020-based systems.-m68881 Generate output ontaining 68881 instrutions for oating point. This is thedefault for most 68020 systems unless `--nfp' was spei�ed when the ompilerwas on�gured.-m68030 Generate output for a 68030. This is the default when the ompiler is on�guredfor 68030-based systems.-m68040 Generate output for a 68040. This is the default when the ompiler is on�guredfor 68040-based systems.This option inhibits the use of 68881/68882 instrutions that have to be em-ulated by software on the 68040. Use this option if your 68040 does not haveode to emulate those instrutions.-m68060 Generate output for a 68060. This is the default when the ompiler is on�guredfor 68060-based systems.This option inhibits the use of 68020 and 68881/68882 instrutions that haveto be emulated by software on the 68060. Use this option if your 68060 doesnot have ode to emulate those instrutions.-mpu32 Generate output for a CPU32. This is the default when the ompiler is on�g-ured for CPU32-based systems.Use this option for miroontrollers with a CPU32 or CPU32+ ore, inludingthe 68330, 68331, 68332, 68333, 68334, 68336, 68340, 68341, 68349 and 68360.-m5200 Generate output for a 520X \old�re" family pu. This is the default when theompiler is on�gured for 520X-based systems.Use this option for miroontroller with a 5200 ore, inluding the MCF5202,MCF5203, MCF5204 and MCF5202.-m68020-40Generate output for a 68040, without using any of the new instrutions. Thisresults in ode whih an run relatively eÆiently on either a 68020/68881 or a68030 or a 68040. The generated ode does use the 68881 instrutions that areemulated on the 68040.



142 Using the GNU Compiler Colletion (GCC)-m68020-60Generate output for a 68060, without using any of the new instrutions. Thisresults in ode whih an run relatively eÆiently on either a 68020/68881 or a68030 or a 68040. The generated ode does use the 68881 instrutions that areemulated on the 68060.-msoft-floatGenerate output ontaining library alls for oating point. Warning: the req-uisite libraries are not available for all m68k targets. Normally the failitiesof the mahine's usual C ompiler are used, but this an't be done diretly inross-ompilation. You must make your own arrangements to provide suitablelibrary funtions for ross-ompilation. The embedded targets `m68k-*-aout'and `m68k-*-off' do provide software oating point support.-mshort Consider type int to be 16 bits wide, like short int. Additionally, parameterspassed on the stak are also aligned to a 16-bit boundary even on targets whoseAPI mandates promotion to 32-bit.-mnobitfieldDo not use the bit-�eld instrutions. The `-m68000', `-mpu32' and `-m5200'options imply `-mnobitfield'.-mbitfieldDo use the bit-�eld instrutions. The `-m68020' option implies `-mbitfield'.This is the default if you use a on�guration designed for a 68020.-mrtd Use a di�erent funtion-alling onvention, in whih funtions that take a �xednumber of arguments return with the rtd instrution, whih pops their argu-ments while returning. This saves one instrution in the aller sine there is noneed to pop the arguments there.This alling onvention is inompatible with the one normally used on Unix, soyou annot use it if you need to all libraries ompiled with the Unix ompiler.Also, you must provide funtion prototypes for all funtions that take variablenumbers of arguments (inluding printf); otherwise inorret ode will begenerated for alls to those funtions.In addition, seriously inorret ode will result if you all a funtion with toomany arguments. (Normally, extra arguments are harmlessly ignored.)The rtd instrution is supported by the 68010, 68020, 68030, 68040, 68060 andCPU32 proessors, but not by the 68000 or 5200.-malign-int-mno-align-intControl whether GCC aligns int, long, long long, float, double, and longdouble variables on a 32-bit boundary (`-malign-int') or a 16-bit boundary(`-mno-align-int'). Aligning variables on 32-bit boundaries produes odethat runs somewhat faster on proessors with 32-bit busses at the expense ofmore memory.Warning: if you use the `-malign-int' swith, GCC will align strutures on-taining the above types di�erently than most published appliation binary in-terfae spei�ations for the m68k.



Chapter 3: GCC Command Options 143-mprel Use the p-relative addressing mode of the 68000 diretly, instead of using aglobal o�set table. At present, this option implies `-fpi', allowing at most a16-bit o�set for p-relative addressing. `-fPIC' is not presently supported with`-mprel', though this ould be supported for 68020 and higher proessors.-mno-strit-align-mstrit-alignDo not (do) assume that unaligned memory referenes will be handled by thesystem.-msep-dataGenerate ode that allows the data segment to be loated in a di�erent area ofmemory from the text segment. This allows for exeute in plae in an environ-ment without virtual memory management. This option implies `-fPIC'.-mno-sep-dataGenerate ode that assumes that the data segment follows the text segment.This is the default.-mid-shared-libraryGenerate ode that supports shared libraries via the library ID method. This al-lows for exeute in plae and shared libraries in an environment without virtualmemory management. This option implies `-fPIC'.-mno-id-shared-libraryGenerate ode that doesn't assume ID based shared libraries are being used.This is the default.-mshared-library-id=nSpei�ed the identi�ation number of the ID based shared library being om-piled. Speifying a value of 0 will generate more ompat ode, speifying othervalues will fore the alloation of that number to the urrent library but is nomore spae or time eÆient than omitting this option.3.17.15 M68h1x OptionsThese are the `-m' options de�ned for the 68h11 and 68h12 miroontrollers. The defaultvalues for these options depends on whih style of miroontroller was seleted when theompiler was on�gured; the defaults for the most ommon hoies are given below.-m6811-m68h11 Generate output for a 68HC11. This is the default when the ompiler is on-�gured for 68HC11-based systems.-m6812-m68h12 Generate output for a 68HC12. This is the default when the ompiler is on-�gured for 68HC12-based systems.-m68S12-m68hs12 Generate output for a 68HCS12.



144 Using the GNU Compiler Colletion (GCC)-mauto-indeEnable the use of 68HC12 pre and post auto-inrement and auto-derementaddressing modes.-minmax-nominmax Enable the use of 68HC12 min and max instrutions.-mlong-alls-mno-long-allsTreat all alls as being far away (near). If alls are assumed to be far away, theompiler will use the all instrution to all a funtion and the rt instrutionfor returning.-mshort Consider type int to be 16 bits wide, like short int.-msoft-reg-ount=ountSpeify the number of pseudo-soft registers whih are used for the ode gener-ation. The maximum number is 32. Using more pseudo-soft register may ormay not result in better ode depending on the program. The default is 4 for68HC11 and 2 for 68HC12.3.17.16 MCore OptionsThese are the `-m' options de�ned for the Motorola M*Core proessors.-mhardlit-mno-hardlitInline onstants into the ode stream if it an be done in two instrutions orless.-mdiv-mno-div Use the divide instrution. (Enabled by default).-mrelax-immediate-mno-relax-immediateAllow arbitrary sized immediates in bit operations.-mwide-bitfields-mno-wide-bitfieldsAlways treat bit-�elds as int-sized.-m4byte-funtions-mno-4byte-funtionsFore all funtions to be aligned to a four byte boundary.-mallgraph-data-mno-allgraph-dataEmit allgraph information.-mslow-bytes-mno-slow-bytesPrefer word aess when reading byte quantities.



Chapter 3: GCC Command Options 145-mlittle-endian-mbig-endianGenerate ode for a little endian target.-m210-m340 Generate ode for the 210 proessor.3.17.17 MIPS Options-EB Generate big-endian ode.-EL Generate little-endian ode. This is the default for `mips*el-*-*' on�gura-tions.-marh=arhGenerate ode that will run on arh, whih an be the name of a generi MIPSISA, or the name of a partiular proessor. The ISA names are: `mips1',`mips2', `mips3', `mips4', `mips32', `mips32r2', and `mips64'. The proes-sor names are: `4k', `4kp', `5k', `20k', `m4k', `r2000', `r3000', `r3900',`r4000', `r4400', `r4600', `r4650', `r6000', `r8000', `rm7000', `rm9000', `orion',`sb1', `vr4100', `vr4111', `vr4120', `vr4130', `vr4300', `vr5000', `vr5400' and`vr5500'. The speial value `from-abi' selets the most ompatible arhite-ture for the seleted ABI (that is, `mips1' for 32-bit ABIs and `mips3' for 64-bitABIs).In proessor names, a �nal `000' an be abbreviated as `k' (for example,`-marh=r2k'). Pre�xes are optional, and `vr' may be written `r'.GCC de�nes two maros based on the value of this option. The �rst is`_MIPS_ARCH', whih gives the name of target arhiteture, as a string. Theseond has the form `_MIPS_ARCH_foo ', where foo is the apitalized valueof `_MIPS_ARCH'. For example, `-marh=r2000' will set `_MIPS_ARCH' to`"r2000"' and de�ne the maro `_MIPS_ARCH_R2000'.Note that the `_MIPS_ARCH' maro uses the proessor names given above. Inother words, it will have the full pre�x and will not abbreviate `000' as `k'.In the ase of `from-abi', the maro names the resolved arhiteture (either`"mips1"' or `"mips3"'). It names the default arhiteture when no `-marh'option is given.-mtune=arhOptimize for arh. Among other things, this option ontrols the way instru-tions are sheduled, and the pereived ost of arithmeti operations. The listof arh values is the same as for `-marh'.When this option is not used, GCC will optimize for the proessor spei�ed by`-marh'. By using `-marh' and `-mtune' together, it is possible to generateode that will run on a family of proessors, but optimize the ode for onepartiular member of that family.`-mtune' de�nes the maros `_MIPS_TUNE' and `_MIPS_TUNE_foo ', whih workin the same way as the `-marh' ones desribed above.-mips1 Equivalent to `-marh=mips1'.



146 Using the GNU Compiler Colletion (GCC)-mips2 Equivalent to `-marh=mips2'.-mips3 Equivalent to `-marh=mips3'.-mips4 Equivalent to `-marh=mips4'.-mips32 Equivalent to `-marh=mips32'.-mips32r2 Equivalent to `-marh=mips32r2'.-mips64 Equivalent to `-marh=mips64'.-mips16-mno-mips16Use (do not use) the MIPS16 ISA.-mabi=32-mabi=o64-mabi=n32-mabi=64-mabi=eabiGenerate ode for the given ABI.Note that the EABI has a 32-bit and a 64-bit variant. GCC normally generates64-bit ode when you selet a 64-bit arhiteture, but you an use `-mgp32' toget 32-bit ode instead.For information about the O64 ABI, see http://g.gnu.org/projets/mipso64-abi.html.-mabialls-mno-abiallsGenerate (do not generate) SVR4-style position-independent ode.`-mabialls' is the default for SVR4-based systems.-mxgot-mno-xgot Lift (do not lift) the usual restritions on the size of the global o�set table.GCC normally uses a single instrution to load values from the GOT. Whilethis is relatively eÆient, it will only work if the GOT is smaller than about64k. Anything larger will ause the linker to report an error suh as:reloation trunated to fit: R_MIPS_GOT16 foobarIf this happens, you should reompile your ode with `-mxgot'. It should thenwork with very large GOTs, although it will also be less eÆient, sine it willtake three instrutions to feth the value of a global symbol.Note that some linkers an reate multiple GOTs. If you have suh a linker,you should only need to use `-mxgot' when a single objet �le aesses morethan 64k's worth of GOT entries. Very few do.These options have no e�et unless GCC is generating position independentode.-mgp32 Assume that general-purpose registers are 32 bits wide.-mgp64 Assume that general-purpose registers are 64 bits wide.



Chapter 3: GCC Command Options 147-mfp32 Assume that oating-point registers are 32 bits wide.-mfp64 Assume that oating-point registers are 64 bits wide.-mhard-floatUse oating-point oproessor instrutions.-msoft-floatDo not use oating-point oproessor instrutions. Implement oating-pointalulations using library alls instead.-msingle-floatAssume that the oating-point oproessor only supports single-preision oper-ations.-mdouble-floatAssume that the oating-point oproessor supports double-preision opera-tions. This is the default.-mpaired-single-mno-paired-singleUse (do not use) paired-single oating-point instrutions. See Setion 5.45.5[MIPS Paired-Single Support℄, page 290. This option an only be used whengenerating 64-bit ode and requires hardware oating-point support to be en-abled.-mips3d-mno-mips3dUse (do not use) the MIPS-3D ASE. See Setion 5.45.5.3 [MIPS-3D Built-inFuntions℄, page 292. The option `-mips3d' implies `-mpaired-single'.-mint64 Fore int and long types to be 64 bits wide. See `-mlong32' for an explanationof the default and the way that the pointer size is determined.This option has been depreated and will be removed in a future release.-mlong64 Fore long types to be 64 bits wide. See `-mlong32' for an explanation of thedefault and the way that the pointer size is determined.-mlong32 Fore long, int, and pointer types to be 32 bits wide.The default size of ints, longs and pointers depends on the ABI. All thesupported ABIs use 32-bit ints. The n64 ABI uses 64-bit longs, as does the64-bit EABI; the others use 32-bit longs. Pointers are the same size as longs,or the same size as integer registers, whihever is smaller.-msym32-mno-sym32Assume (do not assume) that all symbols have 32-bit values, regardless ofthe seleted ABI. This option is useful in ombination with `-mabi=64' and`-mno-abialls' beause it allows GCC to generate shorter and faster refer-enes to symboli addresses.-G num Put global and stati items less than or equal to num bytes into the small dataor bss setion instead of the normal data or bss setion. This allows the datato be aessed using a single instrution.



148 Using the GNU Compiler Colletion (GCC)All modules should be ompiled with the same `-G num ' value.-membedded-data-mno-embedded-dataAlloate variables to the read-only data setion �rst if possible, then next in thesmall data setion if possible, otherwise in data. This gives slightly slower odethan the default, but redues the amount of RAM required when exeuting,and thus may be preferred for some embedded systems.-muninit-onst-in-rodata-mno-uninit-onst-in-rodataPut uninitialized onst variables in the read-only data setion. This option isonly meaningful in onjuntion with `-membedded-data'.-msplit-addresses-mno-split-addressesEnable (disable) use of the %hi() and %lo() assembler reloation operators.This option has been superseded by `-mexpliit-relos' but is retained forbakwards ompatibility.-mexpliit-relos-mno-expliit-relosUse (do not use) assembler reloation operators when dealing with symboliaddresses. The alternative, seleted by `-mno-expliit-relos', is to use as-sembler maros instead.`-mexpliit-relos' is the default if GCC was on�gured to use an assemblerthat supports reloation operators.-mhek-zero-division-mno-hek-zero-divisionTrap (do not trap) on integer division by zero. The default is`-mhek-zero-division'.-mdivide-traps-mdivide-breaksMIPS systems hek for division by zero by generating either a onditionaltrap or a break instrution. Using traps results in smaller ode, but is onlysupported on MIPS II and later. Also, some versions of the Linux kernel havea bug that prevents trap from generating the proper signal (SIGFPE). Use`-mdivide-traps' to allow onditional traps on arhitetures that support themand `-mdivide-breaks' to fore the use of breaks.The default is usually `-mdivide-traps', but this an be overridden at on�guretime using `--with-divide=breaks'. Divide-by-zero heks an be ompletelydisabled using `-mno-hek-zero-division'.-mmempy-mno-mempyFore (do not fore) the use of mempy() for non-trivial blok moves. The de-fault is `-mno-mempy', whih allows GCC to inline most onstant-sized opies.



Chapter 3: GCC Command Options 149-mlong-alls-mno-long-allsDisable (do not disable) use of the jal instrution. Calling funtions usingjal is more eÆient but requires the aller and allee to be in the same 256megabyte segment.This option has no e�et on abialls ode. The default is `-mno-long-alls'.-mmad-mno-mad Enable (disable) use of the mad, madu and mul instrutions, as provided by theR4650 ISA.-mfused-madd-mno-fused-maddEnable (disable) use of the oating point multiply-aumulate instrutions,when they are available. The default is `-mfused-madd'.When multiply-aumulate instrutions are used, the intermediate produt isalulated to in�nite preision and is not subjet to the FCSR Flush to Zerobit. This may be undesirable in some irumstanes.-nopp Tell the MIPS assembler to not run its preproessor over user assembler �les(with a `.s' suÆx) when assembling them.-mfix-r4000-mno-fix-r4000Work around ertain R4000 CPU errata:� A double-word or a variable shift may give an inorret result if exeutedimmediately after starting an integer division.� A double-word or a variable shift may give an inorret result if exeutedwhile an integer multipliation is in progress.� An integer division may give an inorret result if started in a delay slot ofa taken branh or a jump.-mfix-r4400-mno-fix-r4400Work around ertain R4400 CPU errata:� A double-word or a variable shift may give an inorret result if exeutedimmediately after starting an integer division.-mfix-vr4120-mno-fix-vr4120Work around ertain VR4120 errata:� dmultu does not always produe the orret result.� div and ddiv do not always produe the orret result if one of the operandsis negative.The workarounds for the division errata rely on speial funtions in `libg.a'.At present, these funtions are only provided by the mips64vr*-elf on�gura-tions.Other VR4120 errata require a nop to be inserted between ertain pairs ofinstrutions. These errata are handled by the assembler, not by GCC itself.



150 Using the GNU Compiler Colletion (GCC)-mfix-vr4130Work around the VR4130 mflo/mfhi errata. The workarounds are implementedby the assembler rather than by GCC, although GCC will avoid using mflo andmfhi if the VR4130 ma, mahi, dma and dmahi instrutions are availableinstead.-mfix-sb1-mno-fix-sb1Work around ertain SB-1 CPU ore errata. (This ag urrently works aroundthe SB-1 revision 2 \F1" and \F2" oating point errata.)-mflush-fun=fun-mno-flush-funSpei�es the funtion to all to ush the I and D ahes, or to not all any suhfuntion. If alled, the funtion must take the same arguments as the ommon_flush_fun(), that is, the address of the memory range for whih the aheis being ushed, the size of the memory range, and the number 3 (to ushboth ahes). The default depends on the target GCC was on�gured for, butommonly is either `_flush_fun' or `__pu_flush'.-mbranh-likely-mno-branh-likelyEnable or disable use of Branh Likely instrutions, regardless of the defaultfor the seleted arhiteture. By default, Branh Likely instrutions may begenerated if they are supported by the seleted arhiteture. An exeptionis for the MIPS32 and MIPS64 arhitetures and proessors whih implementthose arhitetures; for those, Branh Likely instrutions will not be generatedby default beause the MIPS32 and MIPS64 arhitetures spei�ally depreatetheir use.-mfp-exeptions-mno-fp-exeptionsSpei�es whether FP exeptions are enabled. This a�ets how we shedule FPinstrutions for some proessors. The default is that FP exeptions are enabled.For instane, on the SB-1, if FP exeptions are disabled, and we are emitting64-bit ode, then we an use both FP pipes. Otherwise, we an only use oneFP pipe.-mvr4130-align-mno-vr4130-alignThe VR4130 pipeline is two-way supersalar, but an only issue two instrutionstogether if the �rst one is 8-byte aligned. When this option is enabled, GCCwill align pairs of instrutions that it thinks should exeute in parallel.This option only has an e�et when optimizing for the VR4130. It normallymakes ode faster, but at the expense of making it bigger. It is enabled bydefault at optimization level `-O3'.3.17.18 MMIX OptionsThese options are de�ned for the MMIX:



Chapter 3: GCC Command Options 151-mlibfuns-mno-libfunsSpeify that intrinsi library funtions are being ompiled, passing all values inregisters, no matter the size.-mepsilon-mno-epsilonGenerate oating-point omparison instrutions that ompare with respet tothe rE epsilon register.-mabi=mmixware-mabi=gnu Generate ode that passes funtion parameters and return values that (in thealled funtion) are seen as registers $0 and up, as opposed to the GNU ABIwhih uses global registers $231 and up.-mzero-extend-mno-zero-extendWhen reading data from memory in sizes shorter than 64 bits, use (do not use)zero-extending load instrutions by default, rather than sign-extending ones.-mknuthdiv-mno-knuthdivMake the result of a division yielding a remainder have the same sign as thedivisor. With the default, `-mno-knuthdiv', the sign of the remainder followsthe sign of the dividend. Both methods are arithmetially valid, the latter beingalmost exlusively used.-mtoplevel-symbols-mno-toplevel-symbolsPrepend (do not prepend) a `:' to all global symbols, so the assembly ode anbe used with the PREFIX assembly diretive.-melf Generate an exeutable in the ELF format, rather than the default `mmo' formatused by the mmix simulator.-mbranh-predit-mno-branh-preditUse (do not use) the probable-branh instrutions, when stati branh predi-tion indiates a probable branh.-mbase-addresses-mno-base-addressesGenerate (do not generate) ode that uses base addresses. Using a base addressautomatially generates a request (handled by the assembler and the linker)for a onstant to be set up in a global register. The register is used for one ormore base address requests within the range 0 to 255 from the value held in theregister. The generally leads to short and fast ode, but the number of di�erentdata items that an be addressed is limited. This means that a program thatuses lots of stati data may require `-mno-base-addresses'.



152 Using the GNU Compiler Colletion (GCC)-msingle-exit-mno-single-exitFore (do not fore) generated ode to have a single exit point in eah funtion.3.17.19 MN10300 OptionsThese `-m' options are de�ned for Matsushita MN10300 arhitetures:-mmult-bugGenerate ode to avoid bugs in the multiply instrutions for the MN10300proessors. This is the default.-mno-mult-bugDo not generate ode to avoid bugs in the multiply instrutions for the MN10300proessors.-mam33 Generate ode whih uses features spei� to the AM33 proessor.-mno-am33 Do not generate ode whih uses features spei� to the AM33 proessor. Thisis the default.-mno-rt0 Do not link in the C run-time initialization objet �le.-mrelax Indiate to the linker that it should perform a relaxation optimization pass toshorten branhes, alls and absolute memory addresses. This option only hasan e�et when used on the ommand line for the �nal link step.This option makes symboli debugging impossible.3.17.20 NS32K OptionsThese are the `-m' options de�ned for the 32000 series. The default values for these optionsdepends on whih style of 32000 was seleted when the ompiler was on�gured; the defaultsfor the most ommon hoies are given below.-m32032-m32032 Generate output for a 32032. This is the default when the ompiler is on�guredfor 32032 and 32016 based systems.-m32332-m32332 Generate output for a 32332. This is the default when the ompiler is on�guredfor 32332-based systems.-m32532-m32532 Generate output for a 32532. This is the default when the ompiler is on�guredfor 32532-based systems.-m32081 Generate output ontaining 32081 instrutions for oating point. This is thedefault for all systems.-m32381 Generate output ontaining 32381 instrutions for oating point. This alsoimplies `-m32081'. The 32381 is only ompatible with the 32332 and 32532pus. This is the default for the p532-netbsd on�guration.



Chapter 3: GCC Command Options 153-mmulti-addTry and generate multiply-add oating point instrutions polyF and dotF. Thisoption is only available if the `-m32381' option is in e�et. Using these instru-tions requires hanges to register alloation whih generally has a negative im-pat on performane. This option should only be enabled when ompiling odepartiularly likely to make heavy use of multiply-add instrutions.-mnomulti-addDo not try and generate multiply-add oating point instrutions polyF anddotF. This is the default on all platforms.-msoft-floatGenerate output ontaining library alls for oating point. Warning: the req-uisite libraries may not be available.-mieee-ompare-mno-ieee-ompareControl whether or not the ompiler uses IEEE oating point omparisons.These handle orretly the ase where the result of a omparison is unordered.Warning: the requisite kernel support may not be available.-mnobitfieldDo not use the bit-�eld instrutions. On some mahines it is faster to useshifting and masking operations. This is the default for the p532.-mbitfieldDo use the bit-�eld instrutions. This is the default for all platforms exept thep532.-mrtd Use a di�erent funtion-alling onvention, in whih funtions that take a �xednumber of arguments return pop their arguments on return with the ret in-strution.This alling onvention is inompatible with the one normally used on Unix, soyou annot use it if you need to all libraries ompiled with the Unix ompiler.Also, you must provide funtion prototypes for all funtions that take variablenumbers of arguments (inluding printf); otherwise inorret ode will begenerated for alls to those funtions.In addition, seriously inorret ode will result if you all a funtion with toomany arguments. (Normally, extra arguments are harmlessly ignored.)This option takes its name from the 680x0 rtd instrution.-mregparamUse a di�erent funtion-alling onvention where the �rst two arguments arepassed in registers.This alling onvention is inompatible with the one normally used on Unix, soyou annot use it if you need to all libraries ompiled with the Unix ompiler.-mnoregparamDo not pass any arguments in registers. This is the default for all targets.-msb It is OK to use the sb as an index register whih is always loaded with zero.This is the default for the p532-netbsd target.



154 Using the GNU Compiler Colletion (GCC)-mnosb The sb register is not available for use or has not been initialized to zero by therun time system. This is the default for all targets exept the p532-netbsd. Itis also implied whenever `-mhimem' or `-fpi' is set.-mhimem Many ns32000 series addressing modes use displaements of up to 512MB. Ifan address is above 512MB then displaements from zero an not be used. Thisoption auses ode to be generated whih an be loaded above 512MB. Thismay be useful for operating systems or ROM ode.-mnohimem Assume ode will be loaded in the �rst 512MB of virtual address spae. Thisis the default for all platforms.3.17.21 PDP-11 OptionsThese options are de�ned for the PDP-11:-mfpu Use hardware FPP oating point. This is the default. (FIS oating point onthe PDP-11/40 is not supported.)-msoft-floatDo not use hardware oating point.-ma0 Return oating-point results in a0 (fr0 in Unix assembler syntax).-mno-a0 Return oating-point results in memory. This is the default.-m40 Generate ode for a PDP-11/40.-m45 Generate ode for a PDP-11/45. This is the default.-m10 Generate ode for a PDP-11/10.-mbopy-builtinUse inline movmemhi patterns for opying memory. This is the default.-mbopy Do not use inline movmemhi patterns for opying memory.-mint16-mno-int32Use 16-bit int. This is the default.-mint32-mno-int16Use 32-bit int.-mfloat64-mno-float32Use 64-bit float. This is the default.-mfloat32-mno-float64Use 32-bit float.-mabshi Use abshi2 pattern. This is the default.-mno-abshiDo not use abshi2 pattern.



Chapter 3: GCC Command Options 155-mbranh-expensivePretend that branhes are expensive. This is for experimenting with ode gen-eration only.-mbranh-heapDo not pretend that branhes are expensive. This is the default.-msplit Generate ode for a system with split I&D.-mno-splitGenerate ode for a system without split I&D. This is the default.-munix-asmUse Unix assembler syntax. This is the default when on�gured for`pdp11-*-bsd'.-mde-asm Use DEC assembler syntax. This is the default when on�gured for any PDP-11target other than `pdp11-*-bsd'.3.17.22 PowerPC OptionsThese are listed under See Setion 3.17.23 [RS/6000 and PowerPC Options℄, page 155.3.17.23 IBM RS/6000 and PowerPC OptionsThese `-m' options are de�ned for the IBM RS/6000 and PowerPC:-mpower-mno-power-mpower2-mno-power2-mpowerp-mno-powerp-mpowerp-gpopt-mno-powerp-gpopt-mpowerp-gfxopt-mno-powerp-gfxopt-mpowerp64-mno-powerp64GCC supports two related instrution set arhitetures for the RS/6000 andPowerPC. The POWER instrution set are those instrutions supported bythe `rios' hip set used in the original RS/6000 systems and the PowerPCinstrution set is the arhiteture of the Motorola MPC5xx, MPC6xx, MPC8xxmiroproessors, and the IBM 4xx miroproessors.Neither arhiteture is a subset of the other. However there is a large om-mon subset of instrutions supported by both. An MQ register is inluded inproessors supporting the POWER arhiteture.You use these options to speify whih instrutions are available on the proessoryou are using. The default value of these options is determined when on�guringGCC. Speifying the `-mpu=pu_type ' overrides the spei�ation of these



156 Using the GNU Compiler Colletion (GCC)options. We reommend you use the `-mpu=pu_type ' option rather than theoptions listed above.The `-mpower' option allows GCC to generate instrutions that are found onlyin the POWER arhiteture and to use the MQ register. Speifying `-mpower2'implies `-power' and also allows GCC to generate instrutions that are presentin the POWER2 arhiteture but not the original POWER arhiteture.The `-mpowerp' option allows GCC to generate instrutions that arefound only in the 32-bit subset of the PowerPC arhiteture. Speifying`-mpowerp-gpopt' implies `-mpowerp' and also allows GCC to use theoptional PowerPC arhiteture instrutions in the General Purpose group,inluding oating-point square root. Speifying `-mpowerp-gfxopt' implies`-mpowerp' and also allows GCC to use the optional PowerPC arhitetureinstrutions in the Graphis group, inluding oating-point selet.The `-mpowerp64' option allows GCC to generate the additional 64-bit instru-tions that are found in the full PowerPC64 arhiteture and to treat GPRs as64-bit, doubleword quantities. GCC defaults to `-mno-powerp64'.If you speify both `-mno-power' and `-mno-powerp', GCC will use only theinstrutions in the ommon subset of both arhitetures plus some speialAIX ommon-mode alls, and will not use the MQ register. Speifying both`-mpower' and `-mpowerp' permits GCC to use any instrution from eitherarhiteture and to allow use of the MQ register; speify this for the MotorolaMPC601.-mnew-mnemonis-mold-mnemonisSelet whih mnemonis to use in the generated assembler ode. With`-mnew-mnemonis', GCC uses the assembler mnemonis de�ned for thePowerPC arhiteture. With `-mold-mnemonis' it uses the assemblermnemonis de�ned for the POWER arhiteture. Instrutions de�ned inonly one arhiteture have only one mnemoni; GCC uses that mnemoniirrespetive of whih of these options is spei�ed.GCC defaults to the mnemonis appropriate for the arhiteture in use. Spe-ifying `-mpu=pu_type ' sometimes overrides the value of these option. Un-less you are building a ross-ompiler, you should normally not speify either`-mnew-mnemonis' or `-mold-mnemonis', but should instead aept the de-fault.-mpu=pu_typeSet arhiteture type, register usage, hoie of mnemonis, and instrutionsheduling parameters for mahine type pu type. Supported values forpu type are `401', `403', `405', `405fp', `440', `440fp', `505', `601', `602',`603', `603e', `604', `604e', `620', `630', `740', `7400', `7450', `750', `801', `821',`823', `860', `970', `8540', `ommon', `e603e', `G3', `G4', `G5', `power', `power2',`power3', `power4', `power5', `powerp', `powerp64', `rios', `rios1', `rios2',`rs', and `rs64a'.`-mpu=ommon' selets a ompletely generi proessor. Code generated underthis option will run on any POWER or PowerPC proessor. GCC will use



Chapter 3: GCC Command Options 157only the instrutions in the ommon subset of both arhitetures, and will notuse the MQ register. GCC assumes a generi proessor model for shedulingpurposes.`-mpu=power', `-mpu=power2', `-mpu=powerp', and `-mpu=powerp64'speify generi POWER, POWER2, pure 32-bit PowerPC (i.e., not MPC601),and 64-bit PowerPC arhiteture mahine types, with an appropriate, generiproessor model assumed for sheduling purposes.The other options speify a spei� proessor. Code generated under thoseoptions will run best on that proessor, and may not run at all on others.The `-mpu' options automatially enable or disable the following options:`-maltive', `-mhard-float', `-mmfrf', `-mmultiple', `-mnew-mnemonis',`-mpower', `-mpower2', `-mpowerp64', `-mpowerp-gpopt', `-mpowerp-gfxopt',`-mstring'. The partiular options set for any partiular CPU will varybetween ompiler versions, depending on what setting seems to produeoptimal ode for that CPU; it doesn't neessarily reet the atual hardware'sapabilities. If you wish to set an individual option to a partiular value, youmay speify it after the `-mpu' option, like `-mpu=970 -mno-altive'.On AIX, the `-maltive' and `-mpowerp64' options are not enabled or disabledby the `-mpu' option at present, sine AIX does not have full support for theseoptions. You may still enable or disable them individually if you're sure it'llwork in your environment.-mtune=pu_typeSet the instrution sheduling parameters for mahine type pu type, butdo not set the arhiteture type, register usage, or hoie of mnemonis,as `-mpu=pu_type ' would. The same values for pu type are used for`-mtune' as for `-mpu'. If both are spei�ed, the ode generated will usethe arhiteture, registers, and mnemonis set by `-mpu', but the shedulingparameters set by `-mtune'.-maltive-mno-altiveGenerate ode that uses (does not use) AltiVe instrutions, and also enable theuse of built-in funtions that allow more diret aess to the AltiVe instrutionset. You may also need to set `-mabi=altive' to adjust the urrent ABI withAltiVe ABI enhanements.-mabi=spe Extend the urrent ABI with SPE ABI extensions. This does not hange thedefault ABI, instead it adds the SPE ABI extensions to the urrent ABI.-mabi=no-speDisable Booke SPE ABI extensions for the urrent ABI.-misel=yes/no-misel This swith enables or disables the generation of ISEL instrutions.-mspe=yes/no-mspe This swith enables or disables the generation of SPE simd instrutions.



158 Using the GNU Compiler Colletion (GCC)-mfloat-gprs=yes/single/double/no-mfloat-gprsThis swith enables or disables the generation of oating point operations onthe general purpose registers for arhitetures that support it.The argument yes or single enables the use of single-preision oating pointoperations.The argument double enables the use of single and double-preision oatingpoint operations.The argument no disables oating point operations on the general purposeregisters.This option is urrently only available on the MPC854x.-m32-m64 Generate ode for 32-bit or 64-bit environments of Darwin and SVR4 targets(inluding GNU/Linux). The 32-bit environment sets int, long and pointerto 32 bits and generates ode that runs on any PowerPC variant. The 64-bitenvironment sets int to 32 bits and long and pointer to 64 bits, and generatesode for PowerPC64, as for `-mpowerp64'.-mfull-to-mno-fp-in-to-mno-sum-in-to-mminimal-toModify generation of the TOC (Table Of Contents), whih is reated for everyexeutable �le. The `-mfull-to' option is seleted by default. In that ase,GCC will alloate at least one TOC entry for eah unique non-automati vari-able referene in your program. GCC will also plae oating-point onstants inthe TOC. However, only 16,384 entries are available in the TOC.If you reeive a linker error message that saying you have overowed the avail-able TOC spae, you an redue the amount of TOC spae used with the`-mno-fp-in-to' and `-mno-sum-in-to' options. `-mno-fp-in-to' preventsGCC from putting oating-point onstants in the TOC and `-mno-sum-in-to'fores GCC to generate ode to alulate the sum of an address and a onstantat run-time instead of putting that sum into the TOC. You may speify oneor both of these options. Eah auses GCC to produe very slightly slower andlarger ode at the expense of onserving TOC spae.If you still run out of spae in the TOC even when you speify both of theseoptions, speify `-mminimal-to' instead. This option auses GCC to makeonly one TOC entry for every �le. When you speify this option, GCC willprodue ode that is slower and larger but whih uses extremely little TOCspae. You may wish to use this option only on �les that ontain less frequentlyexeuted ode.-maix64-maix32 Enable 64-bit AIX ABI and alling onvention: 64-bit pointers, 64-bit longtype, and the infrastruture needed to support them. Speifying `-maix64'implies `-mpowerp64' and `-mpowerp', while `-maix32' disables the 64-bitABI and implies `-mno-powerp64'. GCC defaults to `-maix32'.



Chapter 3: GCC Command Options 159-mxl-ompat-mno-xl-ompatProdue ode that onforms more losely to IBM XLC semantis when usingAIX-ompatible ABI. Pass oating-point arguments to prototyped funtionsbeyond the register save area (RSA) on the stak in addition to argumentFPRs. Do not assume that most signi�ant double in 128 bit long double valueis properly rounded when omparing values.The AIX alling onvention was extended but not initially doumented to han-dle an obsure K&R C ase of alling a funtion that takes the address ofits arguments with fewer arguments than delared. AIX XL ompilers aessoating point arguments whih do not �t in the RSA from the stak when asubroutine is ompiled without optimization. Beause always storing oating-point arguments on the stak is ineÆient and rarely needed, this option is notenabled by default and only is neessary when alling subroutines ompiled byAIX XL ompilers without optimization.-mpe Support IBM RS/6000 SP Parallel Environment (PE). Link an appliationwritten to use message passing with speial startup ode to enable the ap-pliation to run. The system must have PE installed in the standard loa-tion (`/usr/lpp/ppe.poe/'), or the `spes' �le must be overridden with the`-spes=' option to speify the appropriate diretory loation. The ParallelEnvironment does not support threads, so the `-mpe' option and the `-pthread'option are inompatible.-malign-natural-malign-powerOn AIX, 32-bit Darwin, and 64-bit PowerPC GNU/Linux, the option`-malign-natural' overrides the ABI-de�ned alignment of larger types, suhas oating-point doubles, on their natural size-based boundary. The option`-malign-power' instruts GCC to follow the ABI-spei�ed alignment rules.GCC defaults to the standard alignment de�ned in the ABI.On 64-bit Darwin, natural alignment is the default, and `-malign-power' is notsupported.-msoft-float-mhard-floatGenerate ode that does not use (uses) the oating-point register set. Softwareoating point emulation is provided if you use the `-msoft-float' option, andpass the option to GCC when linking.-mmultiple-mno-multipleGenerate ode that uses (does not use) the load multiple word instrutionsand the store multiple word instrutions. These instrutions are generated bydefault on POWER systems, and not generated on PowerPC systems. Do notuse `-mmultiple' on little endian PowerPC systems, sine those instrutionsdo not work when the proessor is in little endian mode. The exeptions arePPC740 and PPC750 whih permit the instrutions usage in little endian mode.



160 Using the GNU Compiler Colletion (GCC)-mstring-mno-stringGenerate ode that uses (does not use) the load string instrutions and thestore string word instrutions to save multiple registers and do small blokmoves. These instrutions are generated by default on POWER systems, andnot generated on PowerPC systems. Do not use `-mstring' on little endianPowerPC systems, sine those instrutions do not work when the proessor isin little endian mode. The exeptions are PPC740 and PPC750 whih permitthe instrutions usage in little endian mode.-mupdate-mno-updateGenerate ode that uses (does not use) the load or store instrutions that updatethe base register to the address of the alulated memory loation. Theseinstrutions are generated by default. If you use `-mno-update', there is a smallwindow between the time that the stak pointer is updated and the address ofthe previous frame is stored, whih means ode that walks the stak frameaross interrupts or signals may get orrupted data.-mfused-madd-mno-fused-maddGenerate ode that uses (does not use) the oating point multiply and au-mulate instrutions. These instrutions are generated by default if hardwareoating is used.-mno-bit-align-mbit-alignOn System V.4 and embedded PowerPC systems do not (do) fore struturesand unions that ontain bit-�elds to be aligned to the base type of the bit-�eld.For example, by default a struture ontaining nothing but 8 unsigned bit-�elds of length 1 would be aligned to a 4 byte boundary and have a size of 4bytes. By using `-mno-bit-align', the struture would be aligned to a 1 byteboundary and be one byte in size.-mno-strit-align-mstrit-alignOn System V.4 and embedded PowerPC systems do not (do) assume that un-aligned memory referenes will be handled by the system.-mreloatable-mno-reloatableOn embedded PowerPC systems generate ode that allows (does not allow)the program to be reloated to a di�erent address at runtime. If you use`-mreloatable' on any module, all objets linked together must be ompiledwith `-mreloatable' or `-mreloatable-lib'.-mreloatable-lib-mno-reloatable-libOn embedded PowerPC systems generate ode that allows (does not allow) theprogram to be reloated to a di�erent address at runtime. Modules ompiled



Chapter 3: GCC Command Options 161with `-mreloatable-lib' an be linked with either modules ompiled without`-mreloatable' and `-mreloatable-lib' or with modules ompiled with the`-mreloatable' options.-mno-to-mto On System V.4 and embedded PowerPC systems do not (do) assume that reg-ister 2 ontains a pointer to a global area pointing to the addresses used in theprogram.-mlittle-mlittle-endianOn System V.4 and embedded PowerPC systems ompile ode for the proessorin little endian mode. The `-mlittle-endian' option is the same as `-mlittle'.-mbig-mbig-endianOn System V.4 and embedded PowerPC systems ompile ode for the proessorin big endian mode. The `-mbig-endian' option is the same as `-mbig'.-mdynami-no-piOn Darwin and Ma OS X systems, ompile ode so that it is not reloatable,but that its external referenes are reloatable. The resulting ode is suitablefor appliations, but not shared libraries.-mprioritize-restrited-insns=priorityThis option ontrols the priority that is assigned to dispath-slot restritedinstrutions during the seond sheduling pass. The argument priority takesthe value 0/1/2 to assign no/highest/seond-highest priority to dispath slotrestrited instrutions.-mshed-ostly-dep=dependene_typeThis option ontrols whih dependenes are onsidered ostly by the targetduring instrution sheduling. The argument dependene type takes one of thefollowing values: no: no dependene is ostly, all: all dependenes are ostly,true store to load: a true dependene from store to load is ostly, store to load:any dependene from store to load is ostly, number: any dependene whihlateny >= number is ostly.-minsert-shed-nops=shemeThis option ontrols whih nop insertion sheme will be used during the seondsheduling pass. The argument sheme takes one of the following values: no:Don't insert nops. pad: Pad with nops any dispath group whih has vaantissue slots, aording to the sheduler's grouping. regroup exat: Insert nopsto fore ostly dependent insns into separate groups. Insert exatly as manynops as needed to fore an insn to a new group, aording to the estimatedproessor grouping. number: Insert nops to fore ostly dependent insns intoseparate groups. Insert number nops to fore an insn to a new group.-mall-sysvOn System V.4 and embedded PowerPC systems ompile ode using allingonventions that adheres to the Marh 1995 draft of the System V Appliation



162 Using the GNU Compiler Colletion (GCC)Binary Interfae, PowerPC proessor supplement. This is the default unlessyou on�gured GCC using `powerp-*-eabiaix'.-mall-sysv-eabiSpeify both `-mall-sysv' and `-meabi' options.-mall-sysv-noeabiSpeify both `-mall-sysv' and `-mno-eabi' options.-mall-solarisOn System V.4 and embedded PowerPC systems ompile ode for the Solarisoperating system.-mall-linuxOn System V.4 and embedded PowerPC systems ompile ode for the Linux-based GNU system.-mall-gnuOn System V.4 and embedded PowerPC systems ompile ode for the Hurd-based GNU system.-mall-netbsdOn System V.4 and embedded PowerPC systems ompile ode for the NetBSDoperating system.-maix-strut-returnReturn all strutures in memory (as spei�ed by the AIX ABI).-msvr4-strut-returnReturn strutures smaller than 8 bytes in registers (as spei�ed by the SVR4ABI).-mabi=altiveExtend the urrent ABI with AltiVe ABI extensions. This does not hangethe default ABI, instead it adds the AltiVe ABI extensions to the urrent ABI.-mabi=no-altiveDisable AltiVe ABI extensions for the urrent ABI.-mprototype-mno-prototypeOn System V.4 and embedded PowerPC systems assume that all alls to vari-able argument funtions are properly prototyped. Otherwise, the ompiler mustinsert an instrution before every non prototyped all to set or lear bit 6of the ondition ode register (CR) to indiate whether oating point valueswere passed in the oating point registers in ase the funtion takes a variablearguments. With `-mprototype', only alls to prototyped variable argumentfuntions will set or lear the bit.-msim On embedded PowerPC systems, assume that the startup module is alled`sim-rt0.o' and that the standard C libraries are `libsim.a' and `lib.a'.This is the default for `powerp-*-eabisim'. on�gurations.-mmvme On embedded PowerPC systems, assume that the startup module is alled`rt0.o' and the standard C libraries are `libmvme.a' and `lib.a'.



Chapter 3: GCC Command Options 163-mads On embedded PowerPC systems, assume that the startup module is alled`rt0.o' and the standard C libraries are `libads.a' and `lib.a'.-myellowknifeOn embedded PowerPC systems, assume that the startup module is alled`rt0.o' and the standard C libraries are `libyk.a' and `lib.a'.-mvxworks On System V.4 and embedded PowerPC systems, speify that you are ompilingfor a VxWorks system.-mwindiss Speify that you are ompiling for the WindISS simulation environment.-memb On embedded PowerPC systems, set the PPC EMB bit in the ELF ags headerto indiate that `eabi' extended reloations are used.-meabi-mno-eabi On System V.4 and embedded PowerPC systems do (do not) adhere to theEmbedded Appliations Binary Interfae (eabi) whih is a set of modi�ationsto the System V.4 spei�ations. Seleting `-meabi' means that the stak isaligned to an 8 byte boundary, a funtion __eabi is alled to from main to setup the eabi environment, and the `-msdata' option an use both r2 and r13to point to two separate small data areas. Seleting `-mno-eabi' means thatthe stak is aligned to a 16 byte boundary, do not all an initialization funtionfrom main, and the `-msdata' option will only use r13 to point to a single smalldata area. The `-meabi' option is on by default if you on�gured GCC usingone of the `powerp*-*-eabi*' options.-msdata=eabiOn System V.4 and embedded PowerPC systems, put small initialized onstglobal and stati data in the `.sdata2' setion, whih is pointed to by registerr2. Put small initialized non-onst global and stati data in the `.sdata'setion, whih is pointed to by register r13. Put small uninitialized global andstati data in the `.sbss' setion, whih is adjaent to the `.sdata' setion.The `-msdata=eabi' option is inompatible with the `-mreloatable' option.The `-msdata=eabi' option also sets the `-memb' option.-msdata=sysvOn System V.4 and embedded PowerPC systems, put small global and statidata in the `.sdata' setion, whih is pointed to by register r13. Put smalluninitialized global and stati data in the `.sbss' setion, whih is adjaentto the `.sdata' setion. The `-msdata=sysv' option is inompatible with the`-mreloatable' option.-msdata=default-msdata On System V.4 and embedded PowerPC systems, if `-meabi' is used, om-pile ode the same as `-msdata=eabi', otherwise ompile ode the same as`-msdata=sysv'.



164 Using the GNU Compiler Colletion (GCC)-msdata-dataOn System V.4 and embedded PowerPC systems, put small global and statidata in the `.sdata' setion. Put small uninitialized global and stati data inthe `.sbss' setion. Do not use register r13 to address small data however.This is the default behavior unless other `-msdata' options are used.-msdata=none-mno-sdataOn embedded PowerPC systems, put all initialized global and stati data inthe `.data' setion, and all uninitialized data in the `.bss' setion.-G num On embedded PowerPC systems, put global and stati items less than or equalto num bytes into the small data or bss setions instead of the normal data orbss setion. By default, num is 8. The `-G num ' swith is also passed to thelinker. All modules should be ompiled with the same `-G num ' value.-mregnames-mno-regnamesOn System V.4 and embedded PowerPC systems do (do not) emit registernames in the assembly language output using symboli forms.-mlongall-mno-longallDefault to making all funtion alls indiretly, using a register, so that funtionswhih reside further than 32 megabytes (33,554,432 bytes) from the urrent lo-ation an be alled. This setting an be overridden by the shortall funtionattribute, or by #pragma longall(0).Some linkers are apable of deteting out-of-range alls and generating glueode on the y. On these systems, long alls are unneessary and generateslower ode. As of this writing, the AIX linker an do this, as an the GNUlinker for PowerPC/64. It is planned to add this feature to the GNU linker for32-bit PowerPC systems as well.On Darwin/PPC systems, #pragma longall will generate \jbsr allee, L42",plus a \branh island" (glue ode). The two target addresses represent theallee and the \branh island". The Darwin/PPC linker will prefer the �rstaddress and generate a \bl allee" if the PPC \bl" instrution will reah theallee diretly; otherwise, the linker will generate \bl L42" to all the \branhisland". The \branh island" is appended to the body of the alling funtion;it omputes the full 32-bit address of the allee and jumps to it.On Mah-O (Darwin) systems, this option direts the ompiler emit to the gluefor every diret all, and the Darwin linker deides whether to use or disardit.In the future, we may ause GCC to ignore all longall spei�ations when thelinker is known to generate glue.-pthread Adds support for multithreading with the pthreads library. This option setsags for both the preproessor and linker.



Chapter 3: GCC Command Options 1653.17.24 S/390 and zSeries OptionsThese are the `-m' options de�ned for the S/390 and zSeries arhiteture.-mhard-float-msoft-floatUse (do not use) the hardware oating-point instrutions and registersfor oating-point operations. When `-msoft-float' is spei�ed, funtionsin `libg.a' will be used to perform oating-point operations. When`-mhard-float' is spei�ed, the ompiler generates IEEE oating-pointinstrutions. This is the default.-mbakhain-mno-bakhainStore (do not store) the address of the aller's frame as bakhain pointer intothe allee's stak frame. A bakhain may be needed to allow debugging us-ing tools that do not understand DWARF-2 all frame information. When`-mno-paked-stak' is in e�et, the bakhain pointer is stored at the bottomof the stak frame; when `-mpaked-stak' is in e�et, the bakhain is plaedinto the topmost word of the 96/160 byte register save area.In general, ode ompiled with `-mbakhain' is all-ompatible with ode om-piled with `-mmo-bakhain'; however, use of the bakhain for debugging pur-poses usually requires that the whole binary is built with `-mbakhain'. Notethat the ombination of `-mbakhain', `-mpaked-stak' and `-mhard-float'is not supported. In order to build a linux kernel use `-msoft-float'.The default is to not maintain the bakhain.-mpaked-stak-mno-paked-stakUse (do not use) the paked stak layout. When `-mno-paked-stak' is spe-i�ed, the ompiler uses the all �elds of the 96/160 byte register save areaonly for their default purpose; unused �elds still take up stak spae. When`-mpaked-stak' is spei�ed, register save slots are densely paked at the topof the register save area; unused spae is reused for other purposes, allowing formore eÆient use of the available stak spae. However, when `-mbakhain'is also in e�et, the topmost word of the save area is always used to store thebakhain, and the return address register is always saved two words below thebakhain.As long as the stak frame bakhain is not used, ode generatedwith `-mpaked-stak' is all-ompatible with ode generated with`-mno-paked-stak'. Note that some non-FSF releases of GCC 2.95 forS/390 or zSeries generated ode that uses the stak frame bakhain at runtime, not just for debugging purposes. Suh ode is not all-ompatible withode ompiled with `-mpaked-stak'. Also, note that the ombination of`-mbakhain', `-mpaked-stak' and `-mhard-float' is not supported. Inorder to build a linux kernel use `-msoft-float'.The default is to not use the paked stak layout.



166 Using the GNU Compiler Colletion (GCC)-msmall-exe-mno-small-exeGenerate (or do not generate) ode using the bras instrution to do subroutinealls. This only works reliably if the total exeutable size does not exeed 64k.The default is to use the basr instrution instead, whih does not have thislimitation.-m64-m31 When `-m31' is spei�ed, generate ode ompliant to the GNU/Linux for S/390ABI. When `-m64' is spei�ed, generate ode ompliant to the GNU/Linux forzSeries ABI. This allows GCC in partiular to generate 64-bit instrutions. Forthe `s390' targets, the default is `-m31', while the `s390x' targets default to`-m64'.-mzarh-mesa When `-mzarh' is spei�ed, generate ode using the instrutions available onz/Arhiteture. When `-mesa' is spei�ed, generate ode using the instrutionsavailable on ESA/390. Note that `-mesa' is not possible with `-m64'. Whengenerating ode ompliant to the GNU/Linux for S/390 ABI, the default is`-mesa'. When generating ode ompliant to the GNU/Linux for zSeries ABI,the default is `-mzarh'.-mmvle-mno-mvleGenerate (or do not generate) ode using the mvle instrution to performblok moves. When `-mno-mvle' is spei�ed, use a mv loop instead. This isthe default.-mdebug-mno-debugPrint (or do not print) additional debug information when ompiling. Thedefault is to not print debug information.-marh=pu-typeGenerate ode that will run on pu-type, whih is the name of a system repre-senting a ertain proessor type. Possible values for pu-type are `g5', `g6',`z900', and `z990'. When generating ode using the instrutions availableon z/Arhiteture, the default is `-marh=z900'. Otherwise, the default is`-marh=g5'.-mtune=pu-typeTune to pu-type everything appliable about the generated ode, exept forthe ABI and the set of available instrutions. The list of pu-type values is thesame as for `-marh'. The default is the value used for `-marh'.-mtpf-trae-mno-tpf-traeGenerate ode that adds (does not add) in TPF OS spei� branhes to traeroutines in the operating system. This option is o� by default, even whenompiling for the TPF OS.



Chapter 3: GCC Command Options 167-mfused-madd-mno-fused-maddGenerate ode that uses (does not use) the oating point multiply and au-mulate instrutions. These instrutions are generated by default if hardwareoating point is used.-mwarn-framesize=framesizeEmit a warning if the urrent funtion exeeds the given frame size. Beausethis is a ompile time hek it doesn't need to be a real problem when theprogram runs. It is intended to identify funtions whih most probably ausea stak overow. It is useful to be used in an environment with limited staksize e.g. the linux kernel.-mwarn-dynamistakEmit a warning if the funtion alls alloa or uses dynamially sized arrays.This is generally a bad idea with a limited stak size.-mstak-guard=stak-guard-mstak-size=stak-sizeThese arguments always have to be used in onjuntion. If they are presentthe s390 bak end emits additional instrutions in the funtion prologue whihtrigger a trap if the stak size is stak-guard bytes above the stak-size (remem-ber that the stak on s390 grows downward). These options are intended tobe used to help debugging stak overow problems. The additionally emittedode ause only little overhead and hene an also be used in prodution likesystems without greater performane degradation. The given values have to beexat powers of 2 and stak-size has to be greater than stak-guard. In orderto be eÆient the extra ode makes the assumption that the stak starts at anaddress aligned to the value given by stak-size.3.17.25 SH OptionsThese `-m' options are de�ned for the SH implementations:-m1 Generate ode for the SH1.-m2 Generate ode for the SH2.-m2e Generate ode for the SH2e.-m3 Generate ode for the SH3.-m3e Generate ode for the SH3e.-m4-nofpu Generate ode for the SH4 without a oating-point unit.-m4-single-onlyGenerate ode for the SH4 with a oating-point unit that only supports single-preision arithmeti.-m4-singleGenerate ode for the SH4 assuming the oating-point unit is in single-preisionmode by default.



168 Using the GNU Compiler Colletion (GCC)-m4 Generate ode for the SH4.-m4a-nofpuGenerate ode for the SH4al-dsp, or for a SH4a in suh a way that the oating-point unit is not used.-m4a-single-onlyGenerate ode for the SH4a, in suh a way that no double-preision oatingpoint operations are used.-m4a-singleGenerate ode for the SH4a assuming the oating-point unit is insingle-preision mode by default.-m4a Generate ode for the SH4a.-m4al Same as `-m4a-nofpu', exept that it impliitly passes `-dsp' to the assembler.GCC doesn't generate any DSP instrutions at the moment.-mb Compile ode for the proessor in big endian mode.-ml Compile ode for the proessor in little endian mode.-mdalign Align doubles at 64-bit boundaries. Note that this hanges the alling onven-tions, and thus some funtions from the standard C library will not work unlessyou reompile it �rst with `-mdalign'.-mrelax Shorten some address referenes at link time, when possible; uses the linkeroption `-relax'.-mbigtableUse 32-bit o�sets in swith tables. The default is to use 16-bit o�sets.-mfmovd Enable the use of the instrution fmovd.-mhitahi Comply with the alling onventions de�ned by Renesas.-mrenesas Comply with the alling onventions de�ned by Renesas.-mno-renesasComply with the alling onventions de�ned for GCC before the Renesas on-ventions were available. This option is the default for all targets of the SHtoolhain exept for `sh-symbianelf'.-mnomasaveMark the MAC register as all-lobbered, even if `-mhitahi' is given.-mieee Inrease IEEE-ompliane of oating-point ode.-misize Dump instrution size and loation in the assembly ode.-mpadstrutThis option is depreated. It pads strutures to multiple of 4 bytes, whih isinompatible with the SH ABI.-mspae Optimize for spae instead of speed. Implied by `-Os'.



Chapter 3: GCC Command Options 169-mprefergotWhen generating position-independent ode, emit funtion alls using theGlobal O�set Table instead of the Proedure Linkage Table.-musermodeGenerate a library funtion all to invalidate instrution ahe entries, after�xing up a trampoline. This library funtion all doesn't assume it an writeto the whole memory address spae. This is the default when the target issh-*-linux*.3.17.26 SPARC OptionsThese `-m' options are supported on the SPARC:-mno-app-regs-mapp-regsSpeify `-mapp-regs' to generate output using the global registers 2 through 4,whih the SPARC SVR4 ABI reserves for appliations. This is the default.To be fully SVR4 ABI ompliant at the ost of some performane loss, speify`-mno-app-regs'. You should ompile libraries and system software with thisoption.-mfpu-mhard-floatGenerate output ontaining oating point instrutions. This is the default.-mno-fpu-msoft-floatGenerate output ontaining library alls for oating point. Warning: the req-uisite libraries are not available for all SPARC targets. Normally the failitiesof the mahine's usual C ompiler are used, but this annot be done diretly inross-ompilation. You must make your own arrangements to provide suitablelibrary funtions for ross-ompilation. The embedded targets `spar-*-aout'and `sparlite-*-*' do provide software oating point support.`-msoft-float' hanges the alling onvention in the output �le; therefore, itis only useful if you ompile all of a program with this option. In partiu-lar, you need to ompile `libg.a', the library that omes with GCC, with`-msoft-float' in order for this to work.-mhard-quad-floatGenerate output ontaining quad-word (long double) oating point instrutions.-msoft-quad-floatGenerate output ontaining library alls for quad-word (long double) oatingpoint instrutions. The funtions alled are those spei�ed in the SPARC ABI.This is the default.As of this writing, there are no SPARC implementations that have hardwaresupport for the quad-word oating point instrutions. They all invoke a traphandler for one of these instrutions, and then the trap handler emulates thee�et of the instrution. Beause of the trap handler overhead, this is muh



170 Using the GNU Compiler Colletion (GCC)slower than alling the ABI library routines. Thus the `-msoft-quad-float'option is the default.-mno-unaligned-doubles-munaligned-doublesAssume that doubles have 8 byte alignment. This is the default.With `-munaligned-doubles', GCC assumes that doubles have 8 byte align-ment only if they are ontained in another type, or if they have an absoluteaddress. Otherwise, it assumes they have 4 byte alignment. Speifying thisoption avoids some rare ompatibility problems with ode generated by otherompilers. It is not the default beause it results in a performane loss, espe-ially for oating point ode.-mno-faster-struts-mfaster-strutsWith `-mfaster-struts', the ompiler assumes that strutures should have8 byte alignment. This enables the use of pairs of ldd and std instrutionsfor opies in struture assignment, in plae of twie as many ld and st pairs.However, the use of this hanged alignment diretly violates the SPARC ABI.Thus, it's intended only for use on targets where the developer aknowledgesthat their resulting ode will not be diretly in line with the rules of the ABI.-mimpure-text`-mimpure-text', used in addition to `-shared', tells the ompiler to not pass`-z text' to the linker when linking a shared objet. Using this option, you anlink position-dependent ode into a shared objet.`-mimpure-text' suppresses the \reloations remain against alloatable butnon-writable setions" linker error message. However, the neessary reloa-tions will trigger opy-on-write, and the shared objet is not atually sharedaross proesses. Instead of using `-mimpure-text', you should ompile allsoure ode with `-fpi' or `-fPIC'.This option is only available on SunOS and Solaris.-mpu=pu_typeSet the instrution set, register set, and instrution sheduling parameters formahine type pu type. Supported values for pu type are `v7', `ypress',`v8', `superspar', `sparlite', `f930', `f934', `hyperspar', `sparlite86x',`sparlet', `ts701', `v9', `ultraspar', and `ultraspar3'.Default instrution sheduling parameters are used for values that selet anarhiteture and not an implementation. These are `v7', `v8', `sparlite',`sparlet', `v9'.Here is a list of eah supported arhiteture and their supported implementa-tions. v7: ypressv8: superspar, hypersparsparlite: f930, f934, sparlite86xsparlet: ts701v9: ultraspar, ultraspar3



Chapter 3: GCC Command Options 171By default (unless on�gured otherwise), GCC generates ode for the V7 vari-ant of the SPARC arhiteture. With `-mpu=ypress', the ompiler addition-ally optimizes it for the Cypress CY7C602 hip, as used in the SPARCSta-tion/SPARCServer 3xx series. This is also appropriate for the older SPARC-Station 1, 2, IPX et.With `-mpu=v8', GCC generates ode for the V8 variant of the SPARC arhi-teture. The only di�erene from V7 ode is that the ompiler emits the integermultiply and integer divide instrutions whih exist in SPARC-V8 but not inSPARC-V7. With `-mpu=superspar', the ompiler additionally optimizes itfor the SuperSPARC hip, as used in the SPARCStation 10, 1000 and 2000series.With `-mpu=sparlite', GCC generates ode for the SPARClite variant of theSPARC arhiteture. This adds the integer multiply, integer divide step andsan (ffs) instrutions whih exist in SPARClite but not in SPARC-V7. With`-mpu=f930', the ompiler additionally optimizes it for the Fujitsu MB86930hip, whih is the original SPARClite, with no FPU. With `-mpu=f934', theompiler additionally optimizes it for the Fujitsu MB86934 hip, whih is themore reent SPARClite with FPU.With `-mpu=sparlet', GCC generates ode for the SPARClet variant of theSPARC arhiteture. This adds the integer multiply, multiply/aumulate,integer divide step and san (ffs) instrutions whih exist in SPARClet butnot in SPARC-V7. With `-mpu=ts701', the ompiler additionally optimizesit for the TEMIC SPARClet hip.With `-mpu=v9', GCC generates ode for the V9 variant of the SPARC arhi-teture. This adds 64-bit integer and oating-point move instrutions, 3 addi-tional oating-point ondition ode registers and onditional move instrutions.With `-mpu=ultraspar', the ompiler additionally optimizes it for the SunUltraSPARC I/II hips. With `-mpu=ultraspar3', the ompiler additionallyoptimizes it for the Sun UltraSPARC III hip.-mtune=pu_typeSet the instrution sheduling parameters for mahine type pu type, but donot set the instrution set or register set that the option `-mpu=pu_type 'would.The same values for `-mpu=pu_type ' an be used for `-mtune=pu_type ',but the only useful values are those that selet a partiular pu implemen-tation. Those are `ypress', `superspar', `hyperspar', `f930', `f934',`sparlite86x', `ts701', `ultraspar', and `ultraspar3'.-mv8plus-mno-v8plusWith `-mv8plus', GCC generates ode for the SPARC-V8+ ABI. The di�erenefrom the V8 ABI is that the global and out registers are onsidered 64-bitwide. This is enabled by default on Solaris in 32-bit mode for all SPARC-V9proessors.



172 Using the GNU Compiler Colletion (GCC)-mvis-mno-vis With `-mvis', GCC generates ode that takes advantage of the UltraSPARCVisual Instrution Set extensions. The default is `-mno-vis'.These `-m' options are supported in addition to the above on SPARC-V9 proessors in64-bit environments:-mlittle-endianGenerate ode for a proessor running in little-endian mode. It is only availablefor a few on�gurations and most notably not on Solaris and Linux.-m32-m64 Generate ode for a 32-bit or 64-bit environment. The 32-bit environment setsint, long and pointer to 32 bits. The 64-bit environment sets int to 32 bits andlong and pointer to 64 bits.-mmodel=medlowGenerate ode for the Medium/Low ode model: 64-bit addresses, programsmust be linked in the low 32 bits of memory. Programs an be statially ordynamially linked.-mmodel=medmidGenerate ode for the Medium/Middle ode model: 64-bit addresses, programsmust be linked in the low 44 bits of memory, the text and data segments mustbe less than 2GB in size and the data segment must be loated within 2GB ofthe text segment.-mmodel=medanyGenerate ode for the Medium/Anywhere ode model: 64-bit addresses, pro-grams may be linked anywhere in memory, the text and data segments mustbe less than 2GB in size and the data segment must be loated within 2GB ofthe text segment.-mmodel=embmedanyGenerate ode for the Medium/Anywhere ode model for embedded systems:64-bit addresses, the text and data segments must be less than 2GB in size, bothstarting anywhere in memory (determined at link time). The global register%g4 points to the base of the data segment. Programs are statially linked andPIC is not supported.-mstak-bias-mno-stak-biasWith `-mstak-bias', GCC assumes that the stak pointer, and frame pointerif present, are o�set by �2047 whih must be added bak when making stakframe referenes. This is the default in 64-bit mode. Otherwise, assume nosuh o�set is present.These swithes are supported in addition to the above on Solaris:-threads Add support for multithreading using the Solaris threads library. This optionsets ags for both the preproessor and linker. This option does not a�etthe thread safety of objet ode produed by the ompiler or that of librariessupplied with it.



Chapter 3: GCC Command Options 173-pthreads Add support for multithreading using the POSIX threads library. This optionsets ags for both the preproessor and linker. This option does not a�etthe thread safety of objet ode produed by the ompiler or that of librariessupplied with it.3.17.27 Options for System VThese additional options are available on System V Release 4 for ompatibility with otherompilers on those systems:-G Create a shared objet. It is reommended that `-symboli' or `-shared' beused instead.-Qy Identify the versions of eah tool used by the ompiler, in a .ident assemblerdiretive in the output.-Qn Refrain from adding .ident diretives to the output �le (this is the default).-YP,dirs Searh the diretories dirs, and no others, for libraries spei�ed with `-l'.-Ym,dir Look in the diretory dir to �nd the M4 preproessor. The assembler uses thisoption.3.17.28 TMS320C3x/C4x OptionsThese `-m' options are de�ned for TMS320C3x/C4x implementations:-mpu=pu_typeSet the instrution set, register set, and instrution sheduling parameters formahine type pu type. Supported values for pu type are `30', `31', `32',`40', and `44'. The default is `40' to generate ode for the TMS320C40.-mbig-memory-mbig-msmall-memory-msmall Generates ode for the big or small memory model. The small memory modelassumed that all data �ts into one 64K word page. At run-time the data page(DP) register must be set to point to the 64K page ontaining the .bss and .dataprogram setions. The big memory model is the default and requires reloadingof the DP register for every diret memory aess.-mbk-mno-bk Allow (disallow) alloation of general integer operands into the blok ountregister BK.-mdb-mno-db Enable (disable) generation of ode using derement and branh, DBond(D),instrutions. This is enabled by default for the C4x. To be on the safe side,this is disabled for the C3x, sine the maximum iteration ount on the C3x is223 + 1 (but who iterates loops more than 223 times on the C3x?). Note thatGCC will try to reverse a loop so that it an utilize the derement and branhinstrution, but will give up if there is more than one memory referene in the



174 Using the GNU Compiler Colletion (GCC)loop. Thus a loop where the loop ounter is deremented an generate slightlymore eÆient ode, in ases where the RPTB instrution annot be utilized.-mdp-isr-reload-mparanoidFore the DP register to be saved on entry to an interrupt servie routine (ISR),reloaded to point to the data setion, and restored on exit from the ISR. Thisshould not be required unless someone has violated the small memory modelby modifying the DP register, say within an objet library.-mmpyi-mno-mpyi For the C3x use the 24-bit MPYI instrution for integer multiplies instead ofa library all to guarantee 32-bit results. Note that if one of the operands isa onstant, then the multipliation will be performed using shifts and adds. Ifthe `-mmpyi' option is not spei�ed for the C3x, then squaring operations areperformed inline instead of a library all.-mfast-fix-mno-fast-fixThe C3x/C4x FIX instrution to onvert a oating point value to an integervalue hooses the nearest integer less than or equal to the oating point valuerather than to the nearest integer. Thus if the oating point number is negative,the result will be inorretly trunated an additional ode is neessary to detetand orret this ase. This option an be used to disable generation of theadditional ode required to orret the result.-mrptb-mno-rptb Enable (disable) generation of repeat blok sequenes using the RPTB instru-tion for zero overhead looping. The RPTB onstrut is only used for innermostloops that do not all funtions or jump aross the loop boundaries. There is noadvantage having nested RPTB loops due to the overhead required to save andrestore the RC, RS, and RE registers. This is enabled by default with `-O2'.-mrpts=ount-mno-rpts Enable (disable) the use of the single instrution repeat instrution RPTS. If arepeat blok ontains a single instrution, and the loop ount an be guaranteedto be less than the value ount, GCC will emit a RPTS instrution instead ofa RPTB. If no value is spei�ed, then a RPTS will be emitted even if the loopount annot be determined at ompile time. Note that the repeated instrutionfollowing RPTS does not have to be reloaded from memory eah iteration, thusfreeing up the CPU buses for operands. However, sine interrupts are blokedby this instrution, it is disabled by default.-mloop-unsigned-mno-loop-unsignedThe maximum iteration ount when using RPTS and RPTB (and DB on theC40) is 231 + 1 sine these instrutions test if the iteration ount is negative to



Chapter 3: GCC Command Options 175terminate the loop. If the iteration ount is unsigned there is a possibility thanthe 231 + 1 maximum iteration ount may be exeeded. This swith allows anunsigned iteration ount.-mti Try to emit an assembler syntax that the TI assembler (asm30) is happy with.This also enfores ompatibility with the API employed by the TI C3x C om-piler. For example, long doubles are passed as strutures rather than in oatingpoint registers.-mregparm-mmemparm Generate ode that uses registers (stak) for passing arguments to funtions.By default, arguments are passed in registers where possible rather than bypushing arguments on to the stak.-mparallel-insns-mno-parallel-insnsAllow the generation of parallel instrutions. This is enabled by default with`-O2'.-mparallel-mpy-mno-parallel-mpyAllow the generation of MPY||ADD and MPY||SUB parallel instrutions,provided `-mparallel-insns' is also spei�ed. These instrutions have tightregister onstraints whih an pessimize the ode generation of large funtions.3.17.29 V850 OptionsThese `-m' options are de�ned for V850 implementations:-mlong-alls-mno-long-allsTreat all alls as being far away (near). If alls are assumed to be far away,the ompiler will always load the funtions address up into a register, and allindiret through the pointer.-mno-ep-mep Do not optimize (do optimize) basi bloks that use the same index pointer 4or more times to opy pointer into the ep register, and use the shorter sld andsst instrutions. The `-mep' option is on by default if you optimize.-mno-prolog-funtion-mprolog-funtionDo not use (do use) external funtions to save and restore registers at theprologue and epilogue of a funtion. The external funtions are slower, but useless ode spae if more than one funtion saves the same number of registers.The `-mprolog-funtion' option is on by default if you optimize.-mspae Try to make the ode as small as possible. At present, this just turns on the`-mep' and `-mprolog-funtion' options.-mtda=n Put stati or global variables whose size is n bytes or less into the tiny dataarea that register ep points to. The tiny data area an hold up to 256 bytes intotal (128 bytes for byte referenes).



176 Using the GNU Compiler Colletion (GCC)-msda=n Put stati or global variables whose size is n bytes or less into the small dataarea that register gp points to. The small data area an hold up to 64 kilobytes.-mzda=n Put stati or global variables whose size is n bytes or less into the �rst 32kilobytes of memory.-mv850 Speify that the target proessor is the V850.-mbig-swithGenerate ode suitable for big swith tables. Use this option only if the assem-bler/linker omplain about out of range branhes within a swith table.-mapp-regsThis option will ause r2 and r5 to be used in the ode generated by the ompiler.This setting is the default.-mno-app-regsThis option will ause r2 and r5 to be treated as �xed registers.-mv850e1 Speify that the target proessor is the V850E1. The preproessor onstants`__v850e1__' and `__v850e__' will be de�ned if this option is used.-mv850e Speify that the target proessor is the V850E. The preproessor onstant`__v850e__' will be de�ned if this option is used.If neither `-mv850' nor `-mv850e' nor `-mv850e1' are de�ned then a default tar-get proessor will be hosen and the relevant `__v850*__' preproessor onstantwill be de�ned.The preproessor onstants `__v850' and `__v851__' are always de�ned, regard-less of whih proessor variant is the target.-mdisable-alltThis option will suppress generation of the CALLT instrution for the v850e andv850e1 avors of the v850 arhiteture. The default is `-mno-disable-allt'whih allows the CALLT instrution to be used.3.17.30 VAX OptionsThese `-m' options are de�ned for the VAX:-munix Do not output ertain jump instrutions (aobleq and so on) that the Unixassembler for the VAX annot handle aross long ranges.-mgnu Do output those jump instrutions, on the assumption that you will assemblewith the GNU assembler.-mg Output ode for g-format oating point numbers instead of d-format.3.17.31 x86-64 OptionsThese are listed under See Setion 3.17.11 [i386 and x86-64 Options℄, page 130.3.17.32 Xstormy16 OptionsThese options are de�ned for Xstormy16:-msim Choose startup �les and linker sript suitable for the simulator.



Chapter 3: GCC Command Options 1773.17.33 Xtensa OptionsThese options are supported for Xtensa targets:-monst16-mno-onst16Enable or disable use of CONST16 instrutions for loading onstant values. TheCONST16 instrution is urrently not a standard option from Tensilia. Whenenabled, CONST16 instrutions are always used in plae of the standard L32R in-strutions. The use of CONST16 is enabled by default only if the L32R instrutionis not available.-mfused-madd-mno-fused-maddEnable or disable use of fused multiply/add and multiply/subtrat instrutionsin the oating-point option. This has no e�et if the oating-point optionis not also enabled. Disabling fused multiply/add and multiply/subtrat in-strutions fores the ompiler to use separate instrutions for the multiply andadd/subtrat operations. This may be desirable in some ases where stritIEEE 754-ompliant results are required: the fused multiply add/subtrat in-strutions do not round the intermediate result, thereby produing results withmore bits of preision than spei�ed by the IEEE standard. Disabling fusedmultiply add/subtrat instrutions also ensures that the program output is notsensitive to the ompiler's ability to ombine multiply and add/subtrat oper-ations.-mtext-setion-literals-mno-text-setion-literalsControl the treatment of literal pools. The default is `-mno-text-setion-literals',whih plaes literals in a separate setion in the output �le. This allows theliteral pool to be plaed in a data RAM/ROM, and it also allows the linker toombine literal pools from separate objet �les to remove redundant literalsand improve ode size. With `-mtext-setion-literals', the literals areinterspersed in the text setion in order to keep them as lose as possible totheir referenes. This may be neessary for large assembly �les.-mtarget-align-mno-target-alignWhen this option is enabled, GCC instruts the assembler to automatially aligninstrutions to redue branh penalties at the expense of some ode density. Theassembler attempts to widen density instrutions to align branh targets andthe instrutions following all instrutions. If there are not enough preedingsafe density instrutions to align a target, no widening will be performed. Thedefault is `-mtarget-align'. These options do not a�et the treatment of auto-aligned instrutions like LOOP, whih the assembler will always align, either bywidening density instrutions or by inserting no-op instrutions.-mlongalls-mno-longallsWhen this option is enabled, GCC instruts the assembler to translate diretalls to indiret alls unless it an determine that the target of a diret all is



178 Using the GNU Compiler Colletion (GCC)in the range allowed by the all instrution. This translation typially oursfor alls to funtions in other soure �les. Spei�ally, the assembler translatesa diret CALL instrution into an L32R followed by a CALLX instrution. Thedefault is `-mno-longalls'. This option should be used in programs wherethe all target an potentially be out of range. This option is implemented inthe assembler, not the ompiler, so the assembly ode generated by GCC willstill show diret all instrutions|look at the disassembled objet ode to seethe atual instrutions. Note that the assembler will use an indiret all forevery ross-�le all, not just those that really will be out of range.3.17.34 zSeries OptionsThese are listed under See Setion 3.17.24 [S/390 and zSeries Options℄, page 165.3.18 Options for Code Generation ConventionsThese mahine-independent options ontrol the interfae onventions used in ode genera-tion.Most of them have both positive and negative forms; the negative form of `-ffoo' wouldbe `-fno-foo'. In the table below, only one of the forms is listed|the one whih is not thedefault. You an �gure out the other form by either removing `no-' or adding it.-fbounds-hekFor front-ends that support it, generate additional ode to hek that indiesused to aess arrays are within the delared range. This is urrently onlysupported by the Java and Fortran 77 front-ends, where this option defaults totrue and false respetively.-ftrapv This option generates traps for signed overow on addition, subtration, mul-tipliation operations.-fwrapv This option instruts the ompiler to assume that signed arithmeti overow ofaddition, subtration and multipliation wraps around using twos-omplementrepresentation. This ag enables some optimizations and disables other. Thisoption is enabled by default for the Java front-end, as required by the Javalanguage spei�ation.-fexeptionsEnable exeption handling. Generates extra ode needed to propagate exep-tions. For some targets, this implies GCC will generate frame unwind informa-tion for all funtions, whih an produe signi�ant data size overhead, althoughit does not a�et exeution. If you do not speify this option, GCC will enableit by default for languages like C++ whih normally require exeption handling,and disable it for languages like C that do not normally require it. However,you may need to enable this option when ompiling C ode that needs to inter-operate properly with exeption handlers written in C++. You may also wishto disable this option if you are ompiling older C++ programs that don't useexeption handling.



Chapter 3: GCC Command Options 179-fnon-all-exeptionsGenerate ode that allows trapping instrutions to throw exeptions. Note thatthis requires platform-spei� runtime support that does not exist everywhere.Moreover, it only allows trapping instrutions to throw exeptions, i.e. memoryreferenes or oating point instrutions. It does not allow exeptions to bethrown from arbitrary signal handlers suh as SIGALRM.-funwind-tablesSimilar to `-fexeptions', exept that it will just generate any needed statidata, but will not a�et the generated ode in any other way. You will normallynot enable this option; instead, a language proessor that needs this handlingwould enable it on your behalf.-fasynhronous-unwind-tablesGenerate unwind table in dwarf2 format, if supported by target mahine. Thetable is exat at eah instrution boundary, so it an be used for stak unwindingfrom asynhronous events (suh as debugger or garbage olletor).-fp-strut-returnReturn \short" strut and union values in memory like longer ones, ratherthan in registers. This onvention is less eÆient, but it has the advantageof allowing interallability between GCC-ompiled �les and �les ompiled withother ompilers, partiularly the Portable C Compiler (p).The preise onvention for returning strutures in memory depends on the tar-get on�guration maros.Short strutures and unions are those whose size and alignment math that ofsome integer type.Warning: ode ompiled with the `-fp-strut-return' swith is not binaryompatible with ode ompiled with the `-freg-strut-return' swith. Useit to onform to a non-default appliation binary interfae.-freg-strut-returnReturn strut and union values in registers when possible. This is more eÆ-ient for small strutures than `-fp-strut-return'.If you speify neither `-fp-strut-return' nor `-freg-strut-return',GCC defaults to whihever onvention is standard for the target. If there isno standard onvention, GCC defaults to `-fp-strut-return', exept ontargets where GCC is the prinipal ompiler. In those ases, we an hoosethe standard, and we hose the more eÆient register return alternative.Warning: ode ompiled with the `-freg-strut-return' swith is not binaryompatible with ode ompiled with the `-fp-strut-return' swith. Useit to onform to a non-default appliation binary interfae.-fshort-enumsAlloate to an enum type only as many bytes as it needs for the delared rangeof possible values. Spei�ally, the enum type will be equivalent to the smallestinteger type whih has enough room.



180 Using the GNU Compiler Colletion (GCC)Warning: the `-fshort-enums' swith auses GCC to generate ode that is notbinary ompatible with ode generated without that swith. Use it to onformto a non-default appliation binary interfae.-fshort-doubleUse the same size for double as for float.Warning: the `-fshort-double' swith auses GCC to generate ode that is notbinary ompatible with ode generated without that swith. Use it to onformto a non-default appliation binary interfae.-fshort-wharOverride the underlying type for `whar_t' to be `short unsigned int' insteadof the default for the target. This option is useful for building programs to rununder WINE.Warning: the `-fshort-whar' swith auses GCC to generate ode that is notbinary ompatible with ode generated without that swith. Use it to onformto a non-default appliation binary interfae.-fshared-dataRequests that the data and non-onst variables of this ompilation be shareddata rather than private data. The distintion makes sense only on ertainoperating systems, where shared data is shared between proesses running thesame program, while private data exists in one opy per proess.-fno-ommonIn C, alloate even uninitialized global variables in the data setion of the objet�le, rather than generating them as ommon bloks. This has the e�et thatif the same variable is delared (without extern) in two di�erent ompilations,you will get an error when you link them. The only reason this might be usefulis if you wish to verify that the program will work on other systems whihalways work this way.-fno-identIgnore the `#ident' diretive.-finhibit-size-diretiveDon't output a .size assembler diretive, or anything else that would ausetrouble if the funtion is split in the middle, and the two halves are plaed at lo-ations far apart in memory. This option is used when ompiling `rtstuff.';you should not need to use it for anything else.-fverbose-asmPut extra ommentary information in the generated assembly ode to make itmore readable. This option is generally only of use to those who atually needto read the generated assembly ode (perhaps while debugging the ompileritself).`-fno-verbose-asm', the default, auses the extra information to be omittedand is useful when omparing two assembler �les.-fpi Generate position-independent ode (PIC) suitable for use in a shared library,if supported for the target mahine. Suh ode aesses all onstant addresses



Chapter 3: GCC Command Options 181through a global o�set table (GOT). The dynami loader resolves the GOTentries when the program starts (the dynami loader is not part of GCC; itis part of the operating system). If the GOT size for the linked exeutableexeeds a mahine-spei� maximum size, you get an error message from thelinker indiating that `-fpi' does not work; in that ase, reompile with `-fPIC'instead. (These maximums are 8k on the SPARC and 32k on the m68k andRS/6000. The 386 has no suh limit.)Position-independent ode requires speial support, and therefore works only onertain mahines. For the 386, GCC supports PIC for System V but not for theSun 386i. Code generated for the IBM RS/6000 is always position-independent.-fPIC If supported for the target mahine, emit position-independent ode, suitablefor dynami linking and avoiding any limit on the size of the global o�set table.This option makes a di�erene on the m68k, PowerPC and SPARC.Position-independent ode requires speial support, and therefore works onlyon ertain mahines.-fpie-fPIE These options are similar to `-fpi' and `-fPIC', but generated position inde-pendent ode an be only linked into exeutables. Usually these options areused when `-pie' GCC option will be used during linking.-ffixed-regTreat the register named reg as a �xed register; generated ode should neverrefer to it (exept perhaps as a stak pointer, frame pointer or in some other�xed role).reg must be the name of a register. The register names aepted are mahine-spei� and are de�ned in the REGISTER_NAMES maro in the mahine desrip-tion maro �le.This ag does not have a negative form, beause it spei�es a three-way hoie.-fall-used-regTreat the register named reg as an alloable register that is lobbered by fun-tion alls. It may be alloated for temporaries or variables that do not liveaross a all. Funtions ompiled this way will not save and restore the registerreg.It is an error to used this ag with the frame pointer or stak pointer. Useof this ag for other registers that have �xed pervasive roles in the mahine'sexeution model will produe disastrous results.This ag does not have a negative form, beause it spei�es a three-way hoie.-fall-saved-regTreat the register named reg as an alloable register saved by funtions. It maybe alloated even for temporaries or variables that live aross a all. Funtionsompiled this way will save and restore the register reg if they use it.It is an error to used this ag with the frame pointer or stak pointer. Useof this ag for other registers that have �xed pervasive roles in the mahine'sexeution model will produe disastrous results.



182 Using the GNU Compiler Colletion (GCC)A di�erent sort of disaster will result from the use of this ag for a register inwhih funtion values may be returned.This ag does not have a negative form, beause it spei�es a three-way hoie.-fpak-strut[=n℄Without a value spei�ed, pak all struture members together without holes.When a value is spei�ed (whih must be a small power of two), pak struturemembers aording to this value, representing the maximum alignment (thatis, objets with default alignment requirements larger than this will be outputpotentially unaligned at the next �tting loation.Warning: the `-fpak-strut' swith auses GCC to generate ode that isnot binary ompatible with ode generated without that swith. Additionally,it makes the ode suboptimal. Use it to onform to a non-default appliationbinary interfae.-finstrument-funtionsGenerate instrumentation alls for entry and exit to funtions. Just after fun-tion entry and just before funtion exit, the following pro�ling funtions willbe alled with the address of the urrent funtion and its all site. (On someplatforms, __builtin_return_addressdoes not work beyond the urrent fun-tion, so the all site information may not be available to the pro�ling funtionsotherwise.)void __yg_profile_fun_enter (void *this_fn,void *all_site);void __yg_profile_fun_exit (void *this_fn,void *all_site);The �rst argument is the address of the start of the urrent funtion, whihmay be looked up exatly in the symbol table.This instrumentation is also done for funtions expanded inline in other fun-tions. The pro�ling alls will indiate where, oneptually, the inline funtionis entered and exited. This means that addressable versions of suh funtionsmust be available. If all your uses of a funtion are expanded inline, this maymean an additional expansion of ode size. If you use `extern inline' in yourC ode, an addressable version of suh funtions must be provided. (This isnormally the ase anyways, but if you get luky and the optimizer always ex-pands the funtions inline, you might have gotten away without providing statiopies.)A funtion may be given the attribute no_instrument_funtion, in whihase this instrumentation will not be done. This an be used, for example, forthe pro�ling funtions listed above, high-priority interrupt routines, and anyfuntions from whih the pro�ling funtions annot safely be alled (perhapssignal handlers, if the pro�ling routines generate output or alloate memory).-fstak-hekGenerate ode to verify that you do not go beyond the boundary of the stak.You should speify this ag if you are running in an environment with multiplethreads, but only rarely need to speify it in a single-threaded environment



Chapter 3: GCC Command Options 183sine stak overow is automatially deteted on nearly all systems if there isonly one stak.Note that this swith does not atually ause heking to be done; the operatingsystem must do that. The swith auses generation of ode to ensure that theoperating system sees the stak being extended.-fstak-limit-register=reg-fstak-limit-symbol=sym-fno-stak-limitGenerate ode to ensure that the stak does not grow beyond a ertain value,either the value of a register or the address of a symbol. If the stak would growbeyond the value, a signal is raised. For most targets, the signal is raised beforethe stak overruns the boundary, so it is possible to ath the signal withouttaking speial preautions.For instane, if the stak starts at absolute address `0x80000000' and growsdownwards, you an use the ags `-fstak-limit-symbol=__stak_limit'and `-Wl,--defsym,__stak_limit=0x7ffe0000' to enfore a stak limit of128KB. Note that this may only work with the GNU linker.-fargument-alias-fargument-noalias-fargument-noalias-globalSpeify the possible relationships among parameters and between parametersand global data.`-fargument-alias' spei�es that arguments (parameters) may alias eah otherand may alias global storage.`-fargument-noalias' spei�es that arguments do not alias eah other, butmay alias global storage.`-fargument-noalias-global' spei�es that arguments do not alias eah otherand do not alias global storage.Eah language will automatially use whatever option is required by the lan-guage standard. You should not need to use these options yourself.-fleading-undersoreThis option and its ounterpart, `-fno-leading-undersore', foribly hangethe way C symbols are represented in the objet �le. One use is to help linkwith legay assembly ode.Warning: the `-fleading-undersore' swith auses GCC to generate odethat is not binary ompatible with ode generated without that swith. Use itto onform to a non-default appliation binary interfae. Not all targets provideomplete support for this swith.-ftls-model=modelAlter the thread-loal storage model to be used (see Setion 5.49 [Thread-Loal℄, page 331). The model argument should be one of global-dynami,loal-dynami, initial-exe or loal-exe.The default without `-fpi' is initial-exe; with `-fpi' the default isglobal-dynami.



184 Using the GNU Compiler Colletion (GCC)-fvisibility=default|internal|hidden|protetedSet the default ELF image symbol visibility to the spei�ed option|all symbolswill be marked with this unless overridden within the ode. Using this featurean very substantially improve linking and load times of shared objet libraries,produe more optimized ode, provide near-perfet API export and preventsymbol lashes. It is strongly reommended that you use this in any sharedobjets you distribute.Despite the nomenlature, default always means publi ie; available to belinked against from outside the shared objet. proteted and internal arepretty useless in real-world usage so the only other ommonly used option willbe hidden. The default if `-fvisibility' isn't spei�ed is default, i.e., makeevery symbol publi|this auses the same behavior as previous versions ofGCC.A good explanation of the bene�ts o�ered by ensuring ELF symbols havethe orret visibility is given by \How To Write Shared Libraries" by UlrihDrepper (whih an be found at http://people.redhat.om/~drepper/)|however a superior solution made possible by this option to marking thingshidden when the default is publi is to make the default hidden andmark things publi. This is the norm with DLL's on Windows and with`-fvisibility=hidden' and __attribute__ ((visibility("default")))instead of __delspe(dllexport) you get almost idential semantis withidential syntax. This is a great boon to those working with ross-platformprojets.For those adding visibility support to existing ode, you may �nd `#pragma GCCvisibility' of use. This works by you enlosing the delarations you wish toset visibility for with (for example) `#pragma GCC visibility push(hidden)'and `#pragma GCC visibility pop'. These an be nested up to sixteen times.Bear in mind that symbol visibility should be viewed as part of the API interfaeontrat and thus all new ode should always speify visibility when it is notthe default ie; delarations only for use within the loal DSO should always bemarked expliitly as hidden as so to avoid PLT indiretion overheads|makingthis abundantly lear also aids readability and self-doumentation of the ode.Note that due to ISO C++ spei�ation requirements, operator new and operatordelete must always be of default visibility.An overview of these tehniques, their bene�ts and how to use them is athttp://www.nedprod.om/programs/gvisibility.html.3.19 Environment Variables A�eting GCCThis setion desribes several environment variables that a�et how GCC operates. Someof them work by speifying diretories or pre�xes to use when searhing for various kindsof �les. Some are used to speify other aspets of the ompilation environment.Note that you an also speify plaes to searh using options suh as `-B', `-I' and`-L' (see Setion 3.14 [Diretory Options℄, page 100). These take preedene over plaesspei�ed using environment variables, whih in turn take preedene over those spei�ed by



Chapter 3: GCC Command Options 185the on�guration of GCC. See setion \Controlling the Compilation Driver `g'" in GNUCompiler Colletion (GCC) Internals.LANGLC_CTYPELC_MESSAGESLC_ALL These environment variables ontrol the way that GCC uses loalization in-formation that allow GCC to work with di�erent national onventions. GCCinspets the loale ategories LC_CTYPE and LC_MESSAGES if it has been on�g-ured to do so. These loale ategories an be set to any value supported byyour installation. A typial value is `en_GB.UTF-8' for English in the UnitedKingdom enoded in UTF-8.The LC_CTYPE environment variable spei�es harater lassi�ation. GCC usesit to determine the harater boundaries in a string; this is needed for somemultibyte enodings that ontain quote and esape haraters that would oth-erwise be interpreted as a string end or esape.The LC_MESSAGES environment variable spei�es the language to use in diag-nosti messages.If the LC_ALL environment variable is set, it overrides the value of LC_CTYPE andLC_MESSAGES; otherwise, LC_CTYPE and LC_MESSAGES default to the value of theLANG environment variable. If none of these variables are set, GCC defaults totraditional C English behavior.TMPDIR If TMPDIR is set, it spei�es the diretory to use for temporary �les. GCC usestemporary �les to hold the output of one stage of ompilation whih is to beused as input to the next stage: for example, the output of the preproessor,whih is the input to the ompiler proper.GCC_EXEC_PREFIXIf GCC_EXEC_PREFIX is set, it spei�es a pre�x to use in the names of thesubprograms exeuted by the ompiler. No slash is added when this pre�x isombined with the name of a subprogram, but you an speify a pre�x thatends with a slash if you wish.If GCC_EXEC_PREFIX is not set, GCC will attempt to �gure out an appropriatepre�x to use based on the pathname it was invoked with.If GCC annot �nd the subprogram using the spei�ed pre�x, it tries lookingin the usual plaes for the subprogram.The default value of GCC_EXEC_PREFIX is `prefix/lib/g/' where pre�x isthe value of prefix when you ran the `onfigure' sript.Other pre�xes spei�ed with `-B' take preedene over this pre�x.This pre�x is also used for �nding �les suh as `rt0.o' that are used for linking.In addition, the pre�x is used in an unusual way in �nding the diretoriesto searh for header �les. For eah of the standard diretories whose namenormally begins with `/usr/loal/lib/g' (more preisely, with the valueof GCC_INCLUDE_DIR), GCC tries replaing that beginning with the spei�edpre�x to produe an alternate diretory name. Thus, with `-Bfoo/', GCC will



186 Using the GNU Compiler Colletion (GCC)searh `foo/bar' where it would normally searh `/usr/loal/lib/bar'. Thesealternate diretories are searhed �rst; the standard diretories ome next.COMPILER_PATHThe value of COMPILER_PATH is a olon-separated list of diretories, muh likePATH. GCC tries the diretories thus spei�ed when searhing for subprograms,if it an't �nd the subprograms using GCC_EXEC_PREFIX.LIBRARY_PATHThe value of LIBRARY_PATH is a olon-separated list of diretories, muh likePATH. When on�gured as a native ompiler, GCC tries the diretories thusspei�ed when searhing for speial linker �les, if it an't �nd them using GCC_EXEC_PREFIX. Linking using GCC also uses these diretories when searhing forordinary libraries for the `-l' option (but diretories spei�ed with `-L' ome�rst).LANG This variable is used to pass loale information to the ompiler. One way inwhih this information is used is to determine the harater set to be used whenharater literals, string literals and omments are parsed in C and C++. Whenthe ompiler is on�gured to allow multibyte haraters, the following valuesfor LANG are reognized:`C-JIS' Reognize JIS haraters.`C-SJIS' Reognize SJIS haraters.`C-EUCJP' Reognize EUCJP haraters.If LANG is not de�ned, or if it has some other value, then the ompiler will usemblen and mbtow as de�ned by the default loale to reognize and translatemultibyte haraters.Some additional environments variables a�et the behavior of the preproessor.CPATHC_INCLUDE_PATHCPLUS_INCLUDE_PATHOBJC_INCLUDE_PATHEah variable's value is a list of diretories separated by a speial harater,muh like PATH, in whih to look for header �les. The speial harater, PATH_SEPARATOR, is target-dependent and determined at GCC build time. For Mi-rosoft Windows-based targets it is a semiolon, and for almost all other targetsit is a olon.CPATH spei�es a list of diretories to be searhed as if spei�ed with `-I', butafter any paths given with `-I' options on the ommand line. This environmentvariable is used regardless of whih language is being preproessed.The remaining environment variables apply only when preproessing the par-tiular language indiated. Eah spei�es a list of diretories to be searhed asif spei�ed with `-isystem', but after any paths given with `-isystem' optionson the ommand line.In all these variables, an empty element instruts the ompiler to searh itsurrent working diretory. Empty elements an appear at the beginning or end



Chapter 3: GCC Command Options 187of a path. For instane, if the value of CPATH is :/speial/inlude, that hasthe same e�et as `-I. -I/speial/inlude'.DEPENDENCIES_OUTPUTIf this variable is set, its value spei�es how to output dependenies for Makebased on the non-system header �les proessed by the ompiler. System header�les are ignored in the dependeny output.The value of DEPENDENCIES_OUTPUT an be just a �le name, in whih ase theMake rules are written to that �le, guessing the target name from the soure�le name. Or the value an have the form `file target ', in whih ase therules are written to �le �le using target as the target name.In other words, this environment variable is equivalent to ombining the options`-MM' and `-MF' (see Setion 3.11 [Preproessor Options℄, page 87), with anoptional `-MT' swith too.SUNPRO_DEPENDENCIESThis variable is the same as DEPENDENCIES_OUTPUT (see above), exept thatsystem header �les are not ignored, so it implies `-M' rather than `-MM'. However,the dependene on the main input �le is omitted. See Setion 3.11 [PreproessorOptions℄, page 87.3.20 Using Preompiled HeadersOften large projets have many header �les that are inluded in every soure �le. The timethe ompiler takes to proess these header �les over and over again an aount for nearlyall of the time required to build the projet. To make builds faster, GCC allows users to`preompile' a header �le; then, if builds an use the preompiled header �le they will bemuh faster.Caution: There are a few known situations where GCC will rash when trying to usea preompiled header. If you have trouble with a preompiled header, you should removethe preompiled header and ompile without it. In addition, please use GCC's on-linedefet-traking system to report any problems you enounter with preompiled headers.See Chapter 11 [Bugs℄, page 381.To reate a preompiled header �le, simply ompile it as you would any other �le, ifneessary using the `-x' option to make the driver treat it as a C or C++ header �le. Youwill probably want to use a tool like make to keep the preompiled header up-to-date whenthe headers it ontains hange.A preompiled header �le will be searhed for when #inlude is seen in the ompilation.As it searhes for the inluded �le (see setion \Searh Path" in The C Preproessor) theompiler looks for a preompiled header in eah diretory just before it looks for the inlude�le in that diretory. The name searhed for is the name spei�ed in the #inlude with`.gh' appended. If the preompiled header �le an't be used, it is ignored.For instane, if you have #inlude "all.h", and you have `all.h.gh' in the samediretory as `all.h', then the preompiled header �le will be used if possible, and theoriginal header will be used otherwise.Alternatively, you might deide to put the preompiled header �le in a diretory and use`-I' to ensure that diretory is searhed before (or instead of) the diretory ontaining the



188 Using the GNU Compiler Colletion (GCC)original header. Then, if you want to hek that the preompiled header �le is always used,you an put a �le of the same name as the original header in this diretory ontaining an#error ommand.This also works with `-inlude'. So yet another way to use preompiled headers, goodfor projets not designed with preompiled header �les in mind, is to simply take mostof the header �les used by a projet, inlude them from another header �le, preompilethat header �le, and `-inlude' the preompiled header. If the header �les have guardsagainst multiple inlusion, they will be skipped beause they've already been inluded (inthe preompiled header).If you need to preompile the same header �le for di�erent languages, targets, or ompileroptions, you an instead make a diretory named like `all.h.gh', and put eah preom-piled header in the diretory, perhaps using `-o'. It doesn't matter what you all the �lesin the diretory, every preompiled header in the diretory will be onsidered. The �rstpreompiled header enountered in the diretory that is valid for this ompilation will beused; they're searhed in no partiular order.There are many other possibilities, limited only by your imagination, good sense, and theonstraints of your build system.A preompiled header �le an be used only when these onditions apply:� Only one preompiled header an be used in a partiular ompilation.� A preompiled header an't be used one the �rst C token is seen. You an havepreproessor diretives before a preompiled header; you an even inlude a preompiledheader from inside another header, so long as there are no C tokens before the #inlude.� The preompiled header �le must be produed for the same language as the urrentompilation. You an't use a C preompiled header for a C++ ompilation.� The preompiled header �le must be produed by the same ompiler version and on-�guration as the urrent ompilation is using. The easiest way to guarantee this is touse the same ompiler binary for reating and using preompiled headers.� Any maros de�ned before the preompiled header is inluded must either be de�nedin the same way as when the preompiled header was generated, or must not a�et thepreompiled header, whih usually means that they don't appear in the preompiledheader at all.The `-D' option is one way to de�ne a maro before a preompiled header is inluded;using a #define an also do it. There are also some options that de�ne maros im-pliitly, like `-O' and `-Wdepreated'; the same rule applies to maros de�ned thisway.� If debugging information is output when using the preompiled header, using `-g' orsimilar, the same kind of debugging information must have been output when buildingthe preompiled header. However, a preompiled header built using `-g' an be usedin a ompilation when no debugging information is being output.� The same `-m' options must generally be used when building and using the preompiledheader. See Setion 3.17 [Submodel Options℄, page 108, for any ases where this ruleis relaxed.� Eah of the following options must be the same when building and using the preom-piled header:



Chapter 3: GCC Command Options 189-fexeptions -funit-at-a-time� Some other ommand-line options starting with `-f', `-p', or `-O' must be de�ned inthe same way as when the preompiled header was generated. At present, it's not learwhih options are safe to hange and whih are not; the safest hoie is to use exatlythe same options when generating and using the preompiled header. The followingare known to be safe:-fpreproessed -pedanti-errorsFor all of these exept the last, the ompiler will automatially ignore the preompiledheader if the onditions aren't met. If you �nd an option ombination that doesn't workand doesn't ause the preompiled header to be ignored, please onsider �ling a bug report,see Chapter 11 [Bugs℄, page 381.If you do use di�ering options when generating and using the preompiled header, theatual behavior will be a mixture of the behavior for the options. For instane, if you use`-g' to generate the preompiled header but not when using it, you may or may not getdebugging information for routines in the preompiled header.3.21 Running ProtoizeThe program protoize is an optional part of GCC. You an use it to add prototypes to aprogram, thus onverting the program to ISO C in one respet. The ompanion programunprotoize does the reverse: it removes argument types from any prototypes that arefound.When you run these programs, you must speify a set of soure �les as ommand linearguments. The onversion programs start out by ompiling these �les to see what funtionsthey de�ne. The information gathered about a �le foo is saved in a �le named `foo.X'.After sanning omes atual onversion. The spei�ed �les are all eligible to be onverted;any �les they inlude (whether soures or just headers) are eligible as well.But not all the eligible �les are onverted. By default, protoize and unprotoize onvertonly soure and header �les in the urrent diretory. You an speify additional diretorieswhose �les should be onverted with the `-d diretory ' option. You an also speifypartiular �les to exlude with the `-x file ' option. A �le is onverted if it is eligible,its diretory name mathes one of the spei�ed diretory names, and its name within thediretory has not been exluded.Basi onversion with protoize onsists of rewriting most funtion de�nitions and fun-tion delarations to speify the types of the arguments. The only ones not rewritten arethose for varargs funtions.protoize optionally inserts prototype delarations at the beginning of the soure �le, tomake them available for any alls that preede the funtion's de�nition. Or it an insertprototype delarations with blok sope in the bloks where undelared funtions are alled.Basi onversion with unprotoize onsists of rewriting most funtion delarations toremove any argument types, and rewriting funtion de�nitions to the old-style pre-ISOform.Both onversion programs print a warning for any funtion delaration or de�nition thatthey an't onvert. You an suppress these warnings with `-q'.



190 Using the GNU Compiler Colletion (GCC)The output from protoize or unprotoize replaes the original soure �le. The original�le is renamed to a name ending with `.save' (for DOS, the saved �lename ends in `.sav'without the original `.' suÆx). If the `.save' (`.sav' for DOS) �le already exists, then thesoure �le is simply disarded.protoize and unprotoize both depend on GCC itself to san the program and olletinformation about the funtions it uses. So neither of these programs will work until GCCis installed.Here is a table of the options you an use with protoize and unprotoize. Eah optionworks with both programs unless otherwise stated.-B diretoryLook for the �le `SYSCALLS..X' in diretory, instead of the usual diretory(normally `/usr/loal/lib'). This �le ontains prototype information aboutstandard system funtions. This option applies only to protoize.- ompilation-optionsUse ompilation-options as the options when running g to produe the `.X'�les. The speial option `-aux-info' is always passed in addition, to tell gto write a `.X' �le.Note that the ompilation options must be given as a single argument toprotoize or unprotoize. If you want to speify several g options, you mustquote the entire set of ompilation options to make them a single word in theshell.There are ertain g arguments that you annot use, beause they wouldprodue the wrong kind of output. These inlude `-g', `-O', `-', `-S', and `-o'If you inlude these in the ompilation-options, they are ignored.-C Rename �les to end in `.C' (`.' for DOS-based �le systems) instead of `.'.This is onvenient if you are onverting a C program to C++. This optionapplies only to protoize.-g Add expliit global delarations. This means inserting expliit delarations atthe beginning of eah soure �le for eah funtion that is alled in the �le andwas not delared. These delarations preede the �rst funtion de�nition thatontains a all to an undelared funtion. This option applies only to protoize.-i string Indent old-style parameter delarations with the string string. This optionapplies only to protoize.unprotoize onverts prototyped funtion de�nitions to old-style funtion def-initions, where the arguments are delared between the argument list and theinitial `{'. By default, unprotoize uses �ve spaes as the indentation. If youwant to indent with just one spae instead, use `-i " "'.-k Keep the `.X' �les. Normally, they are deleted after onversion is �nished.-l Add expliit loal delarations. protoize with `-l' inserts a prototype de-laration for eah funtion in eah blok whih alls the funtion without anydelaration. This option applies only to protoize.



Chapter 3: GCC Command Options 191-n Make no real hanges. This mode just prints information about the onversionsthat would have been done without `-n'.-N Make no `.save' �les. The original �les are simply deleted. Use this optionwith aution.-p programUse the program program as the ompiler. Normally, the name `g' is used.-q Work quietly. Most warnings are suppressed.-v Print the version number, just like `-v' for g.If you need speial ompiler options to ompile one of your program's soure �les, thenyou should generate that �le's `.X' �le speially, by running g on that soure �le with theappropriate options and the option `-aux-info'. Then run protoize on the entire set of�les. protoize will use the existing `.X' �le beause it is newer than the soure �le. Forexample:g -Dfoo=bar file1. -aux-info file1.Xprotoize *.You need to inlude the speial �les along with the rest in the protoize ommand, eventhough their `.X' �les already exist, beause otherwise they won't get onverted.See Setion 10.9 [Protoize Caveats℄, page 374, for more information on how to useprotoize suessfully.
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Chapter 4: C Implementation-de�ned behavior 1934 C Implementation-de�ned behaviorA onforming implementation of ISO C is required to doument its hoie of behavior ineah of the areas that are designated \implementation de�ned". The following lists all suhareas, along with the setion numbers from the ISO/IEC 9899:1990 and ISO/IEC 9899:1999standards. Some areas are only implementation-de�ned in one version of the standard.Some hoies depend on the externally determined ABI for the platform (in-luding standard harater enodings) whih GCC follows; these are listed as\determined by ABI" below. See Chapter 8 [Binary Compatibility℄, page 351, andhttp://g.gnu.org/readings.html. Some hoies are doumented in the preproessormanual. See setion \Implementation-de�ned behavior" in The C Preproessor. Somehoies are made by the library and operating system (or other environment whenompiling for a freestanding environment); refer to their doumentation for details.4.1 Translation� How a diagnosti is identi�ed (C90 3.7, C99 3.10, C90 and C99 5.1.1.3).Diagnostis onsist of all the output sent to stderr by GCC.� Whether eah nonempty sequene of white-spae haraters other than new-line isretained or replaed by one spae harater in translation phase 3 (C90 and C99 5.1.1.2).See setion \Implementation-de�ned behavior" in The C Preproessor.4.2 EnvironmentThe behavior of most of these points are dependent on the implementation of the C library,and are not de�ned by GCC itself.� The mapping between physial soure �le multibyte haraters and the soure haraterset in translation phase 1 (C90 and C99 5.1.1.2).See setion \Implementation-de�ned behavior" in The C Preproessor.4.3 Identi�ers� Whih additional multibyte haraters may appear in identi�ers and their orrespon-dene to universal harater names (C99 6.4.2).See setion \Implementation-de�ned behavior" in The C Preproessor.� The number of signi�ant initial haraters in an identi�er (C90 6.1.2, C90 and C995.2.4.1, C99 6.4.2).For internal names, all haraters are signi�ant. For external names, the number ofsigni�ant haraters are de�ned by the linker; for almost all targets, all haraters aresigni�ant.� Whether ase distintions are signi�ant in an identi�er with external linkage (C906.1.2).This is a property of the linker. C99 requires that ase distintions are always signi�antin identi�ers with external linkage and systems without this property are not supportedby GCC.



194 Using the GNU Compiler Colletion (GCC)4.4 Charaters� The number of bits in a byte (C90 3.4, C99 3.6).Determined by ABI.� The values of the members of the exeution harater set (C90 and C99 5.2.1).Determined by ABI.� The unique value of the member of the exeution harater set produed for eah ofthe standard alphabeti esape sequenes (C90 and C99 5.2.2).Determined by ABI.� The value of a har objet into whih has been stored any harater other than amember of the basi exeution harater set (C90 6.1.2.5, C99 6.2.5).Determined by ABI.� Whih of signed har or unsigned har has the same range, representation, and be-havior as \plain" har (C90 6.1.2.5, C90 6.2.1.1, C99 6.2.5, C99 6.3.1.1).Determined by ABI. The options `-funsigned-har' and `-fsigned-har' hange thedefault. See Setion 3.4 [Options Controlling C Dialet℄, page 20.� The mapping of members of the soure harater set (in harater onstants and stringliterals) to members of the exeution harater set (C90 6.1.3.4, C99 6.4.4.4, C90 andC99 5.1.1.2).Determined by ABI.� The value of an integer harater onstant ontaining more than one harater orontaining a harater or esape sequene that does not map to a single-byte exeutionharater (C90 6.1.3.4, C99 6.4.4.4).See setion \Implementation-de�ned behavior" in The C Preproessor.� The value of a wide harater onstant ontaining more than one multibyte harater,or ontaining a multibyte harater or esape sequene not represented in the extendedexeution harater set (C90 6.1.3.4, C99 6.4.4.4).See setion \Implementation-de�ned behavior" in The C Preproessor.� The urrent loale used to onvert a wide harater onstant onsisting of a singlemultibyte harater that maps to a member of the extended exeution harater setinto a orresponding wide harater ode (C90 6.1.3.4, C99 6.4.4.4).See setion \Implementation-de�ned behavior" in The C Preproessor.� The urrent loale used to onvert a wide string literal into orresponding wide har-ater odes (C90 6.1.4, C99 6.4.5).See setion \Implementation-de�ned behavior" in The C Preproessor.� The value of a string literal ontaining a multibyte harater or esape sequene notrepresented in the exeution harater set (C90 6.1.4, C99 6.4.5).See setion \Implementation-de�ned behavior" in The C Preproessor.4.5 Integers� Any extended integer types that exist in the implementation (C99 6.2.5).GCC does not support any extended integer types.



Chapter 4: C Implementation-de�ned behavior 195� Whether signed integer types are represented using sign and magnitude, two's omple-ment, or one's omplement, and whether the extraordinary value is a trap representa-tion or an ordinary value (C99 6.2.6.2).GCC supports only two's omplement integer types, and all bit patterns are ordinaryvalues.� The rank of any extended integer type relative to another extended integer type withthe same preision (C99 6.3.1.1).GCC does not support any extended integer types.� The result of, or the signal raised by, onverting an integer to a signed integer type whenthe value annot be represented in an objet of that type (C90 6.2.1.2, C99 6.3.1.3).For onversion to a type of width N , the value is redued modulo 2N to be within rangeof the type; no signal is raised.� The results of some bitwise operations on signed integers (C90 6.3, C99 6.5).Bitwise operators at on the representation of the value inluding both the sign andvalue bits, where the sign bit is onsidered immediately above the highest-value valuebit. Signed `>>' ats on negative numbers by sign extension.GCC does not use the latitude given in C99 only to treat ertain aspets of signed `<<'as unde�ned, but this is subjet to hange.� The sign of the remainder on integer division (C90 6.3.5).GCC always follows the C99 requirement that the result of division is trunated towardszero.4.6 Floating point� The auray of the oating-point operations and of the library funtions in <math.h>and <omplex.h> that return oating-point results (C90 and C99 5.2.4.2.2).The auray is unknown.� The rounding behaviors haraterized by non-standard values of FLT_ROUNDS(C90 and C99 5.2.4.2.2).GCC does not use suh values.� The evaluation methods haraterized by non-standard negative values of FLT_EVAL_METHOD (C99 5.2.4.2.2).GCC does not use suh values.� The diretion of rounding when an integer is onverted to a oating-point number thatannot exatly represent the original value (C90 6.2.1.3, C99 6.3.1.4).C99 Annex F is followed.� The diretion of rounding when a oating-point number is onverted to a narroweroating-point number (C90 6.2.1.4, C99 6.3.1.5).C99 Annex F is followed.� How the nearest representable value or the larger or smaller representable value im-mediately adjaent to the nearest representable value is hosen for ertain oatingonstants (C90 6.1.3.1, C99 6.4.4.2).C99 Annex F is followed.



196 Using the GNU Compiler Colletion (GCC)� Whether and how oating expressions are ontrated when not disallowed by the FP_CONTRACT pragma (C99 6.5).Expressions are urrently only ontrated if `-funsafe-math-optimizations' or`-ffast-math' are used. This is subjet to hange.� The default state for the FENV_ACCESS pragma (C99 7.6.1).This pragma is not implemented, but the default is to \o�" unless `-frounding-math'is used in whih ase it is \on".� Additional oating-point exeptions, rounding modes, environments, and lassi�a-tions, and their maro names (C99 7.6, C99 7.12).This is dependent on the implementation of the C library, and is not de�ned by GCCitself.� The default state for the FP_CONTRACT pragma (C99 7.12.2).This pragma is not implemented. Expressions are urrently only ontrated if`-funsafe-math-optimizations' or `-ffast-math' are used. This is subjet tohange.� Whether the \inexat" oating-point exeption an be raised when the rounded resultatually does equal the mathematial result in an IEC 60559 onformant implementa-tion (C99 F.9).This is dependent on the implementation of the C library, and is not de�ned by GCCitself.� Whether the \underow" (and \inexat") oating-point exeption an be raised whena result is tiny but not inexat in an IEC 60559 onformant implementation (C99 F.9).This is dependent on the implementation of the C library, and is not de�ned by GCCitself.4.7 Arrays and pointers� The result of onverting a pointer to an integer or vie versa (C90 6.3.4, C99 6.3.2.3).A ast from pointer to integer disards most-signi�ant bits if the pointer representationis larger than the integer type, sign-extends1 if the pointer representation is smallerthan the integer type, otherwise the bits are unhanged.A ast from integer to pointer disards most-signi�ant bits if the pointer representationis smaller than the integer type, extends aording to the signedness of the integer typeif the pointer representation is larger than the integer type, otherwise the bits areunhanged.When asting from pointer to integer and bak again, the resulting pointer must ref-erene the same objet as the original pointer, otherwise the behavior is unde�ned.That is, one may not use integer arithmeti to avoid the unde�ned behavior of pointerarithmeti as prosribed in C99 6.5.6/8.� The size of the result of subtrating two pointers to elements of the same array (C906.3.6, C99 6.5.6).The value is as spei�ed in the standard and the type is determined by the ABI.1 Future versions of GCC may zero-extend, or use a target-de�ned ptr_extend pattern. Do not rely onsign extension.



Chapter 4: C Implementation-de�ned behavior 1974.8 Hints� The extent to whih suggestions made by using the register storage-lass spei�erare e�etive (C90 6.5.1, C99 6.7.1).The register spei�er a�ets ode generation only in these ways:� When used as part of the register variable extension, see Setion 5.37 [Expliit RegVars℄, page 266.� When `-O0' is in use, the ompiler alloates distint stak memory for all variablesthat do not have the register storage-lass spei�er; if register is spei�ed, thevariable may have a shorter lifespan than the ode would indiate and may neverbe plaed in memory.� On some rare x86 targets, setjmp doesn't save the registers in all irumstanes.In those ases, GCC doesn't alloate any variables in registers unless they aremarked register.� The extent to whih suggestions made by using the inline funtion spei�er are e�etive(C99 6.7.4).GCC will not inline any funtions if the `-fno-inline' option is used or if `-O0' isused. Otherwise, GCC may still be unable to inline a funtion for many reasons; the`-Winline' option may be used to determine if a funtion has not been inlined and whynot.4.9 Strutures, unions, enumerations, and bit-�elds� A member of a union objet is aessed using a member of a di�erent type (C90 6.3.2.3).The relevant bytes of the representation of the objet are treated as an objet of thetype used for the aess. This may be a trap representation.� Whether a \plain" int bit-�eld is treated as a signed int bit-�eld or as an unsignedint bit-�eld (C90 6.5.2, C90 6.5.2.1, C99 6.7.2, C99 6.7.2.1).By default it is treated as signed int but this may be hanged by the`-funsigned-bitfields' option.� Allowable bit-�eld types other than _Bool, signed int, and unsigned int (C996.7.2.1).No other types are permitted in stritly onforming mode.� Whether a bit-�eld an straddle a storage-unit boundary (C90 6.5.2.1, C99 6.7.2.1).Determined by ABI.� The order of alloation of bit-�elds within a unit (C90 6.5.2.1, C99 6.7.2.1).Determined by ABI.� The alignment of non-bit-�eld members of strutures (C90 6.5.2.1, C99 6.7.2.1).Determined by ABI.� The integer type ompatible with eah enumerated type (C90 6.5.2.2, C99 6.7.2.2).Normally, the type is unsigned int if there are no negative values in the enumeration,otherwise int. If `-fshort-enums' is spei�ed, then if there are negative values it isthe �rst of signed har, short and int that an represent all the values, otherwise it



198 Using the GNU Compiler Colletion (GCC)is the �rst of unsigned har, unsigned short and unsigned int that an representall the values.On some targets, `-fshort-enums' is the default; this is determined by the ABI.4.10 Quali�ers� What onstitutes an aess to an objet that has volatile-quali�ed type (C90 6.5.3, C996.7.3).See Setion 6.1 [When is a Volatile Objet Aessed?℄, page 335.4.11 Delarators� The maximum number of delarators that may modify an arithmeti, struture orunion type (C90 6.5.4).GCC is only limited by available memory.4.12 Statements� The maximum number of ase values in a swith statement (C90 6.6.4.2).GCC is only limited by available memory.4.13 Preproessing diretivesSee setion \Implementation-de�ned behavior" in The C Preproessor, for details of theseaspets of implementation-de�ned behavior.� How sequenes in both forms of header names are mapped to headers or external soure�le names (C90 6.1.7, C99 6.4.7).� Whether the value of a harater onstant in a onstant expression that ontrols on-ditional inlusion mathes the value of the same harater onstant in the exeutionharater set (C90 6.8.1, C99 6.10.1).� Whether the value of a single-harater harater onstant in a onstant expressionthat ontrols onditional inlusion may have a negative value (C90 6.8.1, C99 6.10.1).� The plaes that are searhed for an inluded `<>' delimited header, and how the plaesare spei�ed or the header is identi�ed (C90 6.8.2, C99 6.10.2).� How the named soure �le is searhed for in an inluded `""' delimited header (C906.8.2, C99 6.10.2).� The method by whih preproessing tokens (possibly resulting from maro expansion)in a #inlude diretive are ombined into a header name (C90 6.8.2, C99 6.10.2).� The nesting limit for #inlude proessing (C90 6.8.2, C99 6.10.2).� Whether the `#' operator inserts a `\' harater before the `\' harater that begins auniversal harater name in a harater onstant or string literal (C99 6.10.3.2).� The behavior on eah reognized non-STDC #pragma diretive (C90 6.8.6, C99 6.10.6).See setion \Pragmas" in The C Preproessor, for details of pragmas aepted by GCCon all targets. See Setion 5.47 [Pragmas Aepted by GCC℄, page 327, for details oftarget-spei� pragmas.



Chapter 4: C Implementation-de�ned behavior 199� The de�nitions for __DATE__ and __TIME__ when respetively, the date and time oftranslation are not available (C90 6.8.8, C99 6.10.8).4.14 Library funtionsThe behavior of most of these points are dependent on the implementation of the C library,and are not de�ned by GCC itself.� The null pointer onstant to whih the maro NULL expands (C90 7.1.6, C99 7.17).In <stddef.h>, NULL expands to ((void *)0). GCC does not provide the other headerswhih de�ne NULL and some library implementations may use other de�nitions in thoseheaders.4.15 Arhiteture� The values or expressions assigned to the maros spei�ed in the headers <float.h>,<limits.h>, and <stdint.h> (C90 and C99 5.2.4.2, C99 7.18.2, C99 7.18.3).Determined by ABI.� The number, order, and enoding of bytes in any objet (when not expliitly spei�edin this International Standard) (C99 6.2.6.1).Determined by ABI.� The value of the result of the sizeof operator (C90 6.3.3.4, C99 6.5.3.4).Determined by ABI.4.16 Loale-spei� behaviorThe behavior of these points are dependent on the implementation of the C library, and arenot de�ned by GCC itself.
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Chapter 5: Extensions to the C Language Family 2015 Extensions to the C Language FamilyGNU C provides several language features not found in ISO standard C. (The `-pedanti'option direts GCC to print a warning message if any of these features is used.) To test forthe availability of these features in onditional ompilation, hek for a prede�ned maro__GNUC__, whih is always de�ned under GCC.These extensions are available in C and Objetive-C. Most of them are also available inC++. See Chapter 6 [Extensions to the C++ Language℄, page 335, for extensions that applyonly to C++.Some features that are in ISO C99 but not C89 or C++ are also, as extensions, aeptedby GCC in C89 mode and in C++.5.1 Statements and Delarations in ExpressionsA ompound statement enlosed in parentheses may appear as an expression in GNU C.This allows you to use loops, swithes, and loal variables within an expression.Reall that a ompound statement is a sequene of statements surrounded by braes; inthis onstrut, parentheses go around the braes. For example:({ int y = foo (); int z;if (y > 0) z = y;else z = - y;z; })is a valid (though slightly more omplex than neessary) expression for the absolute valueof foo ().The last thing in the ompound statement should be an expression followed by a semi-olon; the value of this subexpression serves as the value of the entire onstrut. (If you usesome other kind of statement last within the braes, the onstrut has type void, and thuse�etively no value.)This feature is espeially useful in making maro de�nitions \safe" (so that they evaluateeah operand exatly one). For example, the \maximum" funtion is ommonly de�nedas a maro in standard C as follows:#define max(a,b) ((a) > (b) ? (a) : (b))But this de�nition omputes either a or b twie, with bad results if the operand has sidee�ets. In GNU C, if you know the type of the operands (here taken as int), you an de�nethe maro safely as follows:#define maxint(a,b) \({int _a = (a), _b = (b); _a > _b ? _a : _b; })Embedded statements are not allowed in onstant expressions, suh as the value of anenumeration onstant, the width of a bit-�eld, or the initial value of a stati variable.If you don't know the type of the operand, you an still do this, but you must use typeof(see Setion 5.6 [Typeof℄, page 207).In G++, the result value of a statement expression undergoes array and funtion pointerdeay, and is returned by value to the enlosing expression. For instane, if A is a lass,then



202 Using the GNU Compiler Colletion (GCC)A a;({a;}).Foo ()will onstrut a temporary A objet to hold the result of the statement expression, and thatwill be used to invoke Foo. Therefore the this pointer observed by Foo will not be theaddress of a.Any temporaries reated within a statement within a statement expression will be de-stroyed at the statement's end. This makes statement expressions inside maros slightlydi�erent from funtion alls. In the latter ase temporaries introdued during argumentevaluation will be destroyed at the end of the statement that inludes the funtion all. Inthe statement expression ase they will be destroyed during the statement expression. Forinstane,#define maro(a) ({__typeof__(a) b = (a); b + 3; })template<typename T> T funtion(T a) { T b = a; return b + 3; }void foo (){ maro (X ());funtion (X ());}will have di�erent plaes where temporaries are destroyed. For the maro ase, the tem-porary X will be destroyed just after the initialization of b. In the funtion ase thattemporary will be destroyed when the funtion returns.These onsiderations mean that it is probably a bad idea to use statement-expressions ofthis form in header �les that are designed to work with C++. (Note that some versions ofthe GNU C Library ontained header �les using statement-expression that lead to preiselythis bug.)Jumping into a statement expression with goto or using a swith statement outside thestatement expression with a ase or default label inside the statement expression is notpermitted. Jumping into a statement expression with a omputed goto (see Setion 5.3[Labels as Values℄, page 203) yields unde�ned behavior. Jumping out of a statement ex-pression is permitted, but if the statement expression is part of a larger expression thenit is unspei�ed whih other subexpressions of that expression have been evaluated exeptwhere the language de�nition requires ertain subexpressions to be evaluated before or afterthe statement expression. In any ase, as with a funtion all the evaluation of a statementexpression is not interleaved with the evaluation of other parts of the ontaining expression.For example,foo (), (({ bar1 (); goto a; 0; }) + bar2 ()), baz();will all foo and bar1 and will not all baz but may or may not all bar2. If bar2 is alled,it will be alled after foo and before bar15.2 Loally Delared LabelsGCC allows you to delare loal labels in any nested blok sope. A loal label is just likean ordinary label, but you an only referene it (with a goto statement, or by taking itsaddress) within the blok in whih it was delared.A loal label delaration looks like this:



Chapter 5: Extensions to the C Language Family 203__label__ label;or __label__ label1, label2, /* . . . */;Loal label delarations must ome at the beginning of the blok, before any ordinarydelarations or statements.The label delaration de�nes the label name, but does not de�ne the label itself. You mustdo this in the usual way, with label:, within the statements of the statement expression.The loal label feature is useful for omplex maros. If a maro ontains nested loops, agoto an be useful for breaking out of them. However, an ordinary label whose sope is thewhole funtion annot be used: if the maro an be expanded several times in one funtion,the label will be multiply de�ned in that funtion. A loal label avoids this problem. Forexample:#define SEARCH(value, array, target) \do { \__label__ found; \typeof (target) _SEARCH_target = (target); \typeof (*(array)) *_SEARCH_array = (array); \int i, j; \int value; \for (i = 0; i < max; i++) \for (j = 0; j < max; j++) \if (_SEARCH_array[i℄[j℄ == _SEARCH_target) \{ (value) = i; goto found; } \(value) = -1; \found:; \} while (0)This ould also be written using a statement-expression:#define SEARCH(array, target) \({ \__label__ found; \typeof (target) _SEARCH_target = (target); \typeof (*(array)) *_SEARCH_array = (array); \int i, j; \int value; \for (i = 0; i < max; i++) \for (j = 0; j < max; j++) \if (_SEARCH_array[i℄[j℄ == _SEARCH_target) \{ value = i; goto found; } \value = -1; \found: \value; \})Loal label delarations also make the labels they delare visible to nested funtions, ifthere are any. See Setion 5.4 [Nested Funtions℄, page 204, for details.5.3 Labels as ValuesYou an get the address of a label de�ned in the urrent funtion (or a ontaining funtion)with the unary operator `&&'. The value has type void *. This value is a onstant and anbe used wherever a onstant of that type is valid. For example:void *ptr;



204 Using the GNU Compiler Colletion (GCC)/* . . . */ptr = &&foo;To use these values, you need to be able to jump to one. This is done with the omputedgoto statement1, goto *exp;. For example,goto *ptr;Any expression of type void * is allowed.One way of using these onstants is in initializing a stati array that will serve as a jumptable: stati void *array[℄ = { &&foo, &&bar, &&hak };Then you an selet a label with indexing, like this:goto *array[i℄;Note that this does not hek whether the subsript is in bounds|array indexing in C neverdoes that.Suh an array of label values serves a purpose muh like that of the swith statement.The swith statement is leaner, so use that rather than an array unless the problem doesnot �t a swith statement very well.Another use of label values is in an interpreter for threaded ode. The labels within theinterpreter funtion an be stored in the threaded ode for super-fast dispathing.You may not use this mehanism to jump to ode in a di�erent funtion. If you do that,totally unpreditable things will happen. The best way to avoid this is to store the labeladdress only in automati variables and never pass it as an argument.An alternate way to write the above example isstati onst int array[℄ = { &&foo - &&foo, &&bar - &&foo,&&hak - &&foo };goto *(&&foo + array[i℄);This is more friendly to ode living in shared libraries, as it redues the number of dynamireloations that are needed, and by onsequene, allows the data to be read-only.5.4 Nested FuntionsA nested funtion is a funtion de�ned inside another funtion. (Nested funtions are notsupported for GNU C++.) The nested funtion's name is loal to the blok where it isde�ned. For example, here we de�ne a nested funtion named square, and all it twie:foo (double a, double b){ double square (double z) { return z * z; }return square (a) + square (b);}The nested funtion an aess all the variables of the ontaining funtion that are visibleat the point of its de�nition. This is alled lexial soping. For example, here we show anested funtion whih uses an inherited variable named offset:1 The analogous feature in Fortran is alled an assigned goto, but that name seems inappropriate in C,where one an do more than simply store label addresses in label variables.



Chapter 5: Extensions to the C Language Family 205bar (int *array, int offset, int size){ int aess (int *array, int index){ return array[index + offset℄; }int i;/* . . . */for (i = 0; i < size; i++)/* . . . */ aess (array, i) /* . . . */}Nested funtion de�nitions are permitted within funtions in the plaes where variablede�nitions are allowed; that is, in any blok, mixed with the other delarations and state-ments in the blok.It is possible to all the nested funtion from outside the sope of its name by storing itsaddress or passing the address to another funtion:hak (int *array, int size){ void store (int index, int value){ array[index℄ = value; }intermediate (store, size);}Here, the funtion intermediate reeives the address of store as an argument. Ifintermediate alls store, the arguments given to store are used to store into array.But this tehnique works only so long as the ontaining funtion (hak, in this example)does not exit.If you try to all the nested funtion through its address after the ontaining funtion hasexited, all hell will break loose. If you try to all it after a ontaining sope level has exited,and if it refers to some of the variables that are no longer in sope, you may be luky, butit's not wise to take the risk. If, however, the nested funtion does not refer to anythingthat has gone out of sope, you should be safe.GCC implements taking the address of a nested funtion using a tehnique alled tram-polines. A paper desribing them is available ashttp://people.debian.org/~aaronl/Usenix88-lexi.pdf.A nested funtion an jump to a label inherited from a ontaining funtion, providedthe label was expliitly delared in the ontaining funtion (see Setion 5.2 [Loal Labels℄,page 202). Suh a jump returns instantly to the ontaining funtion, exiting the nestedfuntion whih did the goto and any intermediate funtions as well. Here is an example:



206 Using the GNU Compiler Colletion (GCC)bar (int *array, int offset, int size){ __label__ failure;int aess (int *array, int index){ if (index > size)goto failure;return array[index + offset℄;}int i;/* . . . */for (i = 0; i < size; i++)/* . . . */ aess (array, i) /* . . . *//* . . . */return 0;/* Control omes here from aessif it detets an error. */failure:return -1;}A nested funtion always has no linkage. Delaring one with extern or stati is erro-neous. If you need to delare the nested funtion before its de�nition, use auto (whih isotherwise meaningless for funtion delarations).bar (int *array, int offset, int size){ __label__ failure;auto int aess (int *, int);/* . . . */int aess (int *array, int index){ if (index > size)goto failure;return array[index + offset℄;}/* . . . */}5.5 Construting Funtion CallsUsing the built-in funtions desribed below, you an reord the arguments a funtionreeived, and all another funtion with the same arguments, without knowing the numberor types of the arguments.You an also reord the return value of that funtion all, and later return that value,without knowing what data type the funtion tried to return (as long as your aller expetsthat data type).However, these built-in funtions may interat badly with some sophistiated features orother extensions of the language. It is, therefore, not reommended to use them outsidevery simple funtions ating as mere forwarders for their arguments. [Built-in Funtion℄void * __builtin_apply_args ()This built-in funtion returns a pointer to data desribing how to perform a all withthe same arguments as were passed to the urrent funtion.



Chapter 5: Extensions to the C Language Family 207The funtion saves the arg pointer register, struture value address, and all registersthat might be used to pass arguments to a funtion into a blok of memory alloatedon the stak. Then it returns the address of that blok. [Built-in Funtion℄void * __builtin_apply (void (*funtion )(), void*arguments, size t size )This built-in funtion invokes funtion with a opy of the parameters desribed byarguments and size.The value of arguments should be the value returned by __builtin_apply_args.The argument size spei�es the size of the stak argument data, in bytes.This funtion returns a pointer to data desribing how to return whatever value wasreturned by funtion. The data is saved in a blok of memory alloated on the stak.It is not always simple to ompute the proper value for size. The value is used by__builtin_apply to ompute the amount of data that should be pushed on the stakand opied from the inoming argument area. [Built-in Funtion℄void __builtin_return (void *result )This built-in funtion returns the value desribed by result from the ontaining fun-tion. You should speify, for result, a value returned by __builtin_apply.5.6 Referring to a Type with typeofAnother way to refer to the type of an expression is with typeof. The syntax of using ofthis keyword looks like sizeof, but the onstrut ats semantially like a type name de�nedwith typedef.There are two ways of writing the argument to typeof: with an expression or with atype. Here is an example with an expression:typeof (x[0℄(1))This assumes that x is an array of pointers to funtions; the type desribed is that of thevalues of the funtions.Here is an example with a typename as the argument:typeof (int *)Here the type desribed is that of pointers to int.If you are writing a header �le that must work when inluded in ISO C programs, write__typeof__ instead of typeof. See Setion 5.38 [Alternate Keywords℄, page 268.A typeof-onstrut an be used anywhere a typedef name ould be used. For example,you an use it in a delaration, in a ast, or inside of sizeof or typeof.typeof is often useful in onjuntion with the statements-within-expressions feature.Here is how the two together an be used to de�ne a safe \maximum" maro that operateson any arithmeti type and evaluates eah of its arguments exatly one:#define max(a,b) \({ typeof (a) _a = (a); \typeof (b) _b = (b); \_a > _b ? _a : _b; })The reason for using names that start with undersores for the loal variables is to avoidonits with variable names that our within the expressions that are substituted for a



208 Using the GNU Compiler Colletion (GCC)and b. Eventually we hope to design a new form of delaration syntax that allows you todelare variables whose sopes start only after their initializers; this will be a more reliableway to prevent suh onits.Some more examples of the use of typeof:� This delares y with the type of what x points to.typeof (*x) y;� This delares y as an array of suh values.typeof (*x) y[4℄;� This delares y as an array of pointers to haraters:typeof (typeof (har *)[4℄) y;It is equivalent to the following traditional C delaration:har *y[4℄;To see the meaning of the delaration using typeof, and why it might be a useful wayto write, rewrite it with these maros:#define pointer(T) typeof(T *)#define array(T, N) typeof(T [N℄)Now the delaration an be rewritten this way:array (pointer (har), 4) y;Thus, array (pointer (har), 4) is the type of arrays of 4 pointers to har.Compatibility Note: In addition to typeof, GCC 2 supported a more limited extensionwhih permitted one to writetypedef T = expr;with the e�et of delaring T to have the type of the expression expr. This extension doesnot work with GCC 3 (versions between 3.0 and 3.2 will rash; 3.2.1 and later give an error).Code whih relies on it should be rewritten to use typeof:typedef typeof(expr) T;This will work with all versions of GCC.5.7 Conditionals with Omitted OperandsThe middle operand in a onditional expression may be omitted. Then if the �rst operandis nonzero, its value is the value of the onditional expression.Therefore, the expressionx ? : yhas the value of x if that is nonzero; otherwise, the value of y.This example is perfetly equivalent tox ? x : yIn this simple ase, the ability to omit the middle operand is not espeially useful. When itbeomes useful is when the �rst operand does, or may (if it is a maro argument), ontain aside e�et. Then repeating the operand in the middle would perform the side e�et twie.Omitting the middle operand uses the value already omputed without the undesirablee�ets of reomputing it.



Chapter 5: Extensions to the C Language Family 2095.8 Double-Word IntegersISO C99 supports data types for integers that are at least 64 bits wide, and as an extensionGCC supports them in C89 mode and in C++. Simply write long long int for a signedinteger, or unsigned long long int for an unsigned integer. To make an integer onstantof type long long int, add the suÆx `LL' to the integer. To make an integer onstant oftype unsigned long long int, add the suÆx `ULL' to the integer.You an use these types in arithmeti like any other integer types. Addition, subtration,and bitwise boolean operations on these types are open-oded on all types of mahines.Multipliation is open-oded if the mahine supports fullword-to-doubleword a wideningmultiply instrution. Division and shifts are open-oded only on mahines that providespeial support. The operations that are not open-oded use speial library routines thatome with GCC.There may be pitfalls when you use long long types for funtion arguments, unless youdelare funtion prototypes. If a funtion expets type int for its argument, and you passa value of type long long int, onfusion will result beause the aller and the subroutinewill disagree about the number of bytes for the argument. Likewise, if the funtion expetslong long int and you pass int. The best way to avoid suh problems is to use prototypes.5.9 Complex NumbersISO C99 supports omplex oating data types, and as an extension GCC supports them inC89 mode and in C++, and supports omplex integer data types whih are not part of ISOC99. You an delare omplex types using the keyword _Complex. As an extension, theolder GNU keyword __omplex__ is also supported.For example, `_Complex double x;' delares x as a variable whose real part and imagi-nary part are both of type double. `_Complex short int y;' delares y to have real andimaginary parts of type short int; this is not likely to be useful, but it shows that the setof omplex types is omplete.To write a onstant with a omplex data type, use the suÆx `i' or `j' (either one; they areequivalent). For example, 2.5fi has type _Complex float and 3i has type _Complex int.Suh a onstant always has a pure imaginary value, but you an form any omplex valueyou like by adding one to a real onstant. This is a GNU extension; if you have an ISOC99 onforming C library (suh as GNU lib), and want to onstrut omplex onstants ofoating type, you should inlude <omplex.h> and use the maros I or _Complex_I instead.To extrat the real part of a omplex-valued expression exp, write __real__ exp . Like-wise, use __imag__ to extrat the imaginary part. This is a GNU extension; for values ofoating type, you should use the ISO C99 funtions realf, real, reall, imagf, imagand imagl, delared in <omplex.h> and also provided as built-in funtions by GCC.The operator `~' performs omplex onjugation when used on a value with a omplextype. This is a GNU extension; for values of oating type, you should use the ISO C99funtions onjf, onj and onjl, delared in <omplex.h> and also provided as built-infuntions by GCC.GCC an alloate omplex automati variables in a nonontiguous fashion; it's evenpossible for the real part to be in a register while the imaginary part is on the stak (orvie-versa). Only the DWARF2 debug info format an represent this, so use of DWARF2 is



210 Using the GNU Compiler Colletion (GCC)reommended. If you are using the stabs debug info format, GCC desribes a nonontiguousomplex variable as if it were two separate variables of nonomplex type. If the variable'satual name is foo, the two �titious variables are named foo$real and foo$imag. Youan examine and set these two �titious variables with your debugger.5.10 Hex FloatsISO C99 supports oating-point numbers written not only in the usual deimal notation,suh as 1.55e1, but also numbers suh as 0x1.fp3 written in hexadeimal format. Asa GNU extension, GCC supports this in C89 mode (exept in some ases when stritlyonforming) and in C++. In that format the `0x' hex introduer and the `p' or `P' exponent�eld are mandatory. The exponent is a deimal number that indiates the power of 2 bywhih the signi�ant part will be multiplied. Thus `0x1.f' is 1 1516 , `p3' multiplies it by 8,and the value of 0x1.fp3 is the same as 1.55e1.Unlike for oating-point numbers in the deimal notation the exponent is always requiredin the hexadeimal notation. Otherwise the ompiler would not be able to resolve theambiguity of, e.g., 0x1.f. This ould mean 1.0f or 1.9375 sine `f' is also the extensionfor oating-point onstants of type float.5.11 Arrays of Length ZeroZero-length arrays are allowed in GNU C. They are very useful as the last element of astruture whih is really a header for a variable-length objet:strut line {int length;har ontents[0℄;};strut line *thisline = (strut line *)mallo (sizeof (strut line) + this_length);thisline->length = this_length;In ISO C90, you would have to give ontents a length of 1, whih means either youwaste spae or ompliate the argument to mallo.In ISO C99, you would use a exible array member, whih is slightly di�erent in syntaxand semantis:� Flexible array members are written as ontents[℄ without the 0.� Flexible array members have inomplete type, and so the sizeof operator may notbe applied. As a quirk of the original implementation of zero-length arrays, sizeofevaluates to zero.� Flexible array members may only appear as the last member of a strut that isotherwise non-empty.� A struture ontaining a exible array member, or a union ontaining suh a struture(possibly reursively), may not be a member of a struture or an element of an array.(However, these uses are permitted by GCC as extensions.)GCC versions before 3.0 allowed zero-length arrays to be statially initialized, as if theywere exible arrays. In addition to those ases that were useful, it also allowed initializationsin situations that would orrupt later data. Non-empty initialization of zero-length arrays is



Chapter 5: Extensions to the C Language Family 211now treated like any ase where there are more initializer elements than the array holds, inthat a suitable warning about "exess elements in array" is given, and the exess elements(all of them, in this ase) are ignored.Instead GCC allows stati initialization of exible array members. This is equivalent tode�ning a new struture ontaining the original struture followed by an array of suÆientsize to ontain the data. I.e. in the following, f1 is onstruted as if it were delared likef2. strut f1 {int x; int y[℄;} f1 = { 1, { 2, 3, 4 } };strut f2 {strut f1 f1; int data[3℄;} f2 = { { 1 }, { 2, 3, 4 } };The onveniene of this extension is that f1 has the desired type, eliminating the need toonsistently refer to f2.f1.This has symmetry with normal stati arrays, in that an array of unknown size is alsowritten with [℄.Of ourse, this extension only makes sense if the extra data omes at the end of a top-levelobjet, as otherwise we would be overwriting data at subsequent o�sets. To avoid undueompliation and onfusion with initialization of deeply nested arrays, we simply disallowany non-empty initialization exept when the struture is the top-level objet. For example:strut foo { int x; int y[℄; };strut bar { strut foo z; };strut foo a = { 1, { 2, 3, 4 } }; // Valid.strut bar b = { { 1, { 2, 3, 4 } } }; // Invalid.strut bar  = { { 1, { } } }; // Valid.strut foo d[1℄ = { { 1 { 2, 3, 4 } } }; // Invalid.5.12 Strutures With No MembersGCC permits a C struture to have no members:strut empty {};The struture will have size zero. In C++, empty strutures are part of the language. G++treats empty strutures as if they had a single member of type har.5.13 Arrays of Variable LengthVariable-length automati arrays are allowed in ISO C99, and as an extension GCC aeptsthem in C89 mode and in C++. (However, GCC's implementation of variable-length arraysdoes not yet onform in detail to the ISO C99 standard.) These arrays are delared like anyother automati arrays, but with a length that is not a onstant expression. The storageis alloated at the point of delaration and dealloated when the brae-level is exited. Forexample:FILE *onat_fopen (har *s1, har *s2, har *mode){ har str[strlen (s1) + strlen (s2) + 1℄;



212 Using the GNU Compiler Colletion (GCC)strpy (str, s1);strat (str, s2);return fopen (str, mode);}Jumping or breaking out of the sope of the array name dealloates the storage. Jumpinginto the sope is not allowed; you get an error message for it.You an use the funtion alloa to get an e�et muh like variable-length arrays. Thefuntion alloa is available in many other C implementations (but not in all). On theother hand, variable-length arrays are more elegant.There are other di�erenes between these two methods. Spae alloated with alloaexists until the ontaining funtion returns. The spae for a variable-length array is deal-loated as soon as the array name's sope ends. (If you use both variable-length arraysand alloa in the same funtion, dealloation of a variable-length array will also dealloateanything more reently alloated with alloa.)You an also use variable-length arrays as arguments to funtions:strut entrytester (int len, har data[len℄[len℄){ /* . . . */}The length of an array is omputed one when the storage is alloated and is rememberedfor the sope of the array in ase you aess it with sizeof.If you want to pass the array �rst and the length afterward, you an use a forwarddelaration in the parameter list|another GNU extension.strut entrytester (int len; har data[len℄[len℄, int len){ /* . . . */}The `int len' before the semiolon is a parameter forward delaration, and it serves thepurpose of making the name len known when the delaration of data is parsed.You an write any number of suh parameter forward delarations in the parameter list.They an be separated by ommas or semiolons, but the last one must end with a semiolon,whih is followed by the \real" parameter delarations. Eah forward delaration mustmath a \real" delaration in parameter name and data type. ISO C99 does not supportparameter forward delarations.5.14 Maros with a Variable Number of Arguments.In the ISO C standard of 1999, a maro an be delared to aept a variable number ofarguments muh as a funtion an. The syntax for de�ning the maro is similar to that ofa funtion. Here is an example:#define debug(format, ...) fprintf (stderr, format, __VA_ARGS__)Here `...' is a variable argument. In the invoation of suh a maro, it represents thezero or more tokens until the losing parenthesis that ends the invoation, inluding anyommas. This set of tokens replaes the identi�er __VA_ARGS__ in the maro body whereverit appears. See the CPP manual for more information.



Chapter 5: Extensions to the C Language Family 213GCC has long supported variadi maros, and used a di�erent syntax that allowed youto give a name to the variable arguments just like any other argument. Here is an example:#define debug(format, args...) fprintf (stderr, format, args)This is in all ways equivalent to the ISO C example above, but arguably more readableand desriptive.GNU CPP has two further variadi maro extensions, and permits them to be used witheither of the above forms of maro de�nition.In standard C, you are not allowed to leave the variable argument out entirely; but youare allowed to pass an empty argument. For example, this invoation is invalid in ISO C,beause there is no omma after the string:debug ("A message")GNU CPP permits you to ompletely omit the variable arguments in this way. In theabove examples, the ompiler would omplain, though sine the expansion of the maro stillhas the extra omma after the format string.To help solve this problem, CPP behaves speially for variable arguments used with thetoken paste operator, `##'. If instead you write#define debug(format, ...) fprintf (stderr, format, ## __VA_ARGS__)and if the variable arguments are omitted or empty, the `##' operator auses the pre-proessor to remove the omma before it. If you do provide some variable arguments inyour maro invoation, GNU CPP does not omplain about the paste operation and insteadplaes the variable arguments after the omma. Just like any other pasted maro argument,these arguments are not maro expanded.5.15 Slightly Looser Rules for Esaped NewlinesReently, the preproessor has relaxed its treatment of esaped newlines. Previously, thenewline had to immediately follow a bakslash. The urrent implementation allows white-spae in the form of spaes, horizontal and vertial tabs, and form feeds between the bak-slash and the subsequent newline. The preproessor issues a warning, but treats it as a validesaped newline and ombines the two lines to form a single logial line. This works withinomments and tokens, as well as between tokens. Comments are not treated as whitespaefor the purposes of this relaxation, sine they have not yet been replaed with spaes.5.16 Non-Lvalue Arrays May Have SubsriptsIn ISO C99, arrays that are not lvalues still deay to pointers, and may be subsripted,although they may not be modi�ed or used after the next sequene point and the unary`&' operator may not be applied to them. As an extension, GCC allows suh arrays tobe subsripted in C89 mode, though otherwise they do not deay to pointers outside C99mode. For example, this is valid in GNU C though not valid in C89:strut foo {int a[4℄;};strut foo f();bar (int index){ return f().a[index℄;}



214 Using the GNU Compiler Colletion (GCC)5.17 Arithmeti on void- and Funtion-PointersIn GNU C, addition and subtration operations are supported on pointers to void and onpointers to funtions. This is done by treating the size of a void or of a funtion as 1.A onsequene of this is that sizeof is also allowed on void and on funtion types, andreturns 1.The option `-Wpointer-arith' requests a warning if these extensions are used.5.18 Non-Constant InitializersAs in standard C++ and ISO C99, the elements of an aggregate initializer for an automativariable are not required to be onstant expressions in GNU C. Here is an example of aninitializer with run-time varying elements:foo (float f, float g){ float beat_freqs[2℄ = { f-g, f+g };/* . . . */}5.19 Compound LiteralsISO C99 supports ompound literals. A ompound literal looks like a ast ontaining aninitializer. Its value is an objet of the type spei�ed in the ast, ontaining the elementsspei�ed in the initializer; it is an lvalue. As an extension, GCC supports ompound literalsin C89 mode and in C++.Usually, the spei�ed type is a struture. Assume that strut foo and struture aredelared as shown:strut foo {int a; har b[2℄;} struture;Here is an example of onstruting a strut foo with a ompound literal:struture = ((strut foo) {x + y, 'a', 0});This is equivalent to writing the following:{ strut foo temp = {x + y, 'a', 0};struture = temp;}You an also onstrut an array. If all the elements of the ompound literal are (madeup of) simple onstant expressions, suitable for use in initializers of objets of stati storageduration, then the ompound literal an be oered to a pointer to its �rst element andused in suh an initializer, as shown here:har **foo = (har *[℄) { "x", "y", "z" };Compound literals for salar types and union types are is also allowed, but then theompound literal is equivalent to a ast.As a GNU extension, GCC allows initialization of objets with stati storage durationby ompound literals (whih is not possible in ISO C99, beause the initializer is not aonstant). It is handled as if the objet was initialized only with the braket enlosed listif ompound literal's and objet types math. The initializer list of the ompound literalmust be onstant. If the objet being initialized has array type of unknown size, the size isdetermined by ompound literal size.



Chapter 5: Extensions to the C Language Family 215stati strut foo x = (strut foo) {1, 'a', 'b'};stati int y[℄ = (int [℄) {1, 2, 3};stati int z[℄ = (int [3℄) {1};The above lines are equivalent to the following:stati strut foo x = {1, 'a', 'b'};stati int y[℄ = {1, 2, 3};stati int z[℄ = {1, 0, 0};5.20 Designated InitializersStandard C89 requires the elements of an initializer to appear in a �xed order, the same asthe order of the elements in the array or struture being initialized.In ISO C99 you an give the elements in any order, speifying the array indies or struture�eld names they apply to, and GNU C allows this as an extension in C89 mode as well.This extension is not implemented in GNU C++.To speify an array index, write `[index℄ =' before the element value. For example,int a[6℄ = { [4℄ = 29, [2℄ = 15 };is equivalent toint a[6℄ = { 0, 0, 15, 0, 29, 0 };The index values must be onstant expressions, even if the array being initialized is auto-mati.An alternative syntax for this whih has been obsolete sine GCC 2.5 but GCC stillaepts is to write `[index℄' before the element value, with no `='.To initialize a range of elements to the same value, write `[first ... last℄ = value '.This is a GNU extension. For example,int widths[℄ = { [0 ... 9℄ = 1, [10 ... 99℄ = 2, [100℄ = 3 };If the value in it has side-e�ets, the side-e�ets will happen only one, not for eah initial-ized �eld by the range initializer.Note that the length of the array is the highest value spei�ed plus one.In a struture initializer, speify the name of a �eld to initialize with `.fieldname ='before the element value. For example, given the following struture,strut point { int x, y; };the following initializationstrut point p = { .y = yvalue, .x = xvalue };is equivalent tostrut point p = { xvalue, yvalue };Another syntax whih has the same meaning, obsolete sine GCC 2.5, is `fieldname:',as shown here:strut point p = { y: yvalue, x: xvalue };The `[index℄' or `.fieldname ' is known as a designator. You an also use a designator(or the obsolete olon syntax) when initializing a union, to speify whih element of theunion should be used. For example,union foo { int i; double d; };union foo f = { .d = 4 };



216 Using the GNU Compiler Colletion (GCC)will onvert 4 to a double to store it in the union using the seond element. By ontrast,asting 4 to type union foo would store it into the union as the integer i, sine it is aninteger. (See Setion 5.22 [Cast to Union℄, page 216.)You an ombine this tehnique of naming elements with ordinary C initialization ofsuessive elements. Eah initializer element that does not have a designator applies to thenext onseutive element of the array or struture. For example,int a[6℄ = { [1℄ = v1, v2, [4℄ = v4 };is equivalent toint a[6℄ = { 0, v1, v2, 0, v4, 0 };Labeling the elements of an array initializer is espeially useful when the indies areharaters or belong to an enum type. For example:int whitespae[256℄= { [' '℄ = 1, ['\t'℄ = 1, ['\h'℄ = 1,['\f'℄ = 1, ['\n'℄ = 1, ['\r'℄ = 1 };You an also write a series of `.fieldname ' and `[index℄' designators before an `=' tospeify a nested subobjet to initialize; the list is taken relative to the subobjet orrespond-ing to the losest surrounding brae pair. For example, with the `strut point' delarationabove:strut point ptarray[10℄ = { [2℄.y = yv2, [2℄.x = xv2, [0℄.x = xv0 };If the same �eld is initialized multiple times, it will have value from the last initialization.If any suh overridden initialization has side-e�et, it is unspei�ed whether the side-e�ethappens or not. Currently, GCC will disard them and issue a warning.5.21 Case RangesYou an speify a range of onseutive values in a single ase label, like this:ase low ... high:This has the same e�et as the proper number of individual ase labels, one for eah integervalue from low to high, inlusive.This feature is espeially useful for ranges of ASCII harater odes:ase 'A' ... 'Z':Be areful: Write spaes around the ..., for otherwise it may be parsed wrong when youuse it with integer values. For example, write this:ase 1 ... 5:rather than this:ase 1...5:5.22 Cast to a Union TypeA ast to union type is similar to other asts, exept that the type spei�ed is a union type.You an speify the type either with union tag or with a typedef name. A ast to unionis atually a onstrutor though, not a ast, and hene does not yield an lvalue like normalasts. (See Setion 5.19 [Compound Literals℄, page 214.)The types that may be ast to the union type are those of the members of the union.Thus, given the following union and variables:



Chapter 5: Extensions to the C Language Family 217union foo { int i; double d; };int x;double y;both x and y an be ast to type union foo.Using the ast as the right-hand side of an assignment to a variable of union type isequivalent to storing in a member of the union:union foo u;/* . . . */u = (union foo) x � u.i = xu = (union foo) y � u.d = yYou an also use the union ast as a funtion argument:void hak (union foo);/* . . . */hak ((union foo) x);5.23 Mixed Delarations and CodeISO C99 and ISO C++ allow delarations and ode to be freely mixed within ompoundstatements. As an extension, GCC also allows this in C89 mode. For example, you oulddo: int i;/* . . . */i++;int j = i + 2;Eah identi�er is visible from where it is delared until the end of the enlosing blok.5.24 Delaring Attributes of FuntionsIn GNU C, you delare ertain things about funtions alled in your program whih helpthe ompiler optimize funtion alls and hek your ode more arefully.The keyword __attribute__ allows you to speify speial attributes when making adelaration. This keyword is followed by an attribute spei�ation inside double parenthe-ses. The following attributes are urrently de�ned for funtions on all targets: noreturn,noinline, always_inline, pure, onst, nothrow, sentinel, format, format_arg, no_instrument_funtion, setion, onstrutor, destrutor, used, unused, depreated,weak, mallo, alias, warn_unused_result and nonnull. Several other attributes are de-�ned for funtions on partiular target systems. Other attributes, inluding setion aresupported for variables delarations (see Setion 5.31 [Variable Attributes℄, page 233) andfor types (see Setion 5.32 [Type Attributes℄, page 238).You may also speify attributes with `__' preeding and following eah keyword. Thisallows you to use them in header �les without being onerned about a possible maro ofthe same name. For example, you may use __noreturn__ instead of noreturn.See Setion 5.25 [Attribute Syntax℄, page 228, for details of the exat syntax for usingattributes.alias ("target")The alias attribute auses the delaration to be emitted as an alias for anothersymbol, whih must be spei�ed. For instane,



218 Using the GNU Compiler Colletion (GCC)void __f () { /* Do something. */; }void f () __attribute__ ((weak, alias ("__f")));delares `f' to be a weak alias for `__f'. In C++, the mangled name for thetarget must be used. It is an error if `__f' is not de�ned in the same translationunit.Not all target mahines support this attribute.always_inlineGenerally, funtions are not inlined unless optimization is spei�ed. For fun-tions delared inline, this attribute inlines the funtion even if no optimizationlevel was spei�ed.del On the Intel 386, the del attribute auses the ompiler to assume that thealling funtion will pop o� the stak spae used to pass arguments. This isuseful to override the e�ets of the `-mrtd' swith.onst Many funtions do not examine any values exept their arguments, and haveno e�ets exept the return value. Basially this is just slightly more stritlass than the pure attribute below, sine funtion is not allowed to read globalmemory.Note that a funtion that has pointer arguments and examines the data pointedto must not be delared onst. Likewise, a funtion that alls a non-onstfuntion usually must not be onst. It does not make sense for a onst funtionto return void.The attribute onst is not implemented in GCC versions earlier than 2.5. Analternative way to delare that a funtion has no side e�ets, whih works inthe urrent version and in some older versions, is as follows:typedef int intfn ();extern onst intfn square;This approah does not work in GNU C++ from 2.6.0 on, sine the languagespei�es that the `onst' must be attahed to the return value.onstrutordestrutorThe onstrutor attribute auses the funtion to be alled automatially be-fore exeution enters main (). Similarly, the destrutor attribute auses thefuntion to be alled automatially after main () has ompleted or exit () hasbeen alled. Funtions with these attributes are useful for initializing data thatwill be used impliitly during the exeution of the program.These attributes are not urrently implemented for Objetive-C.depreatedThe depreated attribute results in a warning if the funtion is used anywherein the soure �le. This is useful when identifying funtions that are expetedto be removed in a future version of a program. The warning also inludes theloation of the delaration of the depreated funtion, to enable users to easily�nd further information about why the funtion is depreated, or what theyshould do instead. Note that the warnings only ours for uses:



Chapter 5: Extensions to the C Language Family 219int old_fn () __attribute__ ((depreated));int old_fn ();int (*fn_ptr)() = old_fn;results in a warning on line 3 but not line 2.The depreated attribute an also be used for variables and types (see Se-tion 5.31 [Variable Attributes℄, page 233, see Setion 5.32 [Type Attributes℄,page 238.)dllexport On Mirosoft Windows targets and Symbian OS targets the dllexport at-tribute auses the ompiler to provide a global pointer to a pointer in a DLL,so that it an be referened with the dllimport attribute. On Mirosoft Win-dows targets, the pointer name is formed by ombining _imp__ and the funtionor variable name.You an use __delspe(dllexport) as a synonym for __attribute__((dllexport)) for ompatibility with other ompilers.On systems that support the visibility attribute, this attribute also implies\default" visibility, unless a visibility attribute is expliitly spei�ed. Youshould avoid the use of dllexport with \hidden" or \internal" visibility; in thefuture GCC may issue an error for those ases.Currently, the dllexport attribute is ignored for inlined funtions, unless the`-fkeep-inline-funtions' ag has been used. The attribute is also ignoredfor unde�ned symbols.When applied to C++ lasses, the attribute marks de�ned non-inlined memberfuntions and stati data members as exports. Stati onsts initialized in-lassare not marked unless they are also de�ned out-of-lass.For Mirosoft Windows targets there are alternative methods for inluding thesymbol in the DLL's export table suh as using a `.def' �le with an EXPORTSsetion or, with GNU ld, using the `--export-all' linker ag.dllimport On Mirosoft Windows and Symbian OS targets, the dllimport attributeauses the ompiler to referene a funtion or variable via a global pointerto a pointer that is set up by the DLL exporting the symbol. The attributeimplies extern storage. On Mirosoft Windows targets, the pointer name isformed by ombining _imp__ and the funtion or variable name.You an use __delspe(dllimport) as a synonym for __attribute__((dllimport)) for ompatibility with other ompilers.Currently, the attribute is ignored for inlined funtions. If the attribute is ap-plied to a symbol de�nition, an error is reported. If a symbol previously delareddllimport is later de�ned, the attribute is ignored in subsequent referenes,and a warning is emitted. The attribute is also overridden by a subsequentdelaration as dllexport.When applied to C++ lasses, the attribute marks non-inlined member funtionsand stati data members as imports. However, the attribute is ignored forvirtual methods to allow reation of vtables using thunks.



220 Using the GNU Compiler Colletion (GCC)On the SH Symbian OS target the dllimport attribute also has another a�et|it an ause the vtable and run-time type information for a lass to be exported.This happens when the lass has a dllimport'ed onstrutor or a non-inline, non-pure virtual funtion and, for either of those two onditions, the lass also hasa inline onstrutor or destrutor and has a key funtion that is de�ned in theurrent translation unit.For Mirosoft Windows based targets the use of the dllimport attribute onfuntions is not neessary, but provides a small performane bene�t by elimi-nating a thunk in the DLL. The use of the dllimport attribute on importedvariables was required on older versions of the GNU linker, but an now beavoided by passing the `--enable-auto-import' swith to the GNU linker. Aswith funtions, using the attribute for a variable eliminates a thunk in the DLL.One drawbak to using this attribute is that a pointer to a funtion or variablemarked as dllimport annot be used as a onstant address. On MirosoftWindows targets, the attribute an be disabled for funtions by setting the`-mnop-fun-dllimport' ag.eightbit_dataUse this attribute on the H8/300, H8/300H, and H8S to indiate that thespei�ed variable should be plaed into the eight bit data setion. The ompilerwill generate more eÆient ode for ertain operations on data in the eight bitdata area. Note the eight bit data area is limited to 256 bytes of data.You must use GAS and GLD from GNU binutils version 2.7 or later for thisattribute to work orretly.far On 68HC11 and 68HC12 the far attribute auses the ompiler to use a all-ing onvention that takes are of swithing memory banks when entering andleaving a funtion. This alling onvention is also the default when using the`-mlong-alls' option.On 68HC12 the ompiler will use the all and rt instrutions to all andreturn from a funtion.On 68HC11 the ompiler will generate a sequene of instrutions to invoke aboard-spei� routine to swith the memory bank and all the real funtion.The board-spei� routine simulates a all. At the end of a funtion, it willjump to a board-spei� routine instead of using rts. The board-spei� returnroutine simulates the rt.fastall On the Intel 386, the fastall attribute auses the ompiler to pass the �rsttwo arguments in the registers ECX and EDX. Subsequent arguments arepassed on the stak. The alled funtion will pop the arguments o� the stak.If the number of arguments is variable all arguments are pushed on the stak.format (arhetype, string-index, first-to-hek)The format attribute spei�es that a funtion takes printf, sanf, strftimeor strfmon style arguments whih should be type-heked against a formatstring. For example, the delaration:extern intmy_printf (void *my_objet, onst har *my_format, ...)



Chapter 5: Extensions to the C Language Family 221__attribute__ ((format (printf, 2, 3)));auses the ompiler to hek the arguments in alls to my_printf for onsistenywith the printf style format string argument my_format.The parameter arhetype determines how the format string is interpreted, andshould be printf, sanf, strftime or strfmon. (You an also use __printf__, __sanf__, __strftime__ or __strfmon__.) The parameter string-indexspei�es whih argument is the format string argument (starting from 1), while�rst-to-hek is the number of the �rst argument to hek against the formatstring. For funtions where the arguments are not available to be heked (suhas vprintf), speify the third parameter as zero. In this ase the ompileronly heks the format string for onsisteny. For strftime formats, the thirdparameter is required to be zero. Sine non-stati C++methods have an impliitthis argument, the arguments of suh methods should be ounted from two,not one, when giving values for string-index and �rst-to-hek.In the example above, the format string (my_format) is the seond argumentof the funtion my_print, and the arguments to hek start with the thirdargument, so the orret parameters for the format attribute are 2 and 3.The format attribute allows you to identify your own funtions whih takeformat strings as arguments, so that GCC an hek the alls to these funtionsfor errors. The ompiler always (unless `-ffreestanding' or `-fno-builtin'is used) heks formats for the standard library funtions printf, fprintf,sprintf, sanf, fsanf, ssanf, strftime, vprintf, vfprintf and vsprintfwhenever suh warnings are requested (using `-Wformat'), so there is no needto modify the header �le `stdio.h'. In C99 mode, the funtions snprintf,vsnprintf, vsanf, vfsanf and vssanf are also heked. Exept in stritlyonforming C standard modes, the X/Open funtion strfmon is also hekedas are printf_unloked and fprintf_unloked. See Setion 3.4 [OptionsControlling C Dialet℄, page 20.The target may provide additional types of format heks. See Setion 5.46[Format Cheks Spei� to Partiular Target Mahines℄, page 327.format_arg (string-index)The format_arg attribute spei�es that a funtion takes a format string fora printf, sanf, strftime or strfmon style funtion and modi�es it (for ex-ample, to translate it into another language), so the result an be passed toa printf, sanf, strftime or strfmon style funtion (with the remaining ar-guments to the format funtion the same as they would have been for theunmodi�ed string). For example, the delaration:extern har *my_dgettext (har *my_domain, onst har *my_format)__attribute__ ((format_arg (2)));auses the ompiler to hek the arguments in alls to a printf, sanf,strftime or strfmon type funtion, whose format string argument is aall to the my_dgettext funtion, for onsisteny with the format stringargument my_format. If the format_arg attribute had not been spei�ed, allthe ompiler ould tell in suh alls to format funtions would be that theformat string argument is not onstant; this would generate a warning when



222 Using the GNU Compiler Colletion (GCC)`-Wformat-nonliteral' is used, but the alls ould not be heked withoutthe attribute.The parameter string-index spei�es whih argument is the format string argu-ment (starting from one). Sine non-stati C++ methods have an impliit thisargument, the arguments of suh methods should be ounted from two.The format-arg attribute allows you to identify your own funtions whihmodify format strings, so that GCC an hek the alls to printf, sanf,strftime or strfmon type funtion whose operands are a all to one of yourown funtion. The ompiler always treats gettext, dgettext, and dgettextin this manner exept when strit ISO C support is requested by `-ansi' or anappropriate `-std' option, or `-ffreestanding' or `-fno-builtin' is used. SeeSetion 3.4 [Options Controlling C Dialet℄, page 20.funtion_vetorUse this attribute on the H8/300, H8/300H, and H8S to indiate that the spe-i�ed funtion should be alled through the funtion vetor. Calling a funtionthrough the funtion vetor will redue ode size, however; the funtion vetorhas a limited size (maximum 128 entries on the H8/300 and 64 entries on theH8/300H and H8S) and shares spae with the interrupt vetor.You must use GAS and GLD from GNU binutils version 2.7 or later for thisattribute to work orretly.interrupt Use this attribute on the ARM, AVR, C4x, M32R/D and Xstormy16 portsto indiate that the spei�ed funtion is an interrupt handler. The ompilerwill generate funtion entry and exit sequenes suitable for use in an interrupthandler when this attribute is present.Note, interrupt handlers for the m68k, H8/300, H8/300H, H8S, and SH proes-sors an be spei�ed via the interrupt_handler attribute.Note, on the AVR, interrupts will be enabled inside the funtion.Note, for the ARM, you an speify the kind of interrupt to be handled byadding an optional parameter to the interrupt attribute like this:void f () __attribute__ ((interrupt ("IRQ")));Permissible values for this parameter are: IRQ, FIQ, SWI, ABORT and UN-DEF.interrupt_handlerUse this attribute on the m68k, H8/300, H8/300H, H8S, and SH to indiatethat the spei�ed funtion is an interrupt handler. The ompiler will generatefuntion entry and exit sequenes suitable for use in an interrupt handler whenthis attribute is present.long_all/short_allThis attribute spei�es how a partiular funtion is alled on ARM. Bothattributes override the `-mlong-alls' (see Setion 3.17.2 [ARM Options℄,page 109) ommand line swith and #pragma long_alls settings. The long_all attribute auses the ompiler to always all the funtion by �rst loadingits address into a register and then using the ontents of that register. The



Chapter 5: Extensions to the C Language Family 223short_all attribute always plaes the o�set to the funtion from the all siteinto the `BL' instrution diretly.longall/shortallOn the RS/6000 and PowerPC, the longall attribute auses the ompilerto always all this funtion via a pointer, just as it would if the `-mlongall'option had been spei�ed. The shortall attribute auses the ompiler notto do this. These attributes override both the `-mlongall' swith and the#pragma longall setting.See Setion 3.17.23 [RS/6000 and PowerPC Options℄, page 155, for more infor-mation on whether long alls are neessary.mallo The mallo attribute is used to tell the ompiler that a funtion may be treatedas if any non-NULL pointer it returns annot alias any other pointer valid whenthe funtion returns. This will often improve optimization. Standard funtionswith this property inlude mallo and allo. reallo-like funtions have thisproperty as long as the old pointer is never referred to (inluding omparing itto the new pointer) after the funtion returns a non-NULL value.model (model-name)On the M32R/D, use this attribute to set the addressability of an objet, and ofthe ode generated for a funtion. The identi�er model-name is one of small,medium, or large, representing eah of the ode models.Small model objets live in the lower 16MB of memory (so that their addressesan be loaded with the ld24 instrution), and are allable with the bl instru-tion.Medium model objets may live anywhere in the 32-bit address spae (theompiler will generate seth/add3 instrutions to load their addresses), and areallable with the bl instrution.Large model objets may live anywhere in the 32-bit address spae (the ompilerwill generate seth/add3 instrutions to load their addresses), and may not bereahable with the bl instrution (the ompiler will generate the muh slowerseth/add3/jl instrution sequene).On IA-64, use this attribute to set the addressability of an objet. At present,the only supported identi�er for model-name is small, indiating addressabil-ity via \small" (22-bit) addresses (so that their addresses an be loaded withthe addl instrution). Caveat: suh addressing is by de�nition not positionindependent and hene this attribute must not be used for objets de�ned byshared libraries.naked Use this attribute on the ARM, AVR, C4x and IP2K ports to indiate that thespei�ed funtion does not need prologue/epilogue sequenes generated by theompiler. It is up to the programmer to provide these sequenes.near On 68HC11 and 68HC12 the near attribute auses the ompiler to use thenormal alling onvention based on jsr and rts. This attribute an be used toanel the e�et of the `-mlong-alls' option.



224 Using the GNU Compiler Colletion (GCC)no_instrument_funtionIf `-finstrument-funtions' is given, pro�ling funtion alls will be generatedat entry and exit of most user-ompiled funtions. Funtions with this attributewill not be so instrumented.noinline This funtion attribute prevents a funtion from being onsidered for inlining.nonnull (arg-index, ...)The nonnull attribute spei�es that some funtion parameters should be non-null pointers. For instane, the delaration:extern void *my_mempy (void *dest, onst void *sr, size_t len)__attribute__((nonnull (1, 2)));auses the ompiler to hek that, in alls to my_mempy, arguments dest andsr are non-null. If the ompiler determines that a null pointer is passed inan argument slot marked as non-null, and the `-Wnonnull' option is enabled, awarning is issued. The ompiler may also hoose to make optimizations basedon the knowledge that ertain funtion arguments will not be null.If no argument index list is given to the nonnull attribute, all pointer argumentsare marked as non-null. To illustrate, the following delaration is equivalent tothe previous example:extern void *my_mempy (void *dest, onst void *sr, size_t len)__attribute__((nonnull));noreturn A few standard library funtions, suh as abort and exit, annot return. GCCknows this automatially. Some programs de�ne their own funtions that neverreturn. You an delare them noreturn to tell the ompiler this fat. Forexample,void fatal () __attribute__ ((noreturn));voidfatal (/* . . . */){ /* . . . */ /* Print error message. */ /* . . . */exit (1);}The noreturn keyword tells the ompiler to assume that fatal annot return.It an then optimize without regard to what would happen if fatal ever didreturn. This makes slightly better ode. More importantly, it helps avoidspurious warnings of uninitialized variables.The noreturn keyword does not a�et the exeptional path when that applies:a noreturn-marked funtion may still return to the aller by throwing an ex-eption or alling longjmp.Do not assume that registers saved by the alling funtion are restored beforealling the noreturn funtion.It does not make sense for a noreturn funtion to have a return type otherthan void.



Chapter 5: Extensions to the C Language Family 225The attribute noreturn is not implemented in GCC versions earlier than 2.5.An alternative way to delare that a funtion does not return, whih works inthe urrent version and in some older versions, is as follows:typedef void voidfn ();volatile voidfn fatal;This approah does not work in GNU C++.nothrow The nothrow attribute is used to inform the ompiler that a funtion annotthrow an exeption. For example, most funtions in the standard C library anbe guaranteed not to throw an exeption with the notable exeptions of qsortand bsearh that take funtion pointer arguments. The nothrow attribute isnot implemented in GCC versions earlier than 3.3.pure Many funtions have no e�ets exept the return value and their return valuedepends only on the parameters and/or global variables. Suh a funtion anbe subjet to ommon subexpression elimination and loop optimization just asan arithmeti operator would be. These funtions should be delared with theattribute pure. For example,int square (int) __attribute__ ((pure));says that the hypothetial funtion square is safe to all fewer times than theprogram says.Some of ommon examples of pure funtions are strlen or memmp. Inter-esting non-pure funtions are funtions with in�nite loops or those dependingon volatile memory or other system resoure, that may hange between twoonseutive alls (suh as feof in a multithreading environment).The attribute pure is not implemented in GCC versions earlier than 2.96.regparm (number)On the Intel 386, the regparm attribute auses the ompiler to pass up tonumber integer arguments in registers EAX, EDX, and ECX instead of on thestak. Funtions that take a variable number of arguments will ontinue to bepassed all of their arguments on the stak.Beware that on some ELF systems this attribute is unsuitable for global fun-tions in shared libraries with lazy binding (whih is the default). Lazy bindingwill send the �rst all via resolving ode in the loader, whih might assumeEAX, EDX and ECX an be lobbered, as per the standard alling onven-tions. Solaris 8 is a�eted by this. GNU systems with GLIBC 2.1 or higher,and FreeBSD, are believed to be safe sine the loaders there save all registers.(Lazy binding an be disabled with the linker or the loader if desired, to avoidthe problem.)saveall Use this attribute on the H8/300, H8/300H, and H8S to indiate that all reg-isters exept the stak pointer should be saved in the prologue regardless ofwhether they are used or not.setion ("setion-name")Normally, the ompiler plaes the ode it generates in the text setion. Some-times, however, you need additional setions, or you need ertain partiular



226 Using the GNU Compiler Colletion (GCC)funtions to appear in speial setions. The setion attribute spei�es that afuntion lives in a partiular setion. For example, the delaration:extern void foobar (void) __attribute__ ((setion ("bar")));puts the funtion foobar in the bar setion.Some �le formats do not support arbitrary setions so the setion attributeis not available on all platforms. If you need to map the entire ontents of amodule to a partiular setion, onsider using the failities of the linker instead.sentinel This funtion attribute ensures that a parameter in a funtion all is an expliitNULL. The attribute is only valid on variadi funtions. By default, the sentinelis loated at position zero, the last parameter of the funtion all. If an optionalinteger position argument P is supplied to the attribute, the sentinel must beloated at position P ounting bakwards from the end of the argument list.__attribute__ ((sentinel))is equivalent to__attribute__ ((sentinel(0)))The attribute is automatially set with a position of 0 for the built-in funtionsexel and exelp. The built-in funtion exele has the attribute set with aposition of 1.A valid NULL in this ontext is de�ned as zero with any pointer type. If yoursystem de�nes the NULL maro with an integer type then you need to addan expliit ast. GCC replaes stddef.h with a opy that rede�nes NULLappropriately.The warnings for missing or inorret sentinels are enabled with `-Wformat'.short_allSee long all/short all.shortall See longall/shortall.signal Use this attribute on the AVR to indiate that the spei�ed funtion is a signalhandler. The ompiler will generate funtion entry and exit sequenes suitablefor use in a signal handler when this attribute is present. Interrupts will bedisabled inside the funtion.sp_swith Use this attribute on the SH to indiate an interrupt_handler funtion shouldswith to an alternate stak. It expets a string argument that names a globalvariable holding the address of the alternate stak.void *alt_stak;void f () __attribute__ ((interrupt_handler,sp_swith ("alt_stak")));stdall On the Intel 386, the stdall attribute auses the ompiler to assume that thealled funtion will pop o� the stak spae used to pass arguments, unless ittakes a variable number of arguments.tiny_data Use this attribute on the H8/300H and H8S to indiate that the spei�ed vari-able should be plaed into the tiny data setion. The ompiler will generate



Chapter 5: Extensions to the C Language Family 227more eÆient ode for loads and stores on data in the tiny data setion. Notethe tiny data area is limited to slightly under 32kbytes of data.trap_exit Use this attribute on the SH for an interrupt_handler to return using trapainstead of rte. This attribute expets an integer argument speifying the trapnumber to be used.unused This attribute, attahed to a funtion, means that the funtion is meant to bepossibly unused. GCC will not produe a warning for this funtion.used This attribute, attahed to a funtion, means that ode must be emitted for thefuntion even if it appears that the funtion is not referened. This is useful,for example, when the funtion is referened only in inline assembly.visibility ("visibility_type")The visibility attribute on ELF targets auses the delaration to be emittedwith default, hidden, proteted or internal visibility.void __attribute__ ((visibility ("proteted")))f () { /* Do something. */; }int i __attribute__ ((visibility ("hidden")));See the ELF gABI for omplete details, but the short story is:default Default visibility is the normal ase for ELF. This value is availablefor the visibility attribute to override other options that may hangethe assumed visibility of symbols.hidden Hidden visibility indiates that the symbol will not be plaed intothe dynami symbol table, so no other module (exeutable orshared library) an referene it diretly.internal Internal visibility is like hidden visibility, but with additional pro-essor spei� semantis. Unless otherwise spei�ed by the psABI,GCC de�nes internal visibility to mean that the funtion is neveralled from another module. Note that hidden symbols, while theyannot be referened diretly by other modules, an be referenedindiretly via funtion pointers. By indiating that a symbol an-not be alled from outside the module, GCC may for instane omitthe load of a PIC register sine it is known that the alling funtionloaded the orret value.proteted Proteted visibility indiates that the symbol will be plaed in thedynami symbol table, but that referenes within the de�ning mod-ule will bind to the loal symbol. That is, the symbol annot beoverridden by another module.Not all ELF targets support this attribute.warn_unused_resultThe warn_unused_result attribute auses a warning to be emitted if a aller ofthe funtion with this attribute does not use its return value. This is useful forfuntions where not heking the result is either a seurity problem or alwaysa bug, suh as reallo.



228 Using the GNU Compiler Colletion (GCC)int fn () __attribute__ ((warn_unused_result));int foo (){ if (fn () < 0) return -1;fn ();return 0;}results in warning on line 5.weak The weak attribute auses the delaration to be emitted as a weak symbolrather than a global. This is primarily useful in de�ning library funtions whihan be overridden in user ode, though it an also be used with non-funtiondelarations. Weak symbols are supported for ELF targets, and also for a.outtargets when using the GNU assembler and linker.You an speify multiple attributes in a delaration by separating them by ommas withinthe double parentheses or by immediately following an attribute delaration with anotherattribute delaration.Some people objet to the __attribute__ feature, suggesting that ISO C's #pragmashould be used instead. At the time __attribute__ was designed, there were two reasonsfor not doing this.1. It is impossible to generate #pragma ommands from a maro.2. There is no telling what the same #pragma might mean in another ompiler.These two reasons applied to almost any appliation that might have been proposed for#pragma. It was basially a mistake to use #pragma for anything.The ISO C99 standard inludes _Pragma, whih now allows pragmas to be generatedfrom maros. In addition, a #pragma GCC namespae is now in use for GCC-spei� prag-mas. However, it has been found onvenient to use __attribute__ to ahieve a naturalattahment of attributes to their orresponding delarations, whereas #pragma GCC is of usefor onstruts that do not naturally form part of the grammar. See setion \MisellaneousPreproessing Diretives" in The GNU C Preproessor.5.25 Attribute SyntaxThis setion desribes the syntax with whih __attribute__ may be used, and the on-struts to whih attribute spei�ers bind, for the C language. Some details may vary forC++ and Objetive-C. Beause of infeliities in the grammar for attributes, some formsdesribed here may not be suessfully parsed in all ases.There are some problems with the semantis of attributes in C++. For example, thereare no manglings for attributes, although they may a�et ode generation, so problemsmay arise when attributed types are used in onjuntion with templates or overloading.Similarly, typeid does not distinguish between types with di�erent attributes. Support forattributes in C++ may be restrited in future to attributes on delarations only, but not onnested delarators.See Setion 5.24 [Funtion Attributes℄, page 217, for details of the semantis of attributesapplying to funtions. See Setion 5.31 [Variable Attributes℄, page 233, for details of thesemantis of attributes applying to variables. See Setion 5.32 [Type Attributes℄, page 238,for details of the semantis of attributes applying to struture, union and enumerated types.



Chapter 5: Extensions to the C Language Family 229An attribute spei�er is of the form __attribute__ ((attribute-list)). An attributelist is a possibly empty omma-separated sequene of attributes, where eah attribute isone of the following:� Empty. Empty attributes are ignored.� A word (whih may be an identi�er suh as unused, or a reserved word suh as onst).� A word, followed by, in parentheses, parameters for the attribute. These parameterstake one of the following forms:� An identi�er. For example, mode attributes use this form.� An identi�er followed by a omma and a non-empty omma-separated list of ex-pressions. For example, format attributes use this form.� A possibly empty omma-separated list of expressions. For example, format_argattributes use this form with the list being a single integer onstant expression,and alias attributes use this form with the list being a single string onstant.An attribute spei�er list is a sequene of one or more attribute spei�ers, not separatedby any other tokens.In GNU C, an attribute spei�er list may appear after the olon following a label, otherthan a ase or default label. The only attribute it makes sense to use after a label isunused. This feature is intended for ode generated by programs whih ontains labels thatmay be unused but whih is ompiled with `-Wall'. It would not normally be appropriateto use in it human-written ode, though it ould be useful in ases where the ode thatjumps to the label is ontained within an #ifdef onditional. GNU C++ does not permitsuh plaement of attribute lists, as it is permissible for a delaration, whih ould beginwith an attribute list, to be labelled in C++. Delarations annot be labelled in C90 or C99,so the ambiguity does not arise there.An attribute spei�er list may appear as part of a strut, union or enum spei�er. Itmay go either immediately after the strut, union or enum keyword, or after the losingbrae. It is ignored if the ontent of the struture, union or enumerated type is not de�nedin the spei�er in whih the attribute spei�er list is used|that is, in usages suh as strut__attribute__((foo)) bar with no following opening brae. Where attribute spei�ersfollow the losing brae, they are onsidered to relate to the struture, union or enumeratedtype de�ned, not to any enlosing delaration the type spei�er appears in, and the typede�ned is not omplete until after the attribute spei�ers.Otherwise, an attribute spei�er appears as part of a delaration, ounting delarationsof unnamed parameters and type names, and relates to that delaration (whih may benested in another delaration, for example in the ase of a parameter delaration), or toa partiular delarator within a delaration. Where an attribute spei�er is applied to aparameter delared as a funtion or an array, it should apply to the funtion or array ratherthan the pointer to whih the parameter is impliitly onverted, but this is not yet orretlyimplemented.Any list of spei�ers and quali�ers at the start of a delaration may ontain attributespei�ers, whether or not suh a list may in that ontext ontain storage lass spei�ers.(Some attributes, however, are essentially in the nature of storage lass spei�ers, and onlymake sense where storage lass spei�ers may be used; for example, setion.) There is oneneessary limitation to this syntax: the �rst old-style parameter delaration in a funtion



230 Using the GNU Compiler Colletion (GCC)de�nition annot begin with an attribute spei�er, beause suh an attribute applies to thefuntion instead by syntax desribed below (whih, however, is not yet implemented in thisase). In some other ases, attribute spei�ers are permitted by this grammar but not yetsupported by the ompiler. All attribute spei�ers in this plae relate to the delaration asa whole. In the obsolesent usage where a type of int is implied by the absene of typespei�ers, suh a list of spei�ers and quali�ers may be an attribute spei�er list with noother spei�ers or quali�ers.At present, the �rst parameter in a funtion prototype must have some type spei�erwhih is not an attribute spei�er; this resolves an ambiguity in the interpretation of voidf(int (__attribute__((foo)) x)), but is subjet to hange. At present, if the parenthe-ses of a funtion delarator ontain only attributes then those attributes are ignored, ratherthan yielding an error or warning or implying a single parameter of type int, but this issubjet to hange.An attribute spei�er list may appear immediately before a delarator (other than the�rst) in a omma-separated list of delarators in a delaration of more than one identi�erusing a single list of spei�ers and quali�ers. Suh attribute spei�ers apply only to theidenti�er before whose delarator they appear. For example, in__attribute__((noreturn)) void d0 (void),__attribute__((format(printf, 1, 2))) d1 (onst har *, ...),d2 (void)the noreturn attribute applies to all the funtions delared; the format attribute onlyapplies to d1.An attribute spei�er list may appear immediately before the omma, = or semiolonterminating the delaration of an identi�er other than a funtion de�nition. At present,suh attribute spei�ers apply to the delared objet or funtion, but in future they mayattah to the outermost adjaent delarator. In simple ases there is no di�erene, but, forexample, invoid (****f)(void) __attribute__((noreturn));at present the noreturn attribute applies to f, whih auses a warning sine f is not afuntion, but in future it may apply to the funtion ****f. The preise semantis of whatattributes in suh ases will apply to are not yet spei�ed. Where an assembler name foran objet or funtion is spei�ed (see Setion 5.36 [Asm Labels℄, page 265), at present theattribute must follow the asm spei�ation; in future, attributes before the asm spei�ationmay apply to the adjaent delarator, and those after it to the delared objet or funtion.An attribute spei�er list may, in future, be permitted to appear after the delarator ina funtion de�nition (before any old-style parameter delarations or the funtion body).Attribute spei�ers may be mixed with type quali�ers appearing inside the [℄ of a pa-rameter array delarator, in the C99 onstrut by whih suh quali�ers are applied to thepointer to whih the array is impliitly onverted. Suh attribute spei�ers apply to thepointer, not to the array, but at present this is not implemented and they are ignored.An attribute spei�er list may appear at the start of a nested delarator. At present,there are some limitations in this usage: the attributes orretly apply to the delarator,but for most individual attributes the semantis this implies are not implemented. Whenattribute spei�ers follow the * of a pointer delarator, they may be mixed with any typequali�ers present. The following desribes the formal semantis of this syntax. It will make



Chapter 5: Extensions to the C Language Family 231the most sense if you are familiar with the formal spei�ation of delarators in the ISO Cstandard.Consider (as in C99 sublause 6.7.5 paragraph 4) a delaration T D1, where T ontainsdelaration spei�ers that speify a type Type (suh as int) and D1 is a delarator thatontains an identi�er ident. The type spei�ed for ident for derived delarators whose typedoes not inlude an attribute spei�er is as in the ISO C standard.If D1 has the form ( attribute-speifier-list D ), and the delaration T D spei�esthe type \derived-delarator-type-list Type" for ident, then T D1 spei�es the type \derived-delarator-type-list attribute-spei�er-list Type" for ident.If D1 has the form * type-qualifier-and-attribute-speifier-list D, and the de-laration T D spei�es the type \derived-delarator-type-list Type" for ident, then T D1 spe-i�es the type \derived-delarator-type-list type-quali�er-and-attribute-spei�er-list Type"for ident.For example,void (__attribute__((noreturn)) ****f) (void);spei�es the type \pointer to pointer to pointer to pointer to non-returning funtion return-ing void". As another example,har *__attribute__((aligned(8))) *f;spei�es the type \pointer to 8-byte-aligned pointer to har". Note again that this does notwork with most attributes; for example, the usage of `aligned' and `noreturn' attributesgiven above is not yet supported.For ompatibility with existing ode written for ompiler versions that did not implementattributes on nested delarators, some laxity is allowed in the plaing of attributes. If anattribute that only applies to types is applied to a delaration, it will be treated as applyingto the type of that delaration. If an attribute that only applies to delarations is appliedto the type of a delaration, it will be treated as applying to that delaration; and, forompatibility with ode plaing the attributes immediately before the identi�er delared,suh an attribute applied to a funtion return type will be treated as applying to thefuntion type, and suh an attribute applied to an array element type will be treated asapplying to the array type. If an attribute that only applies to funtion types is applied toa pointer-to-funtion type, it will be treated as applying to the pointer target type; if suhan attribute is applied to a funtion return type that is not a pointer-to-funtion type, itwill be treated as applying to the funtion type.5.26 Prototypes and Old-Style Funtion De�nitionsGNU C extends ISO C to allow a funtion prototype to override a later old-style non-prototype de�nition. Consider the following example:/* Use prototypes unless the ompiler is old-fashioned. */#ifdef __STDC__#define P(x) x#else#define P(x) ()#endif/* Prototype funtion delaration. */int isroot P((uid_t));



232 Using the GNU Compiler Colletion (GCC)
/* Old-style funtion de�nition. */intisroot (x) /* ??? lossage here ??? */uid_t x;{ return x == 0;}Suppose the type uid_t happens to be short. ISO C does not allow this example,beause subword arguments in old-style non-prototype de�nitions are promoted. Thereforein this example the funtion de�nition's argument is really an int, whih does not maththe prototype argument type of short.This restrition of ISO C makes it hard to write ode that is portable to traditional Compilers, beause the programmer does not know whether the uid_t type is short, int,or long. Therefore, in ases like these GNU C allows a prototype to override a later old-style de�nition. More preisely, in GNU C, a funtion prototype argument type overridesthe argument type spei�ed by a later old-style de�nition if the former type is the same asthe latter type before promotion. Thus in GNU C the above example is equivalent to thefollowing:int isroot (uid_t);intisroot (uid_t x){ return x == 0;}GNU C++ does not support old-style funtion de�nitions, so this extension is irrelevant.5.27 C++ Style CommentsIn GNU C, you may use C++ style omments, whih start with `//' and ontinue untilthe end of the line. Many other C implementations allow suh omments, and they areinluded in the 1999 C standard. However, C++ style omments are not reognized if youspeify an `-std' option speifying a version of ISO C before C99, or `-ansi' (equivalent to`-std=89').5.28 Dollar Signs in Identi�er NamesIn GNU C, you may normally use dollar signs in identi�er names. This is beause manytraditional C implementations allow suh identi�ers. However, dollar signs in identi�ers arenot supported on a few target mahines, typially beause the target assembler does notallow them.5.29 The Charater hESCi in ConstantsYou an use the sequene `\e' in a string or harater onstant to stand for the ASCIIharater hESCi.



Chapter 5: Extensions to the C Language Family 2335.30 Inquiring on Alignment of Types or VariablesThe keyword __alignof__ allows you to inquire about how an objet is aligned, or theminimum alignment usually required by a type. Its syntax is just like sizeof.For example, if the target mahine requires a double value to be aligned on an 8-byteboundary, then __alignof__ (double) is 8. This is true on many RISC mahines. Onmore traditional mahine designs, __alignof__ (double) is 4 or even 2.Some mahines never atually require alignment; they allow referene to any data typeeven at an odd address. For these mahines, __alignof__ reports the reommended align-ment of a type.If the operand of __alignof__ is an lvalue rather than a type, its value is the requiredalignment for its type, taking into aount any minimum alignment spei�ed with GCC's__attribute__ extension (see Setion 5.31 [Variable Attributes℄, page 233). For example,after this delaration:strut foo { int x; har y; } foo1;the value of __alignof__ (foo1.y) is 1, even though its atual alignment is probably 2 or4, the same as __alignof__ (int).It is an error to ask for the alignment of an inomplete type.5.31 Speifying Attributes of VariablesThe keyword __attribute__ allows you to speify speial attributes of variables or struture�elds. This keyword is followed by an attribute spei�ation inside double parentheses.Some attributes are urrently de�ned generially for variables. Other attributes are de�nedfor variables on partiular target systems. Other attributes are available for funtions(see Setion 5.24 [Funtion Attributes℄, page 217) and for types (see Setion 5.32 [TypeAttributes℄, page 238). Other front ends might de�ne more attributes (see Chapter 6[Extensions to the C++ Language℄, page 335).You may also speify attributes with `__' preeding and following eah keyword. Thisallows you to use them in header �les without being onerned about a possible maro ofthe same name. For example, you may use __aligned__ instead of aligned.See Setion 5.25 [Attribute Syntax℄, page 228, for details of the exat syntax for usingattributes.aligned (alignment)This attribute spei�es a minimum alignment for the variable or struture �eld,measured in bytes. For example, the delaration:int x __attribute__ ((aligned (16))) = 0;auses the ompiler to alloate the global variable x on a 16-byte boundary. Ona 68040, this ould be used in onjuntion with an asm expression to aess themove16 instrution whih requires 16-byte aligned operands.You an also speify the alignment of struture �elds. For example, to reate adouble-word aligned int pair, you ould write:strut foo { int x[2℄ __attribute__ ((aligned (8))); };This is an alternative to reating a union with a double member that foresthe union to be double-word aligned.



234 Using the GNU Compiler Colletion (GCC)As in the preeding examples, you an expliitly speify the alignment (in bytes)that you wish the ompiler to use for a given variable or struture �eld. Alter-natively, you an leave out the alignment fator and just ask the ompiler toalign a variable or �eld to the maximum useful alignment for the target mahineyou are ompiling for. For example, you ould write:short array[3℄ __attribute__ ((aligned));Whenever you leave out the alignment fator in an aligned attribute spei�a-tion, the ompiler automatially sets the alignment for the delared variable or�eld to the largest alignment whih is ever used for any data type on the targetmahine you are ompiling for. Doing this an often make opy operations moreeÆient, beause the ompiler an use whatever instrutions opy the biggesthunks of memory when performing opies to or from the variables or �eldsthat you have aligned this way.The aligned attribute an only inrease the alignment; but you an dereaseit by speifying paked as well. See below.Note that the e�etiveness of aligned attributes may be limited by inherentlimitations in your linker. On many systems, the linker is only able to arrangefor variables to be aligned up to a ertain maximum alignment. (For somelinkers, the maximum supported alignment may be very very small.) If yourlinker is only able to align variables up to a maximum of 8 byte alignment, thenspeifying aligned(16) in an __attribute__ will still only provide you with8 byte alignment. See your linker doumentation for further information.leanup (leanup_funtion)The leanup attribute runs a funtion when the variable goes out of sope.This attribute an only be applied to auto funtion sope variables; it may notbe applied to parameters or variables with stati storage duration. The funtionmust take one parameter, a pointer to a type ompatible with the variable. Thereturn value of the funtion (if any) is ignored.If `-fexeptions' is enabled, then leanup funtion will be run during the stakunwinding that happens during the proessing of the exeption. Note that theleanup attribute does not allow the exeption to be aught, only to performan ation. It is unde�ned what happens if leanup funtion does not returnnormally.ommonnoommon The ommon attribute requests GCC to plae a variable in \ommon" storage.The noommon attribute requests the opposite|to alloate spae for it diretly.These attributes override the default hosen by the `-fno-ommon' and`-fommon' ags respetively.depreatedThe depreated attribute results in a warning if the variable is used anywherein the soure �le. This is useful when identifying variables that are expetedto be removed in a future version of a program. The warning also inludes theloation of the delaration of the depreated variable, to enable users to easily�nd further information about why the variable is depreated, or what theyshould do instead. Note that the warning only ours for uses:



Chapter 5: Extensions to the C Language Family 235extern int old_var __attribute__ ((depreated));extern int old_var;int new_fn () { return old_var; }results in a warning on line 3 but not line 2.The depreated attribute an also be used for funtions and types (see Se-tion 5.24 [Funtion Attributes℄, page 217, see Setion 5.32 [Type Attributes℄,page 238.)mode (mode)This attribute spei�es the data type for the delaration|whihever type or-responds to the modemode. This in e�et lets you request an integer or oatingpoint type aording to its width.You may also speify a mode of `byte' or `__byte__' to indiate the modeorresponding to a one-byte integer, `word' or `__word__' for the mode of a one-word integer, and `pointer' or `__pointer__' for the mode used to representpointers.paked The paked attribute spei�es that a variable or struture �eld should have thesmallest possible alignment|one byte for a variable, and one bit for a �eld,unless you speify a larger value with the aligned attribute.Here is a struture in whih the �eld x is paked, so that it immediately followsa: strut foo{ har a;int x[2℄ __attribute__ ((paked));};setion ("setion-name")Normally, the ompiler plaes the objets it generates in setions like data andbss. Sometimes, however, you need additional setions, or you need ertainpartiular variables to appear in speial setions, for example to map to speialhardware. The setion attribute spei�es that a variable (or funtion) livesin a partiular setion. For example, this small program uses several spei�setion names:strut duart a __attribute__ ((setion ("DUART_A"))) = { 0 };strut duart b __attribute__ ((setion ("DUART_B"))) = { 0 };har stak[10000℄ __attribute__ ((setion ("STACK"))) = { 0 };int init_data __attribute__ ((setion ("INITDATA"))) = 0;main(){ /* Initialize stak pointer */init_sp (stak + sizeof (stak));/* Initialize initialized data */mempy (&init_data, &data, &edata - &data);/* Turn on the serial ports */init_duart (&a);init_duart (&b);}



236 Using the GNU Compiler Colletion (GCC)Use the setion attribute with an initialized de�nition of a global variable,as shown in the example. GCC issues a warning and otherwise ignores thesetion attribute in uninitialized variable delarations.You may only use the setion attribute with a fully initialized global de�nitionbeause of the way linkers work. The linker requires eah objet be de�ned one,with the exeption that uninitialized variables tentatively go in the ommon (orbss) setion and an be multiply \de�ned". You an fore a variable to beinitialized with the `-fno-ommon' ag or the noommon attribute.Some �le formats do not support arbitrary setions so the setion attributeis not available on all platforms. If you need to map the entire ontents of amodule to a partiular setion, onsider using the failities of the linker instead.shared On Mirosoft Windows, in addition to putting variable de�nitions in a namedsetion, the setion an also be shared among all running opies of an exeutableor DLL. For example, this small program de�nes shared data by putting it ina named setion shared and marking the setion shareable:int foo __attribute__((setion ("shared"), shared)) = 0;intmain(){ /* Read and write foo. All runningopies see the same value. */return 0;}You may only use the shared attribute along with setion attribute with afully initialized global de�nition beause of the way linkers work. See setionattribute for more information.The shared attribute is only available on Mirosoft Windows.tls_model ("tls_model")The tls_model attribute sets thread-loal storage model (see Setion 5.49[Thread-Loal℄, page 331) of a partiular __thread variable, overriding`-ftls-model=' ommand line swith on a per-variable basis. The tls modelargument should be one of global-dynami, loal-dynami, initial-exeor loal-exe.Not all targets support this attribute.transparent_unionThis attribute, attahed to a funtion parameter whih is a union, means thatthe orresponding argument may have the type of any union member, but theargument is passed as if its type were that of the �rst union member. For moredetails see See Setion 5.32 [Type Attributes℄, page 238. You an also use thisattribute on a typedef for a union data type; then it applies to all funtionparameters with that type.unused This attribute, attahed to a variable, means that the variable is meant to bepossibly unused. GCC will not produe a warning for this variable.



Chapter 5: Extensions to the C Language Family 237vetor_size (bytes)This attribute spei�es the vetor size for the variable, measured in bytes. Forexample, the delaration:int foo __attribute__ ((vetor_size (16)));auses the ompiler to set the mode for foo, to be 16 bytes, divided into intsized units. Assuming a 32-bit int (a vetor of 4 units of 4 bytes), the orre-sponding mode of foo will be V4SI.This attribute is only appliable to integral and oat salars, although arrays,pointers, and funtion return values are allowed in onjuntion with this on-strut.Aggregates with this attribute are invalid, even if they are of the same size asa orresponding salar. For example, the delaration:strut S { int a; };strut S __attribute__ ((vetor_size (16))) foo;is invalid even if the size of the struture is the same as the size of the int.weak The weak attribute is desribed in See Setion 5.24 [Funtion Attributes℄,page 217.dllimport The dllimport attribute is desribed in See Setion 5.24 [Funtion Attributes℄,page 217.dlexport The dllexport attribute is desribed in See Setion 5.24 [Funtion Attributes℄,page 217.5.31.1 M32R/D Variable AttributesOne attribute is urrently de�ned for the M32R/D.model (model-name)Use this attribute on the M32R/D to set the addressability of an objet. Theidenti�er model-name is one of small, medium, or large, representing eah ofthe ode models.Small model objets live in the lower 16MB of memory (so that their addressesan be loaded with the ld24 instrution).Medium and large model objets may live anywhere in the 32-bit address spae(the ompiler will generate seth/add3 instrutions to load their addresses).5.31.2 i386 Variable AttributesTwo attributes are urrently de�ned for i386 on�gurations: ms_strut and g_strutms_strutg_strutIf paked is used on a struture, or if bit-�elds are used it may be that theMirosoft ABI paks them di�erently than GCC would normally pak them.Partiularly when moving paked data between funtions ompiled with GCCand the native Mirosoft ompiler (either via funtion all or as data in a �le),it may be neessary to aess either format.



238 Using the GNU Compiler Colletion (GCC)Currently `-m[no-℄ms-bitfields' is provided for the Mirosoft Windows X86ompilers to math the native Mirosoft ompiler.5.31.3 Xstormy16 Variable AttributesOne attribute is urrently de�ned for xstormy16 on�gurations: below100below100 If a variable has the below100 attribute (BELOW100 is allowed also), GCC willplae the variable in the �rst 0x100 bytes of memory and use speial opodesto aess it. Suh variables will be plaed in either the .bss_below100 setionor the .data_below100 setion.5.32 Speifying Attributes of TypesThe keyword __attribute__ allows you to speify speial attributes of strut and uniontypes when you de�ne suh types. This keyword is followed by an attribute spei�ationinside double parentheses. Six attributes are urrently de�ned for types: aligned, paked,transparent_union, unused, depreated and may_alias. Other attributes are de�nedfor funtions (see Setion 5.24 [Funtion Attributes℄, page 217) and for variables (see Se-tion 5.31 [Variable Attributes℄, page 233).You may also speify any one of these attributes with `__' preeding and following itskeyword. This allows you to use these attributes in header �les without being onernedabout a possible maro of the same name. For example, you may use __aligned__ insteadof aligned.You may speify the aligned and transparent_union attributes either in a typedefdelaration or just past the losing urly brae of a omplete enum, strut or union typede�nition and the paked attribute only past the losing brae of a de�nition.You may also speify attributes between the enum, strut or union tag and the name ofthe type rather than after the losing brae.See Setion 5.25 [Attribute Syntax℄, page 228, for details of the exat syntax for usingattributes.aligned (alignment)This attribute spei�es a minimum alignment (in bytes) for variables of thespei�ed type. For example, the delarations:strut S { short f[3℄; } __attribute__ ((aligned (8)));typedef int more_aligned_int __attribute__ ((aligned (8)));fore the ompiler to insure (as far as it an) that eah variable whose typeis strut S or more_aligned_int will be alloated and aligned at least on a8-byte boundary. On a SPARC, having all variables of type strut S aligned to8-byte boundaries allows the ompiler to use the ldd and std (doubleword loadand store) instrutions when opying one variable of type strut S to another,thus improving run-time eÆieny.Note that the alignment of any given strut or union type is required by theISO C standard to be at least a perfet multiple of the lowest ommon multipleof the alignments of all of the members of the strut or union in question. Thismeans that you an e�etively adjust the alignment of a strut or union type



Chapter 5: Extensions to the C Language Family 239by attahing an aligned attribute to any one of the members of suh a type,but the notation illustrated in the example above is a more obvious, intuitive,and readable way to request the ompiler to adjust the alignment of an entirestrut or union type.As in the preeding example, you an expliitly speify the alignment (in bytes)that you wish the ompiler to use for a given strut or union type. Alterna-tively, you an leave out the alignment fator and just ask the ompiler toalign a type to the maximum useful alignment for the target mahine you areompiling for. For example, you ould write:strut S { short f[3℄; } __attribute__ ((aligned));Whenever you leave out the alignment fator in an aligned attribute spei�a-tion, the ompiler automatially sets the alignment for the type to the largestalignment whih is ever used for any data type on the target mahine you areompiling for. Doing this an often make opy operations more eÆient, be-ause the ompiler an use whatever instrutions opy the biggest hunks ofmemory when performing opies to or from the variables whih have types thatyou have aligned this way.In the example above, if the size of eah short is 2 bytes, then the size of theentire strut S type is 6 bytes. The smallest power of two whih is greaterthan or equal to that is 8, so the ompiler sets the alignment for the entirestrut S type to 8 bytes.Note that although you an ask the ompiler to selet a time-eÆient alignmentfor a given type and then delare only individual stand-alone objets of thattype, the ompiler's ability to selet a time-eÆient alignment is primarily usefulonly when you plan to reate arrays of variables having the relevant (eÆientlyaligned) type. If you delare or use arrays of variables of an eÆiently-alignedtype, then it is likely that your program will also be doing pointer arithmeti (orsubsripting, whih amounts to the same thing) on pointers to the relevant type,and the ode that the ompiler generates for these pointer arithmeti operationswill often be more eÆient for eÆiently-aligned types than for other types.The aligned attribute an only inrease the alignment; but you an dereaseit by speifying paked as well. See below.Note that the e�etiveness of aligned attributes may be limited by inherentlimitations in your linker. On many systems, the linker is only able to arrangefor variables to be aligned up to a ertain maximum alignment. (For somelinkers, the maximum supported alignment may be very very small.) If yourlinker is only able to align variables up to a maximum of 8 byte alignment, thenspeifying aligned(16) in an __attribute__ will still only provide you with8 byte alignment. See your linker doumentation for further information.paked This attribute, attahed to strut or union type de�nition, spei�es that eahmember of the struture or union is plaed to minimize the memory required.When attahed to an enum de�nition, it indiates that the smallest integral typeshould be used.Speifying this attribute for strut and union types is equivalent to speifyingthe paked attribute on eah of the struture or union members. Speifying



240 Using the GNU Compiler Colletion (GCC)the `-fshort-enums' ag on the line is equivalent to speifying the pakedattribute on all enum de�nitions.In the following example strut my_paked_strut's members are pakedlosely together, but the internal layout of its s member is not paked|todo that, strut my_unpaked_strut would need to be paked too.strut my_unpaked_strut{ har ;int i;};strut my_paked_strut __attribute__ ((__paked__)){ har ;int i;strut my_unpaked_strut s;};You may only speify this attribute on the de�nition of a enum, strut or union,not on a typedef whih does not also de�ne the enumerated type, struture orunion.transparent_unionThis attribute, attahed to a union type de�nition, indiates that any funtionparameter having that union type auses alls to that funtion to be treated ina speial way.First, the argument orresponding to a transparent union type an be of anytype in the union; no ast is required. Also, if the union ontains a pointer type,the orresponding argument an be a null pointer onstant or a void pointerexpression; and if the union ontains a void pointer type, the orrespondingargument an be any pointer expression. If the union member type is a pointer,quali�ers like onst on the referened type must be respeted, just as withnormal pointer onversions.Seond, the argument is passed to the funtion using the alling onventions ofthe �rst member of the transparent union, not the alling onventions of theunion itself. All members of the union must have the same mahine represen-tation; this is neessary for this argument passing to work properly.Transparent unions are designed for library funtions that have multiple inter-faes for ompatibility reasons. For example, suppose the wait funtion mustaept either a value of type int * to omply with Posix, or a value of typeunion wait * to omply with the 4.1BSD interfae. If wait's parameter werevoid *, wait would aept both kinds of arguments, but it would also aeptany other pointer type and this would make argument type heking less useful.Instead, <sys/wait.h> might de�ne the interfae as follows:typedef union{ int *__ip;union wait *__up;} wait_status_ptr_t __attribute__ ((__transparent_union__));pid_t wait (wait_status_ptr_t);



Chapter 5: Extensions to the C Language Family 241This interfae allows either int * or union wait * arguments to be passed,using the int * alling onvention. The program an all wait with argumentsof either type:int w1 () { int w; return wait (&w); }int w2 () { union wait w; return wait (&w); }With this interfae, wait's implementation might look like this:pid_t wait (wait_status_ptr_t p){ return waitpid (-1, p.__ip, 0);}unused When attahed to a type (inluding a union or a strut), this attribute meansthat variables of that type are meant to appear possibly unused. GCC will notprodue a warning for any variables of that type, even if the variable appears todo nothing. This is often the ase with lok or thread lasses, whih are usuallyde�ned and then not referened, but ontain onstrutors and destrutors thathave nontrivial bookkeeping funtions.depreatedThe depreated attribute results in a warning if the type is used anywhere inthe soure �le. This is useful when identifying types that are expeted to beremoved in a future version of a program. If possible, the warning also inludesthe loation of the delaration of the depreated type, to enable users to easily�nd further information about why the type is depreated, or what they shoulddo instead. Note that the warnings only our for uses and then only if the typeis being applied to an identi�er that itself is not being delared as depreated.typedef int T1 __attribute__ ((depreated));T1 x;typedef T1 T2;T2 y;typedef T1 T3 __attribute__ ((depreated));T3 z __attribute__ ((depreated));results in a warning on line 2 and 3 but not lines 4, 5, or 6. No warning isissued for line 4 beause T2 is not expliitly depreated. Line 5 has no warningbeause T3 is expliitly depreated. Similarly for line 6.The depreated attribute an also be used for funtions and variables (see Se-tion 5.24 [Funtion Attributes℄, page 217, see Setion 5.31 [Variable Attributes℄,page 233.)may_alias Aesses to objets with types with this attribute are not subjeted to type-based alias analysis, but are instead assumed to be able to alias any othertype of objets, just like the har type. See `-fstrit-aliasing' for moreinformation on aliasing issues.Example of use:typedef short __attribute__((__may_alias__)) short_a;intmain (void){



242 Using the GNU Compiler Colletion (GCC)int a = 0x12345678;short_a *b = (short_a *) &a;b[1℄ = 0;if (a == 0x12345678)abort();exit(0);}If you replaed short_a with short in the variable delaration, the above pro-gram would abort when ompiled with `-fstrit-aliasing', whih is on bydefault at `-O2' or above in reent GCC versions.5.32.1 ARM Type AttributesOn those ARM targets that support dllimport (suh as Symbian OS), you anuse the notshared attribute to indiate that the virtual table and other similardata for a lass should not be exported from a DLL. For example:lass __delspe(notshared) C {publi:__delspe(dllimport) C();virtual void f();}__delspe(dllexport)C::C() {}In this ode, C::C is exported from the urrent DLL, but the virtual table forC is not exported. (You an use __attribute__ instead of __delspe if youprefer, but most Symbian OS ode uses __delspe.)5.32.2 i386 Type AttributesTwo attributes are urrently de�ned for i386 on�gurations: ms_strut andg_strutms_strutg_strutIf paked is used on a struture, or if bit-�elds are used it may be that theMirosoft ABI paks them di�erently than GCC would normally pak them.Partiularly when moving paked data between funtions ompiled with GCCand the native Mirosoft ompiler (either via funtion all or as data in a �le),it may be neessary to aess either format.Currently `-m[no-℄ms-bitfields' is provided for the Mirosoft Windows X86ompilers to math the native Mirosoft ompiler.To speify multiple attributes, separate them by ommas within the double parentheses:for example, `__attribute__ ((aligned (16), paked))'.5.33 An Inline Funtion is As Fast As a MaroBy delaring a funtion inline, you an diret GCC to integrate that funtion's odeinto the ode for its allers. This makes exeution faster by eliminating the funtion-all



Chapter 5: Extensions to the C Language Family 243overhead; in addition, if any of the atual argument values are onstant, their known valuesmay permit simpli�ations at ompile time so that not all of the inline funtion's ode needsto be inluded. The e�et on ode size is less preditable; objet ode may be larger orsmaller with funtion inlining, depending on the partiular ase. Inlining of funtions is anoptimization and it really \works" only in optimizing ompilation. If you don't use `-O', nofuntion is really inline.Inline funtions are inluded in the ISO C99 standard, but there are urrently substantialdi�erenes between what GCC implements and what the ISO C99 standard requires.To delare a funtion inline, use the inline keyword in its delaration, like this:inline intin (int *a){ (*a)++;}(If you are writing a header �le to be inluded in ISO C programs, write __inline__instead of inline. See Setion 5.38 [Alternate Keywords℄, page 268.) You an also makeall \simple enough" funtions inline with the option `-finline-funtions'.Note that ertain usages in a funtion de�nition an make it unsuitable for inline sub-stitution. Among these usages are: use of varargs, use of alloa, use of variable sized datatypes (see Setion 5.13 [Variable Length℄, page 211), use of omputed goto (see Setion 5.3[Labels as Values℄, page 203), use of nonloal goto, and nested funtions (see Setion 5.4[Nested Funtions℄, page 204). Using `-Winline' will warn when a funtion marked inlineould not be substituted, and will give the reason for the failure.Note that in C and Objetive-C, unlike C++, the inline keyword does not a�et thelinkage of the funtion.GCC automatially inlines member funtions de�ned within the lass body of C++programs even if they are not expliitly delared inline. (You an override this with`-fno-default-inline'; see Setion 3.5 [Options Controlling C++ Dialet℄, page 24.)When a funtion is both inline and stati, if all alls to the funtion are integratedinto the aller, and the funtion's address is never used, then the funtion's own assemblerode is never referened. In this ase, GCC does not atually output assembler ode forthe funtion, unless you speify the option `-fkeep-inline-funtions'. Some alls annotbe integrated for various reasons (in partiular, alls that preede the funtion's de�nitionannot be integrated, and neither an reursive alls within the de�nition). If there is anonintegrated all, then the funtion is ompiled to assembler ode as usual. The funtionmust also be ompiled as usual if the program refers to its address, beause that an't beinlined.When an inline funtion is not stati, then the ompiler must assume that there may bealls from other soure �les; sine a global symbol an be de�ned only one in any program,the funtion must not be de�ned in the other soure �les, so the alls therein annot beintegrated. Therefore, a non-stati inline funtion is always ompiled on its own in theusual fashion.If you speify both inline and extern in the funtion de�nition, then the de�nition isused only for inlining. In no ase is the funtion ompiled on its own, not even if you referto its address expliitly. Suh an address beomes an external referene, as if you had onlydelared the funtion, and had not de�ned it.



244 Using the GNU Compiler Colletion (GCC)This ombination of inline and extern has almost the e�et of a maro. The way touse it is to put a funtion de�nition in a header �le with these keywords, and put anotheropy of the de�nition (laking inline and extern) in a library �le. The de�nition in theheader �le will ause most alls to the funtion to be inlined. If any uses of the funtionremain, they will refer to the single opy in the library.Sine GCC eventually will implement ISO C99 semantis for inline funtions, it is bestto use stati inline only to guarantee ompatibility. (The existing semantis will remainavailable when `-std=gnu89' is spei�ed, but eventually the default will be `-std=gnu99'and that will implement the C99 semantis, though it does not do so yet.)GCC does not inline any funtions when not optimizing unless you speify the`always_inline' attribute for the funtion, like this:/* Prototype. */inline void foo (onst har) __attribute__((always_inline));5.34 Assembler Instrutions with C Expression OperandsIn an assembler instrution using asm, you an speify the operands of the instrution usingC expressions. This means you need not guess whih registers or memory loations willontain the data you want to use.You must speify an assembler instrution template muh like what appears in a mahinedesription, plus an operand onstraint string for eah operand.For example, here is how to use the 68881's fsinx instrution:asm ("fsinx %1,%0" : "=f" (result) : "f" (angle));Here angle is the C expression for the input operand while result is that of the outputoperand. Eah has `"f"' as its operand onstraint, saying that a oating point registeris required. The `=' in `=f' indiates that the operand is an output; all output operands'onstraints must use `='. The onstraints use the same language used in the mahinedesription (see Setion 5.35 [Constraints℄, page 250).Eah operand is desribed by an operand-onstraint string followed by the C expressionin parentheses. A olon separates the assembler template from the �rst output operand andanother separates the last output operand from the �rst input, if any. Commas separatethe operands within eah group. The total number of operands is urrently limited to 30;this limitation may be lifted in some future version of GCC.If there are no output operands but there are input operands, you must plae two on-seutive olons surrounding the plae where the output operands would go.As of GCC version 3.1, it is also possible to speify input and output operands usingsymboli names whih an be referened within the assembler ode. These names arespei�ed inside square brakets preeding the onstraint string, and an be referened insidethe assembler ode using %[name℄ instead of a perentage sign followed by the operandnumber. Using named operands the above example ould look like:asm ("fsinx %[angle℄,%[output℄": [output℄ "=f" (result): [angle℄ "f" (angle));Note that the symboli operand names have no relation whatsoever to other C identi�ers.You may use any name you like, even those of existing C symbols, but you must ensurethat no two operands within the same assembler onstrut use the same symboli name.



Chapter 5: Extensions to the C Language Family 245Output operand expressions must be lvalues; the ompiler an hek this. The inputoperands need not be lvalues. The ompiler annot hek whether the operands have datatypes that are reasonable for the instrution being exeuted. It does not parse the assemblerinstrution template and does not know what it means or even whether it is valid assemblerinput. The extended asm feature is most often used for mahine instrutions the ompileritself does not know exist. If the output expression annot be diretly addressed (for exam-ple, it is a bit-�eld), your onstraint must allow a register. In that ase, GCC will use theregister as the output of the asm, and then store that register into the output.The ordinary output operands must be write-only; GCC will assume that the values inthese operands before the instrution are dead and need not be generated. Extended asmsupports input-output or read-write operands. Use the onstraint harater `+' to indiatesuh an operand and list it with the output operands. You should only use read-writeoperands when the onstraints for the operand (or the operand in whih only some of thebits are to be hanged) allow a register.You may, as an alternative, logially split its funtion into two separate operands, oneinput operand and one write-only output operand. The onnetion between them is ex-pressed by onstraints whih say they need to be in the same loation when the instrutionexeutes. You an use the same C expression for both operands, or di�erent expressions.For example, here we write the (�titious) `ombine' instrution with bar as its read-onlysoure operand and foo as its read-write destination:asm ("ombine %2,%0" : "=r" (foo) : "0" (foo), "g" (bar));The onstraint `"0"' for operand 1 says that it must oupy the same loation as operand 0.A number in onstraint is allowed only in an input operand and it must refer to an outputoperand.Only a number in the onstraint an guarantee that one operand will be in the same plaeas another. The mere fat that foo is the value of both operands is not enough to guaranteethat they will be in the same plae in the generated assembler ode. The following wouldnot work reliably:asm ("ombine %2,%0" : "=r" (foo) : "r" (foo), "g" (bar));Various optimizations or reloading ould ause operands 0 and 1 to be in di�erent regis-ters; GCC knows no reason not to do so. For example, the ompiler might �nd a opy ofthe value of foo in one register and use it for operand 1, but generate the output operand0 in a di�erent register (opying it afterward to foo's own address). Of ourse, sine theregister for operand 1 is not even mentioned in the assembler ode, the result will not work,but GCC an't tell that.As of GCC version 3.1, one may write [name℄ instead of the operand number for amathing onstraint. For example:asm ("moveq %1,%2,%[result℄": [result℄ "=r"(result): "r" (test), "r"(new), "[result℄"(old));Sometimes you need to make an asm operand be a spei� register, but there's no mathingonstraint letter for that register by itself. To fore the operand into that register, use a loalvariable for the operand and speify the register in the variable delaration. See Setion 5.37[Expliit Reg Vars℄, page 266. Then for the asm operand, use any register onstraint letterthat mathes the register:



246 Using the GNU Compiler Colletion (GCC)register int *p1 asm ("r0") = ...;register int *p2 asm ("r1") = ...;register int *result asm ("r0");asm ("sysint" : "=r" (result) : "0" (p1), "r" (p2));In the above example, beware that a register that is all-lobbered by the target ABI willbe overwritten by any funtion all in the assignment, inluding library alls for arithmetioperators. Assuming it is a all-lobbered register, this may happen to r0 above by theassignment to p2. If you have to use suh a register, use temporary variables for expressionsbetween the register assignment and use:int t1 = ...;register int *p1 asm ("r0") = ...;register int *p2 asm ("r1") = t1;register int *result asm ("r0");asm ("sysint" : "=r" (result) : "0" (p1), "r" (p2));Some instrutions lobber spei� hard registers. To desribe this, write a third olonafter the input operands, followed by the names of the lobbered hard registers (given asstrings). Here is a realisti example for the VAX:asm volatile ("mov3 %0,%1,%2": /* no outputs */: "g" (from), "g" (to), "g" (ount): "r0", "r1", "r2", "r3", "r4", "r5");You may not write a lobber desription in a way that overlaps with an input or outputoperand. For example, you may not have an operand desribing a register lass with onemember if you mention that register in the lobber list. Variables delared to live in spei�registers (see Setion 5.37 [Expliit Reg Vars℄, page 266), and used as asm input or outputoperands must have no part mentioned in the lobber desription. There is no way foryou to speify that an input operand is modi�ed without also speifying it as an outputoperand. Note that if all the output operands you speify are for this purpose (and heneunused), you will then also need to speify volatile for the asm onstrut, as desribedbelow, to prevent GCC from deleting the asm statement as unused.If you refer to a partiular hardware register from the assembler ode, you will probablyhave to list the register after the third olon to tell the ompiler the register's value ismodi�ed. In some assemblers, the register names begin with `%'; to produe one `%' in theassembler ode, you must write `%%' in the input.If your assembler instrution an alter the ondition ode register, add `' to the listof lobbered registers. GCC on some mahines represents the ondition odes as a spei�hardware register; `' serves to name this register. On other mahines, the ondition odeis handled di�erently, and speifying `' has no e�et. But it is valid no matter what themahine.If your assembler instrutions aess memory in an unpreditable fashion, add `memory'to the list of lobbered registers. This will ause GCC to not keep memory values ahed inregisters aross the assembler instrution and not optimize stores or loads to that memory.You will also want to add the volatile keyword if the memory a�eted is not listed in theinputs or outputs of the asm, as the `memory' lobber does not ount as a side-e�et of theasm. If you know how large the aessed memory is, you an add it as input or output butif this is not known, you should add `memory'. As an example, if you aess ten bytes of astring, you an use a memory input like:



Chapter 5: Extensions to the C Language Family 247{"m"( ({ strut { har x[10℄; } *p = (void *)ptr ; *p; }) )}.Note that in the following example the memory input is neessary, otherwise GCC mightoptimize the store to x away:int foo (){ int x = 42;int *y = &x;int result;asm ("magi stuff aessing an 'int' pointed to by '%1'""=&d" (r) : "a" (y), "m" (*y));return result;}You an put multiple assembler instrutions together in a single asm template, separatedby the haraters normally used in assembly ode for the system. A ombination that worksin most plaes is a newline to break the line, plus a tab harater to move to the instru-tion �eld (written as `\n\t'). Sometimes semiolons an be used, if the assembler allowssemiolons as a line-breaking harater. Note that some assembler dialets use semiolonsto start a omment. The input operands are guaranteed not to use any of the lobberedregisters, and neither will the output operands' addresses, so you an read and write thelobbered registers as many times as you like. Here is an example of multiple instrutionsin a template; it assumes the subroutine _foo aepts arguments in registers 9 and 10:asm ("movl %0,r9\n\tmovl %1,r10\n\tall _foo": /* no outputs */: "g" (from), "g" (to): "r9", "r10");Unless an output operand has the `&' onstraint modi�er, GCC may alloate it in the sameregister as an unrelated input operand, on the assumption the inputs are onsumed beforethe outputs are produed. This assumption may be false if the assembler ode atuallyonsists of more than one instrution. In suh a ase, use `&' for eah output operand thatmay not overlap an input. See Setion 5.35.3 [Modi�ers℄, page 253.If you want to test the ondition ode produed by an assembler instrution, you mustinlude a branh and a label in the asm onstrut, as follows:asm ("lr %0\n\tfrob %1\n\tbeq 0f\n\tmov #1,%0\n0:": "g" (result): "g" (input));This assumes your assembler supports loal labels, as the GNU assembler and most Unixassemblers do.Speaking of labels, jumps from one asm to another are not supported. The ompiler'soptimizers do not know about these jumps, and therefore they annot take aount of themwhen deiding how to optimize.Usually the most onvenient way to use these asm instrutions is to enapsulate them inmaros that look like funtions. For example,#define sin(x) \({ double __value, __arg = (x); \asm ("fsinx %1,%0": "=f" (__value): "f" (__arg)); \__value; })Here the variable __arg is used to make sure that the instrution operates on a properdouble value, and to aept only those arguments x whih an onvert automatially to adouble.



248 Using the GNU Compiler Colletion (GCC)Another way to make sure the instrution operates on the orret data type is to usea ast in the asm. This is di�erent from using a variable __arg in that it onverts moredi�erent types. For example, if the desired type were int, asting the argument to intwould aept a pointer with no omplaint, while assigning the argument to an int variablenamed __arg would warn about using a pointer unless the aller expliitly asts it.If an asm has output operands, GCC assumes for optimization purposes the instrutionhas no side e�ets exept to hange the output operands. This does not mean instrutionswith a side e�et annot be used, but you must be areful, beause the ompiler mayeliminate them if the output operands aren't used, or move them out of loops, or replaetwo with one if they onstitute a ommon subexpression. Also, if your instrution doeshave a side e�et on a variable that otherwise appears not to hange, the old value of thevariable may be reused later if it happens to be found in a register.You an prevent an asm instrution from being deleted by writing the keyword volatileafter the asm. For example:#define get_and_set_priority(new) \({ int __old; \asm volatile ("get_and_set_priority %0, %1" \: "=g" (__old) : "g" (new)); \__old; })The volatile keyword indiates that the instrution has important side-e�ets. GCC willnot delete a volatile asm if it is reahable. (The instrution an still be deleted if GCCan prove that ontrol-ow will never reah the loation of the instrution.) Note thateven a volatile asm instrution an be moved relative to other ode, inluding aross jumpinstrutions. For example, on many targets there is a system register whih an be set toontrol the rounding mode of oating point operations. You might try setting it with avolatile asm, like this PowerPC example:asm volatile("mtfsf 255,%0" : : "f" (fpenv));sum = x + y;This will not work reliably, as the ompiler may move the addition bak before the volatileasm. To make it work you need to add an arti�ial dependeny to the asm referening avariable in the ode you don't want moved, for example:asm volatile ("mtfsf 255,%1" : "=X"(sum): "f"(fpenv));sum = x + y;Similarly, you an't expet a sequene of volatile asm instrutions to remain perfetlyonseutive. If you want onseutive output, use a single asm. Also, GCC will performsome optimizations aross a volatile asm instrution; GCC does not \forget everything"when it enounters a volatile asm instrution the way some other ompilers do.An asm instrution without any output operands will be treated identially to a volatileasm instrution.It is a natural idea to look for a way to give aess to the ondition ode left by theassembler instrution. However, when we attempted to implement this, we found no wayto make it work reliably. The problem is that output operands might need reloading,whih would result in additional following \store" instrutions. On most mahines, theseinstrutions would alter the ondition ode before there was time to test it. This problemdoesn't arise for ordinary \test" and \ompare" instrutions beause they don't have anyoutput operands.



Chapter 5: Extensions to the C Language Family 249For reasons similar to those desribed above, it is not possible to give an assemblerinstrution aess to the ondition ode left by previous instrutions.If you are writing a header �le that should be inludable in ISO C programs, write__asm__ instead of asm. See Setion 5.38 [Alternate Keywords℄, page 268.5.34.1 Size of an asmSome targets require that GCC trak the size of eah instrution used in order to generateorret ode. Beause the �nal length of an asm is only known by the assembler, GCCmust make an estimate as to how big it will be. The estimate is formed by ounting thenumber of statements in the pattern of the asm and multiplying that by the length ofthe longest instrution on that proessor. Statements in the asm are identi�ed by newlineharaters and whatever statement separator haraters are supported by the assembler; onmost proessors this is the `;' harater.Normally, GCC's estimate is perfetly adequate to ensure that orret ode is generated,but it is possible to onfuse the ompiler if you use pseudo instrutions or assembler marosthat expand into multiple real instrutions or if you use assembler diretives that expand tomore spae in the objet �le than would be needed for a single instrution. If this happensthen the assembler will produe a diagnosti saying that a label is unreahable.5.34.2 i386 oating point asm operandsThere are several rules on the usage of stak-like regs in asm operands insns. These rulesapply only to the operands that are stak-like regs:1. Given a set of input regs that die in an asm operands, it is neessary to know whihare impliitly popped by the asm, and whih must be expliitly popped by g.An input reg that is impliitly popped by the asm must be expliitly lobbered, unlessit is onstrained to math an output operand.2. For any input reg that is impliitly popped by an asm, it is neessary to know how toadjust the stak to ompensate for the pop. If any non-popped input is loser to thetop of the reg-stak than the impliitly popped reg, it would not be possible to knowwhat the stak looked like|it's not lear how the rest of the stak \slides up".All impliitly popped input regs must be loser to the top of the reg-stak than anyinput that is not impliitly popped.It is possible that if an input dies in an insn, reload might use the input reg for anoutput reload. Consider this example:asm ("foo" : "=t" (a) : "f" (b));This asm says that input B is not popped by the asm, and that the asm pushes a resultonto the reg-stak, i.e., the stak is one deeper after the asm than it was before. But,it is possible that reload will think that it an use the same reg for both the input andthe output, if input B dies in this insn.If any input operand uses the f onstraint, all output reg onstraints must use the &earlylobber.The asm above would be written asasm ("foo" : "=&t" (a) : "f" (b));



250 Using the GNU Compiler Colletion (GCC)3. Some operands need to be in partiular plaes on the stak. All output operands fall inthis ategory|there is no other way to know whih regs the outputs appear in unlessthe user indiates this in the onstraints.Output operands must spei�ally indiate whih reg an output appears in after anasm. =f is not allowed: the operand onstraints must selet a lass with a single reg.4. Output operands may not be \inserted" between existing stak regs. Sine no 387 op-ode uses a read/write operand, all output operands are dead before the asm operands,and are pushed by the asm operands. It makes no sense to push anywhere but the topof the reg-stak.Output operands must start at the top of the reg-stak: output operands may not\skip" a reg.5. Some asm statements may need extra stak spae for internal alulations. This anbe guaranteed by lobbering stak registers unrelated to the inputs and outputs.Here are a ouple of reasonable asms to want to write. This asm takes one input, whihis internally popped, and produes two outputs.asm ("fsinos" : "=t" (os), "=u" (sin) : "0" (inp));This asm takes two inputs, whih are popped by the fyl2xp1 opode, and replaes themwith one output. The user must ode the st(1) lobber for reg-stak. to know thatfyl2xp1 pops both inputs.asm ("fyl2xp1" : "=t" (result) : "0" (x), "u" (y) : "st(1)");5.35 Constraints for asm OperandsHere are spei� details on what onstraint letters you an use with asm operands. Con-straints an say whether an operand may be in a register, and whih kinds of register;whether the operand an be a memory referene, and whih kinds of address; whether theoperand may be an immediate onstant, and whih possible values it may have. Constraintsan also require two operands to math.5.35.1 Simple ConstraintsThe simplest kind of onstraint is a string full of letters, eah of whih desribes one kindof operand that is permitted. Here are the letters that are allowed:whitespae Whitespae haraters are ignored and an be inserted at any position exeptthe �rst. This enables eah alternative for di�erent operands to be visuallyaligned in the mahine desription even if they have di�erent number of on-straints and modi�ers.`m' A memory operand is allowed, with any kind of address that the mahine sup-ports in general.`o' A memory operand is allowed, but only if the address is o�settable. Thismeans that adding a small integer (atually, the width in bytes of the operand,as determined by its mahine mode) may be added to the address and the resultis also a valid memory address.For example, an address whih is onstant is o�settable; so is an address thatis the sum of a register and a onstant (as long as a slightly larger onstant



Chapter 5: Extensions to the C Language Family 251is also within the range of address-o�sets supported by the mahine); but anautoinrement or autoderement address is not o�settable. More ompliatedindiret/indexed addresses may or may not be o�settable depending on theother addressing modes that the mahine supports.Note that in an output operand whih an be mathed by another operand,the onstraint letter `o' is valid only when aompanied by both `<' (if thetarget mahine has prederement addressing) and `>' (if the target mahine haspreinrement addressing).`V' A memory operand that is not o�settable. In other words, anything that would�t the `m' onstraint but not the `o' onstraint.`<' A memory operand with autoderement addressing (either prederement orpostderement) is allowed.`>' A memory operand with autoinrement addressing (either preinrement orpostinrement) is allowed.`r' A register operand is allowed provided that it is in a general register.`i' An immediate integer operand (one with onstant value) is allowed. This in-ludes symboli onstants whose values will be known only at assembly time orlater.`n' An immediate integer operand with a known numeri value is allowed. Manysystems annot support assembly-time onstants for operands less than a wordwide. Constraints for these operands should use `n' rather than `i'.`I', `J', `K', . . . `P'Other letters in the range `I' through `P' may be de�ned in a mahine-dependentfashion to permit immediate integer operands with expliit integer values inspei�ed ranges. For example, on the 68000, `I' is de�ned to stand for therange of values 1 to 8. This is the range permitted as a shift ount in the shiftinstrutions.`E' An immediate oating operand (expression ode onst_double) is allowed, butonly if the target oating point format is the same as that of the host mahine(on whih the ompiler is running).`F' An immediate oating operand (expression ode onst_double oronst_vetor) is allowed.`G', `H' `G' and `H' may be de�ned in a mahine-dependent fashion to permit immediateoating operands in partiular ranges of values.`s' An immediate integer operand whose value is not an expliit integer is allowed.This might appear strange; if an insn allows a onstant operand with a valuenot known at ompile time, it ertainly must allow any known value. So whyuse `s' instead of `i'? Sometimes it allows better ode to be generated.For example, on the 68000 in a fullword instrution it is possible to use animmediate operand; but if the immediate value is between �128 and 127, betterode results from loading the value into a register and using the register. This



252 Using the GNU Compiler Colletion (GCC)is beause the load into the register an be done with a `moveq' instrution. Wearrange for this to happen by de�ning the letter `K' to mean \any integer outsidethe range �128 to 127", and then speifying `Ks' in the operand onstraints.`g' Any register, memory or immediate integer operand is allowed, exept for reg-isters that are not general registers.`X' Any operand whatsoever is allowed.`0', `1', `2', . . . `9'An operand that mathes the spei�ed operand number is allowed. If a digitis used together with letters within the same alternative, the digit should omelast.This number is allowed to be more than a single digit. If multiple digits are en-ountered onseutively, they are interpreted as a single deimal integer. Thereis sant hane for ambiguity, sine to-date it has never been desirable that`10' be interpreted as mathing either operand 1 or operand 0. Should this bedesired, one an use multiple alternatives instead.This is alled a mathing onstraint and what it really means is that the assem-bler has only a single operand that �lls two roles whih asm distinguishes. Forexample, an add instrution uses two input operands and an output operand,but on most CISC mahines an add instrution really has only two operands,one of them an input-output operand:addl #35,r12Mathing onstraints are used in these irumstanes. More preisely, the twooperands that math must inlude one input-only operand and one output-onlyoperand. Moreover, the digit must be a smaller number than the number ofthe operand that uses it in the onstraint.`p' An operand that is a valid memory address is allowed. This is for \load address"and \push address" instrutions.`p' in the onstraint must be aompanied by address_operand as the prediatein the math_operand. This prediate interprets the mode spei�ed in themath_operand as the mode of the memory referene for whih the addresswould be valid.other-lettersOther letters an be de�ned in mahine-dependent fashion to stand for par-tiular lasses of registers or other arbitrary operand types. `d', `a' and `f'are de�ned on the 68000/68020 to stand for data, address and oating pointregisters.5.35.2 Multiple Alternative ConstraintsSometimes a single instrution has multiple alternative sets of possible operands. For ex-ample, on the 68000, a logial-or instrution an ombine register or an immediate valueinto memory, or it an ombine any kind of operand into a register; but it annot ombineone memory loation into another.These onstraints are represented as multiple alternatives. An alternative an be de-sribed by a series of letters for eah operand. The overall onstraint for an operand is



Chapter 5: Extensions to the C Language Family 253made from the letters for this operand from the �rst alternative, a omma, the letters forthis operand from the seond alternative, a omma, and so on until the last alternative.If all the operands �t any one alternative, the instrution is valid. Otherwise, for eahalternative, the ompiler ounts how many instrutions must be added to opy the operandsso that that alternative applies. The alternative requiring the least opying is hosen. Iftwo alternatives need the same amount of opying, the one that omes �rst is hosen. Thesehoies an be altered with the `?' and `!' haraters:? Disparage slightly the alternative that the `?' appears in, as a hoie when noalternative applies exatly. The ompiler regards this alternative as one unitmore ostly for eah `?' that appears in it.! Disparage severely the alternative that the `!' appears in. This alternative anstill be used if it �ts without reloading, but if reloading is needed, some otheralternative will be used.5.35.3 Constraint Modi�er CharatersHere are onstraint modi�er haraters.`=' Means that this operand is write-only for this instrution: the previous valueis disarded and replaed by output data.`+' Means that this operand is both read and written by the instrution.When the ompiler �xes up the operands to satisfy the onstraints, it needsto know whih operands are inputs to the instrution and whih are outputsfrom it. `=' identi�es an output; `+' identi�es an operand that is both input andoutput; all other operands are assumed to be input only.If you speify `=' or `+' in a onstraint, you put it in the �rst harater of theonstraint string.`&' Means (in a partiular alternative) that this operand is an earlylobber operand,whih is modi�ed before the instrution is �nished using the input operands.Therefore, this operand may not lie in a register that is used as an input operandor as part of any memory address.`&' applies only to the alternative in whih it is written. In onstraints withmultiple alternatives, sometimes one alternative requires `&' while others donot. See, for example, the `movdf' insn of the 68000.An input operand an be tied to an earlylobber operand if its only use as aninput ours before the early result is written. Adding alternatives of this formoften allows GCC to produe better ode when only some of the inputs an bea�eted by the earlylobber. See, for example, the `mulsi3' insn of the ARM.`&' does not obviate the need to write `='.`%' Delares the instrution to be ommutative for this operand and the followingoperand. This means that the ompiler may interhange the two operands ifthat is the heapest way to make all operands �t the onstraints. GCC anonly handle one ommutative pair in an asm; if you use more, the ompilermay fail. Note that you need not use the modi�er if the two alternatives arestritly idential; this would only waste time in the reload pass.



254 Using the GNU Compiler Colletion (GCC)`#' Says that all following haraters, up to the next omma, are to be ignored asa onstraint. They are signi�ant only for hoosing register preferenes.`*' Says that the following harater should be ignored when hoosing registerpreferenes. `*' has no e�et on the meaning of the onstraint as a onstraint,and no e�et on reloading.5.35.4 Constraints for Partiular MahinesWhenever possible, you should use the general-purpose onstraint letters in asm arguments,sine they will onvey meaning more readily to people reading your ode. Failing that, usethe onstraint letters that usually have very similar meanings aross arhitetures. Themost ommonly used onstraints are `m' and `r' (for memory and general-purpose registersrespetively; see Setion 5.35.1 [Simple Constraints℄, page 250), and `I', usually the letterindiating the most ommon immediate-onstant format.For eah mahine arhiteture, the `onfig/mahine/mahine.h' �le de�nes additionalonstraints. These onstraints are used by the ompiler itself for instrution generation, aswell as for asm statements; therefore, some of the onstraints are not partiularly interestingfor asm. The onstraints are de�ned through these maros:REG_CLASS_FROM_LETTERRegister lass onstraints (usually lowerase).CONST_OK_FOR_LETTER_PImmediate onstant onstraints, for non-oating point onstants of word sizeor smaller preision (usually upperase).CONST_DOUBLE_OK_FOR_LETTER_PImmediate onstant onstraints, for all oating point onstants and for on-stants of greater than word size preision (usually upperase).EXTRA_CONSTRAINTSpeial ases of registers or memory. This maro is not required, and is onlyde�ned for some mahines.Inspeting these maro de�nitions in the ompiler soure for your mahine is the bestway to be ertain you have the right onstraints. However, here is a summary of themahine-dependent onstraints available on some partiular mahines.ARM family|`arm.h'f Floating-point registerw VFP oating-point registerF One of the oating-point onstants 0.0, 0.5, 1.0, 2.0, 3.0, 4.0, 5.0 or10.0G Floating-point onstant that would satisfy the onstraint `F' if itwere negatedI Integer that is valid as an immediate operand in a data proessinginstrution. That is, an integer in the range 0 to 255 rotated by amultiple of 2



Chapter 5: Extensions to the C Language Family 255J Integer in the range �4095 to 4095K Integer that satis�es onstraint `I' when inverted (ones omple-ment)L Integer that satis�es onstraint `I' when negated (twos omple-ment)M Integer in the range 0 to 32Q A memory referene where the exat address is in a single register(\m'' is preferable for asm statements)R An item in the onstant poolS A symbol in the text segment of the urrent �leUv A memory referene suitable for VFP load/store insns (reg+onstant o�set)Uy A memory referene suitable for iWMMXt load/store instrutions.Uq A memory referene suitable for the ARMv4 ldrsb instrution.AVR family|`avr.h'l Registers from r0 to r15a Registers from r16 to r23d Registers from r16 to r31w Registers from r24 to r31. These registers an be used in `adiw'ommande Pointer register (r26{r31)b Base pointer register (r28{r31)q Stak pointer register (SPH:SPL)t Temporary register r0x Register pair X (r27:r26)y Register pair Y (r29:r28)z Register pair Z (r31:r30)I Constant greater than �1, less than 64J Constant greater than �64, less than 1K Constant integer 2L Constant integer 0M Constant that �ts in 8 bitsN Constant integer �1O Constant integer 8, 16, or 24P Constant integer 1



256 Using the GNU Compiler Colletion (GCC)G A oating point onstant 0.0PowerPC and IBM RS6000|`rs6000.h'b Address base registerf Floating point registerv Vetor registerh `MQ', `CTR', or `LINK' registerq `MQ' register `CTR' registerl `LINK' registerx `CR' register (ondition register) number 0y `CR' register (ondition register)z `FPMEM' stak memory for FPR-GPR transfersI Signed 16-bit onstantJ Unsigned 16-bit onstant shifted left 16 bits (use `L' instead forSImode onstants)K Unsigned 16-bit onstantL Signed 16-bit onstant shifted left 16 bitsM Constant larger than 31N Exat power of 2O ZeroP Constant whose negation is a signed 16-bit onstantG Floating point onstant that an be loaded into a register with oneinstrution per wordQ Memory operand that is an o�set from a register (`m' is preferablefor asm statements)R AIX TOC entryS Constant suitable as a 64-bit mask operandT Constant suitable as a 32-bit mask operandU System V Release 4 small data area refereneIntel 386|`i386.h'q `a', b, , or d register for the i386. For x86-64 it is equivalent to `r'lass (for 8-bit instrutions that do not use upper halves).Q `a', b, , or d register (for 8-bit instrutions, that do use upperhalves).



Chapter 5: Extensions to the C Language Family 257R Legay register|equivalent to r lass in i386 mode. (for non-8-bitregisters used together with 8-bit upper halves in a single instru-tion)A Spei�es the `a' or `d' registers. This is primarily useful for 64-bitinteger values (when in 32-bit mode) intended to be returned withthe `d' register holding the most signi�ant bits and the `a' registerholding the least signi�ant bits.f Floating point registert First (top of stak) oating point registeru Seond oating point registera `a' registerb `b' register `' registerC Spei�es onstant that an be easily onstruted in SSE registerwithout loading it from memory.d `d' registerD `di' registerS `si' registerx `xmm' SSE registery MMX registerI Constant in range 0 to 31 (for 32-bit shifts)J Constant in range 0 to 63 (for 64-bit shifts)K `0xff'L `0xffff'M 0, 1, 2, or 3 (shifts for lea instrution)N Constant in range 0 to 255 (for out instrution)Z Constant in range 0 to 0xffffffff or symboli referene known to�t spei�ed range. (for using immediates in zero extending 32-bitto 64-bit x86-64 instrutions)e Constant in range �2147483648 to 2147483647 or symboli refer-ene known to �t spei�ed range. (for using immediates in 64-bitx86-64 instrutions)G Standard 80387 oating point onstantIntel IA-64|`ia64.h'a General register r0 to r3 for addl instrutionb Branh register



258 Using the GNU Compiler Colletion (GCC) Prediate register (`' as in \onditional")d Appliation register residing in M-unite Appliation register residing in I-unitf Floating-point registerm Memory operand. Remember that `m' allows postinrement andpostderement whih require printing with `%Pn' on IA-64. Use `S'to disallow postinrement and postderement.G Floating-point onstant 0.0 or 1.0I 14-bit signed integer onstantJ 22-bit signed integer onstantK 8-bit signed integer onstant for logial instrutionsL 8-bit adjusted signed integer onstant for ompare pseudo-opsM 6-bit unsigned integer onstant for shift ountsN 9-bit signed integer onstant for load and store postinrementsO The onstant zeroP 0 or �1 for dep instrutionQ Non-volatile memory for oating-point loads and storesR Integer onstant in the range 1 to 4 for shladd instrutionS Memory operand exept postinrement and postderementFRV|`frv.h'a Register in the lass ACC_REGS (a0 to a7).b Register in the lass EVEN_ACC_REGS (a0 to a7). Register in the lass CC_REGS (f0 to f3 and i0 to i3).d Register in the lass GPR_REGS (gr0 to gr63).e Register in the lass EVEN_REGS (gr0 to gr63). Odd registers areexluded not in the lass but through the use of a mahine modelarger than 4 bytes.f Register in the lass FPR_REGS (fr0 to fr63).h Register in the lass FEVEN_REGS (fr0 to fr63). Odd registers areexluded not in the lass but through the use of a mahine modelarger than 4 bytes.l Register in the lass LR_REG (the lr register).q Register in the lass QUAD_REGS (gr2 to gr63). Register numbersnot divisible by 4 are exluded not in the lass but through the useof a mahine mode larger than 8 bytes.



Chapter 5: Extensions to the C Language Family 259t Register in the lass ICC_REGS (i0 to i3).u Register in the lass FCC_REGS (f0 to f3).v Register in the lass ICR_REGS (4 to 7).w Register in the lass FCR_REGS (0 to 3).x Register in the lass QUAD_FPR_REGS (fr0 to fr63). Register num-bers not divisible by 4 are exluded not in the lass but throughthe use of a mahine mode larger than 8 bytes.z Register in the lass SPR_REGS (lr and lr).A Register in the lass QUAD_ACC_REGS (a0 to a7).B Register in the lass ACCG_REGS (ag0 to ag7).C Register in the lass CR_REGS (0 to 7).G Floating point onstant zeroI 6-bit signed integer onstantJ 10-bit signed integer onstantL 16-bit signed integer onstantM 16-bit unsigned integer onstantN 12-bit signed integer onstant that is negative|i.e. in the range of�2048 to �1O Constant zeroP 12-bit signed integer onstant that is greater than zero|i.e. in therange of 1 to 2047.IP2K|`ip2k.h'a `DP' or `IP' registers (general address)f `IP' registerj `IPL' registerk `IPH' registerb `DP' registery `DPH' registerz `DPL' registerq `SP' register `DP' or `SP' registers (o�settable address)d Non-pointer registers (not `SP', `DP', `IP')u Non-SP registers (everything exept `SP')R Indiret through `IP'|Avoid this exept for QImode, sine we an'taess extra bytes



260 Using the GNU Compiler Colletion (GCC)S Indiret through `SP' or `DP' with short displaement (0..127)T Data-setion immediate valueI Integers from �255 to �1J Integers from 0 to 7|valid bit number in a registerK Integers from 0 to 127|valid displaement for addressing modeL Integers from 1 to 127M Integer �1N Integer 1O ZeroP Integers from 0 to 255MIPS|`mips.h'd General-purpose integer registerf Floating-point register (if available)h `Hi' registerl `Lo' registerx `Hi' or `Lo' registery General-purpose integer registerz Floating-point status registerI Signed 16-bit onstant (for arithmeti instrutions)J ZeroK Zero-extended 16-bit onstant (for logi instrutions)L Constant with low 16 bits zero (an be loaded with lui)M 32-bit onstant whih requires two instrutions to load (a onstantwhih is not `I', `K', or `L')N Negative 16-bit onstantO Exat power of twoP Positive 16-bit onstantG Floating point zeroQ Memory referene that an be loaded with more than one instru-tion (`m' is preferable for asm statements)R Memory referene that an be loaded with one instrution (`m' ispreferable for asm statements)S Memory referene in external OSF/rose PIC format (`m' is prefer-able for asm statements)



Chapter 5: Extensions to the C Language Family 261Motorola 680x0|`m68k.h'a Address registerd Data registerf 68881 oating-point register, if availableI Integer in the range 1 to 8J 16-bit signed numberK Signed number whose magnitude is greater than 0x80L Integer in the range �8 to �1M Signed number whose magnitude is greater than 0x100G Floating point onstant that is not a 68881 onstantMotorola 68HC11 & 68HC12 families|`m68h11.h'a Register `a'b Register `b'd Register `d'q An 8-bit registert Temporary soft register .tmpu A soft register .d1 to .d31w Stak pointer registerx Register `x'y Register `y'z Pseudo register `z' (replaed by `x' or `y' at the end)A An address register: x, y or zB An address register: x or yD Register pair (x:d) to form a 32-bit valueL Constants in the range �65536 to 65535M Constants whose 16-bit low part is zeroN Constant integer 1 or �1O Constant integer 16P Constants in the range �8 to 2SPARC|`spar.h'f Floating-point register on the SPARC-V8 arhiteture and loweroating-point register on the SPARC-V9 arhiteture.e Floating-point register. It is equivalent to `f' on the SPARC-V8arhiteture and ontains both lower and upper oating-point reg-isters on the SPARC-V9 arhiteture.



262 Using the GNU Compiler Colletion (GCC) Floating-point ondition ode register.d Lower oating-point register. It is only valid on the SPARC-V9arhiteture when the Visual Instrution Set is available.b Floating-point register. It is only valid on the SPARC-V9 arhite-ture when the Visual Instrution Set is available.h 64-bit global or out register for the SPARC-V8+ arhiteture.I Signed 13-bit onstantJ ZeroK 32-bit onstant with the low 12 bits lear (a onstant that an beloaded with the sethi instrution)L A onstant in the range supported by mov instrutionsM A onstant in the range supported by movr instrutionsN Same as `K', exept that it veri�es that bits that are not in thelower 32-bit range are all zero. Must be used instead of `K' formodes wider than SImodeO The onstant 4096G Floating-point zeroH Signed 13-bit onstant, sign-extended to 32 or 64 bitsQ Floating-point onstant whose integral representation an be movedinto an integer register using a single sethi instrutionR Floating-point onstant whose integral representation an be movedinto an integer register using a single mov instrutionS Floating-point onstant whose integral representation an be movedinto an integer register using a high/lo sum instrution sequeneT Memory address aligned to an 8-byte boundaryU Even registerW Memory address for `e' onstraint registersY Vetor zeroTMS320C3x/C4x|`4x.h'a Auxiliary (address) register (ar0-ar7)b Stak pointer register (sp) Standard (32-bit) preision integer registerf Extended (40-bit) preision register (r0-r11)k Blok ount register (bk)q Extended (40-bit) preision low register (r0-r7)



Chapter 5: Extensions to the C Language Family 263t Extended (40-bit) preision register (r0-r1)u Extended (40-bit) preision register (r2-r3)v Repeat ount register (r)x Index register (ir0-ir1)y Status (ondition ode) register (st)z Data page register (dp)G Floating-point zeroH Immediate 16-bit oating-point onstantI Signed 16-bit onstantJ Signed 8-bit onstantK Signed 5-bit onstantL Unsigned 16-bit onstantM Unsigned 8-bit onstantN Ones omplement of unsigned 16-bit onstantO High 16-bit onstant (32-bit onstant with 16 LSBs zero)Q Indiret memory referene with signed 8-bit or index register dis-plaementR Indiret memory referene with unsigned 5-bit displaementS Indiret memory referene with 1 bit or index register displaementT Diret memory refereneU Symboli addressS/390 and zSeries|`s390.h'a Address register (general purpose register exept r0) Condition ode registerd Data register (arbitrary general purpose register)f Floating-point registerI Unsigned 8-bit onstant (0{255)J Unsigned 12-bit onstant (0{4095)K Signed 16-bit onstant (�32768{32767)L Value appropriate as displaement.(0..4095) for short displaement(-524288..524287)for long displaement



264 Using the GNU Compiler Colletion (GCC)M Constant integer with a value of 0x7���f.N Multiple letter onstraint followed by 4 parameter letters.0..9: number of the part ounting from most to least signif-iantH,Q: mode of the partD,S,H: mode of the ontaining operand0,F: value of the other parts (F|all bits set)The onstraint mathes if the spei�ed part of a onstant has avalue di�erent from it's other parts.Q Memory referene without index register and with short displae-ment.R Memory referene with index register and short displaement.S Memory referene without index register but with long displae-ment.T Memory referene with index register and long displaement.U Pointer with short displaement.W Pointer with long displaement.Y Shift ount operand.Xstormy16|`stormy16.h'a Register r0.b Register r1. Register r2.d Register r8.e Registers r0 through r7.t Registers r0 and r1.y The arry register.z Registers r8 and r9.I A onstant between 0 and 3 inlusive.J A onstant that has exatly one bit set.K A onstant that has exatly one bit lear.L A onstant between 0 and 255 inlusive.M A onstant between �255 and 0 inlusive.N A onstant between �3 and 0 inlusive.O A onstant between 1 and 4 inlusive.



Chapter 5: Extensions to the C Language Family 265P A onstant between �4 and �1 inlusive.Q A memory referene that is a stak push.R A memory referene that is a stak pop.S A memory referene that refers to a onstant address of knownvalue.T The register indiated by Rx (not implemented yet).U A onstant that is not between 2 and 15 inlusive.Z The onstant 0.Xtensa|`xtensa.h'a General-purpose 32-bit registerb One-bit boolean registerA MAC16 40-bit aumulator registerI Signed 12-bit integer onstant, for use in MOVI instrutionsJ Signed 8-bit integer onstant, for use in ADDI instrutionsK Integer onstant valid for BI instrutionsL Unsigned onstant valid for BUI instrutions5.36 Controlling Names Used in Assembler CodeYou an speify the name to be used in the assembler ode for a C funtion or variable bywriting the asm (or __asm__) keyword after the delarator as follows:int foo asm ("myfoo") = 2;This spei�es that the name to be used for the variable foo in the assembler ode shouldbe `myfoo' rather than the usual `_foo'.On systems where an undersore is normally prepended to the name of a C funtion orvariable, this feature allows you to de�ne names for the linker that do not start with anundersore.It does not make sense to use this feature with a non-stati loal variable sine suhvariables do not have assembler names. If you are trying to put the variable in a partiularregister, see Setion 5.37 [Expliit Reg Vars℄, page 266. GCC presently aepts suh odewith a warning, but will probably be hanged to issue an error, rather than a warning, inthe future.You annot use asm in this way in a funtion de�nition; but you an get the same e�etby writing a delaration for the funtion before its de�nition and putting asm there, likethis: extern fun () asm ("FUNC");fun (x, y)int x, y;/* . . . */



266 Using the GNU Compiler Colletion (GCC)It is up to you to make sure that the assembler names you hoose do not onit withany other assembler symbols. Also, you must not use a register name; that would produeompletely invalid assembler ode. GCC does not as yet have the ability to store stativariables in registers. Perhaps that will be added.5.37 Variables in Spei�ed RegistersGNU C allows you to put a few global variables into spei�ed hardware registers. You analso speify the register in whih an ordinary register variable should be alloated.� Global register variables reserve registers throughout the program. This may be usefulin programs suh as programming language interpreters whih have a ouple of globalvariables that are aessed very often.� Loal register variables in spei� registers do not reserve the registers, exept at thepoint where they are used as input or output operands in an asm statement and theasm statement itself is not deleted. The ompiler's data ow analysis is apable of de-termining where the spei�ed registers ontain live values, and where they are availablefor other uses. Stores into loal register variables may be deleted when they appear tobe dead aording to dataow analysis. Referenes to loal register variables may bedeleted or moved or simpli�ed.These loal variables are sometimes onvenient for use with the extended asm feature(see Setion 5.34 [Extended Asm℄, page 244), if you want to write one output of theassembler instrution diretly into a partiular register. (This will work provided theregister you speify �ts the onstraints spei�ed for that operand in the asm.)5.37.1 De�ning Global Register VariablesYou an de�ne a global register variable in GNU C like this:register int *foo asm ("a5");Here a5 is the name of the register whih should be used. Choose a register whih isnormally saved and restored by funtion alls on your mahine, so that library routines willnot lobber it.Naturally the register name is pu-dependent, so you would need to onditionalize yourprogram aording to pu type. The register a5 would be a good hoie on a 68000 for avariable of pointer type. On mahines with register windows, be sure to hoose a \global"register that is not a�eted magially by the funtion all mehanism.In addition, operating systems on one type of pu may di�er in how they name theregisters; then you would need additional onditionals. For example, some 68000 operatingsystems all this register %a5.Eventually there may be a way of asking the ompiler to hoose a register automatially,but �rst we need to �gure out how it should hoose and how to enable you to guide thehoie. No solution is evident.De�ning a global register variable in a ertain register reserves that register entirely forthis use, at least within the urrent ompilation. The register will not be alloated for anyother purpose in the funtions in the urrent ompilation. The register will not be savedand restored by these funtions. Stores into this register are never deleted even if theywould appear to be dead, but referenes may be deleted or moved or simpli�ed.



Chapter 5: Extensions to the C Language Family 267It is not safe to aess the global register variables from signal handlers, or from morethan one thread of ontrol, beause the system library routines may temporarily use theregister for other things (unless you reompile them speially for the task at hand).It is not safe for one funtion that uses a global register variable to all another suhfuntion foo by way of a third funtion lose that was ompiled without knowledge of thisvariable (i.e. in a di�erent soure �le in whih the variable wasn't delared). This is beauselose might save the register and put some other value there. For example, you an't expeta global register variable to be available in the omparison-funtion that you pass to qsort,sine qsortmight have put something else in that register. (If you are prepared to reompileqsort with the same global register variable, you an solve this problem.)If you want to reompile qsort or other soure �les whih do not atually use your globalregister variable, so that they will not use that register for any other purpose, then it suÆesto speify the ompiler option `-ffixed-reg '. You need not atually add a global registerdelaration to their soure ode.A funtion whih an alter the value of a global register variable annot safely be alledfrom a funtion ompiled without this variable, beause it ould lobber the value the allerexpets to �nd there on return. Therefore, the funtion whih is the entry point into thepart of the program that uses the global register variable must expliitly save and restorethe value whih belongs to its aller.On most mahines, longjmp will restore to eah global register variable the value it hadat the time of the setjmp. On some mahines, however, longjmp will not hange the valueof global register variables. To be portable, the funtion that alled setjmp should makeother arrangements to save the values of the global register variables, and to restore themin a longjmp. This way, the same thing will happen regardless of what longjmp does.All global register variable delarations must preede all funtion de�nitions. If suh adelaration ould appear after funtion de�nitions, the delaration would be too late toprevent the register from being used for other purposes in the preeding funtions.Global register variables may not have initial values, beause an exeutable �le has nomeans to supply initial ontents for a register.On the SPARC, there are reports that g3 . . . g7 are suitable registers, but ertain libraryfuntions, suh as getwd, as well as the subroutines for division and remainder, modify g3and g4. g1 and g2 are loal temporaries.On the 68000, a2 . . . a5 should be suitable, as should d2 . . . d7. Of ourse, it will notdo to use more than a few of those.5.37.2 Speifying Registers for Loal VariablesYou an de�ne a loal register variable with a spei�ed register like this:register int *foo asm ("a5");Here a5 is the name of the register whih should be used. Note that this is the same syntaxused for de�ning global register variables, but for a loal variable it would appear within afuntion.Naturally the register name is pu-dependent, but this is not a problem, sine spei�registers are most often useful with expliit assembler instrutions (see Setion 5.34 [Ex-tended Asm℄, page 244). Both of these things generally require that you onditionalize yourprogram aording to pu type.



268 Using the GNU Compiler Colletion (GCC)In addition, operating systems on one type of pu may di�er in how they name theregisters; then you would need additional onditionals. For example, some 68000 operatingsystems all this register %a5.De�ning suh a register variable does not reserve the register; it remains available forother uses in plaes where ow ontrol determines the variable's value is not live.This option does not guarantee that GCC will generate ode that has this variable in theregister you speify at all times. You may not ode an expliit referene to this registerin the assembler instrution template part of an asm statement and assume it will alwaysrefer to this variable. However, using the variable as an asm operand guarantees that thespei�ed register is used for the operand.Stores into loal register variables may be deleted when they appear to be dead aordingto dataow analysis. Referenes to loal register variables may be deleted or moved orsimpli�ed.As for global register variables, it's reommended that you hoose a register whih isnormally saved and restored by funtion alls on your mahine, so that library routineswill not lobber it. A ommon pitfall is to initialize multiple all-lobbered registers witharbitrary expressions, where a funtion all or library all for an arithmeti operator willoverwrite a register value from a previous assignment, for example r0 below:register int *p1 asm ("r0") = ...;register int *p2 asm ("r1") = ...;In those ases, a solution is to use a temporary variable for eah arbitrary expression.See [Example of asm with lobbered asm reg℄, page 246.5.38 Alternate Keywords`-ansi' and the various `-std' options disable ertain keywords. This auses trouble whenyou want to use GNU C extensions, or a general-purpose header �le that should be usableby all programs, inluding ISO C programs. The keywords asm, typeof and inline arenot available in programs ompiled with `-ansi' or `-std' (although inline an be used ina program ompiled with `-std=99'). The ISO C99 keyword restrit is only availablewhen `-std=gnu99' (whih will eventually be the default) or `-std=99' (or the equivalent`-std=iso9899:1999') is used.The way to solve these problems is to put `__' at the beginning and end of eah prob-lematial keyword. For example, use __asm__ instead of asm, and __inline__ instead ofinline.Other C ompilers won't aept these alternative keywords; if you want to ompile withanother ompiler, you an de�ne the alternate keywords as maros to replae them withthe ustomary keywords. It looks like this:#ifndef __GNUC__#define __asm__ asm#endif`-pedanti' and other options ause warnings for many GNU C extensions. You an pre-vent suh warnings within one expression by writing __extension__ before the expression.__extension__ has no e�et aside from this.



Chapter 5: Extensions to the C Language Family 2695.39 Inomplete enum TypesYou an de�ne an enum tag without speifying its possible values. This results in an inom-plete type, muh like what you get if you write strut foo without desribing the elements.A later delaration whih does speify the possible values ompletes the type.You an't alloate variables or storage using the type while it is inomplete. However,you an work with pointers to that type.This extension may not be very useful, but it makes the handling of enum more onsistentwith the way strut and union are handled.This extension is not supported by GNU C++.5.40 Funtion Names as StringsGCC provides three magi variables whih hold the name of the urrent funtion, as astring. The �rst of these is __fun__, whih is part of the C99 standard:The identi�er __fun__ is impliitly delared by the translatoras if, immediately following the opening brae of eah funtionde�nition, the delarationstati onst har __fun__[℄ = "funtion-name";appeared, where funtion-name is the name of the lexially-enlosingfuntion. This name is the unadorned name of the funtion.__FUNCTION__ is another name for __fun__. Older versions of GCC reognize only thisname. However, it is not standardized. For maximum portability, we reommend you use__fun__, but provide a fallbak de�nition with the preproessor:#if __STDC_VERSION__ < 199901L# if __GNUC__ >= 2# define __fun__ __FUNCTION__# else# define __fun__ "<unknown>"# endif#endifIn C, __PRETTY_FUNCTION__ is yet another name for __fun__. However, in C++, __PRETTY_FUNCTION__ ontains the type signature of the funtion as well as its bare name.For example, this program:extern "C" {extern int printf (har *, ...);}lass a {publi:void sub (int i){ printf ("__FUNCTION__ = %s\n", __FUNCTION__);printf ("__PRETTY_FUNCTION__ = %s\n", __PRETTY_FUNCTION__);}};intmain (void)



270 Using the GNU Compiler Colletion (GCC){ a ax;ax.sub (0);return 0;}gives this output:__FUNCTION__ = sub__PRETTY_FUNCTION__ = void a::sub(int)These identi�ers are not preproessor maros. In GCC 3.3 and earlier, in C only, __FUNCTION__ and __PRETTY_FUNCTION__ were treated as string literals; they ould be usedto initialize har arrays, and they ould be onatenated with other string literals. GCC3.4 and later treat them as variables, like __fun__. In C++, __FUNCTION__ and __PRETTY_FUNCTION__ have always been variables.5.41 Getting the Return or Frame Address of a FuntionThese funtions may be used to get information about the allers of a funtion.[Built-in Funtion℄void * __builtin_return_address (unsigned int level )This funtion returns the return address of the urrent funtion, or of one of its allers.The level argument is number of frames to san up the all stak. A value of 0 yieldsthe return address of the urrent funtion, a value of 1 yields the return address ofthe aller of the urrent funtion, and so forth. When inlining the expeted behavioris that the funtion will return the address of the funtion that will be returned to.To work around this behavior use the noinline funtion attribute.The level argument must be a onstant integer.On some mahines it may be impossible to determine the return address of anyfuntion other than the urrent one; in suh ases, or when the top of the stak hasbeen reahed, this funtion will return 0 or a random value. In addition, __builtin_frame_address may be used to determine if the top of the stak has been reahed.This funtion should only be used with a nonzero argument for debugging purposes.[Built-in Funtion℄void * __builtin_frame_address (unsigned int level )This funtion is similar to __builtin_return_address, but it returns the address ofthe funtion frame rather than the return address of the funtion. Calling __builtin_frame_address with a value of 0 yields the frame address of the urrent funtion, avalue of 1 yields the frame address of the aller of the urrent funtion, and so forth.The frame is the area on the stak whih holds loal variables and saved registers.The frame address is normally the address of the �rst word pushed on to the stakby the funtion. However, the exat de�nition depends upon the proessor and thealling onvention. If the proessor has a dediated frame pointer register, and thefuntion has a frame, then __builtin_frame_address will return the value of theframe pointer register.On some mahines it may be impossible to determine the frame address of any funtionother than the urrent one; in suh ases, or when the top of the stak has beenreahed, this funtion will return 0 if the �rst frame pointer is properly initialized bythe startup ode.This funtion should only be used with a nonzero argument for debugging purposes.



Chapter 5: Extensions to the C Language Family 2715.42 Using vetor instrutions through built-in funtionsOn some targets, the instrution set ontains SIMD vetor instrutions that operate onmultiple values ontained in one large register at the same time. For example, on the i386the MMX, 3Dnow! and SSE extensions an be used this way.The �rst step in using these extensions is to provide the neessary data types. This shouldbe done using an appropriate typedef:typedef int v4si __attribute__ ((vetor_size (16)));The int type spei�es the base type, while the attribute spei�es the vetor size for thevariable, measured in bytes. For example, the delaration above auses the ompiler to setthe mode for the v4si type to be 16 bytes wide and divided into int sized units. For a32-bit int this means a vetor of 4 units of 4 bytes, and the orresponding mode of foo willbe V4SI.The vetor_size attribute is only appliable to integral and oat salars, althougharrays, pointers, and funtion return values are allowed in onjuntion with this onstrut.All the basi integer types an be used as base types, both as signed and as unsigned:har, short, int, long, long long. In addition, float and double an be used to buildoating-point vetor types.Speifying a ombination that is not valid for the urrent arhiteture will ause GCC tosynthesize the instrutions using a narrower mode. For example, if you speify a variableof type V4SI and your arhiteture does not allow for this spei� SIMD type, GCC willprodue ode that uses 4 SIs.The types de�ned in this manner an be used with a subset of normal C operations.Currently, GCC will allow using the following operators on these types: +, -, *, /, unaryminus, ^, |, &, ~.The operations behave like C++ valarrays. Addition is de�ned as the addition of theorresponding elements of the operands. For example, in the ode below, eah of the 4elements in a will be added to the orresponding 4 elements in b and the resulting vetorwill be stored in .typedef int v4si __attribute__ ((vetor_size (16)));v4si a, b, ; = a + b;Subtration, multipliation, division, and the logial operations operate in a similar man-ner. Likewise, the result of using the unary minus or omplement operators on a vetor typeis a vetor whose elements are the negative or omplemented values of the orrespondingelements in the operand.You an delare variables and use them in funtion alls and returns, as well as in as-signments and some asts. You an speify a vetor type as a return type for a funtion.Vetor types an also be used as funtion arguments. It is possible to ast from one vetortype to another, provided they are of the same size (in fat, you an also ast vetors toand from other datatypes of the same size).You annot operate between vetors of di�erent lengths or di�erent signedness without aast.



272 Using the GNU Compiler Colletion (GCC)A port that supports hardware vetor operations, usually provides a set of built-in fun-tions that an be used to operate on vetors. For example, a funtion to add two vetorsand multiply the result by a third ould look like this:v4si f (v4si a, v4si b, v4si ){ v4si tmp = __builtin_addv4si (a, b);return __builtin_mulv4si (tmp, );}5.43 O�setofGCC implements for both C and C++ a syntati extension to implement the offsetofmaro.primary:"__builtin_offsetof" "(" typename "," offsetof_member_designator ")"offsetof_member_designator:identifier| offsetof_member_designator "." identifier| offsetof_member_designator "[" expr "℄"This extension is suÆient suh that#define offsetof(type, member) __builtin_offsetof (type, member)is a suitable de�nition of the offsetof maro. In C++, type may be dependent. In eitherase, member may onsist of a single identi�er, or a sequene of member aesses and arrayreferenes.5.44 Other built-in funtions provided by GCCGCC provides a large number of built-in funtions other than the ones mentioned above.Some of these are for internal use in the proessing of exeptions or variable-length argumentlists and will not be doumented here beause they may hange from time to time; we donot reommend general use of these funtions.The remaining funtions are provided for optimization purposes.GCC inludes built-in versions of many of the funtions in the standard C library. Theversions pre�xed with __builtin_ will always be treated as having the same meaning asthe C library funtion even if you speify the `-fno-builtin' option. (see Setion 3.4 [CDialet Options℄, page 20) Many of these funtions are only optimized in ertain ases; ifthey are not optimized in a partiular ase, a all to the library funtion will be emitted.Outside strit ISO C mode (`-ansi', `-std=89' or `-std=99'), the funtions _exit,alloa, bmp, bzero, dgettext, dgettext, dremf, dreml, drem, exp10f, exp10l, exp10,ffsll, ffsl, ffs, fprintf_unloked, fputs_unloked, gammaf, gammal, gamma, gettext,index, isasii, j0f, j0l, j0, j1f, j1l, j1, jnf, jnl, jn, memppy, pow10f, pow10l,pow10, printf_unloked, rindex, salbf, salbl, salb, signbit, signbitf, signbitl,signifiandf, signifiandl, signifiand, sinosf, sinosl, sinos, stppy, strdup,strfmon, toasii, y0f, y0l, y0, y1f, y1l, y1, ynf, ynl and yn may be handled as built-infuntions. All these funtions have orresponding versions pre�xed with __builtin_, whihmay be used even in strit C89 mode.



Chapter 5: Extensions to the C Language Family 273The ISO C99 funtions _Exit, aoshf, aoshl, aosh, asinhf, asinhl, asinh,atanhf, atanhl, atanh, absf, absl, abs, aosf, aoshf, aoshl, aosh,aosl, aos, argf, argl, arg, asinf, asinhf, asinhl, asinh, asinl,asin, atanf, atanhf, atanhl, atanh, atanl, atan, brtf, brtl, brt, osf,oshf, oshl, osh, osl, os, expf, expl, exp, imagf, imagl, imag,onjf, onjl, onj, opysignf, opysignl, opysign, powf, powl, pow, projf,projl, proj, realf, reall, real, sinf, sinhf, sinhl, sinh, sinl, sin,sqrtf, sqrtl, sqrt, tanf, tanhf, tanhl, tanh, tanl, tan, erff, erfl,erf, erff, erfl, erf, exp2f, exp2l, exp2, expm1f, expm1l, expm1, fdimf, fdiml, fdim,fmaf, fmal, fmaxf, fmaxl, fmax, fma, fminf, fminl, fmin, hypotf, hypotl, hypot,ilogbf, ilogbl, ilogb, imaxabs, isblank, iswblank, lgammaf, lgammal, lgamma, llabs,llrintf, llrintl, llrint, llroundf, llroundl, llround, log1pf, log1pl, log1p,log2f, log2l, log2, logbf, logbl, logb, lrintf, lrintl, lrint, lroundf, lroundl,lround, nearbyintf, nearbyintl, nearbyint, nextafterf, nextafterl, nextafter,nexttowardf, nexttowardl, nexttoward, remainderf, remainderl, remainder, remquof,remquol, remquo, rintf, rintl, rint, roundf, roundl, round, salblnf, salblnl,salbln, salbnf, salbnl, salbn, snprintf, tgammaf, tgammal, tgamma, trunf,trunl, trun, vfsanf, vsanf, vsnprintf and vssanf are handled as built-infuntions exept in strit ISO C90 mode (`-ansi' or `-std=89').There are also built-in versions of the ISO C99 funtions aosf, aosl, asinf, asinl,atan2f, atan2l, atanf, atanl, eilf, eill, osf, oshf, oshl, osl, expf, expl,fabsf, fabsl, floorf, floorl, fmodf, fmodl, frexpf, frexpl, ldexpf, ldexpl, log10f,log10l, logf, logl, modfl, modf, powf, powl, sinf, sinhf, sinhl, sinl, sqrtf, sqrtl,tanf, tanhf, tanhl and tanl that are reognized in any mode sine ISO C90 reserves thesenames for the purpose to whih ISO C99 puts them. All these funtions have orrespondingversions pre�xed with __builtin_.The ISO C94 funtions iswalnum, iswalpha, iswntrl, iswdigit, iswgraph, iswlower,iswprint, iswpunt, iswspae, iswupper, iswxdigit, towlower and towupper are han-dled as built-in funtions exept in strit ISO C90 mode (`-ansi' or `-std=89').The ISO C90 funtions abort, abs, aos, asin, atan2, atan, allo, eil, osh,os, exit, exp, fabs, floor, fmod, fprintf, fputs, frexp, fsanf, isalnum, isalpha,isntrl, isdigit, isgraph, islower, isprint, ispunt, isspae, isupper, isxdigit,tolower, toupper, labs, ldexp, log10, log, mallo, memmp, mempy, memset, modf, pow,printf, puthar, puts, sanf, sinh, sin, snprintf, sprintf, sqrt, ssanf, strat,strhr, strmp, strpy, strspn, strlen, strnat, strnmp, strnpy, strpbrk,strrhr, strspn, strstr, tanh, tan, vfprintf, vprintf and vsprintf are all reognizedas built-in funtions unless `-fno-builtin' is spei�ed (or `-fno-builtin-funtion ' isspei�ed for an individual funtion). All of these funtions have orresponding versionspre�xed with __builtin_.GCC provides built-in versions of the ISO C99 oating point omparison maros thatavoid raising exeptions for unordered operands. They have the same names as the stan-dard maros ( isgreater, isgreaterequal, isless, islessequal, islessgreater, andisunordered) , with __builtin_ pre�xed. We intend for a library implementor to be ableto simply #define eah standard maro to its built-in equivalent.



274 Using the GNU Compiler Colletion (GCC)[Built-in Funtion℄int __builtin_types_ompatible_p (type1, type2 )You an use the built-in funtion __builtin_types_ompatible_p to determinewhether two types are the same.This built-in funtion returns 1 if the unquali�ed versions of the types type1 andtype2 (whih are types, not expressions) are ompatible, 0 otherwise. The result ofthis built-in funtion an be used in integer onstant expressions.This built-in funtion ignores top level quali�ers (e.g., onst, volatile). For exam-ple, int is equivalent to onst int.The type int[℄ and int[5℄ are ompatible. On the other hand, int and har * arenot ompatible, even if the size of their types, on the partiular arhiteture are thesame. Also, the amount of pointer indiretion is taken into aount when determiningsimilarity. Consequently, short * is not similar to short **. Furthermore, two typesthat are typedefed are onsidered ompatible if their underlying types are ompatible.An enum type is not onsidered to be ompatible with another enum type even if bothare ompatible with the same integer type; this is what the C standard spei�es. Forexample, enum {foo, bar} is not similar to enum {hot, dog}.You would typially use this funtion in ode whose exeution varies depending onthe arguments' types. For example:#define foo(x) \({ \typeof (x) tmp; \if (__builtin_types_ompatible_p (typeof (x), long double)) \tmp = foo_long_double (tmp); \else if (__builtin_types_ompatible_p (typeof (x), double)) \tmp = foo_double (tmp); \else if (__builtin_types_ompatible_p (typeof (x), float)) \tmp = foo_float (tmp); \else \abort (); \tmp; \})Note: This onstrut is only available for C. [Built-in Funtion℄type __builtin_hoose_expr (onst_exp, exp1, exp2 )You an use the built-in funtion __builtin_hoose_expr to evaluate ode depend-ing on the value of a onstant expression. This built-in funtion returns exp1 ifonst exp, whih is a onstant expression that must be able to be determined atompile time, is nonzero. Otherwise it returns 0.This built-in funtion is analogous to the `? :' operator in C, exept that the expres-sion returned has its type unaltered by promotion rules. Also, the built-in funtiondoes not evaluate the expression that was not hosen. For example, if onst expevaluates to true, exp2 is not evaluated even if it has side-e�ets.This built-in funtion an return an lvalue if the hosen argument is an lvalue.If exp1 is returned, the return type is the same as exp1's type. Similarly, if exp2 isreturned, its return type is the same as exp2.Example:



Chapter 5: Extensions to the C Language Family 275#define foo(x) \__builtin_hoose_expr ( \__builtin_types_ompatible_p (typeof (x), double), \foo_double (x), \__builtin_hoose_expr ( \__builtin_types_ompatible_p (typeof (x), float), \foo_float (x), \/* The void expression results in a ompile-time error \when assigning the result to something. */ \(void)0))Note: This onstrut is only available for C. Furthermore, the unused expression(exp1 or exp2 depending on the value of onst exp) may still generate syntax errors.This may hange in future revisions. [Built-in Funtion℄int __builtin_onstant_p (exp )You an use the built-in funtion __builtin_onstant_p to determine if a value isknown to be onstant at ompile-time and hene that GCC an perform onstant-folding on expressions involving that value. The argument of the funtion is the valueto test. The funtion returns the integer 1 if the argument is known to be a ompile-time onstant and 0 if it is not known to be a ompile-time onstant. A return of 0does not indiate that the value is not a onstant, but merely that GCC annot proveit is a onstant with the spei�ed value of the `-O' option.You would typially use this funtion in an embedded appliation where memory wasa ritial resoure. If you have some omplex alulation, you may want it to befolded if it involves onstants, but need to all a funtion if it does not. For example:#define Sale_Value(X) \(__builtin_onstant_p (X) \? ((X) * SCALE + OFFSET) : Sale (X))You may use this built-in funtion in either a maro or an inline funtion. However, ifyou use it in an inlined funtion and pass an argument of the funtion as the argumentto the built-in, GCC will never return 1 when you all the inline funtion with a stringonstant or ompound literal (see Setion 5.19 [Compound Literals℄, page 214) andwill not return 1 when you pass a onstant numeri value to the inline funtion unlessyou speify the `-O' option.You may also use __builtin_onstant_p in initializers for stati data. For instane,you an writestati onst int table[℄ = {__builtin_onstant_p (EXPRESSION) ? (EXPRESSION) : -1,/* . . . */};This is an aeptable initializer even if EXPRESSION is not a onstant expression.GCC must be more onservative about evaluating the built-in in this ase, beause ithas no opportunity to perform optimization.Previous versions of GCC did not aept this built-in in data initializers. The earliestversion where it is ompletely safe is 3.0.1. [Built-in Funtion℄long __builtin_expet (long exp, long  )You may use __builtin_expet to provide the ompiler with branh preditioninformation. In general, you should prefer to use atual pro�le feedbak for this



276 Using the GNU Compiler Colletion (GCC)(`-fprofile-ars'), as programmers are notoriously bad at prediting how theirprograms atually perform. However, there are appliations in whih this data ishard to ollet.The return value is the value of exp, whih should be an integral expression. Thevalue of  must be a ompile-time onstant. The semantis of the built-in are that itis expeted that exp == . For example:if (__builtin_expet (x, 0))foo ();would indiate that we do not expet to all foo, sine we expet x to be zero. Sineyou are limited to integral expressions for exp, you should use onstrutions suh asif (__builtin_expet (ptr != NULL, 1))error ();when testing pointer or oating-point values. [Built-in Funtion℄void __builtin_prefeth (onst void *addr, ...)This funtion is used to minimize ahe-miss lateny by moving data into a ahebefore it is aessed. You an insert alls to __builtin_prefeth into ode forwhih you know addresses of data in memory that is likely to be aessed soon. If thetarget supports them, data prefeth instrutions will be generated. If the prefeth isdone early enough before the aess then the data will be in the ahe by the time itis aessed.The value of addr is the address of the memory to prefeth. There are two optionalarguments, rw and loality. The value of rw is a ompile-time onstant one or zero;one means that the prefeth is preparing for a write to the memory address and zero,the default, means that the prefeth is preparing for a read. The value loality mustbe a ompile-time onstant integer between zero and three. A value of zero meansthat the data has no temporal loality, so it need not be left in the ahe after theaess. A value of three means that the data has a high degree of temporal loality andshould be left in all levels of ahe possible. Values of one and two mean, respetively,a low or moderate degree of temporal loality. The default is three.for (i = 0; i < n; i++){ a[i℄ = a[i℄ + b[i℄;__builtin_prefeth (&a[i+j℄, 1, 1);__builtin_prefeth (&b[i+j℄, 0, 1);/* . . . */}Data prefeth does not generate faults if addr is invalid, but the address expressionitself must be valid. For example, a prefeth of p->next will not fault if p->next isnot a valid address, but evaluation will fault if p is not a valid address.If the target does not support data prefeth, the address expression is evaluated if itinludes side e�ets but no other ode is generated and GCC does not issue a warning.[Built-in Funtion℄double __builtin_huge_val (void)Returns a positive in�nity, if supported by the oating-point format, else DBL_MAX.This funtion is suitable for implementing the ISO C maro HUGE_VAL.[Built-in Funtion℄float __builtin_huge_valf (void)Similar to __builtin_huge_val, exept the return type is float.



Chapter 5: Extensions to the C Language Family 277[Built-in Funtion℄long double __builtin_huge_vall (void)Similar to __builtin_huge_val, exept the return type is long double.[Built-in Funtion℄double __builtin_inf (void)Similar to __builtin_huge_val, exept a warning is generated if the target oating-point format does not support in�nities. [Built-in Funtion℄float __builtin_inff (void)Similar to __builtin_inf, exept the return type is float. This funtion is suitablefor implementing the ISO C99 maro INFINITY. [Built-in Funtion℄long double __builtin_infl (void)Similar to __builtin_inf, exept the return type is long double.[Built-in Funtion℄double __builtin_nan (onst har *str)This is an implementation of the ISO C99 funtion nan.Sine ISO C99 de�nes this funtion in terms of strtod, whih we do not implement,a desription of the parsing is in order. The string is parsed as by strtol; that is, thebase is reognized by leading `0' or `0x' pre�xes. The number parsed is plaed in thesigni�and suh that the least signi�ant bit of the number is at the least signi�antbit of the signi�and. The number is trunated to �t the signi�and �eld provided.The signi�and is fored to be a quiet NaN.This funtion, if given a string literal, is evaluated early enough that it is onsidereda ompile-time onstant. [Built-in Funtion℄float __builtin_nanf (onst har *str)Similar to __builtin_nan, exept the return type is float. [Built-in Funtion℄long double __builtin_nanl (onst har *str)Similar to __builtin_nan, exept the return type is long double.[Built-in Funtion℄double __builtin_nans (onst har *str)Similar to __builtin_nan, exept the signi�and is fored to be a signaling NaN.The nans funtion is proposed by WG14 N965. [Built-in Funtion℄float __builtin_nansf (onst har *str)Similar to __builtin_nans, exept the return type is float. [Built-in Funtion℄long double __builtin_nansl (onst har *str)Similar to __builtin_nans, exept the return type is long double.[Built-in Funtion℄int __builtin_ffs (unsigned int x)Returns one plus the index of the least signi�ant 1-bit of x, or if x is zero, returnszero. [Built-in Funtion℄int __builtin_lz (unsigned int x)Returns the number of leading 0-bits in x, starting at the most signi�ant bit position.If x is 0, the result is unde�ned. [Built-in Funtion℄int __builtin_tz (unsigned int x)Returns the number of trailing 0-bits in x, starting at the least signi�ant bit position.If x is 0, the result is unde�ned.



278 Using the GNU Compiler Colletion (GCC)[Built-in Funtion℄int __builtin_popount (unsigned int x)Returns the number of 1-bits in x. [Built-in Funtion℄int __builtin_parity (unsigned int x)Returns the parity of x, i.e. the number of 1-bits in x modulo 2. [Built-in Funtion℄int __builtin_ffsl (unsigned long)Similar to __builtin_ffs, exept the argument type is unsigned long.[Built-in Funtion℄int __builtin_lzl (unsigned long)Similar to __builtin_lz, exept the argument type is unsigned long.[Built-in Funtion℄int __builtin_tzl (unsigned long)Similar to __builtin_tz, exept the argument type is unsigned long.[Built-in Funtion℄int __builtin_popountl (unsigned long)Similar to __builtin_popount, exept the argument type is unsigned long.[Built-in Funtion℄int __builtin_parityl (unsigned long)Similar to __builtin_parity, exept the argument type is unsigned long.[Built-in Funtion℄int __builtin_ffsll (unsigned long long)Similar to __builtin_ffs, exept the argument type is unsigned long long.[Built-in Funtion℄int __builtin_lzll (unsigned long long)Similar to __builtin_lz, exept the argument type is unsigned long long.[Built-in Funtion℄int __builtin_tzll (unsigned long long)Similar to __builtin_tz, exept the argument type is unsigned long long.[Built-in Funtion℄int __builtin_popountll (unsigned long long)Similar to __builtin_popount, exept the argument type is unsigned long long.[Built-in Funtion℄int __builtin_parityll (unsigned long long)Similar to __builtin_parity, exept the argument type is unsigned long long.[Built-in Funtion℄double __builtin_powi (double, int)Returns the �rst argument raised to the power of the seond. Unlike the pow funtionno guarantees about preision and rounding are made. [Built-in Funtion℄float __builtin_powif (oat, int)Similar to __builtin_powi, exept the argument and return types are float.[Built-in Funtion℄long double __builtin_powil (long double, int)Similar to __builtin_powi, exept the argument and return types are long double.



Chapter 5: Extensions to the C Language Family 2795.45 Built-in Funtions Spei� to Partiular TargetMahinesOn some target mahines, GCC supports many built-in funtions spei� to those mahines.Generally these generate alls to spei� mahine instrutions, but allow the ompiler toshedule those alls.5.45.1 Alpha Built-in FuntionsThese built-in funtions are available for the Alpha family of proessors, depending on theommand-line swithes used.The following built-in funtions are always available. They all generate the mahineinstrution that is part of the name.long __builtin_alpha_implver (void)long __builtin_alpha_rp (void)long __builtin_alpha_amask (long)long __builtin_alpha_mpbge (long, long)long __builtin_alpha_extbl (long, long)long __builtin_alpha_extwl (long, long)long __builtin_alpha_extll (long, long)long __builtin_alpha_extql (long, long)long __builtin_alpha_extwh (long, long)long __builtin_alpha_extlh (long, long)long __builtin_alpha_extqh (long, long)long __builtin_alpha_insbl (long, long)long __builtin_alpha_inswl (long, long)long __builtin_alpha_insll (long, long)long __builtin_alpha_insql (long, long)long __builtin_alpha_inswh (long, long)long __builtin_alpha_inslh (long, long)long __builtin_alpha_insqh (long, long)long __builtin_alpha_mskbl (long, long)long __builtin_alpha_mskwl (long, long)long __builtin_alpha_mskll (long, long)long __builtin_alpha_mskql (long, long)long __builtin_alpha_mskwh (long, long)long __builtin_alpha_msklh (long, long)long __builtin_alpha_mskqh (long, long)long __builtin_alpha_umulh (long, long)long __builtin_alpha_zap (long, long)long __builtin_alpha_zapnot (long, long)The following built-in funtions are always with `-mmax' or `-mpu=pu ' where pu ispa56 or later. They all generate the mahine instrution that is part of the name.long __builtin_alpha_pklb (long)long __builtin_alpha_pkwb (long)long __builtin_alpha_unpkbl (long)long __builtin_alpha_unpkbw (long)long __builtin_alpha_minub8 (long, long)long __builtin_alpha_minsb8 (long, long)long __builtin_alpha_minuw4 (long, long)long __builtin_alpha_minsw4 (long, long)long __builtin_alpha_maxub8 (long, long)long __builtin_alpha_maxsb8 (long, long)long __builtin_alpha_maxuw4 (long, long)long __builtin_alpha_maxsw4 (long, long)long __builtin_alpha_perr (long, long)



280 Using the GNU Compiler Colletion (GCC)The following built-in funtions are always with `-mix' or `-mpu=pu ' where pu isev67 or later. They all generate the mahine instrution that is part of the name.long __builtin_alpha_ttz (long)long __builtin_alpha_tlz (long)long __builtin_alpha_tpop (long)The following builtins are available on systems that use the OSF/1 PALode. Normallythey invoke the rduniq and wruniq PAL alls, but when invoked with `-mtls-kernel',they invoke rdval and wrval.void *__builtin_thread_pointer (void)void __builtin_set_thread_pointer (void *)5.45.2 ARM Built-in FuntionsThese built-in funtions are available for the ARM family of proessors, when the`-mpu=iwmmxt' swith is used:typedef int v2si __attribute__ ((vetor_size (8)));typedef short v4hi __attribute__ ((vetor_size (8)));typedef har v8qi __attribute__ ((vetor_size (8)));int __builtin_arm_getwx (int)void __builtin_arm_setwx (int, int)int __builtin_arm_textrmsb (v8qi, int)int __builtin_arm_textrmsh (v4hi, int)int __builtin_arm_textrmsw (v2si, int)int __builtin_arm_textrmub (v8qi, int)int __builtin_arm_textrmuh (v4hi, int)int __builtin_arm_textrmuw (v2si, int)v8qi __builtin_arm_tinsrb (v8qi, int)v4hi __builtin_arm_tinsrh (v4hi, int)v2si __builtin_arm_tinsrw (v2si, int)long long __builtin_arm_tmia (long long, int, int)long long __builtin_arm_tmiabb (long long, int, int)long long __builtin_arm_tmiabt (long long, int, int)long long __builtin_arm_tmiaph (long long, int, int)long long __builtin_arm_tmiatb (long long, int, int)long long __builtin_arm_tmiatt (long long, int, int)int __builtin_arm_tmovmskb (v8qi)int __builtin_arm_tmovmskh (v4hi)int __builtin_arm_tmovmskw (v2si)long long __builtin_arm_wab (v8qi)long long __builtin_arm_wah (v4hi)long long __builtin_arm_waw (v2si)v8qi __builtin_arm_waddb (v8qi, v8qi)v8qi __builtin_arm_waddbss (v8qi, v8qi)v8qi __builtin_arm_waddbus (v8qi, v8qi)v4hi __builtin_arm_waddh (v4hi, v4hi)v4hi __builtin_arm_waddhss (v4hi, v4hi)v4hi __builtin_arm_waddhus (v4hi, v4hi)v2si __builtin_arm_waddw (v2si, v2si)v2si __builtin_arm_waddwss (v2si, v2si)v2si __builtin_arm_waddwus (v2si, v2si)v8qi __builtin_arm_walign (v8qi, v8qi, int)long long __builtin_arm_wand(long long, long long)long long __builtin_arm_wandn (long long, long long)v8qi __builtin_arm_wavg2b (v8qi, v8qi)v8qi __builtin_arm_wavg2br (v8qi, v8qi)



Chapter 5: Extensions to the C Language Family 281v4hi __builtin_arm_wavg2h (v4hi, v4hi)v4hi __builtin_arm_wavg2hr (v4hi, v4hi)v8qi __builtin_arm_wmpeqb (v8qi, v8qi)v4hi __builtin_arm_wmpeqh (v4hi, v4hi)v2si __builtin_arm_wmpeqw (v2si, v2si)v8qi __builtin_arm_wmpgtsb (v8qi, v8qi)v4hi __builtin_arm_wmpgtsh (v4hi, v4hi)v2si __builtin_arm_wmpgtsw (v2si, v2si)v8qi __builtin_arm_wmpgtub (v8qi, v8qi)v4hi __builtin_arm_wmpgtuh (v4hi, v4hi)v2si __builtin_arm_wmpgtuw (v2si, v2si)long long __builtin_arm_wmas (long long, v4hi, v4hi)long long __builtin_arm_wmasz (v4hi, v4hi)long long __builtin_arm_wmau (long long, v4hi, v4hi)long long __builtin_arm_wmauz (v4hi, v4hi)v4hi __builtin_arm_wmadds (v4hi, v4hi)v4hi __builtin_arm_wmaddu (v4hi, v4hi)v8qi __builtin_arm_wmaxsb (v8qi, v8qi)v4hi __builtin_arm_wmaxsh (v4hi, v4hi)v2si __builtin_arm_wmaxsw (v2si, v2si)v8qi __builtin_arm_wmaxub (v8qi, v8qi)v4hi __builtin_arm_wmaxuh (v4hi, v4hi)v2si __builtin_arm_wmaxuw (v2si, v2si)v8qi __builtin_arm_wminsb (v8qi, v8qi)v4hi __builtin_arm_wminsh (v4hi, v4hi)v2si __builtin_arm_wminsw (v2si, v2si)v8qi __builtin_arm_wminub (v8qi, v8qi)v4hi __builtin_arm_wminuh (v4hi, v4hi)v2si __builtin_arm_wminuw (v2si, v2si)v4hi __builtin_arm_wmulsm (v4hi, v4hi)v4hi __builtin_arm_wmulul (v4hi, v4hi)v4hi __builtin_arm_wmulum (v4hi, v4hi)long long __builtin_arm_wor (long long, long long)v2si __builtin_arm_wpakdss (long long, long long)v2si __builtin_arm_wpakdus (long long, long long)v8qi __builtin_arm_wpakhss (v4hi, v4hi)v8qi __builtin_arm_wpakhus (v4hi, v4hi)v4hi __builtin_arm_wpakwss (v2si, v2si)v4hi __builtin_arm_wpakwus (v2si, v2si)long long __builtin_arm_wrord (long long, long long)long long __builtin_arm_wrordi (long long, int)v4hi __builtin_arm_wrorh (v4hi, long long)v4hi __builtin_arm_wrorhi (v4hi, int)v2si __builtin_arm_wrorw (v2si, long long)v2si __builtin_arm_wrorwi (v2si, int)v2si __builtin_arm_wsadb (v8qi, v8qi)v2si __builtin_arm_wsadbz (v8qi, v8qi)v2si __builtin_arm_wsadh (v4hi, v4hi)v2si __builtin_arm_wsadhz (v4hi, v4hi)v4hi __builtin_arm_wshufh (v4hi, int)long long __builtin_arm_wslld (long long, long long)long long __builtin_arm_wslldi (long long, int)v4hi __builtin_arm_wsllh (v4hi, long long)v4hi __builtin_arm_wsllhi (v4hi, int)v2si __builtin_arm_wsllw (v2si, long long)v2si __builtin_arm_wsllwi (v2si, int)long long __builtin_arm_wsrad (long long, long long)long long __builtin_arm_wsradi (long long, int)



282 Using the GNU Compiler Colletion (GCC)v4hi __builtin_arm_wsrah (v4hi, long long)v4hi __builtin_arm_wsrahi (v4hi, int)v2si __builtin_arm_wsraw (v2si, long long)v2si __builtin_arm_wsrawi (v2si, int)long long __builtin_arm_wsrld (long long, long long)long long __builtin_arm_wsrldi (long long, int)v4hi __builtin_arm_wsrlh (v4hi, long long)v4hi __builtin_arm_wsrlhi (v4hi, int)v2si __builtin_arm_wsrlw (v2si, long long)v2si __builtin_arm_wsrlwi (v2si, int)v8qi __builtin_arm_wsubb (v8qi, v8qi)v8qi __builtin_arm_wsubbss (v8qi, v8qi)v8qi __builtin_arm_wsubbus (v8qi, v8qi)v4hi __builtin_arm_wsubh (v4hi, v4hi)v4hi __builtin_arm_wsubhss (v4hi, v4hi)v4hi __builtin_arm_wsubhus (v4hi, v4hi)v2si __builtin_arm_wsubw (v2si, v2si)v2si __builtin_arm_wsubwss (v2si, v2si)v2si __builtin_arm_wsubwus (v2si, v2si)v4hi __builtin_arm_wunpkehsb (v8qi)v2si __builtin_arm_wunpkehsh (v4hi)long long __builtin_arm_wunpkehsw (v2si)v4hi __builtin_arm_wunpkehub (v8qi)v2si __builtin_arm_wunpkehuh (v4hi)long long __builtin_arm_wunpkehuw (v2si)v4hi __builtin_arm_wunpkelsb (v8qi)v2si __builtin_arm_wunpkelsh (v4hi)long long __builtin_arm_wunpkelsw (v2si)v4hi __builtin_arm_wunpkelub (v8qi)v2si __builtin_arm_wunpkeluh (v4hi)long long __builtin_arm_wunpkeluw (v2si)v8qi __builtin_arm_wunpkihb (v8qi, v8qi)v4hi __builtin_arm_wunpkihh (v4hi, v4hi)v2si __builtin_arm_wunpkihw (v2si, v2si)v8qi __builtin_arm_wunpkilb (v8qi, v8qi)v4hi __builtin_arm_wunpkilh (v4hi, v4hi)v2si __builtin_arm_wunpkilw (v2si, v2si)long long __builtin_arm_wxor (long long, long long)long long __builtin_arm_wzero ()5.45.3 FR-V Built-in FuntionsGCC provides many FR-V-spei� built-in funtions. In general, these funtions are in-tended to be ompatible with those desribed by FR-V Family, Softune C/C++ CompilerManual (V6), Fujitsu Semiondutor. The two exeptions are __MDUNPACKH and __MBTOHE,the g forms of whih pass 128-bit values by pointer rather than by value.Most of the funtions are named after spei� FR-V instrutions. Suh funtions are saidto be \diretly mapped" and are summarized here in tabular form.5.45.3.1 Argument TypesThe arguments to the built-in funtions an be divided into three groups: register numbers,ompile-time onstants and run-time values. In order to make this lassi�ation lear at aglane, the arguments and return values are given the following pseudo types:Pseudo type Real C type Constant? Desriptionuh unsigned short No an unsigned halfword



Chapter 5: Extensions to the C Language Family 283uw1 unsigned int No an unsigned wordsw1 int No a signed worduw2 unsigned long long No an unsigned doublewordsw2 long long No a signed doublewordonst int Yes an integer onstanta int Yes an ACC register numberia int Yes an IACC register numberThese pseudo types are not de�ned by GCC, they are simply a notational onvenieneused in this manual.Arguments of type uh, uw1, sw1, uw2 and sw2 are evaluated at run time. They orrespondto register operands in the underlying FR-V instrutions.onst arguments represent immediate operands in the underlying FR-V instrutions.They must be ompile-time onstants.a arguments are evaluated at ompile time and speify the number of an aumulatorregister. For example, an a argument of 2 will selet the ACC2 register.ia arguments are similar to a arguments but speify the number of an IACC register.See see Setion 5.45.3.4 [Other Built-in Funtions℄, page 285 for more details.5.45.3.2 Diretly-mapped Integer FuntionsThe funtions listed below map diretly to FR-V I-type instrutions.Funtion prototype Example usage Assembly outputsw1 __ADDSS (sw1, sw1)  = __ADDSS (a, b) ADDSS a,b,sw1 __SCAN (sw1, sw1)  = __SCAN (a, b) SCAN a,b,sw1 __SCUTSS (sw1) b = __SCUTSS (a) SCUTSS a,bsw1 __SLASS (sw1, sw1)  = __SLASS (a, b) SLASS a,b,void __SMASS (sw1, sw1) __SMASS (a, b) SMASS a,bvoid __SMSSS (sw1, sw1) __SMSSS (a, b) SMSSS a,bvoid __SMU (sw1, sw1) __SMU (a, b) SMU a,bsw2 __SMUL (sw1, sw1)  = __SMUL (a, b) SMUL a,b,sw1 __SUBSS (sw1, sw1)  = __SUBSS (a, b) SUBSS a,b,uw2 __UMUL (uw1, uw1)  = __UMUL (a, b) UMUL a,b,5.45.3.3 Diretly-mapped Media FuntionsThe funtions listed below map diretly to FR-V M-type instrutions.Funtion prototype Example usage Assembly outputuw1 __MABSHS (sw1) b = __MABSHS (a) MABSHS a,bvoid __MADDACCS (a, a) __MADDACCS (b, a) MADDACCS a,bsw1 __MADDHSS (sw1, sw1)  = __MADDHSS (a, b) MADDHSS a,b,uw1 __MADDHUS (uw1, uw1)  = __MADDHUS (a, b) MADDHUS a,b,uw1 __MAND (uw1, uw1)  = __MAND (a, b) MAND a,b,void __MASACCS (a, a) __MASACCS (b, a) MASACCS a,buw1 __MAVEH (uw1, uw1)  = __MAVEH (a, b) MAVEH a,b,uw2 __MBTOH (uw1) b = __MBTOH (a) MBTOH a,bvoid __MBTOHE (uw1 *, uw1) __MBTOHE (&b, a) MBTOHE a,bvoid __MCLRACC (a) __MCLRACC (a) MCLRACC a



284 Using the GNU Compiler Colletion (GCC)void __MCLRACCA (void) __MCLRACCA () MCLRACCAuw1 __Mop1 (uw1, uw1)  = __Mop1 (a, b) Mop1 a,b,uw1 __Mop2 (uw1, uw1)  = __Mop2 (a, b) Mop2 a,b,uw1 __MCPLHI (uw2, onst)  = __MCPLHI (a, b) MCPLHI a,#b,uw1 __MCPLI (uw2, onst)  = __MCPLI (a, b) MCPLI a,#b,void __MCPXIS (a, sw1, sw1) __MCPXIS (, a, b) MCPXIS a,b,void __MCPXIU (a, uw1, uw1) __MCPXIU (, a, b) MCPXIU a,b,void __MCPXRS (a, sw1, sw1) __MCPXRS (, a, b) MCPXRS a,b,void __MCPXRU (a, uw1, uw1) __MCPXRU (, a, b) MCPXRU a,b,uw1 __MCUT (a, uw1)  = __MCUT (a, b) MCUT a,b,uw1 __MCUTSS (a, sw1)  = __MCUTSS (a, b) MCUTSS a,b,void __MDADDACCS (a, a) __MDADDACCS (b, a) MDADDACCS a,bvoid __MDASACCS (a, a) __MDASACCS (b, a) MDASACCS a,buw2 __MDCUTSSI (a, onst)  = __MDCUTSSI (a, b) MDCUTSSI a,#b,uw2 __MDPACKH (uw2, uw2)  = __MDPACKH (a, b) MDPACKH a,b,uw2 __MDROTLI (uw2, onst)  = __MDROTLI (a, b) MDROTLI a,#b,void __MDSUBACCS (a, a) __MDSUBACCS (b, a) MDSUBACCS a,bvoid __MDUNPACKH (uw1 *, uw2) __MDUNPACKH (&b, a) MDUNPACKH a,buw2 __MEXPDHD (uw1, onst)  = __MEXPDHD (a, b) MEXPDHD a,#b,uw1 __MEXPDHW (uw1, onst)  = __MEXPDHW (a, b) MEXPDHW a,#b,uw1 __MHDSETH (uw1, onst)  = __MHDSETH (a, b) MHDSETH a,#b,sw1 __MHDSETS (onst) b = __MHDSETS (a) MHDSETS #a,buw1 __MHSETHIH (uw1, onst) b = __MHSETHIH (b, a) MHSETHIH #a,bsw1 __MHSETHIS (sw1, onst) b = __MHSETHIS (b, a) MHSETHIS #a,buw1 __MHSETLOH (uw1, onst) b = __MHSETLOH (b, a) MHSETLOH #a,bsw1 __MHSETLOS (sw1, onst) b = __MHSETLOS (b, a) MHSETLOS #a,buw1 __MHTOB (uw2) b = __MHTOB (a) MHTOB a,bvoid __MMACHS (a, sw1, sw1) __MMACHS (, a, b) MMACHS a,b,void __MMACHU (a, uw1, uw1) __MMACHU (, a, b) MMACHU a,b,void __MMRDHS (a, sw1, sw1) __MMRDHS (, a, b) MMRDHS a,b,void __MMRDHU (a, uw1, uw1) __MMRDHU (, a, b) MMRDHU a,b,void __MMULHS (a, sw1, sw1) __MMULHS (, a, b) MMULHS a,b,void __MMULHU (a, uw1, uw1) __MMULHU (, a, b) MMULHU a,b,void __MMULXHS (a, sw1, sw1) __MMULXHS (, a, b) MMULXHS a,b,void __MMULXHU (a, uw1, uw1) __MMULXHU (, a, b) MMULXHU a,b,uw1 __MNOT (uw1) b = __MNOT (a) MNOT a,buw1 __MOR (uw1, uw1)  = __MOR (a, b) MOR a,b,uw1 __MPACKH (uh, uh)  = __MPACKH (a, b) MPACKH a,b,sw2 __MQADDHSS (sw2, sw2)  = __MQADDHSS (a, b) MQADDHSS a,b,uw2 __MQADDHUS (uw2, uw2)  = __MQADDHUS (a, b) MQADDHUS a,b,void __MQCPXIS (a, sw2, sw2) __MQCPXIS (, a, b) MQCPXIS a,b,void __MQCPXIU (a, uw2, uw2) __MQCPXIU (, a, b) MQCPXIU a,b,void __MQCPXRS (a, sw2, sw2) __MQCPXRS (, a, b) MQCPXRS a,b,void __MQCPXRU (a, uw2, uw2) __MQCPXRU (, a, b) MQCPXRU a,b,sw2 __MQLCLRHS (sw2, sw2)  = __MQLCLRHS (a, b) MQLCLRHS a,b,sw2 __MQLMTHS (sw2, sw2)  = __MQLMTHS (a, b) MQLMTHS a,b,void __MQMACHS (a, sw2, sw2) __MQMACHS (, a, b) MQMACHS a,b,



Chapter 5: Extensions to the C Language Family 285void __MQMACHU (a, uw2, uw2) __MQMACHU (, a, b) MQMACHU a,b,void __MQMACXHS (a, sw2, sw2) __MQMACXHS (, a, b) MQMACXHS a,b,void __MQMULHS (a, sw2, sw2) __MQMULHS (, a, b) MQMULHS a,b,void __MQMULHU (a, uw2, uw2) __MQMULHU (, a, b) MQMULHU a,b,void __MQMULXHS (a, sw2, sw2) __MQMULXHS (, a, b) MQMULXHS a,b,void __MQMULXHU (a, uw2, uw2) __MQMULXHU (, a, b) MQMULXHU a,b,sw2 __MQSATHS (sw2, sw2)  = __MQSATHS (a, b) MQSATHS a,b,uw2 __MQSLLHI (uw2, int)  = __MQSLLHI (a, b) MQSLLHI a,b,sw2 __MQSRAHI (sw2, int)  = __MQSRAHI (a, b) MQSRAHI a,b,sw2 __MQSUBHSS (sw2, sw2)  = __MQSUBHSS (a, b) MQSUBHSS a,b,uw2 __MQSUBHUS (uw2, uw2)  = __MQSUBHUS (a, b) MQSUBHUS a,b,void __MQXMACHS (a, sw2, sw2) __MQXMACHS (, a, b) MQXMACHS a,b,void __MQXMACXHS (a, sw2, sw2) __MQXMACXHS (, a, b) MQXMACXHS a,b,uw1 __MRDACC (a) b = __MRDACC (a) MRDACC a,buw1 __MRDACCG (a) b = __MRDACCG (a) MRDACCG a,buw1 __MROTLI (uw1, onst)  = __MROTLI (a, b) MROTLI a,#b,uw1 __MROTRI (uw1, onst)  = __MROTRI (a, b) MROTRI a,#b,sw1 __MSATHS (sw1, sw1)  = __MSATHS (a, b) MSATHS a,b,uw1 __MSATHU (uw1, uw1)  = __MSATHU (a, b) MSATHU a,b,uw1 __MSLLHI (uw1, onst)  = __MSLLHI (a, b) MSLLHI a,#b,sw1 __MSRAHI (sw1, onst)  = __MSRAHI (a, b) MSRAHI a,#b,uw1 __MSRLHI (uw1, onst)  = __MSRLHI (a, b) MSRLHI a,#b,void __MSUBACCS (a, a) __MSUBACCS (b, a) MSUBACCS a,bsw1 __MSUBHSS (sw1, sw1)  = __MSUBHSS (a, b) MSUBHSS a,b,uw1 __MSUBHUS (uw1, uw1)  = __MSUBHUS (a, b) MSUBHUS a,b,void __MTRAP (void) __MTRAP () MTRAPuw2 __MUNPACKH (uw1) b = __MUNPACKH (a) MUNPACKH a,buw1 __MWCUT (uw2, uw1)  = __MWCUT (a, b) MWCUT a,b,void __MWTACC (a, uw1) __MWTACC (b, a) MWTACC a,bvoid __MWTACCG (a, uw1) __MWTACCG (b, a) MWTACCG a,buw1 __MXOR (uw1, uw1)  = __MXOR (a, b) MXOR a,b,5.45.3.4 Other Built-in FuntionsThis setion desribes built-in funtions that are not named after a spei� FR-V instru-tion.sw2 __IACCreadll (ia reg)Return the full 64-bit value of IACC0. The reg argument is reserved for futureexpansion and must be 0.sw1 __IACCreadl (ia reg)Return the value of IACC0H if reg is 0 and IACC0L if reg is 1. Other valuesof reg are rejeted as invalid.void __IACCsetll (ia reg, sw2 x)Set the full 64-bit value of IACC0 to x. The reg argument is reserved for futureexpansion and must be 0.



286 Using the GNU Compiler Colletion (GCC)void __IACCsetl (ia reg, sw1 x)Set IACC0H to x if reg is 0 and IACC0L to x if reg is 1. Other values of regare rejeted as invalid.void __data_prefeth0 (onst void *x)Use the dpl instrution to load the ontents of address x into the data ahe.void __data_prefeth (onst void *x)Use the nldub instrution to load the ontents of address x into the data ahe.The instrution will be issued in slot I1.5.45.4 X86 Built-in FuntionsThese built-in funtions are available for the i386 and x86-64 family of omputers, dependingon the ommand-line swithes used.The following mahine modes are available for use with MMX built-in funtions (seeSetion 5.42 [Vetor Extensions℄, page 271): V2SI for a vetor of two 32-bit integers, V4HIfor a vetor of four 16-bit integers, and V8QI for a vetor of eight 8-bit integers. Some ofthe built-in funtions operate on MMX registers as a whole 64-bit entity, these use DI astheir mode.If 3Dnow extensions are enabled, V2SF is used as a mode for a vetor of two 32-bit oatingpoint values.If SSE extensions are enabled, V4SF is used for a vetor of four 32-bit oating pointvalues. Some instrutions use a vetor of four 32-bit integers, these use V4SI. Finally, someinstrutions operate on an entire vetor register, interpreting it as a 128-bit integer, theseuse mode TI.The following built-in funtions are made available by `-mmmx'. All of them generate themahine instrution that is part of the name.v8qi __builtin_ia32_paddb (v8qi, v8qi)v4hi __builtin_ia32_paddw (v4hi, v4hi)v2si __builtin_ia32_paddd (v2si, v2si)v8qi __builtin_ia32_psubb (v8qi, v8qi)v4hi __builtin_ia32_psubw (v4hi, v4hi)v2si __builtin_ia32_psubd (v2si, v2si)v8qi __builtin_ia32_paddsb (v8qi, v8qi)v4hi __builtin_ia32_paddsw (v4hi, v4hi)v8qi __builtin_ia32_psubsb (v8qi, v8qi)v4hi __builtin_ia32_psubsw (v4hi, v4hi)v8qi __builtin_ia32_paddusb (v8qi, v8qi)v4hi __builtin_ia32_paddusw (v4hi, v4hi)v8qi __builtin_ia32_psubusb (v8qi, v8qi)v4hi __builtin_ia32_psubusw (v4hi, v4hi)v4hi __builtin_ia32_pmullw (v4hi, v4hi)v4hi __builtin_ia32_pmulhw (v4hi, v4hi)di __builtin_ia32_pand (di, di)di __builtin_ia32_pandn (di,di)di __builtin_ia32_por (di, di)di __builtin_ia32_pxor (di, di)v8qi __builtin_ia32_pmpeqb (v8qi, v8qi)v4hi __builtin_ia32_pmpeqw (v4hi, v4hi)v2si __builtin_ia32_pmpeqd (v2si, v2si)v8qi __builtin_ia32_pmpgtb (v8qi, v8qi)v4hi __builtin_ia32_pmpgtw (v4hi, v4hi)



Chapter 5: Extensions to the C Language Family 287v2si __builtin_ia32_pmpgtd (v2si, v2si)v8qi __builtin_ia32_punpkhbw (v8qi, v8qi)v4hi __builtin_ia32_punpkhwd (v4hi, v4hi)v2si __builtin_ia32_punpkhdq (v2si, v2si)v8qi __builtin_ia32_punpklbw (v8qi, v8qi)v4hi __builtin_ia32_punpklwd (v4hi, v4hi)v2si __builtin_ia32_punpkldq (v2si, v2si)v8qi __builtin_ia32_paksswb (v4hi, v4hi)v4hi __builtin_ia32_pakssdw (v2si, v2si)v8qi __builtin_ia32_pakuswb (v4hi, v4hi)The following built-in funtions are made available either with `-msse', or with a om-bination of `-m3dnow' and `-marh=athlon'. All of them generate the mahine instrutionthat is part of the name.v4hi __builtin_ia32_pmulhuw (v4hi, v4hi)v8qi __builtin_ia32_pavgb (v8qi, v8qi)v4hi __builtin_ia32_pavgw (v4hi, v4hi)v4hi __builtin_ia32_psadbw (v8qi, v8qi)v8qi __builtin_ia32_pmaxub (v8qi, v8qi)v4hi __builtin_ia32_pmaxsw (v4hi, v4hi)v8qi __builtin_ia32_pminub (v8qi, v8qi)v4hi __builtin_ia32_pminsw (v4hi, v4hi)int __builtin_ia32_pextrw (v4hi, int)v4hi __builtin_ia32_pinsrw (v4hi, int, int)int __builtin_ia32_pmovmskb (v8qi)void __builtin_ia32_maskmovq (v8qi, v8qi, har *)void __builtin_ia32_movntq (di *, di)void __builtin_ia32_sfene (void)The following built-in funtions are available when `-msse' is used. All of them generatethe mahine instrution that is part of the name.int __builtin_ia32_omieq (v4sf, v4sf)int __builtin_ia32_omineq (v4sf, v4sf)int __builtin_ia32_omilt (v4sf, v4sf)int __builtin_ia32_omile (v4sf, v4sf)int __builtin_ia32_omigt (v4sf, v4sf)int __builtin_ia32_omige (v4sf, v4sf)int __builtin_ia32_uomieq (v4sf, v4sf)int __builtin_ia32_uomineq (v4sf, v4sf)int __builtin_ia32_uomilt (v4sf, v4sf)int __builtin_ia32_uomile (v4sf, v4sf)int __builtin_ia32_uomigt (v4sf, v4sf)int __builtin_ia32_uomige (v4sf, v4sf)v4sf __builtin_ia32_addps (v4sf, v4sf)v4sf __builtin_ia32_subps (v4sf, v4sf)v4sf __builtin_ia32_mulps (v4sf, v4sf)v4sf __builtin_ia32_divps (v4sf, v4sf)v4sf __builtin_ia32_addss (v4sf, v4sf)v4sf __builtin_ia32_subss (v4sf, v4sf)v4sf __builtin_ia32_mulss (v4sf, v4sf)v4sf __builtin_ia32_divss (v4sf, v4sf)v4si __builtin_ia32_mpeqps (v4sf, v4sf)v4si __builtin_ia32_mpltps (v4sf, v4sf)v4si __builtin_ia32_mpleps (v4sf, v4sf)v4si __builtin_ia32_mpgtps (v4sf, v4sf)v4si __builtin_ia32_mpgeps (v4sf, v4sf)v4si __builtin_ia32_mpunordps (v4sf, v4sf)v4si __builtin_ia32_mpneqps (v4sf, v4sf)



288 Using the GNU Compiler Colletion (GCC)v4si __builtin_ia32_mpnltps (v4sf, v4sf)v4si __builtin_ia32_mpnleps (v4sf, v4sf)v4si __builtin_ia32_mpngtps (v4sf, v4sf)v4si __builtin_ia32_mpngeps (v4sf, v4sf)v4si __builtin_ia32_mpordps (v4sf, v4sf)v4si __builtin_ia32_mpeqss (v4sf, v4sf)v4si __builtin_ia32_mpltss (v4sf, v4sf)v4si __builtin_ia32_mpless (v4sf, v4sf)v4si __builtin_ia32_mpunordss (v4sf, v4sf)v4si __builtin_ia32_mpneqss (v4sf, v4sf)v4si __builtin_ia32_mpnlts (v4sf, v4sf)v4si __builtin_ia32_mpnless (v4sf, v4sf)v4si __builtin_ia32_mpordss (v4sf, v4sf)v4sf __builtin_ia32_maxps (v4sf, v4sf)v4sf __builtin_ia32_maxss (v4sf, v4sf)v4sf __builtin_ia32_minps (v4sf, v4sf)v4sf __builtin_ia32_minss (v4sf, v4sf)v4sf __builtin_ia32_andps (v4sf, v4sf)v4sf __builtin_ia32_andnps (v4sf, v4sf)v4sf __builtin_ia32_orps (v4sf, v4sf)v4sf __builtin_ia32_xorps (v4sf, v4sf)v4sf __builtin_ia32_movss (v4sf, v4sf)v4sf __builtin_ia32_movhlps (v4sf, v4sf)v4sf __builtin_ia32_movlhps (v4sf, v4sf)v4sf __builtin_ia32_unpkhps (v4sf, v4sf)v4sf __builtin_ia32_unpklps (v4sf, v4sf)v4sf __builtin_ia32_vtpi2ps (v4sf, v2si)v4sf __builtin_ia32_vtsi2ss (v4sf, int)v2si __builtin_ia32_vtps2pi (v4sf)int __builtin_ia32_vtss2si (v4sf)v2si __builtin_ia32_vttps2pi (v4sf)int __builtin_ia32_vttss2si (v4sf)v4sf __builtin_ia32_rpps (v4sf)v4sf __builtin_ia32_rsqrtps (v4sf)v4sf __builtin_ia32_sqrtps (v4sf)v4sf __builtin_ia32_rpss (v4sf)v4sf __builtin_ia32_rsqrtss (v4sf)v4sf __builtin_ia32_sqrtss (v4sf)v4sf __builtin_ia32_shufps (v4sf, v4sf, int)void __builtin_ia32_movntps (float *, v4sf)int __builtin_ia32_movmskps (v4sf)The following built-in funtions are available when `-msse' is used.v4sf __builtin_ia32_loadaps (float *)Generates the movaps mahine instrution as a load from memory.void __builtin_ia32_storeaps (float *, v4sf)Generates the movaps mahine instrution as a store to memory.v4sf __builtin_ia32_loadups (float *)Generates the movups mahine instrution as a load from memory.void __builtin_ia32_storeups (float *, v4sf)Generates the movups mahine instrution as a store to memory.v4sf __builtin_ia32_loadsss (float *)Generates the movss mahine instrution as a load from memory.



Chapter 5: Extensions to the C Language Family 289void __builtin_ia32_storess (float *, v4sf)Generates the movss mahine instrution as a store to memory.v4sf __builtin_ia32_loadhps (v4sf, v2si *)Generates the movhps mahine instrution as a load from memory.v4sf __builtin_ia32_loadlps (v4sf, v2si *)Generates the movlps mahine instrution as a load from memoryvoid __builtin_ia32_storehps (v4sf, v2si *)Generates the movhps mahine instrution as a store to memory.void __builtin_ia32_storelps (v4sf, v2si *)Generates the movlps mahine instrution as a store to memory.The following built-in funtions are available when `-msse3' is used. All of them generatethe mahine instrution that is part of the name.v2df __builtin_ia32_addsubpd (v2df, v2df)v2df __builtin_ia32_addsubps (v2df, v2df)v2df __builtin_ia32_haddpd (v2df, v2df)v2df __builtin_ia32_haddps (v2df, v2df)v2df __builtin_ia32_hsubpd (v2df, v2df)v2df __builtin_ia32_hsubps (v2df, v2df)v16qi __builtin_ia32_lddqu (har onst *)void __builtin_ia32_monitor (void *, unsigned int, unsigned int)v2df __builtin_ia32_movddup (v2df)v4sf __builtin_ia32_movshdup (v4sf)v4sf __builtin_ia32_movsldup (v4sf)void __builtin_ia32_mwait (unsigned int, unsigned int)The following built-in funtions are available when `-msse3' is used.v2df __builtin_ia32_loadddup (double onst *)Generates the movddup mahine instrution as a load from memory.The following built-in funtions are available when `-m3dnow' is used. All of them generatethe mahine instrution that is part of the name.void __builtin_ia32_femms (void)v8qi __builtin_ia32_pavgusb (v8qi, v8qi)v2si __builtin_ia32_pf2id (v2sf)v2sf __builtin_ia32_pfa (v2sf, v2sf)v2sf __builtin_ia32_pfadd (v2sf, v2sf)v2si __builtin_ia32_pfmpeq (v2sf, v2sf)v2si __builtin_ia32_pfmpge (v2sf, v2sf)v2si __builtin_ia32_pfmpgt (v2sf, v2sf)v2sf __builtin_ia32_pfmax (v2sf, v2sf)v2sf __builtin_ia32_pfmin (v2sf, v2sf)v2sf __builtin_ia32_pfmul (v2sf, v2sf)v2sf __builtin_ia32_pfrp (v2sf)v2sf __builtin_ia32_pfrpit1 (v2sf, v2sf)v2sf __builtin_ia32_pfrpit2 (v2sf, v2sf)v2sf __builtin_ia32_pfrsqrt (v2sf)v2sf __builtin_ia32_pfrsqrtit1 (v2sf, v2sf)v2sf __builtin_ia32_pfsub (v2sf, v2sf)v2sf __builtin_ia32_pfsubr (v2sf, v2sf)v2sf __builtin_ia32_pi2fd (v2si)v4hi __builtin_ia32_pmulhrw (v4hi, v4hi)



290 Using the GNU Compiler Colletion (GCC)The following built-in funtions are available when both `-m3dnow' and `-marh=athlon'are used. All of them generate the mahine instrution that is part of the name.v2si __builtin_ia32_pf2iw (v2sf)v2sf __builtin_ia32_pfna (v2sf, v2sf)v2sf __builtin_ia32_pfpna (v2sf, v2sf)v2sf __builtin_ia32_pi2fw (v2si)v2sf __builtin_ia32_pswapdsf (v2sf)v2si __builtin_ia32_pswapdsi (v2si)5.45.5 MIPS Paired-Single SupportThe MIPS64 arhiteture inludes a number of instrutions that operate on pairs of single-preision oating-point values. Eah pair is paked into a 64-bit oating-point register, withone element being designated the \upper half" and the other being designated the \lowerhalf".GCC supports paired-single operations using both the generi vetor extensions (see Se-tion 5.42 [Vetor Extensions℄, page 271) and a olletion of MIPS-spei� built-in funtions.Both kinds of support are enabled by the `-mpaired-single' ommand-line option.The vetor type assoiated with paired-single values is usually alled v2sf. It an bede�ned in C as follows:typedef float v2sf __attribute__ ((vetor_size (8)));v2sf values are initialized in the same way as aggregates. For example:v2sf a = {1.5, 9.1};v2sf b;float e, f;b = (v2sf) {e, f};Note: The CPU's endianness determines whih value is stored in the upper half of aregister and whih value is stored in the lower half. On little-endian targets, the �rst valueis the lower one and the seond value is the upper one. The opposite order applies tobig-endian targets. For example, the ode above will set the lower half of a to 1.5 onlittle-endian targets and 9.1 on big-endian targets.5.45.5.1 Paired-Single ArithmetiThe table below lists the v2sf operations for whih hardware support exists. a, b and  arev2sf values and x is an integral value.C ode MIPS instrutiona + b add.psa - b sub.ps-a neg.psa * b mul.psa * b +  madd.psa * b -  msub.ps-(a * b + ) nmadd.ps-(a * b - ) nmsub.psx ? a : b movn.ps/movz.psNote that the multiply-aumulate instrutions an be disabled using the ommand-lineoption -mno-fused-madd.



Chapter 5: Extensions to the C Language Family 2915.45.5.2 Paired-Single Built-in FuntionsThe following paired-single funtions map diretly to a partiular MIPS instrution. Pleaserefer to the arhiteture spei�ation for details on what eah instrution does.v2sf __builtin_mips_pll_ps (v2sf, v2sf)Pair lower lower (pll.ps).v2sf __builtin_mips_pul_ps (v2sf, v2sf)Pair upper lower (pul.ps).v2sf __builtin_mips_plu_ps (v2sf, v2sf)Pair lower upper (plu.ps).v2sf __builtin_mips_puu_ps (v2sf, v2sf)Pair upper upper (puu.ps).v2sf __builtin_mips_vt_ps_s (float, float)Convert pair to paired single (vt.ps.s).float __builtin_mips_vt_s_pl (v2sf)Convert pair lower to single (vt.s.pl).float __builtin_mips_vt_s_pu (v2sf)Convert pair upper to single (vt.s.pu).v2sf __builtin_mips_abs_ps (v2sf)Absolute value (abs.ps).v2sf __builtin_mips_alnv_ps (v2sf, v2sf, int)Align variable (alnv.ps).Note: The value of the third parameter must be 0 or 4 modulo 8, otherwise theresult will be unpreditable. Please read the instrution desription for details.The following multi-instrution funtions are also available. In eah ase, ond an beany of the 16 oating-point onditions: f, un, eq, ueq, olt, ult, ole, ule, sf, ngle, seq,ngl, lt, nge, le or ngt.v2sf __builtin_mips_movt__ond_ps (v2sf a, v2sf b, v2sf , v2sf d)v2sf __builtin_mips_movf__ond_ps (v2sf a, v2sf b, v2sf , v2sf d)Conditional move based on oating point omparison (.ond.ps,movt.ps/movf.ps).The movt funtions return the value x omputed by:.ond.ps ,a,bmov.ps x,movt.ps x,d,The movf funtions are similar but use movf.ps instead of movt.ps.int __builtin_mips_upper__ond_ps (v2sf a, v2sf b)int __builtin_mips_lower__ond_ps (v2sf a, v2sf b)Comparison of two paired-single values (.ond.ps, b1t/b1f).These funtions ompare a and b using .ond.ps and return either the upperor lower half of the result. For example:



292 Using the GNU Compiler Colletion (GCC)v2sf a, b;if (__builtin_mips_upper__eq_ps (a, b))upper_halves_are_equal ();elseupper_halves_are_unequal ();if (__builtin_mips_lower__eq_ps (a, b))lower_halves_are_equal ();elselower_halves_are_unequal ();5.45.5.3 MIPS-3D Built-in FuntionsThe MIPS-3D Appliation-Spei� Extension (ASE) inludes additional paired-single in-strutions that are designed to improve the performane of 3D graphis operations. Supportfor these instrutions is ontrolled by the `-mips3d' ommand-line option.The funtions listed below map diretly to a partiular MIPS-3D instrution. Please referto the arhiteture spei�ation for more details on what eah instrution does.v2sf __builtin_mips_addr_ps (v2sf, v2sf)Redution add (addr.ps).v2sf __builtin_mips_mulr_ps (v2sf, v2sf)Redution multiply (mulr.ps).v2sf __builtin_mips_vt_pw_ps (v2sf)Convert paired single to paired word (vt.pw.ps).v2sf __builtin_mips_vt_ps_pw (v2sf)Convert paired word to paired single (vt.ps.pw).float __builtin_mips_reip1_s (float)double __builtin_mips_reip1_d (double)v2sf __builtin_mips_reip1_ps (v2sf)Redued preision reiproal (sequene step 1) (reip1.fmt ).float __builtin_mips_reip2_s (float, float)double __builtin_mips_reip2_d (double, double)v2sf __builtin_mips_reip2_ps (v2sf, v2sf)Redued preision reiproal (sequene step 2) (reip2.fmt ).float __builtin_mips_rsqrt1_s (float)double __builtin_mips_rsqrt1_d (double)v2sf __builtin_mips_rsqrt1_ps (v2sf)Redued preision reiproal square root (sequene step 1) (rsqrt1.fmt ).float __builtin_mips_rsqrt2_s (float, float)double __builtin_mips_rsqrt2_d (double, double)v2sf __builtin_mips_rsqrt2_ps (v2sf, v2sf)Redued preision reiproal square root (sequene step 2) (rsqrt2.fmt ).The following multi-instrution funtions are also available. In eah ase, ond an beany of the 16 oating-point onditions: f, un, eq, ueq, olt, ult, ole, ule, sf, ngle, seq,ngl, lt, nge, le or ngt.



Chapter 5: Extensions to the C Language Family 293int __builtin_mips_abs_ond_s (float a, float b)int __builtin_mips_abs_ond_d (double a, double b)Absolute omparison of two salar values (abs.ond.fmt , b1t/b1f).These funtions ompare a and b using abs.ond.s or abs.ond.d and re-turn the result as a boolean value. For example:float a, b;if (__builtin_mips_abs_eq_s (a, b))true ();elsefalse ();int __builtin_mips_upper_abs_ond_ps (v2sf a, v2sf b)int __builtin_mips_lower_abs_ond_ps (v2sf a, v2sf b)Absolute omparison of two paired-single values (abs.ond.ps, b1t/b1f).These funtions ompare a and b using abs.ond.ps and return either theupper or lower half of the result. For example:v2sf a, b;if (__builtin_mips_upper_abs_eq_ps (a, b))upper_halves_are_equal ();elseupper_halves_are_unequal ();if (__builtin_mips_lower_abs_eq_ps (a, b))lower_halves_are_equal ();elselower_halves_are_unequal ();v2sf __builtin_mips_movt_abs_ond_ps (v2sf a, v2sf b, v2sf , v2sf d)v2sf __builtin_mips_movf_abs_ond_ps (v2sf a, v2sf b, v2sf , v2sf d)Conditional move based on absolute omparison (abs.ond.ps,movt.ps/movf.ps).The movt funtions return the value x omputed by:abs.ond.ps ,a,bmov.ps x,movt.ps x,d,The movf funtions are similar but use movf.ps instead of movt.ps.int __builtin_mips_any__ond_ps (v2sf a, v2sf b)int __builtin_mips_all__ond_ps (v2sf a, v2sf b)int __builtin_mips_any_abs_ond_ps (v2sf a, v2sf b)int __builtin_mips_all_abs_ond_ps (v2sf a, v2sf b)Comparison of two paired-single values (.ond.ps/abs.ond.ps,b1any2t/b1any2f).These funtions ompare a and b using .ond.ps or abs.ond.ps. The anyforms return true if either result is true and the all forms return true if bothresults are true. For example:v2sf a, b;if (__builtin_mips_any__eq_ps (a, b))one_is_true ();elseboth_are_false ();
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if (__builtin_mips_all__eq_ps (a, b))both_are_true ();elseone_is_false ();int __builtin_mips_any__ond_4s (v2sf a, v2sf b, v2sf , v2sf d)int __builtin_mips_all__ond_4s (v2sf a, v2sf b, v2sf , v2sf d)int __builtin_mips_any_abs_ond_4s (v2sf a, v2sf b, v2sf , v2sf d)int __builtin_mips_all_abs_ond_4s (v2sf a, v2sf b, v2sf , v2sf d)Comparison of four paired-single values (.ond.ps/abs.ond.ps,b1any4t/b1any4f).These funtions use .ond.ps or abs.ond.ps to ompare a with b and toompare  with d. The any forms return true if any of the four results are trueand the all forms return true if all four results are true. For example:v2sf a, b, , d;if (__builtin_mips_any__eq_4s (a, b, , d))some_are_true ();elseall_are_false ();if (__builtin_mips_all__eq_4s (a, b, , d))all_are_true ();elsesome_are_false ();5.45.6 PowerPC AltiVe Built-in FuntionsGCC provides an interfae for the PowerPC family of proessors to aess the AltiVeoperations desribed in Motorola's AltiVe Programming Interfae Manual. The interfaeis made available by inluding <altive.h> and using `-maltive' and `-mabi=altive'.The interfae supports the following vetor types.vetor unsigned harvetor signed harvetor bool harvetor unsigned shortvetor signed shortvetor bool shortvetor pixelvetor unsigned intvetor signed intvetor bool intvetor floatGCC's implementation of the high-level language interfae available from C and C++ odedi�ers from Motorola's doumentation in several ways.� A vetor onstant is a list of onstant expressions within urly braes.� A vetor initializer requires no ast if the vetor onstant is of the same type as thevariable it is initializing.� If signed or unsigned is omitted, the signedness of the vetor type is the defaultsignedness of the base type. The default varies depending on the operating system, soa portable program should always speify the signedness.



Chapter 5: Extensions to the C Language Family 295� Compiling with `-maltive' adds keywords __vetor, __pixel, and __bool. Maros`vetor', pixel, and bool are de�ned in <altive.h> and an be unde�ned.� GCC allows using a typedef name as the type spei�er for a vetor type.� For C, overloaded funtions are implemented with maros so the following does notwork: ve_add ((vetor signed int){1, 2, 3, 4}, foo);Sine ve_add is a maro, the vetor onstant in the example is treated as four separatearguments. Wrap the entire argument in parentheses for this to work.Note: Only the <altive.h> interfae is supported. Internally, GCC uses built-in fun-tions to ahieve the funtionality in the aforementioned header �le, but they are not sup-ported and are subjet to hange without notie.The following interfaes are supported for the generi and spei� AltiVe operationsand the AltiVe prediates. In ases where there is a diret mapping between generi andspei� operations, only the generi names are shown here, although the spei� operationsan also be used.Arguments that are doumented as onst int require literal integral values within therange required for that operation.vetor signed har ve_abs (vetor signed har);vetor signed short ve_abs (vetor signed short);vetor signed int ve_abs (vetor signed int);vetor float ve_abs (vetor float);vetor signed har ve_abss (vetor signed har);vetor signed short ve_abss (vetor signed short);vetor signed int ve_abss (vetor signed int);vetor signed har ve_add (vetor bool har, vetor signed har);vetor signed har ve_add (vetor signed har, vetor bool har);vetor signed har ve_add (vetor signed har, vetor signed har);vetor unsigned har ve_add (vetor bool har, vetor unsigned har);vetor unsigned har ve_add (vetor unsigned har, vetor bool har);vetor unsigned har ve_add (vetor unsigned har,vetor unsigned har);vetor signed short ve_add (vetor bool short, vetor signed short);vetor signed short ve_add (vetor signed short, vetor bool short);vetor signed short ve_add (vetor signed short, vetor signed short);vetor unsigned short ve_add (vetor bool short,vetor unsigned short);vetor unsigned short ve_add (vetor unsigned short,vetor bool short);vetor unsigned short ve_add (vetor unsigned short,vetor unsigned short);vetor signed int ve_add (vetor bool int, vetor signed int);vetor signed int ve_add (vetor signed int, vetor bool int);vetor signed int ve_add (vetor signed int, vetor signed int);vetor unsigned int ve_add (vetor bool int, vetor unsigned int);vetor unsigned int ve_add (vetor unsigned int, vetor bool int);vetor unsigned int ve_add (vetor unsigned int, vetor unsigned int);vetor float ve_add (vetor float, vetor float);vetor float ve_vaddfp (vetor float, vetor float);



296 Using the GNU Compiler Colletion (GCC)vetor signed int ve_vadduwm (vetor bool int, vetor signed int);vetor signed int ve_vadduwm (vetor signed int, vetor bool int);vetor signed int ve_vadduwm (vetor signed int, vetor signed int);vetor unsigned int ve_vadduwm (vetor bool int, vetor unsigned int);vetor unsigned int ve_vadduwm (vetor unsigned int, vetor bool int);vetor unsigned int ve_vadduwm (vetor unsigned int,vetor unsigned int);vetor signed short ve_vadduhm (vetor bool short,vetor signed short);vetor signed short ve_vadduhm (vetor signed short,vetor bool short);vetor signed short ve_vadduhm (vetor signed short,vetor signed short);vetor unsigned short ve_vadduhm (vetor bool short,vetor unsigned short);vetor unsigned short ve_vadduhm (vetor unsigned short,vetor bool short);vetor unsigned short ve_vadduhm (vetor unsigned short,vetor unsigned short);vetor signed har ve_vaddubm (vetor bool har, vetor signed har);vetor signed har ve_vaddubm (vetor signed har, vetor bool har);vetor signed har ve_vaddubm (vetor signed har, vetor signed har);vetor unsigned har ve_vaddubm (vetor bool har,vetor unsigned har);vetor unsigned har ve_vaddubm (vetor unsigned har,vetor bool har);vetor unsigned har ve_vaddubm (vetor unsigned har,vetor unsigned har);vetor unsigned int ve_add (vetor unsigned int, vetor unsigned int);vetor unsigned har ve_adds (vetor bool har, vetor unsigned har);vetor unsigned har ve_adds (vetor unsigned har, vetor bool har);vetor unsigned har ve_adds (vetor unsigned har,vetor unsigned har);vetor signed har ve_adds (vetor bool har, vetor signed har);vetor signed har ve_adds (vetor signed har, vetor bool har);vetor signed har ve_adds (vetor signed har, vetor signed har);vetor unsigned short ve_adds (vetor bool short,vetor unsigned short);vetor unsigned short ve_adds (vetor unsigned short,vetor bool short);vetor unsigned short ve_adds (vetor unsigned short,vetor unsigned short);vetor signed short ve_adds (vetor bool short, vetor signed short);vetor signed short ve_adds (vetor signed short, vetor bool short);vetor signed short ve_adds (vetor signed short, vetor signed short);vetor unsigned int ve_adds (vetor bool int, vetor unsigned int);vetor unsigned int ve_adds (vetor unsigned int, vetor bool int);vetor unsigned int ve_adds (vetor unsigned int, vetor unsigned int);vetor signed int ve_adds (vetor bool int, vetor signed int);vetor signed int ve_adds (vetor signed int, vetor bool int);vetor signed int ve_adds (vetor signed int, vetor signed int);vetor signed int ve_vaddsws (vetor bool int, vetor signed int);vetor signed int ve_vaddsws (vetor signed int, vetor bool int);



Chapter 5: Extensions to the C Language Family 297vetor signed int ve_vaddsws (vetor signed int, vetor signed int);vetor unsigned int ve_vadduws (vetor bool int, vetor unsigned int);vetor unsigned int ve_vadduws (vetor unsigned int, vetor bool int);vetor unsigned int ve_vadduws (vetor unsigned int,vetor unsigned int);vetor signed short ve_vaddshs (vetor bool short,vetor signed short);vetor signed short ve_vaddshs (vetor signed short,vetor bool short);vetor signed short ve_vaddshs (vetor signed short,vetor signed short);vetor unsigned short ve_vadduhs (vetor bool short,vetor unsigned short);vetor unsigned short ve_vadduhs (vetor unsigned short,vetor bool short);vetor unsigned short ve_vadduhs (vetor unsigned short,vetor unsigned short);vetor signed har ve_vaddsbs (vetor bool har, vetor signed har);vetor signed har ve_vaddsbs (vetor signed har, vetor bool har);vetor signed har ve_vaddsbs (vetor signed har, vetor signed har);vetor unsigned har ve_vaddubs (vetor bool har,vetor unsigned har);vetor unsigned har ve_vaddubs (vetor unsigned har,vetor bool har);vetor unsigned har ve_vaddubs (vetor unsigned har,vetor unsigned har);vetor float ve_and (vetor float, vetor float);vetor float ve_and (vetor float, vetor bool int);vetor float ve_and (vetor bool int, vetor float);vetor bool int ve_and (vetor bool int, vetor bool int);vetor signed int ve_and (vetor bool int, vetor signed int);vetor signed int ve_and (vetor signed int, vetor bool int);vetor signed int ve_and (vetor signed int, vetor signed int);vetor unsigned int ve_and (vetor bool int, vetor unsigned int);vetor unsigned int ve_and (vetor unsigned int, vetor bool int);vetor unsigned int ve_and (vetor unsigned int, vetor unsigned int);vetor bool short ve_and (vetor bool short, vetor bool short);vetor signed short ve_and (vetor bool short, vetor signed short);vetor signed short ve_and (vetor signed short, vetor bool short);vetor signed short ve_and (vetor signed short, vetor signed short);vetor unsigned short ve_and (vetor bool short,vetor unsigned short);vetor unsigned short ve_and (vetor unsigned short,vetor bool short);vetor unsigned short ve_and (vetor unsigned short,vetor unsigned short);vetor signed har ve_and (vetor bool har, vetor signed har);vetor bool har ve_and (vetor bool har, vetor bool har);vetor signed har ve_and (vetor signed har, vetor bool har);vetor signed har ve_and (vetor signed har, vetor signed har);vetor unsigned har ve_and (vetor bool har, vetor unsigned har);vetor unsigned har ve_and (vetor unsigned har, vetor bool har);



298 Using the GNU Compiler Colletion (GCC)vetor unsigned har ve_and (vetor unsigned har,vetor unsigned har);vetor float ve_and (vetor float, vetor float);vetor float ve_and (vetor float, vetor bool int);vetor float ve_and (vetor bool int, vetor float);vetor bool int ve_and (vetor bool int, vetor bool int);vetor signed int ve_and (vetor bool int, vetor signed int);vetor signed int ve_and (vetor signed int, vetor bool int);vetor signed int ve_and (vetor signed int, vetor signed int);vetor unsigned int ve_and (vetor bool int, vetor unsigned int);vetor unsigned int ve_and (vetor unsigned int, vetor bool int);vetor unsigned int ve_and (vetor unsigned int, vetor unsigned int);vetor bool short ve_and (vetor bool short, vetor bool short);vetor signed short ve_and (vetor bool short, vetor signed short);vetor signed short ve_and (vetor signed short, vetor bool short);vetor signed short ve_and (vetor signed short, vetor signed short);vetor unsigned short ve_and (vetor bool short,vetor unsigned short);vetor unsigned short ve_and (vetor unsigned short,vetor bool short);vetor unsigned short ve_and (vetor unsigned short,vetor unsigned short);vetor signed har ve_and (vetor bool har, vetor signed har);vetor bool har ve_and (vetor bool har, vetor bool har);vetor signed har ve_and (vetor signed har, vetor bool har);vetor signed har ve_and (vetor signed har, vetor signed har);vetor unsigned har ve_and (vetor bool har, vetor unsigned har);vetor unsigned har ve_and (vetor unsigned har, vetor bool har);vetor unsigned har ve_and (vetor unsigned har,vetor unsigned har);vetor unsigned har ve_avg (vetor unsigned har,vetor unsigned har);vetor signed har ve_avg (vetor signed har, vetor signed har);vetor unsigned short ve_avg (vetor unsigned short,vetor unsigned short);vetor signed short ve_avg (vetor signed short, vetor signed short);vetor unsigned int ve_avg (vetor unsigned int, vetor unsigned int);vetor signed int ve_avg (vetor signed int, vetor signed int);vetor signed int ve_vavgsw (vetor signed int, vetor signed int);vetor unsigned int ve_vavguw (vetor unsigned int,vetor unsigned int);vetor signed short ve_vavgsh (vetor signed short,vetor signed short);vetor unsigned short ve_vavguh (vetor unsigned short,vetor unsigned short);vetor signed har ve_vavgsb (vetor signed har, vetor signed har);vetor unsigned har ve_vavgub (vetor unsigned har,vetor unsigned har);vetor float ve_eil (vetor float);
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vetor signed int ve_mpb (vetor float, vetor float);vetor bool har ve_mpeq (vetor signed har, vetor signed har);vetor bool har ve_mpeq (vetor unsigned har, vetor unsigned har);vetor bool short ve_mpeq (vetor signed short, vetor signed short);vetor bool short ve_mpeq (vetor unsigned short,vetor unsigned short);vetor bool int ve_mpeq (vetor signed int, vetor signed int);vetor bool int ve_mpeq (vetor unsigned int, vetor unsigned int);vetor bool int ve_mpeq (vetor float, vetor float);vetor bool int ve_vmpeqfp (vetor float, vetor float);vetor bool int ve_vmpequw (vetor signed int, vetor signed int);vetor bool int ve_vmpequw (vetor unsigned int, vetor unsigned int);vetor bool short ve_vmpequh (vetor signed short,vetor signed short);vetor bool short ve_vmpequh (vetor unsigned short,vetor unsigned short);vetor bool har ve_vmpequb (vetor signed har, vetor signed har);vetor bool har ve_vmpequb (vetor unsigned har,vetor unsigned har);vetor bool int ve_mpge (vetor float, vetor float);vetor bool har ve_mpgt (vetor unsigned har, vetor unsigned har);vetor bool har ve_mpgt (vetor signed har, vetor signed har);vetor bool short ve_mpgt (vetor unsigned short,vetor unsigned short);vetor bool short ve_mpgt (vetor signed short, vetor signed short);vetor bool int ve_mpgt (vetor unsigned int, vetor unsigned int);vetor bool int ve_mpgt (vetor signed int, vetor signed int);vetor bool int ve_mpgt (vetor float, vetor float);vetor bool int ve_vmpgtfp (vetor float, vetor float);vetor bool int ve_vmpgtsw (vetor signed int, vetor signed int);vetor bool int ve_vmpgtuw (vetor unsigned int, vetor unsigned int);vetor bool short ve_vmpgtsh (vetor signed short,vetor signed short);vetor bool short ve_vmpgtuh (vetor unsigned short,vetor unsigned short);vetor bool har ve_vmpgtsb (vetor signed har, vetor signed har);vetor bool har ve_vmpgtub (vetor unsigned har,vetor unsigned har);vetor bool int ve_mple (vetor float, vetor float);vetor bool har ve_mplt (vetor unsigned har, vetor unsigned har);vetor bool har ve_mplt (vetor signed har, vetor signed har);



300 Using the GNU Compiler Colletion (GCC)vetor bool short ve_mplt (vetor unsigned short,vetor unsigned short);vetor bool short ve_mplt (vetor signed short, vetor signed short);vetor bool int ve_mplt (vetor unsigned int, vetor unsigned int);vetor bool int ve_mplt (vetor signed int, vetor signed int);vetor bool int ve_mplt (vetor float, vetor float);vetor float ve_tf (vetor unsigned int, onst int);vetor float ve_tf (vetor signed int, onst int);vetor float ve_vfsx (vetor signed int, onst int);vetor float ve_vfux (vetor unsigned int, onst int);vetor signed int ve_ts (vetor float, onst int);vetor unsigned int ve_tu (vetor float, onst int);void ve_dss (onst int);void ve_dssall (void);void ve_dst (onst vetor unsigned har *, int, onst int);void ve_dst (onst vetor signed har *, int, onst int);void ve_dst (onst vetor bool har *, int, onst int);void ve_dst (onst vetor unsigned short *, int, onst int);void ve_dst (onst vetor signed short *, int, onst int);void ve_dst (onst vetor bool short *, int, onst int);void ve_dst (onst vetor pixel *, int, onst int);void ve_dst (onst vetor unsigned int *, int, onst int);void ve_dst (onst vetor signed int *, int, onst int);void ve_dst (onst vetor bool int *, int, onst int);void ve_dst (onst vetor float *, int, onst int);void ve_dst (onst unsigned har *, int, onst int);void ve_dst (onst signed har *, int, onst int);void ve_dst (onst unsigned short *, int, onst int);void ve_dst (onst short *, int, onst int);void ve_dst (onst unsigned int *, int, onst int);void ve_dst (onst int *, int, onst int);void ve_dst (onst unsigned long *, int, onst int);void ve_dst (onst long *, int, onst int);void ve_dst (onst float *, int, onst int);void ve_dstst (onst vetor unsigned har *, int, onst int);void ve_dstst (onst vetor signed har *, int, onst int);void ve_dstst (onst vetor bool har *, int, onst int);void ve_dstst (onst vetor unsigned short *, int, onst int);void ve_dstst (onst vetor signed short *, int, onst int);void ve_dstst (onst vetor bool short *, int, onst int);void ve_dstst (onst vetor pixel *, int, onst int);void ve_dstst (onst vetor unsigned int *, int, onst int);void ve_dstst (onst vetor signed int *, int, onst int);void ve_dstst (onst vetor bool int *, int, onst int);void ve_dstst (onst vetor float *, int, onst int);void ve_dstst (onst unsigned har *, int, onst int);void ve_dstst (onst signed har *, int, onst int);void ve_dstst (onst unsigned short *, int, onst int);void ve_dstst (onst short *, int, onst int);



Chapter 5: Extensions to the C Language Family 301void ve_dstst (onst unsigned int *, int, onst int);void ve_dstst (onst int *, int, onst int);void ve_dstst (onst unsigned long *, int, onst int);void ve_dstst (onst long *, int, onst int);void ve_dstst (onst float *, int, onst int);void ve_dststt (onst vetor unsigned har *, int, onst int);void ve_dststt (onst vetor signed har *, int, onst int);void ve_dststt (onst vetor bool har *, int, onst int);void ve_dststt (onst vetor unsigned short *, int, onst int);void ve_dststt (onst vetor signed short *, int, onst int);void ve_dststt (onst vetor bool short *, int, onst int);void ve_dststt (onst vetor pixel *, int, onst int);void ve_dststt (onst vetor unsigned int *, int, onst int);void ve_dststt (onst vetor signed int *, int, onst int);void ve_dststt (onst vetor bool int *, int, onst int);void ve_dststt (onst vetor float *, int, onst int);void ve_dststt (onst unsigned har *, int, onst int);void ve_dststt (onst signed har *, int, onst int);void ve_dststt (onst unsigned short *, int, onst int);void ve_dststt (onst short *, int, onst int);void ve_dststt (onst unsigned int *, int, onst int);void ve_dststt (onst int *, int, onst int);void ve_dststt (onst unsigned long *, int, onst int);void ve_dststt (onst long *, int, onst int);void ve_dststt (onst float *, int, onst int);void ve_dstt (onst vetor unsigned har *, int, onst int);void ve_dstt (onst vetor signed har *, int, onst int);void ve_dstt (onst vetor bool har *, int, onst int);void ve_dstt (onst vetor unsigned short *, int, onst int);void ve_dstt (onst vetor signed short *, int, onst int);void ve_dstt (onst vetor bool short *, int, onst int);void ve_dstt (onst vetor pixel *, int, onst int);void ve_dstt (onst vetor unsigned int *, int, onst int);void ve_dstt (onst vetor signed int *, int, onst int);void ve_dstt (onst vetor bool int *, int, onst int);void ve_dstt (onst vetor float *, int, onst int);void ve_dstt (onst unsigned har *, int, onst int);void ve_dstt (onst signed har *, int, onst int);void ve_dstt (onst unsigned short *, int, onst int);void ve_dstt (onst short *, int, onst int);void ve_dstt (onst unsigned int *, int, onst int);void ve_dstt (onst int *, int, onst int);void ve_dstt (onst unsigned long *, int, onst int);void ve_dstt (onst long *, int, onst int);void ve_dstt (onst float *, int, onst int);vetor float ve_expte (vetor float);vetor float ve_floor (vetor float);vetor float ve_ld (int, onst vetor float *);vetor float ve_ld (int, onst float *);vetor bool int ve_ld (int, onst vetor bool int *);vetor signed int ve_ld (int, onst vetor signed int *);vetor signed int ve_ld (int, onst int *);vetor signed int ve_ld (int, onst long *);



302 Using the GNU Compiler Colletion (GCC)vetor unsigned int ve_ld (int, onst vetor unsigned int *);vetor unsigned int ve_ld (int, onst unsigned int *);vetor unsigned int ve_ld (int, onst unsigned long *);vetor bool short ve_ld (int, onst vetor bool short *);vetor pixel ve_ld (int, onst vetor pixel *);vetor signed short ve_ld (int, onst vetor signed short *);vetor signed short ve_ld (int, onst short *);vetor unsigned short ve_ld (int, onst vetor unsigned short *);vetor unsigned short ve_ld (int, onst unsigned short *);vetor bool har ve_ld (int, onst vetor bool har *);vetor signed har ve_ld (int, onst vetor signed har *);vetor signed har ve_ld (int, onst signed har *);vetor unsigned har ve_ld (int, onst vetor unsigned har *);vetor unsigned har ve_ld (int, onst unsigned har *);vetor signed har ve_lde (int, onst signed har *);vetor unsigned har ve_lde (int, onst unsigned har *);vetor signed short ve_lde (int, onst short *);vetor unsigned short ve_lde (int, onst unsigned short *);vetor float ve_lde (int, onst float *);vetor signed int ve_lde (int, onst int *);vetor unsigned int ve_lde (int, onst unsigned int *);vetor signed int ve_lde (int, onst long *);vetor unsigned int ve_lde (int, onst unsigned long *);vetor float ve_lvewx (int, float *);vetor signed int ve_lvewx (int, int *);vetor unsigned int ve_lvewx (int, unsigned int *);vetor signed int ve_lvewx (int, long *);vetor unsigned int ve_lvewx (int, unsigned long *);vetor signed short ve_lvehx (int, short *);vetor unsigned short ve_lvehx (int, unsigned short *);vetor signed har ve_lvebx (int, har *);vetor unsigned har ve_lvebx (int, unsigned har *);vetor float ve_ldl (int, onst vetor float *);vetor float ve_ldl (int, onst float *);vetor bool int ve_ldl (int, onst vetor bool int *);vetor signed int ve_ldl (int, onst vetor signed int *);vetor signed int ve_ldl (int, onst int *);vetor signed int ve_ldl (int, onst long *);vetor unsigned int ve_ldl (int, onst vetor unsigned int *);vetor unsigned int ve_ldl (int, onst unsigned int *);vetor unsigned int ve_ldl (int, onst unsigned long *);vetor bool short ve_ldl (int, onst vetor bool short *);vetor pixel ve_ldl (int, onst vetor pixel *);vetor signed short ve_ldl (int, onst vetor signed short *);vetor signed short ve_ldl (int, onst short *);vetor unsigned short ve_ldl (int, onst vetor unsigned short *);vetor unsigned short ve_ldl (int, onst unsigned short *);vetor bool har ve_ldl (int, onst vetor bool har *);vetor signed har ve_ldl (int, onst vetor signed har *);vetor signed har ve_ldl (int, onst signed har *);vetor unsigned har ve_ldl (int, onst vetor unsigned har *);vetor unsigned har ve_ldl (int, onst unsigned har *);



Chapter 5: Extensions to the C Language Family 303vetor float ve_loge (vetor float);vetor unsigned har ve_lvsl (int, onst volatile unsigned har *);vetor unsigned har ve_lvsl (int, onst volatile signed har *);vetor unsigned har ve_lvsl (int, onst volatile unsigned short *);vetor unsigned har ve_lvsl (int, onst volatile short *);vetor unsigned har ve_lvsl (int, onst volatile unsigned int *);vetor unsigned har ve_lvsl (int, onst volatile int *);vetor unsigned har ve_lvsl (int, onst volatile unsigned long *);vetor unsigned har ve_lvsl (int, onst volatile long *);vetor unsigned har ve_lvsl (int, onst volatile float *);vetor unsigned har ve_lvsr (int, onst volatile unsigned har *);vetor unsigned har ve_lvsr (int, onst volatile signed har *);vetor unsigned har ve_lvsr (int, onst volatile unsigned short *);vetor unsigned har ve_lvsr (int, onst volatile short *);vetor unsigned har ve_lvsr (int, onst volatile unsigned int *);vetor unsigned har ve_lvsr (int, onst volatile int *);vetor unsigned har ve_lvsr (int, onst volatile unsigned long *);vetor unsigned har ve_lvsr (int, onst volatile long *);vetor unsigned har ve_lvsr (int, onst volatile float *);vetor float ve_madd (vetor float, vetor float, vetor float);vetor signed short ve_madds (vetor signed short,vetor signed short,vetor signed short);vetor unsigned har ve_max (vetor bool har, vetor unsigned har);vetor unsigned har ve_max (vetor unsigned har, vetor bool har);vetor unsigned har ve_max (vetor unsigned har,vetor unsigned har);vetor signed har ve_max (vetor bool har, vetor signed har);vetor signed har ve_max (vetor signed har, vetor bool har);vetor signed har ve_max (vetor signed har, vetor signed har);vetor unsigned short ve_max (vetor bool short,vetor unsigned short);vetor unsigned short ve_max (vetor unsigned short,vetor bool short);vetor unsigned short ve_max (vetor unsigned short,vetor unsigned short);vetor signed short ve_max (vetor bool short, vetor signed short);vetor signed short ve_max (vetor signed short, vetor bool short);vetor signed short ve_max (vetor signed short, vetor signed short);vetor unsigned int ve_max (vetor bool int, vetor unsigned int);vetor unsigned int ve_max (vetor unsigned int, vetor bool int);vetor unsigned int ve_max (vetor unsigned int, vetor unsigned int);vetor signed int ve_max (vetor bool int, vetor signed int);vetor signed int ve_max (vetor signed int, vetor bool int);vetor signed int ve_max (vetor signed int, vetor signed int);vetor float ve_max (vetor float, vetor float);vetor float ve_vmaxfp (vetor float, vetor float);vetor signed int ve_vmaxsw (vetor bool int, vetor signed int);vetor signed int ve_vmaxsw (vetor signed int, vetor bool int);vetor signed int ve_vmaxsw (vetor signed int, vetor signed int);



304 Using the GNU Compiler Colletion (GCC)vetor unsigned int ve_vmaxuw (vetor bool int, vetor unsigned int);vetor unsigned int ve_vmaxuw (vetor unsigned int, vetor bool int);vetor unsigned int ve_vmaxuw (vetor unsigned int,vetor unsigned int);vetor signed short ve_vmaxsh (vetor bool short, vetor signed short);vetor signed short ve_vmaxsh (vetor signed short, vetor bool short);vetor signed short ve_vmaxsh (vetor signed short,vetor signed short);vetor unsigned short ve_vmaxuh (vetor bool short,vetor unsigned short);vetor unsigned short ve_vmaxuh (vetor unsigned short,vetor bool short);vetor unsigned short ve_vmaxuh (vetor unsigned short,vetor unsigned short);vetor signed har ve_vmaxsb (vetor bool har, vetor signed har);vetor signed har ve_vmaxsb (vetor signed har, vetor bool har);vetor signed har ve_vmaxsb (vetor signed har, vetor signed har);vetor unsigned har ve_vmaxub (vetor bool har,vetor unsigned har);vetor unsigned har ve_vmaxub (vetor unsigned har,vetor bool har);vetor unsigned har ve_vmaxub (vetor unsigned har,vetor unsigned har);vetor bool har ve_mergeh (vetor bool har, vetor bool har);vetor signed har ve_mergeh (vetor signed har, vetor signed har);vetor unsigned har ve_mergeh (vetor unsigned har,vetor unsigned har);vetor bool short ve_mergeh (vetor bool short, vetor bool short);vetor pixel ve_mergeh (vetor pixel, vetor pixel);vetor signed short ve_mergeh (vetor signed short,vetor signed short);vetor unsigned short ve_mergeh (vetor unsigned short,vetor unsigned short);vetor float ve_mergeh (vetor float, vetor float);vetor bool int ve_mergeh (vetor bool int, vetor bool int);vetor signed int ve_mergeh (vetor signed int, vetor signed int);vetor unsigned int ve_mergeh (vetor unsigned int,vetor unsigned int);vetor float ve_vmrghw (vetor float, vetor float);vetor bool int ve_vmrghw (vetor bool int, vetor bool int);vetor signed int ve_vmrghw (vetor signed int, vetor signed int);vetor unsigned int ve_vmrghw (vetor unsigned int,vetor unsigned int);vetor bool short ve_vmrghh (vetor bool short, vetor bool short);vetor signed short ve_vmrghh (vetor signed short,vetor signed short);vetor unsigned short ve_vmrghh (vetor unsigned short,vetor unsigned short);vetor pixel ve_vmrghh (vetor pixel, vetor pixel);vetor bool har ve_vmrghb (vetor bool har, vetor bool har);



Chapter 5: Extensions to the C Language Family 305vetor signed har ve_vmrghb (vetor signed har, vetor signed har);vetor unsigned har ve_vmrghb (vetor unsigned har,vetor unsigned har);vetor bool har ve_mergel (vetor bool har, vetor bool har);vetor signed har ve_mergel (vetor signed har, vetor signed har);vetor unsigned har ve_mergel (vetor unsigned har,vetor unsigned har);vetor bool short ve_mergel (vetor bool short, vetor bool short);vetor pixel ve_mergel (vetor pixel, vetor pixel);vetor signed short ve_mergel (vetor signed short,vetor signed short);vetor unsigned short ve_mergel (vetor unsigned short,vetor unsigned short);vetor float ve_mergel (vetor float, vetor float);vetor bool int ve_mergel (vetor bool int, vetor bool int);vetor signed int ve_mergel (vetor signed int, vetor signed int);vetor unsigned int ve_mergel (vetor unsigned int,vetor unsigned int);vetor float ve_vmrglw (vetor float, vetor float);vetor signed int ve_vmrglw (vetor signed int, vetor signed int);vetor unsigned int ve_vmrglw (vetor unsigned int,vetor unsigned int);vetor bool int ve_vmrglw (vetor bool int, vetor bool int);vetor bool short ve_vmrglh (vetor bool short, vetor bool short);vetor signed short ve_vmrglh (vetor signed short,vetor signed short);vetor unsigned short ve_vmrglh (vetor unsigned short,vetor unsigned short);vetor pixel ve_vmrglh (vetor pixel, vetor pixel);vetor bool har ve_vmrglb (vetor bool har, vetor bool har);vetor signed har ve_vmrglb (vetor signed har, vetor signed har);vetor unsigned har ve_vmrglb (vetor unsigned har,vetor unsigned har);vetor unsigned short ve_mfvsr (void);vetor unsigned har ve_min (vetor bool har, vetor unsigned har);vetor unsigned har ve_min (vetor unsigned har, vetor bool har);vetor unsigned har ve_min (vetor unsigned har,vetor unsigned har);vetor signed har ve_min (vetor bool har, vetor signed har);vetor signed har ve_min (vetor signed har, vetor bool har);vetor signed har ve_min (vetor signed har, vetor signed har);vetor unsigned short ve_min (vetor bool short,vetor unsigned short);vetor unsigned short ve_min (vetor unsigned short,vetor bool short);vetor unsigned short ve_min (vetor unsigned short,vetor unsigned short);vetor signed short ve_min (vetor bool short, vetor signed short);vetor signed short ve_min (vetor signed short, vetor bool short);vetor signed short ve_min (vetor signed short, vetor signed short);vetor unsigned int ve_min (vetor bool int, vetor unsigned int);vetor unsigned int ve_min (vetor unsigned int, vetor bool int);



306 Using the GNU Compiler Colletion (GCC)vetor unsigned int ve_min (vetor unsigned int, vetor unsigned int);vetor signed int ve_min (vetor bool int, vetor signed int);vetor signed int ve_min (vetor signed int, vetor bool int);vetor signed int ve_min (vetor signed int, vetor signed int);vetor float ve_min (vetor float, vetor float);vetor float ve_vminfp (vetor float, vetor float);vetor signed int ve_vminsw (vetor bool int, vetor signed int);vetor signed int ve_vminsw (vetor signed int, vetor bool int);vetor signed int ve_vminsw (vetor signed int, vetor signed int);vetor unsigned int ve_vminuw (vetor bool int, vetor unsigned int);vetor unsigned int ve_vminuw (vetor unsigned int, vetor bool int);vetor unsigned int ve_vminuw (vetor unsigned int,vetor unsigned int);vetor signed short ve_vminsh (vetor bool short, vetor signed short);vetor signed short ve_vminsh (vetor signed short, vetor bool short);vetor signed short ve_vminsh (vetor signed short,vetor signed short);vetor unsigned short ve_vminuh (vetor bool short,vetor unsigned short);vetor unsigned short ve_vminuh (vetor unsigned short,vetor bool short);vetor unsigned short ve_vminuh (vetor unsigned short,vetor unsigned short);vetor signed har ve_vminsb (vetor bool har, vetor signed har);vetor signed har ve_vminsb (vetor signed har, vetor bool har);vetor signed har ve_vminsb (vetor signed har, vetor signed har);vetor unsigned har ve_vminub (vetor bool har,vetor unsigned har);vetor unsigned har ve_vminub (vetor unsigned har,vetor bool har);vetor unsigned har ve_vminub (vetor unsigned har,vetor unsigned har);vetor signed short ve_mladd (vetor signed short,vetor signed short,vetor signed short);vetor signed short ve_mladd (vetor signed short,vetor unsigned short,vetor unsigned short);vetor signed short ve_mladd (vetor unsigned short,vetor signed short,vetor signed short);vetor unsigned short ve_mladd (vetor unsigned short,vetor unsigned short,vetor unsigned short);vetor signed short ve_mradds (vetor signed short,vetor signed short,vetor signed short);vetor unsigned int ve_msum (vetor unsigned har,



Chapter 5: Extensions to the C Language Family 307vetor unsigned har,vetor unsigned int);vetor signed int ve_msum (vetor signed har,vetor unsigned har,vetor signed int);vetor unsigned int ve_msum (vetor unsigned short,vetor unsigned short,vetor unsigned int);vetor signed int ve_msum (vetor signed short,vetor signed short,vetor signed int);vetor signed int ve_vmsumshm (vetor signed short,vetor signed short,vetor signed int);vetor unsigned int ve_vmsumuhm (vetor unsigned short,vetor unsigned short,vetor unsigned int);vetor signed int ve_vmsummbm (vetor signed har,vetor unsigned har,vetor signed int);vetor unsigned int ve_vmsumubm (vetor unsigned har,vetor unsigned har,vetor unsigned int);vetor unsigned int ve_msums (vetor unsigned short,vetor unsigned short,vetor unsigned int);vetor signed int ve_msums (vetor signed short,vetor signed short,vetor signed int);vetor signed int ve_vmsumshs (vetor signed short,vetor signed short,vetor signed int);vetor unsigned int ve_vmsumuhs (vetor unsigned short,vetor unsigned short,vetor unsigned int);void ve_mtvsr (vetor signed int);void ve_mtvsr (vetor unsigned int);void ve_mtvsr (vetor bool int);void ve_mtvsr (vetor signed short);void ve_mtvsr (vetor unsigned short);void ve_mtvsr (vetor bool short);void ve_mtvsr (vetor pixel);void ve_mtvsr (vetor signed har);void ve_mtvsr (vetor unsigned har);void ve_mtvsr (vetor bool har);vetor unsigned short ve_mule (vetor unsigned har,vetor unsigned har);vetor signed short ve_mule (vetor signed har,vetor signed har);



308 Using the GNU Compiler Colletion (GCC)vetor unsigned int ve_mule (vetor unsigned short,vetor unsigned short);vetor signed int ve_mule (vetor signed short, vetor signed short);vetor signed int ve_vmulesh (vetor signed short,vetor signed short);vetor unsigned int ve_vmuleuh (vetor unsigned short,vetor unsigned short);vetor signed short ve_vmulesb (vetor signed har,vetor signed har);vetor unsigned short ve_vmuleub (vetor unsigned har,vetor unsigned har);vetor unsigned short ve_mulo (vetor unsigned har,vetor unsigned har);vetor signed short ve_mulo (vetor signed har, vetor signed har);vetor unsigned int ve_mulo (vetor unsigned short,vetor unsigned short);vetor signed int ve_mulo (vetor signed short, vetor signed short);vetor signed int ve_vmulosh (vetor signed short,vetor signed short);vetor unsigned int ve_vmulouh (vetor unsigned short,vetor unsigned short);vetor signed short ve_vmulosb (vetor signed har,vetor signed har);vetor unsigned short ve_vmuloub (vetor unsigned har,vetor unsigned har);vetor float ve_nmsub (vetor float, vetor float, vetor float);vetor float ve_nor (vetor float, vetor float);vetor signed int ve_nor (vetor signed int, vetor signed int);vetor unsigned int ve_nor (vetor unsigned int, vetor unsigned int);vetor bool int ve_nor (vetor bool int, vetor bool int);vetor signed short ve_nor (vetor signed short, vetor signed short);vetor unsigned short ve_nor (vetor unsigned short,vetor unsigned short);vetor bool short ve_nor (vetor bool short, vetor bool short);vetor signed har ve_nor (vetor signed har, vetor signed har);vetor unsigned har ve_nor (vetor unsigned har,vetor unsigned har);vetor bool har ve_nor (vetor bool har, vetor bool har);vetor float ve_or (vetor float, vetor float);vetor float ve_or (vetor float, vetor bool int);vetor float ve_or (vetor bool int, vetor float);vetor bool int ve_or (vetor bool int, vetor bool int);vetor signed int ve_or (vetor bool int, vetor signed int);vetor signed int ve_or (vetor signed int, vetor bool int);vetor signed int ve_or (vetor signed int, vetor signed int);vetor unsigned int ve_or (vetor bool int, vetor unsigned int);



Chapter 5: Extensions to the C Language Family 309vetor unsigned int ve_or (vetor unsigned int, vetor bool int);vetor unsigned int ve_or (vetor unsigned int, vetor unsigned int);vetor bool short ve_or (vetor bool short, vetor bool short);vetor signed short ve_or (vetor bool short, vetor signed short);vetor signed short ve_or (vetor signed short, vetor bool short);vetor signed short ve_or (vetor signed short, vetor signed short);vetor unsigned short ve_or (vetor bool short, vetor unsigned short);vetor unsigned short ve_or (vetor unsigned short, vetor bool short);vetor unsigned short ve_or (vetor unsigned short,vetor unsigned short);vetor signed har ve_or (vetor bool har, vetor signed har);vetor bool har ve_or (vetor bool har, vetor bool har);vetor signed har ve_or (vetor signed har, vetor bool har);vetor signed har ve_or (vetor signed har, vetor signed har);vetor unsigned har ve_or (vetor bool har, vetor unsigned har);vetor unsigned har ve_or (vetor unsigned har, vetor bool har);vetor unsigned har ve_or (vetor unsigned har,vetor unsigned har);vetor signed har ve_pak (vetor signed short, vetor signed short);vetor unsigned har ve_pak (vetor unsigned short,vetor unsigned short);vetor bool har ve_pak (vetor bool short, vetor bool short);vetor signed short ve_pak (vetor signed int, vetor signed int);vetor unsigned short ve_pak (vetor unsigned int,vetor unsigned int);vetor bool short ve_pak (vetor bool int, vetor bool int);vetor bool short ve_vpkuwum (vetor bool int, vetor bool int);vetor signed short ve_vpkuwum (vetor signed int, vetor signed int);vetor unsigned short ve_vpkuwum (vetor unsigned int,vetor unsigned int);vetor bool har ve_vpkuhum (vetor bool short, vetor bool short);vetor signed har ve_vpkuhum (vetor signed short,vetor signed short);vetor unsigned har ve_vpkuhum (vetor unsigned short,vetor unsigned short);vetor pixel ve_pakpx (vetor unsigned int, vetor unsigned int);vetor unsigned har ve_paks (vetor unsigned short,vetor unsigned short);vetor signed har ve_paks (vetor signed short, vetor signed short);vetor unsigned short ve_paks (vetor unsigned int,vetor unsigned int);vetor signed short ve_paks (vetor signed int, vetor signed int);vetor signed short ve_vpkswss (vetor signed int, vetor signed int);vetor unsigned short ve_vpkuwus (vetor unsigned int,vetor unsigned int);vetor signed har ve_vpkshss (vetor signed short,vetor signed short);vetor unsigned har ve_vpkuhus (vetor unsigned short,vetor unsigned short);
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vetor unsigned har ve_paksu (vetor unsigned short,vetor unsigned short);vetor unsigned har ve_paksu (vetor signed short,vetor signed short);vetor unsigned short ve_paksu (vetor unsigned int,vetor unsigned int);vetor unsigned short ve_paksu (vetor signed int, vetor signed int);vetor unsigned short ve_vpkswus (vetor signed int,vetor signed int);vetor unsigned har ve_vpkshus (vetor signed short,vetor signed short);vetor float ve_perm (vetor float,vetor float,vetor unsigned har);vetor signed int ve_perm (vetor signed int,vetor signed int,vetor unsigned har);vetor unsigned int ve_perm (vetor unsigned int,vetor unsigned int,vetor unsigned har);vetor bool int ve_perm (vetor bool int,vetor bool int,vetor unsigned har);vetor signed short ve_perm (vetor signed short,vetor signed short,vetor unsigned har);vetor unsigned short ve_perm (vetor unsigned short,vetor unsigned short,vetor unsigned har);vetor bool short ve_perm (vetor bool short,vetor bool short,vetor unsigned har);vetor pixel ve_perm (vetor pixel,vetor pixel,vetor unsigned har);vetor signed har ve_perm (vetor signed har,vetor signed har,vetor unsigned har);vetor unsigned har ve_perm (vetor unsigned har,vetor unsigned har,vetor unsigned har);vetor bool har ve_perm (vetor bool har,vetor bool har,vetor unsigned har);vetor float ve_re (vetor float);vetor signed har ve_rl (vetor signed har,vetor unsigned har);vetor unsigned har ve_rl (vetor unsigned har,vetor unsigned har);vetor signed short ve_rl (vetor signed short, vetor unsigned short);vetor unsigned short ve_rl (vetor unsigned short,vetor unsigned short);



Chapter 5: Extensions to the C Language Family 311vetor signed int ve_rl (vetor signed int, vetor unsigned int);vetor unsigned int ve_rl (vetor unsigned int, vetor unsigned int);vetor signed int ve_vrlw (vetor signed int, vetor unsigned int);vetor unsigned int ve_vrlw (vetor unsigned int, vetor unsigned int);vetor signed short ve_vrlh (vetor signed short,vetor unsigned short);vetor unsigned short ve_vrlh (vetor unsigned short,vetor unsigned short);vetor signed har ve_vrlb (vetor signed har, vetor unsigned har);vetor unsigned har ve_vrlb (vetor unsigned har,vetor unsigned har);vetor float ve_round (vetor float);vetor float ve_rsqrte (vetor float);vetor float ve_sel (vetor float, vetor float, vetor bool int);vetor float ve_sel (vetor float, vetor float, vetor unsigned int);vetor signed int ve_sel (vetor signed int,vetor signed int,vetor bool int);vetor signed int ve_sel (vetor signed int,vetor signed int,vetor unsigned int);vetor unsigned int ve_sel (vetor unsigned int,vetor unsigned int,vetor bool int);vetor unsigned int ve_sel (vetor unsigned int,vetor unsigned int,vetor unsigned int);vetor bool int ve_sel (vetor bool int,vetor bool int,vetor bool int);vetor bool int ve_sel (vetor bool int,vetor bool int,vetor unsigned int);vetor signed short ve_sel (vetor signed short,vetor signed short,vetor bool short);vetor signed short ve_sel (vetor signed short,vetor signed short,vetor unsigned short);vetor unsigned short ve_sel (vetor unsigned short,vetor unsigned short,vetor bool short);vetor unsigned short ve_sel (vetor unsigned short,vetor unsigned short,vetor unsigned short);vetor bool short ve_sel (vetor bool short,vetor bool short,vetor bool short);vetor bool short ve_sel (vetor bool short,vetor bool short,vetor unsigned short);vetor signed har ve_sel (vetor signed har,



312 Using the GNU Compiler Colletion (GCC)vetor signed har,vetor bool har);vetor signed har ve_sel (vetor signed har,vetor signed har,vetor unsigned har);vetor unsigned har ve_sel (vetor unsigned har,vetor unsigned har,vetor bool har);vetor unsigned har ve_sel (vetor unsigned har,vetor unsigned har,vetor unsigned har);vetor bool har ve_sel (vetor bool har,vetor bool har,vetor bool har);vetor bool har ve_sel (vetor bool har,vetor bool har,vetor unsigned har);vetor signed har ve_sl (vetor signed har,vetor unsigned har);vetor unsigned har ve_sl (vetor unsigned har,vetor unsigned har);vetor signed short ve_sl (vetor signed short, vetor unsigned short);vetor unsigned short ve_sl (vetor unsigned short,vetor unsigned short);vetor signed int ve_sl (vetor signed int, vetor unsigned int);vetor unsigned int ve_sl (vetor unsigned int, vetor unsigned int);vetor signed int ve_vslw (vetor signed int, vetor unsigned int);vetor unsigned int ve_vslw (vetor unsigned int, vetor unsigned int);vetor signed short ve_vslh (vetor signed short,vetor unsigned short);vetor unsigned short ve_vslh (vetor unsigned short,vetor unsigned short);vetor signed har ve_vslb (vetor signed har, vetor unsigned har);vetor unsigned har ve_vslb (vetor unsigned har,vetor unsigned har);vetor float ve_sld (vetor float, vetor float, onst int);vetor signed int ve_sld (vetor signed int,vetor signed int,onst int);vetor unsigned int ve_sld (vetor unsigned int,vetor unsigned int,onst int);vetor bool int ve_sld (vetor bool int,vetor bool int,onst int);vetor signed short ve_sld (vetor signed short,vetor signed short,onst int);vetor unsigned short ve_sld (vetor unsigned short,vetor unsigned short,onst int);vetor bool short ve_sld (vetor bool short,vetor bool short,



Chapter 5: Extensions to the C Language Family 313onst int);vetor pixel ve_sld (vetor pixel,vetor pixel,onst int);vetor signed har ve_sld (vetor signed har,vetor signed har,onst int);vetor unsigned har ve_sld (vetor unsigned har,vetor unsigned har,onst int);vetor bool har ve_sld (vetor bool har,vetor bool har,onst int);vetor signed int ve_sll (vetor signed int,vetor unsigned int);vetor signed int ve_sll (vetor signed int,vetor unsigned short);vetor signed int ve_sll (vetor signed int,vetor unsigned har);vetor unsigned int ve_sll (vetor unsigned int,vetor unsigned int);vetor unsigned int ve_sll (vetor unsigned int,vetor unsigned short);vetor unsigned int ve_sll (vetor unsigned int,vetor unsigned har);vetor bool int ve_sll (vetor bool int,vetor unsigned int);vetor bool int ve_sll (vetor bool int,vetor unsigned short);vetor bool int ve_sll (vetor bool int,vetor unsigned har);vetor signed short ve_sll (vetor signed short,vetor unsigned int);vetor signed short ve_sll (vetor signed short,vetor unsigned short);vetor signed short ve_sll (vetor signed short,vetor unsigned har);vetor unsigned short ve_sll (vetor unsigned short,vetor unsigned int);vetor unsigned short ve_sll (vetor unsigned short,vetor unsigned short);vetor unsigned short ve_sll (vetor unsigned short,vetor unsigned har);vetor bool short ve_sll (vetor bool short, vetor unsigned int);vetor bool short ve_sll (vetor bool short, vetor unsigned short);vetor bool short ve_sll (vetor bool short, vetor unsigned har);vetor pixel ve_sll (vetor pixel, vetor unsigned int);vetor pixel ve_sll (vetor pixel, vetor unsigned short);vetor pixel ve_sll (vetor pixel, vetor unsigned har);vetor signed har ve_sll (vetor signed har, vetor unsigned int);vetor signed har ve_sll (vetor signed har, vetor unsigned short);vetor signed har ve_sll (vetor signed har, vetor unsigned har);vetor unsigned har ve_sll (vetor unsigned har,vetor unsigned int);vetor unsigned har ve_sll (vetor unsigned har,vetor unsigned short);vetor unsigned har ve_sll (vetor unsigned har,



314 Using the GNU Compiler Colletion (GCC)vetor unsigned har);vetor bool har ve_sll (vetor bool har, vetor unsigned int);vetor bool har ve_sll (vetor bool har, vetor unsigned short);vetor bool har ve_sll (vetor bool har, vetor unsigned har);vetor float ve_slo (vetor float, vetor signed har);vetor float ve_slo (vetor float, vetor unsigned har);vetor signed int ve_slo (vetor signed int, vetor signed har);vetor signed int ve_slo (vetor signed int, vetor unsigned har);vetor unsigned int ve_slo (vetor unsigned int, vetor signed har);vetor unsigned int ve_slo (vetor unsigned int, vetor unsigned har);vetor signed short ve_slo (vetor signed short, vetor signed har);vetor signed short ve_slo (vetor signed short, vetor unsigned har);vetor unsigned short ve_slo (vetor unsigned short,vetor signed har);vetor unsigned short ve_slo (vetor unsigned short,vetor unsigned har);vetor pixel ve_slo (vetor pixel, vetor signed har);vetor pixel ve_slo (vetor pixel, vetor unsigned har);vetor signed har ve_slo (vetor signed har, vetor signed har);vetor signed har ve_slo (vetor signed har, vetor unsigned har);vetor unsigned har ve_slo (vetor unsigned har, vetor signed har);vetor unsigned har ve_slo (vetor unsigned har,vetor unsigned har);vetor signed har ve_splat (vetor signed har, onst int);vetor unsigned har ve_splat (vetor unsigned har, onst int);vetor bool har ve_splat (vetor bool har, onst int);vetor signed short ve_splat (vetor signed short, onst int);vetor unsigned short ve_splat (vetor unsigned short, onst int);vetor bool short ve_splat (vetor bool short, onst int);vetor pixel ve_splat (vetor pixel, onst int);vetor float ve_splat (vetor float, onst int);vetor signed int ve_splat (vetor signed int, onst int);vetor unsigned int ve_splat (vetor unsigned int, onst int);vetor bool int ve_splat (vetor bool int, onst int);vetor float ve_vspltw (vetor float, onst int);vetor signed int ve_vspltw (vetor signed int, onst int);vetor unsigned int ve_vspltw (vetor unsigned int, onst int);vetor bool int ve_vspltw (vetor bool int, onst int);vetor bool short ve_vsplth (vetor bool short, onst int);vetor signed short ve_vsplth (vetor signed short, onst int);vetor unsigned short ve_vsplth (vetor unsigned short, onst int);vetor pixel ve_vsplth (vetor pixel, onst int);vetor signed har ve_vspltb (vetor signed har, onst int);vetor unsigned har ve_vspltb (vetor unsigned har, onst int);vetor bool har ve_vspltb (vetor bool har, onst int);vetor signed har ve_splat_s8 (onst int);vetor signed short ve_splat_s16 (onst int);vetor signed int ve_splat_s32 (onst int);vetor unsigned har ve_splat_u8 (onst int);
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vetor unsigned short ve_splat_u16 (onst int);vetor unsigned int ve_splat_u32 (onst int);vetor signed har ve_sr (vetor signed har, vetor unsigned har);vetor unsigned har ve_sr (vetor unsigned har,vetor unsigned har);vetor signed short ve_sr (vetor signed short,vetor unsigned short);vetor unsigned short ve_sr (vetor unsigned short,vetor unsigned short);vetor signed int ve_sr (vetor signed int, vetor unsigned int);vetor unsigned int ve_sr (vetor unsigned int, vetor unsigned int);vetor signed int ve_vsrw (vetor signed int, vetor unsigned int);vetor unsigned int ve_vsrw (vetor unsigned int, vetor unsigned int);vetor signed short ve_vsrh (vetor signed short,vetor unsigned short);vetor unsigned short ve_vsrh (vetor unsigned short,vetor unsigned short);vetor signed har ve_vsrb (vetor signed har, vetor unsigned har);vetor unsigned har ve_vsrb (vetor unsigned har,vetor unsigned har);vetor signed har ve_sra (vetor signed har, vetor unsigned har);vetor unsigned har ve_sra (vetor unsigned har,vetor unsigned har);vetor signed short ve_sra (vetor signed short,vetor unsigned short);vetor unsigned short ve_sra (vetor unsigned short,vetor unsigned short);vetor signed int ve_sra (vetor signed int, vetor unsigned int);vetor unsigned int ve_sra (vetor unsigned int, vetor unsigned int);vetor signed int ve_vsraw (vetor signed int, vetor unsigned int);vetor unsigned int ve_vsraw (vetor unsigned int,vetor unsigned int);vetor signed short ve_vsrah (vetor signed short,vetor unsigned short);vetor unsigned short ve_vsrah (vetor unsigned short,vetor unsigned short);vetor signed har ve_vsrab (vetor signed har, vetor unsigned har);vetor unsigned har ve_vsrab (vetor unsigned har,vetor unsigned har);vetor signed int ve_srl (vetor signed int, vetor unsigned int);vetor signed int ve_srl (vetor signed int, vetor unsigned short);vetor signed int ve_srl (vetor signed int, vetor unsigned har);vetor unsigned int ve_srl (vetor unsigned int, vetor unsigned int);vetor unsigned int ve_srl (vetor unsigned int,vetor unsigned short);vetor unsigned int ve_srl (vetor unsigned int, vetor unsigned har);vetor bool int ve_srl (vetor bool int, vetor unsigned int);



316 Using the GNU Compiler Colletion (GCC)vetor bool int ve_srl (vetor bool int, vetor unsigned short);vetor bool int ve_srl (vetor bool int, vetor unsigned har);vetor signed short ve_srl (vetor signed short, vetor unsigned int);vetor signed short ve_srl (vetor signed short,vetor unsigned short);vetor signed short ve_srl (vetor signed short, vetor unsigned har);vetor unsigned short ve_srl (vetor unsigned short,vetor unsigned int);vetor unsigned short ve_srl (vetor unsigned short,vetor unsigned short);vetor unsigned short ve_srl (vetor unsigned short,vetor unsigned har);vetor bool short ve_srl (vetor bool short, vetor unsigned int);vetor bool short ve_srl (vetor bool short, vetor unsigned short);vetor bool short ve_srl (vetor bool short, vetor unsigned har);vetor pixel ve_srl (vetor pixel, vetor unsigned int);vetor pixel ve_srl (vetor pixel, vetor unsigned short);vetor pixel ve_srl (vetor pixel, vetor unsigned har);vetor signed har ve_srl (vetor signed har, vetor unsigned int);vetor signed har ve_srl (vetor signed har, vetor unsigned short);vetor signed har ve_srl (vetor signed har, vetor unsigned har);vetor unsigned har ve_srl (vetor unsigned har,vetor unsigned int);vetor unsigned har ve_srl (vetor unsigned har,vetor unsigned short);vetor unsigned har ve_srl (vetor unsigned har,vetor unsigned har);vetor bool har ve_srl (vetor bool har, vetor unsigned int);vetor bool har ve_srl (vetor bool har, vetor unsigned short);vetor bool har ve_srl (vetor bool har, vetor unsigned har);vetor float ve_sro (vetor float, vetor signed har);vetor float ve_sro (vetor float, vetor unsigned har);vetor signed int ve_sro (vetor signed int, vetor signed har);vetor signed int ve_sro (vetor signed int, vetor unsigned har);vetor unsigned int ve_sro (vetor unsigned int, vetor signed har);vetor unsigned int ve_sro (vetor unsigned int, vetor unsigned har);vetor signed short ve_sro (vetor signed short, vetor signed har);vetor signed short ve_sro (vetor signed short, vetor unsigned har);vetor unsigned short ve_sro (vetor unsigned short,vetor signed har);vetor unsigned short ve_sro (vetor unsigned short,vetor unsigned har);vetor pixel ve_sro (vetor pixel, vetor signed har);vetor pixel ve_sro (vetor pixel, vetor unsigned har);vetor signed har ve_sro (vetor signed har, vetor signed har);vetor signed har ve_sro (vetor signed har, vetor unsigned har);vetor unsigned har ve_sro (vetor unsigned har, vetor signed har);vetor unsigned har ve_sro (vetor unsigned har,vetor unsigned har);void ve_st (vetor float, int, vetor float *);void ve_st (vetor float, int, float *);void ve_st (vetor signed int, int, vetor signed int *);void ve_st (vetor signed int, int, int *);void ve_st (vetor unsigned int, int, vetor unsigned int *);void ve_st (vetor unsigned int, int, unsigned int *);void ve_st (vetor bool int, int, vetor bool int *);



Chapter 5: Extensions to the C Language Family 317void ve_st (vetor bool int, int, unsigned int *);void ve_st (vetor bool int, int, int *);void ve_st (vetor signed short, int, vetor signed short *);void ve_st (vetor signed short, int, short *);void ve_st (vetor unsigned short, int, vetor unsigned short *);void ve_st (vetor unsigned short, int, unsigned short *);void ve_st (vetor bool short, int, vetor bool short *);void ve_st (vetor bool short, int, unsigned short *);void ve_st (vetor pixel, int, vetor pixel *);void ve_st (vetor pixel, int, unsigned short *);void ve_st (vetor pixel, int, short *);void ve_st (vetor bool short, int, short *);void ve_st (vetor signed har, int, vetor signed har *);void ve_st (vetor signed har, int, signed har *);void ve_st (vetor unsigned har, int, vetor unsigned har *);void ve_st (vetor unsigned har, int, unsigned har *);void ve_st (vetor bool har, int, vetor bool har *);void ve_st (vetor bool har, int, unsigned har *);void ve_st (vetor bool har, int, signed har *);void ve_ste (vetor signed har, int, signed har *);void ve_ste (vetor unsigned har, int, unsigned har *);void ve_ste (vetor bool har, int, signed har *);void ve_ste (vetor bool har, int, unsigned har *);void ve_ste (vetor signed short, int, short *);void ve_ste (vetor unsigned short, int, unsigned short *);void ve_ste (vetor bool short, int, short *);void ve_ste (vetor bool short, int, unsigned short *);void ve_ste (vetor pixel, int, short *);void ve_ste (vetor pixel, int, unsigned short *);void ve_ste (vetor float, int, float *);void ve_ste (vetor signed int, int, int *);void ve_ste (vetor unsigned int, int, unsigned int *);void ve_ste (vetor bool int, int, int *);void ve_ste (vetor bool int, int, unsigned int *);void ve_stvewx (vetor float, int, float *);void ve_stvewx (vetor signed int, int, int *);void ve_stvewx (vetor unsigned int, int, unsigned int *);void ve_stvewx (vetor bool int, int, int *);void ve_stvewx (vetor bool int, int, unsigned int *);void ve_stvehx (vetor signed short, int, short *);void ve_stvehx (vetor unsigned short, int, unsigned short *);void ve_stvehx (vetor bool short, int, short *);void ve_stvehx (vetor bool short, int, unsigned short *);void ve_stvehx (vetor pixel, int, short *);void ve_stvehx (vetor pixel, int, unsigned short *);void ve_stvebx (vetor signed har, int, signed har *);void ve_stvebx (vetor unsigned har, int, unsigned har *);void ve_stvebx (vetor bool har, int, signed har *);void ve_stvebx (vetor bool har, int, unsigned har *);void ve_stl (vetor float, int, vetor float *);void ve_stl (vetor float, int, float *);void ve_stl (vetor signed int, int, vetor signed int *);void ve_stl (vetor signed int, int, int *);



318 Using the GNU Compiler Colletion (GCC)void ve_stl (vetor unsigned int, int, vetor unsigned int *);void ve_stl (vetor unsigned int, int, unsigned int *);void ve_stl (vetor bool int, int, vetor bool int *);void ve_stl (vetor bool int, int, unsigned int *);void ve_stl (vetor bool int, int, int *);void ve_stl (vetor signed short, int, vetor signed short *);void ve_stl (vetor signed short, int, short *);void ve_stl (vetor unsigned short, int, vetor unsigned short *);void ve_stl (vetor unsigned short, int, unsigned short *);void ve_stl (vetor bool short, int, vetor bool short *);void ve_stl (vetor bool short, int, unsigned short *);void ve_stl (vetor bool short, int, short *);void ve_stl (vetor pixel, int, vetor pixel *);void ve_stl (vetor pixel, int, unsigned short *);void ve_stl (vetor pixel, int, short *);void ve_stl (vetor signed har, int, vetor signed har *);void ve_stl (vetor signed har, int, signed har *);void ve_stl (vetor unsigned har, int, vetor unsigned har *);void ve_stl (vetor unsigned har, int, unsigned har *);void ve_stl (vetor bool har, int, vetor bool har *);void ve_stl (vetor bool har, int, unsigned har *);void ve_stl (vetor bool har, int, signed har *);vetor signed har ve_sub (vetor bool har, vetor signed har);vetor signed har ve_sub (vetor signed har, vetor bool har);vetor signed har ve_sub (vetor signed har, vetor signed har);vetor unsigned har ve_sub (vetor bool har, vetor unsigned har);vetor unsigned har ve_sub (vetor unsigned har, vetor bool har);vetor unsigned har ve_sub (vetor unsigned har,vetor unsigned har);vetor signed short ve_sub (vetor bool short, vetor signed short);vetor signed short ve_sub (vetor signed short, vetor bool short);vetor signed short ve_sub (vetor signed short, vetor signed short);vetor unsigned short ve_sub (vetor bool short,vetor unsigned short);vetor unsigned short ve_sub (vetor unsigned short,vetor bool short);vetor unsigned short ve_sub (vetor unsigned short,vetor unsigned short);vetor signed int ve_sub (vetor bool int, vetor signed int);vetor signed int ve_sub (vetor signed int, vetor bool int);vetor signed int ve_sub (vetor signed int, vetor signed int);vetor unsigned int ve_sub (vetor bool int, vetor unsigned int);vetor unsigned int ve_sub (vetor unsigned int, vetor bool int);vetor unsigned int ve_sub (vetor unsigned int, vetor unsigned int);vetor float ve_sub (vetor float, vetor float);vetor float ve_vsubfp (vetor float, vetor float);vetor signed int ve_vsubuwm (vetor bool int, vetor signed int);vetor signed int ve_vsubuwm (vetor signed int, vetor bool int);vetor signed int ve_vsubuwm (vetor signed int, vetor signed int);vetor unsigned int ve_vsubuwm (vetor bool int, vetor unsigned int);vetor unsigned int ve_vsubuwm (vetor unsigned int, vetor bool int);vetor unsigned int ve_vsubuwm (vetor unsigned int,vetor unsigned int);vetor signed short ve_vsubuhm (vetor bool short,



Chapter 5: Extensions to the C Language Family 319vetor signed short);vetor signed short ve_vsubuhm (vetor signed short,vetor bool short);vetor signed short ve_vsubuhm (vetor signed short,vetor signed short);vetor unsigned short ve_vsubuhm (vetor bool short,vetor unsigned short);vetor unsigned short ve_vsubuhm (vetor unsigned short,vetor bool short);vetor unsigned short ve_vsubuhm (vetor unsigned short,vetor unsigned short);vetor signed har ve_vsububm (vetor bool har, vetor signed har);vetor signed har ve_vsububm (vetor signed har, vetor bool har);vetor signed har ve_vsububm (vetor signed har, vetor signed har);vetor unsigned har ve_vsububm (vetor bool har,vetor unsigned har);vetor unsigned har ve_vsububm (vetor unsigned har,vetor bool har);vetor unsigned har ve_vsububm (vetor unsigned har,vetor unsigned har);vetor unsigned int ve_sub (vetor unsigned int, vetor unsigned int);vetor unsigned har ve_subs (vetor bool har, vetor unsigned har);vetor unsigned har ve_subs (vetor unsigned har, vetor bool har);vetor unsigned har ve_subs (vetor unsigned har,vetor unsigned har);vetor signed har ve_subs (vetor bool har, vetor signed har);vetor signed har ve_subs (vetor signed har, vetor bool har);vetor signed har ve_subs (vetor signed har, vetor signed har);vetor unsigned short ve_subs (vetor bool short,vetor unsigned short);vetor unsigned short ve_subs (vetor unsigned short,vetor bool short);vetor unsigned short ve_subs (vetor unsigned short,vetor unsigned short);vetor signed short ve_subs (vetor bool short, vetor signed short);vetor signed short ve_subs (vetor signed short, vetor bool short);vetor signed short ve_subs (vetor signed short, vetor signed short);vetor unsigned int ve_subs (vetor bool int, vetor unsigned int);vetor unsigned int ve_subs (vetor unsigned int, vetor bool int);vetor unsigned int ve_subs (vetor unsigned int, vetor unsigned int);vetor signed int ve_subs (vetor bool int, vetor signed int);vetor signed int ve_subs (vetor signed int, vetor bool int);vetor signed int ve_subs (vetor signed int, vetor signed int);vetor signed int ve_vsubsws (vetor bool int, vetor signed int);vetor signed int ve_vsubsws (vetor signed int, vetor bool int);vetor signed int ve_vsubsws (vetor signed int, vetor signed int);vetor unsigned int ve_vsubuws (vetor bool int, vetor unsigned int);vetor unsigned int ve_vsubuws (vetor unsigned int, vetor bool int);vetor unsigned int ve_vsubuws (vetor unsigned int,vetor unsigned int);vetor signed short ve_vsubshs (vetor bool short,vetor signed short);



320 Using the GNU Compiler Colletion (GCC)vetor signed short ve_vsubshs (vetor signed short,vetor bool short);vetor signed short ve_vsubshs (vetor signed short,vetor signed short);vetor unsigned short ve_vsubuhs (vetor bool short,vetor unsigned short);vetor unsigned short ve_vsubuhs (vetor unsigned short,vetor bool short);vetor unsigned short ve_vsubuhs (vetor unsigned short,vetor unsigned short);vetor signed har ve_vsubsbs (vetor bool har, vetor signed har);vetor signed har ve_vsubsbs (vetor signed har, vetor bool har);vetor signed har ve_vsubsbs (vetor signed har, vetor signed har);vetor unsigned har ve_vsububs (vetor bool har,vetor unsigned har);vetor unsigned har ve_vsububs (vetor unsigned har,vetor bool har);vetor unsigned har ve_vsububs (vetor unsigned har,vetor unsigned har);vetor unsigned int ve_sum4s (vetor unsigned har,vetor unsigned int);vetor signed int ve_sum4s (vetor signed har, vetor signed int);vetor signed int ve_sum4s (vetor signed short, vetor signed int);vetor signed int ve_vsum4shs (vetor signed short, vetor signed int);vetor signed int ve_vsum4sbs (vetor signed har, vetor signed int);vetor unsigned int ve_vsum4ubs (vetor unsigned har,vetor unsigned int);vetor signed int ve_sum2s (vetor signed int, vetor signed int);vetor signed int ve_sums (vetor signed int, vetor signed int);vetor float ve_trun (vetor float);vetor signed short ve_unpakh (vetor signed har);vetor bool short ve_unpakh (vetor bool har);vetor signed int ve_unpakh (vetor signed short);vetor bool int ve_unpakh (vetor bool short);vetor unsigned int ve_unpakh (vetor pixel);vetor bool int ve_vupkhsh (vetor bool short);vetor signed int ve_vupkhsh (vetor signed short);vetor unsigned int ve_vupkhpx (vetor pixel);vetor bool short ve_vupkhsb (vetor bool har);vetor signed short ve_vupkhsb (vetor signed har);vetor signed short ve_unpakl (vetor signed har);vetor bool short ve_unpakl (vetor bool har);vetor unsigned int ve_unpakl (vetor pixel);



Chapter 5: Extensions to the C Language Family 321vetor signed int ve_unpakl (vetor signed short);vetor bool int ve_unpakl (vetor bool short);vetor unsigned int ve_vupklpx (vetor pixel);vetor bool int ve_vupklsh (vetor bool short);vetor signed int ve_vupklsh (vetor signed short);vetor bool short ve_vupklsb (vetor bool har);vetor signed short ve_vupklsb (vetor signed har);vetor float ve_xor (vetor float, vetor float);vetor float ve_xor (vetor float, vetor bool int);vetor float ve_xor (vetor bool int, vetor float);vetor bool int ve_xor (vetor bool int, vetor bool int);vetor signed int ve_xor (vetor bool int, vetor signed int);vetor signed int ve_xor (vetor signed int, vetor bool int);vetor signed int ve_xor (vetor signed int, vetor signed int);vetor unsigned int ve_xor (vetor bool int, vetor unsigned int);vetor unsigned int ve_xor (vetor unsigned int, vetor bool int);vetor unsigned int ve_xor (vetor unsigned int, vetor unsigned int);vetor bool short ve_xor (vetor bool short, vetor bool short);vetor signed short ve_xor (vetor bool short, vetor signed short);vetor signed short ve_xor (vetor signed short, vetor bool short);vetor signed short ve_xor (vetor signed short, vetor signed short);vetor unsigned short ve_xor (vetor bool short,vetor unsigned short);vetor unsigned short ve_xor (vetor unsigned short,vetor bool short);vetor unsigned short ve_xor (vetor unsigned short,vetor unsigned short);vetor signed har ve_xor (vetor bool har, vetor signed har);vetor bool har ve_xor (vetor bool har, vetor bool har);vetor signed har ve_xor (vetor signed har, vetor bool har);vetor signed har ve_xor (vetor signed har, vetor signed har);vetor unsigned har ve_xor (vetor bool har, vetor unsigned har);vetor unsigned har ve_xor (vetor unsigned har, vetor bool har);vetor unsigned har ve_xor (vetor unsigned har,vetor unsigned har);int ve_all_eq (vetor signed har, vetor bool har);int ve_all_eq (vetor signed har, vetor signed har);int ve_all_eq (vetor unsigned har, vetor bool har);int ve_all_eq (vetor unsigned har, vetor unsigned har);int ve_all_eq (vetor bool har, vetor bool har);int ve_all_eq (vetor bool har, vetor unsigned har);int ve_all_eq (vetor bool har, vetor signed har);int ve_all_eq (vetor signed short, vetor bool short);int ve_all_eq (vetor signed short, vetor signed short);int ve_all_eq (vetor unsigned short, vetor bool short);int ve_all_eq (vetor unsigned short, vetor unsigned short);int ve_all_eq (vetor bool short, vetor bool short);int ve_all_eq (vetor bool short, vetor unsigned short);int ve_all_eq (vetor bool short, vetor signed short);int ve_all_eq (vetor pixel, vetor pixel);int ve_all_eq (vetor signed int, vetor bool int);int ve_all_eq (vetor signed int, vetor signed int);int ve_all_eq (vetor unsigned int, vetor bool int);



322 Using the GNU Compiler Colletion (GCC)int ve_all_eq (vetor unsigned int, vetor unsigned int);int ve_all_eq (vetor bool int, vetor bool int);int ve_all_eq (vetor bool int, vetor unsigned int);int ve_all_eq (vetor bool int, vetor signed int);int ve_all_eq (vetor float, vetor float);int ve_all_ge (vetor bool har, vetor unsigned har);int ve_all_ge (vetor unsigned har, vetor bool har);int ve_all_ge (vetor unsigned har, vetor unsigned har);int ve_all_ge (vetor bool har, vetor signed har);int ve_all_ge (vetor signed har, vetor bool har);int ve_all_ge (vetor signed har, vetor signed har);int ve_all_ge (vetor bool short, vetor unsigned short);int ve_all_ge (vetor unsigned short, vetor bool short);int ve_all_ge (vetor unsigned short, vetor unsigned short);int ve_all_ge (vetor signed short, vetor signed short);int ve_all_ge (vetor bool short, vetor signed short);int ve_all_ge (vetor signed short, vetor bool short);int ve_all_ge (vetor bool int, vetor unsigned int);int ve_all_ge (vetor unsigned int, vetor bool int);int ve_all_ge (vetor unsigned int, vetor unsigned int);int ve_all_ge (vetor bool int, vetor signed int);int ve_all_ge (vetor signed int, vetor bool int);int ve_all_ge (vetor signed int, vetor signed int);int ve_all_ge (vetor float, vetor float);int ve_all_gt (vetor bool har, vetor unsigned har);int ve_all_gt (vetor unsigned har, vetor bool har);int ve_all_gt (vetor unsigned har, vetor unsigned har);int ve_all_gt (vetor bool har, vetor signed har);int ve_all_gt (vetor signed har, vetor bool har);int ve_all_gt (vetor signed har, vetor signed har);int ve_all_gt (vetor bool short, vetor unsigned short);int ve_all_gt (vetor unsigned short, vetor bool short);int ve_all_gt (vetor unsigned short, vetor unsigned short);int ve_all_gt (vetor bool short, vetor signed short);int ve_all_gt (vetor signed short, vetor bool short);int ve_all_gt (vetor signed short, vetor signed short);int ve_all_gt (vetor bool int, vetor unsigned int);int ve_all_gt (vetor unsigned int, vetor bool int);int ve_all_gt (vetor unsigned int, vetor unsigned int);int ve_all_gt (vetor bool int, vetor signed int);int ve_all_gt (vetor signed int, vetor bool int);int ve_all_gt (vetor signed int, vetor signed int);int ve_all_gt (vetor float, vetor float);int ve_all_in (vetor float, vetor float);int ve_all_le (vetor bool har, vetor unsigned har);int ve_all_le (vetor unsigned har, vetor bool har);int ve_all_le (vetor unsigned har, vetor unsigned har);int ve_all_le (vetor bool har, vetor signed har);int ve_all_le (vetor signed har, vetor bool har);int ve_all_le (vetor signed har, vetor signed har);int ve_all_le (vetor bool short, vetor unsigned short);int ve_all_le (vetor unsigned short, vetor bool short);int ve_all_le (vetor unsigned short, vetor unsigned short);int ve_all_le (vetor bool short, vetor signed short);



Chapter 5: Extensions to the C Language Family 323int ve_all_le (vetor signed short, vetor bool short);int ve_all_le (vetor signed short, vetor signed short);int ve_all_le (vetor bool int, vetor unsigned int);int ve_all_le (vetor unsigned int, vetor bool int);int ve_all_le (vetor unsigned int, vetor unsigned int);int ve_all_le (vetor bool int, vetor signed int);int ve_all_le (vetor signed int, vetor bool int);int ve_all_le (vetor signed int, vetor signed int);int ve_all_le (vetor float, vetor float);int ve_all_lt (vetor bool har, vetor unsigned har);int ve_all_lt (vetor unsigned har, vetor bool har);int ve_all_lt (vetor unsigned har, vetor unsigned har);int ve_all_lt (vetor bool har, vetor signed har);int ve_all_lt (vetor signed har, vetor bool har);int ve_all_lt (vetor signed har, vetor signed har);int ve_all_lt (vetor bool short, vetor unsigned short);int ve_all_lt (vetor unsigned short, vetor bool short);int ve_all_lt (vetor unsigned short, vetor unsigned short);int ve_all_lt (vetor bool short, vetor signed short);int ve_all_lt (vetor signed short, vetor bool short);int ve_all_lt (vetor signed short, vetor signed short);int ve_all_lt (vetor bool int, vetor unsigned int);int ve_all_lt (vetor unsigned int, vetor bool int);int ve_all_lt (vetor unsigned int, vetor unsigned int);int ve_all_lt (vetor bool int, vetor signed int);int ve_all_lt (vetor signed int, vetor bool int);int ve_all_lt (vetor signed int, vetor signed int);int ve_all_lt (vetor float, vetor float);int ve_all_nan (vetor float);int ve_all_ne (vetor signed har, vetor bool har);int ve_all_ne (vetor signed har, vetor signed har);int ve_all_ne (vetor unsigned har, vetor bool har);int ve_all_ne (vetor unsigned har, vetor unsigned har);int ve_all_ne (vetor bool har, vetor bool har);int ve_all_ne (vetor bool har, vetor unsigned har);int ve_all_ne (vetor bool har, vetor signed har);int ve_all_ne (vetor signed short, vetor bool short);int ve_all_ne (vetor signed short, vetor signed short);int ve_all_ne (vetor unsigned short, vetor bool short);int ve_all_ne (vetor unsigned short, vetor unsigned short);int ve_all_ne (vetor bool short, vetor bool short);int ve_all_ne (vetor bool short, vetor unsigned short);int ve_all_ne (vetor bool short, vetor signed short);int ve_all_ne (vetor pixel, vetor pixel);int ve_all_ne (vetor signed int, vetor bool int);int ve_all_ne (vetor signed int, vetor signed int);int ve_all_ne (vetor unsigned int, vetor bool int);int ve_all_ne (vetor unsigned int, vetor unsigned int);int ve_all_ne (vetor bool int, vetor bool int);int ve_all_ne (vetor bool int, vetor unsigned int);int ve_all_ne (vetor bool int, vetor signed int);int ve_all_ne (vetor float, vetor float);int ve_all_nge (vetor float, vetor float);



324 Using the GNU Compiler Colletion (GCC)int ve_all_ngt (vetor float, vetor float);int ve_all_nle (vetor float, vetor float);int ve_all_nlt (vetor float, vetor float);int ve_all_numeri (vetor float);int ve_any_eq (vetor signed har, vetor bool har);int ve_any_eq (vetor signed har, vetor signed har);int ve_any_eq (vetor unsigned har, vetor bool har);int ve_any_eq (vetor unsigned har, vetor unsigned har);int ve_any_eq (vetor bool har, vetor bool har);int ve_any_eq (vetor bool har, vetor unsigned har);int ve_any_eq (vetor bool har, vetor signed har);int ve_any_eq (vetor signed short, vetor bool short);int ve_any_eq (vetor signed short, vetor signed short);int ve_any_eq (vetor unsigned short, vetor bool short);int ve_any_eq (vetor unsigned short, vetor unsigned short);int ve_any_eq (vetor bool short, vetor bool short);int ve_any_eq (vetor bool short, vetor unsigned short);int ve_any_eq (vetor bool short, vetor signed short);int ve_any_eq (vetor pixel, vetor pixel);int ve_any_eq (vetor signed int, vetor bool int);int ve_any_eq (vetor signed int, vetor signed int);int ve_any_eq (vetor unsigned int, vetor bool int);int ve_any_eq (vetor unsigned int, vetor unsigned int);int ve_any_eq (vetor bool int, vetor bool int);int ve_any_eq (vetor bool int, vetor unsigned int);int ve_any_eq (vetor bool int, vetor signed int);int ve_any_eq (vetor float, vetor float);int ve_any_ge (vetor signed har, vetor bool har);int ve_any_ge (vetor unsigned har, vetor bool har);int ve_any_ge (vetor unsigned har, vetor unsigned har);int ve_any_ge (vetor signed har, vetor signed har);int ve_any_ge (vetor bool har, vetor unsigned har);int ve_any_ge (vetor bool har, vetor signed har);int ve_any_ge (vetor unsigned short, vetor bool short);int ve_any_ge (vetor unsigned short, vetor unsigned short);int ve_any_ge (vetor signed short, vetor signed short);int ve_any_ge (vetor signed short, vetor bool short);int ve_any_ge (vetor bool short, vetor unsigned short);int ve_any_ge (vetor bool short, vetor signed short);int ve_any_ge (vetor signed int, vetor bool int);int ve_any_ge (vetor unsigned int, vetor bool int);int ve_any_ge (vetor unsigned int, vetor unsigned int);int ve_any_ge (vetor signed int, vetor signed int);int ve_any_ge (vetor bool int, vetor unsigned int);int ve_any_ge (vetor bool int, vetor signed int);int ve_any_ge (vetor float, vetor float);int ve_any_gt (vetor bool har, vetor unsigned har);int ve_any_gt (vetor unsigned har, vetor bool har);int ve_any_gt (vetor unsigned har, vetor unsigned har);int ve_any_gt (vetor bool har, vetor signed har);int ve_any_gt (vetor signed har, vetor bool har);int ve_any_gt (vetor signed har, vetor signed har);



Chapter 5: Extensions to the C Language Family 325int ve_any_gt (vetor bool short, vetor unsigned short);int ve_any_gt (vetor unsigned short, vetor bool short);int ve_any_gt (vetor unsigned short, vetor unsigned short);int ve_any_gt (vetor bool short, vetor signed short);int ve_any_gt (vetor signed short, vetor bool short);int ve_any_gt (vetor signed short, vetor signed short);int ve_any_gt (vetor bool int, vetor unsigned int);int ve_any_gt (vetor unsigned int, vetor bool int);int ve_any_gt (vetor unsigned int, vetor unsigned int);int ve_any_gt (vetor bool int, vetor signed int);int ve_any_gt (vetor signed int, vetor bool int);int ve_any_gt (vetor signed int, vetor signed int);int ve_any_gt (vetor float, vetor float);int ve_any_le (vetor bool har, vetor unsigned har);int ve_any_le (vetor unsigned har, vetor bool har);int ve_any_le (vetor unsigned har, vetor unsigned har);int ve_any_le (vetor bool har, vetor signed har);int ve_any_le (vetor signed har, vetor bool har);int ve_any_le (vetor signed har, vetor signed har);int ve_any_le (vetor bool short, vetor unsigned short);int ve_any_le (vetor unsigned short, vetor bool short);int ve_any_le (vetor unsigned short, vetor unsigned short);int ve_any_le (vetor bool short, vetor signed short);int ve_any_le (vetor signed short, vetor bool short);int ve_any_le (vetor signed short, vetor signed short);int ve_any_le (vetor bool int, vetor unsigned int);int ve_any_le (vetor unsigned int, vetor bool int);int ve_any_le (vetor unsigned int, vetor unsigned int);int ve_any_le (vetor bool int, vetor signed int);int ve_any_le (vetor signed int, vetor bool int);int ve_any_le (vetor signed int, vetor signed int);int ve_any_le (vetor float, vetor float);int ve_any_lt (vetor bool har, vetor unsigned har);int ve_any_lt (vetor unsigned har, vetor bool har);int ve_any_lt (vetor unsigned har, vetor unsigned har);int ve_any_lt (vetor bool har, vetor signed har);int ve_any_lt (vetor signed har, vetor bool har);int ve_any_lt (vetor signed har, vetor signed har);int ve_any_lt (vetor bool short, vetor unsigned short);int ve_any_lt (vetor unsigned short, vetor bool short);int ve_any_lt (vetor unsigned short, vetor unsigned short);int ve_any_lt (vetor bool short, vetor signed short);int ve_any_lt (vetor signed short, vetor bool short);int ve_any_lt (vetor signed short, vetor signed short);int ve_any_lt (vetor bool int, vetor unsigned int);int ve_any_lt (vetor unsigned int, vetor bool int);int ve_any_lt (vetor unsigned int, vetor unsigned int);int ve_any_lt (vetor bool int, vetor signed int);int ve_any_lt (vetor signed int, vetor bool int);int ve_any_lt (vetor signed int, vetor signed int);int ve_any_lt (vetor float, vetor float);int ve_any_nan (vetor float);int ve_any_ne (vetor signed har, vetor bool har);int ve_any_ne (vetor signed har, vetor signed har);



326 Using the GNU Compiler Colletion (GCC)int ve_any_ne (vetor unsigned har, vetor bool har);int ve_any_ne (vetor unsigned har, vetor unsigned har);int ve_any_ne (vetor bool har, vetor bool har);int ve_any_ne (vetor bool har, vetor unsigned har);int ve_any_ne (vetor bool har, vetor signed har);int ve_any_ne (vetor signed short, vetor bool short);int ve_any_ne (vetor signed short, vetor signed short);int ve_any_ne (vetor unsigned short, vetor bool short);int ve_any_ne (vetor unsigned short, vetor unsigned short);int ve_any_ne (vetor bool short, vetor bool short);int ve_any_ne (vetor bool short, vetor unsigned short);int ve_any_ne (vetor bool short, vetor signed short);int ve_any_ne (vetor pixel, vetor pixel);int ve_any_ne (vetor signed int, vetor bool int);int ve_any_ne (vetor signed int, vetor signed int);int ve_any_ne (vetor unsigned int, vetor bool int);int ve_any_ne (vetor unsigned int, vetor unsigned int);int ve_any_ne (vetor bool int, vetor bool int);int ve_any_ne (vetor bool int, vetor unsigned int);int ve_any_ne (vetor bool int, vetor signed int);int ve_any_ne (vetor float, vetor float);int ve_any_nge (vetor float, vetor float);int ve_any_ngt (vetor float, vetor float);int ve_any_nle (vetor float, vetor float);int ve_any_nlt (vetor float, vetor float);int ve_any_numeri (vetor float);int ve_any_out (vetor float, vetor float);5.45.7 SPARC VIS Built-in FuntionsGCC supports SIMD operations on the SPARC using both the generi vetor extensions(see Setion 5.42 [Vetor Extensions℄, page 271) as well as built-in funtions for the SPARCVisual Instrution Set (VIS). When you use the `-mvis' swith, the VIS extension is exposedas the following built-in funtions:typedef int v2si __attribute__ ((vetor_size (8)));typedef short v4hi __attribute__ ((vetor_size (8)));typedef short v2hi __attribute__ ((vetor_size (4)));typedef har v8qi __attribute__ ((vetor_size (8)));typedef har v4qi __attribute__ ((vetor_size (4)));void * __builtin_vis_alignaddr (void *, long);int64_t __builtin_vis_faligndatadi (int64_t, int64_t);v2si __builtin_vis_faligndatav2si (v2si, v2si);v4hi __builtin_vis_faligndatav4hi (v4si, v4si);v8qi __builtin_vis_faligndatav8qi (v8qi, v8qi);v4hi __builtin_vis_fexpand (v4qi);v4hi __builtin_vis_fmul8x16 (v4qi, v4hi);v4hi __builtin_vis_fmul8x16au (v4qi, v4hi);v4hi __builtin_vis_fmul8x16al (v4qi, v4hi);v4hi __builtin_vis_fmul8sux16 (v8qi, v4hi);



Chapter 5: Extensions to the C Language Family 327v4hi __builtin_vis_fmul8ulx16 (v8qi, v4hi);v2si __builtin_vis_fmuld8sux16 (v4qi, v2hi);v2si __builtin_vis_fmuld8ulx16 (v4qi, v2hi);v4qi __builtin_vis_fpak16 (v4hi);v8qi __builtin_vis_fpak32 (v2si, v2si);v2hi __builtin_vis_fpakfix (v2si);v8qi __builtin_vis_fpmerge (v4qi, v4qi);int64_t __builtin_vis_pdist (v8qi, v8qi, int64_t);5.46 Format Cheks Spei� to Partiular Target MahinesFor some target mahines, GCC supports additional options to the format attribute (seeSetion 5.24 [Delaring Attributes of Funtions℄, page 217).5.46.1 Solaris Format CheksSolaris targets support the mn_err (or __mn_err__) format hek. mn_err aepts a sub-set of the standard printf onversions, and the two-argument %b onversion for displayingbit-�elds. See the Solaris man page for mn_err for more information.5.47 Pragmas Aepted by GCCGCC supports several types of pragmas, primarily in order to ompile ode originally writtenfor other ompilers. Note that in general we do not reommend the use of pragmas; SeeSetion 5.24 [Funtion Attributes℄, page 217, for further explanation.5.47.1 ARM PragmasThe ARM target de�nes pragmas for ontrolling the default addition of long_all andshort_all attributes to funtions. See Setion 5.24 [Funtion Attributes℄, page 217, forinformation about the e�ets of these attributes.long_allsSet all subsequent funtions to have the long_all attribute.no_long_allsSet all subsequent funtions to have the short_all attribute.long_alls_offDo not a�et the long_all or short_all attributes of subsequent funtions.5.47.2 RS/6000 and PowerPC PragmasThe RS/6000 and PowerPC targets de�ne one pragma for ontrolling whether or not thelongall attribute is added to funtion delarations by default. This pragma overrides the`-mlongall' option, but not the longall and shortall attributes. See Setion 3.17.23[RS/6000 and PowerPC Options℄, page 155, for more information about when long alls areand are not neessary.longall (1)Apply the longall attribute to all subsequent funtion delarations.longall (0)Do not apply the longall attribute to subsequent funtion delarations.



328 Using the GNU Compiler Colletion (GCC)5.47.3 Darwin PragmasThe following pragmas are available for all arhitetures running the Darwin operatingsystem. These are useful for ompatibility with other Ma OS ompilers.mark tokens...This pragma is aepted, but has no e�et.options align=alignmentThis pragma sets the alignment of �elds in strutures. The values of alignmentmay be ma68k, to emulate m68k alignment, or power, to emulate PowerPCalignment. Uses of this pragma nest properly; to restore the previous setting,use reset for the alignment.segment tokens...This pragma is aepted, but has no e�et.unused (var [, var℄...)This pragma delares variables to be possibly unused. GCC will not produewarnings for the listed variables. The e�et is similar to that of the unusedattribute, exept that this pragma may appear anywhere within the variables'sopes.5.47.4 Solaris PragmasThe Solaris target supports #pragma redefine_extname (see Setion 5.47.5 [Symbol-Renaming Pragmas℄, page 328). It also supports additional #pragma diretives forompatibility with the system ompiler.align alignment (variable [, variable℄...)Inrease the minimum alignment of eah variable to alignment. This is the sameas GCC's aligned attribute see Setion 5.31 [Variable Attributes℄, page 233).Maro expansion ours on the arguments to this pragma when ompiling Cand Objetive-C. It does not urrently our when ompiling C++, but this isa bug whih may be �xed in a future release.fini (funtion [, funtion℄...)This pragma auses eah listed funtion to be alled after main, or during sharedmodule unloading, by adding a all to the .fini setion.init (funtion [, funtion℄...)This pragma auses eah listed funtion to be alled during initialization (beforemain) or during shared module loading, by adding a all to the .init setion.5.47.5 Symbol-Renaming PragmasFor ompatibility with the Solaris and Tru64 UNIX system headers, GCC supports two#pragma diretives whih hange the name used in assembly for a given delaration. Thesepragmas are only available on platforms whose system headers need them. To get this e�eton all platforms supported by GCC, use the asm labels extension (see Setion 5.36 [AsmLabels℄, page 265).



Chapter 5: Extensions to the C Language Family 329redefine_extname oldname newnameThis pragma gives the C funtion oldname the assembly symbol newname. Thepreproessor maro __PRAGMA_REDEFINE_EXTNAMEwill be de�ned if this pragmais available (urrently only on Solaris).extern_prefix stringThis pragma auses all subsequent external funtion and variable delarations tohave string prepended to their assembly symbols. This e�et may be terminatedwith another extern_prefix pragma whose argument is an empty string. Thepreproessor maro __PRAGMA_EXTERN_PREFIX will be de�ned if this pragma isavailable (urrently only on Tru64 UNIX).These pragmas and the asm labels extension interat in a ompliated manner. Here aresome orner ases you may want to be aware of.1. Both pragmas silently apply only to delarations with external linkage. Asm labels donot have this restrition.2. In C++, both pragmas silently apply only to delarations with \C" linkage. Again, asmlabels do not have this restrition.3. If any of the three ways of hanging the assembly name of a delaration is applied toa delaration whose assembly name has already been determined (either by a previoususe of one of these features, or beause the ompiler needed the assembly name in orderto generate ode), and the new name is di�erent, a warning issues and the name doesnot hange.4. The oldname used by #pragma redefine_extname is always the C-language name.5. If #pragma extern_prefix is in e�et, and a delaration ours with an asm labelattahed, the pre�x is silently ignored for that delaration.6. If #pragma extern_prefix and #pragma redefine_extname apply to the same dela-ration, whihever triggered �rst wins, and a warning issues if they ontradit eah other.(We would like to have #pragma redefine_extname always win, for onsisteny withasm labels, but if #pragma extern_prefix triggers �rst we have no way of knowingthat that happened.)5.47.6 Struture-Paking PragmasFor ompatibility with Win32, GCC supports a set of #pragma diretives whih hange themaximum alignment of members of strutures, unions, and lasses subsequently de�ned.The n value below always is required to be a small power of two and spei�es the newalignment in bytes.1. #pragma pak(n) simply sets the new alignment.2. #pragma pak() sets the alignment to the one that was in e�et when ompilationstarted (see also ommand line option `-fpak-strut[=<n>℄' see Setion 3.18 [CodeGen Options℄, page 178).3. #pragma pak(push[,n℄) pushes the urrent alignment setting on an internal stakand then optionally sets the new alignment.4. #pragma pak(pop) restores the alignment setting to the one saved at the top of theinternal stak (and removes that stak entry). Note that #pragma pak([n℄) does not



330 Using the GNU Compiler Colletion (GCC)inuene this internal stak; thus it is possible to have #pragma pak(push) followedby multiple #pragma pak(n) instanes and �nalized by a single #pragma pak(pop).5.47.7 Weak PragmasFor ompatibility with SVR4, GCC supports a set of #pragma diretives for delaring sym-bols to be weak, and de�ning weak aliases.#pragma weak symbolThis pragma delares symbol to be weak, as if the delaration had the attributeof the same name. The pragma may appear before or after the delaration ofsymbol, but must appear before either its �rst use or its de�nition. It is not anerror for symbol to never be de�ned at all.#pragma weak symbol1 = symbol2This pragma delares symbol1 to be a weak alias of symbol2. It is an error ifsymbol2 is not de�ned in the urrent translation unit.5.48 Unnamed strut/union �elds within struts/unionsFor ompatibility with other ompilers, GCC allows you to de�ne a struture or union thatontains, as �elds, strutures and unions without names. For example:strut {int a;union {int b;float ;};int d;} foo;In this example, the user would be able to aess members of the unnamed union withode like `foo.b'. Note that only unnamed struts and unions are allowed, you may nothave, for example, an unnamed int.You must never reate suh strutures that ause ambiguous �eld de�nitions. For exam-ple, this struture:strut {int a;strut {int a;};} foo;It is ambiguous whih a is being referred to with `foo.a'. Suh onstruts are not sup-ported and must be avoided. In the future, suh onstruts may be deteted and treatedas ompilation errors.Unless `-fms-extensions' is used, the unnamed �eld must be a struture or union de�ni-tion without a tag (for example, `strut { int a; };'). If `-fms-extensions' is used, the�eld may also be a de�nition with a tag suh as `strut foo { int a; };', a referene toa previously de�ned struture or union suh as `strut foo;', or a referene to a typedefname for a previously de�ned struture or union type.



Chapter 5: Extensions to the C Language Family 3315.49 Thread-Loal StorageThread-loal storage (TLS) is a mehanism by whih variables are alloated suh that thereis one instane of the variable per extant thread. The run-time model GCC uses to im-plement this originates in the IA-64 proessor-spei� ABI, but has sine been migratedto other proessors as well. It requires signi�ant support from the linker (ld), dynamilinker (ld.so), and system libraries (`lib.so' and `libpthread.so'), so it is not availableeverywhere.At the user level, the extension is visible with a new storage lass keyword: __thread.For example:__thread int i;extern __thread strut state s;stati __thread har *p;The __thread spei�er may be used alone, with the extern or stati spei�ers, butwith no other storage lass spei�er. When used with extern or stati, __thread mustappear immediately after the other storage lass spei�er.The __thread spei�er may be applied to any global, �le-soped stati, funtion-sopedstati, or stati data member of a lass. It may not be applied to blok-soped automatior non-stati data member.When the address-of operator is applied to a thread-loal variable, it is evaluated atrun-time and returns the address of the urrent thread's instane of that variable. Anaddress so obtained may be used by any thread. When a thread terminates, any pointersto thread-loal variables in that thread beome invalid.No stati initialization may refer to the address of a thread-loal variable.In C++, if an initializer is present for a thread-loal variable, it must be a onstant-expression, as de�ned in 5.19.2 of the ANSI/ISO C++ standard.See ELF Handling For Thread-Loal Storage (http://people.redhat.om/drepper/tls.pdf)for a detailed explanation of the four thread-loal storage addressing models, and how therun-time is expeted to funtion.5.49.1 ISO/IEC 9899:1999 Edits for Thread-Loal StorageThe following are a set of hanges to ISO/IEC 9899:1999 (aka C99) that doument theexat semantis of the language extension.� 5.1.2 Exeution environmentsAdd new text after paragraph 1Within either exeution environment, a thread is a ow of ontrol withina program. It is implementation de�ned whether or not there may bemore than one thread assoiated with a program. It is implementationde�ned how threads beyond the �rst are reated, the name and type ofthe funtion alled at thread startup, and how threads may be terminated.However, objets with thread storage duration shall be initialized beforethread startup.� 6.2.4 Storage durations of objetsAdd new text before paragraph 3



332 Using the GNU Compiler Colletion (GCC)An objet whose identi�er is delared with the storage-lass spei�er__thread has thread storage duration. Its lifetime is the entire exeutionof the thread, and its stored value is initialized only one, prior to threadstartup.� 6.4.1 KeywordsAdd __thread.� 6.7.1 Storage-lass spei�ersAdd __thread to the list of storage lass spei�ers in paragraph 1.Change paragraph 2 toWith the exeption of __thread, at most one storage-lass spei�er maybe given [. . . ℄. The __thread spei�er may be used alone, or immediatelyfollowing extern or stati.Add new text after paragraph 6The delaration of an identi�er for a variable that has blok sope thatspei�es __thread shall also speify either extern or stati.The __thread spei�er shall be used only with variables.5.49.2 ISO/IEC 14882:1998 Edits for Thread-Loal StorageThe following are a set of hanges to ISO/IEC 14882:1998 (aka C++98) that doument theexat semantis of the language extension.� [intro.exeution℄New text after paragraph 4A thread is a ow of ontrol within the abstrat mahine. It is implemen-tation de�ned whether or not there may be more than one thread.New text after paragraph 7It is unspei�ed whether additional ation must be taken to ensure whenand whether side e�ets are visible to other threads.� [lex.key℄Add __thread.� [basi.start.main℄Add after paragraph 5The thread that begins exeution at the main funtion is alled the mainthread. It is implementation de�ned how funtions beginning threads otherthan the main thread are designated or typed. A funtion so designated,as well as the main funtion, is alled a thread startup funtion. It is im-plementation de�ned what happens if a thread startup funtion returns. Itis implementation de�ned what happens to other threads when any threadalls exit.� [basi.start.init℄Add after paragraph 4The storage for an objet of thread storage duration shall be statiallyinitialized before the �rst statement of the thread startup funtion. Anobjet of thread storage duration shall not require dynami initialization.



Chapter 5: Extensions to the C Language Family 333� [basi.start.term℄Add after paragraph 3The type of an objet with thread storage duration shall not have a non-trivial destrutor, nor shall it be an array type whose elements (diretly orindiretly) have non-trivial destrutors.� [basi.st℄Add \thread storage duration" to the list in paragraph 1.Change paragraph 2Thread, stati, and automati storage durations are assoiated with objetsintrodued by delarations [. . . ℄.Add __thread to the list of spei�ers in paragraph 3.� [basi.st.thread℄New setion before [basi.st.stati℄The keyword __thread applied to a non-loal objet gives the objet threadstorage duration.A loal variable or lass data member delared both stati and __threadgives the variable or member thread storage duration.� [basi.st.stati℄Change paragraph 1All objets whih have neither thread storage duration, dynami storageduration nor are loal [. . . ℄.� [dl.st℄Add __thread to the list in paragraph 1.Change paragraph 1With the exeption of __thread, at most one storage-lass-spei�er shallappear in a given del-spei�er-seq. The __thread spei�er may be usedalone, or immediately following the extern or stati spei�ers. [. . . ℄Add after paragraph 5The __thread spei�er an be applied only to the names of objets and toanonymous unions.� [lass.mem℄Add after paragraph 6Non-stati members shall not be __thread.
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Chapter 6: Extensions to the C++ Language 3356 Extensions to the C++ LanguageThe GNU ompiler provides these extensions to the C++ language (and you an also usemost of the C language extensions in your C++ programs). If you want to write odethat heks whether these features are available, you an test for the GNU ompiler thesame way as for C programs: hek for a prede�ned maro __GNUC__. You an also use__GNUG__ to test spei�ally for GNU C++ (see setion \Prede�ned Maros" in The GNUC Preproessor).6.1 When is a Volatile Objet Aessed?Both the C and C++ standard have the onept of volatile objets. These are normallyaessed by pointers and used for aessing hardware. The standards enourage ompilersto refrain from optimizations onerning aesses to volatile objets that it might perform onnon-volatile objets. The C standard leaves it implementation de�ned as to what onstitutesa volatile aess. The C++ standard omits to speify this, exept to say that C++ shouldbehave in a similar manner to C with respet to volatiles, where possible. The minimumeither standard spei�es is that at a sequene point all previous aesses to volatile objetshave stabilized and no subsequent aesses have ourred. Thus an implementation is freeto reorder and ombine volatile aesses whih our between sequene points, but annotdo so for aesses aross a sequene point. The use of volatiles does not allow you to violatethe restrition on updating objets multiple times within a sequene point.In most expressions, it is intuitively obvious what is a read and what is a write. Forinstanevolatile int *dst = somevalue;volatile int *sr = someothervalue;*dst = *sr;will ause a read of the volatile objet pointed to by sr and stores the value into the volatileobjet pointed to by dst. There is no guarantee that these reads and writes are atomi,espeially for objets larger than int.Less obvious expressions are where something whih looks like an aess is used in a voidontext. An example would be,volatile int *sr = somevalue;*sr;With C, suh expressions are rvalues, and as rvalues ause a read of the objet, GCCinterprets this as a read of the volatile being pointed to. The C++ standard spei�es thatsuh expressions do not undergo lvalue to rvalue onversion, and that the type of thedereferened objet may be inomplete. The C++ standard does not speify expliitly thatit is this lvalue to rvalue onversion whih is responsible for ausing an aess. However,there is reason to believe that it is, beause otherwise ertain simple expressions beomeunde�ned. However, beause it would surprise most programmers, G++ treats derefereninga pointer to volatile objet of omplete type in a void ontext as a read of the objet. Whenthe objet has inomplete type, G++ issues a warning.strut S;strut T {int m;};volatile S *ptr1 = somevalue;volatile T *ptr2 = somevalue;*ptr1;



336 Using the GNU Compiler Colletion (GCC)*ptr2;In this example, a warning is issued for *ptr1, and *ptr2 auses a read of the objetpointed to. If you wish to fore an error on the �rst ase, you must fore a onversion torvalue with, for instane a stati ast, stati_ast<S>(*ptr1).When using a referene to volatile, G++ does not treat equivalent expressions as aessesto volatiles, but instead issues a warning that no volatile is aessed. The rationale forthis is that otherwise it beomes diÆult to determine where volatile aess our, and notpossible to ignore the return value from funtions returning volatile referenes. Again, ifyou wish to fore a read, ast the referene to an rvalue.6.2 Restriting Pointer AliasingAs with the C front end, G++ understands the C99 feature of restrited pointers, spei�edwith the __restrit__, or __restrit type quali�er. Beause you annot ompile C++ byspeifying the `-std=99' language ag, restrit is not a keyword in C++.In addition to allowing restrited pointers, you an speify restrited referenes, whihindiate that the referene is not aliased in the loal ontext.void fn (int *__restrit__ rptr, int &__restrit__ rref){ /* . . . */}In the body of fn, rptr points to an unaliased integer and rref refers to a (di�erent) unaliasedinteger.You may also speify whether a member funtion's this pointer is unaliased by using__restrit__ as a member funtion quali�er.void T::fn () __restrit__{ /* . . . */}Within the body of T::fn, this will have the e�etive de�nition T *__restrit__ onstthis. Notie that the interpretation of a __restrit__ member funtion quali�er is di�er-ent to that of onst or volatile quali�er, in that it is applied to the pointer rather thanthe objet. This is onsistent with other ompilers whih implement restrited pointers.As with all outermost parameter quali�ers, __restrit__ is ignored in funtion de�nitionmathing. This means you only need to speify __restrit__ in a funtion de�nition,rather than in a funtion prototype as well.6.3 Vague LinkageThere are several onstruts in C++ whih require spae in the objet �le but are notlearly tied to a single translation unit. We say that these onstruts have \vague linkage".Typially suh onstruts are emitted wherever they are needed, though sometimes we anbe more lever.Inline FuntionsInline funtions are typially de�ned in a header �le whih an be inludedin many di�erent ompilations. Hopefully they an usually be inlined, butsometimes an out-of-line opy is neessary, if the address of the funtion is taken



Chapter 6: Extensions to the C++ Language 337or if inlining fails. In general, we emit an out-of-line opy in all translation unitswhere one is needed. As an exeption, we only emit inline virtual funtions withthe vtable, sine it will always require a opy.Loal stati variables and string onstants used in an inline funtion are alsoonsidered to have vague linkage, sine they must be shared between all inlinedand out-of-line instanes of the funtion.VTables C++ virtual funtions are implemented in most ompilers using a lookup table,known as a vtable. The vtable ontains pointers to the virtual funtions pro-vided by a lass, and eah objet of the lass ontains a pointer to its vtable (orvtables, in some multiple-inheritane situations). If the lass delares any non-inline, non-pure virtual funtions, the �rst one is hosen as the \key method"for the lass, and the vtable is only emitted in the translation unit where thekey method is de�ned.Note: If the hosen key method is later de�ned as inline, the vtable will stillbe emitted in every translation unit whih de�nes it. Make sure that any inlinevirtuals are delared inline in the lass body, even if they are not de�ned there.type info objetsC++ requires information about types to be written out in order to implement`dynami_ast', `typeid' and exeption handling. For polymorphi lasses(lasses with virtual funtions), the type info objet is written out along withthe vtable so that `dynami_ast' an determine the dynami type of a lassobjet at runtime. For all other types, we write out the type info objet whenit is used: when applying `typeid' to an expression, throwing an objet, orreferring to a type in a ath lause or exeption spei�ation.Template InstantiationsMost everything in this setion also applies to template instantiations, but thereare other options as well. See Setion 6.5 [Where's the Template?℄, page 339.When used with GNU ld version 2.8 or later on an ELF system suh as GNU/Linux orSolaris 2, or on Mirosoft Windows, dupliate opies of these onstruts will be disardedat link time. This is known as COMDAT support.On targets that don't support COMDAT, but do support weak symbols, GCC will usethem. This way one opy will override all the others, but the unused opies will still takeup spae in the exeutable.For targets whih do not support either COMDAT or weak symbols, most entities withvague linkage will be emitted as loal symbols to avoid dupliate de�nition errors from thelinker. This will not happen for loal statis in inlines, however, as having multiple opieswill almost ertainly break things.See Setion 6.4 [Delarations and De�nitions in One Header℄, page 337, for another wayto ontrol plaement of these onstruts.6.4 #pragma interfae and implementation#pragma interfae and #pragma implementation provide the user with a way of expliitlydireting the ompiler to emit entities with vague linkage (and debugging information) in apartiular translation unit.



338 Using the GNU Compiler Colletion (GCC)Note: As of GCC 2.7.2, these #pragmas are not useful in most ases, beause of COMDATsupport and the \key method" heuristi mentioned in Setion 6.3 [Vague Linkage℄, page 336.Using them an atually ause your program to grow due to unneessary out-of-line opiesof inline funtions. Currently (3.4) the only bene�t of these #pragmas is redued dupliationof debugging information, and that should be addressed soon on DWARF 2 targets withthe use of COMDAT groups.#pragma interfae#pragma interfae "subdir/objets.h"Use this diretive in header �les that de�ne objet lasses, to save spae inmost of the objet �les that use those lasses. Normally, loal opies of ertaininformation (bakup opies of inline member funtions, debugging information,and the internal tables that implement virtual funtions) must be kept in eahobjet �le that inludes lass de�nitions. You an use this pragma to avoid suhdupliation. When a header �le ontaining `#pragma interfae' is inluded ina ompilation, this auxiliary information will not be generated (unless the maininput soure �le itself uses `#pragma implementation'). Instead, the objet�les will ontain referenes to be resolved at link time.The seond form of this diretive is useful for the ase where you have multipleheaders with the same name in di�erent diretories. If you use this form, youmust speify the same string to `#pragma implementation'.#pragma implementation#pragma implementation "objets.h"Use this pragma in a main input �le, when you want full output from inludedheader �les to be generated (and made globally visible). The inluded header�le, in turn, should use `#pragma interfae'. Bakup opies of inline memberfuntions, debugging information, and the internal tables used to implementvirtual funtions are all generated in implementation �les.If you use `#pragma implementation' with no argument, it applies to aninlude �le with the same basename1 as your soure �le. For example, in`alllass.', giving just `#pragma implementation' by itself is equivalentto `#pragma implementation "alllass.h"'.In versions of GNU C++ prior to 2.6.0 `alllass.h' was treated as an im-plementation �le whenever you would inlude it from `alllass.' even ifyou never spei�ed `#pragma implementation'. This was deemed to be moretrouble than it was worth, however, and disabled.Use the string argument if you want a single implementation �le to inlude odefrom multiple header �les. (You must also use `#inlude' to inlude the header�le; `#pragma implementation' only spei�es how to use the �le|it doesn'tatually inlude it.)There is no way to split up the ontents of a single header �le into multipleimplementation �les.1 A �le's basename was the name stripped of all leading path information and of trailing suÆxes, suh as`.h' or `.C' or `.'.



Chapter 6: Extensions to the C++ Language 339`#pragma implementation' and `#pragma interfae' also have an e�et on funtion in-lining.If you de�ne a lass in a header �le marked with `#pragma interfae', the e�et onan inline funtion de�ned in that lass is similar to an expliit extern delaration|theompiler emits no ode at all to de�ne an independent version of the funtion. Its de�nitionis used only for inlining with its allers.Conversely, when you inlude the same header �le in a main soure �le that delares itas `#pragma implementation', the ompiler emits ode for the funtion itself; this de�nesa version of the funtion that an be found via pointers (or by allers ompiled withoutinlining). If all alls to the funtion an be inlined, you an avoid emitting the funtionby ompiling with `-fno-implement-inlines'. If any alls were not inlined, you will getlinker errors.6.5 Where's the Template?C++ templates are the �rst language feature to require more intelligene from the environ-ment than one usually �nds on a UNIX system. Somehow the ompiler and linker have tomake sure that eah template instane ours exatly one in the exeutable if it is needed,and not at all otherwise. There are two basi approahes to this problem, whih are referredto as the Borland model and the Cfront model.Borland modelBorland C++ solved the template instantiation problem by adding the odeequivalent of ommon bloks to their linker; the ompiler emits template in-stanes in eah translation unit that uses them, and the linker ollapses themtogether. The advantage of this model is that the linker only has to onsider theobjet �les themselves; there is no external omplexity to worry about. Thisdisadvantage is that ompilation time is inreased beause the template odeis being ompiled repeatedly. Code written for this model tends to inludede�nitions of all templates in the header �le, sine they must be seen to beinstantiated.Cfront modelThe AT&T C++ translator, Cfront, solved the template instantiation problemby reating the notion of a template repository, an automatially maintainedplae where template instanes are stored. A more modern version of the repos-itory works as follows: As individual objet �les are built, the ompiler plaesany template de�nitions and instantiations enountered in the repository. Atlink time, the link wrapper adds in the objets in the repository and ompilesany needed instanes that were not previously emitted. The advantages of thismodel are more optimal ompilation speed and the ability to use the systemlinker; to implement the Borland model a ompiler vendor also needs to replaethe linker. The disadvantages are vastly inreased omplexity, and thus poten-tial for error; for some ode this an be just as transparent, but in pratieit an been very diÆult to build multiple programs in one diretory and oneprogram in multiple diretories. Code written for this model tends to separatede�nitions of non-inline member templates into a separate �le, whih should beompiled separately.



340 Using the GNU Compiler Colletion (GCC)When used with GNU ld version 2.8 or later on an ELF system suh as GNU/Linux orSolaris 2, or on Mirosoft Windows, G++ supports the Borland model. On other systems,G++ implements neither automati model.A future version of G++ will support a hybrid model whereby the ompiler will emitany instantiations for whih the template de�nition is inluded in the ompile, and storetemplate de�nitions and instantiation ontext information into the objet �le for the rest.The link wrapper will extrat that information as neessary and invoke the ompiler toprodue the remaining instantiations. The linker will then ombine dupliate instantiations.In the mean time, you have the following options for dealing with template instantiations:1. Compile your template-using ode with `-frepo'. The ompiler will generate �les withthe extension `.rpo' listing all of the template instantiations used in the orrespondingobjet �les whih ould be instantiated there; the link wrapper, `ollet2', will thenupdate the `.rpo' �les to tell the ompiler where to plae those instantiations andrebuild any a�eted objet �les. The link-time overhead is negligible after the �rstpass, as the ompiler will ontinue to plae the instantiations in the same �les.This is your best option for appliation ode written for the Borland model, as it willjust work. Code written for the Cfront model will need to be modi�ed so that thetemplate de�nitions are available at one or more points of instantiation; usually this isas simple as adding #inlude <tmethods.> to the end of eah template header.For library ode, if you want the library to provide all of the template instantiationsit needs, just try to link all of its objet �les together; the link will fail, but ausethe instantiations to be generated as a side e�et. Be warned, however, that this mayause onits if multiple libraries try to provide the same instantiations. For greaterontrol, use expliit instantiation as desribed in the next option.2. Compile your ode with `-fno-impliit-templates' to disable the impliit generationof template instanes, and expliitly instantiate all the ones you use. This approahrequires more knowledge of exatly whih instanes you need than do the others, but it'sless mysterious and allows greater ontrol. You an satter the expliit instantiationsthroughout your program, perhaps putting them in the translation units where theinstanes are used or the translation units that de�ne the templates themselves; youan put all of the expliit instantiations you need into one big �le; or you an reatesmall �les like#inlude "Foo.h"#inlude "Foo."template lass Foo<int>;template ostream& operator <<(ostream&, onst Foo<int>&);for eah of the instanes you need, and reate a template instantiation library fromthose.If you are using Cfront-model ode, you an probably get away with not using`-fno-impliit-templates' when ompiling �les that don't `#inlude' the membertemplate de�nitions.If you use one big �le to do the instantiations, you may want to ompile it without`-fno-impliit-templates' so you get all of the instanes required by your expliitinstantiations (but not by any other �les) without having to speify them as well.



Chapter 6: Extensions to the C++ Language 341G++ has extended the template instantiation syntax given in the ISO standard toallow forward delaration of expliit instantiations (with extern), instantiation of theompiler support data for a template lass (i.e. the vtable) without instantiating anyof its members (with inline), and instantiation of only the stati data members of atemplate lass, without the support data or member funtions (with (stati):extern template int max (int, int);inline template lass Foo<int>;stati template lass Foo<int>;3. Do nothing. Pretend G++ does implement automati instantiation management. Codewritten for the Borland model will work �ne, but eah translation unit will ontaininstanes of eah of the templates it uses. In a large program, this an lead to anunaeptable amount of ode dupliation.6.6 Extrating the funtion pointer from a bound pointer tomember funtionIn C++, pointer to member funtions (PMFs) are implemented using a wide pointer of sortsto handle all the possible all mehanisms; the PMF needs to store information about howto adjust the `this' pointer, and if the funtion pointed to is virtual, where to �nd thevtable, and where in the vtable to look for the member funtion. If you are using PMFs inan inner loop, you should really reonsider that deision. If that is not an option, you anextrat the pointer to the funtion that would be alled for a given objet/PMF pair andall it diretly inside the inner loop, to save a bit of time.Note that you will still be paying the penalty for the all through a funtion pointer; onmost modern arhitetures, suh a all defeats the branh predition features of the CPU.This is also true of normal virtual funtion alls.The syntax for this extension isextern A a;extern int (A::*fp)();typedef int (*fptr)(A *);fptr p = (fptr)(a.*fp);For PMF onstants (i.e. expressions of the form `&Klasse::Member'), no objet is neededto obtain the address of the funtion. They an be onverted to funtion pointers diretly:fptr p1 = (fptr)(&A::foo);You must speify `-Wno-pmf-onversions' to use this extension.6.7 C++-Spei� Variable, Funtion, and Type AttributesSome attributes only make sense for C++ programs.init_priority (priority)In Standard C++, objets de�ned at namespae sope are guaranteed to beinitialized in an order in strit aordane with that of their de�nitions in a giventranslation unit. No guarantee is made for initializations aross translationunits. However, GNU C++ allows users to ontrol the order of initializationof objets de�ned at namespae sope with the init_priority attribute byspeifying a relative priority, a onstant integral expression urrently boundedbetween 101 and 65535 inlusive. Lower numbers indiate a higher priority.



342 Using the GNU Compiler Colletion (GCC)In the following example, A would normally be reated before B, but the init_priority attribute has reversed that order:Some_Class A __attribute__ ((init_priority (2000)));Some_Class B __attribute__ ((init_priority (543)));Note that the partiular values of priority do not matter; only their relativeordering.java_interfaeThis type attribute informs C++ that the lass is a Java interfae. It mayonly be applied to lasses delared within an extern "Java" blok. Calls tomethods delared in this interfae will be dispathed using GCJ's interfae tablemehanism, instead of regular virtual table dispath.See also See Setion 6.8 [Strong Using℄, page 342.6.8 Strong UsingCaution: The semantis of this extension are not fully de�ned. Users should refrain fromusing this extension as its semantis may hange subtly over time. It is possible that thisextension wil be removed in future versions of G++.A using-diretive with __attribute ((strong)) is stronger than a normal using-diretivein two ways:� Templates from the used namespae an be speialized as though they were membersof the using namespae.� The using namespae is onsidered an assoiated namespae of all templates in theused namespae for purposes of argument-dependent name lookup.This is useful for omposing a namespae transparently from implementation namespaes.For example:namespae std {namespae debug {template <lass T> strut A { };}using namespae debug __attribute ((__strong__));template <> strut A<int> { }; // ok to speializetemplate <lass T> void f (A<T>);}int main(){ f (std::A<float>()); // lookup �nds std::ff (std::A<int>());}6.9 Java ExeptionsThe Java language uses a slightly di�erent exeption handling model from C++. Nor-mally, GNU C++ will automatially detet when you are writing C++ ode that uses Javaexeptions, and handle them appropriately. However, if C++ ode only needs to exeute de-strutors when Java exeptions are thrown through it, GCC will guess inorretly. Sampleproblemati ode is:



Chapter 6: Extensions to the C++ Language 343strut S { ~S(); };extern void bar(); // is written in Java, and may throw exeptionsvoid foo(){ S s;bar();}The usual e�et of an inorret guess is a link failure, omplaining of a missing routinealled `__gxx_personality_v0'.You an inform the ompiler that Java exeptions are to be used in a translation unit,irrespetive of what it might think, by writing `#pragma GCC java_exeptions' at the headof the �le. This `#pragma' must appear before any funtions that throw or ath exeptions,or run destrutors when exeptions are thrown through them.You annot mix Java and C++ exeptions in the same translation unit. It is believed tobe safe to throw a C++ exeption from one �le through another �le ompiled for the Javaexeption model, or vie versa, but there may be bugs in this area.6.10 Depreated FeaturesIn the past, the GNU C++ ompiler was extended to experiment with new features, at atime when the C++ language was still evolving. Now that the C++ standard is omplete,some of those features are superseded by superior alternatives. Using the old features mightause a warning in some ases that the feature will be dropped in the future. In other ases,the feature might be gone already.While the list below is not exhaustive, it douments some of the options that are nowdepreated:-fexternal-templates-falt-external-templatesThese are two of the many ways for G++ to implement template instantiation.See Setion 6.5 [Template Instantiation℄, page 339. The C++ standard learlyde�nes how template de�nitions have to be organized aross implementationunits. G++ has an impliit instantiation mehanism that should work just �nefor standard-onforming ode.-fstrit-prototype-fno-strit-prototypePreviously it was possible to use an empty prototype parameter list to indiatean unspei�ed number of parameters (like C), rather than no parameters, asC++ demands. This feature has been removed, exept where it is required forbakwards ompatibility See Setion 6.11 [Bakwards Compatibility℄, page 344.G++ allows a virtual funtion returning `void *' to be overridden by one returning adi�erent pointer type. This extension to the ovariant return type rules is now depreatedand will be removed from a future version.The G++ minimum and maximum operators (`<?' and `>?') and their ompound forms(`<?=') and `>?=') have been depreated and will be removed in a future version. Code usingthese operators should be modi�ed to use std::min and std::max instead.The named return value extension has been depreated, and is now removed from G++.



344 Using the GNU Compiler Colletion (GCC)The use of initializer lists with new expressions has been depreated, and is now removedfrom G++.Floating and omplex non-type template parameters have been depreated, and are nowremoved from G++.The impliit typename extension has been depreated and is now removed from G++.The use of default arguments in funtion pointers, funtion typedefs and and other plaeswhere they are not permitted by the standard is depreated and will be removed from afuture version of G++.G++ allows oating-point literals to appear in integral onstant expressions, e.g. ` enumE { e = int(2.2 * 3.7) } ' This extension is depreated and will be removed from a futureversion.G++ allows stati data members of onst oating-point type to be delared with aninitializer in a lass de�nition. The standard only allows initializers for stati members ofonst integral types and onst enumeration types so this extension has been depreated andwill be removed from a future version.6.11 Bakwards CompatibilityNow that there is a de�nitive ISO standard C++, G++ has a spei�ation to adhere to.The C++ language evolved over time, and features that used to be aeptable in previousdrafts of the standard, suh as the ARM [Annotated C++ Referene Manual℄, are no longeraepted. In order to allow ompilation of C++ written to suh drafts, G++ ontains somebakwards ompatibilities. All suh bakwards ompatibility features are liable to disap-pear in future versions of G++. They should be onsidered depreated See Setion 6.10[Depreated Features℄, page 343.For sope If a variable is delared at for sope, it used to remain in sope until the endof the sope whih ontained the for statement (rather than just within the forsope). G++ retains this, but issues a warning, if suh a variable is aessedoutside the for sope.Impliit C languageOld C system header �les did not ontain an extern "C" {...} sope to setthe language. On suh systems, all header �les are impliitly soped inside a Clanguage sope. Also, an empty prototype () will be treated as an unspei�ednumber of arguments, rather than no arguments, as C++ demands.



Chapter 7: GNU Objetive-C runtime features 3457 GNU Objetive-C runtime featuresThis doument is meant to desribe some of the GNU Objetive-C runtime features. Itis not intended to teah you Objetive-C, there are several resoures on the Internet thatpresent the language. Questions and omments about this doument to Ovidiu Predesuovidiu�up.hp.om.7.1 +load: Exeuting ode before mainThe GNU Objetive-C runtime provides a way that allows you to exeute ode before theexeution of the program enters the main funtion. The ode is exeuted on a per-lass anda per-ategory basis, through a speial lass method +load.This faility is very useful if you want to initialize global variables whih an be aessedby the program diretly, without sending a message to the lass �rst. The usual wayto initialize global variables, in the +initialize method, might not be useful beause+initialize is only alled when the �rst message is sent to a lass objet, whih in someases ould be too late.Suppose for example you have a FileStream lass that delares Stdin, Stdout andStderr as global variables, like below:FileStream *Stdin = nil;FileStream *Stdout = nil;FileStream *Stderr = nil;�implementation FileStream+ (void)initialize{ Stdin = [[FileStream new℄ initWithFd:0℄;Stdout = [[FileStream new℄ initWithFd:1℄;Stderr = [[FileStream new℄ initWithFd:2℄;}/* Other methods here */�endIn this example, the initialization of Stdin, Stdout and Stderr in +initialize ourstoo late. The programmer an send a message to one of these objets before the variablesare atually initialized, thus sending messages to the nil objet. The +initializemethodwhih atually initializes the global variables is not invoked until the �rst message is sentto the lass objet. The solution would require these variables to be initialized just beforeentering main.The orret solution of the above problem is to use the +load method instead of+initialize:�implementation FileStream+ (void)load{ Stdin = [[FileStream new℄ initWithFd:0℄;Stdout = [[FileStream new℄ initWithFd:1℄;



346 Using the GNU Compiler Colletion (GCC)Stderr = [[FileStream new℄ initWithFd:2℄;}/* Other methods here */�endThe +load is a method that is not overridden by ategories. If a lass and a ategory ofit both implement +load, both methods are invoked. This allows some additional initial-izations to be performed in a ategory.This mehanism is not intended to be a replaement for +initialize. You should beaware of its limitations when you deide to use it instead of +initialize.7.1.1 What you an and what you annot do in +loadThe +load implementation in the GNU runtime guarantees you the following things:� you an write whatever C ode you like;� you an send messages to Objetive-C onstant strings (�"this is a onstantstring");� you an alloate and send messages to objets whose lass is implemented in the same�le;� the +load implementation of all super lasses of a lass are exeuted before the +loadof that lass is exeuted;� the +load implementation of a lass is exeuted before the +load implementation ofany ategory.In partiular, the following things, even if they an work in a partiular ase, are notguaranteed:� alloation of or sending messages to arbitrary objets;� alloation of or sending messages to objets whose lasses have a ategory implementedin the same �le;You should make no assumptions about reeiving +load in sibling lasses when you write+load of a lass. The order in whih sibling lasses reeive +load is not guaranteed.The order in whih +load and +initialize are alled ould be problemati if this mat-ters. If you don't alloate objets inside +load, it is guaranteed that +load is alled before+initialize. If you reate an objet inside +load the +initialize method of objet'slass is invoked even if +load was not invoked. Note if you expliitly all +load on a lass,+initialize will be alled �rst. To avoid possible problems try to implement only one ofthese methods.The +load method is also invoked when a bundle is dynamially loaded into your runningprogram. This happens automatially without any intervening operation from you. Whenyou write bundles and you need to write +load you an safely reate and send messages toobjets whose lasses already exist in the running program. The same restritions as aboveapply to lasses de�ned in bundle.



Chapter 7: GNU Objetive-C runtime features 3477.2 Type enodingThe Objetive-C ompiler generates type enodings for all the types. These type enodingsare used at runtime to �nd out information about seletors and methods and about objetsand lasses.The types are enoded in the following way:har unsigned har Cshort sunsigned short Sint iunsigned int Ilong lunsigned long Llong long qunsigned long long Qfloat fdouble dvoid vid �Class #SEL :har* *unknown type ?bit-�elds b followed by the starting position of the bit-�eld, the type of thebit-�eld and the size of the bit-�eld (the bit-�elds enoding washanged from the NeXT's ompiler enoding, see below)The enoding of bit-�elds has hanged to allow bit-�elds to be properly handled by theruntime funtions that ompute sizes and alignments of types that ontain bit-�elds. Theprevious enoding ontained only the size of the bit-�eld. Using only this information it isnot possible to reliably ompute the size oupied by the bit-�eld. This is very importantin the presene of the Boehm's garbage olletor beause the objets are alloated usingthe typed memory faility available in this olletor. The typed memory alloation requiresinformation about where the pointers are loated inside the objet.The position in the bit-�eld is the position, ounting in bits, of the bit losest to thebeginning of the struture.The non-atomi types are enoded as follows:pointers `^' followed by the pointed type.arrays `[' followed by the number of elements in the array followed by thetype of the elements followed by `℄'strutures `{' followed by the name of the struture (or `?' if the struture isunnamed), the `=' sign, the type of the members and by `}'unions `(' followed by the name of the struture (or `?' if the union is un-named), the `=' sign, the type of the members followed by `)'Here are some types and their enodings, as they are generated by the ompiler on ani386 mahine:



348 Using the GNU Compiler Colletion (GCC)Objetive-C type Compiler enodingint a[10℄; [10i℄strut {int i;float f[3℄;int a:3;int b:2;har ;}
{?=i[3f℄b128i3b131i2}

In addition to the types the ompiler also enodes the type spei�ers. The table belowdesribes the enoding of the urrent Objetive-C type spei�ers:Spei�er Enodingonst rin ninout Nout obyopy Ooneway VThe type spei�ers are enoded just before the type. Unlike types however, the typespei�ers are only enoded when they appear in method argument types.7.3 Garbage ColletionSupport for a new memory management poliy has been added by using a powerful onserva-tive garbage olletor, known as the Boehm-Demers-Weiser onservative garbage olletor.It is available from http://www.hpl.hp.om/personal/Hans_Boehm/g/.To enable the support for it you have to on�gure the ompiler using an additional ar-gument, `--enable-obj-g'. You need to have garbage olletor installed before buildingthe ompiler. This will build an additional runtime library whih has several enhanementsto support the garbage olletor. The new library has a new name, `libobj_g.a' to notonit with the non-garbage-olleted library.When the garbage olletor is used, the objets are alloated using the so-alled typedmemory alloation mehanism available in the Boehm-Demers-Weiser olletor. This moderequires preise information on where pointers are loated inside objets. This informationis omputed one per lass, immediately after the lass has been initialized.There is a new runtime funtion lass_ivar_set_ginvisible() whih an be used todelare a so-alled weak pointer referene. Suh a pointer is basially hidden for the garbageolletor; this an be useful in ertain situations, espeially when you want to keep trakof the alloated objets, yet allow them to be olleted. This kind of pointers an only bemembers of objets, you annot delare a global pointer as a weak referene. Every typewhih is a pointer type an be delared a weak pointer, inluding id, Class and SEL.



Chapter 7: GNU Objetive-C runtime features 349Here is an example of how to use this feature. Suppose you want to implement a lasswhose instanes hold a weak pointer referene; the following lass does this:�interfae WeakPointer : Objet{ onst void* weakPointer;}- initWithPointer:(onst void*)p;- (onst void*)weakPointer;�end�implementation WeakPointer+ (void)initialize{ lass_ivar_set_ginvisible (self, "weakPointer", YES);}- initWithPointer:(onst void*)p{ weakPointer = p;return self;}- (onst void*)weakPointer{ return weakPointer;}�endWeak pointers are supported through a new type harater spei�er represented by the`!' harater. The lass_ivar_set_ginvisible() funtion adds or removes this spei�erto the string type desription of the instane variable named as argument.7.4 Constant string objetsGNU Objetive-C provides onstant string objets that are generated diretly by the om-piler. You delare a onstant string objet by pre�xing a C onstant string with the harater`�': id myString = �"this is a onstant string objet";The onstant string objets are by default instanes of the NXConstantString lass whihis provided by the GNU Objetive-C runtime. To get the de�nition of this lass you mustinlude the `obj/NXConstStr.h' header �le.User de�ned libraries may want to implement their own onstant string lass. To be ableto support them, the GNU Objetive-C ompiler provides a new ommand line options`-fonstant-string-lass=lass-name '. The provided lass should adhere to a stritstruture, the same as NXConstantString's struture:�interfae MyConstantStringClass{



350 Using the GNU Compiler Colletion (GCC)Class isa;har *_string;unsigned int len;}�endNXConstantString inherits from Objet; user lass libraries may hoose to inherit theustomized onstant string lass from a di�erent lass than Objet. There is no requirementin the methods the onstant string lass has to implement, but the �nal ivar layout of thelass must be the ompatible with the given struture.When the ompiler reates the statially alloated onstant string objet, the _string�eld will be �lled by the ompiler with the string; the length �eld will be �lled by theompiler with the string length; the isa pointer will be �lled with NULL by the ompiler,and it will later be �xed up automatially at runtime by the GNU Objetive-C runtimelibrary to point to the lass whih was set by the `-fonstant-string-lass' option whenthe objet �le is loaded (if you wonder how it works behind the senes, the name of thelass to use, and the list of stati objets to �xup, are stored by the ompiler in the objet�le in a plae where the GNU runtime library will �nd them at runtime).As a result, when a �le is ompiled with the `-fonstant-string-lass' option, all theonstant string objets will be instanes of the lass spei�ed as argument to this option. Itis possible to have multiple ompilation units referring to di�erent onstant string lasses,neither the ompiler nor the linker impose any restritions in doing this.7.5 ompatibility aliasThis is a feature of the Objetive-C ompiler rather than of the runtime, anyway sine it isdoumented nowhere and its existene was forgotten, we are doumenting it here.The keyword �ompatibility_alias allows you to de�ne a lass name as equivalent toanother lass name. For example:�ompatibility_alias WOAppliation GSWAppliation;tells the ompiler that eah time it enounters WOAppliation as a lass name, itshould replae it with GSWAppliation (that is, WOAppliation is just an alias forGSWAppliation).There are some onstraints on how this an be used|� WOAppliation (the alias) must not be an existing lass;� GSWAppliation (the real lass) must be an existing lass.



Chapter 8: Binary Compatibility 3518 Binary CompatibilityBinary ompatibility enompasses several related onepts:appliation binary interfae (ABI)The set of runtime onventions followed by all of the tools that deal with bi-nary representations of a program, inluding ompilers, assemblers, linkers, andlanguage runtime support. Some ABIs are formal with a written spei�ation,possibly designed by multiple interested parties. Others are simply the waythings are atually done by a partiular set of tools.ABI onformaneA ompiler onforms to an ABI if it generates ode that follows all of thespei�ations enumerated by that ABI. A library onforms to an ABI if it isimplemented aording to that ABI. An appliation onforms to an ABI if itis built using tools that onform to that ABI and does not ontain soure odethat spei�ally hanges behavior spei�ed by the ABI.alling onventionsCalling onventions are a subset of an ABI that speify of how arguments arepassed and funtion results are returned.interoperabilityDi�erent sets of tools are interoperable if they generate �les that an be usedin the same program. The set of tools inludes ompilers, assemblers, linkers,libraries, header �les, startup �les, and debuggers. Binaries produed by dif-ferent sets of tools are not interoperable unless they implement the same ABI.This applies to di�erent versions of the same tools as well as tools from di�erentvendors.interallabilityWhether a funtion in a binary built by one set of tools an all a funtion ina binary built by a di�erent set of tools is a subset of interoperability.implementation-de�ned featuresLanguage standards inlude lists of implementation-de�ned features whose be-havior an vary from one implementation to another. Some of these featuresare normally overed by a platform's ABI and others are not. The featuresthat are not overed by an ABI generally a�et how a program behaves, butnot interallability.ompatibilityConformane to the same ABI and the same behavior of implementation-de�nedfeatures are both relevant for ompatibility.The appliation binary interfae implemented by a C or C++ ompiler a�ets ode gen-eration and runtime support for:� size and alignment of data types� layout of strutured types� alling onventions



352 Using the GNU Compiler Colletion (GCC)� register usage onventions� interfaes for runtime arithmeti support� objet �le formatsIn addition, the appliation binary interfae implemented by a C++ ompiler a�ets odegeneration and runtime support for:� name mangling� exeption handling� invoking onstrutors and destrutors� layout, alignment, and padding of lasses� layout and alignment of virtual tablesSome GCC ompilation options ause the ompiler to generate ode that does not on-form to the platform's default ABI. Other options ause di�erent program behavior forimplementation-de�ned features that are not overed by an ABI. These options are pro-vided for onsisteny with other ompilers that do not follow the platform's default ABIor the usual behavior of implementation-de�ned features for the platform. Be very arefulabout using suh options.Most platforms have a well-de�ned ABI that overs C ode, but ABIs that over C++funtionality are not yet ommon.Starting with GCC 3.2, GCC binary onventions for C++ are based on a written, vendor-neutral C++ ABI that was designed to be spei� to 64-bit Itanium but also inludes generispei�ations that apply to any platform. This C++ ABI is also implemented by otherompiler vendors on some platforms, notably GNU/Linux and BSD systems. We have triedhard to provide a stable ABI that will be ompatible with future GCC releases, but it ispossible that we will enounter problems that make this diÆult. Suh problems ouldinlude di�erent interpretations of the C++ ABI by di�erent vendors, bugs in the ABI, orbugs in the implementation of the ABI in di�erent ompilers. GCC's `-Wabi' swith warnswhen G++ generates ode that is probably not ompatible with the C++ ABI.The C++ library used with a C++ ompiler inludes the Standard C++ Library, withfuntionality de�ned in the C++ Standard, plus language runtime support. The runtimesupport is inluded in a C++ ABI, but there is no formal ABI for the Standard C++ Library.Two implementations of that library are interoperable if one follows the de-fato ABI of theother and if they are both built with the same ompiler, or with ompilers that onform tothe same ABI for C++ ompiler and runtime support.When G++ and another C++ ompiler onform to the same C++ ABI, but the implemen-tations of the Standard C++ Library that they normally use do not follow the same ABI forthe Standard C++ Library, objet �les built with those ompilers an be used in the sameprogram only if they use the same C++ library. This requires speifying the loation of theC++ library header �les when invoking the ompiler whose usual library is not being used.The loation of GCC's C++ header �les depends on how the GCC build was on�gured, butan be seen by using the G++ `-v' option. With default on�guration options for G++ 3.3the ompile line for a di�erent C++ ompiler needs to inlude-Ig_install_diretory/inlude/++/3.3Similarly, ompiling ode with G++ that must use a C++ library other than the GNU C++library requires speifying the loation of the header �les for that other library.



Chapter 8: Binary Compatibility 353The most straightforward way to link a program to use a partiular C++ library is touse a C++ driver that spei�es that C++ library by default. The g++ driver, for example,tells the linker where to �nd GCC's C++ library (`libstd++') plus the other libraries andstartup �les it needs, in the proper order.If a program must use a di�erent C++ library and it's not possible to do the �nal linkusing a C++ driver that uses that library by default, it is neessary to tell g++ the loationand name of that library. It might also be neessary to speify di�erent startup �les andother runtime support libraries, and to suppress the use of GCC's support libraries withone or more of the options `-nostdlib', `-nostartfiles', and `-nodefaultlibs'.
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Chapter 9: gov|a Test Coverage Program 3559 gov|a Test Coverage Programgov is a tool you an use in onjuntion with GCC to test ode overage in your programs.9.1 Introdution to govgov is a test overage program. Use it in onert with GCC to analyze your programsto help reate more eÆient, faster running ode and to disover untested parts of yourprogram. You an use gov as a pro�ling tool to help disover where your optimizatione�orts will best a�et your ode. You an also use gov along with the other pro�ling tool,gprof, to assess whih parts of your ode use the greatest amount of omputing time.Pro�ling tools help you analyze your ode's performane. Using a pro�ler suh as govor gprof, you an �nd out some basi performane statistis, suh as:� how often eah line of ode exeutes� what lines of ode are atually exeuted� how muh omputing time eah setion of ode usesOne you know these things about how your ode works when ompiled, you an look ateah module to see whih modules should be optimized. gov helps you determine whereto work on optimization.Software developers also use overage testing in onert with testsuites, to make suresoftware is atually good enough for a release. Testsuites an verify that a program worksas expeted; a overage program tests to see how muh of the program is exerised by thetestsuite. Developers an then determine what kinds of test ases need to be added to thetestsuites to reate both better testing and a better �nal produt.You should ompile your ode without optimization if you plan to use gov beausethe optimization, by ombining some lines of ode into one funtion, may not give youas muh information as you need to look for `hot spots' where the ode is using a greatdeal of omputer time. Likewise, beause gov aumulates statistis by line (at the lowestresolution), it works best with a programming style that plaes only one statement on eahline. If you use ompliated maros that expand to loops or to other ontrol strutures,the statistis are less helpful|they only report on the line where the maro all appears.If your omplex maros behave like funtions, you an replae them with inline funtionsto solve this problem.gov reates a log�le alled `sourefile.gov' whih indiates how many times eah lineof a soure �le `sourefile.' has exeuted. You an use these log�les along with gprofto aid in �ne-tuning the performane of your programs. gprof gives timing informationyou an use along with the information you get from gov.gov works only on ode ompiled with GCC. It is not ompatible with any other pro�lingor test overage mehanism.9.2 Invoking govgov [options ℄ sourefilegov aepts the following options:



356 Using the GNU Compiler Colletion (GCC)-h--help Display help about using gov (on the standard output), and exit without doingany further proessing.-v--version Display the gov version number (on the standard output), and exit withoutdoing any further proessing.-a--all-bloksWrite individual exeution ounts for every basi blok. Normally gov outputsexeution ounts only for the main bloks of a line. With this option you andetermine if bloks within a single line are not being exeuted.-b--branh-probabilitiesWrite branh frequenies to the output �le, and write branh summary info tothe standard output. This option allows you to see how often eah branh inyour program was taken. Unonditional branhes will not be shown, unless the`-u' option is given.---branh-ountsWrite branh frequenies as the number of branhes taken, rather than theperentage of branhes taken.-n--no-outputDo not reate the gov output �le.-l--long-file-namesCreate long �le names for inluded soure �les. For example, if the header�le `x.h' ontains ode, and was inluded in the �le `a.', then running govon the �le `a.' will produe an output �le alled `a.##x.h.gov' instead of`x.h.gov'. This an be useful if `x.h' is inluded in multiple soure �les. If youuse the `-p' option, both the inluding and inluded �le names will be ompletepath names.-p--preserve-pathsPreserve omplete path information in the names of generated `.gov' �les.Without this option, just the �lename omponent is used. With this option, alldiretories are used, with `/' haraters translated to `#' haraters, `.' diretoryomponents removed and `..' omponents renamed to `^'. This is useful ifsoure�les are in several di�erent diretories. It also a�ets the `-l' option.-f--funtion-summariesOutput summaries for eah funtion in addition to the �le level summary.



Chapter 9: gov|a Test Coverage Program 357-o diretory|file--objet-diretory diretory--objet-file fileSpeify either the diretory ontaining the gov data �les, or the objet pathname. The `.gno', and `.gda' data �les are searhed for using this option. Ifa diretory is spei�ed, the data �les are in that diretory and named after thesoure �le name, without its extension. If a �le is spei�ed here, the data �lesare named after that �le, without its extension. If this option is not supplied,it defaults to the urrent diretory.-u--unonditional-branhesWhen branh probabilities are given, inlude those of unonditional branhes.Unonditional branhes are normally not interesting.gov should be run with the urrent diretory the same as that when you invoked theompiler. Otherwise it will not be able to loate the soure �les. gov produes �les alled`mangledname.gov' in the urrent diretory. These ontain the overage information of thesoure �le they orrespond to. One `.gov' �le is produed for eah soure �le ontainingode, whih was ompiled to produe the data �les. The mangledname part of the output�le name is usually simply the soure �le name, but an be something more ompliated ifthe `-l' or `-p' options are given. Refer to those options for details.The `.gov' �les ontain the `:' separated �elds along with program soure ode. Theformat isexeution_ount:line_number:soure line textAdditional blok information may sueed eah line, when requested by ommand lineoption. The exeution ount is `-' for lines ontaining no ode and `#####' for lines whihwere never exeuted. Some lines of information at the start have line number of zero.The preamble lines are of the form-:0:tag:valueThe ordering and number of these preamble lines will be augmented as gov developmentprogresses | do not rely on them remaining unhanged. Use tag to loate a partiularpreamble line.The additional blok information is of the formtag informationThe information is human readable, but designed to be simple enough for mahine parsingtoo.When printing perentages, 0% and 100% are only printed when the values are exatly0% and 100% respetively. Other values whih would onventionally be rounded to 0% or100% are instead printed as the nearest non-boundary value.When using gov, you must �rst ompile your program with two speial GCC options:`-fprofile-ars -ftest-overage'. This tells the ompiler to generate additional infor-mation needed by gov (basially a ow graph of the program) and also inludes additionalode in the objet �les for generating the extra pro�ling information needed by gov. Theseadditional �les are plaed in the diretory where the objet �le is loated.



358 Using the GNU Compiler Colletion (GCC)Running the program will ause pro�le output to be generated. For eah soure �leompiled with `-fprofile-ars', an aompanying `.gda' �le will be plaed in the objet�le diretory.Running gov with your program's soure �le names as arguments will now produe alisting of the ode along with frequeny of exeution for eah line. For example, if yourprogram is alled `tmp.', this is what you see when you use the basi gov faility:$ g -fprofile-ars -ftest-overage tmp.$ a.out$ gov tmp.90.00% of 10 soure lines exeuted in file tmp.Creating tmp..gov.The �le `tmp..gov' ontains output from gov. Here is a sample:-: 0:Soure:tmp.-: 0:Graph:tmp.gno-: 0:Data:tmp.gda-: 0:Runs:1-: 0:Programs:1-: 1:#inlude <stdio.h>-: 2:-: 3:int main (void)1: 4:{1: 5: int i, total;-: 6:1: 7: total = 0;-: 8:11: 9: for (i = 0; i < 10; i++)10: 10: total += i;-: 11:1: 12: if (total != 45)#####: 13: printf ("Failure\n");-: 14: else1: 15: printf ("Suess\n");1: 16: return 0;-: 17:}When you use the `-a' option, you will get individual blok ounts, and the output lookslike this: -: 0:Soure:tmp.-: 0:Graph:tmp.gno-: 0:Data:tmp.gda-: 0:Runs:1-: 0:Programs:1-: 1:#inlude <stdio.h>-: 2:-: 3:int main (void)1: 4:{1: 4-blok 01: 5: int i, total;-: 6:1: 7: total = 0;-: 8:11: 9: for (i = 0; i < 10; i++)11: 9-blok 010: 10: total += i;10: 10-blok 0-: 11:



Chapter 9: gov|a Test Coverage Program 3591: 12: if (total != 45)1: 12-blok 0#####: 13: printf ("Failure\n");$$$$$: 13-blok 0-: 14: else1: 15: printf ("Suess\n");1: 15-blok 01: 16: return 0;1: 16-blok 0-: 17:}In this mode, eah basi blok is only shown on one line { the last line of the blok.A multi-line blok will only ontribute to the exeution ount of that last line, and otherlines will not be shown to ontain ode, unless previous bloks end on those lines. Thetotal exeution ount of a line is shown and subsequent lines show the exeution ounts forindividual bloks that end on that line. After eah blok, the branh and all ounts of theblok will be shown, if the `-b' option is given.Beause of the way GCC instruments alls, a all ount an be shown after a line withno individual bloks. As you an see, line 13 ontains a basi blok that was not exeuted.When you use the `-b' option, your output looks like this:$ gov -b tmp.90.00% of 10 soure lines exeuted in file tmp.80.00% of 5 branhes exeuted in file tmp.80.00% of 5 branhes taken at least one in file tmp.50.00% of 2 alls exeuted in file tmp.Creating tmp..gov.Here is a sample of a resulting `tmp..gov' �le:-: 0:Soure:tmp.-: 0:Graph:tmp.gno-: 0:Data:tmp.gda-: 0:Runs:1-: 0:Programs:1-: 1:#inlude <stdio.h>-: 2:-: 3:int main (void)funtion main alled 1 returned 1 bloks exeuted 75%1: 4:{1: 5: int i, total;-: 6:1: 7: total = 0;-: 8:11: 9: for (i = 0; i < 10; i++)branh 0 taken 91% (fallthrough)branh 1 taken 9%10: 10: total += i;-: 11:1: 12: if (total != 45)branh 0 taken 0% (fallthrough)branh 1 taken 100%#####: 13: printf ("Failure\n");all 0 never exeuted-: 14: else1: 15: printf ("Suess\n");all 0 alled 1 returned 100%1: 16: return 0;



360 Using the GNU Compiler Colletion (GCC)-: 17:}For eah funtion, a line is printed showing how many times the funtion is alled, howmany times it returns and what perentage of the funtion's bloks were exeuted.For eah basi blok, a line is printed after the last line of the basi blok desribing thebranh or all that ends the basi blok. There an be multiple branhes and alls listed fora single soure line if there are multiple basi bloks that end on that line. In this ase, thebranhes and alls are eah given a number. There is no simple way to map these branhesand alls bak to soure onstruts. In general, though, the lowest numbered branh or allwill orrespond to the leftmost onstrut on the soure line.For a branh, if it was exeuted at least one, then a perentage indiating the numberof times the branh was taken divided by the number of times the branh was exeuted willbe printed. Otherwise, the message \never exeuted" is printed.For a all, if it was exeuted at least one, then a perentage indiating the number oftimes the all returned divided by the number of times the all was exeuted will be printed.This will usually be 100%, but may be less for funtions all exit or longjmp, and thusmay not return every time they are alled.The exeution ounts are umulative. If the example program were exeuted again with-out removing the `.gda' �le, the ount for the number of times eah line in the soure wasexeuted would be added to the results of the previous run(s). This is potentially useful inseveral ways. For example, it ould be used to aumulate data over a number of programruns as part of a test veri�ation suite, or to provide more aurate long-term informationover a large number of program runs.The data in the `.gda' �les is saved immediately before the program exits. For eahsoure �le ompiled with `-fprofile-ars', the pro�ling ode �rst attempts to read in anexisting `.gda' �le; if the �le doesn't math the exeutable (di�ering number of basi blokounts) it will ignore the ontents of the �le. It then adds in the new exeution ounts and�nally writes the data to the �le.9.3 Using gov with GCC OptimizationIf you plan to use gov to help optimize your ode, you must �rst ompile your programwith two speial GCC options: `-fprofile-ars -ftest-overage'. Aside from that, youan use any other GCC options; but if you want to prove that every single line in yourprogram was exeuted, you should not ompile with optimization at the same time. Onsome mahines the optimizer an eliminate some simple ode lines by ombining them withother lines. For example, ode like this:if (a != b) = 1;else = 0;an be ompiled into one instrution on some mahines. In this ase, there is no way forgov to alulate separate exeution ounts for eah line beause there isn't separate odefor eah line. Hene the gov output looks like this if you ompiled the program withoptimization:100: 12:if (a != b)100: 13:  = 1;100: 14:else



Chapter 9: gov|a Test Coverage Program 361100: 15:  = 0;The output shows that this blok of ode, ombined by optimization, exeuted 100 times.In one sense this result is orret, beause there was only one instrution representing allfour of these lines. However, the output does not indiate how many times the result was0 and how many times the result was 1.Inlineable funtions an reate unexpeted line ounts. Line ounts are shown for thesoure ode of the inlineable funtion, but what is shown depends on where the funtion isinlined, or if it is not inlined at all.If the funtion is not inlined, the ompiler must emit an out of line opy of the funtion, inany objet �le that needs it. If `fileA.o' and `fileB.o' both ontain out of line bodies of apartiular inlineable funtion, they will also both ontain overage ounts for that funtion.When `fileA.o' and `fileB.o' are linked together, the linker will, on many systems, seletone of those out of line bodies for all alls to that funtion, and remove or ignore the other.Unfortunately, it will not remove the overage ounters for the unused funtion body. Henewhen instrumented, all but one use of that funtion will show zero ounts.If the funtion is inlined in several plaes, the blok struture in eah loation might notbe the same. For instane, a ondition might now be alulable at ompile time in someinstanes. Beause the overage of all the uses of the inline funtion will be shown for thesame soure lines, the line ounts themselves might seem inonsistent.9.4 Brief desription of gov data �lesgov uses two �les for pro�ling. The names of these �les are derived from the original objet�le by substituting the �le suÆx with either `.gno', or `.gda'. All of these �les are plaedin the same diretory as the objet �le, and ontain data stored in a platform-independentformat.The `.gno' �le is generated when the soure �le is ompiled with the GCC`-ftest-overage' option. It ontains information to reonstrut the basi blok graphsand assign soure line numbers to bloks.The `.gda' �le is generated when a program ontaining objet �les built with the GCC`-fprofile-ars' option is exeuted. A separate `.gda' �le is reated for eah objet �leompiled with this option. It ontains ar transition ounts, and some summary information.The full details of the �le format is spei�ed in `gov-io.h', and funtions provided inthat header �le should be used to aess the overage �les.



362 Using the GNU Compiler Colletion (GCC)



Chapter 10: Known Causes of Trouble with GCC 36310 Known Causes of Trouble with GCCThis setion desribes known problems that a�et users of GCC. Most of these are notGCC bugs per se|if they were, we would �x them. But the result for a user may be likethe result of a bug.Some of these problems are due to bugs in other software, some are missing features thatare too muh work to add, and some are plaes where people's opinions di�er as to what isbest.10.1 Atual Bugs We Haven't Fixed Yet� The fixinludes sript interats badly with automounters; if the diretory of systemheader �les is automounted, it tends to be unmounted while fixinludes is running.This would seem to be a bug in the automounter. We don't know any good way towork around it.� The fixproto sript will sometimes add prototypes for the sigsetjmp and siglongjmpfuntions that referene the jmp_buf type before that type is de�ned. To work aroundthis, edit the o�ending �le and plae the typedef in front of the prototypes.10.2 Cross-Compiler ProblemsYou may run into problems with ross ompilation on ertain mahines, for several reasons.� At present, the program `mips-tfile' whih adds debug support to objet �les onMIPS systems does not work in a ross ompile environment.10.3 InteroperationThis setion lists various diÆulties enountered in using GCC together with other ompilersor with the assemblers, linkers, libraries and debuggers on ertain systems.� On many platforms, GCC supports a di�erent ABI for C++ than do other ompilers, sothe objet �les ompiled by GCC annot be used with objet �les generated by anotherC++ ompiler.An area where the di�erene is most apparent is name mangling. The use of di�erentname mangling is intentional, to protet you from more subtle problems. Compilersdi�er as to many internal details of C++ implementation, inluding: how lass instanesare laid out, how multiple inheritane is implemented, and how virtual funtion allsare handled. If the name enoding were made the same, your programs would linkagainst libraries provided from other ompilers|but the programs would then rashwhen run. Inompatible libraries are then deteted at link time, rather than at runtime.� On some BSD systems, inluding some versions of Ultrix, use of pro�ling auses stativariable destrutors (urrently used only in C++) not to be run.� On some SGI systems, when you use `-lgl_s' as an option, it gets translated magiallyto `-lgl_s -lX11_s -l_s'. Naturally, this does not happen when you use GCC. Youmust speify all three options expliitly.



364 Using the GNU Compiler Colletion (GCC)� On a SPARC, GCC aligns all values of type double on an 8-byte boundary, and itexpets every double to be so aligned. The Sun ompiler usually gives double values8-byte alignment, with one exeption: funtion arguments of type double may not bealigned.As a result, if a funtion ompiled with Sun CC takes the address of an argumentof type double and passes this pointer of type double * to a funtion ompiled withGCC, dereferening the pointer may ause a fatal signal.One way to solve this problem is to ompile your entire program with GCC. Anothersolution is to modify the funtion that is ompiled with Sun CC to opy the argumentinto a loal variable; loal variables are always properly aligned. A third solution is tomodify the funtion that uses the pointer to dereferene it via the following funtionaess_double instead of diretly with `*':inline doubleaess_double (double *unaligned_ptr){ union d2i { double d; int i[2℄; };union d2i *p = (union d2i *) unaligned_ptr;union d2i u;u.i[0℄ = p->i[0℄;u.i[1℄ = p->i[1℄;return u.d;}Storing into the pointer an be done likewise with the same union.� On Solaris, the mallo funtion in the `libmallo.a' library may alloate memorythat is only 4 byte aligned. Sine GCC on the SPARC assumes that doubles are 8 bytealigned, this may result in a fatal signal if doubles are stored in memory alloated bythe `libmallo.a' library.The solution is to not use the `libmallo.a' library. Use instead mallo and relatedfuntions from `lib.a'; they do not have this problem.� On the HP PA mahine, ADB sometimes fails to work on funtions ompiled withGCC. Spei�ally, it fails to work on funtions that use alloa or variable-size arrays.This is beause GCC doesn't generate HP-UX unwind desriptors for suh funtions.It may even be impossible to generate them.� Debugging (`-g') is not supported on the HP PA mahine, unless you use the prelimi-nary GNU tools.� Taking the address of a label may generate errors from the HP-UX PA assembler. GASfor the PA does not have this problem.� Using oating point parameters for indiret alls to stati funtions will not work whenusing the HP assembler. There simply is no way for GCC to speify what registers holdarguments for stati funtions when using the HP assembler. GAS for the PA does nothave this problem.� In extremely rare ases involving some very large funtions you may reeive errors fromthe HP linker omplaining about an out of bounds unonditional branh o�set. This



Chapter 10: Known Causes of Trouble with GCC 365used to our more often in previous versions of GCC, but is now exeptionally rare.If you should run into it, you an work around by making your funtion smaller.� GCC ompiled ode sometimes emits warnings from the HP-UX assembler of the form:(warning) Use of GR3 whenframe >= 8192 may ause onflit.These warnings are harmless and an be safely ignored.� In extremely rare ases involving some very large funtions you may reeive errors fromthe AIX Assembler omplaining about a displaement that is too large. If you shouldrun into it, you an work around by making your funtion smaller.� The `libstd++.a' library in GCC relies on the SVR4 dynami linker semantis whihmerges global symbols between libraries and appliations, espeially neessary for C++streams funtionality. This is not the default behavior of AIX shared libraries anddynami linking. `libstd++.a' is built on AIX with \runtime-linking" enabled sothat symbol merging an our. To utilize this feature, the appliation linked with`libstd++.a' must inlude the `-Wl,-brtl' ag on the link line. G++ annot imposethis beause this option may interfere with the semantis of the user program and usersmay not always use `g++' to link his or her appliation. Appliations are not required touse the `-Wl,-brtl' ag on the link line|the rest of the `libstd++.a' library whihis not dependent on the symbol merging semantis will ontinue to funtion orretly.� An appliation an interpose its own de�nition of funtions for funtions invoked by`libstd++.a' with \runtime-linking" enabled on AIX. To aomplish this the appli-ation must be linked with \runtime-linking" option and the funtions expliitly mustbe exported by the appliation (`-Wl,-brtl,-bE:exportfile').� AIX on the RS/6000 provides support (NLS) for environments outside of the UnitedStates. Compilers and assemblers use NLS to support loale-spei� representationsof various objets inluding oating-point numbers (`.' vs `,' for separating deimalfrations). There have been problems reported where the library linked with GCC doesnot produe the same oating-point formats that the assembler aepts. If you havethis problem, set the LANG environment variable to `C' or `En_US'.� Even if you speify `-fdollars-in-identifiers', you annot suessfully use `$' inidenti�ers on the RS/6000 due to a restrition in the IBM assembler. GAS supportsthese identi�ers.� On Ultrix, the Fortran ompiler expets registers 2 through 5 to be saved by funtionalls. However, the C ompiler uses onventions ompatible with BSD Unix: registers2 through 5 may be lobbered by funtion alls.GCC uses the same onvention as the Ultrix C ompiler. You an use these options toprodue ode ompatible with the Fortran ompiler:-fall-saved-r2 -fall-saved-r3 -fall-saved-r4 -fall-saved-r510.4 Inompatibilities of GCCThere are several noteworthy inompatibilities between GNU C and K&R (non-ISO) ver-sions of C.� GCC normally makes string onstants read-only. If several idential-looking stringonstants are used, GCC stores only one opy of the string.



366 Using the GNU Compiler Colletion (GCC)One onsequene is that you annot all mktemp with a string onstant argument. Thefuntion mktemp always alters the string its argument points to.Another onsequene is that ssanf does not work on some very old systems whenpassed a string onstant as its format ontrol string or input. This is beause ssanfinorretly tries to write into the string onstant. Likewise fsanf and sanf.The solution to these problems is to hange the program to use har-array variableswith initialization strings for these purposes instead of string onstants.� -2147483648 is positive.This is beause 2147483648 annot �t in the type int, so (following the ISO C rules)its data type is unsigned long int. Negating this value yields 2147483648 again.� GCC does not substitute maro arguments when they appear inside of string onstants.For example, the following maro in GCC#define foo(a) "a"will produe output "a" regardless of what the argument a is.� When you use setjmp and longjmp, the only automati variables guaranteed to re-main valid are those delared volatile. This is a onsequene of automati registeralloation. Consider this funtion:jmp_buf j;foo (){ int a, b;a = fun1 ();if (setjmp (j))return a;a = fun2 ();/* longjmp (j) may our in fun3. */return a + fun3 ();}Here a may or may not be restored to its �rst value when the longjmp ours. If a isalloated in a register, then its �rst value is restored; otherwise, it keeps the last valuestored in it.If you use the `-W' option with the `-O' option, you will get a warning when GCC thinkssuh a problem might be possible.� Programs that use preproessing diretives in the middle of maro arguments do notwork with GCC. For example, a program like this will not work:foobar (#define luserhak)ISO C does not permit suh a onstrut.� K&R ompilers allow omments to ross over an inlusion boundary (i.e. started in aninlude �le and ended in the inluding �le).� Delarations of external variables and funtions within a blok apply only to the blokontaining the delaration. In other words, they have the same sope as any otherdelaration in the same plae.



Chapter 10: Known Causes of Trouble with GCC 367In some other C ompilers, a extern delaration a�ets all the rest of the �le even ifit happens within a blok.� In traditional C, you an ombine long, et., with a typedef name, as shown here:typedef int foo;typedef long foo bar;In ISO C, this is not allowed: long and other type modi�ers require an expliit int.� PCC allows typedef names to be used as funtion parameters.� Traditional C allows the following erroneous pair of delarations to appear together ina given sope:typedef int foo;typedef foo foo;� GCC treats all haraters of identi�ers as signi�ant. Aording to K&R-1 (2.2), \Nomore than the �rst eight haraters are signi�ant, although more may be used.". Alsoaording to K&R-1 (2.2), \An identi�er is a sequene of letters and digits; the �rstharater must be a letter. The undersore ounts as a letter.", but GCC also allowsdollar signs in identi�ers.� PCC allows whitespae in the middle of ompound assignment operators suh as `+='.GCC, following the ISO standard, does not allow this.� GCC omplains about unterminated harater onstants inside of preproessing on-ditionals that fail. Some programs have English omments enlosed in onditionalsthat are guaranteed to fail; if these omments ontain apostrophes, GCC will probablyreport an error. For example, this ode would produe an error:#if 0You an't expet this to work.#endifThe best solution to suh a problem is to put the text into an atual C ommentdelimited by `/*...*/'.� Many user programs ontain the delaration `long time ();'. In the past, the systemheader �les on many systems did not atually delare time, so it did not matter whattype your program delared it to return. But in systems with ISO C headers, time isdelared to return time_t, and if that is not the same as long, then `long time ();'is erroneous.The solution is to hange your program to use appropriate system headers (<time.h>on systems with ISO C headers) and not to delare time if the system header �lesdelare it, or failing that to use time_t as the return type of time.� When ompiling funtions that return float, PCC onverts it to a double. GCCatually returns a float. If you are onerned with PCC ompatibility, you shoulddelare your funtions to return double; you might as well say what you mean.� When ompiling funtions that return strutures or unions, GCC output ode normallyuses a method di�erent from that used on most versions of Unix. As a result, odeompiled with GCC annot all a struture-returning funtion ompiled with PCC,and vie versa.The method used by GCC is as follows: a struture or union whih is 1, 2, 4 or 8bytes long is returned like a salar. A struture or union with any other size is storedinto an address supplied by the aller (usually in a speial, �xed register, but on some



368 Using the GNU Compiler Colletion (GCC)mahines it is passed on the stak). The target hook TARGET_STRUCT_VALUE_RTX tellsGCC where to pass this address.By ontrast, PCC on most target mahines returns strutures and unions of any sizeby opying the data into an area of stati storage, and then returning the address ofthat storage as if it were a pointer value. The aller must opy the data from thatmemory area to the plae where the value is wanted. GCC does not use this methodbeause it is slower and nonreentrant.On some newer mahines, PCC uses a reentrant onvention for all struture and unionreturning. GCC on most of these mahines uses a ompatible onvention when return-ing strutures and unions in memory, but still returns small strutures and unions inregisters.You an tell GCC to use a ompatible onvention for all struture and union returningwith the option `-fp-strut-return'.� GCC omplains about program fragments suh as `0x74ae-0x4000' whih appear to betwo hexadeimal onstants separated by the minus operator. Atually, this string is asingle preproessing token. Eah suh token must orrespond to one token in C. Sinethis does not, GCC prints an error message. Although it may appear obvious thatwhat is meant is an operator and two values, the ISO C standard spei�ally requiresthat this be treated as erroneous.A preproessing token is a preproessing number if it begins with a digit and is followedby letters, undersores, digits, periods and `e+', `e-', `E+', `E-', `p+', `p-', `P+', or `P-'harater sequenes. (In strit C89 mode, the sequenes `p+', `p-', `P+' and `P-' annotappear in preproessing numbers.)To make the above program fragment valid, plae whitespae in front of the minussign. This whitespae will end the preproessing number.10.5 Fixed Header FilesGCC needs to install orreted versions of some system header �les. This is beause mosttarget systems have some header �les that won't work with GCC unless they are hanged.Some have bugs, some are inompatible with ISO C, and some depend on speial featuresof other ompilers.Installing GCC automatially reates and installs the �xed header �les, by running aprogram alled fixinludes. Normally, you don't need to pay attention to this. But thereare ases where it doesn't do the right thing automatially.� If you update the system's header �les, suh as by installing a new sys-tem version, the �xed header �les of GCC are not automatially updated.They an be updated using the mkheaders sript installed in `libex-edir/g/target/version/install-tools/'.� On some systems, header �le diretories ontain mahine-spei� symboli links inertain plaes. This makes it possible to share most of the header �les among hostsrunning the same version of the system on di�erent mahine models.The programs that �x the header �les do not understand this speial way of usingsymboli links; therefore, the diretory of �xed header �les is good only for the mahinemodel used to build it.



Chapter 10: Known Causes of Trouble with GCC 369It is possible to make separate sets of �xed header �les for the di�erent mahine models,and arrange a struture of symboli links so as to use the proper set, but you'll haveto do this by hand.10.6 Standard LibrariesGCC by itself attempts to be a onforming freestanding implementation. See Chapter 2[Language Standards Supported by GCC℄, page 5, for details of what this means. Beyondthe library failities required of suh an implementation, the rest of the C library is suppliedby the vendor of the operating system. If that C library doesn't onform to the C standards,then your programs might get warnings (espeially when using `-Wall') that you don'texpet.For example, the sprintf funtion on SunOS 4.1.3 returns har * while the C standardsays that sprintf returns an int. The fixinludes program ould make the prototypefor this funtion math the Standard, but that would be wrong, sine the funtion will stillreturn har *.If you need a Standard ompliant library, then you need to �nd one, as GCC does notprovide one. The GNU C library (alled glib) provides ISO C, POSIX, BSD, SystemV andX/Open ompatibility for GNU/Linux and HURD-based GNU systems; no reent versionof it supports other systems, though some very old versions did. Version 2.2 of the GNUC library inludes nearly omplete C99 support. You ould also ask your operating systemvendor if newer libraries are available.10.7 Disappointments and MisunderstandingsThese problems are perhaps regrettable, but we don't know any pratial way around them.� Certain loal variables aren't reognized by debuggers when you ompile with opti-mization.This ours beause sometimes GCC optimizes the variable out of existene. Thereis no way to tell the debugger how to ompute the value suh a variable \would havehad", and it is not lear that would be desirable anyway. So GCC simply does notmention the eliminated variable when it writes debugging information.You have to expet a ertain amount of disagreement between the exeutable and yoursoure ode, when you use optimization.� Users often think it is a bug when GCC reports an error for ode like this:int foo (strut mumble *);strut mumble { ... };int foo (strut mumble *x){ ... }This ode really is erroneous, beause the sope of strut mumble in the prototypeis limited to the argument list ontaining it. It does not refer to the strut mumblede�ned with �le sope immediately below|they are two unrelated types with similarnames in di�erent sopes.But in the de�nition of foo, the �le-sope type is used beause that is available to beinherited. Thus, the de�nition and the prototype do not math, and you get an error.



370 Using the GNU Compiler Colletion (GCC)This behavior may seem silly, but it's what the ISO standard spei�es. It is easy enoughfor you to make your ode work by moving the de�nition of strut mumble above theprototype. It's not worth being inompatible with ISO C just to avoid an error for theexample shown above.� Aesses to bit-�elds even in volatile objets works by aessing larger objets, suh asa byte or a word. You annot rely on what size of objet is aessed in order to read orwrite the bit-�eld; it may even vary for a given bit-�eld aording to the preise usage.If you are about ontrolling the amount of memory that is aessed, use volatile butdo not use bit-�elds.� GCC omes with shell sripts to �x ertain known problems in system header �les.They install orreted opies of various header �les in a speial diretory where onlyGCC will normally look for them. The sripts adapt to various systems by searhingall the system header �les for the problem ases that we know about.If new system header �les are installed, nothing automatially arranges to update theorreted header �les. They an be updated using the mkheaders sript installed in`libexedir/g/target/version/install-tools/'.� On 68000 and x86 systems, for instane, you an get paradoxial results if you testthe preise values of oating point numbers. For example, you an �nd that a oatingpoint value whih is not a NaN is not equal to itself. This results from the fat thatthe oating point registers hold a few more bits of preision than �t in a double inmemory. Compiled ode moves values between memory and oating point registers atits onveniene, and moving them into memory trunates them.You an partially avoid this problem by using the `-ffloat-store' option (see Se-tion 3.10 [Optimize Options℄, page 61).� On AIX and other platforms without weak symbol support, templates need to be in-stantiated expliitly and symbols for stati members of templates will not be generated.� On AIX, GCC sans objet �les and library arhives for stati onstrutors and de-strutors when linking an appliation before the linker prunes unreferened symbols.This is neessary to prevent the AIX linker from mistakenly assuming that stati on-strutor or destrutor are unused and removing them before the sanning an our.All stati onstrutors and destrutors found will be referened even though the mod-ules in whih they our may not be used by the program. This may lead to bothinreased exeutable size and unexpeted symbol referenes.10.8 Common Misunderstandings with GNU C++C++ is a omplex language and an evolving one, and its standard de�nition (the ISO C++standard) was only reently ompleted. As a result, your C++ ompiler may oasionallysurprise you, even when its behavior is orret. This setion disusses some areas thatfrequently give rise to questions of this sort.10.8.1 Delare and De�ne Stati MembersWhen a lass has stati data members, it is not enough to delare the stati member; youmust also de�ne it. For example:lass Foo{



Chapter 10: Known Causes of Trouble with GCC 371...void method();stati int bar;};This delaration only establishes that the lass Foo has an int named Foo::bar, and amember funtion named Foo::method. But you still need to de�ne both method and barelsewhere. Aording to the ISO standard, you must supply an initializer in one (and onlyone) soure �le, suh as:int Foo::bar = 0;Other C++ ompilers may not orretly implement the standard behavior. As a result,when you swith to g++ from one of these ompilers, you may disover that a programthat appeared to work orretly in fat does not onform to the standard: g++ reports asunde�ned symbols any stati data members that lak de�nitions.10.8.2 Name lookup, templates, and aessing members of baselassesThe C++ standard presribes that all names that are not dependent on template parametersare bound to their present de�nitions when parsing a template funtion or lass.1 Onlynames that are dependent are looked up at the point of instantiation. For example, onsidervoid foo(double);strut A {template <typename T>void f () {foo (1); // 1int i = N; // 2T t;t.bar(); // 3foo (t); // 4}stati onst int N;};Here, the names foo and N appear in a ontext that does not depend on the type of T.The ompiler will thus require that they are de�ned in the ontext of use in the template,not only before the point of instantiation, and will here use ::foo(double) and A::N,respetively. In partiular, it will onvert the integer value to a double when passing it to::foo(double).Conversely, bar and the all to foo in the fourth marked line are used in ontexts that dodepend on the type of T, so they are only looked up at the point of instantiation, and youan provide delarations for them after delaring the template, but before instantiating it.In partiular, if you instantiate A::f<int>, the last line will all an overloaded ::foo(int)if one was provided, even if after the delaration of strut A.This distintion between lookup of dependent and non-dependent names is alled two-stage (or dependent) name lookup. G++ implements it sine version 3.4.Two-stage name lookup sometimes leads to situations with behavior di�erent from non-template odes. The most ommon is probably this:1 The C++ standard just uses the term \dependent" for names that depend on the type or value of templateparameters. This shorter term will also be used in the rest of this setion.



372 Using the GNU Compiler Colletion (GCC)template <typename T> strut Base {int i;};template <typename T> strut Derived : publi Base<T> {int get_i() { return i; }};In get_i(), i is not used in a dependent ontext, so the ompiler will look for a namedelared at the enlosing namespae sope (whih is the global sope here). It will not lookinto the base lass, sine that is dependent and you may delare speializations of Baseeven after delaring Derived, so the ompiler an't really know what i would refer to. Ifthere is no global variable i, then you will get an error message.In order to make it lear that you want the member of the base lass, you need to deferlookup until instantiation time, at whih the base lass is known. For this, you need toaess i in a dependent ontext, by either using this->i (remember that this is of typeDerived<T>*, so is obviously dependent), or using Base<T>::i. Alternatively, Base<T>::imight be brought into sope by a using-delaration.Another, similar example involves alling member funtions of a base lass:template <typename T> strut Base {int f();};template <typename T> strut Derived : Base<T> {int g() { return f(); };};Again, the all to f() is not dependent on template arguments (there are no argumentsthat depend on the type T, and it is also not otherwise spei�ed that the all should bein a dependent ontext). Thus a global delaration of suh a funtion must be available,sine the one in the base lass is not visible until instantiation time. The ompiler willonsequently produe the following error message:x.: In member funtion `int Derived<T>::g()':x.:6: error: there are no arguments to `f' that depend on a templateparameter, so a delaration of `f' must be availablex.:6: error: (if you use `-fpermissive', G++ will aept your ode, butallowing the use of an undelared name is depreated)To make the ode valid either use this->f(), or Base<T>::f(). Using the`-fpermissive' ag will also let the ompiler aept the ode, by marking all funtionalls for whih no delaration is visible at the time of de�nition of the template for laterlookup at instantiation time, as if it were a dependent all. We do not reommend using`-fpermissive' to work around invalid ode, and it will also only ath ases wherefuntions in base lasses are alled, not where variables in base lasses are used (as in theexample above).Note that some ompilers (inluding G++ versions prior to 3.4) get these examples wrongand aept above ode without an error. Those ompilers do not implement two-stage namelookup orretly.10.8.3 Temporaries May Vanish Before You ExpetIt is dangerous to use pointers or referenes to portions of a temporary objet. The ompilermay very well delete the objet before you expet it to, leaving a pointer to garbage. The



Chapter 10: Known Causes of Trouble with GCC 373most ommon plae where this problem rops up is in lasses like string lasses, espeiallyones that de�ne a onversion funtion to type har * or onst har *|whih is one reasonwhy the standard string lass requires you to all the _str member funtion. However,any lass that returns a pointer to some internal struture is potentially subjet to thisproblem.For example, a program may use a funtion strfun that returns string objets, andanother funtion harfun that operates on pointers to har:string strfun ();void harfun (onst har *);voidf (){ onst har *p = strfun()._str();...harfun (p);...harfun (p);}In this situation, it may seem reasonable to save a pointer to the C string returned bythe _str member funtion and use that rather than all _str repeatedly. However, thetemporary string reated by the all to strfun is destroyed after p is initialized, at whihpoint p is left pointing to freed memory.Code like this may run suessfully under some other ompilers, partiularly obsoletefront-based ompilers that delete temporaries along with normal loal variables. How-ever, the GNU C++ behavior is standard-onforming, so if your program depends on latedestrution of temporaries it is not portable.The safe way to write suh ode is to give the temporary a name, whih fores it toremain until the end of the sope of the name. For example:onst string& tmp = strfun ();harfun (tmp._str ());10.8.4 Impliit Copy-Assignment for Virtual BasesWhen a base lass is virtual, only one subobjet of the base lass belongs to eah fullobjet. Also, the onstrutors and destrutors are invoked only one, and alled from themost-derived lass. However, suh objets behave unspei�ed when being assigned. Forexample:strut Base{har *name;Base(har *n) : name(strdup(n)){}Base& operator= (onst Base& other){free (name);name = strdup (other.name);}};strut A:virtual Base{int val;A():Base("A"){}};



374 Using the GNU Compiler Colletion (GCC)strut B:virtual Base{int bval;B():Base("B"){}};strut Derived:publi A, publi B{Derived():Base("Derived"){}};void fun(Derived &d1, Derived &d2){ d1 = d2;}The C++ standard spei�es that `Base::Base' is only alled one when onstruting oropy-onstruting a Derived objet. It is unspei�ed whether `Base::operator=' is alledmore than one when the impliit opy-assignment for Derived objets is invoked (as it isinside `fun' in the example).G++ implements the \intuitive" algorithm for opy-assignment: assign all diret bases,then assign all members. In that algorithm, the virtual base subobjet an be enounteredmore than one. In the example, opying proeeds in the following order: `val', `name' (viastrdup), `bval', and `name' again.If appliation ode relies on opy-assignment, a user-de�ned opy-assignment operatorremoves any unertainties. With suh an operator, the appliation an de�ne whether andhow the virtual base subobjet is assigned.10.9 Caveats of using protoizeThe onversion programs protoize and unprotoize an sometimes hange a soure �le ina way that won't work unless you rearrange it.� protoize an insert referenes to a type name or type tag before the de�nition, or ina �le where they are not de�ned.If this happens, ompiler error messages should show you where the new referenes are,so �xing the �le by hand is straightforward.� There are some C onstruts whih protoize annot �gure out. For example, it an'tdetermine argument types for delaring a pointer-to-funtion variable; this you mustdo by hand. protoize inserts a omment ontaining `???' eah time it �nds suh avariable; so you an �nd all suh variables by searhing for this string. ISO C does notrequire delaring the argument types of pointer-to-funtion types.� Using unprotoize an easily introdue bugs. If the program relied on prototypesto bring about onversion of arguments, these onversions will not take plae in theprogram without prototypes. One ase in whih you an be sure unprotoize is safeis when you are removing prototypes that were made with protoize; if the programworked before without any prototypes, it will work again without them.You an �nd all the plaes where this problem might our by ompiling the pro-gram with the `-Wonversion' option. It prints a warning whenever an argument isonverted.� Both onversion programs an be onfused if there are maro alls in and around thetext to be onverted. In other words, the standard syntax for a delaration or de�nition



Chapter 10: Known Causes of Trouble with GCC 375must not result from expanding a maro. This problem is inherent in the design of Cand annot be �xed. If only a few funtions have onfusing maro alls, you an easilyonvert them manually.� protoize annot get the argument types for a funtion whose de�nition was not atu-ally ompiled due to preproessing onditionals. When this happens, protoize hangesnothing in regard to suh a funtion. protoize tries to detet suh instanes and warnabout them.You an generally work around this problem by using protoize step by step, eahtime speifying a di�erent set of `-D' options for ompilation, until all of the funtionshave been onverted. There is no automati way to verify that you have got them all,however.� Confusion may result if there is an oasion to onvert a funtion delaration or def-inition in a region of soure ode where there is more than one formal parameter listpresent. Thus, attempts to onvert ode ontaining multiple (onditionally ompiled)versions of a single funtion header (in the same viinity) may not produe the desired(or expeted) results.If you plan on onverting soure �les whih ontain suh ode, it is reommendedthat you �rst make sure that eah onditionally ompiled region of soure ode whihontains an alternative funtion header also ontains at least one additional followertoken (past the �nal right parenthesis of the funtion header). This should irumventthe problem.� unprotoize an beome onfused when trying to onvert a funtion de�nition or de-laration whih ontains a delaration for a pointer-to-funtion formal argument whihhas the same name as the funtion being de�ned or delared. We reommend you avoidsuh hoies of formal parameter names.� You might also want to orret some of the indentation by hand and break long lines.(The onversion programs don't write lines longer than eighty haraters in any ase.)10.10 Certain Changes We Don't Want to MakeThis setion lists hanges that people frequently request, but whih we do not make beausewe think GCC is better without them.� Cheking the number and type of arguments to a funtion whih has an old-fashionedde�nition and no prototype.Suh a feature would work only oasionally|only for alls that appear in the same�le as the alled funtion, following the de�nition. The only way to hek all allsreliably is to add a prototype for the funtion. But adding a prototype eliminates themotivation for this feature. So the feature is not worthwhile.� Warning about using an expression whose type is signed as a shift ount.Shift ount operands are probably signed more often than unsigned. Warning aboutthis would ause far more annoyane than good.� Warning about assigning a signed value to an unsigned variable.Suh assignments must be very ommon; warning about them would ause more an-noyane than good.



376 Using the GNU Compiler Colletion (GCC)� Warning when a non-void funtion value is ignored.C ontains many standard funtions that return a value that most programs hoose toignore. One obvious example is printf. Warning about this pratie only leads thedefensive programmer to lutter programs with dozens of asts to void. Suh astsare required so frequently that they beome visual noise. Writing those asts beomesso automati that they no longer onvey useful information about the intentions ofthe programmer. For funtions where the return value should never be ignored, usethe warn_unused_result funtion attribute (see Setion 5.24 [Funtion Attributes℄,page 217).� Making `-fshort-enums' the default.This would ause storage layout to be inompatible with most other C ompilers. Andit doesn't seem very important, given that you an get the same result in other ways.The ase where it matters most is when the enumeration-valued objet is inside astruture, and in that ase you an speify a �eld width expliitly.� Making bit-�elds unsigned by default on partiular mahines where \the ABI standard"says to do so.The ISO C standard leaves it up to the implementation whether a bit-�eld delaredplain int is signed or not. This in e�et reates two alternative dialets of C.The GNU C ompiler supports both dialets; you an speify the signed dialet with`-fsigned-bitfields' and the unsigned dialet with `-funsigned-bitfields'. How-ever, this leaves open the question of whih dialet to use by default.Currently, the preferred dialet makes plain bit-�elds signed, beause this is simplest.Sine int is the same as signed int in every other ontext, it is leanest for them tobe the same in bit-�elds as well.Some omputer manufaturers have published Appliation Binary Interfae standardswhih speify that plain bit-�elds should be unsigned. It is a mistake, however, to sayanything about this issue in an ABI. This is beause the handling of plain bit-�eldsdistinguishes two dialets of C. Both dialets are meaningful on every type of mahine.Whether a partiular objet �le was ompiled using signed bit-�elds or unsigned is ofno onern to other objet �les, even if they aess the same bit-�elds in the same datastrutures.A given program is written in one or the other of these two dialets. The programstands a hane to work on most any mahine if it is ompiled with the proper dialet.It is unlikely to work at all if ompiled with the wrong dialet.Many users appreiate the GNU C ompiler beause it provides an environment that isuniform aross mahines. These users would be inonveniened if the ompiler treatedplain bit-�elds di�erently on ertain mahines.Oasionally users write programs intended only for a partiular mahine type. Onthese oasions, the users would bene�t if the GNU C ompiler were to support bydefault the same dialet as the other ompilers on that mahine. But suh appliationsare rare. And users writing a program to run on more than one type of mahine annotpossibly bene�t from this kind of ompatibility.This is why GCC does and will treat plain bit-�elds in the same fashion on all typesof mahines (by default).



Chapter 10: Known Causes of Trouble with GCC 377There are some arguments for making bit-�elds unsigned by default on all mahines.If, for example, this beomes a universal de fato standard, it would make sense forGCC to go along with it. This is something to be onsidered in the future.(Of ourse, users strongly onerned about portability should indiate expliitly in eahbit-�eld whether it is signed or not. In this way, they write programs whih have thesame meaning in both C dialets.)� Unde�ning __STDC__ when `-ansi' is not used.Currently, GCC de�nes __STDC__ unonditionally. This provides good results in pra-tie.Programmers normally use onditionals on __STDC__ to ask whether it is safe to useertain features of ISO C, suh as funtion prototypes or ISO token onatenation.Sine plain g supports all the features of ISO C, the orret answer to these questionsis \yes".Some users try to use __STDC__ to hek for the availability of ertain library failities.This is atually inorret usage in an ISO C program, beause the ISO C standard saysthat a onforming freestanding implementation should de�ne __STDC__ even though itdoes not have the library failities. `g -ansi -pedanti' is a onforming freestandingimplementation, and it is therefore required to de�ne __STDC__, even though it doesnot ome with an ISO C library.Sometimes people say that de�ning __STDC__ in a ompiler that does not ompletelyonform to the ISO C standard somehow violates the standard. This is illogial. Thestandard is a standard for ompilers that laim to support ISO C, suh as `g -ansi'|not for other ompilers suh as plain g. Whatever the ISO C standard says isrelevant to the design of plain g without `-ansi' only for pragmati reasons, not asa requirement.GCC normally de�nes __STDC__ to be 1, and in addition de�nes __STRICT_ANSI__ ifyou speify the `-ansi' option, or a `-std' option for strit onformane to some versionof ISO C. On some hosts, system inlude �les use a di�erent onvention, where __STDC__ is normally 0, but is 1 if the user spei�es strit onformane to the C Standard. GCCfollows the host onvention when proessing system inlude �les, but when proessinguser �les it follows the usual GNU C onvention.� Unde�ning __STDC__ in C++.Programs written to ompile with C++-to-C translators get the value of __STDC__ thatgoes with the C ompiler that is subsequently used. These programs must test __STDC__ to determine what kind of C preproessor that ompiler uses: whether they shouldonatenate tokens in the ISO C fashion or in the traditional fashion.These programs work properly with GNU C++ if __STDC__ is de�ned. They would notwork otherwise.In addition, many header �les are written to provide prototypes in ISO C but not intraditional C. Many of these header �les an work without hange in C++ provided__STDC__ is de�ned. If __STDC__ is not de�ned, they will all fail, and will all need tobe hanged to test expliitly for C++ as well.� Deleting \empty" loops.



378 Using the GNU Compiler Colletion (GCC)Historially, GCC has not deleted \empty" loops under the assumption that the mostlikely reason you would put one in a program is to have a delay, so deleting them willnot make real programs run any faster.However, the rationale here is that optimization of a nonempty loop annot produean empty one. This held for arefully written C ompiled with less powerful optimizersbut is not always the ase for arefully written C++ or with more powerful optimizers.Thus GCC will remove operations from loops whenever it an determine those opera-tions are not externally visible (apart from the time taken to exeute them, of ourse).As GCC improves, it will remove the loop itself. Indeed, with `-funroll-loops' smallloops an already be removed, so leaving an empty non-unrolled loop is both sub-optimal and inonsistent.Be aware of this when performing timing tests, for instane the following loop an beompletely removed, provided some_expression an provably not hange any globalstate. { int sum = 0;int ix;for (ix = 0; ix != 10000; ix++)sum += some_expression;}Even though sum is aumulated in the loop, no use is made of that summation, so theaumulation an be removed.� Making side e�ets happen in the same order as in some other ompiler.It is never safe to depend on the order of evaluation of side e�ets. For example, afuntion all like this may very well behave di�erently from one ompiler to another:void fun (int, int);int i = 2;fun (i++, i++);There is no guarantee (in either the C or the C++ standard language de�nitions) that theinrements will be evaluated in any partiular order. Either inrement might happen�rst. fun might get the arguments `2, 3', or it might get `3, 2', or even `2, 2'.� Making ertain warnings into errors by default.Some ISO C testsuites report failure when the ompiler does not produe an errormessage for a ertain program.ISO C requires a \diagnosti" message for ertain kinds of invalid programs, but awarning is de�ned by GCC to ount as a diagnosti. If GCC produes a warning butnot an error, that is orret ISO C support. If testsuites all this \failure", they shouldbe run with the GCC option `-pedanti-errors', whih will turn these warnings intoerrors.10.11 Warning Messages and Error MessagesThe GNU ompiler an produe two kinds of diagnostis: errors and warnings. Eah kindhas a di�erent purpose:



Chapter 10: Known Causes of Trouble with GCC 379Errors report problems that make it impossible to ompile your program. GCC reportserrors with the soure �le name and line number where the problem is apparent.Warnings report other unusual onditions in your ode that may indiate a problem,although ompilation an (and does) proeed. Warning messages also report the soure�le name and line number, but inlude the text `warning:' to distinguish them fromerror messages.Warnings may indiate danger points where you should hek to make sure that yourprogram really does what you intend; or the use of obsolete features; or the use of nonstan-dard features of GNU C or C++. Many warnings are issued only if you ask for them, withone of the `-W' options (for instane, `-Wall' requests a variety of useful warnings).GCC always tries to ompile your program if possible; it never gratuitously rejets aprogram whose meaning is lear merely beause (for instane) it fails to onform to astandard. In some ases, however, the C and C++ standards speify that ertain extensionsare forbidden, and a diagnosti must be issued by a onforming ompiler. The `-pedanti'option tells GCC to issue warnings in suh ases; `-pedanti-errors' says to make themerrors instead. This does not mean that all non-ISO onstruts get warnings or errors.See Setion 3.8 [Options to Request or Suppress Warnings℄, page 34, for more detail onthese and related ommand-line options.
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Chapter 11: Reporting Bugs 38111 Reporting BugsYour bug reports play an essential role in making GCC reliable.When you enounter a problem, the �rst thing to do is to see if it is already known. SeeChapter 10 [Trouble℄, page 363. If it isn't known, then you should report the problem.11.1 Have You Found a Bug?If you are not sure whether you have found a bug, here are some guidelines:� If the ompiler gets a fatal signal, for any input whatever, that is a ompiler bug.Reliable ompilers never rash.� If the ompiler produes invalid assembly ode, for any input whatever (exept anasm statement), that is a ompiler bug, unless the ompiler reports errors (not justwarnings) whih would ordinarily prevent the assembler from being run.� If the ompiler produes valid assembly ode that does not orretly exeute the inputsoure ode, that is a ompiler bug.However, you must double-hek to make sure, beause you may have a program whosebehavior is unde�ned, whih happened by hane to give the desired results with an-other C or C++ ompiler.For example, in many nonoptimizing ompilers, you an write `x;' at the end of afuntion instead of `return x;', with the same results. But the value of the funtionis unde�ned if return is omitted; it is not a bug when GCC produes di�erent results.Problems often result from expressions with two inrement operators, as in f (*p++,*p++). Your previous ompiler might have interpreted that expression the way youintended; GCC might interpret it another way. Neither ompiler is wrong. The bug isin your ode.After you have loalized the error to a single soure line, it should be easy to hek forthese things. If your program is orret and well de�ned, you have found a ompilerbug.� If the ompiler produes an error message for valid input, that is a ompiler bug.� If the ompiler does not produe an error message for invalid input, that is a ompilerbug. However, you should note that your idea of \invalid input" might be someoneelse's idea of \an extension" or \support for traditional pratie".� If you are an experiened user of one of the languages GCC supports, your suggestionsfor improvement of GCC are welome in any ase.11.2 How and where to Report BugsBugs should be reported to the GCC bug database. Please refer to http://g.gnu.org/bugs.htmlfor up-to-date instrutions how to submit bug reports. Copies of this �le in HTML(`bugs.html') and plain text (`BUGS') are also part of GCC releases.
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Chapter 12: How To Get Help with GCC 38312 How To Get Help with GCCIf you need help installing, using or hanging GCC, there are two ways to �nd it:� Send a message to a suitable network mailing list. First try g-help�g.gnu.org (forhelp installing or using GCC), and if that brings no response, try g�g.gnu.org.For help hanging GCC, ask g�g.gnu.org. If you think you have found a bug inGCC, please report it following the instrutions at see Setion 11.2 [Bug Reporting℄,page 381.� Look in the servie diretory for someone who might help you for a fee. The serviediretory is found at http://www.gnu.org/prep/servie.html.For further information, see http://g.gnu.org/faq.html#support.
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Chapter 13: Contributing to GCC Development 38513 Contributing to GCC DevelopmentIf you would like to help pretest GCC releases to assure they work well, urrent developmentsoures are available by CVS (see http://g.gnu.org/vs.html). Soure and binarysnapshots are also available for FTP; see http://g.gnu.org/snapshots.html.If you would like to work on improvements to GCC, please read the advie at these URLs:http://g.gnu.org/ontribute.htmlhttp://g.gnu.org/ontributewhy.htmlfor information on how to make useful ontributions and avoid dupliation of e�ort. Sug-gested projets are listed at http://g.gnu.org/projets/.
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Chapter 13: Funding Free Software 387Funding Free SoftwareIf you want to have more free software a few years from now, it makes sense for you tohelp enourage people to ontribute funds for its development. The most e�etive approahknown is to enourage ommerial redistributors to donate.Users of free software systems an boost the pae of development by enouraging for-a-fee distributors to donate part of their selling prie to free software developers|the FreeSoftware Foundation, and others.The way to onvine distributors to do this is to demand it and expet it from them. Sowhen you ompare distributors, judge them partly by how muh they give to free softwaredevelopment. Show distributors they must ompete to be the one who gives the most.To make this approah work, you must insist on numbers that you an ompare, suh as,\We will donate ten dollars to the Frobnitz projet for eah disk sold." Don't be satis�edwith a vague promise, suh as \A portion of the pro�ts are donated," sine it doesn't givea basis for omparison.Even a preise fration \of the pro�ts from this disk" is not very meaningful, sine reativeaounting and unrelated business deisions an greatly alter what fration of the sales prieounts as pro�t. If the prie you pay is $50, ten perent of the pro�t is probably less thana dollar; it might be a few ents, or nothing at all.Some redistributors do development work themselves. This is useful too; but to keepeveryone honest, you need to inquire how muh they do, and what kind. Some kinds ofdevelopment make muh more long-term di�erene than others. For example, maintaininga separate version of a program ontributes very little; maintaining the standard versionof a program for the whole ommunity ontributes muh. Easy new ports ontribute little,sine someone else would surely do them; diÆult ports suh as adding a new CPU to theGNU Compiler Colletion ontribute more; major new features or pakages ontribute themost.By establishing the idea that supporting further development is \the proper thing todo" when distributing free software for a fee, we an assure a steady ow of resoures intomaking more free software.Copyright  1994 Free Software Foundation, In.Verbatim opying and redistribution of this setion is permittedwithout royalty; alteration is not permitted.
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Chapter 13: The GNU Projet and GNU/Linux 389The GNU Projet and GNU/LinuxThe GNU Projet was launhed in 1984 to develop a omplete Unix-like operating systemwhih is free software: the GNU system. (GNU is a reursive aronym for \GNU's NotUnix"; it is pronouned \guh-NEW".) Variants of the GNU operating system, whih use thekernel Linux, are now widely used; though these systems are often referred to as \Linux",they are more aurately alled GNU/Linux systems.For more information, see:http://www.gnu.org/http://www.gnu.org/gnu/linux-and-gnu.html
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Chapter 13: GNU GENERAL PUBLIC LICENSE 391GNU GENERAL PUBLIC LICENSEVersion 2, June 1991Copyright  1989, 1991 Free Software Foundation, In.59 Temple Plae - Suite 330, Boston, MA 02111-1307, USAEveryone is permitted to opy and distribute verbatim opiesof this liense doument, but hanging it is not allowed.PreambleThe lienses for most software are designed to take away your freedom to share and hangeit. By ontrast, the GNU General Publi Liense is intended to guarantee your freedomto share and hange free software|to make sure the software is free for all its users. ThisGeneral Publi Liense applies to most of the Free Software Foundation's software and toany other program whose authors ommit to using it. (Some other Free Software Foundationsoftware is overed by the GNU Library General Publi Liense instead.) You an apply itto your programs, too.When we speak of free software, we are referring to freedom, not prie. Our GeneralPubli Lienses are designed to make sure that you have the freedom to distribute opiesof free software (and harge for this servie if you wish), that you reeive soure ode oran get it if you want it, that you an hange the software or use piees of it in new freeprograms; and that you know you an do these things.To protet your rights, we need to make restritions that forbid anyone to deny youthese rights or to ask you to surrender the rights. These restritions translate to ertainresponsibilities for you if you distribute opies of the software, or if you modify it.For example, if you distribute opies of suh a program, whether gratis or for a fee, youmust give the reipients all the rights that you have. You must make sure that they, too,reeive or an get the soure ode. And you must show them these terms so they knowtheir rights.We protet your rights with two steps: (1) opyright the software, and (2) o�er you thisliense whih gives you legal permission to opy, distribute and/or modify the software.Also, for eah author's protetion and ours, we want to make ertain that everyoneunderstands that there is no warranty for this free software. If the software is modi�ed bysomeone else and passed on, we want its reipients to know that what they have is not theoriginal, so that any problems introdued by others will not reet on the original authors'reputations.Finally, any free program is threatened onstantly by software patents. We wish to avoidthe danger that redistributors of a free program will individually obtain patent lienses, ine�et making the program proprietary. To prevent this, we have made it lear that anypatent must be liensed for everyone's free use or not liensed at all.The preise terms and onditions for opying, distribution and modi�ation follow.



392 Using the GNU Compiler Colletion (GCC)TERMS AND CONDITIONS FOR COPYING,DISTRIBUTION AND MODIFICATION0. This Liense applies to any program or other work whih ontains a notie plaedby the opyright holder saying it may be distributed under the terms of this GeneralPubli Liense. The \Program", below, refers to any suh program or work, and a\work based on the Program" means either the Program or any derivative work underopyright law: that is to say, a work ontaining the Program or a portion of it, eitherverbatim or with modi�ations and/or translated into another language. (Hereinafter,translation is inluded without limitation in the term \modi�ation".) Eah liensee isaddressed as \you".Ativities other than opying, distribution and modi�ation are not overed by thisLiense; they are outside its sope. The at of running the Program is not restrited,and the output from the Program is overed only if its ontents onstitute a work basedon the Program (independent of having been made by running the Program). Whetherthat is true depends on what the Program does.1. You may opy and distribute verbatim opies of the Program's soure ode as youreeive it, in any medium, provided that you onspiuously and appropriately publishon eah opy an appropriate opyright notie and dislaimer of warranty; keep intatall the noties that refer to this Liense and to the absene of any warranty; and giveany other reipients of the Program a opy of this Liense along with the Program.You may harge a fee for the physial at of transferring a opy, and you may at youroption o�er warranty protetion in exhange for a fee.2. You may modify your opy or opies of the Program or any portion of it, thus forming awork based on the Program, and opy and distribute suh modi�ations or work underthe terms of Setion 1 above, provided that you also meet all of these onditions:a. You must ause the modi�ed �les to arry prominent noties stating that youhanged the �les and the date of any hange.b. You must ause any work that you distribute or publish, that in whole or in partontains or is derived from the Program or any part thereof, to be liensed as awhole at no harge to all third parties under the terms of this Liense.. If the modi�ed program normally reads ommands interatively when run, youmust ause it, when started running for suh interative use in the most ordinaryway, to print or display an announement inluding an appropriate opyright notieand a notie that there is no warranty (or else, saying that you provide a warranty)and that users may redistribute the program under these onditions, and tellingthe user how to view a opy of this Liense. (Exeption: if the Program itself isinterative but does not normally print suh an announement, your work basedon the Program is not required to print an announement.)These requirements apply to the modi�ed work as a whole. If identi�able setionsof that work are not derived from the Program, and an be reasonably onsideredindependent and separate works in themselves, then this Liense, and its terms, do notapply to those setions when you distribute them as separate works. But when youdistribute the same setions as part of a whole whih is a work based on the Program,the distribution of the whole must be on the terms of this Liense, whose permissionsfor other liensees extend to the entire whole, and thus to eah and every part regardlessof who wrote it.



Chapter 13: GNU GENERAL PUBLIC LICENSE 393Thus, it is not the intent of this setion to laim rights or ontest your rights towork written entirely by you; rather, the intent is to exerise the right to ontrol thedistribution of derivative or olletive works based on the Program.In addition, mere aggregation of another work not based on the Program with theProgram (or with a work based on the Program) on a volume of a storage or distributionmedium does not bring the other work under the sope of this Liense.3. You may opy and distribute the Program (or a work based on it, under Setion 2)in objet ode or exeutable form under the terms of Setions 1 and 2 above providedthat you also do one of the following:a. Aompany it with the omplete orresponding mahine-readable soure ode,whih must be distributed under the terms of Setions 1 and 2 above on a mediumustomarily used for software interhange; or,b. Aompany it with a written o�er, valid for at least three years, to give any thirdparty, for a harge no more than your ost of physially performing soure distri-bution, a omplete mahine-readable opy of the orresponding soure ode, to bedistributed under the terms of Setions 1 and 2 above on a medium ustomarilyused for software interhange; or,. Aompany it with the information you reeived as to the o�er to distribute or-responding soure ode. (This alternative is allowed only for nonommerial dis-tribution and only if you reeived the program in objet ode or exeutable formwith suh an o�er, in aord with Subsetion b above.)The soure ode for a work means the preferred form of the work for making modi�-ations to it. For an exeutable work, omplete soure ode means all the soure odefor all modules it ontains, plus any assoiated interfae de�nition �les, plus the sriptsused to ontrol ompilation and installation of the exeutable. However, as a spe-ial exeption, the soure ode distributed need not inlude anything that is normallydistributed (in either soure or binary form) with the major omponents (ompiler,kernel, and so on) of the operating system on whih the exeutable runs, unless thatomponent itself aompanies the exeutable.If distribution of exeutable or objet ode is made by o�ering aess to opy froma designated plae, then o�ering equivalent aess to opy the soure ode from thesame plae ounts as distribution of the soure ode, even though third parties are notompelled to opy the soure along with the objet ode.4. You may not opy, modify, subliense, or distribute the Program exept as expresslyprovided under this Liense. Any attempt otherwise to opy, modify, subliense ordistribute the Program is void, and will automatially terminate your rights under thisLiense. However, parties who have reeived opies, or rights, from you under thisLiense will not have their lienses terminated so long as suh parties remain in fullompliane.5. You are not required to aept this Liense, sine you have not signed it. However,nothing else grants you permission to modify or distribute the Program or its derivativeworks. These ations are prohibited by law if you do not aept this Liense. Therefore,by modifying or distributing the Program (or any work based on the Program), youindiate your aeptane of this Liense to do so, and all its terms and onditions foropying, distributing or modifying the Program or works based on it.



394 Using the GNU Compiler Colletion (GCC)6. Eah time you redistribute the Program (or any work based on the Program), thereipient automatially reeives a liense from the original liensor to opy, distributeor modify the Program subjet to these terms and onditions. You may not imposeany further restritions on the reipients' exerise of the rights granted herein. You arenot responsible for enforing ompliane by third parties to this Liense.7. If, as a onsequene of a ourt judgment or allegation of patent infringement or for anyother reason (not limited to patent issues), onditions are imposed on you (whether byourt order, agreement or otherwise) that ontradit the onditions of this Liense, theydo not exuse you from the onditions of this Liense. If you annot distribute so asto satisfy simultaneously your obligations under this Liense and any other pertinentobligations, then as a onsequene you may not distribute the Program at all. Forexample, if a patent liense would not permit royalty-free redistribution of the Programby all those who reeive opies diretly or indiretly through you, then the only wayyou ould satisfy both it and this Liense would be to refrain entirely from distributionof the Program.If any portion of this setion is held invalid or unenforeable under any partiularirumstane, the balane of the setion is intended to apply and the setion as awhole is intended to apply in other irumstanes.It is not the purpose of this setion to indue you to infringe any patents or otherproperty right laims or to ontest validity of any suh laims; this setion has thesole purpose of proteting the integrity of the free software distribution system, whihis implemented by publi liense praties. Many people have made generous ontri-butions to the wide range of software distributed through that system in reliane ononsistent appliation of that system; it is up to the author/donor to deide if he orshe is willing to distribute software through any other system and a liensee annotimpose that hoie.This setion is intended to make thoroughly lear what is believed to be a onsequeneof the rest of this Liense.8. If the distribution and/or use of the Program is restrited in ertain ountries eitherby patents or by opyrighted interfaes, the original opyright holder who plaes theProgram under this Liense may add an expliit geographial distribution limitationexluding those ountries, so that distribution is permitted only in or among ountriesnot thus exluded. In suh ase, this Liense inorporates the limitation as if writtenin the body of this Liense.9. The Free Software Foundation may publish revised and/or new versions of the GeneralPubli Liense from time to time. Suh new versions will be similar in spirit to thepresent version, but may di�er in detail to address new problems or onerns.Eah version is given a distinguishing version number. If the Program spei�es aversion number of this Liense whih applies to it and \any later version", you havethe option of following the terms and onditions either of that version or of any laterversion published by the Free Software Foundation. If the Program does not speify aversion number of this Liense, you may hoose any version ever published by the FreeSoftware Foundation.10. If you wish to inorporate parts of the Program into other free programs whose distri-bution onditions are di�erent, write to the author to ask for permission. For software



Chapter 13: GNU GENERAL PUBLIC LICENSE 395whih is opyrighted by the Free Software Foundation, write to the Free Software Foun-dation; we sometimes make exeptions for this. Our deision will be guided by the twogoals of preserving the free status of all derivatives of our free software and of promotingthe sharing and reuse of software generally.NO WARRANTY11. BECAUSE THE PROGRAM IS LICENSED FREE OF CHARGE, THERE IS NOWARRANTY FOR THE PROGRAM, TO THE EXTENT PERMITTED BY APPLI-CABLE LAW. EXCEPT WHEN OTHERWISE STATED IN WRITING THE COPY-RIGHT HOLDERS AND/OR OTHER PARTIES PROVIDE THE PROGRAM \ASIS" WITHOUTWARRANTY OF ANY KIND, EITHER EXPRESSED OR IMPLIED,INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MER-CHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. THE ENTIRERISKAS TO THEQUALITY AND PERFORMANCE OF THE PROGRAM ISWITHYOU. SHOULD THE PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COSTOF ALL NECESSARY SERVICING, REPAIR OR CORRECTION.12. IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO INWRITING WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHOMAY MODIFY AND/OR REDISTRIBUTE THE PROGRAM AS PERMITTEDABOVE, BE LIABLE TO YOU FOR DAMAGES, INCLUDING ANY GENERAL,SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OFTHE USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT NOTLIMITED TO LOSS OF DATA OR DATA BEING RENDERED INACCURATE ORLOSSES SUSTAINED BY YOU OR THIRD PARTIES OR A FAILURE OF THEPROGRAM TO OPERATE WITH ANY OTHER PROGRAMS), EVEN IF SUCHHOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY OFSUCH DAMAGES.END OF TERMS AND CONDITIONS



396 Using the GNU Compiler Colletion (GCC)How to Apply These Terms to Your New ProgramsIf you develop a new program, and you want it to be of the greatest possible use to the publi,the best way to ahieve this is to make it free software whih everyone an redistribute andhange under these terms.To do so, attah the following noties to the program. It is safest to attah them to thestart of eah soure �le to most e�etively onvey the exlusion of warranty; and eah �leshould have at least the \opyright" line and a pointer to where the full notie is found.one line to give the program's name and a brief idea of what it does.Copyright (C) year name of authorThis program is free software; you an redistribute it and/or modifyit under the terms of the GNU General Publi Liense as published bythe Free Software Foundation; either version 2 of the Liense, or(at your option) any later version.This program is distributed in the hope that it will be useful,but WITHOUT ANY WARRANTY; without even the implied warranty ofMERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See theGNU General Publi Liense for more details.You should have reeived a opy of the GNU General Publi Liensealong with this program; if not, write to the Free Software Foundation,In., 59 Temple Plae - Suite 330, Boston, MA 02111-1307, USA.Also add information on how to ontat you by eletroni and paper mail.If the program is interative, make it output a short notie like this when it starts in aninterative mode:Gnomovision version 69, Copyright (C) year name of authorGnomovision omes with ABSOLUTELY NO WARRANTY; for detailstype `show w'.This is free software, and you are welome to redistribute itunder ertain onditions; type `show ' for details.The hypothetial ommands `show w' and `show ' should show the appropriate parts ofthe General Publi Liense. Of ourse, the ommands you use may be alled somethingother than `show w' and `show '; they ould even be mouse-liks or menu items|whateversuits your program.You should also get your employer (if you work as a programmer) or your shool, if any,to sign a \opyright dislaimer" for the program, if neessary. Here is a sample; alter thenames:Yoyodyne, In., hereby dislaims all opyright interest in the program`Gnomovision' (whih makes passes at ompilers) written by James Haker.signature of Ty Coon, 1 April 1989Ty Coon, President of VieThis General Publi Liense does not permit inorporating your program into proprietaryprograms. If your program is a subroutine library, you may onsider it more useful to permitlinking proprietary appliations with the library. If this is what you want to do, use theGNU Library General Publi Liense instead of this Liense.



Chapter 13: GNU Free Doumentation Liense 397GNU Free Doumentation LienseVersion 1.2, November 2002Copyright  2000,2001,2002 Free Software Foundation, In.59 Temple Plae, Suite 330, Boston, MA 02111-1307, USAEveryone is permitted to opy and distribute verbatim opiesof this liense doument, but hanging it is not allowed.0. PREAMBLEThe purpose of this Liense is to make a manual, textbook, or other funtional anduseful doument free in the sense of freedom: to assure everyone the e�etive freedomto opy and redistribute it, with or without modifying it, either ommerially or non-ommerially. Seondarily, this Liense preserves for the author and publisher a wayto get redit for their work, while not being onsidered responsible for modi�ationsmade by others.This Liense is a kind of \opyleft", whih means that derivative works of the doumentmust themselves be free in the same sense. It omplements the GNU General PubliLiense, whih is a opyleft liense designed for free software.We have designed this Liense in order to use it for manuals for free software, beausefree software needs free doumentation: a free program should ome with manualsproviding the same freedoms that the software does. But this Liense is not limited tosoftware manuals; it an be used for any textual work, regardless of subjet matter orwhether it is published as a printed book. We reommend this Liense prinipally forworks whose purpose is instrution or referene.1. APPLICABILITY AND DEFINITIONSThis Liense applies to any manual or other work, in any medium, that ontains anotie plaed by the opyright holder saying it an be distributed under the termsof this Liense. Suh a notie grants a world-wide, royalty-free liense, unlimited induration, to use that work under the onditions stated herein. The \Doument",below, refers to any suh manual or work. Any member of the publi is a liensee, andis addressed as \you". You aept the liense if you opy, modify or distribute the workin a way requiring permission under opyright law.A \Modi�ed Version" of the Doument means any work ontaining the Doument ora portion of it, either opied verbatim, or with modi�ations and/or translated intoanother language.A \Seondary Setion" is a named appendix or a front-matter setion of the Doumentthat deals exlusively with the relationship of the publishers or authors of the Doumentto the Doument's overall subjet (or to related matters) and ontains nothing thatould fall diretly within that overall subjet. (Thus, if the Doument is in part atextbook of mathematis, a Seondary Setion may not explain any mathematis.) Therelationship ould be a matter of historial onnetion with the subjet or with relatedmatters, or of legal, ommerial, philosophial, ethial or politial position regardingthem.The \Invariant Setions" are ertain Seondary Setions whose titles are designated, asbeing those of Invariant Setions, in the notie that says that the Doument is released



398 Using the GNU Compiler Colletion (GCC)under this Liense. If a setion does not �t the above de�nition of Seondary then it isnot allowed to be designated as Invariant. The Doument may ontain zero InvariantSetions. If the Doument does not identify any Invariant Setions then there are none.The \Cover Texts" are ertain short passages of text that are listed, as Front-CoverTexts or Bak-Cover Texts, in the notie that says that the Doument is released underthis Liense. A Front-Cover Text may be at most 5 words, and a Bak-Cover Text maybe at most 25 words.A \Transparent" opy of the Doument means a mahine-readable opy, representedin a format whose spei�ation is available to the general publi, that is suitable forrevising the doument straightforwardly with generi text editors or (for images om-posed of pixels) generi paint programs or (for drawings) some widely available drawingeditor, and that is suitable for input to text formatters or for automati translation toa variety of formats suitable for input to text formatters. A opy made in an otherwiseTransparent �le format whose markup, or absene of markup, has been arranged tothwart or disourage subsequent modi�ation by readers is not Transparent. An imageformat is not Transparent if used for any substantial amount of text. A opy that isnot \Transparent" is alled \Opaque".Examples of suitable formats for Transparent opies inlude plain asii withoutmarkup, Texinfo input format, LaTEX input format, SGML or XML using a publilyavailable DTD, and standard-onforming simple HTML, PostSript or PDF designedfor human modi�ation. Examples of transparent image formats inlude PNG, XCFand JPG. Opaque formats inlude proprietary formats that an be read and editedonly by proprietary word proessors, SGML or XML for whih the DTD and/orproessing tools are not generally available, and the mahine-generated HTML,PostSript or PDF produed by some word proessors for output purposes only.The \Title Page" means, for a printed book, the title page itself, plus suh followingpages as are needed to hold, legibly, the material this Liense requires to appear in thetitle page. For works in formats whih do not have any title page as suh, \Title Page"means the text near the most prominent appearane of the work's title, preeding thebeginning of the body of the text.A setion \Entitled XYZ" means a named subunit of the Doument whose title eitheris preisely XYZ or ontains XYZ in parentheses following text that translates XYZ inanother language. (Here XYZ stands for a spei� setion name mentioned below, suhas \Aknowledgements", \Dediations", \Endorsements", or \History".) To \Preservethe Title" of suh a setion when you modify the Doument means that it remains asetion \Entitled XYZ" aording to this de�nition.The Doument may inlude Warranty Dislaimers next to the notie whih states thatthis Liense applies to the Doument. These Warranty Dislaimers are onsidered tobe inluded by referene in this Liense, but only as regards dislaiming warranties:any other impliation that these Warranty Dislaimers may have is void and has noe�et on the meaning of this Liense.2. VERBATIM COPYINGYou may opy and distribute the Doument in any medium, either ommerially ornonommerially, provided that this Liense, the opyright noties, and the liensenotie saying this Liense applies to the Doument are reprodued in all opies, and



Chapter 13: GNU Free Doumentation Liense 399that you add no other onditions whatsoever to those of this Liense. You may not usetehnial measures to obstrut or ontrol the reading or further opying of the opiesyou make or distribute. However, you may aept ompensation in exhange for opies.If you distribute a large enough number of opies you must also follow the onditionsin setion 3.You may also lend opies, under the same onditions stated above, and you may publilydisplay opies.3. COPYING IN QUANTITYIf you publish printed opies (or opies in media that ommonly have printed overs) ofthe Doument, numbering more than 100, and the Doument's liense notie requiresCover Texts, you must enlose the opies in overs that arry, learly and legibly, allthese Cover Texts: Front-Cover Texts on the front over, and Bak-Cover Texts onthe bak over. Both overs must also learly and legibly identify you as the publisherof these opies. The front over must present the full title with all words of the titleequally prominent and visible. You may add other material on the overs in addition.Copying with hanges limited to the overs, as long as they preserve the title of theDoument and satisfy these onditions, an be treated as verbatim opying in otherrespets.If the required texts for either over are too voluminous to �t legibly, you should putthe �rst ones listed (as many as �t reasonably) on the atual over, and ontinue therest onto adjaent pages.If you publish or distribute Opaque opies of the Doument numbering more than 100,you must either inlude a mahine-readable Transparent opy along with eah Opaqueopy, or state in or with eah Opaque opy a omputer-network loation from whihthe general network-using publi has aess to download using publi-standard networkprotools a omplete Transparent opy of the Doument, free of added material. Ifyou use the latter option, you must take reasonably prudent steps, when you begindistribution of Opaque opies in quantity, to ensure that this Transparent opy willremain thus aessible at the stated loation until at least one year after the last timeyou distribute an Opaque opy (diretly or through your agents or retailers) of thatedition to the publi.It is requested, but not required, that you ontat the authors of the Doument wellbefore redistributing any large number of opies, to give them a hane to provide youwith an updated version of the Doument.4. MODIFICATIONSYou may opy and distribute a Modi�ed Version of the Doument under the onditionsof setions 2 and 3 above, provided that you release the Modi�ed Version under preiselythis Liense, with the Modi�ed Version �lling the role of the Doument, thus liensingdistribution and modi�ation of the Modi�ed Version to whoever possesses a opy ofit. In addition, you must do these things in the Modi�ed Version:A. Use in the Title Page (and on the overs, if any) a title distint from that of theDoument, and from those of previous versions (whih should, if there were any,be listed in the History setion of the Doument). You may use the same title asa previous version if the original publisher of that version gives permission.



400 Using the GNU Compiler Colletion (GCC)B. List on the Title Page, as authors, one or more persons or entities responsible forauthorship of the modi�ations in the Modi�ed Version, together with at least �veof the prinipal authors of the Doument (all of its prinipal authors, if it has fewerthan �ve), unless they release you from this requirement.C. State on the Title page the name of the publisher of the Modi�ed Version, as thepublisher.D. Preserve all the opyright noties of the Doument.E. Add an appropriate opyright notie for your modi�ations adjaent to the otheropyright noties.F. Inlude, immediately after the opyright noties, a liense notie giving the publipermission to use the Modi�ed Version under the terms of this Liense, in the formshown in the Addendum below.G. Preserve in that liense notie the full lists of Invariant Setions and required CoverTexts given in the Doument's liense notie.H. Inlude an unaltered opy of this Liense.I. Preserve the setion Entitled \History", Preserve its Title, and add to it an itemstating at least the title, year, new authors, and publisher of the Modi�ed Versionas given on the Title Page. If there is no setion Entitled \History" in the Dou-ment, reate one stating the title, year, authors, and publisher of the Doumentas given on its Title Page, then add an item desribing the Modi�ed Version asstated in the previous sentene.J. Preserve the network loation, if any, given in the Doument for publi aess toa Transparent opy of the Doument, and likewise the network loations given inthe Doument for previous versions it was based on. These may be plaed in the\History" setion. You may omit a network loation for a work that was publishedat least four years before the Doument itself, or if the original publisher of theversion it refers to gives permission.K. For any setion Entitled \Aknowledgements" or \Dediations", Preserve the Titleof the setion, and preserve in the setion all the substane and tone of eah of theontributor aknowledgements and/or dediations given therein.L. Preserve all the Invariant Setions of the Doument, unaltered in their text andin their titles. Setion numbers or the equivalent are not onsidered part of thesetion titles.M. Delete any setion Entitled \Endorsements". Suh a setion may not be inludedin the Modi�ed Version.N. Do not retitle any existing setion to be Entitled \Endorsements" or to onit intitle with any Invariant Setion.O. Preserve any Warranty Dislaimers.If the Modi�ed Version inludes new front-matter setions or appendies that qualifyas Seondary Setions and ontain no material opied from the Doument, you may atyour option designate some or all of these setions as invariant. To do this, add theirtitles to the list of Invariant Setions in the Modi�ed Version's liense notie. Thesetitles must be distint from any other setion titles.



Chapter 13: GNU Free Doumentation Liense 401You may add a setion Entitled \Endorsements", provided it ontains nothing butendorsements of your Modi�ed Version by various parties|for example, statements ofpeer review or that the text has been approved by an organization as the authoritativede�nition of a standard.You may add a passage of up to �ve words as a Front-Cover Text, and a passage of upto 25 words as a Bak-Cover Text, to the end of the list of Cover Texts in the Modi�edVersion. Only one passage of Front-Cover Text and one of Bak-Cover Text may beadded by (or through arrangements made by) any one entity. If the Doument alreadyinludes a over text for the same over, previously added by you or by arrangementmade by the same entity you are ating on behalf of, you may not add another; butyou may replae the old one, on expliit permission from the previous publisher thatadded the old one.The author(s) and publisher(s) of the Doument do not by this Liense give permissionto use their names for publiity for or to assert or imply endorsement of any Modi�edVersion.5. COMBINING DOCUMENTSYou may ombine the Doument with other douments released under this Liense,under the terms de�ned in setion 4 above for modi�ed versions, provided that youinlude in the ombination all of the Invariant Setions of all of the original douments,unmodi�ed, and list them all as Invariant Setions of your ombined work in its liensenotie, and that you preserve all their Warranty Dislaimers.The ombined work need only ontain one opy of this Liense, and multiple identialInvariant Setions may be replaed with a single opy. If there are multiple InvariantSetions with the same name but di�erent ontents, make the title of eah suh setionunique by adding at the end of it, in parentheses, the name of the original author orpublisher of that setion if known, or else a unique number. Make the same adjustmentto the setion titles in the list of Invariant Setions in the liense notie of the ombinedwork.In the ombination, you must ombine any setions Entitled \History" in the vari-ous original douments, forming one setion Entitled \History"; likewise ombine anysetions Entitled \Aknowledgements", and any setions Entitled \Dediations". Youmust delete all setions Entitled \Endorsements."6. COLLECTIONS OF DOCUMENTSYou may make a olletion onsisting of the Doument and other douments releasedunder this Liense, and replae the individual opies of this Liense in the variousdouments with a single opy that is inluded in the olletion, provided that youfollow the rules of this Liense for verbatim opying of eah of the douments in allother respets.You may extrat a single doument from suh a olletion, and distribute it individu-ally under this Liense, provided you insert a opy of this Liense into the extrateddoument, and follow this Liense in all other respets regarding verbatim opying ofthat doument.7. AGGREGATION WITH INDEPENDENT WORKSA ompilation of the Doument or its derivatives with other separate and independentdouments or works, in or on a volume of a storage or distribution medium, is alled



402 Using the GNU Compiler Colletion (GCC)an \aggregate" if the opyright resulting from the ompilation is not used to limit thelegal rights of the ompilation's users beyond what the individual works permit. Whenthe Doument is inluded an aggregate, this Liense does not apply to the other worksin the aggregate whih are not themselves derivative works of the Doument.If the Cover Text requirement of setion 3 is appliable to these opies of the Doument,then if the Doument is less than one half of the entire aggregate, the Doument's CoverTexts may be plaed on overs that braket the Doument within the aggregate, or theeletroni equivalent of overs if the Doument is in eletroni form. Otherwise theymust appear on printed overs that braket the whole aggregate.8. TRANSLATIONTranslation is onsidered a kind of modi�ation, so you may distribute translationsof the Doument under the terms of setion 4. Replaing Invariant Setions withtranslations requires speial permission from their opyright holders, but you mayinlude translations of some or all Invariant Setions in addition to the original versionsof these Invariant Setions. You may inlude a translation of this Liense, and all theliense noties in the Doument, and any Warrany Dislaimers, provided that youalso inlude the original English version of this Liense and the original versions ofthose noties and dislaimers. In ase of a disagreement between the translation andthe original version of this Liense or a notie or dislaimer, the original version willprevail.If a setion in the Doument is Entitled \Aknowledgements", \Dediations", or \His-tory", the requirement (setion 4) to Preserve its Title (setion 1) will typially requirehanging the atual title.9. TERMINATIONYou may not opy, modify, subliense, or distribute the Doument exept as expresslyprovided for under this Liense. Any other attempt to opy, modify, subliense ordistribute the Doument is void, and will automatially terminate your rights underthis Liense. However, parties who have reeived opies, or rights, from you under thisLiense will not have their lienses terminated so long as suh parties remain in fullompliane.10. FUTURE REVISIONS OF THIS LICENSEThe Free Software Foundation may publish new, revised versions of the GNU FreeDoumentation Liense from time to time. Suh new versions will be similar in spiritto the present version, but may di�er in detail to address new problems or onerns.See http://www.gnu.org/opyleft/.Eah version of the Liense is given a distinguishing version number. If the Doumentspei�es that a partiular numbered version of this Liense \or any later version"applies to it, you have the option of following the terms and onditions either of thatspei�ed version or of any later version that has been published (not as a draft) bythe Free Software Foundation. If the Doument does not speify a version number ofthis Liense, you may hoose any version ever published (not as a draft) by the FreeSoftware Foundation.



Chapter 13: GNU Free Doumentation Liense 403ADDENDUM: How to use this Liense for your doumentsTo use this Liense in a doument you have written, inlude a opy of the Liense in thedoument and put the following opyright and liense noties just after the title page:Copyright (C) year your name.Permission is granted to opy, distribute and/or modify this doumentunder the terms of the GNU Free Doumentation Liense, Version 1.2or any later version published by the Free Software Foundation;with no Invariant Setions, no Front-Cover Texts, and no Bak-Cover Texts.A opy of the liense is inluded in the setion entitled ``GNUFree Doumentation Liense''.If you have Invariant Setions, Front-Cover Texts and Bak-Cover Texts, replae the\with...Texts." line with this:with the Invariant Setions being list their titles, withthe Front-Cover Texts being list, and with the Bak-Cover Textsbeing list.If you have Invariant Setions without Cover Texts, or some other ombination of thethree, merge those two alternatives to suit the situation.If your doument ontains nontrivial examples of program ode, we reommend releasingthese examples in parallel under your hoie of free software liense, suh as the GNUGeneral Publi Liense, to permit their use in free software.
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Chapter 13: Contributors to GCC 405Contributors to GCCThe GCC projet would like to thank its many ontributors. Without them the projetwould not have been nearly as suessful as it has been. Any omissions in this list areaidental. Feel free to ontat law�redhat.om or gerald�pfeifer.om if you have beenleft out or some of your ontributions are not listed. Please keep this list in alphabetialorder.� Analog Devies helped implement the support for omplex data types and iterators.� John David Anglin for threading-related �xes and improvements to libstd++-v3, andthe HP-UX port.� James van Artsdalen wrote the ode that makes eÆient use of the Intel 80387 registerstak.� Abramo and Roberto Bagnara for the SysV68 Motorola 3300 Delta Series port.� Alasdair Baird for various bug �xes.� Giovanni Bajo for analyzing lots of ompliated C++ problem reports.� Peter Barada for his work to improve ode generation for new ColdFire ores.� Gerald Baumgartner added the signature extension to the C++ front end.� Godmar Bak for his Java improvements and enouragement.� Sott Bambrough for help porting the Java ompiler.� Wolfgang Bangerth for proessing tons of bug reports.� Jon Beniston for his Mirosoft Windows port of Java.� Daniel Berlin for better DWARF2 support, faster/better optimizations, improved aliasanalysis, plus migrating GCC to Bugzilla.� Geo� Berry for his Java objet serialization work and various pathes.� Eri Blake for helping to make GCJ and libgj onform to the spei�ations.� Janne Blomqvist for ontributions to gfortran.� Segher Boessenkool for various �xes.� Hans-J. Boehm for his garbage olletor, IA-64 libÆ port, and other Java work.� Neil Booth for work on pplib, lang hooks, debug hooks and other misellaneous lean-ups.� Steven Bossher for integrating the gfortran front end into GCC and for ontributingto the tree-ssa branh.� Eri Botazou for �xing middle- and bakend bugs left and right.� Per Bothner for his diretion via the steering ommittee and various improvementsto the infrastruture for supporting new languages. Chill front end implementation.Initial implementations of pplib, �x-header, on�g.guess, libio, and past C++ library(libg++) maintainer. Dreaming up, designing and implementing muh of GCJ.� Devon Bowen helped port GCC to the Tahoe.� Don Bowman for mips-vxworks ontributions.� Dave Brolley for work on pplib and Chill.� Paul Brook for work on the ARM arhiteture and maintaining gfortran.



406 Using the GNU Compiler Colletion (GCC)� Robert Brown implemented the support for Enore 32000 systems.� Christian Bruel for improvements to loal store elimination.� Herman A.J. ten Brugge for various �xes.� Joerg Brunsmann for Java ompiler haking and help with the GCJ FAQ.� Joe Buk for his diretion via the steering ommittee.� Craig Burley for leadership of the G77 Fortran e�ort.� Stephan Buys for ontributing Doxygen notes for libstd++.� Paolo Carlini for libstd++ work: lots of eÆieny improvements to the C++ strings,streambufs and formatted I/O, hard detetive work on the frustrating loalizationissues, and keeping up with the problem reports.� John Carr for his alias work, SPARC haking, infrastruture improvements, previousontributions to the steering ommittee, loop optimizations, et.� Stephane Carrez for 68HC11 and 68HC12 ports.� Steve Chamberlain for support for the Renesas SH and H8 proessors and the PioJavaproessor, and for GCJ on�g �xes.� Glenn Chambers for help with the GCJ FAQ.� John-Mar Chandonia for various libgj pathes.� Sott Christley for his Objetive-C ontributions.� Eri Christopher for his Java porting help and lean-ups.� Branko Cibej for more warning ontributions.� The GNU Classpath projet for all of their merged runtime ode.� Nik Clifton for arm, more, fr30, v850, m32r work, `--help', and other random hak-ing.� Mihael Cook for libstd++ leanup pathes to redue warnings.� R. Kelley Cook for making GCC buildable from a read-only diretory as well as othermisellaneous build proess and doumentation lean-ups.� Ralf Corsepius for SH testing and minor bug�xing.� Stan Cox for are and feeding of the x86 port and lots of behind the senes haking.� Alex Crain provided hanges for the 3b1.� Ian Dall for major improvements to the NS32k port.� Paul Dale for his work to add uClinux platform support to the m68k bakend.� Dario Dariol ontributed the four varieties of sample programs that print a opy oftheir soure.� Russell Davidson for fstream and stringstream �xes in libstd++.� Bud Davis for work on the G77 and gfortran ompilers.� Mo DeJong for GCJ and libgj bug �xes.� DJ Delorie for the DJGPP port, build and libiberty maintenane, and various bug�xes.� Arnaud Desitter for helping to debug gfortran.



Chapter 13: Contributors to GCC 407� Gabriel Dos Reis for ontributions to G++, ontributions and maintenane of GCCdiagnostis infrastruture, libstd++-v3, inluding valarray<>, omplex<>, maintain-ing the numeris library (inluding that pesky <limits> :-) and keeping up-to-dateanything to do with numbers.� Ulrih Drepper for his work on glib, testing of GCC using glib, ISO C99 support,CFG dumping support, et., plus support of the C++ runtime libraries inluding for allkinds of C interfae issues, ontributing and maintaining omplex<>, sanity hekingand disbursement, on�guration arhiteture, libio maintenane, and early math work.� Zdenek Dvorak for a new loop unroller and various �xes.� Rihard Earnshaw for his ongoing work with the ARM.� David Edelsohn for his diretion via the steering ommittee, ongoing work with theRS6000/PowerPC port, help leaning up Haifa loop hanges, doing the entire AIXport of libstd++ with his bare hands, and for ensuring GCC properly keeps workingon AIX.� Kevin Ediger for the oating point formatting of num put::do put in libstd++.� Phil Edwards for libstd++ work inluding on�guration hakery, doumentation main-tainer, hief breaker of the web pages, the oasional iostream bug �x, and work onshared library symbol versioning.� Paul Eggert for random haking all over GCC.� Mark Elbreht for various DJGPP improvements, and for libstd++ on�guration sup-port for loales and fstream-related �xes.� Vadim Egorov for libstd++ �xes in strings, streambufs, and iostreams.� Christian Ehrhardt for dealing with bug reports.� Ben Elliston for his work to move the Objetive-C runtime into its own subdiretoryand for his work on autoonf.� Mar Espie for OpenBSD support.� Doug Evans for muh of the global optimization framework, ar, m32r, and SPARCwork.� Christopher Faylor for his work on the Cygwin port and for aring and feeding theg.gnu.org box and saving its users tons of spam.� Fred Fish for BeOS support and Ada �xes.� Ivan Fontes Garia for the Portuguese translation of the GCJ FAQ.� Peter Gerwinski for various bug �xes and the Pasal front end.� Kaveh Ghazi for his diretion via the steering ommittee, amazing work to make `-W-Wall' useful, and ontinuously testing GCC on a plethora of platforms.� John Gilmore for a donation to the FSF earmarked improving GNU Java.� Judy Goldberg for ++ ontributions.� Torbjorn Granlund for various �xes and the -torture testsuite, multiply- and divide-by-onstant optimization, improved long long support, improved leaf funtion registeralloation, and his diretion via the steering ommittee.� Anthony Green for his `-Os' ontributions and Java front end work.� Stu Grossman for gdb haking, allowing GCJ developers to debug Java ode.



408 Using the GNU Compiler Colletion (GCC)� Mihael K. Gshwind ontributed the port to the PDP-11.� Ron Guilmette implemented the protoize and unprotoize tools, the support forDwarf symboli debugging information, and muh of the support for System V Re-lease 4. He has also worked heavily on the Intel 386 and 860 support.� Bruno Haible for improvements in the runtime overhead for EH, new warnings andassorted bug �xes.� Andrew Haley for his amazing Java ompiler and library e�orts.� Chris Hanson assisted in making GCC work on HP-UX for the 9000 series 300.� Mihael Hayes for various thankless work he's done trying to get the 30/40 portsfuntional. Lots of loop and unroll improvements and �xes.� Dara Hazeghi for wading through myriads of target-spei� bug reports.� Kate Hedstrom for staking the G77 folks with an initial testsuite.� Rihard Henderson for his ongoing SPARC, alpha, ia32, and ia64 work, loop opts, andgenerally �xing lots of old problems we've ignored for years, ow rewrite and lots offurther stu�, inluding reviewing tons of pathes.� Aldy Hernandez for working on the PowerPC port, SIMD support, and various �xes.� Nobuyuki Hikihi of Software Researh Assoiates, Tokyo, ontributed the support forthe Sony NEWS mahine.� Kazu Hirata for aring and feeding the Renesas H8/300 port and various �xes.� Katherine Holomb for work on gfortran.� Manfred Hollstein for his ongoing work to keep the m88k alive, lots of testing and bug�xing, partiularly of GCC on�gury ode.� Steve Holmgren for MahTen pathes.� Jan Hubika for his x86 port improvements.� Falk Hue�ner for working on C and optimization bug reports.� Bernardo Innoenti for his m68k work, inluding merging of ColdFire improvementsand uClinux support.� Christian Iseli for various bug �xes.� Kamil Iskra for general m68k haking.� Lee Iverson for random �xes and MIPS testing.� Andreas Jaeger for testing and benhmarking of GCC and various bug �xes.� Jakub Jelinek for his SPARC work and sibling all optimizations as well as lots of bug�xes and test ases, and for improving the Java build system.� Janis Johnson for ia64 testing and �xes, her quality improvement sidetraks, and webpage maintenane.� Kean Johnston for SCO OpenServer support and various �xes.� Tim Josling for the sample language treelang based originally on Rihard Kenner's\toy" language.� Niolai Josuttis for additional libstd++ doumentation.� Klaus Kaempf for his ongoing work to make alpha-vms a viable target.� Steven G. Kargl for work on gfortran.



Chapter 13: Contributors to GCC 409� David Kashtan of SRI adapted GCC to VMS.� Ryszard Kabatek for many, many libstd++ bug �xes and optimizations of strings,espeially member funtions, and for auto ptr �xes.� Geo�rey Keating for his ongoing work to make the PPC work for GNU/Linux and hisautomati regression tester.� Brendan Kehoe for his ongoing work with G++ and for a lot of early work in just aboutevery part of libstd++.� Oliver M. Kellogg of Deutshe Aerospae ontributed the port to the MIL-STD-1750A.� Rihard Kenner of the New York University Ultraomputer Researh Laboratory wrotethe mahine desriptions for the AMD 29000, the DEC Alpha, the IBM RT PC, andthe IBM RS/6000 as well as the support for instrution attributes. He also madehanges to better support RISC proessors inluding hanges to ommon subexpressionelimination, strength redution, funtion alling sequene handling, and ondition odesupport, in addition to generalizing the ode for frame pointer elimination and delayslot sheduling. Rihard Kenner was also the head maintainer of GCC for several years.� Mumit Khan for various ontributions to the Cygwin and Mingw32 ports and main-taining binary releases for Mirosoft Windows hosts, and for massive libstd++ portingwork to Cygwin/Mingw32.� Robin Kirkham for pu32 support.� Mark Klein for PA improvements.� Thomas Koenig for various bug �xes.� Brue Korb for the new and improved �xinludes ode.� Benjamin Kosnik for his G++ work and for leading the libstd++-v3 e�ort.� Charles LaBre ontributed the support for the Integrated Solutions 68020 system.� Je� Law for his diretion via the steering ommittee, oordinating the entire egsprojet and GCC 2.95, rolling out snapshots and releases, handling merges from GCC2,reviewing tons of pathes that might have fallen through the raks else, and randombut extensive haking.� Mar Lehmann for his diretion via the steering ommittee and helping with analysisand improvements of x86 performane.� Vitor Leikehman for work on gfortran.� Ted Lemon wrote parts of the RTL reader and printer.� Kriang Lerdsuwanakij for C++ improvements inluding template as template parametersupport, and many C++ �xes.� Warren Levy for tremendous work on libgj (Java Runtime Library) and random workon the Java front end.� Alain Lihnewsky ported GCC to the MIPS CPU.� Oskar Liljeblad for haking on AWT and his many Java bug reports and pathes.� Robert Lipe for OpenServer support, new testsuites, testing, et.� Weiwen Liu for testing and various bug �xes.� Dave Love for his ongoing work with the Fortran front end and runtime libraries.



410 Using the GNU Compiler Colletion (GCC)� Martin von L�owis for internal onsisteny heking infrastruture, various C++ improve-ments inluding namespae support, and tons of assistane with libstd++/ompilermerges.� H.J. Lu for his previous ontributions to the steering ommittee, many x86 bug reports,prototype pathes, and keeping the GNU/Linux ports working.� Greg MGary for random �xes and (someday) bounded pointers.� Andrew MaLeod for his ongoing work in building a real EH system, various odegeneration improvements, work on the global optimizer, et.� Vladimir Makarov for haking some ugly i960 problems, PowerPC haking improve-ments to ompile-time performane, overall knowledge and diretion in the area ofinstrution sheduling, and design and implementation of the automaton based in-strution sheduler.� Bob Manson for his behind the senes work on dejagnu.� Philip Martin for lots of libstd++ string and vetor iterator �xes and improvements,and string lean up and testsuites.� All of the Mauve projet ontributors, for Java test ode.� Brye MKinlay for numerous GCJ and libgj �xes and improvements.� Adam Megaz for his work on the Mirosoft Windows port of GCJ.� Mihael Meissner for LRS framework, ia32, m32r, v850, m88k, MIPS, powerp, haifa,ECOFF debug support, and other assorted haking.� Jason Merrill for his diretion via the steering ommittee and leading the G++ e�ort.� David Miller for his diretion via the steering ommittee, lots of SPARC work, im-provements in jump. and interfaing with the Linux kernel developers.� Gary Miller ported GCC to Charles River Data Systems mahines.� Alfred Minarik for libstd++ string and ios bug �xes, and turning the entire libstd++testsuite namespae-ompatible.� Mark Mithell for his diretion via the steering ommittee, mountains of C++ work,load/store hoisting out of loops, alias analysis improvements, ISO C restrit support,and serving as release manager for GCC 3.x.� Alan Modra for various GNU/Linux bits and testing.� Toon Moene for his diretion via the steering ommittee, Fortran maintenane, and hisongoing work to make us make Fortran run fast.� Jason Molenda for major help in the are and feeding of all the servies on theg.gnu.org (formerly egs.ygnus.om) mahine|mail, web servies, ftp servies, etet. Doing all this work on srap paper and the baks of envelopes would have been. . .diÆult.� Catherine Moore for �xing various ugly problems we have sent her way, inluding thehaifa bug whih was killing the Alpha & PowerPC Linux kernels.� Mike Moreton for his various Java pathes.� David Mosberger-Tang for various Alpha improvements, and for the initial IA-64 port.� Stephen Moshier ontributed the oating point emulator that assists in ross-ompilation and permits support for oating point numbers wider than 64 bits andfor ISO C99 support.



Chapter 13: Contributors to GCC 411� Bill Moyer for his behind the senes work on various issues.� Philippe De Muyter for his work on the m68k port.� Joseph S. Myers for his work on the PDP-11 port, format heking and ISO C99support, and ontinuous emphasis on (and ontributions to) doumentation.� Nathan Myers for his work on libstd++-v3: arhiteture and authorship through the�rst three snapshots, inluding implementation of loale infrastruture, string, shadowC headers, and the initial projet doumentation (DESIGN, CHECKLIST, and soforth). Later, more work on MT-safe string and shadow headers.� Felix Natter for doumentation on porting libstd++.� Nathanael Nerode for leaning up the on�guration/build proess.� NeXT, In. donated the front end that supports the Objetive-C language.� Hans-Peter Nilsson for the CRIS and MMIX ports, improvements to the searh enginesetup, various doumentation �xes and other small �xes.� Geo� Noer for his work on getting ygwin native builds working.� Diego Novillo for his SPEC performane traking web pages and assorted �xes in themiddle end and various bak ends.� David O'Brien for the FreeBSD/alpha, FreeBSD/AMD x86-64, FreeBSD/ARM,FreeBSD/PowerPC, and FreeBSD/SPARC64 ports and related infrastrutureimprovements.� Alexandre Oliva for various build infrastruture improvements, sripts and amazingtesting work, inluding keeping libtool issues sane and happy.� Stefan Olsson for work on mt allo.� Melissa O'Neill for various NeXT �xes.� Rainer Orth for random MIPS work, inluding improvements to GCC's o32 ABI sup-port, improvements to dejagnu's MIPS support, Java on�guration lean-ups and port-ing work, et.� Hartmut Penner for work on the s390 port.� Paul Petersen wrote the mahine desription for the Alliant FX/8.� Alexandre Petit-Biano for implementing muh of the Java ompiler and ontinuedJava maintainership.� Matthias Pfaller for major improvements to the NS32k port.� Gerald Pfeifer for his diretion via the steering ommittee, pointing out lots of problemswe need to solve, maintenane of the web pages, and taking are of doumentationmaintenane in general.� Andrew Pinski for proessing bug reports by the dozen.� Ovidiu Predesu for his work on the Objetive-C front end and runtime libraries.� Jerry Quinn for major performane improvements in C++ formatted I/O.� Ken Raeburn for various improvements to heker, MIPS ports and various leanupsin the ompiler.� Rolf W. Rasmussen for haking on AWT.� David Reese of Sun Mirosystems ontributed to the Solaris on PowerPC port.



412 Using the GNU Compiler Colletion (GCC)� Volker Reihelt for keeping up with the problem reports.� Joern Renneke for maintaining the sh port, loop, regmove & reload haking.� Loren J. Rittle for improvements to libstd++-v3 inluding the FreeBSD port, threading�xes, thread-related on�gury hanges, ritial threading doumentation, and solutionsto really triky I/O problems, as well as keeping GCC properly working on FreeBSDand ontinuous testing.� Craig Rodrigues for proessing tons of bug reports.� Ola R�onnerup for work on mt allo.� Gavin Romig-Koh for lots of behind the senes MIPS work.� David Ronis inspired and enouraged Craig to rewrite the G77 doumentation in texinfoformat by ontributing a �rst pass at a translation of the old `g77-0.5.16/f/DOC' �le.� Ken Rose for �xes to GCC's delay slot �lling ode.� Paul Rubin wrote most of the preproessor.� P�etur Run�olfsson for major performane improvements in C++ formatted I/O and large�le support in C++ �lebuf.� Chip Salzenberg for libstd++ pathes and improvements to loales, traits, Make�les,libio, libtool hakery, and \long long" support.� Juha Sarlin for improvements to the H8 ode generator.� Greg Satz assisted in making GCC work on HP-UX for the 9000 series 300.� Roger Sayle for improvements to onstant folding and GCC's RTL optimizers as wellas for �xing numerous bugs.� Bradley Shatz for his work on the GCJ FAQ.� Peter Shauer wrote the ode to allow debugging to work on the Alpha.� William Shelter did most of the work on the Intel 80386 support.� Tobias Shl�uter for work on gfortran.� Bernd Shmidt for various ode generation improvements and major work in the reloadpass as well a serving as release manager for GCC 2.95.3.� Peter Shmid for onstant testing of libstd++|espeially appliation testing, goingabove and beyond what was requested for the release riteria|and libstd++ header�le tweaks.� Jason Shroeder for jf-dump pathes.� Andreas Shwab for his work on the m68k port.� Lars Segerlund for work on gfortran.� Joel Sherrill for his diretion via the steering ommittee, RTEMS ontributions andRTEMS testing.� Nathan Sidwell for many C++ �xes/improvements.� Je�rey Siegal for helping RMS with the original design of GCC, some ode whihhandles the parse tree and RTL data strutures, onstant folding and help with theoriginal VAX & m68k ports.� Kenny Simpson for prompting libstd++ �xes due to defet reports from the LWG(thereby keeping GCC in line with updates from the ISO).
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