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1 Programming Languages Supported by GCC

GCC stands for “GNU Compiler Collection”. GCC is an integrated distribution of compil-
ers for several major programming languages. These languages currently include C, C++,
Objective-C, Objective-C++, Fortran, Ada, D, and Go.

The abbreviation GCC has multiple meanings in common use. The current official mean-
ing is “GNU Compiler Collection”, which refers generically to the complete suite of tools.
The name historically stood for “GNU C Compiler”, and this usage is still common when
the emphasis is on compiling C programs. Finally, the name is also used when speaking
of the language-independent component of GCC: code shared among the compilers for all
supported languages.

The language-independent component of GCC includes the majority of the optimizers,
as well as the “back ends” that generate machine code for various processors.

The part of a compiler that is specific to a particular language is called the “front end”.
In addition to the front ends that are integrated components of GCC, there are several
other front ends that are maintained separately. These support languages such as Mercury,
and COBOL. To use these, they must be built together with GCC proper.

Most of the compilers for languages other than C have their own names. The C++ compiler
is G++, the Ada compiler is GNAT, and so on. When we talk about compiling one of those
languages, we might refer to that compiler by its own name, or as GCC. Either is correct.

Historically, compilers for many languages, including C++ and Fortran, have been im-
plemented as “preprocessors” which emit another high level language such as C. None of
the compilers included in GCC are implemented this way; they all generate machine code
directly. This sort of preprocessor should not be confused with the C preprocessor, which
is an integral feature of the C, C++, Objective-C and Objective-C++ languages.






2 Language Standards Supported by GCC

For each language compiled by GCC for which there is a standard, GCC attempts to follow
one or more versions of that standard, possibly with some exceptions, and possibly with
some extensions.

2.1 C Language

The original ANSI C standard (X3.159-1989) was ratified in 1989 and published in 1990.
This standard was ratified as an ISO standard (ISO/IEC 9899:1990) later in 1990. There
were no technical differences between these publications, although the sections of the ANSI
standard were renumbered and became clauses in the ISO standard. The ANSI standard,
but not the ISO standard, also came with a Rationale document. This standard, in both its
forms, is commonly known as C89, or occasionally as C90, from the dates of ratification. To
select this standard in GCC, use one of the options —ansi, -~std=c90 or —std=1s09899: 1990;
to obtain all the diagnostics required by the standard, you should also specify -pedantic
(or -pedantic-errors if you want them to be errors rather than warnings). See Section 3.4
[Options Controlling C Dialect], page 59.

Errors in the 1990 ISO C standard were corrected in two Technical Corrigenda published
in 1994 and 1996. GCC does not support the uncorrected version.

An amendment to the 1990 standard was published in 1995. This amendment added
digraphs and __STDC_VERSION__ to the language, but otherwise concerned the library. This
amendment is commonly known as AMDI; the amended standard is sometimes known as
C94 or C95. To select this standard in GCC, use the option -std=is09899:199409 (with,
as for other standard versions, -pedantic to receive all required diagnostics).

A new edition of the ISO C standard was published in 1999 as ISO/IEC 9899:1999, and
is commonly known as C99. (While in development, drafts of this standard version were
referred to as C9X.) GCC has substantially complete support for this standard version; see
https://gcc.gnu.org/c99status.html for details. To select this standard, use -std=c99
or -std=1s09899:1999.

Errors in the 1999 ISO C standard were corrected in three Technical Corrigenda published
in 2001, 2004 and 2007. GCC does not support the uncorrected version.

A fourth version of the C standard, known as C11, was published in 2011 as ISO/IEC
9899:2011. (While in development, drafts of this standard version were referred to as
C1X.) GCC has substantially complete support for this standard, enabled with -std=c11 or
-std=1809899:2011. A version with corrections integrated was prepared in 2017 and pub-
lished in 2018 as ISO/IEC 9899:2018; it is known as C17 and is supported with -std=c17 or
-std=1509899:2017; the corrections are also applied with —std=c11, and the only difference
between the options is the value of __STDC_VERSION_

A further version of the C standard, known as C2X, is under development; experimental
and incomplete support for this is enabled with —std=c2x.

By default, GCC provides some extensions to the C language that, on rare occasions con-
flict with the C standard. See Chapter 6 [Extensions to the C Language Family], page 545.
Some features that are part of the C99 standard are accepted as extensions in C90 mode,
and some features that are part of the C11 standard are accepted as extensions in C90
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and C99 modes. Use of the —std options listed above disables these extensions where they
conflict with the C standard version selected. You may also select an extended version of
the C language explicitly with -std=gnu90 (for C90 with GNU extensions), -std=gnu99
(for C99 with GNU extensions) or -std=gnuil (for C11 with GNU extensions).

The default, if no C language dialect options are given, is ~std=gnul?7.

The ISO C standard defines (in clause 4) two classes of conforming implementation. A
conforming hosted implementation supports the whole standard including all the library
facilities; a conforming freestanding implementation is only required to provide certain
library facilities: those in <float.h>, <limits.h>, <stdarg.h>, and <stddef.h>; since
AMD1, also those in <iso0646.h>; since C99, also those in <stdbool.h> and <stdint.h>;
and since C11, also those in <stdalign.h> and <stdnoreturn.h>. In addition, complex
types, added in C99, are not required for freestanding implementations.

The standard also defines two environments for programs, a freestanding environment,
required of all implementations and which may not have library facilities beyond those
required of freestanding implementations, where the handling of program startup and ter-
mination are implementation-defined; and a hosted environment, which is not required,
in which all the library facilities are provided and startup is through a function int main
(void) or int main (int, char *[]). An OS kernel is an example of a program running
in a freestanding environment; a program using the facilities of an operating system is an
example of a program running in a hosted environment.

GCC aims towards being usable as a conforming freestanding implementation, or as the
compiler for a conforming hosted implementation. By default, it acts as the compiler for a
hosted implementation, defining __STDC_HOSTED__ as 1 and presuming that when the names
of ISO C functions are used, they have the semantics defined in the standard. To make it act
as a conforming freestanding implementation for a freestanding environment, use the option
-ffreestanding; it then defines __STDC_HOSTED__ to 0 and does not make assumptions
about the meanings of function names from the standard library, with exceptions noted
below. To build an OS kernel, you may well still need to make your own arrangements for
linking and startup. See Section 3.4 [Options Controlling C Dialect|, page 59.

GCC does not provide the library facilities required only of hosted implementations, nor
yet all the facilities required by C99 of freestanding implementations on all platforms. To
use the facilities of a hosted environment, you need to find them elsewhere (for example, in
the GNU C library). See Section 14.5 [Standard Libraries], page 966.

Most of the compiler support routines used by GCC are present in 1ibgcc, but there are
a few exceptions. GCC requires the freestanding environment provide memcpy, memmove,
memset and memcmp. Finally, if __builtin_trap is used, and the target does not implement
the trap pattern, then GCC emits a call to abort.

For references to Technical Corrigenda, Rationale documents and information concerning
the history of C that is available online, see https://gcc.gnu.org/readings.html

2.2 C++ Language
GCC supports the original ISO C++ standard published in 1998, and the 2011, 2014, 2017

and mostly 2020 revisions.

The original ISO C++ standard was published as the ISO standard (ISO/IEC 14882:1998)
and amended by a Technical Corrigenda published in 2003 (ISO/IEC 14882:2003). These
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standards are referred to as C++98 and C++03, respectively. GCC implements the majority
of C++98 (export is a notable exception) and most of the changes in C++03. To select this
standard in GCC, use one of the options —ansi, -std=c++98, or -std=c++03; to obtain all
the diagnostics required by the standard, you should also specify -pedantic (or -pedantic-
errors if you want them to be errors rather than warnings).

A revised ISO C++ standard was published in 2011 as ISO/IEC 14882:2011, and is re-
ferred to as C++11; before its publication it was commonly referred to as C++0x. C++11
contains several changes to the C++ language, all of which have been implemented in GCC.
For details see https://gcc.gnu.org/projects/cxx-status.html#cxx1l. To select this
standard in GCC, use the option -std=c++11.

Another revised ISO C++ standard was published in 2014 as ISO/IEC 14882:2014, and is
referred to as C++14; before its publication it was sometimes referred to as C++1y. C++14
contains several further changes to the C++ language, all of which have been implemented
in GCC. For details see https://gcc.gnu.org/projects/cxx-status.html#tcxx14. To
select this standard in GCC, use the option -std=c++14.

The C++ language was further revised in 2017 and ISO/IEC 14882:2017 was published.
This is referred to as C++17, and before publication was often referred to as C++1z. GCC
supports all the changes in that specification. For further details see https://gcc.gnu.

org/projects/cxx-status.html#cxx17. Use the option -std=c++17 to select this variant
of C++.

Another revised ISO C++ standard was published in 2020 as ISO/IEC 14882:2020, and
is referred to as C++20; before its publication it was sometimes referred to as C++2a. GCC
supports most of the changes in the new specification. For further details see https://
gcc.gnu.org/projects/cxx-status.html#cxx20. To select this standard in GCC, use
the option -std=c++20.

More information about the C++ standards is available on the ISO C++ committee’s web
site at http://www.open-std.org/jtcl/sc22/wg21/.

To obtain all the diagnostics required by any of the standard versions described above you
should specify -pedantic or -pedantic-errors, otherwise GCC will allow some non-ISO
C++ features as extensions. See Section 3.8 [Warning Options], page 105.

By default, GCC also provides some additional extensions to the C++ language that
on rare occasions conflict with the C++ standard. See Section 3.5 [C++ Dialect Options],
page 67. Use of the -std options listed above disables these extensions where they they
conflict with the C++ standard version selected. You may also select an extended version
of the C++ language explicitly with -std=gnu++98 (for C++98 with GNU extensions), or
-std=gnu++11 (for C++11 with GNU extensions), or -std=gnu++14 (for C++14 with GNU
extensions), or -std=gnu++17 (for C++17 with GNU extensions), or -std=gnu++20 (for
C++20 with GNU extensions).

The default, if no C++ language dialect options are given, is —~std=gnu++17.

2.3 Objective-C and Objective-C++ Languages

GCC supports “traditional” Objective-C (also known as “Objective-C 1.0”) and contains
support for the Objective-C exception and synchronization syntax. It has also support for
a number of “Objective-C 2.0” language extensions, including properties, fast enumeration
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(only for Objective-C), method attributes and the @Qoptional and @required keywords in
protocols. GCC supports Objective-C++ and features available in Objective-C are also
available in Objective-C++.

GCC by default uses the GNU Objective-C runtime library, which is part of GCC and
is not the same as the Apple/NeXT Objective-C runtime library used on Apple systems.
There are a number of differences documented in this manual. The options -fgnu-runtime
and -fnext-runtime allow you to switch between producing output that works with the
GNU Objective-C runtime library and output that works with the Apple/NeXT Objective-
C runtime library.

There is no formal written standard for Objective-C or Objective-C++. The author-
itative manual on traditional Objective-C (1.0) is “Object-Oriented Programming and
the Objective-C Language”: http://www.gnustep.org/resources/documentation/
ObjectivCBook.pdf is the original NeXTstep document.

The Objective-C exception and synchronization syntax (that is, the keywords @try,
@throw, @catch, @finally and @synchronized) is supported by GCC and is enabled with
the option -fobjc-exceptions. The syntax is briefly documented in this manual and in
the Objective-C 2.0 manuals from Apple.

The Objective-C 2.0 language extensions and features are automatically enabled; they
include properties (via the @property, @synthesize and @dynamic keywords), fast enu-
meration (not available in Objective-C++), attributes for methods (such as deprecated,
noreturn, sentinel, format), the unused attribute for method arguments, the @package
keyword for instance variables and the @optional and @required keywords in protocols.
You can disable all these Objective-C 2.0 language extensions with the option -fobjc-
std=objcl, which causes the compiler to recognize the same Objective-C language syntax
recognized by GCC 4.0, and to produce an error if one of the new features is used.

GCC has currently no support for non-fragile instance variables.
The authoritative manual on Objective-C 2.0 is available from Apple:

e https://developer.apple.com/library/archive/documentation/Cocoa/
Conceptual/ProgrammingWithObjectiveC/Introduction/Introduction.html

For more information concerning the history of Objective-C that is available online, see
https://gcc.gnu.org/readings.html

2.4 Go Language

As of the GCC 4.7.1 release, GCC supports the Go 1 language standard, described at
https://golang.org/doc/gol.

2.5 D language

GCC supports the D 2.0 programming language. The D language itself is currently de-
fined by its reference implementation and supporting language specification, described at
https://dlang.org/spec/spec.html.
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2.6 References for Other Languages

See Section “About This Guide” in GNAT Reference Manual, for information on standard
conformance and compatibility of the Ada compiler.

See Section “Standards” in The GNU Fortran Compiler, for details of standards sup-
ported by GNU Fortran.






3 GCC Command Options

When you invoke GCC, it normally does preprocessing, compilation, assembly and linking.
The “overall options” allow you to stop this process at an intermediate stage. For example,
the -c option says not to run the linker. Then the output consists of object files output by
the assembler. See Section 3.2 [Options Controlling the Kind of Output], page 49.

Other options are passed on to one or more stages of processing. Some options control
the preprocessor and others the compiler itself. Yet other options control the assembler and
linker; most of these are not documented here, since you rarely need to use any of them.

Most of the command-line options that you can use with GCC are useful for C programs;
when an option is only useful with another language (usually C++), the explanation says
so explicitly. If the description for a particular option does not mention a source language,
you can use that option with all supported languages.

The usual way to run GCC is to run the executable called gcc, or machine-gcc when
cross-compiling, or machine-gcc-version to run a specific version of GCC. When you
compile C++ programs, you should invoke GCC as g++ instead. See Section 3.3 [Compiling
C++ Programs], page 59, for information about the differences in behavior between gcc and
g++ when compiling C++ programs.

The gcc program accepts options and file names as operands. Many options have multi-
letter names; therefore multiple single-letter options may not be grouped: -dv is very
different from ‘-4 -v’.

You can mix options and other arguments. For the most part, the order you use doesn’t
matter. Order does matter when you use several options of the same kind; for example, if
you specify -L more than once, the directories are searched in the order specified. Also, the
placement of the -1 option is significant.

Many options have long names starting with ‘-f’ or with ‘-W—for example, -fmove-
loop-invariants, -Wformat and so on. Most of these have both positive and negative
forms; the negative form of -ffoo is ~fno-foo. This manual documents only one of these
two forms, whichever one is not the default.

Some options take one or more arguments typically separated either by a space or by
the equals sign (‘=) from the option name. Unless documented otherwise, an argument
can be either numeric or a string. Numeric arguments must typically be small unsigned
decimal or hexadecimal integers. Hexadecimal arguments must begin with the ‘Ox’ prefix.
Arguments to options that specify a size threshold of some sort may be arbitrarily large
decimal or hexadecimal integers followed by a byte size suffix designating a multiple of bytes
such as kB and KiB for kilobyte and kibibyte, respectively, MB and MiB for megabyte and
mebibyte, GB and GiB for gigabyte and gigibyte, and so on. Such arguments are designated
by byte-size in the following text. Refer to the NIST, IEC, and other relevant national and
international standards for the full listing and explanation of the binary and decimal byte
size prefixes.

See [Option Index], page 1025, for an index to GCC’s options.

3.1 Option Summary

Here is a summary of all the options, grouped by type. Explanations are in the following
sections.
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Overall Options
See Section 3.2 [Options Controlling the Kind of Output], page 49.
-c¢ -S -E -o file

-dumpbase dumpbase -dumpbase-ext auxdropsuf

-dumpdir dumppfx -x language

-v -### --help[=class[,...]] --target-help --version
-pass-exit-codes -pipe -specs=file -wrapper

@file -ffile-prefix-map=old=new

-fplugin=file -fplugin-arg-name=arg

-fdump-ada-spec|[-slim| -fada-spec-parent=unit -fdump-go-spec=file

C Language Options
See Section 3.4 [Options Controlling C Dialect], page 59.

-ansi -std=standard -aux-info filename
-fallow-parameterless-variadic-functions -fno-asm
-fno-builtin -fno-builtin-function -fcond-mismatch
-ffreestanding -fgimple -fgnu-tm -fgnu89-inline -fhosted
-flax-vector-conversions -fms-extensions

-foffload=arg -foffload-options=arg

-fopenacc -fopenacc-dim=geom

-fopenmp -fopenmp-simd
-fpermitted-flt-eval-methods=standard

-fplan9-extensions -fsigned-bitfields -funsigned-bitfields

-fsigned-char -funsigned-char -fsso-struct=endianness

C++ Language Options
See Section 3.5 [Options Controlling C++ Dialect|, page 67.

-fabi-version=n -fno-access-control

-faligned-new=n -fargs-in-order=n -fchar8_t -fcheck-new
-fconstexpr-depth=n -fconstexpr-cache-depth=n
-fconstexpr-loop-limit=n -fconstexpr-ops-limit=n
-fno-elide-constructors

-fno-enforce-eh-specs

-fno-gnu-keywords
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-fno-implicit-templ

ates

-fno-implicit-inline-templates

-fno-implement-inlines

-fmodule-header|[=kind] -fmodule-only -fmodules-ts

-fmodule-implicit-inline

-fno-module-lazy

-fmodule-mapper=specification

-fmodule-version-ignore

-fms-extensions
-fnew-inheriting-ct

-fnew-ttp-matching

ors

-fno-nonansi-builtins -fnothrow-opt -fno-operator-names

-fno-optional-diags
-fno-pretty-templat
-fno-rtti -fsized-
-ftemplate-backtrac

-ftemplate-depth=n

-fpermissive
es
deallocation

e-limit=n

-fno-threadsafe-statics -fuse-cxa-atexit

-fno-weak -nostdinc++

-fvisibility-inline

s-hidden

-fvisibility-ms-compat

-fext-numeric-liter
-flang-info-include
-flang-info-include
-flang-info-module-
-stdlib=1ibstdc++,1
-Wabi-tag -Wcatc