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1 Introduction

1.1 Conventions
The following subsections describe conventions used in Arm documents.

Glossary

The Arm Glossary is a list of terms used in Arm documentation, together with definitions for
those terms. The Arm Glossary does not contain terms that are industry standard unless the Arm
meaning differs from the generally accepted meaning.

See the Arm® Glossary for more information: developer.arm.com/glossary.

Typographic conventions
Arm documentation uses typographical conventions to convey specific meaning.

Convention Use

italic Introduces special terminology, denotes cross-references, and citations.

bold Highlights interface elements, such as menu names. Denotes signal names. Also used for terms in
descriptive lists, where appropriate.

monospace Denotes text that you can enter at the keyboard, such as commands, file and program names, and source
code.

monospace italic Denotes arguments to monospace text where the argument is to be replaced by a specific value.

monospace bold Denotes language keywords when used outside example code.

monospace underline Denotes a permitted abbreviation for a command or option. You can enter the underlined text instead of
the full command or option name.

<and> Encloses replaceable terms for assembler syntax where they appear in code or code fragments. For ex-
ample:

MRC pl5, 0, <Rd>, <CRn>, <CRm>, <Opcode 2>
SMALL CAPITALS Used in body text for a few terms that have specific technical meanings, that are defined in the

Arm Glossary. For example, IMPLEMENTATION DEFINED, IMPLEMENTATION SPECIFIC, UNKNOWN, and
UNPREDICTABLE.

This represents a recommendation which, if not followed, might lead to system failure or damage.

This represents a requirement for the system that, if not followed, might result in system failure or

damage.
Warning
.@ This represents a requirement for the system that, if not followed, will result in system failure or damage.
Danger
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Convention Use
I7° This represents an important piece of information that needs your attention.

Note

This represents a useful tip that might make it easier, better or faster to perform a task.

¥ This is a reminder of something important that relates to the information you are reading.

Remember

1.2 Feedback

Arm welcomes feedback on this product and its documentation.

Feedback on this product

If you have any comments or suggestions about this product, contact your supplier and give:

e The product name.

e The product revision or version.

e An explanation with as much information as you can provide. Include symptoms and diagnostic
procedures if appropriate.

Feedback on content
If you have comments on content then send an e-mail to errata@arm.com. Give:

e The title Arm C/C++ Compiler Developer and Reference Guide.
e The number 101458 21.1 01 en.
e If applicable, the page number(s) to which your comments refer.

e A concise explanation of your comments.

Arm also welcomes general suggestions for additions and improvements.

Arm tests the PDF only in Adobe Acrobat and Acrobat Reader, and cannot
guarantee the quality of the represented document when used with any other PDF
Note reader.

Copyright © 2018-2021 Arm Limited (or its affiliates). All rights reserved.
Non-Confidential
Page 12 of 125



mailto:errata@arm.com

Arm C/C++ Compiler Developer and Reference Guide Document ID: 101458 21.1 01 en

Version 21.1
Introduction

1.3 Other information

See the Arm website for other relevant information.

e Arm® Developer.
e Arm® Documentation.
e Technical Support

e Arm® Glossary.
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2 Get started

This chapter introduces Arm® C/C++ Compiler (part of Arm Compiler for Linux and Arm Allinea
Studio), and describes how to get started with the compiler, and where to find further support.

2.1 Arm C/C++ Compiler

Arm® C/C++ Compiler is a Linux user space C/C++ compiler for server and High Performance
Computing (HPC) Arm-based platforms. Arm C/C++ Compiler is built on the open-source Clang
front-end and the LLVM 12.0.1-based optimization and code generation back-end.

Arm C/C++ Compiler supports modern C/C++ (see Supported C/C++ standards in Arm C/C++
Compiler), OpenMP 4.0, and OpenMP 4.5 standards, has a built-in autovectorizer, and is tuned for
the 64-bit Armv8-A architecture. Arm C/C++ Compiler also supports compiling for Scalable Vector
Extension- (SVE-) and SVE2-enabled target platforms.

e A Linux user space C/C++ compiler for server and High-Performance Computing (HPC) Arm-
based platforms.

e Built on the open-source Clang front-end and the LLVM-based optimization and code
generation back-end.

e Tuned for the 64-bit Armv8-A architecture, and includes a built-in autovectorizer.
e Packaged with Arm Fortran Compiler and Arm Performance Libraries in a single package called
Arm Compiler for Linux.

Arm Allinea Studio is an end-to-end commercial suite for compiling, debugging, and optimizing
server and HPC applications on Arm Linux platforms, and is comprised of Arm Compiler for Linux
and Arm Forge.

To use Arm Compiler for Linux, you must have a valid license for Arm Allinea Studio. Arm Allinea
Studio is an end-to-end commercial suite of tools for developing Linux applications to run on
Armv8-A-based targets. For more information about Arm Allinea Studio and how to license the
tools, see the Arm Allinea Studio web page.

Resources

To learn more about Arm C/C++ Compiler (part of Arm Compiler for Linux) and other Arm server
and HPC tools, refer to the following information:

e Arm Allinea Studio:
o Arm Allinea Studio
o Arm C/C++ Compiler web page
o Installation instructions
o Release history

o Supported platforms
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e Porting guidance:

o

o

o

Porting and tuning resources
Arm GitLab Packages wiki
Arm HPC Ecosystem

e SVE and SVE2 information:

o

o

Scalable Vector Extension (SVE, and SVE?2) information

For an overview of SVE and why it is useful for HPC, see Learn about the Scalable Vector
Extension (SVE).

For a list of SVE and SVE?2 instructions, see the Arm Aé4 Instruction Set Architecture.

White Paper: A sneak peek into SVE and VLA programming. An overview of SVE with
information on the new registers, the new instructions, and the Vector Length Agnostic
(VLA) programming technique, with some examples.

White Paper: Arm Scalable Vector Extension and application to Machine Learning. In this
white paper, code examples are presented that show how to vectorize some of the core
computational kernels that are part of a machine learning system. These examples are
written with the Vector Length Agnostic (VLA) approach introduced by the Scalable Vector
Extension (SVE).

Arm C Language Extensions (ACLE) for SVE. The SVE ACLE defines a set of C and C++
types and accessors for SVE vectors and predicates.

DWARF for the ARM® 64-bit Architecture (AArché4) with SVE support. This document
describes the use of the DWARF debug table format in the Application Binary Interface
(ABI) for the Arm 64-bit architecture.

Procedure Call Standard for the ARM 64-bit Architecture (AArché4) with SVE support. This
document describes the Procedure Call Standard use by the Application Binary Interface
(ABI) for the Arm 64-bit architecture.

Arm Architecture Reference Manual Supplement - The Scalable Vector Extension (SVE),
for ARMv8-A. This supplement describes the Scalable Vector Extension to the Armv8-A
architecture profile.

e Support and sales:

o

If you encounter a problem when developing your application and compiling with the Arm
C/C++ Compiler, see the Troubleshoot

Contact Arm Support

Get software

An HTML version of this guide is available in the <install location>/
<package name>/share directory of your product installation.
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2.2 Get started with Arm C/C++ Compiler

Describes how to get started with Arm® C/C++ Compiler. In this topic, you will find out where to
download and find installation instructions for Arm Compiler for Linux and how to use Arm C/C++
Compiler to compile C/C++ source into an executable binary.

Before you begin

Download and install Arm Compiler for Linux. You can download Arm Compiler for Linux from the
Arm Allinea Studio Downloads page. Learn how to install and configure Arm Compiler for Linux,
using the Arm Compiler for Linux installation instructions on the Arm Developer website.

Procedure

1. Load the environment module for Arm Compiler for Linux:
a) As part of the installation, Arm recommends that your system administrator makes the Arm
Compiler for Linux environment modules available to all users of the tool suite.
To see which environment modules are available on your system, run:

module avail

If you cannot see the Arm Compiler for Linux environment module, but
you know the installation location, use module use to update your
MODULEPATH environment variable to include that location:

module use <path/to/installation>/modulefiles/

replacing <path/to/installation> with the path to your installation of
Arm Compiler for Linux. The default installation location is /opt/arm/.

module use sets your MODULEPATH environment variable to include the
installation directory:

b) To load the module for Arm Compiler for Linux, run:

module load arm<major-version>/<package-version>

where <package-version>is <major-version>.<minor-version>{.<patch-
version>}.

For example:

module load arm21/21.1
c) Check your environment. Examine the PATH variable. PATH must contain the appropriate
bin directory from <path/to/installation>:

echo S$PATH
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/opt/arm/arm-linux-compiler-21.1 Generic-AArch64 SUSE-15 aarché64-linux/bin:...

To automatically load the Arm Compiler for Linux every time you log into your
Linux terminal, add the module load command for your system and product
version to your .profile file.

2. To generate an executable binary, compile your program with Arm C/C++ Compiler.
Specify the input source filename, <source>. c| cpp, and use -o to specify the output binary
file, <binary>:

{armclang|armclang++} -o <binary> <source>.{c|cpp}

Results
Arm C/C++ Compiler builds your binary <binary>.

To run your binary, use:

./<binary>

Example 2-1: Example: Compile and run a Hello World program
This example describes how to write, compile, and run a simple "Hello World" C program.

1. Load the environment module for your system:

module load arm<major-version>/<package-version>

where <package-version>is <major-version>.<minor-version>{.<patch-
version>}.

For example:

module load arm21/21.1

2. Create a "Hello World" program and save it in a . c file, for example: hello.c:

finclude <stdio.h>

int main() {
printf ("Hello, World!");
return 0;

}

3. To generate an executable binary, compile your Hello World program with Arm C/C++
Compiler.

Specify the input file, hello. c, and the binary name (using —-o), hello:

armclang -o hello hello.c
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4. Run the generated binary hello:

./hello

Next steps
For more information about compiling and linking as separate steps, and how optimization levels
effect auto-vectorization, see Compile and Link.

2.3 Use Arm Compiler for Linux securely in shared
environments

Arm® Compiler for Linux provides features and language support in common with other toolchains.
Misuse of these common features and language support can provide access to arbitrary files,
execute system commands, and reveal the contents of environment variables.

If you deploy Arm Compiler for Linux into environments where security is a concern, then Arm
strongly recommends that you do all of the following:

e To limit tool access to only the necessary files, sandbox the tools.
e Remove all non-essential environment variables.

e Prevent execution of other binaries.

o Segregate different users from one another.

e Limit execution time.

2.4 Get support

To see a list of all the supported compiler options in your terminal, use:

{armclang|armclang++} —--help

or

man {armclang|armclang++}

A description of each supported command-line option is available in Compiler options.

If you encounter a problem when developing your application and compiling with the Arm®
Compiler for Linux, see the Troubleshoot topic.

If you encounter a problem when using Arm Compiler for Linux, contact the Arm Support team:
Contact Arm Support
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3 Compile and Link

This chapter describes the basic functionality of Arm® C/C++ Compiler, and describes how to
compile your C/C++ source with armclang or armclang++.

3.1 Using the compiler

Describes how to generate executable binaries, compile and link object files, and enable
optimization options, with Arm® C/C++ Compiler.

Compile and link

To generate an executable binary, compile your source file (for example, source. c) with the
armclang command:

armclang -o source.c

A binary with the filename source is output.

Optionally, use the -o option to set the binary filename (for example, binary):

armclang -o binary source.c

You can specify multiple source files on a single line. Each source file is compiled individually and
then linked into a single executable binary. For example, to compile the source files sourcel.c
and source?.c, Use:

armclang -o binary sourcel.c source2.c

To compile each of your source files individually into an object file, specify the compile-only option,
-c, and then pass the resulting object files into another invocation of armclang to link them into
an executable binary.

armclang -c sourcel.c
armclang -c source2.c
armclang -o binary sourcel.o source2.o

Increase the optimization level

To control the optimization level, specify the —-0<level> option on your compile line, and replace
<level> withone of 0,1, 2, 3, or fast. —-00 option is the lowest, and the default, optimization
level. ~-Ofast is the highest optimization level. Arm C/C++ Compiler performs auto-vectorization
at levels -02, 03, and -Ofast.
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For example, to compile source. c into a binary called binary, and use the -03 optimization
level, use:

armclang -03 -o binary source.c

Compile and optimize using CPU auto-detection

If you tell Arm C/C++ Compiler what target CPU your application will run on, the compiler can
make target-specific optimization decisions. Target-specific optimization decisions help ensure your
application runs as efficiently as possible. To tell the compiler to make target-specific compilation
decisions, use the -mcpu=<target> option and replace <target> with your target processor
(from a supported list of targets). To see what processors are supported by the —-mcpu option, see -
mcpu=.

In addition, the -mcpu option also supports a native argument. -mcpu=native enables Arm C/
C++ Compiler to auto-detect the architecture and processor type of the CPU that you are running
the compiler on.

For example, to auto-detect the target CPU and optimize the application for this target, use:

armclang -03 -mcpu=native -o binary source.c

The -mcpu option supports a range of Armv8-A-based Systems-on-Chips (SoCs), including:
ThunderX2, Neoverse N1, Neoverse N2, Neoverse V1, and A64FX. When —-mcpu is not specified,
by default, -mcpu=generic is set, which generates portable output suitable for any Armv8-A-
based target.

e The optimizations that are performed from setting the -mcpu option (also
known as hardware, or CPU, tuning) are independent of the optimizations that
are performed from setting the —0<level> option.

e If you run the compiler on one target, but will run the application you are
compiling on a different target, do not use -mcpu=native. Instead, use -
mcpu=<target> where <target> is the target processor that you will run
the application on.

Link to a math library

You can get greater performance from your code if you enable linking to optimized math libraries at
compilation time.

To enable you to get the best performance on Arm-based systems, Arm recommends linking to
Arm Performance Libraries. Arm Performance Libraries provide optimized standard core math
libraries for high-performance computing applications on Arm processors. Through a C interface,
the following types of routines are available:

e BLAS: Basic Linear Algebra Subprograms (including XBLAS, the extended precision BLAS).
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e LAPACK: A comprehensive package of higher level linear algebra routines. To find out what the
latest version of LAPACK that is supported in Arm Performance Libraries is, see Commercial
Arm Performance Libraries.

e FFT functions: A set of Fast Fourier Transform routines for real and complex data using the
FFTW interface.

e Sparse linear algebra

e libamath: A subset of libm, which is a set of optimized mathematical functions.

e libastring: A subset of libc, which is a set of optimized string functions.

To instruct Arm C/C++ Compiler to use the optimum version of Arm Performance Libraries for
your target architecture and implementation, you can use the —armpl= compiler option. —armpl=
enables the optimized versions of the C mathematical functions that are declared in the math.h
library and auto-vectorization of mathematical functions (which can be disabled using -fno-
simdmath). —armpl= supports arguments which enable you to use 32- or 64-bit integers, and
either the serial library or the OpenMP multi-threaded library.

For example:

e Tolink to the OpenMP multi-threaded Arm Performance Libraries with a 64-bit integer
interface, and include compiler and library optimizations for an A64FX-based system, use:

armclang code with math routines.c -armpl=ilp64,parallel -mcpu=ab64fx

e Tolink to the OpenMP multi-threaded Arm Performance Libraries with a 32-bit integer
interface, and build portable output that is suitable for any Armv8-A-based system, use:

armclang code with math routines.c -armpl -fopenmp -mcpu=generic

e Tolink to the serial implementation of Arm Performance Libraries with a 32-bit integer
interface, and include compiler and library optimizations for a Neoverse N1-based system, use:

armclang code with math routines.c -armpl=1p64,sequential -mcpu=neoverse-nl

For a full list of supported arguments for —armpl, see -armpl=.

If you want to link to another custom library, you can specify the library to armclang using the -
1<library> compiler option. For more information, see -I.

Common compiler options
This section describes some common options to use with Arm C/C++ Compiler.

For more information about all the supported compiler options, run man
armclang, armclang —--help, or see Compiler options.
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-S
Outputs assembly code, rather than object code. Produces a text . s file containing
annotated assembly code.

-c
Performs the compilation step, but does not perform the link step. Produces an ELF object
file (<file>. o). To later link object files into an executable binary, run armclang again,
passing in the object files.

-0 <file>

Specifies the name of the output file.

-march=name [+ [no] feature]

Targets an architecture profile, generating generic code that runs on any processor
of that architecture. For example -march=armv8-a, -march=armv8-a+sve, or -
march=armv8-a+sve?2.

If you know what your target CPU is, Arm recommends using the -mcpu
option instead of -march. For a complete list of supported targets, see -
march=.

-mcpu=native
Enables the compiler to automatically detect the CPU you are running the compiler on, and

optimize accordingly. The compiler selects a suitable target profile for that CPU. If you use -
mcpu, you do not need to use the -march option.

-mcpu supports a number of Armv8-A-based Systems-on-Chip (SoCs), including: ThunderX2,
Neoverse N1, Neoverse N2, Neoverse V1, and A64FX.

When -mcpu is not specified, it defaults to -mecpu=generic which
generates portable output suitable for any Armv8-A-based target.

For more information, see -mcpu-=.

-0<Llevel>

Specifies the level of optimization to use when compiling source files. The supported options
are: -00, -01, -02, -03, and -Ofast. The default is -00. Auto-vectorization is enabled at -
02, -03,and -Ofast.

-Ofast performs aggressive optimizations that might violate strict
compliance with language standards.

Warning

For more information, see -O.
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--config /path/to/<config-file>
Passes the location of a configuration file to the compile command. Use a configuration file
to specify a set of compile options to be run at compile time. The configuration file can be
passed at compile time, or an environment variable can be set for it to be used for every
invocation of the compiler. For more information about creating and using a configuration file,
see Configure Arm Compiler for Linux.

--help
Describes the most common options that are supported by Arm C/C++ Compiler. To see
more detailed descriptions of all the options, use man armclang.

--version
Displays version information.

For a detailed description of all the supported compiler options, see Compiler options.

To view the supported options on the command-line, use the man pages:

man {armclang|armclang++}

Alternatively, if you use a bash terminal and have the 'bash-completion' package installed, you
can use 'command line completion' (also known as 'tab completion'). To complete the command
or option that you are typing in your terminal, press the Tab button on your keyboard. If there are
multiple options available to complete the command or option with, the terminal presents these
as a list. If an option is specified in full, and you press Tab, Arm Compiler for Linux returns the
supported arguments to that option.

For more information about how command line completion is enabled for bash terminal users of
Arm Compiler for Linux, see the Arm Allinea Studio installation instructions.

Related information

Compile C/C++ code for Arm SVE and SVE2-enabled processors on page 23
Compiler options on page 81

Get support on page 18

3.2 Compile C/C++ code for Arm SVE and SVE2-enabled
processors

Arm® C/C++ Compiler supports compiling for Scalable Vector Extension (SVE) and Scalable Vector
Extension version two (SVE2)-enabled target processors.

Before you begin

e Ensure you have installed Arm Compiler for Linux.

For information about installing Arm Compiler for Linux, see Install Arm Compiler for Linux.
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e Ensure you have loaded the environment module for Arm Compiler for Linux. To load the
environment module, run:

module load arm<major-version>/<package-version>

where <package-version> is <major-version>.<minor-version>{.<patch-
version>}.

For example:

module load arm21/21.1

e Your target must be SVE- or SVE2-enabled hardware, or you must download, install, and load
the correct environment module for Arm Instruction Emulator.

For more information about installing and setting up your environment for Arm Instruction
Emulator, see Install Arm Instruction Emulator.

About this task
SVE and SVE2 support enables you to:

e Assemble source code containing SVE and SVE2 instructions.

e Disassemble ELF object files containing SVE and SVEZ2 instructions.

e Compile C and C++ code for SVE and SVE2-enabled targets, with an advanced auto-vectorizer
that is capable of taking advantage of the SVE and SVE2 features.

This topic shows you how to compile code to take advantage of SVE (or SVE2) functionality. The
generated executable can be run on SVE-enabled (or SVE2-enabled) hardware, or emulated using
Arm Instruction Emulator.
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Procedure
1. Compile your SVE or SVE2 source:

If you are both compiling and running on SVE-enabled (or SVE2-enabled) hardware, enable
compiler optimizations using -mcpu=native.

To compile SVE or SVE2 code without linking to Arm Performance Libraries, use:

armclang -O<level> -mcpu=native -o <binary> <source.c>

To compile SVE or SVE2 code and link to Arm Performance Libraries, use:

armclang -O<level> -mcpu=native -armpl -o <binary> <source.c>

To compile SVE (or SVE2) code on hardware that is not SVE-enabled, but that will be run
on SVE-enabled (or SVE2-enabled) hardware, specify your SVE-enabled (or SVE2-enabled)
pProcessor using -mcpu=<target>.

To compile SVE or SVE2 code without linking to Arm Performance Libraries, use:

armclang -O<level> -mcpu=<target> -o <binary> <source.c>

To compile SVE or SVE2 code and link to Arm Performance Libraries, use:

armclang -O<level> -mcpu=<target> -armpl -o <binary> <source.c>

If you do not know the target processor, specify an SVE-enabled target
architecture using -march=armv8-a+sve (or an SVE2-enabled target
using -march=armv8-a+sve2), instead of using -mcpu=<target>.

To compile SVE (or SVE2) code to emulate with Arm Instruction Emulator, compile the code
and specify an SVE-enabled (or SVE2-enabled) architecture using -march=.

To compile SVE code without linking to Arm Performance Libraries, use:

armclang -O<level> -march=armv8-a+sve -o <binary> <source.c>

To compile SVE code and link to Arm Performance Libraries, use:

armclang -O<level> -march=armv8-at+sve -armpl -o <binary> <source.c>

To compile SVE code for an Armv8.2-A-based target, and link to Arm Performance Libraries,
use:

armclang -O<level> -march=armv8.2-atsve -armpl -o <binary> <source.c>
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To compile SVE2 code, replace +sve with +sve2 in the -march option
argument.

For more information about the supported options for —armp1l, for example to control using
32-bit or 64-bit integers, or to use the single or OpenMP multi-threaded library, see the -
armpl description in -armpl=.

e o enable optimal vectorization, set ~-O<level> to be -02, or higher.

e There are several SVE2 Cryptographic Extensions available: sve2-aes,
sve2-bitperm, sve2-sha3, and sve2-sm4. Each extension is enabled
using the march compiler option. For a full list of supported -march
options, see -march=.

e sve?2 also enables sve.

2. Run the executable:

e To run the executable on SVE-enabled (or SVE2-enabled) hardware, use:

./<binary>

e o run and emulate the instructions using Arm Instruction Emulator, use:

armie -msve-vector-bits=<value> ./<binary>

Replace <value> with the vector length to use (which must be a multiple of 128 bits up to
2048 bits).

For more information about using Arm Instruction Emulator, see the Arm
Instruction Emulator documentation.

Example 3-1: Example: Compile SVE code for any SVE-enabled architecture

This example compiles some application source (source. c) for any SVE-enabled target
architecture, analyzes the vectorized SVE assembly, and runs the binary using Arm Instruction
Emulator.

One benefit of SVE is the support for an automatic vector-length agnostic (VLA) programming
model, which allows code to be compiled, and when run, the applic