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Proprietary Notice

This document is protected by copyright and other related rights and the practice or
implementation of the information contained in this document may be protected by one or more
patents or pending patent applications. No part of this document may be reproduced in any form
by any means without the express prior written permission of Arm. No license, express or implied,
by estoppel or otherwise to any intellectual property rights is granted by this document unless
specifically stated.

Your access to the information in this document is conditional upon your acceptance that you
will not use or permit others to use the information for the purposes of determining whether
implementations infringe any third party patents.

THIS DOCUMENT IS PROVIDED “AS IS”. ARM PROVIDES NO REPRESENTATIONS AND NO
WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING, WITHOUT LIMITATION,
THE IMPLIED WARRANTIES OF MERCHANTABILITY, SATISFACTORY QUALITY, NON-
INFRINGEMENT OR FITNESS FOR A PARTICULAR PURPOSE WITH RESPECT TO THE
DOCUMENT. For the avoidance of doubt, Arm makes no representation with respect to, and has
undertaken no analysis to identify or understand the scope and content of, patents, copyrights,
trade secrets, or other rights.

This document may include technical inaccuracies or typographical errors.

TO THE EXTENT NOT PROHIBITED BY LAW, IN NO EVENT WILL ARM BE LIABLE FOR
ANY DAMAGES, INCLUDING WITHOUT LIMITATION ANY DIRECT, INDIRECT, SPECIAL,
INCIDENTAL, PUNITIVE, OR CONSEQUENTIAL DAMAGES, HOWEVER CAUSED AND
REGARDLESS OF THE THEORY OF LIABILITY, ARISING OUT OF ANY USE OF THIS
DOCUMENT, EVEN IF ARM HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

This document consists solely of commercial items. You shall be responsible for ensuring that
any use, duplication or disclosure of this document complies fully with any relevant export laws
and regulations to assure that this document or any portion thereof is not exported, directly
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or indirectly, in violation of such export laws. Use of the word “partner” in reference to Arm’s
customers is not intended to create or refer to any partnership relationship with any other
company. Arm may make changes to this document at any time and without notice.

This document may be translated into other languages for convenience, and you agree that if there
is any conflict between the English version of this document and any translation, the terms of the
English version of the Agreement shall prevail.

The Arm corporate logo and words marked with ® or ™ are registered trademarks or trademarks
of Arm Limited (or its affiliates) in the US and/or elsewhere. All rights reserved. Other brands and
names mentioned in this document may be the trademarks of their respective owners. Please
follow Arm’s trademark usage guidelines at https://www.arm.com/company/policies/trademarks.
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Confidentiality Status

This document is Non-Confidential. The right to use, copy and disclose this document may be
subject to license restrictions in accordance with the terms of the agreement entered into by Arm
and the party that Arm delivered this document to.

Unrestricted Access is an Arm internal classification.

Product Status

The information in this document is Final, that is for a developed product.

Feedback

Arm® welcomes feedback on this product and its documentation. To provide feedback on the
product, create a ticket on https://support.developer.arm.com

To provide feedback on the document, fill the following survey: https://developer.arm.com/
documentation-feedback-survey.
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Inclusive language commitment

Arm values inclusive communities. Arm recognizes that we and our industry have used language
that can be offensive. Arm strives to lead the industry and create change.

We believe that this document contains no offensive language. To report offensive language in this
document, email terms@arm.com.
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Overview

1. Overview
The Arm Compiler, armcc, optimizes your code for small code size and high performance. This
tutorial introduces the main optimization techniques performed by the compiler, and explains how
to control compiler optimization.

This tutorial assumes you have installed and licensed Arm DS-5 Development Studio. For more
information, see Getting Started with Arm DS-5 Development Studio.
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Overview of optimizations

2. Overview of optimizations
The compiler performs optimizations common to other optimizing compilers as well as a range of
optimizations specific to Arm architecture-based processors.

The main optimizations are:

Common subexpression elimination
The compiler identifies common subexpressions in the code and uses the result for each
instance, rather than re-evaluating them repeatedly. For example, your code might use the
expression a+1 in several places. The compiler identifies and evaluates this expression only
once, using the result for all subsequent instances.

Loop invariant motion (expression lifting)
The compiler identifies expressions inside loops that do not change as the loop is running.
Continuous re-evaluation of these expressions would be costly, so the compiler moves the
expression outside of the loop and evaluates it only once.

Live range splitting for dynamic register allocation
The compiler identifies the live state of variables within a program section, and allocates
registers accordingly. For example, a variable might be used in one situation as a counter for
a loop, then later as a working variable within a calculation. If these two uses are completely
unrelated the compiler can allocate them to different registers. Additionally when a variable is
no longer required, the compiler can reuse the register.

Constant folding
The compiler replaces constant expressions with their calculated values.

Tailcall optimization and tail recursion
A tailcall is a call immediately before a return. Normally this function is called, and when it
returns to the caller, the caller returns again. Tailcall optimization avoids this by restoring the
saved registers before jumping to the tailcall. The called function then returns directly to the
caller’s caller, saving a return sequence.

The compiler also supports tailcall recursion, which is possible when the tailcall is made to the same
function. In this case it is possible to skip the entry and exit sequence altogether, converting the
call into a loop.

Cross jump elimination
The compiler combines instances of identical code. For example, if multiple functions
generate identical results the compiler optimizes them to a single return sequence. This
optimization mainly saves space, and is disabled when optimizing for time.

Table-driven peepholing
The compiler identifies common code sequences and replaces them with known optimal
versions. This is achieved by viewing the code through a window (of some number of
instructions) called a peephole, and then replacing identified instruction sequences with a
hand-crafted version. The table of peepholes is constantly growing as optimal sequences are
identified and added by Arm engineers.
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Structure splitting
The compiler can divide structures into their components and assign these to registers, for
faster access. This is a particular advantage when a function returns a structure, because the
whole structure can be returned in registers rather than on the stack.

Conditional execution or branch elimination
The compiler uses conditional execution to avoid branches. Conditional execution saves both
space and execution time, as many conditional branches can be removed.

Function inlining
Function inlining offers a trade-off between code size and performance. By default, the
compiler decides for itself whether to inline code or not. As a general rule, the compiler
makes sensible decisions about inlining with a view to producing code of minimal size.

Automatic vectorization for NEON
The compiler analyzes loops in your code to find opportunities for parallelization using the
NEON unit.

Loop restructuring
The compiler can unroll small loops for higher performance, with the disadvantage of
increased code size. When a loop is unrolled, a loop counter needs to be updated less
often and fewer branches are executed. If the loop iterates only a few times, it can be
fully unrolled, so that the loop overhead completely disappears. The compiler unrolls loops
automatically at -O3 -Otime.

Instruction scheduling
Instruction scheduling is enabled at optimization level -O1 and higher. Instructions are re-
ordered to suit the processor that the code is compiled for. This can help improve throughput
by minimizing interlocks and also making use of processor features such as dual execution.
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Optimizing for code size versus speed

3. Optimizing for code size versus speed
The compiler provides two options for optimizing for code size and performance:

-Ospace

Causes the compiler to optimize mainly for code size. This is the default option.

-Otime

This option causes the compiler to optimize mainly for speed.
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Compiler optimization levels

4. Compiler optimization levels
The precise optimizations performed by the compiler depend both on the level of optimization
chosen, and whether you are optimizing for performance or code size.

The compiler supports the following optimization levels:

-O0

Minimum optimization. Turns off most optimizations. When debugging is enabled, this option gives
the best possible debug view because the structure of the generated code directly corresponds to
the source code.

-O1

Restricted optimization. The compiler only performs optimizations that can be described by
debug information. Removes unused inline functions and unused static functions. Turns off
optimizations that seriously degrade the debug view. If used with --debug, this option gives a
generally satisfactory debug view with good code density.

-O2

High optimization. If used with --debug, the debug view might be less satisfactory because the
mapping of object code to source code is not always clear. The compiler may perform optimizations
that cannot be described by debug information. The compiler automatically inlines functions.

-O3

Maximum optimization. When debugging is enabled, this option typically gives a poor debug view.
Arm recommends debugging at lower optimization levels.

If you use -O3 and -Otime together, the compiler performs extra optimizations that are more
aggressive, such as:

• High-level scalar optimizations, including loop unrolling. This can give significant performance
benefits at a small code size cost, but at the risk of a longer build time.

• More aggressive inlining and automatic inlining.

The --loop_optimization_level=option controls the amount of loop optimization performed at -
O3 -Otime.

For extra information about the high level transformations performed on the source code at -O3 -
Otime use the --remarks command-line option.

Do not rely on the implementation details of these optimizations, because they
might change in future releases.
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By default, the compiler optimizes to reduce image size at the expense of a possible increase in
execution time. That is, -Ospace is the default, rather than -Otime.

-Ospace is not affected by the optimization level -Onum. That is, -O3 -Ospace enables
more optimizations than -O2 -Ospace, but does not perform more aggressive size
reduction.

The default optimization level is -O2.
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Further reading

5. Further reading
You can find out more about Arm compilers in the following guides:

Arm Compiler armcc User Guide

• Compiler Command-line Options

• Compiler Coding Practices

• Compiler optimization levels and the debug view
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