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Introducing Linaro’s
Toolchain CI

Project Context and Goals

Toolchain benchmarking and analysis is a key element
of the work that Linaro carries out on open source tools
for the Arm architecture. It's part of overall toolchain
quality and Cl efforts and it includes detection of
code-speed regressions, code-size regressions and also
detection of build/boot breakages. These quality and
Cl efforts are part of Linaro’s open source toolchain
community citizenship. They ensure the quality of

open source toolchains, bring value across all areas

of the Arm Ecosystem and also secure our members’
investment in Linaro’s own toolchain development
work for architecture enablement and Arm architecture

optimisation.

In summary the project goals are:

e  Secure Linaro members’ investment in toolchain

optimisation

e  Contribute to the overall sustainability of the open

source toolchain community
e  Bring value to the Arm architecture ecosystem

In order to achieve these project goals, Linaro has
worked with our members and with the toolchain
community and built a state-of-the-art benchmarking
Cl which can identify benchmark slow downs and code
size increases, automatically identifies regressions down
to highlighting a single toolchain commit and is able to
track and benchmark many different configurations of
upstream toolchains.
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Toolchain ClI to the Rescue! A Case Study of
the Cl in use

This is a short case study taken from many examples
where an actual regression case was caught by the
Toolchain Cl after a patch was submitted to the
compiler. In this case an optimisation for another
architecture (x86) adversely affected the performance of
Arm compiled code.

Timeline of a performance regression:

22nd September 2021 - Linaro Toolchain Cl detects a
6% slowdown in SPEC CPU2006 benchmarks for LLVM
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caused by a patch submitted by an x86 developer who
was not familiar with the Arm ISA. After bisecting, the CI
was able to provide the developer with the last good run
(parent commit) and first bad run (failing commit).

23rd September 2021 - Linaro gives some advice to
the x86 developer on how the change affected the Arm

implementation.

24th September 2021 - the commit is reverted and
performance is restored.

Note that the issue was highlighted by toolchain CI and
resolved by the community between 22nd and 24th
September.
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It's unfortunately very easy to lose 6% of performance
due to a problematic change and very hard to later

find 6% performance improvement due to careful (re-)
optimisation. If Cl had not been available to catch this
problem, and the issue appeared in an official release of
the compiler, it would have taken many months just to
back out the problematic commit.

Note that this is not an uncommon situation and
developers working on a particular architecture

can't be expected to know the deep details of other
architectures or configurations. It’s up to stakeholders to
be vigilant. Other regressions caught by Toolchain Cl for
specific benchmarks within the same week (27th Sept -
4th October 2021) were:

e Linaro’s Toolchain Working group 470.Ibm grew in
size by 38% after gcc: aarché64:

Improve size ...

e Linaro’s Toolchain Working group 400.perlbench
slowed down by 6% after llvm:
[SimplifyCFG] Ignore ...

e Linaro’s Toolchain Working group 471.omnetpp
slowed down by 8% after gcc:
Avoid invalid loop ...

e Linaro’s Toolchain Working group 462.libquantum
grew in size by 3% after llvm:

[JumpThreading] ...

References

Value Generated by Toolchain Cl Participation

Any organisation which depends on, or has itself
invested in toolchain optimisations can immediately
gain value from participating in Toolchain Cl in order
to become best-in-class for up-to-date tools and
increase business confidence to continue to invest

in optimisations. Specifically, businesses who are
now moving to support Arm as well as x86 can be
more confident in protecting their investment in code

optimisations to be performant on the Arm architecture.

As well as end customers and users benefitting from
the latest tools, in-house engineers become much
more able to collaborate and share information across
architectures and configurations. Through the ability
to automatically detect specific problem commits,
engineers can maintain a connection to the upstream
project community and can feel more in control of
events instead of just reacting to the impact of each
official release.

Ultimately Cl participation makes an organisation
better able to target engineering resources where
they are needed, and this is particularly beneficial to
organisations who also ship proprietary toolchains in
such performance-sensitive verticals as HPC.

[1] Understanding Compiler Optimization - Chandler Carruth Opening Keynote Meeting C++ 2015

[2] https:/docs.microsoft.com/en-us/archive/msdn-magazine/2015/february/compilers-what-every-programmer-should-know-

about-compiler-optimizations
[3] http:/www.hector.ac.uk/cse/documentation/SerialOpt/
[4] Wikipedia - Wirth's Law

[5] We're Not Prepared for the End of Moore’s Law https:/www.technologyreview.com/2020/02/24/905789/were-not-

prepared-for-the-end-of-moores-law/
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How to find out more
and participate

You can see examples of the testing output at
Benchmarking Cl regressions. Take a look at the
benchmarks and contact us with any specific
questions about the testing and results. For more
information on the project contact us on toolchain-

ci@linaro.org

There are multiple ways to participate in the project.
Various tiers of membership are open to those
interested in directly influencing the direction of the
project to ensure it delivers the solutions they need.
By becoming a member, your engineers get to work
with Linaro’s team of experts and other industry
leaders on scoping and steering the solution. If you
are keen to find out more about the Linaro Toolchain
Team, you are welcome to visit the team page at

linaro.org

About Linaro

Linaro leads collaboration in the Arm ecosystem and helps
companies work with the latest open-source technology.
The company has over 250 engineers working on more
than 70 open-source projects, developing and optimizing
software and tools, ensuring smooth product roll outs,
and reducing maintenance costs.

Work happens across a wide range of technologies
including artificial intelligence, automotive, datacenter
& cloud, edge & fog computing, high performance
computing, loT & embedded and mobile. Linaro is
distribution neutral: it wants to provide the best
software foundations to everyone by working upstream,
and to reduce costly and unnecessary fragmentation.
The effectiveness of the Linaro approach has been
demonstrated by Linaro consistently being listed as one
of the top ten company contributors, worldwide, to Linux
kernels since 3.10.

To ensure commercial quality software, Linaro’s work
includes comprehensive test and validation on member
hardware platforms. The full scope of Linaro engineering
work is open to all online. To find out more, please visit

www.linaro.org and www.96Boards.org
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