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i
Continuous Integration @ HZDR and HIFIS

General Purpose Runners Special Purpose Runners
Docker-machine based runners Multiple CPU architectures
in Openstack (ARM, Power, AMD, Intel)

Different flavors (#CPUs, RAM) GPUs (NVIDIA, AMD)

: Helmholtz

HPC Runner in Alpha state Codebase Different Operating Systems
Test software stacks directly on ) Apple Silicon based MacOS-
the HZDR HPC system ClI Infrastrucure Runner

E.g. for runtime tests or
continuous performance
EUEWAS

Windows runner ready for early
adpoters
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Showcase: Alpaka

* Header-only C++17 abstraction library for accelerator development.

* |ts aim is to provide performance portability across accelerators through the
abstraction (not hiding!) of the underlying levels of parallelism.

* Write code once and execute it on different processors

https://github.com/alpaka-group/alpaka

L HIFIS

alaka
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https://github.com/alpaka-group/alpaka

Showcase: Alpaka

ALPAKA FN ACC
TACC -
TExtent extent,
TRandEngine states,

pitchRand
idx = alpaka::getIdx<alpaka::C

1dx[0] < NUM Y && 1dx[1l] < NUM X

linearIdx = alpaka::mapIldx<lu>(1idx, extent)[0];

memoryLocationIdx = idx[©] * pitchRand + idx[1];
TRandEngine engine(42, t<std:: t>(linearIdx)):
states[memoryLocationIdx] = engine;
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Showcase: Alpaka

Example, full test matrix CUDA backend:

* 4 GCC versions, 6 Clang versions
10 CUDA SDK versions

* 4 Cmake versions

* 7 Boost versions

Naive approach:
— 2800 combinations at 6 minutes per job
= Pipeline run: ~9,5h at 30 jobs in parallel

Supported Compilers

This library uses C++17 (or newer when available).

Accelerator
Back-end

Serial

OpenMP
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Challenge

Bigger Open Source software projects very often hosted on GitHub
Free CI resources not always enough due to, e.g.

* Amount of resources

* Special hardware (CPU architectures, GPUSs) required

* Reaching free limits

Required resources are locally available, but not usable on GitHub by default

e How to combine GitHub with locally available GitLab Cl resources?

L HIFIS
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Idea
Use GitLab - GitHub CI Integration

e GitLab provides an integration to allow for using GitLab ClI in a GitHub project

* Limitations

* Feature available in the Premium Edition only — cannot use our own instance
* Did not work for Pull Requests from forks

* How to proceed?

O Use gitlab.com and make use of group runners

Requires registration in the GitLab for Open Source program

L HIFIS
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Workaround gcc warning on uninitialized PlatformCpu #2165 > Cote -

jORe 4l bernhardmgruber wants to merge 1 commit into alpaka-group:develop from bernhardmgruber:gcc_warn_workaround (0]

) Conversation 2 -0 Commits 1 [l Checks 18 Files changed 4 +6-31 HEEN
i bernhardmgruber commented 3 days ago * edited ~ Member | «-- Retiswers
L e efwyzard (]
This is a workaround for g++-11 bug: https://gcc.gnu.org/bugzilla/show_bug.cgi?id=96295
g++-11 complains in all places where a PlatformCpu is used, that it "may be used uninitialized" At least 1 approving review is required to merge this
pull request.
@ Still in progress? Learn about draft PRs @
el i Workaround gcc warning on uninitialized PlatformCpu + abbdd50
Assignees

No one assigned

© @ bernhardmgruber added the (FpeMarmIngD |2bel 3 days ago
° Review required Add your review
At least 1 approving review is required by reviewers with write access. Learn more about pull request reviews.

All checks have passed Hide all checks
23 successful checks

v/ (@) ‘Lonunuous INtegration / INUX_clang-1o_0epug_upsan (Pull_request) SUCCessTulin 1im (Required )  Detalls .
v Continuous Integration / linux_clang-16_debug_tsan (pull_request) Successfulin 15m Details
B v %ﬁﬁi ci/gitlab/gitlab.com — Pipeline passed on GitLab Details
Uses Cl@H|F|S v sfj ci/gitlab/gitlab.com/run-compile-only-test — Pipeline passed on GitLab Details
v @f} ci/gitlab/gitlab.com/run-runtime-cpu-test — Pipeline passed on GitLab Details
v g:‘:gs ci/gitlab/gitlab.com/run-runtime-gpu-test — Pipeline passed on GitLab Details

- .+ B darcslreadthadacs arnalnalkea — Read the Dacs hiild siicceadadl (Reanirad ) Dataile 7

Merging is blocked

Merging can be performed automatically with 1 approving review.
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. Workaround gcc warning on uninitialized PlatformCpu
(©) passed HZDR Bot created pipeline for commit abbdd505 [? finished 2 days ago

For pr-2165/bernhardmgruber/alpaka/gcc_warn_workaround

latest €O 4 Jobs (D) 0.81 (¥ 128 minutes 41 seconds, queued for 0 seconds

Pipeline Needs Jobs 4 Tests 0

generator run-test-jobs Downstream

run-compile-only...
_ A — #1006719087
Trigger job Child

@ generate o @ run-compile-only-test

@ run-runtime-cpu-test

Q

Trigger job

@ run-runtime-gpu-test
Trigger job

Q

compile_only_job-stageO

@ linux_clang-cudal4-cudall.4_compile_only_c...
@ linux_clang-cudal5-cudall.0_compile_only_c...

@ linux_clang-cudal6-cudall.3_compile_only_c...

@ linux_hipcc5.0_compile_only_cmake3.24.4_bo...
@ linux_hipcc5.2_compile_only_cmake3.25.3_bo...
@ linux_hipcc5.4_compile_only_cmake3.22.6_bo...
@ linux_hipcc5.4_compile_only_cmake3.23.5_bo...
@ linux_hipcc5.4_compile_only_cmake3.24.4_bo...
@ linux_hipcc5.4_compile_only_cmake3.25.3_bo...
@ linux_hipcc5.5_compile_only_cmake3.22.6_bo...
@ linux_hipcc5.5_compile_only_cmake3.23.5_bo...
@ linux_hipcc5.5_compile_only_cmake3.25.3_bo...

@ linux_hipcc5.5_compile_only_cmake3.25.3_bo...

Q

Q

Q

Q

Q

Q

Q

Q

Q

Q

compile_only_job-stagel

@ linux_clang-cudal4-cudall.2_compile_only_c...
@ linux_clang-cudal4-cudall.5_compile_only_c...
@ linux_clang-cudal5-cudall.l_compile_only_cm.
@ linux_clang-cudal5-cudall.4_compile_only_c...
@ linux_hipcc5.0_compile_only_cmake3.23.5_bo.
@ linux_hipcc5.1_compile_only_cmake3.25.3_bo..
@ linux_hipcc5.2_compile_only_cmake3.25.3_bo.
@ linux_hipcc5.3_compile_only_cmake3.23.5_bo.
@ linux_hipcc5.3_compile_only_cmake3.25.3_bo.
@ linux_hipcc5.3_compile_only_cmake3.26.4_bo.
@ linux_hipcc5.4_compile_only_cmake3.25.3_bo.
@ linux_hipcc5.5_compile_only_cmake3.25.3_bo.

@ linux_hipcc5.5_compile_only_cmake3.25.3_bo.
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How does it work?

GitLab native project mirroring

v

github.com/alpaka-group/alpaka

Local branches only

gitlab.com/hzdr/crp/alpaka
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o
How does it work?

GitLab native project mirroring

v

Local branches only

github.com/alpaka-group/alpaka gitlab.com/hzdr/crp/alpaka

Fork 1 — e.g. github.com/tobiashuste/alpaka
Fork 2

Fork n
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How does it work?

GitLab native project mirroring

Local branches only

github.com/alpaka-group/alpaka

Fork 1 — e.g. github.com/tobiashuste/alpaka
Fork 2

Fork n

v

gitlab.com/hzdr/crp/alpaka

Local branch 1 — (tobiashuste-alpaka-feature-1)
Local branch 2

Local branch n
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How does it work?

GitLab native project mirroring

Local branches only

github.com/alpaka-group/alpaka

Fork 1 — e.g. github.com/tobiashuste/alpaka
Fork 2

Fork n

otif;
o Vig '/’/eb
k

v

gitlab.com/hzdr/crp/alpaka

Local branch 1 — (tobiashuste-alpaka-feature-1)
Local branch 2

Local branch n

Mirroring Bot for Pull Requests from forks
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How does it work?

Sends pipeline status back — Identification via Commit Hash

-

GitLab native project mirroring

Local branches only

github.com/alpaka-group/alpaka

Fork 1 — e.g. github.com/tobiashuste/alpaka
Fork 2

Fork n

otif;
o Vig '/’/eb
k

v

gitlab.com/hzdr/crp/alpaka

Local branch 1 — (tobiashuste-alpaka-feature-1)
Local branch 2

Local branch n

Mirroring Bot for Pull Requests from forks
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Strategies to Optimize the CI Pipeline

Job Generator

Goals
* Reduce total ClI runtime
* (Good test coverage

* Maintainability, extensibility, verifiability

Restrictions and Competitions
* Shared runners
* Special runner resources more limited

e Person hours

Use a job generator to implement algorithms for

dynamic job configuration

Uses Dynamic Child Pipelines

L HIFIS
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https://docs.gitlab.com/ee/ci/pipelines/downstream_pipelines.html#dynamic-child-pipelines
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Strategies to Optimize the CI Pipeline

Pairwise Testing

Algorithm to create a test matrix depending on the test parameters

* Example: Host compiler, device compiler, boost version, ...

Each combination of two parameter values appears at least in one job
Generator is able to forbid combinations

* Alpaka-related combination rules defined in Python library -

https://github.com/alpaka-group/alpaka-job-matrix-library

* Use Python library allpairspy - https://pypi.org/project/allpairspy/

In practice: Number of jobs increases logarithmic depending on number of job parameters
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https://github.com/alpaka-group/alpaka-job-matrix-library
https://pypi.org/project/allpairspy/

Strategies to Optimize the CI Pipeline

Pre-Built Containers

https://codebase.helmholtz.cloud/crp/alpaka-group-container

aka-group-container > Container Registry

Container Registry

< N7Image repositories (D Cleanup is not scheduled.

| Filter results | O\.‘ | Updated |l?.‘
i P rOVId e CO ntal n er I m ag es CO ntal n I n g a.l | «2+ alpaka-group-container/alpaka-ci-ubuntu20.04-cudal21-pic [} .
U

2 tags
d e p e n d e n C i e S «++| alpaka-group-container/alpaka-ci-ubuntu20.04-rocm5.5-pic [ .
U

2 tags
«2+ alpaka-group-container/alpaka-ci-ubuntu20.04-cudal21-gcc-pic [2 =
HE 2 tags -

* Fast download vs. slow compiling

«=+| alpaka-group-container/alpaka-ci-ubuntu20.04-cudal21-gcc [} =
2 tags U
L4 CaC h i n g Of i m ag e | aye rS pOSS i b | e «++| alpaka-group-container/alpaka-ci-ubuntu20.04-rocm5.5 [%% .
U

2 tags
+++| alpaka-group-container/alpaka-ci-ubuntu20.04-cudal21 [% .
U

e Can easily be used on local development

systems as well Now hosted on the Helmholtz Codebase container registry

 Same data center as runners

* No hard storage limitations

DRESDEN ' ‘
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https://codebase.helmholtz.cloud/crp/alpaka-group-container
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Strategies to Optimize the CI Pipeline
Wave Scheduling

Problem Solution

* Running all jobs in same stage utilize all resources ¢ Distribute jobs on waves (stages)

* If ajob finished instantly a new job starts * Release CI resources constantly and start to

— no other PR of the same or project can execute allocate new resources, if the new stage Is starting

Cl jobs * Reorder jobs

* |f one job falls, all other running jobs still try to * Try to fail in the first wave, if there is a bug in
finish the code

— wasting CI resources

DRESDEN ’ ‘
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. Workaround gcc warning on uninitialized PlatformCpu
(©) passed HZDR Bot created pipeline for commit abbdd505 [? finished 2 days ago

For pr-2165/bernhardmgruber/alpaka/gcc_warn_workaround

latest €O 4 Jobs (D) 0.81 (¥ 128 minutes 41 seconds, queued for 0 seconds

Pipeline Needs Jobs 4 Tests 0

generator run-test-jobs Downstream

run-compile-only...
_ A — #1006719087
Trigger job Child

@ generate o @ run-compile-only-test

@ run-runtime-cpu-test

Q

Trigger job

@ run-runtime-gpu-test
Trigger job

Q

compile_only_job-stageO

@ linux_clang-cudal4-cudall.4_compile_only_c...
@ linux_clang-cudal5-cudall.0_compile_only_c...

@ linux_clang-cudal6-cudall.3_compile_only_c...

@ linux_hipcc5.0_compile_only_cmake3.24.4_bo...
@ linux_hipcc5.2_compile_only_cmake3.25.3_bo...
@ linux_hipcc5.4_compile_only_cmake3.22.6_bo...
@ linux_hipcc5.4_compile_only_cmake3.23.5_bo...
@ linux_hipcc5.4_compile_only_cmake3.24.4_bo...
@ linux_hipcc5.4_compile_only_cmake3.25.3_bo...
@ linux_hipcc5.5_compile_only_cmake3.22.6_bo...
@ linux_hipcc5.5_compile_only_cmake3.23.5_bo...
@ linux_hipcc5.5_compile_only_cmake3.25.3_bo...

@ linux_hipcc5.5_compile_only_cmake3.25.3_bo...

Q

Q

Q

Q

Q

Q

Q

Q

Q

Q

compile_only_job-stage1l

@ linux_clang-cudal4-cudall.2_compile_only_c...
@ linux_clang-cudal4-cudall.5_compile_only_c...
@ linux_clang-cudal5-cudall.l_compile_only_cm.
@ linux_clang-cudal5-cudall.4_compile_only_c...
@ linux_hipcc5.0_compile_only_cmake3.23.5_bo.
@ linux_hipcc5.1_compile_only_cmake3.25.3_bo..
@ linux_hipcc5.2_compile_only_cmake3.25.3_bo.
@ linux_hipcc5.3_compile_only_cmake3.23.5_bo.
@ linux_hipcc5.3_compile_only_cmake3.25.3_bo.
@ linux_hipcc5.3_compile_only_cmake3.26.4_bo.
@ linux_hipcc5.4_compile_only_cmake3.25.3_bo.
@ linux_hipcc5.5_compile_only_cmake3.25.3_bo.

@ linux_hipcc5.5_compile_only_cmake3.25.3_bo.



Strategies to Optimize the CI Pipeline
Job filter

* During development only run a reasonable subset of the CI pipeline
* Example: no need to run the full pipeline during development if | know | implement a specific CUDA feature

* Implemented via git commit message

Add function to filter and reorder CI jobs

This commit message demonstrates how it works. The job filter removes
all jobs whose names do not begin with NVCC or GCC. Then the jobs are
reordered. First all GCC1l1l are executed, then all GCC8 and then the
rest.

CI_FILTER: ANVCC|AGCC
CI_REORDER: ~GCC1l1 ~GCCS8
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Summary

Alpaka developer team happy with the solution
Allows them to implement more advanced CI pipeline
Still, the setup is quite complex

A lot of effort put into automation

=~ Manual testing would be more time consuming and more error-prone

=~ More resources, especially GPUs in Openstack will help a lot (stay tuned)

L HIFIS
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Further Reading

 HIFIS — https://hifis.net

* Ansible Roles: https://github.com/hifis-net

* Helmholtz Research Software Directory: https://helmholtz.software

* Helmholtz Codebase: https://codebase.helmholtz.cloud

* Alpaka group: https://github.com/alpaka-group

ZHIFIS

L HIFIS
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