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..
Motivation

What is the X in Continous-X (CX)

m Continues Integration

a Continues Testing
a Continues Benchmarking

® Continues Deployment
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Motivation...

Advantages using CX

a Does it compile with different compilers, MPlIs,..?

4/36

® Does it compile on different hardware?

Do my unit tests pass?

Do my unit tests cover most of the code?

Linting

Automated deployment / packaging (for varying compilers, MPlIs, hardware)

Standardized Environment in conjunction with containers

2022-05-25
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Continuous-X Service Levels at NHRQOKIT
Self- \I/:vglrle e S T
Number Permanent Container  timing
Level . Runner on managed Access
jobs/day Runner Runner (e support con-
GI-DgL-Js) straints
1 Low Compute v x v v x
Node
5 Medium Dedlcated Lo- v v v v medium
gin Node workloads
. Dedicated
3 High Hardware x v v v v

See: NHROKIT User Documentation: Continuous Integration: Overview (£
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https://www.nhr.kit.edu/userdocs/ci/

GitLab: Settings:

Menu

@ Security & Compliance

Deployments

@
& Monitor
@ Infrastructure

@ Packages & Registries

=3

Analytics

O wiki

x

Snippets

el

Settings

General

Integrations
Webhooks
Repository

cvep

Monitor

Pages

Packages & Registries

Usage Quotas

& Collapse sidebar
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Cl/CD: Runners

Runners

KIT
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Collapse

Runners are processes that pick up and execute CI/CD jobs for GitLab. How do I configure runners?

Register as many runners as you want. You can register runners as separate users, on separate servers, and on your local

machine. Runners are either:

« adiive - Available to run jobs.
« ‘paused: - Not available to run jobs.

Specific runners

These runners are specific to this project

Set up a specific Runner for a project

1. Install GitLab Runner and ensure it's running
2. Register the runner with this URL:
https://gitlab.con/ [y

And this registration token:
11JY3WxwZwzsXNgFer2u G

Reset registration token

Show Runner installation instructions

CX services at NHROKIT

Shared runners

These runners are shared across this GitLab instance.

Shared Runners on GitLab.com run in autoscale mode
and are powered by Google Cloud Platform. Autoscaling
means reduced wait times to spin up builds, and isolated
VMs for each project, thus maximizing security.

They're free to use for public open source projects and

limited to 400 CI minutes per month per group for
private projects. Read about all GitLab.com plans.

Enable shared runners for this project

Available shared runners: 32

A #11728737 (kpqQ4sjn) B

1-green.shared-gitlab-org.runners- m/dind

Steinbuch Centre for Computing (SCC)



Register a GitLab Runner on HoreKa Cluster ﬂ(IT

Karlsruhe Institute of Technology

® Login to dedicated Cl node

ssh bq0742@hk-ci-controller.scc.kit.edu

(bq0742@hk-ci-controller.scc.kit.edu) Your OTP: <OTP>
(bq0742@hk-ci-controller.scc.kit.edu) Password: <Password>

Last login: Thu May 5 11:41:16 2022 from 2a00:1398:4:0:5a8e:d6ff:8366:d96e
[bq07420hkn1993 ~1$
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Register a GitLab Runner on HoreKa Cluster... A“(IT

a Register and configure GitLab Runner

gitlab-runner register

a Enter the GitLab instance URL: e.g. https://gitlab.com/
® Enter the registration token: <Token from GitLab: Settings: ClI/CD: Runners>
a Enter a description for the runner: e.g. GitLab Runner at NHROKIT
a Enter an executor: shell
® Configuration is written to ${HOME}/.gitlab-runner/config.toml

@ Execute GitLab Runner

gitlab-runner run
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Register a Custom Runner on HoreKa Cluster

Using Containers

9/36

@ NHROKIT User Documentation: Using Containers(&'

@ Custom executor instead of shell executor

® No native Docker support (security constraints)

® Enroot(#": Root-less execution of Docker images

® Template folder: /usr/share/gitlab-runner/custom-executor-enroot

® Template GitLab Runner config: config.toml

a GitLab Runner config uses prepared scripts: config.sh, prepare.sh, run.sh, cleanup.sh
® .gitlab-ci.yml uses keyword image to configure Docker image
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https://www.nhr.kit.edu/userdocs/ci/containers/
https://github.com/NVIDIA/enroot

Register a Custom Runner on HoreKa Cluster... A(IT

® Register and configure GitLab Runner

gitlab-runner register

Enter the GitLab instance URL: e.g. https://gitlab.com/

Enter the registration token: <Token from GitLab: Settings: CI/CD: Runners>
Enter a description for the runner: e.g. Custom Runner for Enroot at NHROKIT
Enter an executor: custom

@ Use template /usr/share/gitlab-runner/custom-executor-enroot/config.toml

® Use config options url and token from ${HOME}/.gitlab-runner/config.toml to modify
template
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Register a Custom Runner on HoreKa Cluster...

[[runners]]

builds_dir = "/home/hk-project-scs/bq0742/gitlab-runner/builds/"
cache_dir = "/home/hk-project-scs/bq0742/gitlab-runner/cache/"
[runners.custom]
config_exec = "/usr/share/gitlab-runner/custom-executor-enroot/config.sh"
config_exec_timeout = 200
prepare_exec = "/usr/share/gitlab-runner/custom-executor-enroot/prepare.sh"
prepare_exec_timeout = 200
run_exec = "/usr/share/gitlab-runner/custom-executor-enroot/run.sh"
cleanup_exec = "/usr/share/gitlab-runner/custom-executor-enroot/cleanup.sh"
cleanup_exec_timeout = 200
graceful _kill_timeout = 200
force_kill timeout = 200
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GitLab Settings: CI/CD: Runners
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Q

(]

XK OEDD>HE

A

11JY3WxwzwzsXNgFer2u [y
GIT Course B

" " Reset registration token
Project information 9

Learn GitLab 22% Show Runner installation instructions
Repository

Issues [

Merge requests 0 Available specific runners
cvco

@ #12105381 (TxGQmePy) §
Security & Compliance GitLab Runner @KIT
Deployments

Monitor

Infrastructure

Packages & Registries .
Analytics

Wiki

Snippets

Settings

General

Integrations

Webhooks

Collapse sidebar
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4L} Remove runner

Enable shared runners for this project

Available shared runners: 32

A #11728737 (kpqQ4éjn) B
1-green.shared-gitlab-org.runners-managergitlab.com/dind

gitlab-org-docker

. #44949 (72989761)
shared-runners-manager-4.gitlab.com
oD @

A #11728740 (nDxcYe_S)

2-green.shared-gitlab-org.runners-managergitiab.com/dind

gitlab-org-docker

A #11728747 (dBIZKdBQ) A
3-green shared-gitlab-org.runners-

gitlab-org-docker

com/dind

A #11728750 (1gkDMh-h) &
4-green.shared-gitlab-org.runners-managergitlab.com/dind

gitlab-org-docker

@ #11728733 (ZhKvGs-d)
4-blue shared-gitlab-org.runners-managergitlab.com/dind
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Cl Level 1 at NHRGKIT ﬂ(IT

Cl Level 1

13/36

a GitLab Runner is executed by a batch job

a GitLab Server is contacted, when the batch job starts

@ Requires access from compute node to GitLab Server

GitLab Runner quits when all waiting Cl jobs are executed
Problem: Start of the GitLab Runner job is unknown in advance

For repeating GitLab Runner jobs use scrontab

= Best suited for nightly builds and nightly integration tests

2022-05-25 H. Obermaier: CX services at NHR@KIT Steinbuch Centre for Computing (SCC)



Cl Level 1 at NHROKIT... A“(IT

Karlsruhe Institute of Technology

® Prerequisite: Register a GitLab Runner on HoreKa Cluster
@ In Cl Level 1 the GitLab Runner is executed as a batch job

sbatch \
—--wrap="gitlab-runner run" \
--time="00:30:00" \
--partition="dev_cpuonly"

14/36  2022-05-25 H. Obermaier: CX services at NHROKIT Steinbuch Centre for Computing (SCC)



KIT

Cl Level 1 at NHRGOKIT...

a Alternative method: Create a batch script for submission:

#!/usr/bin/bash
#SBATCH --partition dev_cpuonly
#SBATCH --time 00:30:00

# Prepare your environment
module add compiler/intel mpi/impi numlib/mkl
module list

# Start GitLab Runner
gitlab-runner run
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Cl Level 1 at NHRGOKIT...

@ Use scrontab -e to set up regular GitLab Runner jobs:

KIT

Karlsruhe Institute of Technology

#SCRON -p dev_accelerated
#SCRON -t 00:30:00
OGmidnight gitlab-runner run

® Jobs are not guaranteed to execute at the preferred time!

a Jobs are regularly queued in the batch system:

squeue

JOBID PARTITION NAME USER ST
1503545 dev_accel gitlab-r  bq0742 PD

TIME NODES NODELIST(REASON)

0:00

1 (BeginTime)

16/36  2022-05-25 H. Obermaier: CX services at NHROKIT
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Cl Level 2 at NHRGKIT

® Prerequisite: Register a GitLab Runner on HoreKa Cluster
a In Cl Level 2 the GitLab Runner

m s executed as systemd user service
® runs on dedicated login node (e.g. hk-ci-controller.scc.kit.edu)
® Limited / shared resources = Runtime variations
® Only suited for medium workloads
® No access to special hardware
® js self-managed
= Systemd management
a Cl jobs can start immediately
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Cl Level 2 at NHROKIT... ﬂ(IT

Karlsruhe Institute of Technology

m Start GitLab Runner Service

systemctl --user start gitlab-runner.service

a Get status of GitLab Runner Service

systemctl --user status gitlab-runner.service

gitlab-runner.service - GitLab Runner for bq0742
Loaded: loaded (/etc/systemd/user/gitlab-runner.service; disabled; vendor
- preset: enabled)
Active: active (running) since Tue 2021-11-09 11:45:41 CET; 3s ago
Main PID: 1167130 (gitlab-runner)
CGroup:
— /user.slice/user-8946.slice/user@8946.service/gitlab-runner.service
1167130
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Cl Level 2 at NHROKIT... A“(IT

Karlsruhe Institute of Technology

® Read log output of GitLab Runner Service

journalctl --user --unit gitlab-runner.service

WARNING: Running in user-mode.
WARNING: Use sudo for system-mode:
WARNING: $ sudo gitlab-runner...

Configuration loaded builds=0
listen_address not defined, metrics & debug endpoints disabled builds=0

[session_server].listen_address not defined, session endpoints disabled
— builds=0
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Cl Level 2 at NHROKIT... ﬂ(IT

Karlsruhe Institute of Technology

a Stop GitLab Runner Service

systemctl --user stop gitlab-runner.service
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Cl Level 3 at NHRGKIT

21/36

® Dedicated hardware
a For projects that

a generate many Cl jobs per day
® need predictable runtimes and performance
® require privileged access to special resources
a Available platforms:
m [ntel: Broadwell, Cascade Lake, lce Lake
NVIDIA: V100, A100
AMD: Milan, MI100
Fujitsu: ARM64FX

@ Get in contact with Cl Operations Team

2022-05-25 H. Obermaier: CX services at NHROKIT
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Continuous Integration using GitLab

a GitLab Continuous Integration Documentation:

® Get started with GitLab ClI/CD(&
w Keyword reference for the .gitlab-ci.yml file &
a GitLab Cl templates™&

® YAML-config file gitlab-ci.yml

a GitLab offers integrated Cl-editor with visualization and linting
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https://docs.gitlab.com/ee/ci/quick_start/
https://docs.gitlab.com/ee/ci/yaml/
https://gitlab.com/gitlab-org/gitlab-foss/tree/master/lib/gitlab/ci/templates

KIT

Continuous Integration using GitLab...

a Each commit triggers a new pipeline

a Each pipeline consist of stages
@ Predefined stages: .pre, build, test, deploy, .post
® Stages run in sequence
a Working tree is cleaned up between stages: Use artifacts to keep files
® Each stage consist of jobs
a Jobs can run in parallel
@ When a job fails the stage fails, all remaining stages are skipped
a When a stage fails the pipeline fails

23/36  2022-05-25 H. Obermaier: CX services at NHROKIT Steinbuch Centre for Computing (SCC)



Continuous Integration using GitLab (Set up ClI/CD)

24/36

2022-05-25

& GitLab

D

(=]

o

”
hutps:

[ 143 KBFiles B3 143 KB Storage

History

@ Add LICENSE | | @ Add CHANGELOG | | @ Add CONTRIBUTING

£} Configure Integrations | | @ Add Security Testing

Last commit
Squashed commit of the following
Added initial version of Readme.md

Squashed commit of the following

GIT Course KIT SCC SCS Course
Project information
Learn GitLab 2% GIT Course &
Project ID: 31147416
Repository
- 0 <©-2Commits ¥ 3Branches ¢ 0Tags
LS . main git-course /
(aa)
Security & Compliance @ Squashed commit of the following: «..
Deployments Holger Obermaier
Monitor
& Upload File = B README

Infrastructure
Packages & Registries @ Add Kubernetes cluster | | @ Set up C/CD
Analytics

Name
Wiki

itignore

Snippets © gltignore
Settings + Readme.md

¢ helloworld.c

B Readme.md
Fallanen cidnhar
ghtab.comkitcc-scs-<oursergit-courser-cifedor

H. Obermaier: CX services at NHROKIT
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0 Y Fork 0

v Clone v

68ec3b20 3

@ Enable Auto DevOps

Last update
15 hours ago
15 hours ago

15 hours ago

Steinbuch Centre for Computing (SCC)
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Continuous Integration using GitLab (Cl/CD Editor)

& GitLab

G GIT Course KIT SCC SCS Course > GIT Course > Pipeline Editor
@ Project information
¥ main v
S Learn Gitlab 2%
B Repository

D Issues 0 °
0

1 Merge requests

4 cUcD
Pipelines ° 0
Editor .
o Optimize your workflow with CI/CD Pipelines
Schedules Create a new .gitlab-ci.yml file at the root of the repository to get started.

Security & Compliance
9 7 p! Create new CI/CD e

@ Deployments
& Monitor

@ Infrastructure

O Packages & Registries
Lt Analytics

0O wiki

X, Snippets

& Collapse sidebar
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Continuous Integration using GitLab (Browse Templates) &b,

G GIT Course

rse > Pipeline Editor «

@ Project information
¥ main v
S Learn Gitlab 2%
B Repository v This GitLab CI configuration is valid. Learn more
D Issues 0

1% Merge requests 0 Edit Visualize Lint View merged YAML

4 cUcD

(2 Browse templates
Pipelines

1
Editor

Jobs
Schedules
© Security & Compliance
@ Deployments
& Monitor
@ Infrastructure
@ Packages & Registries
Lt Analytics
0w g

X, Snippets - test
- deploy

2 Callancn cidahar
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Continuous Integration using GitLab (ClI/CD Templates) i,

& GitLab Menu

G GIT Course

se > GIT Course > Pipelines

Project information

Use a sample CI/CD template

Use a sample .gitlab-ci.ynl template file to explore how CI/CD works.

a
© LeanGitlab  22%
B Repository
(17

Issues (]

19 Merge requests [

4 cucop Get started with GitLab CI/CD
Pipelines Get familiar with GitLab CI/CD syntax by starting with a basic 3 stage CI/CD pipeline.
Editor Use template
Jobs
Schedules

Use a CI/CD template

© Security & Compliance
Use a template based on your project's language or framework to get started with GitLab CI/CD.
@ Deployments
& Monitor
Android
@ Infrastructure e template
CI/CD template to test and deploy your Android project.

Packages & Registries

(=]
Lt Analytics

0O wiki

Bash
Use template
CICD template to test and deploy your Bash project
X, Snippets
[
& Collapse sidebar @ e template
CUCD template to test and deploy your C++ project
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Continuous Integration using GitLab (.gitlab-ci.yml)

KIT

Karlsruhe Institute of Technology

stages:
- build
- test

build-hello-world-job:
stage: build

artifacts:
paths:
- helloWorld
expire_in: 1 day

test-code-jobl:
stage: test
script: if [[ $(helloWorld)

script: cc helloWorld.c -o helloWorld

!= "Hello World" ]]; then exit 1; fi
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Continuous Integration using GitLab (.gitlab-ci.yml)  &=i.bees
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® Test stage can use compute resources

test-code-job2:
stage: test
script:
- srun -p dev_cpuonly
- srun -p dev_accelerated

-t 20 -N 1

-t 20 -N 1 -n 76 --gres=gpu:4 GPU_Test.sh

-n 76

CPU_Test.sh

2022-05-25
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Continuous Integration using GitLab (Edit)

& GitLab
G GIT Course KIT SCCSCS Course > GIT Course > Pipeline Editor «
@ Project information
Pdv
S Learn Gitlab 2%
B Repository v This GitLab CI configuration is valid. Learn more
D Issues 0
19 Merge requests 0 Edit  Visualize Lint  View merged YAML
4 cUcD
»
Pipelines (2 Browse templates
y 1 ftages: i

Editor - build

Jobs - test

Schedules build-hello-world-job:

stage: build
© Security & Compliance script: cc helloWorld.c -o helloworld
o I artifacts:
@ Deployments paths:
@ Monitor - helloWorld
expire_in: 1 day
@ Infrastructure
test-hello-world-job:
@ Packages & Registries stage: test
: if h W d) != "H W d" HR Y ; f

0 s script: if [[ $(helloWorld) ello World" 1]; then exit 1; fi
0O wiki
X, Snippets

& Collapse sidebar
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Continuous Integration using GitLab (Visualize)

& GitLab

G GIT Course

rse > Pipeline Editor «

Project information

Pav

a

S Learn Gitlab 2%

B Repository v This GitLab CI configuration is valid. Learn more

D Issues 0

1% Merge requests 0 Edit | Visualize | Lint  View merged YAML

4 CucD —

Pipelines Build Test

Editor
build-hello-world-job test-hello-world-job

Jobs

Schedules

Security & Compliance

(SRS

Deployments

Monitor

S @8

Infrastructure

D

Packages & Registries

=

Analytics
0O wiki

X, Snippets

2 ol e
hitps:/gitlab.com/kitscc.scs-coursegitcoursel-/clfeditor?branch_name=ci#
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Continuous Integration using GitLab (Lint)

& GitLab

KIT

Karlsruhe Institute of Technology

G GIT Course

Project information

a
S Learn Gitlab 2%
B Repository
D Issues 0
19 Merge requests [
4 cUcD

Pipelines

Editor

Jobs

Schedules

Security & Compliance

(SRS

Deployments

& Monitor

@ Infrastructure

O Packages & Registries
Lt Analytics

0O wiki

X, Snippets

& Collapse sidebar
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GIT Course > Pipeline Editor

Pav

v This GitLab CI configuration is valid. Learn more

Edit  Visualize | Lint | View merged YAML

© status:

Syntax is correct. CI configuration validated, including all configuration added with the includes keyword. More information

Parameter

Build Job - build-hello-world-job

Test Job - test-hello-world-job

H. Obermaier: CX services at NHROKIT

Value

cc helloWorld.c -o helloWorld

Only policy: branches, tags
When: on_succ

ss

if [[ $(helloWorld) !

Hello World" ]]; then exit 1; fi

Only policy: branche
When: on_success

tags

Steinbuch Centre for Computing (SCC)



Continuous Integration using GitLab (Cl/CD: Pipelines)
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0D®oe®D AB

®

[ WoR=Y

@ hesseonti @ surseite P Unuxtar ) Arandec [l Golemde &5 HPcwire: [ DERSPIEC Z Corona.

> MKW CROa
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G guabay o -0x

> o @

seric 31 WV o @ NexRder @ Work 13 @ DeeplTro i The'gils W Pipeine

gitiab.com 20 v @ guabdymimutin. > € 6

G GIT Course

SCS Course > GIT Course

O Project information All 1 Finished  Branches  Tags Clear runner caches

ST Run pipeline

Show Pipeline ID v

© Learn GitLab 2%
B Repository er pipeline Q

O Issues 0
Pipeline
)

19 Merge requests [} Status Triggerer Commit Stages Duration

4 CcucD

#405012432
latest

P cio 771c1561
® Added comment

Pipelines

(7 o ® 00:00:17 E .
3 running G :
G 9 AN & 21 seconds ago :

Editor
Jobs
Schedules

© Security & Compliance N

@ Deployments

& Monitor

@ Infrastructure

® Packages & Registries

L Analytics

& Collapse sidebar

®O0m o w
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Continuous Integration using GitLab (Pipeline passed)

& GitLab Menu

G GIT Course irse > Pipelines > #405027542

Project information ) . —
(1) G ! [©passed | ipeline #405027542 triggered 5 minutes ago by € Holger Obermaier Delete

© LeanGitlab  22%
B Repository Correcte yaml syntax
D Issues 0
1N Mergerequests (0 @ 2jobs for ci in 23 seconds (queued for 11 seconds)
4 cUcD
R latest

Pipelines

Editor < 3c413b86 [y

Jobs

S 19 No related merge requests found.
© Security & Compliance
@) B Pipeline Needs Jobs 2 Tests 0
& Monitor

Build Test
@ Infrastructure

P: .
(&) REE=gs R S © build-hello-.. (S © testhellow... (S
1 Analytics
0O wiki
X, Snippets

& Collapse sidebar
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Continuous Integration using GitLab (Build Job)

Search GitLab

G eI course KT sccscsc #i762975565 build-hello-worl...
L © passed | Job build-hello-world-job triggered 15 seconds ago by £} Holger Obermaier
<& Learn GitLab 2% . Duration: 12 seconds

Timeout: 1h (from project) (]
B Repository S B O ¥ Runner: #12127165 (LwNcwHR)
O Issues 0 GitLab Runner at NHR@KIT

Running with gitlab-runner 13.10.0 (54944146)
on GitLab Runner at NHREKIT LvvNcwHR
9 1" execut Job artifacts

19 Merge requests 0

4 cuco G
4 These artifacts are the latest. They will
Using Shell e
Pipelines ; not be deleted (even if expired) until
J newer artifacts are available.
Editor Running on hkn1993.localdomain
? Keep | Download | Browse
Jobs
it depth set t
Schedules
Reinitialized existing Git repository in /hkfs/home/project/hk-project-scs/bq074 Commit 341 &
2 s/LuwNcwHR/0/kit -scc-scs-course/git-course/
© Security & Compliance /builds/LvvNcwHR/0/kit-Scc-scs-course/git-course/.git/ S
@ Deployments

© Pipeline #405027542 for ci [}

& Monitor L « - ©Pipt ]
@ Infrastructure § build v
@ Packages & Registries @@
L Analytics Runtine platform arch=amd64 os=linux pid=10123 = ©build-hello-world-job

63 revision=54944146 version=13.10.0
0 wiki helloWorld: found 1 matching files and directorie:
X, snippets Uploading artifacts as "archive” to coordinator... ok 1d=1762975565 responseStat

us=201 Created token=35ckiywW
& Collapse sidebar )
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Continuous Integration using GitLab (Test Job)

Search GitLab

KIT

Karlsruhe Institute of Technology

G GIT Course

Project information

a
S Learn Gitlab 2%
B Repository
D Issues 0
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© passed | Job test-hello-world-job triggered 7 minutes ago by

Running with gitlab-runner 13.10.0 (54944146)
on GitLab Runner at NHREKIT LvvNcwHR

Using Shell executor.

Running on hkn1993.localdomain. .

Reinitialized existing Git repository in /hkfs/home/project/hk-proj

2/builds/LvvNcwHR/0/kit-scc-scs-course/git-course/.git/

Runtime platform
85 revision=54944146 version=13.10.0

Downloading artifacts from coordinator. ..

200 0K token=35ckiyWW
crif

H. Obermaier: CX services at NHROKIT

arch=amd64 os

Holger Obermaier

inux pid=10138

1d=1762975565 responseStatu

test-hello-world...

Runner: #12127165 (LWNcwHR)

© Pipeline #405027542 for ci [y
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