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Agenda

* Gitlab CI - what and why?

* CI and Docker Overview

* CROME CI Pipeline

* Key Features — Dependencies and CI Special Variables
* Building Xilinx Petalinux Image through CI

* Future Steps — Verification and Continuous Deployment.
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Continuous Integration (CI)
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Gitlab CI - what and why?

Continuous Integration (CI) is the practice of

U GitLab  continuously integrating and verifying the code

h ically through CI pipelines. “ : :
changes automatically throug C pipelines CONTINUOUS iMPROVEMENT

o

18 BETTER THAN

i

DELAYED PERFECTION *
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Gitlab CI - what and why?

Continuous Integration (CI) is the practice of

U GitLab  continuously integrating and verifying the code

h . ]_l h h I : li . (73 2 %
changes automatically through CI pipelines CONTINUOUS iMPROVEMENT

Advantages m

* Ensures successful HW and SW build /compilation. iS BETTER THAN

* Automatic code quality and performance testing, ( 5
* Early detection of errors, bug tracking, reduced

integration problems, and faster deployment. DELAYED PERFECTION *

* Reproducible builds using Docker containers 1!

* Code packaging and deployment.

11 SY-EPC-CCE Gitlab container-registry: https://gitlab.cern.ch/cce/docker build/container registry
—~t
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https://gitlab.cern.ch/cce/docker_build/container_registry​

CI Pipeline

CI Pipeline:

* A pipeline is a sequence of scripted steps that will be executed on

the code in repository.

* The stepsare defined in the file .gitlab-ci.ymlandis placed in
the root of the project repository.

* Gitlab detects the YAML file and initiates the GitlabCI script.

* No modifications to the project repository.

¢ Attheend, any new files/outputs created duting the process of
execution of a CI script are called artifacts.

23/11/2022
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CI Pipeline - continued

CI pipeline components - Jobs and Stages:

* A pipeline is composed of independent jobs that execute scripts.

* Jobs are grouped into stages.

* Stages run in sequential order, but jobs within stages run in

parallel

Artifacts:

* Archive of generated output files and directories.
* Accessible through GitLab Ul or the API.
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Gitlab CI Workflow

—
=%
Il‘ "v'\i‘_:-ji—l/f'l

Continuous Integration

Push code fixes Review and approve ﬁ-——\'\/ :
Automated Automated [ A
build and test build and test \ ﬁg // /

Push code changes

®

Create
new branch

Continuous Deployment

Automated
build, test, deploy

Deploy Review App @

>

©
Deploy to production II
]

Image source: docs.gitlab.com

ol
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Gitlab CI Backend

* Gitlab Runner:
* Runnersare computers/virtualmachines where we Gitlab CI scripts get executed.
* For specialized /large software that require configurations of our own, we make use of CERN OpenStack virtual machine.

* For this we need to install a runner on the system and registerit as a gitlab-runner for our repository.

0 Settings Specific runners

General
These runners are specific to this project.

Integrations

Webhooks . .
Set up a specific runner for a project
Access Tokens 1. Install GitLab Runner and ensure it's running.
2. Register the runner with this URL:
Repository

https://gitlab.cern.ch/ [

Merge requests
And this registration token:

Cl/cD m——  » | ] @

Reset registration token

Show runner installation instructions

Available specific runners

YT o

CROME repository fork on amyadav

https:/ /docs.gitlab.com/runner/install

¢ cpp petalinux python questasim  vivado

https:/ /docs.gitlab.com/runner/ register

!,
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An example CI Pipeline

CERN . .
\w 23/11/2022 Amitabh Yadav, amitabh.yadav(@cern.ch
NS




An example CI Pipeline

x86 executables,
‘ CROME Embedded Application Shared Library,
Q - -
Cofiguration Files

g : GNU GCC - =

§ [ pIReset J [ setPCAP ] :

3 : ROMULUSIib

W [ ps2plDump } [ pl2psDump ] o arm32 gcc arm32 executables,

= : Xilinx Petalinux/Vitis Shared Library,

g : Cofiguration Files

(3] CJB Embedded Application

Xilinx Vivado
BitStream and
Analysis Synthesis Implementation Hardware Description
File
g plTopLevel.xsa (hdf)
I
% Xilinx Petalinux
no: Hardware l_:)escription BOOT.bin, image.ub
(3] (HD'I==IlI;S A) Petalinux-create ‘ Petalinux-config ‘ Petalinux-build ’ Petalinux-package}— [catiss boft;t:;cr, S
T DTB

PL Bitstream (.bit) I
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stages: # List of stages for jobs, and their order of execution
- build

® [ ]
cxamplic 1pclinc -
build-software: # This job runs in the build stage, which runs first.

stage: build
before_script:
- yum -y install doxygen

script:
Dty | - gcc --version
XEh execuianles, - cd CMPU/zynq/sw/ROMULUS1ib/

CROME Embedded Application Shared Library,

U Gee - Cofiguration Files - make RUN_ON_PC=1
plReset J[ setPCAP ] : - echo "Building ROMULUS1ib for x86 architecture."
o ROMULUSIib - export LD_LIBRARY_PATH="CMPU/zynq/sw/ROMULUS1ib/"
P ynq
s2plDum 12psDum 5 arm32 gcc arm32 executables, -
psZpl P M plzp: P ] : w@ e T L - cd ../embedded_linux_userspace_app
: - make RUN_ON_PC=1

Cofiguration Files
- echo "Embedded_Application and ROMULUSlib Compiled Successfully™
artifacts:
paths:
- CMPU/zyng/sw/ROMULUS1ib/
- CMPU/zyng/sw/embedded_linux_userspace_app/
expire_in: 7d

CJB Embedded Application

CROME Software

Xilinx Vivado

BitStream and
Analysis Synthesis Implementation Hardware Description
File

Vivado IPs

plTopLevel.hit

%f plTopLevel.xsa (hdf)
I
% Xilinx Petalinux
no: Hardware Description BOOT.bin, image.ub
File . . ) . . . rootfs, boot.scr, uboot,
] (HDFIXSA) Petalinux-create ‘ Petalinux-config ‘ Petalinux-build ’ Petalmux-package}— fsbl
DTB

| .. 1

PL Bitstream (.bit)
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stages: # List of stages for jobs, and their order of execution
- build

® [ ]
cxamplic 1pclinc .
build-software: # This job runs in the build stage, which runs first.

stage: build
before_script:
- yum -y install doxygen

script:
Dty | - gcc --version
XEh execuianles, - cd CMPU/zynq/sw/ROMULUS1ib/

CROME Embedded Application Shared Library,

U Gee - Cofiguration Files - make RUN_ON_PC=1
plReset J[ setPCAP ] : - echo "Building ROMULUS1ib for x86 architecture."
o ROMULUSIib - export LD_LIBRARY_PATH="CMPU/zynq/sw/ROMULUS1ib/"
P ynq
s2plDum 12psDum 5 arm32 gcc arm32 executables, -
psZpl P M plzp: P ] : w@ e T L - cd ../embedded_linux_userspace_app
: - make RUN_ON_PC=1

Cofiguration Files
- echo "Embedded_Application and ROMULUSlib Compiled Successfully™
artifacts:
paths:
- CMPU/zyng/sw/ROMULUS1ib/
- CMPU/zyng/sw/embedded_linux_userspace_app/
expire_in: 7d

CJB Embedded Application

CROME Software

Xilinx Vivado

BitStream and
Analysis Synthesis Implementation Hardware Description
File

Vivado IPs

plTopLevel.hit

%f plTopLevel.xsa (hdf)
I
% Xilinx Petalinux
no: Hardware Description BOOT.bin, image.ub
File . . ) . . . rootfs, boot.scr, uboot,
] (HDFIXSA) Petalinux-create ‘ Petalinux-config ‘ Petalinux-build ’ Petalmux-package}— fsbl
DTB

| .. 1

PL Bitstream (.bit)
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stages: # List of stages for jobs, and their order of execution
- build

® [ ]
cxamplic 1pclinc .
build-software: # This job runs in the build stage, which runs first.

stage: build
before_script:
- yum -y install doxygen

script:
- gcc --version

CROME Embedded Application

: x86 executables, :
: Shared Library, - cd CMPU/zyng/sw/ROMULUS1ib/

g jon Fi - make RUN_ON_PC=1

g : GNUGCe - coftouration Fles ho "B T1(1T ROMULUS1ib T 86 hitect "

§ [ plReset J[ setPCAP ] : - echo "Building ib for x architecture.

8 . ROMULUSIib - export LD_LIBRARY_PATH="CMPU/zyng/sw/ROMULUS1ib/"

s2pIDum| I2psDum . arm32 gcc arm32 executables ~ .

% [ ps<p P M plep P ] w@ Shared Library, ! cd ../embedded:llnux_userspace_app

& o : Cofiguration Files - make RUN_ON_PC=1

(3] CJB Embedded Application : - echo "Embedded_Application and ROMULUS1ib Compiled Successfully"
. - artifacts:
| paths:

- CMPU/zyng/sw/ROMULUS1ib/
- CMPU/zyng/sw/embedded_linux_userspace_app/
expire_in: 7d

# Build Hardware job defined to run in Docker container based on Vivado 2021.2 image.

iline Vivad build_hw:
ilinx Vivado
stage: build
) i i BitStream and image: gitlab-registry.cern.ch/cce/docker_build/vivado:2821.2
Analysis Synthesis Implementation Hardware Description SETipTY

ALz - echo "Creating Project"

cd CMPU/zyng/hw/

plTopLevel.hit

o
3 piTopLevel.xsa (hdf) - make create project
‘E - echo "Vivado 2021.2 project created successfully.”
I - make synthesis
% Xilinx Petalinux - echo "Vivado 2021.2 Project SYNTHESIS completed successfully.™
no: Hardware Description 1 BOOT.bin, image.ub - make implementation

File " " . . . " H i ; "
3] e Petalinux-create | | Petalinux-config Petalinux-build | | Petalinux-package rootfs, bof‘::bslcﬂ uboot, - echo "Vivado 2021.2 Project IMPLEMENTATION completed successTully.

bTE - echo "Bitstream generated successfully.™
’ L E artifacts:
| paths:

PL Bitstream (.bit)
I - CMPU/zyng/hw/outputfiles
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stages: # List of stages for jobs, and their order of execution
- build

An example CI Pipeline _*

build-software: # This job runs in the build stage, which runs first.
stage: build
before_script:
. . . - yum -y install doxygen
In a simple .gitlab-ci.yml file, we define: script:
- gcc --version
- cd CMPU/zynqg/sw/ROMULUS1ib/
. - make RUN_ON_PC=1
* The commands need to run in sequence (Stages) and those that need to ~ echo "Building ROMULUS1ib for x86 architecture."

- export LD_LIBRARY_PATH="CMPU/zyng/sw/ROMULUS1ib/"

ruﬁ ln parallel OObS). - cd ../embedded_linux_userspace_app

- make RUN_ON_PC=1
- echo "Embedded_Application and ROMULUSlib Compiled Successfully™
. artifacts:
* The scripts that need to be run. pathe:
- CMPU/zyng/sw/ROMULUS1ib/
- CMPU/zyng/sw/embedded_linux_userspace_app/

expire_in: 7d

- before_script, after_script and variables.

# Build Hardware job defined to run in Docker container based on Vivado 2021.2 image.
. . build_hw:
* Artifacts: the built files that needs to be saved. stage: build
image: gitlab-registry.cern.ch/cce/docker_build/vivado:2021.2
script:
- echo "Creating Project"
* Specification of whether to run the scripts automatically or L
- make create_project
- echo "Vivado 2021.2 project created successfully."
- make synthesis
- echo "Vivado 2021.2 Project SYNTHESIS completed successfully.™
- make implementation
- echo "Vivado 2021.2 Project IMPLEMENTATION completed successfully."

* SpCClﬂCﬂ.thﬂ 01’1 Wthh Sp@ClﬁC branCh the plpehl’le ShOU.ld be CXCCU.th - echo "Bitstream generated successfully."

trigger manually.

artifacts:

automatically. ——

- CMPU/zyng/hw/outputfiles
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Docker Executor

Using image keyword executes the CI jobs in Docker containers.

: build
gitlab-registry.cern.ch/cce/docker build/petalinux:2018.1

Running with gitlab-runner 15.5.1 (7178588d)

The Docker executor divides the job into multiple steps: on cs8cromel;ansible-started MIGHTXyW

* Prepare: Create and start the services.
. . . Using Docker executor with image gitlab-registry.cern.ch/cce/docker build/petalinux:2018.1 ...
* Pre-job*: Clone, restore cache and download artifacts from previous stages. Using Locally found inage version due to *if-not-present* pull policy

Using docker image sha256:b0bfa0820c48e652f034f4c85ach f for gitlab-

° JOb: User buﬂd. ThlS iS run on the user_provided Docker image. t gitlab-registry.cern.ch/cce/docker build/petalinux@sh de59901d9dd6b

[ Post_iob*: Create CaChe’ upload artifacts to GltLab. Running on runner-mlghtxyw-project-27912-concurrent-1 via « ~ - rn.ch...

*Pfe‘IOb and POSt‘]Ob arerun ona Specml docker container based on Alpme Lmux Reinitialized existing Git repository in /builds/CROME/CROME/.git/

Removing CMPU/zynq/hw/aclocal.md
Removing CMPU/zynq/hw/automdte.cache/
Removing CMPU/zynq/hw/build/
Removing CMPU/zynq/hw/configure

Downloading artifacts from coordinator... ok 1d=25921706 responseStatus=200 OK token=ocLhtsa8

Prebuilt docker images for Vivado, Petalinux, QuestaSim, ModelSim, Doxygen etc. are available through Gitlab
Container Registry at SY-EPC-CCE's repositoryl!l

1 SY-EPC-CCE Gitlab container-registry: h iner_registry
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CROME CI Pipeline
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CROME CI Pipeline

Edit  Visualize Validate  View merged YAML

pre-checks build
check_vhdl_syntax build_hw
check_linting build_sw
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CROME CI Pipeline: Syntax Check and Linting

: $CI PIPELINE_SOURCE == erge request event'

Edit  Visualize Validate  View merged YAML

e/docker build/vivado:2018.1
pre-checks

onf automake

check_vhdl_syntax

check_linting

)le-triplication --enable-frontend=ion --enable-se

before_script: use for initial setup of docker container and resolve missing dependencies.
Upon final testing this can be packaged in the original docker image.
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CROME CI Pipeline: Syntax Check and Linting

- pre-check:

Edit  Visualize Validate

pre-checks

check_vhdl_syntax

check_linting

23/11/2022

- build

$CI PIPELINE SOURCE == 'me ec event'

View merged YAML

1 pre-c
: gitlab-r

build

sudo yum -y install autoconf automake

build_hw

uild_sw

-sem=repair

: allow_failure: allows fora Cl
MPU/zynq/hw; job to fail and continue

f-i executing the pipeline.
p build

ion --enabl

artifacts: built files and
executables thatare passed
on to the next job.
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CROME (I Pipeline: Build Stage

Edit  Visualize  Validate  View merged YAML
pre-checks build

build_hw

build_sw

: build
: gitlab-registry.cern.ch/cce/do -~ build/vivado:2018.1

sudo yum -y install autoconf automake

cd CMPU/zynqg/hw/
ont -1
mkdir -p build
cd build
configure --enable-triplication --enable-frontend=ion --enable-sem=repair
‘ nentation
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CROME CI Pipeline: Build Stage

Edit  Visualize  Validate  View merged YAML

pre-checks build
check_vhdl_syntax build_hw
check_linting build_sw

: build
gitlab-registry.cern.ch/cce/docker build/vivado:2018.1
failu
script:
sudo yum -y install autoconf automake
pt:
cd CMPU/zynqg/hw/
autoreconf -1
mkdir -p build
cd build
../configure --enable-triplication --enable-frontend=ion --enable-sem=repair
make implementation
echo "Vivado 2018.1 Project IMPLEMENTATION completed
artifacts:
paths:
- CMPU/zynq/hw/build/CMPU. hdf

linx/petalinux/se
sw/cromeSuite
autoreco
mkdir -p build
cd build
../configure --host arm-linux-gnueabihf
make -j8

echo "Embedded Linus_Userspace Application and ROMULUSlib Compiled Suc fully"

paths:
- CMPU/zynqg/sw/ROMULUS1ib/1ibROMULUS . *
CMPU/zynq/sw/cromeSuite/build/cromeApp
) omeSuite/build/plreset
CMPU/ zynq/ cromeSuite/build tPCAP
CMPU/zyn romeSuite/ap meApp/local_parameters.dat
CMPU/zyng/sw/cromeSuite/apps/cromeApp/romulus_parameters.dat
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Key Features S ———

needs is used needs to execute jobs out-of-ordet.

e $XILINX PATH/Vitis/$XILINX VERSION/settings64.sh

\/RW 23/11/2022 Amitabh Yadav, amitabh.yadav(@cern.ch




Key Features

needs is used needs to execute jobs out-of-ordet.

-y install

variables can be defined in .gitlhb-ci.yml or in the project settings. They can be made
global or local to a job and are used in similar way as shell variables.
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Key Features

needs is used needs to execute jobs out-of-order.

- yum -y install doxygen

variables can be defined in .gitlab-ci.yml or in the project settings. They can be made script:
global or local to a job and are used in similar way as shell variables. - source $XILINX PATH/Vitis/$XILINX VERSION/settings64.sh

manual
when is used within a job to specifyif thejob needs manual intervention to start.

- Stages such as formal verification forlicense availability reasons. '$CT_COMMIT BRANCH == "gitlabci2021.2""

- Linux image build.

o @.C\ (OHH) be v
¥ gitlabci2e21.2 - 131f57b7 g e INANTANGANT NG :
build _linux :
i stage dependencies gt (D e —~ :
> v 4 v
§ gitlabci2e21.2 o 60d07dsh g Eﬁ? DO SN2

RN . .
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CROME CI Pipeline: Artifacts

Status Pipeline Triggerer Stages

@ passed Dummy commit 1 v
#4780028 3% 41 -o- ab38b2ef g & ®® b
EIETY Cnemelieges Download artifacts
@ passed Dummy commit & @ @ Q Search
#4778234 §) 41 -0 4al21f43 &

build_hw:archive
merge request

build _sw:archive

() passed cosim/README.md: updated prepare_sdcard, minor impr... & @ @ check_linting:archive

#4768540 ¥ allModifClyde -o- 36lalca5 gs heck L
check_linting:junit

check_linting:codequality

failed :WIP ch f file struct N d
() faile sw. change of file structure & @@ ey 4

#4764416 ¥ allModifClyde -o- 898e3ced Js

e e I & e
oo oo O wo
S..C.’ S..C.’ %.C.’ S.S:.’

w W w w
& = & & & w
o o o o
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Building Linux Images through Gitlab CI

* Currently testing: Building of Embedded
Linux Image alongwith bit bake bootscript
applications.
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Building Linux Images through Gitlab CI

* Currently testing: Building of Embedded
Linux Image alongwith bit bake bootscript
applications.

* kernel and hw configuration through
—-silentconfig option on Xilinx/Petalinux

2021.2

23/11/2022 Amitabh Yadav, amitabh.yadav(@cern.ch

: build cromix
: (1

: gitlab-registry.cern.ch/cce/docker build/petalinux:2021.2

Build Petalinux Image"

e --type project --template zynq --name cromix2l

g on ../hdf/ --silentconfig
g -c kernel --silentconfig

- petalinux-build

: manual

COMMIT BRANCH == "gitlabcize21.2"'

*in development




Conclusion

Pipeline  MNeeds  Jobs 9 Tests 0

. CI can be efficiently adopted for heterogeneous

Group jobs by -Stage Job dependencies
development for SoCs.

° WC have Currently deployed Gitlab CI in lint build staging deploy verification build _eromix
development branch is Currently used for HDL @ hdl_linting o @ build_hw o @ create_boot_bin I @ deploy_hw o @ formal_verification o @ build_linux >
linting using vsg dockerimage. © swetnieg (2 @ butdsw (C @ delon-ow (2

. . . . . . .

Glt]ab CI 18 provmg elemental duﬂng mlgratlon Of lint build staging deploy verification build_cromix
our Xilinx HDL codebase + IPs from version 2018.1 - _ _ o .

sw_linting build _sw create_boot_bin deploy_sw formal_verification build_linux
to 2021.2 hdl_linting build _hw deploy_hw

. Has helped in resolving dependency issues through
GNU Autotools and Docker containers to execute
CI jobs.

In the works is Gitlab CI for:

* Formal Verification scripts to be added to the CI pipelines to
be executed automatically.

¢ Continuous Deployment through gitlab-runner through ssh
into devices.
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