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The MUCTPI is an electronics module with three FPGAs and one System-on-Chip. The FPGAs
provide real-time processing of trigger data, while the System-on-Chip runs software to control
the hardware of the module and the operation of the FPGAs.
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Several developers are working concurrently on the development of firmware and software for the various
prototype and production modules of the MUCTPI.

We use continuous integration for the firmware and the software in order to improve greatly the

development process.

The poster shows

- Why we are using continuous integration;
- How we configure it and run pipelines;

- How it is integrated with our workflow;

- Some observations we made and open
issues we encountered.

Please come visit me during the poster
session.

Thank you.

IEEE Real Time 2022 - 2-AUG-2022

Firmwaref's_oftyg:!reﬂ §tack

Continuous
Integration (Cl)

In tne MUCTPI praject thera ara several developara
concurmently developing fimwars and softwars,
using muitiple fovks, for a number of differant
hardwars and aoftware architectures. Confinuous
intsqration is the practice of automating the
intsqration of code changes from  mutiple
svelopars into 2 Boftwars project. Tha advantagea
are mulfipis:

Architecture of the MUCTP| showing where Firmware and Software are used

Firmwars ia required for the Muon Ssctor Procassors (MSPe), the Trigger =nd
Reatiout Processor (TRP), 28 well as for tha programmabia logic of the control Sac.
“The firmware i required for three differant prototyps versions of the MUCTPI.

Commaon hardware description used

0L filaa containing the dscription of tha
nardwars registars and memorise are
uesd with a code ganeraior to produsa
VHOL for the firmrware, 28 well aa C+# for
ihe user application software

to generate firmware and software
The saftwara for the procsasar systsm of the Control SoC compriges:
- Boot aoftware: first-atags boot loacer (FSEL), U-Boot, Linux kemsl, and devicetras;
- Operating Sysism: CentOS 7 for armyv? (Zynq) and aarched ZyngMP);

+ Cross Compiler: gec § and e 14;

- User Applicafion Softwars: ATLAS TDAQ software & MUCTFHapecific aoftware. e firfiw

Cl Pipelines

1 pipslinea run on giflab runners, which ars instzlied
on the PCa uasd for the continucus integration.

weing fage fo icentify their feztures, 6.g. whers the
ilinx Vivada suita ie installad, ofc

Docker images a8 weed fo maks the buiking
indapandent from the PC they are running on. &.g. for
uaing tns xiline PataLinux toot, or tne targst raot file
ayatem and the c108s compilar.

Pipeiina zra triggersd by a git acfion (2.0 commt), on
request [ia. using the web browaer). by using the
HTTR API (3 script was developad, which allows to sat
2l variabies and to run & pipsling), or by waing 2
scheduls (5.g. nightiy).

Example Pipeline for rebuilding MUCTPI Software
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- Automate build processsa that used to be dane
manuatly.

- idenfify early any changes that brezk the
aoftwars building. and ofner bugs.

- Soripts provide 2 kind of documentation on the
build process.

- adapt more easily o new o changing
requirsmants ang sotwars.

« Provids confinuous ceployment with lafest
versions to all host aystems.

Git projects are being usen for tna firmwars zna

woftware; they are torad on CERN'S centraily

haetad gitizb sarvicss. It waa thersfora natural to

uze giflab Confinuoua Integratitn for the building of

are 2nd saftwars

Cl Workflow

. git merge

Nightly building
on reques
Release bullding

€ Workflow used for MUCTPI

regular trigger_

Firmware and Software of the MUCTPI are built using a mutti-layer workfiow:

* Local build: avery devaloper works on 2 branch of any of the git projects.
Firmmwara and softwre ars buit znd tested locily. Whan found satisfactory,
the git Branch is merged into master.

* Hightty builda rebwild il firmware and softwars every night. Firmoware building
takes around 6 nours, softwars Duilging, oaly for MUCTPL-apecific oftwara,
on for new local building and testing.

* wmen all paopis imvalved in ina development dacios, or 6.0. R ATLAS TDAQ

saftwars changes, 2 new ralszas i buill, and the software dspioyed to all
hoste. The relszsa bacomas the naw bazs for the nightly builds.

Cl Configuration

Gifian Clis configured by ueing YAML scripts, which oefine now the firmwaraiscftware is to be buitt:

« The differant stages of the building are defined; a stags is executsd in  job; everal joba make up
a pipsiine.
- Gitlah variablea are uaed to decide what ia o be built; firmwars znd softwars for the diffsrant
ana o€ and the prototypes of the MUCTR need to be built
- Gitiah variables are 2lao used

fo decide what part of the. ¥ i 8 =
build procass (job] is to be fo
run, &.g. the operating system
and fhe boot software do not
nead to ba reDuilt avery fima,
whie the usar appiicaticn
softwara nesds fo be renuit
‘Bvary tima.

= Gitean sacret varianies ars
usad to stors login credentials
for a 2arvica account: this
allowa tha use of common
rapaeitorise and file ayatema.

- gl!lg!(‘.l ia 2loo used to
softwars to ail the noat
aystama.

Observations

« mutliple git projects are handled by using git submodute. [ ]
- Muiple variants for firmwarefsoftwars ars handled by uaing pitizh varianise. [7]

- Tha joba of building are aslacted uzing qiflab varisbles. A pyihon script was developed to sslect
il variablaa 2nd to frigger a pipaiing using the HITF API intarface

* A service account and credential stored in gi‘lln secrat variables is used to readiwrite from
protected repoaitories and file syatama.

+ Artifacts are sxenznged batwasn jons. 38 wall aa for deploymant for iocal dBvelopments, using
diffsrent file syatema: local fils aystsm, AFS, or NFs. [

- Gilzb documsniation wzs found to be well written; many featurss that wers needed, sould be
found easily by searching.

« Explors other file systema: better sxchangs betwsen jobe, befter integration with local
development. [7]

- Cheokiparse reeutts, in parficular, for fhe firmware building, L. anatyss fiming reauttz. [7]

« Automatically teat firmware and softwars, possibly on a dedicated test system. (7]

- Evoiva the building of firmwars and aoftwars with newer versions of tha tovis, i.. Vivago (Vi)
napt
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