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(Imaging Atmospheric) Cherenkov Telescope Array: CTND

CTAO-N, La Palma, Spain

0.1 km? “light pool”, a few photons per m?.

CTAO-S, Paranal, Chile

Large collection areas (10°— 106 m2)
Major sensitivity improvement.
Wide energy range 20 GeV - 300 TeV

Good energy (15 to 7%) and angular resolution (0.15 —
0.02 deq)

Fast reaction to science alerts (30s to any point), fast real-
time analysis and internal science alerts

First IACT as Astronomical Observatory
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CTAO North Site, 2025-10-27, Koji Noda




DPPS: Data Processing and Preservation System

Proposal
Submission
and
Evaluation

Data
Dissemination
and Delivery
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ENTIFIC DATA MANAGEMENT

CTAD

6 Data Centers (4 Off-Site and 2 On-Site)

@ array sites
@ data centres

Distributed Large Storage (sub-exabyte) & Computing

Robust Storage (30 years, 2+ copies at different locations, tape t
reduce costs)

Processing in-place (minimize network, maximize CPUs)
Multi-stage data-driven workflows complex science pip
Multiple pipeline passes (fast next-day results, hi
within 1 month, years after for new softwar



DPPS Releases and deployments: now

* Pre-production test on 2 data centers (1 Off-Site, 1 On-Site)

4+ DPPS minor release every 6 weeks, patch as
need, first release Feb 2025, 4 releases since

then.

Integration Test

‘Betup devalopment ard basting
amsdircnmant and inlegration of
pralotyps code for Ons, BOMS: and
WS
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Monoscopic
Processor

Hardle avent and monitoring data
from ana telascope (LET-1) with
ACADS inbarface and simple
monoscoplc reconstruction from
R1-calorabed wanvefarms.
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Iint=graticon of prototyps CallbFipe,
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code, and mun simpls non-data-
dirbven i warkdiows,

Upgradas of all pipaline
packages.

Collectian and
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Integration of DFFS withy
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Iregration of OFFE withy
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and authorzation
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IRF Maker

[Full grid-style IRF generatian
capability from generatian af
simulations 1o IRF output
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First tests,
with a total volume of ~200 GB

CPU %

CTAD

just ~30 min of observations, transfer of ~200 files

€ © 2025-10-22 23:04:30 10 2025-10-23 00:3093 i v »

ingesied Ouea

20.00%

15.00%
1000%

| \_
5.00%

0.00%
oz

01:50 01:55 02:00 02:05

ons 01:30 01:35 01:40 01:45

0120 01:25



R
= [T opPPs
i+ [[]oPPS Use Cases

30.1.2.2.query_for_tata_praucts, by_metstata & = [£] DPPS Requirements
B DPPS requi en|

UC-M0-1.2.2--query_for_data_products_by_metadata.md Fina e

E| Data Integrity

e A [Ir— Jon 14,2024 |
~ UCMO127-quany o sms prosucs ppmenasa g sk | cosa | ovewe |= | Storage Standard
|=| Update Metadata Timescale
Use Case: Query For Data Products by Metadata || Lang-Term Data Stability

M UC-DPPTH0-1 2.2 Lawet | C et 2077-05-71 version: 2 tatus: Uk Brearstion Contact GOMS Tesen || DLO Data Transfer (On-Site/Off-Site)
|~ | DLO Data Replication (Off-Site/Off-Site)

Bescription:

|=| Data Product Replication (General Policy)

Requirements, Use Cases .

| | Backward Compatibility: Data Format
E| Data Product Availability
Actors # | Data Transfer
# [ Weather Station Requirement Specification (WIP)
+ [1] Andrea Cremonini
= [ Use Cases
= [f] Computing
= (3 pPPs
- []oPPs Use Cases

Stakeholders require well-structured project documentation and
requirements, so

= Process and Preserve Data
& | Produce Hign-Quality Science Data

+ Test Cases are linked to Use Cases and Requirements =~ S s e g

Manage Data Products
= | Ingest a new Data Product from ACADA
Success: =

|~ | Replicate Data Products

+ Almost all Test Cases are expressed as automated - e ot s Pt

= Query for Data Product by LFN

integration tests producing JUnit reports annotated with : ot e

pytest plugin, or any other way e.g. playwright n et

Exectte single-job workflow 0/o 0fo E& V010

+ Manual Demonstration Tests Cases remain possible, but o w EE
discouraged (since they are harder to repeat) B — T e Tum

+ Non-functional requirements: quality and documentation e —— W e |8 e
are verified with automated static analysis (SonarQube, e me
Container image Scanning) da{'ﬁfmrefa‘renz:;muSphem‘;mﬁm ! @pytest."r’ﬁark.ve;"ifies_usler;i)se["U[EriiD-1.1.1")

def test_add_onsite_replica_with_minio_fits_file(
file_location: str,
Selection of reference seasonal metadata_dict: dict,
atmospheric model test_scope: str,
tmp_path: Path,
storage_mount_path,
test_vo: str,
caplog,

To understand how DPPS Test Cases are executed reliably, we e e ot et nethod ot aeetenerien
need to address the deployment Strategy' ingestion_client = IngestionClient(

data_path=storage_mount_path,
rse=0NSITE_RSE,

vo=test_vo,

scope=test_scope,

Compute 12-MACOBAC

+ Verification by Analysis for dependencies

)


https://gitlab.cta-observatory.org/cta-computing/common/pytest-requirements​
https://gitlab.cta-observatory.org/cta-computing/dpps/qualpipe/qualpipe-webapp/-/merge_requests/2

AlV and Deployment strategy

+ DevOps-driven reproducible deployment built to mimic
closely production using containers, kubernetes, helm charts.

« Development setup (can be laptop or not) - volatile, pre-
commit, but can be recreated as needed.

 Gitlab CI pipelines — pure reference test environment
 Persistent GitOps-defined:

- Staging in the Test Cluster

*  Pre-Prod and Prod on Data Centers

+ Observability is compatible across all environments: learning
to debug production issues from the start.

+ Creating DPPS (>50 live containers) from scratch in a pristine
environment, from build artifacts stored in harbor
Bootstrap takes ~5-15 min depending on the host

«  We tested a state-preserving setup, reusing DPPS
cluster, which takes < 1min to load from state snapshot

i_
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| ephemeral in CI/CD |

y

Staging Environment

persistent latest integrated application

Production
Observability
Feedback

A

A

Y

Artifact

CWL catalog Q File system
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DPPS AlV Cl pipelines, Toolkit

repeat selected verification tests on clean

«  Summarizes dependencies for sustainabili

live system.

ty analysis

Made to approximate production environment, allowing to

Gitlab CI pipelines are reused across all relevant gitlab projects.
Built on python package, also for local dev environment.
Collects observability in production-ready way

prepare lint build tests sonarqube
© v0.3.0 protected © git-info c © hadolint c © buid fs) © collect-manual-tests < @ sonarqube
gaxl!mr:u:fn Linhotf © hetm-lint (5] @ build-docs ] @ collect-test-artifacts ]
mlinho
a94f8d5a - Merge branch 'try-dirac9’ into 'main’ - 1 week ago © kube-lint o @ «8s-integration-tests o
@ Release: DPPS v0.3.0
© «kube-score c
DPPS v08.3.0
@ kubeconform c
Update of BDMS to 0.4.1 and WMS to 0.4.0. i 7~
@ tist-images c
@ pre-commit-hooks <
© pylnt (o
3.15.1 QA metriCS Use case summary: 1 partially completed, 41 completed of 42 total.
ucio Nam: s « Status
Metric Value Threshold = Status 000-1 Pipeline-WMS: execute a single- job pipeline 2 2 | full
workflow
Reliability Rating 1 1 OK 020-1.1 | Add and retrieve back a file from BDMS using WMS 5| s ful
Security Rating 1 1 0K 100-2 Execute single -job workflow 2| 2| full
- . — " 110-1.1.1 | Ingest a new Data Product from ACADA 3 3| full
Maintainability Rating 1 1 OK | 110-1.1.3 | Ingest new generic Data Product 2| 2| fu
110-1.1.4 | Run the BDMS Ingestion Queue Rev. 2| 2| full
Coverage 100.0 | 80 OK 9t
" - 110-1.2.1 | Query for Data Product by LFN 1 1| full
Y |
Duplicated Lines (%) 0.0 3 OK 110-1.3.1 | Retrieve Data Products by LFN 1| 1] ful
Security Hotspots Reviewed 100.0 | 100 oK 110-1.6 | Replicate Data Products 2| 2|
"120-1.10 Request/retrieval of atmospheric reanalysis data for 7 7| full
reference atmospheric profiles

3.1.5.2 Issues

SonarQube detected no issues in this project.

https://gitlab.cta-observato

S dpps

Project Aamin

Members  Labels  Sc

publish
© pages
© npublish-chart

© pypi

report
c @ build-test-report
<

CTAO-

v0.30~  Developer Guide User Guide Helm Chart reference

Data Processing and Preservation Su

Version: 0.3.0
Date: 2025-10-02

Introduction

The Data Processing and Preservation Systems is one of the major components of CTAO Computir
for transferring and preserving the DLO data produced by ACADA and then processing it to data ey

DPPS Is

of seven split into three

* Wor stem (WMS)

« Operations Managemer (OPS)
and four pipeline subsystems:

« Calibration Production Pipeline (Calib

« Data Processing Pipeline (DataPipe)

« Data Quality Pipetine (QualP

« Simulation Production Pipeline (SimPipe)
deploy

c © pages:deploy

Teamcenter

DPPS Componel Gitlab Project Helm name pyproject name Version
BDMS bdms bdms ctao-bdms-clients v0.4.1
WMS WMS wms ctao-wms-clients v0.4.0
SimPipe simpipe simpipe ctao-simpipe v0.2.0
DataPipe datapipe ctao-datapipe v0.2.1
CalibPipe calibpipe ctao-calibpipe v0.2.0
QualPipe qualpipe ctao-qualpipe v0.2.1
CVMFS CVMFS Helm Chart cvmis cvmfs-chart v0.4.0
bdms - rucio - policy bdms - rucio - policy ctao-bdms-rucio- v0.2.0
policy
CTADIRAC CTADIRAC CTADIRAC 3.03
CVMFS CVMFS Helm Chart | cvmfs cvmfs-chart v0.5.2
mdps MDPs molecularprofiles v2.1.2
QualPipe-WebApp qualpipe -webapp ctao-qualpipe- v0.1.1
webapp




AlV role in release cycle

+ AlV executes development, testing, and release cycle

Trunk-based development — all changes merged to main, no long-living side-branches.

Test-driven development: start with requirements, then gitlab issue/tasks, then (x-failing) test, only then code
Short sprints allowing frequent and less costly integration exercises

Fully automated integration pipeline can be run at any time, and is done regularly by AIV Bot (but now it's not
run often to save resources)

O

O

O

4+ Support in gitlab use practices: customized gantt, issues table, manage labels

DPPS DPPS RELO.4 Gantt Chart

il i i \ie'lpWIhFSEMQIWThFSSquct\?ﬁbTehergnssMTWThFESMﬂTWThFSSMTWTI\FSEMTWYI%"F‘bEerSz%?lWThFSSMTWThF
o TuWaTh Fr 53 SuMsTuWeTh Fr Sa SuMa TuWeTh Fr 53 SuMoTuWeTh Fr SaSuMoTuWeTh Fr Sa SuMo TuWeTh Fr SaSuMoTuWeTh Fr SaSubdo TuWeTh Fr Sa SuMoTuWaTh Fr
Hams Coriact plpel'ne Artiacts UE 'mpl et et Al 29301 2 3 45 6 7 8 9101112131415161718192021222324252627282930311 2 3 & 5 6 7 8 9 101112131415161718192021222332425262728
- DPPS:System
DPPS Volodymyr Docs
ymy . 0 O . ‘ ) (1986/126] Adapd sanarqube quality gate and reference poinf f.
S. PDF 2,2(0,0) 0,0 (0,0) 0,0(0,3) 11(0,0) 19,23 (2,5) [1086/98] [ntegrate QualPipe wabapp
[ [1026/144] Prepare RC for ACADA test
[1086/136] Release DPPS 0.4/
BDMS Syed A. Docs D (&) ] 0] [5e] Il [1086/142] Make sure there are nallinks to old DPPS SonarGube
PDF 0,0 (0,0) 1,2 (0,0) 0,0 (0,0) 0,0 (0,0) 16,25 (3,6) M [(1986/141] Implement CalibPips DataPipe integration workflow
[ [1986/140] Determine what kind of DPPS-level pipeline perform...
[ [10867135] Test integration of BDMS with external FTS
WMS Natthan P. Docs 0 . 0 . . M (1086/133] Upgrading lecal instaliation fails with rabbitma p...
PDF 0'0 (0,0) 2’2 (0'0) 0,0 (0’0) 2’2 (0'0) 9’9 (0'0) .[Wsmll] Replace all bitnami charts?
| [1086/94] Add grafana dashboard
[l [1086/85] Warnings about unknown fields during helm upgrade
SimPipe Gernot M. Docs @ ® [3) [ ) D Il [1086/80] Add pipeline-only intagration tests
PDF 0,0 (0,0) 0,0 (0,0) 0,0 (0,0) 11 (0,0) 2,3 (0'0) I (1086/72] Install astropy data resources to CVMFS
- DPRS:: =BOMS

DataPipe Karl K.

Docs 0 0 0 . ‘ [0 1142802] Missing/Additional BDMS requi related ta da...

[l 11117/162] Test rucio ingress by setting certin tl3 of ingre...

PDF 0,0 (0,0) 0,0 (0,0) 0,0 (0,0) 1,1(0,0) 4,4 (0,0) M [1117/142] Make ingest resilient against temparary issues
M (1117/134] Do nat limit ingestion daemon to a single scope
CalibPipe Mykhailo D bees 0 . 0 . ‘ T r1117v29) adapt tests to work with different (also|staging, ...
PDF 0,0(2,2)  4,4(0,0) 0,0(0,0)  11(0,0) 8,9 (2,3) QPRSI UbSystem  CAliflne

[ is89r226] 1 gtion test for camara calibration fails
[ s69r217] are optical throughput calibration with muon f..

Docs 0 0 0 O ‘ I8 < 228] Inter/cross-calibration docs dan't specify qutput ...

PDF 0,0 (0,0) 0,0 (0,1) 0,0 (0,0) 0,0 (0,0) 0,0 (0,1) [[] 16694154] Required number of muons for suc ul calibratio...

QualPipe Mykhailo D.

[[] (6694751 Estimation of the uncertainties for O; | Throug...
elease CalibPipe 0.3.0
Ops Volodymyr Docs @ @ @ @ [ - PP Andsabiok
S. PDF 0,0 (0,0) 0,0 (0,0) 0,0 (0,0) 0,0 (0,0) 3,4 (0,0) elease DataPipe 0.3.0
- DPPS::5ubSystemzOps
DPPS all VO{Odymyr Docs 0 O O . O [ 11205/231] Add standard upgrade and roll-back tests

S. PDF 6,6(4,4) 1436(1217)  01(0,3) 612(0,0) 169,206 (39,54)

- DPP! 1QualPipe

[M [1535/8] Propose = simple helm chart



Al in the CTAO DPPS AlIV ’

CTAO has no Al strategy, Al agency not recognized, people represent all tools

In CTAO DPPS Computing: i—L
. .. . . . . . Developer & GitLab
o  Bigtopic in CERN which built base technologies we use, MCP is added in T— s
ru Ci O Ei Sub-OSyest:r?glsrbosr;?tsem Iﬁ environmer:t cgl?ﬁguration H{—
o  Key DPPS projects use github with its Al features, but own gitlab misses
them ?? kubernetes
H H H H . itLab runners GitOps _GitOps
o  Autocomplete, agents, chatbots, even vibe-coding is daily work of many g [ e %[ "’] [J
CTAO DPPS developers, especially docs and manuals. _ -~y o L - J . ]
. . . . . . . ere:;f:c'tty —l est Environmen! | aging Environmen
In operations has potential threat detection, security scanning, built-in O | evemeim o | || perssant totmegrered spicaton
DPPS observability stack MhE—— @440 e —
- . STLTED & @ Al Code Assurance passed
AlV Verification ¥  Ppassed R ‘

Artifact Registry @
container registry, =
helm chart repository )
CWL catalog Q File syster

o  Basic goal of development can be seen as translation of requirement to
code but doing that fully Al appears too wishful currently.

o  Creating tests based on codebase and requirements works better

GitOps
deployment operators

o  AlV operates Bot managing gitlab, jama, making code contributions, with
experimental interface to Claude and Apertos

AlV Quality Assurance

o  Core role of the AlV is to ensure transparency, compliance, safety, minimize
technical and cognitive debt, so it acts as control on Al code. SonarQube

actively helps in this
o  QAstarts to face easy to generate but hard to review Al slop



https://indico.cern.ch/event/1545309/contributions/6717951/attachments/3167647/5630063/2025-11-05%20-%20Belle%20II%20report.pdf
https://docs.gitlab.com/user/gitlab_duo/model_context_protocol/mcp_server/
https://github.com/t-j-thomas/jama-mcp-server
https://www.swiss-ai.org/

Summary so far, plans

<

CTAO is under construction to be done in 2030, is deployed
incrementally so is getting real already now!

DPPS Released 4 minor versions (0.0, 0.1, 0.2, 0.3) in 6 months,
covering first broad set of key use cases

CTAO DPPS AlV embraces, continuous automated verification
and delivery, DevOps, human processes are displaced but
emphasized.

At the same time, producing high-quality project = .
documentation (release reports, verification claims) ol . il M
demonstrating compliance to stakeholder requirements.

As requirement-to-code conversion includes a lot of human work,
AlV emphasizes more adversarial aspect to Al, preventing
technical and cognitive debt, more GenAl means more AlV than
development. Safety-critical systems of CTAO need a lot of
oversight over Al contribution o

8¢ cta-computing / dpps

CTAO grows by months not years, stay tuned for more updates!

or:45 0150 oss 02:00


https://www.media.mit.edu/publications/your-brain-on-chatgpt/
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