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Pipeline execution and tracing
with CTADIRAC



CONTEXT
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• Next Generation Gamma-Ray Astronomy 
(succeeding H.E.S.S., MAGIC and VERITAS)

• Two arrays of 99 (South) and 19 (North) 
Cherenkov telescopes (4, 12 et 24 m in diametre)

• Observatory open to the Astronomy community
• Timeline:

Pre-Construction phase:
- Simulations

Pre & Production phase:
- Data model definition
- Software development

- Prototype OPUS
- ctapipe project

Operation phase:
- Acquisitions
- High level data available

2005 2019 2022 2025
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Data Model
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Reconstruction pipeline
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• Ctapipe (Karl Kosack et al.) :
– « Framework for prototyping the low-level data processing

algorithms for the Cherenkov Telescope Array »
– Documentation: https://cta-observatory.github.io/ctapipe/
– Framework containing different tools (Python)
– Provenance Tracking is integrated in the ctapipe framework 

=> Provenance module (ctapipe.core.provenance)
– Capture of Provenance in each tool of ctapipe
– Storage of Provenance in a file
– Source: https://github.com/cta-observatory/ctapipe

ctapipe

https://cta-observatory.github.io/ctapipe/
https://github.com/cta-observatory/ctapipe
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ctapipe
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DIRAC et CTA-DIRAC

CTADIRAC: Prototype  based on DIRAC - L. Arrabito - LUPM used 
to manage distributed computing on heterogeneous resources 
(grid, cloud, clusters) for the CTA experiment
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CTA-DIRAC

Grid resources used for Prod5(b) (mid 2020 to mid 2021)

Total CPU: 164 million CPU hours HS06

Site Used (TB)
DESY-ZEUTHEN 158
IN2P3-CC 112
GRIF (LPNHE+CEA+LLR) 486 

(154+4+328)
IN2P3-LAPP 70
INFN-T1 676
UKI-NORTHGRID-
LANCS-HEP

163

Total 1665

Total disk: ~1.7 PB



CTA-DIRAC
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Provenance Information:
- GUID = id of the file
- Lfn = name
- Creation date
- Location

Distributed
Computing

Infrastructure

Distributed
Storage

DIRAC services

CTADIRAC Client CTADIRAC Server

Client programs

Shared storage

ctapipe

DIRAC     
File Catalog

Client Server Architecture



IVOA Provenance DM
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Descriptions 
relative to each
type of tool

Information 
relative to each
execution of 
tool



Provenance 
information
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Goal
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IMPLEMENTATION
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Provenance DB
• Postgresql DB
• Sqlalchemy module
• Each table has an auto 

incremented internal key (not in 
the model)

• Model restrictions:
– ActivityDescription : unicity of 

(name, version)
– UsageDescription & 

GenerationDescription: unicity of 
(ActivityDescription, 
EntiityDescription, role) => 
multiplicity = 1

– Link Parameter to ValueEntity not 
yet implemented
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CTADIRAC Server

• Server:
– Provenance Manager
– Provenance DB access
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Provenance 
DB

CTADIRAC services
…ProvenanceManagerHandler.py

CTADIRAC Server

DB access
ProvenanceDB.py



CTADIRAC Client
– API 

• ProvBase (Objects)
• ProvClient (Functionalities) 

– Scripts 
• Script to add the descriptions 

and the agent (CTAO)
• Script to add the provenance 

execution information
– Job definition

• DIRAC job definition
• Job description (steps)
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Job desc.

my_job_desc.py:
- Tool ctapipe 1
- Tool ctapipe 2
……
- Provenance script

Client API

ProvClient.py
ProvBase.py

CTADIRAC Client files

Job definition

my_job.py:
- Param DIRAC
- Include job desc
- software

scripts

cta-prod-init-
prov.py
cta-prod-add-
prov.pyUsed to add description information

Used to add execution information



USAGE
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Job execution usage
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CTADIRAC Client

python my_job.py

CTADIRAC Server
Grid
- CE
- SE

ctapipe
shared disks

Provenance DB



Job monitoring
https://ccdcta-cert.in2p3.fr/
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Sandbox content
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DB content
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I thank you for your attention


