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cta &= Observatory sites and arrays
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LST1 — The first Large Size Telescope
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LST1 — The first Large Size Telescope

Critical Design Review
Deployment and Commissioning

Crab Campaigns
Extreme Physics i.e. BL Lac, RS Oph Nova

Inauguration 10th October 2018
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Provenance requirements

CTA General Requirement
A-USER-0110 The CTA Observatory must ensure that data processing is traceable and reproducible

Specific Requirements

Observatory

 Keep the traceability of the data products
e Data quality and reliability checks

* Reproduce or reprocess the data
 Debug a pipeline

Astronomers
* Provide more information to the final user
* Refine final results based on analysis of the provenance info
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Provenance requirements

CTA General Requirement
A-USER-0110 The CTA Observatory must ensure that data processing is traceable and reproducible

Specific Requirements

Observatory

 Keep the traceability of the data products
* Data quality and reliability checks
 Reproduce or reprocess the data
 Debug a pipeline

in-development
pipeline

Astronomers-
* Provide more information to the final user
* Refine final results based on analysis of the provenance info
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Terminology

Configuration provenance
* software dependencies and execution environment

Data provenance

* usually gives some context and info on last processing step on the dataset
* mostly recorded in FITS HISTORY headers

* also metadata describing the dataset

Execution provenance
* commands and parameters/values with timestamps
* mostly recorded in log files

Full provenance
* provides a graph view of the whole process
* chain of commands datasets parameters/values
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Capturing provenance

Discarded in this talk

Inside
e capture and save provenance at the moment of data processing

Granularity and level of details
* which steps, processes, datasets, ancillary files and parameters
* execution environment and dependencies

Format
* model and syntax that accounts for describing the pipeline components and relationships
* serializing provenance info as attached metadata, structured logs, graphs, relational DB,..
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| Obsexvation /run ~ 100 subruns ~ 10 000 events ~ 15 min

Data Products in Cherenkov Imaging

g RO RAW Digital signal acquisition from hardware 2 x30x 1855 x events ~ 700 GB
- DLO PRE-CALIBRATED Real photons and times measured in each telescope 30 x 1855 x events
<
Extensive — = DL1 CALIBRATED Cleaned photons pixel images and geometrical parameters 1855 x events ~70GB
5 econstructe
R Source Position % DL2  RECONSTRUCTED Inferred direction, energy and gammaness events ~1GB
Cherenkov g DL3 REDUCED Selected event lists and instrumental response events ~10MB
Light Y
S
S DL4  SCIENCE Spectra, sky-maps, light-curves ~ 100 KB
a_ DL5 ARCHIVE Legacy observatory data i.e. catalogs, surveys,..
o
Cameras with —%
PMT pixels é - RO -> DLO
g -gain channel.se/ectlc.m an_d correction rotozftandfs
:“) - charge and time calibration Jgon/+e><+
& - data volume reducer
Ly
< -DLO->DL1
© - pulse charges integration in time windows hdfS
\QQ® - apply cleaning levels in events islands JSOY\/WL@XWL
- geometrical parametrization of islands
- muon analysis and data quality checks
Source position
-DL1->DL2 s
. Json/+e><+ and sav
& - low count gamma and very high background (gammaness cut)
9% - direction/energy reconstruction via ML Random Forest algorithms with Montecarlo simulations

center of gravity

-DL2 ->DL3 fits

- tabular list of events selected as gammas
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work-in-progress
software

Software considered

Python pipeline for the On-site Analysis of low-level data observations
alstosa from thg LST1 curated and developed by UCM Madrid
https://github.com/cta-observatory/Istosa

Python library for the processing of low-level data observations
Istchain from the LST1 curated and developed by the LST Collaboration
https://github.com/cta-observatory/cta-Istchain

algorithms for the Cherenkov Telescope Array.

S\ - Python framework for prototyping the low-level data processing
‘5’"' ‘ctaplpe
https://github.com/cta-observatory/ctapipe
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https://github.com/cta-observatory/ctapipe
https://github.com/gae-ucm/lstosa
https://github.com/cta-observatory/cta-lstchain

Configuration provenance

\ \ . - .
SNy ° * software dependencies and execution environment
= Ctapipe Execut
7 xecution provenance

* commands and parameters/values with timestamps
* mostly recorded in log files

Provenance in Tools

* provides a very simple APl to code provenance capture features in ctapipe Tools
* provides serialization in JSON format and as Python dictionaries

e captures execution environment and profiling by default
* allows capture of processes, input and output datasets
 compliant with IVOA Provenance model

Cons
* tracks provenance execution within a single Tool
* needs the use of ctapipe Tools

Up to now it does not allow chaining provenance products
of different Tools but allows concatenation of provenance
records for the same Tool into a single log file

Q© git

Tracks the execution history of a Tool producing a dataset

from

prov
prov.
prov.
prov.
prov.
prov.
prov.
prov.

ctapipe.core import Provenance

= Provenance()
start_activitity("some_activity")

add_input_file("test.txt")
add_output_file("out.txt")

start_activity("some_sub_activity")

add_output_file("out2.txt")

finish_activity() #
finish_activity() # fini

across successive reprocessing linked to different pipeline versions

@ Instituto de Astrofisica de Andalucia, IAA-CSIC 9.
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Data provenance
» usually gives some context and info on last processing step on the dataset
* mostly recorded in FITS HISTORY headers

I Stc h a i n * also metadata describing the dataset

Store configuration execution metadata in HDF5 files #/47
rlopezcoto merged 18 commits into master from metadata (5J16 days ago

Q) Conversation 22 o Commits 18 Fl Checks 8 [2) Files changed 10

’ Write Preview

This PR stores the config execution of scripts as metadata attributes of the HDF5 files and tables produced in the RO-
>calibration->DL1->DL1AB->DL2 workflow.

The scripts involved in this workflow are:

e /scripts/lstchain_data_create_time_calibration_file.py
e /tools/lstchain_create_calibration_file.py

e /scripts/lstchain_data_r®_to_dli.py

e /scripts/lstchain_dllab.py

e /scripts/lstchain_dll_to_dl2.py

e /scripts/lstchain_add_source_dependent_parameters.py

LSTCHAIN_VERSTONS —15-
The configuration parameters used for each script/tool are stored as a@ attribute config of the tabl@
produced.

e

Instituto de Astrofisica de Andalucia, IAA-CSIC ?.
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Data provenance
» usually gives some context and info on last processing step on the dataset
* mostly recorded in FITS HISTORY headers

I Stc h a i n * also metadata describing the dataset

These metadata may be easily retrieved with pytables library and vitables software, as described in the python
snippets and screenshots below.

with tables.open_file(filename) as file:
print{file.root._v_attrs["LSTCHAIN_VERSION"])

8.7.4.postlé+gitBdebbse

with tables.open_file(filename) as file:

T config = yaml.safe ;cac(file.too(IEIEZEEEEEZEelescope.parameters.LSY LSTCam.attrs["config"])

print(config["tailcut"])

{'picture_thresh': &,
'boundary_thresh': 3,
'keep_isolated_pixels': False,
'min_number_picture_neighbors': 2,
'use_only_main_island': False,
‘delta_time': 2}

In the case where, during one of the workflow steps, a specific table is directly retrieved from one previous existing
file and copied into the new produced HDF5 file, then the software versions and the config execution metadata are kept
untouched.
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X

stchain

Data provenance
usually gives some context and info on last processing step on the dataset
mostly recorded in FITS HISTORY headers
also metadata describing the dataset

2. DB XD

v]( .

Arbol de bases de datos

w

ViTables 3.0.0

X2

8 Propiedades de la tabla

Atributos de Sistema

Sali‘b‘tihqarge.hdfs ® ®
[ ]
|  Abrir Vista X¥0
f  Cerrar Vista X<OF4 General
[ [p— :
f i Propiedades... # Atributos de usuario: 21
Qu
Renombrar... #R Nombre
o+ Cortar 8X CONTACT
) Copiar 2C
I Pegar 4% CTAPIPE_IO_LST_VERSI...
® Borrar ®
CTAPIPE_VERSION
Y C Ita...
sthmieroe 3 LSTCHAIN_VERSION
SOURCE_FILENAMES
charge_mean_DESC
charge_median_DESC
charge_median_outliers...
charge_std_DESC
charge_std_outliers_DE...
config
E | n_events_DESC
xYo) P

2021-11-18 17:16:52,140 - vitables.prefe

2021-11-18 17:16:52,140 - vitables.prefe

2021-11-18 17:16:52,186 - vitables.prefe

2021-11-18 17:16:52,186 - vitables.prefe

ViTables 3.0.0
Copyright (c) 2008-2017 Vicent Mas.
All rights reserved.

Valor

LST Consortium

0.11.1

0.11.0
0.7.6.dev315+geb990341
['LST-1.1.Run05979.000...
np array of pedestal ave...
np array of the pedestal ...
Boolean np array of the ...
np array of the pedestal ...
Boolean np array of the ...
{"EventSource": {"input...

Number of events used f...

string
string
string
string
python
string
string
string
string
string
string

string

Tipo de dato

(oo RO Mo BN Mo IO Bl o Mo Bl o )

ndow_width": 12, "apply_integration_correction": false}, "attach_subarray": "None"}

Afad

ir Borrar

Qué es esto

Cancel

iplication

iplication

Muestra el didlogo de propiedades para el nodo seleccionado

e

calibcharge.hdf5->/

Instituto de Astrofisica de Andalucia, IAA-CSIC

v CalibrationHDFSWriter:
output_file:

» config_file:
one_event:
events_to_skip:
calibration_product:
log_level:

» log_config:

v EventSource:

v input_url:
v LSTEventSource:

v LSTR@Corrections:

v drsd_pedestal_path:

v drsd_time_calibration_path:

select_gain:
v EventTimeCalculator:
v run_summary_path:
v allowed_tels:
'H
v LSTCalibrationCalculator:
squared_excess_noise_factor:
flatfield_product:
pedestal_product:
v Pedestallntegrator:
sample_duration:
tel_id:
v charge_median_cut_outliers:
0:
1:
w charge_std_cut_outliers:
'H
1:
charge_product:
v FlasherFlatFieldCalculator:
sample_duration:
tel_id:
charge_product:
v charge_median_cut_outliers:
'H
1:
v charge_std_cut_outliers:
9:
1:
v time_cut_outliers:
0:
1:
v LocalPeakWindowSum:
window_shift:

window_width:

apply_integration_correction:

Rt FixedWindowSum:

“calibcharge. hdf5"
"/Users/jer/git/cta-observatory/cta-lstchain/1stchain/data/onsite_camera_calibration_param.json"
true

1000

"LSTCalibrationCalculator”

"DEBUG"

{-}

"/Users/jer/DATA/LST/R@/20210902/L5T-1.1.Run05979.0000. fits. fz"

"fUsers/jer/DATA/LST/calibration/20210902/v0.7.3/drsd_pedestal.Run@5978.0000. fits"
"/Users/jer/DATA/LST/calibration/20210902/v®.7.3/tine_calibration.Run85979.0000.hdf5"
false

"fUsers/jer/DATA/LST/monitoring/RunSunmary /RunSummary_20210902.ecsv"

1.222
"FlasherFlatFieldCalculator"

"Pedestallntegrator"

100000
1

-10
10

-10
10

"FixedWindowSum"

100000
1

"LocalPeakWindowSum"

-0.5
8.5

-10
10

38

12

false
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Full provenance
» provides a graph view of the whole process

‘ ’ lStosa * chain of commands datasets parameters/values

Collection of daily scheduled scripts that are run in parallel in a grid environment

Provenance capture *
structured logging / Provlog

How?

e Using standard Python logging mechanism and a provenance model defined in a YAML file
* Non-intrusive implementation with function/class decoration in existing code

* Info within decorated functions can be extracted and mapped into W3C/IVOA Prov syntax
* Python logging configuration is set in an independent configuration file

Which info?
* Used and produced datasets, input parameters, config files and processes

What do we get?
* Post-processed log files as merged/filtered logs with info in W3C/IVOA Prov syntax
 W3C provenance JSON files and PDF graphs as final provenance products
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Full provenance
» provides a graph view of the whole process

‘ ’ lStosa * chain of commands datasets parameters/values

Collection of daily scheduled scripts that are run in parallel in a grid environment

Detailed considerations

Captured subrun-wise and post-processed to run-wise
Post-processing/merging yields provenance products at different levels of granularity on demand
o calibration '

o r0 _to dl1 different processing levels and intermediafe steps "
o di1_to _dI2 pyfhon provprocesspy - arzs
o alllevels

* Execution environment is captured and stored as a session property
* Info hidden in configuration files
o compared with hash-content algorithm and copied for reproducibility purposes
* Montecarlo simulated training datasets are not copied but referenced
* Dry execution mechanism allows provenance capture and merging avoiding data processing
* Session properties: observation date, run number, Istosa config file, software versions
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activities:

ro_to_dl1:

description:
"Create DL1 files for an observation run and subrun"
parameters:

tion.yaml

i
c =
i

usage:

config/def

name: ObservationRun

description: "Observation run number"
value: ObservationRun

name: ObservationSubRun

description: "Observation subrun number"
value: ObservationSubRun

name: CalibrationRun

description: "Calibration run number"
value: CalibrationRun

name: PedestalRun

description: "Pedestal run number"
value: PedestalRun

name: ProdID

description: "Production ID"

value: ProdID

role: "Observation subrun"
description: "Observation subrun used"
entityName: ROSubrunDataset
value: ROSubrunDataset
# filepath: /fefs/aswg/data/real/R0/20200218/LST1.1Run02006.0001.fits.fz
role: "Pedestal file"
description: "Pedestal file used"
entityName: PedestalFile
value: PedestalFile
# filepath: /fefs/aswg/data/real/calibration/20200218/v00/drs4_pedestal.Run02005.0000.fits
role: "Coefficients calibration file"
description: "Coefficients calibration file"
entityName: CoefficientsCalibrationFile
value: CoefficientsCalibrationFile
# filepath: /fefs/aswg/data/real/calibration/20200218/v00/calibration.Run02006.0000.hdf5
role: "Time calibration file"
description: "Time calibration file"
entityName: TimeCalibrationFile
value: TimeCalibrationFile
# filepath: /fefs/aswg/data/real/calibration/20191124/v00/time_calibration.Runl625.0000.hdf5
role: "Pointing file"
description: "Pointing filename for DL1"
~ntityName: PointingFile

* PointingFile

the (fefs/home/lann/DrivePositionina/drive loag 20 022 18 txt

to de Ast

config/environment.yaml config/logger.yaml

fisica de Andalucia, |IAA-CSIC

version: 1
formatters:
simple:
format: '%(levelname)s %(name)s %(message)s'
#format: 'S%(asctime)s.%(msecs)@3d%(message)s'
datefmt: '%Y-%m—%dT%H:%M:%S"

handlers:
provHandler:
class: logging.handlers.WatchedFileHandler
level: INFO

formatter: simple
filename: prov.log
loggers:
provLogger:
level: INFO
handlers: [provHandler]
propagate: False
disable_existing_loggers: False
PREFIX: __PROV__
HASH_METHOD: md5
HASH_BUFFER: path
capture: True

# Conda environment for provenance package
# conda env update -f environment.yaml

channels:
- conda-forge

dependencies:
- python
- pyyaml
- prov
- pydot
- pydotplus
# dev dependencies
- pytest
- pytest-cov
- black
- isort

EXCELENCIA
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prov.log

INFO provLogger __PROV__2020-05-18T14:18:30.445713__PROV__{'session_id': 8739478486569, 'name': '01618', 'startTime': '2020-05-18T14:18:06.362321', 'system': {'executable':
'/fefs/aswg/software/virtual_env/anaconda3/envs/osa/bin/python', 'platform': {'architecture_bits': '64bit', 'architecture_linkage': '', 'machine': 'x86_64', 'processor':
'x86_64"', 'node': 'cpl5', 'version': '#1 SMP Thu Nov 8 23:39:32 UTC 2018', 'system': 'Linux', 'release': '3.10.0-957.el17.x86_64"', 'libcver': "('glibc', '2.10')", 'num_cpus':
32, 'boot_time': '2020-03-24T03:48:43'}, 'python': {'version_string': '3.7.6 | packaged by conda-forge | (default, Mar 23 2020, 23:03:20) \n[GCC 7.3.0]', 'version': '3.7.6"',
‘compiler': 'GCC 7.3.0', 'implementation': 'CPython'}, 'environment': {'CONDA_DEFAULT_ENV': 'osa', 'CONDA_PREFIX': '/fefs/aswg/software/virtual_env/anaconda3/envs/osa',
'CONDA_PYTHON_EXE': '/fefs/aswg/software/virtual_env/anaconda3/bin/python', 'CONDA_EXE': '/fefs/aswg/software/virtual_env/anaconda3/bin/conda', 'CONDA_PROMPT_MODIFIER':
'(osa) ', 'CONDA_SHLVL': '2', 'PATH': '/local/home/lstanalyzer/usr/bin:/local/home/1lstanalyzer/.local/bin:/fefs/aswg/software/virtual_env/anaconda3/envs/osa/bin:/fefs/aswg/
software/virtual_env/anaconda3/condabin:/usr/1ib64/qt-3.3/bin:/usr/local/bin:/usr/bin:/usr/local/sbin:/usr/sbin:/opt/ibutils/bin:/local/home/1lstanalyzer/.local/bin:/local/
home/lstanalyzer/bin', 'LD_LIBRARY_PATH': '/local/home/lstanalyzer/usr/lib:"', 'DYLD_LIBRARY_PATH': None, 'USER': 'lstanalyzer', 'HOME': '/local/home/lstanalyzer', 'SHELL':
'/bin/bash'}, 'arguments': ['/fefs/aswg/lstosa/datasequence.py', '-c', 'cfg/sequencer_Nov2019_dragontime_v@3.cfg', '-d', '2019_11_23', '——prod_id', 'v@.5.1_ve3', '/fefs/
aswg/data/real/calibration/20191123/v@3/calibration.Runl1614.0000.hdf5', '/fefs/aswg/data/real/calibration/20191123/v03/drs4_pedestal.Runl611.0000.fits', '/fefs/aswg/data/
real/calibration/20191123/v@3/time_calibration.Runl1614.0000.hdf5', '/fefs/aswg/scripts—-osa/corrected_drive_logs_Nov19/drive_log_19_11_23.txt', 'e', 'e', 'e', '@', '—

stderr=sequence_LST1_01618_2432982.err"', '—-stdout=sequence_LST1_01618_2432982.out', '01618.0008', 'LST1'], ‘'start_time_utc': '2020-05-18T14:18:30.445684"'},
‘software_version': 'v@.5.1', 'observation_date': '20191123', ‘'observation_run': '01618', 'session_tag': 'r@_to_d11:01618'}

INFO provLogger __PROV__2020-05-18T14:18:30.447360__PROV__{'activity_id': '621ca2', 'name': 'r@_to_dl1l', ‘'startTime': '2020-05-18T14:18:06.362321', 'in_session':
8739478486569, 'agent_name': 'lstanalyzer', 'script': '/fefs/aswg/lstosa/datasequence.py’', 'session_tag': 'ro_to_d11:01618'}

INFO provLogger __PROV__2020-05-18T14:18:30.447499__PROV__{'activity_id': '621lca2', 'parameters': {'ObservationRun': '01618', 'ObservationSubRun': '©008', 'CalibrationRun':
'01614', 'PedestalRun': '01611', 'ProdID': '@3'}, 'session_tag': 'r@_to_dl11:01618'}

INFO provLogger __PROV__2020-05-18T14:18:30.447628__PROV__{'entity_id': '446f45dd1c878559585395eedce5bc7a', 'name': 'ROSubrunDataset', 'filepath': '/fefs/aswg/data/real/
R0/20191123/LST-1.1.Run@1618.0008.fits.fz', 'hash': '446f45dd1c878559585395eedce5bc7a"', 'hash_type': 'md5', 'type': 'File', 'contentType': 'application/fits', 'session_tag':
'ro_to_d11:01618'}

INFO provLogger __PROV__2020-05-18T14:18:30.447752__PROV__{'activity_id': '621ca2', 'used_id': '446f45dd1c878559585395eedce5bc7a', 'used_role': 'Observation subrun',

‘session_tag': 'r@_to_d11:01618'}

INFO provLogger __PROV__2020-05-18T14:18:30.447859__PROV__{'entity_id': '7404bb00748454d63badfe247c774al1l3', 'name': 'PedestalFile', 'filepath': '/fefs/aswg/data/real/
calibration/20191123/v03/drs4_pedestal.Run1611.0000.fits', 'hash': '7404bb00748454d63badfe247c774al13', 'hash_type': 'md5', 'type': 'File', 'contentType': 'application/fits',
'session_tag': 'r@_to_d11:01618'}

INFO provLogger __PROV__2020-05-18T14:18:30.447966__PROV__{'activity_id': '621ca2', 'used_id': '7404bb00748454d63badfe247c774a13', 'used_role': 'Pedestal file',
'session_tag': 'r@_to_dl11:01618'}

INFO provLogger __PROV__2020-05-18T14:18:30.448065__PROV__{'entity_id': 'd8077e3bbdcb371f688ae65b0972e212', 'name': 'CoefficientsCalibrationFile', 'filepath': '/fefs/aswg/
data/real/calibration/20191123/v03/calibration.Run1614.0000.hdf5', 'hash': 'd8077e3bbdcb371f688ae65b0972e212', 'hash_type': 'md5', 'type': 'File', 'contentType':

‘application/x-hdf', ‘'session_tag': 'r@_to_d11:01618'}

INFO provLogger __PROV__2020-05-18T14:18:30.447752__PROV__{'session_id': 8773094569769, 'name': '01618', 'startTime': '2020-05-18T14:18:06.362323', 'system': {'executable':
'/fefs/aswg/software/virtual_env/anaconda3/envs/osa/bin/python', 'platform': {'architecture_bits': '64bit', 'architecture_linkage': '', 'machine': 'x86_64', 'processor':
'x86_64"', 'node': 'cpl5', 'version': '#1 SMP Thu Nov 8 23:39:32 UTC 2018', 'system': 'Linux', 'release': '3.10.0-957.el7.x86_64', 'libcver': "('glibc', '2.10')", 'num_cpus':

32, 'boot_time': '2020-03-24T03:48:43'}, ‘'python': {'version_string': '3.7.6 | packaged by conda-forge | (default, Mar 23 2020, 23:03:20) \n[GCC 7.3.0]1', 'version': '3.7.6',
‘compiler': 'GCC 7.3.0', 'implementation': 'CPython'}, 'environment': {'CONDA_DEFAULT_ENV': 'osa', 'CONDA_PREFIX': '/fefs/aswg/software/virtual_env/anaconda3/envs/osa',
'CONDA_PYTHON_EXE': '/fefs/aswg/software/virtual_env/anaconda3/bin/python', 'CONDA_EXE': '/fefs/aswg/software/virtual_env/anaconda3/bin/conda', 'CONDA_PROMPT_MODIFIER':
'(osa) ', 'CONDA_SHLVL': '2', 'PATH': '/local/home/lstanalyzer/usr/bin:/local/home/1lstanalyzer/.local/bin:/fefs/aswg/software/virtual_env/anaconda3/envs/osa/bin:/fefs/aswg/
software/virtual_env/anaconda3/condabin:/usr/1ib64/qt-3.3/bin:/usr/local/bin:/usr/bin:/usr/local/sbin:/usr/sbin:/opt/ibutils/bin:/local/home/1lstanalyzer/.local/bin:/local/
home/lstanalyzer/bin', 'LD_LIBRARY_PATH': '/local/home/lstanalyzer/usr/lib:"', 'DYLD_LIBRARY_PATH': None, 'USER': 'lstanalyzer', 'HOME': '/local/home/lstanalyzer', 'SHELL':
'/bin/bash'}, ‘'arguments': ['/fefs/aswg/lstosa/datasequence.py', '-c', 'cfg/sequencer_Nov2019_dragontime_v@3.cfg', '-d', '2019_11_23', '——prod_id', 'v0.5.1_ve@3', '/fefs/
aswg/data/real/calibration/20191123/v03/calibration.Run1614.0000.hdf5', '/fefs/aswg/data/real/calibration/20191123/v03/drs4_pedestal.Runl1611.0000.fits', '/fefs/aswg/data/
real/calibration/20191123/v@3/time_calibration.Run1614.0000.hdf5', '/fefs/aswg/scripts—-osa/corrected_drive_logs_Nov19/drive_log_19_11_23.txt', 'e', 'e', 'e', '@', '—

stderr=sequence_LST1_01618_2432980.err"', '—-stdout=sequence_LST1_01618_2432980.out', '01618.0006', 'LST1'], ‘'start_time_utc': '2020-05-18T14:18:30.447727'},
'software_version': 'v@.5.1', 'observation_date': '20191123', 'observation_run': '01618', 'session_tag': 'r0_to_d11:01618'}

INFO provLogger __PROV__2020-05-18T14:18:30.448191__PROV__{'activity_id': '621lca2', 'used_id': 'd8077e3bbdcb371f688ae65b0972e212"', 'used_role': 'Coefficients calibration
file', 'session_tag': 'r@_to_dl11:01618'}

INFO provLogger __PROV__2020-05-18T14:18:30.448243__PROV__{'activity_id': '7e8065', 'name': 'r@_to_dl1', 'startTime': '2020-05-18T14:18:06.362323', 'in_session':
8773094569769, 'agent_name': 'lstanalyzer', 'script': '/fefs/aswg/lstosa/datasequence.py’', 'session_tag': 'r@_to_d11:01618'}

INFO provLogger __PROV__2020-05-18T14:18:30.448296__PROV__{'entity_id': 'fcf52d425d9033504c154f25986978c2', 'name': 'TimeCalibrationFile', 'filepath': '/fefs/aswg/data/real/
calibration/20191123/v@3/time_calibration.Run1614.0000.hdf5"', 'hash': 'fcf52d425d9033504c154f25986978c2', 'hash_type': 'md5', 'type': 'File', 'contentType': 'application/x-
hdf', 'session_tag': 'ro_to_d11:01618'}
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RO->DL1 data processing provenance graph
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CreateRunSummary Parameters
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Lessons learnt

e Continuous modifications on workflow and additions of captured info — flexible model and implementation
* Configuration may be stored as metadata attached to datasets (fits headers/hdf5 attributes)
e Capturing relationships among automatized activities and entities (datasets) needs a provenance model
* Independent prov capture for the different dependent software packages
Istosa requires Istchain requires ctapipe
Istosa requires calibration products produced in containerized sub pipeline

* Massive logging subrun-wise makes a very poor performance because of huge usage of disk

* Post-processing of prov info is needed to produce run-wise info and different levels of granularity on demand
e Structured logging in small text files may be a solution for provenance sessions storage

* Use of graphs with access-links in browser for provenance inspection and data access

* Considering storing provenance in a RDBMS or temptatively in a noSQL database (i.e. mongo + json)
* Improvement of capture mechanism for execution environment/grid nodes configuration is needed
 Development of a provenance query mechanism for detailed analysis and inspection is needed

*  Why IVOA syntax and model for low-level processing provenance capture?
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