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Abstract. We present here a provenance management system adapted
to astronomical projects needs. We collected use cases from various as-
tronomy projects and defined a data model in the ecosystem developed
by the IVOA (International Virtual Observatory Alliance). From those
use cases, we observed that some projects already have data collections
generated and archived, from which the provenance has to be extracted
(provenance “on top”), and some projects are building complex pipelines
that automatically capture provenance information during the data pro-
cessing (capture “inside”). Different tools and prototypes have been de-
veloped and tested to capture, store, access and visualize the provenance
information, which participate to the shaping of a full provenance man-
agement system able to handle detailed provenance information.
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1 Context

Astronomical observatories and data providers are increasingly involved in the
development of Open Science. The process of making data FAIR6 (Findable,
Accessible, Interoperable and Reusable) often has to be integrated early in the
development of astronomical projects. Since more than 20 years, the IVOA7

(International Virtual Observatory Alliance) provides various standards to foster
interoperability and enable the production of FAIR data.

The Reusable principle is more subjective and requires rich metadata to
demonstrate the quality, reliability and trustworthiness of the data. Detailed

6 https://www.go-fair.org/fair-principles
7 https://www.ivoa.net

https://www.go-fair.org/fair-principles
https://www.ivoa.net
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provenance is thus a key information to provide along with the astronomical data.
The IVOA validated in April 2020 a Provenance Data Model [9] to structure
this information. It is based on the W3C PROV concepts of Entity, Activity and
Agent [4] with a dedicated set of classes for activity description (e.g. method,
algorithm, software) and activity configuration (e.g. parameters).

2 Requirements and current perception of provenance

Several use cases have been discussed within the IVOA and the European ES-
CAPE project [8]. Astronomical projects that produce data generally develop
structured pipelines, scripts and specific methodologies to prepare data prod-
ucts for the end-user from raw data (acquired from observations or generated by
simulation).

Key information on what processes were applied and how they were per-
formed is thus relevant to the end-user and could be captured directly during
the process (capture “inside”). For older or other projects, a posteriori metadata
extraction from data/metadata/logs (provenance “on top”) can also provide sim-
ilar information, with the risk of missing details and links. We often realize too
late that there are missing elements or links in the provenance, this is why the
capture of the provenance should be as detailed as possible and as naive as possi-
ble (simply record what happens). In any case, the granularity of the provenance
has to be adapted from one project to another.

2.1 Basic handling of provenance

Fig. 1. Basic handling of provenance information.

In general, the perception in the community is that provenance information
is easily stored with the data, as a set of keywords recorded in the header of a
data product file. This is represented in Figure 1. This perception is particularly
strong in astronomy with the large adoption of the FITS (Flexible Image Trans-
port System) file format [10], that provides a human readable header based on
keywords.
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2.2 Last-step provenance

The complex modeling of provenance information makes it improper to be stored
as a flat list of keywords, as provenance is better represented by a graph, based
on chains of activities and entities that are used and generated. We thus define
the full provenance as this graph, up to the raw data, and the last-step mini-
mum provenance as an embedded list of keywords [8]. The last-step provenance
contains information on: the entity itself, one contact agent, the last activity
that generated this entity. It also contains identifiers of other used and gen-
erated entities. All this information is compatible with the IVOA Provenance
data model. Such a last-step provenance can thus be stored in a file header, and
should moreover enable the reconstruction of the full provenance through the
recursive exploration of used entities.

3 A provenance management system

If a basic handling of provenance information may be sufficient for some projects,
it is necessary to build a more advanced provenance management system that
stores this information separately, as files or in a database. Such a system is
composed of the following parts :

1/ Capture ”inside”: provenance information is recorded during the execu-
tion of a pipeline that runs various processing steps, generates intermediate
data files...

2/ Ingestion: the captured information is transported in a structured format
that can be parsed and managed.

3/ Storage: the ingested information is then safely stored in a database that
preserves its logic.

4/ Visualization and exploration: the full provenance can be queried and
visualized.

3.1 Tools, prototypes and protocols

Several tools have been developed in relation with the IVOA Provenance data
model. They are the bricks to build a full provenance management system able
to handle detailed provenance information:

– voprov8: This Python package extends the W3C PROV compatible prov

package to implement the IVOA Provenance data model. It provides a way
to create a ProvDocument object and exchange it as an XML, JSON or
graphical file.

– logprov9: This Python package captures provenance events when running
Python functions or methods that are specifically decorated and defined.

8 https://github.com/sanguillon/voprov
9 https://github.com/mservillat/logprov

https://github.com/sanguillon/voprov
https://github.com/mservillat/logprov
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Those events are recorded through the logging system as structured dictio-
naries, and can then be transformed using voprov. This package was initially
developed with the high level interface of the gammapy package [3].

– ProvSAP: a Simple Access Protocol that returns a W3C PROV file from a
regular GET query on an HTTP endpoint. Arguments can be passed, such
as: ID, DEPTH (ALL/1...), DIRECTION (FORWARD/BACKWARD), RE-
SPONSEFORMAT (PROV-SVG/PROV-JSON...), MODEL (IVOA/W3C),
AGENTS (0/1), CONFIGURATION (0/1), DESCRIPTIONS (0/1/2), AT-
TRIBUTES (0/1). This system if for example implemented in the OPUS job
manager10 [7] and in other tools [5].

– ProvTAP: IVOA Table Access Protocol using ADQL for queries and a TAP
Schema, itself based on the IVOA Provenance data model [1]. It’s a reverse
mechanism to locate data through queries on its provenance. Every feature
of the model instantiated in the TAP service can then be explored. This
approach enables queries to test the data quality, based on the analysis of
parameters of some key activities. It is also possible to recompute datasets
whose progenitors have been found erroneous.

3.2 Description of the system

Fig. 2. Provenance management system.

As shown in Figure 2, the IVOA Provenance Data Model (ProvDM) is im-
plemented as a relational database and connected to an access service based

10 https://voparis-uws-test.obspm.fr/provsap?ID=a9b7e2

https://voparis-uws-test.obspm.fr/provsap?ID=a9b7e2
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on the IVOA Table Access Protocol (ProvTAP) [1]. A Simple Access Protocol
(ProvSAP) is also being specified within the IVOA to provide directly W3C
PROV files, using the voprov package.

In the system, provenance information is exchanged via structured logs, W3C
PROV files (XML, JSON) or graphs (SVG, PNG). The voprov and logprov

packages are being developed to propose a generic solution to the implementa-
tion of the system, along with project-specific capture tools (e.g. ctapipe11 or
CTADIRAC12 in the context of the Cherenkov Telescope Array [6]). The Visual-
ization & Exploration subsystem is based on standards to foster interoperability
and the reuse of existing tools.

Different implementations based on this schema are possible to adapt the
provenance management to the needs and size of the project.

3.3 Extraction ”on top”

A last block in Figure 2 (labelled 5/) indicates the use case of already existing
data from which provenance can be extracted and ingested in the system. In
many astronomy projects, some provenance information can be extracted from
file headers, or from log files. Such an extraction would be more efficient if
embedded provenance information were stored in a standard list of keywords
such as the last-step provenance list (see 2.2).

4 Software and reproducibility

Depending on the project, the workflow executed to produce science ready data
(the final products) can be extracted from the provenance system designed fol-
lowing the IVOA strategy. For each activity execution, the input and output en-
tities and the configuration parameters are recorded, as well as a representation
of the ActivityDescription class, where the software name, version, documenta-
tion, etc, are traced. To be fully reproducible, we envisage to access such coding
blocks through the ActivityDescription class by pointing to a code repository.
This can be set up as a dictionary of codes within a specific project, as in the
CTA pipeline or other under development projects such as Euclid, LSST, etc.

Software can also be shared within the community and curated in code reg-
istries, such as the Software Heritage [2], or the astronomy dedicated software
published in ASCL13 (Astrophysics Source Code Library), or for multi-messenger
astronomy, the future ESCAPE OSSR project14.

Many astronomical projects deal with large amounts of data and require in-
creasing computation power. This has pushed forward the development of science
platforms that implement the code-to-the-data strategy. In this new computing
and distributing architecture, rich metadata profiles to describe the provenance

11 https://cta-observatory.github.io/ctapipe
12 https://gitlab.cta-observatory.org/cta-computing/dpps/CTADIRAC
13 http://ascl.net
14 https://wiki.escape2020.de/index.php/WP3 - OSSR

https://cta-observatory.github.io/ctapipe
https://gitlab.cta-observatory.org/cta-computing/dpps/CTADIRAC
http://ascl.net
https://wiki.escape2020.de/index.php/WP3_-_OSSR
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of datasets and the code applied to process them, is a key for reproducibility
and interoperability.
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