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The term Provenance is referred to as

  ‘The beginning of something’s existence; something’s origin’
  ‘A record of ownership of a work of art or an antique, used as a guide 

to authenticity or quality’[1]

Provenance Tracking is crucial in scientific studies where workflows have emerged as an 
exemplar approach to mechanize data-intensive analyses.

Gil et al. analyze challenges of scientific workflows and concluded that formally specified workflow 
helps ‘accelerate the rate of scientific process’ and facilitates others to reproduce the given experiment 
provided that provenance of end-to-end process at every level is captured [2]. 

Community driven efforts have been effectively and actively trying to standardize the provenance 
information capture. A significant effort  being series of IPAW workshops starting from 2006 and 
continuing till 2016 resulting in open source standards such as Open Provenance Model (OPM) and 
PROV to model interoperable provenance information about all necessary factors involved in producing 
a data product.
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• Declarative approach to workflow
declaration; make minimal internal assumptions 
about precise software environment, base 
software dependencies, configuration settings, 
alteration of parameters and software versions.

• Aggregates and organizes the workflow 
outputs, workflow definition, inputs used 
for workflow run, description of execution 
environment and attribution details. 

• Provides JSON-LD format manifest to describe 
the research object, listing inputs, outputs, 
workflow run details and external URIs if any. 

• Provides an extensible open source solution to 
develop interoperable research.

• Abstract representation of workflow 
specification is described using wfdesc. 

• Supports use of containers such as Docker 
to satisfy the dependency requirements 
preventing workflow decay. 

• Attribution details annotated by using unique 
identifiers to establish credit and attribution for 
publication to facilitate the re-use of experiment 
data.
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• Promotes collaborative research by providing a 
standard to represent analysis. 

      COMMON WORKFLOW LANGUAGE                     RESEARCH OBJECT 

• Designed for different operating systems such 
as cluster, cloud and local system (with or 
without docker support) or via web-services 
such as Galaxy, Taverna or Arvados.

• Domain-neutral hence flexible in allowing   
researchers to use vocabularies to facilitate the  
representation of domain-specific information  
including title, hypothesis and conclusion. 

• Aims to build flexible and customized 
workflows including intricate details of every 
process in the workflow.

• Records evolution of a research object by 
utilizing ‘roevo’  ontology. 
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Submission of Metadata + -omics raw data 
in Sequence Read Archive  (SRA) and 
counterparts  

Metadata about the storage and 
retrieval of -omics data, data source, 
any threshold applied, abstraction 
techniques used and particular format 
of data

Information about required  
networking structure, ftp 
resources, fast connections 
and security protocols  

Interoperable solutions for 
Provenance representation, 
storage and retrieval are pivotal 
to conduct and share the 
analysis.  

DATA ANALYSIS

We have implemented exemplar GATK variant 
calling workflow using three approaches to 
workflow definition  namely Galaxy , CWL and 
Cpipe to identify assumptions implicit in these 
approaches.

These assumptions lead to limited or no 
understanding of reproducibility requirements 
due to lack of documentation and 
comprehensive provenance tracking.

The next section summarizes the provenance 
requirements to be fulfilled for -omics Data 
Analysis. 

CURRENT STATE OF PROVENANCE WITH CWL WORKFLOW:
• CWL provides a standard to write interoperable and portable workflows, therefore an interoperable 
and portable solution for provenance is proposed in this section.

• Declaring resources as ‘requirements’ at various levels of processing.

• ‘cwl:tool’ in input object pointing to the specification hence linking the set of parameters used in a 
workflow run to the specification.

• Checksums for output of each step as well as intermediate data products are saved if specified.

• Freedom to utilize any vocabulary for experiment annotation such as EDAM, PROV, FOF , hence 
promotes a domain neutral standard which can be discipline specific if required by pluging in 
ontologies explicit for a certain domain.

• CWL specification when used as a representation of a workflow can be used to determine prospective 
provenance.

• Existing effort (https://view.commonwl.org/) captures elements of prospective provenance and 
generates a graphical representation of the workflow specification.

• Hence technical support is provided by CWL workflow execution which can be utilized for provenance 
capture.
 

PROPOSAL:

As a result of CWL workflow execution, the output would be, not an output file but a Research Object 
which would be equipped with all the required components and systematically represented domain 
specific knowledge as well as every artefact used to generate computationally derived research results. 

Combined, these  models will facilitate the validation of the findings and assist the reuse and 
understanding of the results. The complete capture of provenance information will mitigate workflow 
decay [3]and fulfill applications of provenances to make an experiment transparent, reproducible and 
authentic.  The resulting RO can be distributed using online platform ROHUB (http://www.rohub.org) 
which further has quality checks to ensure validity of an RO.
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