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Is this situation familiar?
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Or this one?
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Months

Readme file, paper(s)

GitHub, Gitlab, Docker image? etc.
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Reusability takes time, even when sources are available
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In [1] we tried to reproduce an effort 
from one year before.

- All data were available online
- All tools were available online (except 

one, but authors had a replacement)

[1] Garijo, D., Kinnings, S., Xie, L., Xie, L., Zhang, Y., Bourne, P. E., & Gil, Y. (2013). Quantifying reproducibility 
in computational biology: the case of the tuberculosis drugome. PloS one, 8(11), e80278.
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In [1] we tried to reproduce an effort 
from one year before.

- All data were available online
- All tools were available online (except 

one, but authors had a replacement)
- > 250 hrs to full reproducibility
- > 100 hrs to get familiar with the tools 

and their I/O

Tool 1

Tool 2

Tool 3

[1] Garijo, D., Kinnings, S., Xie, L., Xie, L., Zhang, Y., Bourne, P. E., & Gil, Y. (2013). Quantifying reproducibility 
in computational biology: the case of the tuberculosis drugome. PloS one, 8(11), e80278.
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It’s hard to keep pace with existing work… 

9

Millions of open-source repositories are updated/created every year 
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Can we automatically accelerate 
research software understanding?

10
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The dimensions of Research Software Understanding
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Describe Compare Reuse

Given a software project:
● What is it about?
● Examples?
● Relation to other 

resources (data, papers)?
● Metadata?

Given two or more tools:
● What are their similarities?
● Differences?
● Main features?

How to quickly:
● run?
● repeat?
● reproduce?
● fix?
● combine?
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User perspectives are crucial!

● How to…
a. use a software component

b. transform my data to use a software 

component? 
c. interpret the results? 
d. invoke the software component? 
e. configure  the right parameters? 
f. compare against similar methods? 

● How to…
a. Ease capturing the dependencies and installation 

instructions of my software? 
b. Encapsulate my software so it can be used with 

other data? 
c. Describe my software so it can be used by 

others? 
d. Test if my software is ready to be used by others? 

12

User Designer
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1. Representing Research Software metadata

2. Knowledge capture from documentation and code

3. Automated encapsulation for reusability

Three challenges for Research Software Understanding
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Research problem: Wide Research Software landscape 

15

dgarijo/Widoco

1.4.10 1.4.11 1.4.12

Versions and basic 
metadata?
(creator, maintainer, 
license, citation…)

Dependencies and 
requirements?

Execution command and configuration
Supporting materials? 
Input data?

Contributions? 
Development 
process?

owlAPI

dgarijo/Widoco

latesthasVersion

previousprevious

requires

requires

json-simple

junit

ontology
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Representing Research Software Metadata: Scientists’ perspective

● Complements code repositories  to make 

them understandable 
● Software metadata designed for 

scientists 
● Metadata is curated by decentralized 

communities of users 
● Training scientists on best practices

http://ontosoft.org 

Crowdsourced Research Software Metadata Registry  

16

OntoSoft: Capturing Scientific Software Metadata. Eighth ACM International Conference on Knowledge Capture, Palisades, NY, 2015

http://ontosoft.org/
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Comparing Tools

17
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Describing low granular metadata

18

Describing inputs, outputs and their structure

FLDAS 
(climate)

Remote 
sensing

Penn State 
Hydrology Model 

(PIHM)

?

?

?

Adapt new 
sources

Run 
configured 
tool / model

Visualize 
result
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Adding structure to software Metadata: MINT (Model Integration)

19

Low grained machine-readable Software 
Metadata:
▪ (From OntoSoft) Attribution, license, 

funding, usage examples...
▪ Executable software components
▪ Software invocation
▪ Input & output files, variables and 

units
▪ Containers used to encapsulate and 

run software component
Input/output variables
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Software Description Ontology

20

Extending:
● Schema.org/Codemeta (software metadata)
● W3C Data Cubes (Contents of inputs and outputs)
● NASA QUDT (Units)
● DockerPedia (Software images)
● Scientific Variables Ontology (Standard Variables)

https://w3id.org/okn/o/sd

Garijo, D., Osorio, M., Khider, D., Ratnakar, V., & Gil, Y. (2019, September). OKG-Soft: An open knowledge graph with machine readable scientific software metadata. In 2019 
15th International Conference on eScience (eScience) (pp. 349-358). IEEE.

https://w3id.org/okn/o/sd
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Beyond software projects: Containers 

21

Software images are 
created from configuration 
files (e.g., Dockerfiles)
- Execution of a tool
- Configuration
- Dependencies 
- Infrastructure

Helpful for reproducibility

Knowledge graph   

Osorio, M., Buil-Aranda, C., Santana-Perez, I., & Garijo, D. (2022). DockerPedia: A Knowledge Graph of Software Images and Their Metadata. International Journal of Software 
Engineering and Knowledge Engineering, 32(01), 71-89.

Fig. by Jhon Toledo

Initial effort transforming part of DockerHub: https://dockerpedia.inf.utfsm.cl/ 

https://dockerpedia.inf.utfsm.cl/
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Beyond software projects: Notebooks

22

Notebooks contain crucial 
examples to understand 
scientific projects:
- Demos
- Tutorials
- Configuration

Basic metadata 
(e.g., title)

Configuration / 
queries needed

Intermediate results
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1. Representing Research Software metadata

2. Knowledge capture from documentation and code

3. Automated encapsulation for reusability

Three challenges for Research Software Understanding
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Research problem: Harvesting Research Software metadata

24

Research Software metadata is not abundant machine readable 

I already did! Did you read the project 
readme?

Can you please describe your software 
component with metadata?

Did you see the online documentation?

Perhaps the you saw the paper? Many domain-specific 
registries are curated by hand 
by experts
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Extracting knowledge from software projects
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▪ Documentation
o Text classification
o Named entity recognition and relation extraction

▪ Code
o Static code analysis
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▪ Readme Analysis
o Supervised 

classification
o Regular expressions
o Header analysis

▪ File exploration
o Notebooks
o Dockerfiles
o Documentation

▪ GitHub API

Repository Extraction Results (Metadata)

https://github.com/KnowledgeCaptureAndDiscovery/somef/

Text classification: Software Metadata Extraction Framework 

26

Kelley, A., & Garijo, D. (2021). A framework for creating knowledge graphs of scientific software metadata. Quantitative Science Studies, 1-37.

https://github.com/KnowledgeCaptureAndDiscovery/somef/
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SOMEF: Supervised classification

- Paragraph-based text classification
- Four main categories (binary classification):

- Installation
- Citation
- Description
- Invocation

27

Simple classification pipelines yield nice results
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SOMEF: File Exploration and Regular Expressions

- Extraction based on frequent header analysis
- Fuzzy matching based on synsets

Regular expressions, based on common 
practices (e.g., DOI, .bib, etc.)

Wordnet

Installation 
instructions

28
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Using READMEs to categorize software
▪ Preprocessing is crucial
▪ Creating a methodology to recognize 

categories based on awesome lists
o Text classification
o Bi-LSTM networks

SOMEF: Classifying software types based on README files

29

Fig. by Jenifer Tabitha

“Geosciences”

Readme
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SOMEF: Recognizing Metadata Categories

● Name (GA)
● Full title (RE)
● Description (SC, HA)
● Citation (SC, RE, HA)
● Installation instructions (SC, HA)
● Invocation (SC)
● Usage examples (HA)
● Documentation (HA, FE)
● Requirements (HA)
● Contributors (HA)
● FAQ (HA)
● Support (HA)
● License (GA, HA, FE)
● Stars (GA)

● Contact (HA)
● Download URL (HA, GA)
● DOI (RE)
● DockerFile (FE)
● Notebooks (FE)
● Executable notebooks (Binder, Collab) (RE)
● Owner: (GA)
● Keywords (GA)
● Source code (GA)
● Releases (GA)
● Changelog (GA)
● Issue tracker (GA)
● Programming languages (GA)
● Acknowledgements (HA)
● Logos (RE)
● Images (RE)
● Shell scripts (FE)
● Code of conduct (FE)
● Repository status (RE)
● Arxiv links (RE)
● Support channels (RE)
● Software category (SC) (Work in progress)
● …

Method used (provenance):
● Supervised Classification (SC)
● Header Analysis and Synset comparison (HA)
● File Exploration (FE)
● Regular Expressions (RE)
● GitHub API (GA)

30
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Software dep. Version.

Named Entity Recognition: NER4SOFT 
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https://github.com/oeg-upm/ner4soft/ (Work in progress) 

Residual Dense Network for 

Image Super-Resolution
The code is built on EDSR (Torch) and tested on Ubuntu 14.04 environment 
(Torch7, CUDA8.0, cuDNN5.1) with Titan X/1080Ti/Xp GPUs.

Readme file

Extracting additional context from README files
- Transformer-based architectures (SciBERT)
- Inference for explicit and implicit 

relationships

ner4soft

Hardware dep. Operative System

Residual 
Dense …

Ubuntu “14.04”Titan X

Torch “7”

hardware
dep

os

software dep

version_number

version_number

CUDA

1080Ti

software dep

“8.0”

version_number

(simplified KG)

https://github.com/oeg-upm/ner4soft/
https://github.com/LimBee/NTIRE2017
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Why not look at the code too?

32

Static code analysis in Python
- Extraction of available classes and functions

- Documentation
- Requirements (reusing existing libraries)
- Call list
- Control flow (reusing existing libraries)
- Software invocation 

- Service
- Package
- Library
- Script

- Invocation command
- Output as a JSON file

Filgueira, R. and Garijo, D. (2022). Inspect4py: A Knowledge Extraction Framework for Python Code Repositories. To appear in Mining Software Repositories, 2022 (demo)

Rosa Filgueira

GitHub: https://github.com/SoftwareUnderstanding/inspect4py 

https://github.com/SoftwareUnderstanding/inspect4py
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Early result: Automated software catalogs

33

Alpha available at: https://software.oeg.fi.upm.es/   Github: https://github.com/oeg-upm/soca 

https://software.oeg.fi.upm.es/
https://github.com/oeg-upm/soca
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A software repository at a glance

34

short description

notebooks

invocation

logo
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Analyzing community best practices 

35

Extracting KGs from thousands of Open Source repositories
- Zenodo software (> 12000) 
- Measuring best practices based on metadata
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1. Representing Research Software metadata

2. Knowledge capture from documentation and code

3. Automated encapsulation for reusability

Three challenges for Research Software Understanding
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Encapsulating configured experiments

37

Capturing different configurations of a 
complex tool requires significant 
knowledge.

How can we ensure an expert can share 
configured/calibrated models?
- Reduce complexity for novice users

Example: SWAT Hydrology model
- Model code is always the same
- Input files vary according to:

- The region
- Available information
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Scientific Software encapsulation

38

Workflow
system

Software KG
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Reusing software: model encapsulation methodology

39

Software encapsulation methodology
- Input: software component
- Output:

- Docker image
- Wrapper script (GitHub)
- Metadata (MINT model catalog)

- Powered by ReproZip 
(https://www.reprozip.org/) to 
automatically suggest I/O

https://www.reprozip.org/
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Summing up
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Challenges and their dimensions

Representing Research Software metadata

Knowledge capture from documentation 
and code

Automated encapsulation for reusability

Describe

Compare
Reuse
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Conclusions

42

Research software is a critical asset for Open Science

Accelerating Software Understanding requires:

- Automated description

- Assisted comparison

- Easy reuse
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Questions?

44

Let's create machine-actionable software metadata to promote Open Science!

NER4Soft
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Extra slides
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Example Output
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