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Agenda

➢ Introduction to Jupyter Notebooks

➢ Provenance Information Management in Notebooks

➢ Reproducibility of Notebooks
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Jupyter Notebook
➢ A virtual environment for literate programming.

➢ Share code along with documentation

➢ Collaborative creation of reproducible computational narratives that can be used 
across a wide range of audiences and contexts. - [Project Jupyter]

➢ Open-source software

➢ Data exploration, run simulations and visualization

Source: Jupyter notebooks-a publishing format for reproducible computational workflows [Kluyver et al., 2016]
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Jupyter Ecosystem
➢ Jupyter Notebook

➢ JupyterLab

➢ JupyterHub

➢ Binder

Project Jupyter: https://jupyter.org/

JupyterLab Interface
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Jupyter Notebooks: Facts

➢ Formerly known as IPython Notebook

➢ 1.7 million Jupyter notebooks on Github

➢ Millions of users 

➢ Different computational kernels including  Python, R, and MATLAB

➢ Export in different formats like HTML, LaTeX, PDF

Source: https://blog.jupyter.org/jupyterlab-is-ready-for-users-5a6f039b8906
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Structure
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Architecture

Source: https://jupyter.readthedocs.io/en/latest/projects/architecture/content-architecture.html 
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Workflow
➢ Organization of cells

➢ Execution Order

➢ Insertion, Removal and Re-arrangement of Cells
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Computational Experiments
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Computational Experiments

➢ Repeatability
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Computational Experiments

➢ Repeatability ➢ Reproducibility
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Reproducibility

A scientific experiment is said to be reproducible if the experiment can be 
performed to get the same or similar (close-by) results by making variations in 
the original experiment.* 

*A provenance-based semantic approach to support understandability, reproducibility, and reuse of scientific experiments. [Samuel, 2019]
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Provenance

The source or origin of an object; its history
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Computational Reproducibility

The key components for the end-to-end provenance management for computational reproducibility

Source: A provenance-based semantic approach to support understandability, reproducibility, and reuse of scientific experiments. [Samuel, 2019]
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Computational Reproducibility

➢ Provenance support is limited [Rule et al., 2018, Pimentel et al., 2019]

• Tracking provenance when the cells are over-written and re-run 

• Track how exactly a final result has been achieved

• Track of the experiments that have been attempted

➢ “Record all intermediate results in a standardized format”
• One of the ten simple rules for computational reproducible research [Sandve et al., 2013]
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ProvBook: Provenance Info in Notebook

 [ProvBook: Provenance-based Semantic Enrichment of Interactive Notebooks for Reproducibility, Samuel and König-Ries] 
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ProvBook: Capture & Visualization



18

ProvBook: Difference
➢ A provenance difference module to compare the different executions of a notebook
➢ Comparison of the input and the output 
➢ Starting time to differentiate between two executions
➢ Extends the nbdime library from the Project Jupyter
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ProvBook: Semantic Representation

REPRODUCE-ME
P-Plan

PROV-O

An ontology is a formal, explicit specification of a shared conceptualization -[Studer et al., 1998]
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ProvBook: Semantic Representation
➢ Jupyter Notebook and its provenance described 

using the REPRODUCE-ME ontology

➢ New extension: Export in RDF from the user interface 
or command line
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Millions of repositories in platforms like GitHub

Millions of computational notebooks in GitHub

Are all these notebooks in repositories reproducible?

A single button to reproduce them?

REPRODUCE
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ReproduceMeGit

➢ A visualization tool for analyzing the reproducibility of Jupyter Notebooks.

➢ Goals:

➢ Help repository users and owners to reproduce, directly analyze and assess the reproducibility of 
notebooks

➢ Built on top of the work by [Pimentel et al., 2019]

➢ Get information on notebooks
➢ that were successfully reproducible
➢ that resulted in exceptions during runs

➢ Analyze the notebooks:
➢ the difference in the results 

from the original notebooks
➢ provenance history of runs

ReproduceMeGit: A Visualization Tool for Analyzing Reproducibility of Jupyter Notebooks, [Samuel and König-Ries, 2020]
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An Overview
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An Overview
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ReproduceMeGit: Flow
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ReproduceMeGit
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Conclusion and Future Work

➢ Jupyter Notebooks

➢ Data exploration, visualization, results

➢ Reproducible research

➢ ProvBook, an extension of Jupyter Notebooks, supports computational reproducibility

➢ ReproduceMeGit: performs reproducibility study on repositories containing Jupyter Notebooks

➢ Tracking metadata from Jupyter Notebooks

➢ Reproducibility study of Jupyter Notebooks from GitHub using ReproduceMeGit
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Thanks

ProvBook Demo Video:  
https://doi.org/10.6084/m9.figshare.6401096.v2

ProvBook Source Code: 
https://github.com/Sheeba-Samuel/ProvBook

ProvBook Publication: 
http://ceur-ws.org/Vol-2180/paper-57.pdf

@sheebasamuel ● https://fusion.cs.uni-jena.de/fusion/members/sheeba-samuel/

● https://w3id.org/reproduceme/research0000-0002-7981-8504
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