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Motivation

● Improve reproducibility of notebooks

● Notebooks are emerging programming paradigm in scientific computing.

○ Exploring data, executing models, visualizing results

● Reproducing notebooks is challenging

○ Hinders collaborative analytics, impacts data democratization

● We present FLINC, a system for notebook reproducibility using

application virtualization

○ Enables notebook sharing using lighter weight containers

○ Provides flexible reproducibility
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Notebook is Interactive and Shareable
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Notebook Environment is Not Shared
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FLINC

● Creates lightweight notebook containers in an automated

manner which are easy to use and share.

○ Preserves the interactive nature of notebooks

○ Guarantees reproducible execution

○ Supports flexibility to update and modify notebooks.
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Notebook Reproducibility
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Current Solutions for Reproducibility

● Create a container image with 

all dependencies.

Problem

● Difficult and time 

consuming task.

● Increased complexity with 

multiple languages and 

custom libraries.

Problem

● Manual and time consuming.

● Requires technical knowledge.

● Conflict with existing 

environment.
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Another Solution: Application Virtualization

● Application Virtualization(AV) is a method to convert
executing programs into self-contained packages.

● Works in two modes:

○ Audit Mode - capture and encapsulate execution

○ Repeat Mode - repeat the captured execution



Reproducible Notebook Containers using Application Virtualization, eScience 2022 11

Limitations of AV

● Most AV systems assume batch workflows.

○ Not suited to capturing interactive notebooks.

● Notebooks need to be converted to batch scripts
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But, is Extending AV Enough? NO!
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But, is Extending AV Enough? NO!

Bob
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Ensuring Reproducible Execution
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● Key Idea: Lineage-based notebook cell equivalence

● Compare per cell lineage during audit time with repeat time

○ Cell lineage = cell code hashes and state lineage

○ State lineage =

■ the predecessor cell's lineage

■ the sequence of system events triggered by program

instructions in the cell, and

■ the hashes of the associated external data

dependencies.



Lineage Equivalence

Given two notebook executions 

E1 and E2, cell state 𝑝𝑠𝑖 in E1 is 

equal to cell state 𝑝𝑠𝑗 in E2, 

denoted 𝑝𝑠𝑖 = 𝑝𝑠𝑗, iff

(i) h𝑖 = h𝑗, and

(ii) 𝑔𝑖 =𝑔𝑗
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Experiments
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Experiments

● Analyze storage and running time for AV and export.

● Experiment using 4 Python notebooks.

● Compare three methods for AV performance.

1. Interactive-AV: FLINC notebook auditing

2. Batch-AV: Python file of notebook audited using AV

3. Baseline: No-AV: Regular notebook execution
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Notebook Execution Time
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Average Execution Time
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Average Execution Time

38% less 
than Batch-

AV



Reproducible Notebook Containers using Application Virtualization, eScience 2022 21

Average Repeat Time
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FLINC Export Overhead

● Compare three methods for export functionality.

1. FLINC Export

○ FLINC virtual environment with dependencies

2. Docker Container

○ Docker container with same dependencies

3. Docker Base

○ Docker base Ubuntu image
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Export Execution Time
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Export Size
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Future Work

● Detailed analysis on the performance of FLINC.

● Beyond current reliance on Linux strace for auditings.

● Extendible to other event tracing systems like
ETW/procmon for Windows and OpenBSM/dtrace for
MacOS.

● Extendible to other packaging formats such as Flatpak or
MacOS Bundles.
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Conclusion

● Motivate the need for sharing and reproducing
notebooks successfully.

● Elaborate reproducibility of notebooks for different
scenarios.

● Introduce FLINC to create reproducible notebook
containers that work across multiple environments.

● Experiments on notebooks using FLINC.
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THANK YOU!

For questions, please contact:

Raza Ahmad
raza.ahmad@depaul.edu

Tanu Malik
tanu.malik@depaul.edu

Slides:
https://docs.google.com/presentation/d/1K4nzO4TWhTSqCl8ni
W8niSHwtNVqHaK7

https://docs.google.com/presentation/d/1K4nzO4TWhTSqCl8niW8niSHwtNVqHaK7
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