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Overview

● Primary objective: Improve reproducibility of distributed workflows in notebooks

● Notebooks have become widespread in scientific computing

○ Interactive and iterative development, cell-level execution, easy dissemination

○ Distributed workflows for large-scale data analytics

● Repeating and reproducing distributed workflows is challenging

○ Most techniques like manual savepoints work well for single-node workflows

● We present NBReplay – a tool for efficient, reproducible execution of distributed 

workflows

○ Checkpoint and restore intermediate workflow state at each cell

○ Avoid redundant execution through selective task caching and replay

○ Shows average performance gains between 2.08x–18.4x for notebook re-execution
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Structure of a Notebook
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Execution in a Notebook
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Distributed Execution in a Notebook
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Notebooks for Exploration
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Scenario 1: Share and Repeat

Only run cell 3 to explore the impact 

of risk_score

Share the notebook with a collaborator to 
repeat on another machine
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Problem: Sharing the Notebook ONLY
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Scenario 2: Repeat Part of a Cell

Update risk_score function definition in cell 2  

Only run part of distributed workflow in cell 2
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NBReplay

● NBReplay is an end-to-end system to enable efficient and reproducible 

execution of distributed workflows:

○ Performs cell-level checkpointing to restore intermediate workflow state

○ Performs caching of distributed tasks to avoid redundant execution

● Creates two kernels:

○ Audit – for executing the notebook

○ Repeat – for repeating the notebook, on the same or different node
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Scenario 1: Share and Repeat
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Solution Scenario 1 

Cell-level Checkpointing
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Notebook Containerization

● Audit kernel uses application virtualization to convert the notebook execution 

into self-contained package.

Code Data

Environment
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Cell-level Checkpointing

● Program state at each cell is stored in incremental checkpoints

● Checkpoints are added to the container for sharing
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Sharing Checkpoints with the Notebook
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Restoring Checkpoints during Repeat

● To explore the impact of risk_score, 

restore all checkpoints up to cell 2

checkpoint cell 1

checkpoint cell 2
● Re-execute cell 3 ONLY
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Scenario 2: Repeat Part of a Cell

Update risk_score function definition in cell 2  

Only run part of distributed workflow in cell 2
17



Execution in Notebook Environment
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Distributed Execution in Notebooks
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Distributed Task Generation

DAG of Parallel Tasks
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Solution Scenario 2

Partial Re-execution with Caching
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Task Fingerprinting and Caching

● Maintain a cache of tasks including their code, 

inputs, and outputs

Execute

Replay 
Output

● Incoming tasks are compared with the 

cache using a task fingerprint.

● If the task is found in cache, it is NOT 

executed and its cached output is replayed. 

task fingerprint
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Partial Re-execution

● When risk_score function is updated, only the updated tasks are re-executed, 

shown in red.
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NBReplay Architecture and Workflow
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Dataset of 5 notebooks from different domains with distributed workflows

Dataset

Notebook Distributed Tasks Domain

DV5 4 High Energy Physics

MapReduce 13 NLP

DConv 1024 Image Processing

RAG 4 ML

CTrend 120 Climate Analysis
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Experiments

● Repeat – Restore Checkpoints and Replay Tasks

○ Repeat with change

○ Repeat without change

● Baseline

○ Plain notebook execution with change

○ Plain notebook execution without change

● Audit – Create Checkpoints and Cache Tasks
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Audit vs. Repeat With Change

● An average gain of more than 2.08x on repeat with change. 
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Audit vs. Repeat Without Change

● An average gain of more than 18.4x on repeat without change. 
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● Average hit rate of 75%

Cache Effectiveness in Partial Re-execution
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Limitations & Future Work

● Overhead of auditing in compute and storage

● Assumes deterministic workflows

● Integration with data federations for data-intensive workflows

● Integretion with backpack-like mechanisms for improved collaboration

● Support a broader range of parallel and distributed computing frameworks
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Conclusion

● Motivate the need for sharing and reproducing distributed workflows in 

notebooks successfully.

● Elaborate need for reproducibility of notebooks through different scenarios.

● Introduce NBReplay for efficient, reproducible execution for distributed 

workflows. It uses checkpoint and restore mechanism and avoid redundant 

execution through selective task caching and replay

● Experiments on notebooks using NBReplay which show good performance 

gains and cache effectiveness.
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