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Pandas is one of the most commonly used data science libraries in Python, with a convenient set of APIs for data cleaning, visualization, analysis, and exploration. However, despite its widespread adoption, Pandas suffers from severe scalability issues on large datasets. We developed the open-source project Modin, which is a fast, scalable drop-in replacement for pandas. Modin has been downloaded more than 4 million times and is used by leading data science teams, including Fortune 100 companies.Read less
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	1. Scaling your Pandas  Analytics with Modin
Doris Jung-Lin Lee
 


	2. About Me
• Berkeley  Days:
•BA' 16 @ Astro, Physics
•PhD' 21 @ ISchool, RISELab
• Now Co-founder and CEO at Ponder
• Building easy-to-use, scalable tools for data science
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Data
Preparation
Exploratory
Analysis
Feature
Engineering
Model
Development
Model Training
How  data scientists actually spend their time
Modern Analytics Process
Data scientists spend more than 70%+ of their time on data preparation, cleaning, analysis,
reporting, visualization, and tasks outside of model training and development.
[Anaconda State of Data Science Report 2022]
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	7. Data Loading
Data
Preparation
Exploratory
Analysis
Feature
Engineering
How do  we do this?
Source: NBC News
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What is ?
df.drop(…)
df.rename(…)
pd.concat(…)
pd.join(…)
pd.merge(…)
df.groupby(…)
df.pivot(…)
df.describe(…)
pandas  is a popular Python library for data cleaning, transformation, and analysis.
600+ functions to clean, reshape, explore,
featurize, visualize, transform, summarize data
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Why everyone loves
pandas's  growing popularity is fueled by its accessibility, ease of use, and ﬂexible design.
Flexible
Widely adopted
Quick Prototyping
Easy-to-use
#1 most used Python library for
Data Science (est. 10M users)
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pandas's  growing popularity is fueled by its accessibility, ease of use, and ﬂexible design.
Flexible
Widely adopted
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Easy-to-use
#1 most used Python library for
Data Science (est. 10M users)
 


	12. Many organizations look  like this
Laptop/Workstation
Prototyping
Exploring
New Data Source
New spec
New requirements
Flexible
Widely adopted
Quick Prototyping
Easy-to-use
Everyone
loves
 


	13. Small Cluster
Many organizations  look like this
Laptop/Workstation
Prototyping
Exploring
New Data Source
New spec
New requirements
Testing
More Data!!
But…Pandas doesn’t scale!
● Single threaded execution
● Out of memory errors
● No real optimization
 


	14. Many organizations look  like this
Small Cluster
Laptop/Workstation
Prototyping
Testing
Exploring
New Data Source
New spec
New requirements
Rewrite
Big Data Tool
Need to rewrite Pandas workﬂows to big data framework to scale up to more
But…Pandas doesn’t scale!
● Single threaded execution
● Out of memory errors
● No real optimization
 


	15. Many organizations look  like this
Large Cluster
Small Cluster
Laptop/Workstation
Prototyping
Testing
Exploring
Production
New Data Source
New spec
New requirements
Rewrite Rewrite
Big Data Tool Big Data Tool
Scalability challenges leads to loss of productivity and diminished ROI
 


	16. Many organizations look  like this
Large Cluster
Small Cluster
Laptop/Workstation
Prototyping
Testing
Exploring
Production
New Data Source
New spec
New requirements
Rewrite Rewrite
Big Data Tool Big Data Tool
Scalability challenges leads to loss of productivity and diminished ROI
��
Feedback
Rewrite
��
��
 


	17. 17
A “drop-in” scalable  replacement for pandas
Grounded in fundamental research
Data Model and Algebra (VLDB ’21)
Opportunistic Execution (DE Bull ’21)
Parallelization & Metadata (VLDB ’22)
8k
Star
Time
read_csv
Time
Time
🔥 4+ Million Downloads
🤝 100+ contributors
🚀 Used by 30+ companies & orgs
modin_project/modin
 


	18. With
Large Cluster
Small Cluster
Laptop/Workstation
Prototyping
Testing
Exploring
Production
New  Data Source
New spec
New requirements
Feedback
seamless transition from prototype 🡪 production
 


	19. ✅ ✅
Quick Demo:  NY Taxi dataset (2GB) on laptop
 


	20. So…what is the  magic here?
CPU CPU CPU CPU
Memory
Wasted Cores
Wasted compute = No speedup
CPU CPU CPU CPU
Memory
Full Utilization!
Compute in Parallel = Performance ⚡
Modin uses ALL your cores
Pandas is single-threaded
 


	21. Parallelizing Computation
Can even  run on a cluster! The more the merrier!
CPU CPU CPU CPU
Distributed Memory
CPU CPU CPU CPU CPU CPU CPU
CPU CPU CPU CPU CPU CPU CPU CPU CPU CPU CPU
CPU CPU CPU CPU CPU CPU CPU CPU CPU CPU CPU
📝 vldb.org/pvldb/vol15/p739-petersohn.pdf
 


	22. Challenge
Project Details
Results
Improve performance  of regulatory reporting pipeline to
accelerate scenario analysis and enhance risk management
4
Weeks
10k+
Lines of Code
2k+
FTE Hours
5X
20%
Faster Performance
Improved Maintainability
Refactoring eliminated
Case Study: Finance
10X More Data Processed
 


	23. Challenge
Project Details
Results
Scale pandas-based  user segmentation and recommendation
pipelines without requiring refactoring into PySpark
2
Weeks
150M
Daily Events
50K
Pandas Record Limit
1000X
20 Sec.
More Data with Modin
Runtime with Modin
Refactoring eliminated
Case Study: E-commerce
 


	24. Challenge
Project Details
Results
Improve maintainability  and performance of AI Platform to
deliver enhanced customer experience
8
Weeks
OOM
Errors
Dask
Legacy Code
2X
10X
Faster than hand-tuned pipelines
More efﬁcient memory
management
Case Study: AI/ML Platform
Dynamic Partitioning
(Leading to 500+LOC removed!)
 


	25. Data Loading
Data
Preparation
Exploratory
Analysis
Feature
Engineering
Data scientists  spend more than 70%+ of their time here!
Scaling your Pandas Analytics with Modin
Everyone loves Fast, scalable, drop-in replacement for pandas
But it doesn’t scale …
@ponderdata
https://ponder.io/product
Learn more about what we’re building!
 


	26. Compute Engine
Pandas on  Everything with Ponder
Databases Infrastructure
Postgres
RAY
Your DB Here!
Powered by
 


	27. 27
Modin: A dataframe  implementation grounded in theory
 


	28. Functional Evaluation
  


	29. Functional Evaluation
  


	30. Modin in practice  - NYC Taxi Cab Example
4X Speedup on reads
 


	31. Modin in practice  - NYC Taxi Cab Example
100% Identical Syntax
 


	32. Performance Evaluation
100x
Improved Performance  Improved Coverage
Koalas + Dask are
limited by their
partitioning
strategies
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100x
Improved Performance  Improved Coverage
Koalas + Dask are
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partitioning
strategies
 


	34. Pros and Cons
Performance
(scalability,  robustness, efﬁciency)
Ease
of
Use
(
versatility,
ﬂexibility,
convenience
)
pandas
“big data”
frameworks
?
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