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Using Apache Spark for 
scientific research
Basic Concepts and Scientific Examples



What is “Big” Data in Our Real Life?

Even a very simple calculation is challenging in Big Data. 

Q: Find the total number of halos in “BigHaloCatalog.csv” (1TB)

A: bash> wc -l BigHaloCatalog.csv [Enter]
Segmentation Fault… 

BigHaloCatalog.csv

Piece000.csv Piece001.csv Piece999.csv…
“wc -l Piece000.csv” “wc -l Piece001.csv” “wc -l Piece999.csv”

.collect()


.sum()

“Map”

“Reduce”



Basic Prerequisites are

Python Data Science Stacks:


numpy, scipy, pandas, scikit-learn

Two common Big Data Platforms



Quick History of Big Data Techs (feat. GCP) 



Quick History of Big Data Techs (feat. GCP) 



What is Apache Spark?

“Apache Spark is a multi-language engine for executing data engineering, data 
science, and machine learning on single-node machines or clusters.”



What is Apache Spark?

Basic Prerequisites are

Python Data Science Stacks:


numpy, scipy, pandas, scikit-learn

pandas  
vs.  

Spark DataFrame, koalas, pyspark.pandas

scikit-learn

vs. 


MLlib, SparkML, MMLSpark(SynapseML)



Immutable Data and Lazy Evaluation
pandas vs. Spark DataFrame

Immutable Input > Directed Acyclic Graph (DAG) > Lazy Evaluated Result



Creating Apache Spark Clusters



Creating Apache Spark Clusters

iMac/i7/40Gb/4cores

Master/Name

3 x Ubuntu/Ryzen/64GB/8cores

Slave/Data

Multiverse Simulation, Horizon 
Run 4, SDSS, and CMB data 



Creating Apache Spark Clusters



Creating Apache Spark Clusters



Scientific Examples
Let’s see some Jupyter Notebooks



Example: Massive Graph Measurements
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Example: Massive Graph Measurements



Example: Massive Graph Measurements

STD-HR2048: 57 millions halos with 206 millions connections

I paid $30 for this single point. 



Example: Massive Graph Measurements



Example: Point Clouds and the Universe 



Example: Point Clouds and the Universe 



Example: Point Clouds and the Universe 

100% 100% 66.7

No… 

Overfit !!



Example: Point Clouds and the Universe 

90% 10%



Example: Point Clouds and the Universe 

90% 10%



Thank you!


