
The CMS Big Data Project:

M. Cremonesi, O. Gutsche, B. Jayatilaka, J. Kowalkowski, Y. Ou, S. Sehrish [FNAL]

L. Canali, V. Dimakopoulos, M. Girone, V. Khristenko, E. Motesnitsalis [CERN-IT]

S.-Y. Hoh, J. Pazzini, M. Zanetti [Padova]

P. Elmer, J. Pivarski, A. Svyatkovskiy [Princeton]

I. Fisk [Simons Foundation]

A. Melo [Vanderbilt]

CHEP, 10 July 2018

Usability Test of Big Data Technologies Applied to HEP Data Analysis



Experimental Particle Physics from Computing Perspective

• Detect particle interactions (data), 

compare with theory predictions 

(simulation)

- Black dots: recorded data

- Blue shape: simulation 

- Red shape: simulation of new theory (in this 

case the Higgs)
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CMS Data Volume @ HL-LHC

• Extract physics results will require 

to handle/analyze a lot more data

- must trim inefficiencies

• Explore industry technologies as 

suitable candidates for user 

analysis
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Apache Spark

• Spark is a unified analytics engine for large-scale data processing. 

• Very fast,  especially for iterative jobs & interactive analytics

• Combine SQL, streaming, and complex analytics. 

• Write applications quickly in Java, Scala, Python, R, and SQL. 



CHEP 2016: Proof of Principle 

• Usability Study using Apache 

Spark:

- Analyzer code in Scala

- Input converted in Avro: 

https://github.com/diana-

hep/rootconverter

• Improved user experience with 

optimized bookkeeping  
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arXiv:1711.00375

https://github.com/diana-hep/rootconverter


ACAT 2017: Steps Forward 

Several technical advancements:

• stability to read root files in Spark: https://github.com/diana-hep/spark-root, 

eliminating the need to convert in a more suitable format

• Capability to read input files remotely using XRootD (e.g. from EOS at 

CERN): https://github.com/cerndb/hadoop-xrootd , eliminating the need to 

store files on HDFS
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https://github.com/diana-hep/spark-root
https://gitlab.cern.ch/awg/hadoop-xrootd-connector


Analysis Use-case @ Vanderbilt/Padova

Analysis workflow:

• Load standard ROOT files as DataFrames

(DFs)

• Open files over XRootD

• Use Spark to transform DFs

• Aggregate DFs into histograms

• Produce plots, tables, etc.. from histograms
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Tools used:

• Spark-ROOT - ROOT in Spark

• Hadoop-XRootD - XRootD FS support for 

Hadoop

• Histogrammar - Data aggregation

• Matplotlib - Python-based plotting

Identical physics use cases, using similar strategy, same tools, 

but different infrastructure

https://github.com/FNALLPC/spark-

hats











Running Padova Workflow at Vanderbilt 

Obstacles: 

• The xrootd connector is not packaged in an easily deployable way (like spark-

root is, for instance) 

• Notebook’s spark configurations are “site-specific”

• Without root privilege, it is hard to install new packages or do some changes 

on configuration 

~ 3 weeks to make it work



Running Padova Workflow at CERN

• 1) Able to make it work very quickly:

- Already has all the packages 

• 2) Nice user experience: 

• Easy to modify Spark configuration within the Service 

for Web Based Analysis (SWAN) Spark integration 

• https://indico.cern.ch/event/721306/

• Nice monitor plugin for notebooks

• Fully integrated in SWAN

• Easy to share projects with other SWAN users

~ 3 hours



Running Padova Workflow with VC3

What is it?

• The Virtual Clusters for Community Computation (VC3) is a service that shares custom software across multiple sites 

through the establishment of a virtual cluster

• Users interface to the system by providing:

• credentials to access different computing centers 

• details to set up custom software

• The desired size of the requested virtual cluster

• VC3 creates the virtual cluster

• generating a head node in a private cloud

• Allocating resources from the remote facilities

• The user simply sees a single private cluster that they can access and share with collaborators to run science applications

• It allows users to share custom software across multiple sites on the fly i.e. do not need root privilege



Running Padova Workflow with VC3

Able to deploy to the virtual cluster

• Spark

• Hadoop-xrootd connector 

• Matplotlib, Histogrammar libraries

=> Able to run Padova workflow on resources allocated from the UChicago 

Midwest Tier 2 cluster (2 executors, 8 cores, 12GB RAM)

Need to test with resources with other remote sites (FNAL?)







Summary

User experience with the new tools

• first-year CS undergraduate student can learn to run the workflow in one day

• No knowledge of physics whatsoever, limited computing knowledge

Portability

• Run the Padova code at Vanderbilt

• Major showstopper: environment setup

• With the acquired knowledge, able to run at CERN in a few hours

• SWAN provides a better UI

• VC3 eliminates the site configuration issue

• Need to be tested by using the service over different remote sites
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What’s Next: Coffea Development

• Generalized version of the code used so far by Padova/Vanderbilt

- Fully portable (no configuration issues)

- Achievable through VC3

- Use-case independent (in principle it already is)

• COmpact Framework For Elaborate Algorithms

• Consist in:

- List of centrally-produced dataset in experiment-specific format needed for analysis => coffeabeans

- Custom-made version of the experiment software to produce privately datasets in the experiment-

specific format => CoffeaGrinder (this step may be needed to add information)

- List of privately/centrally produced dataset in experiment-specific format => coffeapowder

- Apache Spark analysis code => CoffeaMaker

- Reduced datasets/analysis plots => coffeacups

- Interface with the experiment statistical packages => CoffeaDrinker
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