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• DUNE (Deep Underground Neutrino Experiment) has

• International Collaboration

• 36 Computing Sites

• 15 of 36 have Storage Capacity

• Data streaming using xroot

• Xroot – TCP based protocol for file transfers

• Specifically designed to stream physics analysis files (ROOT Branches)

• Sends only what you need, as you need it (like Netflix)

Background

Lisa Paton | SIST Final Presentation11 Aug 20212



Monitor/Analyze transfer data

• Relevant info

• Who is running jobs?

• Where is their data stored?

• How much data are they streaming?

• How fast is the data streaming?

• Identify bottlenecks

Project Goals
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Mapping SAM transfers
• React App

• Free, open-source library to 

build UI’s using JavaScript
• Tailored by Oregon State University  

Students to display transfers

• Zac Lee, Lydia Brynmoor, Luke 

Penner, working with Dr. 

Schellman

• Fast and intuitive 

• Better suited for network 

monitoring than Kibana

• Branched off

• Altered Python backend
• Query xroot instead of 

Rucio

• Implemented caching 

system for faster loading

SAM Data Transfers Visualization

React App display of SAM transfers over 5 days. Blue 

dots show DUNE Computing Sites. Red lines show data 

streaming paths.

Lisa Paton | SIST Final Presentation11 Aug 20214



Architecture Diagram

Architecture Diagram (reads from left to right) showing how data gets to the React App.
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SAM (Sequential Access 

Metadata)- file transfer 

system / data dispatcher 



• ByDay → Utils2
• Queries projects for each day, 

separated by project ID

• Makes summaries for each day

• Uses SAM file states and time 

stamps to determine 

speed/duration of streaming

• Goby → Analyzer2
• Makes graphs and user csv files 

per day

• Newnamesmap/es_client
• Reformats csv to json, for 

compatibility with NodeJS backend

• Concatenates daily user json files

Xroot data fetching
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JSON example

• Output from search

• Fed to React App
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Transfers

us_usatlas.bnl.gov
us_unl.edu

us_uct2-mwt2.uchicago.edu
us_sdcc.bnl.gov
us_rch.bnl.gov
us_nmsu.edu

us_iu.edu
us_hep.wisc.edu

us_fnal.gov
us_crush.syracuse.edu

us_crc.nd.edu
us_colorado.edu
us_chtc.wisc.edu

us_campcluster.Illinois.edu
uk_sheffield.uk
uk_pp.rl.ac.uk
uk_ph.liv.ac.uk

uk_nubes.stfc.ac.uk
uk_lancaster.uk

in.tier2.hep.manchester.ac.uk
uk_gridpp.rl.ac.uk

uk_grid.hep.ph.ic.ac.uk
uk_esc.qmul.uk

uk_ecdf.ed.ac.uk
uk_dice.bristol.uk
uj_brunel.ac.uk

nl_farm.nikhef.nl
mystery-site_mystery-site

fr_in2p3.fr
es_pic.es

es_ciemat.es
cz_farm.particle.cz

ch_unibe-lhcp.bern.ch
ch_cern.ch

br_ifi.unicamp.br
br_cat.cbpf.br

Spanning April, 

number of 

transferred files 

between sites 

(coming from 

column and going 

to row)

Most transfers are 

from Fermilab to 

Fermilab 
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Transfers Graph

us_usatlas.bnl.gov
us_unl.edu

us_uct2-mwt2.uchicago.edu
us_sdcc.bnl.gov
us_rch.bnl.gov
us_nmsu.edu

us_iu.edu
us_hep.wisc.edu

us_fnal.gov
us_crush.syracuse.edu

us_crc.nd.edu
us_colorado.edu
us_chtc.wisc.edu

us_campcluster.Illinois.edu
uk_sheffield.uk
uk_pp.rl.ac.uk
uk_ph.liv.ac.uk

uk_nubes.stfc.ac.uk
uk_lancaster.uk

in.tier2.hep.manchester.ac.uk
uk_gridpp.rl.ac.uk

uk_grid.hep.ph.ic.ac.uk
uk_esc.qmul.uk

uk_ecdf.ed.ac.uk
uk_dice.bristol.uk
uj_brunel.ac.uk

nl_farm.nikhef.nl
mystery-site_mystery-site

fr_in2p3.fr
es_pic.es

es_ciemat.es
cz_farm.particle.cz

ch_unibe-lhcp.bern.ch
ch_cern.ch

br_ifi.unicamp.br
br_cat.cbpf.br

Number of 

transfers, 

separated by file 

status

Consumed-closed 

with successful 

state

Skipped- closed 

with unsuccessful 

state

Transferred-copied 

to local disc, but 

not closed
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Click to add caption text [11pt Bold]

Rates for consumed

Spanning April, 

streaming rate (MB/s) 

for consumed files 

between sites 

(coming from column 

and going to row)

Most transfers are 

from Fermilab
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mystery-site_mystery-site

fr_in2p3.fr
es_pic.es

es_ciemat.es
cz_farm.particle.cz

ch_unibe-lhcp.bern.ch
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• Data from SAM and ElasticSearch give us useful information about

DUNE Computing

• I/O streaming rate within each application

• Streaming from the nearest data copy makes Analysis tasks faster

• Less important for reconstruction since the jobs are CPU limited

Summary and Conclusions
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• Analysis and Modeling

• Find bottlenecks

• Predict network traffic, expected bandwidth

• Predict required storage capacity

• Compare IOPS (input output per second) between pairs of sites

• Best job distribution given N sites with a given bandwidth

• XrootParser

• Automate goby/Analyzer2

• Merge XrootParser Branches

Future work
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