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Long-term value of data!
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Achim Geiser https://indico.cern.ch/event/588219

Collaborations publish papers
even ~15 years after data tak-

ing ends
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DPHEP https://arxiv.org/abs/1205.4667

JADE data (1979-1986) still

unique even ~35 years later
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Long-term value of knowledge?

CMS collaboration Career after PhD

THE ROYAL SOCIETY

Experimental physics done by High turnover of young re-

groups of ~3000 physicists searchers
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Reusable and reproducible?

HAVE YOU FAILED TO REPRODUCE
AN EXPERIMENT?

IS THERE A REPR ODUCIBILI TY CR’SIS7 Most scientists have experienced failure to reproduce results.
® Someone else’s & My own
D 'tk7% \5’2% ignificant crisi:
- on’ no‘w ‘es, a significant crisis Chemistry
No, there is no
crisis

Biology

Physics and
engineering

Medicine [

researchers

surveyed
Earth and
environment
38%
Yes, a slight Other

crisis ? .
onature 0 20 40 60 80 100%

https://www.nature.com/news/1-500-scientists-1lift-the-1lid-on-reproducibility-1.19970

Half of researchers cannot reproduce their own experimental results
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FAIR data principles

m Findable
— persistent identifiers
— rich metadata
— indexed and searchable
m Accessible
— retrievable by identifiers
— standard protocols
— metadata vs data accessibility
m Interoperable
— knowledge representation language
— common vocabularies
— references to other metadata and data
m Reusable
— domain-relevant attributes and community standards
— clear licensing
— provenance tracking

https://www.nature.com/articles/sdata201618
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Ten rules for repr. comp. research

For every result, keep track of how it was produced

Avoid manual data manipulation steps

Archive the exact versions of all external programs used

Version control all custom scripts

Record all intermediate results, when possible in standardized
formats

A For analyses that include randomness, note underlying random
seeds

Always store raw data behind plots

B Generate hierarchical analysis output, allowing layers of
increasing detail to be inspected

El Connect textual statements to underlying results

Provide public access to scripts, runs, and results

https://doi.org/10.1371/journal.pcbi. 1003285
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Preserving reusing data analyses

N data repositories?

physicist

------------------------ > HIConddd

computing environments?

ANALYSIS
"’",,,,‘ computational steps?
B

live calls?
team

Capturing knowledge and assets of individual physics analyses to
facilitate their future reuse
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Preserving data 1/2

Mu primary dataset in AOD format from RunB of 2010
(/Mu/Run2010B-Apr21ReReco-v1/AOD)

IMUIRUNZO108 Apr21Ref

AAOD, e cosarsnon

Cite as: M c n 2014).
‘Apr21ReReco v1/AOD). CERN Open Data Portal. DOLI0

183/0PENDATA.CHS.BEMR.C4A2

Description
s primary datsset n AOD format from RunBf 2010

Notes

10 R,
foundin

CMS st of validated runs Cerl_136033-149442_7TeV_Apr21

Related Datasets
IMURIN20108VI/RAW

Characteristics
Dataset: 12376291 events 2979 les 3.2 T8 i total

System Details
Globaltag: T_R 42108541
Recommende reease fo anaysis: CSSW_4.2.1_patcht

Context information about data selection, validation,

@tiborsimko

. which must be applied

How were these data selected?

There are four

pt 111315,17,19.21 GeV plus a fewwith
loosened qualty cuts

20% solated single muon Lriggers wilh varying rigger pt threshold 9,11,13,15,17 GeV.

10%nclusive dimuon triggers vith varying trgger pt threshold 35 GeV plus one Z>mumu trigger with loosened
qualty cus.

muon hresholds 357,89,11 GeV.
hadronic/jet energy deposit with thresholds 6100 G,

How were these data validated?

Duing data taking al the runs recorded by CMS are certled as good for physics analyss Ifllsubdtectors, trgger,
umiant Objects (tracking,electron, muon, photon,jet and MET) show the expected performance.
Certfcation s based first on and
Run

Registry,the Data Quaity
for

For the rawdata,
repeated. For more information see:

How can you use these data?

he CMS Virtual Machi
and getting started in

Howto instll the CMS Virtual Machine

http://opendata.cern.ch/record/14

use
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Preserving data 2/2

~GB/analysis

~TB/analysis

~PBl/year

~GB/sec

@tiborsimko

1. Provision of
additional
documentation for
the published results

2. Simplified data formats
for analysis in outreach and
training exercises

3. Reconstructed data and simulations as
well as the analysis level software to
allow a full scientific analysis

4. Basic raw level data (if not yet covered as level 3
data) and their associated software which allows access
to the full potential of the experimental data

Slicing through LHC data pyramid
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Preserving code 1/2

= i sttt [ R
....... — - 5 o 0702526 Dzip Dtargz
ik Releases

= - -
i e e Mk b gt ' D uple and Recouple }
b = e .zenodo.json

https://guides.github.com/activities/citable-code

GitHub +~ Zenodo bridge to automatically preserve releases
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Preserving code 2/2

P Allversions

Access Right
© open (459266)
Closed (23040)
Restrcted (948)

 Embargoed (451)

File Type

0Pt (178040)
Png (140240)

Oz (62767)
Jng (56623
Hafs (14927)

 ximl (7858)
Docx (5659)

06z (@797)
Tt (2007)

0 (2044)

Keywords
 Taxonomy (181689)
Animalia (174070)

Biodversity (166262)

© Arthropoda (134894)

Found 44228 sl ‘H:

.. EE

Sortby.

asc.

TR T €Y view
E3SM-Project/acme._diags: v1.5.0

i Chengana Zhang: gtz
easm_ thatway View now Nerso
VaShitenere o containr ashiter ithe
addedin heneoe
ETIEIIOR T Y vew
jstrube/LCIO ji: Keisha
JanSitbe; Bl S
Usiognew O version
Lot 8200 e 187 ] ot cren e view

opensciencegrid/gratia-probe: Syntax Fix

Chis Green; Phiippe Canal, Marco Mambell tanyalevshina; eduist, Brian P Bockelman: Suchancra Thapa; Edgar Fajardo; Derek Weize!

Brian Lin John Weigand: hyunwoonal; Mats Rynge;

Gratia Probes

IR £ G
GerardBalaoro/jQuery-Tourer: Version 1.0.0
Gerard Balaco; Clauia Romone

View

F o

prefi) Wrapper is

L
iniialized using jQuerytour) fu

Over 58,000 DOls for software on Zenodo
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11/33



Preserving analyses 1/4

formats

eeeee provenance
low level high level workflows validation
TECHNICALMETADATAl | PHYSICS KNOWLEDGE | | USAGE | | PRESERVATION

INVENIO)

m JSON Schema
m W3C DCAT

m domain-specific
fields

physicist

Structuring knowledge behind research data analysis
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Preserving analyses 2/4

I CERN Analysis Preservation I INVENIp)

m datasets:
local storage,
cloud storage

m software:
Git, SVN

m information:
DBs, TWiki,
SharePoint

i m protocols:

physicit HTTP, XRootD

ORGANISE

EOS EOS EOS

Taking consistent snapshot of analysis assets at a certain time
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Preserving analyses 3/4

Search

Filter by type

v Dataset
Derived

O Documentation
Activties

v Environment

v software
Analysis

Filter by experiment
ALICE
ATLAS
s
LHch

Filter by year
2011
2012

Filter by file type

Ipg
root

Filter by keywords
education
external resource

@ masterclass
teaching

Information discovery through rich search syntax and facets

@tiborsimko

ARERAAANRR

Sort by: [Bestmatch v/ asc. v

Found 66 results.

ATLAS ZPath 2015 Masterclass dataset

Adataset of 1000 event display files accessible
events were recorded in 2012 by the ATLAS det

ATLAS WPath 2015 Masterclass dataset

Adataset of 1000 event display files accessible
events were recorded in 2011 by the ATLAS det

ATLAS WPath 2015 Masterclass dataset

Adataset of 1000 event display files accessible
events were recorded in 2011 by the ATLAS det

ATLAS WPath 2014 Masterclass dataset
A dataset of 1000 events taken in 2011 by the A
Path...

Display: | detailed

Physics Objects

v/ [20esuits

Object
Jettype
Corrections
Number
Number
Selection .
Criteria
Discriminator -
Value
PT Cuts

Lo Blo Bl
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Preserving analyses 4/4

CERN Analysis Preservation mun Q create Search Q)
Ay et - [ share |9 Save
submssonForm ©

Preserve your analysis

Name it to distinguishit from your other

drafts Basic Information [>

allpars of
AnlysisName
Stripping/Turbo selections [0 items] D
Start Preserving

ntuple/userDST-production [0 items] D>
User Analysis v

—client

ER_URL=https://analysispreservation.cern.ch/

your generated access token from server>

$ cap-client files upload <file path> --pid/-p <existing pid>
$ cap-cl

ient files upload file.json -p 89b533c498874ecBbcafcBB8944c458aT

File uploaded successfully.

Web based and command-line based deposit workflows
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Digital repository technology

@ python’

Bootstrap

HA
"
provy  \Sjauery
load web web I -
balancer front-end back-end € Flask

Em-l_-ll g | ﬁjinja

search

S~

BRabbitM

& redis

SQLAlchemyp

elasticsearch.

Technology stack using INVENIO) digital repository

@tiborsimko
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FAIR data principles

m Findable
— persistent identifiers
— rich metadata
— indexed and searchable
m Accessible
— retrievable by identifiers
— standard protocols
— metadata vs data accessibility
m Interoperable
— knowledge representation language
— common vocabularies
— references to other metadata and data
m Reusable
— domain-relevant attributes and community standards
— clear licensing
— provenance tracking

https://www.nature.com/articles/sdata201618
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Reusing analyses

reana

Reproducible research data analysis platform

Flexible Scalable Reusable Free
Run many computational Support for remote compute Containerise once, reuse Free Software. MIT licence
workflow engines. clouds elsewhere. Cloud-native. Made with @ at CERN

3 4 &E® O

kubernetes

http://www.reana.io/
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REANA architecture
X

scientist
1. input data?
2. analysis code?

A 4

3. compute environment?
4. analysis workflow?

. | 3
monitor | c | queue

allocate ¢ start

workflow workflow
< »| controller

monitor A
instance

imn step report

— L
resource job
templates ; execution
allocation controller & \s}
L’l File system
% .
openstack

@EEDI‘I shared compute H.ICOHM

storage cloud
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REANA technology

ey — “&=  m micro-services
: @ python @Flask
m REST API
472 OPENAPI

INITIATIVE Bravado

====== H services

Togaz -
A WaRabbitV0 Y

m deployments

N
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Four questions

Kl input data H Analysis code

What is your input data? Which code analyses it?
— input files — software frameworks
— input parameters — user code

K] Compute environment ] Analysis workflow

What is your environment? Which steps did you take?
— operating system — single command
— database calls — complex workflows
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Simple example

Region,1506,1600,1700,1750, 1800 ,1850,1900, 19560,1999, 2008, ZHlO 2012,26050,2150
world, 100,160, 100, 100,160, 160,100,100, 160, 106, 100,1600,100,

Afr].calBBlS7 155134“79888188128145148152193237
Asia,s 14,63.9,63.5,64.9,64.1,57.4,55.6,60.8,60.4,60.4,60.3,59. 1,57.1 lon = “Africa’
Burope 100,101 1.18.5. 30,6, 70/0 711024, 7.1 7 12.2.1010,10.7.10.3.7.5.3

Latin America and the Caribbean,8.5,1.7,1.5,2,2.5,3,4.5,6.6,8.5,8.6,8.6,8.6,9.1,9.4
Northern America,0.7,0.5,0.3,0.3,0.7,2.1,5,6.8,5.1,5,5,5,4.4,4.1
Oceania,0.7,0.5,0.4,0.3,0.2,0.2,0.4,0.5,0.5,0.5,0.5,06.5,0.5,0.5

m (21 paraneters
/data/world_historical_and_predicted_populations in percentage.csv"
/results/plot.png”

hdread coviinput.tite)

™ [41: # add

n input: CSV file " et Set sndexCegton, arop-ratse)

+ 8 select region and years based on input paraneters
dfs = df loc[region, str(year min):str(year max)]
Gft = pd DataFrane({'year': dfs.index.astype(int), ‘percentage’: dfs.values}), colums=['year,
percentage')

In [6]: # create output plot and save it to a file
plot = plt.plot(dft['year ], dft['percentage’], color="blue')
plt.title("World population in {6)'.format(region))

plt.xlabel ('year"
plt.ylabel(*% of total world population’)
plt. savefig(output_file)

Wiorld popul

»

&

E] environment: Cent0S7, IP5 B code: Jupyter notebook

n workflow: papermill ...
©) nhttps://github.con/reanahub/reana-demo-worldpopulation
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HEP data analyses
—

Event Filtering

Reconstruction

=
Analysis
Formats

Data Storage: Local, Network

D. Kriicker et al https://indico.desy.de/indico/event/18343

Targeting both data production and data analysis stages
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Data production

Validation code for reprocessing AOD from 2011 MinimumBias Examp‘e mdefor production of flat jet tuple using 2011 data
RAW sample S
T‘”wi?"dﬁ(nm DORIL S ORENDATA CHS 753 120
o 0017, 2014 Mimimurins RAW sample, CER
Open Data Portal DO B T T 6D TS
€ o e e
Description
Description It ot procg s o 01 ot e L.t s
™ s, ony eyt w8 vt e B
Contins U coguraton e o be run o w5352 mmw.“wunw e
contguratir Operata compuiing
Use with
reantopeape st s wth 2011t iy dataset and QD M e s cataled nstructons i he s i an code.
Use with o
[T —— pyhiaiSummer 16gDR-PU 13 STARTS ops
Ninimumiss R0 AW
Notes
Characteristics The conent aftha resting roo e s descroed n readme
Daaser 1 les 146 k8 ol
Characteristics
system Detal Datase: s 17.0KB i ol
0 e it o S g Dt W o 01 pancta
Sotnare reease: CUSS System Details
15 M g, for 2 pens useis co

WiEh the CS Open Data VM erwronment
55

Reconstruction and flat jet tuple production from CMS Open Data

@tiborsimko
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Data analyses

ROOT/RooFit physics analysis ATLAS BSM search ATLAS RECAST CMS Higgs-to-four-leptons

Several physics analysis examples
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Example: ALICE analysis train

Using ALICE production software for train test run and validation

@tiborsimko

il

Centrality

1
0 2

©) https://github.com/reanahub/reana-demo-alice-lego-train-test-run/

\\\\\\\\\
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Example: LHCb rare charm decay

Invariant mass of the two muons

4
&
-
Ei
[0

25001~

2000~

Events / (2.3 MeV/c™)

1500—

1000—

500~

................

940 1960 1980 2000 2020 2040
m(D) (MeV/c?)

043561840 1860 1880 1900 150 1

+
E»*w*mm*wmwfh*w%}meﬁ

©) nttps://github.com/reanahub/reana-demo-1hcb-d2pimumu/

Search for D/

5~ atutp~ and D(+s) — 7~ utut decays
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Example: BSM search

% 4 3 2 1 0 1 2 3 4

©) nhttps://github.com/reanahub/reana-demo-bsm-search/

Complex computational workflows typical in particle physics analyses
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Computational workflows

| Workflow Inputs |
1

i meweight ” nevents | i | "sig" |

command [y
outputy read
Command2 fhistograms
eight | merge ” "nominal" || "signal" |
output,
output,_1
commandp

Serial Yadage CWL
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Running workflows

Structure your analysis

version: 0.2.0
code
files:
- code/mycode.py
inputs:
files
- inputs/mydata.csv
parameters:
myparameter: myvalue
environments:
- type: docker
image: johndoe/mypython:1.0
workfloy

: ol

workfLow/myworkflow. cwl
outputs:

files:

-outputs/myplot . png

more

Select a REANA cluster...

3 export.
REANA_SERVER_URL=https://reana.cern.ch/

...or install your own

o

$ sudo dpkg -i kubectlx.deb minikube.deb
$ minikube start --kubernetes-
version="v1.6.4"

$ mkvirtualenv reana-cluster
$pip install reana-cluster

and check

$ reana-cluster init

$ reana-cluster status

S eval $(reana-cluster env)

more

Run your analysis

$ mkvirtualenv reana-client -p /usr/bin
/python2.7

$ pip install reana-client

$ reana-client ping

create new worl

S export REANA_WORKON=$(reana-client

workflow create)

inputs

# upload runtime code 2
$ reana-client code upload ./code/x
$ reana-client inputs upload ./inputs/x

t workflow and check progre

$ reana-client workflow start
$ reana-client workflow status
# download outpu

$ reana-client outputs list
eana-client outputs download
myplot.png

more

Rich command-line user client

@tiborsimko
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Reproducibility = Preservation

Jeana archive

i v o #@

. phy3|C|st
reproducible workflows digital repositories

\m/
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Conclusions

m reusable data, reproducible analyses
— structure knowledge — JSON schema
— capture assets — push and pull
— actionable processes — “workflow is the new data”

m leverage on synergies

— diverse scientific domains — DAG

— industry standards — containers, “distributed Linux”
m overcoming challenges

— technological — scaling out, O(10GB) containers, O(10k) steps
— sociological — culture change, smooth integration into daily work

CERN IT D. Kousidis, R. Maciulaitis, J. Okraska, D. Rodriguez, T. Simko - CERN SIS S. Dallmeier-Tiessen, S. Feger, P. Fokianos,
A. Lavasa, S. van de Sandt, |. Tsanaktsidis, A. Trzcinska - ALICE Y. Foka, M. Gheata, C. Grigoras, M. Zimmermann - ATLAS
K. Cranmer, L. Heinrich, A. Sanchez Pineda, D. Rousseau, F. Socher - CMS H. Bittencourt, A. Calderon, E. Carrera, A. Geiser,

A. Huffman, C. Lange, K. Lassila-Perini, L. Lloret, T. McCauley, A. Rao, A. Rodriguez Marrero - LHCb S. Amerio, C. Burr,
B. Couturier, S. Neubert, C. Parkes, S. Roiser, A. Trisovic - OPERA G. De Lellis, S. Dmitrievsky - CERN CernVM J. Blomer -
CERN EOS L. Mascetti, H. Rousseau - CERN Kubernetes R. Rocha - CERN OpenShift A. Lossent, A. Peon
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