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Half of researchers cannot reproduce their own results

HAVE YOU FAILED TO REPRODUCE
AN EXPERIMENT?

Most scientists have experienced failure to reproduce results.

® Someone else’'s & My own
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https://www.nature.com/news/1-500-scientists-1ift-the-1lid-on-reproducibility-1.19970
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https://www.nature.com/news/1-500-scientists-lift-the-lid-on-reproducibility-1.19970

Preserving analysis knowlege: data, code and more

physicist » Findable
» Accesible

Zenodo » Interoperable
= [l > Reusable

=
I
=

environment

ANALYSIS

Capturing analysis assets in digital repositories to facilitate their future reuse

@tiborsimko

' The FAIR guiding principles for

i CERN Analysis Preservation scientific data management
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Reusability? Repeatability? Replicability? Reproducibility?

The Turing Way model The PRIMAD model
Data
Same Different Fr i

@ Re-code ) =
E i i -
& Reproducible Replicable e Emmees
: 1 et
g Robust Generalisable
(a]

https://the-turing-way.netlify.app/reproducible-research/ https://drops.dagstuhl.de/opus/volltexte/2016/5817/pdf/dagrep_

overview/overview-definitions.html v006_i001_p108_s16041.pdf

From “reproducible” to “reusable” analyses
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Four pillars of reusable computational research

O@tiborsimko

l. Input data

What is your input data?
— input files
— input parameters

I1l. Computing environment

What is your environment?
— operating system

— database calls

Il. Analysis code

Which code analyses it?
— user code

— software frameworks

IV. Computational recipes

Which steps did you take?
— shell commands

— notebooks and workflows
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|. Data and Il. Code

Simulated dataset QCD_Pt_170_250_EMEnriched_TuneZ2star_8TeV_pythia6 in

AODSIM format for 2012 collision data

JQED.P1170.250 EMEnviched Tuns?2star e sy Summert2_DRS3KPU_RD! STARTS3 V7M-41/A0DSIM, CMS callboration

Cite 352 CHS cllboration (2017) Simuat

set Q0.
Gata CERN Open Dat Portal. DOL 10 oATACVS

N

Description

Simulated dataset QCD_PL_170,250_EMEnriched. ToneZ2stsr 8T, pps in AGDSIM frmatfor 2012 coson dats.

dataset names i At

See the descition ofthe

MEnriched ToneZ2sta STV pyihas in AODSIM forma fo 2012 cllsion

ulted dotsat s,

These simulated . collecad by

Dataset characteristics
30125269 evens. 2695 s, 3.678 i il
System details

Recommentdes ot a for naiyss STARTS3 V27:A1l

Recommende release for anaysis: CHSSHL5 3,32

How were these data generated?
These dta were generted nsevera steps se aso CHS Horte Carlo

Step st

(preven (i
it datsser:[QCD_PL 170250 EMEnrichecTunel2sar. £Ta.pythisbfSummer 1 2:STARTSO_V1 341 (GEN-STW

Step HLT RECO.

B producion seipt previen)
& Conrzuration fe for WL (10K
& Confguraton fe for RECO (Ink)

Ot datasr [QCD_P170_250_ EMEnrichad_Tune?2sar STe.pythia[Summer12_DRSXPU_RD1_STARTS3 V71 JAODSIH

Data preserved in digital repositories

@tiborsimko

mwaskom/seaborn: v0.10.1 (April 2020)

oo 1o

- a

22,710

GitHub
OpenAIRE

[ro—

Lt for )

Versions

... as is the code

6/20



[11. Environment

Overview

Q Filter T

IMAGE

latest

Explore Sign In Pricing Get started

cmsopendata/cmssw_5_3_32 v

By cmsopendata + Updated 4 months ago

Container

Tags

Sortby

Latest

& pulls 1.0k

docker pull cmsopendata/cmssw.5 332 [

Last updated 4 months ago by clelange

DIGEST
6b9a12992ba0

Containerised CMS software framework

@tiborsimko

ARCH
linux/amde4

> s -U /cunfs/cns-opendata-conddb.cern.ch/

total 1655262
drwxr-xr-x. 2
drwxr-xr-x.
druxr-xr-x.
drwxr-xr-x.
drwxr-xr-x.
druxr-xr-x.
drwxr-xr-x.
drwxr-xr-x.
drwxr-xr-x.
drwxr-xr-x.

Condition DB snapshot living on

cumfs
cumfs
cvmfs
cumfs
cumfs
cvmfs
cvmfs
cumfs
cumfs
cvmfs
cumfs
cumfs
cvmfs
cumfs
cumfs
cvmfs
cvmfs
cumfs
cvmfs
cvmfs
cumfs
cumfs

24

248
282

304

296
1002414080
691593216
82044
82044
119808
120832
120832
64512
72704
84992
130048
89088

Jan
Feb
Jun
Nov
Jun
oct
Nov
Jan
Jun
Nov
oct
oct
Jan
Feb
Jun
Nov
Jun
oct
Nov
Jan
Jun
Nov

21
22
21
29
23
20

9
21
21
30
31
31
21
22
21
2
23
20

9
21
21
30

FT_S3_LV5_AN1

6 FT_53_LVS_AN1_RUNA

FT53_V21A_ANG
FT53_V21A_ANG_FULL
FT53_V21A_AN6_RUNC
FT_R_42_V10A

START42_V178B

STARTS3_LV6AL

STARTS3_v27

STARTS3_V7N
102X_upgrade2018_design_vo.db

80X_ncRun2_asymptotic_2016_TrancheIV_va.db

FT_53_LV5_AN1.db
FT_53_LV5_AN1_RUNA.db
FT53_V21A_AN6.db
FT53_V21A_AN6_FULL .db
FT53_V21A_AN6_RUNC .db
FT_R_42_V10A.db
START42_v178.db
STARTS3_LV6A1.db
STARTS3_V27.db
STARTS3_V7N. db

CernVM File System

CernVM

File system
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IV. Computational workflows

command,

scram
command, / \
1 analyze_data ': analyze_mc
XS

outputy_1

! ]
i make_plot :
. ;

select_hist Ry
i —
8

5
i
Workflow Outputs i
\

command,

Serial Yadage CWL Snakemake
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@tiborsimko

reana Home  Examples Ger

reana

Reproducible research data analysis platform

Flexible Scalable Reusable Free
Run many computational Support for remote compute Containerise once, reuse Free Software. GPL licence
workflow engines. clouds. elsewhere. Cloud-native. Made with 9 at CERN.
® ©
LA E \J SZ
kubernetes

https://www.reana.io/
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https://www.reana.io/

REANA architecture

A—=
Respecting diverse habits of diverse

scientist 1. input data?
l research groups

2. analysis code?
3. compute environment?
4. analysis workflow?

>

monitor | workiow execution controter w » multiple workflow systems
sllocate | star v g (CWL, Serial, Snakemake, Yadage)
menier [€] e » multiple container technologies
Jrmsten ) repent (Docker, Singularity)
<= [ job .
alocation execution 3 » multiple compute backends
QF\/ (Kubernetes, HT Condor, Slurm)
5 File system .

a —¥ e » multiple shared storage platforms
h=os ] &a (Ceph, EOS, NFS)
@ceph T “wa HTCONAS?
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REANA command-line and web interface

version: 0.6.0
inputs:
Tiles:
- code/gendata.C
- code/fitdata.C
parameters:
events: 20000
data: results/data.root

plot: results/plot.png
workflow:

type: serial
specification
steps:

- name: gendata
environment: 'reanahub/reana-env-root6:6.18.64
commands:

mkdir -p results & reot -b -g 'code/gendata.C(S{events},"${data}")"
- name: fitdata

environment: 'reanahub/reana-env-root6:6.18.64
commands:

root -b -q 'code/fitdata.C("${data}", "${plot}")"
outputs:

files:

- results/plot.png

Structure data analysis by means of
declarative workflows

@tiborsimko

Use command-line and web interfaces to
run analysis on remote compute clusters
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An advantage of declarative approach

DoubleMuParked2012C._10000. Higgs root
steps:
analyse_data:
run: analyse_data.cwl

V
hints:

reana:
compute_backend: slurmcern mana
out:” [DoubleMuParked2012C_10000_Higgs.root]
analyse_mc: flow con Joo controller

run: analyse_mc.cwl
hints:
reama: e === IO
compute_backend: htcondorcern I
out: [Higgs4Lifile.root]

REST API
/ Kubernetes

make_plot:
run: make_plot.cwl myschedd
hints: Job controller e
reana:
compute_backend: kubernetes i
in: HTCondor

DoubleMuParked2012C_10000_Higgs: >
analyse_data/DoubleMuParked2012C_10000_Higgs.root | - - - - _ _ _ _ _
Higgs4Lifile: >
analyse_mc/Higgs4L1file.root
out: [mass4l_combine_userlvl3.pdf]

A three-step CWL hybrid workflow

Qtiborsimko 12 /20
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Data analysis and data production examples

= T
8 ‘°°FA1LASPrenmmaryr 13Tev 1
B 107E—nzc ST s, Ngh- selecton [33.0%") W Exp.2 1,20 El
% 1P s domcedjos met @va e 1Y) ot
5 10° 1
2 4ot ) EH
£ 10F e 1
s 10°F 1
g 1025 1
510F et 1
3 or 1
2

310'{""" om0 v,y sssmE

1 0 i
% proper decay length (cz) [m]

ATLAS https://cdsweb.cern.ch/record/2714064

Data analysis example: ATLAS displaced

jet search reinterpretation

@tiborsimko

S

-—
ssssssssssbbveBEEBSS
Se——

13Tev

@ T T
& 1.3 cms QCD Monte Carlo
§ 125 5" Anti-k; R=0.4, PF+CHS
2 E 3
& 11 N
09 E
o0sf*
07F E
. hl<13
06 A3 <l <25 ]
05 . 25<hi<30
0af ) - 3p<hi<so ]
20 100200 1092000
P (GeV)

CMS https://github.com/alintulu/reana-demo-JetMETAnalysis

Data production example: CMS jet energy
resolution and corrections
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Scalability: running 100k ATLAS pMSSM workflows

ATL-SUSY-2018-16 analysis: N ———
> NoSys: O(10 minutes); "test” payload g S/
T e ——
» AllSys: O(10 hours); "real” payload e B

« created
asked to start
pending

© created
asked to start

— running

workflow run

Old cluster (448 cores) New cluster (1072 cores)

Submitting 200 NoSys analyses every 20 minutes

@tiborsimko
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Examples of other recent activities

Analysis workflows for DM-TSP

Integration work, foreseen in EOSC-Future
" "Data analysis, preservation

ESCAPE
| Data sharing and
simulation of events data processing ./ and interpretation| combination of resuis
e———" challenges | challenges i st serchest
[ rr— A
Oata processing ons
P background
estmation, statstca v
Comparison ofresults

analysis)

calibration f possible)
with other searches /

Consolidation work in EOSC-Future and ESCAPE $
experiments.
................. '
Software Catalogue,
Analysis Platform

HEﬁSﬁFMUm

ATLAS Dark Matter searchers

O@tiborsimko

-z:ninLIn] — #(z]0) —>

Machine Learning

@

Inference

0

Sitmlation,

MadMiner ML workflows
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REANA installations

=
I~

=]
[~
=]

Helm makes it easy to install REANA at scale

O@tiborsimko

yiv
HELM

A

Created

2020-11-25T14:44:01.074Z

2021-02-04T17:45:36.640Z

2020-11-11T09:40:55.784Z

2020-10-21T09:05:18.049Z

2020-10-05T14:25:00.271Z

2020-08-14T16:28:38.333Z

Workloads Crerresn  Eoeor  @oRLeTe

Cluster
v defautt

Staus
@ o«
o«
@ o«
@ o«
@ o«

Oooooooo

Pods

sve  [EED

oo oo 3 GoogleClOUd

REANA on Google Cloud

' ' |r|s

I ILLINOIS
NCSA | National Center for
Supercomputing Applications

REANA on US supercomputers
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Sociology challenges: adopting containerised workflow paradigm

Before

full analysis on the cloud.

Expert
After
- - HOF _"]_[ﬂ
ATLAS/CMS analysis preservation workshop — : : . -
Novice Expert
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“Preproducible” analyses

commits

@) analysis

code

reana.yanl
workflow.yaml

. GitLab .
H Source  *
A GitLab [« |5 i @
. manager |
: builds .
new (® pulls image
image
Docker (@) calls back with status
registry

@ GitLab

integration

O
)

Researcher

reana

keeps all runs
and outputs

Nature 557 (2018) 613

Before reproducibility must come
preproducibility

@

Instead of arguing about whether results hold up, let's push to provide
enough information for others to repeat the experiments, says Philip
Stark.

https://doi.org/10.1038/d41586-018-05256-0

® - checks output plots
- triggers new runs

(® runs jobs

: Compute backends

* Kubernetes HTCondor  Slurm

Driving preproducibility via Continuous Integration with source code management systems

@tiborsimko
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https://doi.org/10.1038/d41586-018-05256-0

Reproducibility = Preservation

/ o \
- : E -

archive

i v o .s
) physicist
reproducible workflows digital repositories

\ reuse
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Conclusions

» driving reuse through preproducibility

» data + code + environment + workflow

— reproducible analyses
» technology challenges: large containers, complex ' $
: REANA ,
computational workflows i ) wet
> soaol.ogy chf'all.enges: d(.eclaratlve.programmlng, s | L Z A
paradigm shifting, publish-or-perish culture @ceph < e
» synergies with computational reproducibility needs o :’ &
in astronomy, life sciences HIConas -
@ https://www.reanahub.io https://twitter.com/reanahub © https://github.com/reanahub
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