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Modern scientific research
and megascience experiments
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Modern scientific research
and megascience experiments
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Distributed data acquisition,
storage and processing centers
(DDC)

‘: W I_G G M I cc JINR MULTIFUNCTIONAL

0’ Worldwide LHC Computing Grid

» Geographically distributed
infrastructure.

Data Center gﬁ? Institute of High Energy Physics

Chinese Academy of Sciences

» Large-scale systems.

» Designed to work with
extremely large amounts of
data.

=t > Consists of various types of
resources.

» Collective shared access to
data storage and processing
resources.
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Distributed data acquisition,
storage and processing centers
(DDC)

‘: W I_G G M I c c JINR MULTIFUNCTIONAL I m portq nt!

0’ Worldwide LHC Computing Grid

The systems must guarantee high-
Data Center % S, Institute of High Energy Physics quality and efficient operation.

Chinese Academy of Sciences

How to ensure design,
continuous

improvement and

scaling of DDC?
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Distributed da

ta acquisition,

storage and processing centers
(DDC)

Problem-oriented
management and
decision-making systems.

Important!

The systems must guarantee high-
quality and efficient operation.

Digital twin

Solving management and
development tasks.

s disfributed centers for collecting, storing and processing data // Modern Information

&R Prickhina D., Korenkov V. The relevance of creating a digital twin for managing
F|E| = Technologies and [T-Education, Vol. 19, No 2, pp. 262-271, 2023. —ISSN:2411-1473.
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Distributed data acquisition,
storage and processing centers
(DDC)

Important!

. The systems must guarantee high-
Modeling of complex Oquoli’ry and efficient operation.

computing systems.

O

O  Describes the system. O Digital twin

Reflects the processes
taking place in the system.

Testing of the system with
different variants of
O equipment parameters, O
data flows and jobs.
% Priakhina D., Korenkov V. The relevance of creating a digital twin for managing
&

s disfributed centers for collecting, storing and processing data // Modern Information
= Technologies and [T-Education, Vol. 19, No 2, pp. 262-271, 2023. —ISSN:2411-1473.
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Digital twin (DT)

Real-time operation throughout the entire DDC life cycle.

COMPUTER MODEL FUNCTIONAL PURPOSE
» Designing of DDC.

» Analysis of the efficiency and
reliability of DDC.

» Testing scaling scenarios based on
data flows and job flows
requirements.

INPUT DATA
» Architecture and hardware » Assessment of the required amount
parameters of DDC. of resources for specific tasks.

» Characteristics of data flows and » Checking job flows management

job flows. strategies.

=] -;'.' 2B prigkhina D., Korenkov V., Trofimov V. Method for constructing digital twins to solve problems of effective management
#—-"W. s and development of distributed centers for collecting, storing and processing data // Modern Information Technologies
1- RERe  and [T-Education, Vol. 19, No 2, pp. 272-281, 2023. —ISSN:2411-1473.
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Digital twin (DT)

The modeling core provides the functioning of a DT.

Getting Creating @

data about virtuai

Image of
i DS the DDC

Modelling

» Probabilistic distributions are taken into account when forming
data flows, job flows, and criteria for the functioning of equipment.

Event flow generation
(exponential distribution):

Generating parameters for data & jobs flows:

1 ! _(xz_lé)2 ]
pr(x) P pn(x) We o /T 7 n(r)\A
- the probability density - the probability density _the interval _ a uniformly
function of a uniform function of the normal between | distributed random
distribution, where distribution, where random events number [0:1]
[0, b) — the interval for u— the average value v '
changing the of a random variable, - the average number of
parameter value o — standard deviation events per unit of fime
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Software complex for creating
digital twins of DDC

Functionality of the web service » Building the DDC structure.
Web-service > Starting the DT.

» Setting the parameters of the DDC > Viewing the results of the DT.

equipment & characteristics of
data flows and jobs flows.

Database

» Configuration of DDC scaling scenarios.

Technology s’rqck

doTo flow and
job flow poromefers

HTML
core 1B @ WEB
s {qusl?n?lﬁiyul \\9 IQUEI‘ Y Stable core for /ﬁ
g d wrieess, o more. transferring and
JANGO oascrin ) processing data

modelling —

&=7
v Chart.js€ Cytoscape

» ~ 2
PostgreSQL llii D|Ot|y d
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% Functionality of the web service

MocTpoeHue UHOPACTPYKTYPbI Create a dlgITCl/ fwin
ueHTpa cbopa, XpaHeHuss M 06pabOTKU [JaHHbLIX

‘é’%
s B

Building the computing
infrastructure

1. Selecting some
@ object

2. Puttingifin the
drawing area

3. Setfing the
equipment
parameters

The prototype of the web service has not yet been localized.
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Functionality of the web service

NocTpoeHue UHOPaACTPYKTYpPH
ueHTpa cbopa, xpaHeHuss U 0bpaboTKM AaHHbLIX

Trigger

{ ! 1001T6/c

Buffer

Setting up
communication links

PepaxTuposate MHPaACTPYKTYPY

. HacTpouTe HacTpowTe
]
. J AT MOTOKH [AHHBX NOTOKKH 3apav

! :Z-v
e
HacTpoWka kKaHanoB CBA3M
NCX LHEP ) T ens ann senennen
EE@‘% Gkl v

&

Tier LIT

<
=

EOS
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Functionality of the web service

MocTpoeHue WMHOPACTPYKTYps Setting parameters for
ueHTpa cbopa, xpaHenus u obpabotku gavHex  data flows and jOb flows

PepakTHpoBaThe MWHOPACTpPYKTYPY

e 7
| _ . ¥ HacTpouTe HacTpouTs
[}
S ol .. HaHans CBA3M MOTOKH [aHHLX
| Genacator] - O
== Ul P

Cozpate undpoBoil ABOMHHMK
HacTpoika noToxoe 3apas h
0bA3aTenpHOE NONE ANA 3aN0OAHEHWSR

rtd

Raw To Digit

Trigger

{ ! 1076/c

1aHHEX [ADNMYCTHMOE OTKNOHEHHME ):

digit v

1
HHEE (BOMYCTHMOR OTKNOHEHME): | 1

* PacnpegeneHie BePpORTHOCTH ANA TEHE P WA AaHHbIX:

DB HOMEPHOR w
10
1oNHEHUA [(40NYCTMMOE OTKNOHEHHE):

* PEC'IJC‘,LD."IC"IHJ BEPOATHOCTH ANA MEHepd UMK 3a0a4:

pPaEHOMEpHOE w

100
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Functionality of the web service

Configuration of computing
infrastructure scaling scenarios JKCNepuMeHTHl

WM IKCNEPUMMEHT WMWK ,CI,DGE)BL-TG HOEI SHCNepUMeHT AnNAa NoWcKa ONTUMaNLHOM KD-I¢!H'_-,"3E)IJ,HV

obopypoBaHuA
flobaBneHWe 3KCNEpUMEHTa

3anonuuTe nons (opMs, 4ToBs N06aBUTbL HOBLIA 3IKCNEPUMEHT ONA NOWCKA ONTUManNbHOW KOHGMrypauuu obopyfnoBaHURA

Test 4

* 0BAzaTencHoe nNone ONA 3anNoNHEHUA

Test
HazsaHue IKCNepHUMeHTa *

Aara cosgaunna: 9 mapra 2023 r. 15:04
‘ Test 1 ‘

Onucanme 3KcnepuMmeHTa

Test 3

WccnepoeaHve 3arpy3Ku KaHanoe CBA3W
MOMCK ONTUMANLHOrO KONWYECTBa PECYPCOB ANA XPaHeHWR OaHHbIX

farta cozganus: 7 gespana 2023 r. 10:42

NapameTps MoAeNWpoBaHWS

MIpofOMKHTEALHOCTE PaboTsl MOQEAUPYEeMOd HHEPACTPYKTYpL — y. Test 2
Yeckopenne npoyecca MogennpoBaHus 8 pas. MoMCK ONTMMaNbLHOrQ KONMYECTBA BLYWCNMTE/NbHHX pPECypCcoB

NapaMeTps NOrHPOBaHKA

fata co3gawua: 7 gespana 2023 r. 10:38
BNGEDATG ofbeKTe ¥ cobuTHA, © KOTOpPLIX Heo6XoauMo COXpaHAThL HﬁﬁCDMaLAH BO BpeMA MOogenupoBaHWA

osenrs woaenimvenor mapscronros P QroiMIEters for modelin .

& XpaHuAnwa [aHHEX

Test 1

MloncK ONTUManbHOrC KONWYECTEa pecypcoe AN XpaHeHWA OaHHLX
BelYHCAWTENLHEE KOMOOHEHTH

P > exp eri m e n‘l‘ n O m e; fata co3sgawnsa: 7 gespana 2023 r. 10:36

* CobuTHA

. . o

’ » description; B
4

o/ MoTepH AaHHeX

v

Pabota c gaiinammn

i e, w2, AUTQfioN of work; i
- : _ > speed up of modelling;

» objects and events for logging.
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Functionality of the web service

WHpopmauma ob aKkcnepumeHTe

Hazpanne 3IKCNepUMeHTa Bazoman Kowpurypauus Cnucok mopmdmxayui

XpaHunuia AaHHHbLIX Aara

Onucanmne 3KCnepuMenTa » Craryc

obHosnennn

NapameTps MOAENUPOBAHMA

MNapameTps NOrvMPOBaHKA

Imultaneous run of al
odifications is possibl

Nponyckxan : Cnucok cobbiTnii

Hassanue Onucanne H
cnocobrocTe (I6/c) &

Haasanue Onucaune

. .
decrease YMEHBINECHHE Noapobhee
KOnnyecrea “,ﬂi\p

Lo6asute cobbiTue

BubpaTh APYroW 3KCNepUMeHT

AobasuTs MoaMdHKaLWO

dding and configurin
events in the syste
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T

Functionality of the web service

The digital twin results

PeaynbTaTh 3KcnepumeHTa Test 1

Ky ANA NPOCMOTpa pe3ynsTaTos

BubepuTe Bxnagwy
[ XDHHI‘.JIHLLIH JaHHBIX BbIMWCAMTENLHBIE KOMNOHEHTBI Kanans! censun C“!C,'JC,{J.H Janad Pa:rlpo,ucnuuuﬂ qJ&:ll“H(JB

Harpy3ska Ha kaHan ceazu compute0

ré/c

5 10 15 20 25

Bpema (4)

Harpyska Ha KaHan cefazv compute2

10 15 20 25

Bpema (4)

modification: 35022

Available for viewing:
» data storage load volume;

» using cores on computing
components;

» load on communication links;

» job queues, the number of
completed jobs;

» distribution of files in storages.
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DT of distributed systems for
megascience experiments

NICA accelerator complex

_-, = The study of :
baryonlc matter

v, 4B

Russia, Moscow region, Dubna, Joint Institute for Nuclear Research
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Verified by the example
BM@N of the BM@N experiment
computing infrastructure

Experimental data acquisition Running experimental data processing jobs
and storage .
J NCXLHEP — Experiment
Trigger Online EOS int
BM@N storage LR description
= Number of
jobs — 25 800

= Time to complete a
1 job =2 500 cek

= ] raw (input) file = 15 GB;

Experiment
description

= Duration = 750 hours o ,
. 1 digit (output) file = 800 MB
= JTrawfile=15GB Tasks
Tasks 1. Find the total HerLIT
1. Find the amount of resources execution time of all & from
that are needed to store all jobs. 200

to 1500

raw-data on the Online storage. cores

2. Calculate the load of
computing resources during 3. Calculate the load of

2. Find the number of raw files in . .
the execution of jobs. communication links.

the EOS storage.
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Monitoring VS Digital Twin

The probability of stopping (failure) of the data Total data volume on the Online storage

generator — 80% ~ 439 TB
] Dataiper day in 750 h
Total raw size ~ 436 TB |
: & 300
o
207B 5
[=]
> 2001
15TB a8
10TB 100
5TB 0
0 160 260 360 460 S(I)O E(IJO 700
0B Time (h)
12/04 12/08 1212 12716 12/20 12/24 1228 01/0T 01/05 01/09 0143 0117 0121 01225 0129 02/02 =~ 9 24]
Files per day .
| raw files
1750 Distribution of Raw Files on the EOS LIT
w0 | Total files: 31306 2000 '
1250
2500 4
1000
750 2000 1
g
500 %1500-
250 &
. , 1000 4
- 12/08 1208~~~ 12712 -~ T2/16---12/20--- 12724 -~ 12/28---01701 -~ 0105 —-01/09---01713 - O/17 - 01/21---01725 -~ 0T/29 - 62/02-
. . . . 500 4 —— Distribution curve
= Non uniform distribution.
[0 Histogram of a randem volumes
=

No data is received at all by some periods.

Data volume (TB)

_'El Priakhina D., Korenkov V., Trofimov V., Gertsenberger K. Verification of the simulation program for creating digital twins
gima  of distributed data acquisition, stforage and processing centers // International Journal of Open Information
O L Technologies, Vol. 12, No 1, pp. 118-128, 2024. —ISSN:2307-8162.
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Monitoring VS Digital Twin

NCX LHEP (100 cores) Processing time of all jobs = 30 h

) Total jobs per hour Total number of jobs 4844
NCX LHEP = 3 875 jobs (15%)
e 3_5 Occupied cores on the NICA LHEP Completed RawToDigit jobs on computing components
= Uniform using of resources NCX LHEP
= =100jobs /h fw (100 cores)

= 19% jobs of the fotal numbe

40 4

Nu

10000 -

201 5000 A

Tier LIT (from 200 to 1500 cores) % &+ = = o

Time (h) Time (h)
Total jobs perhour | Total number of jobs 20956 Tier LIT = 21 925 jObS (857)
160 -~ o
o ;- = . Occupied cores on the Tierl LIT
i —2_ 0 1400 ~

Tier LIT
wot—(from-200 to

= Non uniform using of resources
1500 cores)

= 200 - 1500 jobs / h

= 81% jobs of the total number

zE=m Priakhina D., Korenkov V., Trofimov V., Gertsenberger K. Verification of the

o -t simulation program for creating digital twins of distributed data acquisition;™

foedin ; sforoge and processing centers // Infemof/onol Journal of Open Information : " e s >
Vol ] :

Number of jobs
o]
(=]
o

=]
o
[=}

400 +
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Monitoring VS Digital Twin

Stacked transfer speed

s 2L TR "
2 5 rnf‘rﬂ Pt ] ] ey

0B - Rt T
03/0318:00  03/0321:00  03/0400:00 03/0403:00 03/0406:00 03/0409:00 03/0412:00 03/041500 03/0418:00 03/0421:00 03/0500:00  03/0503:00  03/05 06

== bmn_files.sum {site: DIRAC.GOVORUN.ru} == bmpn_files.sum {site: DIRAC.JINR-L Load of link between Load of link between
the EOS and the NICA LHEP the EOQS and the Tierl LIT

= Avg. data transfer rate to NCX to NCX LHEP
LHEP = 4 Gbit / s (5 Gbit /'s)

= Avg. data transfer rate to Tier
LIT from 8 Gbit / s to 64 Gbit / s

Priakhina D., Korenkov V., Trofimov V.,
Gertsenberger K. Verification of the simulation  »
program for creating digital twins of distributed ,
. data acquisition, storage and processing cem‘er
x+ // Infernational Journal of Open Information oo 15
' Technologies, Vol. 12, No 1, pp. 118-128, 2024. e
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=
N

140 64 Gbit /s

=
a
S

Load (Gbit/sec)

Load (Gbit/sec)
(=}
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Digital Twin
BM@N of the BM@N experiment
computing infrastructure

NocTpoeHve UHGPaCTPYKTYyp.l
ueHTpa cbopa, XxpaHeHUs U o0H6pabOTKU [AaHHbIX

|
Online farm NICALHEP
1007T6/c Eg - . Goals: .
_— e o > assessing the resource requirements for
> data storage and processing, taking into
10076/c 10076/c 10076/c e
% ﬁ @ = account the planned parameters of the

data flows of future experimental Runs;

10076/c » obtaining an approximate fime that will

be required to process the data at the
end of the experiment Run.
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Digital Twin
BM@N of the BM@N experiment
computing infrastructure

Comparison of different data processing infrastructure configurations

Completed jobs (%) Completed jobs (%)

100 S S R S ‘ 100 f e ‘ Online farm NICA LHEP
£ i RawToDigit g ;::RowToDigif 1000 1000
el Production e I Production Soges cores
JE; f 60 h =432 h g 28 h =240 h
: ¥ | (25days) (18 days) $“] / (1day) (10 days)

g | NICA LHEP Onine farm g |/ NICALHEP
5 w0 E a0 =&
8 | 250 1000 g 1000 2| Tiert LIT
g wli cores cores g 20{: | cores g = =
{ - RawToDigi i . |- RawToDigit 750
DigitToDst DigitToDst s
% 100 400 100 150 200 .
- Time (h) Completed jobs (%)
é 100 4
Tier1 LIT 'gn Tierl LIT P : _ Tier2 LIT
750 = 250 [ Simulation Production - 500
cores £ =130 h =367 h cores
. 3 Ol (6 days) (15 days)
Tier2 LIT % 401 Supercomputer
Tier2 LIT g -
e Pt T — 200
cores 500 : —-- GenToSim cores
cores f -+« SimToDst
°% S0 100 150 200 250 300 350
Supercomputer Time (h)
» Supercomputer The number of NICA LHEP resources has
200 been increased to 1 000 cores.
cores .
100% resource usage Added Online farm resources (1 000 cores).
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Digital Twin
BM@N of the BM@N experiment
computing infrastructure

Results The process of

-!&m g

During of conversion of raw 60 hoUrs 28 hours 28 hours in 2 times

experimental data to digit data (2,5 days) (1 day) (1 day) | omerer NICA LHEP
(RGWTODIQIT jObS) ‘ 1000 1000

cores cores

During of processing experimental 432 hours 240 hours | 367 hours

data to reconstruction data (18 days) (10 days) | (15 days) |
During of processing simulation 130 hours E E Tiert LIT
data fo reconstruction data (6 days) 70

A configuration has been ..
found for processing

5007 .o Raw data _._r——’""‘f_
Digit data -

—-= Dst data

Tier2 LIT
400 4. © + Generation data

I Simulation Production F - Simulation data i s

experimental and P ~130h ~367h g | Cmowo 00
simulated data in the T (i5days)™ ™ pata storage: _

shortest amount of time ;| =1 500 TB usage Supercomputer
using all available P~ e ot — 20
resources. I TR T i rz_ou——z—se";u_ £y

Time (h) Time (h)
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(NICA) Digital Twin of SPD Online filter

First experience

Raw data rate Butter for Computin
data received P 9 intermediate
resources

20 GB/s from the detector data

Storage for

filtered
files

— 1 000 —
events /s

1 rawevent =7 KB 1 raw file =4 GB ” 1) Decryption:
raw file - dec. file 1 dec. file=4 GB

Processingraw file | 2) Partial reconstruction:
to filt. file: 10 min dec. file > p-rec. file 1 p-rec. file=8 GB
3) Filtering:
_ p-rec = filt. file 1 filtered file = 450 MB

Experiment duration: 24 hours

To calculate: ¢ network load;
¢ data storage volumes; ¢ load of computing resources etc.
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(NICA) Digital Twin of SPD Online filter

100

Data volume (TB)

£ [=2) =:]
o o o
o o

~N
=3
S

0

S

o

First experience

Data storages

Total data volume on the Buffer

Data generation efficiency — 60%

Data volume on the Storage for intermediate data Occupied cores on the Computing resources

Computing resources

Completed jobs on the Computing resources

1 3 100.TB on. " - w0 ~/7 000 cores are =
: fwioccupied by jolbs fuew
ssoifhe infermed. ’250 000 16b
B " 3 2 100000 7 O S
Z1100TB on | = storage .- P J
-l-he BUffer 500 R N o]« 50000 "’_,;"’ W|” be dOﬂe
P S N N Y 9 S e e 7 Yonthe fly”
Network
th:‘fﬁ%g;‘g‘;é’fﬁ:’%ﬁ"ﬁer e Buffe::?\gi g;g"cigf;n"t?:; — the Computing resou|I';:oeasda°nfd“tnhkebsettov::§2 for intermediate data
~ 150 o
Gbit/sec g, ~ 80 Gbitysec i.] ~ 500 Gbit/sec
between the 1« between the Buffer ;. lbetween the comp|
Triggerand and the comp. _| resources and the

10 15 20 25 30
Time (h)

28.10.2024

the Buffer 10

=)

resourceas

0 ) 1b 15 20 25 30
Time (h)
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Conclusions

> Software complex has been developed to create digital twins of
distributed data acquisition, storage and processing centers:

o database;
o modelling program (successful approbation);

o web-service (prototype: building DT, setting
configurations, starting DT, viewing results).

» The modeling program takes into account:

o the probability of failures and changes in
equipment parameters;

o requirements for stored data flows;

o requirements for data processing job flows.
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Conclusions

» Software complex is used for the design of NICA project
computing infrastructures.

Nuclofron-based lon Collider fAcility
(NICA, JINR, Dubna, Russia)

Clean Room
BM@N (Detector) (Detector Electronics) SPD " -
& ‘etecior, o
Extracted beam (Detector) Ki*’
"’.‘\ _— ?" Collid ‘
N == 7’ > er
33 ’ =
A MPD ” -
‘ 1 \ P (Detector) '\(f/
74 % e > E-cooling
Int | rge'\‘;v a’ v/.-
Heavy lon Linac - » \ |l" \
/{, % y ) T ) 8c
{ &
| ‘.‘ £E Booster ///) L. ) \l :
v 205 w’?\(\'« Z L1] Magnet fact
" z/;f'/'" ] ; Cryogenics g ¥
Nuclotr

» The examples confirm the possibility of further use of the software
complex and digital twins for solving management and
development tasks of distributed computer systems for
megascience projects.
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