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Intfroduction

Nuclotron-based lon Collider fAcility » Large amounts of data
(NICA, JINR, Dubna, Russia) per second are
i & generated during the
X experiments.

BM@N (Detector) " \
Extracted beam (De'ey‘
2 = x \/
v )\
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» Efficient computing
systems are required to
store and process data in
a relatively short timel

\ 4

» The system should provide
enough performance through
balanced loading of resources.
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Intfroduction

How to ensure
designing, continuous
improvement and
scaling of such systems?
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Intfroduction

o Modeling of complex
computing systems.

Digital twin o Describes the system.
o Reflects the processes taking
place in the system.

o Testing of the system with
different variants of equipment
parameters, data flows and
jobs.

Priakhina D., Korenkov V. The relevance of creating a
digital twin for managing distributed data acquisition,
storage and processing centers (accepted in print)
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Digital twin (DT)

Real-time operation throughout the entire computing infrastructure life cycle.

COMPUTER MODEL FUNCTIONAL PURPOSE
» Designing of computing infrastructure.

» Analysis of the efficiency and reliability
of computing infrastructure.

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

. INPUT DATA
»~ Architecture and hardware » Assessment of the required amount of

parameters of computing

! resources for specific tasks.
infrastructure.

» Characteristics of data flows and > Checki.ng jobs flows management
jobs flows. strategies.

Priakhina D., Korenkov V., Trofimov V. A method of constructing digital twins for solving problems of effective management and
development of distributed data acquisition, storage and processing centers (accepted in print)

VI SPD COLLABORATION MEETING AND WORKSHOP ON INFORMATION
26.10.2023 TECHNOLOGY IN NATURAL SCIENCES >




Software complex for creating
digital twins

Modelina core Web-service Verified by the example of the
9 BM@N experiment computing
infrastructure

» Universal — applicable for
modeling computing
infrastructure without changing
the program code.

Database

equipment
configuration
» Probabillistic distributions are
) ) data flow and
taken into account when forming job flow parameters

data flows, jobs flows, and criteria

for the functioning of equipment. Sl e s
» Used for design tasks, system Stable core for /\
scaling during operation N e
. ' processing data| ”%
searching for problem areas modelling %
when data flows and jobs flows ~ 2.
change. = |
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Functionality of the web service

NocTpoeHue MHDpaACTPYKTYpPbLI
ueHTpa cbopa, xXpaHeHus U 0OpabOTKM [aHHbIX

PegakTHpoBaTE WHOPACTPYKTYDY
| 2 I3 E
» He ' 3
! . ‘é@ e A HacTpouThb HacTponTs HacTpouTs
.h& E.‘ s T KaHanu cBA3n NOTOKM AAHHHX noTokW 3apav
L _l-/-.— E naobpamenue

S

Co3naTe ywdpoBoH ABOHHMK

Create a digital twin

Building the computing
infrastructure

Trigger Buffer Computing  Intermediate

100Gb/s B 10060/ Bexd 100Gbys » Setting the equipment
= 53’ — parameters.

» Setting characteristics of
data flows and jobs flows.

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

flobaBneHne 3KcnepuMeHTa

3anonHuTe nond GopMsl, 4To66 AO6ABMTL HOBHIA 3KCMEPUMEHT ANA MOWCKA ONTUMANLHOW KOHOMrypauuw oBopyaoBaHWA

w 0633:31—::::140: 3”:::Epin:e:j;oj1HEH“9‘ Co nfig Urq iio n Of
| . computing infrastructure
Onucavue 3KcnepuMmeHTa chling Scenqrios

‘ Monck onTUManNLHOro Konu4yecTea pecypcoB ANA XpaHeHWA OaHHBIX

Parameters for modeling:

NapaMeTps MOAENMPoOBaHUA

* [lpogoAMHTENEHOCTE paboTe MOAEAHPYEMONR MHPPACTPYKTYDE — Y.
* YcKOpeHHe Mpoyecca MOGenHpoBaHns B pas.

. .

.

» description;

B:IGEDATG 06BbEKTH W COBLITHA, O HOTOPHIX HeoBXOAWMO COXPaHAThL M-II.’FCDMBLM{] BO BpeMdA MOOENWPpOBaHUA

* O6BEeKTH MOQEAMPYEMOR HHPPACTPYKTYDE > durO-I-ion O-I: Work;

! XpaHuanya [aHHEX

» experiment name;

BHYHCAHTENLHEE KOMMTOHEHTH

» speed up of
R modelling;

) o » objects and events for

.
.'—EHEpﬂuHﬂ, 3anycK, BhMOMAHEeHHe 33dga4q |Ogg II Ig .

fJo6aBuTh 04MCTHTE

OTmeHa
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Functionality of the web service

MHhopmauna o6 3KCnepuMeHTe

fdara cosgawuA: 7 despans 2023 r. 10:36

HazBanue 3KCnepuMeHTa bazoBasa KoHPMrypauua stqrting the digitql tWin

Test 1
XpaHunuwa OaHHHbIX " c flaTa
ONHCAHNE SKCTIEDUMEHTA P e PP BT TR M T rH CrTeer S 3 e Cr P TP PP EPPEPPPPPRERE . TaTyc
P H HazeaHwe Onucanue 06vem (TB) : o6HoBNEeHHA
NoMCK ONTHMANbLHOIO KONMHYECTEa PECcYpPCOB [N XPaHEHWA [aHHEX g trigger Trigger BM@N 106000,0 H 9 MapTa
E T (ROE G E " e e
MapameTpsl MOgenWpoBaHWA g buffer 5400,0 g e
g buffer H 14:52
I _ ) ; N . eoslhep Main storage LHEP 1000,0 g 10 mapTa
* [IpOJONKHTENLHOCTE PaboTe MOQENHPYEMOH HHPPACTPYKTYpH — SO0 . - ~
H coslit Main storage LIT 1000,0 - 15 DONE 2023 r. MpocmoTp 3anyck PeaynbTaThl
* Yckopewwe npoyecca mogenuposanus 8 1000 pas. dcach 1000,0 16:18
NapameTps NOTrMpPOBaHWA
Bbi4mc
* OBBEKTH MOAENKPYEMON HHEDaCTPYKTYpS HaseaHue OnucaHwe KonuyecTso spep :
o Xpanunuya [aHHEX 5 12114t LIT T2 farm 580 H
BoiqHCANTEABHEE KOMIOHEH Thi i nCX-lheD LHEP main farm e 5 M
T - overen o Lo ... / Simultaneous run of all
Kanansl cBA3M
.o . . .
KaHane ceas3n d f 'I' bl
R S Granw csman modifications is possible
v I : HazBaHue OnucaHue Doy :
reHepayna [aHHEX : :
payna A - 8 cnocobHocTe (F6/c) &
L MoTepu AaHHLX g raw@ trigger - buffer 100,0 g
7 Pabora ¢ dainamm H rawl buffer - lhlep 10,0 H
g rawz2 buffer - lit 10,0 g
FeHepayna, 3anyck, BuMONHEHHE 3aga4v H computed lhep - farm lhep 10,0 .
g computel 1it - Govorun 10,0 g
g compute2 1it - farm lit 10,0 g
MocmoTpeTe pe3ynbTaTh - -
g dataeosLhepLit eoslhep - eoslit 10,0 g
g dataeosLitLhep eoslit - eoslhep g

BufpaTe OpYroid SKCNepuUMeHT

fo6aBuTe MopguduKaLuo
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_Functionality of the web service

The digifCﬂ iWin reSU"'S PesynbTaThl 3KcnepumeHTa Test 1

BufepuTe BKNAAKY ANA NPOCMOTPa pe3ynLTaTos

[ XpaHunuLa AaHHbLIX BLIMMCIIMTENLHBIE KOMNOHEHTI Kasans ceasu Ouepenu 3anay Pacnpenenenun dainos ]

Harpy3ska Ha kaHan ceazu compute0 Harpy3ska Ha KaHan ceAzu compute2

60
——— modification: 35022

50

40

L S PR T DRy W.MmmMWEMMM_
5 10 Bpen‘l: “ 20 25 5 10 Bpeﬂl: “ 20 25
Available for viewing: » load on communication links;
» data storage load volume; » job queues, the number of

, , completed jobs;
» using cores on computing

components; ~ distribution of files in storages.
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Digital Twin of SPD Online filter

First experience

Buffer for - Storage for
Raw data rate A Computing . .
20 GB/s data received resources intermediate
from the detector data
> 1 000 —————
events /s
e
1 rawevent =7 KB 1 raw file =4 GB _ 1) Decryption:
raw file - dec. file 1 dec. file=4 GB
Processing raw file | 2) Partial reconstruction:
to filt. file: 10 min dec. file > p-rec. file 1 p-rec. file=8 GB
3) Filtering:
To calculate: ¢ network load;
¢ data storage volumes; 2 load of computing resources eftc.
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Digital Twin of SPD Online filter

First experience

Results 1. Constant data generation
Data storages

Total data volume on the Buffer Data volume on the Storage for intermediate data
20007 +--++ Dec data
1600 - Prec data
—-- Filt data
T 4000 1 .+ Total
E 1200 - E
v 1000 7 3000
E =]
E °
$ 800 :
g £ 20001
) 600 T = N PO,
400 1000 R
wop— o —————— | e
0 1 . ; . ; | i el icttentis |
0 5 10 15 20 25 30 0 5 10 15 >0 > "
Time {h) Time (h)
~ 1700 TB on the Buffer ~ 5000 TB on the Storage for

infermediate data
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Digital Twin of SPD Online filter

First experience
Results 1. Constant data generation
Computing resources

Occupied cores on the Computing resources

Completed jobs on the Computing resources

20009 e RawToDec 400000 e RawToDec
:I DecToPrec R DecToPrec
1750 1 —-= PrecToFilt 350000 4 —-- PrecToFilt
'l ."_.' /_/

1500 1 300000 - Gy
5] | 0 o ,/‘
5 12507 ) 8 250000 - e
% 1000 " 5 el
3 | 200000 e
: ! : [
S 75041 Z 150000 s

200 |t_.._.____.___.___.____.____ 100000 1 ///

H ._.-:/'
2501 50000 -7
u.:.‘/
0 . ‘ ‘ ‘ — y 0+2 ‘ ‘ ‘ ‘ ‘ .
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time (h) Time (h)
~ 1 500 cores are occupied ~ 400 000 jobs will be done
by jobs for 30 hours
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Digital Twin of SPD Online filter

First experience

Results 1. Constant data generation

Load of link between
the Trigger and the Buffer

0 5 10 15 20 25 30
Time (h)

~ 150 Gbit/sec
between the Trigger
and the Buffer

26.10.2023

Load (Ghit/sec)

Network

Load of link between
the Buffer and the Computing resources

Jrsioshindn AL

ahald PN ™
(ALANL ekt >

60

0 5 10 15 20 25 30
Time (h)

~ 150 Gbit/sec
between the Buffer
and the Computing
resources
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Load of link between
the Computing resources and the Storage for intermediate data

800 4
700 4

600 1

u
=3
o

400 4

Load (Ghit/sec)

N w
o =]
o o

—
o
o

(=3

0 5 10 15 20 25 30
Time (h)

~ 800 Gbit/sec
between the
Computing resources
and the Storage for
infermediate data




Digital Twin of SPD Online filter

First experience
Results 2. Data generation efficiency — 20%
Data storages

Total data volume on the Buffer Data volume on the Storage for intermediate data
350 - —-~ Filt data
10004 ° Total
300 4
E250- E s00-
S 2001 S 600 A
400 T
L 1 B e . I T D S N L
50 200 f
o . | | | | 0 ___________ _________ ittt |
0 5 10 15 20 25 0 5 10 15 20 25
Time (h) Time (h)
~ 400 TB on the Buffer ~ 1 200 TB on the Storage for
intermediate data
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Digital Twin of SPD Online filter

First experience

Results 2. Data generation efficiency — 20%
Computing resources

Occupied cores on the Computing resources Completed jobs on the Computing resources
e — s P RawToDec 100000 1 ..... RawToDec —
800 + DecToPrec DecToPrec d
—-= PrecToFilt —-- PrecToFilt :;y
700 7 80000 - ‘y"
e
) 600 ; ,f’
% 500- S 60000 - }5;"
B N A
g 400 é g
3 300 3 40000 A P ,n” ‘
.w‘/
2001 20000 A .f,-
100 T i,‘,f
e
I
0 | . | ; | 0 ; ; r . ;
0 5 10 15 20 25 0 5 10 15 20 25
Time (h) Time (h)
~ 1 500 cores are occupied ~ 100 000 jobs will be done
by jobs “on the fly”
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Load (Gbit/sec)
=
o
o

N
(=3
[S]

=
1%
o

v
o

o

First experience

Digital Twin of SPD Online filter

Load of link between
the Trigger and the Buffer

~ 50 Gbit/sec
between the Trigger
and the Buffer

26.10.2023

40 4
354

304

2 204
o
3 154

10 4

Network

Load of link between
the Buffer and the Computing resources

254

T Y s LU

0 5 10 15 20

Time (h)

~ 40 Gbit/sec
between the Buffer
and the Computing
resources

the Computing resources and the Storage for intermediate data

250 1

Results 2. Data generation efficiency — 20%

Load of link between

el A A

5 10 15 20
Time (h)

~ 250 Gbit/sec
between the

Computing resources
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infermediate data
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Conclusions

» Software complex can be used for create digital twins of SPD
computing infrastructure.

» Digital twin of SPD online filter can help calculate:
o the required storages volumes;
o tfime for data processing;
o use of computing resources;
o loading of communication links, etc.
» Future plans:
o adding the probabilities of various events in the system;

o running digital twins for different scenarios of experiment.
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