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Modelling program

This work is supported by JINR grant for young scientists No. 23-602-03.

Simulation of distributed data acquisition, storage
and processing systems

Database

» Finding out how the data storage and :
processing system will work with the
available computing power. configurafion

» Calculating the load on computing ~ dataflow and
farms and communication links with job flow parameters

the specified parameters of data
flows and jobs flows.

» Modelling takes into account the
probabilities of events in the system:

Stable core for
transferring and
processing data

modelling

o changing the rate of data generation;
o changing the number of allocated resources;
o equipment failure & recovery times.
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Completed works
(10" BM@N meeting)

Verification of the modelling program
1. Modelling the BM@N Database

Computing Infrastructure with .

. equipment
parameters of equipment, data
flows and jobs flows based on
Run 8 mass production.

2. Comparison of modelling

results with resulfs of BM@N Mass
Data Production on distributed

infrastructure for Run 8 using Stable core for

DIRAC. transferring and

Thanks to Igor Pelevanyuk processing data
modelling

data flow and
job flow parameters

The verification results proved the
correct and accurate of the
modelling program!
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Digital twin (DT)

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

COMPUTER MODEL FUNCTIONAL PURPOSE
Main > Designing of computing infrastructure.
component:
developed » Analysis of the efficiency and reliability
modelling of computing infrastructure.
program

, » Testing scaling scenarios based on
INPUT DATA do’ro. flows and jobs flows
requirements.

» Architecture and hardware > Assessment of the required amount of
parameters of computing resources for specific tasks.
infrastructure.

» Checking jobs flows management

» Characteristics of data flows and strategies.

jobs flows.
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Software complex for creating
digital twins (prototype)

NocTpoeHne WMHDpaCTPYKTYpP.
ueHTpa cbopa, xpaHeHUs1 U 06pabOTKW AaHHbIX
= | § . ¥ HacTpouTh HacTpouTe HacTpouTs
Online farm N'LHEP Create a digital twin
- Building the computing
C °
10076/ infrastructure
Trigger Buffer Tier] LIT > Hi fh . '
10076/c 10076/c Setting the equipmen
parameters.
» Setting characteristics of
worele data flows and jobs flows.
g@ The prototype of the web service
g has not yet been localized.
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Software complex for creating
digital twins (prototype)

MHhopmauna o6 3KCnepuMeHTe

fdara cosgawuA: 7 despans 2023 r. 10:36
° ° ° °
HaseaHnwe 3xkcnepumeHTa bazoBasa KoHPMrypauua startlng the dlgltql tWIn
Test 1
XpaHunuwa OaHHHbIX . c fAaTa
A P — P T e e e T e EEP P CE P C PP EPPEPEPEEREED . TaTyc
P - HazeaHue Onucanue 06vem (TB) : obHoBneHus
Movck ONTUMaNLHOrO KONWMECTBa PEeCcypPCcoB N5 XPAHEHWS [aHHBIX H trigger Trigger BM@N 18600,0 H 9 mapTa
E pata reces:"’po-w E " e e
MNapameTps MOgenMpoBaHMA = buffer _ 5408,0 = R
B buffer : 14:52
- , — H eoslhep Main storage LHEP 10680,0 H 10 mapTa
. eNLHOCTE PatoTh - - N o -
H eoslit Main storage LIT 1le00,0 H 15 DONE . MpocmoTp 3anyck PeayneTaThl
* Voxkopenwe npoyecca MogenMposaHuA B dcach 0 1000,8 10:18

NapaMeTpe NOrMpoBaHWUA

S - e[~ .
* OBBEKTH MOJENH HazBaHue OnucaHwe KonuyecTso spep :
i H t214it LIT T2 farm 508 H
B HCIA T ENBHME KOMAOHEH Ta! g ncxlhep LHEP main farm 1200 H .
e super ol Sovorun L 198 e, ; Simultaneous run of all

Kanansl cBA3M

KaHane cBa3u

modifications is possible

- - -
B . H OnMcaHne MNponyckHas H
reHepayna [aHHEX : :
paina A 8 cnocobrocTte (M6/c)
L MoTepu AaHHLX g raw@ trigger - buffer 100,0 g
- . H rawl buffer - lhep 10,0 H
L Patora c gainamu ! :
H raw2 buffer - 1it 10,0 H
FeHepayna, 3anyck, BuMONHEHHE 3aga4v H computed lhep - farm lhep 10,8 -
g computel 1it - Govorun 10,0 g
g compute2 1it - farm lit 10,0 g
MocmoTpeTs pesynebTaTsl - = - :
g dataeosLhepLit eoslhep - eoslit 10,0 g
g d eosLitLhep eoslit - eoslhep g

BufpaTe OpYroid SKCNepuUMeHT

fo6aBuTe MopguduKaLuo
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Software complex for creating
digital twins (prototype)

The digital twin results

PeaynbTaTh 3KcnepumeHTa Test 1

Ky ANA NpOCMOTPa peayneTaTtos

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/e

5 10 15 20 25

Bpema (4)

Harpyska Ha KaHan cefazv compute2

modification: 35022

5 10 15 20 25

Bpema (4)

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.

30.11.2023
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Digital Twin of BM@N Task
computing infrastructure  Comparison of different

computing infrastructure

for data prOd uction configurations for data processing.

Data flows
Simulation data
645 x 10¢ events 30 x 104 sim-events
(25 800 raw files) (60 000 gen files)
1 raw file = 15 GB (25 000 events) 1 gen file = 4 MB (500 sim-events)
1 digit file = 870 MB 1 sim file = 300 MB
|1 dst file =2 000 MB 1 dst (sim) file = 300 MB

Data processing stages

Simulation data
1. Conversion of raw experimental data 1. Simulation

RawToDigit job = 2 500 seconds GenToSim job = 5 400 seconds
(1 event = 0.1 sec) (1 even = 10 sec)
2. Reconstruction of experimental data 2. Reconstruction of simulation data
DigitToDst job = 86 400 seconds SimToDst job = 5 400 seconds
(1 event = 3 secC) (1 event =10 sec)
301 1 2023 11TH COLLABORATION MEETING OF THE BM@N EXPERIMENT
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Digital Twin of BM@N T
computing infrastructure 250
for data production

Variant 1. Current computing infrastructure

= Processing 645 x 10¢ experimental events
(25 800 raw files) to reconstruction data.

Tier1 LIT

1. Conversion of raw experimental data 750
RawToDigit job = 2 500 seconds R
(1 event =0.1 sec)
2. Reconstruction of experimental data _
DigitToDst job = 86 400 seconds Tier2 LIT
(1 event = 3 seC) 500
1 raw file = 15 GB (25 000 events) cores
1 digit file = 870 MB 3
1 dst file = 2 000 MB Supercomputer
200
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Digital Twin of BM@N i
computing infrastructure CRn?SIUt §.1b
for data production ompietes Jo5s

Processing experimental data

Comp|eted jObS (%) Completed RawToDigit jobs on computing components
100 - e L A 250001 .. : ..- —
: RawToDigit
u 20000 - 1
o ]
‘5 80 A : 3 !
; Production 5 1500011 60 h
el . \g 1
c =~432h ¢ | (2,5 days)
s 1 (18 days)
E : 5000 1}
< : i Tierl LIT
"5 40 - - - Total
: 0 T T T T
g : 0 100 2(;9 " 300 400
© - ime
t : .. Completed DigitToDst jobs on computing components
% 20 1 DlngTODST 250001 ?lilecrq tTTEp
a :
S RawToDigit 15% LHEP e
DigitToDst 20000 - . Toth :
0 T T T T "
0 100 2019me(h) 300 400 30% Tier 2 2 s
1 i
12% Sup ¢
Z 10000 1
5000 A - . _,_,-—'""’-’." ........
0 0__1.2-='-‘- ..... 100 - 200 300 400
Time (h)
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Digital Twin of BM@N i
computing infrastructure Results 1
for data production omputing resources

Processing experimental data (100% resource usage)

Occupied cores on the Tierl Occupied cores on the Tier2 LIT Occupied cores on the Supercomputer
500 A 200 A
700 -
175
600 1+ 400 -
150
$ 500" i 8
] ) S 300 A 5 1257
s 00l 750 cores 5 500 cores g 200 cores
Tier 1 Tier 2 ¢ .| Supercomputer
200 1 50 4
-=-+ RawToDigit 100 1 . . . .
DigifToDst DigitToDst
: Total
% 100 200 300 400 % 100 200 300 400 3 100 200 300 400
Time (h) Time (h) Time (h)

Occupied cores on the NICA LHEP Data volume on the EOQS

250 cores Data storage:
NICA LHEP ;1 460 TB usage
DigitToDst S T - =
0 100 zégme N 300 400 0 100 20T?me o 300 400
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Digital Twin of BM@N T —

computing infrastructure 1 000
for data production -

Variant 2. Planned computing infrastructure

= Processing 645 x 10¢ experimental events
(25 800 raw files) to reconstruction data.

DigitToDst

1. Conversion of raw experimental data
RawToDigit job = 2 500 seconds
(1 event =0.1 sec)
2. Reconstruction of experimental data
DigitToDst job = 86 400 seconds
(1 event = 3 seC)

1 raw file = 15 GB (25 000 events)
1 digit file = 870 MB
1 dst file = 2 000 MB
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Digital Twin of BM@N s 9
computing infrastructure CRn?SIUt :o :
for data production ompleted jobs

Processing experimental data

Completed jObS (%) Completed RawToDigit jobs on computing components
100_ R R . 25000 4 -.-.-.-.-.-.-.-.-'-.-.-..-.'-.-
-' RawToDigit

:IS: 807 PI’OdUCﬁOh %15000- '_'. 28 h
g .: = 240 h glOUOO- T (1 dGY)
5 07 (10 days) :
43 : 5000 - .-'
5 a0f : T
g : ° 50 100 150 200
E : Time (h)
c : .. Completed DigitToDst jobs on computing components
% 20 DlngTO DST 250004 NICA LHEP
= i T RawToDigit 30% LHEP et

: DigitToDst oo | S

0 T T T T =« Total
0 50 100 150 200 . £
Time (h) 14% Tier 2 3515000-
Data production 6% Sup ¢,
speed up 2 times with 30% Online | R
1 000 cores on NICA LHEP and i
1 000 cores on Online farm ! K
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Digital Twin of BM@N s 9
computing infrastructure Results
for data producﬁon omputing resources

Processing experimental data (100% resource usage)

Occupied cores on the Tierl Occupied cores on the Tier2 LIT Occupied cores on the Supercomputer

500 v v 200
700 { ¥y
é 175 A
600 - : 400
: 150
500 i ] 4

.| 750 cores 2= 500 cores 2”1 200 cores
Sp o Tier1 Tier 2 ¢ .| Supercomputer

200 50
: 100 A

DigitToDst DigitToDst
°3 % 100 150 200 °3 s0 100 150 200 °3 50 100 150 200
Time (h) Time (h) Time (h)
Occupied cores on the NICA LHEP Occupied cores on the Online farm Data volume on the EOQS
1000 1000 -
800 1 800
g g € 300
1000 cores 1 000 cores Data storage:
NICA LHEP ol Online farm ;1 460 TB usage
200 o 200 o 100 Eia:tizt;
DigitToDst DigitToDst  \ | | . TN
% 50 100 150 200 °% 50 100 150 200 T T 200 300 400
Time (h) Time (h) Time (h)
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online farm NICA LHEP

Digital Twin of BM@N
computing infrastructure
for data production

Variant 3. Planned computing infrastructure

= Processing 645 x 10¢ experimental events
(25 800 raw files) to reconstruction data.

1. Conversion of raw experimental data

Tier1 LIT

GenToSim
SimToDst

750
RawToDigit job = 2 500 seconds cores
(1 event =0.1 sec)
2. Reconstruction of experimental data
DigitfToDst job = 86 400 seconds Tier2 LIT
(1 event = 3 seC)
= Processing 30 x 10¢ sim-events c?)?gs
(60 000 gen files) to reconstruction data.
1. Simulation GenToSim job = 5 400 seconds Supercomputer
(1 even =10 sec) 1 gen file = 4 MB
2. Reconstruction of simulation data (500 sim-events) 200

SimToDst job = 5 400 seconds 1 sim file = 300 MB

(1 event =10 sec) 1 dst (sim) file =~ 300 MB
30 ‘| ‘| 2023 11TH COLLABORATION MEETING OF THE BM@N EXPERIMENT
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Digital Twin of BM@N i
computing infrastructure - rlzelstu e
for data production OMPIEIed Jobs

Processing experimental data
Com pIEtEd jObS (%) Completed RawToDigit jobs on computing components Dig iTTO DST

100_ ,......................r.._-._.-._...—..—.-—.-.—..-—..—.._._._._._ 25000 .‘-'-'-'-'-'--------.---. ---------
_ |1 RawToDigit 257 LHEP
4 .
=} . 3 i
= 80 - ) X ) '«515000 ;
; SImUlOTlon PrOdUCTlon E ' 28 h Cmp\thgtT2D5t7ooncIn!pet!’ ogp nts
Q = o000 | ~-ee NICA LHEP
= =~ 130 h =~ 367 h (1 day) == 107% SUP.'
5 507 (6 days) (15 days) " | =
v -+ Total
-8 00 50 100 ‘ 200 g 1
_E:J : Time (h) g
"‘E 40 - 5 10000 - .
g” : ° ,". ________ -
£ Processing ol e
o _ | & 0 e RawToDigit o N ‘.;,;.,-m-f"“_'"f' N
E 20 7 DIgItTODSt SI m U Iqtlo n d qiq ¢ 0 I 50 100 150 200 250 300 350
- — Ge nTosim Completed GenToSim jobs on computing components fme
:: . S|mT0DSt b g‘rﬁQ;:aE:ﬂ ," T T T ‘ Completed SimToDst jobs on computing components
0 50000 60000 1 -~ NICALHEP — ,+ ==t = o= msmmememem

- - Total .
0 50 100 150 200 250 300 350 7 GenToSim onine fam

Total

g o : wi” ™0 SimToDst
. Time (h) . ; + 1/ 33% LHEP
More time to processing L 67% Onllné w7 33% LHEP

experimental data ! ] e A B B e | 7% Oniine

10000 , 20000 e

BUT: Only 6 days to process

200
Time (h)

simulation data !
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Digital Twin of BM@N rasylt
computing infrastructure resu S
for data production omputing resources

Processing experimental data (100% resource usage)

Occupied cores on the Tierl Occupied cores on the Tier2 LIT Occupied cores on the Supercomputer
500 - 200 4
700 ==
: 175
600 4+ 400 1
: 150
;| - 750 cores 500 cores 200 cores
8 : 4 S 300 4 S
Py Tier 1 2 Tier 2 : S t
3 : ier er § 100+ upercompuier
H o
£ 500 | : £ 200 | £
=2 : = = 75
2004+ 50
: -+« RawToDigit 1004
10012 DigitToDst 25
: Total
0 . T r T T T - 0 ; , : . ; : : 0 " : ; , : : r
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
Time (h) Time (h) Time (h)

Processing simulation data (100% resource usage)

Occupied cores on the NICA LHEP Occupied cares on the Online farm Data volume on the EQS

1000 A 1000 4 500 1 ..o Raw data
Digit data /
1 000 cores 1 000 cores — Dt et
800 800 400 4.° * Generation data
N IC A I.H E P O I' f i Simulation data [T T
@ n Ine drm — -+ Dst (model) data
W =]
5 = —— Total
600 - S 600 A © 300 -
i : Data st :
R W ata storage:
£ E o
= ' &% 500 TB
=
1 [a
i usage
Y 1 DigitToDst !‘
2007 i, —- GenToSim 200 I - centosim e
i -+ SimToDst l ¢ SimToDst
Total 1 Total == =T
0 ! ! ! T - . ; - 0 T T I T T T T T [o R SRS L) vt ! el el sl
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
Time (h) Time (h)
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Conclusions

Comparison of different computing infrastructure
configurations for data processing

Planned
(exp. + sim.
data)

28 h

Planned

Current (exp. data)

During of conversion of raw 60 h 28 h

experimental data 2,5 days 1 day 1 day
During of processing experimental 432 h 240 h 367 h
data to reconstruction data 18 days 10 days 15 days
During of processing simulation data 130 h

to reconstruction data 6 days

Volume of data storage 460 TB 460 TB 500 TB

Should be:
v increase number of resources on NICA LHEP to 1 000 cores;
v add Online farm resources (1 000 cores).
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Conclusions

Best configuration of planned computing
infrastructure for data processing

» Processing experimental & model data to reconstruction data:
o 645 x 10¢ raw events (25 800 raw files) — 367 h (15 days)
o 30 x 10¢ sim-events (60 000 gen files) — 130 h (6 days)
» 100% usage of computing resources:
o Tier1 LIT- 750 cores (RawToDigit & DigitToDst jobs)
o Tier2 LIT - 500 cores (DigitToDst jobs)
o Supercomputer — 200 cores (DigitToDst jobs)
o NICA LHEP — 1000 cores (DigitToDst jobs & GenToSim & SimToDst jobs)
o Online farm — 1000 cores (GenToSim & SimToDst jobs)
» Data storage — 500 TB.

11TH COLLABORATION MEETING OF THE BM@N EXPERIMENT
30.11.2023 AT THE NICA FACILITY 19




Conclusions

Future plans

Creation a digital twin to obtain predictive values
for the amount of required resources in the future
computing evolution of the BM@N experiment for
2024-2030.

Other suggestions are welcome...
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