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Modern scientific research
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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.

ord .. Institute of High Energy Physics
% L/J{f Chinese Academy of Sciences

» Large-scale systems.

» Designed to work with
extremely large amounts of
data.

Q=) > Conisists 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-
,  Institute of High Energy Physics quality and efficient operation.

G L/;f Chinese Academy of Sciences

How to ensure design,
continuous

improvement and

scaling of DDC?
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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

equipment parameters, ~ priakhina D., Korenkov V.
. The relevance of creating a
data flows and JObS- digital twin for managing
distributed data acquisition,
storage and processing
centers (accepted in print)

O
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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.

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)
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Software complex for creating
digital twins of DDC

Modeling core Web-service

T ——

» Universal — applicable for
modeling any data center
without changing the program
code.

Database

» Probabilistic distributions are

) ) data flow and
taken into account when forming job flow parameters
data flows, job flows, and criteria
for the functioning of equipment. ST U

» Used for design tasks, data center Stable corefor _—" )
. . : transferring and
scollng. during operation, processing data|
searching for problem areas modelling =
when data flows and job flows ~ 2
\)')\
change. K\‘/>)
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Functionality of the web service

NMNocTpoeHue UHOPaACTPYKTYPHI
ueHTpa cbopa, xXpaHeHus U 0OpabOTKM [aHHbIX

PepakTHpOBaTE WHPPACTRYKTYPY

.. - HacTpouTh HacTpouTe HacTpouTs
A TR KaHanW CBA3W NOTOKM [aHHNX NOTOKW 3apad
HI0LhpaKeHHe

Sy & 0vta] :
B & =3
Creafe a digital twin
Building the computing
infrastructure
Trigger Buffer Computing  Intermediate

100Gb/s B 10060/ Bexd 100Gbys » Setting the equipment
= - parameters.

» Setting characteristics of
data flows and job flows.

The prototype of the web service
has not yet been localized.
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flobaBneHne 3aKcnepuMeHTa
3anonHuTE nonsa IItO[JI\-'n\; 4Tofs ,D.O'SEBATLn HOBHA IKCMEPUMEHT ANA NOWCHa ONTUMaNbHOR KD-IEIJHI"J"JEIJ.AL' -C)GCP'}-';JCIBE\-{HY{

+ 06A3aTenbHOE Mone OnA 3anonHeHHA

HazeaHnue IKCNepuMeHTa *

Test 1

OnucaHue JKCnepUMeHTa

Monck onTUManNLHOro Konu4yecTea pecypcoB ANA XpaHeHWA OaHHBIX

NapaMeTps MOAENMPoOBaHUA

* [POJOAMHTENLHOCTE PaboTa MOZEMHPYEMONH HMHBDACTPYKTYDE —| 720

s YCKOpEeHHe Mpouecca MOZemHpoBanna & | | pas
NapameTps NOrWPOBaHMA

Bnl’jQDATG 06BbEKTH W COBLITHA, O HOTOpPLIX HeoBXOAWMO COXPaHAThL M-IlthL‘.ﬂLAD BO Bpemsa MOOEenWpoOBaHWUA

* O6BEeKTH MOQEAMPYEMOR HHPPACTPYKTYDE

v
KOMMOHEHT!
Cot E
i leHepayna faHHbX
il MoTepu AaHHbX
v PaboTa ¢ ¢a

FeHepayus, 3anyck, BLMOMHEHHE 33584

fJo6aBuTh 04MCTHTE

OTMeHa

01.11.2023

Functionality of the web service

Configuration of
computing infrastructure
scaling scenarios

Parameters for modeling:
» experiment name;

» description;

» duration of work;

> speed up of
modelling;

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

MHhopmauna o6 3KCnepuMeHTe

fdara cosgawuA: 7 despans 2023 r. 10:36
° ° ° °
HaseaHnwe 3xkcnepumeHTa bazoBasa KoHPMrypauua stdrhng lthe dlgliql tWIn
Test 1
XpaHunuwa OaHHHbIX . c fAaTa
ONMCAHNE SKCTIEDHMEHTS P T e e e T e EEP P CE P C PP EPPEPEPEEREED . Tatyc
P H HazsaHwe Onucanwe 06uvem (TB) : o6HoBNEeHHA
Movck ONTUMaNLHOrO KONWMECTBa PEeCcypPCcoB N5 XPAHEHWS [aHHBIX H trigger Trigger BM@N 16006,0 5 9 MapTa
E T (ROE G E " e e
MNapameTps MOgenMpoBaHMA g buffer _ 5400,0 g e
H buffer H 14:52
R - g eoslhep Main storage LHEP 1000,0 g 10 mapTa
* [IPOJOAKMTENLHOCTE PAaboTH - 808 - ~
! - eoslit Main storage LIT 1000,0 g 15 DONE 2023 r. NpocmoTp 3anycH PeaynuTathl
* Ycxopewwe npoyecca mogennposanua g 1000 p dcach p 1000,0 10:18

NapaMeTpe NOrMpoBaHWUA

S - e[~ .
* OBBEKTH PYHTYPb HaseaHue 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

- - -
v I : HazBaHue OnucaHue LSS LT :
reHepayna [aHHEX . .
payna A 8 cnocobrocTte (M6/c)
L MoTepu gaHHLX H raw@ trigger - buffer 100,0 g
7 Pabora ¢ dainamm 5 rawl buffer - lhlep 10,6 5
8 rawz buffer - 1it 10,60 8
FeHepayna, 3anyck, BuMONHEHHE 3aga4v H computed lhep - farm lhep 10,8 .
g computel 1it - Govorun 10,0 g
8 compute2 1it - farm lit 10,60 8

MocmoTpeTe pe3ynbTaTh - - -
5 dataeosLhepLit eoslhep - eoslit 10,08 5
g dataeosLitLhep eoslit - eoslhep g

BufpaTe OpYroid SKCNepuUMeHT

fo6aBuTe MopguduKaLuo
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Functionality of the web service

The digifCﬂ iWin reSUH'S PesynbTaTh 3KcnepumeHTa Test 1

BufepuTe BKNAAKY ANA NPOCMOTPa pe3ynsTaToB

[ XpaHunuLLa AaHHLIX BbIMWCAMTENLHBIE KOMNOHEHTBI Kanans! ceasu Ouepenu 3anaq Pacnpenenexuna cainos ]

Harpy3ska Ha kaHan ceazu compute0 Harpy3ska Ha KaHan ceAzu compute2

5 10 Bpenl: “ 20 25 5 10 Bpenl: “ 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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Verified by the example
BM@N of the BM@N experiment
computing infrastructure

Experimental data acquisition Running experimental data processing jobs
and storage .
9 NCXLAEP  Experiment
Trigger Online EOS 100 description

BM@N storage

cores
= 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
= lrawfile=15GB Tasks
Tasks 1. find the total Fer LT
1. Find the amount of resources execution time of all ¢ from
that are needed to store all jobs. o
raw-data on the Online storage. 2 Calculate the load of cores
2. Find the number of raw files in computing resources during 3. Calculate the load of
the EOS storage. fhe execution of jobs. communication links.
THE XXVII INTERNATIONAL SCIENTIFIC CONFERENCE OF
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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
Total raw size ~ 436 TB m;wday lal<itla /

=
S

w
(=1
o

20TB

Data volume (TB)
N
o
[=}

15TB

d

10TB

100 /

5TB 0
0 100 200 300 400 500 E(I)O 700
Time (h)
K - =~ 29 241
12/04  12/08 1212 1276 124200 12/24 12/28  0v/0n 01/05  01/09 0113 a7 0w/21 01725 01/29 02702 -~

Files;per day raw files

Distribution of Raw Files on the EOS LIT

1750

Total files: 31306
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3000 4 ‘

1250

2500 4
1000

750 2000 4

g
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250 *
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STU12/04 - 12/08° 1212 12/16 12720712724 - 12/28 017017 01705 - 01/09 01713 OTAT -~ 01/21- 01725 - 01/29 ~02/02
500 4 —— Distribution curve

——- Mean value

= Non Uniform diSTribUTion' [ Histogram of a randem volumes

= No dataisreceived at all by some periods.

Priakhina D., Korenkov V., Trofimov V., Gertsenberger K. peta volume (12
Verification of the simulation program for creating digital

twins of distributed data acquisition, storage and

processing centers (accepted in print
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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
sEs —— ' _ NCX LHEP = 3 875 jobs (15%)
. :é,% ) Occupied cores on the NICA LHEP Completed RawToDigit jobs on computing components
= Uniform using of resources NCX LHEP
= =100 jobs/h (100 cores)
= 19% jobs of the total number?
Tier LIT (from 200 to 1500 cores) s = & & &% = R R
Time (h Time (h)
Total jobs perhour | Tota] number of jobs 20956 Tier LIT = 21 925 jObS (857)
1600 _ ~ o
E E- 3 ) : Occupied cores on the Tierl LIT

Tier LIT
wot—(from-200 to
1500 cores)

= Non uniform using of resources
= 200-1 500 jobs / h
= 81% jobs of the total number

Priakhina D., Korenkov V., Trofimov V., Gertsenberger K.

Verification of the simulation program for creating digital
twins of distributed data acquisition, storage and 0
processing centers (accepted in print

Number of jobs
(=)} o]
o (=]
o o

400 +

200 -
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Monitoring VS Digital Twin

Stacked transfer speed

| N e el
r-vﬂ“'ryLer“frj..ﬂ IFW Tt \_Jju-—ji

03/03 18:00 03/03 21:00 03/04 00:00 03/04 03:00 03/04 06:00 03/04 09:00 03/04 12:00 03/04 15:00 03/04 18:00 03/04 21:00 03/05 00:00 03/05 03:00 03/05 06:C

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

= AvgQ. data transfer rate to to NCX LHEP
NCX 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 centers (accepted in pri Tine (0
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(NICA) Digital Twin of SPD Online filter

First experience

Buffer for - Storage for
Raw data rate A Computing . .
data received infermediate
20 GB/s resources
from the detector data

filtered
files

events /s
W
files

1 rawevent =7 KB 1 raw file =4 GB i 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:
To calculate: ¢ network load;
¢ data storage volumes; ¢ load of computing resources efc.
THE XXVII INTERNATIONAL SCIENTIFIC CONFERENCE OF
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(NICA) Digital Twin of SPD Online filter

First experience

Data generation efficiency — 20%

Data storages Computing resources

Total data volume on the Buffer Data volume on the Storage for intermediate data Occupied cores on the Computing resources Completed jobs on the Computing resources
400 ...+ Dec data et ety L=y A=~ oo _Raw 100000 1 RawToDec 7
1200 3 800 4 - A
Prec data 3 Dec DecToPrec o
350 —-- Filt data == Pre —-= PrecToFilt ’_,’
700
10004 * - Total . 'l 500 80000 - e
~ p
20 : ] cores are L
g 1 200 TB |
& ~ . .
E 20 £ 8001 O n 2 1 d b 1 b 3 60000 Vid
: : | swroccupied by jobs:
3 3 o 5 "
: w|The iInfermed. ,
© o . G S Id
i § ; . 2 oo 7100 000 job
: storage 7 JOS
~ 400 TB on ! ,,,
100 R o R, ’ 200 4 - .l | b d
g wo| " will be done
o the Buff ] : — O S AU FSU S P
e U er P J, m Th fl LE]
oo T ) e e 7 tonthe fly”
0 5 10 15 20 25 0 5 10 15 20 25 ] 5 10 15 20 ] 5 10 15 20 25
Time (h) Time (h) N t k Time (h) Time (h)
Load of link between Load of link between Load of link between
the Trigger and the Buffer the Buffer and the Computing resources the Computing resources and the Storage for intermediate data

40 4 250 1
200 ¥ “ i
35 4
~
50

Gbit/sec 3| ~ 40 Gbit/sec .|~ 250 Ghit/sec
between the comp.

etween the "] between the Buffer
rigger and | and the comp. resources and the

3 154
50

the Buffer 3 resources intermed. storage

0 0 T T 0
0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25

Time (h) Time (h) Time (h)

)

.oad (Gbit/sec,
Load (Gbit/sec)

100

L
———

50
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Conclusions

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

POCCHMCEAL WELEPAITII

o database;

o modelling program (successful approbation);

o web-service (prototype: building DT, setting T e

configurations, starting DT, viewing results).

> The modeling program takes into account: = A
o the probability of failures and changes in e

equipment parameters;

o requirements for stored data flows;

3 33 41{

o requirements for data processing job flows. registration Ne2023667305

(14.08.2023, Russiq)
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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
(Detector Electronics)

BM@N (Detector)
Extracted beam

SPD 4 ——
(Detector) ‘\f/‘
(é}‘ ///g Collid

» The examples confirm the possibility of further use of the software
complex in the design and modernization of various computing
infrastructures for megascience projects.
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