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Distributed data acquisition,
storage and processing centers
(DDPC)

» Geographically distributed
infrastructure.

. » Designed to work with
extremely large amounts of
data.

» 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
(DDPC)

Important! The systems must
guarantee high-quality and
efficient operation.

How o ensure
continuous
improvement and
scaling of DDPC?
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Distributed data acquisition,
storage and processing centers
(DDPC)

Important! The systems must
guarantee high-quality and
efficient operation.

Digital twin
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Digital twin (DT)

Real-time operation throughout the entire DDPC life cycle.

COMPUTER MODEL FUNCTIONAL PURPOSE

ST —

—

» Designing of DDPC.

» Analysis of the efficiency and
reliability of DDPC.

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

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

> Characteristics of data flows and > Checking jobs flows management
jobs flows. strategies.
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Software complex for creating
digital twins of DDPC

Modelling core Web-service

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

Database

eqmpmen’r
conﬁgurohon

data flow and
job flow parameters
simulation results

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

» Used for design tasks, data center Stable core for /\
: : : transferring and | >
SCO|II’19. during operation, processing data| H%
searching for problem areas modelling |
when data flows and jobs flows ~ 2
\S\
change. = °
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Building the DDPC structure

Setting the parameters of the DDPC
equipment
\
Setting characteristics of data flows and
jobs flows

Configuration of DDPC scaling scenarios

Starting the digital twin

/
Viewing the results of the digital twin
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Unbposon pgBomHuk PLO/A

[MocTpoeHue UHOPACTPYKTYPH
ueHTpa cbopa, xXpaHeHUsi U 06pabOTKM [gaHHbIX
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Unbposon pgBomHmk PLOA BM@N

MocTpoeHue MHOPACTPYKTYpPSI
ueHTpa cbopa, XpaHeHus M 0bpaboTKM [aHHbLIX

E E

* OnNUcaduwe: N
.L = Y NexsepaTop BMYMMCNMTENbHARA XpaHunume PoOBOTHIH |).JE'I HHaR

on facility ; -
= - Y ) AaAHHLX KOMNOHEHTA [ AHHEX GubnuoTex

¢« CpefiHAA CHOPOCTE FeHepaUMH JaHHBX 750 |WE'L

fobamuTe yCTpoORCTBO

HacTpoiika 6aszosol WoWpWrypauuw oSopygoBaHua

« QBR3aTensHOS NONe ANA 3aANOAHEeHWA

Input parameters for the
data generator:

- name;
- description; @
- average data generation

rate (MB/sec).



Unbposon pgBomHmk PLOA BM@N

[NocTpoeHne WHDPaCTPYKTYPS.
ueHTpa cbopa, XpaHeHUss U 0O6paboTKM AaHHbIX

HacTpodka GazoBoW wowdurypauywn obopynoBaHHA
GE'EI#:'I'L—’.'Z:H:JP none gn\e 2an0nNHeHnA

e [kl
o HazpaHHe*; - E@ -
| NCX LHEP | ararato gEIII ® » Hi
. ) ~ 2 = ¥ MeHHE

* OnucaHdue: : B
= = . BeMHCNUTENbHAR XpaHHnume FODOTHIWpOBaAHHARA
HED madm Foes -
[ LHEP ma - | HOMNOHBHTA DAHHEX GubnuoTexa

= HonuyecTeo Agep: | 188

AoGaBHTe YCTPOHCTEO

)

Input parameters for the frgger

computing component:
- name;

- description;

- number of cores.




Unbposon pgBomHmk PLOA BM@N

[locTpoeHune UMHPPaCTPYKTYP.
ueHTpa cbopa, xpaHeHna n ob6paboTKM AaHHbIX
HacTpodka Gazopod KowdHrypauww obopypoBaHMA

n G:"?i 2aTensHoe nNone ANA 2aNoNMHeHMUA N
<z AE ||
Crmi M
* HazeaHues: ol Eﬂw 4 B
[ EOS GRS gg . XPAHUTE

* OnucaHwe: . -
- = . redepartop BuuyMCcnWTENRHARA Xpauunume POLOTHIHpOBAHHAR
GubnuoTexa

Main storag
| lain storage | [ AHHEX HKOMMOHEHTA AAHHBIX

JoBaeuTe YCTPOHCTEOD

NCX LHEP

Input parameters for the Tigger @
data storage:

- name;

- description;
- volume (TB).




Unbposon pgBomHmk PLOA BM@N

MocTpoeHne uHGpaACTPYKTYpPH

ueHTpa cbopa, XxpaHeHMa N 0b6paboOTKM [aHHbIX

=
=

Z | :

@ : -jl 1

_, . ,";'\l-_'_ COXpaHuTE
2 2 usobpaxenne

NCX LHEP

Buffer

Tier LIT

EOS

PepaKTHupoBaTe WHHPACTPYKTYPY

HacTpouTe HacTpoMTeh
NOTOKH AaHHbLIX NoTOKW 3apad

Coapate undpoBOH ABOHHMK

HacTpoRKa KaWanoB CBA3MW

« QBAzaTensHoe None ANA 3aNoAHEHHA

I.".-.;:'::l—.-. b | LY
AobaBuTe

Input parameters for the
communication link:
name;

description;

objects to connect;
bandwidth (Gbit/sec).



Unbposon pgBomHmk PLOA BM@N

MocTpoeHne WUHPPaCTPYKTYPSLI
ueHTpa cbopa, xpaHeHua M o0BpabOTKWM [aHHbLIX

PepakTHpoBaTe WHHPACTPYKTYQY

T ( - 2|
, . HacTpoute ; HacTpouTe
ol 3" ah
= - F Xo o= COXDAHMTD KaHans CBA3M Mo NOTOKW 3apas4
I =
O S s nzobpaxeHue

CoapaTe UMDPOBOW ABOHHMK

HacTpoWKa NOTOKOB [aHHMX

+* ObRzaTensHoe None ANA 3aANONHEeHWA

NCX LHEP

Buffer

Input parameters for the

data flows:

- name;

- description;

- data fransmission
channels;

- the amount of data to
transfer (%).

1076/c 107T6/c Tier LIT

101o/c



Unbposon pgBomHmk PLOA BM@N

[locTpoeHue WHOpPaCTPYKTYpPb
ueHTpa cbopa, xpaHeHua M 06pabOTKM AaHHbLIX

PepakTHpOBaTE MHPPACTPYHTYPY

r | Tt gl : H H T
. : : 'rj' ACTRPOHNThL dCTPOMTh
""E% w = '4:.\-:"' COXDaHHTE KaHans CBA3IW NOTOKH OAaHHBX
I =] 3 1e
= Sl

CoaaaTe UMPPOBOH ABOHHMK

HacTpoRHa NOTOKOB 3agavd

ﬂﬂﬂ!ﬁ;

+* DGAzaTensHO® NONe ANA 3AN0NHEHHA

NCX LHEP
| IBd
|I'I Raw t
| BaeMeX O3aHH | r W

06 nil LaHH an il [ ae ] b

Trigger Buffer fun pesynuTHpyouwHX gawkexs: | ' : —
1076/c Tier LIT » OSvew suxopsux pamaixe: (1] re
L eg 124 3 |

- type of output data;

g UPIUI [PELEIRIELELS - output data volume;

type of data to be

for the jobs flows: processed; :

. : - average job
- name: input data volume completion fime:
- description; for the job; b '

- number of jobs.



Unbposon pgBomHmk PLOA BM@N

[locTpoeHue WMHOPaACTPYKTYPS.
ueHTpa cbopa, XpaHeHUa U 06pabOTKWU gaHHbIX

PenakTHpOBaTh WHYPACTPYKTYPY

o _ —_
- - o
= | Ze HE
e . 2 HacTpouTe HacTponTe HacTpouTe
il 5 a ah
_u& E__ ' 3 'd:\él COXDEHNT B KaHane CBA3MW NOTOKW AaHHbIX noTOKK 3apad
\‘___",.l-.—'

Haobpaxkenune

Co3paTe UWDPOBOW OBOWHMK

NCX LHEP

Trigger Buffer

1076/c 10T6/c Tier LIT

1016/c



Unbposon pgBomHmk PLOA BM@N

JKCNEepUMEHTHI

EPDUMENT MNKU A0DIBLTE HOBHKWM IKCNEPUMEHMT ANA NOMCKA ONTUMANLHOM KOHOMIypauuw

To start the digital twin:
- add an experiment;
- configure parameters for DDPC modeling.



Unbposon pgBomHmk PLOA BM@N

ﬂOﬁBBﬂEHHE SKCNepuMeHTa
3anonHuTe nons dopMsl, 4To6s A06ABMTL HOBHI 3KCNEpPUMEHT ANA MOMCKa ONTHUMAanbHOW KOHPUrypauwu oBopyAoBaHUA
* OfAzaTensHoe none 4Ns 3anofHeHus

HazeaHue 3KCnepuMeHTa *

Test 1

OnucaHue 2KCnepuMeHTa

MoOWCK ONTUMANLHOrO KONWYeCTBa PecypPCcoB ANA XpaHeHWa AaHHbIX

NapameTpsl MOAENUPOBAHWA

=~

J
=3
£

s [IDOJOAMHTEALHOCTE PaboTe MOZESNHPYEMOH MHEPACTPYKTYDH —[

* Yoxppedue fpoyecca MogenHdposaHna B 100 ] pas.

NapameTps NorMpoBaHWsA

EﬂGEpATe 06LeKTH WM CoBHTHA, © HKOTOPHX HeoBX0oAUMO COXPaHATL M4¢GPH3LAH BO EBpeMA MOOenMPpOBaHWA

* OOBLEKTH MOGEAMPYEMON HHPPACTPYKTY D

v Xoawnnma gansix Parameters for modeling:
BelsUCAUTENbHIE KOMTOHEHTS - experimenf name:
- description;
T I - duration of DDPC work;
. B - speed up of modelling;
. patora ¢ warinaw - objects and events for logging.

FeHepayws, 2anyck, BLIOAHEHHWE 33gaq

foGaeuTte O4MCTUTE

OTMeHa



Unbposon pgBomHmk PLOA BM@N

JKCNEepPUMEHTHI

Aara cospaunn: 9 mapra 26023 r. 15:04

Test 3
NccnepoBaHMe 3arpys3ku KaHanos CBA3M

Aara cosgannn: 7 gespana 2023 r. 16:42

Test 2
MOWCK ONTUMANLHOrO KONWNECTBA BHYUCNHTENLHHX pecypcos

Aara cosgannn: 7 ¢espans 2023 r. 10:38

Test 1
MOMCK ONTUMANBHOrO KONWYECTBA PEeCypCoOB ANA XPAHEHHWA [RAHHHX

Adara cospaunn: 7 gespans 2023 r. 10:36




Unbposon pgBomHmk PLOA BM@N

WHbopmayna ob sKcnepumeHTe

-

fJata cozganua: 7 geBpans 2023 r. 10:36

HazBaHue 3KCNepuMMeHTa Bazoean KoHDUrypauus

Test 1
XpaHunuwa [aHHHbIX

0 T T e e e T T P EE P LR EE T
HCAHUE SKCnepumenTa - HazeaHue Onucanmne 06vem (TB) .
MNoMCK ONTUMANLHOMO KOMWYEeCTEBA pecypcoB ONA XPaHeHWA JaHHEX H trigger Trigger BMEN 10000,0 .
H Data receptipon :
NapameTpu MOgEnWpPOBaHWA E buffer el 5400,0 0
- buffer .
I ; ) ; o ) 5 eosLlhep Main storage LHEP 1000,0 5

* [IPOAOMKHTEALHOCTEL PaboTel MOAEAMPYEMOd HHPPACTpyKTYps — 808 4.
H eoslit Main storage LIT le66,8 :
* VYcxopedWwe npoyecca MojenuposadHus B 1000 paz. . deach 1000,0 .

MNapaMeTps NOrMpoOBaHWA
BelYMCNUTENbHBE KOMNOHEHTE

s O6BEKTH MOENHPYEMOH HHEpPacTpyKTypsl . HazeaHnne OnucaHue Konuyecteo spep :
Ld Xpanunniga JaHHblX s t2lit LIT T2 farm 500 :

R ) o g ncxLhep LHEP main farm 1200 .

BuIYHCAHTENBHEIE KOMITOHEH TH I i

H super Govorun 196 .

KaHans cBa3u

KaHane cBA3W

. LOUHTjH i : . o MponyckHasn :
FeHepayma JaHHbIX : a3BaHue nucaHue .
pauka A " 8 cnocobHocTe (M6/c) =
L MoTepr gaHHbx 5 rawd trigger - buffer 180,0 5
4 PaboTa c© dadnamm ' et uffer - 1th 10,0 i
5 rawz buffer - 1it 18,0 5
.'_Ef-.-'ep.:?ubm_. 33NyCcK, BHNOMHEHHE 3agaq . CDmputeG '|_hep - farm ]_he.p lE|’E| H
5 computel lit - Govorun 18,0 5
5 compute? Lit - farm 1lit 18,0 5
MNocMoTpeTs pe3ynbTaThl - -
5 dataeosLheplLit eoslhep - eoslit 18,0 5
5 dataeosLitLhep eoslit - eoslhep 18,0 5

BufpaTk Opyrod 3KCNepuMeHT

JoBaeuTe mMogubpMKaL Ui



Unbposon pgBomHmk PLOA BM@N

JobaBneHne mognpukaumu gna skcnepumeHTa Test 1

MameHuTe 3HadYeHus Baz0B0d HOHPUrypauWmu W coxpaHuTe MmoguduHayuio

XpaHunuwa AaHHHLIX

HazeaHue Onucanue 06wvem (TE)
trigger Trigger BM@N 10060
buffer Data receptipon buffer 5400
eoslhep Main storage LHEP 18060
eoslit Main storage LIT 1860
dcach pp 10600
BolHMCNUTENbHbBIE KOMOOHEHTE
HazeaHue Onucavue KonuuyecTBo apep
t214t LIT T2 farm 500
ncxlhep LHEP main farm 1200
super Govorun 196
KaHans cBA3MW
HazBaHue OnucaHue MNponyckHaa cnocobHocTe (I6/c)
rawd trigger - buffer 160
rawl buffer - lhep 1@
raw2 buffer - 1it 16
computed lhep - farm Llhep 1@
computel 1it - Gowvorun 1@
compute2 Lit - farm 1it 1@
dataeoslLhepLit eoslhep - eoslit 1@
dataeosLitLhep eoslit - eoslhep 1@

CoxXpaHuThb

OTmeHa

OY4MCTUTE




Unbposon pgBomHmk PLOA BM@N

VHbopmauua o6 akcnepumeHTe

fdara cosgawuA: 7 despans 2023 r. 10:36

HasBaHue 3KcnepuMeHTa BazoBas KoHpMrypauus Cnucok mopuduraumi
Test 1
XPaHUNMLA OAHHHBIX . c faTa
ONMCAHNE SHCTIEDUMEHTA T e R e T e e e T R e EET e ET e e EE LT PEPPEOP TaTyc
P . Hazeanue Onucanue 06vem (TB) : ofHoBneHMA
MoucK OMNTUMaNLHOrO KOMMYMECTEa PEeCYpPCOB NS XPaHEeHMA QaHHEIX A trigger Trigger BM@N 10000,0 A 9 MapTa
0% PRI n e e
MapameTpu MOgenupoBaHMsA buffer 5400,0 Taee
buffer 14:52
. . = eoslhep Main storage LHEP 1060,0 10 mMapTa
s [IpOJonKHTENLHOCTE PaboTe MOQENHPYEMOH HHPPACTPYKTYps — 800 4. - ~
eoslit Main storage LIT 1000,0 = 15 DONE 2023 r. MpocmoTp 3anyck PeayneTaTtsl

* VCKOPEHME MPpoyecca MojenupoBaHia B 1000 pas. dcach 1000,0 19:18

MNapameTps NOrMpoBaHWs

BHIMMCAWTENBHEE KOMMOHEHTHI
s OBBEKTH MOgENHPYEMONH HHEDacTPyKTyps HaseaHue OnucaHue KonuyecTteo spep -
v Xpanunuya [aHHex g t21lit LIT T2 farm 508 H
BLYHCANTEALHEE KOMIOHEH TS CHEERuo D i 200 S' |-|- f ”
’ B HE 7 Y
e 00T 2 oIMulitaneous run or a

KaHnansl cBA3H

KaHane cBa3u

modifications is possible

. Coburina
- ! MponyckHas
v FeHepayna [aHHeX Haaeanue Onucaune ST (T
Ll foTepu AgaHHLX g raw@ trigger - buffer 100,0
7 Pasora ¢ gainamn g rawl buffer - lhep 10,0 g
g rawz buffer - it 10,0 g
:’_E'HE'IDL-?LMH_‘ 3anycK, BHNOAHEHWE 33434 . compute@ 'Lhep - farm 'Lhep lB,G .
g computel 1it - Govorun 10,0 g
g compute2 1it - farm 1lit 10,0 g
MocmoTpeTe pes3ynbTaTh - -
dataeosLheplLit eoslhep - eoslit 10,0
dataeosLitLhep eoslit - eoslhep

BuGpaTe Opyroid 3KCNEepUMEeHT

fo6aeuTe MopgudukaLul




Unbposon pgBomHmk PLOA BM@N

PeaynbTaTh 3kcnepumeHTa Test 1

BufepuTe BKNAAKY ANA NPOCMOTPa pe3ynLTaTos

[ XpaHunuLLa AaHHLIX BLIYMCNUTENLHBIE KOMNOHEHTLI Kanans! ceasu Ouepenu 3anady Pacnpenenexua gainos ]

Harpy3ska Ha kaHan ceazu compute0 Harpy3ska Ha KaHan ceAzu compute2

60
——— modification: 35022

50

40

ré/e

30

10
MMMWWW M _uarh
: NI WAV P TAN VI e NG

L
5 10 15 20 25 5 10 15 20 25
Bpema (4) 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.



Example of software complex
application

BM@N computing infrastructure (Run 8)

Experimental data acquisition Running experimental data
and storage processing jobs
NCX LHEP
Trigger Online EOS

BM@N storage

Tier LIT
from

04.07.2023 10TH INTERNATIONAL CONFERENCE "DISTRIBUTED COMPUTING AND GRID
ety TECHNOLOGIES IN SCIENCE AND EDUCATION" (GRID'2023)



Example of software complex
application

BM@N computing infrastructure (Run 8)
Experimental data acquisition Experiment description

and storage = Duration = 750 hours
= Trawfile=15GB

Tasks

1. Find the amount of resources
that are needed to store all raw-
data on the Online storage.

Trigger Online EOS
BM@N storage

2. Find the number of raw files in
the EOS storage.

10TH INTERNATIONAL CONFERENCE "DISTRIBUTED COMPUTING AND GRID 24
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Example of software complex
application

BM@N computing infrastructure (Run 8)

Experimental data acquisition Experiment description
and storage

Duration = 750 hours
1 raw file= 15 GB

Results

Trigger Online EOS
BM@N storage

= 125000

raw files

Total data volume on the Data reception buffer (Buffer) ~ 8 O Distribution of Raw Files on the EOS LIT
1. i = 1 850 TB 2.
1750 . 12000
in 750 h

1500 10000 -

-
N
wu
o

8000 -

Failure-free operation
of the data generator

1000

500 /

Frequency

6000 4

~
u
o

Data volume (TB})

—— Distribution curve
--- Mean value
[ Histogram of a random volumes

uniform
o] 100 200 300 400 500 600 700 d iSTri b U Ti O n 0" 0.000

Time (h)

0.005 0010 0015 0020  0.025
Data volume (TB)
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Example of software complex
application

BM@N computing infrastructure (Run 8)

Experimental data acquisition Experiment description
and storage

= Duration = 750 hours

Trigger Online EOS = JTraowfile=15GB
BM@N storage

Results

= 29 241

raw files

Distribution of Raw Files on the EOS LIT

1 437 1B 2. ..l | —

. / e 3000 T
400 / N ' -
e /'/ The probability of
s stopping (failure) of the  §uw:
: yd data generator —80% !

// U n iform E EE%E:\EEQO::F:ndom volumes
0 0 100 200 300 400 500 600 700 d is-l-ri b U Tio n ’ 0.000 0.005 O.UllU 0.[;15 0.620 0.025

Time (h) Data volume (TB)
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Example of software complex
application

BM@N computing infrastructure (Run 8)

Experiment description Running expe.rimc.ental data
= Number of jobs — 31 306 processing jobs NCX LHEP
= ] raw (input) file = 15 GB; 1 digit (output) file = 800 MB .

= Time to complete a 1 job =2 500 cek
Tasks
1. Find the total execution time of all jobs.

2. Calculate the load of computing resources
during the execution of jobs.

9y
&

3. Calculate the load of communication links. -~
S

Tier LIT

from
200
to 1500
cores

10TH INTERNATIONAL CONFERENCE "DISTRIBUTED COMPUTING AND GRID 27
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Example of software complex
application

BM@N computing infrastructure (Run 8)

Experiment description Running expe.rimc.ental data

= Number of jObS - 31 306 processing JObs NCX LHEP

= ] raw (input) file = 15 GB; 1 digit (output) file = 800 MB .

= Time to complete a 1 job =2 500 cek cores

Results
1. Processing time of all jobs = 35 hours
Tier LIT
~ 26 542 jobs (85%)

2 200 Tier LIT

1000 NCX LHEP from
~ 4 763 jobs (15% =

0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 cores

Time (h) Time (h)

10TH INTERNATIONAL CONFERENCE "DISTRIBUTED COMPUTING AND GRID
04.07.2023 28

TECHNOLOGIES IN SCIENCE AND EDUCATION" (GRID2023)



Example of software complex
application

BM@N computing infrastructure (Run 8)

Experiment description Running expe.rimc.ental data
= Number of jolbbs — 31 306 processing jobs NCX LHEP

= 1 raw (input) file = 15 GB; 1 digit (output) file = 800 MB

. . 100
= Time to complete a 1 job =2 500 cek cores
Results
2. Use of computing resources
Occupied cores on the NCX LHEP Occupied cores on the Tiers LIT
NCX LHEP Tiertit —
(100 cores) 1 "|(from 200 to 1500: cores)
2 201 2 600 | T'ier LT |
400 1 : from
] 200 ook L 200
to 1500
% 5 10 15 20 25 30 35 °% 5 10 15 20 25 30 35 cores

Time (h) Time (h)
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Example of software complex
application

BM@N computing infrastructure (Run 8)

Experiment description Running expe.rimc.ental data
= Number of jobs — 31 306 processing jobs NCX LHEP
= ] raw (input) file = 15 GB; 1 digit (output) file = 800 MB .
= Time to complete a 1 job =2 500 cek cores
Results
3. Load of communication links
. to NCX LHEP to Tier LIT
10 (5 Gbit / s) =1 from 10 Gbit /s

il to 70 Ghbit/s)

2 N Ll P ’ Tier LIT
Y | " from
21 201 200
. | | | . . . | . to 1500

0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 ES
Time (h) Time (h)

cores

10TH INTERNATIONAL CONFERENCE "DISTRIBUTED COMPUTING AND GRID
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Conclusions

> A prototype of a software complex has been developed to create
digital twins of distributed data acquisition, storage and processing
centers:

database;
modelling program (successful approbation);

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

» Approbation during the construction of the distributed computing
infrastructure of the BM@N experiment of the NICA project.

» The modeling program takes info account:
the probability of failures and changes in equipment parameters;
requirements for stored data flows;
requirements for data processing jobs flows.

» Planning to use other experiments of the NICA project for the
design of computing infrastructures.

This work is supported by JINR grant for young scientists No. 23-602-03.
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Implementers
a web service prototype
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Monitoring VS Digital Twin
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= Non uniform distribution.

= No datais received at all by some periods. >
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Monitoring VS Digital Twin

o . NCX LHEP
NCX LHEP (100 cores) Processing time of all jobs = 35 h ey jobs (15%)
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Monitoring VS Digital Twin

Stacked transfer speed
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= AvgQ. data transfer rate to to NCX LHEP to Tier LIT
NCX LHEP = 4 Gbit / s (5 Gbit /s) (from 10 Ghbit /
= AvgQ. data transfer rate to i1 1o 70 Gbit /s)
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