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@AV CopepxaHue

“llpeducnosue
"1Ymo makoe CCL(DAQ)?

- Obuwas cxema
10OcHosHbIe npuHyunsl CCL
— Ouugbposka (digitization), 3adepxka (latency)
- Mepmeoe epems (dead time), paspasHusaHue (de-randomization)
'MacwTabupoBaHue
— UTteHne gaHHbIX (readout) n noctpoeHue cobuiTnin (event building)
— WwuHbl n ceTn (buses & networks)

1Cpaenan cam
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[lpeoucnoBue

COop AaHHbIX He SBMSIETCS TOYHOU HAyKOWU. JTO «anXuMus»
3NIeKTPOHUKUN, KOMNbIOTEPOB, ceTeu, (hM3UKU U ... onbiTa (BKNOYanA
«XaKepCTBO»)

e ..., aTaKXe AeHer, BpeMeHn U COOCTBEHHO nlogewn, ...

Peuyb nonageTt B OCHOBHOM O cuMcTemMax coopa AaHHbIX 3KCNEePUMEHTOB
pM3nKN BbICOKUX IHEPrumn

Llenb AaHHOM NeKUMM COCTOUT B U3NTOXXEHMN OCHOB, MO BO3MOXHOCTU
nslderas TeXHUYECKUX aeTaneu, Kotopbie oOyayT o6 bsCHEHbI NO3gHee

MaTepuanbsl n ngenm gaHHoOW nekumm nosammcTeBoBaHbl M3 Introduction to Data Acquisition
(W.Wandelli @ ISTOTDAQ2010) 1 CERN Summer Student lectures (N.Neufeld, C.Gaspar)
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Obwaga cxema

4 Tpurrep n CC[1

cncremMma

Tpurrep n cbopa
CuUrHarnbil JaHHbIX
\ Cbipble
peLleHnd OadHHblIE
TpurrepHas (raw data)
. cucrtemMa
obpaTtHas
XpaHunuwe

CBA3b

~~ MopenuposaHue
netekropa u

Tpurrepa T

PEKOHCTPYKLNSA
n aHanu3

domsnyeckme
pesynbTaThl

1 OcHoBHas ponb Tpurrepa u CCL 3akntovaeTtcs B npymemMme n obpaboTke curHasnoB C
OEeTEKTOPOB, C 3anucblo Hanbonee MHTEpPECHOU NHOoPMaLMKM HA NOCTOSAHHLIA HOCUTESb
ana ganbHenwero aHanusa (offline reconstruction & analysis)
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@ Tpurrep n CCJ

I Tpurrep:

o OTOupaeT NHTEpPECHBLIE CODLITUSA (EVENtS), U BbIKMAOLIBAET HEHYXHbIE, B PEXNME
peanbHOro BpemeHu (real time) (To eCTb C MUHUMarnbHbIMU 3a4ePXXKaMU -
latency)

] CCLO:
o CobupaeTt gaHHble OT AETEKTOPOB - YTeHue (readout)
e Bo3moxHO nHnumnpyet Tpurrep 6onee BoICOKOro yposHsa (HLT)
o Cobupaet nonHble cobbiTUs — nocTpoeHue cobuiTuin (Event Building)
o 3anucbiBaeT gaHHble (Data recording)

o [lpepocTaBnseT BO3MOXHOCTb KOHTPONS, KOHdurypaumm n HabnogeHmd
npouecca cobopa aaHHbIX (Run Control, Monitoring)
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@ Tpurrep, CCL n KOHTpOIb

- KaHanbl getekropa

PaboTtaTs!

VY VY VY VYV VYV VY VY V VY VY VY VY VY Y Y Y Y Y Y YYVYYVYYY

Peructpupytowiasa anektpoHuka (FE)

l A\ 4 A\ 4 A\ 4 A\ 4 A\ 4 A\ 4 A\ 4 A\ 4 A\ 4 A\ 4 A\ 4 A\ 4 A\ 4

....................... L | UTeHune gaHHbIx/TlocTpoeHne cobbITui

«---» [ OBbpaboTka/PunbTpaLns

«—
S  [omme orage)

quodiHOM N anHegaodNdOLNHO
7}

DAQ
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KoHuenuun CCL
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@ [Mpoctenwnas CCL: nepnoandeckmm Tpurrep

BHelwwHnn Bna

[laTyuk t

PdPusnyeckmnin

Ramt J

Jlornyeckumn

—| AU

R Obpa- —XpERvTTIE——
boTka

Tpurrep (nepvog.)

1 NamepeHue Temnepartypbl

C oUKCMpPOBAHHOM
4acToTOM

1 AU (ADC) nepesoaut

aHanoroBbI curHan B
LMdopoBoun - oundppoBKa
(digitization)

o Peructpupytowas
9NeKTPoHMNKa

« (front-end electronics)

[1poueccop BbIMOSHAET
4yTeHne n obpaboTky
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@ [Mpoctenwnas CCL: nepnoandeckmm Tpurrep

BHelwwHnn Bna

[laTyuk t

PdPusnyeckmnin

Ramt J

Jlornyeckun

—— AL

Obpa- XPaHWUnn
b6oTka e

Tpurrep (nepuog.)

N3mepeHne
TeMnepaTypbl C
domnkcmpoBaHHOU
4acToTOM

Cucrtema siIBHO
orpaHn4yeHa BpeMeHeM
0bpaboTKN CcobbLITUS

Hanpumep t=1mc gns

o AL npeobpasoBaHune
+00paboTka +3anunchb

BoioepxuBaet
~1/1mc=1kl4 YacToTy
nepeoouYyeckKkoz20
mpuzazepa

2010

BeeaeHue B cuctemnbl cbopa gaHHbiX — O.ConoBbsHOB



[TpocTenwiaa CCL: HacToALwmMNM TpUrrep

._j'

ot A

S

Tpurrep

QT’],EI,aTqMK
l

! 3agepxka
cTapT

N

\
[AnckpumnHaTop

ALIIM |«

O6pab '\ npepbiBaHWe

OTKa

,,

[]

[]

amepeHne cBoncTs
beTa-pacnaga

CobbITnsa npuxogar
AaCUHXPOHHO U
Henpeackasyemo

e HyxeH
cnanyeckunm
Tpurrep

3agepxka
KOMMNEHCUpyeT BpeMs
BbIpabOTKN peLleHuns
Tpurrepa
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[TpocTenwiaa CCL: HacToALwmMNM TpUrrep

1 N'amepeHune cBonCTB
beTa-pacnaga

e HyxeH

3agepxka

CrapTt

v

Tpurrep

cnanyeckunm
Tpurrep

T ] CToxacTu4eckmu
[nckpnmunHaTop npoLiecc

v

N

1.0

o !<Dny|<!Tyauy|M

BeposTHocTb nHTEepBana (B mMc)
MeXay cobbITUAMU Ans cpeaHen

yacToTbl pacnaga f=1kly — A=1mc

1ms Obpab [MpepbiBaHne
OTKa ‘
| YUto ecnu TpUrrep
rnpuLlers Koraa
cuctema 3aHaTa? 0.0 i i . ' ; ;
0 2 3 4 5 6 7 8
Time between events(ms)
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npOCTeVI LLIa4 CC,D, TPUITEP W NOTMKa 3aHATOCTU

SE =iy
<= 1/f=A=1Mc

1

\_/
\I/LlaTLMK

Tpurrep

l

3agepxka

CrapTt

( [ALN

~pepbiBat

1mc Obpabo )

< TKa

\ 4

G

[[OTOBHOC

JINlornka saHATOCTU

1 Jlornka 3aHATOCTH

(busy logic)
3anpeLlaer
nocTynsfieHne
TPUIrepoB BO BPEMS
0bpaboTKM CcobbITUS

Kakyto (B cpeaHem)
4acToTy Mbl Tenepb
CMOXEM MOoSTy4nTb?

« HanomuHaHue:
t=1mMc ObINoO
AOCTaTOYHO And
paboTbl Ha YyacToTe
1kly C
nepuoanyeckum
TPUITEPOM
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@ MepTBOe BpemMa 1 apPeKTUBHOCTL (1)

Define v as average DAQ frequency

vT — DAQ system is busy - (1 — v7) — DAQ system is free
. f

B 1+ fr

NSG/UGd 1
= = < 100%
‘ Niot 1+ fr ’

fl—vr)=v —v

1 Onpegenum MepTBoe Bpems (d) Kak OTHOLLEHUE MeXay BpeEMEHEM Koraa
cuctema bblfia 3aHATa U NoNHbLIM BpemeHeM. B Hawem npumepe d=0.1%/Ty

1 N3-3a pnykTyaumm BHECEHHbIX CTOXaCcTUYeCKUM NPOLLECCOM
adppekTnBHOCTL Beceraa 6yaem meHblle 100%

o B Hawem npumepe, d=0.1%/Hz, f=1kHz — v=500Hz, ¢=50%
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)

1000

MepTBoe BpeMa n adodpeKTUBHOCTL (2)

100

== No dcl'fadtime . — 0.1%/Hz
= 0.1%/Hz 90 - — (0.5%/Hz 1
s00l L = 0.5%/Hzf X ol
lV =
3 14+ f7 ' 70|
> 600 f Rl q
< L? E 60 |-
£ ,o" S sof
3 400t o’ i
g "I‘ a0t
'f" 30_
200 .’
2 20}
0 . : ! L 10 L 1 I L
0 200 400 600 800 1000 200 400 600 800 1000
Input frequency (Hz) Input frequency (Hz)
1 Ecnn Mbl XoTuM nonyuntb v~f (e~100%) — ft<<1 — 1<<A
e f=1kHz, €=99% — 1<0.1ms — 1/t>10kHz
1 YT10bbI CnpaBnTbCA C (bJ'IyKTyaLI,I/IFlMVI YaCTOTbl NOCTYMIMeHnd CurHalia, Mbl
O0mKkHbI crnpoektupoBatb CCJL ¢ 3anacom B 10 pa3. 910 04eHb HEYA06HO!
Mo>kHO N 0bonTn aTo TpeboBaHme?
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[MpocTtenwaa CCL: pa3paBHMBaHME

.."f

AT f=1kly "1 Ouepenb (First-In First-
e 2 1/f=A=1McC Out — FIFO)
r\\Tjﬂ,aTHMK p « BydepHas 30Ha
opraHv3oBaHa B Buae
Tpurrep ouepeny
‘ 3anep>|<|<a o [nybuHa: uncno ayeex
. 3anyck « BbinonHeHa B
AL f «xenese» (HW) unu B
y 3aI'IOJ'IHeHJ O (QUAN
=0 e-@eeRRE
3aHATOCTM _#@@@@,@@@_,
- [oTOB
Ob6pab 1 Ovepenb FIFO pobasnser
OTKa AOMNOJIHUTEJIbHYIO 3a€EPiKKY

v Ouepenb FIFO nornowaet u crnaxmneaeTt BXOAHbIE %

donykTyaumm, un BelgaeT pa3poBHeEHHYo (De-randomized)
W BbIXOZHYIO YacTOTy
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Pa3paBHMBaHMeE:. TeopUda ovepeaen

10{) - T T T
B Sey . T, }\«
.‘** - e 35‘:}:2:; 1
- - = Ep =

90 | . i

*a «+ depth=10 FIFO

b
. depth=50 |
80 - A T
L3
701 Tenepb Mbl MOXeEM
%;, AOCTUTHYTb

60 | 9P EeKTUBHOCTH

| FIFO ~100% ¢ T~
sol T, -

"""" o YMepeHHbIN
T, pa3mep Gydepa
a0 -
3P0 0.5 1.0 15 2.0
T/ A
AHanuUTnyeckme BblYUCIIEHUA BO3MOXHbI TOSTIbKO AJ19 OYEeHb MPOCTbLIX CUCTEM. g
B ocTanbHbIX cnydasx TpebyeTca TwartenbHOe MoaennpoBaHme. §
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Pa3paBHMBaHWe: 3aKno4YeHmne

55 f=1kHz "1 MoHO A0CTMYb NOYTK
S 1/f=A=1ms 100% 9 dHEKTUBHOCTHU U
Sl MWHMMaIbHOrO MepPTBOrO
\l/ﬂ.aT“WlK - BPEMEHW NPpU YCrnoBum
Tpurrep
o AUl moxeT paboTtaTb
‘ 3agepxka 4 Ha yacToTax >>f
3anyck /, e YacTtoTa 06paboTku
AL | . y OvickpyMUHaTO HaRHb ~] P
. AnoNHEH | 1 FIFO otpenser
FIFO —— | Noruka BbICTPOAENCTBYIOLLYIO
(and | 3ansaTOoCTM
PEMMCTPUPYHOLLIYHO
foToB ol >_I ANEKTPOHUKY OT
O6pab 00paboTKM AaHHbIX
OTKa o  MuHMUMU3MPYET YMCNO

6bICprIX KOMIMOHEHTOB

1 MO>»HO N 3aMeHUTb

- 3agepxky Ha “FIFO”?
g o AHanoroBble 3a0epXKKu
— LLINPOKO

NCNOJIb3YHTCA Ha

akcnepumedTax | HC
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[TpocTteniuaa CCL: pexum konnangepa

;ji
C?f »

U 4yacTtoTa
CTonkHoBEeHUS

{ Hecyuwas

—

—

4 :

T
F purrep
AuckpnmunHaTop

EIEO 3anosnHeH

[loTOB

Obpab
oTKa

(., INoruka

CTOnNKHOBEHUA YacTuL,
CUHXPOHHbI (C 3adatoLLen
4aCTOTOMW)

Tpurrep oTbpackbiBaeT
HENHTEPECHbIE CODbITUSA

[laxke ecnn cToONKHOBEHMUS
CUHXPOHHbI, TO TpUrrepa (T.e.
XopoLume codbITUS)
Henpeackasyembl

Heobxoanmo
paspaBHuBaHue (de-
randomization)
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[MlpocTenwiaa CC/l: bonbLie KaHarnos

N kaHanoB N kaHanos N kaHanoB

A V;V

Obpab Obpab Obpab

OTKa

v [ADC I+ [ADC T (l Tpurrep l

OTKa OoTKa
Bonbluoe yBenmyeHne ymcna KkaHanos
TpebyeT nepapxm4eckon CTPYKTypsbl
Obpab cucTemMbl cbopa gaHHbIX
OTKa
XPaHNITNLLE
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=\

KpynHaa CC[L: cocTtasnatoLime

N channels N channels N channels
v;v
! ¥ ¥ »
ADC 1+ [ADC B [ADC I+ Front-End |
Proces Proces Proces Read té
sing sing sing eadou
Event Building |
Proces e |
sing Filtering §
storage Data-Logging

bydepusauuns
/ ouncbpoBka

|

YteHnne /
dopmaTtupoBaHue /
bydepusauyms

Cbopka /
bydepusauymd
COObITUN

[lononHUTENBbHbIN
oTbop /
bydepusauymsa

BpemeHHOEe xpaHeHune
/ nepegaya ang
aanbHeuwen
0bpaboTkK
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@AV Tononorua cuctem coopa gaHHbIX

1 YUTeHune unu NnocTpoeHne cobbITUN N3 MHOXECTBA KaHanos TpebyeT
MHOXX€CTBO KOMIMOHEHTOB

1 B gnsaunH Halwlen nepapxmdeckon cuctemol cbopa gaHHbIX CTOUT 406aBUTb
«CTPOUTESNbHbIE DIIOKN>

e Hanpumumep. Kapkachbl, BbIMUCITUTESIbHbIE Y3I1hl, ...

1 Kak opraHnsoBaTb CBA3M BHYTPU N Mexay briokamn?

1 [1Ba OCHOBHbIX Knacca: wuHa (bus) n cetb (network)

N

N
000000 O e
— — P
— @ O6paboTumk
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@‘ LLnHbI

1 Mpumepsl: CAMAC, VME, PCI, SCSI, Parallel ATA, ...

1 YcTpouctBa coeuHeHbI 0bLLEN LLUIMHOW

e UlnHa — Habop NpoBOAHMKOB

o OOwas wnHa nogpasymeBaeT apbutpax

1 YcTponcTtBa MOryT BbITb MacTepoM UMK NOAYNHEHHbBIM

1 YcTpomncTBO MOXET ObITb apecoBaHO (O4HO3HAYHO
NOEHTUMPUUNPOBAHO) Ha LUMHE

Slave Master
) )
Device Device Device
1 3 4
J J

Data Lines

Select Line
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CBoucTBa LUUH

)

"1 pocTtoTa ©

dunkcnpoBaHHOE YMNCNO NUHUK (LLMPUHA)

YcTtponcrtea gOMKHblI COOTBETCTBOBATbL XXECTKO onpeaerieHHbIM nHTepdencam

- MeXaHU4YECKNM, SJNTEKTPUHECKNM, ...

1 Tpobnembl MacuTabnupoBaHus ®

[MponyckHasa cnoCOBOHOCTL AeNUTCS MeXay YCTponcTBamum
MakcmanbHaga WmpuHa 4OBOMbHO OrpaHnYeHa
MakcumanbHaga YacToTa WKHbI 06paTHO NponopUuoHanbHa ee afnnHe

MakcumanbHoe 4yncrno yCTpOVICTB Ha WnHEe 3aBNCUT OT ee OJINHbI
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BeeaeHue B cuctembl cbopa gaHHbiX — O.ConoBbsHOB

24



CBoucTBa LUUH

B nanbHen nepcnektuee, apyrme “odoekTbl” MOryT OrpaHnYmMTbL MacLLITabnpyemMocTb
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Cetn

-1 MNMpwumepsl: Ethernet, TenedoH, Infiniband, ...
1 Bce yctponcTtea pasHbl

1 YcTponcTtBa o0LLaTCs Hanpsamyro apyr ¢ Apyrom
e Het apbutpauyumn, ogHOBpEMEHHOE B3anMOaencTeme

1 YcTponctBa 0OMeHNBaKOTCA COODLLEHUAMMN

1 B KoMmyTMpyemMon ceTtun, KoMMyTaTopbl NepenatoT
Ccoo0LLEHMA MeXay OTrnpaBuTeNeM u1 rnosiyyartenem

e Haxoodart npaBUnbHLIA NYTb

o CnpaBnstoTca ¢ “3aTopoM” (ABa coobLEHNSI OOQHOMY
nonyyarento OAHOBPEMEHHO)

— YAMBUTENBbHO YTO KITHOYOM K yCrexy 1 TyT aBnsieTcd
bydepunsaums...

Bnarogapst aTum xapaktepuctmkam, ceTy xopoLo MmacwtabupytoTted. OHKM ABRSOTCS
OCHOBOW (KPOBEHOCHOW cuCTEMOM) cucTem cbopa aaHHbIx Ha LHC.

esamreseRTARR e

(\®]
@)
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Coenan cam
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@ HanyTtcteusa ctpoutento CC

1 N3y4yeHmne xapakTepucTuk Tpurrepa.

o [lepuognyeckum nnm CToXacTUYECKNUN - MOCTOAHHBLIN UITN «CryCTKaMu» - OTCEMBAHNE U
BblOOpKa

1 Heobxogumas apdeKTUBHOCTb
e XOpoLo NMeTb 3anac, HO CANLWIKOM BonbLLIOW pa3mMep crnegyeT nsderatb

1 Cnepnyet onpegennTb UCTOMHUKN ONYKTYyaUnnM 1 YCTaHOBUTb aaeKBaTHbIE pa3mepbl
bydepusaymn.

e BHumaHue: (,D,eTepMI/IHI/IpOBaHHbIe) CI1OXHbl€ CUCTEMbI BHOCAT CBOU CbﬂyKTyaLl,I/II/IZ
MHOIonoTo4HbIE MNMpoLueccChbl, ceTeBble COEANHEHUA, ...

"1 MNopxopsawmin 6ydep 3To HebBonbLon bydep.

o bonbwon 6ydep genaet cuctemy MeHee CTabunbHON U MEHEE OT3bIBYMBOWN,
noaBEPXEHHOM K KonebaHusim. B obwem crnyyae yxyawaeT HageXHOCTb.

1 Yem npolie n MeHbLle cBOOOAHbIX MapamMeTpoB TEM NyuLLe.
"1 PeweHune npobnem TpebyeT HaCTONYNBOCTH

e QOueHb peakun cbon B cucteMme MoOXeT OblTb CUMATOMOM ropasao 6onbLmx Nnpodbnem

1 B nwbom cnyyae, ...
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