TeHneHIUA K
peanunsanuu CC/ o
cXxeMe 0eCTPUTTEPHOTrO
YTeHUs B COBPEMEHHbIX
SKcrepuMeHTax P4

Bcé nuwem, noske otbupaem.

ooooooooooooooooooooooooooooooooooooooooooo



BBeneHue

» B noarotoBke coBpemMeHHbIX akcnepumeHToB no @B (NICA SPD, LHC LHCb,
GSI — PANDA, CBM, NUSTAR, HL-LHC) peanusauma paboTbl ¢ AaHHbIMU B
cucteme cbopa gaHHbIx (CCA) ocywecTBnaeTca No HOBOWM CXxeme:

o CTaguio NPUHATUA pPeLleHMs O Mnone3HocTM cobbiTuAa otoaBuratoT Ha 6onee
NO34HWIM 3Tan — Ha NPorpamMmmHbIi ypoBeHb (firmware-software).

o Takum obpasom, cHayana Bcé oundpoBbIBAETCS, a 3aTEM OTOUpaeTcA

» 3Otomy cnocobctBoBano passutMe IT  MHAYCTPUM U TEXHONOTUM
BblCOKOMpounssogutenbHbix FPGA




3aayy JaHHOTO JOKJaJa

» O630pHbIN AOKNAA,:
O PaccmoTpeTb dusnyeckne acneKktbl Tpebytowme peannsaumm NOTOKOBOro YTEHUS;
O TMo3HAaKOMUTbLCA C KOHUEeNUMeEN 6ecTpurrepHoro YTeHus;

O [lMocmoTpeTb BapuaHTbl peanv3alnn Takol CUCTEMbl Ha NPUMepe YCTaHOBOK — B YaCTHOCTU, paboTa C AaHHbIMU Ha
annapaTHOM U copTBapHOM YPOBHE;

O MNoapobHbin pa3bop peannsaumm Ha SPD (NICA);



TepMmuHoJIOTHA.
Triggerless/streaming/free-running DAQ

» Tpurrep (Knaccuyeckoe TonkoBaHue B ®IY ¢ TOUKM 3peHMNA SNEKTPOHUKU) — nepBMUYHanA aNeKTpoHMKa (Ja/HerT),
aMNAUTYAHblE AUCKPUMUHATOPDI

» Tpurrep (c Toukm 3peHua ¢usmkm 8 ®34) — Habop KpmUTepureB NoO KOTOPbIM OTOMpaeTca cobbiTne

- Triggerless DAQ doesn't really exist

- It just means we don't trigger on the Front-end

- We need a good timing scheme to in order to match data from different
sources

- It also means we do more selection in firmware/software




-

a Cost-efficiency: 1 USD spent on an ASIC trigger board will be “active” only
during the operation of the trigger, 1 USD spent on a CPU or GPU can be
“active” round the clock

M OT H B aI_[ I/IH a Flexibility: new hard and software can be integrated without impacting the

detector or operations
 Operations: compute for filtering does not need to be “on-prem”, not operated by
\ experiment, not even “owned”

~

J

HenpepblsHoe CYNTbIBaHWE => HeENpPepbiBHaA PerncTpauma gaHHbIX. .
®YHKLMN NAPTOHHbIX pacnpeaeneHuni,

» bBan3ocTb GOHOBLIX M CUIHANbHbLIX MPOLLECCOB, a TAKKe HEBO3MOXKHOCTb oTbopa OGRS G IRCEE ROV i Il1be0

COObITUM HA anmnapaTHOM YypoBHe 6e3 npeaBapuTe/IbHON PEKOHCTPYKLUK
MMNynbca 4YacTul, U NONOXKEHUA BepwUHbl AOETeKTopa, AenatoT nNpumeHeHue OcHoBHOE BHMMaHIe yAeNeHo U3yyeHmnio
K/IaCCUYECKOMN TPUITEPHOI CXeMbl Hepeasn3yemblM. F/IOOHHOM KOMOHEHTS!

» B 2009-2011rr. 6bln0 NpeasoXKeHO MUCNoab30BaHMe 6ecTpurrepHon cuctemsl PoxpeHue YapmoHues (J/y), OTKPbITOro
cbopa paHHbIX Ana  skcnepumeHToB PANDA m CBM Ha cTpoAawemca ouyapoBaHua (D) 1 NPAMbIX GOTOHOB
yckoputenbHom komnnekce FAIR. B 2013-2014 rr. 6ectpurrepHasa cuctema cbopa |
AaHHbIX bblna npeanoxkeHa ans akcnepmmeHToB LHCb u ALICE Ha LHC. Bnepsble BbIGOP PU3NUECKOro CUrHana Tpebyet
AaHHbIN meTog 6bin peanmsosaH B 2021 r. Ha skcnepumeHTax LHCb n ALICE B PEKOHCTPYKLMM NMMYNbCa W BEPLUNHI

pamKax mogepHunsaynm yckoputena LHC gna ebinonHeHua nporpammsbl Run 3. !
BBuay CNnoXXHOCTU U LUMPOTbI N3y4YaeMbIX
npoueccoB HeBO3MOXXHO NOCTPOUTb KpUTepun
OT60pa AaHHbIX Ha annapaTtHOM ypoOBHE

SPD



MoTuBanus

» TMpumep cpaBHUTENbHOM cxembl B SPD. Free-running (Triggerless) DAQ
O MwuHMManbHas 3aJepKKa B nepesadym AaHHbIX TpurrepHas(knaccuuyeckas) DAQ Triggerless DAQ
CO CYUTBIBAIOLLMX KOMMbIOTEPOB Latoncy: | Detector |
L0:1.2us ¢
L1:7.0
» B oakcnepumeHTe SPD OTKasaiucb OT  Uaew D2 1o [ Dtz ] 5
annapatHoro Tpurrepa. B HEmM OaHHble C L4 7 3 8
[ETEKTOpa  CYMUTbIBAOTCA  HEMpPepbiBHO. ITO rigger @ M
: Readout chain
CBA33aHO C Tem, 4TO B [AHHOM 3KCMEepUMeHTe iy M
peweHne 0 3SHAYNMOCTU «CcObbITUA» HEBO3MOXHO T 4’
NPUHATbL Ha annapaTHOM YPOBHE, TaK KaK OHO X e Readout PG
3aBUCUT OT WU3MepeHUA UMMNyAbCa YacTuy W ¥
MONOXKEHMA BEPLUNHbI B3aUMOLENCTBUA. > @legon“:} | Slice builders |
Y
» B KoHTekcTe 06paboTKM [AaHHbIX — MMeTb [Subsvent Buiider] e
BO3MOXHOCTb AOCTyNa K HUM B pacnpeaenéHHoOM $ storage
ceTh (Kak K «CblpbiM» J[AaHHbIM, TaK U K ngﬁggf‘—paiqff:.gjp

0bpaboTaHHbIM).

Online Filter

Event Builder

v

‘ Storage [«—— Event buffer Storage




MoTuBanu4

LHCb : From Nico-san’s slides https://indico.cern.ch/event /1037447 / Belle Il case ... https://indico.cern.ch/event/1037447 /

Triggerless read-out: Why?

Triggerless read-out: Why? BB pair : 100%
efficiency

2 No trigger is 100% efficient, hardware triggers always have to compromise No trigger is 100% efficient, hardware triggers always have to compig This part (physics
a Atrigger-less front-end is much less complex and more robust a  Atrigger-less front-end is much /ess complex and more robust motivation) should be
2 No buffering, no selection logic, a No buffering, no selection logic, more shudicd
o Selection in “software” / using compute infrastructure from the data-centre world Q  Selection in “software” / using compute infrastructure from the data-centr¢ C
has a lot of advantages: has a lot of advantages: (low-multiplicity event 2
a  Scalability Qa  Scalability Displaced vertex ¥2
a Cost: costs in electronics are driven (down) by scale o Cost: costs in electronics are driven (down) by scale
o Cost-efficiency: 1 USD spent on an ASIC trigger board will be “active” only o Cost-efficiency: 1 USD spent on an ASIC trigger board will be “activg This Sart Is froe aven it
during the operation of the trigger, 1 USD spent on a CPU or GPU can be during the operation of the trigger, 1 USD spent on a CPU or GPU ca P . o
“active” round the clock “active” round the clock hardware trigger is still
o  Flexibility: new hard and software can be integrated without impacting the a  Flexibility: new hard and software can be integrated without impacting available 2
detector or operations detector or operations
[ Operations: compute for filtering does not need to be “on-prem”, not operated by [ |Operations: compute for filtering does not need to be “on-prem”, not operated by
experiment, not even “owned” experiment, not even “owned”

N Naiifald CERN . Trinnarlace raadnt N Naiifald CERN . Trinnarlace raadnut

Triggerless read-out: Why not?

Triggerless read-out: Why not?

Large upgrades of FEE
will be necessary.

O More data from the front-end [ More data from the front-end

3 O-suppression / compression / clever encoding required 3 O-suppression / compression / clever encoding required N
[ more links — more power, more cost, more material 3 more links — more power, more cost, more material iviore BlLEcempung
@ Cultural shift: O Cultural shift: resource, network
1 from electronics to software engineers 3 from electronics to software engineers bandwidth,
O from hardware projects to software commitments: What does your QO from hardware projects to software commitments: What does your New readout board 2
funding agency say? HGGER DAQ WORKSHOP . DEC.2,2022 21 funding agency say?

{IGGER DAQ WORKSHOP - DEC. 2, 2022 2



MINOS geTekTop B Fermilab

» [lepBble mnaen ucnonb3oBaHua notokosonm CCL noaABMAMCL Ha
3KCMePMMEHTax C HEMTPUHHbIMU AETEKTOPAMM.

» OpHa 3 nepsbix bectpurrepHoix CCO 6bina npumeHeHa B 2004 roay
ana getektopa Near Detector B akcnepumeHte MINOS B Fermilab
N0 U3YYEHUIO OCUUINALMN HENTPUHO.

» OTcyTcTBME annapaTHOro Tpurrepa, NPUBA3Ka K CUrHany ycKoputens
fast spill, Koraa ny4yok HanpaBaaeTca Ha rPAadUTOBYO MULLIEHD.

» WHTepBan 10 MKC ana HenpepbiBHOW OUUMPPOBKU 3NEKTPOHUKOMU
Bcex cobbITUM ¢ YactoTon 53 ML,

» [oToK AaHHbIX oueHmBanca B 10 Méut/c.

» 10K KaHanN0B 3N1eKTPOHUKM.

>
NOvASFag_ Detector
"k..-—.“'

MINOS Far Detector
| &5
|

o‘ Milwaukee

I Ferm'flab
Q
Chic,ago )
A




Sanford Underground

Research Facility Fermilab

DUNE

“Sees” entire world

1.4 +1.5 TB/c — HeNpepbIBHbIN HECXKATbIN NOTOK AaHHbIX (other modules/detectors) -
lowest Byl g “Sees” entire External highest
ool “Sees” 1000s of oflltype((ie.g.,all module (wires, Trigger “Sees” enti Ie\(/ielt
2 MTu yacTtoTa gmnckpetmnsaumm ALLM (12 6uT paspelweHune) -l wires) andmam b, calibrations..) [NEIEEEN oe e o
: Trigger Primitives Trigger Activities i o c::ndmm I Trigger Decision
100 ceKyHA, NOCTOAHHbIN KonbLUeBol bydep B onepatMBHO NamATH | hitonachamer | | ocalclasterol TPt | | "contimed seton | (o) T
| TAS'
DRAM 1 Ha NVMe SSD auckax ‘
prompt collection of
trigger record data
» 5,4 mc: CtaHpapTHOe BpeMeHHOoe OKHO, Bblipe3aemoe 13 bydepa ans Readout | — |
aviLa Prompt collection of

3anmMcyn ogHOro 06bIYHOTO TPUITEPHOTO CObbITUA. OHO COOTBETCTBYET RaNeaerEimTEgts
MaKCMMaibHOMY BpeMeHU Apenda 3/1eKTPOHOB B }KUAKOM aproHe

Ha BecCb akCnepumeHT 06bEM AdaHHbIX B rog orpaHN4yeH

>
» 2030 TMB/rog
\

[ . )
Upstream DAQ Data Selection Event Builder Ewvent Filter
[ i Farm Farm
N Flal.;rr.lr:'runaasmg "Clustaring N
o : b — >
X IR | Trigger + Tracking Triggers Events
Front-End Primitivas
Electronios [~ , HWIFW it W : sW SWIGPU
ostat aw Da 5
Cry {12 This)
Data Fragments




PANDA

» WVmeHHO Ha 3KcnepumeHTe PANDA npegnoXXunm KoHUenuumio
cuctembl 6e3 obuwero Tpurrepa onsa Konnangepa.

» bblna getanbHoO NpopaboTaHa KoHuenuma GPOHT-3HA 3/IEKTPOHMUKMU.

» YactoTta B3aumopencteumm 20 Mlu, yactota cpabatbiBaHMA KaHana
anekTpoHuKu 500 K.

» [lokasanu, 4yto npu 4actote B3aummoaenctama 20 Ml annapaTHbIN
TPUIrep He MOXKeT oTbmnpaTtb cobbITUA. Solenoid T

» KoHuenuma Hape3kn pgaHHbiX B FPGA+DDR ¢ npucsoeHmnem
BPeMEHHbIX MEeTOK.

» CymmapHbIM MOTOK CbIpbIX AaHHbIX — 200 M6ut/c — 1 Téut/c.

Central %
Tracker W\ EMC

10




KanopumeTrp PANDA. ®dusuyeckass MOTHBaL U

va, Desired Event-Selection “/ %%

for the EMC ==T
Example of expected signal: Background channels:
pp—Y(4260)— J/ypr’ 7’ pp—JIypnn
and pp—Jlynr’
Jhp—e e pp—=Jlyt 7

Efficient event selection requires:
« Efficient and clean electron/positron identification

« Precise reconstruction of multi =° final states:
« Accurate measurement of final-state photons

This can not be achieved by hardware trigger logic

11



Proposed DAQ scheme

Zl § STT | (BDIRC) (EDIRC EMC Fw Tracker ) (BTOF, etc
= 11x B
3 .
o 2% 1x -
InfiniBand / Ethernet switch

» SODA (Synchronisation of Data Acquisition Network)— S 1 1 1 -

=
cncrtema cu HXpOH n3a LIIM n ® Server node Server node Server node Server node
Permanent storage

1000 data sources

s i s e

H—H— H‘—H_ Data

T' R S Concentrator

N\ ook S\ s0DA
L + <+—  First Stage
N Burst Builder
(—X &7\ soof TSNS "\ soo
- +—  Second Stage
Burst Builder
\ "y - S
Y v ¥
— — Compute Nodes
Computer farms

1000 destinations - GPU Alveo u QUADRO

woisn)

[BI2JBWIWOY)



Yto Ha SPD

YactoTa CcTONIKHOBEHUM ny4ykoB 3-4 MIlu (Ha nepsBom
sTane 100 Klu).

[Nepuopn nepeceyeHMA CryCTKOB Kaxkgble 76 HC.

ObwunpHaa ¢usmyeckaa nporpamma SPD  wuckawouvaer
BO3MOKHOCTb 0Tbopa cobbITUM Ha annapaTHOM YPOBHe
Tpurrepa.

[MOTOK «CblpbIX» AaHHbIX OyAeT COCTaBNATb NMPUMEPHO
20 T6/c c y4éToM YNPOWEHHOro MOAENUPOBAHUA U
HEKOTOPOro 3amaca HagéXHocTn (AnA MaKCMManbHOMU
ceetumoctn L=10%2cm~2c™ !, +/s = 27 I'sB). Ha nepsom
3Tane NOTOK «CbIPbIX» AaHHbIX cocTasuT 1 6/c.
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lon source p

Clean Room
(Detector Electronics)
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BM@N (Detector)

Extracted beam
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o
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Magnet factory



CiieZiIcTBHE TAKOI'O pelleHUud

bonblion 06BbEM AaHHbIX: B ros, 06bEM npeaBapuTenbHo 06paboTaHHbIX AaHHbIX aocTturHeT 10 M16.

Ona nocnepywowen odpdpnanH o06paboTkM M xpaHeHMA OyaeT UCNONb30BaTbCA  pacnpenenéHHan
BblYMCAUTE/IbHAA CUCTEMA.

» KomnaeKcHana clumnBka n 0b6paboTtka cobbiTnin: ot DAQ NpuUXoanT HE MAcCUB «CbIPbIX» AaHHbIX, @ HAbop 6/10KoB
NAHHbIX OT NepudpepumnHom aNeKTPoHUKKU aeTteKtopos. Cpa3y nocne DAQ — pacwmndpoBKa cobbITUN NyTEM
YAaCTUYHOM PEKOHCTPYKUMU, NPOrpamMMHbIA TPUITEP, KOTOPbIA MO cyTn ByaeT ABAATbCA PUABTPOM COObITUN
(BblIcOKONMpOM3BOAUTENBHAA CMCTEMA ANA 0O6PaboTKN BonblMX 06 BEMOB AaHHbIX).

_ Bunchcrossing7éns . ]
S s [ [T Es | o [His | : ] His |
Subsystem 1 * | Hits | -] Hits | | Hits : |
___________ | _His | |_His | | Hs | | His | :

: | Hts | - | Hits | c Hits
Subsystem 2 & [Hits| | Hits | : | His | | His |

| Hits -] [Hits Hits : Hits Hits

CfHs T ] Hes [ | Hi||s"[| |-]Hlts []_H-FL(I_ Hgs |
Subsystem 3 : | Hits | | His | : | Hits =
Hits | Hits | |Hts|  |[Hits| IHts| |Hits| I

Slice N ] Slice N + 1

14



Peasinzanus Triggerless DAQ

Front em; SPD DAQ
N channels N channels N channels
» TakaAa KoHuenuua npegnonaraeT MUHUMANbHYIO
3aJepXKKy B nepenayn AaHHbIX A0 CYMUTbIBAOLWLMUX [ anc |" ADC MJ—»{ ADC
\ / \ / \ /
KOMMNbIOTEPOB. W { T
v o Processing Processing Processing
» Yactum cnancos C KaXXa0Wu NnoACUCTEMbI Y
obbegmnHATCA B oAMH O6N0K AaHHbIX. OHMamH ¥
o =
dunbTp  3aHMMaetca oTbopom cobbiTn  AnA [ Datafuffef = it SPD On-tine Filter
COXpPaHEeHUA B NOCTOAHHOE XpPaHUULLE. Filtering
Slice: 10 = 100 mKceK
A4 Data-Logging
Frame: 01 . 10 C E SEern ﬁ 150 kHz event rate
Run: 8 yacos o
SLICE | 0 J 1 | 2 ). N 0 | 1 l 2 |. N L...........: 0 | 1 _ 2 |. N |
FRAME | 0 | 1 EERECEEEEE 1 N

|
RUN | N |

15
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f

Komanabr CC/1

» ACMHXPOHHbIE KOMaHAbI:

O Disarm: aktneauma AMHUK curHana cbpoca ot L1 K FEE

O Arm: geaKTvBauuMa NWMHUKW CUrHana cbpoca, No3sonan

nchronous reset

M T 12 LINGTOFTTY §NERMY 3| e

FEE 06pabaTbiBaTb CUHXPOHHbIE KOMAHAbI

an chronous reset

—

» CUMHXPOHHbIEe KOMAHAbI:

Q

Fast reset

¥

Set Next Frame

i

5

t Frame =0

Next Frame is defined: frame starts

Frame 0

Nt Frame = 1
Next Frame is defined: frame starts

-I Frame 1

Next Frame is undefine

Frame n

command

: frame does not start

Start of Frame

Slice 0 nSIice ln

[

nSIice m| slice 0 nEIicE 1 I-I

M

I-ISIice m

command

Start of Slice

"

Frame batch

>

command
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Set next frame — noAroToBKa cUCTEMbI K credylowemy
Kazpy.

Start of frame — KomaHAa 3aBeplIaeT TEKYLWMNA Kapa U
MHULMNPYET HOBbIMN.

Start of slice — KomaHpa 3aBepliaeT TeKywumn
dparmeHT 1 3anycKaeT HOBbIN B TOM Xe Kagpe.



YTeHUe

L1 KOHLLeHTpaTOop

AnnapaTtHaa nnatdopma:
* Llenerana FPGA Cyclone 10GX (105YF780EGG)
*  OnuuonansHas FPGA Pangomicro Titan 2

* 8x pasbemos MiniSAS (8 onddepeHymnanpHbix Nap
1 8 0AHONONAPHEIX AMHKWI Ha 1 pazbemM)

*+ SFP+10Gb npvemonepegatunk gna
NogkNyeHna K L2 KOHUEHTpaTopy

*  SFP+ NpuemonepegaTyvk o8 OpraHM3auum
paboTel TSS

* [ponyckHada cnocobHocTe 1 Gb/s mexay FEB w L1

L2 KOHLeHTpaTop

AnnapaTHas nnat@opmMa;

+  Otnapouydas nnata ALINX Z19-P

+  FPGA: AMD Zyng UltraScale+ MPSoC XCZU19EG
+  ARM Cortex-A53 x4, Cortex-R5 x2

+ [o 16 SFP npuemMonepenaT4yMKoB Ana NoAKIHYEHWA
K L1

*  PCle 3.0 x8 ¢ nponyckHoi cnocobHocTeo A0 15
GB/s (6.5 GB/s 4OCTUrHYTO Ha AAHHLIA MOMEHT)

+  Brewwnaa DDR4 namarte 4+4 GB

x8

FEE

7

FEE
LOGIC

oSerdes

Clk & TES
command
receer

FEE

reconfia

S

iSerdes

Control
Register

miniSAS

uy

x8
K =
///r— FPGA _\\
Data - Diata
| Receiver merge & confrol
W Reconfig control
5 En o [
E Req control
1G SFP
TS5 node =
l‘b\ Eth

TSS
~/

[ TSS NETWORK

=i

( Readout PC \
| ]
,/_ DDR4 \\,

FPGA ] 1

10G . Data

i~ « Arbitrator|—s- <ort e DA
Reconfig control
Reqg control

CFP %8 - x16 PCI-E Jy

[] - Tss part

D - Data part

- Slow control & reconfig part

D - Physical interfaces

. - Merged lines

3amava koHeHTpaTopa L1:

* Coop nannbix ¢ FEE,
KOHTPOJIb 11€I0CTHOCTH
JAHHBIX, KOHTPOJIb TOTOKA
TaHHBIX

* IIpuéwm u pacupeneneHue
17100a7bHOTO TAKTOBOTO
CUTHaJIa ¥ KoMaH[ 1SS
KOHTpOJIepa

* IlepexondurypupoBanue
FEE u pexondurypanus
FEE

17

3agaua koHIIeHTparopa L2:

* [IpuéM naHHBIX C
KOHIIEHTPaTOpoB ypoBHs L1

*  CoptupoBKa JaHHBIX O
ciaiicam u Oydepuzarus Bo
BHemHer DDR namsitu

* Ilepenadya copTHpOBaHHBIX
nanHbix B Readout PC

*  Opranuzanus ynpaBieHUS
BHYTpeHHUMU peructpamu L1 u
peructpamu FEE uepes L1

* IlepexondurypupoBanue FEE
yepes L1




PaboTa ¢ jaHHBIMU (KJlacTepu3aLus)

NPOM3BO/IbHOM NMOPSAKE.

Knactepusaumsa BkitoYaeT B ceba cOpTMPOBKY AaHHbIX No Homepy FEE u slice.

OTcopTmpoBaHHble AaHHble NnepeaatoTca B namatb DDR4.

18

BRAM FPGA
E—

[laHHble ¢ 3aronoBKom o FEE 1 Homep slice xpaHaTca B npomerkyToyHOM bydepe B

h 4

RAW
Shica Header Slice Header DATA
Discnptor #1 " Discriptor #4
FEE #1 5 FEE #1
Discr i Discr ¢
FEE #2 ‘ : ‘ FEE #2 ‘
Diser : Diser
i E i 10G link
FEE#N | ! | FEE#N
Discr E Discr v
Slica Hoador i Slice Hoader |
Discriptor#2 | . |Discriptar#h+1 Sorting
FEE #1 i FEE #1
Discr f Discr
FEE #2 ‘ ; ‘ FEE #2 ‘
Disor | i | Discr < > DMA
P
FEE#N | ! [ FEE#N
Discr Discr k. 4
PCI-E
Descriptor example ¢
Mat
Data Data de:::grl)(;tor desc:gpr STRUCTED
star addr length adar aﬁrﬁ\;lm DATA

Markup in DDR4 DRAM
Slice #0 | | Slice #0 | | Slice #0 | | Slice #0
Slice #1 Slice #1 Slice #1 Slice #1
Slice #...| | Slice #... | | Slice #... | | Slice #...
Slice #...| |Slice #...| | Slice #... | | Slice #...
Slice #N | | Slice #N | | Slice #N | | Slice #N
FORMEMORY,
Slice header
block
T o FEE#1| [FEE#2| [FEEA] )
Header #1 header header header
DATA DATA DATA
DATA DATA DATA
DATA DATA
DATA DATA
\_ DATA | /
f Slice FEE #1 FEE #2 FEE #N \\
Header #2 header header header
DATA DATA DATA
DATA DATA DATA
DATA DATA DATA
DATA DATA DATA
\ DATA /
Slice FEE #1 FEE #2 FEE #N
Header #3 header header header
Sice DATA DATA DATA
Header #4 DATA DATA DATA
: DATA
Slice
Header #N




PaboTa c ;JaHHBIMU

FPGA n CPU

HeobxoanmocTb peannsauum KobLEBOTO
bydepa nocpeactsom DMA — dynamic
memory access.

can o

part 1

oorl 2

port 3

port 4

pan s

rort B

ol ¥

por 0

port 1

port 2

por 3

por 4

pori &

port @

port 7

- Frame —
slice 1 slice 2 slice 3 slice 4 glice 5 slice N
FEE Data FEE Data FEE Data
FEE Data
biock FEE Data FEE Data block s block
block block }
FEE Data
Flglf D:t:a = FEbIIE Gz:;xa — Block
bloac 1l : =
bk o black FEE Data
[alie
FEEData | FEEDsta FEE Data ok
block block o FEE Data
FEE Da - S FEE Data
block FEE Dita
block = bk
FEE Data block
FEEData | FEEDatz block FEE Data FEE Data
block biock FEE Data block block
FEE Data FEE Dat e FEE Data
block FEE Data block biock FEE Data
block FEE Data block
FEE Data block
FEE Dats o FEE Data
block block
FEE Data FEE Data
block FEE Data block
bloscic

L1

L1

Cplical
Ink

Opfical
link
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READQUTPC
e .
A — >,
/ - e
."/ / \\\\
[ L2 '
WMEMORY FOR
DDR. PROCESS
| FPGA N
 —
CFU
<
yo
FLIFS FL LOGIC <
saring bl PACKET GEM
v
LL i MEMORY FOR DATA
o
Y o
e CHUMNE #2
.| Optical
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Pa6oTa c janHbIMU. POopMUpPOBaAHUE NTAKETA

<LL2DT

- . CHUNK 7
' Skce#0 Sicu#ﬂl |Sics#0”85ce#0l

 Stce#t | Siea =z s:ceﬂl su:eml

|Sice#.. [Slica#.. snce:.,.l Sica s

Skce #... |Slkcew...| [Slice#.. | |Slice#...

Slica#N | SkcasN | | Skee #N | | Slice #N

DATABLOCK L2 #0

HEADER

FRAME&SLICE Number, L21D, ...

L1 DATABLOCK

L2 port num, L11D.... ]

CHUNK 7

Skce#0 ISICEN] |Slce§0| ISICE#O!

Sico#1 | |Sica#1 | [ Sicast || Sice st |

'Sice#.. |Slca#.| |Sicer.. Isuioen...]

Slee#F Isllce#... snae#...”suce#.“l

Sica #N | Sica#N | | Sice #N | | Sico #N|

Size for each DATA block
(64 words (2-3 byte))

FEB HEADER (ID,L1 Port...)

CHUNK 7
' Sice #0 ]swesol |snceso”sscem]

Sica#t |Sica#1 | | Sica st || Sico#1 |

‘Slice#.. |Slice#..| [Slice# .| |Slaces..

‘Sice#.. |Slice#...| |Sice# .| |Slice#...

| Slica#N | Sice#N | |Skce#N | | Slice#N

64 Block’s

FEB HEADER (ID,L1 Port...)

Slice block struct

DATABLOCK L2# 8

HEADER

FRAME&SLICE Number, L2 1D, .

L1 DATA BLOCK

| L2portnum, L11D....

Size for each DATA block
(64 words (2-3 byte))

FEB HEADER (ID,L1 Port...)

54 Block's
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BrixogHou naket L1, L2

FEB-L1 packet struct

|31|3u|29|28|2?|2a|25\24\23|22|21|20|19|18|1?|16\15\14\13|12|11|10| 9| 8| 7 \e \5 \4 \3 \2 |1 |0

Packet type(6 hit) Board 1D {10 bit) Packet number (8 bit) | Time counter LSB (8 bit)

Payload Format 1D (6 bit) Frame number LSB (10 hit)

PAYLOAD

Slice number LSE (16 hit)

CRC 32

L1-L2 packet struct

|31|3n|29|23|2?|2a|25\24\23|22|21|zn|19|18|1?|15\15\14\13|12|11|10| 9| B| 7 \6 \5 \4 \3 \2 |1 |0

Packet type (6 bit) | L1 PORT (4 Bit) | Board ID (& bit) ‘ Payload Format 1D (6 bit) | Packet number (8 hit)

Frame number (32 bit)

Slice number (32 bit)

FEB PAYLOAD
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CucTteMa IOCTPOEHHS CPE30B

» Readout computer — popmupoBaHme n bydepusauma 4actu slice,
OTHOCALLMXCA K KOHKPETHOM rpynne AeTeKTOpPOoB.

» Builder computer — dopmmnpoBaHue uenbHoro slice U3 gaHHbIX
Kaxaoro readout computer n coxpaHeHue B NPOMEKYTOYHOEe
XpaHunnule.

» Distributor computer —opraHusayma MoHUTOPUHIra paboTbl
CUCTEMDbI.

» Supervisor computer — ynpaBneHmne Habopom AaHHbIX U
Leno4YKamMm YTeHUA.

» Highspeed Data Storage — npomeKyTouHOe XxpaHuauLie o6 bEmom
2-4 N6 anAa xpaHeHUA AaHHbIX, NOArOTOB/IEHHbIX /18 OHANH
dbunbTpa.
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Readout
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Readout
computer

Readout
computer

Readout
Lomputer

L2 Concentratar
E-18 channels

L2 Concentrator
8-16 channels

L2 Concentrator
8-16 channels

L2 Concentratar
B-1& channels

L Concentrator

B-18 channels

MICA Building

|

e
>

-

Supervisor
CoOMmpuUter

.y

!

Run Control

Data Center

Builder
Ccomputer

-

Buildier
computer

Builder
computer

Monitaring

!

Distributor
compurer

-

Builder

computer

Builder
compurer
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CucTteMa NOCTPOEHHS CPE30B

» B cucteme nocTpoeHUs cpe3oB JAaHHble obpabaTtbiBatoTcs nNo

4YaCTAM, KaxXaaA OXBdadTblBa€eT OI'Ipe,EI,eI'IéHHbIIZ

BpemeHu (Kaap).

YaCTb nepunos

B HeKoTopbiXx cnyyasx o06beM [AaHHbIX B Kagpe MOXKeT ObiTb
caMwKom 6onbwum ana yaobHom o6paboTtkun. [Mostomy Kagp
NPOrpaMMHO AeNuUTCA Ha 4acTu, Ha3biBaemble 610KamMK, Kyckamu
(chunks). PasymHas annHa Kycka COCTaBASeT OKOJIO 1 C U MOXKeT
6bITb BbIOpPaHa C YY4ETOM PAKTUYECKOTO NOTOKA AQHHDbIX.
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Readout Readout Readout
computer for computer for computer for
subdelectors subdatactars subdetectors

sub slice 0 sub slice O sub slice 0
sub slice 1 sub slice 1 U sub slice 1
Builder computer Builder computer Builder computer

l-.._..-""-_""

sub slice 0 sub slice 1 sub slice #

<o - w [~
g sub slice 0 g sub slice 1 H sub slice #
| 5 S
@ sub slice 0 @0 sub slice 1 W lsub slice #
e

sub slice 0 sub slice 1 sub slice #
e

I

Highspeed Data Storage

|sllc=e{:| slice 1/ slice 2| slice 3 |5Iir.e4» slice 5 |5llneﬁ |5Iice?




! T’r—* =:a-1¢.'|.z ! 1 L0 Higtwiork Slice : buff :
e ' ' buffer

=il | o ;
concentrator | +~—+|L2 concentrator| T X [ | Building el E
; :

]
- ™ ; computer Online
10bps | M e e e e e e e ;
w18 | Savngh ] " ! i = _F_Ii_iE';r_ =]

L J
—_—
=

CHUHXpOHH3AL K

Hareware part

™ aSEE 1 ====== Software part
: TSS controller  DAC —— Dala
WR switch White Rabbit " [ t |: = Control
) [ re AU Masial )| \control,; ——p= Synchronization

» 3aaayva cUCTeMbl CUHXPOHU3aLUN
o reHepauusa un pacnpeaeneHne TakToBon YactoTtbl 125 MIL ¢ To4HOCTbIO Ayywe 1 HC u axuntrepom nyyuwe 50 nc;
o [eHepauua n pacnpegeneHne CUMHXPOHHbIX KOMaHZ, No AeTeKTopy
o PacnpegeneHune nudopmaumnm o Tekyuem slice u frame

o CrabunbHas noaaep:kKa ceteit 4o 10 Km

» MacwTtabupyemaa cuctema. M03BOAUT afanTMPOBATLCA K YBEMYEHUIO YMCNA KaHA/NOB AETEKTOPOB MO
Mepe nepexoaa sKCNePMMEHTa Ha HOBble 3Tanbl peanmsaumm (cHavyana obpaboTtka co 180 000 KaHanNoB., C
pacwmpeHnem ao 600 000 B nosHOM KOHPUTypaLun).
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— i Read-out computer e '
CUHXpPOHH3aLUA m— i i e N i
| T Slice | buffer
concemiator | <—+|-2 concentrator| Tl | Building - &
— T ' f computer 1 Online
;.J?Efm i Heeeeecnemeanaaa !  _ _F_”_iE';r_ -
—_— I Hardware part
[ Tsscontroller | ‘DAQ Dt e par
IWR switch Wi RCEE{G E't - o —
) i peaRmas Er} ﬁcin_ r_D_- = Synchronization

» Tpu ocHOBHble noacmuctembl DAQ:
e} TpaKT CYNTbIBAHUA
o Cucrema BpeMEHHOVI CUHXPOHWN3aUNU
o Cucrtema popmMMpOBaHMA CEFMEHTOB AAaHHbIX

» Cuctema BpeMeHHOM CUMHXPOoHU3auum TSS ocHoBaHa Ha TexHonormn White Rabbit.

» ObecneuynmBaer TOYHOCTb CUHXPOHM3AUUM BCEX CYOAETEKTOPOB HA CYOHAHOCEKYHAHOM
YPOBHE, YTO NO3BOASET TOYHO U COMNACOBAHHO NPUCBANBATb BPEMEHHbIE METKM CODbITUAM.

» TpaKT cYMTbiBaHUSA rapaHTUpyeT 3adPeKTUBHbIN COOP N Nnepeaayy AaHHbIX

» Cuctema PopMUPOBAHUA CETMEHTOB OPraHMU3yeT NoJlyYyeHHble AaHHble BO BPEMEHHble
dparmeHTbl ANA NOCNeAYHOLWEro aHain3a u XpaHeHus.

» MacwTtabupyemaa cuctema. [103BONINT adanTUPOBATLCA K YBEMYEHUIO 4YUCNa KaHaNoB
NEeTEKTOPOB MO Mepe nepexosa SKCMepMMeHTa Ha HOoBble 3Tanbl peanmsaumm (cHavana
obpaboTka co 180 000 KaHanos., ¢ pacwmpeHrnem ao 600 000 B NOIHOW KOHIUTYpaLUK).
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SPD Online Filter

Configuration DB

—————e
T—_ — =

Input data (datasets & ﬁles;,l

NS

Decoding of FEE data block to get TDC, ADC, DetectoriD

L

Calibrations -

g
:
&

Partial reconstruction & Event unscrambling
TDC, ADC and Detector ID transforms to physical values and geometry
Reconstruct tracks and associate them with vertices
Determine bunch crossing time for each vertex
Associate ECAL and RS hits with each vertex (by timestamp)
Attach unassociated tracker hits in a selected time window according to bunch
crossing time
Attach raw data from other subdetectors according to bunch crossing time
Call the block of information associated with each vertex an evenit

!

Maonitoring servee:
Detectors monitoring

¥

[S-Blacticn critaria:l—'

Event selection / Software trigger

|

Maonitoring servee:
Performance and data

guality monitor

Merge and packing data for offline processing

NS

T TT T Output data (datasets & fies) | |
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RegMap (SystemRDL

System RDL language System Verilog module

ifdef OFFSET module teng_nap (
define OFFSET_CONDITION OFFSET_GLOBAL::teng_nap_addr input wire clk
slse ’
‘dafine OFFSET_CONDITION O input wire rst.n,
sndif :
addrnap teng_map { output logic s_axil_awrsady,
nam= = "LINK CONFEG REG®; input wire s_axil awvalid,
g ~ Pea kRD L gesc = "Register description of LINK NAIN MODULE. Includes settiy input wire [351:0] s_axil_awaddr,
{9‘ “ input wire [2:0] s_axil_awprot,
¢ This tool can: default requidth = 32; output logic s_axil wready,
(J. dafault addressing = fullalign; input wire s_axil_wvalid,
\\\.\ o 2 AN m;autt Mc?ss“fdtn =32 input wire [31:8] s_axil_wdata,
— = e Process SystemRDL 2.0 register descriptions. :f::l: :: : :f'« input wire [3:0)s_axil.wstrb,
i & 3 ; input wire s_axil_bready,
SYSTEMS INITIATIVE 4 + Generate synthesizable SystemVerilog RTL register blocks o 1 cutput logic. s_axil_bvalid
i o . Ko output logic [1:0] a_axil_bres
¢ Generate a C register abstraction header for software. nae = “seurce_nac_partl"; utput logic [1:0] s_axil_bresp,
regwidth = 327 output logic s_axil arready,
fiela { input wire s_axil_arvalid
e Im X IP- T XML. A
systemRDL 2.0 port&e port XAC L W= W input wire [31:€] s_axil araddr,
. . . hw = r; = : e 3
Register Description Language e Create rich and dynamic HTML documentation. S e WA :::u: -1}:: i-;glls;:::,arnrot,
. ut w ¥ _rready,
. . . } source_mac_partl [32] = 32'he6_1b_21 ed; ( )
e Build a UVM register model abstraction layer. } source_mac_partd @ 'OFFSET_CONDITION Docs (markdown output logic s_axil_rvalid,
teng_map address map output 'Log!c [31:8] s_axil rdats,
rog { output logic [1:8] s_axil_rresp,
name = “source_nac_part2"; * Absolute Address: 0x0
regnidth = 32; « Base Offset: Ox0 output teng map_pkg::teng map__out_t hwif out
field { » Size: 0x134 Xi
W= W
= pi Register doscription of LINK MAIN MODULE, Includes settings
gesc = “"Source mac addr2®;
} source_mac_part? [16] = 16'h08_FE; o i e e
field { ffset derd e a
3 ridacvad (1873 C-hfile for software
System Single input Speciﬁcation } source_mac_part2; 0x100 sourca_mac_partl source_mac_part — . : -
RD.' reg { ox104 source_mac_par?2 source_mac_parn2 4 e
nang = “source_ip"; s tiae 023 LI
regwidth = 327 0x108 souree_ip source_ip p dies
field { $ axtors ¢ {
desc = "Source ip avdr': oxioc desz_mac_partl dest_mac_partl " )
} source_ip [31:8) = 32'hl8_AB_BG_FE; <stdlat
= 3 ol 2 tate conmmrt o>
SystemRDL Comp“er } source 1p 010 dest_mac_part2 dest_mac_panz
oxla dest_ip dest_ip ] i LR TAC P = "
. Ine TEWAAP_SHSEE NG, it
Tcl, Python, Oxi8  config_ports Contig port o e mttrimte.
- 3 w32 t saare
UVM RAL CJC""" and ve'oc’ny Qe Jirer_ports Jitter port ¥ e
Based '
Modet Headers Custom 0x120  data_ports Data pet E
Outputs 0x124  gaeway.ip gateway_ip ogfrnabradtics
- - 0x128 subme_mask subnel_mask : -
Various Outputs automatically generated ox2C  padding padding B
0x130 configs config - kL

27



Belle Il kak npumep rubpugnou CC/I

[lepBUYHbIXN annapaTHbIN TPUITEP C 3a4€epPXKKoM B 5 mKc 1 yactotom 30 Kly,
BbICOKOYPOBHEBbIN TPUITEP — CYNEPKOMMNbIOTEPHbIN KacTep

3ameHa ctapbix npoueccopHbix naat COPPER Ha coBpemeHHble PCled40 Ha 6a3e NJIUC Intel Arria 10.

vV v v Vv

MponycKkHas cnocobHocTb — 100 6uT/c Ha naaty
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Belle Il kak npumep ruopuanou CC/

ECL Trigger: HOBbIN aniropuTm Krnacrepusaumm

* [lepsbii B MMpe GNN-anroputm pekoHCTpyKUMK paboTalouimii B pexkume peasbHoro BpemeHu

* [IMHamuyeckoe noctpoeHue rpada: Cuctema He NPOCTO CMOTPUT Ha sHepruto. OHa NpeacTaBAseT TPUITEpPHble AYEMKN KaK y3en
rpada. Ceasu (pebpa) mexay coceiHUMM y31aMuM NMOKa3bIBaKOT, KaK OHM BAUAIOT APYr Ha Apyra.

* HenpoceTtb obyyeHa «cTArMBaTthy y3/bl rpada B LEeHTpbl KnacTepos. OHa cama pellaeT, CKOIbKO KiacTepoB B cObbITUM U Fae Ux
LeHTp, 6e3 }KecTKMX Noporos.

*  GNN npowwuTta npamo B FPGA nnatbl UT4, paboTaeT CUHXPOHHO C YacToTor 8 MI'y, 1 yknagbiBaeTca B 3.168 MKC 3aepKKMN.

*  TOYHOCTb NO3ULMK KacTepa yBenndmunacb Ha 20%.

FLEL B0t SRR B LN NI N S LA R L B N

]

FLEL I ol B B BLEN LB U A SRR AR I DA R B BB AL

(0]

Y. e\/

T

o

.
AL Al E |
-

.

)
4

AN |

YT

e
B

PS

., .

Ballé I Simulation.” -

e |

Belle Il Simulation
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L T T

i Belle Il Simulation
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PPN O SR A A L 8 e e 0 PRI AR SRR AR e i
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P
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Belle Il kak npumep ruopuanou CC/

Graph Neural Network (GNN) Hit Clean-up

MacwrabHoe MogennpoBaHue — KIKOYEBOM UCTOYHMK
AaHHbIX Ana 0by4eHna HEMPOHHbIX CeTel Tpurrepa, rae pasmeyeHsl
KaK CUrHanbHble, Tak U GoHoBble COBBITUA.

3T1anbl punbTpaumu:
M3BneyeHue 1 npeasaputencHan dpuabtpauma i ;
MpeAacTasneHue ¢ NomolLbio rpados ' LR
Knaccudurauma rpanm, ¢ nomoulpto GNN 3 s
®dunbTpauma xmTos

et

GNN-¢punbTpaLms XMTOB :
*  coxpaHaeT 95% UCTUHHbIX XUTOB, yaanaeT 83% PpOHOBbLIX XUTOB _
*  3PPeKTMBHOCTb PEKOHCTPYKLUMKN TPEKOB yYBEAn4unach 8% % N
(npw TOW ke YacToTe NOMKHbIX cpabaTbiBaHWA) ) 4 X
*  3apepka: pabota HelpoceTn < 500 He 2" \\
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LHCb. ®dynknuonupyromaga HoBad CC/L

The Run 3 data flow

LHCb-FIGURE-2020-016

REAL-TIME
ALIGNMENT &

s CALIBRATION
| 4 TB/s ‘...- ':: GB/S
: EVENTS
30 MHz non-empty pp ' v OFFLINE
4 0.5-1.5 - PROCESSING
FULL TB/s PARTIAL DETECTOR MHz FULL DETECTOR
DETECTOR i RECONSTRUCTION Y suFFER 5 RECONSTRUCTION ' 26%
READOUT & SELECTIONS & SELECTIONS FULL GB /s
(GPU HLT1) 70-200 (CPU HLT2) EVENTS
GB/s
All numbers related to the dataflow are
taken from the LHCb ' ANALYSIS

PRODUCTIONS &

U je Tri | Online TDR
USER ANALYSIS

Upgrade Computing Model TDR

Detector data @30 MHz received by O(500) FPGAs
2-stage software trigger, HLT1 & HLT2

Real-time alignment & calibration

After HLT2, 10 GB/s of data for offline processing
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LHCb. ®dynknuonupyromaga HoBad CC/L

HLT1 trigger LHCb HLT?2 trigger

Take as input LHCb raw data (4 TB/s) at 30 MHz
Perform partial event reconstruction & coarse selection to cover
the full breadth of LHCb physics
Reduce the input rate by a factor of 30 (~1 MHz)
~ 500 GPUs NVIDIA RTX A5000 GPUs installed
o  The baseline TDR design could be achieved with 300 GPUs
o  Extra GPU power used to extend the improvements
beyond-TDR

e HLT2 runs a full reconstruction and all the necessary selections (inclusive but mostly exclusive)
for the wide LHCDb physics programme (~3000 lines)

e Given the hard limit on bandwidth (10 GB/s to tape and 3.5 GB/s on disk) and expected signal
rate, event size is the only free parameter
Need to "persist" all the reconstructed objects for offline analysis
The successful strategy of the Turbo paradigm used at full speed also in Run 3

MoNHOCTBLIO NPOrpamMmMHbIN OTOOP AaHHbIX B peanbHOM BpemeHU. GPU depmbl + «ToueYHbIN» aHanu3 Ha CPU
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LHCb. ®dynknuonupyromaga HoBad CC/L

1Tb/s

1Tb/s

40 HLT2 servers 40 HLT2 servers 40 MLY2 servers 40 HLT2 servers
Up to 100 HLT2 sub-farms (4000 servers)

NMONHOCTbIO NPOrpamMmmMHbIN 0TOOP AaHHbIX B peabHOM BpemeHn. GPU depmbl + «ToueyHbIn» aHanm3 Ha CPU

33



OCHOBHBI€E BbIBO/IbI

» HauumHaa c akcnepmmeHTa PANDA, B geTeKTopax Ha YCKOPUTENbHbIX YCTAHOBKAX CTasin ucnonb3osatb FPGA He
ONA TpUrrepa, a BMeCTo Tpurrepa, C NpoCTaHOBKOW BPEMEHHbIX METOK A8 XUTOB.

» B oaHux 3aKkcnepumeHTax FPGA He uyBcTBUTENbHbI K PU3MKE, HE y4acTBYIOT B OTOOpEe AaHHbIX, ABAAIOTCA
KOHLLEHTPaTOPaMn-yNaKoBLLMKAMN ANA Nnepeaayn AaHHbIX Ha cneayowmi yposeHb CCL.

» B apyron peanumsaumm, FPGA npowussogat ¢unbTpauuto curHanos, ¢opmupytotr Habop TpurrepHowm
nHbopmaumm (TpurrepHble NPUMUTUBDI).

» MWcnonb3oBaHue cBA3KM FPGA+DDR no3sondaer copTupoBaTb AaHHble — CYUTbIBAETCA BpPeMeHHasd MeTKa
KaXX4oro xmTa, BblYMCAAETCA ANA HEro YHUKaNbHbIN agpec ayenkn B namatm DDR n packnagbiBaeTtca B namaTw.
B MK oTnpaBnaeTca oTCOPTUPOBAHHbIN XPOHOOTMYECKMUN BNOK.

» Peanusauma notokosoi nnm bectpurrepHon CCA nHansmayanbHa ANs KaXKA0ro sKCnepumeHTa.
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OCHOBHBI€E BbIBO/IbI

3KCﬂepMN\EHTbI HOBOIO NOKO/1EHUA CTPOATCA N3HAYA/IbHO C MOTOKOBbIM YTEHUEM.

CoBpemeHHble paboTalolinme ycTaHOBKM KaK Belle Il Ha xogy nepecTpamBaloT cBOM cucTemMbl cbopa AaHHbIX
noAacucTem AeTeKkTopa.

» MoaepHU3NpyoT BbICOKOYPOBHEBbLIN TPUITep C Ucnonb3oBaHnem Hempoceten GNN ana NoMCcKoB Knactepos u
reHepauuu TpurrepHoro curHana (ECL, CDC), a Tak)Ke 1A BbICOKOYPOBHEBOTO TpPUITepa.

Ha SPD mncnonb3ytoTca pelieHuns, pa3pabaTtbiBaemble ana sakcnepumeHToB Ha FAIR, a Takke LHC.
YcnewHoe BHeagpeHUe Takon cuctembl npomsoLwno Ha aetektopax ALICE n LHCb Ha LHC.

Peanusauma nepBMYHON 06pabOTKM AaHHbIX ONpeaenaeT peanmsaunto KOHEYHOM PEeKOHCTPYKUun cobbituin — CPU
depma nmbo GPU dpepma.
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3aKJIloUeHue

3auyem HyxXHa TpUITepHasi cucrema?

JKCNnepumeHT

Knaccuyeckasn TpUrrepHaa CUCtemMa
JaHHble HenpepbiBHO Bydepuanpylotca u obpabaTeiBaloTca Tpurrepom. B
cayyae NoAoKUTeNLHOTO pelleHus TpuImepa JdaHHble 3anuchIBaloTCs.

[lniochr:
HU3KMIA NOTOK 3anucbiBaemblX JaHHbIX
OUKCUMPOBaHHOE Bpema 3a8PHKKK
MeHbluMe TpeboBaHMA K BbIYUCAUTEbHBIM pecypcam Aaa noctobpaboTku
Xopolo NogxoauT A1A BLICOKOM YacToTkl cToAKkHoBeHKi (LHC, Belle I1)

MuHycCbI:
PUCK NOTepATL peAKoe UM HECTaHAapTHoe cobbiTKe, HE Nonaslee Noq,
KpWTEpWK TpUITEpPa
HEcTKan norMka (CNoRHO MeHATL ycnoema oT1bopa 6e3 nepenpoLLmBrm
FPGA)
TpebyeT rmyboKkoro NoHMMaHWA GU3IMYECKMX CMTHA/IOB Ha aTane
NPOEKTUPOBAHWA

36

EECTpM rrepHana Cuctema

ﬂ'aHHble HENPepbIBHO YATAKOTCH M OTTNPABJ/IHKOTCA HA 3all1Cb C
BpeMEeHHbIMW METKaMM. CobbiTne CO6I/1paeTCH nporpammHo — 1io
COBNAJEHUIO BpEeMEHHbBIX METOK OT Pa3HbIX NOACUCTEM.

[Lnocei:
He TepaoTca peaxue / ak3oTUYecKMe cobbitua
MMBKOCTb — YCAOBKMA OTEOPa MOMKHO MEHATH NOCTHAKTYM,
nepeobpabaTbiBan gaHHblE
MaeanbHa ANA IKCNEPUMEHTOB C HM3KOM 4acTOTon cOBbITMIA MK
C/OMHOM TONOAOTUEM
Mo3B0OAAET UCKATL HOBYIO PUIMUKY

MuHychbi:
OrpomHble 06bEMBI 3aNUCbIBaEMbIX JaHHbIX (TepabalTbl/netabanTb)
Boicokme TpeboBaHUA K BLIMMCAUTENLHBIM pecypcam ana obpaboTku
CNOMHOCTL CUHXPOHW3AUMKM BPEMEHHbBIX METOK OT Pa3HbIX NOACHCTEM
He noaxoaut A8 9KCNEPUMEHTOR C BbICOKOM YaCTOTOM
CTONAKHOBeHWK (>MIu) Be3 arpeccuMBHOMO CxKaTuA






PaboTa ¢ jaHHBIMU (KJlacTepu3aLus)
Clusterization

+ The new version of the clustering architecture uses Scatter Gather technology
+ The arbiter sorts and buffers data from each L2 hub channel
+ To use the Scatter Gather DIMA technology, it was necessary to develop a ring buffer with addresses and column lengths in DDR4.

This memory is used to generate descriptors and transfer them to the Scatter Gather DMA.

X8

L2 Interface

dag_clust.sv

Stream
generator
(Packet
generator)

Y

\

Arbitrator

——

Header

Xilinx MIG

Corrector

Ring Buifer

with adresses,
sizes and
valids
A, 1
s ™
Monitor of . Memory 1
Slice Descriptor with

number generator

. v,

DescritporsJ /

Fig. 6 — New clustering architecture
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PTP port in the master state
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