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‘Bellell trlgger dataflow: Level 1 trlgger

SuperKEKB
bunch crossing
frequency: 250 MHz

I 11 Tr[gger

.’
| ONSEN

v

"

v

"

| 1apjing JuaA3

HLT WRK

e il
B =G

jﬂﬁ‘%ﬁ - =
. Jdﬁxu o

— =

—/
= f

£ 42p|ing juaa3

Offline
Storage

e

L1 Trigger

Purpose: suppress the
background rate, retaining

~100% of bb events with high
efficiency also for cc and t¥ 1~

Dutput rake:
= Now: about 10 kHz

= Expected at target luminosity:

30 kHz
latency: Few jis
Strategy:

= processing on FPGA,

= using OR of different,
orthogonal, trigger lines

(CDC, ECL)= conservative
approach

~
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Belle Il trigger dataflow: HLT

SuperKEKB —F
bunch crossing
frequency: 250 MHz

L1 Trigger

¥
> ONSEN

L",'DIC -’:___:-

T'DP‘

ARICH

—-’

ECL -a:r

KLM-ér

i"

v

"

b
| 13p|Ing JudA3

"

A

NI ITH

HLT WRK

£ 12p|ing Juarg

— -
e =9
— %’
——%/ STORE

Reco —bl Event Display |
T—

Offline
Storage

-

HLT
Purpose:
= reduce the trigger rate to a storable
rate
=  run DQM

= produce the ROls For the PXD

= assign the skim Aag

Qutput rate: (e = 10 — 20 %)

= Now: about 2 kHz

* Expected at target luminosity: 6 kHz
Processing time: 300 ms

Budget time [Hpmc,-"u rate): 400 ms

Strategy: Fast reconstruction on CPU
hardware:

= Now: 10 units, about 500 cores per
unit—> 2 x 4800 processors

= After LS1: +3 units (to sustain 20 kHz
inpuk rate)

~

J
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Belle2 High 1.evel Trigger is on

= main functions of HLT

— trigger rate: reduction by a factor 5

® or more depending also on how loose is the L1 trigger

Data size per unit luminosity

size/lumi (GB/pb
Cad
[#]

s Exp 16 Exp 17

GAA
704
722
738
898
Hld
984
1001 |
21
D

56
1081 —
106
a4
106
145
Ll |

run



Belle2 High Level TrlggLer

1MBfev 30kHz st D0KB/e
PXD a— = o
_—-.,_

i s CopPERS i
0.5M chan. ~40 RIO PC§{ ] distributor

Event
RIO Builder
PC—% 2 300K B/e
10kHz

--Y ...... —

~ 20 PCle4d40's

T 1apjing 1uaA3

o max. input from L1 (designed value)= 30kHz
o event size = 100 kB/ev, (PXD: 1 MB/ev)

o max. output = 10kHz
o event size = (100 + 100 (PXD))kB/ev

We organized the HLT switch on in Spring 2021
= main functions of HLT

— trigger rate: reduction by a factor 5"
® or more depending also on how loose is the L1 trigger

H output:
200KB/ev
1kHz/unit

100KE/ev
3kHz/unit

one HLT umt

O/d 10]1231ad

[ Y

— reconstruction without PXD - Rol feedback o eventreceer —> B2Socket  x QHLTUNS  pite
to Pixel Detector Readout B o O  ring buter Detector
— tag events for calibration and physics skims 1 HLT unit, ~ 400 CPU cores/unit

— monitoring (DQM on HLT/ExpressReco) each unit is completely independent

= HLT activities keep up with luminosity increase

— performances + optimization
- led by Vidya, KT, H.Grasland 5




'HLT limits (exp 18 ~ 2021 data taking)

« L1 output (HLT input) increase with
luminosity given the increased event
rate

» Throughput decrease with luminosity

given the increasing complexity of the ™"

events (higher background) which
requires longer processing time

» In2021(Z =2 - 10**cm™2s71) Belle I
realised that the conditions are not
sustainable to reach the LS1

» Optimization of HLT is needed to
increase the throughput (decrease the
processing time)

A

L1 Trigger ra

2000 1

17.5 1

2 12.5 4 i

10.0 1

1.5

5.0

2.3

Throughput = N oqcec/Process time

HLT Max Throughput

—— L1 rate: Exp 18
Caontingency (+20%)
== Max throughput using release-05-01-08

fovg luminosity, recarded [10Mcm™*s71]




more than 300ms/evt: from which modules ?

Ex 18 Fun 1434 (1000 events)

SVDSpacePaintCreator
FullGridChi2 TrackTimeExtractor
TreckCreator

TRCOL AwialTrackFimderLegendre

SvDnpacker

many modules are responsible...
but some shouldn't be on the list
SVD, DQM, Unpacker...

TRCDC_SegmentFinderFacetfutomaton
WOFincer

Combimed_DAFRecoFitter

COCTaSY D5pacePointCKF_backward

TRGEOLDOM

Module

KeepMetaData 1

TRRREt * Strategy: optimize the code, producing identical results

TP Reconstructor

ECLDOMEXTENDED * Constraint:

TFCDC_ChusterPreparer - implemented during data taking to survive until LS1

SYDSimpleClusterzer

- the HLT decision, the DQM, the skim cannot change

ECLCRFinder to keep consistent data taking

Ext

* Optimized the ROOT object management

KaapRawlData

ECLDigtCalibrator
el release-05-01-08 (342.3 msfevent)

0 20 a0 60 B0 100
Time [msieweni]



Optimization (Step 1, along release-05)

Reprocessing 10,000 events of Exp 18 Run 1434 on HLT Lest bench

00
\ vos -
\ 33% improvement
780 _
— I\ SVDSpacePointCreator
£ 260- I\\I
o
£ \
o 2404 H"'.,
4 ECLDQMEXTENDED cias _
) TRGCDLDOQM,
== __-"—I—-.*_ ,._.—-—--_._._.H'-. i:‘-\.l'_u'l_\l:l i |-|:f-!l-{|:|"
220 - M
"n.
\\\\ e — .
- FCLUnpatke
05-01-08 05-01-15  O5-02-00 050201 Q50203 Q50204 0502-06  0502-10 0502-11

Neleas=

A000.13-09 I02L-032-35 J03 L0210 2020-02-74 2021-04.07 2031-04-2]1 I0C]1-06-12 3021-05-26 2021 -DE-04
Date Changed

1 1 L] 1 1 1 1
1471834 16/318 10igL ] Lijé 11359 15/1Ea 18/ 1080 11as8 19/£139
First run | EsmyRun]



Mk be

Optimization (Step 1, along release-05)

SVDEpacoPoimtCreator
FulkGrdChiz Track TimeExtrackor

FockCreator
TFCDC_AxiaiTrackFinderLagendne
SVDUnpacker

TFCDL _Segmentfinderfacethutomaton
VOFrsder

Comibened DAFReCOFREEr
CDCToSYDSpacePointCKF_backwand
TRGGOLDOM

EsepMetalatn 1

ToFBunchFinder

TOPHREc anstrscbar
ECLOOMEXTENDED
TFCDC_ClusterPreparer
SWOSmpleClustenzer

ECLE RFrder

Ext

KeepFeanData

ECLDigitCalbrator
ECLShawerShaps

Rl atedTracks Comnbines

Ex 18 Run 1434 (1000 events)

N release-05-01-08 (2934 msfevent)
B release-05-02-13 (1702 msfevent)

—

0

20

0 60 8O 100
Time [msiewent]



First optimization impact

* Thanks to this optimization work we will survived until LS1!
HLT Max Throughput

§ max luminosity
20.0 A recorded (June '22)
1751 RREenee
w1504 A CNENgC T Y
b tosoftware @ 2§ 0 G Thooeo..
£125{ r=--Optimization
= 7| R
- EE——— g S
E 004 T A 0 0 T e e,
=
71 7.5 __
j = L] rate: Exp 18
5.0 - ¢ --- Current max throughput
L === Max throughput using release-05-01-08
2.5 1 Contingency (+20%)
9 out of 10 units active

2 4 B 2] 10
Avg lumingsity, recorded [10*cm™%s71]



L1 Trigger rate [kHz]

L1 trigger

versus Luminosity

10 A

exp: 26
exp: 24
exp: 18
ol

.:'." :..Q‘& ‘e o .'.

.. ° ¢ .U" Se

® '8.0-' .o .%:.
e o0 o "*‘ .‘c

..'..’

..‘:. . "%

L.1 menu change

1.5 2.0 2.5
Avg luminosity, recorded [103*cm~2s71]

3.0 3.5




exp 18 versus exp 24

HLT Max Throughput (w/o hyperthreading)

20.0 A

175

15.0 A

L1 Trigger rate [kHz]
= =
o ~J o N
o w1 o wu

N
Ul
1

o
o
o4

— Exp 18
—— Exp 24
+20%?7?
9/10 units active

2 4 6 8 10
Avg luminosity, recorded [103*cm—2s571]

following conditions of exp 18 - can operate until 13 kHz
(corresponding to 6x10°*/cm®/s)




L1 Trigger rate [kHz]

with 13 units

HLT Max Throughput (w/o hyperthreading)

20.0 PPP e
AT R
| * sy
15.0 - “‘--*-'—f«?.*_ ______________
&, T
12.5 - e -
10.0 -
7.5 -
5.0 -
...‘ ooy —— Exp 18
2.5 o %" +20%?
"1 12/13 units active
0-0 I I I 1 1
0 2 4 6 8 10

Avg luminosity, recorded [103*cm~2s71]

following conditions of exp 18 - can operate until 16 kHz
(corresponding to 8x10°*/cm®/s)




'Further optimization is needed

» Strategy: modify the
reconstruction strategies, allowing
also small degradation, to save
processing time

» First achieved result: CDC Event
Time estimation has been replaced

with SVD Event Time estimation =
2000 times faster [see backup]

» Next step: reducing tracking
processing time (track Fitting)

HLT timing by modules, exp=18, run=1434, N events=1000

1 8800

2

WOFindes 21278

SVDUnpacker NN 5 5o

RelatedTracksCombiner 7 3800

KeepRawlata 2 4600

ECLShowarShaps 2 A0

ECLDNgilCalibratoe 2 5400

COCHRBasedTIE=raclion 11700

TFCOC_CluslarPrapares 25100

KeephMetaData_1 97975

Exl 38600

TOPReconstucion 52400

ECLCRFinder 53700

Combined_DAFRecoFiter 8.4500

LOCToSYDSpacePoini CKF_backwarnd 4400

TFCOC_SeqmentFinderFacetfulomaton 84300

TFCOC AxialTrackFindarl egandre 14,5000

TrackCreator 18,0800

F:uIGm:i_‘.hL:!TrEll:lcTurneE:v:tr:em‘.l:ll’L i *'9 A0

5 10 15 20 25 30
Time/event [ms]




with 13 units + release 07

HLT Max Throughput (w/o hyperthreading)

N e e
T > 0
=, . a
Q154 7T R A
© ce, M, T
33 L4 ° - ‘o - LA 4 TS
m L ]
sy o
F 10 -
—
-
> . 2b —— Exp 18
® » :..o o ° +20%7?
0 release 07
0 I I I I |
0 2 4 6 8 10

Avg luminosity, recorded [103*cm ~2s571]
following conditions of exp 18 » can operate until 20 kHz
(corresponding to 9x10°*/cm®/s)




Track Fitter calls

V .Bertacchi (CPPM/IJCLab)

* The fitter is called ~5 times
per track, using a

Deterministic Annealing
Filter (DAF)

* With the current
configuration the DAF takes
15 ms/track for each call

The DAF its optimization has a
radical impact on
reconstruction CPU time (and
tracking performance)

HLT timing by modules, exp=18, run=1434, N.events=1000

SVDCIuslerizer

buid

WiFinder
SV DUnpacker

RelaledTracksCombiner

22900 - I

Other low-time
fits not shown

KespRawDiata
ECLShowerShaps
ECLDNgilC alilrates

CDCHBased TIExiraclion

2.5400 | },J
1

Final Fit CDC+5VD

TFCDEC_ClusterPrepares

MeepMetaData_1
Exl
TOPReconscior

EGLCRFinder

9+9 ms forp and
K mass hypothesis

Combined_DAFRecoFin

COCTaSYDEpacePoariCKF_tackwand
TFCOC_SegmeniFinderFacetfuiomaion
TREOC_AxialTrackFincarl egendre
Track Creal
FulGricChid Track TimeExtractor

5 10 15 20

25 30
Timel/event [ms]



DAF

» For each call of the fitter the DAF (Deterministic Annealing Filter) is called

* The purpose of the DAF is to remove from the fit the outlier hits to improve
the fit accuracy

» Method:

- The DAF is assigning weights (in the range [0,1]) to each hit, accordingly to
the residuals between the measurement and the Kalman Filter prediction.

- The fit is repeated multiples times lowering an annealing temperature

- A convergence criterion is defined, based on the variation of the weights
and the p-value of the fit (see next slide)

« Status: the DAF has been never optimized, and in the current configuration
the convergence is not tuned = extremely time consuming



Test condition: * Muon Gun

'DAF demonstrative optimization =

—— .

Changed some hyperparameters of the DAF [see backup:

* to obtain reasonable convergence behaviour (use the iteration range, use mainly primary convergence criterion,
exploit more wisely the p-value)

* having the CPU time Figure of merit

DAFRecoFitter module CPU time Un-purity of the tracks
g 120 wecmmmpensmolil I Y ¢ — nothg,baselne
g - tikg Expat, bassling, mean= 12364004 m g i no blg. Dptiﬂ'liEEI.‘.I-
E e kg E3pit, ptimiced, mesri=d B804 ms 2 I8 bkg Exp26, baseline
E o.nz bkg Exp26, optimized
800 ’Eﬁ
El0.015
G0 :E
0.01
400
| 0.005
200
] I — | " el |
a | e L, ] i} 1 a 3 4 5
2 4 18 20 - - - [teration
. Timelcall (ms| More effective bkg rejection
Better timing performance (improving in high-bkg scenario)

A R T

promising results, possible CPU/event gain in order of 15% or so...
- release-08



However, noticed pattern recognition quickly degraded (exp 26)

HLT timing by modules, exp=26, run=1260, N.events=1000

SVDClusterizer
TFCDC_WireHitPreparer
ECLDigitCalibrator
ToCDCCKF
ECLWaveformFit
ECLSplitterN1

Ext

TOPReconstructor

KeepMetaData_1

ECLShowerShape
RelatedTracksCombiner

Combined DAFRecoFitter
CDCToSVDSpacePointCKF_backward
VOFinder

TFCDC_ClusterPreparer

ECLCRFinder
"FCDC_SegmentFinderFacetAutomaton

TrackCreator
FullGridChi2TrackTimeExtractor
TFCDC_AxialTrackFinderLegendre

0 5 10 15 20 25 30 35 40 45
Time/event [ms]



Summary

o Optimization during data taking (release-05) allowed us to survive until LS1 (13 kHz)

o with 3 HLT units more + release-08 (event time+ track fitting improvements)
= should be able to reach 20 kHz (Luminosity ~ 10%°/cm?/s)

o need to carefully monitor tracking performance at higher luminosity
o need to make sure software development keeps CPU budget under control

o no clear path beyond 20 kHz... unless significant improvements in pattern recognition
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