X d=7[0| M2 FPGA

X (jaebak@korea.ac.kr)

LR ]



=X}

* FPGAZH?

» E2|7{2} 0| Ef +=Z(DAQ) {CHOIl M E 2|7
D2CHOA E2|7
g_—llo.” A|._9_0H|:‘|

O AN -

Belell EB|H EE

. o| X| 1 =&}
FPGAL| =2 &€ UT3 (Virtex-6 FPGA)

. A=

—

Jaebak Kim (Korea University) 2026.02.06 (LKA A= 7| 2 4F2026) 2



FPGAZH?

* Field Programmable Gate Array

>3 T2 Y 2| 0| H

»=c| 0| E 227} HE 7t5e T

. C}OFSE 200 AR = K| FPGA
Al (2023'E) |

ol

Jaebak Kim (Korea University) 2026.02.06 (U AIE =79 3 £F2026)




FPGAS| £ &

s FPGAO|= LHE=0| HE 7Is¢t 7| Y

—

JX|=0| Lt

Jaebak Kim (Korea University) 2026.02.06 (U AIE =79 3 £F2026)

AND




U2 S S FPGAO| 731 (1)

2% Hot7| 2|2 24
result:> ;I-_Cl)l__

result3

DD

]

i~

carry3 D
carry2 D

H—TD

. Q10| B2 MA E FPcAl| +3 7t \

5
%

Jaebak Kim (Korea University) 2026.02.06 (U AIE =79 3 £F2026)



U2 S S FPGAO| 73 (2)

Encoder 2| = 2 /|

Y38 ————\
| ;. Al
2 ——

A0
Y1l

CrEA| 7H 2o OF SHLt.

Jaebak Kim (Korea University) 2026.02.06 (U AIE =79 3 £F2026)




HE /st ot =IO

Encoder 2| = 2 /|

Y3 ———\
\ Al

Y2 it

A0
Y1l

Jaebak Kim (Korea University)

2026.02.06 (UXIHE 7|2 A 452026)




lu

Im 19 oF

o

2| HO| A 2| AFE

Rl 1]

L}
X
=2

uo ox
=
o b

It
e oo K

ru
>
Ofo

FO
Ot
1
[S)
m
X
e

Jaebak Kim (Korea University)

LEVEL-1 TRIGGER

CMS DETECTOR

records 40 000 000 times/second
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HIGH LEVEL TRIGGER

PARKING

few 1000 events/second
delayed availability for analysis

NORMAL
1000 events/second
normal availobility for analysis

SCOUTING

10 000 events/second (or more)
reduced data format
normal availability for analysis
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Three-dimensional Fast Tracker for the Central Drift Chamber Based Level-1 TSFdata | I'] Ts map maker —’d " | [ gB I
. . . rift time
Trigger System in the Belle |1 Experiment ’| Data delayer | —b, — | |
StereoTSfinder | _p. —»> —»>
2D finder data | | | | [
E. WoN and J. B. Kim* 2D fitters 0 fitt
Department of Physics, Korea University, Seoul 02841, Korea —H _ | [ z er [
2D fitters I |
B. R. Ko —»l I | 2D fitter data I | !
Center for Azion and Precision Physics Research, | Data delayer —» [ | | output
Institute of Basic Science, Daejon 34051, Korea | | pacEer
(Received 7 November 2017, in final form 15 November 2017) | l EventTimedata | | |
—» | Data delayer | | Data delayer - | [ 3D tracker data
The Belle II detector at the SuperKEKB accelerator has a level-1 trigger implemented in field- l l >

programmable gate arrays. Due to the high luminosity of the beam, a trigger that effectively | | | [ T ] |

rejects beam-induced background is required. A three-dimensional tracking algorithm for the level- T -

1 trigger that uses the Belle II central drift chamber detector response is being developed to reduce | | | | |

the recorded beam background while having a high efficiency for physics of interest. In this paper, we

describe the three-dimensional track trigger that finds and fits track parameters that we developed. —Pl | [ Data delayer | | | —> |
Event Time data |

PACS numbers: 29.85.Ca, 29.40.Cs | < » | | |
Keywords: Level-1 trigger, FPGA, Three-dimensional tracking algorithm, Drift chamber < >
DOL: 10.3938/jkps.72.0 P I Latency of TS map maker (~32 ns) R Latency of | 4 g
| o » l »
Latency of 2D fitter (under devlopment) StereoTS finder (~104 ns) | | atency of z0 fitter (~192 ns) 1
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Nuclear Instruments and Methods in Physics Research A 581 (2007) 816-820 =
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A hardware implementation of artificial neural networks using
field programmable gate arrays
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Department of Physics, Korea University, Seoul 136-713, Republic of Korea
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Al engine (NPU: Neural processing unit)

« X[ Versal FPGAQ| = Al engine(NPU)O| 7}
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Development of Boosted Decision Trees (BDT) algorithm
on Versal Al engine
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1Korea U niversity
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1k cak
p B2 op[1:0]
p WA data_write[| 01 1
» WA data_read[| vouuouoo
1 empty
1 fun
1§ clk_period
p B8 stack_ptr(3:
p WA stack ptr_n

T2 0=

-- Define signals

signal phi_O0 : signed( 9 downto 0)
signal phi_1 : signed( 9 downto 0)
signal phiAdd : signed(10 downto 0) (others=>’0’);
signal phiAdd2 : signed(11 downto 0) := (others=>’0’);

type S10D1Array is array(0 downto 0) of signed(9 downto 0);
signal phi_2_b : S10D1Array := (others=>(others=>’0’));

(others=>’0’);
(others=>’0’);

-- Sequential logic

phiAdd <= resize(phi_0 ,11)+phi_1;
phiAdd2 <= resize(phiAdd,12)+phi_2_b(0);
phi_2_b(0) <= phi_2;

205.000 ns
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Nuclear Inst. and Methods in Physics Research, A 883 (2018) 83-89

Contents lists available at ScienceDirect

Nuclear Inst. and Methods in Physics Research, A

journal homepage: www.elsevier.com/locate/nima

A software framework for pipelined arithmetic algorithms in field
programmable gate arrays
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FPGA Developers’ Forum
an open space to discuss FPGA design
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CERN, 20-23 May 2025
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