FPGA AJ\Y AY > ShlEd

RRKRF A - SHEARE

D2 BikE

U-Tokyo Computing System Lab



| Bk

B EHCEN - SEn
B FPGA/\v hHY D HIE
B ARENESE

m X5t

B NEFEL  YOLODE
B oEFER2 VI I 7ERL
B NEFE3 /) \— RO 7ER(E

2025/8/29 FPGA AL/\vhY> &hie U-Tokyo Computing System Lab p



cialnr - SHEN

2025/8/29 FPGA ALJ\vAhY> &l U-Tokyo Computing System Lab 3



| FPGA AL Y1 )\ HYABN

m iE

RRAFE TAgile-X~EFMHFEMITMOBEFCHLER] O T O Shahiio

FHEHRTOS b
(https://www.agile-x.t.u-
tokyo.ac.jp/) (C&BH8AeE

B https://www.agile-x.t.u-tokyo.ac.jp/project/FPGAAIhackathon/ St —citrsace

SF(FHotSPA@IEENIA THMESNIZ

m B

T\ FBENAORFREF OFEE
Y TEEBELLET.

F—%
YolLo-v3 % FPGA /R— K KV260
(CREU. HREABEZRR\ET .
BHENRBABCOVT(E Agile-X
D Web Y MBI,

WiESE

B AAgile-X FEFMFEARIMOREFLRT O T 0 MCXDFE

B3R, BEES

EMGRET)\W AV 2 —MRICEITI DT E T, FERNADEIRZRF s

RUET,

FPGA Al TH1>
J\WHYIADHEE

&

© SMBFBREMETAFREEFTERELTVET. K
JWHYSE, N\=ROI7RETOREEN D BRONFEEIREL
FIN, TOOBNMEEHELA. 1 -3 ATIN-T&iH
Google Form(4 A 1 BICA-T>)&hEmERe 4 B
RIITVET, 558 16 VL -TTHHEIDES .

@ EERT-90AR KV260 R—Resr—TILABNEKBE
[CXFENTEET, BELEOTRBVTIN, ERIOS1
IRTHAUR-RTIOTHBEEO TAYNICERLTE
2L, RZK PC (Windows PC) (F&BEIABKIEEN, £
TTHRIBRIIC Web [TIBRIB75ECAESTRYPYILTC
==

® SHEE. AFHENTVS Wiki

(https://github.com/takgto/utokyo-
chipathon2023/wiki) (LT YolLo-v3 ZBHLT, B
BIOREEITOTIZE, 2O, £ MRAENSRELL T
&V,

@ 6 A 10 B, BFRHEEFS. MBLEFESTHR
£ HotSPA OSIB TAE BB U TERRMERITUTLE
1ZEEFY . HOtSPA ASHNTERVSEHBRIICT —23%0T
VWEIZE, EERAITRITUES.

6 BUEREEZRMEETERRALLIIN - TERELET,

® HWSULHEMEG RIBTEIRLES . SITERI A,
BXESREVLET

DRI, -

m 2O
YoLo-v3 % FPGA /R— R V260(CEEL. MEEEHEELELES, B
ENSIETKREIREFE THEIEE,

U-Tokyo Computing System Lab 4

2025/8/29 FPGA AL)\wAY> &l



| RBEN
B 5 B
B X
W OERAY THI IR RFABRTIY IR
mOPEEAT . RO— I
w Bt - Bt ERATIBRETSERARE S X7 ABREEI P - SHE
m {EHEA% | CGRABII >/ (1 S5
B (B | BRI T — 7O F v & AV ORT « S A EIFEES X T AORIH (DC1)
B FPGARRBR(ZL ?
u IS - ERUBSESR, FPGAIZAIN ZIZE
® —EFPGA + YOLOICF v L > = UT=hii
u FAEEAI7 IS L—4EF /S, HDLIZZAEITS

2025/8/29 FPGA AT)\vhY > &5t U-Tokyo Computing System Lab 5



| iZ25—< : CGRA (BRIEBBREEH7—F5IFv)

B 2;X5cheFR(C Processing Element (PE) Z#F DElgdF )7 —F5 O F v
PETEITY din T + PERIODIEGZIEN T —5 CTHE = BN/ \— R 1T )7 ZBEhnlEE

B CPU - GPU - FPGAZ(CLERTETEI%EE - HEBE N TENSD [5]
B HHRIEDIEOERT —IND RV © BT —SDESZHZ HNHEL

( Energy-efficiency
BEHET ZPE~D
Memory HHF— 4 J (MOPS/mW)

PE || PE || PE [ PE S

I T 3 3 T 100

PE || PE | PE || PE [ Aaw \
iiii

10
Performance

PE | PE || PE [ PE | NI 1]
T T T & mmmw] .
PE || PE | PE || PE A
(GOPS)

CGRADIER, 7 —FF O F v EDOMERELLE [1]

2025/8/29 FPGA ALJ\vhY> it U-Tokyo Computing System Lab 6



| i%T—< : CGRA (FHAIEBEREIEEY —FF I Fv)
B CGRAFEF v IOl L TLVRL = FPGAZAWZEHBEEITHNSD

Framework Overview

I Banenac @ CGRA Architecture CGRA Architecture

u:M @ Interpreter @ Description @
Data-Flow Graph l
Device Model of
Mapper ®) Architecture
MR:Z:::‘: Program Bitstream
Mappable? Verilog
y Simulation
Performance/Power/Area

Verification

Estimation Engine @

v

Power, Performance, Area
Estimate for Benchmark
Implemented on CGRA

2025/8/29 FPGA AI/)\vhY> &hi:k U-Tokyo Computing System Lab V4



| smEn
mEY AlV7OTES L —AMHREE LU CEREFEDOFHMEZITZA DL DICT D
B BOTHEFICOPNEIELSRRLY, |, ?
B /XEFPGAHRICFEZ DTSN TULNIRMN S T=DH ?
» [FERO® : FPGAZZEN \—R)ILDOES
B /) \— RO 1 7IRIEADKFHFEL )
n [RRQ : [\AZBEIC U CHRFREEEDDIHRHIC K LY

2025/8/29 FPGA AL/\v 7Y > &hisk U-Tokyo Computing System Lab 8



| il : FEPALETFPGATINF U= {458
Ry
n REREUE SN ETCYOLOEFPGA L CEIN G T & ICF v LT LT
B ECCEFOEN?
B ED/I\— ROTEZ(FE?
B 27)(CUItra06v2 A {ER. SeTEINIME < MBDFPGAZRET LTz
m A CEEINIERL?
B SUAH ? Vitis-AlZFIF T 3 ? FPGAZ SIS 30S(2 EnelEs ?
B Caffe CERXNTEEZBHYOLOVID=FE - 1> )\ A )LZFPGARITERAMAD D (T HE

2025/8/29 FPGA AT)\vhY > &5t U-Tokyo Computing System Lab )



|lsman - )\vhY>DFs
BEYN: Al OTCS L —ARREE U CEEFEOHEIZI T DL DICTD
B BOTHEFICOPNEIELSRRLY, |, ?
B IAEFPGARFE(CFZ DTSN TV D TZDN ?
m [FEOD : FPGAZZEN \—RILODOEE
B /\— RO 1 77IRIEADIKFEH R
B BERQ : & BE&EC U CHREEESHDHRHIC L)
m/)\vhY > zmERURER
m RO F—ASIROTEREREHRATHES LI
n FEQ : B ECAETIHEEAITHR— L T<ND
B RN—ASAEENRICEZSNTUNDID(FE |
B FEQ  WRITTUS— 3 > AFHIEENS X 5NBDT, FRETENIZITI®TL)

2025/8/29 FPGA AI/)\vhY> &hisk U-Tokyo Computing System Lab 10



| iR

FPGA/\w By S HE

2025/8/29 FPGA AT/\vHhY> &l U-Tokyo Computing System Lab 11



| FPGAI\Y Y >EIL—IL
m)L—)l
m 1F—A3A. KV260/k— RZFIA U CEEREREIDIBE Zii D
B FPS x mAP DX 7%Z%E5 = BEIDIEREXIFE
W YT DDIEA - B - BEREED3TEEE
B H/R— NRIR
m KV260/Rk— R - Ed#EMoE U U
m Fa—KUZIL-FIHAVY I DTV
B YOLOVIDEZEZEAHEST /LA EEH
B S\ANDT O (https://hunga.sblo.jp/)
B F1—bUJJL (https://github.com/takgto/utokyo-chipathon2023/wiki)
m J\wHY>HSlack COER - fBsRkH A]EE

2025/8/29 FPGA AI/)\vhY> &hisk U-Tokyo Computing System Lab 12



|KV260> TEARR—K?
B K26 SOM (Zynqg UltraScale+ MPSoC)+ B2 A D> T 1T —IX N

Kria™ KV260 Vision Al Starter Kit

* Mult-Camera Support: Up to 8 interfaces
« 3 MIPI sensor interfaces, USB cameras
* Built-in ISP component

« HDMI, DisplayPort outputs

* 1Gb Ethernet
« USB3.0/20

« Extend to any sensor or interface
* Access Pmod ecosystem

» Low cost, enabling design exploration
« Available from Xilinx and distributors
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[ 1 core 2 2 cores [ 3 cores
TABLE VI
500 FPGA RESOURCE UTILIZATION ACROSS DIFFERENT BOARDS AND CORE CONFIGURATIONS
et Boards | LUT FF BRAM URAM DSP LUTRAM
(Used/Available) | (Used/Available) | (Used/Available) | (Used/Available) | (Used/Available) | (Used/Available)
ZCU102
400 1 I-core | 52,161/274,080 | 98,249/548,160 | 255/912 - 710/2,520 5,647/144,000
(19.03%) (17.92%) (27.96%) (28.17%) (3.92%)
M =7 319 2-core | 107,237/274,080 | 187,663/548,160 | 512/912 - 1,451/2,520 12,344/144,000
& 300 4 (39.12%) (34.24%) (56.14%) (57.58%) (8.57%)
v 3-core | 165,111/274,080 | 302,294/548,160 | 769/912 - 2,138/2,520 21,662/144.000
= (60.24%) (55.15%) (84.32%) (84.84%) (15.04%)
E ZCU104
£ 200 1 185 l-core | 63,003/230400 | 107,833/460,800 | 259/312 - 718/1,728 -
& (27.35%) (23.40%) (83.01%) (41.55%)
2-core | 95.724/230,400 | 188,110/460,800 | 154/312 96/96 718/1,728 -
100 1 (41.55%) (40.82%) (49.36%) (100%) (41.55%)
KV260
l-core | 65.139/117,120 | 108.532/234,240 | 19/144 42/64 546/1,248 -
0 0 (55.62%) (46.33%) (13.19%) (65.62%) (43.75%)
0 2core | 84511/117.120 | 167,544/234240 | 57/144 64/64 918/1,248 _
Kv260 U104 Zcu102 (72.15%) (71.52%) (39.58%) (100%) (73.56%)
Number of Cores

Fig. 6. Performance of FPGA devices with varying DPU configurations.
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40 416 ®s40 ! inference time (ms)
- - 1 S Figure 1. We adapt this figure from the Focal Loss paper [9].
YO LO V3 SplneNEt [‘ ] YOLOV3 runs significantly faster than other detection methods
with comparable performance. Times from either an M40 or Titan
IlES N - -YOLOv4 [ 1 ] X, they are basically the same GPU.
= ARSI ? 35
YOLOv3 [27]
- e -PP-YOLO [20]
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V100 batch 1 latency (ms)
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array<thread, 4> threadsList = {
thread(readFrame, argv([2], ref(fr)),
thread(displayFrame, ref(shw)),
thread (runYOLO, runner.get(), ref(fr), ref(shw)),
thread(runYOLO, runnerl.get(), ref(fr), ref(shw)),
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Displayed in the header el PE PE PE PE
Performance |«—»
DPUCZDX8G P—*>&F+  LUT LYY 70y % RAM DSP Scheduler . .
Hybrid Computing Array
B80O 29721 41147 90 166 4 4
B1024 34074 48057 104 230 Y v
B1152 32169 47374 121 222 ARSI~ nstruction
Fetch Unit Global Memory Pool
B1600 38418 58831 126 326
B2304 42127 68829 165 438 ] i
DPU
B3136 46714 79710 208 566 i i
B4096 52161 98249 255 710

High Speed Data Pipe

£35 1 20 DPUCZDX8G > #)L a7 7O¥z 7 OS> 7L, ZCUT04 75y h7A—AIKETEET, oAz b
Tl AA=—YELVEH/NY T 7—7T UltraRAM DMEREINTWET, £ RAM EREXE, F v %/LILE. alu parallel =
PP/2. conv: leaky ReLU + RelLUB. alu: ReLUB #3&iRL. DSP FHEXEBICHELFE U, 2070V b YUY —X{EAIR
MERICRULET,

External DDR RAM
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SCiI

XSA < sysroot>. xpfm elf

~ N : + =  xclbin bin

: ek shell.json

Geckng Wasra Image

e | Platform Creation ApplicatioBPevelopment
ﬁ Uhscg%
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| FPGATODPUYIDE X

B FPGALTHEZDDPURTEZEW\NTHL ZENTED
Petalinuxfii TN > RS> TUIDE RO SEERT D ENVAJRE
FCATIAFE CTlEB4096H 2 DFED TULVEH. EZHXRTESHT .
B4096 117 vs. B1024 217

petalinux@xilinx—-kv260-starterkit-20222:~% sudo xmutil listapps
Accelerator Accel_type Base Base_type #slots (PL+AIE) Active_slot

1024x2 XRT_FLAT 1024x2 XRT_FLAT (0+0)
1152x2 XRT_FLAT 1152x2 XRT_FLAT (0+0)
2304 XRT_FLAT 2304 XRT_FLAT (0+0)

4096 XRT_FLAT 4096 XRT_FLAT (0+0)
4096_300Hz XRT_FLAT 4096_300Hz XRT_FLAT (0+0)
4096_v2 XRT_FLAT 4096_v2 XRT_FLAT (0+0)
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| 2 Core TDALFIHLEE

B B4096 17177&B1024 2177 COi 5 QLR TR

2DERDTLD

Gantt Chart by Frame (first 30 frames, excluding warmup frames)

Frame 69 -
Frame 68 4
Frame 67 A
Frame 66 -
Frame 65 4
Frame 64
Frame 63 4
Frame 62 4
Frame 61 A
Frame 60 4
Frame 59 A
Frame 58 A
Frame 57 A
Frame 56 A
Frame 55 4
Frame 54
Frame 53 4
Frame 52 4
Frame 51 A
Frame 50 A
Frame 49 4
Frame 48 4
Frame 47 A
Frame 46 -

Frame

Frame 45 4 Lo | | |

Frame 44 - | I}
Frame 43 A | |l
Frame 42 | I}
Frame 414 Wl
Frame 40 TI

—
N

JH NN

0_readFrame
1_resize
2_bar2rgb
3_quantize
4_push
5_memcpy
6_exec_async
7_wait
8_detect

9 _nms
10_draw
11_displayFrame

r

0

100000 200000 300000 400000

Time since start (us)
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|1 Core vs. 2 Core
B 5L O>EELRDE

Boxplot of Latencies by Function
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| 1 Core (300Hz) vs. 2 Core
m LV, BUH

Boxplot of Latencies by Function

Boxplot of Latencies by Function
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2025/8/29
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P B team i X
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FPGA AT/)\v Y > &hl5E

F—L#&HS
13
15
10

3
14
1
9
8
16
12
4
6
18
5
17
19

FPS

341.6
177.8
499
50.2
52.3
75.4
49.2
51.6
50.7
10.9
14.8
6.6
83

mAP Score

22.04
24.55
86.47
59.25
43.61
24.34
36.07
28.03
20.67
80.76
58.1
93.47
6.1
47.46
47.41
47.46
47.41
22.41
0

7529
4365
4315
2974
2281
1835
1775
1446
1048
880.3
859.9
616.9
506.3
346.5
346.1
109.2
109
25.32
0

44



| 261 F — L EDEDRDIED
B S-Sty hOFEB, ALy REHSESE

. 180
yolov3_tiny
160 |
140 1
yolov5(b1024) g
B ReadFrame L
i i s PreProcess 1201
i i B DPU
yolov5(b4096) L Pc?stProcess 1001 —e— DPU: b4096
B DisplayFrame —=— DPU: b1024
} . " . . 80 A . . . .
0 10 20 30 40 1 2 3 4 5 6 7
Process time [ms] The number of Thread (RunYOLO)
1 L7 YOLOvVSn ¥ 760 YOLOv3-tiny OULFIES o He i M2 YOLOvHn I8} % RunYOLO O 2L v FHICHF 2 FPS
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EX2))
B FPGA/\vY QY CSHIUIEEMNT CTRIE(CFPGAXAINEIRTE /2 |
B SEENDERHGZEKV260ZHWWBS CEICITDOCENTEE
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