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Design and Implementation of Lightweight Deep Learning
Computing Architecture for FPGA Cluster
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Abstract; With the development of sensor technology, the functions of edge or terminal equipment are
rapidly upgraded, and the data quantity of front-end battlefield increases exponentially. According to the
contradiction between the inability of chips and the sharp growth of data volume on edge and terminal
equipment, combined with the Map/Reduce framework, a deep learning architecture based on field
programmable gate array ( FPGA) computing cluster resources is proposed, which can deploy multiple
applications with deep learning algorithms and can be widely used in military scenes and civilian scenes
such as forest fire prevention.
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Fig. 1 System architecture

.15 .



www. teleonline. cn

R

2024 4

R TR A R R s 72 VA Rt I
TR R GE 0 R TR B I, 4% A S8R
B 5 ZAHRIAE S5 . ERR G, B 0
3R P S A TEC 0T TSR SR A TEC L, T 2 i
TR PEITH A A O 47 Y T 5 T Ry ) 4 4
LB AE AT IEAT TR RS, FO R AT Y ) A A T
B A 5T Bl A LAY TS T A5
P 0B 12 i ) ) 4% 28 e HIL , Worker 22 [B] 38 5 A9 & A7
#J2 Worker 1 AR BCF I O ARAE T R IS4
F 5 5HAL Worker #STER

[FPG A% 9 L HL 7
[

R ) A
(AgenP)

ROt 4| £S5 W #
(MasPer) (Driver)

W A
(AgenPHub)

AT 5 H B
(WorkerMgr)

FPGAZE il 4%
(FPGAFonProl ler)

FPGAAT %%
(FPGAWorker)

B2 REHRHEED

Fig. 2 System software configuration items

1.2 EAXTI(ERTRE
GRS S )TN T & AR AT 55 1B A T RO Je A
TAERAEMAE 3 s,

BB ! l
) &3
I 5 TR Y 5 $K IR 3 JRID
(RGRHB)
R P 2 ] I 4 48 I
Y R i l
] 7%:%Workerﬁf Er8
VR 2 T A SR AT S et (5
TPR & 3 & (E% i) &)
7 |
FA A R A l BT B
a2 AT ARE G B
=)
- (F G2
Gk EE P :
% BISONL A+ 4 R Workerd &
i ] Py
RS
(webRl %7 )
]
BREZER IR AT AT
(RGRHE) AT
L |

B3 BAGREFIMMTHEFEEATERE
Fig. 3 Basic principle of a lightweight deep
learning parallel computing platform

PP AR R 5, 0 Bt SR v o S pmid: &
.16 -

JE2F ] W 8 RISk S e A R 322 ) THELBE Y 1P
1E FPGA b RS ™ A A Je 40, Z 5 TR AR )
TRIE S 2T R 6 7 R AR B 2 2] T A
R R ZHGE I 8 i R 4% I Map-Reduce 4
FEA B A I (P AT 9 5 Map ()
Reduce( ) PR LB 5 & & 48 #2 £ 19 Map () AN
Reduce () PREL) , S HETTH B EIE B JSON U4, 3147
JCE TP R 48 B

TEAT 5575 B as AT I Ji 2k T 54T (40 Y 4
W D0 ) 1] RGEAE T AR AT 55 TR . R Gu AR il i
WeREHAE 551K , R ME 55 K 5l s A AE 55
WK B AT 55 BT SR E EAT o Al (AT AR ) B
JRCXF SRR A5 B IR I R oK, O I R e 4 i e B
BRIRTEOR | R Ge il s ARk 24 A1 B IECIR B0 AT U
SYECIR AL B B WE IR 1D A4S MR i, E 55
UK B ARAS R 1D J5 , BV 0 5% P 28 BT e B i 4%
il & (BEIR AT B 23 T 22 221719 i, RIX 1 224> 749 A
FEAS) |, I K3k BRI 15 B AT 4% (Worker)
S, 9 AR A AR S BT IR B A P T AR A
PR, PRAT 4 2H A B A XA B 00 H N AT A
(Worker) AT 80FE A, LR TAESE R UG, RIAE
S5 R AR R O S, T 55 A 30
1.3 ESREITIERE

11 55 38 i 48 2RO R AT R, &R 48 8 A
( Master ) 28— AT 55K 8l 2% ( Driver) 72 , 8
b BERR RS R A T B S 0 IR T R OC
SCHEH AL 45 Driver,

Driver J3 25 , #1155 B o3 S 24 AT a4
AP R EE T —PEEA FPCA AT 4
(Worker) , Driver ¥ LLIRAT 45 2H A 547, 0] Master HI
TITRRE, (AT IR, BT 8 4R —
AT AR BEAE AT 00 434, W 25008 B B — A3 H 51
AT, B, XA AT B3 BRI, Master 4
RZIRAT AR AR 3 B — ) — TR R O ]
PRGN RN iDL AR Y O

Driver 7E H i 2 T A $0AT i 21 19 3 53 55 U5
S5, I M 1) A AT A 2 N Y T R S g
(Agent) 42 52 AT 3 oK. #F ok, 5 AU A&
(Agent) N—PATERA A — NPT IS B LA
PUTHRA BB T i T A A A R R iz
1T H, Bl i AgentHub 48K TR B R iE# S
FPGA #% 1l #% ( FPGAController) #4718 17 , 1% 125 47 il
R



%64 4

XA W R, RIIER, 55 . —Fh FPGA SRR IR 24 T TR A Bt Sz it

514

1.4 ESHEERE

TEIB AT AR S5 25 o), Bl 2 3 Ik e TE sty
(AT 55 I, P ik o DU HR AR 2 11 ok v s o 14T 5%
ST BOH AR, Bl & 1A S A SO R . B R
A 559K B 2% ( Driver ) MU S HT PTG B0, AR
AAT 5 WA $AT 5% ( Worker) U458, , 550 591 18] 75
JEPREN (Agent) KI5 A5 1R X B AT 4% ( Worker) A9
F84 TSP THR (Agent) FREIXT I AP T A5 2 45 HL
#% (WorkerMgr) I [n] Ho & 24152 1R 38 4 SRAT 2R 4158
FREF (WorkerMgr ) 15 1E HAF RERY BT FPGA 4T #%
(Worker) J& 1t I BECHE IR, 57 5048 BEAR (Agent)
ST BT TR DL, O 0] R GEE i 4% ( Master ) |4l
FRARE .

2 FPGA £ REZFSITEZEHLI

TLIRBE 7 > THAHE SR 32 B4 45 30 FH ) B 3l 5
AF G B A 4 B R R A R S AR A
(Master ) . 1T 5 3K 3l £8 ( Driver ) . 7 & % il 28
(Agent) PITHRULE PRAR (WorkerMgr ) JLA> DI REAR
B, SRR 2 2 FPGA $hA 7 8% (Worker) | 7K
FASE T A SR TR 55 . TSR YR R OC R A
i 4 FioR

I8 AR
R G 1] 35 (MasPer)
H 1 1\\
wgrnmm) \ (RS L
HERIBITRE | | LR
l(o.-.n)/ - % """ / _ """"""""" ; ‘\(1---n)
EEEn® | eaiami | TALSE |
(Driver) i EARAEHE ; (AgenP) N
(Ca))  eny I ____________ ‘.
S < ey |
5‘ RELH |
"""""" l(on ’
PATRA TR
(WorkerMgr)
i N
| \
S B [ sawa/ma/miE |
i BAREEN
| P
FPGAL /T3 | [FPGASLIT 2 | |FPGABUT S| |FPGA$FT 58 (1)
(Worker) (Worker) (Worker) (Worker)
| | | L s

B4 HEERAATEEXR

Fig. 4 Internal logical relationship of the computing architecture
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