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Abstract: The low resource utilization has become a prominent problem when neural network models are
implemented in embedded programmable gate array (eFPGA). To solve this problem. this paper proposes a new
design structure of multiplication and addition operation unit to improve the resource utilization rate of the
multiplication and addition unit and give full play to the high spatial parallelism of eFPGA. Retaining the core
multiplication and addition functions of digital signal processing unit in eFPGA, this design adds single instruction

ultiple data operation structure support for commonly used INT8/16/32 quantifying bit width data and optimizes
the partial product generator, the compressed tree segmentation method and the parallel prefix adder structure of the
design after bit width expansion to reduce the path delay of the core multiplication and addition unit. This design is
implemented using the UMC 28 nm process. Simulation and experimental results show that the multiplication and
addition unit meets the requirements of functional correctness and the resource utilization rate is improved by 1. 37~
3. 05 times in the comprehensive results of the neural network application test circuit.
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Fig. 1 Overall structure of the multiplication and addition unit
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Fig. 16 PG network of carry select signals Fig. 17 PG network with carry elimination mechanism
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Fig. 18 Function simulation of the multiplier
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LR PG AR . BAR ST T VR R < B UK 2 BT PR SO 3 iz S5 B T A L e, 18 TORE 56 B S5 JE AN
JAIAS ST, K eFPGA 52 B 7] & Ak K /N K [6] 45 B ROSE B9 46 BB 28 I 4% (convolutional neural net-
work , CNN) B [} I (i | DSP 13 i 12 55 50 50 14 £5C A 98 R %2 . 8 DSP48EL 1A BF 5% v 3fe Jin . T
BT AR LG 2R 435 R 1 R 1. 09, 5 TS B I A 320  Gr 55 F DSP (9 1H FRULE 22 5 SR i 4z 1
Bk LA 45 14 TG AR LG 2R 5 0T R Al A B o IR TR e B 0 S 8D R B TR I RNk 3 TR

S5 F B AR PR TR B Ak AV 9 S [R) R /N S TR i 3fe i iz B B Y B DR R 3 KT DSP . A
DSP Sz B 25 0 25 A6 700, 5 78 2% ] 347 280 2H R i MAC B 51 L il T AS B9 3 hinis B 2t % SIMD 4%
Tl — 2 B T A [ A7 P P A o DR A5 I B R B AR KU/l INTT8 A5 A I, ¢ VR
w1128  CNNAR 7Y 2 1 RS K T CNINRE Y 1, % 35 ol ) o /0 B o WY St 9 00 ) P 2% 2
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o AR FR K AR A D

2025 % 2 4

DSP 1155 /9 3. 05 fiF, CNN #LA 3 (1% & fk
A2 58K INTL6, T R4 /N AR B KA
PE A BEIR A FH 224752 DSP i 1. 37 £%,

Shy ik — 2 U B 3 2 R LT AE 4 T A
B] A7 M 9 A S50 0 O ASE ¢ K 1 R i
JUfT4H (visual geometry group, VGG) #
AT I BRI 3R L 6 A F 58 R A7 A
VGG16 24 U 28 I 4% 5 Y 0 45 25 44
JLT-0 35 B 45 T 448 45 R e R A 1) 484 L Fl
I3AEREM 3 AN 2EZZAR. BEE
B 2t e 3 — L2 Fos k. &M
JRI5 R 5 AL G BZ S AT i Ak
YE . HRAE A ZE o T iz B8 50T 1A 9 15
RS R SRR S G f S B i |
M B O FE 43 ) H I B U ) A AR
PEATHRAY IR 0I5 45 31 I 45 B B0 A ER AN
HE R 4 iR,

23 W41 5 AR A R RE T yosys i
F DSP % I8 F1AS fF 52 v 3fe Jin iz 5 51T,
BRI 5 CIRFAR-10 %4 95 48 &/ F (9 3
T2 2t L5 Ja B TR A 5 S b A 2% 1%
THR R LA A an e 5

AR5 AT 3 hin iz B B ot U DSP
S I U 2 I 45 AL A, W] S 43 R 4 eFP-
GA Z [ JFATRE ST . 4 Bl 48 o) 4 A5 700 1)
A 5 INTS B, 1 48 SE IR A .
ARBFFE T ¥k 5 SCRRCS ] ¥ M e Y
TAES R A B R A BN I R A
I BERL L . A 5T 7 ik 5 SClk[6 ] A e
Mk [ 2075 75 AH L, 78BS0 0 [W)BE K /N 8
It 45 & ) Al 3R iz 55 B T i 30 G
/NTFfdH DSP B %, A2 DSP )

®3 FEEEEHDSP SRmMBTHEFENLE
Table 3 Comparison of DSP and multiplication and

addition unit resources used by different models

il 2 ) 24 A A CNN## 1 CNNH# 2 CNNAA 3

AL ALFE 8 8 16
BBIER 4 3 3 1

& U [ R 5X5 28X 28 10X10

BRI 3X3 5X5 3X3
DSP fifi J1] £ it 16 40 3
e i A FH A B 5 12 2

piRUE RS 2.93 3.05 1.37

F4 ZHFEHEH VGGl B L
Table 4 Structure of VGG16 model after splitting

=51 Bl R KN RS
convl_1 224 X224 X3 3X3I X3 1X16
convl_2 224 X224 X4 3X3X3 16X16
pooll 224X 224X 4 0 16
convz_1 112X112X16 3X3X16 4 X8
conv2_2 112X112X 16 3X3X16 8 X8
pool2 112X112X 16 0 8
conv3_1 56 X56X64 3X3X64 2X4
conv3_2-3 56 X56 X 64 3X3X64 4 X4
pool3 56 X56 X 64 0 4
convd_1 28 X 28X 256 3X3X256 1X8
conv4d_2-3 28X 28 X256 3X3X256 2X8
pool4 28X 28X 256 0 2
conv4d_1-3 14X 14 X512 3X3X512 1X8
pool5 14X 14 X512 0 1
fel TXTX512 16 X7X7 256
fe2 4 096 128X4 096 32
fe3 4 096 125X4 096 8

109 % BERL L 2. 32 A% . FEAH W) 52 9L 37 5T SNz 53 .58 1y B IR ] 2834 T DSP Ak WA BF 58 0 T

eFPGA T A 2P o 4 R 28 I 45 1 fiE

K5 VGG-16 HE IR EFFEE AT

Table 5 Utilization comparison of inference resources in VGG-16 model

Bt TAES#/MHz T L % YA A B IR R
k8] 333 1.57 - 2.00
Hk[20] 100 — 471(DSP) 1.63
SCHkL6] 200 — 451(DSP) 1.73

BTSN 100 1.09 309 (M ELTT) 2.32
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3.3 [EHEBIFEMEFZITEEXLL

AW 5T A 3 25 U Ak T T4 87 R *6 EXEHGITHESH
AT R RS, SR e 2R 4 E By Y vk 2 Table 6 Performance parameters for designs of the same type
PRAE SR A4 TR 48 Foe 28350 43 BRI 2R HCE ] HERf /ns BB pm® U W
FIATRT R P e AL B A 4% . ik B 3fe SCHRCL7 IR 2% 1.27 - 2 443. 00
—1 . AWEY EeD >
ﬂfl%%'—jxlgh‘l‘%:mﬂﬂﬁflk SIMD ek 7 it Scmkl 2113 in 0.49 - 108. 98
FHEERE, 72 UMC 28 nm T. 2 K ffi ff De-
PN A 5 3 ¥ . 3.9

sign Compiler %} F 5 £3 1 66 47 20 . T4 451 AWF5E SIMD TR A 0.98 6191 643. 93
RN 1 GHz, 2320550, A WFIT % AT 8 A7 e 0.45 819 111.14
T H T S B B A A A I SR R AHEFE 16 47 T f 55 0.62 1748 186. 15
BRI R il B D0, AR BfF 55 55 Al ) 28 Y 15 ATFIE 32 hr e o 0.97 5226 561.05

T PERES BN LN 3R 6 iR .
5 32 QU FMARAH L ARSI A SIMD Iy E R 32 23 n a4 i AU I 1806 . 5 SCHRC 17 JA1 SCHR

CLAJAH B A WESE 16 73 i 4% 2 B 3 B 42 7 51000 36 60, I AR 520, AWFFE it/ 8 frsfe i 15 3¢

BRL21 ] 8 fi sfe i AH bE L BE S T 800 . ASBIF ST T B9 e i 7 S I 5 1o AR T A7 W] 2 i e fe 5 #2271

4 ZHig

AWM ) eFPGA BT MERET iz B 8o DSP, # i B G Bl 2 MK TR BE ). 4
BRI RE T, Tk A% AN A A8 ¥ A SIMD Jg g, A 8] i AT 2 A4 3B R R T 5 R0 o A5 R 1
Booth 445 , H- P AL /3 B R BT, 3840 B LSO 1 597 R A5 A (] B A= i s Al R 9 2 388 43 AR A 11
HER Bt 52 2 4 0 A 5 L Ik 8 15 TSR R 40 4 9 3R AT TR B R i B R AT R DN B R TR
W R AR I AT MRS RE T . SIS B 4 W 4R B R e, AR SR BT R SRS BT 5 DSP AH L, B
PR R e KAl 3k DSP 1Y 3. 05 4% SE PR FH H Al ik 2. 32 £5, 32708 T eFPGA 133 45 UM 22 R 45 B A 11 i
J1. HRIZERIBE AR L, TR AE i A B B AR Ak L ofe s M REAS B A ABE . AEARBES AL LR e 3R
a8 ST O AT B AT T AR ST 1 R B A B T L AT D AR e v ORG BE R M
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