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W B EAREWENEXNENNERAE G, tARBRALERA TR EEZER
BT R R R, H R E ARG R A A W AT R RS R K
TREMEWENERRRELES . AT RETHES (FPCA) A EM & #& I LA H
BURMREBERR, ECRFEREWENENE S METF &, XHRXRE ¥ nik
#(NVDLA) R X EAF RN WA NEE it &, EEHE S HENBEHFARMT
W R EAT, AXEEH% NVDLA 7 FPGA F & b oy tb b ik 43 17 22, Bt % Fh b 4L 7
FEMAR FPGA WE WA YR, B B iR 5 L2 AT dk. & T# M NVDLA fnif &7
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AERES, FRERELN, AW NVDLA st B ER G E 4 RE A0 E A ERE R
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B

BEE N TR B R AR, 2 W 25y —Fh
HEMRE A IERB L EANTWER, HELT
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B T R B AT SEEAT RE B, R R R
T % E FPGA FSEELT 61.62 GFLOPS friAb i
b, TS A HFHBIFATEN BB 2K
AT ER , SEBL T X MNIST FE R+ 54F
(RIRA] . BRISAE A S T —FhE T SDSoc i) FP-
GA BT T5 8, % 7 58 R R K 26 i 2 18] 52
Tk, P T HE FPGA | B8 AR T 46 1Y IR 2 i 48 I 2%
BRI, Ding 25 A ] ik AT BE o 28 90 4% 0%
FORE BT 75 T R AT 25 R, 42— S A A
A5 ¥, B 32 5 ) 3¢ 801 ( alternating direction
method of multipliers, ADMM ) , 3 {8 A B4 24 %6 [4
TIEX BRI #EFT T, #8271 T FPGA B &%
AL HREBE

PR W 2RI 48 F- 6 b, BT FPGA /Y
HAE 5 T R AR B IR T RIG L S% a
SEUHAG T IZ N TR = T s as . FhsRE
)N (NVIDIA deep learning accelerator, NVD-
LA) RS Rah IR 0 #2804 BB A s 2 0 H o 1%
TiH P TP B RIE R Bt RTL A £35S R FI 0 -
BERY BRI & & A R b 4T 1 — 20 Hh T F
BB, [HZ NVDLA A & 2 )\ ASIC £ &t
RIATBT , IF R X0 FPGA V- & 47 MERE ik
TR FIZ#ESE 77 T LA o

ASCHE ekt % NVDLA 7E FPGA 1274 L8l
P AR Y [R) AT 437 , B s AR RO 7 58, fi
HAEFET A H] FPGA PA R i) 2 il B 10 B¢ 9, S BLA
I PERE R ZE 2 HERE . HOR, JE TR L NVDLA
RS FPGA (01 22 M 28 BE 11 fin s 481 5 IR 3
FEINE A 22 0 4% 2t i i S AT I AR T . BB, R
BT RISV 6 S8 RESTNET-50 R EE SR &
PR 288 140 5B A4 10 38 3 e 5 6 G S e P P RE

1 NVDLA 8 /-4

NVDLA 424t 17 —Fh i 8 R | 35 A4 2
HARPTT 5, HoR I BALSS Y , BAT RAF I AT
P e R B DL AT RS A, BEASAR I ELACH 17
G ST B AEE B, 24 22 Pl LA 1) 0 1k A e
o
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1.1 EHEH

NVDLA {5 {2 A an 1l 1 frm . H 3%
Wt 4 A0 5AMNBHATEIE A ., 4 A4 0 53
R SR O PR O LU R BE R O
G54 02— AR 25 0 AR 98 IR #E Y
32 fpfs il Mk HE O, T S b 3 8% (central pro-
cessing unit, CPU) jj[i] NVDLA Jii & % 77 28 , #5 i
NVDLA SZHUREE T RE. Wi A& —A> 1 bit [
e 0, 24 NVDLA 52 B 55 50 H A TR A, 38
oI N CPU Aok th {5 B Bidafe i 02
— IR R AT R s gD, B
o, BRI O 5N AR AR A . B
et DT R, 5 e B A ik IR 7 o) 2
R EAAES AR, DL R BR A B

FHIE SN i B A
ol
o et e wmm
ES ¢oficrqn
A7 DR
T Eh AR S,
ez n
Immmﬁ&l
IBDMAﬁ&l

B 1 NVDLA B R ERRE S22

NVDLA PRk AIRESRAL A 33175 5K, H a4
PR [BRAN ML o BN, AT Z AL B, A8
] E R DT . B M E AL B B
APERE , R 75 X B BEA T I B, Jore B igt &%
AR . AR BT D7 SRR BT I R
TR R T 4, (H 75 2% Fl ik B4 2% CPU
R 5E BT B ISR B 8 JEE A
1.2 4miEs

S AN A SORE PR B 2 ST HE AR 1R 4 19 4%
WY, H AR B LA MR B F, A AT NVDLA
A2 1PE e S caffe PIZEHEZR , 38 RE A AR I AN
RISH IR TR RCR . G T AR L 45 i A
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RaEM AT E IR NVDLA T3 E R 2 | E R
PEFNERA R o A AT 0 28 45 F ARSI R SLis A P 4%
FHC B , [ IS 190 4 Py 28 4 5 1 e T B S A
RVCRELTE . 25 P e ARSI S S Tt
SR, LR e iR A2 A3 1E . NVDLA
R Rk AR YE NVDLA BE RS54 1 R, i — 20
AR MR EREH, R CRE—2 R
MEEH 3R RN T R T IR 691, o B
— R BLAAE o SRR ORISR
BAEBS 2 BR BRI E . iR TE s
B AR A RE SRR AT SRAT SO s AT I e et
P, SO 32 2 A 355 A AR Ak B ) PR 77 4 B
Hiuhl 2% 2 BOTCE S HOL K 4 e A A =X

2 NVDLA &1 1t

A% NVDLA 7E FPGA VP S 455 LI it 2 h
IR (Rl R AT 4B, [R) B 4 Ao ok 7 ] A8 P
LR AT 5
2.1 [ERFERL

T ASIC it rp i o 23 5% 145 I b 1) SR g ok

FERZh#E. MRS R MBS TA T/RE
I}, 2R G i 5 P I 4o 9 0 X HL AR T RS0 AR
&, ATk 2R DI #ERY B B, NVDLA 5] A T 1]
PEPORIER I #E. 75 FPGA H, H HLAIN B {5 5
MWEBEN SR G, B W0k A2 Ja i 4h 22 o 8%
(global clock buffer, BUFG) , F.- 4% F i) 4= J5) i 4
PO 4% ol 3] % G AT AT e H, HAOR JH 4y I 4 ) 4%
R0 A A 2 [ I B At . {H T FPGA JE
BT T4 B4l A BUFG, S 3007] 45 i s Bk
R e HRE o5 RIAE SR AR R BT IR, TR 2R
IR T AL . I P E S R E AT L B IR —
Ty A8 G A OC AR M R IR, s — &
RN AT AR 6] 1) I S 22 BE 3G K, 3 1 5 30™
HY PG, £ 15 T IERN SRS N P
3T TR B AR R I 6] ) 3 A 45 2R . sk 1 AT
SR, SR TS IR b SR ) LB R 37 5% R B A
BRI S BN P WSS, M2 A 2 A= L ) v B TE 1
W TAE A SRE T At S s ) e 5 D) B AT H
PR FE Ik ] fy 451

F1 NENEARERE ST TRENERERFHEESTER

UIEER BT /ns TR EREAL )G /ns
B 2= A% I ) A ot -5.393 0.010
SR B AR s TR A -361 338.374 0. 000
st i 461 1 P e A2 A 371338 0
S SL I B R AR B 990 093 990 093

R DR A B [ 3t B9 38 2 ORI AL R R A
i) 55 197 e ™ L PR S B AR A T 43T o

CPS = SCD + CPR - DCD (5)

HS = CPS + DPD (6)
Hrp CPS Jy i B #2Aiw &F, SCD g Y5 I B E 1),
CPR HEpEWLEE 4 &, DCD 4y B Wi $PEE R, HS
SRR RIS 3, DPD A BUHE B AR SR, 5% 2 B
Tz B BARTE T TR R AT S, B 4 i TR
HHMEIMSE. Wk 2 W15, LLETE DPD F1
CPR 2 2 ps AN ZERE i DCD 3t KR ARFFIT[A]
BB EZR A . IS ER NVDLA {745 i AR

B b5 Sk AL BRI 4%, 77 BB/ NS AT
v Z A IR AR, B Ok NVDLA #£ FPGA |/ IEH
THE,

R2 ENHEAREXENMBREN ST FSH

MR HT/ns MRS /ns
SCD 8.533 6.841
CPR -0.145 -0.143
DCD 13.946 6.848
DPD 0.165 0.166
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2.2 EHAHE

BEHR B BT RE A% 8/ NVDLA X FPGA B {4 %%
U8 b5 AR FHAE FPGA FAYSEH,
2.2.1 F EZAFHIEREY

NVDLA 7 B 25 F ASIC #1753, KT AEM
RAEWEIAH] 1 GHz LA b, s 046 1R =i 19 808 1%
W MANBAAE A 32 BR T DhRE A Bk, SdE %
(R ST O R 2 NVDLA BYSIE (G i 55, i
NVDLA 5| AT 8EH 9 i i _E 17 o8 L R st 1%
i SR RN, A BT ASIC ik A, FPGA #1%
TR T 55 tR% i R R e i A6 2 ] A P A
BN IB R N A SE AT e B AR R TR, B
T L [ 25 ) 5 30 FPGA. e S 3L W] B 14 Hi, i )
B, T (5 PSR 2 B A IR R B R A 4G
o LW 5 FPGA Y I 4% ZE it 38 K, IR
B T FPGA 19 TAESR , A HIKBIIE R, 7E FP-
GA bSLE—A KA A4 R 5 2 58 0 i B, 73
T EAHY T ASIC HL 40 RERY TN 3 ~4 £ 1%
BEHARGERT , #E FPGA i ,NVDLA i T3[R T
TAEARER , Hov O B8 A 4l 98 — B 00 /N
HNRAERESR IO FE . LAABETH A ], NVDLA B %585
P98 256 bit, Fi & T /E 4 % 188 MHz, 7] 18
NVDLA $#sit H 455 K HIS 77 55 4 256 x 188/8 =
6.016 GB/s, FHAMHAE it A XU i 2R 5] 4 3h 45 b
HLI7A%2% (double data rate synchronous dynamic ran-
dom access memory, DDR SDRAM ) , ¥ 45 {if 5& K
64 bit, THES 7 1200 MHz, B 45 55 J 2 x 1200
x64/8 =19.2 GB/s, MUANH A7 it #% B 2 & NVD-
LA {717 SE 7% R, BT IS INBS i LR 47, Bhob,
NVDLA FFE 5| A 32 MB Dl FH) R EfAfE s A4 B8
WEHIE® TAE. SR FPGA P8 H E ARG e R A
B, HLYA5 JR7E FPGA P [ &, At £
(0 A7 A B U] 248 R R W B e E DR e 7
FPGA B3l AR BY F F 328 i A At# A R b
TP 7 22 A1 B0 A5 4 i) BDMA BEH A - 1 77 6% 7%
Bk,
2.2.2 CDP HH 5T

CDP 55 3= 52 B T J5) 38 0 17 s 46 J2 (local
response normalization, LRN) i Z)j 58, LRN 2 £ H ¥l
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TR 309 A i 22 I 4% 45 ) H (40 ALEXNET Al
GOOGLENET'"™) , H: 3 B 2 St B8 /o 19— Ak iy
TIRE (0 H 5 RS IE R LRN J2 5% 1 22 15 2% 14 )11 25
SER R TIIEAR I B B R R B 2 R
U LERIIA R X — 2 (Hilfn RESNET™ 1 VGG™ ),
P, 76 FPGA it iz AR T 4 7359
2.3 SemEERETIRMRAL

Fe I 45 PRSI BEHE NVDLA %0, EZ L
THBL R AT B A DI BE. NVDLA 7£ FP-
GA | FEZH| 4 $ 3K (look up table, LUT) %% Y5 5
PIINAREFIRR DR, — T, Z AT
FPGA DY K& AT FRER IR, N K T 7 Jm R MEJEE
H S FHU R IR SE R T — 5 T, A AR RS
PR T T i RNV 45 7 A 2kl B v A7 A ) 45 22 B
(net delay ) 54 fg [m] S0, 388 i T Bk e A S5CAA M, PR
#il T NVDLA TAESR, 5 T 8RB T RE

DSP48 it & XILINX 2\ & FPGA po 3 i % %
{55 Ab 32 (digital signal processor, DSP) %i& , H1 /i
Pt TR A A HCE T 3 oA, T LSRR
Ferk Tk B WEBE LA AR AR E A B AR ERE . A
FeH FPGA P9 i LUT % U 5 2 A 4 14 T R,
DSP48 #iHk (i HIA AR/, ARSI B b, P fg
. {H NVDLA ZZJHH FPGA 1) DSP % 5 55 81
e AS BEFIRE I T RE , B 75 2 X 4 AR A 7
k.
2.3.1 TSNS L R A

PRALHTY NVDLA PyFRIfe il #5455 5 1) v, s 45 4
n E2 7w, H A xR 5 R B S 4 S

MASKO
) (&)
acpee 1y Q

MASK1 e
a1 %) &

MASK2
HE 2 e
E 2 ° 0

MASK3
&
WE3

B2 f{LET NVDLA A &R 3 =8 2R Y FE B 4544
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WIEARIRAF B F LR, F RS (MASK) {55 2
155, R HRE SE R 4R Mt .
BEEFTOIE M DSP g RSt B, R R 7R T A
DSP LB N A — AN HCE 5T, Toik R 5¢
BN FeE L R BFE AL 5 A RN, R EE 2 2
BTN 4 NG HERATRA . s LA b
RO, AS LT X TN A5 R 51 4 v B AT R 2 REAS L A

MASK {5547 5ia R /E N Ak A DSP AREHAI
Bt roRIka A, I M ] DSP B3 ik Rz
B BB B Lk 45 R, AL 5 L B 5 3
fi7Rs o Hrlaldf A 2 Rk B9 B R 84> 2 4> DSP
B ERIBEHT R A AR AE I (logic delay) , 47 1 Ty
RIS, X AT, R A 4 A DSP RLH R A] 52
Bk M DIEE

HAE 0
M;;@%ﬁ
DSPO

—+
i1

DSP1

!

|

B 2 -

MASK2
&

NE 2

5 3

MASK3
WE 3 &

L DSP3

B3 fiik/5 NVDLA PyEB3e in a5 o e Bk 4544

2.3.2 DSPHEHRKEH

NVDLA 37 #f 8 fii & B Rk 25, L/ T
DSP #E B 5215 Y ek i B AL KK, D Bl LA B — A
DSP #EHIEAT AT A 8 f ik, T2 i 2
A1, 98> FPGA BHREH] . N T SEBEAE— 1> DSP A%
POMToER | 4 AFHIE S 2 AL i etk 481,
BXF DSP Y RETR 2E06 AL LA R R EK

(1) L A SR ARG SRR 2 IR L AR 45 2R Y 3
M o

(2) fEAz3fe R nas Roxd s 3 RS R R0
SRR

NVDLA PHBSZHF IR RN 8 i %E s 4K, 1
it AR FIA R PR SRAREE R AL 52 8 +8 =16
fiio N RLE 1 RZGR, m AL BRUEE R AR A AL
REATFHEA 16 A7, B i iy AACE 20 17 {2
JFif o i DSP BRI BB SE 2 00 16 +8 =24
A7, i B L S = A0 16 +16 =32 i, At

DSP A5 A ) IR 12 A O B TE e Kl 27 Az, 3fe
Bl FEECR A 18 A, i 3 FEde K 48 A, B A
B DSP &2 HIf43fe RN LhRERY 7 ANl 4 Fm o

SN B AR 1 7288 18 irik Ay Asig I A,
R 2 FOAFIE LA — SE I #MSIE 2531326 A At 1
B I D, LABGARAL R ah Rt i , 7 imi  BUR A2 R
NG SR R i 20 45 57 A AN T RS2 B UG
AL 1 B AeR% 18 i, A 1 FIALEE 2 FE TNk
ar R AE 5 RHME— Ak ARk A 58 s 5, K15 7
AR, RIFRMGERFEA C o 0 B A
BEAT B, A Y 2R R — 2 DSP ARk,

2P 3 TR AL 3 RN 25 SR e L 45 R = A 5
MR . T TR ] 4 TT DA DSP AR R i
o

O0=(Wl<<18+W2) xF+ (Il <«<18+12) (1)

=(WIxF+) <18+ (WMxF+12) (2)
Hrb 0 )y DSP (yf i, W1 F1 W2 HALEE 1 FIALE
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2, F AL, 1L A 12 S e L AR AL RN A . ]
53, DSP (% th o — i AMEAR AP AS 27 +18 =
45 I A AR 18 ALY AL SRt AR 247
B AL S ) o 3E— 25 rT 45 B S A AR AL
e 20 ik 45 R A0 DSP it O IR A&

0[35:18] =(Wl1 xF+11) +8 (3)

O[17.0] =(W2 xF+12) (4)

Horr, S FARAIAFS AL R AL 25 SR A, YR 45
E 1

RATERS S 2 18 h3FFFF, AL 45 R N IEHRT S
H18°h0, HITEL L 2% DSP R ZMZ )5, A
MR 5 — 2% DSP BfI £z 3fe RN 45 3R 19755 X
HE5IR 03518 ] FEAT K IE BV AT 45 3 IE 5 i) i 2 R
TGS, RIS AR A 3 RANEE RN IEAE T, = 2 45 R
013518 ] ; SR Az e RIS R N AN, mfn 4528
H(O0[35:18] +1),

4 _o[o]o[o]o[o]o]o]o]o]o]o[o[o]o]o]o[o]

E 2
A

R EEEREREEERERE

HFE
s
[ 2 |
D |rofrm]rofrmfrmfrormfrmfrmfrmfem] | F ] ] ] ]
E 1 X - E 2 X FF-E
SR U 73
pusspors risg s
[TVAYIIETPN &AL BN
) & i 8

Q

Te AL 2R I
5

AL 2R I
i

Q

4 DSP&ERHERIREE

3 WER %MK BT bWt

AT FEXEAF 6 BT BAR G5 LA AR
-5 s AT IR R S BT AT 4
3.1 BEHTEEHEY

WV BB ME R I E 5 iR, REEEHM
ST P ;1 (advanced extensible interface,
AXT) B12% MicroBlaze 4b ¥ %5 | S 77 A 2% . 1 11 45
e NVDLA A58 LA Ko H At AN SR B 4 i, MicroB-
laze & XILINX A #] B F4F & 09 5% AL B 4%, % H
RISC ZRAEFING B 45 M Y 32 fd8-SIfdid AXT B4k
SN AT BR L B, AR BT, MicroBlaze i i
RS EAF(AXI _1IC) HHEZAF (AXI _DC) #HN &
o AXT _ HP S MAMRTF it as i BUs 1T AR R,
FUsTR H B BClE o TR, MicroBlaze ¢ 1™ Az Y
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1684 UBC & 95 A7 4 19 J7 2Cil i B 4P s (AXT _DP)
O &d AXI _ LITE B4R X B & M, WO
Bt F 2R RS PC AT EUE s B RIME- . 24m
A6 TAER, B OO PC 3 & 1% 5K 1A E
ot A A BB E A SG _ DMA S fL i ) b
FRAFfifAs o4 NVDLA B8 ffi . SG _ DMA Atk
Je— FVRE 5K ) BE 1 B B A A s D[R] BB (direct
memory access, DMA) , & RER 44 12 22 b A% i 2114
HELEYFH L A A AL, X — PSS NVDLA
FUH i F7fif . NVDLA A AXT _ LITE S4k$
I MicroBlaze T fiN 2 &% 9 2 8 F1 JA 2 45 4, -1
1 AXT _ HP 28 A ADERAEfiff 45 152 BURL EE F1RRAIE 25
it BHSERUE , NVDLA KB 58 45 R G A SN AF il
i [RHE Jf A B4 1 4% 7] MicroBlaze /% 3% 4k 2
SEET R WE S
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e | | s0 |

MicroBlaze

[ 7]

AXI_LITE

AXI_HP

L et

M5 BT ARMER

3.2 BRUEFAMZH

B 4THT (runtime ) 8 J3 (1 3 22 ) B R AT G 1%
TR B AT AT SCHE, I8 BE NVDLA 52 B 3 A4
Z M4 HEBL TAE . AT AE TR P B T e
BAERGE T, FEREIME 6 fin, — MR
J&i , MicroBlaze 55 B £ 4T N 7% 4 Ak 1 L & I K
HAR S H i B8 NVDLA (4 F 75 B2 1008 7E A7 R
SEIEL B R R A M 45l R E R
SHPATEEA W5, T B R SR AT S
FC B, Ay B 1o o L BT RR s e, R
AMEL I R H ping-pong FF A7 A 45 M. SR A ping-
pong 7 A 45 1 B RE R E N T & A AL E S
B A FEAS , AR R ORI S5 1 A A 228 M S 4L

PR R
—> <L T

ping-pong % {7 %%
fid &

Ee6 EITREFKRE

FATIB BN}, MicroBlaze %58 2 40 & fEae EAT I & o
TESE LY 1T J2 028 5 2 J5 AR R 3% o Wi 15 5 45
MicroBlaze , MicroBlaze $£47 i i/ , 75 s o W7, - {di A
PR RS 2 AN EHRT T R85,
I XSS 1 HF AR I AT AL B . LA R SRR, A
PSRRI AT A B S B AT 1 S S BE &, B
T A C BRI IA), AT g TSR R o

4 SZEEIE

4.1 ZWigE

A3k 7E XILINX /A 7] i VCU118 FPGA
PANEMF BT &, VCUL18 53K T Virtex
UltraScale + XCVU9P 1) FPGA it J .2 ;i DDR4 4+
BB L % S 45T JK I 1 SGMIT LA 2 11, i J2 s
6 TR R IS LG ML B T
Vivado 2019. 1 | 5¢ i%,, i& 47 B} 72 ¢ W) J7F & W] F
Vivado SDK 2019. 1 _Fi#47,

4.2 XWHERS5HH

AV TXT RESNET-50 (14 % B2 45 FR i 28 ) 4% 3
FrREFNGE, SE 1 T 7E TmageNet £45 45 &5
RE5%,

3 5 TRITETE FPGA BEIR A IS &L
12 3 W15, BB J5 WK BEHL A7 f##% ( bipolar random
access memory , BRAM) BEJ ) 17 ] Lb 3 BT Rij vl /b T
94.3% , FABEIRAY o5 FIA AN FIRRBE v, DR A
PR3 B A F T NVDLA 7E FPGA Fiysedl, £ 4
G T DSP fit b i J5 ) NVDLA 5% i; RESNET-50
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TR 22 IO 45 HE B R M RE RN VR e R O . ZE TR
7518, PRAkHT NVDLA H T 52 2] 5 & Py I i 25
AR A BIR , 5cien TAESRRAL N 125 MHz, Ak
PR B TERE O 25. 3 fps. P4k )5 Y NVDLA F|H]
DSP %I SZ BRI i 28 A B i Th R, 2 T A A 4k
bR e 4 2 R R, {F NVDLA (4 5% 18 T4 4 R v]
ik 188 MHz, b P EHER A RE R T+ 21 30. 8 fps, 7E
IR 5 T, Pk )5 i NVDLA (1 25 4% 3% %% Ui
iR S TRARET. R DSP & SR w47
A5 , DSP (1 F B A T R R AT v 8 4 )
FHEWD T 1024 A, 523 T X FPGA Py i 4 B¢
AR . 225 FIH T TAEMS A 125 MHz BHE
LR R DIFERINT HLEE SR . B3R 5 AT %0, B T DSP fiff

FHEBOR, B R 47 H B R 4 1 NVDLA DJFERCK
XF SN AEE R DSP #4754 FlJ5 , DSP ffifi FH & 98
T 50% ,THEEM 3.558 W K E] 2. 719 W, HERED)
FEHCHL AN 7. 11 fps/W $2F1519. 30 fps/W L5 I, i id
Ak, A FRPEREM 25. 3 fps $2 712 30. 8 fps, PERED)
FELLAN 9.22 fps/W #£F+ 2 9. 30 fps/ W,

&3 NVDLA #5457 5l /5 3R E FXT tL

LUT FF DSP  BRAM
SRR 495269 362171 214 970
iy 475007 328213 214 59.5

b 247 +CDP 413619 284088 214 55.5

%4 NVDLA DSP 4L 5l f5 B {4 8 70 33 IR A Xf b

TAESI%/MHz  AbFERE/ fps LUT FF DSP
AT 125 25.3 413619 284088 214
H, 4 188 30.8 262866 275432 2262
Hi &5 % + DSP & 1 188 30.8 263560 276225 1238
&5 DSP{LiLEiRIIFE L
2=

BIFE/W R TLPERE fps/ W

I a:) 2.744 9.22
FEL R 3.558 7.11
H, & % + DSP & 2.719 9.30

4.3 XftEStEE

FOFIH T AR IME ST 5 5% CPU
IEE AR & AR R . A B it ik F B % ARM
CortexA73 AbFRESFIPUA% ARM CortexA73 4bFH 28 1
% CPU INEAR T 6 ATHIREXT L, 3R 6 Al 15,
5L E PRSI AR 6 A H, AR BT A E £ o 2%
B HISEE T 28 £5F 16. 2 R

®6 5 CPURMERELLER

AbBRETE/ms  AbFRYERE/ fps
Bi% ARM CortexA73 935 1.1
PUt% ARM CortexA73 522 1.9
AT fin A A% 32 30.8

— 486 —

ARILEZSER T NVDLA ) FPGA - 5 1L
S TAE, B Seiiad R VAR e 4% fL B 45 48 (BB I
AR DL B ] 45 I B2 77 35 % NVDLA BEAT 4
b, ZJEFI AL G i) NVDLA #5586 4 fin 2 45 F
BIFSE TR G I K. B, 2T IR
#-F 5%F RESNET-50 #4122 W 28 47 B8 14 i i3, 52 A
T 7E TmageNet £ ¥55E I (9 R0 RAT 55 . HEIESS
B, AL H) NVDLA 3385 T FPGA N #RAH
PFEEIR A FIZECR , RIRBE ST T M2 A B R,
BE RN AR T D T SR A AR KA
BEAE IS J7 T R T, 4k 2 F R i s 2% 1) S BE
PE— 2B ARSI | T S 731 55 A ] 438 14 % B Ao
L AT AT RECE I, T i DR B 2 TR P i
FI SRR

S 30k
[ 1] Bresson G, Alsayed Z, Li Y, et al. Simultaneous locali-

zation and mapping: a survey of current trends in autono-



EJRRESE  JET NVDLA 55 FPGA 455 HM 22 M 4 Ik AT 5 Bt

[ 2]

[ 3]

[ 4]

(5]

[ 6]

[ 7]

[ 8]

[ 9]

[10]

mous driving[ J]. IEEE Transactions on Intelligent Vehi-
cles, 2017, 2(7) : 194-220

R, R, EF, % ETHRESHMEMAERA
BARAIBE AR LEA [T]. TR ML 5 B, 2018, 35
(1) :223-231

WA, EXERIR, PM. BT HBRME R LA H AR ER
FELHR[T]. WHOREIR,2018,28(3) ;207213
Jouppi N P, Young C, Patil N, et al. In-datacenter per-
formance analysis of a tensor processing unit[ C] // Pro-
ceedings of the 2017 International Symposium on Comput-
er Architecture, Toronto, Canada, 2017 1-12

Chen Y J, Chen T S, Xu Z W, et al. DianNao family.
energy-efficient hardware accelerators for machine learn-
ing[ J]. Communications of the ACM, 2016, 59 (11) .
105-112

Chen T S, DuZ D, Sun N H, et al. DianNao; a small-
footprint high-throughput accelerator for ubiquitous ma-
chine-learning[ C] // Proceedings of International Confer-
ence on Architectural Support for Programming Languages
and Operating Systems, Salt Lake City, USA, 2014.
269-284

Chen Y J, Luo T, Liu S L, et al. DaDianNao: a ma-
chine-learning supercomputer [ C ] // Proceedings of the
47th Annual IEEE/ACM International Symposium on Mi-
croarchitecture, Cambridge, UK, 2014. 609-622

Liu DF, Chen TS, Liu S L, et al. PuDianNao: a poly-
valent machine learning accelerator[ C] // Proceedings of
International Conference on Architectural Support for Pro-
gramming Languages and Operating Systems, Istanbul,
Turkey, 2015: 369-381

Du Z D, Fasthuber R, Chen T S, et al. ShiDianNao:
shifting vision processing closer to the sensor[ C] // Pro-
ceedings of the 2015 International Symposium on Comput-
er Architecture, Portland, USA, 2015. 92-104

Farabet C, Martini B, Corda B, et al. Neuflow: a runt-
ime reconfigurable dataflow processor for vision [ C] //
Proceedings of Computer Vision and Pattern Recognition

Workshops, Colorado Springs, USA, 2011.109-116

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Chen Y H, Emer J, Sze V. Eyeriss: a spatial architec-
ture for energy-efficient dataflow for convolutional neural
networks [ C | // Proceedings of the 2016 International
Symposium on Computer Architecture, Seoul, Korea,
2016:367-379

Zhang C, Li P, Sun G Y, Guan Y J, et al. Optimizing
FPGA-based accelerator design for deep convolutional
neural networks [ C] // Proceedings of the 2015 ACM/
SIGDA International Symposium on Field-Programmable
Gate Arrays, Monterey, USA, 2015. 161-170

KT, D, FRIR, . FET FPGA BT Z M
somsgs[J]. AT R ,2017,43(1) ; 109-114,119
VRS, BRECYE, TIREE, %. Tt shASE B FP-
GA BRI M ZE kA AL Ik [T]. R
i, 2020,30(3) :240-247

Ding C W, Wang S, Liu N, et al. REQ-YOLO: a re-
source-aware, efficient quantization fameworkfor object
detection on FPGAs[J]. arXiv: 1909. 13396, 2018
Kuon I, Rose J. Measuring the gap between FPGAs and
ASICs[ C] //Proceedings of the Internation Symposium on
Field Programmable Gate Arrays, Monterey, USA,2006 .
21-30

Krizhevsky A, Sutskever I, Hinton G. ImageNet classifi-
cation with deep convolutional neural networks[ C] //Pro-
ceedings of the 25th International Conference on Neural
Information Processing Systems, Lake Tahoe, USA,
2012 1097-1105

Szegedy C, Liu W, Jia Y Q, et al. Going deeper with
convolutions| C] //Proceedings of the 2015 IEEE Confer-
ence on Computer Vision and Pattern Recognition, Bos-
ton, USA, 2015: 1-9

Simonyan K, Zisserman A. A very deep convolutional
networks for large-scale image recognition [ J]. arXiv:
1409. 1556, 2014

He K M, Zhang X Y, Ren S Q, et al. Deep residual
learning for image recognition [ C] // Proceedings of the
2016 IEEE Conference on Computer Vision and Pattern
Recognition, Las Vegas, USA, 2016. 770-778

— 487 —



ERAREIR 202145 A 5315 B51H

Design of neural network accelerator platform
based on NVDLA and FPGA

Guan Zhaokang " , Zhang Zhiwei ™
( " School of Artificial Intelligence and Automation, Huazhong University of Science and Technology, Wuhan 430074 )
( ™ Institute of Automation, Chinese Academy of Sciences, Beijing 100190)
Abstract

With the increasing demand for computing power of deep neural networks, traditional general-purpose proces-
sors have the disadvantages of low performance and high power consumption in the process of completing inference
operations. Therefore, it has become an important development trend to accelerate deep neural networks through
dedicated hardware. Field programmable gate array (FPGA) has the advantages of strong reconfigurability, short
development cycle, and superior performance. It is very suitable as a hardware acceleration platform for deep neu-
ral networks. NVIDIA deep learning accelerator (NVDLA) is NVIDIA’ s open source neural network hardware ac-
celerator. With its excellent performance, it is highly recognized by the academic and industrial circles. This arti-
cle mainly studies the optimization mapping problem of NVDLA on the FPGA platform. Through various optimiza-
tion schemes, the hardware resources inside the FPGA are efficiently utilized and the running performance is im-
proved. Based on the built NVDLA accelerator platform, hardware acceleration of the RESNET-50 neural network
is achieved, and the image classification task on the ImageNet dataset is completed. The test results show that the
optimized NVDLA can significantly improve the utilization efficiency of hardware resources, and the processing per-
formance can reach up to 30. 8 fps, which is a 28 times performance improvement over the edge central processing
unit (CPU) accelerator platform.

Key words: NVIDIA deep learning accelerator (NVDLA) , field programmable gate array ( FPGA) , hard-

ware acceleration, module optimization
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