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Brain-inspired Large-scale Deep Neural Network System
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Abstract: Large-scale deep neural networks (DNNs) exhibit powerful end-to-end representation and infinite approximation of nonlinear
functions, showing excellent performance in several fields and becoming an important development direction. For example, the natural
language processing model GPT, after years of development, now has 175 billion network parameters and achieves state-of-the-art
performance on several NLP benchmarks. However, according to the existing deep neural network organization, the current large-scale
network is difficult to reach the scale of human brain biological neural network connection. At the same time, the existing large-scale

DNNs do not perform well in multi-channel collaborative processing, knowledge storage, and reasoning. This study proposes a
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brain-inspired large-scale DNN model, which is inspired by the division and the functional mechanism of brain regions and built
modularly by the functional of the brain, integrates a large amount of existing data and pre-trained models, and proposes the
corresponding learning algorithm by the functional mechanism of the brain. The DNN model implements a pathway to automatically build
a DNN as an output using the scene as an input. Simultaneously, it should not only learn the correlation between input and output but also
needs to have the multi-channel collaborative processing capability to improve the correlation quality, thereby realizing knowledge
storage and reasoning ability, which could be treated as a way toward general artificial intelligence. The whole model and all data sets and
brain-inspired functional areas are managed by a database system which is equipped with the distributed training algorithms to support the
efficient training of the large-scale DNN on computing clusters. This study also proposes a novel idea to implement general artificial
intelligence, and the large-scale model is validated on several different modal tasks.

Key words: large-scale deep neural networks; brain science; multi-modal; general artificial intelligence; distributed computing
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T SER B AR R A, PR P L B AL AT S 0, B g ISR SRR AE . BERAEE. 45 E
ARG, B TR AR R 2 R B 2 A RS 2%, MR 22 A T REIX ik IR) A A HL A
(B 3.3 1), 20 2 A KIKDREX BEAT Gt IRJG R 2 A nb 5 R 2RI, BT N3 — AL Ak
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AR B AT LA B 2 A AN TR A A 28 P 2 R, 25 A I 4 1 5 AT U T e 22 RS (R ) L SRR A
G Z AR FK, TR SRS H ST BRI PERESR bR 0 ARG N A, f )i, s A S 1

BACERAE: ZLPE. ARSR . AR OH IR, E L AN I, e 2 I N AR e e S, RIS BTG
N2 Y 90 55t e A PR 0 P 28 A L Bt

3.1.2 TS S R R BT s ik
S AL 2 I D — Pl A 24 21 T ik, AEAR 2 AUEERAS T KN . 45 s db 2 I I si ok RE D, AT TR AT

DL St 18 22 A5 7Y (1) DX 2% 5 ) . SN G RE RO 20 O 428 1l 2% (— M0 FH A& 38 0l 28 I 4%, recurrent neural network,

RNN) LA IO BER A g A, YIZRBE gt A 13 BB A (RS E, 85 TS A2 S I ER o SRR, o8

BTG4 RNN. iR E R, HRNE BRSSP GR I R R A P64 RNN 1801 2% 7 ik
IEANSCHR[25] R 2 (K, A2 W0 44 1) 45 A4 RIEE R RT DLAR 3 D T AR BE (1 740 2 i, BT LABRATTml A AT 4 RNIN
KA O H, HRRAEAN R 25 458, i 6 Fras, BL CNN &% 0, 32 i & v DLAE A [ i
IR« AR I8 B (R 15 B8 5 )« A5 AU 20 10 1o JRE -5 0 JEE 45 7l e AN 742 1) BE i e e i s 2% > SR s
BL. SR A 20 10 S Rl Y ol TR, 3 BT USRS AN [ 199 286 ER I 00 PR A1 DA 1 s il i 1) e 13t

. B | HM | HR | | B
A HE | BE ™ - EE N EE
4 ‘t‘ ‘l‘ \l.
A \ )
i i \
‘ i f
| : :
i | ':
1 1 1
1 1 1
[} 1 1]
“ ] \
kY iy ‘\‘__, ‘\‘__/

K6 2l s A o 28 W 2% 45 1y e 31 2R

EI, STl gk, TR AT RS D S50 0. AT LUH — 2 S 40 45 2% (parameter  server) ] o
TEAET AR B AS . BRI 28 B ASRAE T LA S 23T HAT SR, SRE, BHlas s XA+ M &%
R BR JE IR A S B S5 2%, FERFH T ARSI 8. B T g ifd A, 30T L H SR A
Z AT S AT 2 DA WA BRI A 1R R B FE AL DL RN SO 2 B AT 45, Sy SR 0 7 S AT — £

PR 8 R 2L PRI D 2%, — SR i TR 2L ST A I 2%, L il ) 5 AT A 2 S AT 55 RS E, A S it
AT 2 A 2.

313 FE T RGO L RS R v s vk

FET B LI M 46 S5 R A R AEE, ol T LE s A 2% >0 RN A S50 75 S S /D f) o SR UM SE /D (RIS Tl T 4 3
TR R . s, T ) 19 0% 5 R T 0 AU IR 19 8 A R ) B A O X 1 4 R (]
FoR. B, ERHAT IR AAL I, BRYE PRI R R 2 R BT R BEUR. o, NAO VAR
Horp ARz —, KRBULHE 3 MBIy ghdas . PERETOI & LUl &, i 7 pros. Herh, Jlad 4 i &5 m] LA
FU G HERCIR) 100 6% 45 K i L) b AR 8 1) 25 RV 7S, P NN 25 JUU vy Lt S 1) X 2% S R R N R . e L AR A
v R AR AT B 54 (0 0 44 G AL N RS PR Ay e 25 IR G A . AR SHVEAE VI GRIK I, Ay 4 380 50 4 R RE 1) 19
ik, — M ibix 3 M EAT IS I 5.

i SR T %5 T G ) s A5 B R (0 A (R R s e R BRI I B R OUAL, 79 B FRA T AR S A 1 Y
RGN, BRILZ A, AE AT T o 8 190 2 5 K G i DAy 3 488 £ 22 1) 2 70 RO IR, 7l AR P — S 0040 84 i 4
JrA, ISR SCRR[26] 0, FE B A AR DL RERS, 4R T /E CIFAR-10 U427 L oRs 2. i HLAF
B AN A T AN TR I, A AR S I 2 18] s A B Dy O A % SR (R I ARG SR . T3 b,
W REAC R )5 1K) 2 BEAS W 2 2B AT 2 b, T LR S NAO SRk AT 2 BES M 2R



1420 B IR 2002 55 33 A% 4 W

R | T 25
i
| HA1-1 | | fif1-z | | W11 | | W12 |

P fE
s

K7 NAO HikiifEK

32 MREESFE AL

2THIF PR) Aot 22 099 29 S — b 381 i (10 2% 20 52X, e % S R A N 25 ) B A L 2 ) (R ISR, ) () e S 5T o T
RIA AR AT B TAEYERE. A 7 SEBLANZE M2 10 JRAE g, 301 IA 3038 S BT R HERE, BAT A Bk
TR R R A 28 W 2 B 22 b, 3 T K R VI R R K A I % 45 ) 27 ) 3801 AR A B ) P 28 9 2 o
0 19 4R 5 A FRATIR () GPT3 B GPT3 T Ik 2 % 22 A B U1 25 R0 8 K (10 4 22 IR 48 SRy, A [ 8R4 5 Ak
PR 2 A FAT 55 B e FE O, o LA 70 208 i O RS 28 0 4 A 20 e BRAT e A Sk TRUA i T 2 ) 2144,
FEIDREREN OA RT3 L S BN Dh e IX AR 8 T 55 3 5 P& BB W . i 2 A 2247
G 2R TN LT FRBETR G SE 23 2. WisE 22 ARG & A0 B TN ZR B 8, I ik 3 ik B 19 4
PR T ZRRE AL AT BT, BRAb, LE S 28 I 45 85 T 1 Ko AT 25 R AT 4 48 I 48 S R 1 T I, o] s R T
SR AR T OCHE, HE T RPN W 2RI ST i N /4 2 A B WS BE . O TS G M R I T I A AR,
AN = LG, AR SRR, BRSO B N EAT AR B0, Y S5 (0 T R A
T, Al B AE 0 U U R R R T I 2 I s RS 2R I A i 4 ) BB R R O AL K A 5T, AR AN
o 1 225 D) 24 ASS TR A R 2% S RE g, AN WAL THT i £ 55 1A 46 I 8 A 200 52 o il
3.3 HfNIGEH

PP 25 1 5 T8 22 KR IMBAR AT ISR, A Redt HARAT 5514 BRI P e BE 5 I SR 800 BURCRT #h 28
2B I K, o 48 D 8% 1) )N 5 T B RE B DR SR RTINS )L AT A 1 O R A Ml I e DX R, TN A R A 3
100 24>, 3 HIRAEARWT T8, 3EA 0 11 KA 28 R B AR () S 508 A H 2. 8 T SN 28 Th g X
AR A IS, RS & b, AT T — AN a0 A YGRS R T SCRE AN R A 28 10 4% A5
BWiEAT, FEASHANS: 5T 2705 s 05010 U ZRF G R OCHUAS et 28 9 48 23 A s 25 7 ik
331 HFZW AN ARG TG

PEREBI B T2 A, A A 2 A N 4% T 24 H AR B AR EEAT IO 0, 193 30 10 Pk B AR AR I 45 b R Bt Ak sl 4R
SRMTIREX M E R TR, O THTF 2 A M AR R, BRATME T — AN IE T 5 5 00 A 2R 21
G 8 iR, AR P AL RS SR AN, AT L TCP/IP M4 B, e 3RAT]
T o A AR, A LA RSS20 05, 0T AU B AR SR AR A T DL S R D) R X A B AN TR AR
FEA T 2 BE WS EE I ERATIRAE, FrE 7 S P R4 4 SURRAT 15 K. %P & IR SR X T
AT R BBV — B ER, ATk RE I VB s LU R, R T A T SR )
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Server Node

Con Irﬂ“(‘
. E e

| iy | —— ;
i EE : 'E‘ : : | IS - | :
| —— - ;
| Computational  Computational Computational Computational .
! Nodel Node2 = Noded _ Noden :

- - -
== ReeQuene me SendQueue
Computing cluster

B8 FZUHHN AN ATE

3.3.2 KBB4 M 48 o0 A RN R STk

b K BN 25 o) 25 SR (1) o A RN R A0, B 340 D R 20920

o RBIALIHMT: A ARG P AT S TTERA SRR IR, W 9(a) TR, AHE M 4 11
BEAN J2 1T LA 3 B 45 R TRV S0 p AT U 2, AN IRl R ini /K 2. 1205 ¥ R R34 E T 6 19 4%
BRI ] Lo A ARG, k/NAAG% R 05 i R T W e DN Rk R b, 4% A3 a5 R 75 0 15 TR 4,
HUSEILIAR A, BRSO M LLUARIE

o TREIEIFAT: ARITHE s A 8 B AR B AR H bR B AR R o A AT U T
TC FF) 50t SR 0T Ao 22 0 2 AT N 5, 2 B0 25 2 WO B 45 AN T B30 R B 28 O 4% 5 Bl B I, 0
SOHBH, BJG Y KBS AR S, W 9b)ITR, | FoaRSERA. AT U207V
KB THMNMHEN SNAS HKE, T RGBSR D, %ML AE T L E g, Wil 4
D45 o (R B 2R ) 25, )45 ] T B AN T R I 2, WS8R AT DR R 3% 5 T R B s A T
AP AR, 2 B JRAE A D RS K S SRR IR AR AR, P AR R, & 5 8uliesiosk

PR AL
Output [ Parameler Server : w** ' =aggrogan(Pu,wl) ]
lb'% w(" “‘J'] l I wlw w;|+l
Vi P Pw Wa
Q- QO ? g\ (? ?
vodic 1'} ‘ u{lle d i '}_J 7 o%lé "
A e A ir
= S8 _5e &=
split ] split
DataSet
(a) BERIEAT (b) i IFAT

Ko oA s
AT RIS, AR TR, 25 T T B AT Bl Bk, B9 17— R 7ok
SRR B E) T oA NG bl 3 TR0 B0 20 A SN GRO A T Y, SRR DKL 1 B STV T
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AT REARE B AT KN GRS E L R, S 70 A XN R v % 3has Batch-size 10970 XN 25677 %
U217 VAR s 00 S B D sh A R A SRR 0 S, T BRI SR AR I IR, R SRR AR 2, A
B IR, BRI A, Ff B 5t —FiOFAT I ZRid BRI 2 50 m)0 i R i 7 v, 8RB WSO8 A B
RAVHTEE &, FRARIEAE T4, $RTH R UIZRR.

4 NRm=

FI i, GPT3, Switch Transformert 4% A5 T {1 Il 25 R H 57 98 U5 AR A iRy, 032 1.4 1 B0 FRATT (o) EL SE 56
WL T HGIE AR SO H R I I D A A 8 R B IR AT AT, FRATT O TR SRS M 2 RS E T — AN N
¢, FITIZ ARG S o 0 X 48 34T S0, 0 &5 kAT 1) 203 by
41 BESNAZEMR

F i KRN 2 0 48 R GG AR R SE R, BT 6 T B N 3 5 NI TR 8 R, A
FET LG T e DX I B AS B 3 s e . FRAT TR IR SR BS Y  570h 2 H AR R ER, IR B W £ HARIE
BERFFRIE T A 2 H bR EE.
411 B

% HARIBER R U B0 U rh (22 AT 55, SRS 2 S MR, WK HER) T 1X — Sk R e, o, i
FHVR BE P28 W) 4% 25 5 H FR A0 10 e WLREAIE, 2 17 SR A 23R T 2 HARERER I 1. 41 2 Bl 2 RE 10 5 1k 58
M2 H bR BREE, (EARNT A0S TR0 2 B AR EREE 75, JET A0 22 b R 0% S IR 70 A (LA ARG 0 R A5
M2 BEr AT,

(1) & AT JR AR it

(2) 14T H FREL IR Y 5RAF 45 58 AT S A6 ot mhox G 1 3 S ATE

(3) KT AEANRS I B A, VAN [ REAE

4)  SEASTA BOREAE AT ML RE ST 47

(5) KIS GFEAT G, R AR G4 i E T ID.

WRREE 10 s, wTLLE H, AT DX R R TR 1) 25 H FR BRER U7 9 AN — i 21 o 0 1
PATAT LUK B B2 — A two-stage [RIEFE: 28 1 25, FIH H bR A BL0EAT ) A, B Fok S IR i AR vh i)
HEA). HEQ); &2 5, BB AR TR, MRSt IR AR b S B G) S HG). Horh, 81

JLI¥) one-stage [f) H A MBI 14T YOLO, SSD 4, two-stage [¥] H Fra I #5245 RCNN, Fast-RCNN &5, A& T-¥R
JEE A 009 265 (1) A RS MU RSE 2R A AR 22 R, T AT T A S 1 BB I 1 5 22 F AR R S — A two-stage 113
P R, BT R AT T S o 48 2R B 4 R A D DX o 1 B A DA ok 4 2 H b R AE AL A B — 2D
SHNRER 7 ORI E ik

|
| . A
;mmm,~‘ﬁw w s

bl
i

K

K10 2 H bR IBERGLRE K

412 SR
o hae X A LU 11 frow, i, fX —E 204 Faster R-CNN, SSD, YOLOv3 %5 H FrAarill
R 3 B R (R 5 SCAE RO 2R i I S 3ES E A AE BRATIH D ThRE X A, SEU0 I B A 22 H b R i AHE 22
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A deep-sort™, deep-sort Sk i sortPOV VA K. sort Il deep-sort SHIL A SIS A 4.1.1 WP 4H
(2 TR I ¥ 22 B b SRR SR S I — ﬁ( FIRER AR 5 1 8, Je i B ARAS I BT o) 47 A gk
ATREIN; 28 2 25, A8 R 5@ Bk By o A0 0 21 i Ak 3R AT R BB deep-sort 5 sort AN A, sort SLVEAE S 2 Al
ELPSS ﬂﬁﬂﬁ‘?/]\xﬂﬁ/ﬂikﬂ@ﬂ@i&%ﬁ@iﬂfﬁu&ﬁ:ﬁﬁﬁﬁcﬂﬁﬁlﬁﬁiﬂfﬁ%. TX AL AR AE v it ik
R A DA R TN B 1 R RE, H A — A B ORI R B A R R P R B R W A AR ) SR TR AR AR
deep-sort Hikh, RH HARZ3) 5 REFFAEAE B S5 G 07 2R sort Fikth IR & IF AT A

PR 0 28 A0 OARRAT N B 4 kAT IR, $RIBURFAE, IXAEARC B AL AT DL T 009 286 o) A B E AR 30 % sl 44
(BRI Sl F B P & MR AE T RE DX rb IR I 7 Th e DX e 8 A EARKS DB R, H T4 5 deep-

sort ﬁ/i#ﬂ HH Wﬁiﬂﬂ*ﬁﬁ%.
l WREE
VIR
—R Tt l
-DE--

Sl ] e = e
B 11 HLBE D RE X
X RGN 1 S B X 0 R ARGT U ASE AR AT B £ G B 1 DAy ML BE D X 48 2R A ), LR 2,
K2 PUBETNREIX H AR DA 2 )

]

b B A 25 S 1
DETR 001
SSD 002
YOLOV3 003

Faster R-CNN 004

413 SRR

FE AL 2 AP E R ) B8 DX AT I A 2, R I 1 deep-sort A5 () 25~ 004 285 440 28 97 £ B BEE ASE
M JRAE MOT16 B4 407 EREATIAR. MOT16 %dis 42 2016 4E42 i (112 H AR ¥R X MOT Challenge R 41—
M2 B AR IR ER 7 vE AR B 4, Hoh, 2R B DETR, SSD, YOLOv3 BEALKS F T deep-sort 1, Jf
HAF MOT16 $#i4E FEATINR, S286 45 50 W3k 33K 5.

% ARRBEAT S VFN e A IR £, X I T 4 MU EEITEAFEFR, I, idfl 3502 R
IS 55 B SEEOR T SEAS  fr) ~F-3 E e L, HUETE o 0 B 1, #k$3 1 8R4, switches 8772 Ground Truth
A3 BC 1 ID R AEARAG I KL, B ID A48 15 O 19 8, R /N BRI mota 87 58 128 R0 0 49 44 N R 4o 28 T 1)
PERE, UERERS AR BT T YR Y, LA U8, mota MIEVE EFLIS FOY MG R 1, M
ﬁlkﬂﬂmmIgi%#m%MEm%g,Wﬁ@@ﬁOﬁM,L&ﬂlL%.%%m%%%.ﬁm&iw
HALE BRI T BE X AP (0 RR R AR ] T % e deep.sort HE 22 b (A IAB B 2wl AT (1, I HLRLSE Zh REIX
AN H AR RIS R A 22 H AR AT 45 TR R I TR (R 1k . AR HE STt &5 R nr A R 2 4 AR
BE I HEX PR L YOLOV3 1E M HE S (1) deep_sort £ MOT16 _E IR B T- DETR Al SSD 4 4 & il
HESL) deep_sort /£ MOT16 LRI, X ULIHAEZ HARBESX — N 52 T, JMiThREX GBS i AT
RV, AN Z Hh BB — N AR SR — NS S R H A sA I 8
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# 3 deep_sort DETR

idfl  switches mota motp

MOT16-02  0.28 81 0.21 0.31
MOT16-04  0.35 62 026 0.28
MOT16-05  0.37 66 042 030
MOT16-09  0.48 34 0.54  0.27
MOT16-10  0.40 83 036 030
MOTI16-11  0.41 29 0.46  0.26
MOT16-13  0.24 95 0.10  0.36

OVERALL  0.35 450 0.29  0.29

* 4  deep_sort YOLOV3

idfl  switches mota motp
MOT16-02  0.28 72 0.20 0.32

MOT16-04  0.40 134 0.31 0.29
MOT16-05  0.40 66 0.44 030
MOT16-09  0.39 59 052 027
MOT16-10  0.31 120 029  0.30
MOTI16-11  0.37 34 0.50  0.26

MOT16-13  0.22 131 0.10  0.35
OVERALL 0.35 616 0.30  0.30

#* 5 deep sort SSD

idfl  switches mota motp

MOT16-02  0.28 72 020 032
MOT16-04  0.40 134 0.31 0.29
MOT16-05  0.40 66 0.44  0.30
MOT16-09  0.39 59 052 0.27
MOT16-10  0.31 120 029  0.30
MOT16-11  0.37 34 0.50  0.26

MOT16-13  0.22 131 0.10  0.35
OVERALL  0.35 616 0.30 0.30

42 BESNABEMR
421 B =

WRENN T2 BEHEE S AAFKIAR, (HE % e CEESmLiE, B 3 TR—ANFEahR
[F # R DML, B — N RO — M BEES; 2N EER IR AN BEES. AT, TR T 2 BRSSP 1) )
MIEEAMR R N SRRSO T S I A2 G i Y, JE R 22 SRS SR R 1 ) RE 8 J D X R i B, (R IR
B RN NI FIVER. ST, TSR —R A BE R R (joint representation) 11} [ 3% 75 (coordinate
representation) B A 7 08, B, IR A RN B L B2 — BN T 2 A B BRI TS — )
T SR 0 00 A 4 O i B PR B . ORI 2 St A RN T R MLk F i 2500 AR T AR [ £ A
PR AR T, 3K Lo J50 5% Wi S [l A 55 () g 24 3R 0. 0 P m) 26 75 U 2RALL T AR Bk 3R °F 1) AR b, FHERAMBEES
MRRVERN ZBERRN A5, I RERR &S 7 MR T 45 ) 0 AR U 29 R @ B & A
AR 22 T N ARG R

N R A0 2 52 K 1t 2 BEASHd, DRk, A o SIS i RUASE o 2 R 2 BRSO 5, JRATT I 7 &5 (R R 22 1T
X AN R W AL X AN A BT A 2R M A vt EoREHE LB RS AR R B XK
HURL [\, SPETEZEEENH EAENEZ M, N2 BESESII 2 PR E Mg 0 2 R o T4
ANE S5 AN A B A T AT IR i 1), R 2 AN A AT 2% ST UL . UaT s T R Y, 2B
A w5 v DL IS P g A R e R AT, ARFRERE T H T 2 AN A MR MHESR MFAS
(multi-modal fusion architecture search)”, iZHEARIY 2 T BARIAEE 5 2 BRI S 1 /E 2 ) 13582, ) 2R
Rl 5 A R B SRR
4.2.2  FEF AR A 4R ) 45 45 Y 1) 22 B A

—REN, 2B ER AR DR BRI R AT B A, B WA AR A4 W 4% (convolution neural network) ¥4 1iE
K (feature map)B¥ 3 1 ¥ 11 28 B 2% (recurrent neural network) (K51 [ 5 2%. MFASUOUH F S [R] 45 4L 112 B 2% 4
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AR @ B AE, I X SRR AR BURS TP I8 2R T AN RS AR AE 41 65K 58 il 2 Ik 2 BEASAFAE AilGr . FRAT
¥ MFA SO IR & 1 N TRATTHE HH 10 28 M Y 4 70 (K S0 7 &, I AE 2 BB 2 Audio-visual Mnist!*!) 133
7T FAL K WAE. AEFRATIHE SR A e R A SR IR, TR 20 24 - i 248 i ) 8 A 70y vk o [ i
[F) B, A AN A5E TR 2 0 2 EAT PR BS B I TN 5. B Jm, B3l 58 i 2 AR Rl A 2 kg . 25 BRI,
2 i A 28 0 23 B TR 1) 22 B ) R ) S O R

(1) BEF & R AR A AR R R R A R T

(2) X BRI AT T 45,

(3)  RHITUIN A B A0 AR EAT 2 BEAS R A ) 46 1) F B Ak A .
423 sz

o Erdmnidl

TG, IATEET CentralNet #2170 T T HE T 2 WS EE 40 4T 55 5085 2 Adudio-visual Mnist.
T AR G A BEA A 1 $ 9 S U5 T FSDDM ESC-50 Hdm 1), BG4 A 5045 S U5 T Mnist
sk, et 2SR SEn, T Ed 2 S a0, BT LA g i 55Nk Mgk AT Ho et 55, 6 T A
A, TATE LM ESC-50 Fi4E - RENLRAE S 50AE b BG5BT B 112x112 K/ P
(spectrogram); 1M KR40 PCA TALFE, LB H A 75% 1) fE .

o MILEEH

g R, AT RN PN T 2 ARSI, AR EMHSEENER 6, B—NEBREE
YJH kernel K/ 2 ] MaxPool2d JZF1 LeakyRelu #3F )2, Input RN 7R K.

6 ML M g S

Name Layer Ops Output size
Input 28x28x1
LeNet3 Conv2d, kernelis!zezs 28x28x8
Conv2d, kernel_size=3 14x14x16
Conv2d, kernel size=3 TxTx32
Input 112x112x1
Conv2d, kernel_size=5 112x112x8
LeNets Conv2d, kernelis!ze:3 56x56x16
Conv2d, kernel_size=3 28x28x32
Conv2d, kernel_size=3 14x14x64
Conv2d, kernel size=3 Tx7x128
Input 112x112x1
Conv2d, kernel_size=3 112x112x8
MediumNet Conv2d, kernel_size=3 56x56x16
Conv2d, kernel_size=3 28x28x32
Conv2d, kernel_size=3 14x14x64
Input 112x112x1
Conv2d, kernel_size=3 112x112x12
Conv2d, kernel_size=1 112x112x1
DepthwiseConv2d!*), kernel_size=5 | 112x112x8
SparseNet . p
DepthwiseConv2d, kernel_size=3 56x56x16
DepthwiseConv2d, kernel_size=3 28x28x32
DepthwiseConv2d, kernel_size=3 14x14x64
DepthwiseConv2d, kernel_size=3 Tx7x128

. S

F 5 4 o T A S 1 O o A A MO0 AT U5, AL P AT % B £ 40
%, R BRI T S B LI B A 4.y T Y 113 PR A S P A, 55
Yo, SATATFAT BRI RO AL VST T 5650, 467 R T M BCA BRI BN 0 H LS. AEA T
Ge L, LRSTHOR M Zhou % NI IR /2 VB 0 5Lk, [0 B BRI ORI 4, W 4 4
FEAER A2, JETHUHIE 1 BDFBE 00 7 ST A
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RT OB IO SRS R

Modal Name Acc
LeNet3 52.52+0.24
LeNet5 54.17£0.58

Image | \rediumNet  53.63+0.16

SparseNet 26.44+2.24

LeNet3 67.86%+1.49

. LeNetS 95.50+0.23
Audio

MediumNet  97.1440.14
SparseNet 48.36£6.52

o SER

B, TSRS AR, BATKIL: X T B4, LeNet3, LeNet5, MediumeNet RIUAH Z=A K, 4T 1E
WK, {H2 SparseNet I AeR 22, HIMRIUGING. RGN SparseNet #HH T- LeNet5 Fl MediumNet
S A DT R BRI, A B REE i O, BRI ZRRUG; RIEHLE LeNet3 St A1, 2y
SR LI ) J2 500 5 RS R PR B JBE Y SR I R T 2R TS0, LeNet3 RIVRZE 2 F Oy H S 45 MediumNet Al
LeNetS /b, i mtnae ) TR, ik, BT ZBOSREMG R, SER 4L (1) B mid
P B R AU o BOR i S W il 5 R AR O ZRIE BE D (2) & PSSR PR A R AR R AL A i 5 i R I RE R
SEET, MBE S FRFETE B AR AT 55 ERILTE4F. 9141 SparseNe T B G4 AETE 5 I AR AR Y SR B
FORHERL A G, R RS RN 0 i PSRRI, RN, SEie R, ol 40l -G 20 42 U REAE (7]
P4 s mal & RN MRIARE ). 9141 MediumNet 32 B S 40RE AE 7E 5 JC AW R B IR0 G R AiE Rl B, 3R
THROKIIVEREB R, LeNetS RIS AURFAE AN B GURFIE Rl & I, JESE 80 25 LRI EDUE Bk ghie. 1 EHG
BB R AR B — AN B B (BEAS 2 R AU B B B A AN A i 400 5 B TR ) SR I, HG il 3 7 1) 3R TA g DD AH AL
THBSRERRGIRTE, WK 8 Fiun. &8 BITR, 2 ph F 198 2R A A — AN BB & BYE B B R g, 3k,
ARG 4 R B e M R B T Ml S B AE (W U IR, FRER T PR B 2 (g e IR

K8 HAHLS R

Image Unimodal Acc Audio Unimodal Acc | Fusion Acc
LetNet5 95.50 95.45
LeNet3 52.52 SparseNet 48.36 68.60
MediumNet 97.14 52.18
LetNet3 67.86 73.83
LeNet5 54.17 SparseNet 48.36 69.98
MediumNet 97.14 54.06
LetNet3 67.86 63.52
SparseNet 26.44 LetNet5 95.50 93.11
MediumNet 97.14 47.35
LetNet3 67.86 74.40
MediumNet 53.63 LetNet5 95.50 93.86
SparseNet 48.36 62.03

5 SEFRE

A2 ) 5% 1T i) A 55 i 281 i ) 22 23 7 A2 T N R AR DG OG AR, ORI 22 19 2 T LA UK [ AR N/
o 7 R) 2 RN AP A OGOC R, Ca Oy — AN B AR TS . EZ AT A Mg A 2055, H T
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