EEARETH 2021 4 31 & 5511 .1136-1144

doi:10.3772/j. issn. 1002-0470. 2021. 11. 003

ETEAEENMERNEZEMEIHEY

SFED

THAE RRAT RS

wREAAO™

("HEARMEKE 61478 WX 2 E K 830001)
("HITT W AFRE=EL2HFARKR  HM 310023)

i =

WEWEHEAEMENREFINERZ AR T 2 , ERARE LI EFRE ¥

A RN, MEMETREFIGNA, AR B HE L WEERERT K, &
T IR R 0 2 P 4 A AL S5 A AR SURAE SR AR L oy e N\ b 00 DL R 2 2 ol o 42 T 4%
MR G M T RERGTNAER 27k BB TR oy 4t 5 B AT A,
FHAREEFE(GA)#ATHEZE KX RRBRE,NOMREFRBGEMER, X TH
— NS EMRA A EE R AR -, AXREOWET FERKRL X
15 5 V] 2R B - 25 A ] 48 4k 3 UM SR AR T BT IR

Kenlin]

0 3 7

VLA, TRIEE 7 ) TS IR © 28 1 Eh L 7
PRI B3R A AR E = b i 2
G, BA B AR 1 kL 2 I (EL, AR IR
5 2] W EE B R 4, A 28 I 2 AR A 26 R TEAR K AR
JE L UE R R R Bl BB
25 WM 4% ( convolutional neural network, CNN) M H
I, C M B TR 2 4 L R £ A
AlexNet'® . VGGNet!" | CoogLeNe‘[L8J . ResNet'”' |
DenseNet[m]%,ﬁ%mggifﬁ@ﬂzyﬁﬁ@ﬁﬁﬁTﬁ:g
AU, TSR AE GRS ATIR ) A SR R 2 2] 43
b oy — 2R B AR R A5 BR A28 ) 2% (recurrent
neural network , RNN) $84 &b B i) 8] 57 51 £ 40 , 2 1
RNN i 42 89 4 8 81 12 12 M 4% (long short-term
memory, LSTM) """ FI[ ] ¥ 416 28 5190 ( gated recurrent
unit, GRU) " AEAE RS ) | 78 SCA 3 A0RI AR 26
AR TR RRCR T

O MEFEHASRBEIES (61903334,61973273) BBIIH ,

MEP %, REF3,; #EHEGA); FNER

25 O 28 R ) 45 R 0 TS B AR i E B
PR I SR MU 228 0 248 A5 10 45 49 % A7 23 By B
SR HE AR A R BRI, A AL 45 1
TCIEAFAN, TR HEAF AN AR AT LA ADL ) — A 45 A
RURHS By oA R GARRY DR AN A A A AT 5
Pra o

LA ( genetic algorithm, GA) JERILiA
IR AT Y A SRR I8 L 2 DL A T34
B R — Mo B A SR R AT R R L A O
RN AZOAE JO T HE B A ) B Y AR AR, HL
LA A 0 T8 R 6 M e, R A R 7 [ AR 3
Btz Ak FEX R 52 A AL A ) REDK g i 3
HREEL I AR B L A 2

A AT 225 000 245 S A R ) A B gl J — sy S
FI AL TRl R, o 25 0 2% 1) AT fie gk S
FURAL T 5E L A b R TR 4 B
JEE AR B A 18 1B T E H R I 2R A8 7 idE
FragEt,

BEXT FOR AR, AR SCHE Y T R T amt A B 1 i 1l

@  B,1974 4EA: Bt g TR ST 5 1) AR HLAKE R s E-mail ; ten _ 01@ sohu. com,

@  W{EMEH , E-mail: dongweixu@ zjut. edu. cn,
(ki H 91:2020-09-20)

— 1136 —



B T 7 A5 BE T 35 A TR A P 22 I 2% 2 (A B g 7

M2 25 SN BRI 7 05, A DRSS 2R ) i A
I LA R 28 B 28 ) 2 BT 45 1 B R b R Y £
LIS RCAT IR | I T80 M AT AL Sk 4 R e
fRRORE ST A T IRV R A SRR

[ SUNVE S &)

1.1 BEAR

AR R TR E A 1R, e
25 I LAY (1 45 K 28, PR 5 1 A ) 7 <X
VPRI S HGHAT g, AR 4 A B 45 A6 ) U
FRE A5 M G A R B T ST A
SRR T AR A, e Ak U AR A A AR
N F A R AR

. wammEn | [
<: Tt :>—> SUERE e pnsao

A
A ATaE R

BERERA e ERISG -

BRI R

N
(EN SR B j)

B1 SMERHERER

L

1.2 HEEHSEIRE

A () G540 2 500 5 A R S5 AR AF G 3l 2o R A &5
FZHRT LA A5 o 2R 2 1) S5 A ABE 70 25 R LT
BEAY R I 2 i B T AL I 25 248

AR LA B B R 28 28 S5 A A T . 6
N4 EE AR BFUZ b2 k)=
YA, METRE MR ONEHE, EERED, E—
JERRIE B 5 R A B | 38 2ok 00 pR BT 21 A
HRRIERE N BB BUZ A ACRRAE A Ky
HxWx N, i Hx W R ARER RSN 2
i NFRE B TE R, K x K x N 2R R,
M FREBRECR 5 AR B
BB 2 B

B FEU 22 I 245 (1) i i 38 PR 22 2 A i AR I 4% 2
ST AT A B A AR A R A AR S B R A

PREEZS (], PR AT 732 A 4R h AR O A
JEAE R AR, ANIE 3 BT

INFFEE HIR A ARAE A
. B\ .
0, =
N
H K
w w
N M

Flatten
[——3

a® = g(WDal-D)

B3 £&EEE0

AR, 2 B 25 45 O BB #0155
BRI R BRI A HE 2 00 308 R . T
NI OSSR, A B R R BRI
13 MESHERS

SR A — Tl AL T A DA 5 A
LA 3K, B 4 B R T 5
1157 5 535 46 7 30 2 L L Hol-
Land ™ FEVCR A~ M, R AT B T2
W VR S R S A
LRG3 I 1B A ORI
5K R TSN, LRI )7 SRR I, A )7
B 50 5 U 5 A B P A AL A S ) — 3
AR,

SRR 10,11 2 A B
A B URTS y — LRI 5 5 (1) R T — A
B (b, e, by )y R (), MRS
B,

(bywbib)y = (X6 -2) = () (D)

i=0 !

— 1137 —



AR 2021 4E 11 H 5318 4511 1

AR 28 B 24 45 AlexNet ®' Ay ], $2 BT
AlexNet [T SERE 2 RN 0y S5 A A5 TR0 g st ik ) 2
XSG, FHRI Tt il 24 5 7 2O LA T 2, 1

JB/RT AlexNet JE W 2% By 4540 e R
S AN BRI A3 2 BT AN B s g 45 SR
2 i,

#1 AlexNet M54

2R BRAF EREE 2EERITTSE PR LTI NN
Input 244 x244 x 3
Convl 11 x11x3 96 4 55 x55 x96
Pooll 3 x3x96 96 2 27 x27 x96
Conv2 5%x5x%x9 256 1 27 x27 x96
Pool2 3 x3 x96 256 2 13 x 13 x256
Conv3 3 x3 %256 384 1 13 x13 x384
Conv4 3 x3 x384 384 1 13 x13 x384
Conv5 3 x3 x384 256 1 13 x 13 x256
Pool3 3 x3 %256 256 2 6 x6 x256
FC1 3 x3 x96 4096 4096
FC2 4096 4096
FC3 1000 1000
Softmax ClassNum
Fz2 AlexNet fRAZER
BEafk BRSTKxK  wRBZR BEEEU &SRO RPN
Convl 11 (1011), 96 (0110 0000),
Pooll 3 (0011), 96 (0110 0000),
Conv2 5 (o101), 256 (0001 1000 0000),
Pool2 3 (0011), 256 (0001 1000 0000),
Conv3 3 (0011), 384 (0001 1000 0000),
Conv4 3 (0011), 384 (0001 1000 0000),
Conv5 3 (0011), 256 (0001 0000 0000),
Pool3 3 (0011), 256 (0001 0000 0000),
FC1 4096 (0001 0000 0000 0000),
FC2 4096 (0001 0000 0000 0000 ),
FC3 1000 (0011 1110 1000),
1.4 SR REUERE BE, B S R AT E W R, 228

IV BE PRI DA A A S PR RE Y 2PN fie
i M8 BREUE A /N XA B 1 45 #EATIX 20, Y
IHE 7 32 PRSCAY  i 2 O T B X X i AR Rk A 1k
FRBRE DL K 4 JRy B L AT B LR

ARSI i K 28 I 2R AR R A4 2K RS
PR A A AR 07 B8 PR IO ST ISR O 2%, S Bl A
P f oA B AR s R S0

T 28 PO A Y 18y 1 ek A, ol Dol /N3 K

— 1138 —

— MR A U i A pR AR B Rk U
H(O) = —Lz [y® logh(,(x("'))
m ;-

+ (1 =y7) log(1 = hy(x'7))] (2)

Forp m WREAKCRE O A i DREASEY one-hot []
B by () HXTES § ASREA BTN 2% 45

A SCHENGREE MR | SR T A B AR 26 A T

RTINS S, — FTT 75, 224 1) R 0 e 20 435 S



B T 7 A5 BE T 35 A TR A P 22 I 2% 2 (A B g 7

3 ome-hot [k IFLACHE R 0 £ 5 1 25, BURI R 4
S FE 52 4K B B, TR
TSR B 7 VISR SR R >
1 A S B, JURCE Bk U T

mm:;ibg@“%”]
Foolt O Wy JEURE RO & B T 2
5y (o) H B B S § AREAS T
BERLE R

R HER(2) S (3) L 23 ) B 1T B A Y
By Bl (2) B S Ty L IR
R BT S A 43 B T 0 RS B
T M R VI 0 B ST R 2 1 A A
R 1R R hy () BYBEA S A
FUATHBET 1,

ELE AR e 03 17 6, R
Bk 7 PRI R R | B 5 B
B OO TR IOR R i QI — 5 B AT
ROV A AP B3 10 1T s S 5
PRI TR AR, JURCE Fe kAT

fitness(k,i) = Hk-l(ﬁ) (4)

Horpr, (i) ARRHS B RRIEACHET i MK, T, (6)
SRR S 45 % pR R
1.5 &EZ

UM P8 I 2 B 25 ) 2, O X S A 28
PEAT IS E | A S BT A [R5 AT 7 A A
L BIRRAE . RS RRAE A AR AR AT )11 25
S, AR 0 R R B ) 8 SR AT S Ss A B  n AR
&,

AR SO AR I Grad B2 2% 0E 1 I ZRgicdls Al
73,

KT YIGREAE 7 T, 75 18 5 JRURE Y fi 22 f) i 1
(ELIE T 2521 1) T 00 A MR 3 A, (LA e 45 Tt ) 45
B 232844 one-hot 4t M one-hot Zwfih H G 13 il
25 SR T R R o3 R A 1 T A 2 031 i
IMBERE S 0, 4F N or 28 MY B A 4551, Al i 5
ALY Y2 1 e g A 5 ST RE S it
LT —3 PRI R T 3k 4 one-hot 2t it JUr it Al 114 460

(3)

e RN RSG5 R FH SRS IR ) o0 AR
AT R sRBC T3, Bl ik X=X (3) fr
7No

KT INGRTr =T 1, 75 P850 1 28 I 4 1S R0 A B
YIRIT G HS, R TR R I ZRRCR |, X R oh -
Xof IO PRSI )11 2 Bof AN — s B 4 B 2 pR AR i3]
AR i T ABEE [ I 2P 8, 1% 1 i
SRR B A WS B L B PR T A i A
BN BOEA S i i R 2540 22 R R 2 U145
RO IR R X TR S s B T TN AR
BRI AR RS, Ry T 4 o e A S Y SR AN A 7Y
K RE AT LUK o 8t % 3Rk AR e A B A
AT RN, B R B ARISCIRAS 1 A i AR 5
A SR 2R A 4 R,

f———————j/ wagE /)
[ mam | v
R |

" |
/ mmmame [ v
]

YIZk [ € epochs |

v

| mmmiy

v

| omesostie |

S
PTG [ @

P

| O |

v

| BT BAEBOORE
B4 EREHR

1.6 Z=EEEEMRL

BEFIE B E R FEE RS XA R 3
FEATE R BN RS A R KRG %L,
SER [ SR VE PRI AL o B v B A BB | 4 s N5
ARG F B AR AR AR AR by e ) A R R
RN 5 FR
1.6.1 H“HEHET

Ve TR B 4 A A7 1 S B A 40 35 07 B Xof
PE BT AR AT P 1 4 35 45 A AR 2

— 1139 —



AR 2021 4E 11 H 5318 4511 1

RSN //
BEEEETR ﬁ§ﬁ§§ﬂﬁﬁ
y e
T WA R b
BEE Tt
" — EEP TR
X A AT AR B Y P S TR
y
A
y
> R

5 BEEEEMALRRE

G PR B OB o 4 JR SO R B RiR
T B A R S R R AR MR T
PR R R R AR IR AT

AT ek e R B e 4% 75 X0 P R4 7 12k
e, ELARE IR b I R i e AR S A e B
M F — AU SR PR IR AR A3 I R T
AR R, X (5) PR, AT
AN R O RE AR, HEAT AR BRI B E , AT 52 1K
P e SUN

' k
L fitness(a;)
Pse]e(:t ( ai ) = ™

Zﬁmess( al)

i=1

Hor ) TR kb REAHEE (AN P, (a))
RAE b FIEAR A | AR E R
1.6.2 ZXHEF

FEE AT S B R E AR R AEDY)

(5)

ie A B DR S 4 A A A e 5 SCRE A A 2 (1]
A8 A 1 B EA T 58 48 DA T 7 A T B A A, — D7 T
A7 T RRREPROOC R LN, 55 — 7 TR 0 1 Rl AY

ARSCR ] 4 2 % 0 3 i3 T 2 4
RS AMAH S8 SR 1A B 58 U PR S X 2 RS
N B5) 38 SUMBEH S LA Fesg g AR 3k
FEAE M SR P, A TRIE M SIS,
P, /N A A A S BOR AR A G, B
RS e, P, i3 K2 S BUR AR 2 K S5 1
DU B, TR

LR HIET AR SCR MU 2358 Sk 58 U5
5 AR B R 2 S PP AL B B AN S U,
R IX ISR Z B N A AT A, 83 47
T — A HAAH S EAT BT, 0 T A P A
AR A 2 AT S S AR B PASHTRIAMA

%3 WAL
[y e
_ s gt & I .
ppeopy AR SO SOURIBER
128 (1000 0000), (1001 1110), 158
222 (1101 1110)2 (1100 0000)2 192

T T2 CHEAE P, AT USRSk [ 29 ]
Hhfe Y AG R R TT AR 5C, na(6) B
Hor p, 5 po WCGE IR R S/ NS XUERAE, £ 0

— 1140 —

BEAT S SARAE B A A AR TG I B IMA, .
5 S IEAZOCEAR R R B8 1 2490 B R e K
TN URSRIEAT A SRR R B /N TP 1



B T 7 A5 BE T 35 A TR A P 22 I 2% 2 (A B g 7

TR WU I A T A A SO A AT A
TR O3 VL J3E A1 45k 0 I, e B /N B 58 SRR
AR TR B PR R R B B M A R AT S S
A PRI IO DA T 249 oz B R, DU 7 g Ak T
LR SO0 5 3 AR PR A B A B h
S, Bek BRI S XUBER , RETE AN IR R BRAL A
PRETRTAR T, S B AR 7= AR AR ol LAAE— s 7
JEE G B AR A DI ) PR3

Pa T Po +Pc1 ~Po % sin(f —fbwg y 1)
2 2 Jow —Sug 2
P, =
S =L
pnl f <favg
(6)
1.6.3 ZRET

ARSEAREL Tl R T A R B G IR
P i P RE XA 25 B ORI A 1) 18 A ) T b A 7
—ERRPE IR, By (RS R

AR S 1 SRR A A ) 2 ) 3 rp BE LU R PR e I
(18258 PR (LT 2 28 PR e L g JH At 5 07 5 PR R A 48, DA
T WG AN A, 8 B0 A 5 05 30O BEAS AR 55 |

PSS I PR S e A A S A0 TR A
ARt AR, AR AR P, B BUE X TR S
T AR S e AN A R A R R E BRI, P,
TN G U A TSR TP, o R 23 52 0 jit
R ETE,

AR 2 5% 7 2 R g, DRk
FA AR I Bl BRI RS ER P, 4
SR AR AT 5 I A A R G B ) A S
s AT RUGRESE A 5, R4 /T —4
HARR S HEAT UL, A T —A> 4 4 J= SR o i
M SR AE A BRI A 22 S 1A

R ARSER P, 1977 3 I SCHR[ 29 ] i i
(4 A & AR SR Tk 8 X=X (7) R,
Horb P 5 P, B W K i/ NVE SR, SO
YA A& L BEAR, £y, T S 00 R R LA
PR AP R0 RV 5 R RIS IO B, AR SR AR 3
JER TP B2, W) 37 g i Ak T it 4% 5k 500
e, Al TR E , A B SR B B B
AEL, DRI RS S B3 A R T 4 A AR 77 A

Pmi +pm2 Pmi — Pm2 . (f_f“ 'Tr)
+ X sin ave - = f,,
p, =1 2 2 el VA (7)
P f < favg
x4 BERETR
B Ak
. Y s AR A AR R 5k ey
L TR Al I SR ESE AT
1000 (0011 1110 1000), (0011 1100 1000), 968

7240 8 A2 S W3R P S, 0 TR S L A i
MM — 2075 08 ol T 22 T 2 6 T 45 1 B UK
P, 278 S S0 5 A A B ) e (S 78 S 2 SRR AR
TAGERGIAE SN 2L, 25 5 1 I PR 454 AN AR
SE o PR SCH 38 i 2455 i A 07 1 B R B 2
AR SEASL, (A Bt G ) 2 A 495 1 T A v Ay A S o
AR N 307 =X (8) R

; x random (0,1)}

Loc = max{p,| = max{1 1

[ =1,2,---,L (8)
Hrr p, FORGAGHES [ ik Th 2, random (0,1)

IR 0 ~1 Z WIRIBENIEL, L FRAmAD I
2 SLIGER 4

RS ST i H ) 22 T A A A o 2 o 2% 25
AR R 7 % T G 32 G AR AR 5 26 8 73
2 | 25 e B TR QU HEAT TR AR S, A
SO 0 28 B it U R A AL T 45 SR A T R B

PO 28 1) 7 i TN I+ e 3 e o ) P X 2% 25
S AL, T IR0 245 b gt G A g i OR R T E HH BRLY
R TEPRIPREE - 212 rh B T 1) R0 38
B A sl itk AR SCRI Apache %08

— 1141 —



AR 2021 4E 11 H 5318 4511 1

PRI 03 2Z (A Email 38 TRECHE , #4) 2 — 1> 3000 7
SUZEATIY Email 30 TR0 26, (07 F 4 % 990000 458 20 Xof
T IE T 45 AT B B TR

PS5 JRIR T A I TN AST AR K OGP 7 f A 75
S5HMSH

e LRI ) AT P A SR | AR R
TR SR, RTS8 S B A T | DT AE

SRR A BEHIL A= S8R HE O X AT 2 B, U35 6
7N

S R RE B R SR IR A RUEIC 30 Uk, FHEERL
R 20, Fe/ NS R p,, Al KA MR p, 730901
0.5 F10.9, e/ NESER p,, M RKEF MR p,,,
Sr5 0.1 A0, 2, XA EEAT IR AU AL, 25 R
L AREE R ANIE 6 B

x5 HERTNER

B2, R4y QIE3E =
A 4wl (GAE) CON %5 1 2 GON BUBUZERE hidden,
A4 H it 3% (VGAE) %52 J2 GCON #i tly )2 4EFE hidden,
AT 4 18 [ 4 3% (MTGAE) AutoEncod 1 SRR 2 P OUH encode
. i wlotneader 55 1 2G2S ICEL encode,
% 1 2 GCN REZ4ESE hidden,
S il . 552 2 GON i i 2 HERE hidden,
P H i a5 ( ARGA-AE) GON, MLP 2R i R HERE hidden

ST A i 4% (ARGA-VAE)

55 1 RE AR IRZLELE hidden,
55 2 SR UL RIS RO E G hidden,

F6 HEBRTMNEESETEE
(B SR 1 R 40 2 YR 403 YR E
GAE
hidden, ;[ 8,56 ] hidden, ;[ 8,40 ] —
VGAE
MTGAE encode, ;[ 128,512] encode, ; [ 64,256 | —
ARGA-AE
hidden, :[8,56] hidden, : [ 8,56 ] hidden, ;[ 32,96 ]
ARGA-VAE ’
GAE VGAE
0.77 0.78
0.76
¥ 0.74 @‘) 856
0.73 =
0.72 0.75
010203 040506070809 10 11 12 13 14 15 16 17 18 1920 21 22 23 24 25 26 27 28 29 30 010203 040506070809 10 11 12 13 14 15 16 17 18 1920 21 22 23 24 25 26 27 28 29 30
AR AR IKEL IR
MTGAE ARGA_AE
0.850 0.850
0.825 0.825
# 0.800 0.800
1 0.775 5 0.775
# 0.750 g 0.750
0.725 0725
0.700 0.700
010203 040506070809 10 11 12 13 14 15 16 17 18 1920 21 22 23 24 25 26 27 28 29 30 010203 040506070809 10 11 12 13 14 15 16 17 18 1920 21 22 23 2425 26 27 28 29 30
BRI E IR BARREL /R
ARGA VAE
0.78 —o— RKIERE
- —— FHYIERE
S| i L-V—W —a— /N N
076 \“\/*\/*N““‘W
0.75

01020304 050607080910 111213 14 15 16 17 18 1920 21 22 23 24 25 26 27 28 29 30

IEARIREIR

6 BEEFKRARER

— 1142 —



B T 7 A5 BE T 35 A TR A P 22 I 2% 2 (A B g 7

TEIEAREE AR | BUR L2 Bk 10 25 A A 2 3k
il 2k, B2 s 0K A, e r i 4T AR
(AUC) 5K B (AP) 45 15 I AR X b 45 R 4n
TR . ISR EE I Hral i, A A A 5 A A

TULELS B AR 5 IR B AT A 22001, (FR A il
K B2 T T -5 SRR TR R AR — B,y e T AR SR
H B A R AL T 1 B A

K7 BREERESEMERRT

PR JFRERSH AR AUC/AP MRS H SMAEE AUC/AP
hidden, :32 hidden, :40
GAE ) 0.970/0.974 ) 0.910/0.961
hidden, ;16 hidden, ;14
hidden, :32 hidden, :33
VGAE . 0.965/0.972 ) 0.917/0.965
hidden, :16 hidden, :36
encode, ;256 encode, :374
MTGAE 0.966/ 0.366 0.971/0. 549
encode, ;128 encode, ;194
hidden, :32 hidden, ;40
ARGA-AE hidden, :32 0.969/0.974 hidden, :27 0.873/0.953
hidden ;64 hidden ;65
hidden, :32 hidden, :8
ARGA-VAE hidden, ;32 0.937/0.944 hidden, ;28 0.907/0. 964
hidden, .64 hidden, ;96

3 % %

TETC I AR IBCHERS A 28 W 2 A AL 5 R 1 00 T
ARSCFE M SRS i A R S e i 22 )
SNBSS JFEE G A Tk P T T AL ik
P Ao 22 ) 2SS A AR Ay sl 512, S5 BT A A BB A
IGO0, PR dr IEURE Y iy gt 5Bl 55 25 A S 2
B — B, SEER AR R AR SRR I A Ty
TEREA I Y s 22 [0 245 A9 AN L1, ELRS R AT —
SE DRI, ORI, R A 5 A TSRS TR 00 2 A
RIS DL T M A O ORI AN BRAEL, A
A I B ARG TSR S T (9 S5 A R LA
JETT

SE 3k

[ 1] Cheng F, Zhang H, Fan W, et al. Image recognition
technology based on deep learning[ J]. Wireless Personal
Communications, 2018, 102(2) : 1917-1933

[ 2] Nassif A B, Shahin I, Attili I, et al. Speech recognition
using deep neural networks: a systematic review [ J].
IEEE Access, 2019,7; 19143-19165

[ 3] Chowdhary K R. Natural Language Processing[ M]. New

Delhi; Springer, 2020 603-649
S, TRMES TR A TR T v Y 0 L 25 A A
BNk [1]. FFEEHA, 2016,37(1) :90-97

[ 5] GulJ, Wang Z, Kuen J, et al. Recent advances in convo-

[ 4

[—

lutional neural networks[ J]. Pattern Recognition, 2018,
77 354-377

[ 6] Russakovsky O, Deng J, Su H, et al. ImageNet large
scale visual recognition challenge[ J]. International Jour-
nal of Computer Vision, 2015, 115(3) ; 211-252

[ 7] Simonyan K, Zisserman A. Very deep convolutional net-
works for large-scale image recognition[ J]. arXiv:1409.
1556, 2014

[ 8] Szegedy C, Liu W, Jia Y, et al. Going deeper with con-
volutions[ C ] // Proceedings of the IEEE Conference on
Computer Vision and Pattern Recognition, Boston, USA,
2015: 19

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

[10] Huang G, Liu Z, Laurens V D M, et al. Densely onnect-
ed convolutional networks[ C] // Proceedings of the IEEE
Conference on Computer Vision and Pattern Recognition,
Honolulu, USA, 2017 4700-4708

[11] Krizhevsky A, Sutskever I, Hinton G E. Imagenet classi-
fication with deep convolutional neural networks [ J].
Communications of the ACM, 2017, 60(6) : 84-90

[12] Hochreiter S, Schmidhuber J. Long short-term memory

— 1143 —



AR 2021 4E 11 H 5318 4511 1

[ J]. Neural Computation, 1997, 9(8) : 1735-1780 the cross-entropy method [ J]. Annals of Operations Re-
[13] Cho K, Van Merriénboer B, Gulcehre C, et al. Learning search, 2005, 134(1) . 19-67
phrase representations using RNN encoder-decoder for [24] Robertson J C, Tallman E W, Whiteman C H. Forecas-
statistical machine translation [ J]. arXiv: 1406. 1078, ting using relative entropy[ J]. Journal of Money, Credit
2014 and Banking, 2005, 37(3) . 383401
[14] tpmE, ZWPE, TR, &, fEIHHE R KT 25k [25] YuF, FuX, Li H, et al. Improved roulette wheel selec-
[J]. AN A, 2018,38(S2) :1-6, 26 tion-based genetic algorithm for TSP[ C] /2016 Interna-
[15] Whitley D. A genetic algorithm tutorial[ J]. Statistics and tional Conference on Network and Information Systems for
Computing , 1994, 4(2) . 65-85 Computers, Wuhan, China, 2016 151-154
[16] ks, = (. lf@%;%;{j&ﬁ:ﬁtj\_ [J]. HENLH [26] Baker J E. Adaptive selection methods for genetic algo-
WF5T, 2012,29(4) :1201-1206, 1210 rithms[ C] // Proceedings of an International Conference
[17] Hooker S, Erhan D, Kindermans P J, et al. A bench- on Genetic Algorithms and Their Applications, Pitts-
mark for interpretability methods in deep neural networks burgh, USA, 1985. 104-111
[C] // Advances in Neural Information Processing Sys- [27] Goldberg D E, Deb K. A comparative analysis of selec-
tems, Vancouver, Canada, 2019, 9737-9748 tion schemes used in genetic algorithms[ J]. Foundations
(18] e AR/, JE WA 45, PR AR i A 45 AR 22 44 of Genetic Algorithms, 1991, 1 69-93
4[], AR, 2016,42(9) :1300-1312 (28] 2434, 9N, FMENE, 55 S LT
[19] EEMSEE, 2 i, BRI T, i A U 22 190 2% B R BT APELT]. HRHLT AR SN, 2012,48(1) :36-39
FEL1]. WAHLTARS R, 2019,55(16) :25-35 [29] I Xt FIgE. AENBETETEL G AR
[20] Holland J H. Adaptation in Natural and Artificial Sys- FRIEI R LT, ﬁ%ﬁll&'ﬁﬂjﬁﬁ, 2020,56(18) :
tems: an Introductory Analysis with Applications to Biol- 3641
ogy, Control, and Artificial Intelligence [ M ]. Cam- [30] Hong TP, Wang HS, Chen W C. Simultaneously apply-
bridge: MIT Press, 1992 ing multiple mutation operators in genetic algorithms[ J].
[21] Mei D, Du X, Chen Z. Optimization of dynamic parame- Journal of Heuristics, 2000, 6(4) . 439455
ters for a traction-type passenger elevator using a dynamic [31] Liben-Nowell D, Kleinberg J. The link-prediction prob-
byte coding genetic algorithm[ J]. Proceedings of the In- lem for social networks[ J]. Journal of the American Soci-
stitution of Mechanical Engineers, Part C. Journal of Me- ety for Information Science and Technology, 2007, 58
chanical Engineering Science, 2009, 223(3) : 595-605 (7). 1019-1031
[22] Gao C, Cai M, Chen H. QoS-aware service composition [32] Zhang Z, Cui P, Zhu W. Deep learning on graphs: a
based on tree-coded genetic algorithm[ C] // The 31st An- survey[ J]. IEEE Transactions on Knowledge and Data
nual International Computer Software and Applications Engineering, 2020, doi.:10. 1109/TKDE
Conference, Beijing, China, 2007 ; 361-367 [33] Kipf T N, Welling M. Variational graph auto-encoders
[23] De Boer P T, Kroese D P, Mannor S, et al. A tutorial on [J]. arXiv:1611.07308, 2016

Neural network equivalent model construction based on genetic algorithm

Xian Kaijun” , Ding Xinhu" , Zhu Chengchao™ , Zhu Zhonghua™ , Xu Dongwei ™
( " Unit 61478 of PLA, Urumqi 830001 )
( ™ Institute of Cyberspace Security, Zhejiang University of Technology, Hangzhou 310023)
Abstract

As an important part of deep learning, the structure of neural network model determines the performance of
deep learning to a large extent. At present, most applications based on deep learning are modified from classic net-
work models. Since the structure of original neural network model cannot be obtained, this paper constructs a pre-
diction model of the original model based on the input and output data of the original model and the classic structure
of neural network model. This method mainly encodes the structural parameters of the prediction model, and uses
genetic algorithm (GA) to perform selection, crossover, and mutation operations to construct an equivalent model
of the original model. For the same input data, the output of the equivalent model and the original model are basi-
cally the same. The construction method proposed in this paper has achieved good results in the fields of image
classification, signal modulation type classification and network link prediction.

Key words: neural network, deep learning, genetic algorithm (GA) , equivalent model
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