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From zero-shot learning theoretical model to its industrial application:
Motivation, evolution and challenges

ZHAO Jian-cheng"?, FENG Liang-jun*?, YUE Jia-qi*?, ZHANG Bao-lin'?, ZHAO Chun-hui**', FU
Yong-peng'?, WANG Fu-li®

(1. College of Control Science and Engineering, Zhejiang University, Hangzhou 310027, China; 2. State Key Laboratory
of Industrial Control Technology, Zhejiang University, Hangzhou 310027, China; 3. College of Information Science
and Engineering, Northeastern University, Shenyang 110819, China)

Abstract: With the advancement of industrial big data technology, supervised methods applied to industrial objects have
been widely studied. However, real data often follow the long-tailed distribution phenomenon, which poses problems
such as model degradation and failure in practical applications for traditional supervised models. The proposal of zero-
shot learning (ZSL) technology provides a new approach to solve this problem. The objective of ZSL is to train the model
using collected seen category data so that it can also be applied to unseen categories whose data cannot be collected. By
incorporating auxiliary knowledge such as fault text description into the model, ZSL reduces the dependence of the model
on training data collection in practical industrial scenarios and enhances its generalization performance. However, there
is still a lack of systematic review and discussion on the application of ZSL in the industrial field. Compared with ZSL in
other fields, industrial ZSL is unique in terms of auxiliary knowledge collection and processing, research methods, and
application scenarios. Given the potential great application value and future development potential of ZSL in the industrial
field, this paper systematically summarizes and presents the motivation, evolution, and challenges of ZSL theoretical
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models for industrial applications. Firstly, this paper reviews the development of ZSL settings and related methods,

analyzes their correlation with other task settings, and highlights differences between this paper’s review and previous

ones. Next, this paper reviews the current state of zero-shot learning research in the industrial field, introduces typical

industrial zero-shot learning tasks and auxiliary knowledge, analyzes the features and typical problems of industrial zero-

shot learning, and summarizes the existing methods used in industrial zero-shot tasks. In addition, this paper also presents

the benchmark datasets and open-source works for industrial zero-shot tasks. Finally, based on the existing research, this

paper summarizes the problems and challenges faced by industrial zero-shot tasks, and provides some prospects for the

research in this field.

Keywords: zero-shot learning; transfer learning; industrial artificial intelligence; machine learning; fault diagnosis;

defect inspection
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=
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Pl B a, A E T RN

C(zi,a;) = ¢(z;) " Way, (6)
H AW AR 23 280 Ak FE B EE T 4
VCTC B BB e AE AV SRR BE 08 2L 130 25 B2 pR T
SRR R S B, ] % AR S/ E 1
HSHN, H HbREECN

11 & e
N Z Zmax[o, A —II;; x C(z;,a;)).

L=—
N,
tr S =1 j=1

(7

For: Ny NI ZRAEAREUER; N, 9 B 2R EG 2w, F1
a; >k B [F— A0 17, B, A R 0.

FE T — B Ti r) Tbe FE A A 512
HH R OB S BR AR 1) B, AU B TR T — SRR
PEWFFE. Feng 55122 15 OK AR A ) B Tl 12
W7 S0, B T DAP J7 kA T A T MR A 1 &
TR 7, DR E R A2 W T 55, %07 ikd il
NN E R R i bR fifiih (B o & . b R TR 55
T AN A2 UAT 2 PR 5 s 0000 K it e e e 8 31, g i o 22
HH 20 A& SR B 4ERLEE () A8 J@ Ve AT fif k. B
Tk, B AT DALE O 0B 0 b 2 ST AR R
(R RE 77, TR R W36 )i B% . Huang S50 7£ DAP
B FEA b, 185 & M HR 45 R I W A 2 1
IO L, AT SEBL)T SCERFEAZ . Lin 591 5
FH 8] 5 A2 K ) 18 3 B 1A B R PR,
LNE WL I FEACRMIE B BINE S 173 8], IR 4 28
B B o v SR A S 1 5 BT R AL W e 12k ) R LA
FE AT 73 2K, Zhang 50V g LT B R ) 2 4N 8
Ve, B AR RO A B R JE 1t 55, R FH 1DCNN 1 g i
P RRAE AR BS54 1B X v AL B 580 1) A AR 12
W7, Guo ZFPC HE 1 I RHAE T T 1 8 M R ) I 2%
(latent feature guide attribute attention, LGFAA). % ¥
BN 3, — N SO A B R 5 S e
Vi) 221 55 S 2 [ AR e ik 2 ) (1) WS, 459 281 00 338 S
JEE WEAEJRMEA B T AR B = 05 55— 3
A58 FH T SR NS B2 ST 5 2 [ B 1 S5 TR PR
SR A L 01 ST B S s B A L R M A (R], 45
FME A JB I, X R ] AE— @R E EF )RR 8
P AR, S H0T JE MR AL, B a1 AR
bR EY 45 A T T i 1 2 (AL RIAE: S8 M s [, 78 ST
Fea 280 B B S 17 oK LR Kl )

2) 18 S ) B H 0 8] F) IS

FEHUHE 75 (8] 2218 S 7 [B) AR o, B0 e e e 4%
5 BIE S TA], I A2 v 4E = 8] rh R il 44 R
SE ). PG LT, B AR 4% 2R 5y LR IR (R A

e e, U v o 2 ) o B 2 A K 2 B R i
AR R, 2 3 AL RE. (L SR T S s 2],
IV AT S22 TR AT 810500 2 1), ] LAAT 2R R AR A
s R 1 2R X AR L R e e AT 55 v B2
B2, 3K T e A R A SRR AL 4 P 0 R
A NS 2 B S 30 T S ), U 4 ) 2 4 A A 2 O
i AN ZREY B 2T E S 2 — ARG R f (), R i
SCHIRAT au; RS 21 068 L ) BB RFALE (). 9 1A
VB SR 55 50T L PR P AR AL BE 4230, 308 >R FH e/ —
Fetit K R BOR B/ IMEE S, 1

N
I— N% D lIf(a) = d(@)ll3 + Ag(f). (@)

i=1
Forpr: g () x2S 2400 TR I 35T, Ay T8 DU TP ASL B
HSHL AEREA B B 3 T A MR A 2, 7T 7E
B 2 18] R S &0 75 92 T 2 ), B

g = argmin|lx — f(a)||2, c€ T. 9)

Horpe g T g5 5%, T 9 P R 4R 5

Fe T X — 3, Sun FE2 A FH AL Bk b HoE 4R,
I FH A A e 22 1) 2 44 Bk B P e S 81 B AR i 2 T,
R FH 220 J2 TR0 255 s SR B 15 SO IR AR LS 3] 1% 2 (1],
T It — — W 1 07 FORE SRR iR\ B AE B 1 5
FRRAE . AR B, WK B 2 T a4 43 2R 2 1 7
R R WA BOR PR AT 7325, Hu S 3 2 1 — i
N —BUMERRN T 32, 388 Tk A e e 5 R e o S
TE— B, AR T E R E R, LR T
FIEAR EREH TAHE M. A, & TAE @ T ik
A V8 AR A SO AR B 1Y) Barlow R, %2 5] B
PERGEAS — BUME )98 7 [H].
252 ARRTIERAEIHA

WA SC PR, BN SRR AR 22 ST AR T I A R
D28 9 B8 AR R 2R 1 e, TR A ) R REAR Y T,
i N T 7 3 B 5 I F% B0 G+ 43 7 L T AR s e Tl
FERE AR 2 S RS BT LA 1 i e i AT L SR
A BT B RE AR, G 18] 6 718, DA% i B A A AR /D B
AN THI (1 ] 123 31-32. 64,941 1M 1 ik 553 Sl A 4 1) 67 7D 52
M, Azl AR 7R 3 a2 =) 9 SCH IR R B SRR AE 2 AR
(2R Z, F AR L2 () 1 SCHE R A= oA L2 i s
BRI, AT A A 27 2] o) U 4 A T B 2 2 i)
RO AR IS P B0 AR 17 v B AN [R], A R ol
AT DLy A EE T E Y b 28 10 A o S T AR e X
XTI 2 R AR . 75 B4R H I, BE T VAE B AR A
BT GAN WA 1 A 72 A0 FH 1 A SRR B AN (=], P 2 B
T& H BIAE 55 A g o R AR R ). % AR a7 v

5, 1 A R IR R AR, AT AR — > — i
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A MBS KA T 2 RAE S A R IR T K-NN 7
ES N NI CEGEE Ny

— == (i)
W Ak 7]
| | 2]
B =
|E DR | i
b B g
— — 1t A
| lm@rgﬁa s | it S
. B
15 mrvsegcs | r B
| o | B B g
s e | BRI |4
| | ]

6 ERIAER
1) T4 5) B 9t & (VAE) I A A

VAE #& — Bl A R0 7 AE A2 s A 2, B 3 9 B
2% (encoder) Ffi# A 2% (decoder) 3 &8 731031, 72 Il 2k i
B, VAE 8 i 457 2% bR 25 PR 1) encoder 9 i [ B A% B
A e MR MR HE IR 2 4347, IF FR il decoder JS W] i H #4)
BN A B OB REAE, W) R TR ARV IS AT
HERFE Y — AN Ba AR e, PR RS AR B\ decoder 3R 15
B AE T TR AR 2 2 S5, K F 2R AR 40 E O
i 2% (conditional variational autoencoder, CVAE){E "}
A U AL, CVAE 4 SR S8 50 56 2% 1 o 5 R BUHR 4 &
VR R Y i N, DT 428 1) A 1 1T 25 31, 4 K an 1L 7 o
N HH NGRS WL 2 AT W ERER, a
R NE B ERIR, = Fl a F12H 6 1E 9 CVAE 1Y
N, It aet Ml a IHA BN & 2, FORM
YHE N p F1T7 22 o Wi 704, SR 05 4 G i 25 11
2 i B M a AL G /E AL A8 N, T 45 2]

R 28 A% H 2. CVAE IR B ECA

Lovae = Lree + KL (ptar; ) [N (0, 1)),

1 &

Lree = %ZHmi — a7 (10)

1=1

Horp: L N E 2 45155, KL A Kullback-Leibler 1 J&.
A DL #, CVAE 23R fif A5 45 4 o 22 3 44 R 4N,
7 2 4 0 8 2B R IV 7 AR B 2 LA v 0 A (0, ).
VI 545 2 1) Ad A 25 BRI A BOAR, TG 18 A2 % T b 12
W7 A 55 35 o R B A AT 2%, AR 8 FL R 0 0 15 &,
A2 AR 350 RT AR RS AL 28 S D A AR A B R B SRR AT
NI A Z A AR 25 = ) Lt 4 g s L T A B B 2 2T 1
. A 2z RN (0, ) 1w e 75 ] A A i L2 51

B R a € A,z Al E LR R P AR AR, th ]
DURRAE & W HIE st a € A, 2 4 R W
IPIRE AR, T2 7 B gt 28 10 Az iU 2 O 7E T

b AT A5 31 52, 49 2, Huang 260551 £F 06 LB REA
5%, F F Feng 55122 BT 438 115 SR PEAE A VAE &
FSCRERY R N AR AR 20 BIRE AR, B el R — A =
SRR 73 C W E AR W T 2 WA B
22 2T 28, 0 AR LR U K FH Feng %5221 £ 1
B Je8 1k 3T B8 7 VAR ). LiZE O 4 =i W E 3 5 R,
Wit 77— Pl 00 7 X6 55 0 4%, 12 9 285 4 T 7 5 A A2
53 E i 4 SEILEE 5 T 1 1 Rl R AR R T
MU A AN R S (R 20 R, AT 4R 7 4 R B AL 32
A, $2 X A L R P2 1 e

Tk

E 7 CVAEZ#

2) BT A S I 4 (GAN) B AE K

A R O T X 2% 72 B Goodfellow 25061 - 2014
SRR A I 6T PN 2R 2R B HE 1) T 7. GAN I8
T AR 2 o R I R Y, A ) 2 2 5] B TE A 4y
A3 H bR o A B R, I RE B 1A HCRE /1. Gao
0TV H5 , VAE X &2 2% 804 25 A 1 3005 B8 0 I 59,
T GAN NIl & 8 55 47 b 40L& Ho 4l 1) 42 /A5 B (H A
Wit #2100 A B R, GAN Il A Faoe Y&, AE
Tk REA I 3 5 b, 5 R F SR A 2 OGS BT I 2%
(conditional generative adversarial network, CGAN) E
oA AR AL CGAN ) H & WL 26l 1) 1 AR R 2% A
WIZR GAN, FHE I GAN R A WL 201 A ok
N HAE, T 58 B WA E o L35 5 7Bk . CGAN
SER TN B 8 o, H AR BLAS G AN A28 D 2 R, A2
RN i T 2 FNTE SR & a, i Y a X R
I B @ F AR NN B SR s S

35 @ A SCIH & a, 00 H O ) S N B 23 2 2
Ak G H bR E0h
Le = Ellog(1 — D(G(z,a))]. (11)
F5)2% D H bR N
Lp = — Ellog D(x, a)]

— Ellog(1 - D(G(z,a),a))].  (12)

F 5 & {:

8 CGANZ#
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T VAR T S F I 2R, 2 AR B A R
R A RE 6 28 = 9l 8 O Ak, 8 AT LA 9 A B AR
RE 572 15 S5 B B2 T Ua Al oA 1) H An
T B ) A H e, AR A A s P A AR 2
X a, MEHRE B2, = G(z,a,), IATE
FSAR WL AR 2. ) K 2845 2 T LI 2 b 0 R
LSR5 AT IR BE 77 80 53 FE 8%, T 56 Bl F B A 27
IR S5, — e 3 T ) b R 37 SO0 T AE G E
G B 5 F) B A HE ZR R AT DGt DA ok Tl T REA 12
Wi £ 55 9141, Zhoo 51N I I A= ot i 2%, LLTE X
JE AR A S AR i N, A BRI e R D R AR, A
111 R 2 A AN AT 55 F A0 9 AT M B e 2 W A 55, [
FERB IR o 5] N A3 SR A B X 2 AN [R] Wi 0 40 15 45

S, AT {455 7R A HR-4E A7 IR P ik R A 2 Rl B T
(K R AOURE A, THT 170 LA 2 1 46 1) A A i 12
55, Chen 55125V A o L 2%, IR B0 (5 545 A
HIGE T PEAE iR, A IR R I ZRA AN AT
A Dy BE AR, B3 J ) PR R FE A 22 0 2% AT R iR ). X
SO FR I T AR A R TR AS W5 1k, %07 ik
R B MR i e T B SRR, K B
o J 1) A g T R, R P A o ST R 4 A R
e C AL SN
3 TSR FERALHIEE STETE
FEATT O T AE T ARG G BB TET e, A
BT T F RS S IS ME R 4R, IR 21 T A
FASR AR AR, 3R 6 s

*6 MAMIWFEEAMARIE

Wk BRI B AR IS 5 AR I EREA

2020 DAP? TR S 1 o H I R AL T TPP/TEP 55
2020 CSA TARRESH R % CWRU =
2021 NMC® TR S e b Tidfe TEP =
2021  SF-LFGAALFY TSI [ B RELEHRRE CLSDD =
2021 ZSR! S B P R B WHD-9 i

#ARX 2022  LDS-IFDP¥ A 2 R R &MAT B VTR LB/DDS IR
2022  ZLCFDM™ A b2 g A% HiEv & 4
2022 SCE)! o o e A A e Tidfe TEP =
2022 ZS-CKG™® ) A AR FRELAN A BRI NEU =
2022 SSB! e e o A A BB TR CWRU/TEP BIA
2023 SGZSLP e PR R fanuy TEP =
2019 CGANP ¥ TR B CWRU/SQ w5
2020 CADAEP? TAERESH R % CWRU/MFAARZ/SQ IR

o 2021 FAGANB! RN TERES . LSRR &% TEP/HS IR
2021 CVAEP? PR SR o TR TEP =
2021 GAN'®4 A 2 R TR HEFE i
2023 BAN!! i i i Ak R K TPP i

30 EEHURSE

A 5 12 W R R 5 R 0 2 >4 T b R AR A
HEHFEEMMNA S N CRE T AR T E
FEA 12 T DL K T S ARl P A ) 1 4 £, £
FEAG T O A 1 H i v - 7 2 e 4R L ML B 1 4
BHmEE . K 7 LI AR R A A DA B 7 i R A
MR £, R 7 B85 I0A I IR B8 48, I I HUHRE T2
. MR, BHIHE. TERESEMERITT
X R T B, LA B IR Tk 5 A 2 i

5 DU 7 Bt o0, A7 7 IR Bt 8. L 7 4K
B BT R G A TR (IR « WU 35 #% (R 33T
LR b A e 6 (s A00), ARDNS 2, A B0 oo L
Xt G ELIA . I EHE IR B, K Hodie
MRy E . WNBHE IR BB A T R AT ¥
e R B2, Tl 7B R AR B, A
DR I P B i X I R SC— RO R 4
P o e R B T S8, R Bt o L 1 X
WA L SCAS A AR 1) ) A R

#=7 FEHEE
IMEETES HEH R REESNR /Hz e tE ESVE§ AEHH B AR
TEPR4 T e i 7 A 5.56 x 1073 21 21 52 AR M R P
CWRU™ LV i HE 48Kk/12k 9 161 3 TS
SQP & I e H 40 25.6k 7 84 2 THSH
HS! R ENPAEAET 100/10/1 256 2205 17 i e e P
NEU!! FAELAR T EIG24E - 6 1800 200%200 1% % [EE=C N
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1) FHZ4 7 - B By o 7 2 4.

FH 44 74 -7 12 00 #2 (Tennessee-Eastman process,
TEP) /& 3£ T Tenessee Eastman k2% A @] sZ frfb T4
AR B RSP, BARRIE B 9 s, TE i
AT bR 2% TOGE R RS 1T 2 AR, 24k
AT 2 i e B RO AR, A BT AT
i I FFE A WA R B AP, TEIE R 5 A4 F

--{FIC

T ARG R, IS N3 A IEZERL S
BB FIVS RS, WA A ) TEP B s 45 h A5 21 Fhik
e, BB B 41 AN AR R 1AM
Tl g o 1] 5 4 B0, B 480 AN FEAS, MR £ 75 960 A
AR, T I 6 i E A 4R P R B A SC IR, T
TEPRIRE SO, TE A A M B 12 W4T 55 il i 1
AT 15 Bl i)

9 Tenessee Eastman i3 2

2) BUBB e % 1% i 4.

AR N DA T A IR S0 Ry AR 1 13 K
AL 28 1% O A, I =y B T N 18 47 WK & i,
O BILAMOE % e #% B I P2 I A
S AU A ST R SR %, LA PG 4i# K %7 (Case
Western Reserve University, CWRU) %l 7 % 45 ££0°1,
F S A Bl AR HOHE AR HLZE 7K (locomotive
bearing, LB) #5511, 5 J)4& 5l & Gi B (drive-
train diagnostics simulator, DDS) #(#& #1941 Spectra
Quest (SQ) LM i R A 401 H i 202 . ¥ & (hydraulic
system, HS) #g [ £ 4 A2 0100 45 Forp DL CWRU #idfs £
IVAZEE N e

40k 10 Frzs, CWRU Hidfa 2 bt R I il & B0 %
A2 B, SR 6 B = AR FL AT DL . A T
SO St R g e, 368 L K AN T 7 VA T K A T
TRANRFIHME 5] N BEARAN [ 1) 5 Fi B sl s, et

43525 7 mils 14 mils. 21 mils. 28 mils #1140 mils. %1
P AL B 4 FPAS [R] 0, 2 0l A DR T AR
R L P P AN FL AR . 5 TE AN A (1) 72, Bl
DAL £ TR W o P — M AN A BRI 7 L AR 4
X WA (P IR T AR A S B AT AR AR B 1 — e G iR
PE, B R IR ENE 5 A & gt @ v, widfa . o7 £
EXA g

10 CWRUBHERERETE
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3) Ky L R b R 4R

K 71 7% |, (thermal power plant, TPP) iz F2 i % %
PSRk 5 W 11 BT 19 1000 MW 8 I 5 -k FLATL
A SEbr Tl R0, ot BRI FE T Ra A
B, BP R RGAEHL R G KRR, B R R

=]

T SERE AN FA R s et 28 R R AR R 2R
FEHLARGELLIRED A Fa L, BB ) T SeBL T A e
] L BE R e Ak, i1 Tk AR — AN KL A, i
LA R USSR bR FEAS T RE 2 08 1l B R K, AL
FEFFEABLE 2 Wt s o) BA7 203 X

=
G R T 1 R T

AL

I

i I

<

riulieiiy

d sEEA H OmAEB
B #

" wem () K
; P99

[EZ8

(@g@ﬂ (& ﬁw q i}

11 1000 MW iBRBIle R XBNARGEE

4) 77 i Sl e e I A 4 £

R E B FE B 4 (cylinder liner surface defect
dataset, CLSDD)P i — & T AR A FIH 4L, 55
PRk b R B EHE (e B, . Wgs. R
Ty FIIE H SRR E PR I 412 5K B R B8 BEER FE (wheel
hub defects, WHD-9) £ 4} 45 /& Sunl'? 55 508 7
B, R AR A 2 B AR B b EU R B I 58 b
BN EE 4R, 45 9 PR BB (Y5 . BB AL R
R ik, TE. RIR. M. B KD). Ak,
ZR4bK2% (North Eastern University, NEU) 3% [H] #i# [£3 54

(a) A%

(b) FFH (c) BHe

P JEOL10ST R/ X steel 55 [ i Fe 29 5 (Xsteel surface
defect dataset, X-SDD)!061 32 4 3% [ Sk [ A ) 37 =
AL T USCER B PR AN 28080 2, e NEU %
AL 6 FAS [F] R T B B 28 0 CRLN A B B
AL BRTRTH JEY. RIIR) 11 800 7K HL i 15 &
&, B LA E 300 MEAR, A1 12 . X-SDD %
PR T MAS A SR P 20 (LLBR R BR B K L ek
Y RIRVR KRG FLAR O RS 58Ab Je L IR R G
1), 351 360 5K 14,

(d) R (e) FANHAE () KR

E 12 NEUHUEE
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32 FFRIE

AT AS 038 © A 38 20 B 78 N ORI 9T AR TT
U5, 3X 0 T TR A T K R B R SR
fB. % T ik AN E A5 )38 K, Feng U7 & A
TEET BB E T ) Tk R A WA, R
TEP 45 45 Lt 17 50 0F. Paul'%® I I FF 5 1 5 Fh
20 ML YNGR = N R TR W R T = T
(semantic autoencoder, SAE). J& 525 ik A (attribute
label embedding, ALE). &% ¥ Bk & #k A\ (structured
joint embedding, SJE). ESZSL (embarrassingly simple
approach to zero-shot learning) A1 B A0 58 -8 SLHRA
17 (deep visual-semantic embedding model, DeViSE).
Hu 25091 4 J5 7 15 L — Bk A\ 5 % (semantic-
consistent embedding for zero-shot fault diagnosis,
SCE), [ 7E TEP 45 % L #E4T 1 30k, X T 42 B
EFEA S 2, — Ee Bl AR A [ A 4 T
A, B L T A RS BTN 44 ) f-CLSWGANHO R T
A543 1 4 i 2% (1) CADAVAE! #5537, Feng 511120 ¢
A 710 M AR sl TR REAS I B TAE ) S, 72
TR AR 2EA -, A 753 R g 550 J7 8 Hh T J
TV AU FE R A 25 ) R AH SR AT 5.

4 TS EREAZ MRS RE

B EREA S 5N DA B4 O 3 454 4%, B
SCEGx B AT T R G A R, AR TR
CERE T T T REARIUAT 1 B R DL R AR AT
TR 2 W 5T 07 1), Al 22
4.1 T GUSFHFARZE SR

BEARE AT BT 2 5 Tl R A, 1
Ft AR, AH A BTz AR 6 & R M SR APV 2 Bk
0%, ARHTAIHT T T AR A S ST 45 I ¥ 3 77 THI 2%
SR PR R, BV v PR R AR B Tk g
PERRE RN A3 HT 5 = G — [ S b
411 BZHEEEMETZMR

FE 2410 B TV ZEREA 22 ST 7 op, BRI A 1 R
RZ L Fh G A G A R, T & X
(T TARVE, Qn28- @ VAR RE 2. X BRI T Tk FREA
)T HET R, — 5 T, YRR SR Tk
AU TR R o b MR SR, 3 B0 T ol A R
SREBAS B o 573 — 5 T, = 538 (0 T B T
Ml ZE R AR 2 ST 55 H A58 1 2 R 1 o . Bl
IR 78 25 PRV 1 P L 3 B ML TR A e ST A
R 4 F 22 A ik, H AT DA TR A TAE K 2 A
BB REA I S R IV UT, T 75 5N S () SCERE
A3 5 R FE RS, AT S0 T S AN (. SR T,

LA B vy b S T ) S AR e Tl A
AT T 75 i v ) E 2 ) L
4.1.2  GRZNTIBERFERERA T

o b a3 AT AR 43 B 1 I A 7R A T
TP G BIERZ . 0 FHE >k | A R 2 g0k %
B A [RIATLZH I 75 70 ) A AN [R] 158 4% 7] — N %1
BB LR AN — 2 2 [F]— LR 7= o, 75 B AT
I3 06 55 5. I 138 43 Tl 2 5 A HH SS i 78 X 1k
FALA L, Bk 1 LA U R AH 58 7325 4R
17, R B8 A0 VI A5 5 A 0t 454 2t &R
A o R Oy T A B S AN )L g5 s b T ) ST
JIr 3 TNV 7 B8 A ORI, LR FH — S8 X0 14 77
W, WG LA 2 21 05 15 A IS REAE 43 U311 g
JE 2 ST K I T2 M 2% (long short-term memory
network, LSTM)!'6]| Transformer!!!7) 25 i > #5704 . it
A, RIS 5 — MR R A R 73 SRAE S5 AL 1) Tl
S D AR, Ak BN G Rk 2 A ) BB RE AR, 3
Sb PTG — RIS A 73 KA B AN [, R 9 A ]
it b 2242 B T 222 3 /N BO) A g 2 A IR e
PAo3 7%, 45 SR A DA 55 o 1 Pk, B AT Tk %
FEAHIE 5 Hp 5/ 2 B8 21 BT ATE 50 ol R B0, R AE
T e uF R BT, BRI T Tl ZE R AR AL 2
e
413 RZG—HILRIrHE

FEAL 2P0 5 U, | REA S S 2 0d 10 R K
J&, AT 1 AU N A FT B AE R S B2 . ANl
SRAE 5 MRAAE R 2 FVTAL FR bRU3. SR, H AT Tk
FEASAH & AR 0 2R T R A8 P 5k A5 FH 7 2540 45
5 Bh AR, YIRS AN SR X 23 A v %A A TR, n
ETFVR ) AR AR ME A P 6 FEAS [\ 7 iR AR
% FREAAL S W PERE S I 2R 82 A0 W 4R Rl 7 Fs 1
i PSR O, E R — AN ] s A it AT b R Be BB
ZALA N TR R, A 5 — MR R AE ] Ry
FKw AR SR, R 2 PhEdE £ T RFEAR
J7 AT PEAL RE 0% 9ok 551X F{E AP 1. Bk, B §T T
M R A T BT A — bR R R A L ] I 45
AN B2 K1) 0 R0 PR A PR o 1 Sfe AT b AR S 2 it 9 4
Bt RE.
42 TGS FEHAFEIMRRE

X TP AR ) A A 7 2] ST & AE AR L
ARETT MEAIRER. e, FREARF O T HIR
HIZRECS R, SR A CAEXRE T Tl A il ik
T SR T7 B 5 —, BRI T TR AT 1)
R A, BT T FFEA R S ) 5tk A FAEHE
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Hl B2 W AR S AL I, 3 5 EEAE BT B s b g — 2B 4
J&. i, T B A A A3 — DA, B X
0 T FEAMT BE 8 A A A S0 R, 3 3 5 22 1)
Tl R, 38 0] DU e F2 R AR AR B (1) — 6 0 L (i
P RORANRARSE). PRI, A ST IR B 355 7%
6303 A B AT I 9 R B, DAL A SR (R BIF 92 1A
FEAE—ERE K.

4.2.1 FrEEIRRIR SRR

MEIVR B BT &, — 7 T, % 4K 2 5 I £+
) SR VR AR, AT 9820 2 58 T ARV B 73—
3 THI, I8 12 7% B8 ] 45 281 B J00 5 ) A0 PR R A, AT %o
R EEAT B v 2 U4 55 U R A

1) B 0=E & AR R JA.

b Tk B FE AT, 26 52 br Tl A =il
PR AT L RGN ERLR S RGP
AR, B a0 S B2 Wie S B ERE T AR I R
U . W& iy B G208 X s 4R 45 /L i S
KHRE T RAR AT ENREF R . 58, XL
SCARFVR IR A AE 7E VT 22 M 55 LR, W SCAR AR
S 100 5 ) AR S5 A SCAR ) B B0 AR B ) L B
A WAL R T ZRIG B 2AE 5 AR e 75
T AT 1] A, B AR TE A, ARSI
FRAEAR 25 RS, an iy A) 77 41 B0 R 2R A ) Tl R G
Y ERE 7 VR S5 Sk 1 S5k B b T R A RS I R BT )
H ARG 5 A H R, DU A ot WX Se R 25 0 HL 2
BLAS 15 B B U RN .

2) FR g5 R4k

AR SR, WAL AR A UM B R . BN
gkt 5T R B AR 3 7 bk 2 (14 A, 4
YR R L BREIRAE SCRIR R, AR R X — M
Google 1F 2012 AF- 4 H, B A2 B AN [ 1) 45 A5 (SE k) Al
(R R) L= e A I A A8 N 2%, EfE X 2
RS T A B AT B . T e YR PRI 3 A AR
7 3 A, LA PR 54 1) 7 ok 2 0 e ) 5 e £ )
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