BHSRE

Control and Decision

KRTW I BZETREFN AR S RE
W, RFIHT, AR

FIHAS:
AR BFIAT, EARA). &2 2% Tl Bs A RS TE J5 Imlii 5 J B[ ) ). 454 S5 H0R, 2024, 39(3): 705-718.

TEZRIR]IE View online: https://doi.org/10.13195/j.kzyjc.2023.0359

BT BRSO HAB S EE

Articles you may be interested in

Tl AF B R G2 4 XU B 253 I AL Al A Y

Quantitative evaluation model for dynamic performance analysis of security risk in industrial cyber physics systems
PEH 5%, 2021, 36(8): 19391946  https://doi.org/10.13195/j.kzyjc.2019.1479

T LK) R R Z2 R R G IR A 25 A Rl A

Multi—component system state space partition model based on Markov process

P 503, 2021, 36(2): 418-428  https://doi.org/10.13195/j kzyjc.2019.0480

BRI sh 0455 Re IR RGBT IR T IR Y LR iR

Review of research of data—driven methods on operational optimization of integrated energy systems
PEH 5 P9, 2021, 36(2): 283-294  https://doi.org/10.13195/j.kzyjc.2020.0725

FT Z U5 SR B AUV IR A 2R G e il

Fault detection of AUV resource exploration system based on multi-block information extraction

Pl 5HIK. 2021, 36(4): 790-800 https:/doi.org/10.13195/j.kzyjc.2019.0732

BET AL 2R E T AR R Al A S A R
Degradation process and maintenance planning based on random coefficient regression model

PR 55 2021, 36(3): 754-760  https://doi.org/10.13195/).kzyjc.2019.1087


http://kzyjc.alljournals.cn
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2023.0359
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2019.1479
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2019.0480
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2020.0725
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2019.0732
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2019.1087

39% 453 W = % 5 *x kK Vol.39 No.3
20244 3 H Control and  Decision Mar. 2024

ERTWERESITRSIN T ERIBS REE

W% 3;1,2,3& aﬁg%ﬁ%ﬁm, EX 2L
(1. ERE RS RS TR, LT84 221116;
2. FREFY RS HR 2 0] 5 R s A B AR AL Gy, YL AR M 2211165
3. EE RS N TR R AT, (LI5 4R 2211165
4. RACR2: B BRI S TREBE, PEBH 110819)

O WEREREIRIA RIS 2k T R RS AT R A S T S p ik P2 4 e s th R Ak R 3 48 S B 2 2 X i sl Tl
N T G875 BRI DS 1) 8 2 — . ARG FE IS S R 48 AN RE I 2 BUR Tl AE = i FE s i FR iz A RS A Jn
BURS AL T HERA AL T 75 3K, BRI, B2 2% TV AR IS AT RS VPN R RS 17 A=, 3 J LR 52 B 22 AR SR Tl 532 i
FePE A . Xk, B A AT F TV R 1 A A DA R B SR B e T I 4 1) R A, [ e T 0 X 0 1)
AR TS FRIZATIRAESVEN 735 SR G RIE SRR PPN 45 A 45 S ECRASIE 7 1R B, Hdt— D45 HAH SRR
BRI 2238 W 7 323, o 5 o B B 9 P9 25 R — AT HR (B A3 30— 2D AR 00 R TR 7 T A e 5 P R 22

KRR A TR BRIl JEtR =R

B %S: TP273 Nk FRERE: A

DOI: 10.13195/j.kzyjc.2023.0359

S W HE, AFR, EARF. B2 Tl BREPIRES TR ik RS e 28 (0], #5015 3k, 2024, 39(3): 705-
718.

Review and prospect of operation performance assessment methods for
complex industrial processes

CHU Feiv231 HAO Li-li*2, WANG Fu-li*

(1. School of Information and Control Engineering, China University of Mining and Technology, Xuzhou 221116,
China; 2. Research Center of Underground Space Intelligent Control Engineering of the Ministry of Education, China
University of Mining and Technology, Xuzhou 221116, China; 3. Artificial Intelligence Research Institute, China
University of Mining and Technology, Xuzhou 221116, China; 4. College of Information Science and Engineering,
Northeastern University, Shenyang 110819, China)

Abstract: It is of great significance to accurate perception and cognition of the operating performance of complex
industrial processes for the realization of process intelligent control and optimization decision. This is also one of the
key issues to be solved for the current realization of industrial artificial intelligence. The traditional process monitoring
theory system cannot meet the demands of the modern industrial production process for the refinement and accuracy of
the process operating state cognition. Hence, the operation performance assessment technology of complex industrial
processes comes into being. In recent years, it has attracted the attention of academia and industry and developed
rapidly. Based on the main characteristics of complex industrial processes and the problems faced in the process of data
extraction, this paper reviews the operation performance assessment methods of related industrial processes based on
data-driven. Then, according to the results of non-optimal evaluation, the reasons leading to non-optimal performance
are summarized, and the traceability method of relevant non-optimal factors is further given. Finally, a summary and
outlook of existing research and directions of development in this area that merit further research is provided.

Keywords: complex industrial process; operation performance assessment; data-driven; non-optimal factors
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max (Xw,Yc) = max{cov(¢t,u)};

wi,C1
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Howy, Moy 7302 X MY B 1A T7 A, 3 H
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wy M ENE DG, a0 R s
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oty Ml X FY (K58 14955 ) &, 17 B py Al g
537 5 Z 0 B B # R &
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=1
HA:THU X X AY $EH A6 5 2 B K IR IE,
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SATAE T AR 3R KT U I 52 00 A A A2 B ) AR A
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J7 15 S A B HE 28 M U, Lin 00 &5 82 2% Tl
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TP TR A 408 45 14 (kernel total projection
to latent structure, KT-PLS) I ¥FAN 53k, 51 1 %
PE 8 55 20 1) V1Al 455 28, A5 HC A % ) 3 2 M 0 R
AT IR ZS VEAR, 8 i o 3k T-KPLS 45 28 25 44 A~ A 7] LA
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TE 15 22 SR AR 70 4 A% Je 8 6 M iR N B BRI Ry T A
SR B B/ - 3fe i, 4 HY KLLEPLS 5%, i 5
EEAPLSHEH KU LR R 5 5EG KR
(comprehensive economic indicators, CEI) A#H 3¢ 14 [ 5
73, IR BAT KLLE S92 OR 45 Joy 3B 4 45 K 1)

MITSEIL T Tl f e A s AR Ltk ) R s 17K
AVFYT. R I 4 1 R AR 4 BV RE 8 FR I
W RERAS ) 32 BN 25, (B SEBR TV I I H I
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FEERAE AL D9, 4 SE SRR A0 bR Tl i A i 1
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TR DL B M P DK 45 i 00 -3 35 TGV A 3 R S ) PP AN AR
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ReEEE S RN AR Z N EESE R AR
U B I AT 1 B A2 CELHE i I ORAIE. SR, H T4 7= 2%
fEAREE, I 8 2 7 AN G 7 i, 1K AT
AE 2 52 2 CEL W SR B K B v Al P Ay JE S i U
LT, DUV B 5 PN 0 2 2 SR B 44 (%) it it of 1
4Ot T U S, AT 4 R s Y B (], 9 R R A 2
Hrn gk, Bz, e AU A AR 2 N T
ANET R B BR324 A L 2 AT E R IE AT i
PEMEPEAS, X T3 — DR A = ig A7 A & L 2iPERe
AREEE L.

AR R, Ye P g th 7 — NS 2 A Tk
ik B AR 2 A MR AT A AR 1R VPl 0 1 2 AE 22, d i
TE B 2R I 2R BUR S R w IR AS T 8 17 sk 308, F1)
EM 530 i 17 3R AE 2 Fhis 47 B =X 1 s R G A
%4 (Gaussian mixture model, GMM). £ ith 3 Akl I, Liu
SHR e HA R 2SR PR T MR
AT S M VA D S B A0 TR DRI R ) O 3.l o Ak
Fe e AL AN o AR AN (R () T2, A3 il g T
AT B VEAL LAY, SR, B I ERAS R T2

38 8 R BCRE — A8 E RS HREAE £ T s 7 20 A,
I HAS A BR GMM >k L AE 2 A Fa e SR 3 To 5t
PR ) 5 B A T R 2 — S Bl 2 MRS TN I B
R A v 30 3 A7 1 50 B 5 VE R N, F Bk — %
AR E B TN R = Ws AT AN, i RS TR s
ITIRS VPN WA RO, ZBE. T2, 0 28 T 1)
AE v 0 ), Xu BB R T — R sl DU sr 3
%47 43§71 (dynamic Bayesian independent component
analysis DBICA) J7 V2K i AME i 37 3 1 43 73 1t R
R Ab 3 B — I AT RS RN 2 isk AR A B A PR AIE 1Y
] @, 7E DBICA J7 %M, 3l id ) A5 38 1 46 P S R 46
Bem 1 sh 45 5, S8 5 A F DL 37 e 3N 57 32 B
9343 BT R A ST AR TR G AR SR, T AT DAL 2 S
A v S HCHE Y b RS A7 I I ) R Ay, AR S0
g 7 BT E R A BN E R A K Is AT RS
Wrordk, R 2 s, N T — 20 A, Liu
EBALRH T — PP X B8 o A AR E R iE AT
PEREPEAN HEWS, AL ER X A2 A, T LA 1 it
(i s 255 T SPURE 2 e NI = TN 0K
BATIRES A MEVEAN. N 7 A AR Tl A2 7
B[] IR 25 P8 % 0 2 R 22 P A ) T A e 1)
A, Lin SEB3 B W7 — FhoE T 1000 CET 1) 2 A i 72
BATIRE PN 732, 1 Se 5T R A e B A s 2
TR, 2R J5 456 CEL 4 th Pl 5 J5 o is 47 i 72 i
ITAEL VAT, Fan 504 52 W T 22 B8 ME 28 m 1l I ¢
ARy AT R A2 2% Tl I R M 45 07 0%, a0 45 6 TR E
5 2% (DAE) F1 GMM ) 5%, F1| F DAE $2& HUK 48R 1F
PARAR R ZR A F i 4745 2, R AR U 45 21 ) R K
JE GG N GRE IR FE AR AT 5 353 S AH L) e 397 3 A,
FHAE = AR B AT 5206, 15 2 1B R 1 L
W PERE.

*2 SRETIWEESTRESTNGE

BRI B 4 e
ey TUREDEETIOMIE  STORNE TSR TR IR U R,
TR SIIRMN 5 17 53 A BRI AR B IT AR AN RIRAR

TR RS R SR LA T A A K BT AT Z, B SRR A S K,

A A 32-33]

1, B RAE

PR X

A AIURE TR K 22 45 T A 1 2R3 TR T
T I FRD ) A0 LA B Xk 2 Y 88 R 75 92, IR A AEE ) B Tl i
REAE 7 o A [ T i SRR T 8. L 55035360 73 35 £
XL RE B IS AT IR VR 1)yt 77 AH L ) A
Jiik. B, 7 2 A B BB T RE B AT 1k
RE FAIBC 5 1 T, A B A TR B TB) AT 1P A5 AR, 2

AT 288 A B B (0 I REARFALE LA B B8] AR A AR
1 R AN LG R 32 AT PR BE RS2 0 SR, B0
SR A R A AR B AR SR BEAS S AL I
i R, gt 1 — e o R [ VA LS DL S HE B ) 22
WY B R A P SOV Tk, 1207 iR REA Rt Ak
PR AN S A I R0 A, 38 3 372 A SRy o e A [l
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O AT VARETREIFN TR MG RZ 711

VAP A5 SR R AIE i PR3 21 1 22 AN B B B AS R 3 25
oK A B, A 22 8 TRk B A0 7 s AR D0 I R AT
RN [ 3.
223 EMSEREERFHBITREE

BAR IR 7 s T kg AR i O A
PR B AR — AN IR R R DAE B AR A
VRN REIBAT RS 0 H B2 A, S2Br b, 82 2% Tkt
FEAFAE—FR 73 AT AE 4 I B8 ) AT £ DA K — 87 AT AE
LA 2 R, AR 2 I B AR B A AE S R RAE, AN
A AE 2 AR A DUE TRIRS R R oR. BRI,
Y5 e AR BB R A7, 2 BAS B R TEX
MBS B e B iR B B A5 E BHEORIITT
A T vk 3 S g A AR A AR SR A R T ) B
AR b I REREAT VA, H VAN 7 iR e T
DVEREB LS. E VEAR 22 48 ) FH 2 WL 4 3 1 11 1 X
X AR BEAR B AT R Pk A, R AE TR R o
Gy IR I HAT DAL B — S A W R 45 12

BEE THEPLEOR . B BB & BRI Tk AR 7 3%
R AR, VF 2 B 2% T R T AMFEZ AT 2 K&
f R, s s AR R AR R, R
2% FRSEBR Tolb e FRAEAE 52 31 25 Fh b S sz, 1 0 A
PRI L U (R AN HE R 5 R R, AT il — 28 H
VNP S 5 SUR e/ et lh M 132 Sl 10 R RS
e UL ELH N HY, T4 2 B i R s AT IR ) S
AR B JCVRAE LR AT B JE R AR I, A R A
(IPPOY T3 ¥ Je i BN T S BRaild7 4% il AL AT A
— R HN TR 5 RRA RS AT RSN T,
B E B 5 E VAR B SR AE RO VRN T3 3, L5 DU S e
LI TENERR T, B Y, Zou FEPT AR SR
7% Tk Fe v A7 A2 BE A 58 PR A5 B CE E R A5 2 1
AN T I AE B, B et SR R TR, ST
DL KR P2 240 45 U2, 32 NP S B2 Ok, T
AR LI B Al T S S XA I AR HUE 2, A
F 57—l i g 37 AR R 2 [ A SR IR A ] A A1 BEAH S
45 R, D, e 5N — e et ) s 2 R B oR R
A] e DR e B AR SR E RS S A B R, AT $2
IS AT PR RE AP UT RS . SR, Zou S0 BT X0 1f 1 1k
HUANH 58 1P 747 0 B A D AR AR STl 9] R, T K
T X 23 A E 1k e A RN 45 i D)4 JE ) DCD 7
X, R 2 RGBT 1 AT R, IF 3R e 1
Bt DCD FAERA A E R, BETT, Zou FEB B X £ 58
BAEMIAE OEBIR K ARSI SR T — Ak
Tt ) FE AT RS VR 7% — # PCA 5 DCD
S G HVE k. e T R A7 AR 2R

PRI KUK BB AR . B
SERE AL AR I A 2 B 2 e Ge it A BRI 1 T
SRAFEPUURE TP R 4 BB VP 0] R AN BE A2 SE B i
FE VAR P2 1) 75 3K AR Ak Fan S5 10 £F X i FE Dok gk 4T
PERE PP I 2 o LI ) R, G0 oK pE e B AR
T ILAF I 1) R, AR VP AN 10) REHE DA - R ) o
i 0] R, - HR B A M DA g S ) g, F HY T — b
TR PER A BAL, BIF A GMM & & 13K A
P &ANSAT S AR 53 A BRE 3R 5 BE ok 4, P ad
M HH RE £E (probabilistic rough set) & P 5 2]+ £
WIS AT IRAS S I HE BRI, AT RS | — DN =
435t GMM-PRS (Gaussian mixture model-probabilistic
rough set) B8, 0] DU 54> 1 B (R AIE 15 5 5 i
PP R A, B2 w5 A RUE B R 28, ORUEASE B () 7P
e . Bk Iy v I AR I P R S PR Tl g 7
32 TR, FFIUE T 7 A .

FESE BRI TS 2 A, AMUAAAE — MRS T IIE
B G BAER RS TGRS 82 5 1
TERL BT AG R 2 5 — R e A T, ik 2 i S 2
BUS T, M E EAE MG B2 L&, TR,
BRI 2 1) R FE VRN DT A C A B D TR
TH ZHUE BN EGE AR RIS I
FEPEOY in) /5, 78 70 B 5 B AE P13 B, Zou T4 42
H T — P SR RE A 7 vk, 0 T R 4 Tl R e 1
558 85 BILAFIIE L, 73 )t 0 B — s 0 2 A
gyith 7R BB AT IRSVEN 7 2, MR & T VRIS
JEE, AL RRAI 1 40 W 25 SR 0T 2 50dt B () RS 8. 66
SE AN E B AE B IAE I 28 2 4 Tl g 2, Chang
SR T — R A I AR R AR BRI A
TR AT Hog AR B Z M A n R &, 1
P AL R &€ 15 B R AR A s AT s i 4a 4l
53, T AE45 2 A R2 I8 A7 RS AT LA R il A
N7 ()i R A 2
224 ETIHFBEERBRSITRESITM

FESLBRAE P2 i FE R, TR R R R 3. %
hil g BT BRAN DR ) AR Bk T FE —
MR I MR B Sh AR YE, SRR R MBS R T
I AR R, S Bl 1 IS [R)AH DG, SR, ) (R 3l ) A2 42
BSOS AR DB IR R B A S B n] B T
FIAEAY | F2E AT D 51 RS R IS TE] P 21 1R 1 AH G 14 58, 0
RIS RIS TR AR R K B B R L &
T Z g it IR w s &G B o ik
T U0 AT o 12 W s, A4 381 )V O S, 5l e s A
PCAMW-44I Zlj25 PLS S54SR, 28 i (1 B 259 A2



712 # % 5

xR ¥39%

AR b B R AR A 40 A AN AR A 2 AT S SR
FAE— L, TIRIEM X d RS EEERESEE,
BRI B2 S 8 ANBBURK.

21 22 /i3, AATTHE N 2R K ) 1 2H 2L 1)
WFL R T SFA S0 SFA 3 %22 il i R A —
B 225315 BB 7 22 KR i R A5 5 AR AL e, I A
I K e B A B 2 45 R B 23 D A JBURFAE, [
BEFRHA “1SHFAE (slow feature, SF)” . it JLAE, R
Z I TN SR F SFA SR AL 325 Fh 42 28 i B v 1) 3
A ] . 2015 4F, Shang 5549 2 tH | —FpET- SFA |
Tk 5 U0 SR, T DA R] A R R M R A A O 22 A A
BN E P ROIRES, IF BB AR S 22 18 R ik T DL
RGBS, 3T X I8 4T %A B ARk 2 TR
()30 2 I S R AR, T VA AR AR T R R
B, R KHRE 7 WU RS J2. Shang 25050 B T~ SFA Xof ¢
ik st A0 5 s SE B A1 73 AT 1 St
AR T AR AS 0 A ol T AR AR B P A A e M R 8
SIATIT O, R B 7 A R R 3 AR R P R £ 4
G3 AT E B R, T I S E A BB L,
PRALEE A1 1) B A5 B b Ak, SFA 5 B AR i 3 18
FEAEFE IR 2R, DRI T S A R AE i R AT Hh 45 2
Tz BB,

R R I SR B AR AL I AR G 1t RE T
A 77 9% 0T BE TG R i A ) AR ARV, R A O
FH T K 248 R0 B0 o A2 P B AR PR Al O T PR AG
AT MR RE, AT HA Sh A RHE s 47 M e PR 2 1R
HRE). feil, Zou PR T —Fh Tl g B AR
PERE [ B S M BN FRAT VPG T, G RS A EE
PERE 7 T, PR N B4R L 2R, AT 2 (1 240 3 ) 45 A
L S E R e AU PRE = 3 R N 2 | s s I e B
A% & 43§ (canonical variate analysis, CVA) 1% 435 4iE
G3HT, XTI AR (R ER S AR AT T IR AT
N IERHE T E A B AAE R, B DL 8 1R i 42
AT IE . PERE DR B TIRES RN, HE—
A, 4 JE SED B0 5 2 Tl A A e DL B EERS
RIOL B A5 B, T2 BUR R R RS 1) 2, 2
W7 Tl B T O B % e 4 A BK B () SFA BLIE, K
N LB HATIBAT RSV, %07 1% 66 XOF H
R)Z UCRHAEAR 2R AR RE A — B 22 4313 2 B AR BLEE,
SEHLXT Tkt FE AR LA S LA RIVEA. N T
AE B3 Hi Ab B A5 28 TV R T ) 30 25 DL A HE 26
P 7] 7, Wang S15%1 285 4 5y Wi B2 [B] A 55 8 (Gaussian
process regression, GPR) 2 Hi [ (slow feature analysis

and Gaussian process regression, SFA-GPR) iZ /TR 4

PO I, 2 TTEA e SR B ML I R T A2 SR 3h T s
fiE, ] DU SR AR 2R M B SR B, 1T GPR A
A RE N DR HE NS BRI S A
SEAR Y, 1T Tl i R AT RS VRO AR A5 2
R . R SFAfE I AR I 2 U R T R AF I
PEREAE &SRB HIs AT IRS PN A BB
RO SRIBCIR S T AE AR A, DAE B8 v M 138 47IR
=

92 b AR SERR Y L AR o, SRS 3 ) R A
A — BRI &N R 2 AR T HAH R
PEZ AN, IE R 2 5/ 1 E ARV, BT i A Hdls
B AR, AL G 2 To ST I AR I 7% AR 25
T TN 2 AT AN 200 R R E A S,
(H2% 53 it 5552 % FE RO U _E T RIAS e A R
B2 < Py B S S e ol L1 B2 A U B U4
AAE BB AR RLZ AR, 25 AR R AR 8 F)
FHECHE B ZE S, 4 e e e A Dy /N 43 ] )
T3, AT 38 G 1 K 4 25 ] B T B 00 R [R] A 3 v B
TR B 00 2 1) 20 A, 24 B 1 i R A il
A il (TR JRAEPOISR I T — M T 2 AT
(1) 1) 7 £ 12 R ALE S A A 20 ) 3 2 R AR I R A i i
PSRN, 3T AR R PR R i AR R 5 1B R IE 2 TR Y
KA, IFRERA T2 8 P S2 ge it 2, LBl i 72
SR A%. Guo SEBTURH S RFAE 70 T 47 8 S M = P A
B, DL s DR 23 ) (% U ST A 2 1B R AR 7 i
(probabilistic slow feature analysis, PSFA), H F1 {25 FiE
VERIRZS BB B [ 3458 80 s 4k, R 1T PSFA $2 4 1R
SARNCTEAE YRS 1 1 B s AR b 1 i R
AT PR 2R AR .

b A S AT RS BRI A W52 =, 22 T 15 1) /5 41 1)
BAAE BB IT BT A, i T s AT RS RE
A2 Ak, AT OB 3248 2R 58 K 3 28 AR T /7 51
H A OGS 5 BRI 7R, AR Tk i T S s i) &
GiAE F, G A5 R R U A B AT 25 (R I P AR DR A, B
YL T 1) 22 eI A 7 AR S AN, AR B AT A B
WAEAE B R B BN ABT SR, BRI 5 25 7 A A
R WIPCA T-PLS 55, #f A 2k Tl A A A e IR A
AT BB, SR ] SRR B AR A AT REAT
A, TR I AR ) B 35 2 A5 B A BURR. Dyt F R
St T — IR T AR M A IRV T7 %, %07
V2R 2 A X 26 1) I 4 5 A A 2 9 K IE 12 (Tong
short-term memory, LSTM) X 2%, DL 38 5 455 78 % Tk
R AR R A e
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23 ETHENENEITRESTEN

FRARAT 55— AT 3 o e B 2 ST RN B )
P2, TR T B 2 S0 v, o ST A R A R R R N B
PR R 2 54, E B T iR AR B A AR
W B 2 ) b R R A AT 4328, L T AN St 2
V) %) B B S, R 30 R J PR TR 2. 30 PR
R 22 IRBIE 98 B Hp 7 RAE 2 31 BURFAE 2% 31 10501 1
HHLE J SR BN 2 TR 8 R L B (R,
T f T AR I 45 3] (B S I 0 Xt — b R v T R
[ VEBE. AL 2~ 2] J2 8 ¥ J5 46 B0 i L LA %
> FTRE AL ) — P A S AR ek B, L B E bR
52 R B R T AT 6T 4, S8 5 4 T ks o4 1 4
Foak AE 15 5 BA 0 BE ASE A 1) g T SE A B TR e A Y
PEREIOOL X452 % TV FR 1M 5, B0 3K 30 1 4 4
e Rt PR AR AR A, T TR I R L2 T R
TR

B 5 R P 2 2] AE ML AR 25 ) A ) 5L R I, ik
MNVE B TIRES IR S I8 ). BRHE
F‘ Tﬁ%ﬁ‘ﬁ“bﬁ%ﬁt%‘ ﬁ%’ti“ﬁfﬂﬂﬂ%ﬂtﬁi?ﬁ

(autoencoder, AE) E"JTL H Hjl_{?ﬁ ¥ @?U%/I\?ﬁii,ﬁé
A SE SO B ol #8 b 5 i R AR B R DG Y CEL
HME DA ) fi R, 308 o 4 1 2 =) A g Mg A B 5N
AERA A FR T — P H A g v SE 1) Tlkag A7k
A VOB AL, [R] I 2% 18 3 A B o F8 TR ) 5 R e
uﬁéf?é‘é’é%%‘ﬁlﬁ%ﬂ, FINFET LR TR AR IK
) I 58 57 > AE B 7Y R SRR AIE 32 B 5 P A AR A A
GG, 045 I SR ) 28 AR AR 5 A AN AT DLAZ 4 J5
A6 HOHE PR AL, T HL S B S R I I8 AT RS TEAN 5
Y. Bu 81020 SR FY — b ik T HE B S 3L P 1 1 i R 2
(stacked sparse denoising autoencoder, SSDA) [Ji& 1T
RSV 7%, 18 ) F [ AE A 1 5 B A | HE
B HYnhd 2% (stacked autoencoder, SAE) #1422 3] i ¢
HHhs ) M 8 1, IR 45 5 softmax 73 R4 SLHL 10 A2
%k L RRISATIRS B P, 28— 2, 7 1 7 22 J5UE
S TV PR AT I B VT I, B — PR AR R AR R T A
CLANIE BT A 1 R V8 20408 {5 5. X I, Bu £5163 42
7 2 U5 R A RHIE R B RLE RIS TR PN 7
BN SR B AS R EE IR 1045 B AT AL B, £ 15 %A
5 SR AT DU R [R] — Fh ok S A5 S B A, R X
BUE K FH B A 4 0 2% 3R AT (5 B I RFIE SR G 2R 5,
FIH SAE $i& U HL L R AEAS JS 521 FH LA A 3 1
1Z.(bi long short-term memory, Bi-LSTM) ! £ [ £ X}
B[R] Fe 21 75 545 B AT R G i, SR RS

WU X 2 A SR AT R AL R 5, 32 1T 3 P i 2 i
ATIRZS VRO, e T 22 W 2% AL (R 3 AT RS T 7T
DAEE G A FH I 22 1 S 30 A iR R A A &, A &5
SRR BE v AT R 0. DR, A RO A T
20 H0AR, A, 2 T B R 4% KAEHIEIZ N
RIS SRR FE AR I 2% (1 B 2% Tk I RIS AT RS 1T
A 75735, T VA SEBLR RS A0 LA B 22 1R ) 4 +h 45
R IEIRAE B2 38,
24 ERESESFETRESTN

Sk Tl R PR ol 78 S A 1L 7
HRAE AR T W o — MR I S ) R 2R P AR A, A
MK AR R B R 2%, R Tl A il 7, i
R AR A R TR PR B 0% AR BN R Tl B R
TAN A BT, DR, A% G AR R DAL PPN VAR AE
AN B YHE fffy 2t A0 M S 1) R T, — SR AT XA Talk
FEERIVEO A, Bl in 2 IR 90 73 MBS i A2 5E,
P B R R R 0 AN ) RN B — AN
2 TV I AR R 2 R~ B il 73 (00T 4 1 2 s,

SrififE)z

Eﬁ/uE 7r: Jde | e |-
-1 1 2 2 N M—] M-2

Jt
2 é/)ll.ifiﬁ):ﬁ—&/m.*il

Lin 52 7 — M R TR ES W E2
P B M A RARISATIRES VAN 772, il i b i F A
BRI A LY IR G RS 24 RV N
AR AT RS VRN, KRR 7 EL VAN TAE&,
PEm 7 VPR ) AT R, I R PR E AL AR ) T
ZH DR N RG], B = AR R 5 45 R
4. Macgregor Z£[0% Fll Jiang Z£U701 3 G $& HY T 43 B )
Z RGN B AR AR U7k, R AL B RE T
MV 1 BE VAN ) . (H R, TR T AR AT 10 I 5 A7
FEANH 72 PEAT S0 RV, %o o, AR Ak B S5 10T 3 T
— Mo 2 S S i S RS AT RS VAN O3, 1 5
NS RN A — A7 B AT A, SR 5 AR AN [F) 1B
AR FFIEIE A A LAY, X PP T A E IR T L
MV I AR A AE AN SE PE RS 2 T0 B M — 7 THI
T BRI, 32 7 AEARD0IRES T AR IR R € £
A B P RS L (R AR . ZEAN R ) T He A, B T A7
FEFRINAS — 35056 i) @, 3 BI04 N 4 — IR
BEATAE B AL HE. Chang 55072731 F Zou 25074 i — 0 4
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T RE AR R (1) GMMUB AT IRZS VE U B, e it )
2 73 Bk, 7 2 73 By B SR =) f A0 42 J= 15 2 )
J7 AR A KRR T 23055, 3 AT 2B )
RO M E AT S A ) R AN 52 S5 1A i, 73l 5
B TR AR AR B A R Db AR R 52T
W FRAR, MR & PR B, (AR B AT LLE s R
BN LR PR B AR R, B2 i ARG T, 2
1M BEANIBAT T2 BAT A ROEAY. 3L, X F 3 =
I B Tt R 05V a5 S P 28 A Ak,
A3 T A 3o e ) e ARE7S761,
2.5 EREREREH

FER 8 Tl R o, AR A R 1 T A7 R4S
RIPPOT B 2R . H 5 W TR Tl 2 &,
AR AT IR B 57 2 AR PP 8 b ) K/ SR A 22
{1, PRk, AR T BT e 3 2 R B S A 4 3 Ay
FRPRR T BRI 0 Ji PR A, T AX 2 i PR AT RER 1 3 %
i AN DR 2 L 42 ) S HORN i A2 B, AV 22 R PR T g
TR FIRS K B, ik s BAEA S R
BHF S, EIXFHE O, W R R T )
R U i) FURT AT MRS _E A ok, L TR EAT R 2
SARBL ARIC R ZR BB TR T S AR AR
DR AR A 3 B, mT AR B N SRR 3 0 I A e S
DR T AN A R 2 T T . LK, AP R 3 B T BA Dy
B2k TV R i s it SR it . R — A i il
S A A, U3 3 [ AAE £ P S i mT AR B i) i
77 A AR, T SR ORI (A e 435 . 3K 25 47 e 7]
RE IR B BT E R D IR ORI 1T S 4. o iX
Fe IR S5, T A R0 2 1 L 2K il R 2. B3,
LIS AT PNE VAL X AR AR L R R AT B 3, D37
VRN UMV B35 7T LASCi B4R AR IE AT B8, X sk b
A IR A EAT IR B DA S 2 e At AT BE 4
Ml 0T AT, A A R S e Rt i 4T

IR A 3 8 I TRk B 5 R et AR
DNREAT ARDC I B [0 30, dn Pl 3 =779 iy, X R Al
DO AT 36 ) 7 v B A KB B IS AT IR 1R . 2
ERZUINSEENE S WESEER DIRFS Ay iS PV R ESER R NAN
ARDEIT, BEXHE L EE T T IRAEF R I8 i PrH i
e, )3 A I RE A B R L (0 TR, R B AT R T
Wik (03 FE A 0 E Oy S BUE R I AT RS AR A SR R
R T RER TR R RHEE K, R
AR AR KRR G 0% R, (A2 B ok B 05 21
2 8 R A S e AR T P BB T2 R
T S AU PR RONE, AT A 51 5% B A ™ A A T AL
1 ok, 2F 1M X AR O0 B DR AE ) A P AR PIEL.

BATRE

iR

THA SRR A B L AT 0
X SPE B T* G v 1) DT kB

SR PR TR
e R NpuR Ea

E3 ETRmENIERERERE

T A S, — b R 1 HE A DTk 1 VR T IR 45 2 B
FH. Liu S50 3y 7 1 e b X Hefr B AR & 15 k3
— Tl B 2 T A B X B TTHR, S HLAR T X B
P 114 % B T R PR RV R i e B A . A T R
SR A BRI F— A AT AR T ) 1) EE AL TR, MR
— R b ek AR DT R R R RN (R M REE
YeR A — eI, X TR AL T N T R BIR
v 81, 35 T 2 S I 7 VRN T ONATT RO A, L R
HE R o R s A AP A AR A A T
). 5 A G I BTk B VR L, B TR R 2 ST 1 T
AT DL A 1) R 7 92 T KA B 1 R e, LA YR AT
WA A AR 5 PR RS s Shang 25031 3 i 45 4 15 )
A AKE A0 1E A P9 7 92 B FH - 55 12 W 1) 8, A
M SOk T 4% G R g 27 2] R e &0 B — A8 S dE AT VR
il (B vty AR, I8 AT IRAS VPAN I P o A 1 R FH i 3
T R0 3% 2 A Al 22 5088, 5 30 Lasso H AR AN RE
PR T84T VP, 4 30 K 20 £ & Group Lasso
FAR N HF 2 4 T FE AT RS TR 1 3R R
DAL 99 1) R, DB A5 FH A B Dok gk A7 AR O R I
) QN7 SV T
3 B4EGE5RE

RO F: TS FRIZ PRS0 & X
FVRE TS DUIR AT T 38R A T 1) 253 RO AR 2, ¥ IR AT
FRTIE FC BRI 2 3 T 2 e e it 40 Mt IS AT IR AP
Y FNEE T4 2 N 25 (RIS A TR VRN LA RO & FE
W — 20 BT B IR B I8 AT R A VEAN A 5K 1)
R, 5 AR B AAEE R B AR R A GO R £
RS I 5 e M R A 1) B E R
FIPPAY ), A AE 53 )2 4 G AT RS VRN A IR
e R 2 [ 5 ) .

T AF SR, I A T AL ) 3 A R AR A SR 1
AN i, P 22 ) 265 K] JEL 5 O PR S8 A 4 X 4% i b 2
BE ST 5| T KB W 7T, FFAE Tk Rz o
BT RN, TR R SRR AR R
W 285, [l b 20 X % 225 1) L AR 15 oA AN TE . MO S8 55 45
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(PR B 1) AR IOR R A5 2, 0 T U B 45
SRS B R E B AR TN Y RS R
[ KA 5 28 T LA 1Y e B R 48 B 3, 1 T
5% AR 9 55 T DA FBUE B2 — ki) (1 07 S0 oR. B
AT IEARAL 3R AT 15 2 50 H AR R, B3
B F) A E KA B R XA IR AT SRR
I DA ORI 2 (T FUAE 52 IR IX L bk, R 0l 2
KGR 2 M 2% L3221 1 )2 IO RTE, (B 2 G A
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