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Review on Data-based Decision Making Methodologies
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Abstract
traditional situation: one is the availability of large amount of original data emerging with the development of system

There are two distinguishing characteristics for modern decision making problems in comparison with the

automation technology; the other is the complexity and uncertainty underlying the real-life decision problems, which
make it infeasible to establish precise models. Traditional model-based decision making methodologies are inefficient
under this circumstance. Therefore, a number of research works have been conducted on data-based decision making
methodologies. This paper reviews the prevalent data-based decision making methodologies from three aspects based on
the characteristics of the considered decision problems: classification methodology, decision analysis methodology, and

optimization methodology. The characteristics, development history, and perspective are summarized for each specific

methodology.
Key words

1978 4F i VIR 43895 % Simon ##4i th
CEBLRLE PR, R AT E R T e A A
h YRR R AR . VAR SR ) R i B
Hz, i, BHF 20 a2 N BRFAIE T %
SRR, PSR ER RTEA TR IE R T — 1T IE &
B AERE W RLu, U IRAR vk 3R B R R 2
R S e s N B 2 LR et el Y N IO N TE TN
7326 T R RS SR 1. 1903 4 31 1930 4R [H], S A
Taylor. Gilbrech KM Gantt 51 o T kL2
L, T SRR R R R R AL A I
HEE 0. FERE S — B ) 5L OIS e sk vk
FIECA AR, 75 20 128 60 SEAE R T —
B, 2T 70 AR, ANATIEHT AL, JEARITA R
RS i) 7R W] A FH A 110 B A T R NSK A, 3%
Ackoff IXFF [F)0Fiz 5 Al T H R DTk IR R 7
1973 FEEIE G5 RS TR A E SRR

h F 3 2009-02-13 s Sk H A 2009-03-20

Received February 13, 2009; in revised form March 20, 2009

E 5 AR %34 (60674085) #iih

Supported by National Natural Science Foundation of China
(60674085)

1 R 5 TRER I 430074

1 Department of Control Science and Engineering, Huazhong
University of Science and Technology, Wuhan 430074

DOI: 10.3724/SP.J.1004.2009.00820

Data-based, decision making, classification, decision analysis, optimization

TIX .

BE VL B RS R A2 M
H, A2 2 SRRl A 7= 8 IR 1 3h 4k 7K T
AN, Bl TR ) R GRS A P AR KK R R
Hdl, X LCE AT RANE A E Lk, BT
BUBEAF 4 A 1 A R AT X 28 5 T LAt K s i S A7
fith, AELLEFH Y. 1) e S0 R A 0043 10 e = %o 08 1 A7
BT I B P, ToT I LR A e e 5 350
FIRIAA S, W RI S RIS R, 5 —
J3 T, ER ORI S RS ) AT A% HLAEAE AN
PE, AR TR AL G 7 v HERA IR ML EEASE RS T
HRERE OB 2T 7 i o sk DAL, s 1 43
MR AR vk S RN 5 iR IF T TR 51k T 22 R
M) 2 50, O T SAEG I T HLEBLRL e 5 )y
TEARDC, ARSI T B0 £k . E B I Uk 7740
TR A 1 H5ds () e S vk

ASLLEIR T Al i DGR Y 0 25 1 S
()R 5 ¥, IR 7 30k SR B e T — AN T THI I R SR
158

1) 432l R i2 Wy R TR ) 0 e i 7R £
Gy BT IX IS )R, AR SR 7V I S T
TS 2 S50 A5 BAFEA B R 2E T 20 28, (B4,



6 3] FLL PR BT ER RO iR 821

I 2RIT T B RENS A R AL B SN A L P e,
PRIH TP BIX LG 1K 7 . AR SRR % T
Bl 10 3 ORGSO . SCRF AL NEy
By FEIIP AT AR R 5.

2) YRS IR BT R AA TN TR EIRE
ANHEFR, N—SERTREMRITT % (&1%) FPATE£E 2>
ot R, S ol ) PR SR O3 At VA T EARE KL
Sy A IR S S E N (e PR LTRSS € TS A
o AN A R AN SR R T M 1 R SR A
RASRG ATk T T HEB AT ik (R4
UE P IEBLMBORIHERE ) . Bl B 2% 200 7% I T
FJTIERNEE T P 45 1K) 7 1.

3) AL o E Pk A U4k ) REANE AR ST iR
FRIVE BP9 68 3 AN E R DA i e, A% e R BE AL
RT3 2 AR R B L AR R A AN DL T,
X ) U HEAT S AR SR A (ELEL S i) L AR e PEAE
PRSI DL, AN E PE TSR IR 3 AR R, T
P DU A R i) R A MRS e M T B EE
BRI VA ME R ST, DR L o T s (R e Ak g ik
XX ) FEREAT 73 Mt AR SR 12 i i ik
JIEAA ST B R Fh2eoosh A R A
BT M 2% A TT V.

1 BETHEHSXTE

IS ARG A AT KSR 1) 43 2 ) 8, A B i e
Wi B2, B . N A5 VPG
ARG I AZ K . B RSE. NEE#A
& b2, el b B K 1 AR e MR A, T $E v
FREIEMNZALRE ), Bt a] o £ AN [R) $ s ve -7
WOy RITIEE ) B AR . NN A KRS, H
R, FRATT T I PRI B A e i S R B
A k2, Bds— oL a6 O Bt 15,
PN IE, XL PG B e 4k
, TMIAE, BATIIRAG £ Hs 2 M I PE ), an ™ 2% 4%
Wi~ A R 25t A, AATIAS R Ao g i
SRR IR =2 T, e A RO B o it 5T
(W OCREITAE. FHT o0 2R 7 B L 4 51k, A heim
ot S B AR AR A SR RAF 0 AR Fn R A AT Ak v
(1) DUk Jr 732, A AR R . SCREM AL AN
By BT M4 KRS 28 BRI 7 50
RI7VE, KB IEE B AR A AR S5 A 43 3
TN .

1.1 R

PR SR S5 BT TRV RIE 9T 2 A R SR BRR  4E v A
R NATHIR IR T e A2 HLgs 2% 2 2Rt
A . PR A REXS Bl AT 4325, R s
T R, BT REASEOR A AR, R

T IEIX 7 VR IIAZ Lo )8, e NP ) . 7
) e S ) g 00 TD3 Bkl (HAZ B R Be Ak
PG EYE, HBA et 24 ) il B £
JeE P DR A 45 ) A, R T C4.512 EC4.58 4
SR, XS RR I — N SRR B 5 AN R A A
IR, SCHR [4 — 6] XX — [t T % H IRy
%, IBM BFRUN GBS T — P nl s, i
£ A B A R R B 1) e SR o SRR AT
W A SR O AR AR 2 0 4 RE LA R R 2 2 T
Re, B BT IREASEAE NN, SR SR AR R 2 A N
BB, Ak, BT R SR R M A DL R A N 17
SEVEB=OL AN, ORI B B0 A ) e SR B L
Fabr K BARE . I 2Rk 2 2 i R e e TR
b, BRI . SRR L n Rt AR
RefEbr. AEPERETFR bR/ DI K2 G sl 1) )
R BBl e R AR (1 25 G B Z N AT I G, A
AR RTEE 7 SRS e o8 e el R e AL B s WA
S8 B y7 2 A1) SRy A

A3 L UESEU IR E NN U8 S DS R S St
Zitr; 2) FHRB R I R SRR 1 51 LLR S L)
WRFE IR T35, 3) BEIE A2 A IR U ZoRTAs 6
Ha (0K NFFPE L S Z B R OR AR5 4) R
FHOGHE At P i, DA R Kb 3 IS i) 52 2 Mk A0 S T
PRI JE ) 5) RSB R AR A B SEBL.

1.2 X#HFEEN

X FFI &AL (Support vector machine, SVM)
S PP TG U 2 S B (R I 43 2K U7 V. Vap-
nik FL7E 60 FEACHITIR T 4ok 2% 2 #1716,
1971 FHEH T SVM —ANEZE g AL VO 4
PRGN DL O IERE, R SRS TAE T LR
P T 4R UG /N SRR L e f i R e s el it
W T AL M E AL i 3 2 ) 00T s R T
SVM )43 220 P /48 7 3 SVM (g [0l )4 4
VEAME 5 AR B 7R S ) L 45 R AU e
AN B R R Tk A 3 ) L X TR AN AT A IR RE AR,
Tt GINAZEA, K 52 B 1n) 0 108 aak 5 28 1 A 4 4 4t
B S YERFAE 25 0], AE = 4R R 2 (0] A A 3 2 1
J3l) B HBCRE S I A N2 T b PR S ek ) ek B [ BN
TG b i v 7 AR 8L T SVM IR sz PR
filti, RIFMIZAPERE, HnT LA R P Lt Fn 44k
GEMESEME I, S SVM. A8 F A R S22 s 1a] 7 471
I3RS G AL BRI AL 2882 il &R
Gr33=351 DL K HoAth 5 1 B39 4381 T 7z (R H.

AR T I R e KA, SCHF ) s LA AR T I
LR JLAN R 1) S5 BERER ST, 2) 3L
A IR R A — OB AR I 2 R ), 75 25 i



822 H | 1k

F {4

35 %

SEANAT 28 NI AR AS R A% bR K 3) SRR SCHRF 1]
EEHLPTRE H A O e i, R K Kt R AR
3B ] Y13 I () ke = PR AT 2K

1.3 /NS

AN ARSI IA] (A A]) AR R AL T,
AT IEEXE S (R EDIIT 2 R E
b, BTk B EARAL I TR0 43, ARATAL AT R 41 9, B
[ B38BT 5 0 B sk, AT AT SR AR B
FOAT RS, At e T o LI 2 Jote R el v S0 ol 4k
1 LR AR 4 UK AE RL 205 vE B ISR, AR R
R TN T G RN ) TP Y = VAR ERANYY ks e T
(153 M2, 5 038 F T AR AR e (5 5 A 1) L.

1984 4y [H Hh Bk Y HL 2% X Morlet £ /3 T HLRE
B N AR . Bt A, A5 Grossmann JE [
BEATHWESE, R T &SN AW LA R, itk
REMAT T —AME 5 20 ikt Joxd 2 m) A RLBE Y sk, 3]
1988 4, Daubecies #/NE AT ELS K 2 5 5L bR
I A ) T A .

H AT, N AR AR g — P S B RO VR R
SRR G TR L (R EL. 3TN
25 W (K NI M A2 SR M R AT . B
IIRTEEEA ZA DOR R B B e L 4 . A8 TR
N AR, R R AR S AR BE . R ARBE L AR
AL EE U R HREE . AR AL W
W3, CT if%. LA . HUBH R 2 5 W
I BUE TSR, A R IT AR AE T H Ky
DRI AN, N BT IR B I N T 4
Rl AR | 7K SCAK WP 2 RE K B 1) it Ak
REEL AT DL R SN A e (F 22 Haar 2
/N AR ) A5 TR SR S 3 THI f R 1421,

1.4 BELSH

RIS HT RIS U — B GE v o AT T vk
PETE M Hp — B 2 5 AN T Bl G 75 WH 8 N 1% )
BLZR, Se AR R A K o, 38 HH 15 S
T 300 v AN 2, L R e AT R AT LR AN B
SE G LT AT 20 s L. oM s i bt
P Re R MG R 2 SRR R RIS E, R
JE AR PEX R B O R A TR HR R
HEMWABERR: 56, BRI AT S
S EARUF IR, 55 A R B U] ph 2 P A 7 A

Tryon - 1939 FH-HERE 7%, 1EN5rK
MIHEF 3R T H. Sneath 1 Sokal T 1973 4E 47
THREHE R, AT ] iy (S H B4k, B
h— R R BT TR, B M & i g
AT TR 22 T FIME I 1) K- 38 SRk %k
i o HL28 5 BRAR, VST (8, RSP, JFREA kb B
KESE R . 0 K-S E VLW ah (A SR 8 &5

WK, 2 o BN SR e DL, MR A 2 6 A W e L 56
RIS B A S0 M5 FUARSL 5 i dhs L AT, i 4t
RO R T8 AR F AR 2001 47 3CHR
[44]) Bt T SCRRF IR HIL. WA R K-
B K- p A SR SRR 0 R SO B3
ZHELMGET T, W SPSS. SAS 4E.

RFD W B2 B AR5 22—
AP RET &, JESRREUG ATy — ML [ T R34S
KOl 109 > AR DL, BRI I Rr Ak, 4 v oxt
R RS G ARt — 2D oy A, 3w DAAE D oAl
BHEAZIAL S (W38 RBEMIN) 9 FUak B 20 4R,
AR, BRI IT AL RA GURAT 22 KN,
ERFEE N i A L I S N e 577 ¢ VTN 1B 7~
8] 25

1.5 HEMLE

PR [ 5% 2 — i bl K o 1 BR 9T ORI, e AL 3
R HR ) AT VS DL R R R IR ) — Fh & by, W]
DR 8 N €1 ) S WA S N i e~
A Z WS N A LA GE T 57, e
AL BERR A Bk, amagd—MEET
HOHE 1) 3G N7V, AR B AR AT A B B
TE T REAR T 2 s AS W 1R 48 11 55 JLIR, PR i 284
FH K B 1) R 5006 30 7 A A A 48 9 5% e LU 5 RS
JE S AT R A 10T BB A M U 3 2 5 JE 2 )
IR FR; 9oL, TP 22— AR L A Y,
B AT ARSI ) A7 5 A SR P R

Ipe 52 WA K] 3 2 ph 8 WY &% 02 A 10 [n) A% 3 B
EIREB N2 2 A4 (Multi-layer perceptron,
MLP)BOL 5 3= 2 1 A AU g 4k B AR 2 v 10 k1) 43
G, AHE MLP BORSUZAE K152 109 23 RS FS) R
T v MLP ()3 b Ei e 2 — AN 52 % SOC 8 AT
45, IR AT LAY R i MR SVEPY RIBT R AT
702, £ 3 K %L (Radial basis function , RBF)
P 0 2 W) S — R R Ik 1) 22 J2 I A 2%, XMl 8 A

BN 5 S TR PR R, 2 > ARk I R D B A
k. AR —SeARRAT B 40 R 2 I 45 A0 45: Koho-
nen LML 5iENLRE S (Adaptive
resonance theory, ART) £ 4554 Hopfield ¥
7 [55] 24

MRS 1R 53 2K 0] JBK R, fl (2% 32 H
TR MBS WY TS ies) | 1 50
ST R it — SO ) AR AR A A, AR A
TURFIE I, 73 2R AR50 (1) 42 2 1 45
1.6 R¥AS K

UL SEZ i) @50 H PR RS 23 SRR A A2 R A 114 T A AR
H, FEFIX—IAIH, Zadeh F 1965 “EHEH T HORI4E



6 147 T BA: T HER M T ikesid 823

SRBES RIS, FIk A SRR | 78RR )
IO LR, I 52 D TR T 5 2 SR
KA 52 3RS 10 T 55, P 1K A 76 32
BT S ORI, MO T M — (A )
Y2, BORIA 2 R BOR A PR 10— A T 92
Fl60-61]

BN A K RGeS I TARAE T 6
A FLA 05 2 ) B BUBER 4 SSHUN. ORI 42
U A AT SR T 7 2 B, LK LA
S CLTEHERIALIN 03 FE0%, R0 3% 050, 5
A2 5 07 SRR 61007, R 25 L3 56 4
FAST, e b AR G BRI
SN FLBE LT, 4B T2 M0 i
SEES IR JPR T RS

1.7 FHREESZE

1982 4F Pawlak[®0 $iEH T —Ff i B 55 B AT ASKE
B o R 0 T FR O RRS SR B E, E B T
Yooy ) RS S R A N T AT T T A
(A M AR R A5 S, WG vh 2% P AR 43 A
REOR A VR v 110 S J8 5 sl R B eR A, T
SE 0 R A AR S R, AR AN [ R U % 55 4 s )
FE K90 A A R 52 2 5 ) AR AR, AT
I i 850 D AR SRS AN P E RS2 R B B 1Y) B
A EROR T B v 12 SN =7 S I 6 ot TN
JBEZE R A0 BE ST S kL RMRAL B L bR TR
RIS T L TR AR A,

FURS G2 B AT — T TR I 22 B, A TR AT
SN N
HACBE T 5 B A5k 25k A LG
SR I B U

SRV DA X S8 7 AT 35 AN R (R B IR JE al, (H 2
HI AR o HiLfig2 e 53 2K 1) S Ao 28 IO 9% DA 5 K B
ITARLRPE R 2, TR AT R UF 12 2 DR, Hhiid
B IAT VS, (AR R FIHFE 12, [R5z
PR B AR R AR S, HLA S B 2 ST RN
Jai g A, LN FH A AR T A A 5wk
SRR 22 R A R v 50, A Bl o R, HLAT AT
(IfEREPERE, AR T P SN (3R SCFE R AL —
AR KA R kD 23 S5 25 1R L S FUM IR, 38
Tk ) ARG T AERCIAE L H R, T
0 ERS 5 W 25 5 3 1K 40 2 ) AL S DR L
1) DA BOAIF 98 43 A A H A b 6 — 4 28 98 EAT 1F
5T, B AT RN ] ) U AT BB, AR D 2 fE 4
B B PP o> LRI s R ) 8 B B A ACR
2) FEA AN ir 1k 5 AR IR RO, 6 23 2 ) L
A HE S 300 45 T 7] T RAEAR, 103 AR K 1) 52 B
PR 3) Z MBS0, WK o4

MREF PR T, TR SR AL H LR 2 K70 2 ), K
SRR Z AT R TTVR. AP0 o — FRp IR I 2
P~ P T TR R i R N O B N RS
HBUE 7» RATE ST 1.

2 ETHRRIREDNAE

FEBLSE Tk A ™ . TRESE MBS fe
o AR I A L B M RS, I L
RZ MWL N AAAAEAE ERR > RENTE. D4 T4k
BOXLL KRR A E MRS R, Gl B P AT
PRAHT, FARTHR N T 2 FIBEREOR, whgit
FOTVE HERTTVER . Bl AEk ik N A5
YRR T 28 0 28 (R 1R SR AT T 1055

2.1 FHitEHZE

KL = HAERT, NIl 7% & S A
A P IS o frr A T A3 e [ 2 DU T 1763 4
7EH A8 “An Essay Towards Solving a Problem
in the Doctrine of Chances” " X} iX — [n] 3k 17
THG, T UM O E A 20 A
50 ALK, TE Jeffry. Wald. Savage. Raiffa Fl
Sehlaiferr. Lindly M DeFinetti &5 [F4#Esh ~, DI
W RS 2 78 0 A RE. DL 23 it 1R 6 A T v 02
RS ERR N BENLAR &, HERARE MR RS
AR N AR A0 A, R A o 507 S S A
B AHRAESEpR AT ) SRR A A AR S B
DUAFAEIR2E, A T 3k i, 7 SR A R BE AL
AN E R, XK AT LE, AEHER
PRI AR, Kt DU .
DU 99 28 5 DU 7 v 5 BB R A LSS
By PR A5 R W 45 . M6 I 5% g D] R o 2 (86871
S — P B T SR IA 1) — 20 A% 5 W) 345 Mt 4 40
A RBALTY, B AHE T — S5 BIRUR 5 2 AH G
(¥ —2H 4 A % AT R . 1986 4F Pearl 1 IRAE
LRARG T VI, JF T 1988 4E I fi
M) P& T 3 AT R SR T e RN SR el DL
W, Fi e DL BT 19X 7 A M 25 A B 3 L TR AR 2R
1989 4F Andreassen ] VUM i @it 7 L X KRG
MUNIN. Shafer 7t 1990 4F4& th DIH-$5r kg H fif 22
JSCR A AR s MR AR RITR I R 4. DL 9 7 7
TS B A PEA— 2Pk, DA RO R R
SERLR AN L ) B T AR AR e s AR Bt e N T
B RE AT AN e R AT R TR
DU g R R A T AN B S —
B B AE 90 SEARZ I, g A DLy 9 4% 5 Al 3 12
A ZRUAN M 58 1k HE BRI 9T, AR & K AR 22 2] I
0T 1Y 28 RT AL A s 5 B B AE 90 AREAR, WS Wi
AR5 B s F0 & S g 3 DU 9 4, AR Ak IR T



824 H | 1k

F {4

35 %

VF% 2 011 DU T 05 3150 55 =M B AE 20
RS 4, ST U 70 4 5, SR o
S L P DL 9 60 0 582 R 1
AT A P AT R LT LB fE D2
I FRTE IR, MRS, RS R
R LRI B e 4 T 5 2
TR MO R, SR BT B A 2
SR LA G VR SIS T A DL 17 4 600
AT =K DU D 3, 4657 2%
ST 7 KBTS B3 L 0 5
GO FRPEST IO, WP TR0 R SR
RIBRIO A Ke3 )5 T AR L), 52
BET, ABRIO | I R B ITE09  DNA 4y
BHOO-9 . REEAT GRS . AL U SR ALI
TR AR E 000
22 ETFHBEOREAIE

P 1 48 T U B S ORI EG E T R
SR RE, 30 o B 7 SRR A 5L
I APE, (SN0 T, I 1 sk S R e
BB iz, 5 I LU [ £ S S 4 Bl S5 ST S
B R, WL B RS MBS R RS
RATHLEL B P 20 PN T U AT,
£ SCE AU FO LU BB 2t ST S
4RGP U 3R S S 4K 6 B
PR, 2SI THESY T LA A 5 LA
AU B PRI 40 ).

| mesmsan | [ s |

l |
v

v
wA || B || s
= I —
| R

1 BT R B R HE Y

Fig.1 Framework of rule-based reasoning models

2.2.1 IEfEERIE

g M =2, KERTIUHR T &M
Qb BEANTH 2 A5 S N 1K 2 8 Pk YR S O3 A el i, Hoh i
FARERME R R 2. UEHEHIR 1 58 B Dempster
H1 Shafer #&H, KUt th# FR{F Dempster-Shafer
(DS) #ig. M), IRZH AR DS #HL AT
635 MR, Horp 22—t k4l & % (Evidential
reasoning, ER) &%, ER Bk S 7E B A5 PP HE 4L
F1 DS # 3l Bk JEAT R 01104 ER AL
BTN T ML PPN b OY L SR v (10T
7RG AT 5 LR 106107 R R G A
PE £ 23 BT 08109 | e 8 9 1 DO AT U VT

F I DL R AR

T R BRATAE 5 AN E A5 R R SR 4 1 )
AL SCHR [113 —114] $2H T 3T ER Sk 5 0
PER S H) RIMER B8, ] T4 itk 4t IF-THEN
T PE &R ge i PERE, HERAN €5 B N RG i
BB R, RIMER C % H] Tk 1 240y
A5 =116 1 i b A 0 AT O

TESR BRI 1) 55 oBT R JR RN F (0 7 Tl A T
) ) S B 2 ASE A (08— 2240 L D) R (1 g 2 116
VLR B PSR UE 4 B0 5 SCRe 0] AL 4
£, UEH S SRR AR (M 45 4, UE R HE S5 R
IR A&, UEHR LIS M2t 2 (g A 18] 5k
T #3511 Markovian 5 Dirichlet J&-& J7 7= S2 B0 %}
TFEH 18 5 b it 1)

2.2.2 1EHIEEIR

Zadeh AR LS S IR 245 RS I BAT
WA IR 5, AT 20 A0 70 AEARHR T B4R
BB PB4, B\ 2 2 B AR S TR I T
i1 MUE s BEIR SRALL, AOR0 2 RTRR) 32 48t m] LAY
FISRAE Sy o BOE AN S A& R FHR TR, SOk
[120 — 121] 3 H Py b 28 S RO SR M BRI | JFAE 3L
Bk [122 — 123] JEAT 77 2 1 58 35 FME L

ORI A BT 3R G0 76 AR i b O I — 4l A
tn) £ 2 — ZH i e A AR PR W L HEBE AL B
PR BN /i SRR R R B BRI AT
BORIRLU L o AR S, DL B, & F
AN - 25 BRI RG] DL R A 2 2 A
ST Z 5N — B R R A 12

BOB P2 2 BOME i & A N T2 —. B
20 80 AEANA, ORI 7 4 B Dy N T 21K Y 7 1) 4
w02 G, R TR Bk BT DR B ARRHE S %
AN 2 IZ . SCHR [126] S A5 T RO SR
AR P4 BRAT 5 (1 B .

AR HE 1 1) BB & RN FH 7 AT ASER 4 16
RGN B AR e P B 0271280 T RO R 1 &
K AGEIR AN P45 b 3 1200 T 5040 (¥ A
LS (1 TIIAS Y (1500 - FAS0RA 2 451 fry 4 B 0181 g5t
WIBCE 025 23 T 052) ) R0R 2 2 oy M3 BOR AR
A i) RS BRI 1 ZRI85) ) ROR 22 ) 4 S Ho A e
1 (131 ORI REL R AR B 18 A FO I R (R A Ak
RST8] ORI S R ) S A A T E
2.3 BIRBESE

FEAE 705 B R4 205 Bl v 23 28 B XA )
R 2 — BN IR) 2, T AR i AR R
PR SRR ITIMAR S, RIPRIEVE &R 1] (BREAAT) ]
(RIARR A7 25

Charnes 45T 1978 fFEse4e th T £di 4% 4y



6 147 T BA: T HER M T ikesid 825

#1 (Data envelopment analysis, DEA) H7J7%, 2%
TEANEB ] E) F AN A7 R4, B AL e i 44 4 CCR
B R MRS B AT 2 M A 2 ANt i <k
PRI N R A 5 SRR A
ok BEJE, AT BCC BRI CCGSS #id
IO SR A = T “BORE 0 P 3
MR [142] /4 T AN HES B S ) DEA &5
F), SCHR [143) W50 T DEA A8 R n) @, 3Lk
[144] $2&H T H WAL 7H (Range adjusted mea-
sure, RAM), Ciik [145] 118 7 DEA 1) H B AL
BRI PR AT AT R, SOk [146] 425 T M4 DEA, X
BR [147) A4 T AT R PPl 77k (Slacks-based
measure, SBM), X SE481 71 DL K 37 (1) B0 8 1F 75 4 A
7 1t 55 35 R

Ak, DEA WL S 5] T ARZ N T #, W
FHYE BRI A B 44 L F LN /AT S b4k
BERTE, DLRIREE TAERS D iy, AT flEpy
eSO 257 I

2.4 BHEFFVAE

)7 51 43 #1 (Time series analysis) /& 20 i
20 70 AL H I — MBS BB ST . 1%
J7EFE TR R R B B G v 27 Uy v, BRI R
BLECHE 720 P NI e v AsE, R T A e s o ) 8.
2 W GE T o3 B #E 208 e 91 A ST g, i i
(5] 7> 4710 43 e )00 6 A0 2 4 e 471 ) AH AORSOG 3R
J S B b R B ECRR A 1 BE AL AR (R GE 4 A
Fr AN ] B AE ML FE ST ) — AN LGB 4. I
B 7 40 53 A 2 R0 FH I 1) e 2, N B e vt D7
DAALER, DATI A K S 0 R e, A2 e s Tl k2
—, EREAREI: — AN YRR RS, N
IS E5d, HEWHD K s, 2% I8 3HY)
RIEWIBEHLYE, AT )k e n] fe 32 AR R 25 5%
Wiy, Ay R FH 48 v 23 A mh LT Y320k g sk ks
AT, 7RI AT, T8, (I 22,
— e HL3d T S )

W AR, I Ta) Ty 8 23 AT 5 VA A W 2 A A B
A, AL G 2R IO g g A E 02 RSN
SIS AR R AR5 R T E [ Bk A5 AT,

2.5 ETMEMBAVRKRDNAZE

HI P2 2 AR A, e NI AE T S 2>
XK BB AGmEh. ik, e
WA 266 7 A R At ok 22 ) 1 ok SRR 22 I e vk 3G )
REL55=157) i Y 380 1) Aoft 25 ) % 245 200 A 4 i 457 1 8%
138 A 9 2% AT LTI 2% 4. AEIX SR A, i
TN TP 28 A 5 BATAR A 45 i, A2 T R
i R A W 2 BEAT L TR B AR AN 2%, B e i
SR I PRI S R AE A 22 06 2 TR AR LI AR A

EL A, 4 SI2o e) RURRE 2 B0 N i, A28 9 24 A
REL AR ) 45 2. SOk [158] $2H T3 T
TR TRANE X 285 110 I V0 A it R B e 5 v 1) 22 i 1 e o
i 7.

3 BETHIEMMIALTTE

H 20 2 Bt Rk, SRR 2
FH Tt g 2 7= b R U8 B o) R, B U540 TG ) A 3
il @ TR U 0] LA K A R A BRI A 27 2R 48 (1)
RS ] AT, AR IR Le P S ) b, AEAT AR AN E
P, BB REEREAWIR AEARA ). 20
22 50 4FAX, Dantzig. Charnes 1 Cooper HUG7EL
A B v 2 AN e PR DR 3 R BT I R A 26 £
RN B e T . s, fEREHLAR & n] ARG HE
WA B LT, BEALRLRI 28 o —Fh R A 2%
Ry AR T LS9 1600 SRt X AL 48 1 2% L& AN A 5
PE P AG AR R A 2 g ST A — AN LR R e 2 b, B
B HLAR 5 IR R 0 A L. X R AR KR B R
il TIXRTTE RN, DA AR R S B SE ) e, il
BLAZ 5 (1) 28 4 - A 1A A T s s v s &5 45 K 16 43
A BRI, T DA — AN i iy Oy 2k AR AR A 4
AR T R A AR R AR A= B S
SOEE, BIAE A A P A e R T AR e
(BRI ZE = i ) 3e45r) AT SKITRR LS. i 4h,
A — RN A eV el ST O, 9 an A oK
) R B YL e ey, pR TSI o v 1) A B
K, R AL R 83 IRI 7 EAT R Ag i fe rh £
W) “AEFENL A BN, TOVEER T EOR
DR PERIVET B AL, AT IX R0, 72 itk
B ILAR 7 VR Af R ) R

AR 10T SRR R AN e P A LB AR Y e vk
ST PSR IS S T AR %0, X R
AT 1 T AR PR 2R 40 1) 26 O BN s i b sk
AMGAL G2 1) T3 15 S FE AR A B ATL AR F 1R M 590 A1 A1 i
WA AT SR AR, IR R VETRATIR 2 R 3 T 54 1
Do 7. R FRATR S A JLS I oK R s
()25 T 5 AR 7 7.

3.1 &k

P GE AN E DL 2 K TR 2 A 0 BE AL AL
BEATHEE, JF IR T St Uik, o8 i AR
AR FH 5 B0 AN D 3 BEAT i, P sk A1) fif
seXt RS PR A E R E R, X
FOCAL T IR IS AT AN T G, ST ERG A
B SE PEH IR TERT B VF 2 S EOANE IR S B i O
T34, THELARIAE. AL, TR, BRRILAAEVE 2 U
(SEUN@ANINAED

BB AR T 46T 20 128 70 4EAX,



826 H | 1k

F {4

35 %

Soyster £E 8 ™ A K [ B R 6 BEAS AN E
ZE S L P DX TR () e 22 1. (B bRl |, Falk
B 0] 5 M e 1t R R T R T R — A g E g AR,
W 7 24 % ki A R ik TR 20 2D 90 AEAR,
Ben-Tal F1 Nemirovskil'61=163 [ & El-Ghaoui Al
Lebret164-165) s e A 4k 5 71 S LB AR RN A4k
(N TSRS G, X — S B S HE R T — A
B R, Aok, M4t T IT 2 AR AN e AL
TR TT I, AT P S W] DUAR Y [y s s dg s AN
B 4, SEILSE T H0dh (6 R A (06— 1690 8 e AR 4k o
IR ZALGEARACR I BEAT T 47 R, 91 an AN E Ze
FENOTOL e 0-1 AT R ) O )
R, HERRI ) e R e ) A SR AL
LG UER A BT AR BT R AT AR
S TN 32 2 AF T I I 8 25 2 ) R T0) ) AR o2
Kb v o A A T U (1 e S ) 76 2
3.2 1EMIAXY

B 0 2 — SIS A HEAS A s I A ) R )
Jrik. T AN E M R, BORRIAS & R AL Gt
(R 2 43 AT R B T 2, 1T 2 20 O SR 5 ok B L
Ap i I RO SRR L R AT, SR A A E
TG B0 AE FVE IR, LA GAT IR L 7K P4 8 SR
TRL ) SR e ok A

Bellman 1 Zadeh F 1970 “F4¢ Hi AR HL X1 7
L WA T R AN E 1, BRI AT LA A A
KA FHEMRIAMEZ RN, w2 2% 58 H bR e £
Ly BAT DX RS AN E 1, 52 7% 1 H b R 2
RECN 2R AEOR A E M. X PR TT V4R H
SR Je8 B2 R B TR A A RS L PSR T H AR A
(100 SO R0 2R HOANAA S P TR DX TR). R R A AR K i T
V0, BRI ST LAy SRR £ A k) 77— 1700 A
BB A RSO 5 R T, SRR [180] A4k T 4
TR Bl FH 7E H ) R e T AT AR, Ak,
BRI I8 R F-38 1 TE ) 5 1 R 8182 i % A
03] PR e) A,
3.3 #WETHASMK (Neuro-dynamic pro-

gramming)

238 BN A RN 7 (0 SR AR L FE AR A T ZE
IEARTE S, TR AR R K0 R B, 251 % BT
B e el B fE R, JCTEUER ST
7 PR S He B MR FRAN B 2R, O T 5 IR — PR3
PR TCBN A IR 5 72 N 38 Ty A=

1 R I AR R R TG (1) — PP AL 7 vk, P& oT
AR AR T N LR e 1 ss b 2 Oy
A, A TTENA LRI B Ak 2E ) Ak
[/ —Fh 7. PR IC a5 MR HE 2 2 Bertsekas
A1 Tsitsiklis T 1995 4 IEEE #k35 # 1 & 1%

AR, BBJ5, 5% R A B LA e A B BOR R
GRS I S AT T ORI M I, R b 220 22 K
ISP T o SRR A e OS2 Te ) 3
K3 792 2 B RS ey 2K RE DGR 2RI
Sl . 5 ARG B &I AR L, 2 s Ak
M3 D5 3 T 5 o SAR A e A MR A AR BB, T
AL VS SR B N T AL 6 A R
VP e K, HET LA oA R AT A 2
THERINEAE N AEBSEHL” M HEBEHL. B
T FH I 7 9 A, AR S ol e ) SR et = A 2 M i)
(TR E, 2R RS SE AT, RSB I
it il o A5 AU R S K B B AR S
£ TD #2188, Q 720 R 2390, Q-P %
2J191  SMART!?| Relaxed-SMART!3) 4. 7%
SCHk v, A2 ORI Y S G4 A7 2
i REINOT Wi B ] O5 19060 e g A [ RO
A RSB ST R e 902000 R o
0N 4%

3.4 ETHEMEMMRILTTE

N A28 0 246 1R U ASE 18 A i e JE ML BRASE Y
RIDE AL T A 25 TR, XS B A HE: 1) 7]
PAAS AT 5 R R AR B rE G R 20272030 2) gy
S B P AR R A A AT A R 45 N 1) 4% Aol
2270, AIRGRN B FE R A 3) R IFAT 40 A0
AL BTV, AR PR AT K RIS S v fE; 4) W]
5 1A Bl AN FRTE BN E R S 5) Re s[RI
AbERE R EVESTIA.

— A ORI b 28 W 8 BEATARAR I 7 1 el
5 CRE T R AY, I PR P28 IFAT AL BE L 27 TR 4
ZUNRET), MERGERE PR, KRB P g, £ Tk
ik, Hopfield M5 F1 BP W 45412 N Tl vk
VERAF Y BE e AL ] 204208

1 BRE5RE

PUACH: 2 22 BF A Al 2B 7 R AN W™ K7 A=
TEHECREE S, XE RN
PR AR TUAl R THCK Bk, 25 T4
I8 AR SR i A G IR A T LA R ) g S VA AR
bE, A K A 2 fEeidn, DALt TR 2% AN
AN 5E P T JE VA S WA R D0 R, BENE SN
AR B REATEUE L AT PEALATALBE, 2 T
AT R SCRF, & 2T SRBAR RTVE R I
@ A, BEH A K RIA B e, 5T Hod
(K3 R S5 10t B EL R LA J5 T BEAT SR A M
Fi: 1) BREABOR AL D A7 K T 8 2R B
T-B, 3ot R ok SR IR RE X 2 PR A5 BBk AT
IRAEBE, B T AR G875 B4k, AT 2 BARS



6 3]

ESHAMER SEP- o (€ TIPS WIRPR o3

827

1%\ 9

BlnE G FESE; 2) BaRIRE . I MLtk

IR AN W $8 i, AR SR RT LB I 2408 KR S I
R R, TR ik A e 5 B AR B e
Rk e, it i ZEAR 8 A 2 A AT R SR, A
N FETHAE A s AR LR A B Bl A SR OT i

3)

ORELIRNHE] I H MR ST A AL S 2R A

PR AN TSR I, DA g A s J2= 80 #8412 1)
BRI, 800 KA R BB AL AR, K
JEHE IR EBR AL ).

10

11

12

13

14

References

Quinlan J R. Induction of decision trees. Machine Learning,
1986, 1(1): 81—106

Ruggieri S. Efficient C4.5. IEEE Transactions on Knowledge
and Data Engineering, 2002, 14(2): 438—444

Breiman L, Friedman J, Stone C J, Olshen R A. Classifica-
tion and Regression Trees. New York: Chapman and Hall,
1984

Catlett J. Mega Induction: Machine Learning on Vary Large
Databases [Ph. D. dissertation], University of Sydney, Aus-
tralia, 1991

Chan P K, Stolfo S J. On the accuracy of meta-learning
for scalable data mining. Journal of Intelligent Information
Systems, 1997, 8(1): 5—28

Gehrke J, Ramakrishnan R, Ganti V. RainForest-a frame-
work for fast decision tree construction of large datasets.
Data Mining and Knowledge Discovery, 2000, 4(2-3):
127—-162

Mehta M, Agrawal R, Rissanen J. SLIQ: a fast scalable clas-
sifier for data mining. In: Proceedings of the 5th Interna-
tional Conference on Extending Database Technology. Avi-
gnon, France: Springer, 1996. 18—32

Utgoff P E. Incremental induction of decision trees. Machine
Learning, 1989, 4(2): 161—186

Crawford S L. Extensions to the CART algorithm. In-
ternational Journal of Man-Machine Studies, 1989, 31(2):
197-217

Argentiero P, Chin R, Beaudet P. An automated approach
to the design of decision tree classifiers. IEEE Transactions
on Pattern Analysis and Machine Intelligence, 1982, 4(1):
51—-57

Sethi I K, Sarvarayudu G P G. Hierarchical classifier design
using mutual information. IEEE Transactions on Pattern
Analysis and Machine Intelligence, 1982, 4(4): 441—445

Casey R, Nagy G. Decision tree design using a probabilis-
tic model. IEEE Transactions on Information Theory, 1984,
30(1): 93—99

Wang Q R, Suen C Y. Large tree classifier with heuristic
search and global training. IEEE Transactions on Pattern
Analysis and Machine Intelligence, 1987, 9(1): 91—102

Mui J K, Fu K S. Automated classification of nucleated
blood cells using a binary tree classifier. IEEE Transactions
on Pattern Analysis and Machine Intelligence, 1980, 2(5):
429—443

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

Landeweerd G H, Timmers T, Gelsema E S, Bins M, Halic M
R. Binary tree versus single level tree classification of while
blood cells. Pattern Recognition, 1983, 16(6): 571—-577

Vapnik V N, Lerner A. Pattern recognition using generalized
portrait method. Automation and Remote Control, 1963,
24: 774—780

Vapnik V N, Chervokenkis A Y. On the uniform convergence
of relative frequencies of events to their probabilities. Theory
of Probability and Its Applications, 1971, 16(2): 264—280

Boser B E, Guyon I M, Vapnik V N. A training algorithm for
optimal magin classifier. In: Proceedings of the 5th Annual
Workshop on Computational Learning Theory. Pittsburgh,
USA: ACM, 1992. 144—152

Cortes C, Vapnik V N. The Soft Margin Classifier, Technical
Report U.S. Pattem 5640492, AT and T Bell Labs, USA,
1993

Vapnik V N. The Nature of Statistical Learning Theory.
New York: Springer-Verlag, 1995

Vapnik V N, Golowich S, Smola A. Support vector method
for function approximation, regression estimation, and sig-
nal processing. In: Proceedings of the Advances in Neu-
ral Information Processing System. Cambridge, USA: MIT
Press, 1997. 281—-287

Basu A, Watters C, Shepherd M. Support vector machines
for text categorization. In: Proceedings of the 36th Hawaii
International Conference on System Sciences. Hawaii, USA:
IEEE, 2003. 103—109

Francis E H T, Cao L J. Application of support vector
machines in financial time series forecasting. Omega, 2001,
29(4): 309-317

Gestal T V, Suykens J A K, Baestaens D E, Lambrechts A,
Lanckriet G, Vandaele B. Financial time series prediction
using least squares support vector machines within the ev-
idence framework. IEEE Transactions on Neural Networks,
2001, 12(4): 809—821

Thissen U, van Brakel R, de Weijer A P, Melssen W J,
Buydens L. M C. Using support vector machines for time
series prediction. Chemometrics and Intelligent Laboratory
Systems, 2003, 69(1-2): 35—49

Cao L J, Chua K S, Chong W K, Lee H P, Gu Q M. A
comparison of PCA, KPCA and ICA for dimensionality re-
duction in support vector machine. Neurocomputing, 2003,
55(1-2): 321—336

Kim K J. Financial time series forecasting using support
vector machine. Neurocomputing, 2003, 55(1-2): 307—319

Guo G D, Li S Z, Chan K L. Support vector machines for
face recognition. Image and Vision Computing, 2001, 19(9-
10): 631—638

Tefas A, Kotropoulos C, Pitas I. Using support vector ma-
chines to enhance the performance of elastic graph match-
ing for frontal face authentication. IEEE Transactions on
Pattern Analysis and Machine Intelligence, 2001, 23(7):
735—746

Jonsson K, Kittler J, Li Y P, Matas J. Support vector ma-
chines for face authentication. Image and Vision Computing,
2002, 20(5-6): 369—375

Kim K I, Kim J H, Jung K. Face recognition using support
vector machines with local correlation kernels. International
Journal of Pattern Recognition and Artificial Intelligence,
2002, 16(1): 97—111



828

H Zl)

(4

£ 35 %

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

Chang R F, Wu W J, Moon W K, Chou Y H, Chen D R.
Support vector machines for diagnosis of breast tumors on
US images. Academic Radiology, 2003, 10(2): 189—197

Suykens J A K, Vandewaile J, Moor B D. Optimal control
by least squares support vector machines. Neural Networks,
2001, 14(1): 23—-35

Ge M, Du R, Zhang G C, Xu Y S. Fault diagnosis using
support vector machine with an application in sheet metal
stamping operations. Mechanical Systems and Signal Pro-
cessing, 2004, 18(1): 143—159

Kulkami A, Jayaraman V K, Kulkami B D. Control of
chaotic dynamical systems using support vector machines.
Physics Letters A, 2003, 317(5-6): 429—435

Cai Y D, Liu X J, Xu X B, Chou K C. Support vector ma-
chines for prediction of protein subcellular location. Molec-
ular Cell Biology Research Communications, 2000, 4(4):
230—233

Hua S J, Sun Z R. A novel method of protein secondary
structure prediction with high segment overlap measure:
support vector machine approach. Journal of Molecular Bi-
ology, 2001, 308(2): 397—407

Cherkassky V, Shao X. Signal estimation and denoising us-
ing VC-theory. Neural Networks, 2001, 14(1): 37—52

Cai C Z, Wang W L, Sun L Z, Chen Y Z. Protein function
classification via support vector machine approach. Mathe-
matical Biosciences, 2003, 185(2): 111—-122

Ramsey J B, Zaslavsky G M, Usikov D. An analysis of US
stock price behavior using wavelets. Fractals, 1995, 3(2):
377—-389

Sauter V L. Intuitive decision-making. Communications of
the ACM, 1999, 42(6): 109—115

Russell S, Gangopadhyay A, Yoon V. Assisting decision
making in the event-driven enterprise using wavelets. De-
cision Support Systems, 2008, 46(1): 14—28

MacQueen J B. Some methods for classification and analy-
sis of multivariate observations. In: Proceedings of the 5th
Berkeley Symposium on Mathematical Statistics and Prob-
ability. Berkeley, USA: University of California Press, 1967.
281—-297

Ben-Hur A, Horn D, Siegelmann H T, Vapnik V N. Sup-
port vector clustering. The Journal of Machine Learning
Research, 2001, 2: 125—137

Roy P P. Breakage assessment through cluster analy-
sis of joint set orientations of exposed benches of open-
cast mines. Geotechnical and Geological Engineering, 1995,
13(2): 79-92

Ragno G, de Luca M, Ioele G. An application of cluster
analysis and multivariate classification methods to spring
water monitoring data. Microchemical Journal, 2007, 87(2):
119-127

Cristina G D, Jorge C. Application of cluster analysis
and optimization to determine the synthesis conditions of
macroreticular poly microparticles with enhanced structural
and adsorption properties. Chemical Engineering Journal,
2008, 139(1): 198—207

Zhou Z J, Hu C H, Yang J B, Xu D L, Zhou D H. Online
updating belief-rule-based system for pipeline leak detec-
tion under expert intervention. Expert Systems with Appli-
cations, 2009, 36(4): 7700—7709

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

Curram S P, Mingers J. Neural networks, decision tree in-
duction and discriminant analysis: an empirical compari-
son. The Journal of the Operational Research Society, 1994,
45(4): 440—450

Rumelhart D E, Hinton G E, Williams R J. Learning rep-
resentations by back-propagating errors. Nature, 1986, 323:
533—536

Thimm G, Fiesler E. Evaluating pruning methods. In: Pro-
ceedings of the International Symposium on Artificial Neu-
ral Networks. Taiwan, China: Infoscience, 1995. 20—25

Kwok T Y, Yeung D Y. Constructive algorithms for struc-
ture learning in feedforward neural networks for regression
problems: a survey. IEEE Transactions on Neural Networks,
1997, 8(3): 630—645

Kohonen T. Self-organization and Associative Memory.
Berlin: Springer, 1988

Carpenter G A, Grossberg S. A self-organizing neural net-
work for supervised learning, recognition, and prediction.
IEEE Communication Magazine, 1992, 30(9): 38—49

Hopfield J J. Neural systems and physical systems with
emergent selective computational abilities. In: Proceedings
of Natural Academy Science in USA. 1982. 2554—2558

Pendharkar P C. A threshold-varying artificial neural net-
work approach for classification and its application to
bankruptcy prediction problem. Computers and Operations
Research, 2005, 32(10): 2561—2582

Quteishat A, Lim C P. A modified fuzzy min-max neural
network with rule extraction and its application to fault
detection and classification. Applied Soft Computing, 2008,
8(2): 985—995

Mircic S, Jorgovanovic N. Application of neural network for
automatic classification of leukocytes. In: Proceedings of the
8th IEEE Seminar on Neural Network Applications in Elec-
trical Engineering. Belgrade, Serbia: IEEE, 2006. 141—144

Salahova S. Remote sensing and GIS application for earth
observation on the base of the neural networks in aerospace
image classification. In: Proceedings of the 3rd International
Conference on Recent Advances in Space Technologies. Is-
tanbul, Turkey: IEEE, 2007. 275—278

Zadeh L A. Fuzzy logic. IEEE Computer, 1988, 21(4):
83—-93

Duda R O, Hart P E, Stork D G. Pattern Classification.
Beijing: China Machine Press, 2004. 192—195

Ishibuchi H, Nakashima T. Effect of rule weights in fuzzy
rule-based classification systems. IEEE Transactions on
Fuzzy Systems, 2001, 9(4): 506—515

Thawonmas R, Abe S. A novel approach to feature selection
based on analysis of class regions. IEEE Transactions on
Systems, Man, and Cybernetics, Part B: Cybernetics, 1997,
27(2): 196—207

Lee H M, Chen C M, Chen J M, Jou Y L. An efficient fuzzy
classifier with feature selection based on fuzzy entropy. IEEE
Transactions on Systems, Man, and Cybernetics, Part B:
Cybernetics, 2001, 31(3): 426—432

Casillas J, Cordon O, Del Jesus M J, Herrera F. Genetic
feature selection in a fuzzy rule-based classification system
learning process for high-dimensional problems. Information
Science: an International Journal, 2001, 136(1-4): 135—157



6 14 FLL PR BT ER RO iR 829
66 Mandal D P. Partitioning of feature space for pattern clas- 84 Sinha D, Laplante P. A rough set-based approach to han-

67

68

69

70

71

72

73

74

75

76

"

78

79

80

81

82

83

sification. Pattern Recognition, 1997, 30(12): 1971—1990

Yen J. Fuzzy logic — a modern perspective. IEEE Trans-
actions on Knowledge and Data Engineering, 1999, 11(1):
153—-165

Homaifar A, McCormick E. Simultaneous design of mem-
bership functions and rule sets for fuzzy controllers using
genetic algorithm. IEEE Transactions on Fuzzy Systems,
1995, 3(2): 129—139

Medasani S, Kim J, Krishnapuram R. An overview of mem-
bership function generation techniques for pattern recogni-
tion. International Journal of Approximate Reasoning, 1998,
19(3-4): 391—417

Ishibuchi H, Nakashima T, Murata T. Three-objective
genetics-based machine learning for linguistic rule extrac-
tion. Information Sciences, 2001, 136(1-4): 109—133

Ho SY, Chen HM, Ho S J, Chen T K. Design of accurate
classifiers with a compact fuzzy-rule base using an evolution-
ary scatter partition of feature space. IEEE Transactions on
Systems, Man, and Cybernetics, Part B: Cybernetics, 2003,
34(2): 1031—1044

Abe S, Lan M S. A method for fuzzy rules extraction di-
rectly from numerical data and its application to pattern
classification. IEEE Transactions on Fuzzy Systems, 1995,
3(1): 18—28

Abe S. Dynamic cluster generation for a fuzzy classifier with
ellipsoidal regions. IEEE Transactions on Systems, Man,
and Cybernetics, 1998, 28(6): 869—876

Abe S. Feature selection by analyzing class regions ap-
proximated by ellipsoids. IEEE Transactions on Systems,
Man, and Cybernetics, Part B: Cybernetics, 1998, 28(6):
869—872

Uebele V, Abe S, Lan M S. A neural network-based fuzzy
classifier. IEEE Transactions on Systems, Man, and Cyber-
netics, Part B: Cybernetics, 1999, 25(2): 353—361

Simpson P K. Fuzzy min-max neural networks, part I: classi-
fication. IEEE Transactions on Neural Networks, 1992, 3(5):
776—786

Dickerson J A, Kosko B. Fuzzy function approximation with
ellipsoid rules. IEEE Transactions on Systems, Man, and
Cybernetics, Part B: Cybernetics, 1996, 26(4): 542—560

Inoue H, Kamei K, Inoue K. Automatic generation of fuzzy
rules using hyper elliptic cone membership functions by ge-
netic algorithms. Journal of Intelligent and Fuzzy Systems:
Applications in Engineering and Technology, 1988, 6(1):
65—81

Kamei K. An application of fuzzy clustering to controller
design. Journal of Japan Society for Fuzzy Theory and Sys-
tems, 1996, 8(3): 448—455

Pawlak Z. Rough sets. International Journal of Parallel Pro-
gramming, 1982, 11(5): 341—356

Pawlak Z. Rough classification. International Journal of
Human-Computer Studies, 1999, 8(51): 369—383

Pawlak Z, Grzymla-Busse J W, Slowinski R, Ziarko W.
Rough sets. Communications of the ACM, 1995, 38(11):
88—-95

Shen Q, Jensen R. Selecting informative features with fuzzy-
rough sets and its application for complex systems monitor-
ing. Pattern Recognition, 2004, 37(7): 1351—1363

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

dling spatial uncertainty in binary images. Engineering Ap-
plications of Artificial Intelligence, 2004, 17(1): 97—110

Golan R H, Ziarko W. A methodology for stock market
analysis utilizing rough set theory. In: Proceedings of the
IEEE/IAFE Conference on Computational Intelligence for
Financial Engineering. New York, USA: IEEE, 1995. 32—40

Heckerman D, Wellman M P. Bayesian networks. Commu-
nications of the ACM, 1995, 38(3): 27—30

Heckerman D, Geiger D, Chickering D M. Learning Bayesian
networks: the combination of knowledge and statistical
data. Machine Learning, 1995, 20(3): 197—243

Lucas P. Expert knowledge and its role in learning Bayesian
networks in medicine: an appraisal. In: Proceedings of Con-
ference on Artificial Intelligence in Medicine in Eurpoe. Cas-
cais, Portugal: Springer, 2001. 156—166

Heckerman D, Mamdani A, Wellman M P. Real-world appli-
cations of Bayesian networks. Communications of the ACM,
1995, 38(3): 24—26

Wooftf D A, Goldstein M, Coolen F P A. Bayesian graphical
models for software testing. IEEE Transactions on Software
Engineering, 2002, 28(5): 510—525

Neil M, Fenton N, Forey S, Harris R. Using Bayesian be-
lief networks to predict the reliability of military vehicles.
Computing and Control Engineering Journal, 2001, 12(1):
11-20

Alberola C, Tardon L, Ruiz-Alzola J. Graphical models for
problem solving. Computing in Science and Engineering,
2000, 2(4): 46—57

Xu L, Krzyzak A, Suen C Y. Methods of combining multiple
classifiers and their applications to handwriting recognition.
IEEE Transactions on Systems, Man, and Cybernetics, Part
B: Cybernetics, 1992, 22(3): 418—435

Gutta S, Wechsler H. Face recognition using hybrid classifier
systems. In: Proceedings of the IEEE International Confer-
ence on Neural Networks. Washington D. C., USA: IEEE,
1996. 1017—1022

Rodrigues M A, Liu Y, Bottaci L, Rigas D I. Learning and
diagnosis in manufacturing processes through an executable
Bayesian network. In: Proceedings of International Confer-
ence on Industrial and Engineering Applications of Artifi-
cial Intelligence and Expert Systems. New Orleans, USA:
Springer, 2000. 390—395

Sillanpaa M J, Corander J. Model choice in gene mapping:
what and why. Trends in Genetics, 2002, 18(6): 301—307

Raval A, Ghahramani Z, Wild D L. A Bayesian network
model for protein fold and remote homologue recognition.
Bioinformatics, 2002, 18(6): 788—801

McCabe B. Belief networks for engineering applications. In-
ternational Journal of Technology Management, 2001, 21(3-
4): 257—270

Heinz M, Thilo M. Evolutionary optimization using graph-
ical models. New Generation Computing, 2000, 18(2):
157—166

Sanguesa R, Burrell P. Application of Bayesian network
learning methods to waste water treatment plants. Applied
Intelligence, 2000, 13(1): 19—40



830 H | 1k

= £ 35 %

101 Yang J B, Singh M G. An evidential reasoning approach for
multiple attribute decision making with uncertainty. IEEE
Transactions on Systems, Man, and Cybernetics, Part B:
Cybernetics, 1994, 24(1): 1-18

102 Yang J B, Sen P. Multiple attribute design evaluation of
large engineering products using the evidential reasoning ap-
proach. Journal of Engineering Design, 1997, 8(3): 211—230

103 Yang J B. Rule and utility based evidential reasoning ap-
proach for multiple attribute decision analysis under un-
certainty. European Journal of Operational Research, 2001,
131(1): 31-61

104 Yang J B, Xu D L. On the evidential reasoning algorithm
for multiple attribute decision analysis under uncertainty.
IEEE Transactions on Systems, Man, and Cybernetics, Part

A: Systems and Humans, 2002, 32(3): 289—304

105 Sen P, Yang J B. Multiple-criteria decision-making in design
selection and synthesis. Journal of Engineering Design, 1995,

6(3): 207—230

106 Wang J, Yang J B, Sen P. Safety analysis and synthesis
using fuzzy sets and evidential reasoning. Reliablility Engi-

neering and Systems Safety, 1995, 47(2): 103—118

107 Wang J, Yang J B, Sen P. Multi-person and multi-attribute
design evaluations using evidential reasoning based on sub-
jective safety and cost analysis. Reliability Engineering and
Systems Safety, 1996, 52(2): 113—128

108 Wang J. A subjective methodology for safety analysis of
safety requirements specifications. IEEE Transactions on
Fuzzy Systems, 1997, 5(3): 418—430

109 Wang J, Yang J B. A subjective safety based decision mak-
ing approach for evaluation of safety requirements specifica-
tions in software development. International Journal of Re-
liability. Quality and Safety Engineering, 2001, 8(1): 35—57

110 Yang J B, Sen P. A general multi-level evaluation process
for hybrid MADM with uncertainty. IEEE Transactions on
Systems, Man, and Cybernetics, Part B: Cybernetics, 1994,
24(10): 14581473

111 Yang J B, Xu D L. Knowledge-based executive car eval-
uation using the evidential reasoning approach. In: Pro-
ceedings of the 14th National Conference on Manufacturing
Research. Derby, UK: Professional Engineering Publishing,

1998. 741-749

112 Yang J B, Dale B G, Siow C H R. Self-assessment of excel-
lence: an application of the evidential reasoning approach.
International Journal of Production Research, 2001, 39(16):

3789—3812

113 Yang J B, Liu J, Wang J, Sii H S, Wang H W. Belief
rule-base inference methodology using the evidential rea-
soning approach-RIMER. IEEE Transactions on Systems,
Man, and Cybernetics, Part A: Systems and Humans, 2006,
36(2): 266—285

114 Yang J B, Liu J, Xu D L, Wang J, Wang H W. Optimization
models for training belief rule based systems. IEEE Trans-
actions on Systems, Man, and Cybernetics, Part A: Systems
and Humans, 2007, 37(4): 569—585

115 Liu J, Yang J B, Wang J, Sii H S, Wang Y M. Fuzzy
rule-based evidential reasoning approach for safety analy-
sis. International Journal of General Systems, 2004, 33(2-3):

183—-204

116 Liu J, Yang J B, Wang J, Sii H S. Engineering system safety
analysis and synthesis using fuzzy rule-based evidential rea-
soning approach. Quality and Reliability Engineering Inter-
national, 2005, 21(4): 387—412

117 Xu D L, Liu J, Yang J B, Liu G P, Wang J, Jenkinson
I. Inference and learning methodology of belief-rule-based
expert system for pipeline leak detection. Expert Systems
with Applications, 2007, 32(1): 103—113

118 Ai L M, Wang J, Wang X L. Multi-features fusion diagnosis
of tremor based on artificial neural network and D-S evi-
dence theory. Signal Processing, 2008, 88(12): 2927—2935

119 Bentabet L, Jiang M D. A combined Markovian and Dirch-
let sub-mixture modeling for evidence assignment: appli-
cation to image fusion. Pattern Recognition Letters, 2008,
29(13): 1775—1783

120 Mamdani E H, Assilian S. An experiment in linguistic syn-
thesis with a fuzzy logic controller. International Journal of
Man Machine Studies, 1975, T(1): 1-15

121 Takagi T, Sugeno M. Fuzzy identification of systems and its
applications to modeling and control. IEEE Transactions on
Systems, Man, and Cybernetics, Part B: Cybernetics, 1985,
15(1): 116—132

122 Larson P M. Industrial applications of fuzzy logic control.
International Journal of Man-Machine Studies, 1980, 12(1):
3—10

123 Tsukamoto Y. An approach to fuzzy reasoning method. Ad-
vances in Fuzzy Set Theory and Applications. New York:
North-Hollan Publishers, 1979. 137—149

124 Kosko B. Fuzzy Engineering. New Jersey: Prentice Hall,
1997

125 Holmblad L P, Ostergaard J J. Control of a cement kiln
by fuzzy logic. Fuzzy Information and Decision Processes.
Amsterdam: North-Holland, 1982. 389—400

126 Guiffrida A L, Nagi R. Fuzzy set theory applications in pro-
duction management research: a literature survey. Journal
of Intelligent Manufacturing, 1998, 9(1): 39—56

127 Cao Y Y, Frank P M. Analysis and synthesis of nonlinear
time-delay systems via fuzzy control approach. IEEE Trans-
actions on Fuzzy Systems, 2000, 8(2): 200—211

128 Zhang J M, Li R H, Zhang P A. Stability analysis and
systematic design of fuzzy control systems. Fuzzy Sets and
Systems, 2001, 120(1): 65—72

129 Avci E, Avci D. An expert system based on fuzzy entropy
for automatic threshold selection in image processing. Ex-
pert Systems with Applications: An International Journal,
2009, 36(2): 3077—3085

130 Lai R K, Fan C Y, Huang W H, Chang P C. Evolving and
clustering fuzzy decision tree for financial time series data
forecasting. Expert Systems with Applications: An Interna-
tional Journal, 2009, 36(2): 3761—3773

131 Cheng MY, Tsai H C, Chiu Y H. Fuzzy case-based reason-
ing for coping with construction disputes. Expert Systems
with Applications: An International Journal. 2009, 36(2):
4106—4113

132 Wen M L, Li H S. Fuzzy data envelopment analysis (DEA):
model and ranking method. Journal of Computational and
Applied Mathematics, 2009, 223(2): 872—878



6 147 T BA: T HER M T ikesid 831

133 Tiryaki F, Ahlatciglu B. Fuzzy portfolio selection using
fuzzy analytic hierarchy process. Information Sciences: An
International Journal, 2009, 179(1-2): 53—69

134 Zhang W, Liu Y T. Multi-objective reactive power and volt-
age control based on fuzzy optimization strategy and fuzzy
adaptive particle swarm. International Journal of Electrical
Power and Energy Systems, 2008, 30(9): 525—532

135 Hwang Y A, Liao Y H. The consistent value of fuzzy games.
Fuzzy Sets and Systems, 2009, 160(5): 644—656

136 Ali M S, Balasubramaniam P. Stability analysis of uncertain
fuzzy Hopfield neural networks with time delays. Commu-
nications in Nonlinear Science and Numerical Simulation,
2009, 14(6): 2776—2783

137 Alicja M R, Rolka L. Fuzzy rough approximations of pro-
cess data. International Journal of Approximate Reasoning,
2008, 49(2): 301—-315

138 Liu G L. Axiomatic systems for rough sets and fuzzy rough
sets. International Journal of Approximate Reasoning, 2008,
48(3): 857—867

139 Hao P Y. Fuzzy one-class support vector machines. Fuzzy
Sets and Systems, 2008, 159(18): 2317—2336

140 Banker R D, Charnes A, Cooper W W. Models for estima-
tion of technical and scale inefficiencies in data envelopment
analysis. Management Science, 1984, 30(9): 1078—1092

141 Charnes A, Cooper W W, Golany B, Seiford L M,
Stutz J. Foundations of data envelopment analysis and
Pareto-Koopmans empirical production functions. Journal
of Econometrics, 1985, 30(1-2): 91—-107

142 Cook W D, Kress M, Seiford L. M. On the use of ordinal
data in data envelopment analysis. The Journal of the Op-
erational Research Society, 1993, 44(2): 133—140

143 Doyle J, Green R. Efficiency and cross efficiency in DEA:
derivations, meanings and the uses. The Journal of the Op-
erational Research Society, 1994, 45(5): 567—578

144 Cooper W W, Park K S, Yu G. An illustrative application
of IDEA (imprecise data envelopment analysis) to a Korean
mobile telecommunication company. Operations Research,
2001, 49(6): 807—820

145 Cherchye L, Kuosmanen T, Post T. What is the economic
meaning of FDH? a reply to thrall. Journal of Productivity
Analysis, 2000, 13(3): 263—267

146 Fare R S, Grosskopf S. Network DEA. Socio-Economic
Planning Sciences, 2000, 34(1): 35—49

147 Tone K. A slacks-based measure of efficiency in data en-
velopment analysis. European Journal of Operational Re-
search, 2001, 130(3): 498—509

148 Lozano S, Villa G, Brannlund R. Centralised reallocation
of emission permits using DEA. European Journal of Oper-
ational Research, 2009, 193(3): 752—760

149 Sahoo B K, Tone K. Decomposing capacity utilization in
data envelopment analysis: an application to banks in India.
European Journal of Operational Research, 2009, 195(2):
575—594

150 Liang L F, Yang F, Cook W D, Zhu J. DEA models for
supply chain efficiency evaluation. Annals of Operations Re-
search, 2006, 145(1): 35—49

151 Antonio G F, Ricardo A Q. Can univariate models forecast
turning points in seasonal economic time series? Interna-
tional Journal of Forecasting, 1998, 14(4): 433—446

152 Hipel K W, McLeod A I. Time Series Modeling of Water
Resources and Environmental Systems. Amsterdam: Else-
vier Science, 1994

153 Singh S. Noisy time-series prediction using pattern recog-
nition techniques. Computational Intelligence, 2000, 16(1):
114-133

154 Hu W B, Tong S L, Mengersen K, Connell D. Weather vari-
ability and the incidence of cryptosporidiosis: comparison of
time series poisson regression and SARIMA models. Annals
of Epidemiology, 2007, 17(9): 679—688

155 Malakooti B, Zhou Y Q. Feed forward artificial neural net-
works for solving discrete multiple criteria decision making
problems. Management Science, 1994, 40(11): 1542—1561

156 Sun M, Stam A, Steuer R E. Solving multiple objective
programming problems using feed-forward artificial neural
networks: the interactive FFANN procedure. Management
Science, 1996, 42(6): 835—849

157 Malakooti B, Raman V. Clustering and selection of multi-
ple criteria alternatives using unsupervised and supervised
neural networks. Journal of Intelligent Manufacturing, 2000,
11(5): 435—451

158 Singh R K, Choudhury A K, Tiwari M K, Shankar R. Im-
proved decision neural network (IDNN) based consensus
method to solve a multi-objective group decision making
problem. Advanced Engineering Informatics, 2007, 21(3):
335—348

159 Birge J, Louveaux F. Introduction to Stochastic Program-
ming. New York: Springer Verlag, 1997

160 Kall P, Mayer J. Stochastic Linear Programming: Models,
Theory and Computation. New York: Springer Verlag, 2005

161 Ben-Tal A, Nemirovski A. Robust convex optimization.
Mathematics of Operations Research, 1998, 23(4): 769—805

162 Ben-Tal A, Nemirovski A. Robust solutions of uncertain
linear programs. Operations Research Letters, 1999, 25(1):
1-13

163 Ben-Tal A, Nemirovski A. Robust solutions of linear pro-
gramming problems contaminated with uncertain data.
Mathematical Programming, 2000, 88(3): 411—424

164 El-Ghaoui L, Lebret H. Robust solutions to least-square
problems to uncertain data matrics. STAM Journal on Ma-
trix Analysis and Application, 1997, 18(4): 1035—1064

165 El-Ghaoui L, Oustry F, Lebret H. Robust solutions to un-
certain semidefinite programs. SIAM Journal on Optimiza-
tion, 1998, 9(1): 33—52

166 Bertsimas D, Sim M. Robust discrete optimization and
network flows. Mathematical Programming, 2003, 98(1-3):
49-71

167 Bertsimas D, Sim M. The price of robustness. Operations
Research, 2004, 52(1): 35—53

168 Bertsimas D, Pachamanova D, Sim M. Robust linear opti-
mization under general norms. Operations Research Letters,
2004, 32(6): 510—516

169 Bertsimas D, Brown D. Robust Linear Optimization and
Coherent Risk Measures, Technical Report, Massachusetts
Institute of Technology, USA, 2005



832 H | 1k

= £ 35 %

170 Ben-Tal A, Nemirovski A. Robust optimization-
methodology and applications. Mathematical Program-
ming, 2002, 92(3): 453—480

171 Atamturk A. Strong formulations of robust mixed 0-1 pro-
gramming. Mathematical Programming, 2006, 108(2-3):
235—250

172 Sim M. Robust Optimization [Ph.D. dissertation], Mas-
sachusetts Institute of Technology, USA, 2004

173 Goldfarb D, Ivengar G. Robust portfolio selection problems.
Mathematics of Operations Research, 2003, 28(1): 1—38

174 Bertsimas D, Thiele A. Robust and data-driven optimiza-
tion: modern decision-making under uncertainty. Tutorials
in Operations Research. Hanover: Institute for Operations
Research and the Management Sciences, 2006

175 Ordonez F, Zhao J. Robust Capacity Expansion of Network
Flows, Technical Report, University of Southern California,
USA, 2005

176 Ben-Tal A, Boyd S, Nemirovski A. Extending the Scope of
Robust Optimization: Comprehensive Robust Counterparts
of Uncertain Problems, Technical Report, Georgia Institute
of Technology, USA, 2005

177 Zimmermann H J. Fuzzy mathematical programming. Ad-
vances in Sensitivity Analysis and Parametric Program-
ming. New York: Springer, 1997

178 Zimmermann H J. Using fuzzy sets in operational research.
European Journal of Operational Research, 1983, 13(3):
201-216

179 Werners B. Aggregation models in mathematical program-
ming. Mathematical Models for Decision Support. Berlin:
Springer, 1988

180 Momoh J A, Ma X W, Tomsovic K. Overview and liter-
ature survey of fuzzy set theory in power systems. IEEE
Transactions on Power Systems, 1995, 10(3): 1676—1690

181 David A K, Zhao R D. An expert system with fuzzy sets
for optimal planning. IEEE Transactions on Power Systems,
1991, 6(1): 59—65

182 Ramirez-Rosado I J, Dominguez-Navarro J A. Distribution
planning of electric energy using fuzzy models. International
Journal of Power and Energy Systems, 1996, 16(2): 49—55

183 Lin C E, Huang C J, Huang C L, Lee S Y. An optimal
generator maintenance approach using fuzzy dynamic pro-
gramming. In: Proceedings of IEEE/PES Summer Meeting.
Seattle, USA: IEEE, 1992. 246—254

184 Lembert-Torres G, Borges da Silva L E, Valiquette B, Greiss
H, Mukhedkar D. A fuzzy knowledge-based system for bus
load forecasting. In: Proceedings of the IEEE International
Conference on Fuzzy Systems. New York, USA: IEEE, 1992.
1211-1218

185 Tsitsiklis J N, van Roy B. Feature-based methods for large
scale dynamic programming. Machine Learning, 1996, 22(1-
3): 59—94

186 Bertsekas D P, Tsitsiklis J N. Neuro-Dynamic Program-
ming. Nashua: Athena Scientific, 1996

187 Marbach P, Tsitsiklis J N. Simulation-based optimization of
Markov reward processes. IEEE Transactions on Automatic
Control, 2001, 46(2): 191—209

188 Sutton R S. Learning to predict by the methods of temporal
differences. Machine Learning, 1988, 3(1): 9—44

189 Watkins C J C H, Dayan P. Q-learning. Machine Learning,
1992, 8(3-4): 279—292

190 Schwartz A. A reinforcement learning method for maxi-
mizing undiscounted rewards. In: Proceedings of the 10th
Conference on Machine Learning. Amherst, USA: Springer,
1993. 298—-305

191 Rummery G A, Niranjan M. On-line Q-Learning Us-
ing Connectionist Systems, Technical Report CUED/F-
INFENG/TR 166, Cambridge University, USA, 1994

192 Das T K, Gosavi A, Mahadevan S, Marchalleck N. Solv-
ing semi-Markov decision problems using average reward
reinforcement learning. Management Science, 1999, 45(4):
560—574

193 Gosavi A. A reinforcement learning algorithm based on pol-
icy iteration for average reward: empirical results with yield
management and convergence analysis. Machine Learning,
2004, 55(1): 5—29

194 Gosavi A, Bandla N, Das T K. A reinforcement learning
approach to a single leg airline revenue management prob-
lem with multiple face classes and overbooking. IIE Trans-
actions, 2002, 34(9): 729—742

195 Gosavi A. Reinforcement learning for long-run average cost.
European Journal of Operational Research, 2004, 155(3):
654—674

196 Gosavi A. The effect of noise on artificial intelli-
gence and meta-heuristic techniques [Online], available:
http://www.jhuapl.edu/spsa/PDF-SPSA /gosavi-03.pdf,
April 23, 2009

197 Das T K, Sarkar S. Optimal preventive maintenance in a
production inventory system. IIE Transactions, 1999, 31(6):
537—551

198 Gosavi A. Simulation-Based Optimization: Parametric Op-
timization Techniques and Reinforcement Learning. Boston:
Kluwer Academic Publishers, 2003. 420—422

199 Tadepalli P, Ok D. Model-based average reward rein-
forcement learning algorithms. Artificial Intelligence, 1998,
100(1-2): 177—224

200 Crites R H, Barto A G. Improving elevator performance
using reinforcement learning. In: Proceedings of Conference
on Neural Information Processing Systems. Denver, USA:
MIT Press, 1997. 1017—1023

201 Das T K, Jain V, Gosavi A. Economic design of dual-
sampling-interval policies for X-bar charts with and without
run rules. ITE Transactions, 1997, 29(6): 497—506

202 Hornik K, Stinchcombe M, White H. Multilayer feedfor-
ward networks are universal approximators. Neural Net-
works, 1989, 2(5): 359—366

203 Hornik K, Stinchcombe M, White H. Universal approxima-
tion of an unknown mapping and its derivatives using mul-
tilayer feedforward networks. Neural Networks, 1990, 3(5):
551—-560

204 Sabuncuoglu I, Gurgun B. A neural network model for
scheduling problems. Eruopean Journal of Operational Re-
search, 1996, 93(2): 288—299

205 Jain A S, Meeran S. Job-shop scheduling using neural net-
works. International Journal of Production Research, 1998,
36(5): 1249—1272



6 1 T BA: T HER M T ikesid 833

206 Guh R S, Tannock J D T. Recognition of control chart
concurrent patterns using a neural network approach. In-
ternational Journal of Production Research, 1999, 37(8):
1743—-1765

207 Lee I, Shaw M J. A neural-net approach to real time flow-
shop sequencing. Computers and Industrial Engineering,
2000, 38: 125—147

208 Chen R M, Huang Y M. Competitive neural network to
solve scheduling problems. Neurocomputing, 2001, 37(1):
177—196

FAD R ERIR S TR
RARG IR L, BaR. LEHFIT
WA ARGE A2 SN S &
IRARGER S iR A SRR

E-mail: hwwang@mail.hust.edu.cn

(WANG Hong-Wei Ph.D., profes-
sor in systems engineering in the De-

partment of Control Science and Engi-
neering, Huazhong University of Science and Technology.
His research interest covers logistics systems, public secu-
rity and emergency management, and modeling simulation
of complex systems. Corresponding author of this paper.)

BB, PR AR R
TRARG LR REI#HR. FZEH5T
Ji ) il R LR A RS IR
WAL

E-mail: qgichao@mail.hust.edu.cn

(QI Chao Ph.D., associate professor
in the Department of Control Science

and Engineering, Huazhong University
of Science and Technology. Her research interest covers
manufacturing systems engineering, production planning
and scheduling, and maintenance scheduling.)

Bk PR AR TR
REG TRV HE IR E. FEI5
3 1) i A I A

E-mail: ivanwilts306@163.com

(WEI Yong-Chang Ph.D. candi-
date in the Department of Control Sci-
ence and Engineering, Huazhong Uni-
versity of Science and Technology. His
research interest covers logistics and supply chain manage-
ment.)

F W PR EERIRE S TR
REG LT a5k 25T
J7 1) A UEAE R i
E-mail: libin.hust@yahoo.com.cn
(LI Bin Ph.D. candidate in the De-
E partment of Control Science and En-
& S gineering, Huazhong University of Sci-
ence and Technology. His main research

interest is evidential reasoning.)

K o ERRECREERIR S TR
REG TRV E IR E. R
7 10) B8 1) B A AN S e BEAIL
RYGAENE.

E-mail: zhusonghust@smail.hust.edu.cn
(ZHU Song Ph.D. candidate in the
Department of Control Science and En-
gineering, Huazhong University of Sci-
ence and Technology. His research interest covers dynamics
and complexities of supply chain systems, and stability of
stochastic systems.)



