%37 & 8
2011 £ 8 H

E TR & KK 71 D-S iEfRIE IR ) X [8) B 5o iR R R 77 7%

H 2 % 4R
ACTA AUTOMATICA SINICA

Vol. 37, No. 8
August, 2011

e xR

B OF ATy MR AR DR BB R PSR D, SR T AR T ARG ORI M AT D-S UESE BRI PR T, 2 X
T DXTA)C 70 B8 ORI X RV HORU S, 0 o T D) EL 58 ORI B0 A6 i 7 R 3G T E 20 v B LA R R € IR T 50 58 5 4R
(RIANHf AR, BETI A AN RIFR AR R 507 S0 Mass BR%%, 3 D-S & Bk BEAT (5 SRy, #foe sty 5. fa, it 5k
W1, ARSCHE R 1) A5 20306 55 45 RO S35 BRSO ANt o k.

EHEIA XIEEEOEL, D-S IR RS, Blml G, YOk, KOOI

DOI 10.3724/SP.J.1004.2011.00993

Interval-valued Intuitionistic Fuzzy Numbers Decision-making Method Based on

Grey Incidence Analysis and D-S Theory of Evidence

LI Peng! LIU Si-Feng?

Abstract A method based on grey incidence analysis and D-S theory of evidence is proposed for decision-making
problems with the attribute values of corresponding alternatives in the form of interval-valued intuitionistic fuzzy numbers.
The uncertain degrees of different indices are determined by using the grey incidence analysis. First, the concept of
interval-valued score function and interval number point operators are introduced, and the interval-valued intuitionistic
fuzzy numbers are transformed into score function by them. The uncertain degrees of different indices are determined
by using the grey incidence analysis and score functions, and the mass functions of different alternatives in different
indices are obtained by the uncertain degrees and score functions. Information can be fused in accordance with the D-S
combination rule and the best alternative is got by using the method. Finally, a numerical example is utilized to illustrate
that a satisfying conclusion can be obtained and an obvious decrease can be observed in the uncertainty of decision
making.
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LU A 16— S I AIE S VL ). Bustince 508 5
ST DA E ORI AR B OCHE R, ST T X TR L
TR A S e E AN 20 il 2 B Hung 250 FIH O
R VTR DX IA) L R A R DG TR R . H RN IXC[A]
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XL A TR

& 48 W SR T 1 R AR S X 25 7 E i e v (Fabe)
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R BEAS [RIE SR < (] A LRk, 12 F R4 fl 5 1)
gE R RAEE ARG A, XA B4R L T 3T
ANT S RG IR 1 W SR TV, XSS BSR4 H R Y,
FERE T D-S iEHE B F e sk e i (it — D k.

SRIMAE R4 FE 8 5 W SR BEAS AH 45 5 i), el
T A X LD AR B 1 AN P e S ) A
EVER P ), DL, Mass R B0 K 245 e e
RIS )8, AR SORs K (1 3 48 BER 5 Uk 4 2 e
G, e TP T KRS D-S ik B
(1) DX 1) B D AR e 58 7 3, ik 7 LA AN T T
PRI [ 7

1) FRAE— g 0 T TR Hn 2 R T A 2% vk
FHESHEE, T AN E A L O mER
BN A P sk it B2 A Wb 78 8 1045 B A R uF 4 24T
e B R

2) 2 3 HU B AN 5 1k R SR AN o 1 DL SN
AR AN e PERNRRRE P, e mr e sk

3) WK RS D-S RIS A 45 7, A
RS P58 T A R G B 1 W Ak

1 REERWEER XL
1.1 EAKHR

EX 1M %6 S —HHEAES, LA R 4L
m: 2% — [0,1] (2° 4 6 HEE), Wi m(0) =0,
H Y com(A) =1, WFRA m #rRHER EREEA
WER YA (Mass #R2L). Jer, 45458 m > 0 9 A F§
HEETC; VA C 0, m(A) BN A HIFEARREZ 73 Bl
VA C 0, bel(A) =3 gcam(B), PR bel(A) H A K
(T8 -

HRPESE 0 2 5% T i U H T (1) AT BEES 22 1Y)
MRS, AR O AR S AT HACH —
B IERA. AN I (Mass #i%L) m(A) &
INUEIE SR A RAERIRRE, AH 2 AR IR AR AT
A M EA ISR bel(A) K A HEEASTAEM)
FEAME ATy B 2 AN

w X R AEErE, WX B AERR
WAL % B = {{z,up(x),vp(z))|r € X}. HH,
up(z) Mog(z) 25k X Kk « BT B HIR)E
BEFAERERE. up : X — [0,1], vp : X — [0,1],
H 2 &M 0 < ug(z) +vp(z) <1,z € X, &
mp(z) =1—up(r) —vp(z) Bon X PR BT
B B

—ANERHIE B, LR up(x) AFRJEE
vp(x) MHMBIE np(x) AR RNS ¢ J&8T Hw
BRI B SCHRE . O H 7 aX =Rk ds p R

H1 T % 0 S ) 0 52 2% 1 R AN E M, up ()
M vg(x) BYAEAE AR HE LU RS 1 1 2 208 ok R

&, A X B LR R & L RGE S, R,
Atanassov 5000 X} H B AEIET TR, B8 B =
{{z,ug(x),vg(x))|x € X} QXA Hubm 4,
1, ap(x) = [k, uy] C [0,1], vp(z) = [0k, 0%] C
[0,1], H. i & & supug(x) + supvg(z) < 1,
Vr e X.

X HIcE ¢ JBT B HRIEE SR8
HIRIIAT FNT (ag (), D) FRON DX TA) BSR4, )
DOKE X I DX IR A4 B B AR R A X R
WIS G, Al TIFS(X).

1.2 REBRBMBSRELRE

B ZJEmE (Fabr) REHE, H m A7 5%
A Ay oo A, n NVEINNRRR I, L, - -+, 1, WIAT
FE A FEVEFRRR I R B0 ARk X 9] T AR
Ky, 193X 0 BB SEIE D = (dij)mxn-
FEARTCH, Kk S R Fa bk R — HAE 5
B

AR SC ARSI A et S B 2 ) P i 40 R R b 1)
TS FESRA R AR T B IIASIR] T R () Mass BEL, 28
Ja, I8 D-S & BaENEHT 5 Bl E, 1S sk
R

T EEEWE o = (up(z),vs(z)), &X
S(a) = up(x) —vp(z) > K o Widsy w0 Hrh
S(a) € ]0,1].

Chen T 1994 49 4 51t id 7 iR 4k, HE X
JE TR 5 ORI 25, SRS SRR
JE, HAH R A, X AT B A AL R
B, 24 S(a) = —1 I, RoRsgeRI%T %, 4
S(a) = 1 I, FRoRTEEVENIZ T F; 24 S(a) = 0 I,
FORSLRERESE S R —FE

o1 DX ) LB AR B, AN S X TR 43 BR B
¥z .

EX 2. XX HAEEME 8 = (ug(z) —
vp(2)) A B XIS s, T, S(8) € [-1,1]
X A

TR S 2 AT LUK DX ) B RO g SR M D =
(dij)mxn BN XIAC S BEEHBE S = (8i)mxns
o, sy = [st, s%] HIX AL

159 2ij
ESL 3. & Sij = [Séj,S%] y\J*]Z]\EJi&, %k
Gal(sij) = (sh;+55)/2 + a(syy — si;) /2 X TAEL

sij = [sty,si] MRS Hd, o KT,
S(a) € [-1,1]; M4 o = 0 I, BEHI R HEE K KUK
PE, oo > 0 I PSR B Sk KU IR, oo < O IS
W S 2 DR XU 1.

Wk E X3 v LUK X A EL s, He b oA 824 g4y,
TR TRIE 73 FERE S = (84 mxn etk R id 23 HiRE
G = (9ij)mxn, SCHR [11] $2H L7 2R EL
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S(8) = (y(2) — vl (x) + () — v3(2))/2 72
X3 =0 BRFERTE O, Pesfe s n] U RS
Pl EHE o (PR, MNTTEESCHR [11] 35 H 1Rd 25 pR 3k
R,

Fi RS AR e AT ok, T B B KR
TR DT 20 Mass SR 2, TSR EIEYE (Fabr) 19
AN B A — AN O A, I T K 8 DR B 7 v SRAIE
i (F8A5) [ANHAS BE.

FEAS A5 FE BRI V2 AR S B A 77 LA
R, R LI, WSS E AT AR T AL
PRI, BRULHC T-Fabr Ak RIGFIME B, WS %5
bl 7 (145 SOBOR) T 93k, IR bs (s B A5 2
i&; RZARREAT.

BOCHEFE G = (9ij)mxn, R Gi = %Z?:l 9ijs
1=1,2,---,m.

EX AV F8 AR L g B A H S N
DOI(I;) = L[>, (rij)) 7, Horfy

m

miin 9:5 — ] + fmiin l9:5 — 9

Tij = — : =
" gy — gl + Eminlg;; — g

i:1,2,---,m; j:]-vza"'?n

NIREOYHERIKSE, — B4 € = 0.5.
A RE X 4 (T 3R FEDHBOR, KRR &
AR Hamming §1 5, IXHLIX ¢ = 2), AT LA 2
BRI RS (FhR) IS L DOI(1;).
N T AFRIRAES N AN DT S0 Mass AL, %
1S 29c 7 R BOA AT e ISR, os R B sk
frRvEAL:

Gij — miin(gij)

m?X(gij) - miin(gij)

gij =

(1)

EX 508 AR PRt (¢ #0) WA RERE
;E\F?ﬁ” Tr = ($1,1?2,"' ,:Et), Hﬁ//l\ﬁ%r: € ;é 0,
jged, J={1,2--- t}, NIPHIRTEFRLE, PRI

Lj

frx—yy; = —
> T
k=1

HARITFH ¢ WEREGHWHE 7, X8y =
(Y1, Yo, -+ 5 ye) BN AT GG RIS T4

FEREIEAL 13 J3 R ESORE A2 v 5 43 35 B
SRR IFERE Y = (Yij)mxn-

MBL 3 A mr BL A 2 R ) Mass &£
m;(i) = (1 — DOI(L;)y;;, Hrh, m;(i) Hfibs I
TR A; 1) Mass B4 &M FHWE A0
PLR ANATTINTR B Js B, i o 3R 40 Ay o] LR H

FFehr I T AU E M Mass B2 RI/NF 1, B
St om(i) < 1, AFEREAR B AN 2 A DL, TEASL
HORX 5> Mass BREUE IR HHPESE © A 5.
I, ATLASBIFRRR I; TR EVER Mass bR
my(i+1) =1 =37, my(i).

KRR T AT AR08 T 1) Mass B,
BEVAT P ST 20 J7 ZAE AT a5 T 1) Mass bR 4L
AT B, IS A o7

EX 6 (D-S &RGEM)M. X1 VvA e, 6
PSS R L (Mass BREL) my F my 19H R
Iy

1

(M1 & mo)(A) = - K

> mi(B)my(C)
BN C=A
/E\:EP, K = ZBﬂ c=0 ml(B)mQ(C)
EHE 1. D-S AR A L s AN 2 51, R
1) my D me :mQ@ml;
2) my D (m2 D mg) = (m1 D mg) D ms.
MERR. 1) AZHefdt: KT

VAC O, (m &ms)(A) =
1
my(B)my(C)

- 5 %
BN C=0
> mi(B)my(C) =
BN C=A
1
mq(C)meo(B)

- 5 %

B C=0
Z my(C)mq(B) =
BN C=A
(M2 ®ma)(A)

9) Lifrf: #F VA C O,

ma D (mg D m3)(A) =
mo (AQ)mS(A3)m1 (A1)
A2 Az A=A _
1-— > ma(Ag)ms(As)mi(A;)
As() As() A, =0
my(Ay)ma(Az)ms(As)
A1) Az() As=A

I

A1) Az ) As=0
((m1 ®ma)) & (m3)(A)

my (Ar)ma(Ag)ms(As)

O

EE 2. XT VA C O, #HHIELe kf

B AN Mass pREL my, ma, -+ ,m, M D-S & ik
M UALRRWTF: (my & me & -+ & m,)(A4) =
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/(A= K)> 4, A asnmaea M1(A1)ma(Az) -
M (An), JH K =304 4 4oy ma=o (A1)
(Ag) - -m,(4,).

IERR (R FAAEFAME). n =2 B, i
X6 nEH AR KL BRI T ik
AL, BIXTFVAC O, (m@me®--- @& my)(A) =
/(1= K) 2 oa, Ay mnea M (A1) ma(As) - -
m,(Ay). WS T n+ 1 W, d1E X6, T
VB C O,

(M1 ©&@ms @ - @my)(A) & mys)(A) =
> m1@®ma®---Omn ) (A)Mpt1(Ant1)
AN Anq1=B
- ¥

AN A, 1=0

mi®m2 @ Omp) (A)mpi1 (A1)

(m1(A1)m2(Az2) - mn(An))mnt1(Ant))
A1NA2NNAp41=B _

(m1(A)m2(A2)mp(An))mnt1(Ant1))
A1NA2NNApL1#9

(m1(A1)ma(Az2)--mn(An))mni1(Antr))
AN AN NApy1=B

1-— > (m1(A1)ma(A2)mp(An))mnpi1(Ant1))
A1NA2N - NAR1=9

Rk, 58X n + 1 B ESr, dIAghi:, e Bs
k. O

IR BEZG T 2 Mass BRI G T
5, T n A Mass BB AR, iTUUHERE 1 —2
—A R, WA DLE e 2 — IR .

Zr bEpriA, v LIS 238 T KOG D-S R
LN NI CINE R S WP A S/

1) M E ORI SR D fle X 2 52X

)30 73 B B S

2) MR DX ) AC 7 B B B S AME X 3 73 23l
SR G = (gij)mxn;

3) M B G e 4 4 EFRFRIN
AEE DOI(I;), j = 1,2,--- ,n;

4) R0 (1) FlsE X5 1325 B IR 741
%EM; Y = (yij)mxn;

5) MR AR BAR P IR Y = (Yij)mxn
RS ERHURTIEE DOI(L,) HIEE Mass B0 m. (1)
PSR AN 2 P () Mass BREL my; (i + 1);

6) iz D-S & ik W HEA T UEH A5 SR A

7) MR P R B KA S W BEAT TR R

2 EBISH (b TET b, A3CFE Ak
[11] HOE )

ST AEXT TSI T B R i, B, e T
6 WAy (JmPE): BARSE (1)) TAESE (12)-
TAEAEIR (I3)~ SRR GH (1,) BT HE
(Is) MUIFRBES) (16). #RJA, HAFARMEREAPEIL, XT
B E NI 3k 6 TabR AT VA, FRREAT STuAb
BLOFMAHRIE T 5 ARIEN A (= 1,2,--+ ,n).
BBRF AL NAE AR T KPPl (5 Bl it id
B, TR XA F O H (WA 1).

T AR S R R e AR N

AR A LB AR ke SRR B R DX T 2 70 R B 8 57
DX 8] C 73 R B B

[—0,3,—-0.1] [0.3,0.5] [0,0.3] [0.5,0.7] [-0,5,0.2] [0.2,0.5]

[0.3,0.5] [0.2,0.5] [0.3,0.5] [0.4,0.6] [-0.3,—0.1] [0.2,0.5]

S=1 10,02 (0.5,0.7] [0.1,0.3] [0.3,0.6]  [0,0.2] [0,0.4]

(0.3,0.5]  [0.2,0.6] [0.5,0.7] [0.1,0.3] [0.2,0.5] [0.5,0.7]

| [0,0.3] [—0.2,0.1] [0.3,0.6] [0.4,0.7]  [0.3,0.5]  [0.1,0.4]]

®1OPSRHERE
Table 1 Decision matrix
I I I I, I Is

Ay ([0.2,0.3],[0.4,0.5]) ([0.6,0.7],[0.2,0.3]) ([0.4,0.5],[0.2,0.4]) ([0.7,0.8],0.1,0.2]) ([0.1,0.3],[0.5,0.6]) ([0.5,0.7],[0.2,0.3])
A;  ([0.6,0.7],[0.2,0.3]) ([0.5,0.6],[0.1,0.3]) ([0.6,0.7],0.2,0.3]) ([0.6,0.7],0.1,0.2]) ([0.3,0.4],[0.5,0.6]) ([0.4,0.7],[0.1,0.2])
As  ([0.4,0.5],[0.3,0.4]) ([0.7,0.8],[0.1,0.2]) ([0.5,0.6],[0.3,0.4]) ([0.6,0.7],0.1,0.3]) ([0.4,0.5],[0.3,0.4]) ([0.3,0.5],[0.1,0.3])
As ([0.6,0.7],[0.2,0.3]) ([0.5,0.7],[0.1,0.3]) ([0.7,0.8],[0.1,0.2]) ([0.3,0.4],0.1,0.2]) ([0.5,0.6],(0.1,0.3]) ([0.7,0.8],[0.1,0.2])
As  ([0.5,0.6],[0.3,0.4]) ([0.3,0.4],[0.3,0.5)) ([0.6,0.7],[0.1,0.3]) ([0.6,0.8],[0.1,0.2]) ([0.6,0.7],[0.2,0.3]) ([0.5,0.6],[0.2,0.4])
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AR D TRIE 7 s B B S ATE X3, JFE e = 0
(ML), 752090 73 bR HOE R

[—0.2 04 0.15 06 —0.35 0.35
04 035 04 05 =02 0.35
G=|01 06 02 045 0.1 02
04 04 06 02 035 06
[0.15 —0.05 045 055 0.4 0.25)

FRPE IS R B R G RE X 4 3 30F8 45 1; 10
AWl DOI(I):

DOI(I;) = 0.389,
DOI(I;) = 0.344,
DOI(I5) = 0.417,

I,) = 0.380
I,) = 0.482
DOI(Ig) = 0.435

WA (1) RIS X 5 B2 L KR
Bif‘ Y = (yij)mxn:

DOI(
DOI(

0.308 0  0.200]
0.324 0.205 0.238 0.231 0.073 0.200
0.162 0.333 0.048 0.192 0.220 0

0.324 0.231 0.429 0  0.341 0.533
0189 0 0.286 0.269 0.366 0.067 ]

MR AE B GRS E Y = (Yij)mxn T
FRPRIIAHE RS DOI(1;) #3d Mass B m; (i) LA
SBARANE 1R 1) Mass BRE m; (1 4+ 1):

0 0.231 0

0 0143 0 0.159 0 0.113
0.198 0.127 0.156 0.120 0.043 0.113
0.099 0.207 0.031 0.100 0.128 0
0.198 0.143 0.281 0 0199 0.301
0.116 0  0.187 0.139 0.213 0.038

0.389 0.380 0.344 0.482 0.417 0.435

b, 75 B3R Mass o0 808, B E P Mass

m1(6) = 0.389,
m4(6) = 0.482,

ms(6) = 0.380,
ms(6) = 0.417,

ma(6) = 0.344
me(6) = 0.435
KA = Ay, Ay, As, Ay, As, JFHEL2Y =

{{Al}a {A2}7 {A3}7 {A4}’ {A5}7{A17 A2a A37 A4,
As}}.

H D-S & BRI, 75 206 0 B AE S A 1K 7%
TARIAE L e 00 330 0

bel(Ay) = (my & me & my & My
ms @ me)(A;) = 0.065

bel(A1) = (mq & mo & my & ma®
ms & me)(Az) = 0.203

bel(Ar) = (mq @ ma ® my ® ma®
ms @ me)(As) = 0.102

bel(Ay) = (my & me & my & my®d
ms @ me)(Ay) = 0.420

bel(Ay) = (my ® my ® mg ® my®
ms @ mg)(As) = 0.161

bel(Ay, Ay, Az, Ay, As) =
(my @ ma @ mgz O my ®ms D mg) X
(Ay, Ay, A3, Ay, As) = 0.050

HR 3515 5 pR B KA JEL ), 5 %6 Ay st s
BRI BNT N Ay = Ay = Ay = Ay = Ay
XE SR [11] g5 R se a3 RINTBAE 1, EE
Rl L R R RN M A T R A AR A AT
W, I RS 35E 40.7 % AR SIEL S 5 1 5 %,
U IR A (0 S B 5 U B AH 45 A5 oAb B v 5
i) AT DA A 2 A AT VR AT e M, 3
RFIK-

3 it

RICK KOS D-S UFHEER AR LS &, $
TR TR OGRS D-S UEHE LI 1) DX ) A
WP ST 5, da TR G SRR 5 A 52 - AR b AN AR
JE, 58 SCT DR TR) K 73 bR ORI X T2 70 B B RS T,
ML TR DX TR C 73 e B AR Al 2y e, R
E 70 bR B LU R AR B ANH 5 BE R A AN Rl AR R %55
1) Mass L 83 D-S A BaE W TE RRL 4,
T2 T HBAF SR, I S A DR, A5 TkmT
T TEPR S AR IR S, PRI SR AN e Pk, Ak
SREGRIINREE L A3 EL
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