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Incidence decision model of multi-attribute interval grey number based
on information reduction operator
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Abstract: For the morbidity of addition and subtraction inverse operation for the interval grey number, the relationship of
modulus on both sides of the operation equation is analyzed. A kind of optimize operator is introduced, and it’s accuracy
and precision are proved. Based on the grey incidence degree theories, the computing method for the degree of interval grey
number incidence is developed by use of the optimize operator. Meanwhile, incidence decision problems of multi-attribute

interval grey number are studied, and the incidence decision making model of multi-attribute interval grey number is set up.

Finally, examples illustrate the effectiveness and practicability of proposed model.

Key words:

.

[=]

1 5l

PR T LTI NS U A T
F T v SRR 1) 52 28 P RIS S 1, e sheo 1 0
245 LR I Py EL AL, A A U3 £ R B
DX ) 2 $5 041, (L, ol T X 1) 2 40 A S AR ) 39
P, B SR e 2 AR R s R LS, SRS 2
LT X 1) 2 30 5 ) O A RSB R
JETT. DRI, A% SO0 3 T3 R BB T 19 X ) AR Bk
VSRR R AT 5 (K IS I (R SRR 25 X

Rt e Y 57 1) 0 2 ek IR Ve S B2 e g —
ANBIFFE I8 SR [2] 7 kAR DX 1) 1) 9 %
IR /N X 1) 450 1 5, 300 3o A A X ) 5000 1
HAR X 0] 7 2 R 4B AR X () 7 AT v ok (3]0
HA 3 DX IV S DL AR e, A4 X B g — AN I

Wi BEA: 2010-09-18; {&[E] HER: 2010-12-20.

interval grey number; information reduction operator; ideal point; relational degree

SRR T 5, FFgh T T K DX R0 A (0, G ik
PSRRI [9] 0 B 4% i 7 R vk e
F R TE A TR 2 M, M T S5 A KOS
SR IE AR DX R) 7 58, AR (9 £ R 3R A5 s It o
T ZE. [10] K DX 1) 20 e S 0 P A DAy Do S HR AR I
YRS RE, RO LA 2 T JE Y BCE, JRA T &7
SEIHE T 25 5. 1110 23 9 DOAHAL A 230 1 1 A AN [+
R A I FE P51 2 IR AR LG 2R, M3 T — 2 Ak
RIK AT W AEA.

5 b, AR IR 60 ORI o TR AL AT B SR o0 A
I, AN R 2k S b E AT ECHE RN psc Ak R ARO6 T X ]
DA, P B8 28 s M AT is AR AR A R LI
MG, Bt o] G SR R I P g5 1. PRk, A SCiE i
F DX TR AR E N9 sR 032 SR T 73 M, HK 3 s B 45

HEWE: BHRAREEILSTIH (90924022,70971064, 70901041).
TEE RN MIRLA979—), W, T4, WP Trik. NI, TEN1962—), B, ##%, 14 0, g

KRG THEERTFEIIIT.



5 2 3 wtRAe o R TAE

8L R T 04 5 36 AR X 19 R B 2 B ok FARA 183

FRE RN, FFAEIRIEAE BB T X T AR E 0N g i
BEAR I IR 7. [N, 456 K0 IR 43 B AR Y A
SR IR JE, T T T ARRAME R AU A 1 X
TR AR B85 5 (R A (s R SRS g, 38 1o S5 300 T
T A U R S
2 REZRBIN@ESEHEE R RE 1K

¥t

ZIE3ANX A KH A € [2,4], B € [3,6], C € [5,
10], $4 IR 28 BRI X [a) A HCn Iz BB A + B =
C. ZREN A+ X = C, PRWa A= EAF B R
B, SRR IS5 RN R X = B. i sg % i
DX ) AR E R is 5, 45250 X e ([5,10]—(2,4]) =
[1,8] # B(D B). FFEX4EX X — B = A, #%Hfk%5
DX IR AEniaE e FIE MR AR 2 R h X € [8,7) # C,
H A R DX TR A8 (e i 1 KT A v R N IX— 55481 ]
DU A, 1A% 48 e S DX R) A 80N hekaz 55032 gk A7 3k
Wz 5, o5 G B R Bl 7 AL R X IR KK, 20
XA s A5 A TIE IE, A RedRTT 45 R FL sk
(==
21 REmFHEXzFE

EX1 e € lar,a’],aV > o,
X A AK AL, 457 aV = of, W @ B1L A
A SRR A X TR AL

W@ € [al,adY], @, € [bF,bY], N:

K@ h—A
— NS A AT

HEN1 @) = @9, B HANY el =bL,aV =Y.
W2 @+ @y =[al + ", aV 4+ bY).
HEM3 @) — @ = [a" —0Y,aV — b

EW4 ©— @ =0.

EX2 MEE-AKEKEe € (o, a],

aV > o, WFR | @ | = |aV —a®| X AIKEL @ (P4, &
0| @ |, DRIALAER RSt R Ay DX T A 50 X TR

WX K E @, € [ar,aY], @ € [bF,bY], WH
d(®@1,®2) = /((al = bL)2 + (a¥ — bV)2) /2 FKIR X [H]
KE @1 M@y KX . BRd@,0) K, @
HT o FR DX TH] E 2 1 B 0B K, 1 d(®1, ®2) = O,
Hal =bL oV =07, W @1 = ®,.

EX3 fEEHAXMAE € [af,adV],aV >

al 1y 2, A5 570 2 (BA 100) B 5 A7 X TR) A 50 S

Aﬁﬂi%ﬂi& o B I A S I IE SR iz R AL, I
PRFFEE O, PP S 138 SRR b X [R) 2K B ) ifis
5.

b 52 3 ] A, DX ) A I 0 980 I8 B A7 A LA
N3 FEEAE A

@1+ 71 = Q2, Q3 —T2

= ®4q, T3 — Q5 = Rg-

22 XEXRHMEREZREEREREFHEE

EE1 T%k(k > 2)MX K € [a,
bil, b = ai, 1= 1,2, Kk, & X EATZ I INEE
SR 3 ) 2 R0V D 3 1EAT, WA 45 X 3 X TR AR 4
[ DX T K 2 RIARAE, B @1 = ) | @5 ke 3
| @ | RS 5 ¢ A DX TR ACEU KR

WEBH X kAN K @; € [ag,bi],a; < bi,1 <
i < Ky KR —FREIX () A ) is S E WA

[a1,b1] + - + [ak, br] =
a1 + -+ ag, by + -+ by, (1)
[alabl] —_—— [ak,bk] =
[ag — by — -+ — by, by —ag--- — ag]. (2)

H1 2 (1) F2) BT %, P9 A 2K 20 X TR) A H ) X
K EZ AN (b — ar); PR AT X 1] KL 1)
XN EZ TR (b — ). BRI, 5 9 25 53 47
Z‘®Z|L:Z|®j |R5\2j_

) B 0T LAGIE B, % T8 A 0o 4 18 5 AR AL
3, BRI R, B X TR 2K H0 i dos 5 e A7 W il
DX TR A B A B — 2 PR s BRAHIE. O

H o B 1 AT, DX H e (] ks 5 S,
JIT A48 TSR 25 DR 7 (A, U1 &5 SR PR AN o 48
K.

i1 370 WG P TR ] 1 B S LB e A I | PP e
HR RIS — e AN /N 25 X A ity 0 601 DR PR (kv

A6 2 2 BB — 5 AN/ 145 20 i 2 0 DR TR D),
7 D JIT A58 kg o DX TR0 A K, BT 7 DX ) A 50 A8E 1) 2 i
KA i

WEH] B3N KEL A € [a,b],b > a; X,C
cle,fl,f ze WOHA+XIH, A+ X = C,
2 X € [z,y), f1|X| =y—z. WRHAEH 1 AHIL A, X A
C 2 I [ LR 385 A2 A + | X| = |C, B |X] =
|Cl— Al # [C] < |AL W |X| =y~ = [C|-]A] <0,
By < @, X 8 DR ACEL. AR 751, 5 F o
AR SRISIE B, v R R 4 i

HER 2 A8 DR AREC R s S b, AN A
SR BRI DX () ACH, NN RS (B8 22 (AR — 3E AN/

28 3 20 vy L0 DR R A

TEX 4 A7 DX R A HAZ I 25 TR I i
1) 453 BT (W8S 506 R Az 2) ¥ AN
J i B4 5, i BIXTR) K H00In 9808 S8 ) 2 Rk
W 3 HEAT I8 5, Af 1 Jas B A5 ST, IR DX 1] A L
W S5 A IE .

SIER 1 fEX MR EUNARE RIS s 5, 45
ot — M A a8 S ) Gk T 2 R ) 3) MEAT SR AR,



184 # Ll

* E 3 %027 %

TSR A5 1) 25 SR A AR Le 25 S B 1, Ho i 1
R REEA 2w, Horh w o8 20 v LN BRL7 (R AL,
UEB] A2 R ARE A SR s 5
[a,b] + [2,y] = [c,d], 3)
Hra < b(KRa = b0, J&T HECS X RIKE
PINEIEE, AN T A SRS D, 3K [z, y].

EH— 14 DX TR A ESR 1 T 045 [z, y) = [e, d) —
la,b] = [c — b,d — a], ¥ RKFE L RN 3) w50,
(3) AL Hiz g R AN L 1.

b, [, y) BREIEN N [2,y] = [c —a,d — b],
03 B A M R g, DX TR) K N v R s
G5 5L 5 P 7 R A3 SRR AR L, DX TR) B0 A i A
TR T (b — a) BIERES, X [8] A E ) 2r i A4 /N T
(b—a) FIEEE, R I RORE G, HLRR 8 15 B,
2(b—a).

[ HE AT UE, X T [z, y] — [a,b] = [c,d], [a,b] — [,
y] = e, d] (R R I8 B, e JEaz 00 00 2 My ) 3 g
AT KA, FC&5 B 5 RS B AE AR b Al 2 HY IS R 0
B 2w, BP2(b — a). OJ

EHE 2 R RKEOIN Yz FoR D, %
HR— e DX ) A aiis S M EA T SRA, (e 5 s BT A
AR DX ] AR, 4 A i N b w, A5 3 RO E w, BITAT
13BN, Forh w 25 2020 3 2 AN PR 5 IR, R
SN -a

UEHT 5B AT, ds FE R B AT I )
Skl 4 ot a2 Jsis 54 X, JF Hoah e 21 1, BIE ok
J B[R] I i 2 e 4 B PAS S5 A, PRLIG, 45 iE
JR ST R

FH 5 B 2 W, S6F T DX A) A E 1) 0 oK 33 s 5
A SER 4 s SR WA TIZ 5, SR IS A Ji
SR RS IS S5 AT AR 1E, BRI 3RAS FL 5.

3 RETXE KBNS EE RS R E T

YK €0, IR TR SREAR Y
31 REREKREKERERNE

FEX S5 AT — 2 @ M X JR) A H v 5 R
A(®) = (ai(®))mxn, WH: D) K2t € [aF,a3V] =
[max(aiLj),rnahx(a%)]7 i=1,2,-- ,mI, B ot NIERE
5 2) g € (ot a3Y] = [min(af;), min(a))], i =
1,2,-- ,m N, FRas g S B AR el AR ol BEAE A 2 4
) A o BARRRAE R A, B 2(@)* = (2f, 23, -,

B (@) = (z0(1),20(2), -, xo(n)) (z0(7) € [,
x5;]) A R DR AKE ) R GEAT R RE A (B %

A1), WP R fros:
xr1 = (.’131(1),-731(2)7 e ,x1(n)),

Tm = (Im(l),l’m(2), to azm(n))

Hrp
zi(k) € [z5,25), i=0,1,---
EX 6 WRGITNFIX = (2:(1),2:(2),
-, xi(n)), D HFIIHT, H
XD = (z;(1)d, z;(2)d, - - - ,x;(n)d),
Hrbra;(k)d = z;(k) — 2;(1),k = 1,2, ,n. WFKD
HANIE RFRAHT, XD X, 6 B, il h
XiD = X7 = (27(1),29(2), -, 2f(n)), H 2P (j)
Wi 2?(j) + 2i(1) = 2:(4), j = 1,2, ,n.
WX, 5 X; G # 5 WAKRARE, HE&R 1-m X
B BT e, XD = (2)(1), -+, 2)(n) M1 XD =

,mk=1,2,--- ,n.

(20(1), -+, 2%(n)) BN X, 5 X; WAL R, &
n—1
o= (z9(k) — x?(k‘)) + %(m?(n) - x?(n)),
k=2
n—1
B= 3 (@ilk) = 5() + 5 (wiln) — 23(0)),
k=2
JUES)
|d; — dj| = d((z(1) — 27(1)), @), (4)
|D;i — Dj| = d((z:(1) — 2i(1)), B). 5)
EXT WX, 5X;6 #H)MKEMFE, 5

0 1-I6 BR X TR) AR EAT R e 81, MIFR ey = 1/(1 + |ds
— dj|) P BT ARHALE AR A 1) DX TR AR BOC IR L, fRTRR A
DTAIARALSRIBR E, For [dy — djy] I (4) Frosss 5 pgj =
1/(1+ |D; — Dy|) R BETAHIT PERL A (11X ] K HOC K
JE, TRIRR A X AIAHZ SCHREE, Horp | D; — D; | =X (5) i
7N,

EE 3 X KBRS €55 (645 =
/(1 + |d; — dy])) X Ta) 2 50 R 91 () AH 3 % 1B B2
pij (pij = 1/(1 + | Dy — Dj|)) i 2 SHEPY 22 B — R
O HEAARE L SRR R

EE4 WX, HX;6#HWKEMERA, B
h -1 R DX B K BT A F A, My (k) = xj(k)E =
zj(k)Y, 2i(k) = x5(k)" = a; (k)Y I, X IW) K751
DX ) FHARL DG IR B 5 R X TH) AL SC IR FE iy e bl —
FRCSEBUTF B I AL DI B FHAH AT SR

H 58 BE 4 W] 5, — RRSHUT B K 2K AR AL G 16 B
FHAHIE IR (12 DX 0] AR €657 71 F X i) K B DG 16 3
DX TR AH 3 I B R R AR T



2

Rt & R FAT R R E T4 S 3ATIR A R AL A B R AR

185

32 RERHFIXKERREERNSRE
Step 1: X [H] AKEL ISR FE FE A(®) e FeH A
EWEIE R(®) = (rij (®))nxms Hrp ri;(®) =

L .U
[Tij7’rij]'
Xt R
L
as
L 9 . .
ij: U _1727 7”7.]:172a 7m7
maxaij
v (6a)
U ij .
g [ :1727 vn7j:1727 , M.
maxaij
X T AR
: L
mina;:
L 3 ; .
Tij: (LU ,1—1,2, ,nvj:1727 ,
ij
(6b)
: L
mina;-
U i) .
Tij: aALA , 2 1727" 7n7.]:172a s, M.

Step2: X % 7 Fwi(i = 1,2,--- ,n) K& MEE
AT, KRG EMEEz(®),i = 1,2,--- ,n.
wi(j=1,2,--- ,m) NEVE j FERE P RS, i 2
ij =1 HPz(®@) =w; -riyi=1,2,-,n,j =
1,2,--- ,m.

Step 3: F F 5E S5 #fi € X 18] A 1F BEARREAE
JP5 GRART %) 2.

Step 4: I FH DX 5] A Eif iz 5 (1045 Rk B 57, 45
A X6, KEPHIAR A

Step 5: M4 2 (4) A1 (5), K HHFARFE A o 54700
JP 5 @y SN |dy, — dye | 1| Dy, — Dy |.

Step 6: VI I T X [R] A H0H 12 AR Bk IR
X T ARSI FEE e (2%, ) FOAHIE ORI PE p(2*, ;).

Step 7: M4l e (2%, z;) B p(a*, ;) WIMHE, R4 P 3k
THRU ={a1, 22, , xn ) FATHFPFIERAL.

4 R %A

BN o5 5 P (B3 R K I i AT 6 RAEE X
N5 WEERE, 73 U = {21, 22, v3, 74, 75, 26 }
R, W B EEE BRI E R C = {c1, ¢, ¢3,ca)s
Rz b 0k PR 27 5 L AR A7 LB T L ARAT L B B A b
ROMALE BE B ¢ (km), SO co (CRALTHNAAN
}&: 03 T0/m?), 55 BT RO B RO A8 T R B = 1
FRUEFR L e OKP), J5 )2 T # cq (m?). 723X HL, AL
BERES o B RERL I ¢o S AN TSR bR, Py B A itk dE
$cs 555 R cq 228025 BLFR AR, W 5 38 0 254 8
DX B IR A bR 2 1 BT, A g nl e S 6)
3.

Step1 3 (6) %) LR YRR FE A(®)6xa HEAT
FIEAL AL B, 15 2IREAL JERERE R = (r45)6x4-

E‘%ﬂﬂ@%%‘%ﬂ‘%%ét/[\%%%%fﬁﬂiﬁ wy =
0.35,wy = 0.25, w3 = 0.18,ws = 0.22, ) w;.

i=1

x1 BEUNHEMNER

U c1 ) c3 Cq

T [15,18]  [0.6,0.7] [6,8] [60,90]

To [18,21]  [0.6,0.8] [7,8] [90,120]
T3 [3,3] [1,1.2] [7.8] [75,90]

T4 [24,30]  [0.4,0.6] [4,5] [120,150]
s [15,21]  [0.6,0.7] [5,7] [120,135]
Te [18,21] [0.6,0.9] [8,10] [75,105]

Step2 X REHE FEHEATRCE AR 4, 4G JE

{E T3 B IR AL S BE 2R 2 BT,
T2 INBSEL R SRR

U c1 [ c3 Cq

1 [0.06,0.07] [0.143,0.167]  [0.108,0.144]  [0.088,0.132]
zo  [0.050,0.058]  [0.125,0.167]  [0.126,0.144]  [0.132,0.176]
T3 [0.35,0.35] [0.083,0.1] [0.126,0.144] [0.11,0.132]
zg4  [0.035,0.044] [0.167,0.25] [0.072,0.09] [0.176,0.22]
5 [0.05,0.07] [0.143,0.167] [0.09,0.126] [0.176,0.198]
g [0.044,0.05] [0.111,0.167] [0.144,0.18] [0.11,0.154]

Step3  {EIMABUHLEAL v AR BE o, J3 A S B
RUREAE 7571
z* = ([0.35,0.35],[0.167,0.25],
[0.144,0.18], [0.176, 0.22]). (7)
Step4 I F X A) A E0 A 28 S S SR %5 P 1 1)
AR B, WK 3 PR

R3I BHREBLFLEER

U c1 c2 c3 Cq

z; 0 [—0.183,—0.1] [—0.206,—0.17] [—0.174,—0.13]
xfl) 0 [0.083,0.097] [0.048,0.074] [0.028,0.062]
a:g 0 [0.075,0.109] [0.076,0.086] [0.082,0.118]
xg 0 [—0.259,—0.25] [—0.224,—0.206] [—0.24,—0.218]
mg 0 [0.132,0.206] [0.037,0.046] [0.141,0.176]
."cg 0 [0.093,0.097] [0.04,0.056] [0.126,0.128]
a:g 0 [0.067,0.117] [0.1,0.13] [0.066,0.104]

Step5 iz @), W |d(x;) — d(z*)| (i = 1,2,
-+, 6), AITHAN R 45
dlzy — 29| = 0.439, d|zj — x5 = 0.472,
djzy — 23] = 0.09, d|z} — 29| = 0.506,
dlzly — 22| = 0.475, d|zf — x3| = 0.478.
Step 6 V1T DX IR]EE 2511 %0 % 5 2AR 5
(RIARALL G IER i
€1 = 0.695, £, = 0.679, .3 = 0.917,
4a = 0.66, .5 = 0.678, .6 = 0.67.
Step7 ML AR ARNS SCIRE 45 R ATHERS, 15
Ex3 > €41 > €42 > €45 > €x6 > Ex4-

BT ND S = A R S P | B ERe Y SR O B



186

* E 3 %027 %

0.838, pes = 0.717, pus = 0.712, p.e = 0.711. F ¥z
P A AH AT S I FE 45 AT HE P pag > poa > pus >
Px6 > Px2 > Pxl.

AR, To 1R MAHALYE AU A 38 & MAHIE PEAR A
3R EX ATy F AR, K] PO, 5
3RAEEX M Rk Pk i e Lk .

5 4 ®»

A S TR DX T A 50 ek 1 s B 4 P 3 DR
B O R BT, I DX R A E i iz 46 50
120 DX ) A B2 TS 0% 28 IR B A 2 3k Jl L0 B 25 SR 2k
FLIRARAS Jg PR 3o I A R S T, A A A v
T R Ta) ACE N skl is B AR AR AR SR ) L
FEBLEEAE [, 855 K0 R G BRI A D0, $E
T TR DM S 1 DX TR ACBOR B, DG B B v 5y
W, AL T Z 4R bR DX AR EOC IR e SRR T, A TR
T R AR . AT M i e AT DX B KB 2 Fa b o o
o) SR T — iRl | S STk SR i A%

£ % 3Lk (References)

[1] Guo-dong Lia, Daisuke Yamaguchia, Masatake Nagaib.
A grey-based decision-making approach to the supplier
selection problem[J]. Mathematical
Modeling, 2007, 46(3/4): 573-581.
SRR TR, S KLU, SRR, 22 4 b DX ) BRI SR Y
FEIN. B R K25 244k, 2004, 36(3): 403-406.

(Dang Y G, Liu S F Liu B,

and Computer
(2]
et al. Study on
incidence decision making model of multi-attribute interval
number[J]. J of Nanjing University of Aeronautics &
Astronautics, 2004, 36(3): 403-406.)

5K 7L XA H AR b P ) B AR S AL,
GRS HTHIR, 2005, 27(6): 1030-1033.

(Zhang J J. The method of grey related analysis to

(3]

multiple attribute decision making problems with interval
numbers[J]. Systems Engineering and Electronic, 2005,
27(6): 1030-1033.)
[4] Wang Ri Xin. Random process[M]. Xi’an: Xi’an Jiaotong
University Press, 1993.
KT, M MR, ST A SR IR BT RO AR A K AR T
PAFFRHETEN]. HH EBER, 2007, 33(11): 69-73.
(Liu L, Mei G D. A study of coal

(5]

spontaneous
combustion gases prediction indices based on grey
incidence analysis[J]. China Coal, 2007, 33(11): 69- 73.)

(6]

(7]

(8]

(9]

(10]

[11]

[12]

KLLZ, BRAAAL, Bt 0. IR C AL 3o B 48 2 AL AR
/N FBRERER TP IS T [T]. B BT e T ROR 22 27441, 2002,
34(4): 354-358.

(Liu Y A, Chen S C, Yang H M. Grey superior analysis
of multi-radar low-altitude little target tracking systern[J].
J of Nanjing University of Aeronautics & Astronautics,
2002, 34(4): 354-358.)

S I U, TGN, R TR R R o 3 i s R A
(34 ) PR i e D W FELD]. 54 5 55 11 3 249k, 2007, 27(3):
83-85.

(Shi X F, Shen M X. Researches on the ensuring operations
ability of ground to air missile weapon system based
on grey incidence analysis[J]. J of Projectiles, Rockets,
Missiles and Guidance, 2007, 27(3): 83-85.)

BN, BBV, T A (0 R GE B8 1) I SR 1 AR AR
EHPEHITr R MBS UK S U, 2006, (7): 236-237.
(Miao X P, Xia X T. Study on vibration control method
of tapered roller bearings based on grey system theory[J].
Machine Tool & Hydraulics, 2006, (7): 236-237.)

BIREIE, AT, TR BT 2 Fahn AKX ) B R e vk S
RUfK 7= 7 SB[, $E 1) 55 B, 2008, 23(12): 1378-
1382.

(Zhong S S, Wang T C, Ding G. Mechanism scheme design
based on multi-attribute gray interval relevant optimized
decision-making model[J]. Control and Decision, 2008,
23(12): 1378-1382.)

JIAR Y- D) 2R 22 i 1 e SR (1 0 AR TR ARV L], 5 ok
3, 2009, 24(1): 35-38.

(Wan S P. Method of attitude index for interval multi-
attribute decision-making[J]. Control and Decision, 2009,
24(1): 35-38.)

X JE U, 1 )5, Forrest J. & T-AH AL A0 MR A1 1K)
BB ORI BT AL D], R 48 LRE L 55 5Lk, 2010,
30(5): 881-887.

(Liu S F, Xie N M, Forrest J. On new models of grey
incidence analysis based on visual angle of similarity
and nearness[J]. Systems Engineering-Theory & Practice,
2010, 30(5): 881-887.)

S8 U, e T, 7 SRR, AR K R G e SN
JHIM]. Abat: BRo# AL, 2010.

(Liu S F, Dang Y G, Fang Z G, et al. Grey system theory
and its application[M]. Beijing: Science Press, 2010.)



