%281 4 6 /NN EE I N A NI = Vol.28 No.6
20144F 11 A Journal of Hunan University of Technology Nov. 2014

doi:10.3969/j.i1ssn.1673-9833.2014.06.001

e IR AR B S 5ET)
BEBL ZHEMIBEOSR T 1%
SKER@R ", LS

1. WM ok K2 Wa4Be, IR ¥R 412007; 2. MR A GBI E AR B ZEAEET, BIRF BRI 4120063
3 ARG Tl K FEBE, iR R 412007)

O ENAAESHMAE S, mENZEEAREERN GRS ERBRREAITT AT, &
b, BT —HEEESH)AEARE LT (NDNPWA ) AT, FLETHFToMABRA; t—F,
AT NDNPWA H T A EE5 R EmARFERTY (NDNWAA) HF, RET —FEWEAH ESEMNEZ, %
B2 18 B ATRARR), Tk K Z R A AR W AL S R M Bk R ik UG, SRS AT R,
T kB TAT AR A RO

KEBIA: BER; EA5HK; NDNPWA AT

RESES: €934 XEARERD: A MEHS: 1673-9833(2014)06-0001-06

Approach to Stochastic Multi-Criteria Group Decision Making Based on
Normal Distribution Prioritized Aggregation Operator

Zhang Lae"?, Wang Xinfan®
(1. School of Finance & Economicss Hunan University of Technology> Zhuzhou Hunan 412007, China; 2. Department of
Fundamental Courses> Hunan Nonferrous Metals Vocational and Technical College, Zhuzhou Hunan 412006, Chinas

3. School of Science, Hunan University of Technologys Zhuzhou Hunan 412007, China )

Abstract: Investigates stochastic multi-criteria group decision making problems in which the criterion values are
normal random variables and the criteria are in different priority levels. First, defines a new aggregation operator named
normal distribution number prioritized weighted averaging (NDNPWA) operator and provides the relative properties of the
operator. Furthermore, based on the NDNPWA operator and the normal distribution number weighted arithmetic averaging
(NDNWAA) operator, proposes an approach for solving the stochastic multi-criteria group decision making problems in
which the criterion values are normal random variables, the criteria are in different priority levels and the decision makers are
not in different priority levels. Finally, presents an illustrative example to demonstrate the feasibility and effectiveness of the
developed method.

Keywords: group decision making normal distributions NDNPWA operator

WHRBE : 2014-09-27

EEWA: BEARRFEEETIIME(71271218, 71221061 ), HEH A SCERHES T BT H( 12YJA630114, 13YJC630200 ),
W E HAREIEL LB H (2015152047 )

EER . RIEHR (1981-), Lo, WIRRKITA, WIFA G4mO B AR AR, WIm Tl JK2Em A, FE8AF5E 7l
Pt H RS XA, E-mail: 179486581 @qq.com

BEMESE . THL C1966-), B, WIRELIN, I Tol K2FEHEE, L, RENSERHE IR MELE TER,
E-mail: zzwxfydm@126.com



2 (72 N DR A N S S 14

20144

1 HRET=

ZHEMRE (multi-criteria decision making»
MCDM ) Jef8 IR N T 58 A0 H AR 7E % 1 £
AENASRE OO, A BRAS Al 4707 58 rh Pkt de 25
R, BEN T EETHF . McDM A& 4R
R E R E ARG Sy, TE LRI &, B
LR 2O A TIZ N, A2 B AATHY
FERTE . TERENLAE IR T, MCDM R Y
HENEAE A LA B B R, T ES
o)A —FhEE R E AR, RS, TR
V2L Tl & TR ENE R BEYLZ L, Rk
ZBEHL MCDM IR g U (A S AL AE TR
Ao EEMENME A IESHEYLE S MCDM [ (Fx
MIEZSHEAL MCDM [ ) AMUKREAFTE, 1 HHEA
RIS R SCRSEBR B, ORI i
H. HAT, EZFEVLMCDM MEE AL B % —
A 57 1)SMAA stochastic multi-objective acceptability
analysis ) 71EW 5 2) FEPHRUBHEM LD s 3) BT
BEHL S LRI TTIER) 4) BT IXEERYTTIES 5 5) B
TR THINES , WTERSEF FINESAH T
AR IBSEN , 5 T IES B AU
AFEI( normal distribution number weighted arithmetic
averaging. NDNWAA ) 55, FEAH T —FhiENAL
A EATERME, TNy ESH L & 5)
SHEMLZ N R FTTVE . IR IESEENL McDM J7ik
FARR R, BEAE I T & N AL T A — e 2k
HHEIE .

TESEPRAY R R b, A T 55 TR A U 22
RPN F T . i, SRS | 1w,
Ao B A NI AR A, BRI AS
YEN A o GO O e A o An SRS LI 5 JELAEL
TERGF, T2 BV R IERI B2 R 51 58 AN BE 5 |
k. R.R. Yager™ M A IZ SRS A TIRIT, FFHISC
TRA 2R [P WS A A7 4 ] RN 20 278 B ) 468 ok
ULHIX RIS, IR T AR AS A e SR A B pofli o
V-4 (prioritized averaging. PA ) - FORILSEA i
BEF3( prioritized ordered weighted averaging, POWA )
BT,

i FSR IRl R, N 2 A HAT R e U Y AE
SHEHLMCDM [ Z BT, 1A #Y ESEEAL
MCDM J7 i35 DOk X S IR, DI, AR SRR
BT XEME, PENDNWAA BT pA 51 A9
fith b, $ i — MRS B A3 (normal

distribution number prioritized weighted averaging,

NDNPWA ) 87, WFFEHAMER, dEimdE Tiss 7
Hh—FhAE D S IEASRE LA 5, HOE I 2 A 2 AR
TN ZHENREE (multi-criteria group decision
making» MCGDM ) J7i%, FEE TSt

2 TR

2.1 EXRDHHEREEAXESR

IEAS e — R i T I AR R g, B
o bR SO 2 P 3 2 A R R A AT
I 7(;,42)2

f(x)= Forn e

Hrp, SEuh AR >0 WbREZE > W25, —
e, X~N(u, o?)FRRBERL S I x IR B
W, TN WIESI A

EX B WHENME  HFEHLAE R, HARMIEZS
I3 N, 6%, el BECEIE, 62 Sy 5 22,
MIFR i, oy HBEPLE R IER S, 1ICHES =
{wolo 2 ONBRIEB P AEHIES .

EX 2 BB =(u, o} FIB =1, o} WIEER 2
MES AR, WA

1 >B1@Bz :{:u1 +ﬂ2’\/o-12 +0'22} 5

204 B, ={Am. A0} A=00

il

1 >ﬁ1@Bz :qu')ﬁ] 5

2>(B1@B2)®[33 =B1®(B2®B3)§

3)1([}]@;?2):/1&1@/1[}2,/12 03

4>2’1B1®}*2 Bl :(/lle)iz)ﬁwl’ll, 12200

TE5E X2 BIFERM |, STER[5)7E LT —FHERESIEZS
SAE NDNWAA HF, B

X3 BB =1, 6}(=1,2, ) N—4IEES
%, HIENDNWAA:0"> @, #r

NDNWAAW (BI’B2’“"BV[)=

WlBl('BWsz@“'@Wan’ (1)
Horfow = (w,wy, e, ) W B, (= 1,2,m) B HIAL T

, —00< X <400,

o e[00](/=1,20m) - HYw =1 W
NDNWAA NIES R EINACEAR YY) (NDNWAA )

%333%%M&,%W={Llyy% A R B

n n n
NDNWAA & B WIESDAmBEREY
(NDNAA ) BT



% 6341 SAf R, 2 JETIES

AL SE SR AT BB L2 U RS vk 3

NDNAA, ([31,[32,--.,[3”) =1(B1@B2@...®B”]O (2)
{1, o}(=1,2," m%~ﬁ£§ﬁ
) B, (J=1,2, ) (RO HIAL

EED W=
%ﬁﬁ,vv:(w],wz,--',

o e[0,1](j=1,2, HZW =1, M (1)
SRLETR B IR 4 45 %%%ﬁﬁ Sorfid, H
NDNWAAW(ﬁI,ﬁZ,m,ﬁJ:

{i%%#i%#} (3)

HRAR MG T B 2 7 2 2 X R
SCHRSTIRSE ST — B TEAS AN A T HOARRG Iy i

REX 45 BB =(u, o Y ,={u, o} WEER 2
ME AL,

1) #Ap>u,, W >,

2) #ip<p,, WP <B,.

3) =, WA Yo =¢, 1.8 =,; Yo>0,
LB <B,: Mo <o, .5 >B,0
22 fREFEY (PA) EF

EX 59 % c=(C, C,, *, C} NRFMENILE
G, ENZMAEERESA: C - C, == C,, BN
R j<t, WM ¢ WfLegon s c RPLedn. i
C,(x) WHATTE x /N ¢ FRYHEWE, W2
C,(x)e[0,1] PUE
PA(C,(x),C, (x),+:C, (%)) = 24,6, (x),  (4)

C,(x))=
TTC (x)=2,3, ", n)> T=1, W

T, -l
/E\:q:'l/ Zn—], T, /
sr U

BpA WILATH (pa) BT

3 ESRSHHMAEELEET

WYEE L 2, EX 3 MEX 5, AL H—FhiE
M A GONEIE T, 845 1IE 5L Jem
BOF) (NDNPWA ) BT

X6 BP={1,01(=1,2, ", n)H—4IEE i
¥, HXNDNWAA:0"> @, %

NDNPWA(B],BZ,...’B”)z

- T, T
/11 ﬁl® ;12 ﬁZGB@ ,,n Bn’(S)
DR A ¥/

B NDNP W A HIE 24 4 A B 58 1 AT 1

j-1
(NDNPWA T, HPT, =] [ m=2, 3, ", n)» T=1,
k=1

REASIME, ECE.
EHE) W=, 0)(=1,2, ", n)H—4IEEMi
BT, =ﬁuk(/:2, 3,0, ), T=1, p IS AT 1Y
B, M (5) G858 R4S R0 b T 5
%, H
NDNPWA(BI,BZ,W,BJ:

2l

L
J=1
7
Jj=1

J=1

IERA AR, HX (5) ELEBRAMEERIINIE
BoAig. TSR EIER R (6 ).
1) Hp=20, BT

T = T T
21 Blz 21 > 21
>ro |3 s

J= J

Pﬂ

2

2 BZ = 2 :u27 2 0'2
2T |2 2T
J=1 /=1 J=1
)
O T - T =
NDNPWA(ﬂ B, j 1 B®—2f,=
2T 2T
j=1 j=1
T T T, T,
2 l’lla 2 ! O-1 @ 2 2 luza 2 2 62 =
21 2T 20 2T
j=1 J=1 j=1 J=1
2 2
T T T,
21 ,Lt1+22 Hys 21 G|+ 22 0, =
2T 2T, 27, 27,
J=1 J=1 J=1 J=1
2 2
T T, T T,
5 1 7 + - 2 s - 1 O']2+ - 2 0'22 _
2T, 2T 27 27,
J=1 7=1 j=1 j=1

2) ﬁ%ﬁé’ln:klﬁﬁ (6) Wz, BRI



4 MM Tk Kk % ¥ R 20144
NDNPWA(B BB, (=1, 2, ", n) W 2 AIEES AT, = HﬂkT Huk
(j=23,-n), T=T>= 1ukxzftﬁ/\%ﬁ§5w E’J%ﬁl%ﬁﬁ
i T, %,u’;%ﬁﬁ/\%ﬁéﬁﬁ RIECAIE . 5B, <pB’. B4
VV‘ uj’
AT j NDNPWA(ﬂl,ﬂ2,~~-,/3”j$

=1

W25 p=f+1 I, HE X

IGIEEE

NDNPWA[BUB2?'“?Bk’Bkﬂj =

T, B k+1
k+l k k+1

2.7
j=1

Tk+] Tk+] —
ktl k+12 il k+1
2n 2T
J=1 J=1
S Ten
Z o Mt M
>
7, 7,
j=1 J=1
2 2
k T,
J 2 k+1 —
z k1 6/ + k+1 6k+1
3 T
. J J

By p=g+1 BF, 3 (o) AL

L 1) M) g,

(6) BT, ERE o IFEE
NDNPWA BT HAT UL ek

EIE 3 (FSEM)

—HIEE LT, = Huk(; 2,3,"
IEZSI %L, E’Jiﬂzqﬁﬂ;ﬁéo WA (=1, 2, -

HRAHAE, BRI =B, M4

ﬁk+1

Xj‘n ENﬁnBZH‘T, l—ﬁt

BB =1, 5 )(=1,2, ", mN
wn), T= l,uk

, 1)

(7)

NDNPWA([}],BP...’[;J=30

I 4 CHRIENE)

p s o) B *J:{ i

*®
o}

NDNPWA(Bf,BZ,---,BZ]o (8)
s (HHE) BB={u,o)(=1,2, ", m)HN—
HIEBIIARLT, =ﬁuk(/:z, 3,0, n)s Ti=1,p SRS
S, ORI
| /
B$NDNPWA(BI,BZ,---,BJSB+O (9)
o WP={u,0)(=1,2, ", ) N —HEE i
T =TT, 3. . m). Tt SEEAAMTEB, 10
ﬁ;ﬂ;@il mfa ={p,.0, HE—NIESS R, A4

NDNPWA(B]@d,ﬁz@d,---,Bﬂ@d)=
NDNPWA(BI,Bz,m,BJ@&o (10)

4 EHFNDNPWA EFH MCGDM Fix

TERAMCGDM [T, A ={4, 4, 4, Pk
KR E={e.0, e, HUSR LRI, HmALi
BN i=(2,0,02,) » WL, =0,24=1; C=
{CLCy, C ) UENIAR | 25 i U 22 8] HLAS 1 58 2001
C = Cy>-oo-C,o BHHR jg, WHEN ¢ MDA
T o, WS, LR e k=1, 2, -, p)y R TR
TR AG=1,2, -, myPEHEN € (=1, 2, -+, n) FRYPPATIE
ﬁX(k) XLy, (k)~N( L (6). (0, ( ))2)%7E7§Fﬁm&‘“

. ATHIES A B, (k) = {py (k)0 (k) 2o, Horfy

,,z(k)ﬂla (O¥EH, NMFFRIERE LK e (k=1, 2, -
p) 4 HL ) s B L e 5

D)= (¥ (s, (). (o, () )] (k=1.2p),
TR E X T R

Wi ERkEFEE, UFAHE T
NDNPWA AT H MCGDM J1i:, HARLIRATT

$B1 A NDNWAA BT



% 6341 SAfE, 2 JETIES

oA SE SR A T BB L2 E I DS vk 5

Bi]’ :NDNWAA,; (Bi/ (]), Bij (2)9 Tt
TEFTA T B0) 1h BEAIL D 5 AR R

D(k)= (N('ui/’ (k).(o, (k))Z))W (k=12 p)
B2 g A PEAN (4

B - (Bl/ jmxl‘l’
KB =110, /H\qu‘i/:;’lk”y(k) 9=

32 (o, (1)) (=12

o FATHME (12) ~ C14) FRHATER

B, =1, 0,3 (i=1,2,-, )Hetb LA,

HIRHARIEN AR, ={1,.5, }(i =12, m; j=1,2,--n),
PR30 LG Ab B A DT 10
(7).

A EN R g R, )

— Hy

B,,(p)j (11)

m; j=1,2,~--,n)O

m j:1,2,"',7l

By = ; (12)
mlax(u”)
A N AT,
Hy = mm(u ) (13)

Eiﬂ?ﬁ%ﬁz’%*ﬁﬁ?é&%ﬂﬁéﬁﬁ (1, HOCE

VU2 4 R R AT, R A
(o

Gy =———° (14)
s ()

i

SB|3  HURRIEB =

/ﬁ\

Bj R TGt

(15) HEREMESALE 7,(i = 1,2, ym 5 j=1,2,-,11) :
Y,=1.T, :ﬁﬁ”’jZZ, "t no (15)
TBa FH NDNI;:\]VA HT
E,‘:NDNPWA(EI'HEJZ"“’Emj:
n - (16)

N&%ﬁ@ﬁ{ﬁJ W AT REAIT A (T

L, BETE 4 (=1, 2, -, m)ERERHATEME,
(i=1,2, ", m o
TB|s  MIE LA B TR A=1, 2, -+, m)HIEE

ERHATNER (=1, 2, -, m) HEATHEEE, BEIXIE

FE A (=1, 2, -, myBAFHERE, SEREFERAL K

5 KBS

BE PR BT 20 ) TR e — SE I H AT TR
BA s METTR 4,=1, 2, -+, 5)IHLERE, R
ﬁ(w@ﬂ)ﬁ:&%ﬁq(ﬁmxﬂuaiﬁg
(Jio0), WEEFE c, (T30 )9, BN ZEAFER
FGANC, - C, - Cpo B 3 MR LR (BERL K e,
NEFR, RELK o, W ARIZH, RFELH

o WG, @MMﬂiﬁiﬁr{%%zj)ﬁk

3 SR BRI AT VR VP B0 6 B AL o 5
D(k)= (;% oy (0) )] (1.2, 13,34
i e a

i’é 1 FEBEHLRRERE D)

Table 1 Initial random decision matrix D(1)
. i ]
C C, C,
A, N(268, 81) N(164, 64) N(98, 31)
A, N(295, 126) N(175, 92) N(112, 38)
A, N(256, 99) N(168, 78) N(104, 38)
4, N(347, 99) N(245, 102) N(125, 66)
A, N(234, 108) N(216, 108) N(121, 68)
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Table 2 Initial nitial random decision matrix D(2)

P i [
o G, C,
4, N(267, 79) N(164, 62) N(98, 31)
4, N(283, 101) N(179, 93) N(112, 38)
A, N(256, 94) N(169, 76) N(104, 38)
A, N(342, 98) N(246, 103) N(125, 66)
A N(235, 110) N(217, 109) N(121, 68)
R®3 EMEHRRERDG)
Table 3 Initial random decision matrix D(3)
P i [
G G, C,
4, N(266, 78) N(167, 62) N(99, 23)
4, N(293, 108) N(178, 92) N(113, 36)
A, N(254, 93) N(171, 77) N(105, 37)
A, N(345, 93) N(243, 102) N(127, 69)
A N(238, 105) N(216, 108) N(121, 68)
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Table 4 Group evaluation value matrix B
g ]
G G G
A, (267.142 9,8.147 9) (164.857 1,4.677 3) (98.571 4,3.191 2)
A, (291.000 0,6.340 7) (177.000 0,5.656 9)(112.285 7,3.585 7)
A, (255.428 6,5.783 5) (169.142 9,5.178 4)(104.571 4,3.608 4)
A, (345.000 0,5.860 6) (244.714 3,5.955 6)(125.857 1,4.827 6)
A, (235.428 6,6.114 6) (216.285 7,6.127 9)(120.714 3,4.865 5)
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B=(p,) Ml RIISENE=(5,) . 0
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Table 5 Normalized group evaluation value matrix B
i I
C c, c,
A, (0.8813,0.0236) (1.0000, 0.019 1) (0.783 2, 0.025 4)
A4, (0.8090,0.0184) (0.9314,0.023 1) (0.892 2, 0.028 5)
A, (0.9217,0.016 8) (0.974 7, 0.021 2) (0.8309, 0.028 7)
A
A

., (0.6824,0.0170) (0.673 7, 0.024 3) (1.000 0, 0.038 4)
, (1.0000,0.0177) (0.7622, 0.025 0) (0.959 1, 0.038 7)
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