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Abstract: With respect to the problem of multiple attribute decision making, in which attribute weights are unknown
and attribute values are given in terms of normal triangular fuzzy stochastic variables, an approach for normal triangular
fuzzy stochastic multi-attribute decision making is proposed based on the prospect mean-variance rule. Firstly, a normal
triangular fuzzy stochastic decision matrix is constructed. A mean-variance decision matrix is then obtained by calculating
the expectation and variance of the normal triangular fuzzy stochastic decision matrix. Secondly, a prospect effect is defined,
and a prospect mean-variance matrix is built by setting an attribute reference point of each alternative. Moreover, an improved
grey system theory model is built to determine the attribute weights. The prospect mean-value matrix is transformed into
a comprehensive prospect mean-variance matrix. Finally, according to the prospect order relation defined, a ranking of
alternatives is obtained. A practical example is given to show the feasibility and effectiveness of the proposed approach.
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i, HE(r) ~ N(W(AEgy)), W(AVarg,))), ¢(s) ~
N(W(AE¢(s)), W(AVarcs))), -3 ¥4 41 b6 oy 5l
A Fe(r [t] B G (o) [t], W PM-VR 55 3CHR [24] HH RT3
B AL o P8 7 0 25 Ay, BRI Fe [t]PM — VRGe (o) [t] <

Fe () [tIPSDRG () [t].

B BAR 3R e

1) #7 1 W(AVarg,y) = W(AVare,)) = o2,
W (AE¢(ry) > W(AE¢(s)), WHKYE PM-VR, 17 £(r) >

PM—VRC(S) E}Zj Jlt, Xﬁ?{lﬁ t, il}jﬁ
t = W(AE)) _ t = W(AEy)

g g
RIEHRAE LS ATHIER, A
o |: t— W(AEg(T)) :| < ® |: t— W(AEC(S))

|\
}:

&l

Fent] =
o { t— W(AEg(,)) ] <& [ t—W(AE)
g g
G&(s) [t]a
Tf
t t
|* Femluldn < |~ Gegoluldn,
R4 H PSDR tBA7€(r) - psprE(8) L.

2) #W(AEg()) = W(AE¢s) = u, 0gr)”
W(AVarg(,)) < W(AVarg(,) = o¢(s)? WHHEPM-
VR, H £(r)=py_vrC(s) L. HEHE 1E 2 7 A oR 5
PEIE, 0 alitie t < uflt > u PR L.

O£t <u WAH
t—u

Te(r)
B Fen [t] < Geqolt], T21T

@ #t > u, AT
ﬁm (Geo)lr] = Feelp))dp =
ﬂoo (G ] = Fegry [u])dp + L (Geo[u]—

Fey[ph)dp >

t—u

b

T(s)

Lx=2u—t N
+o00
7 (Gego 1] = Fegnlul)dn
“+oo
- L (Ge(y[2u — ] — Fegm[2u — a))dz =

fm (Geol2u — 2] — Feoy[2u — 2])da.
HNR

Geo)[2u — p] + Geolu] =
o(L—) o L) =1
0¢(s) O0¢(s)

F{(T) [2u — p] + F§(7') (1]
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o(P=U) ¢ p(“TH) 2y,
(UE(T) ) * (0'5(,,) )
SEFHATI ¢ > u, B
t
| (Gl = Fen[ul)dp >

" (Gegoyl20 = ] = Fegry 20— pl)ap =

[ Fego i) + Fegn 20— ) =0,
R
t t
|* Femluldn < |~ Geoluldn,
T €(r)-psprC(s) AL,

3) % W(AEg(y) > W(AEc(y), W(AVarg () >
W (AVare(y) , W ELHE I 2 2B 4 R, i 2
et PM-VR i& & PSDR, 345 £(r) = ((s) ior. U
3 BT HrSIME-J7 ZHE NI 2 8 e P SR AR

itk e
3.1 [

% &> FSMADM ), i A = {A4;, Ag,- -,
A} AT RIS b A N AR IETT 5
C ={C1,Co,--- ,C,} WEVEWEES, C; A A&
P, & B Z M AAFE K G R w = (wi,wa, -,
wn)T %)T;E‘THXE[EJ%, wj A JEE C; B, T &2 w;
>0H) wi=1,5=12 n BIEEFES

=1

AR B () — (Ko () — vggs X3 (1),
Xij(rij) + Biz)s Xij(rij) ~ N(pij, 0452) HA&IETTE A,
€EA(=12,---,m) FEMC; eC(j=12-,n)
PIVET 25 3L, 19 BIPRSR A BE X = (€5 (7)) mxn. B3R
& 7 S HET AL

R R ), AR SC 4 — P2 T PM-VR (1)
IEA B BE ML 2 J8 PPk 7 v, ORI A
AU 1, SRIUE A = AR BEHLVEAS 15 B A
R ZE G VHRFESE S, SREU M-V SRS B, 2Lk, X

S8 SCTHT S5 HHER RN 7 22380, R I 35t M-V B SR
IS, MR A ST e SR 56 28 T 5507 20 &R, 7R R e
HEIK 8 3 90 BV AR SR gt S ek AN P SRt b, T
St M-V R S BRI Ak Ol 255 T 55 M-V RS AR B, 3R
B e HE T
R IRIHE T PM-VR R4 22 J8 1k P SR AR,
32 ETPM-VR HItEBIHE
TESER 1) 22 J@ Mk S, feAN o B A 2% )30 85

T, PSR HME DL B AR ) VAL L, A AT g 2K
JIBe AN RE o 23 ATS (PSR Bt AL AR . 2% 1 R SR 27 1) S o ok
FHIREE, VP I 2 v A 52 2 K A0 0 s AT 1)
BEAL DS 25 520 1) e 54T 20, i IR VEA T o0 B
B =SB EOE X B BALAR 5. bk, A SR TR
TE 223 A0 0 = AR ASORY] B A% S e AIE R 3R 3 B s L
PEASAE.

IS AR TR AL R AP IR.

Step 1 F&t 1E2 = MABOHIBEAL e 56 - K

X = [gij(rij)]mxm
i=1,2,m, j=12"n. (16)

Hompe &ij(riy) = [Xij(rig) — eugs Xij(rig), Xij(rig) +
Bij) H X5 (rij) ~ N(pij, 05°).

Step2 k#iiE X7, & X8 IH-45 451 2 m] 43 345
B &ij(rig) BIEL B[S (ri)] AT %2 Var(§;(ri)], i
AR 7 M-V R SRR, B

EV = [(E[§i;(ri;)], Var([$i;(ri;)]);jlmxn,
i=1,2,--,m, j=1,2,--- ,n. (17)

Step 3 I YLK H X YK T LA & C =
{C1,Ca, -+ ,Cy, -+, Cp } AT VR I, A8 2L 23R HK
PIAE B A I AR B & KA, 0 & 8 A7

(Bl (r))], Var[g;(r)));, 7 =1,2,--- ,n. (I8)

Step4 & 127 rd (AN [ ke T R 55 7 11 I X
Iz s o PRI 18 78 JEE AR A A AT 2 B4 2 (1) 301, Ak 4
S8 SC 1T A I T T 5 U B A8 R B 5 T ZE U L RR
B IR, TR e V22 R0 M-V SRR B AL
TR M-V RS, [

PEV = [(v(AEg,; (1)), v(AVarg, ) lmxn,
i=1,2,---,m, j=1,2,--- ,n. (19)
o &5 (rag ) BT S EEANE R BN
(AE¢,;(ri;))"s ABg; () = 05

kg ) = { SR e 20

(20
1M &5 (rij) BRI SETT ZE U fH Rk
v(AVarg, () =
(Avar&j(mj))a’ AVarg,; (r,;) 2 0; 1)
_O'(_Avarfij(rz‘j))ﬁ’ Avarﬁij(rij) <0.

B, 8o, o A1 B R SR ) LTI A S B A
BT E .
Step 5 i€ J& PERUEAT 22 Py 2, ASCZ0 8
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1246 = 1 5 * % 09 %
AT 2 E ks oy . %8 s a5 At néva%u<ww _
4 N )
VR SCPRIR T VA R L BH AR, A SR FH SRk , AVarg, () ———AVar
: mn%PEVH 04 PRV, |4
[19] BT 42 tH K (8 R B BEAS SR AR B MERL E 7w = S N
(mww~wp~ wn) ™. TR M-V S L
LA, BRI R ORI s [PV e ﬁwmm<mw
%wgﬁﬁr_m& LM AHT, SR KT - v -
. max |PEV; Mt PRy, et
AEg, (v, PIIABRHTS M-V PS5 [ P ‘
PEVAEe;trij) — W (AEg,, (ri))mxns 1=1,2,--- m, j=1,2,--- ,n. 27

i=1,2,m, j=1,2,--.n (22)
EN KT AVare, (., EJ BRAT £ M-V 3556 P A
PEVAVare, ) — W(AVare, (r.))lmsxons

i:1,2’-..7m7j:172)...7n_ (23)
a7 A
7AE51, (rii) 1 n
mWiJJ:ﬁZWM%W»
j=1
i=1,2,--,m,
———AVar i3 (rig) 1 n
PEVl s = ﬁ ZV(Ava’rﬁij(Tij))y
J=1
i=1,2,-,m,
WIJERE C KT AR, (v, MILPRAUE Yy
1
1 [e=, AE. (.. 9°
== [Z (135 ) }
wAE§ i) m L
J N n m 1o
1 ABg, ()"
O Bl) BN
j=1 =1
i=1,2,---,m. (24)
LA BRI (A IR
AEiij(Tij) _
ij =
AB¢, (r;) =—=—AE¢ (..
min 1:)1_3\/74‘7 £ij(rijg) _ PEVZ €ij(rijg) +
%
AE¢, (r;) ==AF¢ (v,
‘PEV” €ij(rig) _ PEVZ €ij(rig) +
AEg, i (ri; —AE¢. (..
pmaX )PEV,L] €ij(riz) _ PEV,L €ij(riz)
i 25)

AEc, (v, —__AE¢, (v |
€ij(riz) €ij(riz)
pmax ij - PEV,

ﬁﬁﬂ?ﬁ‘, E'Iﬁ Cj %ﬂ: AVargij(mj) E‘Jiﬂﬁfﬂ‘lﬁ

H
"L AV .
ar r;
1— 7[2 €5 ) }
évarfij(”"ij) _ i=1
’ 1 o= (v, AV 0
g, (r J>
n*giﬂiﬁ )]
j=1 i=1
i=1,2,---,m. (26)

A Ul SR P B

— B, B RS = 0.5, IR B R4g =
2. ftk, R IACE rI 1 R P C; BLE

AEEij(Ti]) AVarg i (r; ])
wj = aw,

+ bw
a,bel0,1], 7=1,2,--- ,n,
Hrpa=0b=0.5.
Step 6 F| ] Step 5 JIr i 5& 1 J& PEAL T 1n) it w =
IRIFLEA TR 52 M-V SR B

(28)

(w17w27"' 7wn)

DPEV =

Ki Wj(AEg,; (), i W; (Avarflj(ﬁj))>7 s
j=1 j=1

<Z W;(AEe,, () ) Wi(AVarg,,, (rmj))ﬂ y
j=1 j=1

j=12,-,n. (29)

o <ZWJ(AE§U(T Z AVar§ j(rij) )>j'j
j=1

X Am%meﬁ1_12-7nmﬁ%

SCI2F5E SCI3 BIATAfE A = {Ay, Ao, -+, A} TE

e AN I 5 S 00T 557 00 R, HETM sk T 47, ik
SIS
4 ZFH5Hr

2 I s [ Al 3 A LS T ST A )
BARR A AT A = {Ar, Ao, As, Ay}, VAL S
P4 50 R B EE AT 1 (O~ LS (Ca) - T RI5E
JEH (Cs) B HANHTHE (Cy). YR8 T 115 B Jxk
R IE 25 = AR AR B AL AR 3R AE VR A T B, BAT
— AR AR VEAR BT 10,10, A o e AR
7.

R FH A SC T4 S 10 D it b0 1) s, ELAA D B8
wrr.

Step 1 K& T P ok 145 = MBI A H VP4 7 2K,
SR YA PR I A 2 TR T AT 5
PSS EREAR, JE 1M nl R F AR A HE T 125 SR S
B, %o 3 = A ABOR A B R A4 3 1 25 = A AR B AL
VA Tl
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§11(r11) &12(ri2) &13(r13) €14(r14) (—0.017,-0.0074) (—0.320,0.036 6)
X = €a1(r21) &22(r22) &23(r23) €24(r24) PEV — (0.139,-0.0094)  (—0.004,0.0147)
§31(r31) E32(r32) &33(733) €34(734) (0.210,-0.0021) (—0.017,—-0.0277)
a1(ra1) Eaa(raz) az(raz) Eaa(raa) (0.038,—-0.0091)  (0.078,—0.039 1)

1
Fordr: &(riy) = [Xij(rig) — ouj, Xij(rig), Xij(rig) +
Bij]’ 1= 1?233747 .] = 1a2a3749 X”(T”)E&}J\J‘_Eﬁﬁ
A0 N (i, 0i5%)s pigs 03> BRI a5, Bi; BUE 2 L
*1.

F1 RREETEE (r;) BHEBE

. ikt RS e (I
PEARAE 2

Mg Tij Qij Bij
€11(r11) 0.65 0.01 0.21 0.15
£12(r12) 0.54 0.04 0.17 0.09
€13(r13) 0.74 0.03 0.12 0.23
€14(714) 0.85 0.01 0.16 0.12
€21(721) 0.82 0.02 0.07 0.11
E22(T22) 0.72 0.01 0.15 0.15
£23(T23) 0.69 0.02 0.26 0.22
€24(T24) 0.77 0.04 0.09 0.11
£31(731) 0.87 0.03 0.14 0.05
£32(r32) 0.67 0.02 0.13 0.13
€33(r33) 0.75 0.03 0.08 0.16
€34(r34) 0.59 0.04 0.06 0.15
€41(7Ta1) 0.79 0.02 0.12 0.08
€42(T42) 0.83 0.01 0.14 0.07
£43(T43) 0.74 0.03 0.11 0.09
€44(ra4) 0.69 0.03 0.16 0.14

Step2 e X 7. 5 X 8 Mol 2 v] 43 v A5 H
&ij(rij), WIHL B[ (riz)] T % Var[€;(rij)] (0 = 1,2,
3, 7 =1,2,3), NMAELATF M-V P kR B
0.635,0.0191) (0.520,0.0454
0.830,0.0226> <0.720,0.0165
0.848,0.0330) (0.670,0.0251

) |

(
pv—|
(
(0.780,0.0231) (0.813,0.0134

= - =

0.768,0.0395) (0.840,0.0157
0.680,0.036 3) (0.775,0.0432
0.770,0.0346) (0.613,0.0437

(0.735,0.0332) (0.685,0.036 9

Step3 % S Y F i 5545 L, 23 il EE o JE vt
RITE R (Cr)~ AT J7 (C2) B AL (Cs) K
EHAVHE (Cy) BB JE IS 7 5, TN R 1) 45 55y
24 (0.640, 0.0211), (0.721, 0.0252), (0.675, 0.0335),
(0.755, 0.025 6).

Step4 LAZ2% 3CHR [23) T HIAHR T R 2480 =
2.25, a = 0.89 Fl B = 0.92 JyFEAli, #HcHiE 2 S 11, FIH
JE 5% Tl R Matlab 32 545 21 1 S48 R 5T, K
M-V SR SR BEFE AL A U0 /T 5t M-V S SRR

( )
%< )

( )
)

(0.160,0.0286)  (0.239, —0.018 4)

. (0119,0.0182) (0.074,0.0280)
(0.123,0.0023)  (—0.177,0.0169)
(—0.062,0.0130) (—0.195,0.0185)

Step 5 I F A SO HA (F3&E 1 e e S B
3T 1 Sk I €8 R G BB AR AL, T KT ABe,, (1)
(321 R RISt M-V e SR

PEVAPei i) =

—-0.017 —0.320 0.160 0.239

0.139 —-0.004 —-0.119 0.074
0.210 -0.017 0.123 -0.177
0.038 0.078 —0.062 —0.195

Wi T AVar, (v, IIZLBRATE: M-V PSR
PEVAVargij (Tij ) —

—0.0074 0.0366 0.0286 —0.0184

—0.0094 0.0147 0.0182 0.0280
—0.0021 —0.0277 0.0023 0.0169
—0.0091 —0.0391 0.0130 0.0185

AL 24) ~ 27), HIH5

AE¢. (.
o9 = (02571, 0.2474, 0.2437, 0.2518),

AVare. (..
; M) — (0.2233, 0.2557, 0.2617, 0.2593).

B, WA 20 (28), W1
w; = (0.2402, 0.2516, 0.2527, 0.2556).

Step 6 FIH Step 5 Friff i 1) & PEALE 7] i w; =
(0.2402, 0.2515, 0.2527, 0.2556), I $RAFLE 4 (1T 5
M-V SR

DPEV =

[(0.0937,—0.0070) (—0.0622, —0.004 5) —

— (0.0237,0.0154) (—0.0186,0.0436)]T.

M 12 B 13, BT HfsE A = {A;, As,
As, Ag} JTEEN AN T EHH T R R, IR H A
FFh

Al = Az = Ay = As.

H1E, 2 Ay A AEERT).

ST HL IO UE T AR SC 5 5 SOk [24] 75 BOBE AL
At i N IEZS A5 B T 16— S0Pk, B2 T ar s bl
o DCHE DI PR BE AL 22 88 Pk e SR v I AR S 22 4. FR
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TRAE AR B R A7 AR 25 e, SR [24] 1 e R A
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B LR b, SR 4519 20 256 0T S g A5 8., T 5 AR 90 A
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B S ME BRI R T, S EUMIE A AR =R T —
SE IR

5 4 ®»
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Bl ICiE A e A EE B PR . A S v SRR A
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