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A method for multiple attribute group decision making with complete
unknown weight information based on 2-dimension 2-tuple linguistic
information
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(1. Decision Sciences Institute, Fuzhou University, Fuzhou 350116, China; 2. Key Laboratory of Spatial Data Mining
& Information Sharing of Ministry of Education, Fuzhou University, Fuzhou 350116, China)

Abstract: Aiming at the situation that the weights of decision makers and criteria are both unknown in group decision
making progress, we propose a liner method of multi-attribute decision making based on 2-dimension 2-tuple linguistic
representation model. Considering the relative importance of the first dimensional information and the second dimensional
information of 2-dimension 2-tuple linguistic information, the score function and distance measures, which can reflect the
impact of the change of the proportion of the relative importance on the score function for comparing two 2-dimension
2-tuple linguistic information and distance measures between them, are proposed. Then, decision makers’ weight and
criteria weight are solved simultaneously by constructing a model that the objective function is set up based on the score
function and distance measures, and constraint conditions are established based on the entropy value of decision makers.
Furthermore, the corresponding weights information which makes each alternative optimal is obtained by solving different
models, then the optimal alternative and rank alternatives are chosen according to the value of the objective function.
Finally, the case analysis and comparison verify the effectiveness and scientificalness of the proposed method.
Keywords: multiple attributes; group decision making; score function; distance formula; weights; 2-dimension 2-tuple
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M RER{A Ip=1,-- m Hp#ty, - 6}
HE Step 2 114 J5 BT B AROASE B P R AT SR A, B A A
Hh & 2 — M BT AR 5 L

Step 3: MKHEAE AL R Mg 4 R, t 20 (18) 15 2% 77
AR PR R A VN B N max A, 5 MR I8
T BRI GE A VP TSR, v 8 —H T R
HEFP, max A, [E 6 B0 77 8 et 7 58 45 IR 25 18
T7 R R R A VPN E AL X — EUE, BUARYE O,
X7 AT RRAR, AT 1R B 7 R HE T, K O, 18
WINPTV SIS L Wi 3

Step 4: HRH R 5 1) 75 ZLIE £ 5038 HIARHERT 77 &
BT HET SR, AW B RS REUE O, R/ 7
SERAT AR, VAR DUR U 7 R 30T HE 7

1) BEARUR AR A R R — 2 T M &,

2) KA A 77 S A% B O, K /INEATHE

3) i — AN R — e KT e —UCRg+A
AP

ST B R B A ST IR SR TV, 4 R IR R
A7 SEHE 43 A L ATE 2 B,

X RN X,
¥
BT
|
‘_
v
AR | [
0,.¢" wh| |
v
[ EEotm- MR BRSO H 2R ]
SR
[ maxa, W HEFF| [ O, ot r?| L PO

1 RERIE

@ - P

HIRO, MRS | BIRRO, A RIN T %

A 4
o= => > QUMD >

2 HFEREF

B2 e AR T R4 {r (1), 7(2), - } 2 {1,
2, J— RS, 43 max A1) > max A,y >

O, T

3 EBla
f B AR G0 AT LA A2 7 BN PEAL 5 3R, 52
e S R 55 1A o B, AT R BRI R Mk L N T



%9 H7 IERE RER L

AR Fntl =4

EZTUIEN S B R Tk 2005

— S BN+ BRI R, B ILA
e R G AE H AE T B VAl BLEEAE 3 AN X 7 T Y
BHRE\w By Es, MANRBEMRERHES RS
Ay Axy Ay Ay 53 ANBLTR SAN T ETEEAT VT A
HERIRE O G2 Cy FRAE B Csy BUME Oy
Z R Cs. WM S RIIE S IFME RS =
{So = 1RZE,S) = %#,8, = 82,83 = —/M, S, =
BUF, S5 = Uf,Se = IRGF}, BAE EIE 5 VRPN 4R
NS = {Sy = 1Em2 St o= HE#RZ, S =
—f, S5 = W, S = RAasn ), R @t E
AL ZERLE S5 AR . 341%%5%7@5‘]?&%%, paill
A TS HERE IR 1 ~ R 3FTR.

*1 ERE HENITHER X,

C 1 Cz C3 04 CS

A1 (S5, 83) (S4,53) (S3,55) (S5,85) (Sa,S7)
Az (S4,83) (S5,83) (Ss5,83) (Ss,83) (Ss,83)
Az (S4,83) (S4,83) (54,83) (Ss,87) (S55,53)
As (S5,83) (S4,87) (S3,83) (53,83) (52,S3)

R2 EREGHEOTEER X,

C 1 Cz C:} C4 CS

A1 (S4,83) (S4,53) (S3,53) (S2,87) (Ss,S3)
Az (S5,83) (S3,83) (S2,83) (S5,83) (Ss,53)
Az (S4,83) (S3,83) (S2,87) (S4,83) (S8s,53)
As (S3,83) (S3,83) (S5,83) (52,57) (54,53)

R3 EREGHEOTEER X,

C, Cy Cs Cy Cs

A1 (S5, 83) (S5,53) (S4,53) (S3,85) (Ss,S3)
Az (S3,83) (S4,83) (S4,83) (S3,57) (54,53)
Az (S4,83) (Ss5,83) (S3,87) (53,53) (S5s,S3)
As (84,83) (8s3,53) (S3,53) (S5,57) (Ss,83)

Step 1: FllFH 3 (8) X HIFE X1+ Xov X3 BEATHRHE
b, 43 AR B FE X Xos X3, WK 4 ~ R 6 FTR.

£4 TREGETOELERITHEER X,

Cl C 2 Cg C4 CS

Ay (516,3/4) (416,2/4) (3/6,2/4) (5/6,2/4) (4/6,1/4)
Ay (816,2/4) (516,3/4) (5/6,2/4) (3/6,2/4) (3/6,3/4)
As  (416,3/4) (416,2/4) (4/6,2/4) (3/6,1/4) (5/6,3/4)
Ay (5I6.2/4) (416,1/4) (3/6,3/4) (3/6,2/4) (2/6,3/4)

£S5 LTREGEIOELERITMHIER X,

Cl C 2 Cg C4 CS

Ay (4/6,3/4) (4/6,2/4) (3/6,3/4) (2/6,1/4) (5/6,3/4)
Ay (5/6,2/4) (3/6,2/4) (2/6,3/4) (5/6,2/4) (3/6,2/4)
Az (4/6,3/4) (3/6,2/4) (2/6,1/4) (4/6,3/4) (3/6,2/4)
Ay (3/6,2/4) (3/6,3/4) (5/6,2/4) (2/6,1/4) (4/6,2/4)

6 LTRE; BHFRELRRITEER X

Cy Ca C3 Cy Cs

Ay (516,314) (5/6,2/4) (4/6,3/4) (3/6,2/4) (3/6,2/4)
Ay (316,3/4) (4/6,3/4) (4/6,3/4) (3/6,1/4) (4/6,2/4)
As  (416,2/4) (5/6,3/4) (3/6,1/4) (3/6,2/4) (3/6,3/4)
Ay (46,314) (3/6,2/4) (3/6,2/4) (5/6,1/4) (3/6,3/4)

Step 2: R E Ay N7 E, MR M, i
T

3 5
max O = g E e;w;
9*1 qfl

> Y ol )

91,92=1 p=1 ¢g=1
91792

3 5
1 1_ 1.
e, =1, g w, = 1;
=1 qg=1
3 5 3 5
1,119 _ 1,1
ZZ%% 1q Zegwq
g=1q=1 g=1qg=1
/ .
p =234

1/Ep

eg= 1T 9=123;

> 1/Eg

p=1

s.t.

e;,w; >0,g=1
B~ = 0.5, F ] Lingo 11.0 R k74 M, 15
0, =0.0991,
= (0.3289,0.3293,0.34138),
= (0.2429,0.2150,0.150 4, 0.191 2,0.2005).
Step 3: X 17 5 Ao Fose i 75 5, R s ASE 2 M5 1

2a37 q:1727 75~

=1
3 4
Yo DD do(S5, 5.

3 5
s.t Ze?,:l,ngzl,
g=1 q=1
3 5 3 5
PP I DY BT
g=1g=1 g=1qg=1
P =134
1/Ege

d= T 123

> 1/Eg

p=1
eg,w >0,9g=12,3,¢q=1,---,5.
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H{~ = 0.5, F Lingo 11.0 SKARHRL M 15
0y = 0.1055,
= (0.3291,0.3300,0.3409),
= (0.1921,0.2415,0.178 5,0.207 9, 0.1800).
Step 4: R TT 58 As N J7 58, H AN My
T

3 5
max O3 = E E eswiQf,—

g—l q—l

BB WAL

91.92=1 p=1 ¢q=1

91792
5
s.t. Ze 1, Zw
g=1 q=1
3 5
BT " e, >0
g=1g=1 g=1 ¢g=1
p =124
1/Egs
e = — / g=1,2,3
Zl/EEP
p=1

e§,w2 >0,9g=1,
By = 0.5, FF Lingo 11.0 >R it 41 My, 15
O3 = 0.056 3,
— (0.3307,0.3278,0.3415),
= (0.2004,0.2487,0.036 0,0.2208,0.294 1).
Step 5: B Ay AL TT 2, WA ALY M 4
T

2,3, ¢g=1,2,---,5.

3 5
max Oy = E E eqwyQf,—

9—1 q=1

DB WAL

91.92=1 p=1 ¢q=1
91792

s.t 263:1, Zw;l:l,
g=1 q=1
3 5
ZZegw Q1, e4w3Qg,q > 0,
g=1 g=1 g=1g=1
p =123
1/Egs
- [P o1
> 1/Egy
p=1

efqlawé > 07 g: 17
B~ = 0.5, %] F Lingo 11.0 R g% M5 13

2,3, ¢=1,2,---,5.

O4 = —0.2578,
= (0.3437,0.3218,0.3345),
= (0.1763,0.1 x 107%,0.1116,0.156 6, 0.555 5).

Step 6: (K IEBLAL My Ma My~ Ms (PR AR S5 R,
12X (18) 15 31 %5 77 ZE e U 1 e KA R 5 PR (B
= ((854,0.0065), (S5,0.2810)),
max Ay = ((S4, —0.2507), (S5, 0.3354)),
((S4,—0.2805), (S3,0.3899)),
((S3,0.2942), (S5,0.2342)).

AR T R BRI B AT 1545,
MITTRHFNAL = A = Ay = AL TRAN
B TT 58 A R I 25 P& 7 S B KA 5 P A B AN
B X — B, BIARE H A5 & AUE O, 1R/ 3 T S it
TR, T R N Ay = Ay = Az = Ay TR
A FIRALTT .

Step 7: LR & B PIM T REER EHEF I, NN
LR B —BHEA T B, KT RPN Ay -
Ay = Ay = A BTETT R Ay NRIRTT R, BB K
BE Ne, = (0.3291,0.3300,0.3409), & P IR E Ay

= (0.1921,0.2415,0.1785,0.2079,0.1800).

4 kBT

N Y k5 U B A SRR R O ) A B AR
e, 23 A BL R 34N 5 THI AT L 4 #T

1) =4 —JoiE LM S R .

A DL 4k I8 R X ((Ss, —0.2), (S%,0.2)) Al
((S3,0.2), (S5, —0.2)) A, LAscH e 138 177
203 0 5 SCHR [10-12, 14, 217 Hh =4k —J0iE U HLER
AT b, 45 AR T TR,

®T FRITHEZITTEX LR ERN LG R

max A

max As =

max Ay =

Sk ((S4, —0.2), (S5,0.2)) 5 ((S3,0.2), (S5, —0.2))

JCHR[10] ((Sa, —0.2), (S5,0.2)) > ((S5,0.2), (S7, —0.2))
SCHR[11] ((S4, —0.2), (S5, 0.2)) = ((Ss,0.2), (SF, —0.2))
R (12] ((S4, —0.2), (S3,0.2)) = ((S5,0.2), (S7, —0.2))
20 < 6 < 0.450, BE VAL

SCER[21] ((S4, —0.2), (S5,0.2)) = ((S3,0.2),(S;, —0.2))

LR [14]

v = 0.50, ((84, —0.2), (S%,0.2)) <
((83,0.2), (S5, -0.2))

AICTTE

AICTEA B 45 R 5 SCHER[10-12, 14, 21115 H
() 45 B A BT AS R SCHR [10] & Se il 28 — 4k (5 B
9 LA WA g —nilE E B ks, B R
TP SCHR (11 ASCHR [12] AREIX 70— 485 B HL



FoH

IEMRE RERELZ ARSI B TEL S BHHERR T X 2007

e I (18 T SR [14] ELARARER T 850 T 18 7 1558 R
A B, AH IR A A7 TE TCV EE B s O SR [21) FE X4
BT L, A BB A AR E NE S
S22 TR AR o B, % bt R A A AN 4
(45 SR R — KL BE R 4R & 2 VP I A T, 5
Br b, AN GE M5 BRI E 2 Wy = 0.5, |1
B CHER (S -0 EHE TR —dE R
(84, —0.2) BRI, Bl ((S3,0.2), (S5, —0.2)) £ T
((S4,—0.2), (S3,0.2)) R TFA VL3 H BYEN. B A
SCHE R B BT VR BRI T iR H IR SR R B A A
TR AR S AT LA

BEX 4k —on iR L I BE B, W AR 7 R BT
KRBT, PO s 14 38 0 7 4 5 5 Sk
[8, 11-12, 14, 211 5 kAT X B, &5 SR ank 8 Fir .

My = 0.5 B, A ST 25 AT [14] (1945 FAH [,
VLB T AR SO R A B, (AR SO VAN REAEAL
TR FN B BN SRR AR 77 58, 1L REfS e —

®8 TEH = TTIE X BN B AL R

3CHR d(((547 *0-2), (5;70'2))7 ((537 0'2)7 (527 70'2)))

SCHR[8] 0.6
SCHR[11] 0
SCHR[12] 0

SCiik [14] 0.15

ik [21] 1.2

ARSLTT 0.15(%4~ = 0.51)

Y InE SUE B, B4 B YEE S B AT
L L AR G A R S (A PR R W R
SR PRI I, 348 17 S e H R 7 SR B A R P S B AR SR
IS RIS, 55 S0k [8, 11-12, 211 M BE, & X 14 AU
R T AN E FEAE 2 ARG BB [ RE A A
[FRE P (11 5 VA B, BRI 17 B R 3 A

2) SHy TS R .

RN TR S H oy ST T 5 BRI B R G
PEOME DA K B A5 e BUE 2, T I Zs R 9 MK 10
53 U BH 1 AR A 0t T U7 R HE T A BRI T

®9 TRYKFETHRHERAUGETNERHF

vy max A

HF

max A; = ((S4, —0.0820), (S5,0.3354)), max Ay = ((S4, —0.2164), (53, 0.3956)),

N = A1 = Ax = Az = Ay
max Az = ((S3, —0.2926), (S3,0.3226)), max Ay = ((S3,0.4080), (S3,0.2774))
max A, = ((S4,0.1617), (S%,0.3819)), max Az = ((Sa, —0.2184), (5%, 0.3770)),

v =0.1 2 2 Ay = Ag = As = Ay
max Az = ((S4, —0.3096), (S3,0.3122)), max As = ((S3,0.4383), (SF,0.298 4))
max A, = ((Sa, —0.0442), (S,0.3513)), max A = ((S4, —0.2184), (5%, 0.3770)),

v =02 1= ((54 )5 (83 ) 2= ((54 ), (53 ) AL As > Ag = A
max As = ((S4, —0.3101), (5Z,0.3226)), max Ay = ((Ss,0.4557), (S%,0.298 3))
max A; = ((S4, —0.0200), (53,0.3622)), max Ay = ((S4, —0.2333), (5%, 0.3524)),

v=0.3 2 2 Ay = Ag = As = Ay
max As = ((Sa, —0.3021), (S5,0.3432)), max Ay = ((S3,0.4622), (S3,0.3047))
max A; = ((Sa,0.0215), (S, 0.3588)), max As = ((S4, —0.2423), (S%,0.3417)),

y= 04 1=((54 )> (83 ) 2 = ((5a ), (83 ) AL > Ay > Ag > A
max As = ((Sa, —0.287 1), (SF,0.3726)), max Ay = ((Ss,0.4316), (S%,0.316 7))
max A, = ((S4,0.0065), (S%,0.2810)), max Az = ((S4, —0.2507), (%, 0.3354)),

N =05 2 ’ Ay = Ag = Ay = Ay
max As = ((S3, —0.2805), (S5,0.3899)), max As = ((S3,0.2942), (S3,0.2342))
max Ay = ((S4, —0.0093), (S3,0.2426)), max Ay = ((S4, —0.2555), (S3,0.3234)).

v =0.6 Ay - Ay > Az - Ay
max Az = ((S4, —0.3776), (S5,0.318 1)), max A4 Tf#
1 UCRM#: max Ay = ((S4,0.0276), (S5,0.2425)), max Ay = ((S4, —0.2600), (S5,0.3008)),

v =0.7 max Az Tf#, max A4 TR Al = Ay = Az = Ay
552 kR max As = ((Sa, —0.3941), (S%,0.1538)), max Ay = ((S4, —0.4923), (S2,0.109 1))
max A; = ((S4,0.0740), (S2,0.2426)), max Ay = ((S4, —0.2604), (S, 0.2932)),

v =0.8 ! 2 2 Al = Ag = As = A3
max Az T, max Ay = ((S4, —0.2900), (S;,0.316 6))
max A; = ((Sa,0.1295), (S, 0.2727)), max As = ((Sa4, —0.256 7), (S%,0.2928)),

v =09 1= ((54 )> (83 ) 2 = ((5a ), (53 ) Ay > Ay > Ay > A
max As Ff#; max Ay = ((Sa, —0.2516), (S2,0.3256))
1R max Ay = ((S4, 0.2215), (S, —0.3903)), max Ay = ((S4, —0.2288), (S5, 0.3432)),

v=1.0 max As T, max A4 TofE; Ay = Az = Az = Ay

552 KM max Az = ((Sa, —0.1423), (%, —0.3212)), max Ay = ((S4, —0.2727), (S%,0.1619))
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5 O, Hev

0 O, =0.3963,0, = 0.4399, O3 = 0.3475, O, = 0.0767 Ay = Ay = Az = Ay
0.1 0O; =0.2631,0, = 0.3035,05 = 0.2386,0, = 0.037 1 Ay = Ay = As = Ay
0.2 0O, =0.1790,0, = 0.2195,03 = 0.1676, O, = 0.004 7 Ay = Ay = Ay = Ay
0.3 O; =0.1192,0, = 0.1604,05 = 0.1152,0, = —0.024 4 Ay = Ay = Az = Ay
0.4 O, =0.0881,0, = 0.1229, 03 = 0.0794, Oy = —0.066 7 Ay = Ay = Ay = Ay
0.5 O; =0.0991,0, = 0.1055,05 = 0.056 3,0, = —0.257 8 Ay = Ay = Az = Ay
0.6 0, =0.1127,0, = 0.096 9, O35 = —0.0921, O, TLfi# Ay = As = Az = Ay

2 s R _ _ 7. 7.

0T avton—osoion ostes O A e
0.8 O; = 0.2053,0, = 0.1032, O Tfift, 04 = —0.7035 Ay = As = Ay = Ag
0.9 O, = 0.2970,0, = 0.1407, O3 Tfiff, Oy = —0.396 4 Ay = Ay = Ay = A
10 1R O = 0.4258, 0, = 0.212 1, O3 LAl O, Tfi#; A s Ay s A, = A

H2UCKRME: O3 = 0.476 3,04 = 0.5.

oy = 0.7My = 1B 1 AR g
Ay = Ao, T BB T 5 As R Ay S AR, R 3
Tofif, VLB As 1 Ay AT BRI T 5. 158 2 B
KAREH, AL R Az R Ay %3577 2, SR 5 B
Ay = A AT AL = Ay = Ay = Az NERIFIE
10 1] LA H, 2% B8 7 R i KA LR & P A 04T
T BRI, B ~ (36 K, 7 R Ay e & A Ts
R, RIAZ TR RR E M 4% 08 B bR R BUE AT
TT WAL, BEE ~ B3R, & 07 S0 H AR s EUE
BRI RN G RIES. My < 058, R
Ay NIRRT %, Hy > 0.50F, TR Ay AT %, it
BT 75 5 Ao, T 405 I 38 408 B, B A
T B iy MO0 T 07 28 Ay, B R 45 th 5 — 47 UL
e, B0 7 R A B [ VPN BE

3) BUHE KM 51

5 DR AT EA R B, A SO R A A LA
B P S 45 S T8 22 ] B 1t SR FH A0 1) SR 4 Vs,
VB T7 o AR B T7 28, S AR LR Y 2 3R
SRAR I 5 SR R i i A L AR HE A5 B A B
BT Z RS KGR A PEME, (H R 24585 H AR iR
A KN 22 W 5 RIS 1% 5 VI B R AR A
e TE IR B 7 UL K 7 R HE T 1 I AR A AU
T BT R RE, IE i T R T R A &
AT PR S RO E O, sk St T 2 G M
RIS R
5 4 ®

AR SCER O 4 oniE S 2 SR MR OR 1) R 7
BN R 4E B E S A5 BN M AT RS2
TRl 4 niE R TN B A 5, R
IR B T — M FBCEAS B AR AR B
PR BLE SR AR Y Z AR RERS B X BRI A5

JE R I BEAT SR AR AN ST R IR A 35 R 2R RN R AL
HAE RN 2 I AT BE N, AR 3R RN e LT SR A K
J5 S HE R TR, 3 RS 15 2 AR %41 5 AT N
PLT7 R B B 5w i A UL BC AL A B 1% 07 %
AL SR A B 5 8, HP e RE N LA 3L 5
W73 W] T A ST iR I R AR A4, SR AR AL
HRFE A ETE 5 2 R PERE A R 1 — b
WA, £ — LI, BT LS RS JE PE A E
Iy BRI TR T I 4k — Juif U2 Ja PRI o SR ) A R
FLREH, BLROR 5 S e ¥ — 4k — 51l X2 s PR
PRHTTE SN
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