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Abstract: A fuzzy structured element method is applied to deal with fuzzy number intuitionistic fuzzy multi-criteria decision
making problems with incomplete certain information on criteria’s weights. Based on the representation of fuzzy structured
element of fuzzy number intuitionistic fuzzy set, the method of fuzzy structured element of fuzzy numbers’ comparison
and sequencing, and the score function and distance measure of intuitionistic fuzzy numbers, the score function and
distance measure of fuzzy number intuitionistic fuzzy numbers are defined. Furthermore, two multi-criteria decision making
approaches are proposed, such as the score function method, and the technique for order preference by similarity to ideal
solution(TOPSIS) method, in which the criteria values are fuzzy number intuitionistic fuzzy numbers, and the criteria weight

information is incompletely certain. Finally, an example is given to show the feasibility and effectiveness of the proposed

methods.
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JE S STHR 91 T = AR RSB AR R W T MR A ot B, SRR R
() JR BR A, RO 25 46 S0 7 i B i R e 2 — l+z, —1<2<0;
FBASERN L n AR AR, B FH — FRCASORN £ 7 SR i A E@) =4 1-2 0<z<1: (1

AR S8 B2, P SCRASOR 5 i AR 4 R A 3 L
A7 30 1 A S (TR (141 TR — FEORBORS 250 o A5
A 0 ORI B0 B SO B, DG A SC b 383X R Ak
TR SR [91 Fh PRI ASTHR 230 b ORI A O FLRR 491,
N Z AR B BRI AR, SCER (15145 tH Tk T
A 45 7 76 (R ASTRN K0 B ABERY) B IR AH DGAZ ORI o,
SRS 25 K6 70 BEAR A RSOR B30 5 ASOR 22 1 W) ke 55 )
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FRAAE . AR SCEE R AE A ELAS AN 58 2 0 T HEWIME
h SR 50 T AR 5 11 22 M D e 5 e A8, ) FH AR 45
R JCITVEREAT AL BH. JET-RSOR) H0 5 AR 4 () AR 45
FITCR IR RO LI 1) 0 DA K B S AR ) 1 43
B HSORI S 20 s SO AR 5 o A B ) 3 2 R
FOREE B RE. He T 0 7 R BOM PR S I B2 A H T PR
Tl v AL A SR AN 58 4 i 7 TR SR 50 B o AR 22 e
TP 3 5 70 a4 R BGE AT TOPSIS 7. S )5 HEAT T
S S AT, WY T PRI A AR
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EX 12 B BRI R R, S8 o
BN E(x), xz € R R E(x) W2 W N EH: 1) E(0)
=1;2) £ [~1,0) | BE(x) & PB4 7% 4 R 5L, 75 (0, 1]
bR B/ SR L 3) AE (—oo, —1) B (1, +00) b,
E(z)=0. W# E A R ERIBORIZ5 4 7T,

EX 22 B EN R MBI oG, B 38
PREL E(x), IH E(x) i 2: 1) Ve € (-1,1), E(z) > 0;
2) B(x) 4, HAE[—1,0) /™8 fif s, 78 (0, 1]
RS RIS . WIFR E A IE RO 45 8 .
E(z) i E(—z) = E(z), WK E A0 BRI 454 .

EE 1M W EN R AT RSO 458 o0, H
HRIBRE B (x), LB f(x) 78 [-1,1] LA 5, W)
f(E) 7 R EWAT SHAE AL, B f(E) R E mECh
E(f~'(x)), EH [~ (2) 2 f(x) RTZRE 2 My i
X FRRAL (B f () SR 2™ A% S, W) f 1 () 2
f(x) W ek %0).

FEFR 2002 S T4 o 1) 1E WASER &5 44 o B RIUT:
BIH RIS A, BAFE—A 1, 1) LR
FLRBL f (), (13 A = f(E), HHBRIE A JZ hBop
SERY TG E AR

B, 5T = MABREA = (a,b,¢), FFEEE

(x—a)/(b—a), a <z < b

(x—c)/(b—c), b<x < ¢

i)

0, otherwise.

0, otherwise.
PAKAE [—1, 1] BBl (47 5ok 5L
(b—a)r+b, —1<z<0;
(c—b)x+b 0<z<1.
TURCAA AL A v AR Z5 400 B R A = £(B).
EX I B Y 2 — M ERH RS, B
A=Ay, (M(y),N))ly € Y} 3)
AY A ECE SRR, Forh M (y) F1I N (y)
[0, 1] b F A — R M) B (CHL SR e o3 i) A
13ty (@) B g (@), 2 € [0, 1), M(y) FRY Hris
yJE T AN, Ny) &RY B o Ry AN g T AN
PR, Hi e 4E 0 < sup M(y) +sup N(y) < 1,Vy €
Y. 24 M(y) RN (y) 4 [0,1] ERIPIASSZHUR, B %
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WL
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R iff o1 K0 LA 7S T 0 SR 5 s e S TR 5P D 155 0 1)
R
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HAL 7y e H s (&) MRS B3 R (&) 23 0K
s(&) = pa — Va, )
h(&) = pa + va. (6)
H15E SC4 w50, B BORIEL & I M s (@) A
TR h(a) 5 o B S E g AR SRS vs HLIEA
K. pra M vg I ZEAIEK, (&) B, T BB AR %
AR, # s(a) =1, W & B KAE (1,0); 45 s(&) = —1,

f(x) 2)
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SO, TR SR 0 L9 BB 7 W A
HEY, 5 5, IS R
SR [10-11,19] K3 P/ B 28 17 4, 480
ST AL BB = i B S 0
Sy R ECRUR B, LI 2 AT EC BRI
Sk [20] U BRI 9% a0 ALY, HHBOM AL
AT BRI
RSSO Ay A1 Ay T R AAT BN
3, SR SRR BN Ay = f1(E), s =
Fa(B), 3k By A 00 IE MV 45 K 7, ()
R fo () 30 [—1, 1] b 010 ) P 4 5 7 8 B, U5
T
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~ ~ ~ 1
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4.1 [EIFEHEIR
X T AN BORY] 22 HE ) RSk 1)/, ¥ A = { Ay, Ao,
L Am} ARSI = {1, I, - Ly HHENAR. B
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(Bij)ans Herf My RN 3900 10,10 10— BRI %,
M, RoRTT 5 A W MEN I OFRE, Ny Rom i % Ay
R UEN I; (O FESE, B AL 0 < sup My + sup Nij
< 1. B E 7 M HET L.
42 HENNEHAFATEWMERE
15 SERR 1) 22 HEN e s, P sfe i AR MEHERf 25 HA U
DUIVRS R PR 086 o L, BN RS 4 DU ] (10 R S e AT
W5 5 EL e, BE T AN BE 1 AHP AT ANP 25 5 V254 52 1 )
BOEE. {38 0 e LAAS 58 20 € 5 R R TE 2U4h Hh e )
BUH 2 ) ) DR 2R, e JU Py A 7 B — X ) AR
b, —ANUERIEE 55— AN UE B B, S5 4% . AN SE e
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{wr — Wk 2 fr}a 0 < fr < 17 (13)
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1796 ¥ +) 5 P E 3 27 %
{wr 2 frwk}y 0 g gr < 1; (15) s.t.w € Qa
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N R 0 B AR AT O Bk 5 i ] A e — Al
o T AL, SR [24] WKL 2> i 3 2%:

{w:Zw > z,w >0,z > 0}, a7
{w:Zw < z,w >0,z > 0}, (18)
{w: Zw=z,w >0,z > 0}. (19)

Hrpw = (wy,wa, -+ ,w,)T, Z 31 x n8HFE. 30 (12)
~(16) A &AL itﬂbit BREEX A7) Fa8) fr
FoRBIZE. W 0 RN 45 I HE B (A 5E
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43 REFZFHNEESE

FE T RO S5 eI, LA 45 PR Aot DDA A
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Step1 HUIE WKW S5 K TC B, ¥43,,=(M,;, Nij)
AR 45 W) T R 7R By = (fij (E), g45(E >>, H
Fig ) g () 389 o [—1,1) 20 [0, 1] L 19 ) /5 0 9
£, {%EMW = fij(E)’NZJ —92]( )-

Step2  FIHZ 9) KIHE R = (B, )mn I

M:—S = (Sij)mxn-

Step3  ARHEAENIME L/ B BRAR RSC 70 2 TR R
i 2 5 HE TR (1) BEAT LY E A LA AR, SRk e pIt
DAL AP AR A S PR AN 58 A i A S SR R T
BARHENIRTE R w = (wy,wa, - -+ ,w,) T, WFEEFE 5
FERE, BN TT 56 E’JZE HENME L 73 M

ijs”-, i=1,2,---,m (20)
j=1
AR, s5(w )@zjcjiiygA AL
BB = (f(E),gf (B) (=12 ,n) hin/
%kﬁ%ﬁ%@i%&ﬁﬂ%ﬁﬂé& JUIFR
At = (BB, BT 1)
h RS D BOR BEAR T, HLRR
s(AT) = (s(B),s(35), -, s(B)T @)
Sh BRI D AR AR e (1) 40 ) i, JLrR
fi@) =1, g/ (x) =0,
s(BF) = 2[ 1-2)1-0)dz=1.  (23)

FIEWAHEES = (sij)mxn, W F 27 AL
BN AT TR A =1,2,---,m) SEAA
AT AL B ZE B, EUW’J\%

Y>> wa

j=11i=1

min D(w 52]

Oaj:]-a27"'7n (24)

n
E U}j:]., w 2
j=1

[FJ N, 2% s 380 25 oA DO 7 S SR — AN B L AR B, L
AATENE. A T /R IX TP A € P, Al R A
wj BRAE K 5 5N bR 1 A8 AE W4 b BT o L R R
), 1XFF, AT LA Shannon {5 S 4125

n
H = waj Inw;
j=1

TR E B 1 AN 52 PE. AR 9 Jaynes 5 K i PR,
A B PR B EE YA Jaynes A% K, BIFR KA

max H = —ij Inw;;
=1
s.t.we 6,

n
Z’U)j = ]., wj 2
J=1

HEE LRBAH 0, KR

(25)

Ovj:1a2,"'an (26)

I EHE B S5 4 T

KA de AL i) e
min uZij(l —8i5)+ (1 —p) ij Inwj;
j=11i=1 Jj=1
s.t.w € O,

Zw] = 17wj >Oa.]: L,2,---,n
j=1
HA S u(p € (0,1)) R _LIRPAH bR 2 [0 1
1T 250, AR SR 1) TS 4
Step4  H#i5 Step 3 15 2 1) He AL HE WAL, F H
R QO I TR A EEAUENMIIE 4 s5(w), i@ = 1,

27)

2, ,m.

Step5  FIH si(w) (G = 1,2,--- ,m) X J7 EHEAT
e I AL
4.3.2 TOPSIS 7%

Step1 [A]ic 45 B £ Step 1.

Step2 5 Juff g UM A BT 0 AR AL, J7 v
JRT A?iﬁ(/ﬁStepB‘ N8B = (f; (B), g; (B)) (j

1,2, ) Hn NR/NT ORI SERORIEL, A

AT = (Br, By, B)" (28)
SN SR S AR 51 AR, e

(@) =0, g7 (2) = 1. (29)

Step3 I FHIAH 6T I AT P g e U0 AL TR, S At dt

OLEDB TR s 55 S A 5 AL OB 20

dff = d(A;, A") sz (B, ), (30)

(A, A7) ij (Bij By 31)
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R 5 % Ay B ERALS AT B, J7 ZEBRAR, TR,
T A 5 AT AT B, J7 E AL, BT DL
AT 5 A BT AT A AR

min d} = d(A;, A1);

s.t.we O,

n
dwi=1,w;20,j=12-,n (32
j=1
max d; =d(A;, A7);
s.t.we O,
n
dwi=1,w;20,j=1,2-,n (33
j=1

KA &N T R A5 F 0, AT R 5 HA
SRR AR S R N R T R 2 AR, BT A
Xf b AT 2R A T 1S

d-
max d = _t
* ;dj+d;
s.t.w e O,

n
dwi=1w 20,j=1,2"--,n (34)
j=1

SKARM (34), AT 13 2B ARE WAL w = (wy, wo, - - -
wy)T.

Stepd4 R4 Step 3 73 21 1) Je Mo vE W B, F) HI
3 35) VAR J7 2 5 BAR R A B AR S I R
df Fd;, FERAFARN W i

;i = A i
odf+d

Step5 MHEdr (i = 1,2, ,m) KKK T7 %
HHATHE P IR, df K, J7 Sl
5 sEflsr T

K R AE S B VPG )L, — S R
7 (1)~ BHIE (1) AR 55 (1) 3% 3 AN HE A PE Al
— g dabr (HEN), YRR % 2 45 1 0.33 < wy < 0.36,
0.30 < wy < 0.33, wy > 0.31. IAT e W VP Al
PRUEXS 5 A2 BE Ak = 1,2, -+, 5) BEAT PPAN, %48
BB VPN A5 5T RSOR0 250 BRI SRR, TS
B Ry WL 1, R 2 e 2 e

FHik 1 RIS s EOE KA.

Step 1: = MBRIZ5 M 70 B, A Q) % Ry
VAL BB 5 M e R, WLk 2.

=1,2,--,m. (35)

F1 RFEIEME R
N e I
UES I A T
Ay ((0.5,0.6,0.7), (0.1,0.2,0.3))  ((0.3,0.4,0.5),(0.2,0.3,0.4))  ((0.3,0.4,0.5),(0.2,0.3,0.4))
As ((0.4,0.5,0.6), (0.2,0.3,0.4))  ((0.3,0.5,0.7),(0.1,0.2,0.3))  ((0.6,0.7,0.8),(0.0,0.1,0.2))
Az ((0.6,0.7,0.8),(0.0,0.1,0.2))  ((0.4,0.5,0.6), (0.2,0.3,0.4))  {(0.5,0.7,0.9), (0.1,0.1,0.1))
Ay {((0.5,0.6,0.7), (0.1,0.2,0.3))  ((0.3,0.4,0.5),(0.3,0.4,0.5))  {(0.5,0.6,0.7),(0.0,0.1,0.2))
As ((0.7,0.8,0.9), (0.1,0.1,0.1))  ((0.6,0.7,0.8),(0.0,0.1,0.2))  {(0.4,0.5,0.6), (0.2,0.3,0.4))
FT2 REEER:
o e I
KES I, Iy I3
Aq (0.1e+0.6,0.1e+0.2) (0.1e+0.4,0.1e+0.3) (0.1e+0.4,0.1e+0.3)
Ao (0.1e+0.5,0.1e+0.3) (0.2e+0.5,0.1e+0.2) (0.2e+0.7,0.1)
Az (0.1e40.7,0.1e+0.1) (0.1e40.5,0.1e+0.3) (0.1e40.6,0.1e+0.1)
As (0.1e+0.6, 0.1e+0.2) (0.1e+0.4,0.1e+0.4) (0.1e+0.6,0.1e+0.1)
As (0.1e40.8,0.1) (0.1e+0.7,0.1e + 0.1) (0.1e+0.5,0.1e+0.3)

Step 2: A HMLALIELEL (27) (& 1 = 0.5) KA
HENBLE [7) F:h w = (0.3600, 0.3000, 0.3400)7T.
Step 3: AR fe OLHE WA, R X (20) THE T %
A; RS HENME L 77, A
s1(w) = 0.2080, s2(w) = 0.3560, s3(w) = 0.4573,
s4(w) = 0.3140, s5(w) = 0.4880.
Step4: B s;(w) (i = 1,2, -+, 5) X 7 EHEATHE
J¥, H As = Az = Ay = Ay = Ay BRI, B2 B0 As.
— M, g EAR IR HE P 4 A .
ARSI, 2 > 0,15 I 75 3 1 vHE DA T 240 4 I+,

I AP p A8 2R HE R4 R (L3 3).

£3 pETAXHFERNEM

1 HEMAL Ji kv
©>0.15 w=(0.3600, 0.3000, 0.3400)T As>= Az > As = Ay Ay
p=0.14 w=(0.3593, 0.3004, 0.3403)T As>=Az> Ay = Ag>- Ay
p=0.12 w=(0.3549, 0.3058, 0.3393)T As>Az> Ay Ay A;
p=0.10 w=(0.3510, 0.3107, 0.3383)T As=Az> As> Ay A;
p=0.05 w=(0.3417, 0.3225, 0.3358)T A= Az> Ay Ay A;
1=0.01 w=(0.3356, 0.3300, 0.3344)T As5>Az> As> Ay A;

Fi:2  FIH TOPSIS Jy sk fi.
Step 1: [A 7774 1.
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Step 2: | | Hamming 1 %5 (10) 1L AL B (34) [5] Atanassov K T. Intuitionistic fuzzy sets: Thoery and

SR A3 doe A VR WAL ) R w
0.3400)".

Step 3: AR B AL HE WAL, FIH 2K (35) TR
T3 SEIARO I B, AT

di =0.6040, dj = 0.6780, di = 0.7287,
di = 0.6570, di = 0.7440.

Step4: R df (i = 1,2,---,5) X 7 RFATHEF,
H As = As = Ay = Ay = Ap, K, BeAE24BEA As.

TOPSIS J7 32 51 47 ok B0k A3 2 6 25 10— 3. ik
— 35, B SCHR [10-11] (677 7 BLUAR AN B 45 21 Bt o
VUIASC B, {H SRR SR A5 0 v AL w = (0.3600,
0.3000, 0.3400), W] LLAG 2 [RIAE ) 4518, I H Nk
SRR ) B 23 BT R Al e A .
6 4

FHRSERN 25 46 70 R R SR B, ] 0 A S S A0
BT B4 A [—1, 1) b 6 1) B A 5 R K
TIFFE, AT 57 A HE AR DA e Rl B A SO TR 4L
AR IR OR 45 M o R, R BRI A TR S
TGN K 130 4 R BRSSP BT A R, 2
SCT RO K50 B AORA B3 40 R BRI B, JE
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