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Method of interval-valued intuitionistic fuzzy multiple attribute decision
making based on binary connection number

JIANG Wen-qi, WANG Chen-chen', SHANG You, ZHONG Xiao-fang
(School of Economics and Management, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: According to the multiple criteria decision problems in which criteria values are interval valued intuitionistic
fuzzy number and criteria weights are interval numbers, a method with interval valued intuitionistic fuzzy number based on
binary connection number is proposed. Firstly, the interval valued intuitionistic fuzzy number and the binary connection
number are depicted. Secondly, the transformation methods of connection number into binary connection number and
binary connection number into real number are studied, and the differences between traditional interval number and binary
connection number are compared. Thirdly, decision alternatives are selected by transforming the interval close degree
of conversion into the binary connection number are compaved. Finally, a numerical example is given to illustrate the
superiority and feasibility of the proposed method.
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AT X )25 B R ) R DR, v — PP TR R
HRP) R T, KRS T S AT BN HE
1 B&ER
1.1 XEEZEH

KA X BB N8 JER 8 E R R, i
LT A Z AN 15 U8 7 T ) RS, LB B
Bt — P HG0R TR BORI I R 121K RE

EX1 ®ETRHX E, A {{x, [uy(2),
Ta(2)], [va(2), Ta(2)])|z € X}A—XIA H LA
A ug(x),da(2)] C (0,1, [ug(2),Tale)] <
[0, 1] 73 5 1R I X ek o XA AR SRR B IX (8]
HIeREE X, HVr € Xua(r) +v4(z) < 1.

WG FE X AN [m4(x), Ta(x)], ma(2)
a(z) —va(z),Ta(@) =1 —us(z) —v4(2).

Huy(r) = Ta(z),vy(x) = vale) W, XA EGE
R i EACEY =R Y A

EX2 WHANXEHEEEE A = {(z,
[us(@),wa(@)], [a(z),0a(2)])|z € X} B = {(z,
lup(2),ap(2)), [vp(z),vp(2)] )|z € X}. FIEE. 4F
K JE FEAVITE S 1) T BREE B (1)~F 7 F N

D? = [(uy(2) — up(x))* + (va(2) — vp(@))’+
(ma(2) — mp(2))?,
L RRPE BT A
D’ =[(wa(x) — up(2))® + (Ba(x) — vp(x))*+

2
]

1 —

(Ta(z) = 75(2))

WA, B Z [a] KK R BE B

)

d(A, B) = é(g + D).

1.2 BABFXEH

X 8] H5H — AN FE A DX JE] b i s 4
20 ) R AN . X TV BOEH T ARIR N 0 =
la,a] = {z|a <z <@ a,a € R}, a,asnNXIAEL
1B

BBk AR O SR A i S e M S R e i R LA
HRAR,FEHAF o 255 0 IR LB c AT
AU F2HU =a+bi+cj. HTa+b+c=1,7LL
KAAEFTRA TCR R R KR WU = a + bi,i €
[—1,1].

EXN3 BRAEFHANXEHa = [a,a1], a2
[ay, @o), 15 /& LA iz Sk

ar + az = [a, + a,, @1 + s,

ar — as = [a; — ay, @1 — G,
ai - az = [a, - a1, a, - Ao,

)\al = [Agl, )\61].

2 XABERREKRROH

1) BRI BLA SCRRAI B FESCR, IXTAI 5L A = [a, b]
AL NI RO LR 3F0 51
i) [X (8] B v AR AR 2 R A M = (a +

b)2RIL = (b — a)/2, KX R RER RN (a +
b)/2+ ((b—a)/2)i;

i) 4% HRIBE R A BN IR, o LA (a+1) /2 +
((b—a)/2)i,i € [0, 1], 1% HLAZUAEHR JFR X [H] He Ak
210,17 E;

i) 7T LAFEA N a + (b — a)i,i € [0,1].

2) BT RBU = a + bi, EEAG LR JUR LA
ViRrS:

i) B BUEAE [a, a + b] _E AR I3 A, T B 2R
B EMENEU) = a + 0.56, 85 ZAV(U) =
\0(a+b—a)?/12 = b/\/12. B, 4 TAT B PIANBE
REU, = a1 + i MUy = ag + bai: WRE(U;) <
E(Us), MU, < Us; R E(U,) = E(U,), W4V (Uy)
= V(U)W U, = U, JV(U)) < V(Uy) U, >
Uy, MV (Uy) > V(Us) Uy < Us.

i) B B8 E IR AN R B AR+, 3
B AE AT HE . R T DLBUR 248, (52—
H20,0.5F0 1, 73 5l 2 7R 7e i Aq 34 g s 181,

iii) 38 Fl 3418 a /(1 — a — b) R ELA, R 3548 ik
T B E R RS (1 — a — b) /(1 — b) R FIr, B
BN, P T SR

NXTFAEEP AL A = [a, 0] F1 B = [c,d],
AT AT BeAELE QT R LR E

i) X E A 8. Biidla < b < ¢ < d, Ak
A< B.

W SR U R B A7), A

at+b b—a c+d d-—c.
A= | B = .
5 T g b 5 T g !
. o b d
& B D), B(A) = “; E(B) = C; ,
H B> A; ; ,
EH I ), B — A = CJF%‘”)
dra-Or9; immatntiB— 4> 0
. o b
3 P L4577 i), Shi(A) = 2(“1+_ 3y Shi(B) =
d ,
28*_ 5 AP PRI A B > A

i) X R BERLE, 0 < c < b < d HDXAELL
597515 H HT A Moore 72: . MW i LMV MVZ: 0 FF
N -0 P, SR A M3 3 W A T X R H50R K 71
KA A (a+b)/2<(c+d))2=A<B.

iii) X A B, c < a < b < d. XM LR
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A, AT e I BA R AR OR /oK &R M(a+0b)/2> (c+d)/2K,B < A.
P(a+0b)/2 < (c+d)/20f, B > A; ¥ BRI AL

*1 XEBEUKAKELRER

A1 BEREEATTIE WOk L as 3
h) B> A
(a +b)/2+ )
(G-ay2i b4
iif) B> A
a<b<c<d i) B> A
B> A (a+1)/2+ y
(G-ay2i B4
iif) B> A
i) B> A
a+ (b—a)i ii) B> A
iif) B> A
i) B> A
(a +b)/2+ )
(G-ay2i " B4
iii) B> A
a<c<b<d i) B> A
B> A (a+1)/2+ )
(G-ay2i B4
iii) B> A
i) B> A
a+ (b—a)i ii) B> A
iif) B> A
i) B> A
(a +b)/2+ )
(G-ay2i " B4
iii) B> A
c<a<b<d i) B>A
b d o
atb _ct (a+1)/2+ ii) %4 280.5 B L4 75
2 2 ((b—a)/2)i
B> A 14+a 1+ 1+a 1+
iii) < >
1-b 1-— 1-b7 1-—
i) B> A
a+ (b—a)i ii) iR Iﬁ'aﬁ/%
a
7H
ii) 1% 1—dH_JLB>A’1—b> F,B < A
i) B< A
(a+b)/2+ ) .
(b — a)/2)i ii) A 4 M 1 I 2
a-+b c+d a-+b c+d
iii) > ,B < A; < M,B>A
ccacbed 2(1—b) ~ 2(1—d) 2(1—b) ~2(1—d)
a—20—b<c—;-d ( o) i) B< A
a+ + "
B<a (-ay2i " ped
ees a
iii) 1_b<mﬁj‘B>A b>mETB<A
i) B< A
a4+ (b—a)i if) B<A
a—+b c+d ) a+b c+d !
i) 2(1—b)>2(1—d)ﬁ’B<A’ 2(1—b)>2(1—d)ﬁ’B>A

RVRYL AR DX EEEE R E S AR I R/NMR S B0 XN 1E 2 HE N
FW AR A DX TRI BN i BV L, PRI REAR LAY SRR AT X T B PR A 24 LR it 1 R g 2
DX 18] Hg b A5 VAT B ERUOY. SR, SRR X TRV e B4R 3, RIVAS 5 2 S2AT X180 B0 78 Y A W i e
IR ZHL, TR I R B LR AL N B O MG ), e T A AL AR AR, ELEORE X TR R AL s B R,
YO B AR AN S0 R DA B MR A0, B S TSR B e B S0 PR AR EOR AR IX 1) 5, th SE A3t 4k 1 S (1 AN
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SETE.
3 ETERRBUNRFHESR

BB 20 v U R S P) R SR T R N a, k€ (1,
2, m), REWEN A e 5 € (1,2, ,n), #ENFL
HNX A w), w; = [w;, W], R0 < w; < W
< Lij = L WSEHMEX = [2k;]mxn Tr; AIX
I L ASOR 2, R

i = {([un; (@), ()], [ (2), O (2)]) |2 € X}
Horwy (x) = 0,v4;(x) = 0,7k () 4+ Ty (z) < 1.

e ot YR DB g X ) L S 50 L DU AL Dy X
V)5 1% 22 7 D) e 52 i) R0, 4 SRR FH PR R S D7 VR AT
PRSI, D] 5 25 PRI A 52 T e 7 A X TRV %)
AT AT S R, A SO R T T n B R A R T AR
ity

Step 1: B 7€ e 56 1R 1E A BEAE R, A7

i - Us
r; T = ([ max Ujj> MAX Ukj),
1<k<m 1<k<m

min v,;, min vUg;
[1gk<m*’”’1<kgm il

1— max u,,— min v,
[ 1<kem™ ™ 1<k<m

1 — max up; — min vi,l);
1<k<m 0 1<k<m iD);

r;~ = ([ min Uy, Min U],

1<k<m 1<k<m

[ max wv;, max Uy,

1<k<m 1<k<m
1— min u,;, — max v,
[ 1<k<m ™ 1<kem

1— min Ty; — max Uyjl).
1<k<m 1<k<m

W IE SR R AR TT S 53 A
R+ = {TlJr; T2+7 e 7Tn+}>
R ={r",ra ", ,rm }

Step 2: TR & R T R 5 BAR T7 R IKORHE R
B 5 INBUR IR .

ROKRIBR ST 2 HE R p (0 < p < 1) AT LA
G50 70 HE DU 5 H Ak o DU 22 BE O DR g ek e 2%
R MR IR I B ZR AR B AR SR AR BE S, RE EL WL
i 220 1) - 45 128 7 585 PRAR DT SR TR O AH DG 1. &k SR
TR R ¢; T 5 IE AR TT RIS R L
&y WHARWT:

6 =
mkin min d(xy;, ;1) + pmaxmax d(zgj, ;")
J

J
d(@rj,ri*) + pmaxmaxd(wy;, 757")
J

(D

§pj =

mkin mind(zy;,7;7) +p maxmax d(@kj,mi7)
g J

.2

d(zyj,r;=) + pmax max d(zyj,ri7)
J

T3 % a5 IE IR T R Z AU ORI ~F
v R

o

1 — I _
;Zwa‘%’ T = ;ijﬁkj- 3)
j=1 j=1

Step 3: T 5% # U U7 58 5 IR BRAR 7 S WL 1
A B

o
A = —. “)
i+ 7

Step 4: K F 55 2 5 4R A 1) 75 V20K Ml 30 FE (X T )
B4 —JCER R AL I s R U A R SRR
GBS, LA RS s RIS A R K
18 B 45 SRR AH O W B2 AT R 7, OB AT
4 EBloHr

T SCHR [20] R AL R A, AR B A B 5%
e AV EAT PR, I g XU Bt AR BUA A
B, #EMIACE 43 7 9w = [0.1,0.15],we = (0.3,
0.4],ws = [0.2,0.25],w, = [0.25,0.35]. & F X[ H
0 R R ) TP Al L% 2.

Step 1: fffi € #0877 SR AV IE RO % A

R* ={([0.5,0.6], [0.2,0.4], [0,0.3]),
([0.6,0.8], [0.1,0.2], [0,0.3]),
0.5,0.6], [0.1,0.3], [0.1,0.4]),
[

0.6,0.8], [0.1,0.2], [0,0.3])},

(

(
R~ ={([0.2,0.4], [0.4,0.5], [0.1,0.4]),
([0.2,0.3], [0.4,0.6], [0.1,0.4]),
([0.2,0.4], [0.3,0.4], [0.2,0.5)),
([0.2,0.3], [0.2,0.6], [0.1,0.6])}.

Step 2: iz I 3K (1) 1 (2), SR % &1k 77 RAES A TE
TH5IE. FAEAETT ERIRK KRB R, — K p H0.5. 3K
PRI R IR R R 3 (R J5 20 0l v 5 IE A A8 5 58
TEJE I ¢ T I IRER R 50).

T 20 (3) IRAF A X [) 2K DB B

v =[0.1165,0.1570], [0.1404,0.19], [0.086 8,
0.1169], [0.1304,0.176 9], [0.155 3, 0.213 3],

~vo =1[0.1092,0.1484], [0.0863,0.116 5], [0.189 8,
0.257 5, [0.1033,0.1388], [0.0883,0.1186].

Step3: 45 @) HFRRK TR 5 IEHE T RN



%101

IXH F AT ABREAMKNRX M ARTEBK S AN xR Tk

1853

DX TR AE R I 2, L 4.
Step 4: ¥ Step 3 H Y X [A] U 30T 82 % 4k 9 Bk 5 4K
Kk TJ7 A AR WK 4.

> Ay > A > A&%%ﬁ%ds%ﬂ?,dg%%,ﬁiﬁ
e 55 71 SIS FE T AE. A4S BT R O VA s R E A U
A 77, B0 R ELAth X 1) 250 B A 07 VAT X b, LR

3MMIE R R T M HE P 45 RN A5 > Ay

5.

£2 ORFIEMR
c1 C2 Cc3 Cq
a1 ([0.3,0.4],[0.4,0.5]) ([0.5,0.6],[0.1,0.3]) ([0.4,0.5],[0.3,0.4]) ([0.3,0.6],[0.2,0.4])
az ([0.5,0.6],[0.3,0.4]) ([0.4,0.7],[0.1,0.2]) ([0.5,0.6],[0.2,0.3]) ([0.6,0.71,10.2,0.3])
as ([0.2,0.5],[0.4,0.5]) ([0.2,0.3],[0.4,0.6]) ([0.3,0.5],[0.3,0.4]) ([0.2,0.31,0.2,0.6])
a4 ([0.4,0.5],[0.3,0.5]) ([0.5,0.8],[0.1,0.2]) ([0.2,0.51,[0.3,0.4]) ([0.4,0.71,10.1,0.2])
as ([0.5,0.6],[0.2,0.4]) ([0.6,0.71,[0.1,0.2]) ([0.3,0.4],[0.1,0.3]) ([0.6,0.81,[0.1,0.2])
+*3 REBHR¥E
c1 C2 C3 Cq
a1 0.5243,0.744 6 0.5931,0.407 3 0.5931,0.5659 0.4678,0.507 6
az 0.7446,0.4797 0.5659,0.378 1 0.7446,0.4797 0.6734,0.3512
as 0.5076,0.744 6 0.3333,1 0.5659,0.673 4 0.3333,1
ay 0.6734,0.593 1 0.7042,0.349 3 0.5076,0.744 6 0.5659,0.400 8
as 1,0.4797 0.5659,0.3437 0.5076,0.593 1 1,0.3333
F= 4 BEXMMIEERE
[X )21k 77 2 R#HREN o Shi(a) FEL(ESre 0 Shi(b) RHFEN e Shi(c)
A [0.3814,0.695 6] 0.538054-0.157 14 1.769 0.690740.157 14 4538 0.381440.31424 1.253
Ay [0.458,0.838 1] 0.648 14-0.1900% 4.003 0.729 04-0.190 0% 9.008 0.4580+0.38014 2.830
As [0.2319,0.422 6] 0.32734-0.095 4i 0.567 0.615940.059 41 2.134 0.23194-0.190 8 0.402
Ay [0.4131,0.7570] 0.58504-0.1720¢ 2.408 0.706 540.172 0% 5.815 0.41314-0.343 9 1.700
As [0.4680,0.875 8] 0.67194-0.203 97 5.408 0.734 04-0.203 9% 11.815 0.468 04-0.407 8 3.766
=5 XEHEHFALRER
MW i% LM i%
X ik =0 M 0 ik
¥ME i S /N YIME
A [0.3814,0.695 6] 0.5385 0.5385 0.3142 0.3814 0.5385 0.3142 6 +0.3814
As [0.458,0.838 1] 0.648 1 0.648 1 0.3801 0.4580 0.648 1 0.3801 6 +0.4580
As [0.2319,0.4226) 0.3273 0.3273 0.1908 0.2319 0.3273 0.1908 6 +0.2319
Ay [0.4131,0.7570] 0.5850 0.5850 0.3439 04131 0.5850 0.3439 6 +0.413 1
As [0.4680,0.875 8] 0.6720 0.6720 0.4078 0.4680 0.6720 0.4078 6 +0.4680

Xt T Moore i, HBEFIE Ay > Az, As > Az,

5

o

w

X i) 2 2 (1) X [A)EOCV2HE ) OR /0N 3 SCHR 1191 7 1
AREFEVEHATHE R, A RN As > Ay > Ay >
Ay > Az MUERDHUX (A1 EOE AT FEROR /S, 45 2R
] b MW 32 75 MR Rl 38 n 7 X JR) 58 %, 56 5
R, AN e PR, T L7 [R5 RE A 5 v Y
KN, AEAE TEVEHE 50 (1 100, LMV [R] I 25 18 d /ME
553548 1 DR /N SR 4 T X 18] 251K 5 &R, HE P 45 AT g B2
B0 EX 0 k0 € [0,1],(1 — 0)a + 0bHCK,
XA R, 20 = O, MR RSk, HEF 45 RN
As > Ay > Ay > Ay > Az 40 = 0.5, A r ik
FAERMIE; 0 = LI, RSB e o, HE 7 45 A7)
IRPRFF—EL

ST Xk U X V) L i ) 5 L 4 U AR
N DX TV K ) 2 Y DU R 558 i) L, 7 e o [X i) e
PO IR R B, PR IR AR B e A 2 Ja  Se BB Ty
FREATHEP, R RS RECRE R, T LR (R K
WARZ, RORIGIN T o S AR M 2.l A ST 45t R 7
P25, AT DA X T) B o e e o 5, HLAS 2 0 &5
K5 P ELE A 2R B B AR T AR
DU LK AE X 18] 28 22 4 DU e 55 o 1) 2.
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