Annals of Fuzzy Mathematics and Informatics

Volume 5, No. 3, (May 2013), pp. 515-523 Q@M
ISSN: 2093-9310 (print version) © Kyung Moon Sa Co.
ISSN: 2287-6235 (electronic version) http:/ /www kyungmoon.com

http://www.afmi.or.kr

Ranking method of trapezoidal intuitionistic
fuzzy numbers

SALIM REZVANI

Received 25 July 2012; Accepted 11 August 2012

ABSTRACT. In this paper, considers the usage of intuitionistic fuzzy
numbers in decision making. The values and ambiguities of the member-
ship degree and the non-membership degree for trapezoidal intuitionistic
fuzzy number are defined as well as the value-index and ambiguity-index.
The proposed ranking method is easily implemented and has a natural
interpretation.
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1. INTRODUCTION

Betiman and zaden [3] initially proposed the basic model of fuzzy decision mak-
ing based on the theory of fuzzy mathematics, FMADM has been receiving more and
more attentions from researchers at home and abroad. For the comparison of fuzzy
numbers, there are many different methods ([5],[9]). The ranking of fuzzy numbers
is important in fuzzy multiattribute decision making (MADM). There exists a large
amount of literature involving the ranking of fuzzy numbers ([1]-[6],[10]). Recently,
the IFN receives little attention and different definitions of IFNs have been proposed
as well as the corresponding ranking methods of IFNs. Mitchell [8] interpreted an
IFN as an ensemble of ordinary fuzzy numbers and introduced a ranking method.
However, these existing definitions of IFNs are complicated and the ranking methods
of IFNs have tedious calculations. By adding a degree of non-membership, Shu et
al [12] defined triangular intuitionistic fuzzy numbers (TIFNs), but not given the
ranking of TIFNs. Moreover, Rezvani [11] proposed a new method for ranking in
perimeters of two generalized trapezoidal fuzzy numbers. Also, Deng Feng Li et
al. [7] proposed A Ranking Method of Triangular Intuitionistic Fuzzy Numbers and
Application to Decision Making.
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In this paper, considers the usage of intuitionistic fuzzy numbers in decision mak-
ing. The values and ambiguities of the membership degree and the non-membership
degree for trapezoidal intuitionistic fuzzy number are defined as well as the value-
index and ambiguity-index. The proposed ranking method is easily implemented
and has a natural interpretation.

2. PRELIMINARIES

Generally, a generalized fuzzy number A is described as any fuzzy subset of the
real line R, whose membership function p 4 satisfies the following conditions,

(i) pa is a continuous mapping from R to the closed interval [0,1],

(ii) pa(zr) =0,—0c0 < z < q,

(iii) pa(x) = L(z) is strictly increasing on [a, b],

(iv) pa(z) =w,b<x < e

(v) pa(x) = R(x) is strictly decreasing on [c, d],

(vi) pa(z) =0,d <z < o0
where 0 < w < 1 and a, b, ¢, and d are real numbers. We call this type of generalized
fuzzy number a trapezoidal fuzzy number, and it is denoted by

(2.1) A= (a,b,e,d;w) .

A A = (a,b,¢,d;w) is a fuzzy set of the real line R whose membership function
pa(zx) is defined as

w”é:Z if a<x<b
w if b<x<c
0 otherwise

For an universe of discourse defined by X, the intuitionistic fuzzy set A in X
is characterized by a membership function p4(.) and a non-membership function
va(.), where pug : X — [0,1], and v4 : X — [0,1]. For each point « in X, pa(x)
(resp.va(x)) is the degree of membership (resp. non-membership) of z in A, with
0 < pa(z)+va(z)) < 1. An intuitionistic fuzzy set becomes a fuzzy set if v4(x)) =0
for all x in A.

Let a) <a; <b <¢; <dj <dj. A trapezoidal intuitionistic fuzzy number A in
R, written as (a1, b1, ¢1,d1;a},b1,c1,d}), has the membership function

L if oy <z <bh

b1—a1
_ 1 if h<zx<cg
(23) :LLA(‘T) - g;:g; Zf c1 S T S dl

otherwise

and the non-membership function

by — .

bll_(;rl if aj<z<bh
(2.4) valz) = —ei -

ﬁ if a<z<d

1 otherwise
516
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3. ARITHMETIC OPERATIONS AND CUT SETS ON INTUITIONISTIC FUZZY NUMBER

The arithmetic operations on intuitionistic fuzzy number can be defined using the
(a, B)-cut method. Let «, 8 € [0, 1] be fixed numbers such that o+ 3 < 1. A set of
(a, B)-cut generated by an IFS A is defined by:

(3.1) Aap ={(@,pa(@),va(2)), € X, pa(@) 2 a, va(z) < B} .
The (a, B)-cut of an intuitionistic fuzzy number is given by

(32) Aap = {[Ar(@), A2(a)], [A1(8), A5(B)]}

where:

i) A (a) and A4(B3) are continuous, monotonic increasing functions of «, respective
B;

ii) A2(a) and A} (5) are continuous, monotonic increasing functions of ¢, respec-
tive ;

iii) A1(1) = Ay(1) and A} (0) = A5(0).
The (a, B)-cut trapezoidal intuitionistic fuzzy number is defined as usually, by

Aap = {[A1(), Ax(a)], [A1(8), A5(B)]}

at+f<1l o,fel0,1],

where

(3.3) Ai(a) = a1 +a(by —a1) ,
(34) AQ(@) = dl — Oé(dl — 01) 5
(3.5) AL(B) = by — B(b1 —a}) ,
(3.6) Ay(B) =1+ B(dy — 1)

The above operations defined for trapezoidal intuitionistic fuzzy number:
1) If trapezoidal intuitionistic fuzzy number A = (ay,by,c1,d1;a],b1,¢1,d}), and
k > 0, then the trapezoidal intuitionistic fuzzy number kA is given by

(3.7) (kay, kb, key, kdy; kal, kb, key, kd,) .

2) If trapezoidal intuitionistic fuzzy number A = (ay,b1,c1,dr;a],b1,c1,d)), and
k < 0, then the trapezoidal intuitionistic fuzzy number kA is given by

(38) (k’dl, k‘Cl, k‘bl, kal; kdll, ]{?Cl, k‘bl, k‘a'l) .

3) If A= (a1,b1,c1,dy;a],b1,c1,d}), and B = (az, b, ca, da; ab, ba, c2,dhy) are trape-
zoidal intuitionistic fuzzy numbers, then the trapezoidal intuitionistic fuzzy number
A ® B is defined by

(39) (a1 + as, b1 + ba,c1 + co,dy + dz;(l’l + a’2,b1 + by, c1 + Cg,dll + dl2) .

4) If A = (a1,b1,c¢1,dy;a),b1,c1,d)), and B = (ag, ba, ¢, ds; ah, ba, ca,d}) are trape-
zoidal intuitionistic fuzzy numbers, then the trapezoidal intuitionistic fuzzy number
A ® B is defined by

(310) (alag, blbg, C1C2, dldQ; aia’w b1b2, C1C2, dlldlz) .
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Definition 3.1. A a-cut sets of A = (a1,b1,c1,d1;0a},b1,¢1,d}) is a crisp subset of
R, which is defined as follows:

(3.11) Ao ={z| pala) > a} .

Using Eq. (2.2) and definition 3.1., it follows that A, is a closed interval, denoted
by Aaq = [Lo(A), Ro(A)], which can be calculated as follows:

(312) [La(A),Ra(A)] = [a1 + Ol(bl - CLl),dl - Oé(dl — Cl)] .

Definition 3.2. A §-cut sets of A = (ag,ba, ca,da; ab, ba, ca,d) is a crisp subset of
R , which is defined as follows:

(3.13) Ag={z| va(z) <B}.

Where vqg < < 1.
Using Eq. (2.3) and definition 3.2, it follows that Ag is a closed interval, denoted
by Ag = [Lg(A), Rg(A)], which can be calculated as follows:

(314) [LQ(A)ﬂRa(A)] = [bZ - ﬂ(b2 - al2)702 + ﬂ(de - 02)] .

4. VALUE AND AMBIGUITY OF AN TRAPEZOIDAL INTUITIONISTIC FUZZY NUMBER

Definition 4.1. Let A, and Ag be any a-cut and (-cut set of a trapezoidal intu-
itionistic fuzzy number A = (a, b, ¢,d;a’, b, ¢, d"), respectively. Then the values of the
membership function a p4 and the non-membership function v 4 for the trapezoidal
intuitionistic fuzzy number A are defined as follows:

(4.1) na= [ (La4) + Ra(A)) (o) da
and

(42) - [ (La(A) + Ra(A) £(5) df
respectively.

The function f(a) = « (« € [0, w]) gives different weights to elements in different
a-cut sets. In fact, f(«) diminishes the contribution of the lower a-cut sets, which is
reasonable since these cut sets arising from values of 14 have a considerable amount
of uncertainty. Obviously, V,, A synthetically reflects the information on every mem-
bership degree, and may be regarded as a central value that represents from the
membership function point of view. Similarly, the function g(8) =1—8 (8 € [v, 1])
has the effect of weighting on the different 8-cut sets. g() diminishes the contribu-
tion of the higher §-cut sets , which is reasonable since these cut sets arising from
values of v4 have a considerable amount of uncertainty. V,, A synthetically reflects
the information on every nonmembership degree and may be regarded as a central
value that represents from the non-membership function point of view.

Definition 4.2. Let A, and Ag be any a-cut and S-cut set of an trapezoidal intu-
itionistic fuzzy number A = (a, b, ¢,d;a’, b, ¢, d"), respectively. Then the values of the
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membership function a ©4 and the non-membership function v 4 for the trapezoidal
intuitionistic fuzzy number A are defined as follows:

1
(4.3) G(A) = / (Ra(A) — La(A)) f(a) dor
and
(4.4) G, (A) = / (Ro(A) — Ly(A)) 9(8) dB ,
respectively.

It is easy to see that R, (A)—Ly(A) and Rg(A)—Lg(A) are just about the lengths
of the intervals A, and Ag, respectively. Thus, G, (A) and G, (A) may be regarded as
the global spreads of the membership function p 4 and the non-membership function
va. Obviously, G,(A) and G, (A) basically measure how much there is vagueness in
the trapezoidal intuitionistic fuzzy number A.

Theorem 4.3. The values of the membership function and the nonmembership func-
tion of the trapezoidal intuitionistic fuzzy number A are calculated as follows:

.  (a+2b+2+d)
(4.5) i) Vu(A) = 6 )
. _(b+c¢) (d—c—b+d)
(4.6) i) V,(A) = 5 T 5 .
Proof. (i): fo R.(4)) f(a) da

—fo a+a(b—a))+(d—ald-c))] fla) da
= [T l(a+ab—a)) + (d - a(d - ¢)] a da
= [il(a+d)a+ (b—a—d+c)a?] da
= (et2btdotd)

(if): = [y (La(A) + Ra(A)) g(3) d3

(b—B(b—a))+ (c+p(d —c))] g(B) dB

(b—pB0b—a))+ (c+pB(d —c)] (1-p)ds

= Jolb+0)(1 = B) + (d' —c—b+a)p(1 - B)] dB

= [lb+e)—(b+e)f+(d —c—b+d)b—(d —c—b+d)5% db

— (b+ )]} — Erasiy | (@ fcf§+a’>ﬁ2]5 _ docobra)styy

2 3
_ (b+o) (d'—c—b+a’)
-2 + 6 : 0

Theorem 4.4. Let
A= (a17b17cl7d1;al17blacladll) and B = (a23b27027d2;a/27b27027d/2)

be two trapezoidal intuitionistic fuzzy number. If ay > do, then A > B.
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Proof. Vu(A) = [y (La(A) + Ra(A)) f() da
= [ l(a1 + a(by —a1)) + (di — a(d — 1)) @ da

> fol 2a1 o da = aq
and

= Jy (La(B) + Ra(B)) f(a) da
= fo az + a(by — az)) + (d2 — a(dz — ¢2))] o do
< [y 2dz @ da = d.

Combining with both a; > dg, we have V) (A) > Vy(B), then A > B.
Again

= [} (La(A) + Ra(A)) 9(B) dB
= [}[(b1 — Bbr — a})) + (¢ + B(d, — e1))] (1 - B) dB
> [y 2d5(1~ B) dB =}

and

— [X(La(A) + Ra(A)) g(B) dB
— [M(bs — Blba — ah)) + (c+ B(dy — e2))] (1— B) dB
< [Lody(1— B) dB = dj.
Combining with both a} > dj, then A > B. O

Theorem 4.5. Let
A= (alablacladl;allvblvclvdll)a B = (a2aanCQ,dQ;a/Qab23023dl2)

and C' = (a3, bs, c3,ds; ak, bs, c3,ds) be three trapezoidal intuitionistic fuzzy number.
If A> B, then A+ C > B+C.

Proof. V,(A+C) = fo )+ Ra(A) + Lo (C) + Ra(0)) f(a) da
= [, (La(A) + Ra(A)) f(a) da+ [y (La(C) + Ra(C)) f() da
= 1 (a1 + by — a1)) + (di — a(dy — 1)) @ da

+f01(b3 —a3)) + (d3 — a(dsz — ¢3))) a da
_ (a142b1+2c1+4dy) (a3+2b3z+2c3+d3)
- 6 + 6

_ [(a1+a3)+2(b1+bs)+2(c1+c3)+(d1+ds)]
6

and

Vi(B+C) = [ (La(B) + Ra(B) + Lo (C) + Ra(C)) f() da
= Jy (La(B) + Ra(B)) f(a) da+ [, (La(C) + Ra(C)) f(a) da
= fo ag + a(bs — a2)) + (d2 — a(dz — ¢2))) o do

+ [ (bs — as)) + (ds — a(ds — ¢3))) @ da
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_ (a2+2ba+2c2+d2) (az+2bs+2c3+ds3)
- 6 + 6

_ [(az+a3)+2(ba+bs)+2(catcs)+(dz+ds)]
3 .

Because A > B, then

(a1+2b14+2c1+dy) (a2+2ba+2ca+d2)
6 > 6

= [ (La(A) + Ra(A)) @ da > [/ (Lo(B) + Ra(B)) a da.
Then

[(a1+a3)4+2(b1+b3)+2(c1+c3)+(d1+d3)] > [(a2+a3)+2(b2+b3)+2(ca+c3)+(d2+ds)]
6 6

= [ (La(A) + Ra(A)) f(e) da+ [ (La(C) + Ra(0)) f(a) da

> [) (La(B) + Ra(B)) f(a) da+ [ (La(C) + Ra(C)) f(a) da
=V, (A+C)>V,(B+CO).

Again
1
V,(A+C) = /0 (Lo(A) + Ro(A) + Lo (C) + R (C)) g(B) d
- / (La(A) + Ra(A) g(8) df + / (La(C) + Ra(C)) 9(8) dB
1
- / (b — BB — al)) + (e + B(d; — )] (1— ) di+

/O [(bs — Bbs — ay)) + (e + B(dl — e))] (1 — B) dB

<b1+01)+ (d’l—cl—b1+a’1)+ (b2+02) n (d’2—02—b2+a’2)
2 6 2 6

(b1 +b2) +(e1t+e) | (di +d5) —(e1tca) = (br+b2) + (a3 +3))
2 6
Because A > B, then
(b1 + 1) " (d} —c1 — by +df) - (ba + c2) n (dy — cqg — by + ab)
6 2 6

2
1 1
- / (La(A) + Ra(A)) (1— 8) dB > / (La(B) + Ra(B)) (1— 6) dB
0 0

Then
(b1 + b3) + (1 + c3) n (dy +dj) — (c1 +c3) — (b1 + b3) + (a] + aj))
2 6

S (bg + b3) + (CQ + 63) n (dé + dg) — (Cg + 63) — (bg + bg) + (a'2 + ag))
2 6
521
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1 1
/0 (La(A) + Ra(A) g(8) df + / (La(C) + Ra(C)) 9(8) dB

> / (La(B) + Ra(B)) 9(8) df + / (La(C) + Ra(C)) 9(B) O

=V,(A+C)>V,(B+C)
Hence A+ C > B+ C. O

5. EXAMPLES

Example 5.1. Let A = (0.2,0.3,0.4,0.5) and B = (0.1,0.2,0.3,0.4) be two trape-
zoidal intuitionistic fuzzy number. Then

_0.240.6+08+0.5

Vi) .

=0.35

and

01404406+ 0.4

Vi(B) .

=0.25

Then V,(A) >V,(B) = A>B.
Example 5.2. Let A = (0.2,0.3,0.4,0.5) and B = (0.1,0.2,0.3,0.4) be two trape-
zoidal intuitionistic fuzzy number. Then

0.254+0.84+1.1+0.6
VM(A) = 6

= (0.458

and

C0.33+1.12+1.28+0.67

Vi(B) .

0.57

Then V,(A) < V,(B) = A< B .

Example 5.3. Let A = (0.05,0.1,0.2,0.4) and B = (0.25,0.2,0.25,0.3) and C =
(0.01,0.05,0.07,0.09) be three trapezoidal intuitionistic fuzzy number. Then

0.05+0.240.4+0.4

V. (4) G =0.175
and
V.(B) = 0.25 + 0.4;— 0.5+0.3 — 0.242
and
V.(C) = 0.01 +0.1 +0.14 + 0.09 — 0.057

6
Then V,(B) > V,(A) >V, (C)=B>A>C.
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