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Abstract. In this paper, the researchers proposed a modif@dweighted area method to
rank fuzzy numbers using the area of trapeziumaldfe@ use some comparative examples
to illustrate the advantage of the proposed mettitid the existing metric index ranking
methods. If the comparison for negative numbersids possible, we are using the
comparison based on spread and weight. The proféisis method is easier than that of
other. A set of illustrative examples are also used
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1. Introduction

Ranking fuzzy numbers plays an important role igiglen making. Most of the real
world problems that exist in nature are fuzzy, thamobabilistic or deterministic.
Problems in which fuzzy theory is used, like fuzisk analysis, fuzzy optimization, etc.,
at one or the other stage fuzzy numbers must Hedahefore an action is taken by a
decision maker.

In this paper, we want to propose a new methodrdoking in area of two
generalized trapezoidal fuzzy numbers. A simplet @asier approach is proposed for the
ranking of generalized trapezoidal fuzzy numbexs. the validation the results of the
proposed approach are compared with differentiagistpproaches [17].

Since the inception of fuzzy sets by Zadeh [25[L#65, many authors have
proposed different methods for ranking fuzzy nurebétowever, due to the complexity
of the problem, a method which gives a satisfactmgult to all situations is a
challenging task. Most of the methods proposedasaife non discriminating, counter-
intuitive and some produce different rankings toe same situation and some methods
cannot rank crisp numbers. Ranking fuzzy numbers fisstproposed by Jain in the year
1976 for decision making in fuzzy situations byresenting theill-defined quantity as a
fuzzy set. Jain [13,14] proposed a method usingctmeept of maximizing set to order
the fuzzy numbers and the decision maker considehg the right side membership
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function. Since then, various procedures to razkyuquantities are proposed by various
researchers. Yager [23,24] proposed four indicearder fuzzy quantities in [Q]. An
Adamo [3] fuzzy decision tree was an important kite@ugh in ranking fuzzy numbers.
Dubois and Prade [12] proposed a complete setrapadson indices in the frame work
of Zadeh'’s possibility theory.

Liou and Wang [16] presented ranking fuzzy numbeith integral value.
Choobineh and Li [10] presented an index for ordgfuzzy numbers. Since then several
methods have been proposed by various researcléch mclude distance method by
Cheng [9]. Wang and Kerre [21,22] classified thistaxg ranking procedures into three
classes. The first class consists of ranking pneedbased on fuzzy mean and spread
and second class consists ranking procedures loaisétzzy scoring whereas, the third
class consists of methods based on preferencéoredadind concluded that the ordering
procedures associated with first class are relgtireasonable for the ordering of fuzzy
numbers specially, the ranking procedure presdmyefidamo [3] which satisfies all the
reasonable properties for the ordering of fuzzyntjtias. The methods presented in the
second class are not doing well and the methodshwbelong to class three are
reasonable. Stephen Dinagar and Kamalanathan Efdjed a distance based ranking
procedure SD of PILOT to solve the maximize nesent value.

Later on, ranking fuzzy numbers by area betweercéimroid point and original
point by Chu andTsao [11], fuzzy risk analysisdzh on ranking of generalized
trapezoidal fuzzy numbers by Chen and Chen [7&va approach for ranking trapezoidal
fuzzy numbers by Abbasbandy and Hajjari [1], fuziskanalysis based on ranking
generalized fuzzy numbers with different heightd different spreads by Chen and Chen
[8] came into existence.Amit Kumar et al. [15] peed a procedure on ranking
generalized trapezoidal fuzzy numbers based on raole, divergence and spread.

In this paper, we have used area of trapezium @ewaranking procedure for
generalized trapezoidal fuzzy numbers. The trapezias two bases parallel to each
other and two legs joining these bases at the p¢at0), (b, 0), (c, w) and (d, w). The
area covered by these four points is our rankimgtian. In addition to this [9] gives
equal ranking for this case as the method calcudatglar distance for bothfuzzy

numbers as the centroid points are the samewhf&ealso ranked equallyQl=C2) for

this casebecause both fuzzy numbers have siméarl@tweenthe centroids and original
points. To overcome this, we can use mode, spnedavaight method in addition [4,17].

Section 2 briefly introduces the basic conceptsdgfahitions of fuzzy numbers.
Section 3 presents the proposed new method. InicBedt we have explained the
comparative study made by the existing methodselrtion 5, we have concluded the
paper.

2. Preliminaries
Chen (1985, 1990) represented a Generalized TrajsZeuzzy Number (GTrFNAas
A = (ab,cdw), 0 w < 1 anda, b, c andd are real numbers. The generalized fuzzy

numberA is a fuzzy subset of real line R, whose member&hiption 4 satisfies the

following conditions:
(i) U5 (X)is a continuous mapping from R to the closed iratef@, 1].
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(i) Uz (X) =0 ,where-0 < x<a.
(iii) U5 (X) is strictly increasing with constant rate an< X<b.
(iv) Uz (X)=w, wherdd< X<cC.
(v) H5(X) is strictly decreasing with constant rate ons x<d ;(x) =0,
whered < X< 0.,
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Figure 1. Generalized trapezoidal fuzzy number

A Generalized Trapezoidal Fuzzy Numbér= (a,b,c,d;w) is a fuzzy set of the real line
R whose membership functign; (X): R - [0Ow]is defined as

» X—a
U5 (X)) = S , fora <x<b

w, forb < x<c

0= =X | forc< x<d
_(X) = , forc< x<
Her d-c

0, Otherwise

wherea<b <c<d andwl (O]
3. Proposed method
In the given generalized trapezoidal number ADEfRéstrapezium with the bases AD (=
b,) and EF (= B and the legs AE and DF. The points covered by RREe A (a, 0), D
(d, 0), E (a, w) and F (b, w).

Mz (X) =
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> X

Az 0) B(b. 0) Clc. 0) D(d, 0)
Figure 2: Generalized trapezoidal fuzzy number ABCDEF

The area of trapezium is give by

A=2(b,+b)

where h = height = w;,bb, = bases of trapezium

2 21 _
b, = distance between A(a, 0) and D(d,0) &9 ~ a)’ +(0)°|=(d -a)

b, = distance between E (b, w) and F (c,:\/\hfl.(c a b)2 * (W_ W)ZJ =(c-b)

w
The area of the trapezium ADFE 18~ E[(d -a)+(c-b)]

The ranking function of the generalized trapezofdaty numberA = (a, b,c,d; W)
which maps the set of all fuzzy numbers to a seta numbers is defined as:

O(A) =7 [(c+d)-(a+b)
The mode of the generalized trapezoidal fuzzy nunfbe (a, b,c,d; W) is defined as:
17 W
Mode= EJ; (b +c)dx = E(b +c)
The spread of the generalized trapezoidal fuzzybaumi = (a, b,c,d; w) is defined as:
Spread= [ (d - aJdx=w(d - a)
0

The left spread of the generalized trapezoid dalzyunumberA:(a, b, c,d;w) is

defined as:  LeftSpread= I (b-a)dx=wb-a)
0
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The right spread of the generalized trapezoidalzy‘uumberA=(a, b,c,d;w) is

defined as:  Right Spread= j (d - c)dx=w(d - c)
0

M

Figure3:

In exercise 3, the fuzzy number A is mirror imadgeBo(non-overlapping fuzzy
number). The existing ranking methods includingdieéned our proposed method does
not consider this case. [9] gives equal rankingtfos case as the method calculate
similar distance for both fuzzy numbers as thero@htpoints are the same whereas [9]
also ranked equallyC(l~ C2) for this case because both fuzzy numbers haniasiarea
between the centroids and original points. To owae this, we can use the method

based on mode, spread and weight as an additmolal t

Using the above definitions we now define the ragkiprocedure of two

generalized trapezoidal fuzzy numbers A=(a,,b,,c,,d,;w,)
B= (a2 ,b,,c2, dz;wz) [be two generalized trapezoidal fuzzy numbers.

-0.5 -0.3 0.1 0.1 03 05
€, =(-0.5,-0.3,-0.3, -0.1:1.0)
C, = (0.1.0.3.0.3.0.5:1.0)
Figure4: Non-overlapping Fuzzy Numbers (Mirror image case).

The working procedure to compare A ad B are asdI[17]:

Step 1. Find OJ(A) andJ(B)

Case (i) IfO(A) <O(B) then A < B

Case (ii) IfJ(A)>0(B) then A >~ B

Case (iii) If O(A) =0(B), comparison is not possible, then go to step 2.

Step 2. Find Mode (A) and Mode (B)
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Case (i) If Mode (A) < Mode (B) thed < B

Case (ii) If Mode (A) > Mode (B) theA > B
Case (iii) If Mode (A) = Mode (B) then go to Step 3

Step 3. Find left spread (A) and left spread (B)
Case (i) If Spread (A) < Spread (B) thén> B

Case (ii) If Spread (A) > Spread (B) thén< B
Case (iii) If Spread (A) = Spread (B) then go tef54.

Step 4. Find Left Spread (A) and Left Spread (B)

Case (i) If left spread (A) < left spread (B) thén< B

Case (ii) If left spread (A) > left spread (B) thén> B

Case (iii) If left spread (A) = left spread (B) thgo to Step 5.

Step 5. Examinew,; andw,

Case (i) If leftw,<w,, then A < B
Case (i) Ifw;< w,, then A > B
Case (iii) Ifw; =w,, thenA=B.

4. Results and discussion
Example 1. Let A = (0.2,0.4,0.6,0.8;0.35) ari®l=(0.1,0.2,0.3,0.4,.7) be two generalized

trapezoidal fuzzy number, then
0.7

O(A) = %5 (06+08)-(02+04)]= 0140(B) = > (03+04)-(01+02)] = 014

sincel1(A) = 0(B)=0.14, then go to step 2.

Step 2: ModeA) = %’(0.4 +06)=0175 Mode @) = %’(oz +03)= 009

Modg(A) > ModgB) = A>-B
0_?‘ B A=(02.0.4.06.08:03%)
----- =3 B=(0.1.0203.0407)

n h
n n
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=
(Y]
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|
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|1 =

1

|
0 01 03 05 0708 X
Excercise 1

Figureb:
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Example 2. Let A =(0.1,0.2,0.4,0.5;1) an& =(0.1,0.3,0.3,0.5;1) be two generalized
trapezoidal fuzzy number, then

O(A) = 1;20 (04+05)-(01+02)]=030(B) = 1—; (03+05)-(01+03)]= 02

sod(A) >0(B)= A~ B
4
1

A=(0102,04,051)
B=(0.1,03,03,051)

v

001 03 05 X

Exercise 2

Figure®6:
Example 3. Let A=(0.1,0.2,0.4,0.5;1) and =(1,1,1,1;1) be two generalized trapezoidal
fuzzy number, then

O(A) = 1;20 (04+05)-(01+02)|=03

0(B) =%’ (1+1)-@+1)]=0

sod(A)>0(B)= A>B
A

h A=(01.02.04.051)
| % B=(111,1.1)
..... e s
B
1
I
) T D A
01 0305 10X
Exercise 3
Figure7:

Example 4. Let A=(-0.5,- 0.3, -0.3,- 0.1;1) ari8i=(0.1,0.3,0.3,0.5;1) be two generalized
trapezoidal fuzzy number, then

O(A) = 1—; (-03-01)-(-05-03)]= 02

0(B) = 1;20 (03+05)-(01+ 03)]=02
sinced(A) = 0(B)=10.2, then go to step 2.
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. _10
Step 2: ModeA) = 7[(—0.3) +(-03)]=-03

Mode @) = 1—5[0-3+ 03]=03 Modg A) < ModgB) = A< B

4 A=(-05-03,-03-01:1)
1 A B=(0.103.03051)

T A
-0.5-03-01 00103 05 'X
Exercise 4
Figure8:
Example 5. Let A =(0.3,0.5,0.5,1;1) and =(0.1,0.6,0.6,0.8;1) be two generalized
trapezoidal fuzzy number, then

O(A) = 1—; (1.0+05)-(03+05)|= 035

0(B) = % (06+08)-(0.1+06)]=0035
sincel](A) = 0(B)= 0.35, then go to step 2.
Step 2: ModeA) = 1—;’[0.5+ 05]=05 Mode B) = Lzo[o.e +06]=06
Mode(A) < Modeg(B) = A< B
A

A4=(03.03031.1)
B=(0.10606081)

1 A

~
sy

%
001 03 0506 08 10X
Exercise 5
Figure9:
Example6. Let A=(0,0.4,0.6,0.8;1) and =(0.2,0.5,0.5,0.9;1) and
C=(0.1,0.6,0.7,0.8;1) be two generalized trapezdidazy number, then

O(A) = ? (08+06)-(00+04)]=050(B) = % (09+05)-(02+05)|= 035

0(C) = l—éo (08+0.7)-(01+06)|= 04 O(A) > 0(C) >0(B) = A>C>B
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A
. A=(0,04,0.608:1)
1 ABC B=(02050500:1)

C=(0.1,060.7,081)

ol L iy,
0.1 03 05 07 09X

Excercise 6

Figure 10:

Example 7. Let A =(0.1,0.2,0.4,0.5;1) an8 =(-2,0,0, 2;1) be two generalized trapezoidal
fuzzy number, then

O(A) = 1;20 (04+05)-(01+02)]=030(A) = 1—5 (0+20)-(-20+0)|=20
SolJ(A) < (B) = A<B

Now consider the example that A = (0.1,0.2,0.4103;and

B = (0.2,0.3,0.3,0.8;1.0) be two generalized trapd fuzzy number, then

0(A) =1—f (04+05)-(01+02)]=03

0(A) :1_éo (03+08)-(02+03)|=03
sincex(A) = 0(B)= 0.35, then go to step 2.
Step 2: ModeA) = %0[0_2 + 0_4] =03 Mode B) = 1;20[0_3+ 0_3] =03
Since Mode 4A) = Mode 8) = 0.3, then go to step 3.
Step 3: Spready) =1.0(0.5-0.1)=0.4 SpredB) = 1.0 (0.8 -0.2) = 0.6
Since SpreadX) < SpreadR)

= A>B

The following Table 1 indicates the comparison hi6 tproposed method with various
ranking methods.

Approach | Ex1 Ex 2 Ex 3 Ex 4 Ex5 Ex6 Ex7
Cheng[9]| A<B|A=B| Eror | A=B |A>B| A <CB = | Error
Chu[ll] | A<B|A<B|A<B|A<B|A>B A<CB< Error
Chen[7] | A<B|A<B|A<B|A<B|A>~B A<BC< A > B
Abbasba | e o | A~p|lAa<B|A=B|A<B| A B | AsB
dy [1] C

Chen[8] | A< B|A<B|A<B|A<X<B|A>-B| A<B=< | A>B

69



D.Stephen Dinagar and S.Kamalanathan

C
Kumar | gl a=B|A<B|A<B|As=B|A"B=|AasB
[15] C
Singh[19]| A<B|A<B|A<B|A<B|A~B A<CB< A>B
Rezvani | \ gl as-B|AsB|A=B|A=B|" " C" | A<B
[18] B
Proposed) \ gl av-B|As-B|A<B|A<B|A"C" | a<B
method B

Table 1. A comparison of the ranking results for differeppeoaches

5. Conclusion

It is clear from Table 1 that the results of thegmsed approach are same as obtained by
using the existing approach (Chen and Chen, 200®).main advantage of the proposed
approach is that the proposed approach providesdirect ordering of generalized and
normal trapezoidal fuzzy numbers and also the megapproach is very simple and
easy to apply in the real life problems.
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