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Abstract. The fuzzy set theory has been applied in many digldch as management,

engineering etc. In modern management applicatinising using fuzzy numbers is the

most important aspect in decision making procesthis paper, we proposed the ranking
of generalized dodecagonal fuzzy numbers (DoFNg pitoposed approach is based on
rank, mode, divergence and spread.
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1. Introduction

Ranking of fuzzy number play an important role iacidion making. Zadeh [23]

introduced the concept of fuzzy sets to deal witlpriecision, vagueness in real life
situations. The method for ranking was first pragbby Jain [9]. Yager [21] first used
horizontal coordinate of the centroid point in ramgkfuzzy numbers. Murakami et al.
[14] have used both the horizontal and verticalrdimates of the centroid point as the
ranking index. In Kaufmann and Gupta [12] propos@dapproach for the ranking of
fuzzy numbers.

Campos and Gonzalez [1] proposed a subjective apprdor ranking fuzzy
numbers. Cheng [6] presented a method for rankimgyf numbers by using the distance
method. Chu and Tsao [7] proposed a method forimgnkizzy numbers with the area
between the centroid point and original point. Demgl Liu [8] presented a centroid-
index method for ranking fuzzy numbers. Chen an@rC[8] presented a method for
ranking generalized trapezoidal fuzzy numbers. Wand Lee [20] used the centroid
concept in developing their ranking index.

Chen and Tang [5] proposed a method for rankingonpantrapezoidal fuzzy
numbers. Since then several methods have beengafny various researchers which
includes ranking fuzzy numbers using maximizing amdimizing set [2] decomposition
principle and signed distance [22], different hésgtand spreads[4], rank, mode,
divergence and spread [13], area compensationndistanethod [14], Ordering of
trapezoidal fuzzy numbers[19]. Gani and Mohamed {E&d a new ranking method for
ranking the fuzzy numbers. Rajarajeswari and S{itiBlpproposed a ranking method for
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ordering fuzzy numbers based on Area, Mode, diverge Spreads and Weights of
generalized (non-normal) hexagonal fuzzy numberajafdjeswari and Sudha [15]
proposed a new method on the incentre of centamdsuses of Euclidean distance to
ranking generalized hexagonal fuzzy numbers.

2. Preliminaries

2.1. Fuzzy s&t [9]

A fuzzy setd is defined byd= {(x, pa(x)) : X € A, pa(x) € [0,1] }. In the pair (X,pua(X)),
the first element x belong to the classical seth&, second elemepi(x), belong to the
interval [0, 1] called Membership function.

2.2. Fuzzy number [9]

A fuzzy setd on R must possess at least the following threeestigs to qualify as a
fuzzy number,

(i) A must be a normal fuzzy set; (i must be closed interval for eveaye [0,1]

(iii) the support ofd, ®*A, must be bounded.

2.3. Dodecagonal fuzzy numbers[18] )

A fuzzy numberA is a DoFN denoted by = (a,&,as 4,8, 3,8,8,80, 00,801,812 Where
a4, &, 3, 84,5, 96,87, 88,80, 800,801,812 @re real numbers and its membership function igrgiv
below

[ 0 X< &
X—aq
kl(az—al) alS X S @
Ky as<x<a
x—as
k1+(k2-k1)(m) BIX< &y
k2 as<X<&
o+ (1-l) (%) asx<a
M(x):< 1 a<x<a
ag—x
ket (1-k) () asxs<a
k2 A< X< &
ap—x
Ky + (ko— ko) (m) < X< ap
Ky Qo< X<ay
ai;—x
\ kl(—alz_all) A1 X< &
0 ax<X where 0 <k<k <1

2.4. Generalized dodecagonal fuzzy number
A fuzzy numberd = (a,ap,asa,3s,8, 87,8, 8,80,81,82U,V,W) is said to be generalized
dodecagonal fuzzy number if its membership funcisogiven be
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[O Xa
x—a,
U(ﬁ) a<X<oap
u A< X< &
u+ (v- u) (;:;33) B<X<a
v ASX< &
v+ (W- V) (;6‘_“:5) a< X<
ua = { w a<x<a
v+ (W- V) (;_:) a<x<a
ko A<X< &
u+ -0 (F2) asx<a
u Q< X< ay
Aq12—X
U(m) Q1< X< ap
\O a<Xx where0<u<v<wl

3. Proposed ranking method of dodecagonal fuzzy number

The centroid of a DoFN is considered to be thermatay point of the dodecagon (Fig. 1).
Divide the dodecagon into eight triangles and aealgon ABM, BCN, CDO, DEP, HIS,
IJT, JKU, KWV and EFGHRQ respectively. Let the ceitts of nine trapezoids be;G
Gy, Gs, G4, G, G;, Gg, Goand G respectively.

L
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Figure 1: Generalized dodecagonal fuzzy number
The centroid of the nine plane figure is
Glz(a1+232 u); Gzz(a2+233 Zu)_ Gsz(a3+2a4’u_-i-v);
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(8) G1, G; and G are non-collinear and they form triangle. We defime centroids; of

the triangle with vertices GG, and G asG;= (a1+3(32;a3)+2a4 s

(b) G4, Gs and Gare non-collinear and they form triangle. We deﬂnxe centroids; of

the triangle with vertices 5Gs and G asG;= (2(a4+as+a7+1:9)+5(a5+38) ) Sv;rw)

(c) G;, Gg and Gare non-collinear and they form triangle. We defime centroids; of
the triangle with vertices $Gs and G asGi= (239+3(al°9+a“)+312 ) 4u9+")

Also,G1, G, andG3 are non-collinear and they form triangle. We defihe centroid:;

of the triangle with vertice&;, G; andGs; as

Gi= (2(a1+a6+a7+a12)+6(a2+a3+a4+a9+a10+a11)+5(a5+a8) 8u+7v+w)
A 54 ’27
If we take u ="3K and v =2?W then
GZ‘: (2(a1+36+a7+a12)+6(az+a3+a4+ag+alo+a11)+5(as+as) 25_w)
54 ’ 81
The ranking function of the generalized DoBN: (ay,a,8s, 84,85, 8, 87,86, 8,810,811, 84 2W),

which maps the set of all fuzzy number to a seeaf numbers is defined as
2(al+36+a7+alz)+6(az+a3+a4+ag+a10+all)+5(a5+as)) (25W)

RA) = ( - )
This is the area between the centroid of the cefst®; as defined in (1) and (2) the
original point.

The mode of the generalized DoBNE (&, 8,8, 84,85, 36,87, 86,8, 310,811,312 W) iS

Mode =Z(as + a;) (3)
The divergence of the generalized DoEN (&, 3, 8,8, 8,3, 87, 3, 8,310,811,812,W) iS
Divergence = W{;, -a;) _ 4)
The left spread of the generalized DoEN (a,&,as,a4,8,8,87,8s,80,800,801,802,W) IS

Left spread =(as - a;) 5) (
The right spread of the generalized DoEkN (&,,8,8s,a,8s, 8,8, 86, 8, 810,811,8.2,W) IS

Right spread %(a12 -a,) (6)

(1)

4. Someimportant results

In this section some important results, that arefulsfor the proposed approach, are
proved.

Proposition 4.1. Let A=(ay, 8,8, 84,35, 8, 8, 36, 8,810,841, 812,W1) and

B= (by, o, 03,4, b05, b5, 107, g, g, b1 0,01 1,015;W2)  be two generalized dodecagonal fuzzy
numbers such that

(i) R(A) = R@), (i)) mode @) = mode B) and (iii) divergenceX) = divergencek)

then

(a) Left spreadk) > Left spread ) iff agw,> bsw,

(b) Left spreadf) < Left spreadE) iff agw, < bsw;

(c) Left spreadq) = Left spreadR) iff agw;= bsw;

Proof: We have

() RA) =RE)
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2(ajt+agtay+aqp)+6(az+aztaz+agtaigt+as)+5(as +a8)) (2 5w1) _

i.e. (
! 54 81
(2(b1+b6+b7+b12)+6(b2+b3+b4+b9+b10+b11)+5(b5+b8)) (25w2)

162 81 (7)
(i) mode @) = mode B)
e (astay) = “X(bstby) )
(iii) divergence R) = divergenceR)
i.e.,(ara))wi=(by-by)w, 9)
Solving(7), (8) and (9) we get
W= bW,
(atast atagtayotany)Wi=( bptbytby+botbigtbi)w,
(&+ag)wy=(bs+be)w,
(a) Left spreadf) > Left spreadR)
iff (86'31)% > (bﬁ'bl)%
@ff (86-ag)wr> (bs-br)w;
iff agwy > bew, (- aws= biw,)
Hence, Left spread) > Left spread ) iff agw,> bgw;
(b) Left spreadX) < Left spreadg)
iff (36'311)% < (bﬁ'bl)%
@ff (86-an)wi< (bs-br)w;,
iff gwy < bow, (- awi= bwg)
Hence, Left spread) < Left spreadR) iff agw, < bsw,
(b) Left spreadf) = Left spreadg)
iff (aG'al)% = (bG'bl)%
?ff (as-ar)ws= (bs-br)w,
iff gw, = bowz (- awi= bwy)
Hence, Left spread) = Left spreadR) iff agw; = bsw,

Corollary 4.1. All the results of proposition 4.1 also hold foght spread.

Proposition 4.2. Let A=(ay,a,8s,84,35, 8,87, 3,8, &0,841,812,W1) and
B=(by, b, bs, b, bs, bs, b7, b, b, b1, b11,01:W,) be two generalized dodecagonal fuzzy numbers
such that
(i) R(A) = R@), (ii) mode @) = mode B) and (iii) divergenceX) = divergenceE)
then
(a) Left spreadk) > Left spreadE) iff Right spread £) > Right spreadg)
(b) Left spreadX) < Left spreadR) iff Right spread£) < Right spreadR)
(c) Left spreadq) = Left spreadE) iff Right spread£) = Right spreadR)
Proof: From proposition 4.1, we have
aw;= bw,
(ata)wi=(b+bi)w,
(astang)wi=(bs+big)w,
(arta)wi=(bstbo)w,
(astag)wi=(bstbs)w,
(a) Left spreadf) > Left spreadE)
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iff aw1> bgw, (from proposition 4.1)

iff apwy < bywy (= SHasta) = 5Hbstr) o wa(astay) = wa(betby))
iff -apw, > -byw,

iff (auo-ar)wy> (b;ng'b7)W2 ¢ QW1 = uaws)

iff Right spread4) > Right spreadR)

Similarly (b) and (c) can be proved.

5. Proposed appr oach for ranking of generalized dodecagonal fuzzy numbers

Let A=(ay, 8, 85, 8,85, 87, 86,80, 210,:811,802W1) & B=(by, by, 03,04, bs, 6, b7, b, 0o, by 0,011, by W)
be two generalized dodecagonal fuzzy numbers teerthe following steps to compare

Aand B
Step 1: Find RX) and R B)
Case (i) If R) > R (B) thenA > B
Case (i) IfR£) <R B) thenA < B
Case (ii) If R) = R B) then go to step 2.
Step 2: Find moded) and modeR)
Case (i) If modeA) > mode B) thenA > B
Case (i) If modeA) < mode B) thenA < B
Case (i) If modeA) = mode B) then go to step 3.
Step 3: Find divergencd) and divergenced)
Case (i) If divergencd) > divergenceK) thenA > B
Case (i) If divergencel] < divergenceR) thenA < B
Case (i) If divergenceél] = divergenceR) then go to step 4.
Step 4: Find Left Spread) and Left Spreads)
Case (i) If Left Spread\] > Left Spreadg)
i.e. aw; > bsw,thenA > B (from proposition 4.1)
Case (i) If Left Spreadij < Left SpreadR)
i.e. aw; < bw,thenA < B (from proposition 4.1)
Case (ii) If Left Spreadi] = Left SpreadH)
i.e. aw; < bswythen go to step 5.  (from proposition 4.1)
Step 5: Find wand w
Case (i) If w> w, thenA > B
Case (ii) If w< w, thenA < B
Case (ii) If w= w, thenA ~B.

6. Numerical problems
Example 6.1. LetA = (0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9,1,1.1,172;8nd
B=(0.2,0.4,0.6,0.8,1,1.2,1.4,1.6,1.8,2,2.2,2.5.3
Step 1: R£) = 0.14 and RE) =0.14. Since RA) = R (B) go to step 2
Step 2: ModeX) = 0.455 and ModeB) =0.455. Since Modei) = Mode @) go to step 3
Step 3: DivergenceA] = 0.77 and Divergenc8) = 0.77.
Since Divergenced)) = DivergenceE) go to step 4
Step 4: Left Spreadij = 0.117 and Left Sprea8) = 0.117.
Since Left Spreadd) = Left SpreadH) go to step 5
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Step 5: w= 0.7and w = 0.35. Since w> w, thenA > B

Example 6.2. Let A = (0.15,0.2,0.21,0.26,0.29,0.31,0.33,0.37,0.35,0.48,0.49;0.4)
and B = (0.45,0.49,0.51,0.55,0.57,0.6,0.62,0.67,0.69,0.73,0.79;0.8)
Step 1: R£) = 0.041 and RR) = 0.152. Since R) <R B), A< B

Example 6.3. LetA = (0.43,0.45,0.5,0.6,0.7,0.8,1,1.1,1.2,1.35,1541).. and B = (0.28,
0.45,0.5,0.6,0.75,0.8,0.9,1.15,1.2,1.3,1.45,1.5;1)

Step 1: R£) = 0.283 and RR) = 0.283. Since RA) = R (B), go to step 2

Step 2: ModeX) = 0.9 and ModeK) = 0.85. Since Mode}) > Mode §), A > B

Example 6.4. LetA = (0.2,0.4,0.6,0.8,1.15,1.2,1.4,1.65,1.8,2,2.212.4nd B = (0.1,0.4,
0.7,0.8,1,1.2,1.4,1.6,1.8,2.1,2.2,2.4;1)
Step 1: R£) = 0.407 and RE) = 0. 407. Since RA) = R (B) go to step 2
Step 2: ModeX) = 1.3 and ModeR) = 1.3. Since ModeA) = Mode §) go to step 3
Step 3: DivergenceA] = 2.2 and Divergencé) =2.3.

Since Divergencd) < DivergenceR), A < B

Example6.5. LetA = (0.2,0.3,0.6,0.8,1,1.3,1.4,1.6,1.8,2,2.2,2.3ri) B =
(0.2,0.4,0.6,0.8,1,1.2,1.5,1.6,1.8,2,2.1,2.3;1)
Step 1: R£) = 0.403 and RH) = 0.403. Since RA) = R (B) go to step 2
Step 2: ModeX) = 1.35 and ModeRB) = 1.35. Since ModeA) = Mode 8) go to step 3
Step 3: DivergenceA] = 2.1 and Divergenc) = 2.1.

Since Divergenced)) = DivergenceE) go to step 4
Step 4: Left spready] = 0.36 and Left Sprea®) = 0.33.

Since Left Spread)> Left Spreadi), A > B

7. Conclusion

In this paper, we proposedsémpler and easier approach for ranking of geregdli
dodecagonal fuzzy number by using centroid of odédgr Also, proposed method is
illustrated with the help of numerical example.
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