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Division of Any Two Triangular Shape
Fuzzy Numbers via Mathematica

Goutam Saha'

ABSTRACT : This paper gives the result of the division of any two triangular shape
Suzzv numbers using mathematica. We know that, usually, the division of two
triangular shape fuzzy numbers does not provide the triangular shape fuzzy number.
This is also illustrated in this paper. For this reason some examples have been
considered here for verifving the proposed mathematica program. Computations
were carried out by mathematica.

Keywords: Fuzzy number, fuzzy arithmetic operations, o-cut, Mathematica.

1. INTRODUCTION :

Twenty five years ago. after the forty years old introduction of the fuzzy sets by Zadeh
(1965), Dubois and Prade (1980, 1988) stated the exact analytical fuzzy mathematics and
introduced the well known LR model and the corresponding formulas for the fuzzy
operations. Since the introduction of the extension principle by Zadeh (1965). the
arithmetic of fuzzy numbers has gained importance both from the theoretical and the
practical points of view. In general, the arithmetic operations on fuzzy numbers can be
approached by the direct use of the membership function by the Zadeh (1965) extension
principle or by the equivalent use of «-cuts representation introduced by Goetschel and
Voxman (1986). The basic arithmetic structure for fuzzy numbers was developed by
Mizumoto and Tanaka (1976, 1979), Nahmias (1978) and others.

2.FUZZY SET :

Let X be a nonempty set. A fuzzy set A in X is characterized by its membership function
A:X —[0.1] and A(x) is interpreted as the degree of membership of element x in fuzzy set
A for eachx e X . The value zero is used to represent complete non-membership, the
value one is used to represent complete membership. and values in between are used to
represent intermediate degrees of membership. The mapping A is also called the
membership function of fuzzy set A.

Example:
The membership function of the fuzzy set of real numbers “close to one™ can be defined
as

A(,\') = g_\—p(_ ,5(\ B l): )

where [} is a positive real number.
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3. FUZZY NUMBER

A fuzzy number is one which is described in terms of a number word and a linguistic
modifier, such as approximately, nearly. or around. The concept can be captured by a
fuzzy set defined on the set of real numbers. Its membership function should assign the
degree of 1 to the central value and degrees to other numbers that reflect their proximity
to the central value according to some rule. The membership function should thus
decrease from | to 0 on both sides of the central value. Fuzzy sets of this kind are called
fuzzy numbers.

General form of a fuzzy number:
0 forx<a,

f(x) forxe [a,b],

A(x)=1 1 forxe|b,c],

g(x) forxeled],
0 forx>d

wherea < b < ¢ < d ., fis a continuous function that increases to 1 at point b, and g is a
continuous function that decreases from 1 at point ¢. The most common types of fuzzy
numbers are triangular and trapezoidal shapes.

Fig. 1. Triangular shape fuzzy number

Any symmetric, triangular-shaped membership function which is characterized by the
three parameters, «, b, and s, as shown in the Fig. 1, is represented by the generic form:

1.\' - (1|
bl l———|when a-s<x<a+s
Al x)= s

1 0 otherwise

Although membership functions of a great variety of shapes are possible for representing
fuzzy numbers, as exemplified in Fig. 2 for the concept “around k™ where k is any
integer. These types of fuzzy numbers are easy to construct and manipulate. Even though
the choice of the real numbers a, b, ¢, d in the general definition of A(x) of a fuzzy
number is very important and highly dependent on the context of each application. most
current applications that employ fuzzy numbers are not significantly affected by the

9
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shapes of functions f and g in A(x). Hence, it is quite natural to choose simple linear
functions, represented by straight lines.

B(x)

C(x) D(x)

0 k X

Fig. 2. Possible fuzzy numbers to capture the concept “around k™.

4. DIVISION OPERATION ON INTERVALS

Let us consider two closed intervals [a, ] and [c¢, d]. The endpoints of these intervals are
some real numbers, denoted generically here as a, b, ¢ and d for which

a<band c < d.Then for any two closed intervals of real numbers, [a, b] and [c, d],
the result of division on these intervals is defined as

a,b] [ 11 =] . [a a b bj ‘[a a b l)j
= a,b]. —,— min| —,—,—,— |,max| —,—,—,— | |*
[c,d ] d ¢ cdcd cdcd

Interval division assumes that O is not one of the elements in the division interval [c, d].

5. RULE OF INTERVAL MULTIPLICATION

If A=[a;, a,] and B = [by, b,] then
A.B=][a. a].[b). b,
=[min {a, b;, a; bo, a, by, as by}, max {a; by. a; by, ay by.ay by} (L.1)
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Depending on sign and magnitude of a,, a,. b;. b,. we get the simpler versions of Eq.
(1.1).

A B (A.B)
0<a <a, | 0<b,<b, [a;bj.as b ]
0<a;<aj by <0<b, [azbl,asz]
0<a;<a, | b;<b, <0 [a, bj.a; by ]
aj<0<a, | 0<b;<b, [a;bs,a5 by ]
a;<0<a, b; <0<b, [min {a; by, a; by},
max {a; by, a; by}]
aj<0<a, | b;<b,<0 [a,by,a;bs]
aj<ay; <0 | 0<b <b, [a;by,ay by ]
a;<a, <0 | b;<0<b, [a;by.a; b]
aj<a, <0 | b;<b, <0 [a,by,a; by]

6. DIVISION OPERATION ON FUZZY NUMBERS

Let us consider two fuzzy numbers U=< U™, U'>and V=< V | V*> are defined in
the standard way, in terms of the o-cuts for all o€ [0, 1] then if 0g [VO' ,VO*:| then

[%]u - [(%J;(%): ] where Vo € [0,1] and

= - - - +
() :mm{gg_,yﬁ &,&} o
o

+ - +
v Vo Vo Vo Vg
+ - - + +
U Uy Uz Ug

(E) = max —(_i—(j—‘f—‘: ,
A a Vu V(x Vu Vu

Example:
We consider two fuzzy numbers A and B. After applying division operation. we see that

W looses its triangular shape!
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L Lp 3 A}
S S\ ‘ R
/o E v
/oA | B ¥ "\\
\ , - ‘: -
A'HA a'B CA “B ) )
Fig.3. (a) Fuzzy Numbers, (b) Division of two Fuzzy Numbers
7. ALGORITHM

Step 1: Input fuzzy numbers, say, A(x) and B(x),
Step 2: Determine the Ot -cut of the given fuzzy numbers.
Step 3: Determine the values of O which lies between (0, 1]. In this case, there are two
possibilities:
Case 1: There exist no O that lies between (0, 1].
Case 2: There exist unique Ol that lies between (0, 1].
Step 4: Subdivide the interval (0, 1] depending on the values of OL.
Step 5: Applying the rule of interval multiplication for each of the subinterval, we get the
0L -cut representation ofa[ﬁj.
B

a
Step 6: Solve the O(-cut representation of (A) with respect to x, we get the required
B

expressions which are denoted by (A / B) (x).
Step 7: Draw the graph of (A / B) (x).
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8. FLOWCHART

[ Start a(x). a)(x),
bi(x), ba(x)

y

o cut representation
of A(x) nd B(x)

y

Calculate
o values

0. exists No o exists

y

Apply rule of interval multiplication for each interval

y
Solve
“(A/B)=x

: i

Display the graph Stop
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9. SOME EXAMPLES

Example 1:
- erwise 0 - otherwise
A(x) = 20+ . for otherwise and B(x) = o for otherwise
,)' for =2<x<0 - for 2<x<4
2;'\- for 0sx<2 -6;—\ for 4<x<6
Example 2:
0 for otherwise 0 for otherwise
A(x) = +1 and B(x) = _
z for —1<x<1 X tor f@nes
3y -
T\ for 1<x<3 STX for 3<x<5

10. MATHEMATICA CODE

Let us consider two triangular shape fuzzy numbers

0, otherwise, .
0, otherwise,

A(x)={a;(x),a<x<b, At B(x)={b;(x),q <x<r,
ar(x),b<x<c. by(x),r<x<s.

Input (1):

This query indicates the input of two triangular shape fuzzy numbers A(x) and B(x).
flx_ ] :=al[x]

fllx ] := a2[x]

glx_] :=bl[x]

glix ] :=b2[x]

Input (2):

This query indicates the Ot -cut of A(x) and B(x).
zl = Solve[f[x] == a, x]:

z2 = Solve[fl[x] == a, x];

z3 = Solve|[g[x] == a, x];

z4 = Solve[gl[x] == a, Xx];
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Input (3):

This query gives the different values of L. If there exists no O found that lies between (0,
1] then go to Input (4). If there exist unique ¢ value found that lies between (0, 1] then
go to Input (8).

x1 = Solve[z1[[1, 1, 2}] =0, a]:
x2 = Solve[a2[f1; X, 2]] = 0, «];
x3 = Solve[2z3[[1, 1, 2]] =0, a];
x4 = Solve[zd4[[1, 1, 2]] =0, a];

Input (4):

For the interval (O, 1], this query separates the O -cut expressions of A(x) and B(x) and
also calculates their values at the given range.

al=z1[[1, 1, 2]] /. {a—>Random[Real, {0.1, 0.9}]};

a? =z2[[1, 1, 2]] /. {a~Random[Real, {0.1, 0.9313:

b1l=23[[1, 1, 2]] /. {a—>Ramdom[Real, {0.1, 0.93}]3};

b2 =z4[[1, 1, 2]] /. {a—>Random[Real, (0.1, 0.93]3:

all=:z1[I1; 1, 21]:

a12 = z2[[1, 1, 2]1;

b1l=23[[1, 1, 2]];

b12 =z4[[1, 1, 2]]1;

Input (5):

In this query, we apply the rule of interval multiplication.

el = Block[{}, inl=0;
If[0=al=za24&%0 =bl=:h2, Interval[{all«~bhll, al2+h12}],
If[0=al=a24&4bl=0=hb2, Interval[{al2+~bll, al2+b12}],
If[0=al=a2&¢bl=h2 =0, Interval[{al2+b1l, all+b12}],
Iffal=0=<a2&& 0 zbhl b2, Interval[{all~bl2, al2«b12}],
Iffal=0z2a2& bl =0=:2b2, Interval[{Min[{all~b12, al2+b11}]
, Max[{all+b1l, al2+h12}]}],

If[al=0=a24&% bl =b2 =0, Interval[{al2~bl2, all~bh12}],
If[alza2=z04%&6 0 =bl=b2, Interval[{all+~b12, al2+b11}],
Iffal=a2=0&bl=0=z:hb2, Interval[{all~bl2, all~b11}],
Iffal=a2=0%& bl =b2 =0, Interval[{al2~b12, all+~b11}]

1111111111
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[nput (6):
This query gives us the required expressions for division of two fuzzy numbers.
z5 = Solve[el[[1, 1]] - x, a]:
ul =Solve[z5[[1, 1, 2]] == Interval[{0, 1}], x]:
z6 = Solve[el[[1, 2]] -- x, a]:
u2 = Solve[z6[[1, 1, 2]] == Interval[{0, 1}], x]:

Input (7):
This query display the graph of (A/B) (x).

Collect[25[[1, 1, 2]]&&ul[[1, 1, 2]] || 26[[1, 1, 2]]

&&u2[[1, 1, 2]] || 0&% otherwise, x]

soll=Plot[25[[1, 1, 211, {x, wl[[1, 1, 2, 1, 1]],

ul[[1, 1, 2, 1, 2]]}, DisplayFunction — Identity]:

sol2 =Plot[z6[[1, 1, 211, {x, w2[[1, 1, 2, 1, 1]],

u2[[1, 1, 2,1, 211}, DisplayFunction — Identity]:

Show([{s0ll, sol2}, Graphics[{Text[" (R/B)[x]", {ul[[1, 1, 2, 1, 2]]
;, 0.5}1}]1, DisplayFunction — $DisplayFunction]

Input (8):
This query shows that v1 contains the unique value of O that belongs to (0, 1].
vl =Block[{}, in1 =10;
IE[0 <xd[[1, 1, 211 <1, x2[[1. 1, 2]],
IE[0 <x2[[1, 1, 2]] <1, x2[[1, 1, 2]],
If[0 <x3[[1, 1, 2]] <1, x3[[1, 1, 2]],
IE[0 <xa[[1, 1, 2]] <1, x3[[1, 1, 2]1111111:

Input (9):
For the subinterval (0, v1], this query separates the O -cut expressions of A(x) and B(x)

and also calculates their values at the given range.

al=z1|[1,
a2 =2z2][1,

, 211 7. {a= (v172) /if H};
;211 4. fa—=(v1/f2) {fH}:
bl=2z3[[1, 1, 2]] /4. {a— (v1f2) ff H}:
b2==z4[[21, 1, 2]] /. {fa—=(v1/2)/fH};
all=z1i[[1, 1, 2]]:
a12.= 2P [ 1, L, 2)]):
Wil=2Z3[ 1, L, 2]]:
bi2z==z4[[1; 1. 2]]:

[

1



THE AUST

|0IIHI8| M sciellce HII(I Tﬂ(:hllﬂﬂ!l Vol - 1, Issue - |, January '09

Input (10):
In this query, we apply the rule of interval multiplication.

el =Block[{}, in1 =0;

If[0<al £a2&&0<bl<h2, Interval[{all+bll, al2+bl12}],
If[0<al £a2&&bl <0=<b2, Interval[{al2+bll, al2+b12}],

If[0 £al <a2&&bl <bh2 20, Intexrval[{al2+bll, all+bl2}],
If[al £ 0<a2&&0<bl <bh2, Interval[{all+hl2, al2+hl12}],
If[al £0<a2&bl <0<bh2, Interval[{Min[{all+bl2, al2 +bll}],
Max[{all+ bll, al2 +b12}]}],

If[al £0<a2&&bl <bh2<0, Interval[{al2+bl2, all +b12}],
If[al £ a2 20&&0<bl £b2, Interval[{all+«bl2, al2 +b11}],
If[al £ a2 <0&&bl <0<b2, Interval[{all+bl2, all+bll}],
If[al £ a2 < 0&&b1 b2 20, Interval[{al2+bl2, all+b11}]]1]1]11111111:

Input (11):

For the subinterval (v1. 1], this query separates the Ol -cut expressions of A(x) and B(x)
and also calculates their values at the given range.

al=z1[[1, 1, 2]]1 /. fa—=((v1+1) f2) /7 H}:
a2 =z2[[1, 1, 2]1]1 /7. {a—=({v1+1)/2) f/H};
bl=2z3[[1, 1, 211 /. {a— ({(v1+1)/2) //N};
b2 =2z4[[1, 1, 211 /. {a—=({v1+1)/2) //HR}:
all=z1i[[1; 3; 21]);
al2 =z2[[1, 1, 21]:
b1l =2z3[[1, 1, 2]]:
b12 =z4[[1, 1, 2]]:

Input (12):
In this query, we apply the rule of interval multiplication.

e2 = Block|[{}, in2 =0;

If[0<al <a2&&0<bl <h2, Interval[{all+bll, al2 +b12}],
If[0<al £a2&&bl <0<b2, Interval[{al2+bll, al2+bl12}],
If[0 <al £ a2&&bl £h2 20, Interval[{al2+bll, all +b12}],
If[al <0 <a2&&0=<hbl <b2, Intexrval[{all«bl2, al2+h12}],
If[al 20<a2&&bl £0<b2, Interval[{Min[{all+bl2, al2+bll}],
Max|[{all«x bll, al2 +b12}]}],

If[al £0<a2&&bl £h2 <0, Intexrval[{al2+bl2, all+bh12}],
If[al £a2 £ 0&&0 <bl <b2, Interval[{all+bl2, al2 +bl1l}]~
If[al 2 a2 < 0&&b1202<h2, Interval[{all+bl2, all +bll}],
If[al £ a2 < 0&& b1l £h2 20, Interval[{al2+bhl2, all +bll}]

1111111111 ¢
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Input (13):
This query gives us the required expressions for division of two fuzzy numbers.

z5 = Solve[el[[1, 1]] ==x, «a] ;
ul = Solve[z5[[1, 1, 2]] == Intexval[{0, x1[[1, 1, 2]]}]., x]:
z6 = Solve[el[[1, 2]] ==x, «] ;
u2 = Solve[z6[[1, 1, 2]] == Intexval[{0, x1[[1, 1, 2]]}], x]:
z? = Solve[e2[[1, 1]] =x, «] ;
u3 = Solve[z7[[1, 1, 2]] == Intexval[{x1[[1, 1, 2]], 1}], x]:
z8 = Solve[e2[[1, 2]] ==x, «] ;
ud = Solve[z8[[1, 1, 2]] == Intexrval [{x1[[1, 1, 2]], 1}], x];

Input (14):

This query display the graph of (éj(x).
B
Collect[z5[[1,1, 2]]&&ul[[1,1, 2]] ||z6[[1,1, 2]]&&
u2[[1,1,2]] || z7[[1,1, 2]]&&u3][1,1, 2]] ||
z8[[1,1, 2]]&&ud[[1,1, 2]] || 0&& othexwise, x]
soll =Plot[z5[[1,1, 2]], {x, ul[[1,1,2,1,1]],wl[[1,1,2,1,2]]},
DisplayFunction - Identity];
sol2 =Plot[z6[[1,1, 2]], {x, w2[[1,1,2,1,1]],w2[[1,1,2,1,2]]},
DisplayFunction ~ Identity] :
sol3=Plot|z7[[1,1; 2]}, [x, uw3[[2,1,2;1,1]],w3[[1,1,2,1, 2}]}.
DisplayFunction - Identity] :
sold =Plot[z8[[1,1, 2]], {x, w4[[1,1,2,1,1]], uwa[[1,1,2,1, 2]]},
DisplayFunction - Identity]:;
Show|[{soll, sol2, sol3, sold}, DisplayFunction + §$DisplayFunction]

11. RESULTS
Example 1:
1}
Iy
AN
C:,‘féi \\\
0, otherwiss / \
fflw.- 3 ——1——x .'/'0 £l '-\\'
= |lx)=" or—12x = g D
lB;r"}f ~l+x"j— el /carB [x) \,
l -X ," 0.4 \_‘\
Z, for02x =1 % N
T p - N
ot “05 0.5 1
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Example 2:

U,0therwise _ JAAN

12. CONCLUSION

We have presented a new mathematica code for evaluating the division of two fuzzy
numbers using fuzzy arithmetic operations. We also use few examples to illustrate the
performance evaluation process of the new mathematica code. We can see that the
proposed code can efficiently handle the fuzzy arithmetic operations. We also see that the
division of two fuzzy numbers does not provide triangular shape fuzzy number.
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