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Abstract. Intuitionistic fuzzy multiset introduced by Shinoj and Sunil is a relatively new research area. In
this article, we proposed some mathematical techniques to convert intuitionistic fuzzy multisets to fuzzy sets
for industrial uses such as in fuzzy logic and fuzzy control.
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1. Introduction

Zadeh [11] generalised fuzzy sets from classical sets theory by allowing intermediate situations between
the whole and nothing. For a fuzzy set, a membership function is defined to describe the degree of
membership of an element to a class. The membership value ranges from 0 to 1, where 0 shows that the
element does not belong to a class, 1 means belongs, and other values indicate the degree of membership to a
class. In fuzzy sets, the membership function replaced the characteristic function in crisp sets. A fuzzy set
represents the elements in a class with the degree of membership to that class. Fuzzy set which is the
extension of crisp set provides a means of representing and handling the vagueness of an object and
imperfectly described knowledge.

However, the concept of fuzzy sets theory seems to be inconclusive because of the exclusion of non-
membership function and the disregard for the possibility of hesitation margin. Atanassov critically studied
these shortcomings and proposed a concept called intuitionistic fuzzy sets (IFSs) in [2-5]. This class (i.e.
IFSs) incorporates both membership and non-membership functions with hesitation margin (i.e. neither
membership nor non-membership functions).

Shinoj and Sunil [7-9] introduced intuitionistic fuzzy multisets (IFMSs) from the combination of IFSs and
fuzzy multisets proposed by Yager [10]. In [6], IFMSs are considered as the generalisation of IFSs or the
extension of fuzzy multisets.

2. Concise note on intuitionistic fuzzy multisets

Definition 1[11]: Let X be a nonempty set. A fuzzy set A drawn from X is defined as 4 = {{x, p,(x)):x € X},
where ft4(x): X — [0, 1] is the membership function of the fuzzy set A. Fuzzy set is a collection of objects with
graded membership i.e. having degrees of membership.

Definition 2[4]: Let X be nonempty set. An intuitionistic fuzzy set (IFS) A in X is an object having the form;
A={{x,puy(x) vy (x)}:x €X} | where the functions (), v (x): X — [0,1] define the degree of
membership and degree of non-membership of the element x € X to the set A. For every x EX,
0< () +y(x) =1
Furthermore, T4(x) = 1 — p,(x) — v, (x) is the intuitionistic fuzzy set index or hesitation margin and is the
degree of indeterminacy concerning the membership of x in A, then 0 = g (x) + v (x) +my(x) =1,
Whenever 4 (x) = 0, IFS reduces automatically to fuzzy set.

Definition 3[10]: Let X be a nonempty set. A fuzzy multiset (FMS) A drawn from X is characterized by a function,
‘count membership’ of A denoted by CM, sit. CM,: X — (J where @ is the set of all crisp multisets drawn from the
unit interval [0,1]. Then for any x € X, the value CM,(x) is a crisp multiset drawn from [0,1]. For each x € X

Published by World Academic Press, World Academic Union


mailto:ocholohi@gmail.com

170 Paul Augustine Ejegwa : Mathematical techniques to transform intuitionistic fuzzy multisets to fuzzy sets

the membership sequence is defined as the decreasingly ordered sequence of elements in CM, (). It is denoted by
(L2 (26) 13 (), ey WS (X)), where [y (x) = W5 (x) 2.2 W} (x). Also, a fuzzy multiset A in X is a set of
ordered sequence given as A= {{x,uy(x), po(x)p3(x), e p (), ix €EX} where
p, (x): X — [0, 1] is the membership function of A.

Definition 4[7]: Let X be a nonempty set. An IFMS A drawn from X is characterized by two functions: “count
membership” of A denoted as CM, and “count non-membership” of A denoted as CN, given respectively by
CM,: X — @ and CN X —@Q where @ is the set of all crisp multisets drawn from the unit interval [0,1] s.t. for
each x € X | the membership sequence is defined as a decreasingly ordered sequence of elements in CM, (x) and it is
denoted as (p.; (x],uj (%),..., 1% (X)), where |.L_}1 (x) = uj (x) Z=...= W} (x) whereas the corresponding non-
membership sequence of elements in CN () is denoted by (V3 (x),v3 (x), ...VE (x)) sit. 0 <l (x) + Vj (x)<1
foreveryx EX and I=1,.. ..n.

This means, an IFMS A is defined as; A = {(x,CM,(x) ,CN(x)y:x € X} or A = {(x L, (%), V] (x)): x € X},
fori =1,.. .,n.

For each IFMS Ain X, my(x)=1— !.Li1 () — VY (x) is the intuitionistic fuzzy multisets index or hesitation margin
of x in A. The hesitation margin T (%) for eachf =1, . . ., 7 is the degree of non-determinacy of x € X, to the
set A and ﬂf;l (x) € [0,1].Similarly, 1If4 (x) as in IFS, is the function that expresses lack of knowledge of whether
x €A orx &A Then, W(x)+ V)+mi(x) =1foreachi=1,.. .7

Definition 5: We define IFMS alternatively. Let X be nonempty set. An IFMS A drawn from X is given as
A=0p (), u2(x), e, v (x), .., VT (%), .. 3x € X T where the functions p’, (x), V', (x): X — [0,1]
define the belongingness degrees and the non-belongingness degrees of 4 in X st. 0 < p.f, (x)+ vﬁ, (x)<1 for
i =1,... If the sequence of the membership functions and non-membership { belongingness functions and non-
belongingness functions )} have only n-terms (i.e. finite), n is called the dimension of A. Consequently
A=0p(), e, u2(x),vE ()., v (x))x € X for i =1,..,m when no ambiguity arises, we define
A=) VviENxe X fori=1,..,n
3. Our motivations

The need for the conversion of IFMSs to fuzzy sets arises when we have intuitionistic fuzzy multi-values (or data)
and the available machine or Computer package can only accept fuzzy values. This is due to the fact that IFMS is
relatively new and fuzzy set is industrially accepted for its efficiency and effective applications in computer
programming and artificial intelligent (i.e. fuzzy logic) and fuzzy control.

The techniques
In converting IFMSs to fuzzy sets, one could be tempted to just neglect the hesitation margin (not even minding its
proportions), but doing this will definitely present a deceptive result. We present some mathematical techniques which

are effective and provide a pretty picture of IFMS in terms of fuzzy set. These techniques are adapted from Ansari et al.
[1] work on the conversion of IFSs to fuzzy sets.

Let X = {x} be nonempty set and let an IFMS A be given as 4 = {{x, (0.6,0.3),(0.5,0.3)):x € X}. We are
given pj (x) = 0.6, p3(x) = 0.5, vi(x) = vi(x) = 0.3; then ti(x) = 0.1, m3(x) = 0.2

Firstly we convert the IFMS to IFS by taking the mean values of each of the parameters. Then A becomes IFS as given
thus;

w,(x) = 0.55, vy(x) = 0.3 and T4 (x) = 0.15
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Technique 1: In this technique, we divide the value of the hesitation margin into two equal parts and added to both
membership  and  non-membership  functions.  Then LLA[:xj =055+ 0075=0625 and
v, (x) =0.340075=03750r1—0.625= 0.375.  Now, the fuzzy  set  value is
0625 = A ={{x,0.625):x € X}.

Technique 2: Here, we add the hesitation margin to the greater values between the membership degree values and the
non-membership degree values and then, take the membership degree as the fuzzy set equivalent. We use the converted

value in our given example i.e. 4 = {{x,0.55,0.3):x € X} form,(x) = 0.15. Since the membership degree is
the greater, then W4(x) = 0.55 4+ 0.15 = 0.7

Then, A = {{x, 0.7): x € X} is the fuzzy set equivalent to IFMS.

Note: If Ly (x) = v, (xx), we arbitrarily add 7, () to either 14 () or v, () or just adopt technique 1.

Technique 3: In this technique, after converting IFMS to IFS, we calculate the percentage of the degree of membership
and non-membership wrt their sum, ignoring the hesitation margin value. Thereafter, we find the product of the
membership degree percentage and the hesitation margin value and then add the product to the hesitation margin value
to yield the membership degree of the equivalent fuzzy set.

Using our example, 4 = {{x,(0.6,0.3),(0.5,03)):x €X} yields A = {{x,0.55,0.3%:x €X} with
1, () = 0.15 hesitation zone.

pg L) 0.55

00 of pulx) = X 100 = e X 100 = 64.7059%

g Ced v g ()

Similarly, % of v,(x) = 35.2941%
64.7059% of 0.15 = 0.0971, then u4(x) = 0.097 + 0.15 = 0.2471 and
v (x) =1-0.2471= 0.7529ie A = {{x,0.2471):x € X} is the equivalent fuzzy set.

4. Conclusion

We have showed how to convert IFMSs to fuzzy sets for easy industrial applications (i.e. fuzzy logic and fuzzy
control). Among the three techniques, the last seems to be the most accurate because it involves more mathematical
steps compare to the other techniques.
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