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Abstract: A simple approach is proposed for generating a single intuitionistic fuzzy set from
two or more fuzzy sets, defined over the same universe. The membership and the non-
membership functions of the constructed intuitionistic fuzzy set are obtained by calculating the
minimum and the maximum functions of the given fuzzy sets, with all the rest values lying
within the so formed ‘belt’ of uncertainty in the resultant intuitionistic fuzzy set.
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1 The proposed approach

The present short note proposes an easy and ‘lazy’ approach to i-fuzzification, i.e. for
generating intuitionistic fuzzy sets (IFSs) from given fuzzy sets (FSs). The approach is
applicable especially well when we have at our disposal uniformly structured data sets, with no
missing or uncertain data, all data belonging in the [0, 1] interval. An idea in the sense of this
approach has been presented in [2].

The approach is suitable for using in cases when we prefer to work with one single IFS,
rather than with a bunch of many FSs. To construct an IFS from FSs, we are required to have at
least two non-identical FSs, while there is no restriction upon the number of FSs in the bunch.

We discuss the cases when the fuzzy data are plottable:

e ceither linearly, along the x-axis, where the y-axis is confined in the [0, 1] interval,

e or cyclically, in a radar chart (also known as: spider chart, star chart, kiviat chart),

which spokes have been normalized to the [0, 1] interval.

The linear graphic representation of a FS is classical in the fuzzy sets theory, while the
cyclic data representation in radar charts, though intuitive, has only been proposed recently in
[3] for the case of FSs and IFSs.

Let us have a universe X and a bunch of n FSs 4, i = 1, ..., n, defined as follows:

Ai = {(X, ﬂAi(x)> | X € X},
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where 14, (x) is the membership function that attributes an element x of X to the set 4,.

In our approach to i-fuzzification, we perform two operations over the bunch of FSs:
intersection and union. We define them below, as follows:

(14 ={ frminGu, () v x|
i=1 J

U= (rumaxtu, () e x
i=1 J

Itis trivial to observe, that Vx € X, and fori,j =1, ..., n, hold
min (4, (x) < max(u4,(x)

and

ﬁ 4 c O 4;.
i=1 i=1

Then, we take the so calculated sets of the intersection and union and declare that in the so
constructed by us IFS B, the intersection of the bunch of FSs will be assigned the role of the
function of intuitionistic fuzzy membership function g, while the union of the bunch of FSs
will be assigned the role of the function (1 — v), where v3 is, as traditionally defined, the
intuitionistic fuzzy non-membership function. Formally written, the IFS B has the form:

B-= {<x, min(a (). 1- max(ae, () | x X}

The reason to take the function (1 — v3), rather than the function vg, is our desire to
conform with the modified form of the standard graphical representation of IFSs [1, p. 38],
which visualizes the membership function g bottom up from 0, the non-membership function
vz top down from 1, thus leaving a belt, representing the IFS’s uncertainty function 7,
calculated as 7= 1 — p5 — v, Wwhere 0 < 73 < 1.

It is also worth noting that since in the fuzzy sets, there is only a membership function z
and its complement to 1, then it holds that 1 — max(«4) = min(1 — 1), then it is equally true to
define the IFS B as

B= {(x, m'in(,uA[ (x)), m'in(l— Hy, (x))> | x e X} .

J J
In our approach, all values of the bunch of FSs, which have not been extremal values,
actually belong somewhere within this belt of uncertainty in the so constructed IFS. Thus, we
opt to ignore these values, when we prefer to work with the single resultant IFS, rather than
with the multitude of FSs that produce it along this approach.

2 Numerical example

We will illustrate the proposed approach for i-fuzzification by a simple example with the
average monthly temperature in Sofia, Bulgaria in the period 2001-2012 year. We dispose of
numerical data [4] as given in Table 1, and we will consider the months as the elements of our
universe. We will first norm the available data to the [0; 1]-interval, where “0” can be
considered “coldest” and “1” — “hottest” temperature, thus producing 12 FSs (in the rows).
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Then we will generate the resultant IFS, based on these 12 FSs, by taking the minimum and
maximum values per data indicator, i.e. per set element (in the columns).

Table 1. Average monthly temperatures in Sofia between 2001 and 2012 year, [4].

onth | Jan Feb | Mar | Apr | May | Jun Jul Aug | Sep | Oct | Nov | Dec
Year

2001 0.9 2.0 100 | 9.6 151 | 176 | 220 | 224 | 167 | 132 | 4.1 5.2

2002 -2.0 5.2 7.5 9.1 158 | 199 | 220 | 192 | 19.2 | 19.2 6.5 -0.3

2003 0.3 -3.7 39 8.4 179 | 179 | 215 | 227 | 153 | 104 | 104 0.3

2004 2.3 2.1 5.6 113 | 134 | 134 | 207 | 201 | 171 | 129 16 18

2005 0.6 -1.5 4.0 106 | 152 | 177 | 203 | 191 | 161 | 103 | 44 1.6

2006 18 -04 | -04 | 04 | 154 | 179 | 203 | 20.7 | 166 | 125 | 55 0.4

2007 45 3.9 6.9 116 | 165 | 205 | 237 | 215 | 146 | 108 | 28 -0.7

2008 04 3.2 3.2 116 | 156 | 19.7 | 211 | 231 | 156 | 121 | 6.4 25

2009 -0.8 0.7 5.1 113 | 163 | 191 | 214 | 208 | 164 | 112 | 75 2.8

2010 0.2 18 5.7 10.7 | 156 | 186 | 186 | 225 | 165 | 165 | 105 | 0.6

2011 -1.3 0.2 5.1 9.9 147 | 190 | 218 | 214 | 195 | 94 2.7 12

2012 22 | -36 6.6 119 | 148 | 215 | 247 | 229 | 248 | 140 | 7.7 0.8

Table 2. Data from Table 1, as normed in the [0; 1]-interval.

onth | Jan Feb | Mar | Apr | May | Jun Jul Aug | Sep | Oct | Nov | Dec
Year

2001 020 | 024 | 051 | 049 | 068 | 076 | 091 | 092 | 0.73 | 061 | 0.31 | 0.00

2002 011 | 035 | 042 | 048 | 070 | 084 | 091 | 081 | 081 | 081 | 039 | 0.16

2003 018 | 005 | 030 | 045 | 077 | 077 | 0.89 | 093 | 068 | 052 | 052 | 0.18

2004 010 | 0.24 | 036 | 055 | 0.62 | 062 | 0.86 | 084 | 0.74 | 060 | 0.23 | 0.23

2005 019 | 012 | 031 | 053 | 068 | O.76 | 085 | 081 | 0.71 | 052 | 032 | 0.23

2006 023 | 016 | 016 | 016 | 0.69 | 0.77 | 0.85 | 086 | 0.73 | 059 | 036 | 0.19

2007 032 | 0.30 | 040 | 056 | 072 | 0.86 | 096 | 0.89 | 066 | 053 | 027 | 0.15

2008 019 | 028 | 0.28 | 056 | 069 | 0.83 | 0.88 | 094 | 069 | 058 | 039 | 0.26

2009 015 | 0.20 | 034 | 055 | 072 | 0.81 | 0.89 | 087 | 0.72 | 055 | 042 | 0.27

2010 018 | 0.23 | 036 | 053 | 069 | 079 | 079 | 092 | 072 | 0.72 | 052 | 0.19

2011 013 | 018 | 0.34 | 050 | 0.66 | 081 | 0.90 | 089 | 0.82 | 049 | 0.26 | 0.21

2012 010 | 005 | 039 | 057 | 067 | 089 | 1.00 | 094 | 100 | 064 | 043 | 0.15

Due to the seasonal, i.e. cyclic nature of the data, we choose to visualize the data from
Table 2 within a radar chart with 12 spokes for the 12 set elements (months). Thus, we obtain
Figure 1 below with a bunch of 12 graphics, for each of the FSs (years in the period).

As a next step, we perform the intersection and union of the 12 FSs by calculating the
minimum and maximum values, see Table 3 and the resultant Figure 2.

Table 3. Taking the minimal and maximal values of the FS” membership functions
for all elements of the universe.

Month | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
Min, Max

min(2001+2012) | 0.10 | 0.05 | 0.16 | 0.16 | 0.62 | 0.62 | 0.79 | 0.81 | 0.66 | 0.49 | 0.23 | 0.00

max(2001+2012) | 0.32 | 0.35 | 0.42 | 0.57 | 0.77 | 0.89 | 1.00 | 0.94 | 1.00 | 0.81 | 0.52 | 0.27
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Figure 1. Membership functions of the 12 FS, as  Figure 2. The IFS’ membership function s (min)
plotted on a radar chart. and the non-membership function vz (max).

For the sake of completeness, we will also demonstrate the visualization of the same 12
FSs and the resultant single IFS, as plotted on a linear chart, see respectively Figures 3 and 4.
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Figure 3. Membership fupctions of the 12 FS, Figure 2. The IFS’ membership function g (min)
as plotted on a linear chart. and the non-membership function vz (max).

3 Discussions and conclusion

It is noteworthy that the proposed approach works best when there are no missing data along
any of the data indicators, i.e. no missing values of the membership functions for the respective
elements of the FSs.

However, if we have n FSs 4;, i = 1, ..., n, sharing the same universe of elements, and if
for some element of the universe z we have no information about the value of the membership
function in the k-th FS, 14,(z), then there are two possibilities. The first possibility is that we
dispose of all the values of
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and at least one of these values equals 1, and, simultaneously, at least one another equals 0. In
this very case, regardless of the missing value of 1,(z), it would be possible to construct the
maximal and the minimal values across all FSs for that element, and they will be 1 and O,
respectively, i.e. it would be possible to generate the IFS B.

The second possibility is that Vj = {1, ..., k=1, k + 1, ..., n}, 0 < w4 (2) < 1. Then, no
categorical conclusion can be reasonably made about the minimum and maximum functions,
due to the missing value of s, (z). In this case, when producing the IFS B, we shall consider

that the uncertainty value for this element z, zz(z) = 1, leaving no other option for up(z) and
va(z), but have them both equal to 0. This means that despite of the missing data, the IFS B can
again be created, and still be meaningful with respect of the definition of an IFS.

Furthermore, in certain cases, additional considerations can be made about features of the
FSs’ membership functions’ like convergence and monotonicity, thus leading to more
categorical conclusions about the form of the resultant IFS, even in cases of partially missing
data in the input FSs, which do not require us to consider the case of complete uncertainty, as
in the discussion above.

In another line of research, it would be interesting to consider how this approach can be
modified to conform to the triangular graphic representation of IFSs, [1, p. 39], which is also a
popular and used one.

In conclusion, the herewith presented approach to i-fuzzification is not the sole one, as
shown in [2]. It is considered to be best applicable to relatively tight bunches of different fuzzy
sets, exhibiting membership functions with similar behaviour and ranges of values. However,
its simplicity, together with the proposed usage of radar chart visualization, can make it well
applicable in practice.
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