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Abstract

In this work, we first define intuitionistic fuzzy parametrized soft sets (intu-
itionistic FP-soft sets) and study some of their properties. We then introduce
an adjustable approaches to intuitionistic FP-soft sets based decision making.
We also give an example which shows that they can be successfully applied
to problems that contain uncertainties.
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1. Introduction

Many fields deal with the uncertain data which may not be successfully
modeled by the classical mathematics, probability theory, fuzzy sets ﬂﬁ],
rough sets @], and other mathematical tools. In 1999, Molodtsov @] pro-
posed a completely new approach so-called soft set theory that is more uni-
versal for modeling vagueness and uncertainty.

After definitions of the operations of soft sets B, ﬂ, @, @], the properties
and applications on the soft set theory have been studied increasingly (e.g.
ﬂg, B, E])) The algebraic structure of soft set theory has also been studied

increasingly (e.g. @, E, B, , , , , , @]) In recent years, many

interesting applications of soft set theory have been expanded by embedding
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the ideas of fuzzy sets (e.g. [4, 16, 10, 14, 20, 22, 25, 27]), rough sets (e.g.
[4,115,16]) and intuitionistic fuzzy sets (e.g. |23, 24, 129])

Cagman et al.[8] defined FP-soft sets and constructed an FP-soft set
decision making method. In this paper, we first define intuitionistic fuzzy
parametrized soft sets (intuitionistic FP-soft sets), and study their opera-
tions and properties. We then introduce a decision making method based
on intuitionistic FP-soft sets. This method is more practical and can be
successfully applied to many problems that contain uncertainties.

2. Preliminary

In this section, we present the basic definitions of soft set theory [28], fuzzy
set theory [33], intuitionistic fuzzy set theory [12] and FP-soft set theory [§]
that are useful for subsequent discussions.

Definition 1. Let U be an initial universe, P(U) be the power set of U, E
is a set of parameters and A C E. Then, a soft set 'y over U is defined as
follows:

Fa=A{(z, fa(x)) : x € E}
where fa: E — P(U) such that fa(z) =0 if x ¢ A.
Here, fa is called approximate function of the soft set Fya, and the value

fa(z) is a set called x-element of the soft set for all x € E. It is worth noting
that the sets fa(x) may be arbitrary.

Definition 2. Let U be a universe. Then a fuzzy set X over U is a function
defined as follows:

X =A{(ux(u)/u) : v e U}
where px : U — [0.1]
Here, ux called membership function of X, and the value px(u) is called

the grade of membership of uw € U. The value represents the degree of u
belonging to the fuzzy set X.

Definition 3. Let E be a universe. An intuitionistic fuzzy set A on E can
be defined as follows:

A={<z,pa(x),y4(z) > z € E}

where, a2 E—[0,1] and v4 : E — [0, 1] such that 0 < pa(x) +va(z) <1
forany x € E.



Here, pua(z) and va(zx) is the degree of membership and degree of non-
membership of the element x, respectively.

If A and B are two intuitionistic fuzzy sets on E, then

i. AC Bif and only if pa(z) < pp(z) and ya(z) > vp(z) for Vo € £
ii. A= B ifand only if pa(x) = up(x) and ya(z) = yp(z) Vo € £
iii. A°={< z,y4(2z), pa(x) > x € E}
iv. AUB =A{<x max(pa(z), ps(x)), min(ya(z),vs(z) >: = € E},
v. ANB = {<z,min(pa(x), pp(x)), maz(ya(z),v8(x) >: v € B},
vi. A+ B ={< =, px(x) + py(x) — px()py (1), 7x (2)yy () > x € B},
vil. A B ={<z, pa(@)pp(x),va(x) + 78(2) — va(2)y8(2) > 2 € E}.

Definition 4. Let U be an initial universe, P(U) be the power set of U, E
be a set of all parameters and X be a fuzzy set over E. Then a FP-soft set
(fx,E) on the universe U is defined as follows:

(fx, B) = {(ux(z) /2, fx(x)) - w € E}

where px : E — [0.1] and fx : E — P(U) such that fx(z) =0 if px(z) = 0.
Here fx called approximate function and px called membership function
of FP-soft sets.

3. Intuitionistic FP-soft sets

In this section, we define intuitionistic fuzzy parametrized soft sets (in-
tuitionistic FP-soft sets) and their operations.

Definition 5. Let U be an initial universe, P(U) be the power set of U, E
be a set of all parameters and K be an intuitionistic fuzzy set over E. An
intuitionistic FP-soft sets I over U is defined as follows:

i = {(<z.ax(e), B(z) >, fx(2) v € E}

where ag : E — [0.1], Bk : E — [0.1] and fx : E — P(U) with the property
fr(@) =0 if ag(x) =0 and Bk (x) = 1.

Here, the function ax and By called membership function and non-membership
of intuitionistic FP-soft set, respectively. The value ak(z) and Bi(x) is the
degree of importance and unimportant of the parameter x.
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Obviously, each ordinary FP-soft set can be written as

I = {(< z,ax(z),1 — ag(@) >, fx(r)) : x € E}

Note that the sets of all intuitionistic FP-soft sets over U will be denoted by
IFPS(U).

Definition 6. Let Il € IFPS(U). If ax(xz) = 0 and Bx(x) = 1 for all
x € E, then i s called a empty intuitionistic FP-soft sets, denoted by 11g.

Definition 7. Let I € IFPS(U). Ifak(z) =1, Bk(x) =0 and fx(x) =U
for all x € E, then Uk is called universal intuitionistic FP-soft set, denoted
by HE“

Example 1. Assume that U = {uy,us, us, us,us} is a universal set and
E ={x1, 19, 3,24} is a set of parameters. If

K ={<125,02,05> < x3,0.5,0.5 > < 24,0.6,0.3 >}

and
T (z2) = {ug, s}, fx(xs) =0, fre(xs) =U

then an intuitionistic FP-soft set L is written by
Mg = {(< 22,0.2,0.5 >, {ug, uq}), (< 23,0.5,0.5 >,0), (< 24,0.6,0.3 >, U)}

If L = {< 21,0,1 >, < 29,0,1 > < 23,0,1 > < 24,0,1 >}, then the
intuitionistic FP-soft set 11, is an empty intuitionistic F'P soft set.

If M = {< z1,1,0 >, < 29,1,0 > < 23,1,0 > < 24,1,0 >} and
fu(xy) = U, fu(xe) = U, fu(xs) = U and fy(xy) = U, then the intu-
ittonistic FP-soft set I, is a universal intuitionistic FP-soft set.

Definition 8. g, II; € IFfS(U). Then Ik is a intuitionistic FP-soft
subset of 11y, denoted by I CIly, if and only if ax(x) < arp(x), Br(x) >
Br(x) and fx(x) C fr(x) for all x € E.

Remark 1. I, CII; does not imply that every element of g is an ele-
ment of I, as in the definition of classical subset. For example, assume that
U = {uy, us, ug, us} is a universal set of objects and E = {x1, 9,23} is a set
of all parameters. If K = {< x1,0.4,0.6 >} and L = {< 21,0.5,0.5 >,
< 1’3,0.4,0.5 >}, and I, = {(< 1’1,0.4,0.6 >,{UQ,U4})}, I, = {(<
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21,0.5,0.5 > {ug, uz, us}), (< x3,0.4,0.5 > {uy,us})}, then for all x € F,
ag(r) < ap(zr), Bg(r) > Br(x) and Uk (x) C Up(x) is valid. Hence

i CIOy. Itis clear that (< 21,0.4,0.6 >, {ug,us}) € g but (< 21,0.4,0.6 >

, {uz,ua}t) ¢ 1.
Proposition 1. Let Uy, 11, € IFPS(U). Then
i. T CIl
ii. TpCllg
iii. 1 Cllg
Definition 9. 11k, 11, € IFPS(U). Then Iy and 11}, are intuitionistic FP-

soft-equal, written by g = 11, if and only if ax(x) = ap(x) , Pr(z) =
Br(x) and fx(x) = fr(x) for allx € E.

Proposition 2. Let i, 11,11y, € IFPS(U). Then
i. Ui =11, and 11, = L < 1 = Oy,

i. g CIl, and 11, Cll; < Il = 11,

iti. 1 CII, and 11,CI, = HxCIyy,

Definition 10. lIx € IFPS(U). Then complement of I, denoted by 115,
s a intuitionistic FP-soft set defined by

05 = {(< x, B (x), ax(z) >, fxe(x)) : x € K}

where fre(x) =U\ fx(x).
Proposition 3. Let Il € IFPS(U). Then

i (10S)° = Mg
i, 115 = 11
iii. 115 = Iy,



Definition 11. g, 11, € IFPS(U). Then union of Ll and 11, denoted
by U UL, is defined by

UM, = {(< x,max(ag(z), ap(x)), min(fx(x), Br(z)) >, fron(x)) 1z € E}
where fro(r) = fi(z) U fr(z).
Proposition 4. Let i, 11,11y, € IFPS(U). Then
i. NgUllg = g
i, MUy = Ik
it MUl =115
w. U, = Ul
v. (IO, )OI,y = T O(I1, OlT,y)

Definition 12. g, I, € IFPS(U). Then intersection of i and 1,
denoted by NI, is a intuitionistic FP-soft sets defined by

NIy, = { < x,min(ak(x), ar(x)), max(fx(x), fr(z) >, fxkar(x)) 1z € E}
where frap(r) = fi(z) O fr(z).
Proposition 5. Let i, 11,11y, € IFPS(U). Then
i OgNlg = g
i, HgNlle = g
it Nl = 1k
w. Nl = N1k
v. (AL )T,y = (I ATT,y)

Remark 2. Let 1l € IFPS(U). Ifllyx # Uy or Uk # 1z, then 1 UL, #
HE and HKﬁH% 7& H@.

Proposition 6. Let g, 1,11y, € IFPS(U). Then
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i. UM ,,) = (UL )N (I UM )
di. 1 N(ILUILy) = (NI )OI NI,y )

Proposition 7. Let Uy, LI, IFPS(U). Then following DeMorgans types of
results are true.

i. (HgUllL)¢ = 1IS,NII%
i, (UgNIly)e = 11505

Definition 13. Ik, 11, € IFPS(U). Then OR-sum of lx and 11y, denoted
by L VT 11, is defined by

g V() =
{(< x,ai(r) + ap(r) — ag(x)ap(z), B (2)Br(x) >, fron(x)) : x € E}
where froL(x) = fx(2) U fr(z).

Definition 14. Ilx, 11, € IFPS(U). Then AND-sum of llx and 11, de-
noted by I AT 11y, is defined by

Iy AT I (7) =
{(<2.00(@) + ar(@) - ax(@)ar (@), Bi(@)Bu(2) >, fir (@) v € B}
where frar(x) = fx(x) O fu(z).
Proposition 8. Let g, I, 11y, € IFPS(U). Then
i. O VT e = Mg
ii. g VI =105
dii. g VT I, =10, vt g
iv. g AT =1, AT g
v. (I VI v IL, = I V(1T v IT,y)

Vi. (HK /\+ HL) /\+ HM = HK /\+ (HL /\+ HM)



Definition 15. I, 11, € IFPS(U). Then OR-product gk and 11y, denoted
by I V* Iy, is defined by

HK \Vie HL([L’) =
{ < ax@ae), (@) + Bu(x) = Bic(@)Bu(x) >, fon (@) : « € B
where fgop(x) = fx(z) U fL(z).

Definition 16. Iy, 11, € IFPS(U). Then AND-product i and I, de-
noted by I N* Iy, is defined by

e A g (x) =
{ <z ax@)as(@). Bi(x) + Bo(a) = Bie(@)Bu(@) >, fr(x) 1w € B
where fgap(x) = fx(z) N fL(z).
Proposition 9. Let i, 11,11y, € IFPS(U). Then
i. g A e = g
ii. g A* 11 = Tl
1. e AN = A g
w. g vV I, =1, v Hg
v, (T AX TI) A* Ty = T A% (I AX TTay)

Vi, (HK \Vie HL) \Vie HM = HK \Vie (HL \Vie HM)

4. Intuitionistic FP-soft decision making method

In this section, we have defined a reduced intuitionistic fuzzy set of an
intuitionistic FP-soft set, that produce an intuitionistic fuzzy set from an
intuitionistic FP-soft set. We then have defined a reduced fuzzy set of an
intuitionistic fuzzy set, that produce a fuzzy set from an intuitionistic fuzzy
set. These sets present an adjustable approach to intuitionistic FP-soft sets
based decision making problems.



Definition 17. Let Il be an intuitionistic FP-soft set. Then, a reduced
intuitionistic fuzzy set of L, denoted by K¢, defined as follows

Krip = { <u,ag,, (w), Br,.,(u) > u € U}

where
1
O‘Km-f U — [07 1]7 aKm-f(u) = m Z O4K(£)Xf;<(m) (u)
zeFE uelU
1
/BKm'f U — [O> 1]> /BKm'f (u) = m Z ﬁK(z)XfK(l‘)(u)
zeFE uelU
where

X fre() (U) = { (1) Z ; ﬁg;

Here, ak,,, and Bk,,, are called reduced-set operators of Ky;y. It is clear that
K5 is an intuitionistic fuzzy set over U.

Definition 18. lIx € IFPS(U) and K, be reduced intuitionistic fuzzy set
of Ug. Then, a reduced fuzzy set of K,y 1s a fuzzy set over U, denoted by
K.y, defined as follows

K, ;= {uKT,f(u)/u tu € U}

where
HE,; - U— [07 1]7 :U’Krf(u> = aKrif(u)(l - /BKrif (u>>

Now, we construct an intuitionistic FP-soft decision making method by
the following algorithm to produce a decision fuzzy set from a crisp set of
the alternatives.

According to the problem, decision maker;

i. constructs a feasible intuitionistic fuzzy subsets K over the parameters
set E,

ii. constructs an intuitionistic FP-soft set I1x over the alternatives set U,
iii. computes the reduced intuitionistic fuzzy set K¢ of I,

iv. computes the reduced fuzzy set K, of K,;f,
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v. chooses the element of K, that has maximum membership degree.

Now, we can give an example for the intuitionistic FP-soft decision making
method. Some of it is quoted from example in [11].

Example 2. Assume that a company wants to fill a position. There are 5
candidates who fill in a form in order to apply formally for the position. There
is a decision maker (DM), that is from the department of human resources.
He want to interview the candidates, but it is very difficult to make it all of
them. Therefore, by using the intuitionistic FP-soft decision making method,
the number of candidates are reduced to a suitable one. Assume that the set
of candidates U = {uq, us, us, ug, us} which may be characterized by a set of
parameters E = {ay, as,as,a4}. Fori=1,2, 3,4 the parameters a; stand for
experience, computer knowledge, training and young age, respectively. Now,
we can apply the method as follows:

Step i. Assume that DM constructs a feasible intuitionistic fuzzy subsets
K over the parameters set E as follows;

K ={<21,0.7,0.3 >, < 29,0.2,0.5 >, < 23,0.5,0.5 >, < 24,0.6,0.3 >}

Step #. DM constructs an intuitionistic FP-soft set Il over the alterna-
tives set U as follows;

HK = {(< 1’1,0.7,0.3 >, {Ul,UQ,U4}), (< $2,0.2,0.5 >, U), (< rs,
0.5,0.5 >, {ur, s, us}), (< 24,0.6,0.3 >, {uz,ug})}

Step 4. DM computes the reduced intuitionistic fuzzy set K,;; of g as
follows;

Ky = {(< u1,0.28,0.26 >, < 1y, 0.40,0.32 >, < ug,0.16,0.16 >,
< ug,0.28,0.32 >, < us,0.04,0.10 > }

Step w. DM computes the reduced fuzzy set K,y of K,y as follows;

K, = {0.2072/u1,0.2720/u2,0.1344/u3,0.1904/u4,0.0360/u5}
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Step v. Finally, DM chooses us for the position from K,y since it has the

mazimum degree 0.2720 among the others.

Note that this decision making method can be applied for group decision

making easily with help of the Definition [[3] Definition [I4] Definition [[5] and
Definition [T€l

5. Conclusion

In this paper, we first defined intuitionistic FP-soft sets and their oper-

ations. We then presented the decision making method on the intuitionistic
FP-soft set theory. Finally, we provided an example that demonstrated that
the decision making method can successfully work. It can be applied to prob-
lems of many fields that contain uncertainty such as computer science, game
theory, and so on.
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