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Abstract. In this paper, we introduce the concept of picture fuzzy sets (PFS), which are direct
extensions of the fuzzy sets and the intuitonistic fuzzy sets. Then some operations on PFS with
some properties are considered. The following sections are devoted to the Zadeh Extension Principle,
picture fuzzy relations and picture fuzzy soft sets. Here, the basic preliminaries of PF'S theory are
presented.
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1. INTRODUCTION

In this section we propose the definition of picture fuzzy sets and some operators on PFS.

Definition 1.1. A picture fuzzy set A on a universe X is an object in the form of

A= {(a, pala),naa),va(2)) |z € X }

where py (z) € [0,1] is called the degree of positive membership of z in A, na(x) € [0,1] is
called the degree of neutral membership of z in A and v4(z) € [0, 1] is called the degree of
negative membership of z in A, and where pu4,n4 and v4 satisfy the following condition:

(Ve € X)  (pa(@) +na(z) +va(z) <1)

Now (1 — (pa(x) +na(x) +va(x)) could be called the degree of refusal membership of = in A. Let
PFS(X) denote the set of all the picture fuzzy sets on a universe X.

Basically, picture fuzzy sets based models may be adequate in situations when we face human
opinions involving more answers of types: yes, abstain, no , refusal. Voting can be a good example of
such a situation as the human voters may be divided into four groups of those who: vote for, abstain,
vote against, refusal of the voting. PFS is a direct generalization of the fuzzy set was introduced by
Zadeh 1965 [16] and the intuitionistic fuzzy set was proposed by Atanassov 1983 [3].

Definition 1.2 ( [3]) A intuitionistic fuzzy set A on a universe X is an object of the form
A=A{(z,pa(x),va(r) |z e X)}

where 4 (x) € [0, 1] is called the degree of membership of = in A, v4 (u) € [0, 1] is called the
degree of non-membership of x in A , and where u4 and v4 satisfy the following condition:

(Ve e X)  (pa(z) +valz) <1)

In this paper, let I F'S(X) denote the set of all the intuitionistic fuzzy sets (IFSs) on a universe X.
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Definition 1.3 ( [10]) For every two PFSs A and B, the union, intersection and comple-
ment are defined as follows:

ACBIiff (Ve e X, pa(z) < up(z) and na(xz) < np(x) and va(z) > vp(z))
A=B iff(AC Band BC A)

AU B = {(z, max(pa(z), pp(z)), min(na(z), np(z)), min(va(z), va(z)) [z € X'}
AN B = {(z, min(pa(z), pp(x)), min(na(z), np(z)), max(va(z),va(z)) [z € X'}
co(A) = A= {(va(z),na(x), pa(@)) |v € X'}

Now, a generalization of interval-valued fuzzy set A is proposed. Here the int([0, 1]) stands
for the set of all closed subinterval of [0, 1].

Definition 1.4 ( [6]) Let [a1,b1], [a2,b2] € int([0,1]). We define

la1,b1] < lag,ba], iff a1 < ag, by < bojlar,b1] 3 [ag,ba] iff a1 < ag, by > by;

la1,b1] = [ag,b2] , iff a1 = ag, by = bo.

Definition 1.5. An interval-valued picture fuzzy set A on a universe X (IvPFS, in short)
is an object of the form

A= {(a, Ma(a), La(z), Na(2)) o € X }
where
My : X — int([0,1]), Ma(x) = [Mar(z), May(z)] € int([0, 1))
[

La:X —int([0,1]), La(z) = [LAL( ), Lav(z)] € int([0, 1])
Nyp: X — int([o, 1]),NA(x) = [NAL( ),NAU(x)] € int([(), 1])

satisfy the following condition:
(Vz e X) (supMy(x)+supLa(x)+supNa(z) <1)

Let JTvPFS(X) denote the set of all the interval-valued picture fuzzy set IvPFSs on a
universe X.

Definition 1.6. For every two IvPFSs A and B, the inclusion, union, intersection and com-
plement are defined as follows:

ACB iff (Vo € X)(Mar(x) < Mpr(x)and May(x) < Mpy(z)) and
(Lar(z) < Lpr(z)and Lay(xz) < Lpy(z)) and (Nar(x) > Npr(x) and Nay(z) > Npy(z)]).

A=B if ACB and BCA

AUB = {(z, [Mar(z) V Mp(x), May(z) V Mpy ()],
[LAL(LI?) A LBL(l'), LAU(SC) A LBU(HT)], [NAL(x) A NBL(SC), NAU(.T) AN NBU(.CC)]) |CC € X}

ANB = {(z,([Mar(z) N Mpr(x), May(z) N Mpy ()],
[Lar(z) A Lpr(x), Lavy(x) A Lpy(x)], [Nar(xz) V Npr(z), Nav(z) V Npy(z)]) |v € X}
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where V and A stand for max and min operators respectively
coA =A={(x,Na(z),La(z), Ma(z)) |z € X}
Definition 1.7. Let X; and X7 be two universes and let

A= {(z, pa(x),na(r),va(z)) |z € X1} and B ={(y, up(y),n3(y),v(y)) |y € X2}
be two PFSs. The Cartesian product of these two PFSs is defined as follows:
Axy B =A{((z,y), pa(®).up(y), nalx)ns(y),va(z)vp(y)) lv € X,y € Xo}
Axg B ={((z,y), pa(x) A up(y),na(z) Anp(y),valz) Vs(y)) e e X,y € Xo}
These definitions are valid. See [7,8].
Definition 1.8. Let A be an IvPFS over X; and B be an IvPFS over X5 We define:

A xy B ={(z,y),([Mar(z).Mpr(y), Mav(z).Mpu (y)],
[Lar(z).Lpr(y), Lav(z).Lpu(y)], [NaL(z) NpL(y), Nav(z).Npu(y)]) [z € X1,y € Xa}

Axgy B ={(z,y), ([Mar(x) N Mpr(y), Mav(x) N Mpu(y)],
[Lar(z) A Lpr(y), Lav(z) A Lpu(y)], [Nar(z) V Npr(y), Nav(z) V Npu (y)]) |v € X1,y € X2}

The defined operations are extensions of the operations on FSs given in [11, 14, 16] and of the

operations for IFSs and IVIFSs given in [2-6].

2. SOME OPERATIONS ON PFS

Now, some properties of the defined operations on PFSs are considered.

2.1. Some propositions

Proposition 2.1. For every PFSs A, B,C

(a) f AC Band B C C then A C C;

(b) Operations N and U are commutative;

(¢) Operations N and U are associative;

(c) Operations N and U are distributive;

(c) Operations N Co and U are satisfy the law of De Morgan.

Now we present some properties of the Cartesian product of two PFSs.

Definition 2.1. Let X; and X5 be two universes. Let A € JvPFS(X;), B € IvPFS(X3).
Then

A x2 B={((z,y),[Mar(z) N MpL(y), Mav(z) A Mpu(y)],
[Lar(z) A Lpr(y), Lav(z) A Lpu(y)], [NaL(z) V NpL(y), Nav(x) V Npu(y)]) |z € X1,y € Xo}.

Proposition 2.2. For every three universes X, Xo, X3 and four PFSs A,B € PFS(X),
C € PFS(Xs), D € PFS(X3):
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(a)AXQC:CXQA

(b)(A X9 C) X9 D=A X9 (C X9 D)

(C) (AUB) XQC:(A XQC)U(B XQC)

(d) (ANB) x5 C = (A x5 C) N (B %2 C)

Proof. Obvious.

2.2. Distance between picture fuzzy sets

The following definition is an extension of the distances between intuitionistic fuzzy sets given by
Szmidt and Kacprzyk in [15].

Definition 2.2. Distances for two picture fuzzy sets A and B in X = {z1,x9,...,x,} are:

The normalized Hamming distance dp(A, B)

n

dp(A, B) = %Z (pal@s) = pp(e)] + [na(ei) = ()] + [vaz) — vp ()]
i=1

The normalized Euclidean distance ep(A, B)

ep(A, B) = % Y (mae:) = up(@)? + (nale:) — np(2:)? + (valz:) — vp(e:))?)
i=1

Ezample 2.1. Let us consider picture fuzzy sets A, B,C in X = {x1,x9,23}, The full de-
scription of picture fuzzy set A, i.e.

A= {(pa(x1),na(z1),va(®1)) /21, (HA(22),nA4(72), vA(22)) /22, (1A (73), nA(23), va(®3))/ 73}
For example,

A={(0.8,0.1,0)/x1,(0.4,0.2,0.3) /x2, (0.5,0.3,0) /z3}

B =1{(0.3,0.3,0.2)/x1,(0.7,0.1,0.1) /x2, (0.4,0.3,0.2) /x3}

C =1{(0.3,0.4,0.1)/z1,(0.6,0.2,0.1) /22, (0.4,0.3,0.1) /x3}
Then

dp(A, B) = 0.6,dp(B,C) = 0-53,dp(A,C) = 0.5

and
cp(A, B) = /9923, ep(B,C) = /0993, ep(A, C) = V0.15

2.3. Convex combination of PFS

Convex combination is an important operation in mathematics, which is an useful tool on convex
analysis, linear spaces and convex optimization. In this section, convex combination of PFSs firstly
is defined with some simple propositions.
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Definition 2.3. Let A, B, be a PFS on X. Let 6 be a real number such that 0 < 0 < 1.
For each 6, the convex combination of A and B is defined as follows:

Col(A, B) = {((. i, (2) .16, (@), v, (2)) | = € X )} where
Ve e X, pc,(z) =0.pa(x) + (1 —0)pup(x)

Ve e X, ne,(z) =0na(x) + (1 —0)np(x), Vo € X, vo,(x) = 0.va(z) + (1 — 0)vp(x)
Definition 2.4. Let A, B be a PFS on X. Let 0 be a real number 0 < 6§ < 1. Then

If 0 = 1, then Cy(A, B) = A and if § = 0, then Cy(A, B) = B;

AC BthenVl, ACCyAB)CB

(A2 B)&(6: > 6) then Cy, (4, B) 2 Cay (A, B)

Proof. The proof is immediate.

Proposition 2.3. Let A, B € PFS(X). Let 6 be a real number such that 0 < § < 1. Then
Co(ANB,D)=Cyp(A,D)NCy(B,D)

Co(AUB,D)=Cy(A,D)UCy(B,D)

Proof. See [8].

2.4. More on interval valued PFS

Some selected operations for interval valued picture fuzzy sets are considered: the convex combination
of IvPFSs and the Cartesian product of IvPFSs.

Definition 2.5. Let A, B be two IvPFS on X. Let 6 be a real number, such is 0 < 6 < 1.
For each 6, the convex combination of A and B is defined as follows:

Co(A, B) = {((z, Mg, (z) , Ley (2), Noy(z)) |z € X )}
where
Ve € X, Mg, (x) = [(Mc,r(z) = 0.Mar(z)+(1-0).Mgr(2)), (Mc,u(z) = 0.May(z)+(1-0)Mpu(z))],
Ve € X, Lo, (2) = [(Leyn(x) =0.Lap(x)+(1—0).Lpr(x)), (Le,u(x) =0.Lay(x)+ (1—0)Lpy(x))],
Vr € X, Ng,(z) = [(Negyr(x) = 0.Nag(x)+(1-0).Npr(x)), (Ne,u(z) = 0.Nay(z)+(1—0).Npy(z))]
Proposition 2.4. Let A, B, be two [vPFSs on X. Let 6 be a real number 0 < 0 < 1, then
If 0 =1 then Cy(A,B) = A and if § =0, then Cy(A, B) = B;
If AC B thenV8, ACCyp(A,B)CB
If (A2 B)&(61 > 62), then Cy, (A, B) 2 Cy, (A, B)

Proof. Proof. Immediate.

Proposition 2.5. Let A,B,D € IvPFS(X). Let 6 be a real number such that 0 < 6 < 1.
Then

C@(AHB7D) = C@(A’D) ﬁc@(BaD)
CG(AUB7D) = C@(A7D) U CQ(BaD)
Proof. Immediate.

Some propositions of the Cartesian product of two PFSs and two IvPFSs are given in [7,8,10].
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3. PICTURE FUZZY RELATIONS

Fuzzy relations are ones of most important notions of fuzzy set theory and fuzzy systems theory.
The Zadeh composition rule of fuzzy relations in inference procedures (see [14,16]) is a well-known
method in approximation theory and in the fuzzy control theory. Then intuitionistic fuzzy relations
were defined, many results were obtained by researches (see [5,6]). In this section, some preliminary
results on picture fuzzy relations are presented.

3.1. Some definitions

Let X,Y and Z be ordinary non-empty sets.
An extension result of the given proposition in [5,6] for PFS is as follows

Definition 3.1. A picture fuzzy relation is a picture fuzzy subset of X x Y i.e. R given by

R = {((xvy)7/~LR(xay)777R(x7y)7VR(xvy)) |J" ceX,ye Y)}

where pup : X XY — [0,1], ng : X xY — [0,1], vg : X x Y — [0, 1] satisfy the condition
0 < pr(z,y) + nr(z,y) + vr(z,y) <1 for every (z,y) € (X xY). PFR(X x Y) the set of
all the picture fuzzy relations in X x Y is denoted.

Definition 3.2. Let R € PFR(X x Y). We define the inverse relation R~! between Y and

X: pp-1(y,2) = pr(z,y), np-1(y,2) = nr(z,y), vp-1(y,2) = vr(z,y), V(z,y) € (X xXY)
Some properties of PFRs are the followings:

Definition 3.3. Let R and P be two picture fuzzy relations between X and Y, for every
(x,y) € X x Y we define:

R< P (pr(z,y) < pp(z,y)&r(z,y) < np(z,y))&vr(z,y) = ve(z,y))

RV P ={((z,y), pr(z,y) V pp(z,y),nr(z,y) Anp(z,y), vr(z,y) Avp(z,y)) |v € X,y € Y}
RAP ={((z,y), ur(z,y) A pp(z,y),nr(@,y) Anp(z,y), vr(z,y) Vvp(z,y)) |z € X,y €Y}
Re = {((z,y),vr(z,y),nr(z,y), kr(z,y)) |z € X,y € Y}

Proposition 3.1. Let R,P,Q € PFR(X xY). Then

(a) (R)'=R

b)R<P =R !'<p!

(cl) (RvP)t=R1tv P!

(c2) (RAP)"' =R I'AP!

(dl) RA(PVQ)=(RAP)V(RANQ)

(d2) RV (PAQ) = (RVP)A(RVQ)

(e)RAP<R, RAP<P

(fl)If (R>P) & (R>Q) then R> PV Q

(f2) If ( R<P) & (R<Q)then R<PAQ

Proof. See [7,8].
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3.2. Composition of Picture Fuzzy Relations

We know that the composition of intuitionistic fuzzy relations is given in [5] as follows:

Definition 3.4 ( [5]) Let «, 3, \, p be t—norms or t—conorms not necessarily dual two-two,
EcIFR(X xY)and P e IFR(Y x Z). Composed relation PCE € IFR(X x Z) is called
to the one defined by
PCE ={((x,2), upce(x, z),vpp(z,2)) |l € X,z € Z)}
with
ppee(w, 2) = o{Blup(@, y), np(y, 2)I}, veee (2, 2) = Q\{P[VE(IE, y),ve(y,z)}

whenever
0 < upce(x,z) +vpee(x,2) <1 VY(x,z) e X X Z

In [5] it was proved that if @« =V, f t—norm A = A, pt— conorm, the composition of intuitionistic
fuzzy relations satisfies many properties.

A composition of picture fuzzy relations is the following:

Definition 3.5. Let « =V, 8 t—norm ,A = A, pt— conorm, £ € PFR(X xY) and
P e PFR(Y x Z). Composed relation PCE € PFR(X x Z) is called to the one defined by

PCE = {((z,2), ppce(x, 2),npce(x, 2), vpee(x,2)) lx € X,z € Z) },

where
ppce(x,2) = Z{B[ME(!L", y), wp(y, 2)|}
nece(w, 2) = Q{B[UE(%?J)»UP(% 2)|}
vpee(x, 2) = Q\{P[VE(% y),vpe(y, )|}
whenever

0 < ppce(x, z) +npee(z, 2) + vpeg(x,2) <1 V(z,2) € X X Z
The following composition of PFRs is the generalized min-max composition of fuzzy relations.

Definition 3.6. Let E € PFR(X xY) and P € PFR(Y x Z). Max-min composed relation
PCE € PFR(X x Z) is called to the one defined by

PCE = {((x, ), upce(x, 2), npce(x, 2), vpee (v, 2)) |v € X,z € Z) }

where V(z,2) € X x Z, upce(x,z) = \;{[ME(IE,Z/) Aupp(y, )]}
npee (¢, 2) = Mlne(z,y) Anp(y, )]}

VPCE(:’C’ Z) = Q{[VE(I‘, y) v Vp(y, Z)]}

The second composition of PFRs is the generalized min-prod composition in fuzzy set theory:
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Definition 3.7. Let £ € PFR(X xY) and P € PFR(Y x Z). Let t;,ty be t—norms .
Max-t—norms composed relation PCE € PFR(X x Z) is called to the one defined by

PCE = {(@77Z)vﬂPCE(xaz)anPcs(x, Z)a VPE(:UVZ)) ‘.’I] € X,Z € Z)}
where Y(z,2) € X x Z,

ppce(x,2) = X{tl(#E(%y)aMP(ya z))}

nPCS(xv z) = Q{h(nE(xv y)? 77P(y7 Z))}

veee(w,2) = Mlve(@,y) +vp(y, 2) —ve(@y).ve(y, )}

4. ZADEH EXTENSION PRINCIPLE FOR PFS

The Zadeh Extension Principle is an important tool for many problems of fuzzy set theory, fuzzy
control and applications. Now a version of the Zadeh Extension Principle for PFS should be presented.
The following simple proposition is considered first.

Let X1 and X2 be two universes. Let A = {(z, pa(z),na(z), va(z)) |z € X1} and
B ={(y,uB(y),n(y),vB(Y)) |y € X2} be two PFSs. The following Cartesian product of PFSs is
considered:

Axy B ={((2,y), pa(@) A p(y),na(z) Ans(y),valz) Vvp(y)) |z € X,y € Xa}.

Proposition 4.1. Let fori = 1,2,--- ,n, X; be a universe and A; = {(x,pa,(z), na,(x),
va,(z)) |z € X;} be a PFS on X; Then, the Cartesian product of PFSs

is a PFS on )% X;
i=1

Proof. Proof. We prove by inductive reasoning. For n = 2, the result is given in the

-1 -1
Definition 2.1. Now by inductive reasoning B"~! = nX A; is a PFS on nX X;, hence
i=1 i=1
Br=B"lxyA,= X A;isaPFSof X X;
i=1 i=1
Proposition 4.2. The Zadeh Extension Principle for PFS. Let fori=1,2,--- ;n,U; be a

n
universe and let V # (0. Let f: X U; — V be a mapping , where y = f(z1,++ ,2,). Let z;
i=1

s a linguistic variable on U; for_z' =1,2,---,n. Suppose, for all i,z; is A;, where A; is a
PFS on U;, then the output of the mapping f is B. The set B is a PFS on V defined for
yeV by

B(y) _ ( D\(/y)(i/z\l(MAi (uz))’ D/(\y)(ii\l(ﬁAi (uz))a D/(\y)(1\=/ (V(ul)) ) if f_l(y) # 0

(0,0,0) if ) =0
where D(y) = f~Xy) = {u = (u1,- - ,up) : f(u) =y}
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5. PICTURE FUZZY SOFT SET

5.1. Definition

In this section we introduce the concept of picture fuzzy soft set This theory is a combination of our
picture fuzzy set theory and the soft set theory was introduced by Molodtsov.

In [13] Molodtsov proposed a generalized tool for modeling complex systems involving uncertain or
not clearly defined objects. Now we present a new definition , an example and some results which
are the generalization of some propositions given in [1,12].

Definition 5.1. Let PFS(U) be the set of all picture fuzzy sets of U. Let E be the set of
parameters and A C E. A pair (F, A) is called a picture fuzzy soft set over U, where F' is a
mapping given by F': A — PFS(U).

Clearly, for any parameter ¢ € FE, F(e), can be written as a picture fuzzy set such that
F(e) = {(=, upe)(7), npe) (), Vp(e)(z)) |© € U}, where the pip()(z) be the degree of positive
membership, 7p(e)(7) be the degree of neutral membership and vp(.)(z) be the degree of negative
membership functions respectively. If for any parameter e € A and for any = € U, NE(e) (x) =0,
then F'(e) will degenerated to be an intuitionistic fuzzy set and then (F, A) is degenerated to be an
intuitionistic fuzzy soft set. We denote the set of all picture fuzzy soft sets over U by P fss(U).

Ezample 5.1. Consider a picture fuzzy soft set (F, A), where U is the set of four economic
projects under the consideration of a decision committee to choose, which is denoted by
U = {p1,p2,p3,p4}, and A is a parameter set, where A = {e1, €2, e3,e4,e5} =good finance
indicator, average finance indicator, good social contribution, average social contribution,
good environment indicator. The picture fuzzy soft set (F, A) describes the attractiveness
of the projects to the decision committee.

Suppose that
F(e1) = {(p1,0.8,0.12,0.05), (p2,0.6,0.18,0.16), (p3, 0.55,0.20,0.21), (p4, 0.50, 0.20,0.24) }

F(e2) = {(p1,0.82,0.05,0.10), (p2,0.7,0.12,0.10), (ps, 0.60,0.14, 0.10), (p4,0.51,0.10,0.24) },
F(es) = {(p1,0.60,0.14,0.16), (p2,0.55,0.20,0.16), (p3,0.70,0.15,0.11), (p4, 0.63,0.12,0.18) },
F(eq) = {(p1,0.7,0.12,0.07), (p2,0.75,0.05,0.16), (ps3, 0.60,0.17,0.18), (p4, 0.55,0.10,0.22) },
F(es) = {(p1,0.60,0.12,0.07), (p2,0.62,0.14,0.16), (ps3, 0.55,0.10,0.21), (p4, 0.70, 0.20, 0.05) }.
The picture fuzzy soft set (F, A) is a parameterized family {F'(e;) : i = 1,2,3,4, 5} of picture fuzzy
sets over U.

5.2. Some operations and properties

Now we define some operations on picture fuzzy soft sets and present some properties.The other
results of picture fuzzy soft sets could be seen in [9)].

Definition 5.2. The complement of a picture fuzzy soft set (F, A) is denoted as (F, A)°
and is defined by (F,A)" = (F¢ A), where F* : A — PFS(U) is a mapping given by
Fe(e) = (F (e))e, for all e € A.
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Definition 5.3. If (F, A) and (G, B) are two picture fuzzy soft sets over a common universe
U, then (F,A) and (G, B) is a picture fuzzy soft set denoted by (F, A) A (G, B) is defined
by (F,A)A(G,B) = (H,A x B), where H (o, 8) = F (o) NG (B) for all («, 5) € A x B, that

18

H (o, B) (x) = (min(ppa) (2), pes) (), min(np@) (2), 16s) (7)), max(vp@) (2), veg) (2)))
V(a,B8) € Ax B, Ve eU
Definition 5.4. If (F, A) and (G, B) are two picture fuzzy soft sets over a common universe

U, then (F,A) or (G, B) is a picture fuzzy soft set denoted by (F, A) V (G, B) is defined by
(F,A)V (G,B) = (H,A x B), where H (o, ) = F (a) UG () for all («, 5) € A x B, that is

H (o, B) (7) = (max(ppa) (7), pa(p) (7)), min(ngq) (7), nas) (7)), min(veg) (1), ves) (7))
V(a,B) € Ax B, Yx €U

Theorem 5.1. Let (F,A) and (G, B) be two picture fuzzy soft sets over U4, then we have
the following properties

(1) ((F,A) A (G, B)) = (F, A)° v (G, B)*

(2) (F,A) v (G, B))" = (F, A)° A (G, B)*

Proof. See [9].

Definition 5.5. The intersection of two picture fuzzy soft sets (F,A) and (G, B) over a
common universe U is a picture fuzzy soft set (H,C), where C' = AU B and for all e € C,

F (e) ifee A— B,
H(e){G(e) ifee B—A,
Fe)nG(e) ifec ANB.

Its mean
H(e) = {(z, min(ppe) (2), pae) (), min(npe) (), nae) (2)), max(Vpe (2), vae) () |2 € U} ,Ve € ANB
This relation is denoted by (F, A)N (G, B) = (H,C).

Definition 5.6. The union of two picture fuzzy soft sets (F, A) and (G, B) over a common
universe U is a picture fuzzy soft set (H,C'), where C' = AU B and for all e € C,

F(e) ifeec A- DB,
H(e){G(e) if ee B— A,
Fe)UG(e) ifeec ANB.

It’s mean
H(e) = {(557 maX(NF(e) (CC), HG(e) (x))v min(nF(E) (55)7 NG e) (IL‘))7 min(VF(e) (x)v Va(e) (55)) |$ € U}7 Vee ANB
This relation is denoted by (F, A) U (G, B) = (H,C)
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Theorem 5.2. Let (F, A) and (G, B) be two picture fuzzy soft sets over U, then we have
the following properties:

(1) ((F, A) N (G, B))* = (F, A)°U (G, B)*
(2) (F,A)U (G, B))* = (F, A)°N (G, B)*

Proof. See [9].

6. AN APPLICATION

In this section an application of PFS to a simple decision making problem should be presented.
Suppose the following one criterion decision-making is considered:

Let A be a finite alternative set A = {Aj,---, A,}. Suppose the basic evaluations of alternatives
according to the criterion is given as a PFS E on A.

Let B = {e(A41), - ,e(An)}, where for all i, e(A;) = (u(A;),n(4;:),v(4;)), 0 < u(4;),n(A4;),
v(A4;) <1, u(A;) +n(A;) + v(A;) <1 The decision making problem is to rank the alternative set

and to choose the best solution.

The following algorithm is used.

Algorithm 6.1.
Step 1. Define score functions on Ah(A;) = p(A;), Vi, ho(A;) = n(A;), Vi, hs(A;) = n(A4;)+
77(141) - V(AZ)7V’L

Step 2.

Define order 21 on A by using A; 21 Ay iff h1(4;) > hi(Ag),
Define order 29 on A by using A; 29 Ay iff ha(A4;) > hao(Ax),
Define order 23 on A by using A; 23 Ay iff hg(A4;) > hs(Ag),

Step 3. Define on A aggregation order =, by using 21, 22, 3.
and rank the alternative set and choose the solution.

7. CONCLUSIONS

In this paper, the new concept of picture fuzzy sets was introduced. Then some operations on PFSs
and some properties of these operations were presented. Next, more new operations, including the
convex combination of PFS, picture fuzzy relations with some their compositions were discussed. We
also study the picture fuzzy soft set, and the Zadeh extention principle and a simple application of
PFS to a one criterion decision making problem were presented. In the following paper some classes
of aggregation operations of picture fuzzy information with application should be proposed.
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