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Abstract: We introduce the concept of possibility vague soft sets and its
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1. Introduction

Fuzzy set was introduced by Zadeh in [1] as a mathematical tool to solve the
problem and vagueness in everyday life. Molodtsov [2] mentioned a soft set
as a mathematical way to represent and solve these problems with uncertain-
ties which traditional mathematical tools cannot handle. He has proved several
applications of his theory in solving problem in economics, engineering, environ-
ment, social science, medical science and business management. Roy and Maji
used this theory to solve some decision-making problems [3]. Alkhazaleh et al
[4] introduced the concept of soft multiset as a generalization of Molodtsov’s
soft set. They [5] also introduced possibility fuzzy soft set and some proposi-
tions of possibility fuzzy soft set with application in decision making. Salleh et
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al. [6] introduced multiparameterized soft set and Alkhazaleh et al [7] further
introduced the concept of fuzzy parameterized interval-valued fuzzy soft set.
Vague set theory was proposed by Gau et al. [8] and then Chen [9] provides
measure of similarity between vague sets. Chaudhuri et al. [10] introduced the
concept of soft relation and fuzzy soft relation and solved some problems in
decision-making. Zhu et al.[11] incorporated Molodtsov’s soft set theory with
the probability theory and proposed the notion of probabilistic soft sets, and
also Alhazaymeh et al. [12] who introduced the concept of the soft intuitionistic
fuzzy sets.

In this paper, we introduce the concept of possibility vague soft set and
some operations with illustrative example of decision making. Finally we give
some application of the possibility vague soft set in medical diagnosis.

2. Preliminaries

In this section, we recall some definitions and properties of possibility fuzzy soft
set required for our proposition of possibility vague soft sets.

Definition 2.1. (see [5]) Let U = {x1, x2, ...xn} be the universal set of
elements and let E = {e1, e2, ..., em} be the universal set of parameters. The
pair (U,E) will be called a soft universe. Let F : E −→ IU and µ be a fuzzy
subset of E, that is, µ : E −→ IU , where IU is the collection of all fuzzy subsets
of U . Let Fµ : E −→ IU × IU be a function defined as follows:

Fµ(e) = (F (e)(x), µ(e)(x)),∀x ∈ U.

Then Fµ called a possibility fuzzy soft set (PFSS in short) over the soft universe
(U,E). We can write Fµ(ei) as follows:

Fµ(ei) = {(
x1

F (ei)(x1)
, µ(ei)(x1)), (

x2

F (ei)(x2)
, µ(ei)(x2)), ....,

(
xn

F (ei)(xn)
, µ(ei)(xn))},

Fµ can also be written as (Fµ, E). If A ⊆ E we have a PVSS (Fµ, A).

Definition 2.2. (see [5]) Let Fµ and Gδ be two PFSSs over (U,E). Fµ is
said to be a possibility fuzzy soft subset (PFS subset) of Gδ, and Fµ ⊆ Gδ if:

(i) µ(e) is a fuzzy subset of δ(e), ∀e ∈ E,

(ii) F (e) is a fuzzy subset of G(e), ∀e ∈ E.
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Definition 2.3. (see [5]) A PFSS is said to be a possibility null fuzzy soft
set , denoted by ϕ0, if ϕ0 : E −→ IU × IU such that

ϕ0 = (F (e)(x), µ(e)(x)), ∀e ∈ E,

where F (e) = 0, and µ(e) = 0, ∀e ∈ E.

Definition 2.4[5] A PFSS is said to be a possibility absolute fuzzy soft set,
denoted by A1, if A1 : E −→ IU × IU such that

A1 = (F (e)(x), µ(e)(x)), ∀e ∈ E,

where F (e) = 1, and µ(e) = 1, ∀e ∈ E.

Definition 2.5. (see [5]) Let Fµ be a PFSS over (U,E). Then the comple-
ment of Fµ denoted by F c

µ is defined by F c
µ = c(F (e), µ(e)), ∀e ∈ E, where c is

a fuzzy complement.

Definition 2.6. (see [5]) Union of two PFSSs Fµ and Gδ, denoted by
Fµ∪̃Gδ, is a PFSS Hν : E −→ IU × IU defined by

Hν(e) = (H(e)(x), ν(E)(x),∀e ∈ E,

such that H(e) = s(F (e), G(e)) and ν(e) = s(µ, δ), where s is a s− norm.
Definition 2.7. (see [5]) The intersection of two PFSSs Fα and Gβ is

denoted by Fα∩̃Gβ is a PFSS Hν : E −→ IU × IU defined by

Hν(e) = (H(e)(x), ν(E)(x),∀e ∈ E,

such that H(e) = t(F (e), G(e)) and ν(e) = t(µ, δ), where t is a t− norm.
Definition 2.8. (see [5]) If (Fµ, A) and (Gδ, B) are two PFSSs then

“(Fµ, A)AND(Gδ , B)” denoted by (Fµ, A) ∧ (Gδ , B) is defined by

(Fµ, A) ∧ (Gδ , B) = (Hλ, A×B)

whereHλ(α, β) = (H(α, β)(x), ν(α, β)(x)), ∀(α, β) ∈ (A×B), such thatH(α, β) =
t(f(α), G(β)) and ν(α, β) = t(µ(α), δ(β)), ∀(α, β) ∈ (A×B).

Definition 2.9. (see [5]) If (Fµ, A) and (Gδ, B) are two PFSSs then
“(Fµ, A)OR(Gδ , B)” denoted by (Fµ, A) ∨ (Gδ , B) is defined by

(Fµ, A) ∨ (Gδ , B) = (Hλ, A×B)

whereHλ(α, β) = (H(α, β)(x), ν(α, β)(x)), ∀(α, β) ∈ (A×B), such thatH(α, β) =
s(f(α), G(β)) and ν(α, β) = s(µ(α), δ(β)), ∀(α, β) ∈ (A×B).
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Definition 2.10. (see [5]) Similarity between two PFSSs Fµ and Gδ de-
noted by S(Fµ, Gδ), is defined as follows:

S(Fµ, Gδ) = M(F (e), G(e)) ·M(µ(e), δ(e))

such that

M(F (e), G(e)) = maxiMi(F (e), G(e)) andM(µ(e), δ(e)) = maxiMi(µ(e), δ(e)),

where

Mi(F (e), G(e)) = 1−

∑n
j=1 |Fij −Gij|

∑n
j=1 |Fij +Gij|

,

Mi(µ(e), δ(e)) = 1−

∑n
j=1 |µij − δij|

∑n
j=1 |µij + δij|

.

3. Possibility Vague Soft Sets

In this section we introduce the concept of possibility vague soft sets as an
extension of the vague soft sets introduced by Xu et al. [13]. A possibility of
each element in the universe is attached with the parameterization of vague sets
while defining a vague soft set.

Definition 3.1. Let U = {x1, x2, ...xn} be the universal set of elements
and let E = {e1, e2, ..., em} be the universal set of parameters. The pair (U,E)
will be called a soft universe. Let F̃ : E −→ [0, 1]2 and µ be a vague subset of
E, that is µ : E −→ IU where IU is the collection of all vague subsets of U .
Let F̃µ : E −→ [0, 1]2 × IU be a function defined as follows:

F̃µ(e) = (F̃ (e)(x), µ(e)(x)),∀x ∈ U.

Then F̃µ called a possibility vague soft set (PVSS in short) over the soft set
universe (U,E). For each parameter ei, F̃µ(ei) = (F̃ (ei)(x), µ(ei)(x)) indicates
not only the degree of belongingness of the elements of U in F̃ (ei) but also the
degree of possibility of belongingness of the elements of U in F̃ (ei), which is
represented by µ(ei). Thus we can write F̃µ(ei) as follows:

F̃µ(e) = {(
x1

F̃ (ei)(x1)
, µ(ei)(x1)), (

x2

F̃ (ei)(x2)
, µ(ei)(x2)), ...,

(
xn

F̃ (ei)(xn)
, µ(ei)(xn))}.
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F̃µ can also be written as (F̃µ, E). If A ⊆ E, we have a PVSS (F̃µ, A).
Example 3.1. Let U = {x1, x2, x3} be a set of three chairs. Let E =

{e1, e2, e3} be a set of types of chairs where e1= office chair, e2= bath chair, e3=
beach chair, and let µ : E −→ IU . We define a function F̃µ : E −→ [0, 1]2 × IU

as follows:
F̃µ(e1) = {( x1

[0.4,0.6]0.3), (
x2

[0.5,0.5] , 0.9), (
x3

[0.9,0] , 1)},

F̃µ(e2) = {( x1

[0.6,0.7]0.5), (
x2

[0.1,0.1] , 0.2), (
x3

[0.9,0.9] , 0)},

F̃µ(e3) = {( x1

[0,0.7]0.6), (
x2

[0.7,0.8] , 0.4), (
x3

[0.3,0.3] , 8)},

Then (F̃µ, A) is a PVSS over (U,E). In the matrix notation, we write

F̃µ =





[0.4, 0.6], 0.3 [0.5, 0.5], 0.9 [0.9, 0], 1
[0.6, 0.7], 0.5 [0.1, 0.1], 0.2 [0.9, 0.9], 0
[0, 0.7], 0.6 [0.7, 0.8]0.4 [0.3, 0.3], 0.8





Thus the entry of the second row and first column of the matrix F̃µ that is,
[0.6, 0.7], 0.5 implies F̃µ(e2)(x1).

Definition 3.2. Let F̃µ and G̃δ be two PVSSs over (U,E). F̃µ is said to
be a possibility vague soft subset (PVS subset) of G̃δ, and F̃µ ⊆ G̃δ if:

(i) µ(e) is a vague subset of δ(e), ∀e ∈ E,

(ii) F̃ (e) is a vague subset of G̃(e), ∀e ∈ E.

Definition 3.3. Let F̃µ and G̃δ be two PFSSs over (U,E). Then F̃µ and
G̃δ are said to be equal if if:

(i) µ(e) is equal to δ(e), ∀e ∈ E,

(ii) F̃ (e) is is equal to G̃(e), ∀e ∈ E.

In other words, F̃µ = G̃δ if F̃µ is a PVS subset of G̃δ and G̃δ is a PVS subset
of F̃µ.

Definition 3.4. A PVSS is said to be a possibility null vague soft set ,
denoted by ϕ̃0, if ϕ̃ : E −→ [0, 1]2 × IU such that

ϕ̃(e) = (F̃ (e)(x), µ(e)(x)),∀e ∈ E,

where F̃ (e) = 0, and µ(e) = 0, ∀e ∈ E.
Definition 3.5. A PVSS is said to be a possibility absolute vague soft set,

denoted by ψ̃, if ψ̃ : E −→ IU × IU such that

ψ̃(e) = (F̃ (e)(x), µ(e)(x)),∀e ∈ E,

where F̃ (e) = 1, and µ(e) = 1, ∀e ∈ E.



554 K. Alhazaymeh, N. Hassan

Definition 3.6. Let F̃µ be a PVSS over (U,E). Then the complement of
F̃µ denoted by F̃ c

µ is defined by F̃ c
µ = c(F̃ (e), µ(e)), ∀e ∈ E, where c is a vague

complement.

Definition 3.7. Union of two PVSSs F̃µ and G̃δ, denoted by F̃µ∪̃G̃δ , is a
PVSS H̃ν : E −→ [0, 1]2 × IU defined by

H̃ν(e) = (H̃(e)(x), ν(E)(x),∀e ∈ E,

such that H̃(e) = max(F̃ (e), G(e)) and ν(e) = max(µ(e), δ(e)).

Definition 3.8. The intersection of two PVSSs F̃α and G̃β is denoted by
F̃α∩̃G̃β is a PVSS H̃ν : E −→ [0, 1]2 × IU defined by

H̃ν(e) = (H̃(e)(x), ν(E)(x),∀e ∈ E,

such that H̃(e) = min(F̃ (e), G(e)) and ν(e) = min(µ(e), δ(e)).

Proposition 3.1. Let F̃µ, G̃δ and H̃ν be any three PVSSs over (U,E).
Then the following results hold:

(i) F̃µ∪̃G̃δ=G̃δ∪̃F̃µ,

(ii) F̃µ∩̃G̃δ=G̃δ∩̃F̃µ,

(iii)F̃µ∪̃(G̃δ∪̃H̃ν)=(F̃µ∪̃(G̃δ)∪̃H̃ν ,

(iv) F̃µ∩̃(G̃δ∩̃H̃ν)=(F̃µ∩̃G̃δ)∩̃H̃ν.

Proof. The proofs are straightforward by using the fact that vague sets are
commutative and associative.

4. AND and OR Operations on PVSS with

Applications in Decision Making

In this section, we define the state of AND and OR operations on possibility
vague soft sets. Applications of possibility vague soft sets in decision-making
problem are given.

Definition 4.1. If (F̃µ, A) and G̃δ, B) are two PVSSs then “(F̃µ, A) AND
(G̃δ , B)” denoted by (F̃µ, A) ∧ (G̃δ, B) is defined by

(F̃µ, A) ∧ (G̃δ , B) = (H̃λ, A×B),

where H̃λ(α, β) = (H̃(α, β)(x), ν(α, β)(x)), ∀(α, β) ∈ A×B, such that H̃(α, β) =
min(F̃ (α), G̃(β)) and ν(α, β) = min(µ(α), δ(β)), ∀(α, β) ∈ A×B.



POSSIBILITY VAGUE SOFT SET AND... 555

Example 4.1. Suppose that the universe set consists of three televi-
sions x1, x2, x3, that is U = {x1, x2, x3}, and there are three parameters E =
{e1, e2, e3} which describe their performances according to certain specific task.
Suppose a company wants to buy a television depending on any two parameters.
Let two observations F̃µ and G̃δ by two experts be as follows:

F̃µ(e1) = {(
x1

[0.4, 0.6]
0.3), (

x2

[0.5, 0.5]
, 0.9), (

x3

[0.9, 0]
, 1)},

F̃µ(e2) = {(
x1

[0.6, 0.7]
0.5), (

x2

[0.1, 0.1]
, 0.2), (

x3

[0.9, 0.9]
, 0)},

F̃µ(e3) = {(
x1

[0, 0.7]
0.6), (

x2

[0.7, 0.8]
, 0.4), (

x3

[0.3, 0.3]
, 8)},

G̃δ(e1) = {(
x1

[0.2, 0.5]
0.1), (

x2

[0.6, 0.7]
, 0.5), (

x3

[0.8, 0.9]
, 0.6)},

G̃δ(e2) = {(
x1

[0.7, 0.8]
0.7), (

x2

[0.2, 0.2]
, 0.2), (

x3

[0.5, 0.5]
, 0.7)},

G̃δ(e3) = {(
x1

[0.3, 0.7]
0.2), (

x2

[0.1, 0.6]
, 0.9), (

x3

[0.5, 0.5]
, 3)}.

Then (F̃µ, A) ∧ (G̃δ, B) = (H̃λ, A×B) where

H̃λ(e1, e1) = {(
x1

min(0.4, 0.2),min(0.6, 0.5)
,min(0.3, 0.1)),

(
x2

min(0.5, 0.6),min(0.5, 0.7)
,min(0.9, 0.5))

, (
x3

min(0.9, 0.8),min(0, 0.9)
,min(0, 0.6))}

= {(
x1

[0.2, 0.5]
0.1), (

x2

[0.5, 0.5]
, 0.5), (

x3

[0.8, 0]
, 0)}.

Similarly we get

H̃λ(e1, e2) = {(
x1

[0.4, 0.6]
0.3), (

x2

[0.2, 0.2]
, 0.2), (

x3

[0.5, 0]
, 0.7)},

H̃λ(e1, e3) = {(
x1

[0.3, 0.6]
0.2), (

x2

[0.1, 0.5]
, 0.9), (

x3

[0.5, 0]
, 0.3)},

H̃λ(e2, e1) = {(
x1

[0.2, 0.5]
0.1), (

x2

[0.1, 0.1]
, 0.2), (

x3

[0.8, 0.9]
, 0)},

H̃λ(e2, e2) = {(
x1

[0.6, 0.7]
0.5), (

x2

[0.1, 0.1]
, 0.2), (

x3

[0.5, 0.5]
, 0)},
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H̃λ(e2, e3) = {(
x1

[0.3, 0.7]
0.2), (

x2

[0.1, 0.1]
, 0.2), (

x3

[0.5, 0.5]
, 0)},

H̃λ(e3, e1) = {(
x1

[0, 0.5]
0.1), (

x2

[0.6, 0.7]
, 0.4), (

x3

[0.3, 0.3]
, 0.9)},

H̃λ(e3, e2) = {(
x1

[0, 0.7]
0.6), (

x2

[0.2, 0.2]
, 0.2), (

x3

[0.3, 0.3]
, 0.7)},

H̃λ(e3, e3) = {(
x1

[0, 0.7]
0.2), (

x2

[0.1, 0.6]
, 0.9), (

x3

[0.3, 0.3]
, 0.3)}.

In the matrix notation, we get

(F̃µ, A) ∧ (G̃δ , B) =





























[0.2, 0.5], 0.1 [0.5, 0.5], 0.5 [0.8, 0], 0.6
[0.4, 0.6], 0.3 [0.2, 0.2], 0.2 [0.5, 0], 0.7
[0.3, 0.6], 0.2 [0.1, 0.5], 0.9 [0.5, 0], 0.3
[0.2, 0.5], 0.1 [0.1, 0.1], 0.2 [0.5, 0.5], 0
[0.6, 0.7], 0.5 [0.1, 0.1], 0.2 [0.5, 0.5], 0
[0.3, 0.7], 0.2 [0.1, 0.1], 0.2 [0.5, 0.5], 0
[0, 0.5], 0.1 [0.2, 0.2], 0.2 [0.3, 0.3], 0.6
[0, 0.7], 0.6 [0.2, 0.2], 0.2 [0.3, 0.3], 0.7
[0, 0.7], 0.2 [0.1, 0.6], 0.9 [0.3, 0.3], 0.3





























We subtract the false-membership function from the truth-membership func-
tion as follows:

=





























−0.3, 0.1 0, 0.5 0.8, 0.6
−0.2, 0.3 0, 0.2 0.5, 0.7
−0.3, 0.2 −0.4, 0.9 0.5, 0.3
−0.3, 0.1 0, 0.2 0, 0
−0.1, 0.5 0, 0.2 0, 0
−0.4, 0.2 0, 0.2 0, 0
−0.5, 0.1 0, 0.2 0, 0
−0.7, 0.6 0, 0.2 0, 0.7
−0.7, 0.2 −0.5, 0.9 0, 0.3





























To determine the best television to be bought, we first mark the highest
numerical grade in each row. Table 1 display the highest numerical grade for
each pair. The score of each television is calculated by taking the sum of
products of these numerical grades with the corresponding possibility λ. The
television with the highest score is the desired television. We do not consider
the numerical grades of the television against the pairs (ei, ei), i = 1, 2, 3 as
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H̃ xi Highestnumericalgrade λi
(e1, e1) x3 X X

(e1, e2) x3 0.5 0.7
(e1, e3) x3 0.5 0.3
(e2, e1) x2, x3 0 0.2,0
(e2, e2) x2, x3 X X

(e2, e3) x2, x3 0 0.2,0
(e3, e1) x2, x3 0 0.2,0.6
(e3, e2) x2, x3 0 0.2,0.7
(e3, e3) x3 X X

Table 1: Record of highest numerical grade for each pair

both the parameters are the same. score(x1) = 0, score (x2) = (0× 0.2) + (0×
0.2) + (0× 0.2) + (0× 0.2) = 0, score (x3) = (0.5 × 0.7) + (0.5 × 0.3) = 0.5.

The television with the highest score is x3. Hence, television x3 is highly
recommended to be bought.

Definition 4.2. If (F̃µ, A) and G̃δ, B) are two PVSSs then “(F̃µ, A) OR
(G̃δ , B)” denoted by (F̃µ, A) ∨ (G̃δ, B) is defined by

(F̃µ, A) ∨ (G̃δ , B) = (H̃λ, A×B)

where H̃λ(α, β) = (H̃(α, β)(x), ν(α, β)(x)), ∀(α, β) ∈ A×B, such that H̃(α, β) =
max(F̃ (α), G̃(β)) and ν(α, β) = max(µ(α), δ(β)), ∀(α, β) ∈ A×B.

Example 4.2. Let U = {x1, x2, x3} and E = {e1, e2, e3}, with F̃µ and G̃ν

as in example 4.1. Suppose now the company wants to buy a television based
on two parameters. Then we have (F̃µ, A) ∨ (G̃δ , B) = (H̃λ, A×B) where

H̃(e1, e1) = {(
x1

max(0.4, 0.2),max(0.6, 0.5)
,max(0.3, 0.1)),

(
x2

max(0.5, 0.6),max(0.5, 0.7)
,max(0.9, 0.5))

, (
x3

max(0.9, 0.8),max(0, 0.9)
,max(0, 0.6))}

= {(
x1

[0.4, 0.6]
0.3), (

x2

[0.6, 0.7]
, 0.9), (

x3

[0.9, 0.9]
, 1)}.

Similarly we get
H̃λ(e1, e2) = {( x1

[0.7,0.8]0.7), (
x2

[0.5,0.5] , 0.9), (
x3

[0.9,0.5] , 1)}
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H̃λ(e1, e3) = {( x1

[0.4,0.7]0.3), (
x2

[0.5,0.6] , 0.9), (
x3

[0.9,0.5] , 1)}

H̃λ(e2, e1) = {( x1

[0.6,0.7]0.5), (
x2

[0.6,0.7] , 0.5), (
x3

[0.9,0.9] , 0.6)}

H̃λ(e2, e2) = {( x1

[0.7,0.8]0.7), (
x2

[0.2,0.2] , 0.2), (
x3

[0.9,0.9] , 0.7)}

H̃λ(e2, e3) = {( x1

[0.6,0.7]0.5), (
x2

[0.7,0.8] , 0.9), (
x3

[0.5,0.5] , 0.8)}

H̃λ(e3, e1) = {( x1

[0.2,0.7]0.6), (
x2

[0.7,0.8] , 0.5), (
x3

[0.8,0.9] , 0.8)}

H̃λ(e3, e2) = {( x1

[0.7,0.8]0.7), (
x2

[0.7,0.8] , 0.4), (
x3

[0.5,0.5] , 0.8)}

H̃λ(e3, e3) = {( x1

[0.3,0.7]0.6), (
x2

[0.7,0.8] , 0.9), (
x3

[0.5,0.5] , 0.8)}
In matrix notation, we have

(F̃µ, A) ∨ (G̃δ , B) =





























[0.4, 0.6], 0.3 [0.6, 0.7], 0.9 [0.9, 0.9], 0.1
[0.7, 0.8], 0.7 [0.5, 0.5], 0.9 [0.9, 0.5], 0.1
[0.4, 0.7], 0.3 [0.5, 0.6], 0.9 [0.9, 0.5], 0.1
[0.6, 0.7], 0.5 [0.6, 0.7], 0.5 [0.9, 0.9], 0.6
[0.7, 0.8], 0.7 [0.2, 0.2], 0.2 [0.9, 0.9], 0.7
[0.6, 0.7], 0.5 [0.7, 0.8], 0.9 [0.5, 0.5], 0.8
[0.2, 0.7], 0.6 [0.7, 0.8], 0.5 [0.8, 0.9], 0.8
[0.7, 0.8], 0.7 [0.7, 0.8], 0.4 [0.5, 0.5], 0.8
[0.3, 0.7], 0.6 [0.7, 0.8], 0.9 [0.5, 0.5], 0.8





























We again subtract the false-membership function from the truth-membership
function as follows:

(F̃µ, A) ∨ (G̃δ, B) =





























−0.2, 0.3 −0.1, 0.9 0, 1
−0.1, 0.7 0, 0.9 0.4, 1
−0.3, 0.3 −0.1, 0.9 0.4, 0.1
−0.1, 0.5 −0.1, 0.5 0, 0.6
−0.1, 0.7 0, 0.2 0, 0.7
−0.1, 0.5 −0.1, 0.9 0, 0.8
−0.5, 0.6 −0.1, 0.5 −0.1, 0.8
−0.1, 0.7 −0.1, 0.4 0, 0.8
−0.4, 0.6 −0.1, 0.9 0, 0.8





























As before, we first determine the highest score in each row and the result is
displayed in Table 2. Now the score of each television is calculated by taking
the sum of products of these numerical grades with the corresponding possibility
λ. The television with the highest score is the desired television. We have not
taken the numerical grades of the television against the pairs (ei, ei), i = 1, 2, 3,
as both the parameters are the same. score(x1) = 0, score (x2) = (−0.1×0.5) =
−0.5, score (x3) = (0.4 × 0.1) + (0.4 × 0.1) + (0 × 0.6) + (0 × 0.8) + (−0.1 ×
0.8) + (0× 0.8) = 0.
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H̃ xi Highestnumericalgrade λi
(e1, e1) x3 X X

(e1, e2) x3 0.4 1
(e1, e3) x3 0.4 1
(e2, e1) x3 0 0.6
(e2, e2) x2, x3 X X

(e2, e3) x3 0 0.8
(e3, e1) x2, x3 -0.1 0.5,0.8
(e3, e2) x3 0 0.8
(e3, e3) x3 X X

Table 2: Record of highest numerical grade for each pair

Hence, the suitable televisions for the company are televisions x1 and x3.

5. Similarity between Two Possibility Vague Soft Set

In this section, we introduce a measure of similarity between two PVSSs. The
set theoretical approach has been taken in this regard because it is easier for
calculation and is a very popular method too[5, 16, 17, 18].

Many researchers have studied the problem of similarity measurement be-
tween fuzzy sets, fuzzy numbers, vague set and possibility fuzzy soft set. Ma-
jumdar and Samanta [16, 17, 18] have studied the similarity measure of soft
sets, fuzzy soft sets, and generalized fuzzy soft set. Also Alkhazaleh et al. [5]
studied similarity measurement between two possibility fuzzy sets.

Definition 5.1. Similarity between two PVSSs F̃µ and G̃δ, denoted by
S̃(F̃µ, G̃δ), is defined as follows:

T̃ (F̃µ, G̃δ) =M(F̃ (e), G̃(e)) ·M(µ(e), δ(e))

such that

M(F̃ (e), G̃(e)) = maxiMi(F̃ (e), G̃(e)),

M(µ(e), δ(e)) = maxiMi(µ(e), δ(e)),

where

Mi(F̃ (e), G̃(e)) = 1
n

∑n
i=1(1− | S̃(F̃ (e)(xi))−S̃(G̃(e)(xi))

2 |),
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Mi(F̃ (e), G̃(e)) = 1−
∑n

j=1
|µij|−δij |

∑n
j=1

|µij|−δij |
.

Let f∗(xi) = 1−f(xi), then xi = [txi
, 1−fxi

] = [txi
, f∗

xi
]. In this case we can see

that S̃(F̃ (xi)) = t(xi) + f∗(xi) − 1 where S̃(F̃ (e)(xi)) ∈ [−1, 1], and similarly
of G̃(e)(xi)).

Definition 5.2. Let F̃µ and G̃δ be two PVSSs over (U,E). We say that
F̃µ and G̃δ are significantly similar if T̃ (F̃µ, G̃δ) ≥

1
2 .

Example 5.1. Consider example 4.1 where F̃µ and G̃δ are defined as
follows:
F̃µ(e1) = {( x1

[0.4,0.6]0.3), (
x2

[0.5,0.5] , 0.9), (
x3

[0.9,0] , 1)},

F̃µ(e2) = {( x1

[0.6,0.7]0.5), (
x2

[0.1,0.1] , 0.2), (
x3

[0.9,0.9] , 0)},

F̃µ(e3) = {( x1

[0,0.7]0.6), (
x2

[0.7,0.8] , 0.4), (
x3

[0.3,0.3] , 8)},

G̃δ(e1) = {( x1

[0.2,0.5]0.1), (
x2

[0.6,0.7] , 0.5), (
x3

[0.8,0.9] , 0.6)},

G̃δ(e2) = {( x1

[0.7,0.8]0.7), (
x2

[0.2,0.2] , 0.2), (
x3

[0.5,0.5] , 0.7)},

G̃δ(e3) = {( x1

[0.3,0.7]0.2), (
x2

[0.1,0.6] , 0.9), (
x3

[0.5,0.5] , 3)}.
Here

M1(µ(e), δ(e)) = 1−
∑

3

j=1
|µ1j(e)−δ1j (e)|

∑
3

j=1
|µ1j(e)+δ1j (e)|

= 1− |0.3−0.1|+|0.5−0.5|+|1−0.6|
|0.3+0.1|+|0.5+0.5|+|1+0.6| = 0.8

Similarly we get M2 = (µ(e), δ(e)) = 0.61 and M3 = (µ(e), δ(e)) = 0.56. Then

M(µ(e), δ(e)) = max(M1(µ(e), δ(e)),M2(µ(e), δ(e)),M3(µ(e), δ(e))) = 0.8.

M1(F̃ (e), G̃(e)) =
1

n
(

n
∑

j=1

(1− |
S̃(F̃ (e)(xj))− S̃(G̃(e)(xj))

2
|))

=
1

3
[(1 − |

0− (−0.3)

2
|) + (1− |

0− 0.3

2
|)

+(1− |
−0.1− 0.7

2
|)]

=
1

3
(0.85 + 0.85 + 0.6) = 0.77.

Similarly we get M2(F̃ (e), G̃(e)) = 0.8 and M3(F̃ (e), G̃(e)) = 0.75. Then

M(F̃ (e), G̃(e)) = max{M1(F̃ (e), G̃(e)),M2(F̃ (e), G̃(e)),M3(F̃ (e), G̃(e))} = 0.8.

Hence, the similarity between two PVSSs F̃µ and G̃δ is given by T̃ (F̃µ, G̃δ) =
M(F̃ (e), G̃(e)) ·M(µ(e), δ(e)) = 0.8× 0.8 = 0.64.
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6. Application of Similarity Measure in Medical Diagnosis

In the following example we will try to approximate the possibility that an ill
person having certain visible symptoms is suffering from flu. For this we first
build a possibility vague soft set model for flu and the possibility vague soft set
of symptoms for the sick person. Next we find the similarity measure of these
two sets. If they are significantly similar then we conclude that the person is
possibly suffering from flu.

Let the universal set consists of only two elements “yes” and “no” that
is U =(yes, no). Here the set of parameters E is the set of certain visible
symptoms. Let E = {e1, e2, e3, e4, e5, e6, e7, e8}, where e1 is fever, e2 is aches,
e3 is chills, e4 is tiredness, e5 is sudden onset, e6 is coughing, e7 is sneezing and
e8 is sore throat.

Our model possibility vague soft set for flu Mµ is given in Table 3, which
can be prepared with the help of a physician.

Mµ e1 e2 e3 e4 e5 e6 e7 e8
y 1 0 0 1 1 1 1 0
µy 1 1 1 1 1 1 1 1
n 0 1 1 0 0 0 0 1
µn 1 1 1 1 1 1 1 1

Table 3: Model PVSS for flu

After interviewing the sick person, we can build the PVSS G̃δ as in Table 4.
Now we find the similarity measure of these two sets as in the previous example.
It can be seen that T̃ (F̃µ, G̃δ) ∼= 0.12 ≤ 1

2 .

Hence the measure of the two PVSSs are not significantly similar. Therefore,
we conclude that the person is not suffering from flu.

F̃α e1 e2 e3 e4 e5 e6 e7 e8

y [0.7,0.7] [0.3,0.9] [0.9,0.9] [0.5,0.5] [0.3,0.3] [0.6,0.6] [0,0] [1,1]
µy 0.3 0.5 0.2 0.4 0.8 0.9 1 0
n [0.9,1] [0.8,0.9] [0,0] [1,1] [0.3,0.7] [0.3,0.3] [0.1,0.1] [0.6,0.8]

µn 0.2 0.1 0.5 0.8 0.7 0.6 0.3 0.4

Table 4: PVSS for the ill person
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7. Conclusions

In this paper, the basic concepts of a possibility fuzzy soft set are reviewed, and
some basic operations on possibility fuzzy soft sets are given. We introduce the
concept of possibility vague soft set and give application of this theory to solve a
decision-making problem. Similarity measure of two possibility vague soft sets
is discussed and an application of this to medical diagnosis has been shown. It
is also desirable to further explore the applications of using the possibility vague
soft set approach to solve real world decision making problems. In addition,
this new extension not only provides a significant addition to existing theories
for handling uncertainties, but also leads to potential areas of further research
and pertinent applications. A potential area of research involves extending our
work to study the relationship between soft set, rough set and vague soft set.

Acknowledgments

We are indebted to Universiti Kebangsaan Malaysia for funding this research
under the grant UKM-GUP-2011-159.

References

[1] A. Zadeh, Fuzzy sets. Inform. Control 8(1965), 338-353.

[2] D. Molodtsov, Soft set theory first result. An International Journal of

Computers and Mathematics with Applications 37(1999), 19-31.

[3] A. R. Roy, P. K. Maji, A fuzzy soft set theoretic approach to decision mak-
ing problems. Journal of Computational and Applied Mathematics, 203 (2)
(2007), 412-418.

[4] S. Alkhazaleh. A. R. Salleh, N. Hassan, Soft multisets theory, Appl. Math.

Sci. 72 (2011), 3561 - 3573.

[5] S. Alkhazaleh. A. R. Salleh, N. Hassan, Possibility fuzzy soft set,
Advances in Decision Sciences Vol. (2011), Article ID 479756, 18

pages.doi:10.1155/2011/479756.

[6] A. R. Salleh, S. Alkhazaleh, N. Hassan and A.G. Ahmad, Multiparameter-
ized soft set, Journal of Mathematics and Statistics, 8 (2012), 92-97.



POSSIBILITY VAGUE SOFT SET AND... 563

[7] S. Alkhazaleh. A. R. Salleh, N. Hassan, Fuzzy parameterized interval-
valued fuzzy soft set, Appl. Math. Sci.. 67 (2011), 3335-3346.

[8] W.L. Gau, D.J. Buehrer, Vague sets, IEEE Trans. Systems Man and Cy-

bernet, 23 (2) (1993), 610-614.

[9] P.Majumder, S.K.Samanta. Generalised fuzzy soft sets, Comput. Math.

Appl. 59(4) (2010), 1425-1432.

[10] A. Chaudhuri, K. De, D. Chatterjee, Solution of the decision making prob-
lems using fuzzy soft relations, International Journal of Information Tech-

nology, 15(1) (2009), 78-106.

[11] P. Zhu, Q. Wen, Probabilistic soft sets, Proceedingsof the IEEE Interna-

tional Conference on Granular Computing (GrC ’10), (2010), 635-638.

[12] Kh. Alhazaymeh, Sh. Abdul Halim, A. R. Salleh, and N. Hassan, Soft
intuitionistic fuzzy sets. Appl. Math. Sci., 6(54)( 2012), 2669 2680

[13] W. Xu, J. Ma, S. Wang, G. Hao, Vague soft sets and their properties,
Comput. Math. Appl., 59 (2010), 787-794.

[14] P.K.Maji, A.R.Roy, R.Biswas. On intuitionistic fuzzy soft sets, The Journal
of Fuzzy Mathematics 12(3) ( 2004 ), 669-683.

[15] H. Bustince, P. Burillo, Vague sets are intuitionistic fuzzy sets, Fuzzy Sets

and Systems, 79 (1996), 403-405.

[16] P. Majumdar, S. K. Samanta, On similarity measure of fuzzy soft sets, Pro-
ceedings of the International Conference on Soft Computing and Intelligent

Systems (ICSCIS ’07), (2007), 40-44.

[17] P. Majumdar, S. K. Samanta, Similarity measure of soft sets, New Math-

ematics and Natural Computation, 4 (1) (2008), 1-12.

[18] S.M. Chen, Measure of similarity between vague sets, Fuzzy Sets and Sys-

tems, 74 (1995), 217-223.



564


