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In 1999, Molodtsov introduced the concept of soft set theory as a general mathematical tool for
dealing with uncertainty. Many researchers have studied this theory, and they created some models
to solve problems in decision making and medical diagnosis, but most of these models deal only
with one expert. This causes a problem with the user, especially with those who use questionnaires
in their work and studies. In our model, the user can know the opinion of all experts in one model.
So, in this paper, we introduce the concept of a soft expert set, which will more effective and useful.
We also define its basic operations, namely, complement, union intersection AND, and OR. Finally,
we show an application of this concept in decision-making problem.

1. Introduction

Most of the problems in engineering, medical science, economics, environments, and so
forth, have various uncertainties. Molodtsov [1] initiated the concept of soft set theory as
a mathematical tool for dealing with uncertainties. After Molodtsov’s work, some operations
and application of soft sets were studied by Chen et al. [2] and Maiji et al. [3, 4]. Alkhazaleh
et al. [5] introduced the concept of soft multisets as a generalization of soft set. They also
defined in [6, 7] the concepts of possibility fuzzy soft set and fuzzy parameterized interval-
valued fuzzy soft set and gave their applications in decision making and medical diagnosis.
Many researchers have studied this theory, and they created some models to solve problems
in decision making and medical diagnosis, but most of these models deal only with one
expert, and if we want to take the opinion of more than one expert, we need to do some
operations such as union, intersection, and so forth. This causes a problem with the user,
especially with those who use questionnaires in their work and studies. In our model the
user can know the opinion of all experts in one model without any operations. Even after
any operation on our model the user can know the opinion of all experts. So in this paper
we introduce the concept of a soft expert set, which will be more effective and useful. We
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also define its basic operations, namely, complement, union intersection AND and OR and
study their properties. Finally, we give an application of this concept in a decision-making
problem.

2. Preliminaries

In this section, we recall some basic notions in soft set theory. Molodtsov [1] defined soft set
in the following way. Let U be a universe and E be a set of parameters. Let P(U) denote the
power setof U and A C E.

Definition 2.1 (see [1]). A pair (F, A) is called a soft set over U, where F is a mapping F : A —
P(U). In other words, a soft set over U is a parameterized family of subsets of the universe U.
For € € A, F(e) may be considered as the set of e-approximate elements of the soft set (F, A).

The following definitions are due to Maji et al. [3].

Definition 2.2. For two soft sets (F, A) and (G, B) over U, (F, A) is called a soft subset of (G, B)
if

(i) AcCB,

(ii) for all e € A, F(¢), and G(¢) are identical approximations.

This relationship is denoted by (F, A) C (G, B). In this case, (G, B) is called a soft superset of
(F, A).

Definition 2.3. Two soft sets (F, A) and (G, B) over a common universe U are said to be soft
equal if (F, A) is a soft subset of (G, B) and (G, B) is a soft subset of (F, A).

Definition 2.4. Let E = {e1,ez,...,e,} be a set of parameters. The NOT set of E denoted by
‘IE is defined by 'IE = {’ley, ley,..., le,} where Ie; =not e;, for all i.

Definition 2.5. The complement of a soft set (F, A) is denoted by (F, A)° and is defined
by (F,A)° = (F¢,'IA) where F¢ : TA — P(U) is a mapping given by F(a) = U —
F(la), forall a € "IA.

Definition 2.6. A soft set (F, A) over U is said to be a NULL soft set denoted by @, if forall € €
A, F(e) =0, (null-set).

Definition 2.7. A soft set (F,A) over U is said to be an absolute soft set, denoted by
A, ifforall e € A, F(e) = U.

Definition 2.8. If (F, A) and (G, B) are two soft sets then (F, A) AND (G, B) denoted by (F, A)A
(G, B), is defined by

(F,A) A (G,B) = (H,Ax B), (2.1)

where H(a, p) = F(a) N G(f), forall (a,f) € Ax B.
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Definition 2.9. If (F, A) and (G, B) are two soft sets, then (F, A) OR (G, B) denoted by (F, A) v
(G, B), is defined by

(F,A)V (G,B) = (O, A x B), (2.2)

where O(a, f) = F(a) UG(p), forall (a,p) € Ax B.
Definition 2.10. The union of two soft sets (F, A) and (G, B) over a common universe U is the
soft set (H,C) where C = AUB, and for all ¢ € C,
F(e) ifee A-B,
H(e) =1 Gle) ifeeB-A, (2.3)
F(e)uGl(e) if e€e ANB.

The following definition is due to Ali et al. [8] since they discovered that Maji et al.’s
definition of intersection in [3] is not correct.

Definition 2.11. The extended intersection of two soft sets (F, A) and (G, B) over a common
universe U is the soft set (H,C) where C = AU B, and for all ¢ € C,
F(e) ife€ A-B,
H(e) =4 G(e) ifeeB-A, (2.4)
F(e)nG(e) if e ANB.

3. Soft Expert Set

In this section, we introduce the concept of a soft expert set, and give definitions of its basic
operations, namely, complement, union, intersection, AND, and OR. We give examples for
these concepts. Basic properties of the operations are also given.

Let U be a universe, E a set of parameters, and X a set of experts (agents). Let O be a
set of opinions, Z=E x X xOand A C Z.

Definition 3.1. A pair (F, A) is called a soft expert set over U, where F is a mapping given by

F:A— PU), (3.1)

where P(U) denotes the power set of U.

Note 3.2. For simplicity we assume in this paper, two-valued opinions only in set O, that is,
O = {0 = disagree, 1 = agree}, but multivalued opinions may be assumed as well.

Example 3.3. Suppose that a company produced new types of its products and wishes to take
the opinion of some experts about concerning these products. Let U = {u,us, u3,u4} be a
set of products, E = {ej, ey, €3} a set of decision parameters where e; (i = 1,2,3) denotes the
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s

decision “easy to use,
experts.

Suppose that the company has distributed a questionnaire to three experts to make
decisions on the company’s products, and we get the following;:

quality,” and “cheap,” respectively, and let X = {p,g,r} be a set of

F(el,p,l) = {uq, up, uq}, F(el,q,l) = {u, uq}, F(ey,r,1) = {us,us},
F(ez,p,1) ={us},  F(ez,q,1)={u,us},  Fleyr,1) = (u1,us,us},
F(83,p,1) = {uz, uq}, F(€3,q,1) = {u, uz}, F(es, 7, 1) = {ug}, (32)
F(ei,p,0) = {us},  F(e1,q9,0) = {uo,us},  F(er,7,0) = {u1, u2},
F(ez,p,0) = {u1,uz, uz}, F(ez,q,0) = {u, us}, F(ey,1,0) = {us},
F(es,p,0) = {u1,uz}, F(es,q,0) = {us, us}, F(es,7,0) = {uy,us, us}.
Then we can view the soft expert set (F, Z) as consisting of the following collection of
approximations:
(F,2) = {((er,p, 1), {ur, u2,ua}), ((e1,q,1), {ur, us}), ((e1,7,1), {u3, us}),
((e2,p, 1), {ua}), ((e2,9,1), {u1, uz}), (e, 7,1), {uy, uz, us}),
((es,p,1), {us, ua}), ((e3,9,1), {u1,u2}), ((e3, 7, 1), {ua}),
((e1,p,0), {us}), ((e1,9,0), {uz, uz}), ((e1,7,0), {11, uz}),
((e2,p,0),{ w1, u2,u3}), ((e2,q,0), {uz, us}), ((e2,7,0), {u3}),
((e3,p,0), {u1,u2}), ((e3,4,0), {us, us}), ((es,r,0), {ur, us, us})}.

(3.3)

Notice that in this example the first expert, p, “agrees” that the “easy to use” products are
u1, up, and uy. The second expert, g, “agrees” that the “easy to use” products are u; and uy,
and the third expert, r, “agrees” that the “easy to use” products are u3 and u4. Notice also
that all of them “agree” that product u4 is “easy to use.”

Definition 3.4. For two soft expert sets (F, A) and (G, B) over U, (F, A) is called a soft expert
subset of (G, B) if

(i) ACB,
(ii) for all e € B,G(¢) C F(¢).

This relationship is denoted by (F, A) C (G, B). In this case (G, B) is called a soft expert superset
of (F, A).

Definition 3.5. Two soft expert sets (F, A) and (G, B) over U are said to be equal if (F, A) is a
soft expert subset of (G, B) and (G, B) is a soft expert subset of (F, A).

Example 3.6. Consider Example 3.3. Suppose that the company took the opinion of the experts
once again after the products have been in the market for a month.
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Suppose

A= {(elrp/ 1)/ (62/;9/ 0)/ (e3rp/ 1)1 (elr q, 1)/ (82/ qu)r
(63/ q, O)I (ell r, 0)/ (62/ r, 1)/ (63/ r, 1) }I (34)
B = {(el’p’ 1)/ (eZIPI 0)1 (61, q/ 1)/ (62/ qll)r (61, r, O)/ (621 r, 1)}

Clearly B C A. Let (F, A) and (G, B) be defined as follows:

(F,A) = {((er,p, 1), (w1, u2,ua}), ((e1,9,1), {11, ua}), ((€2,9,1), {11, u3}),
((e2,7, 1), {ur, uz, us}), ((e3,p, 1), {us, us}), ((es, 7, 1), {ua}),
((e1,1,0), {u1,u2}), ((e2,p,0), {ur, 12, u3}), ((e3,4,0), {us, us})}, (3.5)
(G, B) = {((e1,p, 1), {u1,us}), ((e1,9,1), {us}), ((e2,9,1), {u1,u3}), ((e2, 7, 1), {11}),
((e1,1,0), {u2}), ((e2,p,0), {u1,u3})}.

Therefore (G, B) C (F, A).

Definition 3.7. Let E be a set of parameters and X a set of experts. The NOT set of Z = ExXxO
denoted by “1Z, is defined by “I1Z = {('le;, xj,0k), V i,j,k} where le; is not e;.

Definition 3.8. The complement of a soft expert set (F, A) is denoted by (F, A)‘ and is defined
by (F,A)° = (F¢,'IA) where F¢ : TA — P(U) is a mapping given by F(a) = U -
F('la), forall a € "1A.

Example 3.9. Consider Example 3.3. Then

(F,A) = {((Ter,p,1),{us}), ((Te1,q,1), {2, u3}), ((Tex, 7, 1), {1, uz}),
(('Iez,p,l), {ul,uz,ug,}), (('Iez, q, l), {ug,u4}), (("Tep, 1, 1), {us}),
((Tes, p, 1), {ur, u2}), (("les, q,1), {us, us}), ((les, r, 1), {u1, u, us}),
(("Te1, p,0), {ur, u,uz}), (("Tex, q,0), {u1, us}), ((ley, r,0), {us, us}),
((Te2,p,0), {us}), ((lez, q,0), {ur,us}), ((ez, 1,0), {ur, uz, us}),
(("Tes,p,0), {us, us}), (("les, q,0), {u1, u2}), ((‘les, r,0), {us}) }.

(3.6)

Definition 3.10. An agree-soft expert set (F, A); over U is a soft expert subset of (F, A) defined
as follows:

(F,A); = {Fi(a):a € Ex X x {1}}. (3.7)
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Example 3.11. Consider Example 3.3. Then the agree-soft expert set (F, A); over U is

(FA) ={((er,p, 1), {ur, uz,us}), ((e1,9,1), {ur,us}), ((e1,7,1), {uz, us}),
((e2,p, 1), {ua}), ((e2,q,1),{u1,uz}), ((e2,7,1), {u, uz, us}), (3.8)
((es,p, 1), {us, us}), ((e3,q,1), (w1, uz}), ((e3,r,1), {us})}.

Definition 3.12. A disagree-soft expert set (F, A), over U is a soft expert subset of (F, A) defined
as follows:

(F,A)y = {Fo(a) :a € Ex X x {0}}. (3.9)
Example 3.13. Consider Example 3.3. Then the disagree-soft expert set (F, A), over U is

(Fr A)O = {((el’p' 0)/ {u3}) ’ ((31/‘7/0)/ {u2/u3})/ ((61,1‘,0), {Hl,uz}),
((e2,p,0), {u1,uz,u3}), ((€2,4,0), {uz, us}), ((e2,1,0), {us}), (3.10)
((e3,p,0), {u1,uz}), ((e3,9,0), {us, us}), ((e3,1,0), {u1, uz, us})}.

Proposition 3.14. If (F, A) is a soft expert set over U, then

(i) ((F,A))" = (F,A),
(ii) (F, A)7 = (F, A)q,
(iii) (F, A)g = (F, A);.
Proof. The proof is straightforward. O

Definition 3.15. The union of two soft expert sets (F, A) and (G,B) over U denoted by
(F, A) U (G, B), is the soft expert set (H, C) where C = AUB, and forall € € C,

F(e) ifee A-B,
H(e) =3 G(e) ifeeB-A, (3.11)
F(e)uGl(e) if e€e ANB.

Example 3.16. Consider Example 3.3. Let

A= {(elrp/ 1)1 (62/;9/ 0)/ (63/}9/1)/ (elf q, 1)/ (621 q, 1)/ (83/ q, 0)/ (elr r, 0)1 (62/ rll)l (63/ r, 1) }/

B = { (el/p/ 1)1 (62/p1 O)/ (631}91 0)/ (61/ q, 1)1 (62/ q, 1)/ (631 qll)r (elr r, O)I (621 rll)}‘
(3.12)
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Suppose (F, A) and (G, B) are two soft expert sets over U such that

(F,A) = {((ev,p, 1), {m1,u2,1a}) , ((e1,9,1), {1, 11a}), ((€2,9,1), {11, u3}),
((e2,1, 1), {1, u2,us}), ((es, p, 1), {us, ua}), ((e3,7,1), {us}),
((e1,1,0), {u1,u2}), ((e2,p,0), {ur,u2,us}), ((e3, q,0), {us, us})},

(G,B) = {((e1,p, 1), {mr,us,ua}) , ((e1,q, 1), {us}), ((e2,9,1), {2, u3}),
((e2,7,1), {uz,u3}), ((e1,1,0), {uz2}), ((e3,p,0), {ur, uz, us}),
((e3,4,0), {uz,u3}), ((e2,p,0), {uz, u3}) }.

(3.13)

Therefore
(F,A)U(G,B) = (H,C)
={((er,p,1),U),((e1,9,1), {u1,u3,us}), ((e2,9,1), {1, u2, u3}),
((ez,r,1),U), ((63,]9,1), {us, u4}), ((e3,7,1), {us)),
((er,7,0), {1, 12}), ((e2,p, 0), { wr, w2, us}), ((es,q,0), (ua, s, us}),
((es,p,0), {u1, uz, us}) }.

(3.14)
Proposition 3.17. If (F, A), (G, B), and (H, C) are three soft expert sets over U, then
(i) (F,A)U(G,B) = (G,B)U(F, A),
(i) (F, A)U((G,B)U(H,C)) = ((F,A)U(G,B))U(H,C).
Proof. The proof is straightforward. O

Definition 3.18. The intersection of two soft expert sets (F, A) and (G, B) over U denoted by
(F, A) N (G, B) is the soft expert set (H,C) where C = AUB, forall € € C, and

F(e) ife€ A-B,
H(e) = { G(e) ifeeB-A, (3.15)
F(e)nG(e) if e€ ANB.

Example 3.19. Consider Example 3.16. Then

(F,A)N(G,B) = (H,C)
={((ev,p, 1), {m1,us}), ((e1,4,1),9), ((e2,9,1), {us}),
((e2,7,1), {uz}), ((es,p, 1), {3, us}), ((e3,7,1), {us}), (3.16)
((e1,1,0), {uz}), ((e2,p,0), {uz, us}),
((e3,4,0), {us}), ((es,p,0), {ur, uz, us}) }.
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Proposition 3.20. If (F, A), (G, B), and (H, C) are three soft expert sets over U, then

(i) (F, A)N(G,B) = (G,B)N (F, A),
(i) (F, A)Nn((G,B)N(H,C)) = ((F, A)N (G, B))Nn (H,C).

Proof. The proof is straightforward. O

Proposition 3.21. If (F, A), (G, B), and (H, C) are three soft expert sets over U, then

(i) (F,A)G((G,B)N(H,C)) = ((F,A)U(G,B))N((F,A) U (H,C)),
(i) (F, A)N((G,B)U(H,C)) = ((F,A)N(G,B)) U((F, A)N(H,C)).

Proof. The proof is straightforward. O

Definition 3.22. If (F, A) and (G, B) are two soft expert sets over U then (F, A) AND (G, B)
denoted by (F, A) A (G, B), is defined by

(F,A) A (G,B) = (H,Ax B), (3.17)

where H(a, ) = F(a) NG(p), forall (a,) € AxB.

Example 3.23. Consider Example 3.3. Let

A = { (61, p’ 1)/ (EZIP/ O)/ (elr r, O)/ (32/ T, 1) }/
B={(e1,p1),(e1,1,0),(er,1,1)}.

(3.18)

Suppose (F, A) and (G, B) are two soft expert sets over U such that

(F,A) ={((e1,p,1), {u1,uz,us}), ((e1,7,0), {u1,u2}), ((e3,q,0), {us, us}),
((62/7‘/1)1{”1/“2/”4})} (319)
(G,B) = {((ex,p, 1), {u1,us3,us}), ((e1,1,0), {uz}), ((e2,7,1), {u2,us}) }.

Therefore
(F, A) A (G, B) = (H, A x B)

= {(((er,p, 1), (e, p, 1)), (w1, ua}), (((e1,p, 1), (e1,7,0)), {u2}),
(((er,p. 1), (e2,7, 1)), {uz}), (((er,7,0), (e1,p, 1)), {wmr}),
(((e1,1,0),(e1,1,0)), {uz}), (((e1,7,0), (2,1, 1)), {uz}), (3.20)
(((e3,4,0), (e1,p, 1)), {us, us}), (((e3,4,0), (e1,1,0)),0),
(((e3,4,0), (e, 1,1)),{us}), (((e2,7,1), (e1,p,1)), {u1, us}),
(((e2,1,1), (e1,1,0)), {u2}), (((e2,7,1), (e2,7,1)), {uz}) }-
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Definition 3.24. 1f (F, A) and (G, B) are two soft expert sets then (F, A) OR (G, B) denoted by
(F, A) v (G, B), is defined by

(F,A)V (G,B) = (O, Ax B), (3.21)

where O(a, f) = F(a) UG(p), forall (a,p) € AxB.

Example 3.25. Consider Example 3.23. Then

(F,A)V (G,B) = (H,Ax B)

= {(((e,p, 1), (er,p, 1)), ), (((er,p, 1), (1,7, 0)), {11, u2,14}),
(((er,p. 1), (e, 1)), U), (((e1,1,0), (e1,p,1)),U),
(((e1,7,0), (e1,1,0)), {u1,u2}), (((e1,7,0), (e2,1,1)), {ur, uz, us}),
(((e3,9,0), (er,p, 1)), {ur, us, us}), (3.22)
(((es, q,0), (e1,7,0)), {uz, us, us}),
(((e3,4,0), (e2,7,1)), {ua, uz,ua}), (((e2,7, 1), (e1,p, 1)), U),
(((e2, 7, 1), (e1,1,0)), {ur, uz, us}),

(((e2,7,1), (e2,1,1)), {1, 12, us}) }.

Proposition 3.26. If (F, A) and (G, B) are two soft expert sets over U, then

(i) (F, A) A (G,B)) = (F,A)V (G,B)",
(i) ((F, A) V (G, B))° = (F, A)° A (G, B)".

Proof. See Maiji et al. [3]. O

Proposition 3.27. If (F, A), (G, B), and (H, C) are three soft expert sets over U, then

(i) (F,A) A ((G,B) A (H,C)) = ((F,A) A (G,B)) A (H,C),
(ii) (F, A) v ((G,B) v (H,C)) = (F, A) vV (G,B)) v (H,C),
(iii) (F, A) v ((G,B) A (H,C)) = ((F,A) v (G, B)) A ((F,A) v (H,C)),
@iv) (F,A) A ((G,B) vV (H,C)) = ((F, A) A (G, B)) v ((F, A) A (H, C)).
Proof. Straightforward from Definitions 3.22 and 3.24. O

4. An Application of Soft Expert Set

Maiji et al. [4] applied the theory of soft sets to solve a decision-making problem using rough
mathematics. In this section, we present an application of soft expert set theory in a decision-
making problem. The problem we consider is as below.
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Assume that a company wants to fill a position. There are eight candidates who
form the universe U = ({u1, up, us, u4,us, ug, Uy, ug}. The hiring committee considers a
set of parameters, E = {ej,e2, e3,e4,e5} where the parameters e; (i = 1,2,3,4,5) stand
for “experience,” “computer knowledge,” “young age,” “good speaking,” and “friendly,”
respectively. Let X = {p, q,r} be a set of experts (committee members). Suppose

(FZ) ={((e1,p, 1), {ur, uz, us, uz,us}), ((e1,q,1), {u1, us, us,us}),
((e1,7,1), {ur, us, us, us, uz, us}), ((e2,p, 1), {us, us, us}),
((e2,q,1), {ur, us, us, us, ug, ug}), ((e2,7,1), {u1, uz, us, uz, ug}),
((es,p, 1), {us, ug, us,uz}), ((e3, q,1), {u1, uz, us, us}), ((es, r, 1), {ur, uz, us}),
((ea,p, 1), {1, u7,us})), ((es,q,1), {u1,us,us,us}), ((es, 7, 1), {1, us, uz, us}),
((es,p, 1), {u1,uz, u3,us,ug}), ((es,q,1), {u1, us, us, ug}),
((es, 1, 1), {ur, us, us,uz,us}), ((e1,p,0), {us, us, ug}),
((e1,4,0), {uz, u3, us, uz}), ((e1,7,0), {uz, us}),
((e2,p,0), {u1, 1z, us, ug, u7}), ((€2,9,0), {uz,u7}), ((e2,7,0), {us, us, us}),
((e3,p,0), {u1,uz, us,us}), ((e3, q,0), {us, us, ug, uz}),
((e3,1,0), {uz, us, us, us, us }),
((ea,p,0), {ua, us, us, us, ug}), ((es,q,0), {uz, us, ug, uz}),
((es,7,0), {uz, u3, us, us}), ((es,p,0), {us, us, uz}),

((es,9,0), {uz, us, ug, uz}), ((es,7,0), {uz, us, ug}) }.
4.1)

In Tables 1 and 2 we present the agree-soft expert set and disagree-soft expert set,
respectively, such that if u; € Fi(¢) then u;; = 1 otherwise u;; = 0, and if u; € Fo(¢) then u;; = 1
otherwise u;; = 0 where u;; are the entries in Tables 1 and 2.

The following algorithm may be followed by the company to fill the position.
Algorithm 4.1.

(1) input the soft expert set (F, Z),

(2) find an agree-soft expert set and a disagree-soft expert set,

(3) find ¢; = 3 ;u;; for agree-soft expert set,

(4) find k; = > ;u;; for disagree-soft expert set,
(5) find S5j=¢Cj— k]

)

(6) find m, for which s,;, = maxs;.
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Table 1: Agree-soft expert set.

u u Uy Us Uy Us Ug Uy Usg
(e1,p) 1 1 0 1 0 0 1 1
(e2,p) 0 0 1 0 1 0 0 1
(e3,p) 0 0 1 1 1 0 1 0
(es, p) 1 0 0 0 0 0 1 1
(es,p) 1 1 1 0 1 0 0 1
(e1,9) 1 0 0 1 1 0 0 1
(e2,9) 1 0 1 1 1 1 0 1
(e3,q) 0 0 1 1 1 0 1 0
(es,q) 1 0 0 1 1 0 0 1
(e5,9) 1 0 0 1 1 0 0 1
(eq,71) 1 0 1 1 0 1 1 1
(e, 1) 1 1 0 1 0 0 1 1
(es, 1) 1 0 0 0 0 0 1 1
(e, 1) 1 0 0 0 0 1 1 1
(es, 1) 1 0 1 0 1 0 1 1
ci=uij c1=12 =3 =7 s =9 cs=9 6 =3 ;=9 cg =13

Table 2: Disagree-soft expert set.
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Then s,, is the optimal choice object. If m has more than one value, then any one of
them could be chosen by the company using its option.

Now we use this algorithm to find the best choices for the company to fill the position.
From Tables 1 and 2 we have Table 3.
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Table 3
¢j = it ki = 3vij sj =cj=k;
Cc1 = 12 k1 =3 S1 = 9
=3 k=12 S, =-9
C3 = 7 k3 =8 S3 = -1
Cy = 9 k4 =6 S4 = 3
Cs = 9 k5 =6 S5 = 3
=3 ke =12 s6=-9
C7 = 9 k7 =6 Sy = 3
cg =13 k8:2 sg =11
Then max s; = sg, so the committee will choose candidate 8 for the job.
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