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Abstract.: Soft set theory is considered as the preeminent tool to tackle
the problems involving vagueness by controlling all complexities of opti-
mization theory, fuzzy set theory and interval theory. Some models have
been developed to solve problems in decision making and medical diag-
nosis with one expert by using this theory. This causes a problem with
those who use questionnaires in their research. Soft expert set overcomes
this problem and facilitates the user to know the opinion of all experts
in one model. The concept of convexity plays a key role to deal opti-
mization, pattern recognition-classification and many other related topics
in operation research, numerical analysis and other disciplines of math-
ematical sciences. In this study, a mathematical cum abstract technique
is employed to develop basic concept of convex and concave soft expert
sets to deal with their important applications. Some classical results on
convexity cum concavity are modified under uncertain multi-decisive en-
vironment with the support of explicatory proofs.
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1. INTRODUCTION

Most of the problems in engineering, medical science, economics, environments, and
so forth, have various uncertainties and vagueness. The existing models i.e. probability
theory, fuzzy set theory etc., are insufficient for tackling such uncertainties and vague-
ness proficiently. Some sort of parameterization tool is lacking in this regards. In order
to address such inadequacy, Molodtsov [19] initiated the concept of soft set theory as a
mathematical tool for dealing with uncertainties and vagueness. This model is more ef-
fective and flexible as it is free from all such impediments. Maji et al. [15] developed
gluing concept of fuzzy set with soft set i.e. fuzzy soft set and discussed its some essential
properties and results. Many researchers [16, 20, 6, 8, 9, 26, 12, 13, 24] extended the soft
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set theory and discussed its properties i.e. subset, absolute set, not set etc., operations i.e.
complement, intersection, union, restricted union, restricted intersection, extended union,
symmetric difference, AND, OR etc., and applied them in decision making to solve daily
life problems. Akram et al. [1] investigated GDM methods based on hesitant N-soft sets
with applications in decision-making. Ali et al. [7] discussed parameter reductions of
bipolar fuzzy soft sets with their decision-making algorithms. Fatimah et al. [11] devel-
oped N-soft sets and discussed their decision making algorithms with applications. Maji et
al. [17, 1] investigated intuitionistic fuzzy soft set with fundamentals and essential proper-
ties and operations. Alkhazaleh et al. [2] introduced the concept of soft expert set which
is the combination of soft set theory and expert system. They characterized its basic op-
erations i.e. complement, union, intersection, AND, OR etc., and successfully applied the
concept in decision-making problems. Alkhazaleh et al. [3, 4, 5] extended the work on soft
expert set and developed the theories of soft multi sets, possibility fuzzy soft set and fuzzy
parameterized interval-valued fuzzy soft set to adequate their already proposed structures
for other scenarios. Convexity plays a vital role in optimization, pattern classification, im-
age processing and classification as well as in operation research. In order to tackle all
such problems and disciplines for uncertain, incomplete and vague information, Deli [10]
presented the novel notions of convex and concave set under soft set and fuzzy soft set
environments and discussed some important results based on set inclusion and set theoretic
operations. Majeed [14] introduced the concept of convex hull and cone for soft sets to
meet the demand of computational geometry with uncertain and vague information. Salih
et al. [25] conceptualized strictly and strongly convexity cum concavity on soft sets. Rah-
man et al. [21, 22, 23] discussed the various properties of convexity and concavity under
fuzzy soft set, soft set and hypersoft set (an extension of soft set) environments with some
modified results.

1.1. Motivation. Convexity is an essential concept in optimization, recognition and clas-
sification of certain patterns, processing and decomposition of images, discrete event simu-
lation, duality problems and many other related topics in operation research, mathematical
economics, numerical analysis and other mathematical sciences. Deli [10] provided a math-
ematical tool to tackle all such problems under soft set environment. Soft expert set theory
is the combination of soft set and expert set. It is a generalized one as it addresses the lim-
itation of soft set for the consideration of experts opinions. In order to make the existing
convexity-like literature in line with such kind of scenario, literature demands to carve out
a conceptual framework for solving such kind of problems under more generalized version
i.e. soft expert set. Therefore, in this study, an abstract and analytical approach is utilized to
develop a basic framework of convexity and concavity on soft expert sets along with some
important results motivated from the concept presented in [10]. Examples of convexity and
concavity on soft expert sets are presented too.

1.2. Organization of Paper. The rest of the paper is organized as:
Section 2 : recalls some basic definitions and terms regarding soft set, soft expert set and
convexity cum concavity on soft sets.
Section 3 : presents the novel definitions of convex soft expert set and concave soft expert
set and some of their properties are discussed.
Section 4 : concludes the paper.
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2. PRELIMINARIES

In this section, some basic definitions and terms regarding the main study are presented
from the literature.

Definition 2.1. [19]
LetP (Z) denote power set ofZ(universe of discourse) andF be a collection of parameters
definingZ. A soft setM overZ is defined by mapping

hM : F → P (Z)

Definition 2.2. [2]
Assume thatY be a set of specialists (operators) andO be a set of conclusions,T =
F × Y ×O with S ⊆ T whereZ denotes the universe ,F a set of parameters.
A pair(H, S) is known as a soft expert set overZ, whereH is a mapping given by

H : S → P (Z)

For simplicity we assume in this paper, two-valued opinions only in setO, that is,O ={0
= disagree, 1= agree}.

Example 2.3. Suppose that an organization manufactured modern kinds of its brands and
intends to proceed the assessment of certain specialists about concerning these items. Let
Z = {v1, v2, v3, v4} be a set of items,F = {a1, a2, a3, a4} a set of choice parameters and
let S = {a1, a2, a3} be a subset ofF wherea1= simple to utilize,a2= nature,a3= modest
and letY = {s, t, u} be a set of specialists. Assume that the organization has appropriated
a survey to three specialists to settle on choices on the organization’s items, and we get the
accompanying:
H1 = H(a1, s, 1) = {v1, v2, v4}, H2 = H(a1, t, 1) = {v1, v4},
H3 = H(a1, u, 1) = {v3, v4}, H4 = H(a2, s, 1) = {v4},
H5 = H(a2, t, 1) = {v1, v3}, H6 = H(a2, u, 1) = {v1, v2, v4},
H7 = H(a3, s, 1) = {v3, v4}, H8 = H(a3, t, 1) = {v1, v2},
H9 = H(a3, u, 1) = {v4}, H10 = H(a1, s, 0) = {v3},
H11 = H(a1, t, 0) = {v2, v3}, H12 = H(a1, u, 0) = {v1, v2},
H13 = H(a2, s, 0) = {v1, v2, v3}, H14 = H(a2, t, 0) = {v2, v4},
H15 = H(a2, u, 0) = {v3}, H16 = H(a3, s, 0) = {v1, v2},
H17 = H(a3, t, 0) = {v3, v4}, H18 = H(a3, u, 0) = {v1, v2, v3},
We have soft expert set as follows
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(H, S) =

8
>>>>>>>>>>>>>>>>><
>>>>>>>>>>>>>>>>>:

H1 = H(a1, s, 1) = {v1, v2, v4}, H2 = H(a1, t, 1) = {v1, v4},
H3 = H(a1, u, 1) = {v3, v4}, H4 = H(a2, s, 1) = {v4},
H5 = H(a2, t, 1) = {v1, v3}, H6 = H(a2, u, 1) = {v1, v2, v4}
H7 = H(a3, s, 1) = {v3, v4}, H8 = H(a3, t, 1) = {v1, v2},
H9 = H(a3, u, 1) = {v4}, H10 = H(a1, s, 0) = {v3},
H11 = H(a1, t, 0) = {v2, v3}, H12 = H(a1, u, 0) = {v1, v2}
H13 = H(a2, s, 0) = {v1, v2, v3}, H14 = H(a2, t, 0) = {v2, v4},
H15 = H(a2, u, 0) = {v3}, H16 = H(a3, s, 0) = {v1, v2},
H17 = H(a3, t, 0) = {v3, v4}, H18 = H(a3, u, 0) = {v1, v2, v3}

9
>>>>>>>>>>>>>>>>>=
>>>>>>>>>>>>>>>>>;

See that from the above pattern the first specialist, s, ”concurs” that the ”simple to utilize”
items arev1, v2, andv4. The subsequent specialist t, ”concurs” that the ”simple to utilize”
items arev1 andv4, and the third master, u, ”concurs” that the ”simple to utilize” items
are v3 and v4. See here every one of specialists ”concur” that itemv4 is ”anything but
simple to utilize.”

Definition 2.4. [2]
A soft expert set(H, S) is said to be soft expert subset of another soft expert set(J, P ),
denoted by(H,S) ⊆ (J, P ) overZ, if
(i) S ⊆ P,
(ii) ∀ α ∈ S, H(α) ⊆ J(α).
And(J, P ) is said to be a soft expert superset of(H,S).

Definition 2.5. [2]
LetF = {ε1, ε2, ..., εn} be taken as a collection of parameters. The NOT seteF is charac-
terized by{eε1, eε2, ..., eεn} whereeεi = not εi, ∀ i.

Definition 2.6. [2]
The compliment of a soft expert set(H, S) is meant by(H, S)

′
and is characterized by

(H, S)
′

= (H
′
, eS) whereH

′
:eS → P (Z) is a mapping given byH

′
(ξ) = Z − H(eξ)

for every one of theξ ∈eS.

Definition 2.7. [2]
The union of two soft expert sets(H, S) and (J, P ) overZ indicated by(H, S) ∪ (J, P ),
is the soft expert set(K,L) whereL = S ∪ P, and∀ ξ ∈ L,

K(ξ) =





H(ξ)
J(ξ)

H(ξ) ∪ J(ξ)

; ξ ∈ S − P
; ξ ∈ P − S
; ξ ∈ S ∩ P

Definition 2.8. [2]
The intersection of two soft expert sets(H, S) and (J, P ) over Z indicated by(H, S) ∩
(J, P ) is the soft expert set(K, L) whereL = S ∩ P and∀ ξ ∈ L,

K(ξ) =





H(ξ)
J(ξ)

H(ξ) ∩ J(ξ)

; ξ ∈ S − P
; ξ ∈ P − S
; ξ ∈ S ∩ P
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Definition 2.9. [10]
The soft set S on F is called a convex soft set if

hS (ξε1 + (1− ξ) ε2) ⊇ hS (ε1) ∩ hS (ε2)

for eachε1, ε2 ∈ F andξ ∈ Γ• = [0, 1].

Definition 2.10. [10]
The soft set S on F is called a concave soft set if

hS (ξε1 + (1− ξ) ε2) ⊆ hS (ε1) ∪ hS (ε2)

for eachε1, ε2 ∈ F andξ ∈ Γ• = [0, 1].

3. CONVEX AND CONCAVE SOFT EXPERT SETS

In this portion, we describe the definition of convex soft expert set and concave soft
expert set. In this articleF will denote the n-dimensional Euclidean spaceRn and Z
describes the arbitrary set.

Definition 3.1. Convex soft expert set
The soft expert set overF is called a convex soft expert set if

hSES (ξε1 + (1− ξ) ε2) ⊇ hSES (ε1) ∩ hSES (ε2)

for eachε1, ε2 ∈ F andξ ∈ Γ• = [0, 1].

Example 3.2. Referring to example (2.3) withS = {a1, a2, a3} = {1, 2, 3}, andY =
{s, t, u} = {1, 2, 3} H1 = hSES(1, 1, 1) = {v1, v2, v4},H2 = hSES(1, 2, 1) = {v3, v4}
Takeξ = 0.6, andε1 = (1, 1, 1), ε2 = (1, 2, 1) then
hSES (ξε1 + (1− ξ) ε2) = hSES (0.6(1, 1, 1) + (1− 0.6)(1, 2, 1))
= hSES ((0.6, 0.6, 0.6) + (0.4, 0.8, 0.4)) = hSES (1, 1.4, 1) = hSES (1, 1, 1) = {v1, v2, v4}
andhSES (ε1) ∩ hSES (ε2) = hSES (1, 1, 1) ∩ hSES (1, 2, 1) ={v1, v2, v4} ∩ {v3, v4} =
{v4}
It is clear that

hSES (ξε1 + (1− ξ) ε2) ⊇ hSES (ε1) ∩ hSES (ε2)

Definition 3.3. Concave soft expert set
The soft expert set onF is said to be a concave soft expert set if

hSES (ξε1 + (1− ξ) ε2) ⊆ hSES (ε1) ∪ hSES (ε2)

for eachε1, ε2 ∈ F andξ ∈ Γ•.

Example 3.4. Considering the data from example (2.3), we have
hSES (ε1)∪hSES (ε2) = hSES (1, 1, 1)∪hSES (1, 2, 1) ={v1, v2, v4}∪{v3, v4} = {v1, v2, v3, v4}
andhSES (ξε1 + (1− ξ) ε2) = {v1, v2, v4}
It is clear that

hSES (ξε1 + (1− ξ) ε2) ⊆ hSES (ε1) ∪ hSES (ε2)
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Definition 3.5. Suppose R be a soft expert set (SES) overZ andρ be subset ofZ. Subse-
quentlyρ-inclusion of R is defined as

Rρ = {ε ∈ F : gR(ε) ⊇ ρ}
Theorem 3.6. G1 ∩G2 is a convex soft expert set whileG1 andG2 are convex SESs.

Proof. Assume∃ ε1, ε2 ∈ F andξ ∈ [0, 1], andG3 = G1 ∩G2.

hSES(G3) (ξε1 + (1− ξ) ε2) =

hSES(G1) (ξε1 + (1− ξ) ε2) ∩ hSES(G2) (ξε1 + (1− ξ) ε2)

∵ G1 andG2 are convex SESs, so

hSES(G1) (ξε1 + (1− ξ) ε2) ⊇ hSES(G1) (ε1) ∩ hSES(G1) (ε2)

hSES(G2) (ξε1 + (1− ξ) ε2) ⊇ hSES(G2) (ε1) ∩ hSES(G2) (ε2)

∴

hSES(G3) (ξε1 + (1− ξ) ε2) ⊇ (hSES(G1) (ε1)∩hSES(G1) (ε2))∩(hSES(G2) (ε1)∩hSES(G2) (ε2))

.

hSES(G3) (ξε1 + (1− ξ) ε2) ⊇ hSES(G3) (ε1) ∩ hSES(G3) (ε2)

¤

Remark 3.7. If {Gk : k ∈ {1, 2, 3, ..., n}} is finite collection of convex SESs, then the⋂n
k=1 Gk is a convex SES.

Theorem 3.8. D is convex soft expert set(SES) onF iff for eachη ∈ [0, 1] andρ ∈ P (Z),
Dρ is convex SES onF .

Proof. : Suppose thatD is convex SES. Ifε1 , ε2 ∈ F andρ ∈ P (Z), thenhSES(D) (ε1) ⊇
ρ and hSES(D) (ε2) ⊇ ρ. By the convexity ofD we have

hSES(D) (ηε1 + (1− η) ε2) ⊇ hSES(D) (ε1) ∩ hSES(D) (ε2)

soDρ is convexSES.
Conversely suppose thatDρ is convex SES for eachη ∈ [0, 1]. Then, forε1 , ε2 ∈ F , Dρ

is convex SES forρ = hSES(D) (ε1) ∩ hSES(D) (ε2).
∵ hSES(D) (ε1) ⊇ ρ and hSES(D) (ε2) ⊇ ρ,
we haveε1 ∈ Dρ andε2 ∈ Dρ,
henceηε1 + (1− η) ε2 ∈ Dρ.
∴ hSES(D) (ηε1 + (1− η) ε2) ⊇ hSES(D) (ε1) ∩ hSES(D) (ε2) ,
which implies thatD is convex SES. ¤

Remark 3.9. If {Tk : k ∈ {1, 2, 3, ...}} is any collection of convex SESs, then
⋂

k∈I Tk is
a convex SES.

Theorem 3.10. T ′ is concave SES whileT is convex SES.
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Proof. : Assume that∃ ε1, ε2 ∈ F, ξ ∈ Γ•.
∵ T is convex SES,

hSES(T ) (ξε1 + (1− ξ) ε2) ⊇ hSES(T ) (ε1) ∩ hSES(T ) (ε2)

or
Z\hSES(T ) (ξε1 + (1− ξ) ε2) ⊆ Z\{

hSES(T ) (ε1) ∩ hSES(T ) (ε2)
}

If hSES(T ) (ε1) ⊇ hSES(T ) (ε2) then we may write

Z\hSES(T ) (ξε1 + (1− ξ) ε2) ⊆ Z\ hSES(T ) (ε2) (3. 1)

If hSES(T ) (ε1) ⊆ hSES(T ) (ε2) then we may write

Z\hSES(T ) (ξε1 + (1− ξ) ε2) ⊆ Z\ hSES(T ) (ε1) (3. 2)

From (1) and (2) equations, we have

Z\hSES(T ) (ξε1 + (1− ξ) ε2) ⊆
{
Z\hSES(T ) (ε1) ∪ Z\hSES(T ) (ε2)

}
. (3. 3)

So,T ′ is concave SES. ¤

Theorem 3.11. G′ is convex SES whileG is concave SES.

Proof. : Assume that∃ ε1, ε2 ∈ F, ξ ∈ Γ•.
∵ G is concave SES,

hSES(G) (ξε1 + (1− ξ) ε2) ⊆ hSES(G) (ε1) ∪ hSES(G) (ε2)

or
Z\hSES(G) (ξε1 + (1− ξε) 2) ⊇ Z\{

hSES(G) (ε1) ∪ hSES(G) (ε2)
}

If hSES(G) (ε1) ⊇ hSES(G) (ε2) then we may write

Z\hSES(G) (ξε1 + (1− ξ) ε2) ⊇ Z\ hSES(G) (ε1) (3. 4)

If hSES(G) (ε1) ⊆ hSES(G) (ε2) ∴
Z\hSES(G) (ξε1 + (1− ξ) ε2) ⊇ Z\ hSES(G) (ε2) (3. 5)

From(4) and (5) , we have

Z\hSES(G) (ξε1 + (1− ξ) ε2) ⊇
{
Z\hSES(G) (ε1) ∩ Z\hSES(G) (ε2)

}
(3. 6)

which shows thatG′ is convex SES. ¤

Theorem 3.12. N is concave SES onF iff for eachη ∈ [0, 1] andρ ∈ P (Z),
Nρ is concave SES onF .

Proof. Suppose thatN is concave SES. Ifε1 , ε2 ∈ F andρ ∈ P (Z), thenhSES(N) (ε1) ⊇
ρ and hSES(N) (ε2) ⊇ ρ. By the concavity ofN , we have

hSES(N) (ηε1 + (1− η) ε2) ⊆ hSES(N) (ε1) ∪ hSES(N) (ε2)
henceNρ is a concave SES.
Conversely suppose thatNρ is concave SES for eachη ∈ [0, 1]. Subsequently, forε1 , ε2 ∈
F , Nρ is concave SES forρ = hSES(N) (ε1) ∪ hSES(N) (ε2).
∴ hSES(N) (ε1) ⊇ ρ and hSES(N) (ε2) ⊇ ρ, we haveε1 ∈ Nρ andε2 ∈ Nρ, hence
ηε1 + (1− η) ε2 ∈ Nρ.∴,
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hSES(N) (ηε1 + (1− η) ε2) ⊆ hSES(N) (ε1) ∪ hSES(N) (ε2) ,
it is clear thatN is concave SES. ¤

4. CONCLUSION

In this article, convexity and concavity is developed for soft expert set. Some of its
essential properties i.e. complement, intersection and union are proved. Future work may
include the

(1) Introduction of strictly and strongly convexity cum concavity on soft expert.
(2) Characterization of convex hull and convex cone on soft expert.
(3) Development of many other variants of convexity like(m, n)-convexity,(m,n)-

convexity in 1st sense and 2nd sense,φ-convexity, graded convexity, triangular
convexity, harmonic convexity, concavo convexity etc. on soft expert set.

(4) The extension of this work for other structures like fuzzy soft set, intuitionistic
fuzzy soft set, neutrosophic soft set, hypersoft set, fuzzy hypersoft set, intuitionis-
tic fuzzy hypersoft set, neutrosophic hypersoft set etc.

It may also include the extension of this work by considering the modified versions of
complement, intersection and union.
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