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Abstract.: Soft set deals with single set of attributes whereas its extension
hypersoft set deals with multi attribute-valued disjoint sets corresponding
to distinct attributes. Many researchers have created some models based
on soft set to solve problems in decision-making, but most of these models
deal with only one expert. This causes a problem with the users, especially
with those who use questionnaires in their work. Therefore we present a
novel model hypersoft expert set which not only addresses this limitation
of soft-like models with the emphasis on the opinion of all experts but
also resolves the inadequacy of soft set for attribute-valued disjoint sets
corresponding to distinct attributes. In this study, the existing concept
of hypersoft expert set is modified and some fundamental properties i.e.
subset, not set and equal set, whole set, absolute set, relative null set,
relative absolute set; results i.e. commutative, associative, distributive and
De’ Morgan’s Laws and set-theoretic operations i.e. complement, union
intersection, restricted union, extended intersection, AND, and OR are
developed. An algorithm is proposed to solve decision-making problem
and applied to recruitment process for hiring "right person for the right
job”.

AMS (MOS) Subject Classification Codes: 91B06; 93E25
Key Words: Soft Set, Soft Expert Set, Hypersoft Set, Hypersoft Expert Set, Recruitment

Process.

1. INTRODUCTION

Molodtsov [?] conceptualized soft set (s-set) as it deals with the single approximate
functions. The s-set also regarded as a new parameterized family of subsets of the universe
of discourse as it transforms the single attribute-valued set into subsets of the universe of
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discourse. Chen et al?] introduced the parameter reduction of s-set and applied in appli-
cation of different areas. Maji et al?]Jworked on s-set and initiated its different character-
istics like equality, union and intersection of two or more s-sets, null and absolute s-sets and
some generalized operations especially AND and OR. They also verified certain results as
well. After introducing fundamentals of s-sets, M&]] ppplied successfully this theory in
decision-making problems (DMPs) by giving its an application using rough mathematics.
Ali et al. [?] developed characteristics like restricted union, intersection, difference and
extended intersection. Babitha et &] jntroduced some relations and functions on s-set.
Fatimah et al. 7] developed N-soft sets and discussed their decision-making algorithms
with applications. Akram et al.?] have made great contributions by introducing group
like methods using hesitant N-soft sets with numerical cases in DMPs. Déitfoduced

the concept of convexity using structures of s-set and fuzzy soft set (fs-set). He proved
some important results by using operations like union, intersection and complement. Later
on Majeed P] introduced the concept of convex hull and cone for s-set to meet the demand
of computational geometry with uncertain and vague information. Rahman &t a).if-
troduced the concept of (m, n)-convexity cum concavity by defining first and second senses
on s-set. They discussed the various properties of convexity cum concavity under fs-set
and s-set. The s-set has been constructed for the opinion of single expert in a single model.
But certain circumstances demand opinions of more than one experts using single model.
To address this scarcity, soft expert set (se-set) has been constructed. AlkhazaleM et al. |
converted successfully the structure of s-set to se-set by combining s-set and expert set.
They characterized its necessary characteristics i.e. complement, intersection, AND, OR
etc., and successfully applied the concept in DMPs. Alkhazaleh &, &, 7] extended the

work of se-set and developed the theories of soft multi sets and possibility fuzzy s-set to ad-
equate their already proposed structures for other scenarios. lhsar?ePhextended the

work of convexity cum concavity on se-set, fuzzy se-set and discussed its several properties
with numerical cases.

1.1. Research Gap and Motivation. Following points are provided to explain the re-
search gap and motivation behind the choice of proposed structure:

(1) The s-set is usually useful for single argument approximate functions but it fails
when functions are of multi-argument nature. To solve this kind of issue, Smaran-
dache took initiative and brought about a new type of model hypersoft set (hs-set).
Smarandache?] made extension of s-set by introducing hs-set. He made use
of multi-attribute valued functions in replace of single attribute-valued functions.
Saeed et al. 7 introduced several fundamentals of hs-set for its applicability in
various other fields of study. Abbas et aP] [ntroduced basic notions of of hs-
set points and discussed its certain properties in topological structures. They also
verified certain results with the help of examples. Rahman et?lddveloped
the hybrids of hs-set with different structures and discussed its theoretic opera-
tions with generalized results. Rahman et &l.iftroduced decision-making ap-
plication based on neutrosophic parameterized hypersoft set theory. Rahman et
al. [?] conceptualized possibility neutrosophic hypersoft sets with application in
diagnosis of heart diseases. Rahman et3lintroduced new structure of bijec-
tive hypersoft set with application in decision-making. Rahman et?lagplied
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decision-making application based on aggregations of complex fuzzy hypersoft
set and developed interval-valued complex fuzzy hypersoft set. Rahman gt al. |
also presented decision-making algorithmic approaches based on parameteriza-
tion of neutrosophic set under hypersoft set environment with fuzzy, intuitionistic
fuzzy and neutrosophic settings. Rahman et &].wjorked on decision-making
algorithmic techniques based on aggregation operations and similarity measures
of possibility intuitionistic fuzzy hypersoft sets. Rahman et &l rhade use of
theoretical and analytical approach to the conceptual framework of convexity cum
concavity on fuzzy hypersoft sets with some generalized properties. Rahman et al.
[?] introduced the multi-attribute decision-support system based on aggregations
of interval-valued complex neutrosophic hypersoft set. Saglain ePlfjalve the

idea of aggregation operators for neutrosophic hypersoft set. YolGzirk [?]
introduced the concept of fuzzy hypersoft set with its fundamental operators and
applied them in decision-making. Yolcu et aP] plso conceptualized intuitionis-

tic fuzzy hypersoft set and discussed its applications in decision-making problems.
Oztiirk & Yolcu [?] redefined the operations of neutrosophic hypersoft topological
spaces and discussed its basic properties.

It can be viewed that the s-set like models deal with opinion of only single ex-
pert. But in real life, there are certain situations where we need different opinions
of different experts in one model. To tackle this situation, se-set has been devel-
oped. However, there are also certain situations when features are farther classi-
fied into their relevant numerical-characteristics disjoint sets. lhsan &jahgde
extension of hs-set and introduced a new structure called hypersoft expert set (hse-
set) and then the researche?s?, ?, ?] made contributions by developing fuzzy
hse-set, single valued neutrosophic hse-set and bijective hse-set respectively with
applications in DMPs.

Having motivation from P, ?], fundamentals of hse-set are developed and a new
method is adopted to explain an application in DMPs.

The paper is written in this order: section 2 has definitions of s-sets, se-set and hs-set. Sec-
tion 3 contains the basic notions of hse-set with properties. Section 4 contains a numerical
case of of main structure in DMPs. In section 5 conclusion has been described.

2. PRELIMINARIES

In first part of the paper, some necessary definitions are described from the literature
to support the main study. Now some important symbols are mentioned that will be used
throughout the paperP(fz) for the power set of? (universe of discourse) for the col-
lection of parametersy) for the collection of experts and for the set of conclusions,
T=4x@®x0owithS CT.

Definition 1. [7]
A soft set is a collection of pairs\{s;, 4) with T, is a mapping defined b¥, : 4 —

P(2) whered is a set of parameters.

Definition 2. [?] _
The union of two s-set$l’y, £,) and (I'y, &) over Q) is a s-set(T's, Aj) with E; =
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U Es,andV o € Es,

Fl(O) ;OEfEl\}EQ
I's3(0) = I'>(0) ;0 € Fo \ By
Fl(O)U FQ(O) ;0€ KN A

Definition 3. [?]
The intersection of two s-se{®, £;) and (02, K,) is a s-set(O3, Hj) with H; =
E, U Eo, forall o € Hg,

3 61(0) o€/ \ B,
O3(0) = . @g(ol ;0 € Ho \ By
©1(0) U ©2(0) ;o€ By N A,

Definition 4. [?] B

A collection of pairs(h 4, S) is called a soft expert set overwith % 4 is a mapping given
bytia:S — P(ﬁ) whereS C T = 4x ® x d andd stands for set of paramete®,is the
set of experts and is the set of conclusions. For simplicity) = agree,1 = disagree}

is being used as of set of conclusion.

Definition 5. [?] N

A soft expert sefce, @) will be subset of(cez, &) over(Q, if &y C ez, Vo € 8, 1(0) C

&2 (0). Moreover(cez, &) is a superset dfe;, 3).

Definition 6. [7]

Supposé’q, Uq, Us, ..., Uy, fora > 1, bea disjoint attributes, while the sets , Lo, L3, ..., La,
are corresponding attribute valued sets with N £, = @ for m # n andm,n €
{1,2,3,...,a}. Thenthe pai(n, &) while & = L1 x Lo x L3 X ... x L, andn : & — P(ﬁ)

is called a hypersoft set over.

3. FUNDAMENTALS OF HYPERSOFTEXPERT SET

In this section, the definition of hypersoft expert set and its fundamental properties (sub-
set, equal set, not set, complement of a set, relative complement,relative null set, relative
whole set, agree and disagree set etc.) are presented with examples.

Definition 7. [?] Hypersoft Expert sethse-set): A pait ¥ ,S) is named as a hypersoft
expert set ovef with ¥ : S — P(Q)whereS C T = Sx®x0; S = S x
To X T3 X ... x &y, with S, Sy, S, ..., Sy, are disjoint attributes sets corresponding to n

disjoint attribute®;, 02, 03, ..., 9,,; © represents the set of experts @ahpresents the set
of conclusion.

Example 3.1. Assume that a multi-national manufacturing company plans to assess its
manufactured items through external evaluators.(Let {v1, v2,v3,v4} be a set of items
andA; = {911,912}, A2 = {921,922}, As = {gs1, 932}, be disjoint parametric valued sets
for distinct attributeg, = simple to utilize go= nature g3= modest. NowA = A; x Ay X A3

N (9115921, 931), 2 = (911, 921, 932) M3 = (911, 922, 931), M1 = (911, g22, g32),
M5 = (912,921, 931), M6 = (912, 921, 932), 117 = (912, 922, 931): 118 = (912,922, 932) |
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NowII=Ax T xT

(11,4,0), (m, s,1), (m,¢,0), (1, 2, 1), (1, w, 0), (1, w, 1), (1, 5,0),
(112, 5,0), (2,5, 1), (m2,¢,0), (M2, ¢, 1), (N2, 1, 0), (02, u, 1), (1, 5, 1),
(13,5,0), (03,5,1), (03,2, 0), (M3, 2, 1), (3,1, 0), (03, u, 1), (18, ¢,0),
I = ¢ (7,5,0), (04, 8,1), (04,2, 0), (N4, ¢, 1), (04, 4, 0), (1, u, 1), (s, ¢, 1),
(15,5,0), (115, 5,1), (05,1, 0), (ms, 1, 1), (15, u,0), (15, u, 1), (118, 4, 0),
(16,5, 0), (M6, 5, 1), (116, ,0), (16, 2, 1), (06, u, 0), (16, w, 1), (s, u, 1)
(17,5,0), (17, 8,1), (17,1, 0), (17,2, 1), (117, %, 0), (m7, w0, 1),

Let
(7717 q, 0)7 (7]1, S, 1)7 (771,15, 0)7 (nlatv 1)7 (7717% 0)7 (7713 U, 1)7
I = (7737 870)7 (7737 S, 1)a (7737t>0)7 (7737t7 1)7 (n3a U,O), (7737“'7 1)a
(7757 570)a (775a S, 1)7 (775at70)7 (7757ta 1)7 (7755 U,O), (7’]5,’&, 1)

be a subset dfl andY = {s,t,u} represents a set of specialists dwd{0 = agree, 1 =
disagree} represents a set of conclusion. Following are the approximations of prescribed
attributes with respect to selected evaluators:

O1 = O(m,s,1) = {v1,02,04},02 = O(n,t,1) = {v3,04},03 = O(n1,u,1) =
{’U37’U4} U4 = (773787 1) = {04}765 = U(n37t7 1) = {11171)3},

U@ = (7]3,u 1) = {1}1,’1}2,’1)4}, U7 = U(n5,s,1) = {U3,U4},Ug = U(n57t, 1) =
{v1,v2}, B9 = U(ns,u, 1) = {va},

UlO = U(?]l, S, 0) = {’Ug}, 611 = O(T]l,t,()) = {Uz,vg}, Ulg = U(m,u, 0) = {1}1,112},
U13 = 6(7737‘9;0) = {Ulanavi?t}aUlél = U(nl%ta O) = {U27U4}7615 = 6(773,1/'70) =
{’Ug}, 616 = 6(7757570) = {’U1,1)2}7617 = 0(775,t,0) = {’U3,U4},Ulg = U(’I]g,,U,O) =
{v1, va,v3}.

The hypersoft expert set is

((7717 5, 1) {’01,’02,’04}) ) ((nlatv 1)v {vlav4}) ) ((771’% 1)a {1)3,1]4}) )

(n3,5,1),
(U [ ) — (775v5 1) {U3,1}4}),((7]5,@1),{’01,1)2}),((775,u71),{v4})7
’ E ; {03}%((771’@0)7{”27”3})7((7717%0),{”1’712})’

{Ula V2, 1)3}) ) ((773a t, 0)’ {U2’ U4}) ) ((773’ U, 0)7 {1)3})
(7757 S 0) {vlaUQ}) s ((n5ata0)7 {U37U4}) s ((7]5,&, 0)7 {1}1, 1)2,1)3})

Definition 8. Hypersoft Expert Subset
A hse-se{Uq, F) C (U, 1) over, if
(i) F €7, (i) Vo € F,U1(0) C Us(0) and shown by, F) C (U2, 7).

Example 3.2. Considering Exampl&?, suppose

fEl = { (7717 S, 1)7 (7737 570)7 (nlata 1)7 (n3at7 ]-)a (7737ta 0)7 (nlvuao)a (nl%ua 1)}

(7717 S, 1)a (7737 570)a (7737 S, 1)a (nlata 1)7 (7737ta 1))
KEy = .
(775at70)7 (7737ta 0)7 (Tlla U,O), (7’]37U, 1)5 (775,U, 1)
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= B, C Ey. SupposdUs, £4) and (U2, &, ) be two hse-sets

_ n3,t,1),v1,v3¢), ((n3,u,1),{v1,v2}),
©nE) =9 (2, 0), {01}) 2 (13,5, 0), {00, v21})
((773’75,0)7{“27“4})

((7717 S, 1)7 {Ula V2, 1}4}) ) ((7717 t? 1)7 {vh /04}) B
((7737 ) {'U4})7((773,t, 1)7{”17”3}))
(Og, o) = ¢ ((m5,u,1),{va}), ((n3,u,1), {v1,v2,v4}),
((?717U 0), {v1,v2}), (5,2, 0), {vs,va}),
((7737 S 0) {Ulv V2, 'US}) ) ((7737 t» 0)7 {1)27 04})
= (Ul,El) - (627E2).
Definition 9. Two hse-set§U1, d;) and (U2, d2) will be equal if (61, 1) C (U2, d2) and
(U2,62) C (U1, 01).
Definition 10. The NOT setofl = A x T x I" denoted by~ A, is shown asv A = {(~
0;, aj, V)V, j, k} with ~ o; is noto,.
Definition 11. Let (U, F ) be a hse-set, then its compliment is defined®yr )© = (U°, ~
F)suchthaty®: ~ F — P(Q) is represented bi°(0) = Q — G(~ o), foro e~ F.

Example 3.3. We can find the compliment of hse-set in Examphkeas

(( M, S, 1) {US}> ( M, t, 1)) {UQa U3}) ) ((N N, U, 1)7 {’1}1,’[}2}) )
(( 73,8, 1) {vhUQv U3}) > ((N N3, t, 1)7 {U27U4}) ) ((N 73, U, 1)v {Uthv U4}) )
(U F)C _ ((N 75,8 ) {Ulva})v((N M5, t, 1)7{U37U4})7((N 7l5aU71)7{U17U2703})7
’ ((~m,5,0),{v1,v2,v4}), ((~ m,,0), {v1,v4}) , ((~ M, 5, 0), {v1,v2}),
(( ) {04}) ) ((N 13,1, O)a {vl’ 1)3}) s ((N (773; u, 0)7 {1}3})
(( ) {037 U4}) ; ((N M5, 1, 0)7 {Ub U3}7 ) ) ((N M5, U, 0), {U4})
Definition 12. Let (U, ) is a hse-set, then its relative compliment@ r )* = (G*, F)
with 0% : F — P(Q), as well ag5* (o) = Q — (o) forallo € F .
Example 3.4. We can find the relative compliment of hse-set in Exaniileas
((771’ 5, 1)7 {'U3}) s ((nla t, 1)7 {U2v 03}) ; ((7717 u, 1)7 {Ul, UZ}) )

(7737 s,1), {Ula U2>'U3}) ;((ms, 1, 1), {UQ; U4}) ) ((773a u, 1), {v1702,v4}) )
En& 5, 1;: {Ula U2}) ) ((7755 t, 1)’ {USaU4}) ) ((775,u, 1), {’U1>U2vv3}) )
( )

7737

G =0 (1, 5,0), w1, 02, 04}) , (71,1, 0), {01, 04}), (1, 0), {vn, 02}

13,38, 0), {U4}) ) ((n?ntvo)v {Ulvv3}) ) (((7737ua 0)7 {U3})
(T)En 5, 0)7 {’US; U4}) ) ((775at70)v {vlavS}v ) ’ ((775,11,,0), {04})

Definition 13. Suppos€U, /) be a hse-set, then the following properties hold:

(1) (B, F)°)° = (U, F)
@) (B,F)) =(,F)
(3) ((617F1) )¢ = (61,F1)¢—((U1,F1)9)* with /1 C F.
(4) (B1,F1)2)°=(01,F1)g =((01,F1)e)" With F1 C F.

Definition 14. A hse-sef{U, f 1) is called a relative null hse-set with respecito C F,
denoted by(U, F 1)g , if U(0) =0,Voe Fi.

(
(
(
(
(
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Example 3.5. Taking Example3.2, if
(U, Fl)g = {((7717 S, 1)? @)’ ((771»157 1)7 @)7 ((7717% 1)? @)}v WhereF1 cr.

Definition 15. A hse-se{U, F ») is called a relative whole hse-set with respeqttoC £,
denoted by(U, F 2)g , if U(0) =Q, Vo€ [y

Example 3.6. Taking Example3.2, if N
(U? Fz)ﬁ = {((nQa S, 1)a Q)7 ((7727 ta 1)7 Q)a ((nQa u, 1)7 Q)}’ Wherng cr.

Definition 16. A hse-set(U, f ) is called absolute whole hse-set shown(by /)¢ , if
(o) =, VoeF.

Example 3.7. Taking Example3.2, if (U, F )g =

(771,8,1),5 3 (n17t71)7§ ) (7]1,’[1,71,@ ) (7737871)3533 (7737ta1)7§;7 (7]37u>1)7§§v

)
(77575’1)’Q ) (n57t71)7Q 9 (77 ,’U/71),Q 9 (7717870)7Q 9 (nlat50)7Q ) (7]17%0)’9 9
)

(77?” S, O)a ﬁ ’ (nl’n t7 0)7 Q ) (773, U, 0 ) ﬁ ((775) S, 0)7 §\/2) ) ((7757 t7 O)a ﬁ) 3 ((7]5a U, 0)7 ﬁ)
Proposition 3.8. Suppos€U1, F 1)g, (U2, F 2)g, (Us, F 3)g, be three hse-sets oveér,
then following properties hold:

(1) (O1,F1) C (B2, F2)g

(2) (B1,F1)e C (U1, F 1)

() (O1,F1) C (U1, F 1)

(4) If (U1, F1) C (B2, F2),and(Ua, F 2) C (Us, F 3), then(Uy, F 1) C (U3, F3)
(5) If (61,F1) = (UQ,FQ), and(Ug,Fz) = (Ug,Fg), then(Ul,Fl) = (Ug,Fg).

Definition 17. An Agree-hse-se(U, I ), is a hse-subset @), /) and is characterized as
(U, F)ag = {Uqag(0) o€ A x T x {1}}.

Example 3.9. We can find Agree-hse-set using Exampkwe get
((7717 5, 1)7 {vlﬂ 1}2,’04}) ) ((nlvtv 1), {1)1,’1)4}) ) ((nlﬂuﬂ 1)7 {’U37U4}) )
(G’F) = ((77375a1)){U4})7((n3’t71)7{vlvv3})7((7737'“’1)5{”157}27’04})7 .
((nl’n 5, 1)) {037 U4}) ) ((7757 i, 1)’ {Ul’ UQ}) ) ((n5a u, 1), {U4})

Definition 18. A Disagree-hse-sétS, F )qq,4 over(), is a hse-subset ¢t5, F ) and is char-
acterized asU, F )gag = {Odag(0) :0€ A x T x {0}}.

Example 3.10. We can find Disagree-hse-set in Examp®
((7717 5, 0)’ {v3}7 ) ) ((771» t, O)a {UZ; 1)3}) ) ((7717 U, 0)7 {Ulv 1)2}) ’

(Ua F) = ((7737&0),{“1’“2,”3}),((773»ta0)a{U27v4})7((7737ua0)7{03})7 .
((775’ 5, O)a {U17 UQ}) ) ((7757 t, 0)’ {’03, U4}) ) ((n5a U, 0)? {Ul? V2, U3})

Proposition 3.11. Consider a hse-subsét, F ) on Q, then following properties hold:
D) (U, F))= (0, F)
(2) (Uv r )gg = (va )dag
(3) (UﬂF)gag = (67F)a9'
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Definition 19. The union of(Gy, /) and (Uy, 1) overQ is (Us,2) with 3 = f U T,
defined as

Ul( ) ocF -1
Us3(0) = Us(0) ;o€ - F
Ul(O)UUQ(O> ;OEFﬂ—i.
Example 3.12. Taking Example??, and two sets

(nla S, 1)7 (a3a S, 0)7 (0’37 S, 1)a (7717ta 1)7 (0’37t7 1)7
E, =
(as,t,0), (as,t,0), (n1,u,0), (as, u, 1), (a5, u, 1)

By = { (771, 5, l)a (a37 S, 0)7 (a?n S, 1)’ (Ul,f, 1)7 (a3, i, 1)a ((15,15,0), ((13,15,0), (7717% 0)7 (a37u7 1)} .
Consider two two hse-set®;, /) and (U, /£,) onQ

((771’571)»{1)171}2})v((nlvtvl)a{vl})v((nthal)v{vlva})7
(Ul El) ((773,u,1)7{1)17’()2})7((7’]17’114,0),{1}1}),((773,8,0),{1}1,7}2}),
((n3,t,0), {v2,v4})

((m158,1),{v1,v2,04}) , ((1, 8, 1), {v1,va}) , (03,5, 1), {va}) , ((n3, £, 1), {v1, vs})

(UQ ‘EQ) (( N5, U, 1) {’04})7(((7737“" 1)7{U17U27U4}) ((771’%0)7{71171’2})7((775775’0)7{7137714})a :
((m3,5,0),{v1,v2,03}) , ((m3,1,0),{v2,v4})

Then(Uy, /By) U (Uy, Bs) = (Us, Bs)

{ ((771,871)7{?11,112704})7((7717t,1),{111>v4})a((n3,8,1)7{v4})»((77377571)7{111,113})’ }

(("755 u, 1)7 {U4}) ) ((7737u7 1)’ {’01,1}2, U4}) ) ((771’ U,O), {Ulva}) ) ((7757tv 0)7 {U37U4}) )
((773; S, 0)7 {111,1}271}3}) ) ((7737ta 0)7 {U27v4})

Definition 20. Restricted Union of two hse-set®;, &), (U, &) over Q2 is (Us, (B)
with (E = &, N &,, defined a®)3(0) = U4 (0) Ug Uz (o) forall o € Eq N Es.

Example 3.13. Dealing Example?? with two sets

(7717 S, 1)5 (773a S, 0)7 (773a S, 1)5 (n17t7 1)7 (7]37t7 1)7
By =
(775at70)7 (7737ta O)v (nl»uvo)v (7737u7 1)7 (775; U, ]-)

(7]17 S, 1)7 (7737 S, 0)7 (7737 S, 1)7 (7717 ta 1)7 (773» tv 1)a

By = .
(7757 t7 0)7 (7735 t7 0)7 (7717 u, 0)7 (n3a u, 1)

Consider two hse-sets

((nlvsa 1)7{1}177]2})7((nhtv1)’{01})a((n3vta1)7{vl7v3})7

(Ul PEq) ((773,“71)7{0177)2})7((7717%0),{”1})’((7737570%{”1,”2})a
((nBatvO)v{U27v4})7((775774’ 1)»{04}%((775%0)7{”3})

((n3,5,1), {vs, v4})

(oo 0 )i 1) o)

. 381 V4 3t1,’l)1,1}3,

(0271{)2) B ((ni’nu 1) {Ul V2, 1}4}) ((7717U70)’{U1’02})’((n5at70)7{v37v4})7
(13 5,0),

{v1,v2,v4}), (1,8, 1), {v1,v4}), }
{v1,v2,v3}), (93,1, 0), {v2,v4})
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Then (61, El) Ur (62; £y (633 )

) =
(711»5 1) {1)1,1)2,1)4}) ((7717@1),{”1,”4}),
(77375 1) {U4}) ((7737t 1),{1)1,7)3}),
(3, u, 1), {v1,v2,04})

(11, u,0),{v1,v2}), ((15,2,0),{v3, v4}) ,
(77375 O) {1}1,1}2,’03}) ((7737ta0)7{”27”4})

Proposition 3.14. Consider three hse-set®;, £, ),(U2, /£,) and (U3, &3) on €, then
(1) (Oy, 1) U (Bg, o) = (U2, £a) U (U1, &)
(2) (01, £1) U (U2, £2)) U (Us, £3) = (01, £1) U (02, F2) U (Us, Es)).

Definition 21. The intersection of5;, /1) and (Us, &,) over (L is (U3, (B) with (B =
£y N Aoy, defined agiz(0) = U1(0) N Va(o) forall o € £y N As.

(
(
(637 (E) = E
(

Example 3.15. Dealing Example??, and following two sets

(7717871)a(7737870)7(7737871) (nlat 1) (7737tu1)7
E, =
(n5at70)a(n3atao)7(7717U70)a(7737u 1) (775,U,1)

(7717571)7(7737570)a(7737571)a(771 ) (7737t71)a

Ey = .
(775715,0),(773,1570),(771,%0),(77 )

Consider two hse-sets ovél; then

((m1,8,1),{v1,v2}), ((m, ¢, 1), {v1}), (3, ¢, 1), {v1,v3}),
((773a u, 1)7 {U17U2}) ) ((7717% 0)7 {Ul}) ) ((n?n 5, 0)7 {111, UQ}) )
((773,1570)’ {’02,’04}) ) ((775711” 1)7 {U4}) ) ((7]5,1570), {’03})
((7733 S, 1)? {U3,1)4})

((nla S, 1)7 {Uh V2, U4}) ) ((771) t7 1)7 {’Ul,U4}) )
(62 EQ) — ((773a S, 1)’ {1}4}) ) ((7]3a L, 1)7 {Uh U3}) ) (((7737 U, 1)) {U17 V2, U4})
’ ((7717%0)7{”1:”2}):((775,1570),{03,114}),
((7]37570)3{0131}2;1}3}) ) ((n3at70)a{v2av4})
Then(Ul,El) n (UQ, }Eg) = (Ug,xﬂag)

{ ((771, S, 1)7 {vhUZ}) , ((nlvta ]-)a {vl}) ) ((Us,t, 1)7 {”01,7}3}) ) ((7737u7 1); {Ula UQ}) ’ }

(Ulv]—El) =

((771’ U,O), {Ul}) ) ((7737 870)7 {01702}) ) ((ni’nta 0)’ {1}2,1}4}) ) ((7737 S, 1)7 {114})
((n5at70)7 {U3}) ;

Definition 22. Extended intersection of two hse-sét$;, ) and(Us, ) is (Us, 3) with
Jd=ruT, and

U1(0) ;0eF =11
Us(0) = { U2(0) ;0€1—F
U1 (0) N Bz(0) ;0 F N

Example 3.16. By utilizing Example??,and with two sets

(7717 S, 1)7 (773a S, O)a (773a S, 1)) (ﬁ17t7 1)a (7737t7 1)7
E, =
(n57t70)a (7737t7 0)7 (7’]1,U70), (773,@6, 1)7 (Tl5a u, 1)
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By = { (nl’s 1) (7]3 370)7(77?”3’ l)a(nl’tvl)’(ni’ﬂt’l)v}

(15,t,0), (13,2, 0), (m,u,0), (03, u, 1)
Suppos€ Uy, £1) and(U,, £) are two hse-sets

(77135 1 {U17U2} ((nhtv1)3{'01})7((7737ta1)7{vlav3})7
Ul El ((773”“ ]- {vl 1)2} ((771711,70),{7)1}),((7]3,870),{1}1,1)2}),
(Ens t,0),{v2, va}) , (05,4, 1), {va}) , ((15,,0),{vs})

((m3,5,1),{vs,va})

( 13, S, 1 {7}4} 7737t 1)7{”17”3})7
( n3, U, 1 {'Ul V2, ’04}) ((771;%0)7{”17”2})7
((m3,,0 {U1 vz, U3}) ((73,1,0), {v2,v4})
Then Ul El Ng UQ ng

{ ((nla S, 1)7 {1}1,’02}) ) ((nlat’ 1)7 {Ul}) ) ((n?nta 1)7 {’Ulvv3}) ) ((7737% 1)) {Uh U2}) ) }

{ (77175 1) {UlaUQ} ((771,7571),{7}1})»((775»75,0),{113,1)4}), }
(g, o) ),

)

)

((771’ U7O)7 {Ul}) ) ((7737 570)7 {Ulva}) ) ((7737tv 0)7 {1}2,1}4}) ) ((7757t7 O)v {U3}) )
((775a u, 1)7 {U4}) ) ((7737 S, 1)7 {U4})

Proposition 3.17. Consider three hse-set®;, /1 ),(U2, ) and (U3, /&3) over(, then

(1) (O1, £1) N (V2, £z) = (U2, L) N (U1, £1)
(2) ((O1, £1) N (Vg £2)) N (U3, Ez) = (O1, £1) N ((O2, £2) N (U3, Es)).

Proposition 3.18. Consider three hse-set®;, /1 ),(U2, By) and (U3, /3) over, then
(1) 5617E1§)U ((62752) N (63753)) = ((Ul,f'El) U ((Ug,ng)) N ((Ul,El) U
Us, B
(2) (G111 (G2, B) U (B, ) = (01, 8r) N (a0 ) U (O, 8r) 1
(O3, Es)).

Definition 23. Let (Uy, £4) and(U2, Ks) are two hse-sets they;, £;) AND (Us, £s)
shown agU,, £1)A (U2, o) and can be defined 81, 1) A(Ua, o) = (U3, £y x /Es),
with U3(8,7) = U1(8) N V2(7), V(B3,7) € £ x Ka.

Example 3.19. Taking Example??, let two sets

Ky = { (m,s,1), (m,t,1), (n3,5,1), (03, 570)}, by = { (m1,5,1), (n3,5,0), (73, 5, 1)}
Consider two hse-sets

(Gr, 1) ={ ((m,8,1),{v1,v2}), ((n1, £, 1), {v1}), (3,5, 1), {va}), ((m3,5,0), {v1,v2}), }
and
(G2, Bo) ={ ((m,5,1), {v1,02,04}), ((13,5,0), {v1,v2,03}) }
Then(Uq, 1) A (Og, Es) = (U3, By x Ho)
M, 8, 1), (1, 8,1)), {v1,v2}), (1, 5,1), (m3, 5,0)), {v1,v2}),
m,t,1), (m, s, 1)), {v1}), (((m, ¢, 1), (3, 5,0)),{v1}),

(((

((( )

(((7737 S, 1)a (7717 5, 1))7 {U4})7 (((7737 S, 1)7 (7737 370))7 (b) )

(((773v S, 0)7 (nlv S, 1))» {Ula 'U2}), (((7737 5,0)7 (7737 370))v {Ul’v2}) )
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Definition 24. Consider two hse-se{8};, /£ ) and(U2, £,) , then(Uy, £q) OR(Us, As)
shown ag U4, 1) V (U9, A2) can be defined a$)1, &1) V (U2, £s) = (U3, £y x Es),
Example 3.20. Dealing Example??, and with sets
j'El = { (nla S, 1)5 (771,757 1)7 (a3a S, 1)5 (a37 570)}1 EQ = { (7]17 S, 1)7 (a3a S, 0)5 (a37 S, 1)}
Consider two hse-sets
(UlafEl) = { ((CLl, S, 1)7 {vla v?}) 3 ((a17t7 1)7 {Ul}) 3 (((Lg, S, 1)7 {’U4}) 5 ((G/g, 870)7 {U17U2}) }
and

(6271@2) = { ((ah S, 1)7 {vlu U27’U4}) 5 ((a?n 870)7 {’0171)2,’1)3}) }

Then(@l ) (UQ, fE2) = (6371@1 X EQ)
(((alvs 1) ( )) {’1}171)2,’()4}),(((@1 S, 1 (aSvSvO))7{U17U25U3})a
(((alvt 1) (0,1, )) {U1’U2av4})7(((a17t 1) (&3,5,0)),{1)1,1}2}),
(((a’375 1)’(0‘1’ )) {1)1,1}2,’04}),(((0,3 ) (ag,S,O)),{’Ul,’Ug,Ug,lM}),
(((as,5,0), (a1, 5,1)), {v1,v2,v4}), (((as, 5,0), (a3, 5,0)), {v1, v2, v3}) .

Definition 25. Restricted Difference of two hse-séth, £ ) and (02, As) over(, shown
by (81, }El) \R (UQ, zLEQ)), isa hse-se([83, }E3> with B3 = & N Ay

05(0) = 91(0)\0=2(0) for o € AEs.

Example 3.21. Dealing Exampl&??, and with sets

k= { (771’ Sy 1)a (nlat, 1)7 (a3, S, 1)a (a3’ S,O)}, Eo = { (7717 S, 1)7 (a3, S, 0)}

Consider two hse-set®),, £, ) and (U2, £,), then

(Uh El) = { ((ala 5, 1)7 {vla U2?’U4}) ) ((a'17t7 1)7 {Ul}) ) ((a?n S5, 1)’ {U4}) ) ((a?n 5, 0)7 {Ulﬁ U27U3}) ) }
(Ga, Bs) ={ ((a1,s,1),{v1,v2}), (a3, s,0),{v1,v2}) }.
(U1, £1) \r (U2, £2)) = (U3, £3)
(637 Ei’)) - { ((alﬂ 5, 1)7 {U4}) ) ((a37 S, 0)7 {US}) } :
Definition 26. Restricted Symmetric Difference of two hse-séts, £,) and (Us, £s)
on €2, shown by(Uy, &) % (U2, /Es)), is a hse-setUs, A3) characterized byUs, £s)
={((01, £1) Ur (U2, B2))\r((U1, £1) N (g, o))}
Example 3.22. Dealing Example??, with sets
E = { ("71’ S, 1)a (7717t7 1)’ (7737 S, 1)’ (773’ 570)}1 Ey = { ("71a S, 1)a ("73v S, 0)}
Consider three hse-s€fS,, £,) and(Uq, £o) over(, then
_ ((7]1’371)’{@1’1}271]4})7((7717t71)’{v1})’
(Or, 1) ‘{ (732 5, 1), {0a}) (32 5,0), {v1, 2, v3}) }
(GQ, PE‘Q) = { ((771, s,1), {Ul,’l)z}) ’ ((7737 S, 0>7 {U17U2}'> }
(Ulalel) UR (627}}32 = ((nla S, 1); {Ula U27U4}) 5 ((7737 S, 0)7 {U17U2,1)3}), and
{(O1, £1) N (B2, Bo)} = {((m1, 5, 1), {v1,v2}) , ((m3, 8,0), {v1,v2})}
then (U3, As) = {((m, s, 1), {va}), ((n3,5,0),{vs})}.
Proposition 3.23. Consider three hse-set8;, &1 ),(U2, Bq) and (U3, &3), then
(1) ((O1, 1) A (B2, £2))¢ = ((O1, £1))°V (U2, £2))°
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(2) ((O1,£1) V (U2, £2))*

= ((O1, £1))° A

(B2, E2))°.

Proposition 3.24. Consider three hse-set8;, &), (U2, £2) and(Us, £3), then

(1) ((O1, 1) A (Ba, £2)) A (U3, Es3) =
(2) ((B1,£1) V (Og, o)) V (U3, £3) =
3) EUl,}El)\/((UQ,JEg) (U3, E3) =
(

(U1, 1) A
(01, 1) vV

(4) (U1, E1) AN (Ug, £a) V
637}E3))'

(U3, £3)) = (01, £1) A

4. BASIC PROPERTIES ANDLAWS

(

(B2, E2) A (U3, E3))

(02, A,)

((O1, £1)V((O2, £2))A((O1, £1)V(Us, £3))
(02, £2)) V

V (U3, £3))

((O1, £1) A

In this section of the paper, some properties like exclusion, contraction and laws like

idempotent, identity, domination etc. are described.
(1) Idempotent Laws

¥ (579) U (579) = (Ev D) = (Hu D) Ur (:79)

3) (E,90)N(E,0)=(E,0) = (8,0)Ne (E,D)

(1) Identity Laws

(2) (‘—'7 ) ( )<I> = (Ev ) = (E’D) Ur (Eaa)CP
@) (E,0)N(E Qv = ()= (E2)N: (E.;Q)y
4) &, )\R(~7 Jo = (E,0) = (E,0)%(E,0)s
() (E9\k(E,9) = (E,9)e = (E,0)%(E,0).
(1) Domination Laws

(2) (E'?a) U (Eva)U = (Eva)U = (Ev D) Ur (:v E))U
3 (Eva) N (Eva)<b = (Eva)<b = (573) Me (Eva)é

(1) Property of Exclusion
(2) (E,0)U(E0)" = (E,Q)v = (E,0) Ur (§,9)".
(1) Property of Contradiction

2 E,0)N(E0)*=(E,0)e =(E,0)N: (E,0)*.

(1) Absorption Laws

(2) (0, H1) U ((0,H1) N (0, Ha)) = (0, H1)

() (0,H1) N ((0,H1) U (0, H1)) = (0, Ha)

(4) (5’7—[1) Ur ((6’7-{1) Ne (677-{1)) = (6)H1)

(5) (0,H1) Ne ((8,H1) Ur (0, H1)) = (0, Ha).

Q) Absorpt|on Laws

(2) ((8,C1)u(3,C2)) = ((8,C1) U (9,Cs))

(3) ((9,61) Ur (5 C2)) = ((9,01) Ur (9,02))

(4) ((5, C1) N (3,C2)) = ((3,61) N (8,C2))

(5) ((9, 131) = (8,02)) = ((8,C1) N (9,C2))

(1) ssomatwe Laws

2 (7,C)u((T,B) U (w,C3)) = ((T,C1) U (T,C2)) U (w,Cs)

(3) (¥,61) Ur ((Y,C2) Ug (w,G3)) = ((T,C1) Ur (T, C2)) U (w,Cs)
4 (T,Bl)m((‘f C2) N (w,CB3)) = ((7,61) N (T, C2)) N (w, Cs)

(5) (T, El) Ne ((T782) ( 83)) = ((T7Cl) Ne (T7E2)) Me (W7C3)
6) (*,Cy)\V((T, Cz)\/(w E3)) = ((,C1) V(T,C2)) V(w,Cs)
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(7) (1,C1) ALY, C2) Alw, Bs)) = (T, C1) A(T, B2)) Alw, C).
(1) De Morgan’s Laws

(2) ((6781) U (6702))6 = (@7[:1) Ne (@7[:2)6

3) ((@7 El) Ne (97 82))0 = (67 Bl)c U (@7 CQ)C

@) ((9,61)Ur (0,62))* = (8,C1)* N (0,C2)"

®) ((6,0,)n(©\,0)* = (6,01)* ug (©,0)*

(6) ((8.C1)V(©,C2))° = (8,C1)° A(,Ls)°

(7) ((8.C1) A(©,C2))° = (8,C1)°V(8,Ls)°

(8) ((@7[:1)\/(@7[:2))* = (@aﬂl)* /\(@7[:2)*

9) ((©,C1) A(©,L2))" = (8,C1)" V(8,L2)".

(1) Distributive Laws

(2) (@a El) U ((G)v 82) n (w? B3)) = ((67 Bl) U (@, 82)) N ((G)a Cl) U (w? E3))

(3) (©.C1) N ((,02) U (w,C3)) = ((©,C1) N (8,C2)) U ((8,61) N (w,C3))

4) (8.C1) Ur ((9,62) N: (w,B3)) = ((©,C1) Ur (©,62)) N ((©,61) U (w,Cs))
(5) (©.C1) N- ((8,C2) Ur (w,Bs)) = ((©,C1) N- (8, C2)) Ur ((©,C61) N: (w,Bs))
(6) (©,01) Ur ((8,02) N (w,C5)) = ((6,61) Ur (8,C2)) N ((8,C1) UR (w,Cs)
(7) (@, El) n ((@, 2) Ur (w7 Cg)) = ((@, Cl> n (@, Eg) Ur ((@, El) N (w, Cg) .

5. AN APPLICATION TOHYPERSOFT EXPERT SET

In this section, the application of hse-set theory in decision-making problem is pre-

sented.

Statement of the problem
An assembling organization advertises an "open position” to fill its an empty position. Its
primary trademark is "the perfect individual for the right post”. Eight applications got from
the appropriate applicants and the experts need to finish this employing system through the
choice leading group of certain specialists for certain recommended ascribes..

Proposed Algorithm

The following is the algorithm which is adopted for the solution of the problem.

Step-1

FIGURE 1. Algorithm for recruitment process

Let universe of discours@ = {C,Cs,C3,Cy, C5,Cs, Cr7,Cs} consists of eight candi-
dates and X { E1, E», Es} is representing a set of experts. Attributes with corresponding
attribute-valued sets are given as:

01 = Qualification = {/A\y = M.phil, Ay = Ph.D}

Oy = Experience = {3 = byears, Ny = 10years}

O3 = Computer Knowledge = {5 = Yes, A¢ = No}

04 = Confidence = {7 = Low, A\g = High}

O5 = Skills = {A\g = Good, 19 = Excellent}

andthenH:(’)l X O3 x O3 x Oy x O5, H=
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A1, A3, A, A7, Do), (A1, A3z, As, A7, Do), (A1, Dz, A5, Dg, Do), (A1, Az, As, Ag, A1o),
A1, Az, DN, Az, Do), (A1, Az, DNe, Az, Do), (A1, Az, De, Ag, Do), (A1, Az, Ne, Ag, A1
A17A47A57A75A9 ) A17A47A57A77A10 ) A17A47A57A87A9 3 A217A47A57A8’A10

)

[N ©

( )s ( )s ( ) ( )
( )s ( ) ( )s ( )
( ), ( ), ( ), ( )s
(A1, Da, Doy D7, Do), (A1, Da, DNey D, Do), (A1, Da, De,y Dg, Do), (A1, Da, DNe, As, Do),
(D2, As, As, A7, DNg), (D2, As, As, A7, Ag), (D2, As, As, Ag, Ng), (D2, As, As, Ag, A1o),
(A2, A3, N6, A7, DNg), (D2, As, Ne, A7, Do), (D2, As, Ne, Ag, Do), (D2, Az, Ng, Ag, N1o),
(Do, D, Dsy, D7, Do), (Da, Da,y Nsy D, Do), (D, Da,y Ds, Ag, Do), (D2, Da, As, As, Do),
I VACIVAVIWAVIVAVSWAN:) N VACIVAVIWAV VAL SWANT:) I VACIVAVIWAVIVAV SWAN:) N VACIVAVIWAV WAV WWAS T
and now take? C H as{) = {Sl = (Al,A3,A5,A7,A9) S2 = (Al A3,AG,A7,A10) 53

@1 A4,A67A8,A9) Sy = (A27A37A67A87A9) Ss = (AQ,A47A6,A77 10& and U Q)

VORRARRY

((S1, E1,1) = {C1,C2,Cy4,Cr,Cs}), ((S1, B2,1) = {C1,C4,Cs,Cs}),
((517E37 ) - {01703704705706707708}) ((S57E37 ) - {02704’06})
((Sz,El, ) = {03705708}) ((SQ,EQ, ) = {01703,04,05,06708}),
((S2, E3,1) = {C1,C2,C4,C7,Cs}), ((S3, E3,1) = {C1,C7,Cs}),
((Ss, E1,1) = {C3,C4,C5,Cr}), ((S3, B2, 1) = {C1,C2,C5,Cs}),
((S4vE17 ) - {01707708}) ((S47E27 1) = {05701704708})7
((S4, E3,1) ={C1,Cs,C7,Cs}), ((Ss, E3,1) = {C1,C3,C4,C5,C7,Cs}), =
((Ss, E1,1) = {C1,C5,C4,C5,C7,Cs}), ((Ss, E2,1) = {C1,C4,C5,Cs}),
((S1, E1,0) = {C5,C5,C6}), ((S1, B2,0) = {C2,Cs3,Cs, Cr}),
((S1, E3,0) = {C2,C5}) , ((S2, E3,0) = {C2,C3,C4,C5,C6})
((S2, E1,0) = {C1,C2,C4,C5,C6,Cr}), ((S2, E2,0) = {C2,Cr}),
((Ss, E1,0) = {C1,C2,Cs,Cs}), ((Ss, E2,0) = {Cs,C4,Cs,Cr})
((Ss3, E3,0) = {C5,Cs,C4,C5,C7}), ((S4, E3,0) = {C2,C5,C4,C5}),
((Sa, E1,0) = {C3,C3,C3,C4, Cs,C7}), ((S4, B2, 0) = {C2,C3,C6, Cr}),
) ((S5vE17 ) - {04706707}) ((557E27 ) - {02703706707})7 7

is a hypersoft expert set.

Step-2Agree-hse-set and Disagree-hse-set have been presented inlTatdi2srespectively in such
way whenC; € Fi(o) thenC;; =1 = 1 otherwiseC;; = | =0, and wherC; € Fy(o) thenCj; =1 =
1 otherwiseC;; = | = 0.

TABLE 1. Agree-hse-set

v C, Cs Cs Cy Cs Cs Cs Cr
(S1, Er) T T i) T 1 ! T T
(S2, En) ! 1 7 ! T ! ! T
(Ss, En) 1 1 T 7 T ! T 1
(S4, En) T l l ! T ! T T
(S5, E1) 1 7 7 ! T ! ! T
(51, Eo) T 1 ! T 1 ! 1 T
(S2, E2) T 1 7 T T 7 ! T
(S3, E2) ! 1 7 7 T ! 7 1
(S4, Eo) T 1 ! T T ! 1 T
(S5, E2) T 1 l T T ! ! T
(51, Es) 1 1 7 7 1 7 1 T
(S2, E3) T T ! T 1 ! T T
(Ss3, E3) T l ! ! 1 ! T T
(S4, E3) 7 1 ! ! 1 7 7 T
(S5, Bgd 1 1 1 | 1 ! 1 1
= ,Cij ®=12 ®=3 ®3=7 Q=9 ®=9 &=3 & =9 Q=13
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TABLE 2. Disagree-hse-set

<
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Step-(3-6):,

The®; = , Ci; for Agree-hse-set and;=

P
, Cy; for Disagree-hse-set have been shown in Table

3, theny; = ®; — ©@; is calculated so that decision can be made.

TABLE 3. Optimal

(3

P
®i=
®1 =12
®2 =3
®3 =7
®s1=9
®5 =9
®6 =3
®7r=9
®s =13

W = ®; —Qj
W =9
Wo = —9
Wz = —1
W4 =3
Ws =4
We = —9
Wy =3
Wg =11

Decision

As Wg is getting best position in table, so candidatewill be selected. Then maxsg, so the com-

mittee will decide to select applicatk for the job.

6. COMPARATIVE ANALYSIS

The performance of hypersoft expert model outperforms all other existing models. Such a model
is popular in decision-making problems. This can be seen by comparing hypersoft expert set with the
others models like soft set, soft expert set and hypersoft set This proposed model is more useful to
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others as it contains the multi argument approximate function, which is highly effective in decision-
making problems. Comparison analysis has been shown in P&blErom the Table??, it is clear

TABLE 4. Comparison Analysis

Features soft set soft expert set  hypersoft set  Pro. Structure
Multi Decisive Opinion No Yes No Yes

Multi Argument Apro.Function No No Yes Yes

Single Ar. Apro.Function Yes Yes Yes Yes

Ranking No Yes No Yes

that our proposed model is more generalized than the above described models.

7. CONCLUSIONS

In this study, fundamental properties, aggregation operations, and basic set laws are characterized
under hypersoft expert set environment. Moreover, an algorithm is proposed for the solution of a
decision-making problem. Future work may include the development of hybrids of hypersoft expert
set with fuzzy set, rough set, cubic set etc. and algebraic structures like hypersoft expert topological
spaces, hypersoft expert functional spaces, hypersoft expert groups, hypersoft expert vector spaces,
hypersoft expert ring, hypersoft expert measure etc.
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