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Abstract

One of the interesting part in the study of uncertainty is to learn about their fusion models. In particular
while studying about fuzzy set and rough set one may be interested to know about their joint models.
Rough fuzzy sets and fuzzy rough sets are those types. After the introduction of soft sets many research
developments started emerging both in the theoretical and application prospective manner. Though this
theory sounds good it has its own limitation in describing expert opinion. To overcome this difficulty the
novel idea of soft expert set was being developed. This paper attempts to inter-relate soft expert set with
rough fuzzy set in theoretical aspect. An approach to decision-making situation based on the soft expert
rough fuzzy set model is also given in a lucid manner.

Keywords: Fuzzy set, SE-set, SEA-space, SER-approximations.

1|Introduction

A significant way to deal with uncertainty by defining two approximations over universe set was introduced
in Pawlak [15]. The novel theory bears the name as rough set and has wide applications in various domains
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[15, 17, 25]. Zhang and Zhu [25] constructed a rough logic system RSL, based on rough sets and extensional
regular double stone algebra. Pawlak and Slowinski [17] reviewed the methodology of the rough set analysis of
multi-attribute decision problems.

Following Zadeh’s [23] presentation of the concept of fuzzy set, various studies on the generalization of fuzzy
set were being done for the past five decades. Xiao et al. [21] introduced fuzzy setting of soft modules and
extended to fuzzy soft exactness. The most up-to-date information on this topic was provided by Mordeson et al.
[14]. Many researchers have incorporated the generalization of fuzzy set concept. Atanassov [4] developed the
concept of intuitionistic fuzzy set. Gorzalczany [8] introduced and discussed a method of approximate inference
which operates on the extension of the concept of an interval-valued fuzzy set. Jiang et al. [9] presented an
adjustable approach to fuzzy soft sets based decision making by using level soft sets of intuitionistic fuzzy soft
sets. Majumdar and Samanta [11] defined generalized fuzzy soft sets and studied some of their properties. They
applied generalized fuzzy soft sets in decision making problems and medical diagnosis problems.

The notion of soft sets, a new mathematical tool for dealing with uncertainty was introduced by Molodtsov
[13]. He has demonstrated a number of applications based on this principle. Soft set theory research and its
applications in numerous fields are swiftly progressing. The smoothness of functions, Riemann integration, Perron
integration, operations research, probability, measurement and game theory are just a few of the disciplines
where soft sets could be useful. Aktas and Cagman [1] established soft group theory which expands the concept
of group to incorporate soft set algebraic structures.

Dubois and Prade [5] made a significant approach by combining fuzzy set and rough set. In particular they
developed two models namely rough fuzzy sets and fuzzy rough sets. They analyzed several properties pertaining
to those hybrid models. [1, 6, 22] exhibits the inter-relation between the three theories. Feng along with Davvaz
[7] made a significant contribution in combining soft sets and rough sets. They developed soft-rough fuzzy sets
that generalizes Dubois model. Meng et al. [12] proposed a new soft rough set model and its properties are
derived. The notion of soft rough fuzzy lattices (ideals, filters) over lattices was introduced by Zhu and Hu
[26], is an extended notion of soft rough lattices (ideals, filters) and rough fuzzy lattices (ideals, filters) over
lattices. Sun and Ma [19] proposed a new concept of soft fuzzy rough set by combining the fuzzy soft set with
the traditional fuzzy rough set. Subsequently, they gave an approach to decision making problem based on soft
fuzzy rough set model by analyzing the limitations. The concepts of soft rough intuitionistic fuzzy sets and
intuitionistic fuzzy soft rough sets are introduced by Zhang et al. [24] and developed an approach to intuitionistic
fuzzy soft rough sets based on decision making problem.

Expert opinion is one of the key factor in all decision making situations. Alkhazeleh and Salleh [2] tried to
combine soft set with experts opinion and as a result they generalized soft sets to soft expert sets. The novelty
of their model is that it gives good results in decision making situations that involves more than one expert.
Alkhazaleh and Salleh [3] generalized the concept of soft expert set to fuzzy soft expert set (FSE-set) and
discussed a mapping on fuzzy soft expert classes along with its properties. Kalaiselvan and Vijayabalaji [10]
defined the concept of a soft expert symmetric group (SES-group) as a generalization of the symmetric group
and soft expert set. The application of a SES-group in MCDM situations is also presented in the same paper.
Vijayabalaji et al. [20] introduced the idea of pull back and push out on soft module homomorphism. Hybrid
structures of soft modules and rough modules namely soft-rough modules (respectively modified soft-rough
modules) over soft-rough rings (respectively modified soft-rough rings) are also introduced. They completed
with the illustration of a decision making problem in modified soft-rough module environment.

Motivated by the above hybrid models, this paper moves towards combining soft expert set with rough fuzzy set.
In section 3 we provide three definitions for agree soft expert rough fuzzy set and disagree soft expert rough fuzzy
set, by taking lower agree, upper agree, lower disagree and upper disagree soft expert rough approximations of
fuzzy set & with respect to soft expert approximation space SE = (U, (X,V)). In section 4, the application of soft
expert rough fuzzy set in decision making situation is presented. An algorithm on soft expert rough fuzzy set
with supporting example is provided in the same section. Conclusion and direction of future research is given in
section 5.
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2|Preliminary Concepts

In this In this section we recall some familiar concepts which will be needed in the sequel.

Throughout this paper, let U be an universe, Z = E x X x O and V C Z, where F, X and O = {0 = agree, 1 =
disagree} be the collection of parameters, experts(agents) and opinions respectively. P(U) denote the power set
of U. F (U) denotes the collection of fuzzy subset of U. (X, V)y denotes that (X, V) is SE-set in U.

Definition 2.1. [13] Let U be an universe. Consider a nonempty set A, A C E, where E be a set of parameters.
The pair (X, A) is said to be soft set over U, if X: A — P(U) is a function.

Definition 2.2. [15] Let (U, R) be a Pawlak approximation space (PA-space). R will generate a partition
U/R = {[o]r]e € U} on U, where [g]z is the equivalence class with respect to R containing g. These equivalence
classes are referred to as R-elementary sets. For each Y C U, the lower and upper approximations of Y with
respect to (U, R) are denoted by R(Y) and R(Y') respectively, given by,

R(Y) = {0 € Ullolr C Y},

R(Y) = {0 € Ulldle Y #0). ~

Then Y is said to be definable, if R(Y) = R(Y); otherwise Y is said to be a rough set.

Definition 2.3. [7] Let (U, R) be a PA-space and & = (R, A)y be a soft set, the lower and upper rough
approximations of (X, A) in (U, R) are soft sets over U, respectively denoted by R.(S) = (X, A) and R*(S) =
(N*, A) are given by,

. (x) = R(X(%)) = {0 € Ullolr C N(x)},

N*(k) = R(X(k)) = {0 € Ullo]r NR(k) # 0}, for all k € A.

Then & is said to be definable, if R.(&) = R*(&); otherwise & is known as rough soft set.

Definition 2.4. [5] Let (U, R) be a PA-space and £ being the set of all fuzzy sets in P(U), the lower and upper
rough approximations of ¢ in (U, R) are fuzzy subsets in U, respectively denoted by R(£) and R(£), given by,
R&)(e) = MWW € [o]r},

R(€)(0) = VW)Y C [gr}, for all o € U.

Then ¢ is said to be definable, if R(£) = R(£); otherwise ¢ is said to be a rough fuzzy set.

Definition 2.5. [5] For given fuzzy approximation space (U, R), the fuzzy lower and fuzzy upper approximations
of ¢ with respect to (U, R) are fuzzy sets in U, respectively denoted by R(£) and R(€), given by,

RE)(0) = MEW) V (1 - R(o,0)}

R&)(0) = VI&(W) A (1 =R(e,9))}, for all o € U.

The pair (E(S),ﬁ(f)) is said to be a fuzzy rough set.

Definition 2.6. [7] Let &1 = (X, A) be a soft set over U, the pair & = (U, S;) be a soft approximation space.
Based on &, the lower and upper soft rough approximations of X are respectively denoted by apr & (X) and
aprg (X)v given bY7

apr (X) = {0 € U390 € A(o € X(®) C X)},

apre(X) ={0 € U|FY € A(p € R(¥),R(I) N X # ()}, for every X C U.

Then X is said to be soft definable, if apr  (X) = aprg (X); otherwise X is known as soft rough set.
Definition 2.7. [7] Let £ € F (U) be a fuzzy set, &; = (N, A) be a full soft set over U and & = (U, S1) be a soft
approximation space. Then the lower and upper soft rough approximations of ¢ with respect to & are fuzzy sets
in U, respectively denoted by sap (&) and sapg (§), given by,

sapg (€)(0) = MEW) By € A({o, 0} C R},

57 (€)(0) = VAEW) By € A({0,9} C (1)}, for all g € U

Then ¢ is said to be soft definable, if sap (&) = sapg (€); otherwise & is said to be a soft rough fuzzy set.
Definition 2.8. [2] Let V C Z, the pair (R, V)y is known as soft expert set (SE-set), if X : V — P(U)is a function.
Definition 2.9. [3] Let V C Z, if F¢: V — IV is a function, then the pair (f ¢,V)y is known as fuzzy soft expert
set (FSE-set), (i.e) a FSE-set (F¢, V)u = {(a, ke, ,,(1))/k € U,a € V}.

3|Soft expert rough fuzzy set

This section exhibits our new approach that combines soft-rough fuzzy set and soft expert set (SE-set) namely
soft expert rough fuzzy set and related results.
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Definition 3.1. For a given SE-set & = (R, V) over U with the soft expert approximation space (SEA-space)
SE = (U,®) along with fuzzy set £ € F (U), the lower agree, upper agree, lower disagree and upper disagree
SER-approximations of £ with respect to SE are fuzzy sets in U, respectively denoted by &7 SE(f) G (SR

GP (&) and 68313(5), given by,

1SE( )(0) = N{&(o) AE(D)|F(es pj 1) €V {o, 9} S N(ei,pj, 1)},

61{51;( )(0) = V{&(o) v E(0)3(ei, pj, 1) € V, {0, 0} € R(es, pj, 1)},

&h,(E)(0) = NE&(e) A E(MW)F(ei,p;,0) € V. {0,9} € R(es, p;,0)},
GOSE(E)(Q) = V{&(o) v EW)I3(ei, p;, 0) € V,{0,9} € N(ei, p;,0)}, for all p € U.

Then (¢) £ is said to be agree soft expert definable, if 6711) SE(f) 61 sp(§); otherwise ¢ is called an agree soft
expert rough fuzzy set.

(77) & is said to be disagree soft expert definable, if %SE(Q“) = (‘5767313(5); otherwise ¢ is said to be a disagree soft
expert rough fuzzy set.
Example 3.2. Let U = {01,092, - ,06}, E = {k1,k2,63}, P = {ep1,epa}, O = {1,0} and V = {(k1,ep1,1),
(Hh €ep1, 0)7 ("Qh €p2, 1)) (Klv €p2, O)a (HQa €p1, 1)7 (K'27 €p1, O)a (K/27 €p2, 1)7 (HQa €p2, 0)7 (537 €p1, 1)7 (535 €p1, 0)7
(K3,€p2,1), (k3,€ep2,0)} C E x P x O. The SE-set & = (X,V) is defined by

(/’61,6171, )— {01794 96}

N(r1,ep1,0) = {02, 03, 05},
N(k1,ep2, 1) = {04, 05},
N(k1,ep2,0) = {01, 02,03, 06},
N(k2,ep1,1) = {02, 04, 05, 06}
N(k2,ep1,0) = {o1, 03},

N(K €p2, ) - {937 95}3
N(kz,ep2,0) = {01, 02, 01, 06},
N(ka,ep1,1) = {01, 02, 06},
N(k3,ep1,0) = {03, 04,05},
N(k3, epa, ; = {01, 04,06},

(Iﬂ}g,@pg, - {92793795}
as in Table 1.

TABLE 1. Soft expert set

01 02 93 04 05 96
(k1,ep1,1) | 1 0 0 1 0 1
(k1,ep1,0) [ 0 1 1 0 1 0
(K1,ep2,1) [ 0O 0 0 1 1 0
(k1,ep2,0) [ 1 1 1 0 0 1
(ka,ep1,1) | O 1 0 1 1 1
(k2,ep1,0) | 1 0 1 0 0 0
(k2,ep2,1) [ 0O 0 1 0 1 0
(K2, ep2,0) [ 1 1 0 1 0 1
(k3,ep1,1) | 1 1 0 0 0 1
(k3,ep1,0) [ 0 0 1 1 1 0
(k3,ep2,1) | 1 0 0 1 0 1
(k3,€ep2,0) [ 0 1 1 0 1 0
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Let & € F(U) is defined by £(01) = 0.1,£(02) = 0.8,&(03) = 0.9,&(04) = 0.3,&(05) = 0.7,&(06) = 0.5. Then the
SER-approximations of £ with respect to SE is

61SE(5)(91) = /\
*/\

St (©) /\

O
a9

=N\

Shsp(€)(es) =/

-V

=0.8
Son©les) = \/{

ay

{&1A&3olAuaalA&&&lA&@OJA&&01A05}

{010101010101}

0.810.3,0.8A0.7,0.80.5,0.8 A0.1 08/\05}

0307050105}

07}
0.3A0.1,0.3A0.5,0.3A0.7,03A0.8,0.3A0.7,0.3 A 0.5,

{
M
{09A07}
MM
{

&3AOL03A05}

0.1,0.3,0.3,0.3,0.3,0.3,0.3, 03}

0&&1&&05@7}

{0.710.3,07108,0.7A03,0770.5,07 09}
= A\ {05/0.1,05/03,05/08,05/03,0.5/07,0.5/0.,

&5AO&Q5A&L05A03}

0.1,0.3,0.5,0.3,0.5,0.1,0.5,0.1 03}

0.1v0.3,0.1v0.5,0.1v0.8,0.1Vv0.5,0.1Vv0.3,0.1V 0.5}

030508050305}

0808080808}

{
{
=V{
{08v0308v0708v0508v0108v05}
=V{
{
{
{03v0103vo5o3vo7o3v0803v0703voa

&3v0L03v05}

{Q&O&QZO&QZO&O&Ob}

0.7v0.3,0.7v0.8,0.7v 0.3,0.7Vv 0.5,0.7 vV 0.9}

{QZO&QZOﬁﬁQ}
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Since (‘51SE(§) #* 6711)SE (£). Hence ¢ is an agree soft expert rough fuzzy set.

GP

&b, (6)a) =\ {0.1 A0.8,0.1A0.9,0.1A0.5,0.1A09,0.1A0.8,0.1A 0.3}

0.1 /\0.5}
=A {0.1,0.1,0.1,0.1,0.1,0.1,0.1}
~0.1
&b, () = \ {0.8 £0.9,0.8 A0.7,0.8 A 0.1,0.8 A 0.9,0.8 A 0.5,0.8 A 0.1}
0.8A0.3,0.8 A 0.5,0.8 A 0.9,0.8 A 0.7}

- A {0.8,0.7,0.1,0.8,0.5,0.1,0.3,0.5,0.8,0.7}
—0.1

&, (6)es) = \ {0.9 £0.8,0.9 A0.7,0.9 A 0.1,0.9 A0.8,0.9 A 0.5,0.9 A 0.1, }
0.9A0.3,0.9A0.7,0.9 A 0.8,0.9 A 0.7}

0.8,0.7,0.1,0.8,0.5,0.1 03070807}

0.3A0.1,0.3A0.8,0.3A0.5,0.3A0.9, 03/\07}

0.1,0.3,0.3,0.3 03}

0.7A0.8,0.7A0.9,0.7A0.9,0.7A0.3,0.7T A 0.8, 07/\09}

AN
=\
AN
AN
= A\{o7.07,07.0307,07}
=\
-\
=V

0.5A0.1,0.51A0.8,0.5A0.9,05A0.1,0.5N0.8, 05/\03}

0.1,0.5,0.5,0.1 0503}

=\ {0.8, 0.9,0.5,0.9,0.8,0.3, 0.5}
— 0.9

Shsp(€)(e2) = \/ {08V 0.9,0.8v0.7,08 v 0.1,08v09,08 05,08V 0.1}
0.8V 0.3,0.8V 0.5,0.8V 0.9,0.8 0.7}
=\ {0.97 0.8,0.8,0.9,0.8,0.8,0.8,0.8, 0.9, 0.8}
~0.9
Shsp(&)(os) = \/ {09V 0.8,09v0.7,090.1,09v 08,09 05,09 V0.1, |
0.90.3,09V0.7,0.90.8,09V 0.7}
-\/ {0.9, 0.9,0.9,0.9,0.9,0.9,0.9,0.9, 0.9, 0.9}
~0.9
Shp(©)(0s) =\/ {0.3 v 0.1,0.3V0.8,0.3V 0.5,0.3V 0.9,0.3 V 0.7}

~\/ {0.3, 0.8,0.5,0.9, 0.7}
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Since &%
GOSE

Theorem 3.3. For a given SE-set & = (X, V) over U with the SEA-space SE = (U, &) along with fuzzy set
¢ € F(U), we have

(€) # ggs 5(§). Hence ¢ is a disagree soft expert rough fuzzy set.

M &h, ©Ow= A A @

u€N(ei,pj,1) a€EX(eq,pj,1)

(i) ST gp© ) =\ Vo @)

u€R(eq,pj,1) a€X(es,pj,1)

A &),

u€N(e;,p;,0) a€X(e;,p;,0)

(iv) 8Fsp©w) = \/ Vo &)}

u€N(ei,p;,0) a€X(ei,p;,0)

=

(it)) &, (6)(w) =

Proof: (i) Let (e;,pj,1) € V, u € R(e;,pj;, 1), then for every a € N(e;, p;, 1), we have {u,a} C R(e;, pj,1), so
( ) /\{ ( ) (6151)]’ ) € Vv {U,Oé} c N(e“p]v )} > /\{§(u) /\f(a) : El(eivpjv 1) € Va {uaa} c N(ei’pj’ 1)} =
&, (€)w). Consequently A\ {€(@)} = &F__(€)(u) and so

O‘EN(P'L sPjs 1)

A A @) =& (©)w).

u€R(es,pj,1) a€R(ei,p;,1)
Conversely, let (e;,p;,1) € V such that {u,w} C R(e;,p;,1), it follows that both {(u) and £(w) are greater than

orequal to A @} so g ngw)> N A @)

u€eN(ei,p;,1) a€X(e;,pj;,1) u€eN(e;,p;,1) a€X(e;,p;,1)

Hence gﬁ’SE(E)(u) > /\ /\ {(a)}

u€R(eq,pj,1) a€X(es,p;,1)
(i7) Let (e;,pj,1) € V, u € R(e;,pj,1), then for every o € N(e;,pj,1), we have {u,a} C N(e;,p;,1), so
i(a) < \/{6( ) (elapj7 ) S V? {u,a} g N eupja )} S \/{E(U) \/f(a) : 3(eiapjﬁ 1) € V7 {U,O{} g N(ehpj’ 1)} =
& g5 (&) (u). Consequently \/ {&(a)} < 67 45(€)(u) and so

aeR(e;,pj,l)

V Vo @)} <&T5u6)(w).

u€R(ei,pj,1) a€X(e;,p;,1)
Conversely, let (e;,p;,1) € V such that {u,w} C R(e;,pj,1), it follows that both {(u) and {(w) are less than or

equal o \/ V i@} soguvew </ Vo @)

u€N(ei,pj,1) a€R(ei,p;,1) u€N(ei,pj,1) a€R(e;,p;,1)

Hence &% ¢, (&)(u) < \/ \/ {&(a)}-

u€R(eq,pj,1) a€X(es,pj,1)

Proof of (iii) and (iv) is similar to proof (i) and (7). O

Theorem 3.4. For a given SE-set & = (X, V) over U with the SEA-space SE = (U, &) along with fuzzy set
&, € F(U), we have

et (0) = S555(0) =0,
(ii) gSE(U):Giﬁ)SE( ) GgSE( ):gSSE(U):Ua
(i)If ¢ C &, then & () € 67 (€), &F g5(v) C S gp(€), SF . (¥) € SF(€) and SF g (¥) € SFgp(6),

(iv) &F,,(6) = (67 55(6))", ST gp(E) = (87 (€))%, 8, (€°) = (Shsp(€)) and &f55(€9) = (S, (€))°,

(0) = 675(0) = &5,
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(v) &7 (€ny) =& ()Nt (),
(vi) &, (€UY) D &L (UST  (¥),
(vil) ST g5(6 N YY) € ST 5(8) N ST g (¥),
(vii)) 87 g5(E U) = ST g5(6) U ST g(v),
(ix) &F (6 N) = &F, (E) N SE (1),
(x) 8f,(EUY) 265, (E)USE, (¥),
(xi) SF55(E M) C SF55(8) N SFsp(),

(xi1) S 5(E U ) = SF g5 (€) U ST 5p(1).

Proof: The proof of (i), (i) and (i) are straight forward.

(iv) For all ¢ € U, we have (&7  (£)°(0) = 1 = A{&(e) A W) (eipj;1) € V. {o, 9} C N(eipj, 1)} =

V{1 = (&(e) N EW)) B (eis pj, 1) €V, o0y R(es, pjs D} = V{1 = €(0) vV (1 = £(9))[3(ei, pj, 1) € Vi {0, 9} €
R(ei,pj 1)} = V{E°(0) V €°(9)|3(ei, 1) € V. {0, 0} C R(ewps, 1)} = &7 g(€°) (o).

Hence (6’1’513(5))0 = 6711)SE(§C)-

By simila way one can prove &, (¢) = (&7 55, &, (69) = (Bh5(€)° and Shg(€%) = (Sh ()"
(v) For all g € U, we have & (€ N4)(e) = A{(§ N9)(0) A (N ) ()3 e pys 1) € V. {0, 9} S Nerpy, 1)} =
A(E(e) AU (@) AEW) AD()I3(er,p5, 1) € V. {09} € Rlerps )} = A{(E(Q AW AW () AG(W) (e, py. 1) €
VAo, 9} € Rewp;. 1)} = AME(0) AE@)B(ei s 1) € Vo{o.0) € Rlewpyn D} A Atb(0) A w(@)B(eipy. 1) €
V. {00} € R(ewnpy, 1)} = &% ()(0) ASE (1) (0).

Hence &7 (£N1) =67 () NST ().
The proof of (vi) — (wii) are similar to the proof of (v). O

Definition 3.5. For a given SE-set & = (R, V) over U with the SEA-space SE = (U, &) along with fuzzy set
€ € F(U), the lower agree, upper agree, lower disagree and upper disagree SER-approximationsif & with respect
to SE are fuzzy sets in U, which are respectively denoted by 61SE(§), S8, GSSE(ﬁ) and &4, (£) given by
&f  (O@= "\ ARGl
o aeX(e;,pj,1) BER(ei,p;,1)
Slsp@@ = A Vo o,

aeR(e;,pj,1) BER(es,p;,1)
&, (O =/ RGNS
o aeX(e;,p;,0) BER(e;,p;,0)
SlspO@ = N\ \/  {¢B)} forallacU.

aeX(e;,p;,0) BER(eq,p;,0) o
Then (¢) £ is said to be agree soft expert definable, if g‘fSE(f) = 614 5(&); otherwise £ is called an agree soft
expert rough fuzzy set.

(#3) ¢ is said to be disagree soft expert definable, if %SE &) = ggs £ (§); otherwise & is known as disagree soft
expert rough fuzzy set.
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Example 3.6. Let & = (X,V) be a SE-set with fuzzy set £ € F(U) as in Example ?7.

approximations of £ with respect to SFE is

&1, ()(a) = Vv{0.1,0.1,0.1} = 0.1,
&% 4p(€)(01) = 7{0.5,0.8,0.5} = 0.5,
&1, (€)(e2) = v{0.3,0.1} = 03,
G?SE(S)(QQ) 7{0.8,0.8} = 0.8,
61, (€)(es) = v{0.9} = 0.9,
(‘5?SE(5)(93) 7{0.9} = 0.9,

&1, (©)(e1) = v{0.1,0.3,03,0.1} = 0.3,
G?SE(S)(@;) 7{0.5,0.7,0.8,0.5} = 0.5,
&1, (©)(es) = v{0.3,0.3,0.7} = 0.7,

G?SE(S)(m) = 1{0.7,0.8,0.9} = 0.7,
&1, (©)(es) = v{0.1,0.3,0.1,0.1} = 0.3,
674,(¢)(06) = 7{0.5,0.8,0.8,0.5} = 0.5,

Since 67‘11515(5) #+ @SE(E). Hence ¢ is an agree soft expert rough fuzzy set.

85, ()(a1) = v{0.1,0.1,0.1} = 0.1,

685E(£)(91) = 1{0.9,0.9,0.8} = 0.8,

65 ,,(©)(02) = v{0.7,0.1,0.1,0.7} = 0.7,
GSSE(€)(92) = 17{0.9,0.9,0.8,0.9} = 0.8,

&8,,.(9)(es) = v{0.7,0.1,0.1,0.3,0.7} = 0.7,
GSSE(f)(gg) = 1{0.9,0.9,0.9,0.9,0.9} = 0.9,

60, (&)(es) = V{0.1,03} = 0.3,
685E(€)(94) = 7{0.8,0.9} = 0.8,

&8, (©)(0s) = V{0.7,03,0.7} = 0.7,
GSSE(S)(@5) = 7{0.9,0.9,0.9} = 0.9,

84, (&)(es) = V{0.1,0.1} = 0.1,
S74,(6)(06) = A{0.9,0.8} = 0.8.

Since %SE(S) #+ 6785,3(5). Hence ¢ is a disagree soft expert rough fuzzy set.

Theorem 3.7. For a given SE-set & = (X, V) over U with the SEA-space SE =

& € F(U), then
()8!, (0) = 8T, (0) = &%, () = B (0) = 0,

(@281, (U) = 8T4,(U) = 83 (U) = 8, (U) = U,

(a3)If ¢ C &, then &7 () € &1 (&), 6145(v) € &7gx(6), &5, (¥) C &

(ad) 81, (69) = (STgp(€))", STgp(") = (61, ()", S, (6) =
(@9)81,, (ENY) C &1, (NSt (),
(a6) &, (€UY) 261, (UST (1),

Then the SER-

(U, 8) along with fuzzy set

(€) and 6% g, (¢) C 6 gp(€),

(ggSE(g))c and 678513(50)

(&8, ()"
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(a7) 67, (ENY) C &7 (6) N ST (1),
(a8) 67(11513(5 Ue) 2 7(11SE(£) Ug;ISE(w),

(a9) OSE@mw C&p, NSk (W),

(ql0) &8, (SU) 2 &, (USE (),

(q11) 685 (ENY) C STy (6) NS o (),

(q12) 6 ¢, (EUY) D Glg,(6) UBHs (1),

Proof: The proof of (q1), (¢2) and (¢3) are straight forward.
(¢4) For all o € U, we have

(O @)@ =1-\/ ARG

aeX(eq,pj,1) BER(eq,p;,1)

= AN a- A oy

aeR(e;,pj,l) BEeN(ei,pj,1)

= A V<)

aeR(e;,pj,1) BER(e4,p;,1)
_ VARTD)

a€R(e;,pj,1) BER(ei,p;,1)

= G?SE()EC)( )-

Hence (&7, (£))(a) = &7(€%)(a). By similar way one can prove 61,8 = (6945(6)°, 6§, (89 =

(875" and (&%) = (88, (),
(¢5) For all a € U, we have

&f  Env)@ =\ AR (CIaRDICH:

a€R(ei,pj,1) BER(ei,p;,1)

\/ N {EB) rv(B)}

a€R(ei,pj,1) BER(ei,p;,1)

V A orn A oy

a€R(ei,pj,l) BER(ei,p;,1) BER(es,pj,1)

=V A e VA ey
aeR(ei,pj,1) BER(ei,p;,1) aeR(ei,p;,1) BER(es,p;,1)

< &1 (€))7 (¥)(a).

Hence &1, (€1¢) € &1 ()N&I ().
The proof of (¢6) — (q12) are similar to the proof of (¢5). O

Theorem 3.8. For a given SE-set & = (N,V) over U with the SEA-space SE = (U, &) along with fuzzy set
£€ F(U), then () C &1 (€), Sp(€) C STypl€), b (€) C S8 () and Slgy(6) € Sgp(©)
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Proof: For all p € U,

&L= A ANERtEC0):

0€ER(e;,pj,1) ¥ER(e4,p5,1)

V ANRE 0N

0€R(eq,pj,1) 9ER(e4,p;,1)
= &, ()(0) and

Sl =N \YARRT{()}}

0€EN(e;,pj,1) VER(e4,p5,1)

\/ Vo {w)y

0€EN(e;,pj,1) VER(e4,p5,1)

=&l 55(6)(0).

IA

IA

Hence &} (€) € &1, (&) and &7;(€) C 67 g,(6). Similarly &F (€) € 6F(€) and S (€) € Spgp(€)-

Corollary3.9. For a given SE-set & = (X, ) over U with the SEA-space SE = (U, &) along with fuzzy set
b€ F(U), then & (4) € 67 (1) C ¥ € STgp(t) C STp() and & (1) € &3 () € 1 € Sg(v)
Stsp(1)-

Proof: Let (e;,p;,1) € V such that u € X(e;, p;,1), then /\ {Y(v)} < P(u), implies 61SE(¢)(u) <
vER(e;,pj,1)

so 61, (¢) C 4. Similarly \V  {w)} > y(w), it follows that &g, (1)(w) > 1(u), so & gp(1) 2

vER(eq,p;5,1)
Hence from Theorem ?7? ngE(w) C E%SEW}) Ch C6Yyp() C 6 gp(). Similarly %SE(w) 6OSE(1/J)

P C GOSE(@Z’) c 678515(7/})

—~

u),

=

O N

Definition 3.10. For a given SE-set & = (R, V) over U with the SEA-space SE = (U, &) along with fuzzy set
€ € F(U), then the lower agree, upper agree, lower disagree and upper disagree SER-approximations of { with
respect to SE are fuzzy sets in U, respectively denoted by GQSE(EX Tsp(8); Sog(€) and G (€), given by

61, (©)(0) = V{&(0) NEW)B(ein pj, 1) € V, {0, 9} S R(ei,psu 1)},
6’{31;( )(0) = M&(e) v E(W)|3(ei, pj, 1) € Vi {e, U} S Rei pjn 1)},
0g&)(0) = V{&(0) A E()[A(es,p;,0) € V. {0, 9} S N(ei, ps,0)},
OSE(O(Q) = Mé&(e) V&) [3(eis pj, 0) € V, {0, 9} € Rei, p;, 0)}, f all 0€eU.
Then (i) £ is said to be agree soft expert definable, if ST ({) s (§); otherwise ¢ is called an agree soft

expert rough fuzzy set.

(ii) € is said to be disagree soft expert definable, if %SE & = 6763]3(5); otherwise ¢ is called a disagree soft
expert rough fuzzy set.
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Example 3.11. Let & = (X,V) be a SE-set with fuzzy set £ € F(U) as in Example ?77.

approximations of £ with respect to SFE is

010101010101}

O&OZQ&OJﬁﬁ}

0.1,0.3,0.3,0.3,0.3,0.3,0.3, 03}

0307030507}

030508050305}

0808080808}

=V{
{
{
=V{
=V{
1, ()(0s) =/ {0.1,03,0.5,0.3,0.5,0.1,05,01,03 }
Sise©)en = A\ {
A
{
=N f{os
{o
= f{os

Then the SER-
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Since @SE(@ #* 6771"515(5). Hence ¢ is an agree soft expert rough fuzzy set.

Sh, . (E)(a) =\ {0.1,0.170.1,0.170.1,0.170.1}

~0.1

&b, (6)(02) = \/{08070108050103050807}
~ 038

&b, (€)(03) = \/{08070108050103070807}
~ 08

bop(©)(s) = \/{0103030303}
~0.3

&b, (€)(0s) = \/{070707030707}
—0.7

&b, (€)(00) = \/{010505010503}
~0.5

& sp(6)(01) = /\{08090509080305}
~0.3

Sop(©)(0) = /\{09080809080808080908}
~ 08

Sh o (©)(0s) = /\{09090909090909090909}
~0.9

Shsn(©)0n) = A {0.3,08,05,09,07}
~0.3

Shsp()(0s) = )\ {08,0.9,09,0.7,0.8,0.9}
—0.7

Shsp(6)(06) = /\{050809050805}

=0.5
Since %SE(@ # & (€). Hence ¢ is a disagree soft expert rough fuzzy set.

Theorem 3.12. For a given SE-set & = (X,V) over U with the SEA-space SE = (U, &) along with fuzzy set
§,¢ € F(U), then

(r1) iSE((Z)) =6755(0) = iSE((Z)) = &h55(0) =0,

(12) &1, (U) = &7, (U) = &5, (U) = Spgp(U) = U,

(13) I € C o), then &} () € ST, (1), Sigp(€) € Srgp(w), Sp(6) € Sp ., (¥) and Gpgp(é) C S p(u).
(14) &7, (€°) = (ST5p())°, Sr(€%) = (81, (©))°, S, (€9) = (§h(€)° and Shg (€)= (S, (€)°,
(15) &1, (ENW) € &t (NSt (1)

(x6) ci LEUY) 28T (UST, ()

(17) Sl gp(E N ) C ST 55(6) N ST gp(t)
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(r8) GlsE(f Uy) 2 6{5}5(‘5) U6771ASE(1#)
(19) 854, (ENY) € Sp g, (6) NGy, (¥)
(10 ) S, (€ U1) 2 &%, (€) U S, (1)
(r11) GOSE(£ Ny) < G(T)SE(@ N GOSE( )
(112) Sfgp(EUY) 2 Sgp(E) UShep(¥)
Proof: The proof of (r1), (r2) and (r3) are straight forward.
(rd) For all p € U, we have
(614,(6)(0) =1 = V{&(e) NE()[F(ei pj, 1) € V. {e, 9} S N(ei, pj, 1)}
=M1 = (&(e) A &) [F(ei,pj 1) € V, {0, 9F S R(ei,pj, 1)}
=M1 =€) V(1= &W)[Fes,pj, 1) € V, {0, 9} S N(ei,pj,1)}
= ME(e) VEW)B(es psi 1) €V, {o, 9} S R(ei, pj, 1)}
= &5p(¢)(0)-
Hence (8], (€))° = 8Ts(£°). By similar way one can prove & (€°) = (S7¢(€))°, 6 (€9) = (SFs(€))°

and S p(£%) = (65, ()%
(rb) For all p € U, we have

S, NY)e) = V{(ENY)(o) AENY)(D)F(ei ps 1) € V, {0, 0} S N(ei,p;, 1)}
= V{(£(0) A () A ( (9) Ap(9))[ (e, pj, 1) € V, {0, 0} S R(ei,p;,1)}
= V{(&(0) N &) A (W) A (V)3 (e pj, 1) € V, {0, U} S N(ei, pj, 1)}
< V{&(e) N &) (eis pj; 1) € Vi {o, 0} € R(es, pj, 1IN
V(o) Ap(D)[F(eis pj, 1) € V, {0, 9} S Res, pj, 1)}
< &1, ()(0) NS (6)(0).
Hence &, (€01v) € 81 ,(6) N 67, ().
The proof of (r6) — (r12) are similar to the proof of (r5). O

Theorem 3.13. For a given SE-set & = (X, V) over U with the SEA-space SE = (U, ©) along with fuzzy set
£ € F(U), then &7, () € 87, (€), S5p(6) € ST(6), 84, (6) € S5 (€) and Spg,n(€) € Shp(6):

Proof: For all p € U,
&l ©= V ANR0N

0€R(e4,p;,1) 1ER(€4,p;,1)
< V{&(e) ANE(WD) (e psn 1) € V, {0, 0} S N(ei, pj, 1)}
— &7, ()(0) and
Sis(6)(0) = M) V EW) P (eispj, 1) € V, {0, 9} € R(ei,pj, 1)}
< A Voo
0€R(e4,p;,1) 1ER(€4,p;,1)

= &755(6)(0).
Hence &7 (€) € &, (€) and 8l (€) € &74,(6). Similarly &5 (€) C S5 (€) and S (€) € S7(©).

Corollary 3.14. For a given SE-set & = (R,V) over U with the SEA-space SE = (U, 8) along with fuzzy
set € € F(U), then & (€) C &1 (€) C &1, (6) C € C Sigpl€) € Slgp(€) € STgp(€) and &5, () C
Gq

&8 (€) C 8y, (6) € € Bap(6) C Shgpl) € Sp(©).
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,,Dj,1) € V such that ¢ € R(e;,p;,1), then £(0) A &(Y) < &(p), for all ¥ € R(e;,pj, 1), implies
f(g) S0 61SE(§) C ¢. Similarly £(o) V £(¥) > £(o), for all ¥ € R(e;,pj;,1), it follows that

&7, (o) <
67”?2(5)(@) > £(0), 50 & ,,(¢) 2 & Hence from Theorem 77 and 77 &} () C &1, (€) € &, (€) S C

Top(6) C Slep(€) C BTep(6). Similarly SF_ (€) € S5 (€) C Sho. (€) € € € Shgp(é) © Shenle) C
&F15(6)- 0

4| Application of soft expert rough fuzzy set

In this section, an approach to decision-making situation based on the soft expert rough fuzzy set model is
established.

The algorithm is as follows.
Algorithm
Step 1: Input the soft expert set & = (R, V)y over the universe U and the fuzzy set £ € F(U).

Step 2: anpute the SEA-space SE = (U,6), &7 (¢), &Y (6), S0, (8 &b (6), 61,8 &7,,(6),
68, (6), Bisp(8), 814, (€), S1gp(8), 765713(0 and 6j¢p(¢).
Step 3: Find a = (61, (E)(er) + &1 5p(&)(0k))-

i€{p,q,r}
Step 4: Find dy, = Y (&) (€)(or) + &) g(E)(0r))-
i€{p,q,r}
Step 5: Compute s = ay — dy.
Step 6: Find w for which s, = max sg.
Step 7: Conclusion g, is the optimal choice. If w has more than one value, then any one of them is can be
chosen.

Decision-making problem using this algorithm.

Using this algorithm, we can find the best choice for the company to fill the vacancy for a position. To exhibit
the novelty of the above algorithm we provide an example below.

Example 4.1. Problem statement

Suppose a company wants to recruit a person for one vacant position. The company short-listed four candidates
(say 01, 02, 03, 04, 05) and they have to select one person among them.

Step 1:Consider a set of parameters E = {k1, k2, K3, k4, K5}, Where the parameters ki, ko, K3, K4, K5
represent the characteristics or qualities that the candidates are assessed on, namely "experience',
"excellent", "attitude", "professionalism" and "technical knowledge" respectively. The hiring committee
consists of the manager (ep;), head of the department (eps) and director (eps) of the company, this
committee is represented by X = {ep1,ep2,eps} (a set of experts), the set of opinions of the hiring
committee members is represented by a set O = {1 = agree, 0 = disagree}. To verify their certificates
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TABLE 2. Tabular representation of soft expert set (X, V)y

(R, V)

—
no
w
Iy
ot

Il Bl E=1 R Ne=d Ul B ol Nl il Renll Nen) I Neoll Il Nenl I o Rl Il Nend Il B Nenll Nend I B Nend I Nen ) Nean ) Il e
=l k=] E=] R Nl B Neol B Neo ) BT B Neol Y Neol BEY Neo) Neol B Y Neoll Reo ) Y Y Neol B Neo ) Naell S Y Nenl Fial
[eol B Nenl ol Bl Rewl B Nl il Neod il e ) Bl Heol Hen) Bl i Bl B Reol Reoll Bl Bewl Bl Bl Nenll Nend Bl Bl Renll e
(el B Bl Nenl Nen) il Ren ) Bl Renl Bl BReod B Bl Reol i Bl Renl Bl Rend Bl Reoll Bl Neoll Il Rl B N o Bl Rend Bl e
(el B Rl i B Reel R ) Bl Renll Bl Neoll i Neol gl Heod Bl B el Rl i Rl S Bl Ee=l Renl B Nend Bl Bl el e

and other supporting documents, the hiring committee constructs the following SE-set (R, V) over U is
as follows,

(R, V) = {((k1,ep1,1), {01, 04}), (51, €p2, 1), {02, 03, 05}),
((k1,eps, 1), {04, 05}), ((k2,ep1,1),{01, 03, 04}),
((r2,ep2, 1), {02, 03, 04, 05}), (K2, eps, 1), {01, 01, 05}),
((r3,ep1,1),{01, 02, 04}), (K3, ep2,1),{01, 03, 05}),
((k3,ep3, 1), {01, 05}), ((Ka,ep1,1),{01, 04, 05}),

(K4, ep2,1),{02, 04, 05}), (K4, ep3, 1), {02, 04, 05}),
((m5,ep1,1),{01, 02, 04}), (K5, ep2,1),{01, 02, 03, 05}),
((ks5,ep3, 1),{03, 04, 05}), ((k1,€p1,0), {02, 03, 05}),
((r1,ep2,0),{01, 04}), ((k1,ep3,0), {01, 02, 03}),
((k2,€p1,0), {02, 05}), (K2, ep2,0),{o1}),

((r2,eps,0), {02, 03}), ((k3,€p1,0),{03,05}),
((r3,€p2,0), {02, 04}), ((k3,€p3,0), {02, 03, 04}),
((Ka,ep1,0),{02,03}), (K4, ep2,0),{01, 03}),
((K4,ep3,0),{01,03}), (K5, ep1,0),{03,05}),

(K5, €p2,0), {0a}), (K5, €p3,0), {01, 02}) }-
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The fuzzy set & € F (U) is defined by &(01) =
Step 2: Compute the SEA-space SE

&1, (6,

ST5(0), 88, (6), Shgs(6),

Shg

U, 8),

=0.9,&(02) = 0.2,€(03) = 0.3,&(04) = 0.7,&(05) = 0.8.
1SE(§), &1 gr (), GOSE(E), CIPTICI) 67‘17513(5)7
26, OSE(@ and &f ¢, (£), as in Tables 3 and 4

TABLE 3. Agree soft expert rough approximations

U 01 02 03 04 05
gffSE(g)(gk) 0.2 0.2 0.2 0.2 0.2
61, ,.()(er) | 0.8 0.2 0.2 0.7 0.8
61, ,(O)(er) | 0.8 0.2 0.3 0.7 0.8

Tep(©(or) | 0.9 0.3 0.3 0.7 0.8
Sl (o) | 0.9 0.8 0.8 0.8 0.8
SV ex(© (o) | 0.9 0.9 0.9 0.9 0.9

a 4.5 2.6 2.8 4.0 4.3

Step 3: Now ap =

i€{p,q,r}
a; = 45,
as = 2.6,
az = 2.8,
Ay = 40,
as = 4.3.

Z (iSE(f)(Qk) +67§SE(§)(Q;C)) is calculated as in table 3.

TABLE 4. Disagree soft expert rough approximations

U 01 02 03 04 05
&8 (O)(er) | 02 0.2 0.2 0.2 0.2
8., (€)ar) | 07 0.2 0.3 0.7 0.3
&%, (E)(or) | 0.7 0.2 0.3 0.7 0.3
Sl ap(©)(or) | 0.9 0.3 0.3 0.7 0.8
&7 () (or) | 0.9 0.3 0.3 0.7 0.8
&P () (or) | 0.9 0.9 0.9 0.9 0.8

dy; 4.3 2.1 2.3 3.9 3.2

Step 4: Also dj, = Z (iSE(ﬁ)(gk) +€65E(£)(gk)) is calculated as in Table 4.

i€{p,q,r}
d; = 4.3,
dy = 2.1,
ds = 2.3,
dy = 3.9,
ds = 3.2.

Step 5: Computing s = ar — dg,
S1 = a1 — d1 =45—-43= 0.2,
So = ag — d2 =26-21= 0.57
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S3 = ag — d3 =28-23= 0.5,

Sq4 = Qg — d4 =4.0-39= 0.1,

S5 = a5 — d5 =42-32=1.1.

Step 6: Since max s = s5, thus w = 5.

Step 7: Hence g5 is the optimal choice. So the company will choose the candidate g5 applied for the
position.

5|Conclusion

Based on fuzzy set theory, SE-set theory and rough set theory models soft expert rough fuzzy set is introduced
and its properties are derived. An interesting algorithm on soft expert rough fuzzy set is provided with illustrative
example. As a further research we plan to extend the idea of soft expert rough fuzzy set to soft expert rough
intuitionistic fuzzy set, soft expert rough interval-valued fuzzy set, soft expert rough interval-valued fuzzy matrix,
etc.
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