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ABSTRACT

The notion of full rough soft set, upper Soft set and lower Soft set are
introduced here in a different manner. Various properties on rough
soft set are studied with examples. We define rough soft subset and
rough soft equal set with examples. Moreover rough soft equality
relation are introduced and properties are presented. Finally measure
of roughness of soft set is defined and an algorithm is presented to
solve decision making problem by the application of rough soft set.
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1. INTRODUCTION

Methods in classical mathematics are not successful
to solve various types of uncertainties problems in
economics, engineering, environmental science and
social science. Probability theory, fuzzy set theory
(Zedah 1965), rough set the-ory (Pawlak 1982) and
other mathematical tools are often useful approaches
to solve uncertainties. In 1999 Molodtov introduced
the concepts of Soft set based on parameters for
dealing with uncertainties. Now work on soft set
theory are progressing rapidly. Several operations on
soft set and theoretical study on the theory of soft set
are introduced (Maji et al. 2003). Ali et al (2009)
introduced some new operations on soft set and the
notion of complement of soft set. Soft set theory,
fuzzy set theory and Rough set theory are all mathe-
matical tools to deal with uncertainty or vagueness.
Maji (2012) introduced the notion of reduct soft set
and described the application of soft set theory to a
decision making problem using Rough set. Malodtsov
(2004) has shown several applications of soft set in
many eld like economics, engineering, medical
sciences etc.

The soft set theory now become a very good source of
research for many scholars of mathematics and
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computer science due to its wide range of
applicability. Several interesting new concepts such
as Rough soft set, Soft rough set are emerged by
combining Rough set and soft set. Many researchers
has shown several application of this theory in many
elds like economics, engineering, medical sciences
etc.

In the present work the lower soft set, upper soft set,
lower and upper rough approximation operators on
soft set are introduced in a different approach. The
notion of Rough soft set is introduced in a different
approach and few results are investigated in this
context. We de ne rough soft subset and rough soft
equal set with examples. Rough soft equality relation
are studied and properties are presented. Measure of
roughness of soft set is de ned and an algorithm is
presented to solve decision making problem by the
application of rough soft set. The paper is completed
with some concluding remarks.

2. Preliminaries:

Difinition 2. 1 (Ali et al 2009):A soft set is a pair (F,
A)of non empty nite set U and A where U be an
universe of objects, A is a subset of pa-rameter set E
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and F is a function from A to power set of U. For
each x 2 A, F (x) is considered as the set of x-
approximate elements in the soft set. we denote Fa=
(F, A)

Soft Subset: Let (F,A) and (G,B)be two soft set over
U, A BLIE;(F,A) is a subset of (G,B)If ())A I B

(i)Fe) G(A)Vee A
Symbolically written as (F,A) U (G,B)

Equal Soft set:(F,A) and (G,B)be two soft set over U,
A,B UE;(F,A) is equal to (G,B), symbolically written
as (F,A) =(G,B)If (F,A) 1(G,B) and (G,B) (F,A)

Null Soft set: A soft set (F,A) over U is called a null
soft set denoted by (¢,A)=p, if for each xe A, F(x)=¢

Whole Soft set: A soft set (F,A) over U is called a
whole soft set denoted by (U,A)=Uj, if for each x € A,
F(x)=U

Definition: The restricted Intersection of (F,A) and
(G,B)denoted by (F,A)Nz(G,B)

=(F,A)N(G,B) is defined as the soft set (H,C), where
C=ANB and HX)=F(x)NG(x) txe C

Definition: The restricted union of (F,A) and
(G,B)denoted by (F,A) [ z(G,B)

=(F,A) J(G,B) is defined as the soft set (H,C), where
C=A B and H(x)=F(x)JG(x) V xeC

Equivalence relation: A relation R on a nonempty
set U is said to be an equivalence relation if for x, y.z
eU

1. Risreflexivei.e. (x,x)eR Vxe U

2. Ris symmetrici.e. (X,y)eR = (y,x)eR

3. Ris transitive i.e. (X,y)eR;(y,z2)eR = (X,z)eR

Equivalence class: The equivalence class of an

element x € U with respect to the equivalence relation
R, denoted by [x]z= { ye U| yRx }

Definition: Let R be an equivalence relation on U, U
be a non empty finite set (Uniferse).U/R denote the
family of equivalence class of R. For any arbitrary set
XUU and X is the union of some equivalence classes.
We approximate X by a pair of Lower and Upper
approximations

RX ={xeU| [x]gr X}
RX= { xe U|[x]g N X#® }

RX and RX are called R-lower and R-upper
approximations of X with respect to R.

If RX =RX we say X is R-definable
We say X is rough with respect to R iff RX # RX

The boundary region of X with respect to R denoted
by BgkX=RX - RX

it is clear that RX//X O RX

3. Rough soft set:

Let U be the set of objects called universe and (F,A)
be a-soft set over U where A is the set of parameters
and F: A - P(U) is a mapping. If R be an equivalence
relation on U and (U,R)be a pawlak approximation
space w.r.to A.

Define two soft sets F4 and F4 , where FA:

A - P(U),Fs: A -P(U)called lower soft set and upper
soft set over U as

FAX) =R(F )={y e U| [ylx TF (x)}
FAX)=R(F (0))={y cU[[ylr N F (x) # D} V'xc A

Definition: We say (F,A), arough soft set with respect
to parameter X €A if FA(x) #F 4(x)

(F, A) is said to be definable or crip soft set with
respect to parameter X € A if FA(x) =F 4(x).

(F, A) is said to be a full rough soft set or rough soft
set if F_A(x) #F A(x) V

x€A and denote rough soft set w.r.to e as RSFA(e)
(F, A) is said to be a full rough soft set or rough

Example 3.1 Table 1 contains some observed
symptoms of 6 patients suffering from certain
diseases. here U = {p, p2, ....ps} ,condition attributes
= temperature, muscular pain, blood from mouth |,
decisionattributes = dengue and R be an equivalence
relation ’diagnosis of diseases’.

Table 1
muscular blood
patient temp. . from dengue
pain

mouth
D1 normal no yes yes
D2 high yes yes yes
D3 high yes yes yes
D4 normal no yes no
Ds normal yes no yes
De high no no no

INDR)={{p1, ps}, {p2. P3}, {Ps}. {Ps}}

[P11R =P, pa} = [palR:(P2]R = (P2 p3} = [P3]R:[P5IR
= {ps}.[pslR = {ps}

(F,A)be asoft set representing system of patients given
below ,where A={e;, e,, e3}

and ¢ “denotes temp.,e; denotes muscular pain,e3
denotes blood from mouth, F:A —P(U) suchthat
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F(e)={p1.p3 pst.F(e2)={p2 p3,ps}.F(e3)={p1.p2, p3,ps}
Fa(e)={p1, ps} ;Fale))={p1, p2, p3, ps}

FA(e2)={p2, p3, ps} .Fale2)={p2, p3, ps}

Fa(e3)={p\, p2, p3, pal Fa(e3)={p1, p2, p3 pa}

(F,A) is a rough soft set with respect to parameter e;
but not ¢, and e3

Definition: Let (F,A) and (G,B) be two rough soft
sets. (G,B) is said to be rough soft subset of (F,A)
written as RSGg [/RSF 4 if

(DB JA
(2)Gp(b)U Fa(b) ,Gp(b)UF4(b) be B

Defination: Let (F,A) and (G,B) be two rough soft
sets, are said to be equal written as RSGp = RSF, if

RSGB URSFA and RSFA HRSGB

Example:3.2 In example 3.1 suppose A={ey, 2, €3},
F:A — P(U) defined

F(el)={p1,P3,P4,P5LF(62)=I/p2,P3,P4,P6II’F(eS)={p1,P3,
paj

Fa(e)={py, s, ps} .Ea(e)={p1, p2, 3, Pa, Ps}
FA(e2)={p2, p3, pol sFa(e2)={pip2, p3, pa, . D6}
FA(e3)= pi, pa .Fa(e3)= p1, p2, p3, p4

(F,A) is a rough soft set

suppose B={e,, e3} , G:B —P(U)defined by
G(e2) ={p1, p2, p3£.G(e3) =(p1, p3, paf
GB(e2)={p2, p3} .Ga(e2)={p1, P2, p3, Pa/
GB(e3)=({p1, ps} ,Gp(e3)={p1, P2 p3 pa}

(G,B) is also a rough soft set and B //A
Gp(ez) LI Fa(e2) ,Gg(ez2) LIFa(er)

Gp(es) LI Fa(e3) ,Gg(es) LIFa(e3)

so RSGp(e) L/RSFa(e) Vel /B

Proposition 3.1:If (G,B) is soft subset of (F,A)then
RSGg [JRSF,

Proof: (G,B) is soft subset of (F,A)

so (1)B [7A

(2)G(b)L/F(b) ¥b [/B

= Gp(b) LIFs(b) ,Gg(b) L/Fa(b) Vb €eB
Therefore RSGp(e) L/RSFA(e) Ve ¢ B

Example:3.3 In example 3.1 suppose A={e, ey, €3/,
F: A — P(U) defined

F(e1) ={p1, p3, ps, ps}.F(e2) =(p2, p3, pa, , pel, Fle3)
={p1, p3, ps}

suppose B={e,, e3} , G:B —P(U)defined by

G(e2) ={p2, p3, p4},G(es) =(p3, ps}

here (G,B) //(F,A) ¥ecB

Fa(e2)={p2, p3, pel ;Fale2)={pip2, p3, p4, pe/
GB(e2)={p2, p3} ,Ga(e2)={p1, 2, P3, P4/

FA(e3)={p1.ps} ;Fale3)={p1, p2, p3, ps}

GB(e3)=¢ ,Gp(e3)={p1, p2. D3 pa}

GB (e2) LI FA(e2) ;Gp(e2) J Fa(e2)

GB (e3) [J FA(es3) ;Gp(es)J Fa(ez) so RSGp(e)l
RSFa(e) ee B

Definition: (Measure of roughness of soft set)

Let (F,A) be a soft set over U and (U,R) be a pawlak
approximation space w.r.to A. Measure of roughness
of (F,A) with respect to parameter e € A denoted by
RFA(e)=| FA(e) | /| Fa(e) | where 0 < RFa(e) < 1

Example:3.4 In example 3.1 RF(e1)=1/2 ;RF s(e2)=1
;RF(e3)=1

Proposition 3.2: If F4= (F,A) is a soft set over the
universe X and R be an equivalence relation on X then
2. 9A=0a=0"A

3. XA=X 4=X4

Proof: i) let ye FA(x) =R(F (x))

= [ylr JFE(X) Wke A

2rOF ) =[ylr# ¢

=y € R(F (x))

R(F (x)) LR(F (x))

let ye R(F (x))
= [ylg LJF(x)
= ye F(x)

R(F(x))[JF(x) VEA let ye F(x)
=2yelylrNF (x)

2kOF@)F¢
=y eR(F (1))

Fx)U R(F (x))

R(F (x))J F(x)O R(F (x)) xeA

R(p(x)) U p(x) = ¢ by(i) but p(x)L] R(p(x))
R(p(x)) = ¢p(x) @4=0 a
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Assume R™(p(x)) # ¢(x)
then there exist y such that ye R(p(x))

so [ylr @(x) # ¢ but [y ¢ =¢ which contradict the
assumption therefore R(p(x)) £kp(x)

PA=P A

iii) By )R(X(x)) TX(x) let yIX(x)

Ir7X

yU R(X(x)) X(x) U R(X(x))

80 R(X(x))=X(x)

By (1) X(x)U R(X(x))

R(X(x)) X(x) obvious because X is the universal set
so X(x) =R(X(x))

therefore X4=X 4=X4

Proposition 3.3 If F, and G4 are two soft set, [] and
N denote restricted union and restricted intersection
then

1. FA UGA =FA UGA

2. FA N Ga=Fp NGA

Proof: i) let y/7R(F UG)(x))

Sk NE UG £ ¢

SN F () TlylrN GX) # ¢
S{Ir OF (x) # plor{[ylr N G(x) # ¢}
Sy R(F (x))}or {y € R(Gx))/

Ly € R(F (x)) UR(G(x))

R((F UG)(x)=R(F (x)) UR(G(x))
FA UGA =FA UGA o
i1) let ye R((F NG)(x))

ylr JF N G)(x)

{ylr UF (x)}and{([ylr L GX))}
S{y € R(F (x))}and{y € R(G(x))}
Sy € R(F (x)) N R(G(x))

R((F NG)(X)=R(F(x))NR(G(x)) Fs N Gy =FA N
G

Proposition 3.4 If F4 and G, are two soft set such
that F4//Gy4 then

1. FA JGA

2. F A lGy

Proof:i]F. /G,

2F, N Gy =F,

2EA N Gy=Fy

=F4 N G4 = F4 by Proposition 3.2 (i)

N

FA LJGA —

i1) FA/7Gy4

SEa UGy =Ga

=2Fy UGy =Gy

=F4 UG, = G, by Proposition 3.2 (ii)
FA UGA

Proposition/3.5 If F4 and G, are two soft set, and
denote restricted union and restricted intersection then
1. Fy UGA OF A UGh

2.FA NGy OFAN Gy

Proof: i] since Fy [JF4 UGy

=F, [JFs_UG,4 by Proposition 3.3 (i)

Gy [JFs UGy

=Gy [JF4s UG, by Proposition 3.3 (i) hence Fy U
Gx OF, UG,

(i1) since Fs N Ga [/ F4

=F4 N G4 LJF4 by Proposition 3.3 (i)

FiN Gy OGy

2F4 N GallJ)Ga by Proposition 3.3 (ii) hence F4 N
Ga [JF 4 N Gy

Proposition 3.6 If F4,= (F,A) is a soft set over the
universe U and R be an equivalence relation on U then
1. FAoA=F

2. (ii) F ps=F4

3. ()FA=FA

4. (iv)Fa=F4

Proof: i) F4 [/FA by Proposition 3.1
let ye FA = R(F (x))

=ylr JF (x)

=R[ylr LR(F (x))

=vlr JRF (x))

=y € R(R(F (x)))

=y e FA

Fa DE"A

hence FA=FA

(1)F" A U F A™ by Proposition 3.1
lety [/JF~ 4-= R™(R™(F (x)))

2YINREF X)) # ¢

and fory € [y]g and y € R(F (x)) hence [y]g N F (x) #
®

2y el

Fa [JFA

(iv)F, SF, by Proposition3.1

lety [JFs= R(F (x))

2ylr NF (x)#¢

if z€ [ylrthen [z]g N F (x) = [ylr N F (x) #¢
=z € R(F (x))

hence [ylr LJR(F (x))

=y € R(R(F (x)))

2yeFy
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FA OFA
therefore Fa=F4

4. Definition :( Rough soft equal relation)

Let (F, A) be a soft set over U and (U,R) be a pawlak
approximation space w.r.to A, we define

F(e1) LA F (e2) iff FA(er) =EA(e2) 1.6 .R(F (e1)) =R(F
(e2)) where e ,e; € A

F(e1) =a F (e2) iff Fa(e1) =Fa(e2) 1.e. R(F (e1)) =R(F
(e2)) where e; ,e, € AR

F(e1) aF (e2) iff EA(e1) =FA(e2) and Fate)) =Fa(e2)—

The above binary relation are called lower rough soft
equal relation, upper

rough soft equal relation and rough soft equal relation
respectively.

Proposition 4.1The above binary relation are all
equivalence relationover A

Exammple: 4.1 In example 3.1 (F, A)be a soft set
representing system of patients given below ,where
A={ej, e, e3} and e, denotes temp.,e, denotes

muscular pain,e; denotes blood from mouth, F:A —
P(U) such that

F(e1) ={p1, p3, pa}.F(e2) ={p1, p2. pa}
Fa(e)={p1, ps};FA(e2)={pi, ps}

So F(e1) L4 F(e2)
Fa(en)={p1, P2 p3, p4;Fa(e2)= {p1, p2, p3.ps
SO F(el) ~A F(ez) hence F(€1) ~A F(ez)

Proposition 4.2Let F4 be a rough soft set with

respect to parameter e €A then

1. F(er) aF(e)iff Fle1) aF(er) UF(e2) a Flea)

2. F(e1) L F(ey) iff F(e1) LA F(e)N F(ez) LA F(er)

3. F(e1) aF(ex);F(e3) aF(es)=F(e1) UF(e3) a
F(ey) U F(e4)

4. (iv)F(e1) LI F(e>) ; F(es) L F(es) =F(e1)N F(e3)
LA F(e2)N F(es) (V)F(e1) =a F(ex) =F(e;) UU-
F(e2)) ~a U

5. F(e1) LA F(ex) =F(er) N(U-F(e2)) Lf ¢

6. F(e1) €F(ex) ;F(es) ap =F(er) ag

7. F(e)) EF(ey) ; F(ex) LA o =F(e)) Lo
8. F(e1) €F(es) ; F(e1) AU =Fey) A U-

9. F(e) £F(gy) ; Fle) LU F(ez) LU
where €1,62,63,64 A and F(el),F(ez),F(eﬁ,F(eA;) U —
Proof:(i) F(e;) =a F(e>)

SFu(er) =Fa(er) i.e.R(F (e1)) =R(F (e2)) R(F(e;) U
F(e2))=R(F(e1)) UR(F(e2))=R(F(e1))=R(F(e2)) F(e})
~a F(e1) UF(e>) =a F(e2)

ii) F(e1) LA F(e2)

= A(er) =FA(ez) i.e .R(F (e1) =R(F (e2))

R(F(e1) N F(e2))=R(F(e1)) NR(F (e2))=R(F (e1))=R(F
(e2))

F(e1) LA F(e1)N F(e2) LiF(e2)

iii) F(e1) =a F(e2) ; F(e3) =a F(es)

SR(F (e1)) =R(F (e2)) ;R(F (e3)) =R(F (e4))

R(F (e1) UF(e3))=R(F(e1)) UR(F (e3))=R(F(ez)) U
R(F (e4))=R(F (e2) UF(ey))

F(e1) UF(e3) ~a F(e2) UF(ey4)

iv)F(e1) L F(e) ; F(e3) LAF(eq)

=R(F (e1)) =R(F (e2)) ;R(F (e3)) =R(F (es))

R(F (e1) N F (€3))=R(F (e1)) N R(F (e3))=R(F (e2)) N
R(F (e4))=R(F (e2) N

F (eq))

F(e1) F(es) A F(ez) Fles) v)F(e1) =4 F(e2)

= R(F (e1) =R(F (e2))

R(F (e1) U(U = (F (e2)) =R(F (e1) LR(U - (F (e2))
but U=F(es) UU-F(e»))

R(U)=R(F (e2) U(U - F (e2)))=R(F (e2)) UR(U - F
(e2)

so R(F (e)) U(U = F (e2))=R(F (e1)) UR(U - F
(€2))=R(F (e2)) UR(U -

F (e2)) =R (U)

F(er) UU-F(ez)) =a U

vi) F(e1) LA F(e2)

= R(F (e1) =R(F (e2))

but p=F(e;)N( U-F(ey))

R(p)=R(F (e2) N (U — F (e2)))=R(F (e2)) N R(U - F
(e2)

s0 R(F (e1) N (U — F (e2)))=R(F (e1)) N R(U - F
(€2))=R(F (e2)) N R(U —

F (€2))=R(p)

F(e1) N(U-F(e2) LA ¢

vii)  E(e1) [/F(e2) ; F(ez2) a ¢ i.e.R(F (e2) =R(p)
=R(F (e1) JR(F (e2))=R(¢p)

but ¢ [JF (e;) = R(p) [JR(F (e;) therefore R(F
(e1)=R(p)

F (e1) a ¢ viii)similarly as per (vii)

ix)F(e1) [/F(e2) =R(F (e1) LJR(F (e2)) F(e1) =AU =
R(F (e1)=R(U)

=R(F (e1) LJR(F (e2))
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=R(U) SR (F (e2))

but F(ep) LU

R(F (e) DR(U

therefore R(F (e)) =R(U) F(ez) AU x)similarky as per

(ix)

5. Application of rough soft sets in decision
making:

Let U be the set of objects called universe ,R be an

equivalence relation on U and (U,R) be a pawlak

approximation space w.r.to A where A is the set of

parameters. Suppose (F.A) be a soft set over U and F

is a mapping from A to P (U)

The decision algorithm for rough soft set asfollows
1. Input pawlak approximation space (U, R)

2. Input soft set (F, A)
3. compute FA(e;) and Fa(e;) for each e; €A
4

compute measure of roughness of (F,A)w. r. to
parameter e; € A where
RF, (e)) =| FA(ei) | /] Fa(e)|

5. Find maximum value RF4(e;) of RFa(e;) where
RFs(er)= Max RF4(e;) 6)The decision is F(ey)

Example: 5 A scientist detected five materials
denoted by e, e, €3, e4, es.After

experiment he comes to know all the materials contain
one or more molecules out of molecules my, my, ms, ma,
ms, me, m7.He want to choice the closest to the
molecular structures out of five materials. According
to chemical proper- tiesshe observed, some molecules
are equivalent. Suppoge A= {ey, ey, e3, e4, €5} and}
U={mi, mo, m3, ms, ms, mg, ms}

Let R denote the molecules whose chemical properties
are equivalent .According to scientist, R={{m,, ms};
{ma, ma, me}; {ms, ms}}

[mi]r={mi,mz}=[m3]r [mo]r={mo,ms,me¢}=[ms]g=[me]r
[ms]g= {ms, m7 }=[m7]g

Consider (U, R) bethe §awlak aﬁproximaﬁonspace where
Risanequivalence relationonU.Eachkindof materials
containingmoleculesF (e)) = {my, ms, m4}

F (e2) = {my, ma, m4}

F (e3) = {m3, ma, me}

F (es) = {my, ms, m7}

F (es) = {m), m3, ms, me, m7} respectively

Consider (F, A) denote soft set on U defined on above
Fa(en)={mi, m3} FA(e2)=p

Fa(e3)=p FA(ey)={ms, m7}

FA(es)={mi, m3, ms, m7}

Fa(en)={my, my, m3, my, me/
Fi(ex)={m1, my, ms, mg, me}
Fa(e3)={mi, my, m3, ma, me}
Fi(eq)={my, my, ms, ms, ms}
Fa(es)={mi, my, m3, mg, ms, ms, ms}

RFs(en)=| Fap(e) | / | Fale)) |
RF 4(e3)=0/5=0

RF(e3)=0/5=0 RFs(e4)=2/5=.4 RF s(e5)=4/7=.57

Thus maximum value of RF(e;) is RF 4(es)

=2/5=4

that means F(es)is the anticipated material. i.e. es is
the closest one in all of the materials.

Remarks:
1. Itis anew decision making method for rough soft
sets.

2. In this method we will get which is the best
parameter of given soft set (F,A)

3. We obtain the most expected material on soft set
w.r.t. an equivalence relation on the universe U
in example 5

In this method, decision makers have adapted various
criterions in order to reach the conformation
suggesting actual situation.

4. Thope this method may be outfit for our real life
decisions making.

Remarks: The decision parameter carries distinct
importance to various people. It is a difficult task to
solve decision making problem. To obtain decision
making parameters in a decision making problem, we
can use application of rough soft sets. By using above
algorithm, we will obtain the key parameter which is
necessary for decision making. In this method

decision maker will select the
goods/candidates/materials by using the key
parameters.

6. Conclusion:

Combination of two approaches rough set and soft set
named rough soft set theory is a mathematical tool for
dealing with uncertainties. We have introduced the
approximation of soft set in pawlak approximation
space. We define rough soft subset and rough soft
equal set with examples. Rough soft equality relation
is studied and properties are presented. Measure of
roughness of soft set is defined and an algorithm is
presented to solve decision making problem by the
application of rough soft set.
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