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Abstract. Breast cancer normally occurs in women and mbitbegin in the ducts that
carry milk to the nipple. It is the second leadicause of cancer death in women. It
causes abnormal cell growth in the breast and teaspother parts of the body. These
cells form a tumor called malignant (cancerous)eréhare many risk factors which can
increase the chance of developing breast cancengBe woman, getting older and
genetic changes are the major risk factors fordtreancer. But it is not yet known
exactly how some of these risk factors cause tellsancerous. Imaging tests such as
mammograms, ultrasound, MRI etc used to detecthitemst disease. The modern
researchers and technological advancements attémptedetermine the cause and
prevention of breast cancer in an effective mamnitr least number of attributes. Biopsy
is the only sure way to diagnosis breast cancetrtfgudiagnosis is lengthy process with
multiple and multilevel attribute analysis in cémtecases. In order to improve the
accuracy of diagnosis with limited attributes, st paper fuzzy soft covering based
rough sets are used and form an algorithm to redoeenumber of attributes using
equivalence relation.

In this article, we investigate a data of 50 patie€rom different sources to find
the patient/s with high breast cancer risk by udirggy soft covering based rough sets
with the help of experts.

Keywords: Fuzzy set; Soft set; Rough set; fuzzy soft coveliaged rough sets; medical
diagnosis.
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1. Introduction

The term ‘vague’ is common in recent times as theblems in real life situation
becomes complicated day by day. It is used in giffeareas such as medical application,
engineering, economics pharmacology etc. Fuzzy sefs sets, rough sets etc are the
mathematical tools to solve the problems basedagueness. This is because of the
incapability of classical mathematics to handlesth@roblems. Many researchers are
working hard and developing new theories and prepoesdel to reshape the problems so
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that it is easy to understand. In every time oun & how to get more accurate and
reliable result by using modern mathematical tools.

The most successful theoretical approach taemgss is fuzzy set theory introduced
by Zadeh in 1965[12]. It is based on the fuzzy mership function. But it is not possible
to set membership function in each particular c&se.the need of the situation it has
been extended to intuitionistic fuzzy set [1], mt valued fuzzy set [7] and interval
valued intuitionistic fuzzy set [2] etc.

In order to takel these types of situation Mtdod in 1999, introduced soft set theory
[10], Maiji et al. [8] defined a hybrid model callédzzy soft sets. This new model is a
combination of fuzzy and soft sets and is a geiztidn of soft sets. Irfan Ali et al. [3]
developed the theory.

In 1982, Pawlak [11] introduced the concept of towgt as a formal tool for
modeling and processing incomplete informationniforimation systems. There are two
basic elements in rough set theory, crisp set @uivalence relation, which constitute
the mathematical basis of rough sets. When handbnginuous data with Pawlak model,
the cost of computation becomes very high. Henceviercome this problem several
extensions of rough set theory were introducedétirer approximation.

In 2010, Feng et al. [4,5,6] investigated the emof soft rough set which is a
combination of soft set and rough set.

In this paper, we study the concept of fuzzy softering based rough set which
is a combination of covering fuzzy soft set andgtoset. Here we establish a fuzzy soft
covering approximation space. We put up an examaphow that the new type of fuzzy
soft rough set which is based on covering fuzzy seff is more accurate than fuzzy soft
rough set.

We give a new method which determine the neces$itjopsy and it gives to
user a range of the risk of the cancer. For thiggss, it is used as laboratory data, cancer
antigen 15-3CA 15-3), scarcino embrayonic antige@KA), tissue polypeptide specific
antigen TPS), breast volumeBV) and age of the patient. We observe that this oteth
more rapid, economical and without risk than tlaglittonal diagnostic methods.

2. Preliminaries
In this section, we discuss basic concepts whietuaeful and significant in the later part
of this article.

Definition 2.1. [12] Let U be a universe set . A fuzzy gein U is a set of ordered pairs:
A:{(x ,uA(x)): xOU} , where z, :U - [0,1]= | is a mapping angl, (x) states the

degree of belongness fn A. The family of all fuzzy sets in U is denoted bY.

Definition 2.2. [10] Let U be an initial universe artelbe a set of parameters. IJ@(U )
denotes the power set ofand AL E. Then the pair(F, A) is called soft set ovdd,
whereF is a mapping given bf : A — P(U).
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Definition 2.3. [11] LetU be finite set andR an equivalence relation dh. Then the
pair (U , R) is called a Pawlak approximation space.

R generates a partitiold / R={Y, Y,,...... Y, }on U, where Y,Y,,...... Y are the

equivalence classes generated by the equivalelat®ndR. In the rough set theory, these
are also called elementary setd$Rof
For any X [JU , we can describX by the elementary sets Bfand two sets

REO=0(Y, DU/ R Y, O X}, REO={Y, OU/ R Y, n X # [}

which are called the lower and upper approximatibX, respectively.
In addition,

Pos(X)=R(X), Neg(X)=U-R(X)
Bnd (X)=R(X) — R(X)
are called the positive , negative and boundaripnsgpfX, respectively.

Definition 2.4. [11] If Bnd(X) # 0, that isR(X) = R(X),
X is said to be rough (or inexact); in the opposése, that is, if the boundary region of
X is empty, that isR(X) = R(X), thenX is called definable (or crisp).

Definition 2.5. [9] Let ALl E.(fA,E)is defined to be a fuzzy soft set c(bJ,E) if
fo:E - IVis mapping defined byf,(e)=x° where 4 =oif edE-Aand
,uefA #oif edA, whereﬁ(u) =0for eachuJU .

Example 2.6. Virat Kohli and Anushka Sharma went to Italy to nyaand for this they
want to hire a wedding room. The fuzzy soft éé;, E) describes the “capacity of the
wedding room”. LeU={x,y,zm,n} be the wedding rooms under consideration. Eet{
§,8,,6;,€,,6} be the set of parameters which stand for big.eespre, elegant, quality

and good serving respectively afd{ € ,€,, 6} a subset oE. Then the fuzzy soft set on
(U , E) is denoted b)( f,, E) and it is defined as

( fa E) ={ §={x/0.5,y/0.8,2/0.6,m/0.8,n/0.4}, €,={x/0.3,y/0.5,2/0.6,m/0.8,n/0.9}, &,
={x/0.8,y/0.6,2/0.3,/0.4,n/0.5}}.

3. Fuzzy soft covering based rough set
Here we use a different kind of fuzzy soft set witigh set and establish a fuzzy soft

covering approximation space and present its lpasjgerties.
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Definition 3.1. Let G=( f,, E) whereALIE be a fuzzy soft set ovét. Then the paifs=

(U,G)is called a fuzzy soft approximation space.

Based o®swe define the following two operations:
fur, (X)={uDU : CaOA uOf,(a) O X}

fﬁ(x):{uDU: mOA ulf,(a) f,(a)n X200}

which are called the fuzzy sofflower approximation and the fuzzy sd&upper
approximation oX whereX is a fuzzy soft set ovés .
In general, we considelf,,,.(X) and fW(X) as fuzzy soft rough

approximations oK with respect t&
So in addition we can write

Posg (X) = Ty, (X)
Negs (X ) =U- —f o5 (0
BNnds (X ) =f 75 (X) — faprs(X)

Are called the fuzzy sofg-positive, negative and boundary regionsXafespectively. If
fW(X) = faprs(X), X'is said to be fuzzy sof-definable otherwis« is called fuzzy

soft Srough set.

Definition 3.2. Let G=(f,,E)be a fuzzy soft set ovéd andS=(U,G)a fuzzy soft
approximation space. Then we have

E(X)ZEA“A(G): f,(e)0X
f$(x):@§{fA(e)i f.(€)n X0}

We have the following properties related to thevabapproximations.

Results 3.3.

1) f, (0) = f_<(0)
2) far, (U)= T (U) =0 fa(e)
3) f (X)O X

1
O

apr
4) E( ) aprs(

5) X OY = fp (X)
6) X OY= f__(X)

)

0 fope (¥)
Ot ( )
Far, (X
Far, (X

Dty (X0Y) 0 1y (X)0 1, (V)
e (KO 1 (X)0 0, (1
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9)f_(XxOY)="f . (X)Of_.(Y)
10) f (X nY)O f_(X)n f_(Y)

Definition 3.4. A full fuzzy soft setG=(f,,E) whereAUE over (U,E)is called a

covering fuzzy soft set iffA(a) # [ ,0al] A. We denote a covering fuzzy soft set as
CF;.

Definition 3.5. Let G= (fA,E) be a covering fuzzy soft set ovel Then the pair

(U ,CFG) is called a fuzzy soft covering approximation space

Definition 3.6. Let S=(U,CFG)be a fuzzy soft covering approximation space and
XU . Then the fuzzy soft minimal descriptionyois defined as
Mdg (X) ={ 5 (2): a0 ADXO 15 (2) O TeD ADXD 1 (€) O £, (a) = 5 () = 0 (€)}

Definition 3.7. Let S=(U ,CFG)be a fuzzy soft covering approximation space. Feeta

X OU , fuzzy soft covering lower and upper approximagiane, respectively, defined as
FS,(X) =Ueeg {fa(e): fale) € X}
FS*(X) =U {Mdrg(x): x € X}.

Definition 3.8. Let S=(U ,CFG)be a fuzzy soft covering approximation space. Asstib

X OU is called fuzzy soft covering based definablﬂ(X) = FS*(X), otherwise it is
called fuzzy soft covering based rough set.

Example 3.9. LetU ={u,,u,,u,u,,us,uctbe a universal set ar@= ( f,,E)a covering
fuzzy soft set ovel, whereE ={¢,, &,,€;,€,,6,,€4}such that
fa(€)={u/0.5,u,/0.4}

f(e,)={u/0.3,u,/0.5,u,/0.6u, /0.8y, /0.84; /0.
fa(€)={u,/0.2,u,/0.6}

fa(e,) ={u,/0.6,u,/0.8,us /0.3ug /0.7

fa(e)={u/0.4,u,/0.3,u, /0.6, /0.3

fa(€)={u,/0.3,u5/0.7,u, /0.5}

Then,S:(U , CFg ) is a fuzzy soft covering approximation space.

For  X,={u/0.5,u,/0.4}we have
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FS.(X1)={u/0.5,u,/0.4}
s (%) ={u/0.5,u,/0.4}

Thus ks (x)="gs (x) and X,is a fuzzy soft covering based definable set.

Again, for X, ={u,/0.5,u,/0.4,u, /0.6}
@(Xz)z{ul/O.S, u,/0.4}

“rs (%,)={w/0.5,u,/0.4,u, /0.6u, /0.8u; /0.3), /0.

ThusFS.,(X;) - — (x,) and X, is a fuzzy soft covering based rough set.

A fuzzy soft rough set is based on a fuzzy softiset fuzzy soft approximation space,
whereas a fuzzy soft covering based rough setsedhan a covering fuzzy soft set in a
fuzzy soft covering approximation space.

Corollary 3.10. Let G=( f,, E) be a covering fuzzy soft set overand S=(U,CF;)a

fuzzy soft covering approximation space aldY U . Then the fuzzy soft covering

lower and upper approximations do not have thewilg properties:
1)FS.(X NY) = FS,(X) N FS,(¥)

2) FS |~ FS (X)|=~ Fs (X)

3) S |-+ =—

DRSS N e

5 FS (X)=~ FS (~X)

6) FS (X)=~ Fs (~X)

7) DaOA FS (f,(a)) = f.(a)
The following examples give the justification o&thorollary 3.10

6
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Let U ={u,u,,us,u,,ugtbe universeG=(f,,E)a covering fuzzy soft set ovét and
E={e,e,6,,€,}be a setof parameter such that

fa(e)={u/0.4,u,/0.6}

fa(€)={u,/0.3,u,/0.5}

fa(€)={u,/0.3,u,/0.2}

fa(e,)={u/0.5,u,/0.8,u, /0.2, /0.7

ThenS= (U , CFs ) is a fuzzy soft covering approximation space.

1) Assume thax={u,/ 0.5, u, /0.8}andY= {u,/0.4,u,/0.5, u, /0.7}0U
FS,(X) = {u1/0.4,u,/0.6},

and@(Y} = {u,/0.3, uz/0.5, @(X) ﬁ(Y} = {u,/0.3}. @(X ny)=¢.
Therefore, FS (X nY)Z Fs (X)N Fs (Y)

* * *

2) Suppose&={u,/0.3,u,/0.5u, /0.8u, /0.7
FS (X)={u,/0.3,u,/0.5

*

~ FS (X)={u/0.3, u;/0.7}

*

FS |~ FS (X)|=o
* *
Thus,
FS |~ FS (X)|#~ Fs (X)
* * *

3) Letx={u,/0.4,u,/0.5}

FS (X)={u/0.5,u,/0.8,u, /0.2u, /0.7
FS*(X) = ¢

* o~ ={u,/0.5,u,/0.8,u, /0.5u, /0.2y, /0.7
FS FS (X) ul 2 3 4 5
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4) Suppos&={u,/0.6,u,/0.7}

s (x)=0

J:{u1/0.5, u,/0.8,u, /0.5u, /0.2u, /0.7

* | ——
FS | rs'(x)

s 'Q(x)}?(x)

5) LetX={u,/0.5,u,/0.2}

~X={u,/1.0,u,/1.0, u, /1.0}
Fs (x)=0

*

§(~ X)=D

~ FS (~ X)={u/0.5,u,/0.2}

Therefore, rs (x)z- FS' (-X)

6) X={u,/0.4,u,/0.3,u, /0.7}

rs (x)={u,/0.5,u,/0.8, u, /0.2u, /0.7
~ X={u,/1.0, u, /1.0}
Fs (~x)=U

- rs (-x)={u/0.4,u,/0.3,u, /0.7}

Thus, rs" (x)z- Fs (~X)

*

7) to(8)={u/0.4,u,/0.6}

Fs'(1a())={u/0.5,u,/0.8,u, /0.2, /0.7
Therefore,

DalA FS(f,(a)) # f.(a)
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4. Algorithm
We construct an algorithm for multicriteria grougcision making as follows

Step 1: Input the Fuzzy soft s@=(f,,E).

Step 2: Formulate the evaluation fuzzy soft €et= ( f, ,T) using the primary
evaluation results of the expert grolip

Step 3. Compute fuzzy soft rough approximations and thbtaio the fuzzy soft sets

G, =(f,.T) andG =(f,..T) .

Step 4. Compute the corresponding functiqyg,,uel_ and,uGl_ of the fuzzy soft sets
G =(f,.T).G, =(1, .T)andG =(f,,T).

Step 5: Construct the fuzzy soft s& =(a,C)using g, s andy .

Step 6: Input the weighting vectd® and compute the weighted evaluation vahuésk)

of each alternatives), [1U . Then rank all the alternatives according to tiesighted

evaluation values, One can select any of the abjsith the largest weighted evaluation
value as the most preferred alternative.

We use this method to help doctors in diagnodimghreast cancer risk. In our
work, we use fuzzy soft covering approximationstead of fuzzy soft rough
approximations in step 3. We may expect to gaintnmaore useful information with the
help of fuzzy soft covering approximations.

5. An application of multicriteria group decison making by new type of fuzzy soft
covering approximation operators
In this work, we use fuzzy soft covering approxiimas and aim to obtain the optimal
choice for applying biopsy to the patients withdstecancer risk by using ti&A 15-3,
CEA, TPS BV and age data of patients. Our aim is to help the doctord&ermine
whether the patient needs biopsy or not.

We choose a data of 50 patients from diffespurces with breast complain.

Step 1: Let U ={u,:u, =1, u,=2,......... U, = 50k = 1,2,........ ,5lbe the universe

andA={CA 15-3, CEA, TPS BV, Age} the parameter set. Now we obtain parameterized
subsets of the universe. The patients wheael5-3 in blood is 25 and higher than 25,
CEA is 3(ng/ml) and higher than 3(ng/mlPS in blood is 80 U/L and higher than 80

U/L, age is 40 to 49 are chosen with expert suggestVe generaté& = ( fa, E) where
A Ewnhich is based oA 15-3, CEA, TPS BV andage values of patients ovey.
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Since G =( f,,E)is a covering fuzzy soft se§=(U,CF;)is the fuzzy soft covering
approximation space. Consider the following

f,(CA15-3) ={1/0.5,4/0.6,6/0.6,11/0.8,13/0.5,187(
22/0.5,23/0.8,26/0.7,28/0.6,32/0.8,33/0.7,34/0.6083, 3 /0.9 ,40/0.7,43/0.6,47/0.8,49 /0
fA(CEA) ={1/0.6,4/0.7,7/0.6,10/@ ,11/0.6,13/0.3,10.5,16/0.8

18/0.8,8 /0.7,21/0.6,22/0.5,23/0.6,27/0.8,/889 ,29/0.6,30/0.6,37/0.8,42 /0.8,35/,48/0.7]
f,(TPS)={1/0.8,7/0.5,11/0.8,13/0.7,14/0.8,15/(13/0.6,18/0.€
19/0.5,20/0.6,24/0.5,26/0.7,27/0.89/0.6,34/0.6,37/0.8,40 /0.8,43/0 B@.8}

fA(Age) ={1/0.8,2/0.7,3/0.8,4/0.7,5/0.7,6/0.7,7.80 /0.810/0.9 ,11/0.€

12/0.5,13/0.7,14/0.7,15/0.6,16/0.8,177,08/0.7,8/0.7, 20/0.621/0.7,24/0.825/0.7,
26/0.8,27/0.8,28/0.9,29 /0.8,30 /0.6 3%, 32/0.8,33/0.8,34/0.
35/0.9,36/0.8,37/0.8,39 /0.9,40/0.8,4%/@2/0.8,43/0.8,44/0.6,45/0
46/0.6,47/0.8,48/0.8,49 /0.¢

fo(BV)=U

Step 2: Let T ={Td1, sz, ng} be the specialist doctors group who evaluate thienta
with respect to the parameteZ®\ 15-3, CEA, TPS BV and age. Now we generate the
fuzzy soft setG, = ( fV,T)over U by using the first evaluation of the results opest

doctors group T. Each experts needs to examine thlk objects in
U={u:u=1u,=2,.... U, = 50k= 1,2,........ ,5land will be requested to only

point out “the optimal alternatives “ as her evéhma result. Hence, each specialist's
primary evaluation results are subsets of 50 patilom different sources with breast
complain as the data. For simplicity, we assumettieevaluations of these specialist in

T ={T,, Ty, T} are of the same importance.
X4, =1, (T, ) ={1/0.5,4/0.7,6/0.6,7/0.7,8/0.6,9 /0

11/0.9,13/0.6,15/0.5,17/0.7,18/0.7,28/@2/0.6,23/0.6,25/0.7,26/0
28/0.7,32/0.8,33/0.8,34/0.9,35/0.9,3%9/@0/0.7,41/0.7
43/0.6,47/0.9 ,49/0.8

X,, = f,(T,)={1/0.6,3/0.7,4/0.6,7/0.8,9 /0.6,10/0.8/0.7,

12/0.4,13/0.6,14/0.7,16/0.8,18/0.6,2@/@2/0.5,24/0.7,25/0.!
28/0.7,29/0.8,31/0.6,33/0.7,34/0.6,38/39 /0.7
40/0.6,42/0.7,43/0.8,45/0.7,46/0.7,4%/@9/0.8}

X4, = 1, (T, )={1/0.5,2/0.7,3/0.8,4/0.6,5/0.7,7/0.6,0.8,11/0.6

13/0.7,15/0.6,16/0.8,17/0.5,18/0.7,19/@0/0.6,21/0.6,22/0.5,23/0
26/0.6,27/0.8,29/0.7,30/0.7,33/0.6,35/37/0.6,39 /0.£

10
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40/0.6,42/0.7,43/0.8,44/0.6,47/0.7,48/@9/0.7}

Step 3: Let us chooseS = (U ,CFG)as the fuzzy soft covering approximation space. By
using the fuzzy soft covering approximations, weaobtwo other fuzzy soft sets

G.= ( fv_,T) andG, :( f, - ,T) overU, where

fV:TﬁP(U),fV_[TdiJ: FS [Xdij,izl,z,s

f:T-PU), f _(Td_J: Fs’ Xd_],i=1,2,3
I

Vv |
v | Ty j: FS LXdJ:fA(CA15—3)
-\ 1 L1
f, T, |= FS [x j:D
V- dzj 9
f, |T, |= FS (x J:D
V- ds] 93

f | Ty |7 S | Xy |FTAlCAI5-301,(CEA)DT,(TPS)Of , (Age) =1 , (Ace)

f TOI3 = pd [ X |[FTA(CAI5-3 01, (CEADT ,(TPS)OF 5 (Age) =1, (Ace)

Step 4. The results of the specialist three doctors evi@naan be executed in terms of
fuzzy sets.

For XU, the characteristic function &fis denoted byy, . Based on the fuzzy soft set

G = ( fy ,T) we can define fuzzy seti; with the help of characteristic functiop in U

by
Hs :U - [0,1],

11
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u, - ,uGl(uk/min[O,l]):%iZ::[nfv(Td)(uk / min[0,1]) Jwherey, (r,)= X, and

k=1,2,....... ,50; and=1,2,3.
In a similar way, we can get fuzzy seirs and Hs-as follows:
Hs U - [0]]

. 13 .
U, — Mg (u,/min[0,1]) :EZ[/]fV ) (u, /min[0,1))],

i=1 A

He - U - [0,]]

: 13 .
U~ My (uk/mln[O,l]):éZ[/yf 7(Td_)(uk/m|n[0,1])]
where
fv_ (le \J = FS . (Xdl Jy fV_ (le ]: FS* Xdl J, and k:1,2, ...... ,50,

i=1,2,3.

From G, UG UG, , it is easy to see thayy U U He- - These fuzzy sets

He, 1l M, 0 H-can be interpreted by a set of paramet&r§L,M,H} WherelL,M and

H denote some vague concepts like “the patientsrulogde risk”, “the patients under
middle risk”, “the patients under high risk”, restigely. Now we can define a fuzzy soft

set G, =(a,C)overU, wherea:C — |V is given bya (L) =y, , @(M)= pg and
a(H)=u_..

For the first patient we obtain the fuzzy sets as

o, (1) =5 e (=2 1, (1) =12

Step 5: Given a weighting vectoR=(R_, R, , R, ) such thatR_+R, + R, =1.

W(uk) = RL.a(L)(uk)+ Ry .a(M )(uk) +R, a(H )(uk) is called the weighted
evaluation value of the alternative, U,k =1,2,........ ,5( Assume the weighting
vector R=(0.3,0.4,0.3. Finally we can select the objects such that

w(uq) =max{w(u,):k=1,2,......,50as the patient with the highest cancer risk.

When we rank all the alternatives according tortheighted evaluation values, we can
select any of the objects with the largest weiglgealuation value as the highest cancer
risk. The results are as follows:
1=4=15=22=28=40=42=0.67>2=3=5=6=7=8=9=10=11=12=13=14=16=
17=18=19=20=21=23=24=25=26=27=29=30=31=32=33=34=35=36=37=
39=41=43=44=45=46=47=48=49=0.53>38&50=0.0

12
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Above results show that 0.67 is the highest weightzalue and 7 patients have this value
and the patients with the membership 0.67 are fiaterancer patients and they are
under the highest risk. They need biopsy exactlypdtients with 0.53 value are under
middle risk and they should be followed up by tletdr. The other two patientsdonot
need the biopsy i.e. they are out of danger.

6. Conclusions

In this article, we study the concept of fuzzy sofivering based rough sets. We also
define various operations on fuzzy soft coveringaobhrough sets and prove some results
on them. At the end of this paper we give an apfiba of fuzzy soft covering based
rough sets in a decision making problem where weige the number of patients who
need biopsy.
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