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Abstract: In this paper, we proposed the concept of reduced fuzzy soft set of interval valued fuzzy soft set and also defined different types of
reduction along with it. Then based on these reduction, three types of similarity measures are done with example .Also we developed an algorithm
which is a new approach in the medical diagnosis field by employing reduced fuzzy soft set of interval valued fuzzy soft set.
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1. Introduction

There are many uncertain problems in our real life. In literature, theories like probability, fuzzy sets[28],intuitionist fuzzy
sets[2,3,4],rough sets, interval mathematics are dealing with uncertain data. But these theories have their own difficulties as pointed
out in [17]. Soft set theory has received much attention since its introduction by Molodtsov[17].The concept and basic properties of
soft set theory are presented in [17,14]. Theory of fuzzy soft set, generalised fuzzy soft sets, intuitionistic fuzzy soft sets have been
studied by many authors[13,15,16].Yang et al[26] presented the concept of the interval valued fuzzy soft sets by combining the
interval valued fuzzy sets and soft set.

Matrices play an important role in the broad area of science and engineering. However ,the classical matrix theory sometimes fails to
solve the problems involving uncertainties. Fuzzy matrices play a vital role in scientific Development. In [27],Yong et al initiated a
matrix representation of a fuzzy soft set and applied it in certain decision making problems. In[5] Borah et al and in[18,9] Neog et al
extended fuzzy soft matrix theory and its application. In [7], Chetia et al proposed intuitionistic fuzzy soft matrix theory. Accordingly,
Rajarajeswari et al proposed new definitions for intuitionistic fuzzy soft matrices, interval valued intuitionistic fuzzy soft matrices and
its application in[6,19,22,25].

Similarity measure have extensive application in pattern recognition, region extraction, coding theory, image processing and in many
other areas. Similarity of two sets have been studied by Majumder and Samantha in[10,11,12]. D.K.Sut et al [8] and Rajarajeswari et
al [20,21] used the notion of similarity measure in [11] to make decision. Q.Feng et al [9] studied new similarity measures of fuzzy
soft sets based on distance measure. Cagman et al [6] and Rajarajeswari et al [24] studied similarity measure of intuitionistic fuzzy
soft sets. Similarity measures of interval valued fuzzy soft sets and their applications are dicussed in [1].

In this paper, we have introduced the concept of reduced fuzzy soft set of interval valued fuzzy soft set and defined different types of
reduction along with it. Then based on these reduction, three types of similarity measures are done with example .Also we are
developing an algorithm which is a new approach in the medical diagnosis field by employing reduced fuzzy soft set of interval
valued fuzzy soft set.
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2. PRELIMINARIES
In this section, we recall some basic notion of fuzzy soft set theory.

2.1.Soft set [17] Suppose that U is an initial universe set and E is a set of parameters, let P(U) denotes the power set of U.A pair(F,E)
is called a soft set over U where F is a mapping given by F: E—P(U).Clearly, a soft set is a mapping from parameters to P(U),and it is
not a set, but a parameterized family of subsets of the Universe.

2.2. Fuzzy soft set [ 15]

Let U be an initial Universe set and E be the set of parameters. Let A E . A pair (F,A) is called fuzzy soft set over U where F is a
mapping given by F: A—I", where IV denotes the collection of all fuzzy subsets of U.

2.3.Interval valued Fuzzy soft set[26]

Let U be an initial Universe set and E be the set of parameters. Let A E . A pair (F,A) is called fuzzy soft set over U where F is a
mapping given by F: A—I", where 1 denotes the collection of all interval valued fuzzy subsets of U.

2.4.Intuitionistic Fuzzy soft set (IFSS)[16]

Let U be an initial Universe set and E be the set of parameters. Let A< E . A pair (F,A) is called intuitionistic fuzzy soft set over U
where F is a mapping given by F: A—I", where I” denotes the collection of all intuitionistic fuzzy subsets of U.

3.Reduced Fuzzy Soft set(RFSs) of Interval Valued Fuzzy Soft set(I\VFSs)

In this section, we propose an adjustable approach to Interval valued Fuzzy Soft set as Reduced Fuzzy Soft set. Here, we present the
idea to convert interval-valued fuzzy membership into one fuzzy value. For this we define Reduced fuzzy soft set.

Definition

Let U={c4,C,,C3...cn} be an Universal set and E be the set of parameters given by E={e;,e,,es...e}.Let A CE and (F,A) be a
interval valued fuzzy soft set over U, where F is a mapping given by F: A—I", where 1Y denotes the collection of all interval valued
fuzzy subsets of U. Then the interval valued fuzzy soft set is

F(e)= c, [#J—L C My G ] ,Ve,eAandV c el

[,ujl_ C My G ] Represents the membership of ¢; in the interval valued fuzzy set F(e;).
Let w,,w, €[0,1],w, +w, =1.

The vector W = (w,, w, ) is called weighted vector.

The fuzzy soft set (Fw,A) over U such that
Fo(€&) = (c, Wy ¢ +wWyuy, G ), Ve eU, Ve eA

is called Reduced Fuzzy Soft set(RFSs) of the interval valued fuzzy soft set with respect to the weighted vector.
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By adjusting the value of W, and W, an interval valued fuzzy soft set can be converted into reduced fuzzy soft set.

By adjusting the value of

w, and w, an interval valued fuzzy soft set can be converted into any reduced fuzzy soft set.

Particularly, let W, =1, w, = 0,w, =0,w, =1 and w, = w, = 0.5, respectively will have three reduced fuzzy soft set i.e.

pessimistic reduced fuzzy soft set, optimistic reduced fuzzy soft set, neutral reduced fuzzy soft set. They are defined as
F(e)= (¢, 4 ¢ ), Ve eU, Ve eA

F(e)= (6, G ) Ve eU, Ve, eA

L G My G
FN(ej)z{(ci,ﬂ’L ' Zﬂ“ '),VcieU,VejEA}

Similarity Measures of Interval valued Fuzzy Soft sets
In this section we introduce similarity measure of IVFS sets based on matching function,distance and set theoretic approach.

Similarity Measures of Reduced Fuzzy Soft sets based on matching function.
Definition 3.1. Let (F,E) & (G,E) be two IVFSs over U, where F and G is a mapping given by F: E—I",
G: E-IY, 1Y denotes the collection of all interval valued fuzzy subsets of U.
Then define similarity measure between (F,E) & (G,E) as
n
Z FO(ej).GO(ej)

SIM, (F,G) = — - j=12,...m
max(F, (e;)*, G, (e;)?)

n
i=1

S (e) Gy (€))
SIM, (F,G) = — = j=12,..m
> max(F, (e, ) G (¢,)")

SF.(e,)+ G, (¢))
SIM, (F,G) = — = i=12,..m
3" max(F, (€, )2,G, (&)%)

i=1
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Example 3.1. Let U={c,,C,,C3,C4} be the Universal set and E be the set of parameters given by E={e,,e,,e3}.We consider two IVFS

sets (F,E) & (G,E) such that their corresponding matrices are

&
c, ([0.7,0.9]
c, | [0.6,0.8]
¢, ( [0.5,0.6]
&
¢, ([0.2,0.8]
c,|[0.4,0.7]
¢, [0.0,1.0]

e2
[0.6,0.7]
[0.2,0.5]
[0.0,0.7]

e2
[0.4,0.9]
[0.4,0.5]
[0.2,0.5]

e3
[0.5,0.8]
[0.6,0.9]
[0.2,1.0]

e3
[0.3,0.6]
[0.8,0.9]
[0.8,1.0]

Then similarity measure between (F,E) & (G,E) is given by

SIM, (F,G) = 145 _ 4 5052
2.87

5.4
SIM_ (F,G) = ——" =0.9168
o(F.G) 5.49

SIM (F,G) = 323 _ 8257
3.91

Proposition 3.1. Let (F,E) , (G,E) be IVFSs over U, where F and G are mapping given by F: E-IY, G: E-IY, 1Y denotes the

collection of all interval valued fuzzy subsets of U. Similarity between (F,E) & (G,E) denoted by SIM (F,G)), then the following

holds.

() SIM(F,G) = SIM(G, F) (ii) 0 < SIM(F,G) <1(ii) SIM(F,F) =1

Proof: Trivial

Similarity measure of Reduced Fuzzy Soft sets based on set theoretic approach .

Definition 3.2. Let U={c1,C,,C3...cn} be the Universal set and E be the set of parameters given by E={e,,e,,es...e,}. A pair (F,E) and
(G,E) is called IVFS set over U where F and G are mapping given by F: E—IY, G: E—I" where 1Y denotes the collection of all

interval valued fuzzy subsets of U. Let ST, (F, G) denote the similarity between the two e; approximations F{e; ) and G{e; ). Define

3 min(F, (6),G (@)

ST, (F,G) ==
3 max(F, (&), G (&)
3 min(F, (&), Go (&)

ST, (F,G) ==
| > max(F, (€,), Go (€,)
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Zmin(FN (e).Gy (&)
ST, (F,G) ==
> max(Fy (&),Gy (&)
j=1
If ST (F,G) indicates the similarity between (F,E) and (G,E) then
ST, (F,G) =max ST, (F,G) ST, (F,G) =max ST, (F,G) ST, (F,G)=max ST (F,G)

Example 3.2.

Consider the example (3.1)
Then similarity measure between (F,E) & (G,E) is given by

STx (F,G) =max ST, (F,G)

Proposition 3.1. Let (F,E) , (G,E) be IVFSs over U, where F and G are mapping given by F: E—IY, G: E—IY, IV denotes the
collection of all interval valued fuzzy subsets of U. Similarity between (F,E) & (G,E) denoted by ST (F,G), then the following

holds.
M ST(F,G) = ST(G, F) (i) 0< ST(F,G) <1(ii) ST(F, F) =1
Proof: Trivial

Similarity measure of Reduced Fuzzy Soft sets based on distance measure.

Definition 3.3. Let U={c4,C,,Cs...cin} be the Universal set and E be the set of parameters given by E={e;,e,,es...e,}. A pair (F,E) and
(G,E) is called IVFS set over U where F and G are mapping given by F: E—IY, G: E—I" where 1Y denotes the collection of all
interval valued fuzzy subsets of U.

a)Hamming distance
m

Zn:|FP(ei)_Gp(ei)|

dy, (F,G) ==
’ mia o

b)Normalized Hamming distance

o, (F18) =~ 3 |F.(6) - Goe)

i=1 j=1

c)Euclidean distance

N

dEp(F’G) :%(Zm:znmzp(ei)_cap(ei” J

i=1 j=1

d)Normalized Euclidean distance

N |-

dNEP (F,G) = %(ii“zp (ei) _GP(ei)| J

i=1 j=1
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e)Generalised Normalised distance

1

1 m n 9 \q

d(F,G) = ZZ“:P(ei) _GP(ei)|
mn{ = =

NOTE:If g=1then e) reduces to Normalized Hamming distance

and  if g=2 then e) reduces to Normalized Euclidean distance
Then the similarity measure between (F,E) and (G,E) denoted by D(F,G) is defined as D(F,G) =1-d(F,G)

Example 3.3.

Consider the example (3.1),Hamming distance between (F,E) and (G,E)

dy,, (F.G) :% 05+0.2+0.2+0.2+0.2+0.2+0.5+0.2+0.6

=0.93
Then the similarity measure between (F,E) and (G,E) as D(F,G)=1-d(F,G) =1-0.93=0.07

Application of Similarity Measures of Reduced Fuzzy soft sets in Medical Diagnosis.
Algorithm.
Stepl:Input the INFSs (F,E) over the universe U based on the medical knowledge.

Step2: Compute the IVFSs (G,E) over the universe U based on a responsible person for the illness. Step3:Input the weighted vector
W = (w,,W,) and convert the IVFSs into any one of the reduced FSs.

Step4:Calculate the similarity measure of (F,E) & (G,E) based on matching function ordistance measure or set theoretic approach as
explained in above section.

Step5:Conclude the result by using similarity measure of (F,E) & (G,E) .

Now we are giving an example for application of similarity measure of IVFS sets in medical diagnosis by using set theoretic

approach. We would say the IFS sets (F E) and (G,E) inthe IVFS class (U,E) to be significantly similar if ST (A, B)>0.75,
Suppose that there two patients py,p; in a hospital with symptoms temperature, headache, vomiting, joint pain, cough and

stomach problem. Let the universal set contain only two elements ‘yes’(y) ,’no’(n),U={y,n}.Here the set of parameters E is the set of

certain approximations determined by the Hospital. Let E={e;,e,,€3,64,65,66} Where e; =temperature,e, =headache,es=vomiting,e, =joint
pain,es =cough ,es =stomach problem.

We construct the IVFS set (F,E) for malaria fever, from medical knowledge as given in Tablel.

(F, E) €1 €s €3 €4 (ST €6

y | [0207] | [0.308] [0.7.1.0] | [0.4,0.8] | [050.7] | [0.2,0.6]
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n |[0.1,03] | [0.2,05] [04,06] | [0.304] | [0506] |[0.305]

Tablel: IVFS set (F,E) for malaria fever.

Similarly, we construct the IVFS sets for two patients under consideration as given in Table2,3

(P1,E) €1 €2 €3 €4 €s €6
y [0.8,1.0] [0,0.2] [0.1,0.3] [0,0.2] |[0.1,0.2] [0.7,1.0]
n [0.8,0.9] [0.7.1] [0,0.1] [0.9,1.0] [0.9,1.0] | [0.4,1.0]
Table2: IVFS set (P,E)for the first patient.
(F,.E) €1 €, €3 €4 €5 €6
y [0.8,1.0] [0,0.2] [0.1,0.3] [0,0.2] | [0.1,0.2] [0.7,1.0]
n [0.8,0.9] [0.7,1] [0,0.1] [0.9,1.0] [0.9,1.0] | [0.4,1.0]
Table3: IVFS set (P,,E)for the second patient.
This IVFS set can be converted into Neutral Reduced Fuzzy soft set as
(F.En er € es €4 es €
y 0.45 0.55 0.85 0.6 0.6 0.4
n 0.2 0.35 0.5 0.35 0.55 0.4
(P1.E)n e e e & e €
y 0.9 0.1 0.2 0.1 0.15 0.85
n 0.85 0.85 0.05 0.95 0.95 0.7
(P2,E)n €1 €2 €3 €4 €5 €6
y 0.35 0.25 0.6 0.55 0.5 0.5
n 0.35 0.55 0.55 0.35 0.6 0.5
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ST, ST, ST; ST, STs STe Maxi
ST(F, Pl) 0.371 0.375 0.185 0.290 0.451 0.51 0.51
ST(F,P,) 0.688 0.545 0.786 0.947 0.878 0.8 0.947

Here, two sets of symptoms (F,E),(P,E) are not significantly similar. So we conclude that FIRST patient is not possibly suffering
from malaria. But two sets of symptoms (F,E),(P,,E) are significantly similar. So we conclude that SECOND patient is possibly
suffering from malaria.

CONCLUSION

In this paper ,we have defined the concept of reduced fuzzy soft set of interval valued fuzzy soft set and defined different types of
reduction along with it. Then based on these reductions, three types of similarity measures are discussed. Moreover, an example is
given to illustrate the application of similarity measure of IVSsets in medical diagnosis problem .Thus the method can be used to solve
the problem which contains uncertainties.

REFERENCES

1.Anjan Mukeherjee, Sadhan Sarkar,”Similarity measures of interval valued fuzzy soft sets and their application in decision
making problems”, Annals of fuzzy mathematics and informatics,(in press).

2. Atanassov. K, Intuitionistic fuzzy sets, Fuzzy sets and systems20(1),1986,87-96.
3. Atanassov, K. Intuitionistic fuzzy sets,Physica-verlag,Heidelberg,Newyork,1999.
4.Atanassov.K, Gargov G., Interval valued Intuitionistic fuzzy sets, Fuzzy sets and systems3(1),1989,343-349.

5. Borah.M.J,Neog.T.J and D.K.Sut.2012.” Fuzzy soft matrix theory and its Decision making” International Journal of Modern
Engineering Research, VOL2,pp:121-127.

6. Cagman.N and I. Deli.2013” New similarity measures of intuitionistic Fuzzy soft sets and their decision
making”arXiv:1301.0456v1[math.LO].

7.Chetia.B,Das.P.K.,2012.”Some results of Intuitionistic Fuzzy soft matrix theory “Advances in Applied science Research,3(1):412-
423.

8.Dusmanta Kumar Sut,”An Application of Similarity of Fuzzy Soft sets in Decision Making”Int.J.Computer Technology &
Applications,VVol3(2),2012,742-745.

9.Feng.Q,Zheng.W,2013,” New similarity measures of Fuzzy soft sets based on distance “Annals of fuzzy mathematics and
informatics,(in press)

10. Majumder.P and Samantha.S.K,” Similarity Measure of Soft Sets”,New mathematics and Natural computations,4(1),2008,1-
12.

11. Majumder.P and Samantha.S.K,”On Similarity Measure of Fuzzy Soft Sets”,International Journal of Advance Soft Computing
and Applications,vol.3,No.2,July 2011

12. Majumder.P and Samantha.S.K,”On distance based Similarity Measure between intuitionistic Fuzzy Soft
Sets”,Anusandhan,12(22),2010,41-50.

© JGRMA 2012, All Rights Reserved 31



Dr.P.Rajarajeswari et.al, Journal of Global Research in Mathematical Archives, 2(2), February 2014, 24-32

13.Majumdar,P.,Samantha,S.K.”Generalised fuzzy soft sets” Computers and Mathematics with applicatios 59, 2010,pp:1425-1432.
14. Maji P.K,Biswas R .and Roy A.R. 2003..”Soft set theory”, Computers and Mathematics with Applications,45(4-5):pp 555-562
15..Maji P.K,Biswas R .and Roy A.R. 2001.”Fuzzy Soft Sets”. The Journal of Fuzzy Mathematics, 9(3):pp 589- 602.
16.Maji,P.K.,Biswas,R.,Roy.A.R.,”Intuitionistic Fuzzy soft sets”, The Journal of fuzzy mathematics, 12, 2004pp:669-683.
17.Molodtsov D.”Soft set theory-first result”, Computers and Mathematics with Applications,37(4-5): 1999 pp ; 19-31.

18.Tridiv Jyoti Neog,Dusmanta Kumar Sut.2011.”An Application of Fuzzy soft sets in Decision making problems using fuzzy soft
matrices” International Journal of Mathematical Archive,pp:2258-2263.

19.Rajarajeswari.P,Dhanalakshmi.P.2013” Intuitionistic Fuzzy Soft Matrix Theory And Its Application in decision
making’International Journal of Engineering Research & Technology,2(4),1100-1111.

20.Rajarajeswari.P,Dhanalakshmi.P.2013” An Application of similarity measure of Fuzzy soft set in Medical diagnosis’Global
Journal of theoretical and applied mathematical sciences,3(1),1-6.

21.Rajarajeswari.P,Dhanalakshmi.P.2012” An Application of similarity measure of Fuzzy soft set based on distance’lOSR Journal
of mathematics,4(4),27-30.

22. Rajarajeswari.P,Dhanalakshmi.P.2014” Intuitionistic Fuzzy Soft Matrix Theory And Its Application in Medical diagnosis’
Annals of fuzzy mathematics and informatics,7(5),765-772.

23. Rajarajeswari.P,Dhanalakshmi.P, Interval valued Intuitionistic Fuzzy Soft Matrix Theory, International Journal of
Mathematical Archive, 5(1)2014,152-161.

24. Rajarajeswari.P,Dhanalakshmi.P, “Similarity Measures of Intuitionistic Fuzzy Soft set and their
application in medical diagnosis", International Journal of Mathematical Archive, 5(5)2014,1-7.

25. Rajarajeswari.P,Dhanalakshmi.P, An Application of interval valued Intuitionistic Fuzzy Soft Matrix Theory in Medical
diagnosis, Annals of fuzzy mathematics and informatics,(in press).

26.Yang.X.B,Lin.T.Y.Yang.J.Y,Li.Y,Yu.D,Combination of interval-valued fuzzy set and soft set, Computers and Mathematics with
applicatios 58(3),2009,pp:521-527.

27.Yong Yang and Chenli Ji., 2011.”Fuzzy soft matrices and their applications “partl, LNAI 7002,pp:618-627.

28. Zadeh, L.A” Fuzzy sets”, Information and control,8(1985),338-353

© JGRMA 2012, All Rights Reserved 32



