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Medical Diagnosis Using Distance -Based Similarity

Measures of Single Valued Neutrosophic Multisets




Abstract . This presentatiorproposesa generalizeddistancemeasure
and its similarity measures between single valued
neutrosophienultisets(SVNMSs).

Then the similarity measuresare applied to a medical
diagnosis problem with incomplete, indeterminate and
Inconsistentnformation

This diagnosianethodcandealwith the diagnosigoroblem
with indeterminateand inconsistentinformation which
cannot be handled by the diagnosis method based on
Intuitionistic fuzzy multisets(IFMs).




1. Introduction

The vaguenes®r uncertaintyrepresentatiorof imperfect
knowledge becomesa crucial issue in the areas of
computerscienceandartificial intelligence

To deal with the uncertainty,the fuzzy set proposedby
Zadeh [1] allows the uncertainty of a set with a
membershiglegreebetweerD andl.

[1] L. A. Zadeh Fuzzy Sets Information and Control, 8
(1965, 338-353

Then Atanasso\{2] introducedan intuitionistic Fuzzy set
(IFS) asageneralizatiorof the Fuzzyset

[2] K. AtanassovIntuitionistic fuzzy sets Fuzzy Setsand
Systems20 (1986, 87-96.
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The IFS representghe uncertaintywith respectto both
membershimndnon-membership

However it can only handleincompleteinformation but
not the indeterminateand inconsistentinformation which
existscommonlyin realsituations

Therefore SmarandachE3] proposeda neutrosophicet

It can independentlyexpresstruth-rmembershipdegree,
indeterminacymembershipdegree,and falsemembership
degree and deal with incomplete, indeterminate, and
Inconsistentnformation

[3] F. SmarandacheA unifying field in logics neutrosophy
Neutrosophic probability, set and logic. Rehoboth
AmericanResearchPress1999
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After that, Wang et al [4] introduced a single valued
neutrosophicset (SVNS), which is a subclassof the
neutrosophicet S

VNS is a generalizatiorof the conceptsof the classicset,
fuzzy set,andIFS.

The SVNS shouldbe usedfor betterrepresentatiomasit is
amorenaturalandjustified estimation4].

[4 H. Wang, F. Y. SmarandacheQ. Zhang, and R.
SunderramanSingle valued neutrosophicsets Multispace
andMultistructure 4 (2010, 410413
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All thefactorsdescribedoy the SVNS arevery suitablefor
humanthinking dueto the imperfectionof knowledgethat
humanreceiver observegrom the externalworld.

For example,for a given propositioni Mo vXi wauld be

h i tn this situationhumanbraincertainlycannotgenerate
preciseansweran termsof yesor no, asindeterminacyis
the sectorof unawarenessfap r o p o svaluebetweeh s
truth andfalsehood

Obviously the neutrosophicomponentsre bestfit in the
representation of indeterminacy and inconsistent
iInformation
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Recently Ye [5-7] proposedsomesimilarity measuresof
SVNSs and applied them to decision making and

clusteringanalysis
[5] J. Ye and Q. S. Zhang Single valued neutrosophic
similarity measuredor multiple attribute decisionmaking
NeutrosophicSetsandSystems2 (2014), 48-54.
[6] J. Ye. Multiple attributegroup decisionmaking method
with completely unknown weights based on similarity
measuresunder single valued neutrosophicenvironment
Journalof IntelligentandFuzzySystems(2014).
[7] J. Ye. Clusteringmethodausingdistancebasedsimilarity
measuresof singlevalued neutrosophicsets Journal of
Intelligent Systems(2014).

Basedon multiset theory, Yager [8] introduceda fuzzy
multisetconceptwhich allowstherepeateaccurrencesf

anyelement
[8] R. R. Yager On the theory of bags (Multi sets)
Internationallournalof GeneralSystem,13 (1986, 23-37.
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Thus,thefuzzy multisetcanoccurmorethanoncewith the
possibility of the sameor differentmembershiwalues

Then Shinojand Sunil [9] extendedhe fuzzy multisetto
the intuitionistic fuzzy multiset (IFM) and presentedome
basicoperationsaanda distancemeasurdor IFMs, andthen

appliedthedistancemeasuré¢o medicaldiagnosis
[9] T. K. Shinojand J. J. Sunil. Intuitionistic fuzzy multi
sets and its application in medical diagnosis World
Academy of Science, Engineeringand Technology, 6(1)
(2012, 14181421

Rajarajeswariand Uma [10] put forward the Hamming
distancebased similarity measure for IFMs and its

applicationin medicaldiagnosis
[10] P. Rajarajeswariand N. Uma Normalized Hamming
Similarity Measurefor Intuitionistic Fuzzy Multi Setsand
Its Application in Medical diagnosis Intl. Journal of
MathematicsTrendsandTechnology5(3) (2014, 219225,
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Recently, Ye et al. [11] presenteda single valued
neutrosophianultiset(SVNM) asa generalizatiorof IFM
andthe Dice similarity measurdetweenSVNMSs, andthen
appliedit to medicaldiagnosis

[11] S. Ye andJ. Ye. Dice similarity measurdetweersingle
valuedneutrosophianultisetsandits applicationin medical
diagnosisNeutrosophiSetsandSystems2014

Based on SVNMs, this paper further develops a
generalized distance measure and the distancebased
similarity measurepetweenSVNMs, andthenappliesthe
similarity measure$o medicaldiagnosis



2. Preliminaries .
2.1 Some concepts of SVNSs

Smarandachd3] originally presentedthe conceptof a
neutrosophicet

[3] F. Smarandache&A unifying field in logics neutrosophy
Neutrosophic probability, set and logic. Rehoboth
AmericanResearchPress, 1999

A neutrosophicset A in a universalset X is characterized
by a truth-membershipfunction T,(x), an indeterminacy

membership function 1,(x), and a falsity-membership
function F,(x).

The functions T,(x), 1,(X), Fa(X) in X are real standardor
nonstandardsubsetsof 170, 17, i.e,, T,(X): XY ]'0, 17,
1,(X): XY 170, 1*[, andF,(X): XY ]70, 1*[.

Then the sumof T,(x), 1 ,(x) andF,(X) is no restriction,i.e.
T0 OsupT,(X) + supl A(X) + supF4(x) O3*.
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2.1 Some concepts of SVNSs

However,SmarandachE3] introducedthe neutrosophicet
from philosophicaboint of view.

[3] F. Smarandache unifying field in logics neutrosophy
Neutrosophic probability, set and logic. Rehoboth
AmericanResearclirress,1999

Therefore,it is difficult to apply the neutrosophicset to
practicalproblems

To easilyapply in scienceand engineeringareas Wang et
al. [4] introducedthe conceptof SVNs,whichis asubclass
of the neutrosophisetandgavethefollowing definition.

[4] H. Wang, F. Y. SmarandacheQ. Zhang, and R.
SunderramanSingle valued neutrosophicsets Multispace
andMultistructure 4 (2010, 410413
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Definition 1 [4]. Let X' be a umiversal set. A SVNs 4 in .Y
1s characterized by a truth-membership function 74(x). an
indeterminacy-membership function 7,(x). and a falsity-
membership function Fy(x). Then. a SVNS 4 can be
denoted by the following form:

<AAA>

where T4(x). Iy(x). F4(x) € [0. 1] for each x in .X. Therefore.
the sum of 7T4(x). Iy(x) and F(x) satisfies the condition 0 <
Ty(x) + Ly(x) + Fy(x) < 3.

For two SVNs A4 {:(\T ()1, (x).F, (x) |xeX

and }B = {(\ T(x),I5(x), F3(x))| x € X} . there are the
following relations [4]:
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2.1 Some concepts of SVNSs

(1) Complement:
A = {(\ F,(x)1-1,(x).T, (.\')) lxe X} :
(2) Inclusion:

A < Bif and only if T4(x) < Ta(x). Ls(x) = Iz(x). F4(x)
= Fp(x) for any x in X:

(3) Equality:
A=Bifandonlyif4 & Band B © 4.

(4) Union:
AUB= .
) -

f - .
(% Ty () T3 (x). 1, () A Iy (x). Fy (x) A Fp ()| x € X
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(5) Intersection:
ANB .
) -

= {<\ T, () AT (0). L(x) v I(x). F, (x) v Fy () | x € X

(6) Addition:
e ][ <\ T,(x)+ T, (x) - T, (¥)T, (.\‘).> - X} :

1, (x)I5(x). F(x)Fp(x)
(7) Multiplication:

. l/<\ TA (‘\‘)TB (Y) [‘4 (Y) T IB (“') - 1,4 (.Y)IB (\)> '\l
N ~ xeX ;-
]‘ Fy(x)+ Fp(x) - F, (x)F(x) J
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2.2 Some concepts of SVNMs

As a generalizationof the conceptof IFM, a conceptof
SVNM and somebasic operationalrelationsfor SVNMs
[11] areintroducedoelow

[11] S. Ye andJ. Ye. Dice similarity measurdetweersingle
valuedneutrosophianultisetsandits applicationin medical
diagnosisNeutrosophiSetsandSystems2014

Definition 2 [11]. Let .X be a nonempty set with generic
elements in X denoted by x. A single valued neutrosophic
multiset (SVNM) A4 drawn from X 1s characterized by three
functions: count truth-membership of C7, count
indeterminacy-membership of CI,. and count falsity-
membership of CF such that CT(x): X — O. CLy(x): X —>
Q. CF4(x): X - O for x € X. where QO 1s the set of all real
number multisets i the real unit mterval [0. 1]. Then. a
SVNM 4 1s denoted by
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’ /m(rj(x).rj(x) ..... T ().
(I (x). L2 (%).... T4(x)). J|xeX}-

(Fy(x). F{(x). F{(x))

A=A

'

where the truth-membership sequence
(Ty(x).T;(x).....T(x)) . the indeterminacy-membership

sequence  (7(x). I5(x).....7%x)) . and the falsity-
membership sequence (F;(x).F;(x).....F(x)) may be in
decreasing or increasing order. and the sum of T)(x).

I'(x). Fi(x) € [0. 1] satisfies the condition 0 <77(x)+

I'(x) + Fi(x) <3forx e Xandi=1.2. ....q.
For convenience, a SVNM A4 can be denoted by the
following simplified form:

A= {x T, L), Fi@) | x € X i =12,...].
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Definition 3 [11]. The length of an element x n a SVNM
1s defined as the cardinality of CT (x) or CI,(x). or CF (x)
and 1s denoted by L(x: A). Then L(x: A) = |CT4(x) =
|CL(x)| = |CFA(x)].

Definition 4 [11]. Let 4 and B be two SVNMs in X, then
the length of an element x in 4 and B 1s denoted by /, =
L(x: A. B)=max{L(x: A). L(x: B)}.

Example 1. Consider two SVNMs 1n the set X'= {x. y. =}:

A= {<x.(0.3.0.2). (04, 0.3). (0.6, 0.8)>. <y. (0.5. 0.4,
0.3).(0.1.0.2.0.3). (0.3.0.4. 0.5)>}.

B = {<x. (0.3). (0.4). (0.6) >. <z. (0.5. 0.4. 0.3. 0.2).
(0.0.0.1.0.2.0.3). (0.2, 0.3. 0.4, 0.5)>).
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Thus. there are L(x: A) = 2. L(y: A) = 3. L(z: A) = 0:
Lix:B)=1.L(:B)=0.L(z:B)=4. k=L(x: A.B)=2. |, =
L(v:A.B)=3.and l.=L(z: A. B) =4.

For convenient operation between SVNMs 4 and B in
X. one can make L(x: 4) = L(x: B) by appending sufficient
minimal number for the truth-membership value and
sufficient maximum number for the indeterminacy-
membership and falsity-membership values.

Definition 5 [11]. Let 4 = {(x. T (x), I, (x), F,(x)| x €

X.i=12 ..q¢ and B= {(x.T5(x),I5(x), F3(x)| x €
X.i=1.2.....q} be any two SVNMSs in X. Then. there are
the following relations:

(1) Inclusion: 4 & B if and only if 7 :(x) <T ;(x) i

I'(x) = I,(x). Fi(x) = Fj(x) fori=1.2. ... q
and x € .X:
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(2) Equality: 4=Bifandonlyif4 © Band B & A4:
(3) Comp‘lement: ]
£ = (.\». Fi(o.(1- IA(x))_.Tj(.\')> xeX,i=12...qf

(4) Union:

x. T (x)vT;(x),
AUB = I'(x)rIy(x), J|xeX.i=12....q :
Fy(x) A F3(x)|

~

(5) Intersection:

. Ty (x) A Th(x).
ANB=/ I'(x)vIy(x), )|xeX,i=12....q}"
Fi(x)v Fy(x)

N

v

4
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For convenience. we canuse a = (I*. . ... T%. (I'. .
LI (FLF. . FD)to represent an element in a SVNM
A and call 1t a single valued neutrosophic multiset value
(SVNMV).

Definition 6. Let a; = (7, .7;°.....T,7) . (1,.I;....I}) .
(FLF:....F9) ada, = (I}.T7....T9). (L. 1;...I7) .

(F,.F,.....F) be two SVNMVs and % = 0. then the
operational rules of SVNMVs are defined as follows:

(T} + T -T'T}, \
PR

D a®@a,=( ... I['+T}-TT}), >:
(I 1212 I919),
(FF} F?F}....F'F7) /
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(LT} TTE ... TATY),
(I +L-IL.I +
Da,®a,=( ...J8 +1 -IL1Y), :

(F!+F!-FF! . F} + F} - F'F}.
..F!+F! —F'F?)

(4) al”x(lll‘)”.l(lll2 = (= \
R el




3. Distance and similarity measures of SVNMs

The distancemeasureand similarity measureare usually
usedin realscienceandengineeringapplications

Therefore the section proposesa generalizeddistance
measure between SVNMs and the distancebased
similarity measurebetweernSVNMSs.

However the distanceand similarity measuresn SVNSs
are considered for truthhrmembership, indeterminacy
membershipand falsity-membershigunctionsonly once,
while the distance and similarity measuresin SVNMs
should be considered more than once becausetheir
functionsaremulti-values
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