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ABSTRACT

In Dempster Shafer (DS) Theory, basic probabilggignment plays a key role. All other measuresbeadefined
in the terms of BPA. This assignment, as originaléfined, can take only one value in the inter@l]. However in
actual practice the BPA is usually provided by etgpsubjectivity. Experts cannot precisely give ttadue. We have to
assign a number on their linguistic expression thede is some round off which can cause the efforavoid this error,
one can make use of fuzzy sets. The original thdogs not provide any means to handle fuzzy vahasgd assignment.
The purpose of this paper is to extend definitiohall basic measures in DS theory so that therthean be applied to

fuzzy situations.

We shall first introduce the concepts of generdlisammation and multiplication, the purpose of whis to
ensure that all operations involved in the theasy@dosed in unit interval [0,1]. Then we provide tdefinition of BPA.,
belief function, plausibility function in terms @fizzy valued summation and multiplication. Thenwi# propose how to
combine two piece of evidence associated with spording fuzzy valued basic probability assignmevie will show
that proposed theory is more general than inteveflled evidence theory and we derive the origihabty from the

proposed one by adding constraint. Finally we gtexa numerical example to illustrate the approach.
KEYWORDS: Fuzzy Numbers, Dempster Shafer Theory

INTRODUCTION
GENERALIZED SUMMATION AND MULTIPLICATION

In order that operation is useful this operatiorstrhe closed in the domain of the interest theetiess of binary
operation can be defined as follows. Let D be thenain of interest and (*) is the binary operation®. If A([)BOD

for all A, B in D. Then the binary operation (*)étsed in domain D.
Example Let D =F [0,1]=fuzzy power set of [0,1].
Then for anyA,BOD
A= JpA (u)/u,B= JpB(v)/v
ucon] vi[o1]
We define the addition with the help of alpha cut$adlows
A, = @ .a5),Ba = (b ,05),

Aq +Bg = [U@ B ), U@E b3)]
Aq +Bg =[min(Lag +bg ), min(Lag +b3)]

@
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U is t-norm. Yager’s definition with parameter wislused here.

And

ifA o = @ a3).Ba = (b .b7),

Aq xBg = [16 .bg ). 1@% b3l

A, xB, =[max(0a} +b% —1),max(0,a2 +b3z -1)] @

Where | is t-conorm. Yager’s definition with paraerew=1.

We concentrate on + and x as two basic operatiomsraolved in DS theory and they are summation and
multiplication.

FUZZY VALUED BASIC PROBABILITY ASSIGNMENT

Let be universe of frame of the discernment. Wéngethe following function.

M:2% - Aoy
with
M(q) = 0,0 = {0/ xOx O[01]}

In original DS Theory, the closeness of operatfadgsured by following constraint.

Zm(A) =1

AOB6

In interval valued Dempster Shafer theory the saorestraint cannot be defined. Fuzzy valued evidéheery

being extension of interval valued DS theory, tlaens constraint cannot be defined. There is no mdedefining

summation of all the basic probability assignmequat to 1. We can show that such a constraint besameaningless in

fuzzy valued situation. Let

M(A) = [H, (X)/x

x0[0.1]
i=12,....n
where
A 06
then (M(A))), = [&,.b,], Da O[01]
withal < b!

If we put the constraint on M that

Zn:M(Ai):i

where
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Then it would be equivalent to

S SIM(A), =1

ad[03] i=1

= 3 3 b = [11]

ad[01] i=1

SIS SR Y b= [y

ad[01] i=1 ad[01] i=1
with
a' <b'0i=12,...n
andx [J[01]
This equality holds only if
a=b0i=12..,n
a, =b, =00a 0[01)

In other words, the summation constraint used @ndhginal theory is suitable only for point valued single

number valued situations. Thus we can concludeftizaly valued basic probability assignment by addire constraint

D M(A)=1

A6

Analogous to original theory, we define the fodaheent A, as subset of universe whgtéA) # 6

CASE STUDY REVISED

Let us consider the example studied in fuzzy andesce reasoning by Lee. A simplified version oépmonia

diagnosis in which there are only three possibigoism causing pneumonia{puemococus, legioneléhdiklla}

Suppose the doctor is asked to give his opiniothencause of pneumonia for particular patient. Rukack of
complete knowledge the doctor may provide his apiras the chance that disease is caused by pneoososcis around

50% legionella is around 30%, klebsiella is aro@08& chance that the disease is caused by anys# theee organism

Obviously there is uncertainty in doctors opinidime original DS theory does not provide any meansiodel
such uncertainty. Neither interval valued approeah handle this uncertainty. We shall extend D®rheo that it can

treat this type of uncertainty.

Fuzzy valued basic probability assignment

Let B be the universe or frame of discernment. We defieefollowing function

YD L
M:2° - FO1] 3)

with M(¢) = 0,0 ={0/ x,Ox O[01]} @)
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as an fuzzy valued basic probability assignment d/ahere 2° presents power set d while F[0,1] denotes

type 1 fuzzy set on J, wherk[] [01]

J is called as likelihood interval. In order totaiguish the fuzzy basic probability assignmentrirthe original

one (m), we denote it by M.
In above example we denote the univese{P, L, K }
The doctors opinion can be described by fuzzy basibability assignment as follows

M({P}) = (040506) Triangular fuzzy number around 0.5
M({L.K}) = (020304) Triangular fuzzy number around 0.3

M({P.L K} = (010203 Triangular fuzzy number around 0.2

Comparing definition represented by equation (D) &)

With the basic probability assignment definitionm$ theory, this summation constraint is not neeidethe

interval valued basic probability assignment. Sanhyl, we propose the constraint as following way.

The nonnegative assignment for every focal elemmag be fuzzy number (i.e. fuzzy set which is coneex

normal).

FUZZY VALUED BELIEF FUNCTION

The quantityM(A) actually measures the belief that one commits thxéa A, not the total belief that one

commits to A. In order to obtain the measure tbief committed to A, we must add all the basichability assignments
that are subsets of A.

Be(A) = > M(B) (5)

BOA

where summation represents sum of fuzzy sets.

Definition: A function Bel:2° — F[0]] is called fuzzy valued belief function oveéif it is defined by

equation (3) over fuzzy valued basic probabilitsigesment M defined by the equation (1) and (2).

From the above example we have

bel({P,L}) =M ({P}) = (040506)
Be({P, L, K}) =M ({P)) M ({L, K}) +M ({P,L,K})
= (040506)+ (020304)+ (010203
M.....D.?sxsl

3

[0 N otherwise
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FUZZY VALUED PLAUSIBILITY FUNCTION

Another important measure in the evidence theoplassibility function that measures the degreaiich one

finds an event plausible. We define the fuzzy vdlpkusibility function

PI:2° - FOY

As follows PI(A) = Z M(B)
ANBz@

Where summation denotes sum of fuzzy sets as defibeve. PI(A) can be interpreted as total proigtitat

A might occur PI (A) is fuzzy valued as the summiatdf fuzzy vaIuesJ\7| (B) is again a fuzzy number.

There are more than fourty methods to compare t&myf numbers. In original DS theory

BelA) <PI(A)............. OADB
On the same standards we will show that
Bel (A) < Pl (A).vee..... OACO

In the following example,

pAPLY) = D M(A)

AXPL}#e
=M ({P}) +M ({P,L}) +M ({P,L.K})
_ M07 <x<1
(0 R otherwise

EVIDENCE COMBINATION

Suppose we have two pieces of evidence associateahe fuzzy valued basic probability assignmentand

M,. The combined fuzzy valued basic probability assignt can be obtained by use of following formula

M {(A) XM, (B).......ifC # @
M(C) = Anzszc ' ?

Where summation denotes sum of fuzzy numbers ass$ atenotes multiplication of fuzzy numbers.

It should be noted that no normalization is reqli@s we don’t have constraint in the definitiorfufzy valued

basic probability assignment.
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