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Abstract— A popular formalism to model someone’s degrees of
belief is the Theory of Evidence, or Dempster-Shafer Theory. This
theory provides a method for combining evidence from different
sources without prior knowledge of their distributions. It is also
possible to assign probability values to sets of possibilities rather
than to single events only, and it is unecessary to divide all
the probability values among the events, once the remaining
probability should be assigned to the environment and not to the
remaining events, thus modeling more naturally certain classes
of problems. However, it has some pitfalls caused by the non
natural embodiment of the uncertainty in the results. In this
paper we present a method of automatic embodiment of the
uncertainty that overcomes the afore mentioned pitfalls, allowing
the combination of evidence with higher degrees of conflict, and
avoiding the excessive tendency toward the common possibility
of otherwise disjoint hypotheses. This is accomplished by means
of a new rule of combination of bodies of evidence that embodies
in the numeric results the unknown belief and conflict among the
evidence, naturally modeling the epistemic reasoning.

I. INTRODUCTION

If it would always be possible to gather perfect information,
it would be trivial to establish a mapping between the input
data and the right knowledge base output answer. However,
one usually has to deal with imperfect information; otherwise
our systems would be of very limited application, once they
only could be used on inputs with total certainty and with
knowledge bases that exibhit no interior conflict.

The uncertainty may come from a number of sources [1]
[2], like partial reliability in the information, imprecision
from the representation language, its non-completeness or its
aggregation.

There are formal models to deal with each of these kinds
of information imperfections [3]. One of these models is the
Theory of Evidence, or Dempster-Shafer Theory, especially
suitable to deal with uncertain or probabilistic kinds of infor-
mation.

A key issue in dealing with knowledge representation is
how to combine bodies of evidence from different sources,
adequately modeling its uncertainty and conflict.

The Theory of Evidence exhibits a counter intuitive beha-
vior when the bodies of evidence to be combined have a high
degree of conflict or when they are disjoint regarding the more
believed hypothesis. This counter intuitive behavior limits the
range of application of this theory, and, at the same time, leads

0-7803-9361-9/05/$20.00 ©2005 IEEE

Fernando M. Campello de Souza
UFPE-DES
Recife
fmcs @hotlink.com.br

to a potential disregard of hypotheses that otherwise could add
information to the system.

In this work we present a new rule of combining bodies
of evidence which is able to overcome these flaws, by the
means of a meta-probability mass, named “Lateo”. With this
approach it becomes possible to eliminate the counter intuitive
behavior of the original theory, therefore extending its range
of application and better using the available information.

II. THE THEORY OF EVIDENCE

The Theory of Evidence, or Dempster-Shafer Theory, was
introduced in the late seventies based on Dempster’s works,
extended by Shafer [4].

Unlike the Bayesian Theory, the Theory of Evidence does
not need prior knowledge of the probability distribution, and it
is able to assign probability values to sets of possibilities rather
than to single events only. Another differential is that there is
no need to divide all the probability among the events, once the
remaining probability is assigned to the environment and not to
the remaining events. These two differentials allow this theory
to model more precisely the natural reasoning process on
evidence accumulation, making it progressively more popular.

This formalism provides methods for combining the bodies
of evidence carried by different sources, being the Dempster’s
Rule the de-facto method [5], although there are other rules
differing basically in their normalization part [6], [7]. The pro-
cedures adopted by all rules of combination, are independent
of evidence order (exchangeability).

A. Frame of Discernment

A Frame of Discernment, or Environment, is a set of
primitive hypotheses, denoted by ©. It must:

« be exhaustive, in the sense of being complete, containing
all possible primitive (atomic) solutions.
« have mutually exclusive primitive elements.

B. Mass Function

The basic probability assignment, or Mass Function, assigns
some quantity of belief to the elements of the Frame of
Discernment.

Considering a given evidence, the Mass Function, m, as-
signs to each subset of © (i.e. to 2, the powerset of ©),
a number in the interval [0,1], where 0 means no belief,
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and 1 means certainty. The sum of all assignments is equal
to 1, meaning that the right hypothesis is in the Frame of
Discernment. Also, 0 should be assigned to the empty set, once
it is the representation of the false hypothesis. The probability
not assigned to any subset of O, is named “non assigned
belief”, m(©), being in fact assigned to ©, and not to the
negation of the hypothesis that received some belief, as it
would be in the Bayesian Theory.

Thus, m(.A) is the measure of the belief assigned by a given
evidence to A, where A is any element of 2©. As m(.A) deals
with the belief assigned to A only, and not to subsets of A,
no belief is forced by the lack of knowledge.

Summarizing:
m:2% —0,1] ¢))
m(@) =0 )
Y m(A) =1 A3)
A€o

Example 1: Mass function and frame of discernment (see
figure 1) for an evidence of Mary’s numerical grade in
philosophy:

0 ={1,2,3,4,5,6,7,8,9, 10}

Fig. 1. Frame of discernment for Mary’s numerical grade in philosophy

Mass Function (m):

mi (.A) =0.3
m1(B) = 0.25
m1(C) = 0.35
my (9) =0.1

Note that the belief not assigned to the subsets is assigned
to the environment.
C. Belief Function

The Belief Function, Bel, measures how much the informa-
tion given by a source support the belief in a specified element
as the right answer. The Belief Function for the element A,
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Bel(A), is given by:

Bel : 2° —[0,1] )
Bel(A) = > m(B) 5)
BCA

Example 2: .(using the data from Example 1)

Bel(A) = 0.3
Bel(B) = 0.25
Bel(C) =

Bel(©) =

Note that the belief in C is the sum of the mass of belief of B,
0.25, with the mass of belief of C, 0.35, given that C contains
B; and the belief in O is the sum of the mass of beliefs of the
subsets.

D. Plausability Function

The Upper Probability Function, or Plausibility Function,
Pl, measures how much the information given by a source
does not contradict a specified element as the right answer, or
in other words, how much we should believe in an element if
all unknown belief is assigned to it.

The Plausibility Function for the element A, PI(A), is
defined by (6) and (7) and subjected to properties (8) and
).

PL:2% - [0,1] ©)
Pi(A)= > m(B) Q)
BNA#@
Bel(A) < PI(A)| AC O ®8)
Pl(A) = 1 — Bel(A) (&)
(where A’ is the complement of A)
E. Belief Interval
It is the interval
T(A) = [Bel(A), PL(A)] (10)

meaning the range of epistemic relevance where we can
believe in A without severe errors. The Belief Interval is as
larger as the uncertainty in A.

FE. Dempster’s Rule

The reasoning process over evidence accumulation needs a
method for combining the independent evidence from different
sources [8]. The method usually used to combine the bodies
of evidence is the Dempster’s Rule [5], [4]. Although there
are other rules of combination, they differ basically in their
normalization part [3], [9], being the procedures adopted by
all rules independent of the evidence presentation order.

The Dempster’s Rule is composed by an orthogonal sum
and a normalization:

szl

BucC=A
A

)ma(C) , VAC O (11)

my ® ma(A
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Where m; @ ma(A) denotes the combined effects of the
mass functions m; and my and X is the normalization
constant, defined as 1/k, where:

k=1- > m(A)my(B;) (12)
AiNB;=2
Or, likewise:
k=Y mi(Ai)ma(B)) (13)

AiNB; #9

Example 3: An examination question has as the possibil-
ities of correct answer © =" {a,b,c,d, e}, considering A =
{a}, B ={b}, C ={c}, D ={d}, and E = {e}, was asked
to two people what was the probability of each answer to be
the correct one. The first person answered:

my(A) = 0.23
my(B) =0.18
my(C) = 0.28
my(D) = 0.18
my(€) =0.13

Note that 100% of the belief was assigned to the elements of
©, nothing being assigned to © itself.
The second person’s opinion became the second evidence:

mz(.A) =0.27
ma(B) =0.17
my(C) = 0.21
ma(€) = 0.21
m2(9) =0.14

Note that the second person preferred not stating anything
about the possibility “d”; and as he did not divide 100% of
his beliefs among the possibilities, the remaining (0.14) was
assigned to ©.

Using Dempster’s combination rule, would result in:

ma(A) = 0.30
mg(B) = 0.17
m3(C) = 0.31
m3(D) = 0.08
ms(€) = 0.14

G. Weight of Conflict
It is the logarithm of the normalization constant, denoted
by Con(Bely, Belz), where:

Con(Bely, Bels) = log(X) (14)

If there is no conflict between Bel, and Bel,, the sum of
the beliefs will be 1 and then Con(Bely,Bel;) = 0. Same
wise, if there is nothing in common between the evidence,
Con(Bely, Bely) = .

Example 4: (using data from Example 3)

X = 3.1368
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and consequently

Con(Bely, Bely) = log(X) = 0.4965
The combination of bodies of evidence with a high weight
of conflict can lead to counter intuitive, unreasonable, results
by the Dempster’s Rule.

ITII. COUNTER INTUITIVE BEHAVIOR OF THE
COMBINATION RULES

A classical problem [4], [10], [11] with the Combination
Rules used until now is a counter intuitive result found when
the evidence to be combined have a concentration of belief in
elements disjoint between them, and a common element with
low degrees of belief assigned to it. Because the rules do not
include any intrinsic mean of belief derating, proportionally
to the amount of uncertainty (coming from the conflict among
them), they can assign 100% of belief to the element less
believed but common to the evidence.

Example 5: Your car has broken and you called two auto-
mechanics to give their diagnostics.

The mechanic 1 gave his opinion of 99% of belief to a
fuel injection problem ({injection}), and 1% of belief in an
electronic ignition problem ({ignition}):

my ({injection}) = 0.99
my ({ignition}) = 0.01

The mechanic 2 assigned 99% of certainty to a com-
mand belt problem ({belt}), and 1% to an electronic ignition
({ignition}) problem:

ma({belt}) = 0,99
mg({ignition}) = 0, 01
By the Dempster’s Rule:
© = {injection, ignition, belt}
mg({belt}) =0
mg({injection}) = 0
mg({ignition}) = 1

That is, a 100% of belief on an electronic ignition problem,
contradicting the intuition, and making some authors as [12]
state as not advisable the combination of evidence with weight
of conflict bigger than a certain value, as 0.5 (as a rule of
thumb).

IV. ANALYZING THE COUNTER INTUITIVE BEHAVIOUR

It is of great importance to analyze the kind of phenomenon
portrayed on Example 5. By an epistemic point of view
it should be a “confirmation effect” about the hypothesis
upon which the opinions agreed, once both opinions came
from specialists with the same degree of reliability. Thus the
discordance concerning the hypothesis in which most belief
were assigned, must, in fact, decrease the belief on these
hypotheses, increasing the uncertainty about them, and at the
same time, increasing the belief in the hypothesis in which
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