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Abstract. 

Any belief function can be decomposed into a 
confidence and a diffidence components. Each 
components is uniquely decomposable into simple 
support functions that represent the impact of the 
simplest form of evidence, the one that only 
partially supports a given subset of the frame of 
discernment. The nature of the inverse of 
Dempster's rule of combination is detailed. The 
confidence component translates the impact of 
'good reasons to believe'. It is the component 
classically considered when constructing a belief. 
The diffidence component translates the impact of 
'good reasons not to believe'. 

K e y w o r d s : uncertainty, belief functions, simple support 
f unc t i ons , Dempster 's ru le o f combina t ion and 
decombination. 

1. In t roduct ion. 

In this paper, we take it for granted that the transferable 
belief model (TBM) is appropriate to represent quantified 
beliefs. Hence beliefs are quantified by belief functions and 
bel ief functions are combined by the unnormalized 
Dempster's rule of combination, denoted the ©-combination, 
when the sources of evidence that induce them are distinct 
(Smets, 1990, Smets and Kennes, 1994). 

In section 2, we study a canonical decomposition of a 
belief function into elementary and distinct components such 
that their ©-combinat ion restores the original bel ief 
function. In section 3 and 4, we analyze Dempster's rule of 
combination and define the decombination process. In section 
5, we discuss the meaning of these elementary components. 
We present the concepts of 'absorbing belief state', of 'debt 
of be l ie f , of 'latent belief structure', and of confidence and 
diffidence components of a belief state. In section 6 we 
present a mathematical generalization of this decomposition. 
In section 7 we compare our canonical decomposition with 
Shafer's or iginal proposal. In section 8, we solve the 
decomposition problem for the dogmatic belief state. 

Note: In the T B M , belief functions are unnormalized. It 
means that we do not require m(0 ) = 0 and bel is defined 
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5. The la tent bel ief s t ruc tu re . 

5.1. Meaning of Aw when w > l . 
The idea underly ing the canonical decomposition of a 
separable belief function bel into SSF is that the state of 
belief represented by bel could be understood as the result of 
the combination of distinct elementary states of belief, each 
one represented by a SSF. Each SSF characterizes an 
elementary state of belief in which only one proposition (the 
proposit ion denoted by the focal element) is somehow 
supported (somehow meaning 'w i th weight 1-w'). This 
simple interpretation collapses once bel is not separable, in 

wh ich case some of the GSSF of the canonical 
decomposition are not SSF, but ISSF. The meaning of the 
decomposition becomes clearer once the concept of absorbing 
belief is introduced. 

5.2. A b s o r b i n g Be l ie fs . 
The SSF A x , xE [0,1] , represents a state of bel ief that 
translates the idea that "You have some reason to believe that 
the actual wor ld is in A (and nothing more)" (You is the 
agent who holds bel iefs) . The 1-x is the weight 
corresponding to "some reasons". Suppose the other state of 
beliefs that would translate the idea that "You have some 
reason not to believe that the actual world is in A " . This 
cannot be represented by a belief function over Ω. and it 
seems there is no way to represent it by a discounting or by 
a meta-belief over the set of bel ief functions over Ω. 
Suppose that You are in a situation where You have 
simultaneous some reason to believe A and some reason not 
to believe A. It might occur that the weights of both 'some 
reasons' are exactly counter-balancing each other. In that 
case, You end up in a state of total ignorance, hence Your 
belief over Ω is represented by a vacuous belief function. 
The first state of belief is represented by a simple support 
funct ion A x . So the second state of bel ief must be 
represented by 'something' which combination with Ax leads 
to a vacuous belief function. But there arc no belief functions 
which combinat ion w i th another bel ie f funct ion by 
Dempster's rule of combination would result in a vacuous 
belief function. The state of belief encountered when there are 
some reasons not to believe A is called a state of absorbing 
belief as it is a state of belief that w i l l absorb A x . It looks 
like a state of belief where You have a 'debt of bel ie f as the 
accumulation of new pieces of evidence could lead You to a 
classical state of belief. The representation of such a state of 
absorbing belief cannot be achieved by a single belief 
function. 
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(This reduction remembers the posit ive introspection 
described in epistemic logic). The same holds for Evidence 2. 

With Evidence 3, You believe at level 3/4 what the source 
says and the source says "Do not believe {a} " . The reduction 
cannot be achieved as in the previous cases as one has "You 
believe at 3/4 that You should not believe {a } " . It only 
means that if You had some belief in {a} , You should delete 
it. It is exactly what is achieved by the 0 { a } ^ 4 . You had a 
belief 1/4 given to {a} and it is removed. So the ISSF { a } 4 / 3 

corresponds to "the support given to the fact that You should 
not believe the focal element {a } " . You have "some good 
reason not to believe something", where the strength of good 
reason is equal to the belief / reliability / support You gave 
to the source. 

Examp le 3: The P ravda Bias. You are in 1980, 
away from home, and read in a copy of an article published 
in a journal that the economic situation in Ukalvia is good. 
You do not know which journal the paper was copied from 
and You never heard about Ukalvia. So You had no a priori 
whatsoever about the economic status in Ukalvia, and now 
after having read the document, You might have some 
reasons to believe that the economic status is good. The 
'some reasons1 reflects the strength of the trust You put in 
the information published in a journal . Then a friend in 
which You have ful l confidence mention to You that Ukalvia 
is a region of the USSR and that the document was 
published in the Pravda. By experience, You have some 
reasons not to believe what the Pravda says when it describes 
the good economic status of Ukalv ia; it might just be 
propaganda. 

The reasons to believe (called the confidence) that the 
economic status in Ukalv ia is good result f rom the 
information presented in the ini t ial document and Your 
general belief about journal information. The reasons not to 
believe it (called the diffidence) result from what You know 
about the Pravda. If both 'reasons' counter-balance each 
other, You end up in a state of total ignorance about the 
economic status in Ukalvia. 

It might be that the confidence component is stronger 
than the diffidence component. Then You w i l l end up with a 
slight belief that the economic status in Ukalvia is good (but 
the belief is not as strong as if You had not heard that the 
journal was the Pravda and Ukalvia was in USSR). 

If the diffidence component is stronger than the confidence 
component, then You are still in a state of 'debt of bel ief , 
in the sense that You wi l l need further confidence component 
(some extra information that support that the economic 
status in Ukalvia is good) in order to balance the remaining 
diffidence component. In such a case, if You are asked to 
express Your opinion about the economic status in Ukalvia, 
You might express it under the form: 'So far, I have no 
reason to believe that the economic status is good, and I 
need some extra reasons before I start to believe i t ' . 

5.3. L a t e n t be l ie fs . 
A way to represent belief states where both confidence and 
diffidence are involved consists in creating a structure of 
'latent' beliefs and a structure of 'apparent' beliefs. A latent 
belief structure is represented by a pair of belief functions (X, 
Y) where X .YE B and B is the set of belief functions over 
Ω. X and Y are respectively quantifying the confidence and 
the diff idence component of the latent belief structure. Let 
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9. Conclusions. 
Thanks to our canonical decomposition, we can represent a 
complex belief state as the result of the combination of 
elementary and distinct states of belief. Each elementary 
belief state is represented by a SSF. Each SSF represents 
either 'good reasons to believe' or 'good reasons not to 
believe' a given event or proposition. Each SSF can be seen 
as a weighted proposition and a state of belief is represented 
by a set of independently weighted propositions. It means we 
have built a weighted propositions] logic where user 
can write propositions and give weights independently to 
each of them. The result wil l be a complex state of belief, 
which latent belief structure is well defined. 
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