.

Independenceand Non-Interactivity in the Transferable BeliefModel.

B. Ben Yaghlane*, P. Smets** and K. Mellouli*

July 20, 1999

Abstract

A survey of the use of belief functions to quan tify the beliefs held by an agent, and in particular of their interpretation in the transferable belief model.

1 Intro duction.

The study of independence seems to be an importan t topic for uncertain ty management systems. Reasoning systems should take into account independence (resp. dependence) considerations in order to get an efficien t performance and to simplify many reasoning tasks. The concept of independence, that could also be called irrelevance or informational irrelevance, is regarded as a relationship stating the conditions under which the knowledge of the value taken by one variable is irrelevant to the uncertain ty about the value taken by another variable.

The notion of informational irrelevance has been extensiv ely studied in probability theory, e.g. (Dawid, 1979,1998), (Pearl, 1988), (Lauritzen et al., 1990), where it is identified with independence or more specifically, conditional independence. It can be represen ted axiomatically or graphically . The concept of independence has also been studied in other non-probabilistic frameworks such that Spohn’s theory of ordinal conditional functions (Spohn, 1988), Zadeh’s possibility theory (Zadeh, 1978), (Hisdal, 1978), (Fonck, 1994), (Camp os et al., 1995), (Vejnarová, 1999)..., and in an abstract framework that unifies differen t calculi called valuation-based system (Shenoy, 1994). However, the concept of (conditional) independence for variables has not been widely treated in belieffunctions theory.

The aim of this work is to investigate some ways to define independence relationships between variables when uncertain ty is expressed under the form of belief functions. Some other researches studying this topic are (Camp os and Huete, 1993), (Shafer, 1976), and (Studen y, 1993).

In this presentation, we are concerned essentially with one interpretation of the belief functions theory, called the transferable belief model (Smets and Kennes, 1994) and we point out the fundamen tal problems related to the concept of independence in this framework. Indeed, the main problem we want to solve may be stated as follows: let X and Y be two (logically independent) variables taking their values on the sets X = {x_1,x_2,...x_n } and Y = {y_1,y_2,...y_m }, respectively. Consider a belief function, represen ting a global piece of knowledge about the variables X and Y, on the Cartesian product W = X × Y. Then, we want to define the concept of non-interactivit y and of independence between X and Y. The definition of these concepts are not so universal.

Definition. Belief-function Non-In teractivit y. Given a bi-dimensional belief functions bel on W associated to its basic belief assignmen t m, the variables X and Y are said to be non-interactiv e with respect to m_W iff:

m_W (w) = m_X (A)m_Y (B) if w = A × B,A ⊆ X,B ⊆ Y,

= 0other wise

where m_X and m_Y are the basic belief assignmen ts obtained by the marginalization of m_W on X and Y, respectively.

This definition corresp onds to the concept of non-interactivit y as defined by Zadeh (1979). By analogy to stochastic independence for the probabilistic case, we can define belief-function independence - that we call ”Doxastic Indep endence” - as follows:

Definition. Do xastic Indep endence. Given a bi-dimensional belief functions bel_W on W = X × Y associated to its bba m_W , the variables X and Y are said to be doxastically independent with respect to m_W iff :

i.m_Y (B|A) = m_Y (B) ∀A ⊆ X,∀B ⊆ Y where m_Y (B|A) is the conditional belief function over Y obtained by the Dempster’s rule of conditioning, and ii. if X and Y are doxastically independent with respect to both m_1 and m_2, then X and Y are doxastically independent with respect to m_1 ⊕ m_2 obtained by applying Dempster’s rule of combination on m_1 and m_2.

In this presentation, we show the links between the concepts of belieffunction non-interactivit y and doxastic independence.

References

Camp os L.M. and Huete J.F. [1993] Indep endence Concepts in Upp er and Lower Probabilities, Uncertain ty in Intelligen t Syst. (Bouc hon-Meunier et al., Eds), 85-96.

Camp os L.M., Huete J.F. and Moral S. [1995] Possibilistic Indep endence, Third Europ ean Congress on Intelligen t Techniques and Soft Computing EUFIT’95, German y, vol.1, pp 69-73.

Dawid A.P. [1979] Conditional Indep endence in Statistical Theory , Journal Royal Stat. Soc., Series B, 41, 1-31.

Dawid A.P. [1998] Conditional Indep endence, 14th Conference on Uncertain ty on Artificial Intelligence, USA.

Fonck P. [1994] Conditional Indep endence in Possibilit y Theory , Uncertain ty on Artificial Intelligence, 221-226.

Hisdal E. [1978] Conditional Possibilities Indep endence and Nonin teraction, Fuzzy Sets and Systems, 1, 283-297.

Kong C.T.A. [1988] A Belief Function Generalization of Gibbs Ensem bles, Join t Technical Rep ort, S-122 Harv ard Univ ersit y and N 239 Univ ersit y of Chicago, Departmen ts of Statistics.

Lauritzen S.L., Dawid A.P., Larsen B.N. and Leimer H.G. [1990] Indep endence Prop erties of Directed Mark ov Fields, Net works, 20(5), 491-505.

Pearl J. [1988] Probabilistic Reasoning in Intelligen t Systems : Net works of Plausible Inference, Morgan Kaufmann, San Mateo, CA.

Shafer G. [1976] A Mathematical Theory of Evidence, Princeton Univ ersit y Press.

Shafer G. [1982] Belief Functions and Parametric Models (with discussion), Journal Royal Stat. Soc., Series B, 44(3), 322-352.

Sheno y P. [1994] Conditional Indep endence in Valuation-Based Systems, International Journal of Appro ximate Reasoning, 10, 203-234.

Smets Ph. and Kennes R. [1994] The Transferable Belief Model, Artificial Intelligence, 66, pp 191-234.

Spohn W. [1988] Ordinal Conditional Functions : A Dynamic Theory of Epistemic States, Causation in Decision, Belief Change, ans Statistics Harp er W.L. and Skyrms B., Eds), Holland, 2, 105-134.

Studen y M. [1993] Formal Prop erties of Conditional Indep endence in Differen t Calculi of AI, ECSQAR U’93, (Clark e K., Kruse R. and Moral S., Eds), Springer-V erlag.

Vejnaro vá J. [1999] Conditional Indep endence Relations in Possibilit y Theory , 1st Intern.

Symp osium on Imprecise Probabilities and Their Applications, Ghen t, Belgium.

Zadeh L. [1978] Fuzzy Sets as a Basis for a Theory of Possibilit y, Fuzzy Sets and Systems, 1, 3-28.