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RESTRACT

This paper presents gencralfzations of Baypes
Tikelihood=-ratio wpdating rule which facilitate an
asynchrorous propagation of the fmpacts of new
beliefs andfor nes evidence in Rierarchically or-
ganized fnference structures with multi=hypotheses
varfables. The computational scheme proposed
specifies a set of belief parameters, comminica-
tion meszages and updating roles which guarantes
that the diffusion of updeted bellefs 1s accom-
plished in a single pass amd complies with the
tenets of Bayes caloculus,

Introduction

Thiz paper addresses the issue of efficiantly
propagating the (mpact of mew evidence and beliefs
through a complex network of kierarchically orgen-
fzed inferente rules. Suech networks I'1|1d wide
applications in expert-systoms [1], 1)apeech
re:-:?ﬂthm [4], situation asse;smnt 5 . the

ling of reading comprehension [6] and judicial
reasoning [7].

Many Rl researcheérs have dccepted the myth
that a respectable computational model of imexact
reasoning mest distert, madify or {gnore at least
soa principles of probability calowlus. Conse-
quently, mozt Al systeme currently employ ad=hoc
belief propagation rules which may hinder both the
inferential power of these systems and their
acceptance their intended users. The primary
purpese of this paper i5 to examing what computa-
tional precédures are dictated by traditianal
probabilistic doctrines and whether modern require-
ments af lacal asynchronous processing rendér these
doctrings obsolete,

We shall assume that beliefs ere expressed in
probabilistic terms and Ehat Ehe propagatiom of
beliefs 15 governed by the traditfonal Bayes trams-
formations om the relation P(D[H), which stamds for
the judgmental probability of data D [e.g., & come
bination of symptoms] givern the hypothesis H (e.g.,
the exittince of & certain di:eau?ﬂ The unfque

[(*}The peper "An Essay Towerds Solving a Problem inm
the Doctrine of Chances by the lTate Rev. Me. Baves®,
FPhil, Trans. of Royal 5o0c., 1783, marks the begin-
ing of the sclencé of inductive ressoning.
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feature of hierarchical {nference systees i3 that
the relation P{O|H} 5 computable a5 a cascade of
local, mare elementary probability relations in-
volying intervening varfables. Intervening vari-
ables, (e.g., organices cauting & disesse) mey or
may not be directly observable, Thelr computation-
al rela, howaver, is to provide a conceptual
summarization for loosely coupled subsets of obser
vatiomal dats so that the cosputation of PH|D) can
be performed by local processes, each employing a
relatively small number of data sources,

The belief maintenence architecture proposed
in this paper i based on a digtributed asynchra-
rous Interaction between cooperating krowledge
gources without central supervision similar to that
used In the HEARSAY system [4]. MWe assume that
each variable [f.e., & set of hypatheses] {5 repre-
sented by & separate processor which both mafntains
the parameters of belief for the host varfable and
aanages the communicaticon links to and from the st
of neighboring, Yogically refated varisbles. The
communication ¥ines are assumed to be open at all
times, 1.¢., each processor may at any time inter-
rogate it message-board for revisions made by its
ng i ghborssupdate 115 own belief pareneters and post
rew messages on 1ts nefghbors ' boarde In this fashion
the impict of mew evidence may propagate up and
down the retwork entil equilibrium is reached.

The asynchronous nature of this model requires
2 solution to an irstability problem. If a strom-
ger belief in a given hypothesis means a greater
expactation for the occurrencesf b certain Sup-
porting evidence amd 6, in turn; & greater cer=
tainty in the occurreéncecf that ewlidence adds
furthker credence to the hypothesis, how ¢an cne
awoid an infinite updating loop whan the Bwo
processors begin to cosmunicate with ome another?
Thus, 8 second objective of this paper is to pre-
sent an appropriate set of belief parsseters,
comsunication messages and updating rules which
quarantes that the dfffusfon of updated beliefz ig
ceconplished in & single pass and complies with
the temets of Bayes calculus.

A third gbjective i5 to demongtrate that pro-
per Bayes Inference cam be accomplished amongmmuliti
valued variables and that, contrary to the clafms
made by Pednault, Jucker and Muresan [B], this
does not render conditiomal independence incompa-
thible with the azssumption of sutusl exclusivity
ard exhaustivity,






