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I. Introduction

Students of management Of uncertainty in expert systems have
devoted considerable attention to propagation of belief functions
and probabilities in networks (see, for example, Gordon and
Shortliffe (1985), Shafer and Logan (1985), Pearl (1986)). In
Shafer, Shenoy and Mellouli (1986) and Shenoy, Shafer and Mellouli
(1986), a scheme for propagating belief functions in "qualitative
Markov trees” is described. This scheme is a generalization of both
Shafer and Logan's scheme for hierarchical trees and Pearl's scheme
for Bayesian causal trees (see Shenoy and Shafer (1986)). In this
paper, we concentrate on qualitative Markov trees and their
properties. We start with a definition of conditional qualitative
independence (q-independence) for partitions. We treat partitions as
qualitative descriptions of belief functions and random variables.
Using the concept of .conditional q-independence, we define a
qualitative Markov (gq-Markov) network, analogous to a probabilistic
Markov network (sees, for example, Griffeath (1976), Darroch,
Lauritzen and Speed (1980)). We then introduce the concept of a Kong
pattern for a collection of partitions (see Kong (1986)) and note
that a tree of partitions is q-Markov if and only if its edges form
a Kong pattern for the partitions. For more general networks of
partitions, we note that if a set of complete subsets of nodes of
the network forms a Kong pattern for the partitions, then the
network is g-Markov. The paper ends with some comments on Shafer,
Shenoy and Mellouli's (1986) propagation scheme for belief functions
in g-Markov trees.

II. Qualitative Independence for Rartitions

In this paper, we will be concerned with a finite indexed

_collection of partitions (pjlle} of a finite nonempty set
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Q-uuiliell . Such partitions can serve as qualitative descriptions
of random variables or belief functions., To a random variable

X:{d-R, we associate the partition
P, -1Pa2Qp=x"1(a) for some aeX(f))

and to a belief function on a frame of discernment {J, we associate

the partition generated by taking intersections of the belief
function's focal elements (see Shafer (1976)).

Let £, and p, be two distinct partitions. We say that Py is
coarser than @, (or equivalently that P, i3 finer than P1).
written as £,2pP,, it for each P,e Py, there exista P € p,; such that
PyQP;. We call p; a coarsening of P, and P, a refinement of P,-

The relation 2 is a partial order and the set of all partitions is a
lattice with respect to this partial order (Birkhoff (1967)). The

coarsest common refinement of Py e Pge or the least upper bound
of P, ., P, with respect to 2, denoted by A(pjlj-l, e 0} O
by [ P P is the partition

(ByN..NP(Pyep 4 for =1, .., n, and P)N..MP #D).

We say that @,, ..., P, are qualitatively independent
(q-independent), written as [pl, oot pn]—{, if whenever we select
Pyapy for j=1, ..., n, we find that P;N..NP #D. Furthermore, we say
that @,, ..., P, are conditionally q-independant given @, written
as (p,, ... P ]—Ip, it whenever we select P& P and Pje p4 such

that ijne for j=1, ..., n, then PN N..NP »D. Notice that

stochastic conditional independence implies qualitative conditional

independence. If Q-(milicl) represents a finite sample spaca, and
Pr:ZQ—’(O,ll represents a probability distribution on @ such that

Pr((w;})>0 for all i€, and X, Y, Z are random variables such that

1A ]

X and Y are conditionally independent given Z, thea (., pyl—(pz,

where @, py and @, are the partitions associated with X, Y, and

Z, respectively.

III. Qualitative Markov Networks

We now consider networks where the nodes represents partitions
and the edges represent certain conditional gq-independence
restrictions on the partitions. Consider a network (J,E), where J is
a finite set of partitions thought of as the nodes of the network,

and ECJXJ is a set of unordered pairs of distinct elements of J,
thought of as the edges of the network. We say that i&J and jeJ are

adjacent or neighbors if (i,3)6E. If J,&J, the boundary of Jy,

written as 3J1, is the set of nodes in J-J; that are adjacent to

some node in Jy. The closure of Jy i3 JluaJl and is denoted by Jy. A

complete subset of nodes is a subset J;CJ where all elements are
mutual neighbors.

A g-Markov network for (pjljeJ) is a network (J,E) such that
for any three mutually disjoint subsets J;,J; and J3 of J, if Jjand
Jp are separated by J3 (in the sense that any path from a node in J,
to a node in J, goes via some node in J3), then

(Alpyliedy). A(pjljwzn—hmjljeh).

If (J,E)} is a q-Markov network for (pjljsal and the network (J,E)

is a tree, then we say that (J,E) is a gq-Markov tree for (pj|jeJ).

Theoream 1 (Mellouli (1987)): (J,E) is a q-Markov

network for (pjlje-ll if and only if for all J,CJ,

(A(P31I€31), AR I3ed-0yt—al@513€d0,).
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. Let {f;11i6J) be an indexed collection of partitions, Let (J,E) is q-Markov for {g;li€J} if and only it E is a

J
EC2Y. E is said to be a Kong pattern for (pilied) if whenever we Kong pattern for (pXILEJ).

select an element P; from P for each ieJ such that N(P;|ieI]|=D

for all IGE, then N{P;{iaJ)»d. Notice that if the partitions in V. Conclusion

(gyiiaJ) are g-independent, then every ec2J (including the empty In this paper, we focused on characterizing q-Markov trees
, .

set) is a Kong pattern for lpllieJ). Also, the singleton (J} is Elsewhere, we have described a scheme for propagating belief

functions in such trees with only "local computations®. The local

always a Kong pattera for (p;116J} regardless of how the p, are computation aspect of the scheme results in a reduction in the

computational complexity associated with Dempster's rule of
h B
chosen. It can be shoun that if E 1s a Kong pattern for (pyliedt, combination for belief functions and also makes possible an

then (J,E) is a q-Markov network. (In fact, if a set of complete implementation in parallel that further reduces the time required

subsets of nodes in (J,E) is a Kong pattern for {p 11&J}, then for the computation. This computational scheme is a generalization
of both Shafer and Logan's scheme for hierarchical trees and Pearl's

(J,E) is a q-Markov network for (pllliJ)). The converse of this scheme for Bayesian causal trees.

result is not valid for networks in general, i.e., neither the set
of all edges nor the set of all complete subsets of nodes of a

q-Markov network necessarily form a Kong pattern. VI. Acknowledgements
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Abstract : The framework of evidence theory is used to represent uncer-
tainty pervading a set of statements which refer to subsets of a uni-
verse. Grades of credibility and plausibility attached to statements
specify a class of bodies of evidence. Using newly appeared measures of
specificity, a principle is stated in order to select, among these bo-
dies of evidence, the one which suitably represents the available infor-
mation in the least arbitrary way. It is shown that this principle,
which is similar to the maximum entropy principle, leads to a deductive
reasoning approach under uncertainty, and also provides a rule of com-
bination which does not presuppose any independence assumption. Parti-
cularly, it is more general than Dempster‘s.

1 - Introduction

Recently, the idea of measure of information stemming from Shannon
has been enlarged in the framework of Shafer's evidence theory. Measu-
res of imprecision, dissonance and others (see Klir [9), Dubois-Prade
[7) for complementary surveys) have been attached to a body of eviden-
ce, viewed as an allocation of probability m to subsets of a given set
Q called a frame of discernment. Namely m is such that m(A) > 0,
¥ Acfand

m(A) = 1 (1)

##RCQ
The pair (F,m) where F = {A|m(A) > O} is the set of focal elements, is
called a body of evidence describing the possible location of a varia-
ble x ranging on Q. m is called a basic (probability) assignment.

This way of describing uncertain information seems to be rather ge-

B

|




Lecture Notes in Computer Science

Vol. 192; Automata 0n Inhinite Words. Proceedings, 1984, Edited by
M. Nivat and D.Pernin V, 218 pages 1985,

Vol. 193: Logeca of Programs. Procesd:ngs, 1985, Edited by R Parkh.
VI, 424 pages. 1988,

Vpl. 194: A gee and P 9. P
1985. Ediad by W. Buuv 1X. 520 pages. IOBS

Vol. 198: H.JStungen, A A P
System. Xil, 273 pages. 1965,

Vol 108; Advences n Crypwology. Procesdngs of CRYPTO ‘84.
Ecvind by G.R. Blakiey and D. Chaum. IX, 491 pages. 1988.

Vol. 197: Semwas on Concurency. Procesdinge, 1084, Edned by
S.D. Brookes, A. W. Roacoe and G, Winskel. X, 523 pages. 1988,

Vol. 198: A Busnger, PORTAL Language Descrpeon. Viii,
188 pages. 1083.

Vd. W9 Fi ot Cq Theory. Pr

Vai. 219; Advances m - EUROCRYPT '86. Procesdings.
1085, Edved by F. Pchier. IX. 281 panes. 1088,

Voi. 220: RIMS Sympoua on Softwars Scmnce and Engseenng il.

Procascngs, 1963 and 1984. Edited by E. Gow, K. Al and T.
Yuasa. Xi, 324 pages. 1088,

Val. 221: Logc Programmung '85. Procestnge, 1088, Edued by E.
Wadia. IX, 311 pages. 1988,

Val. 222: Advances in Petn Nats 1885, Edted by G. Rozenosrg. VI,
408 pages. 1088.

vol. 223: S nC Theory. Procesdnge, 1086. Edited
by A.L Seiman. Vi, 401 pages. 1680,

Vaol. 224: Current Trends in . Quervews and Tutonals.
Edcited by 1. W. de Bakker, W.-P. de Roever and G. Rozenberg. Xil,
718 pages. 1086.

Vdnbhud i C Logee Proge Q.

s, 1985,
Edited by L. Budach. Xii, 32 pages. 1985,

Val. 200 J.L.A van de Snepaches. Trace Theory and VLS! Demgn.
W1, 0-140 pages. 1985,

Vaol. 201: Functional Programimng Languages and Computer Arche.
tecture. Proceedings, 1985. Edvled by J.-P. Jousnnaud. VI, 4|3m
1008

Vo 20Z R and Edted by
wwwmm..mee

Vol 203 EUROCAL '88. Procesdnigs Vol 1, 1985. Edned by
B. Buchbarger. V, 233 pages. 1088,

Vol. 204: EUROCAL '85. Procesdnge Vol. 2, 1080. Eaed by
B F. Cavnees. XV, 650 pages. 1985,

Val. 208: P. K, A Swdy n Stng Processng Languages. VI, 165
pages. 1986,

Val. 208: f Sohware T gy and Th Com-
puter Scence. Prm 1988, Emaysn.mut.
322 peges. 1085,

Vol 207: The Analyms of C Syssema. F Qe. 1983
Edwed by B.7. Derve. W.T. Harwood, M.L Jackson snd M.J. Wrey,
VI, 208 puges. 1068,

Val. 208: C. Thaory. Pro ge. 1084. Edned by A.
Showron. Vil, 397 pages. 1088,
Vol. 209: n C. Pro ge of EUROCRYPT '84.

MMYMNC‘:W!WVH 481 pages. 1963,

Vot. 210: STACS 86. Procescngs, 1086, Edved by 8. Moran and G.
Vidal-Neguet. (X, 308 pages. 1008.
Vol 2t1: U. g G and St V. 99 pages. 1008.

Vdl. 212 imervel Mathematcs 1008, Procesangs, 1085, Edned by K.
Nchel. V1, 237 pages. 1088,

Vdl. 213: ESOP 04. Procescings, 19080, Edned by B. Robwnet and
R Wilhaim. V1, 374 pages. 1066.

Vol. 214: CAAP '86. 1ith Cologumum on Trees n Algebrs and
Procescngs,

Programmeng. 1988. Ecried by P. Franche-Zannettacc,
W, 208 pages. 1084,
Val. 215: Maethods of S, and Sy ot

w.smumlm Eauab,w&bdmd
K.P. Janthe. 245 pages. 1068,

gs, 1088, Edited by E. Shapwo, IX, 7709.9.- 1966,

Vol. 226: Auomala, Lynguages and Programmeng. Procesdings,
1988. Echied by L. Koat. IX, 474 pages. 1088.

Val. 227: VLSIWNNMM-—AWOC“ ﬁoooo-
dnge, 1986, Edied by F. K.

and P. Speraius. VIN, 320 pages. 1988,

Voi. 228: Apphed Algebra, Aigomthmecs and Error-Carecung Codes.
AAECC-2. Procesdngs, 1984. Eded by A. Pok. VI, 265 pages. 1086,
Vol. 229: Algebruc Algonthma and Error-Correctng  Codes.
AAECC-3. Procssdnge, 1086. Ecited by J. Caimet. Vil, 418 pages.
1008,

Vol 230 B on A Deck
Mmmuemv,ms.umx 708 pages. 1088,
Val. 231: R, Hausser, NEWCAT: Parsng Natural Language Using
Lett-Assocaive Grammar, i, 340 pages. 1988,

Val. 232: Fundamentais of Avhcial ineibgence. Edsed by W. Bibel
and Ph. Jorrand. VI, 313 pages. 1588,

Vol. 733: Mathematcal Foundatons ol Comguisr Scenca 1988,
Procescdngs, 1084, Edted by J. Gruska. B. Rovan and ). Wiedermann.
IX, 650 pages. 1088,

VdZM wanumbmkwmb'
of IFIP Workng

By
an.n27 EmodbyD Booanx 116 pages. 1508,

Vd. 235: Accurale Scenthc Computaons. Procescngs, 1083,
Edned by W.L. WMMRATW XIW, 205 pages. 1088,
Vol. 238: TEX for S Pr g 1968,
Edned by J. Désaménen. VI, mmlm

Vol. 237: CONPAR B6. Procesdings, 1980. Eciiad by W. Hindler,
O. Haupe, R. Jeitsch, W. julng and O. Lange. X. 418 pages. 1996.
Vol 238: L. Nash, Negaton and Conrol i Prolog. IX, 119 pages.
1089,
Vol 239 F of Py W

1988. Edded by A. Metton. V1, 393 pages. 1986.
Val. 240: Category Theory and Computer Programmung. Procesangs.,
1085. Ecited by D. P, S. Abramaky, A, Pogné and D. Rydeheard. VI,
510 pagea. 1088.
Vol. 241: Found of Software T gy and Th Com-
puter Scence. Procesdngs, 1088, EMD,KVNon xu, 819
pages. 1986,
Vd 242: Combinators and Functonal Programming  Languages.
1086. Edned by G. Coumnesu, P.L. Cunen and

Vol. 218: Ch. F 1. Kruzale, 8. Lucas
Array Pro Deen, F g and Stuches. Xit,
123 pages. 1080.

Vol. 217: Programs as Data Otyacts. Procescngs, 1986, Edaed by H.
Ganonger and N.D. Jones. X, 324 pages. 1066,

Vol. 218: Advances w Ceyploiogy - CRYPTO '86. Procesdings,
Edned by H.C. Wikiama. X, 548 pages. 19848,

Bmvalm
Val. 243: ICOT '88. Procesdngs, 1988. Edved by G. Auselo and
P, Azeni, V1, 444 pages. 1086,

Vol, 244 o Pr & Procesd:
Edned by R. Conmad, ™. annannndDH Warmk. vnooc
pages. 1068

RS-

Lecture Notes In
Computer Science

Edited by G. Goos and J. Hartmanis

086 S

B. Bouchon R.R.Yager (Eds.)

Uncertainty
Knowledge-Based Systems

International Conference on Information Processing

and Management of Uncertainty in Knowledge-Based Systems
Paris, France, June 30 — July 4, 1986

Selected and Extended Contributions

SpringerVerlag
Berlin Heidelberg New York London Paris Tokyo




