94-12042

[

A

13

e —————

FEB 3 'S4 15:15 FROM UCLA-0CGR

PAGE . 002
. i o
FROM: KRORU T0: 1emeats ¥ | « FEB 3. 193¢ 2:SM P.® (;;Z
FEB 3 'Ya 33:13 FROM UCLA-OCGA PAGE . 982 )

3

AD-A278 396 onract o Avpreved

. " - ! —— Onm aip eMSures

’ W === %ﬁ1

mm 2,9?4 ®ipal T-ch:ztl Report )/1/90-9/30/9
Tratt aan 1

T WL A Bt

. Dynamje Conatraint Networks ((Z() Lg 5 0 (7/ /‘ 3 Q

Profcasor Judea Pear) . Cy [/C’:’QP

bem 94 0179

AFOSR 90 0136

1. OISV CODt

N
T A VIALY Pt 700 ward)

The primary ¢bjcctive of this project has been the development of syste
that rcason in dynaic end open-ended epviromment end that usc netwurks s
their primary representation language. The focus of our research has been
temporal ressoning, neural networks, truth paintenance, and defoult reasoning.
This investligation hos led to several basic regults: the expressivencer of
constraint networks vas analyzed, tractable claasce of combtraiut sar:sfac:inﬂ
probleme were identified and effectsve precessing techniques were developed.”
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SUMMARY OF RESEARCH RESULTS

Specifically, the following results were obtained during the period of performance:

1. Theoretical limits were obtained on the cxpressiveness of constraint networks that contwin
hidden variablcs. Trado-offs were csiablished between the number of hidden variables re-
quired and the size of their domain (o ensurc that an arbitrary relation be expressible as a
constreint nctwork. Similar sclationships were developed between the sizes of the vaziables
domsis and the Jevel of local consistency 1o ensure global consistency.

2. Distributed, sclf-stabilizing sigorithms were developed for solving a gencral nciwork coo-
sistency prodblem, and for performing truth-maintenance tasks on singly-conaccied struc-
turcs. Effective methods were developed for combining qualiuive and quantitative infor-
mation for temporal reasoning.

3. New gpplications of constraint networks were idontified in the area of default reasoning,
Jeading to new cffcctive algorithms and traciable sublanguages for representing defeasible

4. A rew framework was devcloped for planning under uncentainty, combining causal net-
works, qualitative probabilities, and gualitative utilitics.

Resulis listed under fterms 1 and 2 above are descyibed in the accompanying Jist of publi-
cations. The following is an elaboration of recent achicvernents summarized ander items 3 and
4 above.

Default reasoning with constraint networks

The main goal of this project has been 1o identify the features that render certain classes

of non-monownic thearics tractable, and 10 implement our findings in a working system. The

has been to map default theories into well understood Janguages such as propositional

Jogic and constraint networks 30 as to transfer scmantics and wcchniques from the laticr o the
former.

The approach was pursued by Rachel Ben-Eliyahu (PhD, July 1993) and has Jed 10 re-
markable results, summarized in six publications. Basically Rachcl has shown that, cantrary to
prevailing folklore and some unrealistic theoretical resohts, praciical non-monotonic rcasoning
nced not be barder than monotonic reasoning. She has found 2 way of translating non-monotonic
tasks to propositional theorics such that querics (about membership and entsilment) posed in the
former framework can be answered by the hatter.

'We belicve thesc resvls will have a significant impact on the eventual (and inevitable)
implementation of commonscnsc roasoning in practical computer sysiems. Our more recent ex-
plorations aim at finding a translation (using Clark’s completion) that will peymit the implermen-
tation of defauht Jogic in cxisting PROLOG sysiems.

Qualitative planning under unceriainty

FEB 3 '94 14:33 319 823 2272 PAGE . 083
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Most real-world knowlcdge is expressod qualitatively yet it is processed by principles
other than those of classical logic. World knowledge include, for example, the 1ypical propertics
of objects and clusscs, what an agent should expect given facts observed in the warld, and how
the world would rcact (0 actions taken by the agent. Such facts and expectations, are usually ex-
pressed in the form of logical sentences which tolerate exceptions and there has been a long fen-
sion between the Jogical and probabilistic approaches of processing such semtences.

The methad of qualitative probebilities we have been devcloping in the past few ycars
(first with }1. Geffner (PhD, 1990) and more recently with M. Goldszmidt (PhD, 1992)) provides
ways of combining logic and probabilities s0 as to achicve the benefits of both. With the aid of
this method it became possiblc 10 derive nawral priorites among conflicting seotences, and
answer querics without computing cxplicit rankings of models or formplas. The result 35 a
semi-traciablc account of plausiblc belicfs which, as in classical logic, are qualitative and
deductively closed 8nd, as in probability, arc subject to retraction and w varying degrees of
firmness.

A major progress along 1his research is the successfu] incorporation of causal expres-
sions, which has been an embarrassing stumbling block in all ron-monotonic sysiems. This Jast
sicp has provided & genuine gualitative counterpart to probabilisiic nctworks and now ofTers a
unifying framework for performing prediction, abduction, iaheritance, and control. Our most
recent achievement oward 2 fully autonomous reasoning agent has been the development of a
qualitstive decision theory which combines qualitstive information about utiliies and Likcli-
hood, thus providing the basis for qualitative planning under uncertainty.

The surprising aspect of our finding has been the cconomy and simplicity of the
knowledge Tequired for implementing this scheme. In particular, we have shown that adding a
single cansal nctwork as part of the agent knowlcdge base is sufficient for specifying the dynam-
ics of belicls onder any sequence of actions and observations, thus facilitating the analysis of ac-
tions, their consequences, their intcraction with observauons, their expected utilities and, hence,
the synthesis of plans and straicgics undcr unceriainty.

In sumenary, we have developed a comprehensive famcwork for 2 practical autonomous
rcasoning agent that is unique in several respects: It is grounded in sound probabilisic scman.
tics, it is tractable for many praciical purposcs, and it is versatile, incorporating variable-sircngih
expressions, pooling of cvidence, actions, causo-cffect relationships and utility information. We
belicve that this sysicm will be the fromt runner in applications involving sensor interpretation [
planaing. and control. |

1.ist of Publications Resulting from the AFOSR Award }

Geiger, D. and Perl, J., “‘Logical and Algorithmic Properties of Conditional Independence and j
Graph Scpantion,”’ The Annals of Statistics, December 1993. {
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Icarl, J.. * ‘From Adams Conditionals to Default Expressions, Causal Conditionals, and Counter-
factuals,”” forthcoming in B. Skyrms (Bd.), Pestschrift for Erncst Adams,
Cambridge University Press, 1993.

Pcarl, 1., “‘Aspects of Graphical Modcls Connccied With Causality,”” to be prescated at the 49k
Session of the International Staiistical Insiinge, Florence, Taly, August2s -
September 2, 1993.

Pcarl, 1., **Gmaphical Modcls, Causality, and Intervention,’” Comments on: ‘Lincar Dependen-
cies Represented by Chain Graphics’ by Cox, . and Wermuth, N, and
‘Bayesiun Analysis in Expert Systems’ by Spiegelhalter, Dawid, Lavritzen,
and Cowcll. in Statistical Science, 266-269, August 1993,

"Pear], 1., “Irom Conditional Oughts to Qualitative Decision Theory,” in D. Heckerman and A.
Mamdani (Iids.), Proceedings of the Nintk Conference on Uncertainty in
Artificial Intelligence, Morgan Kaufmana, CA, 12-20, July 1993.

Verma, T.S. and Peard, J., “Deciding Monality of Graphs is NP-Complete,” in D. Heckermam
and A. Mamdani (Cds.), Proceedings of the Ninth Conference on Uncertain-
ty in Artificial Imtelligence, Morgan Kaufmann, CA, 391-397, July 1993.

Bep-liliyatu, R., ““From Program Complciion 1o Default Logic,” to be presentad at the Jaicraa-
tional Workshop on Logic Prograwming and Nornmonotonic Redsoning
(LPNMR 93), 1isbon, Portagal, June 1993,

Dechier, A., Dechter, R., #ad Schwalb, B, **Redundancies in Constraint Naworks,” UCLA
Computer Scicnce Departmeat, Technical Report (R-196), April 1993.

Pearl, J., “From Adams’ conditionals to default expressions, causal conditionals, and comnter-
factuals,” 10 appcar in Festschrift for Ernest Adams, Cambridge University
Press, 1993,

1. Mcird and R. Dechter. *“Expcrimental Evaluation of Construint Processing,”” 1o appear in
Artificial Intelligence Journal, 1993.

Pearl, J., “Belicf Networks Revisited,”” Ariificial Intelligence, 59, Rlsevier, 49-56, 1993. (invit-
od - Special Issoe, ‘Al in Perspective’)

Goldsemidi, M., Morris, P.. and Pearl, J., “‘A Maximum Entropy Approach to Noamonotonic
Reasoning.” JEEE Transactions on Pattern Analysis and Machine Intelli-
gence, Vol. 18, No. 3, 220-232, March 1993.

Gelpger, D., Pez, A., and Pesrl,, J., “‘Leaming Simple Causal Networks,™ Interaational Journal
of Intelligent Systems, John Wilcy and Sans, Inc., Vol. 8, 231-247, 1993,
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Beo-Eliyahv, R. and Dechter, R., “Inference in inheritance networks osing propositional logic
and constraints networks techmiques,” AI-92: Proceedings of the Sth Canadi-
an conference on Al, Vancouver, British Columbia, Cymada, 183-189, 1992,

Deochter, R. and Pearl, J., "Structure Identification in Relational Data,” Artificial Intelligence, S8
(1-3), 237-270, 1992.

Dechier, R., ‘“From local to global consistency,"® Artificial Intelligence, 88, 87-107, 1992,

Pearl, J. and Verma, T, "A Statstical Semantics for Cavsailon,” Statistics and Computing, Vol.
2,91-95, 1992

Ren-Tdiyahu, R. and Dechicr, R., "On Computing Minivml Models.” UCLA Cognitive Systems
‘ Labaratory, in Proceedings of the ]Jth National Conference on Antificial in-
telligence, AAAL-93, Washingion, DC, 2-8, July 1993.

Goldsrmidt, M., "Qualitaiivc Prohabilitics: A Normative Framework for Commonscnsc Rea-
soninpg.” UCLA Cognitive Sysiemns Laboratory, Technical Report (R-190)
(PhD dissertation), October 1992.

Goldsrmidt, M. and Pearl, J., "Rank-based systems: A simple approach to belief revision, belief
update, and reasoning about evidence and actions,” in B. Nobel, C. Rich, and
W. Swariout (Bds.), Proceedings of the Third International Conference on
Knowledge Representation and Reasoning, Cambridge, MA, 661-672, Oc-
tober 1992,

Jechter, R. and Dechier, A., "Structare-Driven Algorithms for Truth Maintenance.® UCLA Cop-
nidve Sysiems Laboratory, Yechrical Repors (R-182, Revision 11), Augost
1992, Submitied 1o Ariificial Inselligence.

Goldszmidt, M. and Pear), J., “Reasoning With Qualitative Probabilites Can Be Tractable,” in
Proceedings, 8tk Corference on Uncertainty in Artificial Intelligence, Stan-
ford, CA, Morgan Kaufmann, San Mateo, CA, 112-120, July 1992,

Pinkas, G., and Dechter, R, "A connectionist energy minimixation algorithm that optimizes wree
subnetworks,” in Proceedings of the National Conference on Anificial Imel-
lipence, San Jose, CA, July 1992, 434439,

Verma, T. S.. and Peard, )., "An Algorithm for Deciding if a Sct of Observed Independencics has
8 Causal Explanation,” in Proceedings, 8th Conference on Unceriainty in
Artificial Intclligence, Stanford, CA, Morgan Kaufmann, San Maico, CA,
323-330, luly 1992,

Dechicr, R., "Constraint networks”, Eacyclopedia of Al, 2nd Edition, John Wilcy & Sons, New
York, January 1992, 276-28S.
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Dechter, R. & Meiri, )., "Iixperimental Evaluation of Preprocessing ‘Techniques in Constraint.
Satisfaction Problems,” UCLA Cognitive Sysiems Jaboratory, Technicnl Re-
port CSD-890033 (R-174), January 1992. To appear in Artificial Intelli-
gence. :

Mgciri, 1., "Temporal Reasoning: A Coastraint-Based Approsch.” UCLA Cogpitive Sysiems La-
borstary, Technical Report (R-173) (PhD disscriation), Jamary 1992

Pcarl, J., ")ipsilon-Semantics,” Encyclopedia of AJ, 2nd Edition, John Wilcy & Sons, Inc., New
York, Janusry 1992, 468-47S.

Prarl, J., ‘Rejoinder to Comments on "Reasoning With Belief Fonctions: An Analysis of Compa-
dbility™, Jnternational Journal of Approximate Reasoning, 6. Januasy 1992,
425-443.

Pearl, 1., "Baycsian Infcrence Methods,” Encyclopedia of Al, 2nd Lidition, John Wiley & Sons,
Inc.,, New York, January 1992, 89-98.

Pearl, J., "Probabilistic Scmantics for Nonmonotonic Reasoning: A Survey,” in R. Cummins and
J. Pollock, Eds., Philosopky and Al - Essays ai the Interface, Rradford
Books/MIT Press, Cambridge, MA, December 1991, 157-187.

Goldszmidt, M., & Peard, )., "On the consistency of defeasible datubases,” Arilficial Intelligence,
52, December 1991, 121-149.

Ben-Eliyahu, R. and Dechter, R., "Propositional Semantics For Disjunctive Logic Programs,”
Cognitive Systems Lab, UCLA, R-170, 1991. To appear in Annals of
Mathemalics and Al.

Dechter, R., Mciri, 1., and Pearl, 1., “Temporal Constraint Networks.” Artificial Intelligence, Vol.
49, 1991, 61-95.

Dechicr, R and Peard, J., “Directed Constraint Neawarks: A Relational Framcwork for Causal
Modeling.” in Proceedings, 12th Insernational Joint Corference of Ariificial
Inielligence (JJCAI-91), Sydncy. Australia, Avgust 24-30, 1991, pp. 1164
1170.

Meiri, 1. "Combining Qualitative and Quantitative Constreints in Temporal Rcasoning.® In
Proceedings, AAAI-91, Angheim, CA, July 1991, Vol. 1, pp. 260-267. To
appear in Ariificial Intelligence.,

Collin, 7., Dechees, R., and Katz, S., "On the Feasibility of Distributed Constraint Satisfaction.”
In Proceedings, 1JCAI-91, Sydney, Australis, Angust 24-30, 1991, pp. 318-
324.
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BenJiliyahu, R., and Dechier, R., “Defavlt Logic, Propositional 1.ogic and Coostreints.” In
Proceedings, AAAI-9), Ansheim, CA, July 1991, Vol. 1, pp. 379-38S.

Collin, Z. & R. Dechicr, “A Distributed Solution to the Network Consistency Problem.” In
Proceedings, ISM1S-90, Knoxville, TN, pp. 242-251.

Mcin, I, R, Dechter & J. Pearl, “Troe Docomposition with Application 0 Constraint Process-
ing." In Proceedings, AAAI-90, Boston, MA, 7/29-8/3/90, pp. 10-16. Sub-
miticd 10 JACM.

Dechier, R. & A, Dechier, "Stracture-Driven Algorithms for Trath Maintenance.” UCLA Cog-
nitive Sysiems Labaratory, Technical Report (R-138), February 1990,

Meciri, 1. & ). Pearl, “Fasier Constraint Satisfaction Algorithms for Ternporal Ressowing.®

UCLA Cogpitive Systems Laboraiary, Computer Science Depl. Technical
Report (R-15]), July, 1990.

Dechicr, R., "On the Expressiveness of Networks with Hidden Variables.” 1n Proceedings,
AAAI-90, Boston, MA ., 7/29-8/3/90, pp. 556-562.
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Moises Goldszmidt (PhD, December 1992), *‘Qualitative Probabilities: A Normative
Framework for Commonsease Reasoning.**
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