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ABSTRACT

Thispaperpresentsanewviewofproblemsolvingmotivatedbyanewkindoftruthmaintenance

system.Unlikeprevioustruthmaintenancesystemswhichwerebasedonmanipulatingjustifications.
thistruthmaintenancesystemis,inaddition,basedonmanipulatingassumptionsets.Asa
consequenceitispossibletoworkeffectivelyandefficientlywithinconsistentinformation,context
switchingisfree,andmostbacktracking(andallretraction)isavoided.Thesecapabilitiesmotivatea
differentkindofproblem-solvingarchitectureinwhichmultiplepotentialsolutionsareexplored
simultaneously.Thisarchitectureisparticularlywell-suitedfortaskswhereareasonablefractionof
thepotentialsolutionsmustbeexplored.

1.Introduction

Mostproblemsolverssearch.Ifitwereotherwise,adirectalgorithmwould
solvethetask.Problemsolversareconstantlyconfrontedwiththenecessityto
selectamongequallyplausiblealternatives.Thesemayconcerntheselectionof
whichgoaltotrytoachievenext,whichplausibleinferencetodrawfrom

incompletedata,whichhypotheticalworldtoexplorenext,whichactionto
perform,etc.Ultimatelymost,andoftenall,ofthesealternativeswillbe
demonstratedtobeincorrect.However,atthepointtheproblemsolverfirst
encountersthem,thealternativesappearequallylikely.Inthisview,the
problemsolverissearchingaspacewhereeachdimensionisdefinedbyasetof
alternativesithasencountered.Thisviewraisestwoquestionstowhichthe
bodyofthispaperisananswer:“Howcanthisspacebesearchedefficiently,or
howcanmaximuminformationbetransferredfromonepointinthespaceto
another?”and“How,conceptually,shouldtheproblemsolverbeorganized?”

Onemethodforexploringthespace,generate-and-test,simplyenumerates
everypointinthesearchspaceandteststoseewhetheritsatisfiesthegoal.
Thismethod,althoughextremelyinefficient,isguaranteedtofindasolutionif
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thereis one(for infinite spacestheenumerationmust be appropriatelyordered
for this to be true). If eachpoint of the searchspaceis dissimilar this is the best
that can be achieved. However, for most tasks there is a great deal of
similarity among the points of the searchspace.As a consequenceefficiency
can be gained by carrying resultsobtainedin one region of the searchspace
into other regions. This is not an easy task. Unless the problem solver is
carefully designed,the increasedefficiency is achievedat the costof coherency
and exhaustivity.

Often the efficiency is gained by incorporatingspecial caseroutineswhich
detectsimilarities for the particular task domain at hand.The resultingprob-
lem solver is incoherentas the presenceof the special caseroutinesconfuse
content rules referring to the search spacewith control rules looking for
similarities. Even more devastating,the complexitiesof the resulting system
make it impossible to guaranteethat a solution will be found in all the cases
whereoneexists (i.e., exhaustivityis lost).

Theseconcernshelpedprompt the developmentof truth maintenancesys-
tems [12] (also called belief revision or reasonmaintenancesystems).These
systemsforceda cleandivision within theproblemsolverbetweena component
solely concernedwith the rules of the domain and a componentsolely con-
cernedwith recordingthe currentstateof the search(i.e., the TMS). These
TMSs allow designersto increasethe efficiency of problem solvers without
giving up coherencyor exhaustivity.This paperpresentsa new assumption-
basedTMS (ATMS) which, for many tasks, is more efficient than previous
TMSs and has a more coherentinterface betweenthe TMS and the problem
solverwithout giving up exhaustivity.In addition, the assumption-basedTMS
avoids the usual restriction that only one point of the seai~chspacecan be
examinedat a time.

This introductionconcludeswith a discussionof the basic intuitions underly-
ing the ATMS. The following section analyzessearchand the role a con-
ventionalTMS can play. In particular,chronologicalbacktrackingis contrasted
with dependency-directedbacktracking. Good as they are, all conventional
TMSs suffer, to some extent, from shortcomingswhich, for many problem-
solving tasks,areavoidable.The ATMS, which overcomestheseshortcomings,
is thenpresentedin detail. The paperconcludeswith an overall discussionof
the ATMS algorithms plus implementationdetails which significantly affect
efficiency.

Dc Kleer showsin [7] how thebasicATMS framework supportsa variety of
styles of default reasoning.It also extendsthe basic ATMS to correctly deal
with arbitrarypropositionalexpressions.In [8], de Kleer presentsa protocol for
problem-solver-TMSinteractionwhich assuresthat the advantagesof theTMS
arenot accidentallylost. It includesan extensivecomparisonof the ATMS with
otherTMSs.
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1.1. Basic results developed in this paper

Consider a conventional, justification-based,TMS such as presentedin [121.
The basic architecturalpresupposition is that the overall reasoningsystem
consistsof two components:A problem solver which draws inferencesand a
TMS which records these inferences (called justifications). The TMS serves
three roles in this overall system. First, it functions as a cache for all the
inferencesever made.Thus inferences,once made,neednot be repeated,and
contradictions,once discovered,are avoided in the future. Second,the TMS
allows the problem solver to make nonmonotonic inferences (e.g., “Unless
there is evidence to the contrary infer A”). The presenceof nonmonotonic
justifications requires that the TMS use a constraint satisfaction procedure
(called truth maintenance)to determinewhat datais to be believed.Third, the
TMS ensuresthat the databaseis contradiction-free. Contradictions are
removedby identifying absent justification(s)whoseaddition to the database
would removethe contradiction.The addedjustifications are attachedto the
antecedentsof the nonmonotonicjustifications. The procedureof identifying
and adding justifications to removecontradictionsis called dependency-direc-
ted backtracking.The ATMS extendsthe cache idea, simplifies truth main-
tenanceandavoidsmostdependency-directedbacktracking.The ATMS can be
viewedas an intelligent cache,or a very primitive learningscheme.

In ajustification-basedTMS a statusof in (believed)or our (not believed)’ is
associatedwith every problem-solverdatum. The entire set of in data define
thecurrentcontext.Therefore,‘the contextsunderwhich a particulardatumis
believedare implicit. This requiresthat thedatabasealwaysbe kept consistent,
makesit impossibleto refer to problem-solvingcontextsexplicitly andrequires
truth maintenanceand dependency-directedbacktracking to move to a
different point in the searchspace.

On the other hand, in an ATMS each datum is labeled with the sets of
assumptions(representingthecontexts)underwhich it holds.Theseassumption
setsarecomputedby theATMS from theproblem-solver-suppliedjustifications.
Theideais thattheassumptionsaretheprimitivedatafrom whichall otherdataare
derived.Theseassumptionsetscanbemanipulatedfarmoreconvenientlythanthe
datumsetsthey represent.There is no necessitythat the overall databasebe
consistent;it is easyto referto contextsandmovingto adifferentpoint in thesearch
spacerequiresvery little work.

The actions of the ATMS are best understoodin terms of a spatial
metaphor.The assumptionsare the dimensionsof the searchspace.A solution
correspondsto a point in the spaceand a context,characterizedby a set of
assumptions,dependingon its generality, definesa point, line, plane,volume,

It is important to distinguishlack of belief in a datumfrom belief in the negationof a datum,
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etc., in thespace.When a derivationis made,the ATMS recordsit in the most
general way so that it covers as large a region of the space as possible.
Converselywhen a contradictionis recordedthe ATMS finds its most general
form in order to rule out as much of thesearchspaceas possible.Much of the
work of the ATMS is determiningthe most generaland parsimoniouswaysto
recorddataandcontradictions.All this is to facilitate’ what musthappenwhen
the problem solver shifts contexts.The problem is: how much of what was
believed in previouscontexts can be believed in the new one. This is yet
another instance of the frame problem. The new context includes all
the derivationsof the precedingcontextswhich dependsolely on the assump-
tions of the currentcontext. Determining the next context and its contentsis
expensivein a justification-basedTMS. Contextmembershipis a simplesubset
test in the ATMS.

We can carry over many of the data to the new context, but whereshould
the problemsolver start working? This is not a simple task becausethe next
context is only partially filled out and we want to start the problem solver
precisely at this boundary. Certainly if there are pending problem-solving
inferenceswhich remain applicable in the new context theseshould be done.
However,this is still not sufficient becausetheremay have been rules which
were attemptedand failed or only partially attemptedin old contexts. In the
currentcontexttheserules may now succeedor run further. If we ignoredthese
rules, then the problemsolver would misssolutions.If we were to rerun these
rules, thenwe would make redundantinferences.It is difficult to identify rules
that failed in this way, so most problem solversusing TMSs usually take the
conservativeapproachand rerunrules.

This problemis not intrinsic to theTMS but rather to the boundarybetween
theTMS andtheproblemsolver.De Kleer, in [8], outlinesan interfaceprotocol
which solves the preceding problem. The difficulties arise when the
problemsolveris permitted to make a control decisionbasedon the statuses,
assumptionsandjustificationsof nodeswithout informing the TMS. In this new
interfacetheproblemsolvermay only refer to thecontentof thedatum,andall
contrcl decisionsmustbe communicatedexplicitly to theTMS. It is important
to note that this protocol is not intended to restrict the capabilitiesof the
problemsolver, but ratherto move the boundarybetweenthe problemsolver
and the TMS to a more natural place in which eachneedonly be concerned
with issuesrelevantto it. The result is a slightly more complexTMS and a far
simpler problem solver. Nevertheless,this protocol could he applied to any
TMS—it doesnot intrinsically dependon an assumption-basedTMS.

This protocol views problem solving ~.sa continuousprocessof compiling
rules. The problem solver compiles the rules and the TMS runs them to
determinethesolutions.A rule examinedby the problemsolver, i.e. compiled,
need neverbe examinedagainon thesamedatabecauseit is alreadycompiled
within the TMS asa justification.




