From: AAAI-99 Proceedings. Copyright © 1999, AAAI (www.aaai.org). All rights reserved.

Reasoning about Sensing Actions and Reactivity

Son Cao Tran
ComputerScienceDepartment
Universityof Texasat El Paso

El Paso,Texas79968
Email: tson@cs.utep.edu

Advisor: Dr. ChittaBaral

This thesisfocuseson the problem of reasoningabout
sensingactionsandthe relationshipbetweenactiontheory
andreactive control. Thefirst approacho reasoningabout
sensingactionss dueto Moore'. He usedthepossiblewvorld
semanticgo represenknowledgeandtreatedheaccessible
relationbetweenworld modelsasa fluent. Later, Hasspro-
posedanothemway of formulatingsensingactionsusingfirst
orderlogic. Moore’s formulationwasthenadaptedo rea-
soningaboutsensingactionsin situationcalculusby Scherl
andLevesque.

In 1997 Lobo, Taylor, andMendezextendedhelanguage
4, ahigh-level actiondescriptionlanguageof Gelfondand
Lifschitz, to allow sensingactionsand calledthe new lan-
guagedy. Loboetal. definedthe semanticof 4y, which
will be denotedby = Tm hereafterby situationtransition
functions,which areextensionsof the statetransitionfunc-
tionsof 4. BaralandSonproposediifferentapproximations
for the semanticof Ak, denotedby =4 2, However, it was
not clearwhetherthereis a situationcalculuscounterparof
Ay, asKarthaprovedfor 4, or not. Anotherquestionvasto
prove the soundnessf =, with respecto = 1.

We will presentanew approacho reasoningaboutsens-
ing actionsin Ak, in which transitionfunctionsaredefined
overknowledg states(or k-state$. A k-stateis a pair (s, Z)
wheres is a stateandX is a setof states.Intuitively, s rep-
resentghereal stateof the world andZ representshe pos-
sible statesof the world in which anagentthinksit may be
in. We denotethe nev semanticdy |=4, and prove that
Karthas resultscan be extendedto domainswith sensing
actions. More importantly we prove the soundnessf the
differentapproximationof Ay, =a, with respectto =g,
andf=.tm. To compute= 4, , we translatedomaindescrip-
tionsin 4k into extendedogic programswherethe answer
setsemantic®f thelattercoincideswith =4, . It is alsoex-
pectedthat our formalism correspond$o POMDP (Partial
ObsenableMarkov DecisionProcess)awell-known statis-
tical approacho reasoningaboutsensingactions.

Theoriesof actionscanbeusedto modeldeliberateagents
which achievetheir goalsby repeatedly(a) makingobsera-
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tions, (b) creatinga plan, and(c) executingthe plan. Since
planningin generals NP-completegdeliberateagentsannot
reacteffectively to changescausedby exogenousactions.
Reactve agentshave beenproposedo overcomethis weak-
nessf deliberateagents.

There have beenmary formalismsfor reactve agents,
for example,Schoppes universalplanneror Kaelblingand
Rosenscheis’situatedagentarchitecture However, there-
lationshipbetweenreactve control andtheoriesof actions
hasnot beenwell establishedBrooksevenarguedthatper
hapsreactve behaiors do not needreasoningand knowl-
edgerepresentatioatall.

We definea control moduleas a setof condition-action
rulesof theform “if a then y’ wherea is a conditionandy
is asequencef actions.Intuitively, a controlmodulecould
be viewed asa casestatementvhich tells the agentwhatit
needdo do in a givenstate.We formalize preciselywhatit
meandor acontrolmoduleto achieve a goalwith respecto
a setof initial states.We alsogive sufficient conditionsfor
suchcontrol modulesto achiese (or maintain)a goal with
respecto asetof statesandatheoryof action.More impor-
tantly, we developalgorithmsthatautomaticallyconstrucia
controlmodulethat achiezesa goal givenan actiontheory
asetof initial statesandthe goal. Thesealgorithmsarenot
plannersratherthey arebuilt uponplanners.

We expectto have an implemenationof the aforemen-
tionedalgorithmswhenthe thesisis done. Also, we would
like to improve our robot control software® by develop-
ing new planningandschedulingnoduleswhich will allow
usergto specifydynamicdomainsin a high-level actionde-
scriptionlanguageandwrite robot programs.To achieve a
goalmeanghento asktherobotto executea corresponding
program. For this purpose we intendto use ConGolog,a
logic programmindanguagé thatoffersa numberof desir
ablefeaturesfor modelingdynamicdomainssuchasreac-
tivity, concurreng, andnon-deterministismWe will addto
ConGologa new constructwhich cansimplify ConGolog-
programmingin domainswhere partial order betweenac-
tionsandtemporalconstraintsaareimportant.

SWe participatedn the“Schedulinga meeting”and“T idy Up”
in AAAI'96 and AAAI'97 robot competitionsandwon the third
andfirst prizerespectiely.

4Developedby the Cognitive Roboticsgroupat the University
of Toronto



