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Issue No.5

EDITORIAL

Welcome to PLANET NEWS!

Welcometo IssueNo 5 !

PLANET's Industrial InformationDaysprovidea fo-
rumwheresuccessfulindustrialapplicationsof Plan-
ning and Schedulingtechnologyare presentedand
promisingfutureexploitationis discussed.Represen-
tativesfrom industryandacademiausetheseevents
to promotethetransferof thetechnologyandto push
mutualexchangeandco-operationfor thebene�t of
both.
The recentinformation day took place in Romein
November. You'll �nd a broadselectionof contribu-
tions from industrial speakers in the �rst sectionof
this issue.
Another major event was the SecondPLANET In-
ternational SummerSchool on AI Planning held
in Halkidiki, Greecein September. Studentsof
the school were encouragedto presenttheir Ph.D.
projectsin aseparatepostersession.Thissessionwas
very successfuland showed a variety of interesting
aspectsandnew approaches.A reporton theschool
andseveralextendedabstractsof theposterpresenta-
tionsareincluded.
The PLANFORM projectaimedat the development
of an OpenEnvironmentfor Building Planners. It
wascarriedout jointly at theuniversitiesof Hudder-

s�eld, Salford,andDurhamin theUnitedKingdom.
You'll �nd a �nal reporton thisprojectat page38.
The secondPLANET Gap-bridging Seminar was
held in co-locationwith the UK PLANSIG meeting
in Novemberin Delft. A report on this seminaris
providedby Tim Grant.
Announcements,job offersandinformationonforth-
comingevents,in particularthoseto beheld in con-
junctionwith ICAPSin June2003in Trento,andan
invitation to participatein theSupplyChainTrading
Competition2003canbefoundin the�nal section.
WishingyouasuccessfulandHappy New Year2003,

SusanneBiundo
BerndSchattenberg

Editor s:

Susanne Biundo Network Coordinator, Dept.of
Arti�cial Intelligence,University of Ulm, Germany,
biundo@informa ti k. uni - ulm .de

Bernd Schattenber g Network Administrator,
Dept. of Arti�cial Intelligence,University of Ulm,
Germany, schatten@inform at ik .un i- ul m.
de
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ARTICLE

The THALES Constraint Programming Framework for Hard and
Soft Real-Time Applications

Authors: S. de Givr y, L. Jeannin, F. Josset, J. Mattioli, N. Museux, and P. Sav éant

This position paper presentsthe constraint tech-
nology that has beendevelopedat THALES since
1997 for introducingConstraintProgramming(CP)
in THALES operationalsystems1 2. Thesesystems
involve combinatorialoptimizationproblemssuchas
planning and schedulingproblemsthat can be ex-
pressedwith �nite-domain variablesandconstraints.
Typical examplesof THALES systemsconcernsu-
pervision,for weaponallocation,radarcon�guration,
weapondeployment and aircraft sequencing. All
thesesystemsare subject to speci�c requirements
coming from the operationalconstraintsof embed-
dedreal-timesystemsandfrom thestrategic context
of Defenseapplications:

1. The systeminvolvesseveral functions/taskssuch
assituationassessment,resourcemanagement,vi-
sualization,etc.; eachtask is periodicaland the
periodcanbemuchshorterthanasecond;

2. Thereis amemoryspacelimit (a few megabytes);

3. The systemhasto be supportedfor a long time,
typically over 20 yearsfor Defenseapplications,
includingseveralretro�tting (functionalandplat-
form evolutions);

4. Thesystemcanbereusedandmodi�ed for build-
ing a speci�c systemfor a new client (product
line);

5. Thedevelopmentof thesystemmustbemadeand
masteredin housefor reasonsof con�dentiality
andmarket protection.

TheCPparadigmpartiallymeetstheserequirements.
A constraintmodel has modularity properties,i.e.
adding/removing a constraintis easy, which enables
an incrementaldevelopmentprocess,reducing the

developmenttimeandeffort. CPsolversprovideef�-
cientalgorithmsthroughtheuseof globalconstraints.
Thedeclarativenatureof CPenablestheprogrammer
to focuson the applicationrequirementsratherthan
on debugging low-level programmingerrors. Vali-
datedCPmodelscanbereusedin a productline ap-
proach.
Unfortunately, off-the-shelfCP solvers do not pro-
vide any guaranteeon time and spaceusage. The
classicalbacktrackingsearchalgorithm usedin CP
doesnot take into accountany time contract. Re-
centlyaneffort wasmadeto providebettersearchal-
gorithmsin CPsolvers,for instancein [1, 11, 14], but
without any explicit time contract.Our aim is to ex-
tendCP solver with new searchfeaturesthat would
keepthe samenice software engineeringproperties
as for modeling. This led to develop a high-level
languagefor designingsearchalgorithms. This ap-
proachallowsproposingasetof searchprimitiveson
top of the real-time �nite-domain constraintsolver
Eclair c

�

[13]. The resulting searchalgorithmsare
basedonpartialsearchmethodsandtakeinto account
thetimecontractexplicitly. Suchalgorithmscantake
advantagebetterof platformevolutions.

Eclair offers time and spaceguarantees.Deadlines
are guaranteedby the operatingsystemalarm and
Eclair is ableto restorea coherentstateafter an in-
terruptionin orderto deliver a valid solution,or just
a partial solution(whennot all variablesareinstan-
tiated). The memoryallocation for the constraints
is static: a global constraintmodelis built onceand
only partsof themodelaremadeactive andusedat
a givencyclical call. Thememoryconsumedduring
the searchis limited by usingonly restricteddepth-
�rst searchor restrictedbest-�rst search.

1Thiswork waspartially fundedby theEOLE project[7].
2A formerversionof thispaperappearedin [5].
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Partial searchmethodsare anytime algorithms[17]
basedon tree searchmethodshaving betterquality
pro�les thanthe classicalbacktrackingsearchalgo-
rithm. Themainideais to applysomearbitrarylimits
onthenodesvisitedin thetreesearch3, dependingon
the behavior of the heuristicsandon the remaining
computationtime. We distinguishfour approaches:
the iterative weakeningmethods(e.g. [8]), the real-
time searchmethods(e.g. [10]), the iterative sam-
pling methods(e.g.[6]) andtheinterleaving methods
(e.g.[12]). Thesemethodsuseoneor severalsearch
schemes4. The practicalcomplexity of the search
canbeincreasing,self-adjusting,or stable.In [3], we
proposethe notion of parameterizedsearch applied
to onesearchscheme.Theparametersof thesearch
limits aregiven explicitly. We can tune the degree
of incompletenessof thesearchby varyingthevalues
of theparameters.A tuningpolicy indicatestherele-
vantvaluesof theparametersfor differenttime con-
tracts. In [4], we integratetheparameterizedsearch
approachinto a hybridizationschemeto expresspar-
tial searchbasedon severalsearchschemes.Thehy-
bridizationschemeis a sequenceor an interleaving
of parameterizedsearches.The searchescancoop-
erateby exchangingsolutions. A time-sharingpol-
icy speci�eshow to distributethetimecontractto the
searches.
Our constraint optimization framework is called
ToOLSc

�

(TemplatesOf On-Line Search).A search
algorithmis expressedin ToOLSasthe conjunction
of four distinctcomponents:

� A setof heuristicsto rankeverychoice;
� A set of primitives to expressa searchscheme

independentof any time limit; it is composed
by prede�nedchoicepointsandcombinationsof
choicepointsasin theOPL language[9];

� A setof primitivesto expressthesearchlimits that
dependon the currentnode, the currentpath or
the currentsub-tree;the resultingparameterized

searchalgorithmcontrolsthesizeof theexplored
searchtreede�ned by onesearchscheme;

� A temporalstrategy de�ned by a hybridization
scheme,i.e. a cooperationof several parameter-
ized searches,dealing with time allocation and
selectingthe tuning strategy of the parameters
(statictuning,iterative tuningor adaptive tuning).

A templateof search de�nes an abstractcomponent
of a searchalgorithmthatcanbereusedto speedup
thedevelopmentprocessof customizedpartialsearch
algorithms. This framework makes it easierto try
new combinationsof searchlimits andnew temporal
strategies.
Experimentsontheweaponallocationproblemshow
that partial searchalgorithmssigni�cantly improve
the solution quality comparedto a traditional ap-
proach[3] andalsodemonstratesthe gain in devel-
opmenttime of new customizedsearchalgorithms.
Thecodeis clearerandmoreconcisewhenusingthe
searchprimitives. As themainresult,our CPframe-
work hasbeenintegratedin anoperationalon-board
hardreal-timesystemof THALES.
The hybridization schemeis a way to de�ne spe-
ci�c local searchmethods,suchas large neighbor-
hoodsearchbasedon a sequenceof partial searches
in differentneighborhoods[15, 16]. Purelocalsearch
methodscould alsobe introducedin our framework
asablack-boxusedby thehybridizationscheme.The
temporalcontrol could be enhancedby an on-line
learningmechanism,usingthefactthatsimilarprob-
lemsarerepeatedlysolved in a real-timesystem.[2]
gave thebasefor thismechanism.

Bib liograph y

[1] Beldiceanu,N., Bourreau,E., Simonis,H., and
Rivreau,D. Introductionde métaheuristiques
dansCHIP. In Proc.of MIC-98.,1998.

[2] Crawford, Lara S., Fromherz, Markus P.J.,
Guettier, Christophe,Shang,Yi. A Framework

3This descriptionof partialsearchis compatiblewith thedepth-�rst searchprinciple. In [14], partialsearchmethodsarebasedon
theorderof nodeexploration,which is memoryconsuming.

4A searchschemeis a procedurethatdescribesa searchtree.For example,a combinationof choicepoints.
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ARTICLE

COMPETE a Common Platf orm for Extended Project Management

Author: M. Sanseverino

Abstract

COMPETE (CommonPlatform for the ExTended
Enterprise)is an ESPRITprojectwhich startedin
1999 and endedat the end of 2001. It is the re-
sult of the cooperationamongdifferentEuropean
partners:CentroRicercheFiat, TXT e-solutions,
CapGemini& Ernst& Young,BAE Systemsand
MagnetiMarelli, UniversityFedericoII of Naples.
Its mainobjective is to integratemethodsandtools
to supportprocess/projectmanagementin an ex-
tendedenterprise. In this environment process
know-how (how to do things)andavailablecom-
petencesplay a centralrole to shortenproductde-
velopmenttime andto supportrapiddecisionsand
�e xibility in processactuation.

COMPETE has developed a software platform
which integratesprocessmodelingmethods,com-
petencesmanagement,project managementand
work�o w throughacommondatamodelsharedby
all company departments.

Thispaper, startingfrom thedescriptionof current
companiesneeds,describesCOMPETE approach
andfunctionalitiesandgivesan ideaof its general
architecture.

Keywords: Project Management, Knowledge
Management,Competencies,Work�o w, Business
Processes,Modeling,Simulation.

Intr oduction

The competitive arenain the ProductDevelopment
scenariois marked today by rapidly evolving tech-
nologies,dynamic,sophisticatedandglobalmarkets,
requiringhigh andcustomizedperformancesat low
cost.This trendhasputa tremendouspressureonthe
designprocesswhich mustsupplya streamof prod-
uctswith highvalue/costratiosataratefastenoughto
withstandtechnologyobsolescenceanddemandva-
garies.
The main goal of COMPETE is to provide IT based

methodologiesand tools to help companiesstruc-
turedasExtendedEnterprisesto copewith thechal-
lengesof globalization,deregulation and contract-
ing life cycles,combiningfastdecisionmakingand
�e xibility to change. Suchmethodologiesembrace
bothproductfunction,market, life cycleanalysis,to-
getherwith organisationalandindividual competen-
ciesidenti�cation andevaluation.TheIT toolsto be
integratedin adistributedExtendedEnterprisearchi-
tecture(calledBMA BusinessModelling andActua-
tion ) are:aBusinessProcessDe�nition toolset(with
modellingandsimulationcapabilities),a Competen-
ciesIdenti�cation andEvaluationenvironment,aHu-
manResourcesPlannerandScheduler, aCommercial
ProjectManagementtool (OPENPLAN)andaWork-
�o w Managementtool.
Threemainareasaretargeted: the product,thepro-
cess,and the competenciesof humanresources(p3

paradigm: product,people,process).
On the product side, the project is concernedwith
the early conceptualphasewherethe links between
functional speci�cations and customer's value are
identi�ed andexploitedto achievemaximumvalueat
minimumcost,ensuringminimal environmentalim-
pactaswell.

Figure1: Scenarioandobjectivesof COMPETE

http://www .planet-noe .org



The PLANET Newsletter 9

On the people side, the project is concernedwith
a systemfor managinghumanresourcecompeten-
cies in the shortandmediumterm. Given that pro-
cessqualityandcompetenciesarecorrelated,anideal
competenciespro�le is associatedto eachactivity
andcandidatesfor theactivity areselectedwhobetter
matchthispro�le. To supportthisprocedure,compe-
tenciesare routinely evaluated,and comparedwith
medium term requirementsto orientatehumanre-
sourcespolicies. Speci�c methodologieshave been
implementedto �nd organizationalcompetenciesans
evaluateindividuals
Ontheprocessside,theprojectis concernedwith the
genericproductdevelopmentprocess(PDP)from the
earlyproductconceptto thedetaileddesign.To slash
costsanddevelopmenttimesandto improve quality,
enterprisesareresortingto concurrency, BPRreengi-
neering,standardisation,processcontrol,knowledge
distribution, outsourcingand extendedenterprising.
Standalonetoolshaveappearedto supportthis trend.
Theprojectprovidesaplatformwhichsupportsthese
new approaches,by integrating the existing tools,
basedonasoundlogicalmodel.
Processmodelling is crucial to achieve processef-
fectiveness. Actual processesare assembledfrom
standardtemplates,which consolidatethebestprac-

tices. Processesarereleasedfor executionafter de-
tailedsimulationandplanning,which balanceeffec-
tivenessand competencieslevel. The uniquecom-
binationof a Modeller, a Wf ManagementTool and
a ProjectManagementtool catersfor tight process
control,reactivenessto unforeseenevents,highqual-
ity andreducedprocessingtimes. The full potential
of this layout canbe obtainedby properinterfacing
with a PDM system.The systematicexploitation of
the existing interfacing standardsanduseof a Web
basedarchitecturemakestheplatform ideally suited
to supportextendedenterprisearrangements.

COMPETE Functions

Themainfunctionssupportedby COMPETE platform
are:

1. To store the operationalknow-how by means
of processmodelling and to supportthe choise
among different project alternatives estimating
costsandtimesby meansof simulation.

2. To supporttheautomatictranslationof a process
modelinto operationalprojectsandinto work�o w
�o w-charts.

Figure2: Functionaldiagramof COMPETE Platform
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3. To supportplanningaccordingto competencies
requiredby processactivities and automatically
assigningresourcesaccordingto workload in a
multiprojectenvironment.

4. To support progress control integrated with
projectmanagement.

5. To integratedifferentcompany departments,such
as humanresourcesdepartment,design,product
planning,projectmanagement,workingteams,on
a commonplatform and using a commondata
model.

6. To managein a uniqueenvironmentplanningand
progresscontrol of distributed teamsin an ex-
tendedenterprise.

The platform integratesa project managementtool
(OPENPLAN) and commercialwork�o w manage-
menttoolswith new developmentsaccordingto man-
ufacturingcompaniesrequirementsandhasthe fol-
lowing advantages:

1. On theprocessside

� A clear structuringof operationalknow-how
for porpuseof documenting,distributing and
consolidatingknowledge

� A poweful decisionalsupport,basedon cost
andtimeindicators,obtainedby meansof sim-
ulationof differentprojectalternatives

2. On thecompetenciesmanagementside

� Availability of a catalogof competenciesbe-
longing to the organisationsand to the in-
dividuals of distributed teams,in a common
databaseandusingacommonglossary

� Easyevaluationof competency needs
� Support to the de�nition of careersand re-

sourcesoutsourcing
� Supportto trainingplande�nition
� Ef�cient resourceallocation and con�ict re-

duction
� Improvementof productqualityby meansof a

betterwork shareamongworking teams

3. On theprojectmanagementside

� A higher reactivenessto emerging problems,
by meansof a deeperand structuredknowl-
edgeof possiblealternativesandavailablere-
sources.

COMPETE Operational Flow

Theoperational�o w supportedby COMPETE project
startsfrom processmodeling,transformsprocessinto
operationalprojects,identifying optimal choicesin
termsof time and costs,supportsactivity planning
andresourcesassignmentaccordingto amatchingal-
gorithm which comparesthe needof competencies
of processactivities with the availability of compe-
tenciesin humanresourcesaccordingto their work-
load. In the endCOMPETE supportsprojectexecu-
tions integrating project teamsexecutedstepswith
theprojectmanager.

Process Modelling and Simulation The �rst
stepis processmodeling.At thispoint it is important
to explain which is thedifferencebetweena process
and a project. A processdescribesa set of activi-
ties and takes into accountpossiblealternatives re-
latedto suddeneventswhich changethepre-de�ned
�o w. Unsatisfactory resultsof certainactivities or
new information coming from the market may re-
quiresomechangesor reworking or outsourcing.A
processmodel foreseesthesealternatives and sup-
portsapreventive analysisof thedifferentsolutions.
It is possibleto describethesealternativeswith mod-
eling formalisms,COMPETE supportsIDEF, which
can be usedby a simulation tool which estimates
timesandcostsof the differentsolutions. This de-
cisionsupportis very importantto reactmorerapidly

http://www .planet-noe .org
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to problemsduringprojectexecution.A processcan
generatemany projectseachonerepresentingtheac-
tivity �o w of onealternative.
COMPETE supportsthentheautomatictranslationof
IDEF modelsinto Ganttdiagramsusedby a project
managertool.
Themodelercanstartfrom scratchor usepre-de�ned
processtemplatesthat areavailable in the platform.
New processescanbecreatedascombinationof ex-
isting ones.IDEF formalismis usedto describepro-
cesses,sub-processes,activities andlinks. Eachac-
tivity includesthe descriptionof its inputs,outputs,
requiredcompetenciesand duration. By meansof
simulationit is possibleto choosethe bestproject,
accordingto times,costsandcompetencesavailabil-
ity, comparingthedifferentganttcharts.

Planning and Resour ce Scheduling

Oncethe bestprojectsolutionhasbeenchosen,hu-
manresourceswill beallocated.

COMPETE hasdevelopeda matchingalgorithmthat,
accordingto the competenciesrequiredby eachac-
tivity, selectsthe propercandidatescomparingtheir
individual competencieswith the requiredones. In
a secondstep the systemcomparesrequired tim-
ingswith individualworkloadsonamulti-projectba-
sis andproceedsin building working teams. A red
traf�c-light informs the project managerthe miss-
ing of candidatesfor the requiredtime interval and
the necessityof acquisition, outsourcingor train-
ing. Manualadjustmentsareobviouslypossible,con-
sideringthat humanresourceschedulingneedto be
muchmore�e xible thanmachinescheduling.At this
purposean ef�ciency factorhasbeenintroducedto
considerthefactthathumanresourceswith thesame
competenciescanhave speedandqualityverydiffer-
ent.

Humanresourcesassignmentarethenexportedin a
projectmanagementtool whichwill representgraph-
ically, ganttandworkload.

Figure4: IDEF modelingof processandcompetences
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Progress Contr ol

Oncethe planningand the resourceschedulingare
completed,theworkingteamsarereadytostartwork-
ing. COMPETE supportsin this phasethe aligning
betweentheoperative managementandtheprogress
control. The activity �o w, �rs modeledand then
planned is automatically imported in a work�o w
managertool which supportsactivity dispatching.
Theactivity managerwill insertin thesysteminfor-
mationrelatedto activity statusandprogressandthe
project managertool will be automaticallyupdated
accordingto thesedata.

Competencies Management

COMPETE stressestheimportanceof therelationbe-
tweencompetenciesmanagementandprocessqual-
ity. A competenceis a combinationof knowledge,
capacityto apply it andto make it applied. It is es-
sentialfor a company to modelits competenciesand

to relatethemto humanresources.It is essentialin an
organizationto compareits competencieswith pro-
cessandprojectneeds.
COMPETE hasdevelopedasetof toolsandadatabase
to createacompetencetree,to describetheorganiza-
tion, to relatecompetencies,organizationandhuman
resourcesand to evaluatehumanresourcesaccord-
ing to their competencies.It is very importantfor a
company to build its competencetreein orderto un-
derstandwhichcompetenciesareavailableandwhich
oneneedto beacquiredin orderto facetechnological
evolution.

COMPETE Architecture

Theimprovedprototypesdevelopedin COMPETE are
currentlybeingengineeredandpackagedinto aprod-
uct suitecomposedby two maintools: SKILLPLAN
(Skill & ProcessPlanner)andP-CON(ProcessActu-
ationControl& ProgressReview)

Figure 5: COMPETE Architecture

http://www .planet-noe .org



The PLANET Newsletter 13

SKILLPLAN supportstheprocessplanningandop-
timisation,by meansof processmodelling,speci�ca-
tion of competencies'requirements,simulationand
what-if analysis. Processsimulationcatersfor al-
ternative �o ws of activities andrecycling probabili-
ties.Theplanis thenturnedinto operation:activities
areassignedto resourcesaccordingto requiredcom-
petencies,andscheduled.SKILLPLAN architecture
is basedon the XML integrationof an IDEF-based
modeller, which describesthe process,a simulator
aimed to disambiguateit analysingall the related
possibleprojectalternatives,a schedulerwhich uses
an innovative algorithm to �nd the best resources,
accordingto the requiredcompetenciesand to the
time schedule.A commercialProjectManagerhas
beenintegrated:this is OpenPlan(integratedinto the
suite)whichsupportsmulti-projectsfacilities.
The main and innovative featuresof SKILLPLAN
are: 1- thepossibility to performwhat-if analysisin
orderto �nd thebestprojectsto implementa certain
process,2- the introductionof a competency based
HR planning& Schedulingapproach.
P-CON aims at managingevents,noti�cations and
work�o w (dispatchingtheactivitiesamongtheactors
involved) alongtheprojectlifecycle. It is tightly in-
tegratedthroughXML interfacesto SKILLPLAN in
orderto reactasfastaspossibleto problemsarising
duringprojectactuation.
Theformalismsusedfor descriptionof processesand
projects, suchasIDEF, gantt,�o wchartshave been
completelyintegratedand can be importedand ex-
portedthroughXML interfaces.
Thearchitecture(Fig. 5) is applicablein anextended
enterpriseenvironment. The communicationamong
the distributed tools of COMPETE platform is based
on anasynchronouschannelfor XML modelstrans-
missionandon a distributeddatabasefor competen-
ciesstorage.

Conc lusion

In conclusiona streamof new organizationalap-
proacheshave beenintroducedin therecentyearsto
streamlineProductDevelopmentProcess, to achieve

betterquality and trim the costs. Concurrentengi-
neering,businessesprocessengineering,benchmark-
ing, knowledge management,processstandardiza-
tion, ExtendedEnterpriseshave beenaddedto more
traditionalautomationtools suchCAD, CAD/CAM
andCAE.Standalonetoolshaveappearedto support
thesenew practices.COMPETE bringstogetherthese
new approachesin anintegratedplatform,which en-
suresasmuchaspossiblethecommunicationamong
toolsof differentmake. Thebene�tsof thesystem,its
capability to coordinateconcurrentactivities in dis-
tributedenvironment,aresuchasto signi�cantly im-
pacton quality, time-to-market andcostsin modern
extendedenterprise.
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ARTICLE

In Defence of Reactive Scheduling

Author: J.E. Spragg

Introduction

Reactive Schedulingis the Cinderellaof scheduling
techniques.ReactiveSchedulingdrudgesawayin the
work place, delivering feasiblesolutionsto highly
complex anddynamicresourceallocationproblems
but is seldominvitedto conferencesto show its �nery
to theprincesof theschedulingandplanningcommu-
nity. Theirattentionis distractedby yetanotheralgo-
rithm that promisesoptimumresultson somestatic
benchmarkproblem.Indeed,arecentPLANET spon-
soredworkshopon on-line planningandscheduling
[1] did not even include reactive schedulingas one
of its topicsof interestuntil the secondcall for pa-
pers.This is strange,on-lineschedulingdomainsare
the mostsensitive to suddenenvironmentalchange.
Thereality is thatin stochasticenvironmentstheonly
optionopento ascheduleris to reacttochange.Tech-
niquesfor anticipatingchangearelimited andseldom
provide thefunctionalityneededto manageresource
allocationsthat are continually being impactedby
disruptionsof oneform or another.

The Need for Reactive Scheduler s

The requirementfor reactive schedulingsystemsis
morewidespreadin theindustrialworld thanmostre-
searchersfromtheacademicworld realise.Forexam-
ple, the productionsystemusedfor garmentmanu-
facturein theUK is calledaProgressiveBundleLine
(PBL) [2, 3, 4]. It is a �o w line manufacturingsystem
in which work stations,comprisingof machinistand
sewing machinepairs,arearrangedin acon�guration
so that the �o w of work from onework stationpro-
videswork for thenext work stationin theproduction
sequence.The schedulingobjective is to maintaina
line balanceso that thework in progressbuffers be-
tweeneachwork stationneverover�ow, causingstor-
ageandqualityproblems,or empty, causingmachin-

iststo sit idle at theirmachines.
Thereare examplesof line balancingalgorithmsin
the schedulingandoptimisationliterature. The ma-
jority of thesetechniquesview line balancingas a
static optimisationproblem and are wholly inade-
quatefor tacklingthemanagementof a PBL. Thefact
of the matteris, in the real world, a well balanced
line soon becomesunbalanced. Machinesbreak-
down,machinistsgoabsentorstartworkingbelow, or
above, standardperformance,managersdecidethat
priority job batchesareno longerimportantandthat
low priority batchesareimportant,qualitycontrollers
decidethatrework is requiredon somebatches,etc.
In clothingfactoriesthatemploy PBL productionsys-
temsthemostimportantpersonis theline supervisor
whocontinuouslymonitors,analyses,andrevisesthe
�o w of work throughthe work stations. How well
she(it is usuallya she)doesthis dependsuponher
experienceandtraining.
Providing reactive schedulingcapabilitiesto a real-
timeautomatedschedulerinvolvesmimicking there-
sponsibilitiesof the humansupervisoremployed to
managea PBL. An ideal reactive schedulingframe-
work employs an event driven multi agentapproach
thatappliesmonitoring,analysis,revision, andopti-
misationtools in real-timeto an executingschedule
to maintainits feasibilityandquality over time.
Reactive schedulingtechniquescanbereinforcedby
building robust schedulesor providing probabilistic
modelsof systembehaviour. While nobodydoubts
the importanceof thesetechniques;if a machineis
to breakdown it would beusefulto have anindicator
of which machineandwhen; thereis still the prob-
lemof whatthesystemcandoaboutit. Theresponse
to amachinebreakdown for exampleis oftencontext
sensitive anddependsuponthecurrentopportunities
for resourcereallocationwithin thecurrentschedule.
Robust scheduleslimit the impact of a disturbance
on a schedulebut againthesystemstill hasto reason
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aboutstrategiesfor bringingthesolutionbackto fea-
sibility. At the endof the day, the systemwill need
to reactby relaxingduedatesor reallocatingactivi-
tiesto alternativeresourcesor bumpinglowerpriority
operations.

Mixed Initiative Scheduling – and beyond

The OZONE Project[5] at the Intelligent Coordina-
tion andLogisticsLaboratory, Carnegie Mellon Uni-
versity, back in the mid-90sof last century, recog-
nisedthat currentschedulingsystemsdo not effec-
tively supportuser tasksand requirementsand do
not supportthe iterative, evolving processof prob-
lemunderstanding,requirementsdetermination,con-
�ict resolutionandsolutionre�nementthat is inher-
ent in large, multi criteria problemsolving. OZONE

tackledtheseissuesby enabling�e xible collabora-
tive problemsolving betweenuserandsystem,sup-
portingrecon�gurationof systemfunctionalityto ac-
commodatenew environmentsandschedulingobjec-
tives.TheOZONE approachto schedulingrecognised
thatschedulingis an incrementalprocessof `getting
the constraintsright' in which humanusersalways
have the big-picturedecision-makingexpertiseand
knowledgeto contributebut areunableto effectively
copewith thecomplexity of detailedsolutiondevel-
opment.
The challengefor the new generationof real-time,
on-line,schedulersis to encodethe strategic knowl-
edge that humansprovide within an autonomous
schedulingframework thatcanrespondimmediately
and intelligently to change. When analysing a
schedulingsolution,bothhumanandsoftwareagents,
askthesametwo questions:

� Wherearetheprocessingbottlenecks?
� Wherearetheschedulingopportunities?

A mixed initiative schedulingtool supportsuserex-
perimentationwith graphical displays and statisti-
cal summaries.An autonomousschedulercankeep
internal representationsof analysisresultsand pro-
vide revision toolsthatareactivatedby internalstate
changesto the controlarchitecture.An autonomous

schedulerneedsto evaluatethe`correctness'of its re-
visionsby comparingthe resultsagainst̀ objective'
criteria given by a multi-criteria cost function. The
interpretationof suchevaluationsareoftenproblem-
atic andseldomobjective. Techniquesdevelopedby
decisiontheorists,suchascriteriavoting [6], for re-
solving con�icts in multi criteria decisionmaking
suggestpromisingalternativesto singlevaluedmea-
suresof `optimality' for self-governingsystems.

Reactive Problem Solver s – Scheduler s
for the new era

The recentdevelopmentsin schedulingtechnology
have beenpartly driven by improvementsin moni-
toring technology. Communicationtechnologyhas
madereactiveschedulingmoreimportantbyenabling
schedulersto keep up to date with environmental
changeandallowing themto respondto disruptions
by resolvingcon�icts in impactedparts of the so-
lution. Goneare the daysin manufacturingwhere
jobswere`chased'throughthefactoryby a progress
chaserwho spenttheir daysweettalking departmen-
tal foremanandclimbingoverwork inventorieslook-
ing for job numbers. The advent of mechanically
readablebarcodesmeansthatwork cannow becon-
tinuouslymonitoredthroughaproductionprocess.
Mobile telephony has had a major impact on lo-
gistic scheduling,allowing hugesavings by allow-
ing �eld workers to communicatewith headquar-
tersin real-time.TheBritish Telecommobilework-
forceschedulingproblem[7] addressedby a.p.solve
is highly dependentuponmobile telephony. It is a
problemcharacterisedby:

� A varyingworkloadwith onehourresponsetimes.
� A diversemixture of operationalproceduresthat

rangefrom thosewith hardstart-timeconstraints
to those with highly relaxable start-time con-
straints.

� Theprocessingtimesof schedulingactivities can
rangefrom a few minutesto severaldaysandare
subjectto uncertainty.

� Resourcescarcitiesin rareskills.
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� Schedulingactivities can be complicatedby de-
pendency relationshipsbetweenactivities.

� Theenvironmentin whichmobileworkersoperate
is subjectto uncertaintyandchange.Calculating
travel times is problematicand subjectto traf�c
conditions.

British Telecom has a workforce of 20,000 tech-
niciansnation-widewith several hundredthousand
tasksto bescheduledandexecutedeveryday.
In a resourceconstrainedenvironment,with a small
timebudgetto resolve con�icts andimprovesolution
quality, thesystemis forcedto seekout sparecapac-
ity by searchingaspaceof reallocationmovesto �nd
alternative resourcesand/orstart timesfor activities
in con�ict. Themostpromisingkindsof algorithms
for this kind of constraintbasedsearcharethoselike
Ginsberg's andMcAllester's partial-orderbacktrack-
ing [8] that combineaspectsof both systematicand
non-systematicsearch. However, in practicalenvi-
ronmentspartial-orderbacktrackingneedsto besup-
portedby textureanalysisthatindicatestheaggregate
demandfor alternative resourcesby providing mea-
suresof contentionandreliance[9].
Giventheindustrialneedfor reactiveschedulingsys-
tems, why is the schedulingcommunity obsessed
with static optimisation problems? In practice,
schedulingproblemsrequirea `solution' to be more
than the mere implementationof an algorithm for
solving a particular constraintsatisfaction, or con-
strainedoptimisationproblem. Constructingsched-
ules, in practicalenvironmentsis an extended,iter-
ated processthat typically involves resolving con-
�icts betweencompetingscheduleusersandschedul-
ing tools. In mostapplieddomains,schedulesneed
to bemaintainedover time throughreactive revision
that re�ne an initial, or current,solution,by adapt-
ing it to changingenvironmentalconditionsanduser
preferences.
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ARTICLE

Advanced Scheduling and Optimisation: Cutting the Costs of
Manufacturing

Author: B. Drabb le

Abstract

The aim of this article is to describeseveral in-
telligent schedulingtechniquesthat have beenap-
plied to problemsin manufacturingandassembly.
The techniqueshave beenevaluatedin domains
including aircraft wing manufacturing,�ber optic
cablemanufacturing,submarineconstructionand
CD manufacturing. The article will describetwo
particularschedulingtechniques:schedulepacking
andsqueaky wheeloptimization. The techniques
have resultedin a numberof major improvements
including a reductionin make-spanof up to 50%,
an improvementin throughputof 40%, a reduc-
tion in costsof 20%andtheability to tackleprob-
lems up to 20 times larger. The article provides
anoverview of thesetechniquesanddescribestwo
casestudiesfrom BoeingandElectric Boat. The
article concludeswith a descriptionof the impact
thesetechniqueshave had in eachof theseorga-
nizationsandprovidespointersto potentialfuture
improvements.

Intr oduction

Schedulingis theproblemof assigninga setof tasks
to a setof resourcessubjectto a setof constraints.
Examplesof schedulingconstraintsincludedeadlines
(e.g.,job i mustbecompletedby timet), resourceca-
pacities(e.g.,thereareonly four drills), precedence
constraintson the orderof tasks(e.g.,a piecemust
besandedbeforeit is painted),andprioritiesontasks
(e.g., �nish job j assoonaspossiblewhile meeting
theotherdeadlines).In additionthetaskassignments
mustalsomeetanumberof optimizationcriteria,e.g.
minimize makespan,minimize set up times, maxi-
mizework in progress.Examplesof schedulingdo-
mainsincludeclassicaljob-shopscheduling,manu-
facturingscheduling,andtransportationscheduling.
This article describestwo genericschedulingtech-

niquesthatweredevelopedandappliedto problems
in aircraftmanufacturingandsubmarineassembly. In
eachcasethe resultsobtainedarecurrently the best
in the world. Thesetechniquesarenow beingaug-
mentedwith additionalfunctionality to tackleprob-
lemsinvolving shiprepair/overhaulandmissionplan-
ning for the USAF. The techniquescan be divided
into two mainareas:

� The use of non-systematictechniquessuch as
“squeaky wheel” optimization [4] (SWO) and
schedulepacking(alsoknown asdoublebackopti-
mization)[2] to solve problemsthatarisein man-
ufacturingscheduling.

� The use of combined systematic and non-
systematictechniques,such as limited discrep-
ancy search(LDS) [3] with schedulepacking,and
squeaky wheelwith operationsresearchmethods.

Scheduling Technologies

This sectionprovidesan overview of thescheduling
technologiesthathave beendeployedin a numberof
realapplications.

Limited Discrepanc y Search (LDS) and
Heuristics

In schedulingproblemsof any sizeit is unlikely that
alwaysusingamerelygoodheuristicwill getyou re-
ally closeto an optimal schedule. A merely good
heuristic will be incorrect someof the time. As
thecomplexity of schedulingproblemsincreases,the
numberof decisionsguidedby theheuristicalsoin-
creases.Themoredecisionsmade,themorelikely it
is thatsomeof themaregoing to be incorrect.How
doesLDS helpaddressthisproblem?LDS is asystem-
atic methodfor disregardingthe recommendationof
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a heuristica limited numberof times(thusthename
LDS) whengeneratinga schedule.With LDS, sched-
ulesaregeneratedrepeatedly, eachof themfollowing
the heuristicfor all decisionsexceptone. The deci-
sion at which the heuristicis ignoredis different in
eachschedule.If the heuristicleadsto only onein-
correctdecision,then using LDS1 (the fastestform
of LDS) will leadto a perfectschedule.Even if the
heuristic leadsto more than one incorrectdecision
(which is usuallythecase)thenLDS1 will likely lead
to a bettersolutionthenalwaysfollowing theheuris-
tic.

Schedule Packing

SchedulePacking, also known as doublebackopti-
mization involves “sloshing” a candidateschedule,
repeatedly, right andleft within aschedulingwindow.
This hasa remarkableimpacton the lengthof most
schedules.The Doublebackprocessis analogousto
�lling a box with blocksand thenshakingthe box.
Shakingtheboxwill almostalwaysresultin adenser
packingof blocks. Likewise, in schedules,Double-
back almost always resultsin a denserpackingof
tasksin a schedule.The denserpackingallows for
taskswith few precedingactivities to �nd appropri-
ateholesin theschedulein which to beplaced.The
schedulepackingalgorithmis appropriatefor prob-
lemswith largenumbersof precedences,e.g.assem-
bly tasks,manufacturing,overhaul,etc.

Squeaky Wheel Optimization

The insight behind SWO is that in any real world
problemit is impossibleto captureall associatedcon-
straints,e.g.context information.SWO usesapriority
queueto determinetheorderin whichtasksshouldbe
releasedto agreedyschedulingalgorithm.Theprior-
ity queueis determinedby how dif�cult thetaskis to
dealwith that is, i.e. higherthe taskis in the queue
the harderit is to �nd a goodresourceassignment.
On eachiterationof thealgorithm,SWO quickly cre-
atesa scheduleandthenexaminesit to identify the
partsthat werehandledbadly, for example,the task

wascompletedtoo late or assignedto an unsuitable
agent. Any task that “squeaks”is promotedup the
priority queue,with thedistanceit is promoteddeter-
minedby theextentof theproblem. Thenew prior-
ity queueis thenusedto generateanotherschedule
that is analyzedfor problems. This processcontin-
uesuntil no signi�cant improvementin theschedule
is notedoverseveraliterationsor aprede�nedlimit is
reachedi.e. cycle countor elapsedtime. SWO is ex-
tremelyfastwith eachcycleof generate,analyze,and
re-prioritizetakinglessthana second,evenfor large
problems,e.g.2500tasksand200 resourcesover a
� vedayperiod.

Application Domains

This section describestwo example domainsthat
have beentackledusingeither schedulepackingor
squeaky wheeloptimization. In eachexamplea de-
scriptionof the domainwill provided togetherwith
a descriptionof theimpactthetechnologyhasmade.
In addition to the domainsdescribedherethe tech-
niqueshave alsobeenappliedto submarineassem-
bly, aircraft mission scheduling[5] and CD man-
ufacturing. Full details can be found via pointer
www.otsys.com/s ch edul ing .h tml

Air craft Assemb ly

The original aircraft assemblyproblemstackledby
schedulepackingwereprovidedvia aresearchgroup
at McDonnell Douglas. Thesewerereal scheduling
problemsandweremadeavailablevia thenet to en-
courageacademicresearchersto demonstratetheap-
plicability of their techniques.Theseparticularprob-
lemsarerelevant to largescaleassemblyandarein-
stancesof problemsknown as resourceconstrained
projectscheduling(RCPS). CIRL developeda sched-
ulerthatproducesthebestknown resultsonthisprob-
lem. CIRL hasalso convertedseveral other bench-
mark problemsto the sameformat andsolved them
successfully. The basic aircraft assemblyproblem
hasthefollowing features:
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Figure 1: Exampleof aircraftassembly

Zone resour ces : A zoneis anareaof theaircraft
in which work canbedone.Zoneresourcesspec-
ify themaximumnumberof peoplethatcanwork
in thatzoneat thesametime.

Labor resour ces : Thesespecify how many la-
borersareavailablewith aparticularskill set.

Shifts : The availability of labor resourcesvaries
over time, with more beingavailable during the
day.

Tasks : Taskshave a speci�ed durationandsetof
zoneand labor resourcesthat areneededto per-
form thetask.

Precedences : Thesespecifywhich tasksmustbe
completedbeforeothertaskscanbegin.

The programuseslimited discrepancy search(LDS)
andschedulepacking(alsoknown asdoublebackop-
timization) to generatesolutions. LDS and sched-
ule packingcanbe usedin isolationor in combina-
tion with eachother with the bestresultsproduced
usingLDS with schedulepackingor schedulepack-
ing on its own. Whenusedin combination,multiple
seedschedulesgeneratedwith LDS arefed to sched-
ulepacking.
In �gure 1 thetop part indicatesresourceusageover
time. Thereis onehorizontalbar for eachof the 17

resourcetypes.Thedarker areasindicatesa resource
is fully utilized,andthelighter indicatesit is unused.
Theboxesin thebottompartof the�gures represent
the tasks. The width of a box representsthe dura-
tion of a task,andthe height is an indicatorof how
many resourcesa taskrequires. The PERT 1 sched-
ule for this problemendsafter37 days,2 hoursand
58 minutes,andis a looselower boundon themini-
mumlengthany potentialsolution. Thecurrentbest
scheduleproducedby McDonnellDouglas(now the
BoeingCompany) is just over 42 daysandthe best
schedulepack scheduleis just over 39 days. Each
day of productionremoved from the schedulesaves
the company approximately$600,000and thus the
scheduleis ableto save approximately$3.2 million
persub-assembly. On Time Systems2 hasextended
this schedulerto handlemoregeneralaircraftmanu-
facturingproblems.Thesenew constraintsandfea-
turesinclude:

� multiple sub-assembliescouldbe introducedinto
theline at �x edrates,e.g. “every � ve days”or at
arbitrarypoints,e.g. “40 wings over the next 10
days”.

� Oncea wing assemblywas assignedto a bay it
mustreturnto thesamebayfor furtherprocessing
steps.

1ThePERT scheduleis generatedby startingtasksasearlyaspossibleandignoringall resourcecon�icts
2On Time Systemsis a technologystartupcompany thatwasdevelopedto commercializetheoptimizationtechnologybeingde-

velopedat CIRL andfrom othergroupsaroundtheworld.



20 The PLANET Newsletter

� The assemblylineshave a numberof robotsthat
mustbetakendown for routinemaintenance.

Submarine Assemb ly

Existing schedulingsystemsin useat shipyardsto-
day, such as ARTEMIS, SAP, or PRIMIVERA, rely
on “makespanminimization” techniquesto develop
schedules. Speci�cally, they try to scheduletasks
as early as possible,subjectto constraintsand re-
sourceavailability pro�les. Manual intervention is
typically requiredto dealwith overloadedresources
andotherdif�culties, andthe processof scheduling
the constructionof a single ship can take months.
Thisapproachreliesontheconventionalwisdomthat
it can never be wrong to get work doneearly, and
the assumptionthat a short scheduleis likely to be
ef�cient, sinceotherwisetheinef�ciently utilized re-
sourcescouldbeloadedup to getmoredoneearlier.
OTS) researchhasshown that this conventionalwis-
dom is, in fact, misleading. In massproductionen-
vironments,makespanminimizationoften is a use-
ful approach,sinceother jobs can help smoothout
theresourceloadingartifactstheprocessinduces.In
shipyards,whereit is not uncommonto have one,or
at most a few, projectsin processat any one time,
makespanturnsout to beapoorstand-infor theship-
yards'morecomplex goals.
OTS hasdevelopeda radicallynew approachto ship
constructionscheduling, one that addressesship-
building's uniqueneedsdirectly. The resultingsys-
tem,ARGOS, is capableof schedulingmultipleyears'
productionacrossa whole yard in hours,insteadof
months,without needfor humanintervention. The
resultingschedulestypically exhibit a10-20%reduc-
tion in constructionlaborcostswhencomparedwith
thosein usein the yardstoday. Conversely, in sit-
uationswherethroughputis limited by theavailable
manpowerpool,ARGOS makesit possibleto progress
10 to 20%morework throughtheyard. All of these
savingsareachievedwithoutchangingthefundamen-
tal productionprocessor shipyardfacility in any way.
Table 1 shows the expectedsavings (over the cur-

rent schedule)for a single hull and Table 2 shows
theexpectedsavingsfor theentireyardover thenext
5 years. Our estimatesarethat, if ARGOS wereap-
plied to all new Navy construction,annualsavings
couldbeexpectedto bebetween$200Mand$500M.
Numbersfor re-�t andrepairaremoredif�cult to ob-
tain, but the percentagesavings (10-20%)appearto
becomparable.

iteration Time Savings
1 2 min 8.4% $13.0M
7 10 min 11.4% $17.7M
20 34 min 11.8% $18.2M
Ultimate 2̃4 hrs 15.5% $24.0M

Table1: ExpectedSavingsfor aSingleHull

iteration Time Savings
1 24 min 7.8% $49M
7 1 hour 10.2% $65M
20 4 hours 10.7% $68M
Ultimate 4 days 11.5% $73.0M

Table2: ExpectedSavingsOver theEntireYard

Figure2 providesa comparisonof the resourceuti-
lization andmanpower curvesfor thecurrentsched-
ule 3(top graph)and the one developedby ARGOS

(bottomgraph). Theblacklinerepresentstheamount
of manpower requiredon a particularday. The red
andblue lines representthe actualmanpower avail-
able in the shipyard scheduleand ARGOS schedule
respectively. Deviation from the black line results
in additional costsdue to overtime, under-time or
increasing/reducing the total work-force. The AR-
GOS schedulehasa much smootherpro�le requir-
ing fewer changesin manpower levels andprovides
the ability to recover muchmoreeasily from unex-
pectedchangesin project deadlines. Figure 3 pro-
videsacomparisonbetweenthemanpowerneededin
thecurrentschedule(red line) andthemanpower re-
quiredby theARGOS schedulefor a singlehull. This
shows a smoothresourceramp “up and down” for
the ARGOS scheduleandfar lessperturbationin the
resourcelevelsin theyard.

3This is thescheduletheyardis currentlybuilding to.
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Figure 2: Manpower andResourceUtilization
Comparison

Figure3: SingleHull ResourceUtilization
Comparison

Summar y

Searchbasedschedulingtechnologieshave matured
to the point that they are now capableof solving
largerealworldproblemsandprovideuserswith high
quality solutions.Table3 providesa summaryof the
improvementin problemsizeandcomplexity thatcan
behandledby currenttechniques.In additionto be-
ing able to solve complex real world problemsit is
also interestingto note that the technologytransfer
path for thesemethodsis short,which makes them
easilyaccessibleto industrialusers.

Tasks Resources Type Feasible
1993 64 6 JobShop No
1996 5̃70 17 RCPS Barely
1999 1000s Dozens RCPS Yes
2001 10,000s Hundreds RCPS Yes
2002 millions Hundreds RCPS Yes

Table3: Improvementin ProblemSizeand
Complexity
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REPORT

2nd International PLANET Summer School

Author: L. Compa gna, G. Cor tellessa, A. Farinelli, and N. Policella

After the greatsuccessof the �rst edition (Cyprus,
September2000), the 2nd International Summer
SchoolonAI Planningwasheldin Halkidiki, Greece
on September16-22,2002.
This event was one of a numberof activities orga-
nizedby PLANET (theEuropeanNetwork of Excel-
lencein AI planning),whosemainaim is to promote
knowledgeexchangeamongstudentsandresearchers
who arenew to the �eld with a view to fosterinter-
action and internationalcollaborations. More than
�fty PhDstudentsandresearchersfromacademiaand
industryattendedthe School,which offeredcourses
held by top-level, internationally-renown speakers.
The courseswere divided into eight distinct parts,
which coveredmostof thecurrent“hot” topicsin AI
planning:

Planning under Uncer tainty with Markov
Decision Processes

Craig Boutilier
Markov Decision Processes(MDPs) are a widely
usedcomputationalmethodfor solvingsequentialde-
cision problemsinvolving uncertainty. This course
provided a brief introductionto MDPs, andfocused
onthemethodsof representationandsolutionthatare
strictly relatedto AI planning. A greateremphasis
wasputonapproachesthatreducethecomputational
effort for solvingMDPsthroughtheadoptionof tech-
niquesdevelopedin theAI community.

Plan-based Contr ol of Autonomous Robots

MichaelBeetz
Given the increasinginterestin autonomousrobotic
applications and in improving the performances
of current systems(MARTHA, XAVIER, RHINO,
MINERVA, REMOTE AGENT), this courseaimed
to provide the attendeeswith a broadoverview of

the issuesinvolved in the plan-basedcontrol of au-
tonomousrobots. Michael presentedthe computa-
tionalprinciplesandbasicsoftwarearchitecturesthat
enablerobotsto performcomplex anddiversetaskin
dynamicenvironments. The needfor an integrated
approachamongplanrepresentation,reasoning,exe-
cutionandlearningwasstronglyunderlined.

Planning histor y and Overview

SusanneBiundo
Theselecturesoffereda comprehensive introduction
to the �eld of AI Planning. They reviewed existing
planningmethods(classical,heuristicsearch,hier-
archicalandhybrid, andlogic-based),describingin
detail their domainrepresentationsand introducing
presentandfutureapplicationareas.In addition,Su-
sannealsopresenteddevelopmentstowardsasystem-
aticcombinationandintegrationof differentplanning
methods,aswell asthe integrationanduseof tech-
niquesfrom related�elds of research. The course
wasconcludedby a usefulhistoricaloverview of the
AI Planning�eld.

Scheduling and Planning

Brian Drabble
Brian presentedanoverview of recentdevelopments
in intelligent schedulingand optimization and the
waysin which thesesystemsandalgorithmscanbe
integratedwith plannersto developa comprehensive
approachto the planning and schedulingproblem.
Traditionally, schedulingandplanningwereviewed
asseparateresearchareas.However, this is asimplis-
tic view, asmany decisionsin planninghave a direct
impacton scheduling,andviceversa. The overview
provideddetailsof severalschedulingtechniquesand
describedmany of theirproperties.

http://www .planet-noe .org
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Planning and resour ces

PhilippeLaborie
Philippe's lecturesbeganwith theintroductionof the
conceptof resource– any substanceor (setof) ob-
ject(s)whosecostor availablequantityinducesome
constraintontheoperationsthatuseit – andby show-
ing applicationdomainsfor planningwith resources.
Thecoursethenproceededwith a review of thestate
of the art of planningwith resources,andpresented
basictoolsandplanningtechniques.Finally, Philippe
alsodescribedin detailoneof themostpromisingap-
proachfor dealingwith resourcesin planning,which
relies on the applicationof constraint-basedtech-
niquesin partial-orderor hierarchicaltask network
(HTN) planning.

Planner s Performance Evaluation

Maria Fox
The goal of this coursewas to analyzeand dis-
cussmethodsfor theevaluationof planningsystems.
Plannerscan be evaluatedin a number of differ-

ent ways: by analysisof their formal properties,by
empiricalcomparisonwith othersimilar systems,in
termsof the time/quality trade-offs they make, and
soon. This courseoutlinedthestagesof a scienti�c
approachto evaluationof a dataset. Moreover the
courseintroducedsomestatisticalteststhat can be
usedto determinethe signi�cance of a featureof a
dataset.

Planning and Execution

MarthaPollack
Theselecturesdealtwith the interestingproblemof
planning and execution applied mainly to Simple
TemporalProblems.Thespeakerhighlightedthefact
that classicalplanningmakesstrongsimplifying as-
sumptionson theworld model. In particular, in real
environmentsthe beliefs and goals at the baseof
theoriginalplanningproblemaresubjectto changes,
andhencethesolutionplanmight looseconsistency.
Marthaprovidedanhelpful introductionto this topic,
dwelling on the following techniques:(a) interleav-
ing planningandexecution;(b) monitoringplan ex-
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ecutionand inferring executionstatus;(c) recover-
ing from failure by replanning;(d) maintainingthe
temporalconsistency of plansduringexecution(plan
dispatch);(e) managingcommitmentsandupdating
plansin responseto changesin theenvironment.

Planning and the Web

Craig Knoblock
This courseprovided an interestingoverview of the
techniquesinvolved in the context of gatheringand
integrating informationfrom the web. Thesetopics
includequeryplanningfor informationgathering,in-
teractive planningusingconstraintpropagation,and
ef�cient execution of information gatheringplans.
Craig pointedout how information gatheringfrom
the web canbe tackledasa planningproblem,asit
can be viewed as a processaimedat formulating a
schemeor programfor theaccomplishmentof some
goal.

Poster Session

The School also included a postersession,during
whichattendeeswereableto presenttherecentdevel-
opmentsof their work. This allowedfurther interac-
tion betweenstudents,researchers,lecturersandor-
ganizersandenabledtheauthors(morethan�fteen)
to receive usefulfeedbackandsuggestions.

Social Activities

Thelocalorganizersputtogetheravariedprogramme
of socialandculturalactivities. Theseactivitiescom-
prisedan exciting excursionto the cavesof Petralo-
nia, a visit to thehistoricalcity of Thessaloniki,and
a short trip to Nea Skioni, a traditional �shing vil-
lage. This allowed the participantsto get in touch
with theancienthistory, local cuisine,origins,music
anddancesof this fascinatingcountry.

Conc lusions

The Schoolwasa greatsuccess,providing not only
an invaluable and up-to-datereview of the recent

developmentsand techniquesin AI Planning and
Scheduling,but also a friendly and informal en-
vironment in which interactionwas facilitated and
researchcollaborationsfostered. Many challeng-
ing questionswere raisedduring the lectures,stim-
ulating discussionand promoting knowledge ex-
changeamongstall of the participants. Course
materials, long abstract of the posters and lots
of funny photos can be found at the web page
of the school http://cswww.es se x.a c. uk /
PLANET/summer- sch ool- 02/ .
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ARTICLE

Generation and Execution of Partiall y Correct Plans in Dynamic
Envir onments

Authors: A. Farinelli, G. Grisetti, L. Iocc hi, D. Nardi, and R. Rosati

Intr oduction

In this work we presentthe recentdevelopmentsof
the approachto the designof Cognitive Robots(i.e.
robotswhoseactionsaredrivenby a formally devel-
opedtheoryof action),thatarecapableof performing
tasksin a coordinatedway. Thelogic of actionsthat
we adoptis an epistemicdynamiclogic, whereit is
possibleto derive acyclic branchingplans(branches
correspondingto sensingactions),including primi-
tiveparallelactions.
In thepresentwork, we consideranextendednotion
of planby admittingasimpleclassof cyclesthatarise
from the attemptto recover from the failure states
originatedby sensingactions. The proposedexten-
sion allows us to addressthe problemof generating
plansthathandlea form of synchronizationbasedon
therecognitionof speci�c situationsthroughsensing
actions,including forms of coordinationrequiredin
amulti-robotscenario.

System Architecture

In this sectionwe recall the layeredhybrid archi-
tecture used for our cognitive mobile robots (see
also [4]) displayedin Fig. 1, that hasbeenimple-
mentedon several different kinds of robotic plat-
forms, namely Sony AIBOs, Pioneer, and home-
madewheeledrobots.
Thedeliberative level is formedby threemaincom-
ponents:ThePlanExecutionModulethatis executed
on-lineduringtheaccomplishmentof therobot's task
andis responsiblefor executinga planby coordinat-
ing the primitive actionsof a singlerobot. The Co-
ordination Module that is responsiblefor assigning
tasksto therobotsin theteamaccordingto thecurrent
situation. ThePlan Generation Module, that is exe-
cutedoff-line beforethebeginningof therobot'smis-

sion,andgeneratesa setof plansto dealwith some
speci�c situations.

  Actions
  Primitive

  Generation
  Plan

Coordination
Module

  Plan
  Execution

  Perception World
Model

KB
Library

PlanDeliberative Level

Off-line

Conditions
High-level

ActuatorsSensors

Operative Level

On-line

Deliberative Level

Figure 1: Layeredarchitecturefor our robots

Plan Representation and Generation

In order to addressthe problemof synchronizedif-
ferentroboticplatformsusingsensingactionweused
a particularnotion of plan that we called Partially
StrongPlan. This notionof planis equivalentto the
de�nition of strongcyclic plansgiven in [3]. A Par-
tially Strong Plan is a plan that if terminateleadsto
a goalstate.Namely, a partially strongplanis a plan
thatis not guaranteedto terminate:terminationactu-
ally dependson the outcomeof the sensingactions
in theplan. However, if sucha planterminates,then
it alwaysleadsto the goal. The generationof plans
is basedon the useof a modal non monotonicde-
scription logic

���������
	

[2]. As illustratedin [5],
thesetof modelsof an

�������
��	

knowledgebase


formalizinga dynamicsystemcanberepresentedby
meansof a uniquetransitiongraph,called�r st-order
extension(FOE)of 
 , whichrepresentsall thepossi-
ble evolutionsof the dynamicsystem.For instance,
Fig. 2 displayssomeexamplesof portionsof FOEs.
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Figure2: Planstructurefor cyclic sensingactions

The plan generationmoduleselectsa portion of the
FOEof theKB containingonly thoseactionsthatare
necessaryto achieve a goalstartingfrom a givenini-
tial situation.In fact,conditionalplanscanin princi-
ple begeneratedin two steps(seein [5] for details).
First, the FOE of the knowledgebaseis generated;
thisFOEcanbeseenasanactiongraphrepresenting
all possibleplansstartingfrom theinitial state.Then,
sucha graphis visited, building a term (the cyclic
conditionalplan) representinga graphin which: (i)
sensingactionsgeneratebranches;(ii) eachbranch
leadseitherto astatesatisfyingthegoalor to aprevi-
ousstateof theplan.However, thecurrentimplemen-
tationdoesnotbuild theentireFOEbeforesearching
for the plan,but it builds the FOE startingfrom the
initial statewith abreadth-�rsttechniqueuntil agoal
stateis reached. In caseof sensingactionsall the
branchesare requiredto reacha goal state. In this
way it is possibleto extracta minimal plan(with re-
spectto thenumberof actionsto beexecuted).

Implementation

We providedan implementationof our approachus-
ing a simulator. The situationwe experimentedas
an examplefor explaining our plan generationand
executionmechanism,is the dynamicexchangeof

the role of goal keeperin the Sony LeggedLeague
and the applicationof the two-defenderrule. The
situationpresentedis a typical situationin the Sony
Legged Leaguematchesin which the goal keeper
(robotnumber1) is moving away from its own goal
andis approachingtheball to pushit away, while an-
otherrobot(robotnumber2) is farawayfrom theball
and it cannothelp the goal keeperimmediately. In
this situation,it is moreconvenientfor theteamthat
robot1 takestherole of attacker pushingtheball to-
wardsthe oppositegoal,while robot 2 goesbackto
defendits own goalactingasagoalkeeper. However,
in performingthis roleexchangethetwo robotsmust
comply with the two defendersrule, andthusrobot
2 canenterthe goal areaonly after robot 1 hasleft
it. Theproblemof complyingwith thetwo-defender
ruleissolvedbygeneratingaplanin whichonerobot,
beforeenteringthegoalarea,mustcheckthatit is free
(i.e.theotherrobothasleft thearea).Thisis achieved
by adding in the knowledge baseof the robot the
speci�cationof a sensingactionSenseFreeArea that
is usedfor verifying if thegoal areais not occupied
by any robotof theteam.Eventhoughthesimulation
cannotprovide a precisecharacterizationof all the
aspectsthatin�uence theperformanceof therobotin
the realenvironment,it canprovide usefulfeedback

http://www .planet-noe .org
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to thedesignof thecoordinationandplanexecution
modulesfor actualrobots.Throughthissimulatorwe
have veri�ed the intendedbehaviour of the robotsin
eachof therolesin differentscenarios.

Conc lusions

As compared with previous work in Cognitive
Roboticsthis is anovel attemptto generateplansthat
includecyclesin a partially known environment.As
comparedwith the work on classicalplanningthere
is a closerelationshipwith the work in [1], where
only conditional plans (tree-structured)are gener-
ated. We arecurrentlyaddressingtheapplicationof
modelcheckingtechniques,asdonein [1], alsoin our
setting. Moreover, we areextendingour analysisto
generateplanswith cyclesthataremoregeneralthan
theonespresentedin thispaper.
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ARTICLE

Dynamic Ontology Re�nement

Authors: F. McNeill, A. Bund y, and M. Schorlemmer

Introduction

Creatingaplanthatis guaranteedto beexecutablein
a certaindomaindependsnot only on forming plans
correctlybut alsoon having a perfectunderstanding
of that domain. Unfortunately, developing this un-
derstandingandrepresentingit fully is possibleonly
in small, staticdomains. In morecomplex environ-
ments,plansmaybebasedonincompleteor incorrect
informationandhencemaybeunexecutable.Interac-
tion with theenvironmentthroughattemptedexecu-
tion of the plan leadsto an enrichedand fuller un-

derstandingof theenvironmentbut alsoleadsto plan
failure.This failurecouldbedueto partof thetheory
itself, sucha missingaxiom in a rule, or dueto the
underlyingontology, suchasa predicatewith an in-
correctarity. Wethereforeproposeto deviseasystem
thatcandynamicallyincorporatethisnew knowledge
into thetheoryastheplanis beingexecuted.

Our systemwill be basedaround a central plan-
implementationagent,who will control all theother
componentsof the system. This agentwill �rstly
sendthetheory, togetherwith thegoal,to theplanner,
whichwill thenreturnaplanannotatedwith a justi�-
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cationfor eachplan step. The plan-implementation
agentwill then use the plan justi�cation, together
with furtherquestioningof theseagents,to discover
why thisfailureoccurredandwhichpartof thetheory
is atfault. Thisproblempointis thenpassedto there-
�nementsystem,whichwill thencorrecttheproblem
andreplaceit with thecorrectionin theoriginal the-
ory. This re�nementprocesswill not only allow us
to achieve a goal that would otherwisebe unreach-
able,but will alsoleave uswith a domaintheorythat
is richerandmoreaccurate.

Forming and Executing the Plan

We needto �nd a plan for achieving thegoalandto
annotatethis with a justi�cation for eachstep. The
reasonthis justi�cation is requiredis that failure in
the plan executioncan be immediatelylinked to a
problemin a particularpart of the theory; namely,
thatpartof thetheorythatwasusedto justify thisplan
step.Weproposeto useastateof theartplannersuch
asFFsothatoursystemis capableof producinglong
andcomplex plansif necessary. However, usingsuch
a plannerwill not provide uswith informationabout
theinferencerulesandjusti�cationsbehindeachplan
step.Thereforewe intendto build a plan deconstuc-
tor thatwill take theplanproducedby FF and,using
the theory, pseudo-executeit, at eachstageannotat-
ing the theorywith the inferencerule that wasused
andthepreconditionsof thatrule, togetherwith their
justi�cations.
Oncetheplan-implementationagenthasreceivedthe
annotatedplan, it will attemptto executeit by inter-
actionwith otheragents.For example,if the action
requiredin a plan stepis to buy a visa, it will need
to locateanembassyagentwho is capableof ful�ll-
ing this requirement.It is throughtheseinteractions
thatany fault in thetheorywill cometo light. These
agentswill havetheirown internaltheoriesabouthow
to performtheseactions,andthesemaynotmatchthe
plan-implementationagent's theory.
For example, the plan-implementationagent may
have a visa representedin his theoryasa simple,0-

arity predicate,whereastheembassyagentmayhave
it representedas a 1-arity predicatevisa(country)
whichtakesacountryasanargument.Or perhapsthe
embassyagenthasa morecomplicatedrule for buy-
ing visas,which involves an extra preconditionthat
the plan-implementationagent's rule doesn't have,
for example,thatanof�cial invitation is required.In
suchcases,the actionswill not be executedandthe
plan will fail. The plan-implementationagentcan
then questionthe embassyagentfurther, using the
justi�cation of theplanstep,to �nd outexactlywhich
partof thetheorycausedthefailureandwhy.

Re�nement Techniques

To createrulesfor specialisinga theoryor ontology,
welooked�rst atrulesfor abstraction;thatis, remov-
ing detail from a theory. We invertedtheserulesto
form anti-abstractionswhichcanthusbeusedto add
detailto a theory:

� Predicateanti-abstraction - A singlepredicateis
dividedinto somenumberof predicates

� Domain anti-abstraction - Constantsand func-
tion symbolsaredividedup into differentcases

� Propositional anti-abstraction - The arity of a
predicateis increased

� Precondition anti-abstraction - Preconditions
areaddedto rules.

There�nementsystemwill thenselecttheappropri-
atetypeof re�nementfrom thoseavailableto it, us-
ing theinformationgleanedearlierabouttheproblem
point. Oncethere�nementhasbeenperformed,it re-
placesthe original in the theory, which canthenbe
presentedto theplanner.
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ARTICLE

MEXAR: Integrated AI Technologies to Suppor t MARS EXPRESS

Mission Planning

Authors: G. Cor tellessa, N. Policella, A. Cesta, and A. Oddi

Introduction

Spaceexplorationmissionsrequirecoordinationof a
signi�cant amountof activities. Stateof the art in-
telligentplanningandscheduling(P& S) technology
couldpotentiallybeof greathelpin supportingsucha
coordination.This work aim at showing anexample
of this technologyin a supportsystemfor a speci�c
missionschedulingproblemrelatedto theESA pro-
gramcalledMARS-EXPRESS [3].

MARS-EXPRESS is a space probe that will be
launchedduring 2003 and after six monthswill be
orbitingaroundMarsfor thefollowing two yearsand
more. During the operationalphasearoundMars a
teamof people,theMissionPlanners,will berespon-
siblefor theonboardoperationsof MARS-EXPRESS.
They receive input from differentteamsof scientists
and cooperatewith different specialistsfor various
speci�c tasks(e.g., Flight Dynamics(FD) experts).
Any singleoperationof apayload,namedPOR(Pay-
loadOperationRequest),is decidedwell in advance
througha negotiationphaseamongthe differentac-
tors involved in theprocess(e.g.,scientists,mission
planners,FD experts).

Theresultof ourstudyis asystemcalledMEXAR that
addressesthe memorydumpingproblemin MARS-
EXPRESS. The speci�c problem that is addressed
is de�ned as MEX-MDP and is describedin detail
in [7]. MEXAR is an interactive support system
that may help missionplannersin decidingpolicies
for downlinking data to Earth during the temporal
visibility windows. The tool usesconstraint-based
techniquesfor representingthe basicproblemto be
solved, namelythe segmentationof on-boardmem-
ory in datapacketsduringthevisibility towardEarth.

The paragraphbelow introducesthe two solving
algorithms which have beendeveloped: a greedy

heuristicanda local searchprocedure[7, containsa
completeexplanationof thesealgorithms]. The fol-
lowing sectiondescribesan importantaspectof this
work, theinteractivefunctionalitiesdevelopedtosup-
port theuserin hiswork [1, for moredetails].

The Packet Sequencing Algorithm

SchedulingproblemssuchasMEX-MDP canbeseen
as a special types of ConstraintSatisfaction Prob-
lems (CSP) [6]. An instanceof a CSPinvolves a
setof variables� �����������
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in thewindow -O6 . TheMEX-MDP containsdifferent
kindsof constraints:(a) Given thecharacteristicsof
thepacketstoresthedatamustbedownlink according
to aFIFOphilosophy;(b) theamountof datafor each
packet storedoesnot exceedits capacity;(c) a �nite
amountof datacanbedumpedin eachtransmission
window (�nite transmissionrate).
All theproposedalgorithmswork over two levelsof
abstraction:(1) theplanninglevel, wherethewhole
setof decisionvariablesare instantiatedtaking into
accountthe differentconstraints;(2) the scheduling
level, wherea sequenceof memorydumpoperations
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is generatedover thecommunicationlinks respecting
theconstraintsimposedover all thewindows - 6 .
In orderto �nd anoptimalsolutionwe chooseto re-
alizea heuristicoptimizationstrategy basedon local
search which is able to improve an initial solution
givenasaninput: Tabu search [4, 5]. Thetabu meta-
heuristicis foundedonthenotionof amove. A move
is a functionwhich transformsonesolutioninto an-
other. For any solution

�

, a subsetof movesapplied
to

�

is computed.Theresultis theneighborhoodof
�

. The algorithm proceedsselecting,at eachstep,
thebestsolutionin theneighborhood,with respectto
anobjective function,till a �x ednumberof stepsare
madewithout �nding bettersolutions.

Figure 1: MEXAR layout

In MEX-MDP themove consistsin bringingforward
somedata(for exampledatacontainedin observa-
tionswith thesmallestvolumeof data)anddelaying
otherones;thisshouldimprove in many casestheob-
jective function(meanturnover time).

Mexar Interactive Functionalities

TheMEXAR functionalitiesthataredesignedfor the
usersaresummarizedin Figure2. As expectedthe
problemsolvingactivity is centralin thesystem.This
functionalityis guaranteedby theautomatedservices
centeredon the constraint-satisfaction methodology
(CSP)describedabove.
In the �gure 2 we show the �o w of control during
the useof the functionalities. It is possibleto iden-

tify anactivity thataimsgenericallyatde�ning asin-
gle problem.At presentit simply consistsof loading
a problemdescriptionfrom a �le, it canbe alsobe
replacedby a morecomplex incrementalfunctional-
ity that could be well coupledwith the CSPmodel-
ing used.Thede�nition of a problemis followedby
its solutionaccordingto thedifferentalgorithmspro-
ducedin our work. A different functionality allows
to re�ne the currentproblem. This activity consists
in deletingsomeof the PayloadOperationRequests
(PORs)from the associatedtimelines. This canbe
usefulto experimentdifferentloadson theresources
in speci�c intervalsof thesolution.Thisfunctionality
introducesa cycle amongtheseactivities that could
bringtheuserto incrementallyre�ne new MEX-MDP

problems.As shown we groupthesefunctionalities
in aninteractionlayoutcalledProblemAnalyzer(see
Figure2).
Oncea problemto solve is de�ned we canattackit
with differentsolutionmethods.Figure1 shows an
exampleof a solved instanceof MEX-MDP as it is
presentedto theuser.

Figure2: MEXAR Interactive Environments

The availability of a portfolio of problem solving
procedureshassuggestedthe ideaof involving more
deeplytheuserin thesolutionprocess.Thishasbeen
pursuedby creatingan environment in which it is
possibleto save differentsolutionsand, in addition,
theusercanguidesearchonhow to improvethesolu-
tionsapplyingdifferentalgorithms.Wecall this pro-
cesssolutionspaceexploration.Thisaspectis strictly
connectedto theavailability of evaluationmetricson
thesolutionsasdiscussedin [2]. Theideabehindthe
solutionexploreris theonethattheusercangenerate
an initial solution, save it, try to improve it by lo-
cal search,save theresults,try to improve it by local
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searchwith differenttuningparametersandsoon. In
thisway, it is possibleto generatepathsin thesearch
space.The usercanrestoreoneof the previous so-
lutionsandtry to improve it with a local searchwith
differentparameters,etc. In this way he generatesa
treeof solutions.This procedurecanberepeatedfor
differentstartingpointsgenerating,in this way, a set
of trees. Using at the sametime the evaluationca-
pability on a singlesolutionandits own experience
hecangeneratedifferentsolutionseries,all of them
saved,and,at theend,choosethebestcandidatefor
execution.
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ARTICLE

RDPPlan: an Extension of DPPlan for Planning with Inter val
Resour ces

Authors: M. Baioletti, A. Milani, and V. Poggioni

RDPPLanis a model for planningwith quantitative
resources. It is basedon DPPPlan[1], a planner
which usesa nondirectionalsearchalgorithmon the
planninggraph.

Mostmodelsof planningwith resources,like [3], [4],
[5], [6], [7] and[8], assumethat an exact valuecan
model the continuousquantitiesdescribing,in the
real world, a given resource. In other words these

modelscannotdealwith morerealisticsituationsin
which quantitiesarenot known exactly. The RDP-
Planmodelallowsonetomanagedomainswherepre-
conditionsandeffectsoverquantitative resourcescan
bespeci�edby intervalsof values;in additionmixed
logical/quantitative andpurenumericalgoalscanbe
speci�ed.

Insteadof initializing a resourcewith a uniquereal
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value,we allow for the speci�cationof a real inter-
val ��� astherangeof theinitial valueof theresource

� . Theplanneroperatesin anunderspeci�eddomain
in which the value of someresourceis not exactly
known, but it is boundto bein aninterval. Let ussup-
posethatwedonotknow exactlyhow muchgasoline
is in thetankof ourcar:wejustknow for surethatthe
realamountis between5 and10 liters. Similarly it is
possibleto have underspeci�edeffectsof someoper-
ators: the valuewhich is added(subtracted),multi-
plied (divided) or assignedto the currentvalueof a
resourceis not exactly known, but only a lower and
anupperboundis speci�ed. Let us imaginethatwe
do not know which is the exact consumptionof the
car in thepreviousexample:all we know is that the
cartravelsfrom 10 to 15 kilometersperliter.
We de�ne two intervals associatedto eachresource

� andeachtime level
.

: ����� and
�

��� thatrespectivly
representtheRealizedIntervalandtheDesiredInter-
val of resource� attime-step

.

. �	��� is initializedwith
�

� and it is updated,at eachstep,by the effectson
the resource� of the actionsalreadyinsertedin the
plan;

�

��� , instead,containsall theadmissiblevalues
for the resource� thatallow theexecutionof all the
actionsselectedat time level

.

.
In this model the necessaryandsuf�cient condition
for a plan to be a solutionof a givenplanningprob-
lem is that for each resource � and time level

.

,
�
�����

�

��� . In other terms, a solution plan must
solve every possibleproblemthat is allowed by the
constraintsspeci�ed in the initial stateandin theef-
fectsdescription.
Weusethesameconceptof simultaneousexecutabil-
ity as expressedin [2] and in [6]. We say that
the actions 


�
��


	
�
�
�
� ��


E

aresimultaneouslyexe-
cutableif, for every permutationof 


� J �HG

�

J������ J

E

, each
actionis executablein the orderde�ned by the per-
mutationandthe effect over resourcesis alwaysthe
same.As a straightforward consequence,anassign-
menton resource� is not simultaneouslyexecutable
with any action changing � and an additive opera-
tor (increase,decrease)is not simultaneouslyexe-
cutablewith any multiplicative operator(scale–up,
scale–down). Moreover we have de�ned a provably

correctmethodthatcanallow usto calculatetheDe-
siredInterval for thesimultaneityexecutionof A ac-
tions that have preconditionsand/or effects on the
sameresource� .
In order to achieve the goals over resources,we
havede�nedstrategiesto solve”purenumericalprob-
lems“, i.e. with goalsonly on resources.Suchstrate-
giesarecombinedwith the onesfor solving logical
goals,by evaluatingthedif�culties of resourcesand
logical goalsandselectingthe mostdif�cult goal to
solve.
Whenwe work with resourcesasintervals, we have
to handlewith real intervals whosewidth in gen-
eralgrows,exceptwhenanassignmentis performed.
Moreover note that if the width of the RealizedIn-
terval is large, it is more dif�cult that the solution
condition �
���

�"�

��� holds.
The action choice criterium takes into accountthe
distancebetweenthecorrespondingDesiredandRe-
alized intervals and their width. In particular we
have de�ned two preferencefunctions,onefor inter-
val widths, and one for distancebetweenintervals,
andthealgorithmchoosestheactionthatmaximizes
a linearcombinationof thesefunctions.
Investigationsandexperimentsareplannedin order
to develop more accurateheuristicsand strategies
which take resourcesinto account.Moreover, in or-
der to provide a meaningfulevaluation,it will also
be requiredthe developmentof a set of signi�cant
benchmarksfor planningdomainswith interval re-
sources.Finally it is worth investigatingfurtherex-
tensionsto theresourcemodelmoreaccuratewith re-
spectto theuncertaintyin therealworld e.g.intervals
with givenprobabilitydistribution over resourceval-
uesandfuzzyquantities.
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ARTICLE

Extending Operator Induction to Provide Full Method Sets for
Hierar chical Planning Domains

Author: N.E. Richardson

AbstractModelling a world for ef�cient HTN plan-
ning by handis a lengthyandtime consumingpro-
cess.Our knowledgeacquisitiontool, GIPO(Graph-
ical UserInterfacefor Planningwith Objects),offers
GUI abstractionallowing the userto concentrateon
themodelratherthanalanguagesyntax.UsingGIPO
we aim to provide automaticoperatorinduction for
planningdomainswith an hierarchicalsort structure
so that complex hierarchicaloperatorscan be con-
structed.

At presentwe caninduceoperatorsfor �at domains.
UsingGIPOwe interactively constructasequenceof
actionsto arrive at somegoal state. Thenwe input
a partial domain(with no operators)and using op-
maker, the induction tool in GIPO, we obtaina set
of operatorsto completetheconstructedtask. These
operatorsmaynotbeaccurateat this stage.

We canalso induceoperatorsequencesto construct
low level methods(hierarchicaloperatorsfor HTN
domains). The namemethodimplies that theseare
different recipies for achieving similar or related
tasksand as such they often repeatactionsor ac-

tion sequences.Issuesarisingfrom usingrepetition
in the sequencesarethat the sameoperatorsare in-
ducedmorethanonceand,asit is desirableto have
only oneoperatorperaction,wecanuserepetitionto
generalisethe operator. The debateis thento �nd a
wayof revising theoperatoreachtime a new version
is inducedor employ a learningandrevisionprocess.

We proposetwo systemsto compareinducedoper-
atorspeci�cationsandgeneralisethosedescriptions.
Comparingoperatorswill giveusacategoryof differ-
ences.Somedifferencesareallowablein thepresent
system. For example an operatorcan be induced
without a conditionalclauseand if the sameopera-
tor is usedlaterin thesequencewith aconditionthen
the conditionalclauseis addedto the original oper-
ator. We would want to be able to merge operators
thathave differentnamesbut areotherwiseidentical.
Someoperatorswill bemoregeneralthanothersbut
we recognisethat over-generalisationcanmeanthat
theoperatoris not suf�ciently expressive.

Operatorsdescribeobjects' transitionsfrom oneset
of substatesprior to theactionrepresented,to another
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setof substatesaftertheaction.In generalisinganop-
eratortheaim is to make it applicableto a wider set
of objectsbut this canbe overdone. A dif�culty in
generalisingoperatorsis to limit extentthattheoper-
ator's expressivenessis compromised.
Generalisingoperatorsandrevising the operatorsin
the systemasnew onesaregeneratedwill allow us
to constuctthehigherlevelsof themethodhierarchy
which arebuilt from othermethodsaswell asprimi-
tive operators.Whenwe have thesesystemsin place

it will be possibleto have full methodinduction in
GIPOfor hierarchicaldomains.
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ARTICLE

The SimPlanner

Authors: O. Sapena and E. Onaind �́a

Introduction

Off-line planninggeneratesa completeplan before
any action starts its execution [3]. This forces to
make someassumptionsthatarenot possiblein real
environmentslike, for example,that actionsareun-
interruptable,thattheir effectsaredeterministic,that
theplannerhascompleteknowledgeof theworld or
that the world only changesthrough the execution
of actions. On the otherhand,on-line planningal-
lows to start executionwhile the plannercontinues
working in orderto improve theoverall planningand
executiontime. Nowadaysthereareonly somefew
approachesfor planning in dynamic environments
and/orwith incompleteinformation[2]:

� Conditionalplanning: this approachtries to con-
siderthepossiblecontingenciesthatcanoccurin
theworld.

� Parallel planning and execution: this approach
separatestheplanningprocessfrom theexecution.

� Interleaving planning and execution: this ap-
proachallows quick and effective responsesto
changesin theenvironment.

SimPlanneris anintegratedtool for planningandex-
ecution,andit is basedon this latterapproach.This
tool is thoughtto be usedin real environmentssuch

asthe intelligent control of robots. However, it has
initially beenimplementedasa simulatorin orderto
checkits behavior without having to integrate it in
differentseveraldomains.SimPlanneris madeup of
threecomponents:an on-line planner, a monitoring
moduleanda replanner.

The on-line planner

Theon-lineplanneris responsiblefor generating,in
an incrementalway, a plan to achieve thegoals. As
soonastheplannercalculatesthe�rst action,theplan
can start its execution. From this momenton, the
planningandexecutionprocesseskeeponworkingin
parallelwhile nounexpectedeventis detected;other-
wise,theexecutionmustwait for theplannerto make
thenecessarymodi�cationsin theplan.
Theplanneris basedon a depth-�rst search,with no
provision for backup. The planningdecisions(in-
ferred actions)are consequentlyirrevocable. The
planningalgorithmusesheuristicfunctionsto com-
puteanapproximateplan(AP) for eachgoalindepen-
dently. Then,a con�ict-checkingmechanismdetects
con�icts amongactionsin theapproximateplansand
selectsthe action from the AP that minimizes the
numberof con�icts. The selectedaction is inserted
at theendof theplan,andthecurrentstateis updated
throughits execution. This algorithm is iteratively
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executeduntil all top-level goalsareachieved[4].

The monitoring module

Monitoring is theprocessof observingtheworld and
trying to �nd discrepanciesbetweenthephysicalreal-
ity andthebeliefsof theplanner[1]. Basically, there
existstwo typesof planexecutionmonitoring[2]: ac-
tion monitoringchecksthevalidity of theactionpre-
conditionsbeforeit startsits executionandalsothat
its effectshave takenplaceasexpected.Theenviron-
mentmonitoringtriesto captureinformationfrom the
externalworld thatconditionstheremainingplanning
process.Monitoringis, therefore,domain-dependent.
SinceSimPlanneris beingusedat the momentasa
simulator, this informationis input to the systemby
the user. The useris who decideswhat information
the robot receivesandwhich unexpectedeventsthat
occurin theworld arecommunicated.

The replanner

Whenanunexpectedeventis detected,thecalculated
planis checkedin orderto assureit is still valid [1]. If
this is thecase,theexecutionsimply continues.Oth-
erwisethereplanningmoduleis invoked.Thereplan-
ner tries to reuseasmuchof the calculatedplan as
possiblewithout losing the quality of the �nal plan.
It usesa heuristicfunction to �nd out which is the
bestreachablestatethroughtheactionsin the origi-
nalplan. If therearemany reusableactions,theplan-
ning processwill save a lot of computationtime. In
the worst case,a new plan will be computedfrom

scratch. The replanneroverheadis very small so it
is worth trying to reusetheplanratherthanplanning
from scratch[5].

Bib liograph y

[1] G. De GiacomoandR. Reiter, `Executionmon-
itoring of high-level robot programs', Princi-
ples of Knowledge Representationand Reason-
ing, 453–465,(1998).

[2] K.Z. Haigh and M. Veloso, `Interleaving plan-
ning androbot executionfor asynchronoususer
requests',Papers from the AAAI SpringSympo-
sium, 35–44,(1996).

[3] M.E. Pollack and J.F. Horty, `There's more to
life thanmakingplans:Planmanagementin dy-
namic,multi-agentenvironments',AI Magazine,
20(4), 71–84,(1999).

[4] O Sapena and E. Onaindia, `Domain-
independent on-line planning for STRIPS
domains', Proceedingsof Iberamia-02, LNAI,
2527, 825–834,(2002).

[5] O Sapenaand E. Onaindia,`Execution, moni-
toringandreplanningin dynamicenvironments',
Workshopon On-LinePlanningandScheduling,
AIPS-02, (2002).

Author Information

Oscar Sapena, Eva Onaind �́a Departamento
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ARTICLE

Ans wer Set Planning with DLV
�

Author: A. Polleres

Introduction

TheknowledgebasedplanningsystemDLV
�

imple-
mentsanswersetplanningon top of theDLV system
[1]. It is developedat TU Wien and supportsthe
declarative language

�

[3] andits extension
���

[4].
Thelanguage

���

is syntacticallysimilar to theaction
language

�

[6], but semanticallycloserto answerset
programming(by includingdefault negation,for ex-
ample).

� �

offers the following distinguishingfea-
tures:

- Handlingof incompleteknowledge: for a�uent � ,
neither� nor its opposite��� needto beknown in
any state.

- Nondeterministiceffects:actionsmayhavemulti-
plepossibleoutcomes.

- Optimistic and secure (conformant) planning:
constructionof a“credulous”planor a“sceptical”
plan,whichworksin all cases.

- Parallel actions:Morethanoneactionmaybeex-
ecutedsimultaneously.

- Optimalcostplanning: In
�

�

, onecanassignan
arbitrarycost function to eachaction,wherethe
total costsof theplanareminimized.

An operationalprototypeof DLV
�

as well as sam-
ple encodingsof planningdomainsin thesystemare
availableathttp://www.dlv sy st em.co m/K/ .

Underl ying Concepts

Action langua ge
� �

In
� �

transitions are
described in a declarative way by means of
causation rules, e.g. caused at( � ) after
travel( 
!��� ), at( 
 ). Furthermore,the lan-
guageoffers constructsto expressexecutabilityand
non-executability of actions, rami�cations, non-
determinismand allows to assigncoststo actions.
Planningproblemsin this languagearetransformed
to a logic programwhich is thenevaluatedunderthe
answersetsemantics.

Ans wer Set Programming Answer Set pro-
gramsarelogic programsin a syntaxsimilar to Pro-
log which allow for negationasfailure in rule bod-
ies and disjunctionin rule heads. In our approach,
the minimal modelsof theseprogramsunderthe so
called Answer Set Semantics[5] correspondone-
to-one to the plansof the resp. planningproblem
speci�ed in

�
�

. This view of modelsrepresenting
planscanbepartlycomparedto planningusingSAT-
Solvers.

System architecture

Thearchitectureof DLV
�

is outlinedin Figure1. The
input of the systemconsistsof domaindescriptions
(DLV

�

�les) andoptionalstaticbackgroundknowl-
edgespeci�edby a logic program.

Control Flow
Data Flow

PlanPrinter
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DatalogParser

	

Parser

PlanGenerator

DLV Core

DLV
	

Core

PlanChecker

	

input

Knowledge
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The Controller �rst invokes the Plan Generator,
which translatesthe planningproblemat handinto
a suitableprogramin thecorelanguageof DLV (dis-
junctive logic programsundertheanswersetseman-
tics). Then, the DLV kernel is invoked to solve the
correspondingproblem.Theresultinganswersets(if
any exist) are fed backto the Controller, which ex-
tractsthesolutionsto theoriginalproblemfrom these
answersetsandtransformsthembackto theoriginal
planningdomain.
If theuserspeci�ed thatsecure/conformantplanning
shouldbeperformed,theControllertheninvokesthe
PlanChecker whichveri�es by anotherevaluationof
a logic programwhetherthis plan is in fact alsose-
cure/conformant.
Finally, thesolutionsfoundby theGenerator(andop-
tionally veri�ed by the Checker) aretranslatedback
into useroutputandprinted.
Details about the transformationsmentionedabove
canbe found in [2]. Performanceandexperimental
resultsarereportedin [2, 4].
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ARTICLE

Planf orm: An Open Envir onment for Building Planner s

Authors: T.L. McCluske y, M. Fox, and R. Aylett

Project Overview

ThePLANFORM projectaimedto developahighlevel
researchplatform for the systematicconstructionof
plannerdomainmodelsandautomaticallycon�gured
planningalgorithms.
Ourobjectiveswere,brie�y:

� To assembletoolswithin anopenenvironmentfor
theacquisitionandmodellingof planningdomain
models;

� To createlanguagesfor modellingof planningdo-
mainsand to specify characteristicsof planners
leadingto thecon�gurationof purpose-built plan-
ning engines;

� Tocreateatool whichsynthesisesadomainmodel
andaplanningengineinto aplanningapplication;

� To evaluatethe approachusingrealisticproblem
domains.

During theproject,theemphasischangedslightly so
thatsomeof objectivesdevelopedin adifferentdirec-

tion. Ratherthanabstractlyde�ning planningalgo-
rithms, we decidedto createa library of algorithms
and usedomainanalysistechnologyto designand
con�gure a planningapplication. We perceived the
knowledge acquisitionbottleneck to be a signi�cant
problemfor AI Planningandconcentratedmorere-
sourcethanplannedon this area.
We have madesubstantialprogresstowardsour ob-
jectives.Wehavedevelopedanenvironmentenabling
the acquisititionandmodellingof planningapplica-
tionsandthecon�gurationof planningenginessuited
to thoseapplications.Althoughtime limitationspre-
ventedusfrom completingall aspectsof the�nal in-
tegrationandevaluationweachievedourmainobjec-
tivesandlaid astrongfoundationfor developmentof
theproject.
The projectconsistedof a modelengineeringphase
and a planner engineeringphase. Hudders�eld
and Salford collaboratedclosely on modelling and
knowledge acquisition issues,whilst Hudders�eld
andDurhamcollaboratedonthedevelopmentof parts
of the domainmodellingtools. Durhamworked on
theplannerengineeringphaseof theproject.

Application
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Tools

Static and DynamicAnalysis

Planning

Heuristics

Planners

ToolAcquisition
Knowledge

General

Generic 

Configuration

Application

Efficient 

Model Engineering Phase Planner Engieenring Phase
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Figure1: ArchitecturalBreakdown of Planform
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Research at the Univer sity of Hudders�eld

TheHudders�eldcontribution emphasisedtoolscre-
ationandintegrationaspectsof theproject.Toolsfor
acquisition,validation and domainmodelling were
developed,in collaborationwith colleaguesat both
SalfordandDurham.As partof this effort theHud-
ders�eldteamresearchedanddevelopedaGUI-based
environmentcalledGIPO1. In addition,asthe initia-
tors of PLANFORM, Hudders�eld performeda cen-
tral administrative function, producingthe main ex-
ternalwebsiteandalsoan internalwebsitewith ad-
ditional resourcessuchasProjectMeetingminutes.
NB: in thetext below`thePLANFORM website'refers
to http://scom.hud.ac.uk/planform.

The �rst phaseof theHudders�eldcontribution was
concernedwith applicationsencodingand language
development. During thisphasethreeapplicationdo-
mainswereusedto exploretheadequacy of themod-
elling languages����� and ������� [20, 19]. �!�����

is a hierarchicalversionof �!��� enablingthe mod-
elling of planningdomainsas hierarchicaltask de-
compositions.SalfordandHudders�eldcollaborated
on this effort with Salfordworking on themodelling
of someexisting domainsusing the two languages.
Hudders�eldtackledtheproblemof encodingtheair-
craft landingschedulingproblemsuppliedby Mark
Watsonof theNationalAir Traf�c Services.Thecon-
straints(e.g. separationtimes for eachtype of air-
craft)wereencodedin �!��� [18] and �!����� . �!�����

wasfound adequatefor all threedomains,although
theencodingdid demonstratesomerequiredchanges,
andoverall thepressingneedfor tool support.

Thestandardlanguagesfor communicatingplanning
domaindescriptionsarethePDDL variants[1]. In or-
der to be ableto experimentwith our domainmod-
els using exisiting planning technologywe there-
fore createdtools to mapbetween����� andPDDL.
Thesetoolscontinuedto bedevelopedthroughoutthe
projectallowing planners,andothertoolsthatreceive
inputin PDDL form, to beintegratedinto ourenviron-

ment.Therearesomeinterestingtechnicalaspectsof
themappingdiscussedin [27].
Languagemanualsfor ����� and �!����� weremain-
tainedduring theproject[12] andanonlinehelp fa-
cility wasconstructed(seethePLANFORM website).
Drawing on previous developmentwork (e.g. [19]),
we assembledtools that automatethe syntacticand
semanticanalysisof �!��� domainmodels. Analy-
sesincludeensuringthat invariant propertiesof the
modelaremaintainedandthatsyntacticrulesareob-
served.
Thesecondphaseof theprojectwasconcernedwith
developmentof theGUI andtoolsenvironment. The
focuswason building andintegratingknowledgeac-
quisitionandmodellingtoolsfor AI planninginto an
openenvironment. The GUI andsomeof the tools
describedabove werebuilt in Java. Otherswereim-
plementedin Prologandit wasnecessaryto integrate
thesevia SicstusProlog's JASPERinterface.
The JavaCupparsergeneratormethodwas usedto
representthe syntaxrules of �!��� and to generate
a parserfor thelanguage.This formedtheinput tool
in GIPO (GraphicalInterfacefor Planningwith Ob-
jects). The knowledge acquisitionpart of the tool
was structuredusing the methodoutlined in earlier
work [20]. Themethodsdirecttheuserto de�ne ob-
jects, object sorts, relationsand properties,classes
andconstraintson objectsituations,problemsin the
form of taskspeci�cations,and�nally operatorsbuilt
from thesecomponents.The designof the interface
wasbasedon theneedto minimisetheuseof syntax,
anduseobjectratherthanpredicatecentredideas.
Onceusershave enteredall partsof a domainmodel
they canutilise modellingtools to remove bugsand
experiment with the encoding. We createdand
adaptedthefollowing tools.

� plan stepper: This allows the userto pick action
schemasandapplythemto a state,until a desired
goal is reached.It is usefulfor identifying errors
in operatorsandoperatorssets.

� internal planning engines: this allows our own
in-houseplanningenginesto be connectedup to

1http://helios.hud.ac.uk/planform/gipo
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GIPO. Sampletaskscanbe executedandthe re-
sultingsolutionsdisplayed.

� interfacefor external planningengines: This al-
lows externalplanningenginesto be`bolted' into
theenvironment.Theplannerneedsto beableto
input domainmodelsin PDDL (from GIPO), and
outputsolutionin a prescribedformat.Again, the
resultingsolutionsaredisplayedthroughGIPO.

� a randomtaskgenerator: This inputsthecurrent
domainmodelandrandomlygeneratestasksto be
usedwith aplanner.

� an animator: After a domainmodelhasbeenen-
tered,andthe planningenginehassolved a task
within that model. the animatorcan be usedto
track the transitionsof eachof theobjectswhich
startedin theinitial state.

In the third phase,integration and evaluation, the
toolsoutlinedabove wereintegratedinto GIPO [28].
The software was releasedand demonstratedat
ECP'01, and againat AIPS'02. It is available on
Unix, Linux andWindows platformsfrom thePLAN-
FORM website. As an initial indication of GIPO's
impact,theHudders�eldwebsiterecorded147exter-
nal downloadsof thesystemin theperiodNovember
2001- March2002.
The environment has beentestedusing a rangeof
commondomains(detailsarein theresourcesection
of the website). Further, GIPO wasusedasa teach-
ing tool in asecondyearintroductorycoursein Art�-
cial Intelligence.GIPO alleviatesmany userinterface
problemsby adoptinganobjectmodellingapproach
which seemsnaturalto non-expertusers.To amelio-
ratetheuseof GIPO by nonspecialiststhefollowing
issueswereexplored:

� Theuseof aninductive approachto capturingop-
erators2. The opmaker tool was createdwhich
outputsa setof operatorsgiven a partial domain
modelandanexamplesolutionsequence[22, 21].

� The useof generictypesto suggestplanningde-
sign patterns. Theseideaswere developedas

partof theDurhamPLANFORM project,andHud-
ders�eld is working in collaborationwith col-
leaguesat Durham to integrate designpatterns
into GIPO [26].

The�nal phaseof ourwork hasbeento extendthein-
ternallanguageandthesurroundingtoolsfrom �!���

(version 1) to �!����� (version 2). �!����� extends
����� in two major ways: HTN operatorscan be
used,and sort constraintscan be put on eachlevel
of thesorthierarchymeaningthatobjectsof a prim-
itive sort inherit all the constraintsup the hierarchy.
Thismodellingapproachis beingtestedusinga large
`Translog'domainimportedfrom a transportlogistic
domainconstructedby membersof theUniversityof
Maryland.
Theprioritiesfor futuredevelopmentof theHudder-
s�eld contribution are:

� The developmentof a suite of planning design
patternsandtheir integrationwith theGIPO tool;

� Theevolutionof the L��������

.	�

L L

�

� tool into agen-
eralmixed-initiative planauthoringtool;

� Integration of the operatorinduction techniques
with a plan authoringinterface so that operator
speci�cationscanbeinducedandre�ned interac-
tively.

� Thedevelopmentof the �!��� representationlan-
guageto be on the expressive level of PDDL2.1
(temporalrepresentations),therebyenablingGIPO

to supportthemodellingof temporalplanningdo-
mains.

Research at the Univer sity of Salford

Part of the set of objectives for the PLANFORM

projectwasto makeAI planningtechnologyaccessi-
ble to non-experts. In pursuitof this objective, work
at Salfordwasbasedon the ideaof the Knowledge
Level [25] andModelsof Expertise[6] asarticulated
overmany yearsin theKBS community, in whichthe
problemlevel is modelledseparatelyfrom thedesign

2Thiswork wasprimarily work undertakenin conjunctionwith a PhDstudent

http://www .planet-noe .org
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level. Researchin KBS technologyhasshown that
supportfor domainexpertsis feasibleif it is basedon
the generictaskconcept[7], andmuchearlierwork
hasbeencarriedout roundthe generictaskof diag-
nosis[24]. Oddly, little of this hasbeenappliedto
AI Planning. The basic idea is that a generictask
incorporatesa skeletalmodelat theknowledge-level
which can then be usedto direct a computer-based
knowledgeacquisitionprocesswith adomainexpert.
Thus,to supportdomainexperts,it wasseenasnec-
essaryto build a knowledge-level tool aspartof the
PLANFORM environment,incorporatinggenerictask
componentsfor planning,andsupportingknowledge-
level constructionof theplanningdomainratherthan
forcingtheuseof thedomaindesignlanguage,�!��� ,
used internally. However such a tool would nec-
essarily link to the ����� GIPO tools being devel-
opedat Hudders�eld (seeFigure1) andthusoutput

�!��� , so it was thereforevital to understandhow
planningproblemswould berepresentedin �!��� . A
stronglink with Hudders�eldwasbuilt throughmod-
elling activity in which the objective was to under-
standthis mappingand derive someconstraintson
theknowledge-level interface,whichwasorientedto-
wardsuserswith noAI planningknowledgebut with
expertisein a particularplanningdomain.A number
of domainsweremodelledincludingthemulti-robot
Drumstorefrom earlierwork at Salford.
Planningontologieswereidenti�ed asa key founda-
tion for sucha knowledge-level tool, andthemeans
by which theskeletonmodelmentionedabove could
beembodied.A survey of work in the �eld wascar-
ried out andthepossibilityof incorporatinganexist-
ing ontologysuchasCYC( http://www.cyc.com/cyc-
2-1/cover.html.) wasinvestigatedbut limited timedid
notallow its use.
The third componentresearchedas the basisfor a
knowledge-level tool wastherequirementsof thedo-
mainexpert,andhereanaccessibledomainwasfor-
mulated(EVENTUS – arrangingaweekendoutingfor
avisiting researcher)andaknowledgeacquisitionex-
ercisewas carriedout with four people. The exer-
cisewasrepeatedwith therobotDrumstoreproblem.
Datawasanalysedfor conceptcoverageandfor in-

terfacedesignissues,lookingat theprocessahuman
expert goesthroughin conceptualisingthe domain.
Thedetailsof thisprocessaredescribedin [2].
TheKA tool wasconstructedin Java, andin its �rst
versionsupportedpassive modelconstructionby the
expert with supportfrom a small hand-codedontol-
ogy for thedomainsalreadyinvestigated.In its sec-
ond version,an active question-driven processwas
addedbasedon the key planningconceptsof Task,
AgentandObject[5].
The methodology embodies two successive
extraction-re�nementprocesses:protocolto problem
speci�cation;andproblem-speci�cationto conceptu-
alisation. A part of the KOD (KnowledgeOriented
Design)method[30] wasappliedto obtainan accu-
rateprocessfor knowledgeacquisitionandto build
theconceptualmodelthrougha setof examplesand
scenarios.
Theoutputof theKA-Tool is �!��� , which canthen
beloadedinto theGIPO tool createdat Hudders�eld.
By the formal endof the project, it waspossibleto
generatetheworld modelin ����� , andsincethenit
hasbecomepossibleto generateplanningoperators,
seenby mostpeopleasakey problemin formulating
a planningdomaindescription.In the26 monthsof
theproject,it wasnotpossibleto carryoutany exten-
siveevaluationprogramme,but it is proposedto carry
onwith thework for a limited periodinformally with
thisasthekey task.
The modellingexerciseenabledthe developmentof
stronglinks with Hudders�eld, wherefrequent(al-
most weekly) visits were madeat somepoints. A
two-week visit to Durham was also organisedto
strengthenunderstandingof the requirementsof the
generative planningback-end.
Furtherdevelopmentof theKA-Tool isstill beingcar-
riedoutin house,with thegenerationof PlanningOp-
eratorsnow possible. If suf�cient resourcescanbe
found,thenext stepswould include:

� Incorporationof a large ontology, suchas CYC,
into theKA tool;

� Integrationof Durham'sgenerictypesinto thison-
tology;
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� Full integrationof theKA tool with GIPO.

Two publicationswere generatedjointly with the
Hudders�eld team (Simpsonet al 2001a, 2001b)
andtwo moreby the Salfordteamon their own [4]
and[2]. Onefurtherpaperis underreview [3] anda
journalarticleis in preparation.

Research at the Univer sity of Durham

TheDurhamcontribution to PLANFORM focussedon
thedevelopmentof plannercon�gurationtechnology.
The objective was to develop techniquesby which,
given a domainmodelelicited from a user, planner
componentssuitedto the domaincould be automat-
ically identi�ed andcon�gured into a purpose-built
planningsystem.Our approachhasbeento maintain
alibrary of plannercomponents,includingheuristics,
specialisedsolution strategies and problem-speci�c
controlrules,andto accesstheseby meansof pattern-
matchingtechniquesoncepatternshave beenidenti-
�ed in thedomainmodel.
The techniquesusedto identify domainpatternsare
basedon static domain analysisalgorithmsdevel-
opedat Durhamprior to thestartof the PLANFORM

project[8]. Theobjective in theprojectwasto extend
thesealgorithmsto enabletherecognitionof generic
typesand associatedpatternsof behaviour in plan-
ningdomains,andto associatethesegenericpatterns
with specialpurposesolutionstrategies[14, 13, 16].
Brie�y , a generictype is a collectionof typesshar-
ing somefundamentalbehaviour. For example,the
generictypeof mobility containsall typesof objects
thatarecapableof movementwhile thegenerictype
of constructioncontainsall typesthatarecapableof
beingcombinedinto compounds(and subsequently
recoveredby destructionof thecompound).
Whenagenerictypeis presentits associatedpatterns
of behaviour arepresentandthesecanbe usedboth
to assista domaindesignerin re�ning themodeland
to suggestappropriatesolutionapproaches.
The analysistechniquesdevelopedat Durham can
identify certainkey generictypesandassociatedpat-
terns. For example,the patternassociatedwith mo-

bility comprisesthemobiletypes,their mapsandthe
predicatethatde�nes locatednessof a mobileobject
on its map. A speci�c problemassociatedwith mo-
bility is route-planning,anda specialpurposesolu-
tion strategy suitedto this problemcanbeto exploit
travelling salemanheuristics.We wereableto auto-
matethe con�guration of plannerswith specialised
route-planningcapabilitiesenabling route-planning
sub-problemsto be handledusing specialisedap-
proachesinsteadof by search[9, 13, 10].
Thefollowing softwarewasdevelopedat Durhamas
partof thePLANFORM project:

� Versions4 and 5 of the STAN planningsystem.
STAN [9, 10] performsgenerictype analysisand
con�guresa specialpurposeplannersuitedto the
associatedgenericpatterns;

� Extensionsto TIM [8, 15] to recognisea rangeof
generictypesin a domainmodel;

� TheTIM API providing accessto thegenerictype
analysesperformedby the TIM system,enabling
their exploitationby otherplanningsystems.The
API is beingexploitedby otherresearchersin the
internationalcommunity;

� The OODL domainmodellinglanguage,support-
ing the constructionof domainsaroundgeneric
types, and associateddomain modelling tool
DRAUGHTSMAN. Thesewere developedby an
MSc studentandcontributedto our collaboration
with Hudders�eldon theGIPO tool.

In thescopeof theprojecta numberof othergeneric
typeshavebeenidenti�ed (for example,construction,
resource-allocation, portability andothers)andasso-
ciatedwith specialisedsolutionstrategies. Thecon-
�guration problembecomescomplex when several
genericpatternsco-occurand their solution strate-
giesmustbe integrated,andwe have not completed
thework requiredto supportarbitrarily complex pat-
ternsof integration. We have, however, categorised
the formsof integrationthatneedto behandledand
madeprogresswith con�gurationsbasedon several
of thesecategories[17, 11,9].

http://www .planet-noe .org
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The library contains stored parametrizedsolution
strategies(suchastravelling salesmansolvers,multi-
processorschedulingheuristicsetc) appropriatefor
sub-problemsthat commonlyarise in planningdo-
mains. We do not try to guaranteecompletecover-
ageof all suchsub-problems– thecon�gurationsys-
temdefaultsto searchif no generictypesor suitable
library componentscanbe found. At presentthe li-
brary containsonly one solution strategy per iden-
ti�ed generictype, so extraction of a suitablestat-
egy is simple. In generalthe extractionproblemis
moredif�cult becausetheremay be different forms
in which genericpatternsariseandthesemight need
to bematchedin someintelligentway againstthe li-
brary. We have not exploredthis issuein the scope
of PLANFORM. A recentextensionwe have madeto
thelibrary is theadditionof generalisedcontrolrules
whichcanbeselectedandinstantiatedto �t aspeci�c
problemdomain[23].
Most recentlyourwork in theseareashasconsidered
the useof genericpatternsasa basisfor the devel-
opmentof planningdesignpatterns. Using these,a
domainconstructiontool canprompttheuserfor the
componentsof genericpatternsin a way thatmakes
it simplefor theuserto enterthatinformation.Initial
work on a tool capableof supportingthis idea was
doneby an MSc student[29] who was temporarily
employedonthePLANFORM projectatDurham.The
work was continuedin collaborationwith the Hud-
ders�eld sitewhichhasfocussedon thedevelopment
of tool support[26].
The plannercon�guration approachhasbeentested
by entering a hybrid planning system, STAN ver-
sion 4, into the internationalplanningcompetition
in 2000. STAN 4 can automaticallydetectmobil-
ity andresource-dependence patternsin planningdo-
mainsandcan extract route-planningand resource-
allocationstrategiesfrom its library. Selectedstrate-
giesareintegrated,by meansof a simpleconstraint-
based interface, to a forward-search-based plan-
ner [10]. STAN 4 wasoneof the prize-winningsys-
tems,selectedfor thepromiseit showed in utilizing
novel approachesto solvingcomplex planningprob-
lems. Its plan quality wasgenerallysuperiorto that

producedby theothercompetingsystems.
Work remainsto bedoneon increasingthesophisti-
cationof the integrationtechniquesthat supportco-
ordinationof differentspecialisedsolutionstrategies
within the overall framework. An importantaspect
of making the con�guration tools available to the
generalplanning community is to provide a clean
meansof accessto the library, patternrecognition
techniquesandplannerinterface. A priority for fu-
turedevelopmentis to supplyan API to thesuiteof
tools we have, which otherplanningsystemscould
exploit. Althoughwe madeprogresswith thedesign
andimplementationof suchanAPI we did not com-
pleteits implementationandit remainsatopic for fu-
turework.

Overall Conc lusions

The PLANFORM project set out to construct an
open environment for plannerdevelopment,bring-
ingknowledgeacquisitiontools,domainconstruction
tools,modellinglanguagesandplannercon�guration
componentsinto an integratedorganisationmaking
planningaccessibleto thenon-specialist.
Thedomainconstructiontool developedat Hudders-
�eld producesPDDL domaindescriptionsproviding
a simpleconnectionto the plannercon�guration ar-
chitecturedevelopedat Durham.Theknowledgeac-
quisition tools developedat Salfordassista userin
confrontingthe taskof domainconstructionthrough
the GIPO tool. At this stageit is possiblefor a naive
userto follow the entire processof modelling, and
planningwith, aspeci�c problemdomainwithout re-
quiring detailedknowledgeof any internalrepresen-
tation language( �!��� or PDDL). The level of ab-
stractionat which sucha usercan work within the
environmentwill be further raisedwhen the imple-
mentationof designpatterns,asa guiding principle
in themodellingprocess,is completed.
More time andwork is necessaryto evaluatetheen-
vironmentin termsof how successfulit is at making
planningaccessibleto thenon-expert.Therearesev-
eralkey aspectsof theenvironmentthatrequireeval-
uation:
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� Theextent to which theobject-orientedapproach
to modelling amelioratesthe modelling task for
theplanningnonspecialist;

� The extent to which designpatternscan further
amelioratethiseffort;

� The extent to which theproposedknowledgeac-
quisitiontechniquescancapturethemodellingin-
tentionsof theuser, andhow transparenttheenvi-
ronmentcanmaketheprocessof iteratingoverthe
modellingtaskuntil effective captureis achieved.

The last of theseconcernsthe issueof how to pro-
vide usefulfeedbackto theuserwhenthemodelling
processfails to result in a consistentmodel (dueto
missing,or con�icting, information).Without a con-
sistentdomainmodeltheplancon�gurationtoolscan
donothingusefulandit is thereforedesirablethatthe
userbe able to develop a correctdomainmodel in-
crementally. We believe this is oneof the most in-
terestingtechnicalchallengesfacingthe PLANFORM

projectat thisstage.
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REPORT

Second PLANET Gap-Bridging Seminar (GBS-2)

Author: T. Grant

The secondPLANET Gap-BridgingSeminar(GBS-
2) took place in Delft, The Netherlands,on 21
November 2002. GBS-2 was held in conjunc-
tion with PlanSIG2002,the 21st workshopof the
UK AI Planning & Scheduling Special Interest
Group. GBS-2 built on the successof the �rst
Gap-Bridging Seminar, held in Edinburgh, Scot-
land, in December2001 (seePLANET News issue
3, pages30-31andhttp://cswww.es se x. ac .
uk/conferences/ pl anet/ GBS- 1/ ).
Themotivationfor Gap-BridgingSeminarsis theob-
servation that industry and academiaboth work on
planningand scheduling,but they do not work to-
getheraswell asonewould hope.They have differ-
entgoals.Industrymustsell,academiamustpublish,
andthereis no time to talk to eachother. PLANET's
aim is to give representativesof both realmstheop-
portunityandthetime to exchangeviews.
In theGap-BridgingSeminars,practitionersfrom in-
dustry talk about their work – the techniques,the

problems,customerneeds,what canandcannotbe
done. This setsresearchin planningand schedul-
ing in a wider context. Most of the speakersstayed
for the whole of PlanSIG2002,so that attendees
could have more opportunitiesto exchangeviews
with them.
In GBS-1mostof thespeakerswerefrom companies
that developedandappliedAI-basedsoftwareprod-
ucts for planningand scheduling. By contrast,the
GBS-2 speakers werechosento presenta wide va-
riety of real-world planningandschedulingapplica-
tions.Thespeakersandtheir titleswere:

Alessandr o Donati EuropeanSpace Operations
Centre (ESOC), Darmstadt,Germany: “Space
Mission OperationsPlanning and Scheduling:
Past,presentandfuture”.

Henk Hesselink and Ron Selj ée DutchAerospace
Laboratory(NLR), Amsterdam,Netherlands:“AI
Planning,Waiting for results?”

Figure1: GBS-2venuein Delft.
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Figure 2: Air traf�c managementproblemin Europe.

Frank Oxener AtosOrigin Nederlandb.v., Nether-
lands:“Work ForcePlanning:A logical next step
afterERP”

Yossi Rissin and Roman Bar tak VisOpt b.v.:
“WhenTheorycrashedinto Reality”.

In addition, Tim Grant introduced GBS-2 and
PLANET.
The audienceconsistedof 42 participants,mostly
from the academiccommunity(seeFigure 1). UK
and the Netherlandseachprovided a third of the
peopleattending. The remainingthird was divided
overSpain,Italy, Germany, France,Belgium,andthe
CzechRepublic.Academicattendeeswereprimarily
post-graduatestudents.
AlessandroDonati identi�ed theneedfor threecom-
munities– users,innovatorsand implementers– to
work morecloselywith oneanother. He explained
thatESOCis thepartof theEuropeanSpaceAgency
(ESA)responsiblefor launchingandoperatingscien-
ti�c spacecraft.A very recentsurvey at ESOChad
shown that the planning and schedulingprocesses
differedradically betweenspacemissions.The rea-
sonswhy hadyet to beestablished.A priori, it would

seemto bemoreef�cient to have a standardprocess
andstandardtoolsfor all missions.Hewelcomedthe
involvementof the researchcommunity(the innova-
tors)andPLANET, andmentionedthe opportunities
for post-graduatestudentsto work in ESA.

A lively discussionensued,with researcherscall-
ing for information to be madeavailable on com-
plex, real-world planning and schedulingdomains
and problemsas casestudies. This discussionre-
sulted in a lunchtime splinter meetingon the sec-
ond day betweenAlessandroand representatives of
the innovator andimplementercommunitieson how
PLANET and ESOCcould co-operateto document
oneor morecasestudies,to mutualbene�t.

Henk Hesselinktalked about NLR's experiencein
providing softwaresupportfor planningandschedul-
ing in civil and military aircraft operations. The
NLR is a non-pro�t organisationfoundedin 1919
to provide technicaland scienti�c contributions to
aerospaceorganisationsin theprivateandpublicsec-
tors.Turnover is EUR 70million annually, split 65%
civil and 35% military. The ratio betweendevel-
opmentandoperationsis 40:60,andbetweenaero-
nauticaland spaceapplicationsis 85:15. Facilities
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availableto theNLR includelargewind-tunnels,two
aircraft, varioussimulators,andcomputingenviron-
ments(includingasupercomputer).NLR co-operates
with AmsterdamSchiphol airport, Dutch industry,
andEurocontrol.
Henkfocussedontheforthcomingair traf�c manage-
ment(ATM) problemin Europe(seeFigure2). This
problemis notrecognisedby thecontrollers– thepo-
tentialend-users– becauseATM is dividedinto sub-
problems. Many actorsare involved, and eachair-
port is different, yet hasfeaturesin common. Cur-
rently, ATM controllersdo not plan, but work on a
“�rst-heard, �rst-served” basis. They areconserva-
tive, with air safetybeinguppermostin their mind,
followed by the needfor fairnessin allocating re-
sources.They have neitherthe time nor the interest
to talk to researchers.Henkarguedthatgap-bridging
had to start with the foundationsof the bridge: �-
nanceanduserinterest.He advocatedtheuseof pro-
totypesto make usersaware of their problemsand
potentialsolutions.
Frank Oxenerexplainedhow the complexity of re-
centlaw-makingin theNetherlandshadgivenriseto
commercialopportunitiesfor planningandschedul-
ing applicationsin work-forcemanagement(seeFig-
ure3). SeveralDutchcompanieswereoffering soft-
wareproductsandassociatedservices.
Onelaw requiredemployersto give shift-workers36
hoursof restin any 7-dayperiodor 60 hoursrestin
any 9-dayperiod. Onceevery 5 weeksthey hadto
be allowed at least32 hourscontinuousrest. An-
otherlaw providedfor irregularity paymentsof 20%
of salaryto workersworking Mondayto Friday be-
tween06:00and08:00,providing they startedbefore
07:00. On Saturdaysthe paymentwas40%,andon
Sundays100%.Theselaws werea challengeto soft-
waresystemsfor recordingactualhoursworked and
planningrestperiodsandirregularity payments.He
outlined his experienceswith applying a variety of
commercially-availablesoftwarepackages.
Frank elicited audienceparticipationby askinghis
listenersto write down aquestiononasheetof paper.
He thenansweredeachquestion.Samplequestions
included:

� Can the tools easily be adaptedto the working-
hourlaws in othercountries?

� Whatis thekey featurein work-planningsoftware
for useracceptability?

� What type of techniquesare used to solve the
problemsyouhave described?

� How doesa differentculturereally affect a plan-
ningprocess?

� How might a planningsolutionbe overriddenby
labourunionobjections?

� How longdoesit taketo implementasystemfrom
�rst requirementto operationaluse?

� Are your solutions suf�ciently �e xible to deal
quickly with changesin thelaw?

� What is coming after work�o w management?
Why?

RomanBartakfocussedon thehumanfactorsissues.
Humanbehaviour is inconsistentandreadilyaffected
by mood,environmentandpsychologicalpressure.It
can only be modelledstatistically. Plant personnel
andplannersaremotivatedby pride,theirpositionin
theorganisation,andfuturejob security. Pridemakes
it dif�cult for usersto admitmistakes,problemsand
weaknesses.They protecttheirpositionby beingnice
to superiors,gainingprofessionalrespect,andtrying
to servemany mastersat thesametime. They protect
their job by withholdingknowledge.Internalpolitics
andpower-playsarekey factorsin decision-making.

Figure 3: Rightpeople,right place?
(acknowledgementsto Parallaxb.v.)
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Figure 4: VisOpt's visualmodellinglanguage.

Thesefactorsandissuesmake academicresearchir-
relevant. One schedulingexpert told him: “I have
never seena JobShopSchedulingproblemin prac-
tice”. Fromanacademicpointof view, theidealfac-
tory is onethat is totally automated,populatedwith
robotsandAutomatedGuidedVehicles(AGVs). Al-
ternatively, it might bea new factorythathasnot yet
beenput into operation. Thereis then no previous
“know-how”, rulesandprocedures,badhabits,and
day-to-dayreality to confronttheory.

Romancontrastedthe views of plannersand aca-
demics, looking at the “Not Invented Here” syn-
drome. Summarisingthe lessonshe had learnedat
VisOptb.v., headvocatedthedevelopmentof avisual
modellinglanguageasawayof improving communi-
cationbetweenthetwo communities(seeFigure4).

PLANET provided sponsorshipfor 14 post-graduate
studentsfrom Spain, Germany, Netherlands,UK,
Greece,andItaly to attendGBS-2.In return,thestu-
dentswrote a shortreporton what they hadlearned
from GBS-2andPlanSIG2002.Key quotesincluded:

� “The gapturnedout to bebiggerthanI thought”.

� “The workshopgave me the chanceto get ac-
quaintedto peoplewhosework I hadbeenreading
in papersfor quitesometime”.

� “Industry doesnot alwaysneedthe bestpossible
plan– it needsonethatis goodenough”.

� “An attemptshouldbe madefrom both sidesto
approachoneanother”.

� “Managersandplannersneedto be convincedto
changeto new planningmethods”.

� “Industry (NASA, ESOC, NLR, etc) can help
academiaby supplying real planning domains,
problems,andcasestudies”.

� “[There are] four key items: visual modelling,
planningasa step-by-stepprocess,schedulingas
a processto reasonon resourceconstraints,and
the needfor generatinggood enoughplansin a
reasonabletime”.

� “There shouldbe cooperationbetween[human]
plannerandcomputer”.
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� “[It is] necessaryfor researchersto show theben-
e�ts thatcanbeobtained”.

� “There is alsoa gapbetweendifferentacademic
communities:OperationsResearchandAI”.

� “Employeesdo not seethe global view, but only
thebit they areworkingon”.

� “Onechallengingline of researchis thevalidation
of planningdomains”.

� “Domains in industry are far less predictable
and much more dynamicthat thoseusedby re-
searchers”.

� “Both communitiesneedmorecommunication”.
� “[GBS-2] encouragednew andinterestingdiscus-

sions,thusexposingmany unexploredareasof re-
search,andproviding goodideasfor futurework”.

� “Peoplefrom the two sideshave to comecloser
andcooperatesincethis will beof greatpro�t for
both”.

In summary, bothspeakersandaudiencecameaway
from the secondPLANET Gap-Bridging Seminar
having learnedmoreaboutthe academicandindus-
trial aspectsof planningandscheduling.All atten-
deesweremostgratefulto PLANET andtheCECfor
making it possibleto exchangesucha diversity of
views, andlook forward with eagernessto the third
Gap-BridgingSeminar.

Author Information

Tim Grant Atos-Origin Nederland b.v.,
Nieuwegein, The Netherlands, Tim.Grant@
atosorigin.com
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ANNOUNCEMENT

ICAPS 2003

�
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ANNOUNCEMENT

3rd PLANET International Summer School 2003

TheInternationalSummerSchoolon AI Planningis
a greatopportunityfor Ph.D.studentsandyoungre-
searchersto beexposedto introductoryandadvanced
courseson variousaspectsof Arti�cial Intelligence
Planning,andto spendtime anddiscussresearchdi-
rectionswith their colleaguesandwith the teachers,
foremostresearchersin the�eld.
The �rst editionof theschoolwasheld in Cyprusin
September2000,while the secondschoolwasheld
in Halkidiki, Greece,in September2002. The third
edition of the schoolwill be held on the mountains
of Trentino, in the northernpart of Italy, in June
2003.Theschoolwill becolocatedwith International
Conferenceon AutomatedPlanningandScheduling
(ICAPS'03).
TheProgramChairsof theschoolareDanielBorrajo

Millan (UniversidadCarlos III de Madrid, Spain),
and AlessandroCimatti (ITC-irst, Italy). ITC-irst
is also responsiblefor the local organizationof the
event,with a teamcomposedby Piergiorgio Bertoli,
Mark Carman,AlessandroCimatti and Alessandro
Tuccio.
Additional, up-to-dateinformationwill be available
at theof�cial websiteof theschool:

http:
//sra.itc.it/planet/summer- school- 03/

�

CALL FOR PARTICIPATION

ICAPS 2003 – Doctoral Consor tium

ICAPS-2003invites PhD studentsto apply for the
DoctoralConsortium,which will provide an oppor-
tunity for a groupof studentsto discussandexplore
their researchinterestsandcareerobjectiveswith es-
tablishedresearchersin PlanningandScheduling.
Theaimsof theDoctoralConsortiumarethefollow-
ing:

� to provide a forum for studentsto presenttheir
currentresearch,andreceive feedbackfrom other
studentsandseniorresearchers;

� to promotecontactsamongPhDstudentsworking
in thesamearea;

� to supportstudentswith informationand advice
on academic,researchandindustrialcareers;

� to �nancially support studentsby covering the
conferenceregistrationfee andby partially con-
tributing to travel expenses.

Programme

The programmewill consistof students'presenta-
tionson their currentresearchinterests.A voluntary
mentoringprogrammewill be organizedto link stu-
dentswith like-mindedresearchers.

Submissions

We encouragesubmissionsfrom Ph.D. studentsat
any level, and from any topic areaand methodol-
ogywithin PlanningandScheduling.On thebasisof
the submissions,the OrganizingCommitteewill se-
lectagroupof studentsthatwill beinvited to present
their work duringtheDoctoralConsortium,andalso
to presenta posterat the ICAPS-2003posterses-
sion. Studentsacceptedfor participationin theDoc-
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toral Consortiumwill have free conferenceregistra-
tion and a �x ed allowancefor travel/housing. The
students'abstractswill bemadeavailableon theweb
andincludedaspartof theconferenceproceedings.

Applicants should submit an extendedabstractof
5 pagesmaximum by email to one of the Doc-
toral Consortiumchairs. The submissionshouldbe
in AAAI style format (http://www.aaai.org/
Publications/Author/macros- link.htm l )
and senteitheras a PostScriptor as a PDF �le. It
should describeoriginal, unpublishedwork, com-
pletedor in progress,thatis partof thedoctoralwork
of the student. If an extendedversionof the paper
is alsosubmittedto thetechnicalprogramme,please
indicateit in the submission.Doublesubmissionis
acceptable,but if thepaperis acceptedfor the tech-
nical programme,the studentwill presentthe work
only in the technicalprogrammesessionsand not
duringtheDoctoralConsortium.

In addition, the dissertationadvisor should senda
letter of recommendationby e-mail to one of the
Doctoral Consortiumchairs. It should include the
expecteddate for thesissubmission,and the moti-
vation/expectedbene�t for the studentto attendthe

Doctoral Consortium. This letter can be sentin as
eithera text or aPostScriptor aPDF�le.

Impor tant Dates

March 31st: deadline for submitting papersand
lettersof support

April 18th: noti�cation of acceptanceto program

April 25th: camerareadycopy of thepapersto the
chairs

Doctoral Programme Chair s

Jerem y Frank , NASA Ames ResearchCenter,
frank@email.arc.nasa.gov

Susanne Biundo , Universityof Ulm, susanne.
biundo@informatik.uni- ulm.de

Additional information is available at the ICAPS
Website

http://icaps03.itc.it

Thiseventwill besponsoredby PLANET andNasa.

�

ANNOUNCEMENT

ICAPS 2003 – Workshop Program

The ICAPS-03workshopprogram(June9-10, be-
fore the main program),has beenset. There will
be � ve workshops,covering a broad rangeof top-
ics rangingfrom the currentand future stateof the
PlanningCompetition,to issuesarisingasplanning
andschedulingareappliedto ever-more-complex do-
mains,to speci�c applicationareas.
TheICAPS-03workshops:

Planning and Web Services

Web servicesare revolutionizing the way industry
and governmentoperate. Web servicesboth pro-

vide information(e.g.,available �ights) andchange
the world (e.g., buying a �ight ticket). As the
Web evolves into the SemanticWeb, the myriad of
availableservicesarebeingdescribeddeclaratively.
Machine-understandable descriptionsenablethe au-
tomaticdiscovery, use,andcompositionof webser-
vices.

With increasedinterestin thewebservicesparadigm,
compositionof webserviceshasbecomeof primary
importance. Several languagesfor describingweb
servicesandtheircompositionarecurrentlybeingde-
�ned and seekto becomestandards.From a plan-
ningperspective, thewebservicescanbeseenasop-
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erators,speci�c webservicescompositionsasplans,
andautomaticwebservicecompositionasa form of
planning. This workshopwill provide planningre-
searcherswith aforumfor presentingplanningresults
relevantto webservices,identifynew challenges,and
leadthedevelopmentof thecritically important�eld
of webservices.

JoseLuisAmbite

Workshop on Plan Execution

Much work in theplanningcommunityhasfocussed
primarily upon developing ef�cient ways of gen-
erating plans that are not actually executed. This
was re�ected in the AIPS 2002 PlanningCompeti-
tion which measuredtheef�ciency andoptimalityof
plansthat weregenerated,but not executed.As ex-
ecutionmay not result in the intendedoutcomethe
sequenceof actionsthat is eventuallyexecutedmay
not beasvaluableasthat in theoriginal plan,which
leadsto thequestionasto whetherit is necessaryto
generateplansthat arenearoptimal. Researchersin
the planningcommunityare increasinglyconcerned
with executingplansand the designof systemsin
which planningandexecutionarecontinually inter-
leavedandactively managed.
This workshopis intendedfor researcherswho have
interestsin plan execution in a variety of domains
such as robotics, spaceapplications, information
gatheringandotherareas.

Alex Coddington

Workshop on PDDL

PDDL, originally developed by Drew McDermott
and the 1998planningcompetitioncommittee,was
inspiredby theneedto encouragetheempiricalcom-
parison of planning systemsand the exchangeof
planningbenchmarkswithin thecommunity. Its de-
velopmentimproved the communicationof research
resultsand triggeredan explosion in performance,
expressivity androbustnessof planningsystems.
PDDL hasbecomea de factostandardlanguagefor
describingplanningdomains,not only for the com-

petition but morewidely, asit offers an opportunity
to carryoutempiricalevaluationof planningsystems
onagrowing collectionof generallyadoptedstandard
benchmarkdomains. The emergenceof a language
standardwill have an impacton the entire �eld, in-
�uencing whatis seenascentralandwhatperipheral
in the developmentof planningsystems.The adop-
tion of PDDL in this role is itself anissuefor debate:
perhapsa completelydifferent modelling language
is called for. We believe that it is thereforeimpor-
tant to provide a forum in which thecommunitycan
give feedbackandpresenttheir ideasto thelanguage
designers,and in which the languagedesignerscan
discusstheir ideasfor maintainingandextending,or
evenreplacingthelanguage.

SylvieThiebeaux

Planning under Uncer tainty and Incomplete
Information

Controlling intelligentagentsin complex real-world
environmentsposesrequirementsthat are not ad-
dressedin classicalAI planning.Oftenit is not suf�-
cient to �nd a sequenceof actionsleadingto a given
goal, sincethe initial statemay not be known with
precision,andactioneffectscannotbepredictedwith
certainty.
In the pastfew years,therehasbeena growing in-
terestin more generalplanningtechniques,able to
tackletheproblemsof uncertainty, nondeterminism,
andincompletenessof information.Severalresearch
works have proposedmoreexpressive domainmod-
els anddescriptionlanguages(e.g.,allowing for ac-
tions with multiple transitions,possiblywith differ-
entprobabilities,andwith costs),andmorecomplex
modelsof execution(e.g.,dealingwith information
gatheringat run-time).New planningtechniquesand
algorithmshave beendevelopedto operateon such
extendedmodelsandto produceplanswhichachieve
thegoalsdespitetheuncertaintyandincompleteness
of information.Thegoalof thisworkshopis to bring
togetherpeopleworking in different areasof plan-
ningunderuncertainandincompleteinformation.

Marco Pistore
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The Planning Competition: Impact,
Organization, Evaluation, Benc hmarks

Theplanningcompetitionseriesundoubtedlyhashad
a hugeimpacton the �eld of AI planning,including
suchaspectsasgrowing standardizationof complex
planningdomaindescriptionlanguages,dramatically
improved scalability of existing approaches,and a
growing databaseof commonlyusedbenchmarkex-
amples. It is thereforeimportantto provide an op-
portunity for discussingtopicsrelatedto thecompe-
tition. Theworkshopaimsatdoingjustthis. Wewant
to collecttogetherpanelsontopicssuchastheroleof
thecompetitionin andfor the�eld, organizationalas-

pectsof thecompetition,(competition)resultsevalu-
ation,andbenchmarkingissues.Technicalpresenta-
tionsareplannedon topicsrelatedto thecompetition
suchaslanguagealternatives,andmethodsof empir-
ical evaluation.

Joerg HoffmannandStefanEdelkamp

Submissionsto all workshopsaredueby 31 March,
2003, with noti�cation and submissionof camara-
readyversionsby theendof April.
Additionaldetailabouttheworkshops,aswell asfur-
ther informationaboutICAPS-03in general,is also
availableon theconferencewebsite:

http://icaps03 .i tc .i t/

�

ANNOUNCEMENT

ICAPS 2003 – Tutorials

Provisional Schedule

Monda y, June 9
morning afternoon

TimedAutomatafor PlanningandScheduling
OdedMaler (Verimag)

Tuesda y, June 10
morning afternoon

PracticalApproachesto HandlingUncertaintyin
PlanningandScheduling
J. ChristopherBeck (University College Cork)
andThierryVidal (ENIT)

Resource-BoundedandTime-CriticalReasoning

Lloyd Greenwald (Drexel University) and
ShlomoZilberstein(University of Massahusetts)

ModelChecking– A Hands-OnIntroduction
Alessandro Cimatti, Marco Pistore and Marco
Roveri (ITC- IRST)

ICAPS'03 Tutorial chair s: Anthony Barrett, NASAJetPropulsionLaboratory
JussiRintanen, Albert-Ludwigs-Universität Freiburg
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Timed Automata for Planning and
Scheduling

In this tutorial we proposethe model of timed au-
tomata,originatingfrom theveri�cation of real-time
systems,as a model for posing and solving time-
dependentplanningand schedulingproblems. We
believe that in the samesenseasautomataareused
asthemajorvehiclefor veri�cation of systemswhere
themodelof time is qualitative, timedautomatacan
bethecenterof a a unifying mathematicalmodeling
framework for quantitative time, having the follow-
ing attractive features:

1. It is suf�ciently expressive to describetheessen-
tial aspectsof time-dependentreal-life problems
in avarietyof applicationdomains.

2. It providesfor modelswith well-de�nedandclear
dynamicsemantics.

3. Thesemodelsareamenableto computer-aidedde-
signmethodssuchassimulation,testing,veri�ca-
tion andautomaticsynthesisof (optimal) sched-
ulesandplans.

4. Thesemethodsare currently supportedby tools
of various levels of maturity, that treat the spe-
ci�c computationalproblemsof time-relatedrea-
soning.

Oded Maler wasborn in 1957in Haifa, Israel. He
obtainedhis B.A. in ComputerSciencefrom the
Technion,Haifa in 1979andhis M.Sc. in Manage-
ment Sciencefrom the University of Tel-Aviv at
1984. In 1989 he �nished his Ph.D. thesis(Finite
Automata: In�nite Behavior, Learnability and De-
composition), underthesupervisionof A. Pnueliin
the departmentof Applied Mathematicsand Com-
puter Science,WeizmannInstitute, Rehovot. After
two yearsof post-docat IRISA, Rennes,he moved
to Grenobleat 1992andobtaineda researchposition
(CR1)at theCNRS(FrenchNationalCenterof Sci-
enti�c Research)in 1994. He hasbeenpromotedto
“researchdirector” (DR2) in 2001. Dr. Maler's re-
searchis centeredaroundthetheoryof automataand

its variousextensions,mostnotablytimedautomata,
hybridautomataandtheirapplicationto control,em-
beddedsystems,schedulingandcircuit timing analy-
sis.

Practical Appr oaches to Handling
Uncer tainty in Planning and Scheduling

This tutorial presentstechniquesfor dealingwith the
fact that theexecutionof plansandschedulesin the
real world cannotassumea staticenvironment: the
world changesnon-deterministicallyduringproblem
solving andexecution. We presenttechniquesfrom
the Arti�cial Intelligenceand OperationsResearch
literature for handling uncertaintyin planning and
schedulingwith emphasison practical techniques.
Suchtechniquesincludereactive, on-linescheduling
andplanning,andproactive, off-line techniquesthat
build solutionsthat cancopewith uncertainevents,
aswell asintermediateapproachesbetweentheseex-
tremes.
J. Christopher Beck receivedaPhDin Arti�cial In-
telligencein 1999from theUniversityof Torontoun-
der the supervisionof Mark S. Fox. From 1994to
1999 he was the project managerof the Intelligent
SchedulingResearchGroup at the EnterpriseInte-
gration Laboratoryat University of Toronto. The
focusof his researchwasmeasurementsof problem
structureasa basisfor schedulingheuristicswithin a
constraint-basedschedulingframework. From 1999
until 2002 he was a software developerand Senior
Scientiston theSchedulerteamat ILOG, SA in Gen-
tilly, France.As of June,2002,hemovedto theposi-
tion of Staff Scientistat the Cork ConstraintCom-
putationCentre,University College Cork. His re-
searchinterestsfocus on problemstructure,hybrid
algorithms,searchin constraint-directedscheduling,
andin theextensionof constraintmodelingandsolv-
ing capabilitiesto incorporateaspectsof real-world
schedulingsuchasuncertainty, dynamicarrival of ac-
tivities,androbustness.
Thierry Vidal received a PhD in Arti�cial Intelli-
gencein 1995from theUniversityof Toulouseunder
the supervisionof Malik Ghallab. He had worked
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in the Roboticsand AI team of the LAAS-CNRS
in Toulouse,France,working on temporalconstraint
processingin temporalplanning(the IxTeT system)
and in taskscheduling,with a specialfocuson un-
certain durations. In 1996-97he was a guest re-
searcherin Erik Sandewall's teamat theDepartment
of ComputerScienceof theUniversityof Linköping,
Sweden,whereheconductedbasicresearchwork in
the areaof on-line decisionmakingthroughcontin-
gentplanrecognitionandreactive controllersynthe-
sis. From 1997 he is assistantprofessorat ENIT
in Tarbes,France,working in the AutomatedPro-
ductionteamof theProductionEngineeringLabora-
tory, with externalcollaborationswith Hél�eneFargier
(PossibilisticReasoningteam,IRIT, Toulouse),Paul
Morris (NASA Ames ResearchCenter, California,
USA), and Ioannis Tsamardinosand Martha Pol-
lack (Universityof Pittsburgh, USA). His currentre-
searchinterestsareuncertainconstraintreasoningin
planning,schedulingandresourceallocation,multi-
agent approachesto scheduling,reactivity, condi-
tionalplanningandrobustscheduling.

Resour ce-Bounded and Time-Critical
Reasoning

A centralproblemin arti�cial intelligenceis how to
develop computationalmodelsthat allow decision-
supportsystemsor autonomousagentsto reactto a
situation after performing the right amountof de-
liberation. Frequently, the complexity of problem
solving makes it bene�cial to useapproximateso-
lutions rather than try to computethe optimal an-
swer. This issuearisesin a wide rangeof applica-
tion domainsincludingmedicaltraumamanagement,
Bayesianinference, sequencealignment, graphics
rendering,web pageprefetching,autonomousspace
exploration,real-timeavionics,androbotnavigation.
Thistutorialexploresthetheoryandpracticeof build-
ing intelligent systemsthat reasonexplicitly about
employing limited computationalresourcesto gen-
eratetimely solutionsto dif�cult combinatorialop-
timization,planningandschedulingproblems.Solu-
tion techniquesgo beyondsimplegreedyor reactive

algorithms to achieve high-quality solutionswhile
meetingboth hardandsoft real-timedeadlines.We
will exploreover�fteen yearsof progressin thisarea,
coveringhistoricalperspectives,state-of-the-artsolu-
tion techniques,andcurrentandfuturechallenges.
Participantsshouldbefamiliarwith introductoryarti-
�cial intelligence,algorithmdesignandanalysis,and
introductoryprobabilityandstatistics.
Lloyd Greenwaldis anAssistantProfessorof Com-
puter Scienceand Director of the Intelligent Time-
Critical SystemsLab at Drexel University. He re-
ceived his Ph.D. in ComputerSciencefrom Brown
University. His researchinterests include time-
critical planning and scheduling,mobile robotics,
machinelearning,ad hoc andsensornetworks, and
medicaldecisionmaking.
Shlomo Zilberstein is an AssociateProfessorof
ComputerScienceand Director of the Resource-
Bounded Reasoning Lab (http://anytim e.
cs.umass.edu) at the University of Mas-
sachusetts,Amherst.He receivedhis Ph.D.in Com-
puter Science from the University of California,
Berkeley. His researchinterestsincludeapproximate
reasoning,decisiontheory, heuristicsearch,planning
andscheduling,andresource-boundedreasoning.

Model Checking – A Hands-On
Introduction

Model Checkingis a formal techniquefor theveri�-
cationof designsof concurrentsystems.It is based
ontherepresentationof thesystembeinganalyzedas
a (�nite state)transitionsystems(e.g. Kripke mod-
els), while the requirementsare typically expressed
in temporallogics. A systemsatis�esa given prop-
erty amountsto checkingif the correspondingtem-
poral formula is true in the Kripke model. Model
checkingis veryeffectivein pinpointingdesignerrors
that are extremely hard to detectby meansof test-
ing, and is thereforebeingappliedin the industrial
developmentof reactive systems,hardwaredesigns,
andcommunicationprotocols. Furthermore,model
checkingtechniquesand tools are gaining interest
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in several �elds of Arti�cial Intelligence(e.g.Plan-
ning,Multi-agentsystems,andModel-basedDiagno-
sis) andEngineering(e.g.RequirementVeri�cation,
SafetyAnalysis). Of particularinterestis Symbolic
Model Checking,which makesit is possibleto ana-
lyzeextremelylarge�nite-statesystemsby meansof
symbolicrepresentationtechniques(e.g.Binary De-
cisionDiagrams,propositionalsatis�ability).
Alessandro Cimatti is theleaderof theformalmeth-
ods group within the AutomatedReasoningSys-
temsdivision (SRA) at ITC-IRST (http://www.
irst.itc.it) . The activities carriedout by the
group include basic research,the developmentof
the NuSMV (http://nusmv. irs t. it c. it )
modelchecker, andtechnologytransferin industrial
projectsin the areasof safety critical applications
(e.g., railways, avionics, aerospace,industrial plant
controllers).
AlessandroCimattihasparticipatedin andledseveral
industrialprojectsaimedattheuseof formalmethods
for thedevelopmentandveri�cation of safetycritical
systemsandembeddedcontrollers. Someexamples
arethevalidationof InterlockingSystems,thedevel-
opmentof Rail Traf�c ManagementSystems,thede-
signof toolsfor on-boardveri�cation, andtheveri�-
cationof safety-criticalcommunicationprotocols.
AlessandroCimatti is the leader of the develop-
mentof NuSMV. His mainresearchinterestsinclude
the developmentof advancedmodelcheckingtech-
niques,andtheapplicationof modelcheckingfor the
synthesisof reactive controllersand test cases. He
hasalsocontributedto theresearchin theoremprov-
ing, formal languagesfor the speci�cationof multi-
agentsystems,planningandrobotics.
Marco Pistore is AssociateProfessorat theDepart-
mentof InformationandCommunicationTechnolo-

gies of the University of Trento (http://www.
dit.unitn.it/) and ResearchConsultant at
ITC-IRST (http://www.ir st .it c. it ) . His
researchinterestsare in formal methodsand in the
applicationof formalmethodsto planningandto syn-
thesisof controllers.MarcoPistorehasbeenthe re-
sponsibleof thedevelopmentof theNuSMV checker.
Heis alsoworkingto theFormalTroposproject,aim-
ing at the developmentof a formal languageandof
formal analysistechniquesfor theveri�cation of re-
quirementsspeci�cations. Marco Pistorehas also
participatedto researchandindustrialprojectson the
applicationof formal methodsto thedesignandver-
i�cation of safety-criticalsystemsandof embedded
controllers.
Marco Roveri received a PhD in ComputerSci-
encein 2002 from the University of Milano in col-
laboration with ITC-Irst under the supervisionof
A. Cimatti. His PhD thesis “Planning in Non-
DeterministicDomainsvia SymbolicModel Check-
ing” wasawardedby the Italian Associationfor Ar-
ti�cial Intelligence(AI*IA) the bestprice for PhD
thesisin arti�cial intelligencein Italy. He his in the
steeringcommitteeof the NuSMV symbolic model
checker, the �rst state-of-the-artopensourcesym-
bolic model checker. Since2001 he is working at
ITC-Irst in the AutomatedReasoningSystemsdivi-
sion. From 1997 until 2002 he was collaborating
with ITC-Irst on topics relatedto Arti�cial Intelli-
gencePlanningandFormalVeri�cation. His research
interestare: integration of formal veri�cation tech-
niquesalong the whole software developmentpro-
cess,planning in non-deterministicdomainsunder
differentassumptionsonrun-timeobservability using
symbolic model checkingtechniquesand symbolic
modelchecking.

�
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ANNOUNCEMENT

Invitation to Participate in TAC'03 - A Suppl y Chain Trading
Competition

Authors:R. Arunac halam, N. Sadeh, E. Aurell, J. Eriksson, N. Finne , and S. Janson

Supply chain managementis concernedwith plan-
ning andcoordinatingtheactivities of organizations
acrossthe supplychain,from raw materialprocure-
ment to �nished goodsdelivery. In today's global
economy, effective supplychainmanagementis vital
to the competitivenessof manufacturingenterprises
as it directly impactstheir ability to meetchanging
market demandsin a timely andcosteffective man-
ner. With annualworldwide supply chain transac-
tions in the trillions of dollars, the potentialimpact
of performanceimprovementsis tremendous.While
today's supply chainsare essentiallystatic, relying
on long-termrelationshipsamongkey trading part-
ners,more �e xible and dynamicpracticesoffer the
prospectof bettermatchesbetweensuppliersandcus-
tomersas market conditionschange. Adoption of
suchpracticeshashoweverprovenelusive,dueto the
complexity of many supply chain relationshipsand
thedif�culty in effectively supportingmoredynamic
tradingpractices. TAC-03 was designedto capture
many of the challengesinvolved in supportingdy-
namicsupplychainpractices,while keepingtherules
of thegamesimpleenoughto enticea large number
of competitorsto submitentries.Thegamehasbeen
designedjointly by a teamof researchersfrom the
e-SupplyChainManagementLab at Carnegie Mel-
lon UniversityandtheSwedishInstituteof Computer
Science(SICS).
Speci�cally, TAC-03featuresroundswhereeightPC
assemblyagentscompetefor customerordersandfor
procurementof a varietyof components.Customers
issuerequestsfor quotesandselectfrom quotessub-
mittedby thePCassemblers,basedondelivery dates
andprices. The assemblyagentsare limited by the
capacityof their assemblylinesandhave to procure
componentsfrom a set of possiblesuppliers. The
gamedistinguishesbetweenfour types of compo-
nents:CPUs,Motherboards,MemoryUnitsandDisk

drives. It featuresa variety of componentsof each
type (e.g. different CPUs, different motherboards,
etc.). Customerdemandcomesin the form of re-
questsfor quotesfor differenttypesof PCs,eachre-
quiringadifferentcombinationof components.
The PC assemblyagentscompeteover a relatively
long periodof time during which customerdemand
andavailability of suppliesvariesaccordingto prede-
�ned stochasticdistributions. Theaim of eachcom-
petitoragent(PCassemblyagent)is to maximizeits
pro�t, by (1) competingwith otheragentsfor valu-
ablecustomerorders andpro�table suppliercommit-
ments, and(2) managingtheassemblyof productsto
meetits existingcustomerdelivery commitments.

Thegameis representative of abroadrangeof supply
chainsituations. It is challengingin that it requires
agentsto concurrentlycompetein multiple markets
(marketsfor differentcomponentson thesupplyside
and markets for different productson the customer
side) with interdependenciesand incompleteinfor-
mation. It allows agentsto strategize (e.g.specializ-
ing in particulartypesof products,stockingup com-
ponentsthat arein low supply). To succeed,agents
will have to demonstratetheir ability to reactto vari-
ationsin customerdemandand availability of sup-
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plies, as well as adaptto the strategies adoptedby
othercompetingagents.
We would like to invite you to considersubmitting
anentry to thecompetition.This is a uniqueoppor-
tunity to develop andevaluatesupply chain trading
technologyin a competitive environment. Entrants
will alsobeinvited to submitarticlesin anupcoming
book and will bene�t from the publicity associated
with theevent in the form of presscoverageandthe
publicationof anAI magazinearticlediscussingthe
competition.
A detailed game description, including the rules
of TAC03, will be publishedon the TAC website
(http://www.sics.se/tac/ ) by late November
2003.TheTAC 03 gameserver andsomesimplePC

assemblyagentswill beavailablefor practicegames
on the TAC websiteby February1, 2003. This will
enableprospective agentdesignersto test and �ne-
tune their designsby playing practicegames. The
competitionitself will be played in a format sim-
ilar to earlier TAC gameswith eight agentscom-
peting in eachround. Quali�cation roundswill be
held in May 2003with the�nals slatedto take place
at IJCAI-03 in Acapulcoin August. Stay tunedon
(http://www.sics.se/tac/ ) for more informa-
tion.
Raghu Arunac halam and Norman Sadeh
(CMU),
Erik Aurell, Joakim Eriksson, Niclas Finne ,
and Sverker Janson (SICS)

�

JOB OPENING

Postdoctoral and Doctoral Positions at Australian National ICT
Center

The Australian National ICT Center(NICTA) is a
new researchinstitute jointly setup by the Univer-
sity of New SouthWales(UNSW)andtheAustralian
NationalUniversity (ANU) with respective nodesin
Sydney and Canberra. It is funded by the Aus-
tralianFederalandStateGovernments,in partnership
with the two universitiesand industry. NICTA will
hosttop-ranked internationalresearchersandgradu-
ateprograms,andwill cover majorareasin comput-
ing, systemsandtelecommunications.
TheNICTA homepageis

http://www.nic ta .co m.au

In it thereare links to the existing programs(more
will beaddedin thefuture),andvacantpositions.
The activities of the Knowledge Representation
and Reasoning(KRR) program (http://www.
nicta.com.au/kr .h tml ) are typi�ed by the

contentof papersappearingin, say, theKRR section
of theIJCAI proceedings,with anadditionalfocuson
planningandconstraints.The programhasthe pre-
existing multi-universityKnowledgeSystemsGroup
(KSG) asits initial core,but now seeksto expandby
recruiting researchpersonneland graduatedoctoral
students.At the moment,post-doctoralfellows and
doctoralstudentsaresought:for informationon how
to apply andconditionspleasefollow the Positions
Vacantlink in theNICTA homepage.
KRR welcomespreliminary inquiries about other
levelsof personnel.
Norman Foo, Maurice Pagnucco(UNSW), Sylvie
Thiebaux(ANU)

Dr. Sylvie Thiebaux ResearchFellow, RSISE,
The AustralianNational University, CanberraACT
0200,Australia
http://csl.anu. edu. au/˜t hi ebaux
sylvie.thiebaux @anu.e du. au
Tel: +61(2) 61258678,Fax: +61(2) 61258651

http://www .planet-noe .org
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INFORMATION

Member List for PLANET

Currently, PLANET has58 nodesfrom 15 European
countries.Sitesandcontactpersonsare:

Austria
- XIMES GmbH,JohannesGärtner,

gaertner@ximes.com

Belgium
- RoboneticsNV, Filip Verhaeghe,

filip.verhaeghe@roboentics.com

- Space Applications Services (SAS), Richard
Aked,
ra@sas.be

Cyprus
- Universityof Cyprus,YannisDimopoulos,

yannis@cs.ucy.ac.cy

Czech Repub lic
- CharlesUniversity, Praha,RomanBart́ak,

bartak@kti.mff.cuni.cz

France
- COSYTEC S.A ., AbderrahmaneAggoun,

abderrahmane.aggoun@cosytec.com

- ILOG S.A ., PhilippeLaborie,
laborie@ilog.fr

- Laboratoired' Analyseetd' ArchitecturedesSys-
temes(LAAS-CNRS), TCU Robot Planning , Ma-
lik Ghallab,
malik@laas.fr

- Laboratoire d' Informatique Marseille (LIM-
CNRS), CamillaSchwind,
schwind@lim.univ- mrs.fr

- MASA Group,EmmanuelChiva,
emmanuel.chiva@masagroup.net

- ONERA Systems Control and Flight Dynam-
ics Department, TCU On-line Planning and
Scheduling , GérardVerfaillie,
Gerard.Verfaillie@cert.fr

- THOMSON-CSF, SimonDeGivry,
simon.degivry@thalesgroup.com

German y
- Universityof Ulm, Coor dinating Node , Susanne

Biundo,
biundo@informatik.uni- ulm.de

- AachenUniversityof Technology, GerhardLake-
meyer,
gerhard@cs.rwth- aachen.de

- Universityof Bonn,Armin Cremers,
abc@informatik.uni- bonn.de

- Bremer Institut für Betriebstechnikund ange-
wandteArbeitswissenschaft(BIBA), Frithjof We-
ber,
web@biba.uni- bremen.de

- Darmstadt University of Technology, Ulrich
Scholz,
scholz@informatik.tu- darmstadt.de

- German ResearchCenter for Arti�cial Intelli-
gence(DFKI), MarkusMeyer,
meyer@dfki.de

- Universityof Freiburg, BernhardNebel,
nebel@informatik.uni- freiburg.de

- Fraunhofer - Autonomous intelligent Systems
(AiS), JoachimHertzberg,
hertzberg@ais.fraunhofer.de
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- TechnicalUniversityof Munich,MichaelBeetz,
Michael.Beetz@informatik.tu- muenchen.
de

- SiemensAG, WendelinFeiten,
wendelin.feiten@mchp.siemens.de

Greece
- Aristotle University of Thessaloniki,IoannisRe-

fanidis,
yrefanid@csd.auth.gr

- Foundationfor ResearchandTechnology- Hellas
(ICS-FORTH), Dimitrios Plexousakis,
dp@csi.forth.gr

- National Centre for Scienti�c Research
”Demokritos”,ConstantineSpyropoulos,
costass@iit.demokritos.gr

- Technical University of Athens (ICCS), Spyros
Tzafestas,
tzafesta@softlab.ece.ntua.gr

- Technical University of Crete, Manolis
Koubarakis,
manolis@ced.tuc.gr

- Universityof Ioannina,ChrysostomosStylios
stylios@cs.uoi.gr

Hungar y
- Computer and Automation ResearchInstitute

HungarianAcademyof Sciences(MTA SZTAKI),
Lászĺo Monostori,
laszlo.monostori@sztaki.hu

Italy
- DEIS - Universityof Bologna,PaolaMello,

pmello@deis.unibo.it

- Universityof Brescia,AlfonsoGerevini,
gerevini@ing.unibs.it

- DIST - Universityof Genoa,EnricoGiunchiglia,
Enrico@dist.unige.it

- Consiglio Nazionaledelle Ricerche- Istituto di
Psicologia(IP-CNR), TCU Aerospace Applica-
tions , AmedeoCesta,
cesta@ip.rm.cnr.it

- Universityof Perugia,TCU Planning & Schedul-
ing for the Web, Alfredo Milani,
milani@dipmat.unipg.it

- Istituto per la Ricerca Scienti�ca e Tecnologia
(IRST), PaoloTraverso,
traverso@irst.itc.it

- Universityof Parma,AgostinoPoggi,
poggi@ce.unipr.it

The Netherlands
- Delft Universityof Technology, CeesWitteveen,

witt@cs.tudelft.nl

- NLR – NationalAerospaceLaboratory, HenkHes-
selink,
hessel@nlr.nl

Por tugal
- Instituto Superior de Engenharia do Porto

ISEP/IPP, JõaoRocha,
jrocha@ipp.pt

SLOVENIA
- Universityof Maribor, PeterKokol,

kokol@uni- mb.si

Spain
- iSOCO, Intelligent Software for the Networked

Economy, AntonioReyesMoro,
toni@isoco.com

- TechnicalUniversityof Catalonia,Llu�́s Vila,
vila@lsi.upc.es

- Universityof Granada,Luis Castillo,
L.Castillo@decsai.ugr.es

- University CarlosIII of Madrid, TCU Work�o w
Management , DanielBorrajo,
dborrajo@ia.uc3m.es

- UniversitatPolit�ecnicade Catalunya, Institut de
Rob�oticai Inform�aticaIndustrial,TomCreemers,
creemers@iri.upc.es

- UniversidadPolitecnicade Valencia,Eva Onain-
dia,
onaindia@dsic.upv.es

http://www .planet-noe .org
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- Universitat Rovira i Virgili, Tarragona,Miguel
AngelGarcia,
magarcia@etse.urv.es

Sweden
- LinköpingUniversity, PatrickDoherty,

patdo@ida.liu.se

- ÖrebroUniversity, AlessandroSaf�otti,
alessandro.saffiotti@aass.oru.se

United Kingdom
- British Telecommunications,David Lesaint,

david.lesaint@bte.bt.com

- Universityof Durham,JuliePorteous,
j.m.porteous@durham.ac.uk

- Universityof Essex, SamSteel,
sam@essex.ac.uk

- Universityof Edinburgh, JohnLevine,
johnl@aiai.ed.ac.uk

- Universityof Hudders�eld,TCU Kno wledg e En-
gineering , LeeMcCluskey,
t.l.mccluskey@zeus.hud.ac.uk

- Universityof Manchester, Nikolay Mehandjiev,
Nikolay.Mehandjiev@co.umist.ac.uk

- The OpenUniversity Walton Hall, Massimiliano
Garagnani,
M.Garagnani@open.ac.uk

- SalfordUniversity, TCU Intellig ent Manufactur -
ing , RuthAylett,
R.S.Aylett@iti.salford.ac.uk

- Troy AssociatesLtd., VinceLong,
vlong@troyassoc.com

Associated Member s
- NormanSadeh,sadeh@cs.cmu.edu , Carnegie

Mellon University

- PeterJarvis,Jarvis@ai.sri.com , SRI

- Brian Drabble,drabble@cirl.uoregon.edu ,
Universityof Oregon

- Sylvie Thiebaux, Sylvie.Thiebaux@anu.
edu.au , TheAustralianNationalUniversity

�

The network is open to new nodes at any time.


