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EDITORIAL
Welcome to PLANET NEWS! W
Welcometo IssueNo 5! s eld, Salford,andDurhamin the United Kingdom.

You'll nd a nal reportonthis projectat page38.
PLANET's Industrial InformationDaysprovide afo- The second PLANET Gap-bridging Seminar was
rumwheresuccessfuindustrialapplicationsof Plan- heldin co-locationwith the UK PLANSIG meeting
ning and Schedulingtechnologyare presentedand in Novemberin Delft. A reporton this seminaris
promisingfutureexploitationis discussedRepresen- providedby Tim Grant.
tatives from industryandacademiaisetheseevents Announcementgpb offersandinformationon forth-
to promotethetransferof thetechnologyandto push comingevents,in particularthoseto be heldin con-
mutualexchangeand co-operatiorfor thebene t of junctionwith ICAPSin June2003in Trento,andan
both. invitation to participatein the SupplyChain Trading
The recentinformation day took placein Romein Competitionr2003canbefoundin the nal section.
November You'll nd abroadselectionof contritu- WishingyouasuccessfuindHapp New Year2003,
tions from industrial speakrsin the rst sectionof
thisissue. Susannd@iundo
Another major event was the SecondPLANET In- BerndSchattenbey
ternational SummerSdool on Al Planning held
in Halkidiki, Greecein September Studentsof Editor s
the schoolwere encouragedo presenttheir Ph.D.
projectsn aseparat@ostersessionThissessioiwas Susanne Biundo  Network CoordinatorDept. of
very successfulnd shaved a variety of interesting Arti cial Intelligence,University of Ulm, Germa,
aspectsaindnew approachesA reportonthe school biundo@informa ti k. uni - ulm.de
andseveralextendedabstract®f the postempresenta-
tionsareincluded. Bernd Schattenber g Network Administrator
The PLANFORM projectaimedat the development Dept. of Arti cial Intelligence,University of Ulm,
of an OpenEnvironmentfor Building Plannes. It Germary, schatten@inform  at ik .un i- ul m.
wascarriedout jointly atthe universitiesof Hudder de
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Soft Real-Time Applications

ARTICLE —

The THALES Constraint Programming Framework for Hard and

Authors: S. de Givry, L. Jeannin, F. Josset, J. Mattioli, N. Museux, and P. Savéant

This position paper presentsthe constraint tech-
nology that has beendevelopedat THALES since
1997 for introducing ConstraintProgramming(CP)
in THALES operationalsystem$ 2. Thesesystems
involve combinatorialbptimizationproblemssuchas
planning and schedulingproblemsthat can be ex-
pressedvith nite-domain variablesandconstraints.
Typical examplesof THALES systemsconcernsu-
pervision for weaporallocation,radarcon guration,
weapondeplogyment and aircraft sequencing. All
these systemsare subjectto speci c requirements
coming from the operationalconstraintsof embed-
dedreal-timesystemsandfrom the stratgic context
of Defenseapplications:

1. The systeminvolves seseral functions/tasksuch
assituationassessmentgsourcananagement;i-
sualization,etc.; eachtaskis periodicaland the

periodcanbemuchshorterthana second,;
Thereis amemoryspacdimit (afew megabytes);

3. The systemhasto be supportedor a long time,
typically over 20 yearsfor Defenseapplications,
including sereralretro tting (functionalandplat-
form evolutions);

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

Thedevelopmenbf thesystemmustbemadeand
masteredn housefor reasonsof con dentiality
andmarlket protection.

The CP paradignpartially meetgheserequirements.
A constraintmodel has modularity properties,i.e.
adding/remuing a constraintis easy which enables
an incrementaldevelopmentprocess,reducing the

1This work waspartially fundedby the EOLE project[7].
2 formerversionof this paperappearedh [5].

developmentime andeffort. CPsolversprovide ef -
cientalgorithmsthroughtheuseof globalconstraints.
Thedeclaratie natureof CPenablegsheprogrammer
to focuson the applicationrequirementsatherthan
on delugging low-level programmingerrors. Vali-
datedCP modelscanbereusedn a productline ap-
proach.

Unfortunately off-the-shelf CP solvers do not pro-
vide ary guaranteeon time and spaceusage. The
classicalbacktrackingsearchalgorithm usedin CP
doesnot take into accountary time contract. Re-
centlyaneffort wasmadeto provide bettersearctal-
gorithmsin CPsolers,for instancen [1, 11, 14, but
without ary explicit time contract.Our aimis to ex-
tend CP solver with new searchfeaturesthat would
keepthe samenice software engineeringproperties
as for modeling. This led to develop a high-level
languagefor designingsearchalgorithms. This ap-
proachallows proposinga setof searctprimitiveson
top of the real-time nite-domain constraintsolver
Eclair® [13]. The resulting searchalgorithmsare
basedn partialsearchmethodsandtake into account
thetime contractexplicitly. Suchalgorithmscantake
adwantagebetterof platformevolutions.

Eclair offers time and spaceguarantees.Deadlines
are guaranteedy the operatingsystemalarm and
Eclair is ableto restorea coherentstateafter anin-
terruptionin orderto deliver a valid solution,or just
a partial solution (whennot all variablesare instan-
tiated). The memoryallocationfor the constraints
is static: a global constraintmodelis built onceand
only partsof the modelare madeactive andusedat
agivencyclical call. The memoryconsumediuring
the searchis limited by usingonly restricteddepth-
rst searcthor restrictedbest- rst search.

I - )=
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Partial searchmethodsare arytime algorithms[17]
basedon tree searchmethodshaving betterquality
pro les thanthe classicalbacktrackingsearchalgo-
rithm. Themainideais to applysomearbitrarylimits
onthenodesvisitedin thetreesearch, dependingn
the behaior of the heuristicsand on the remaining

computationtime. We distinguishfour approaches:

the iteratve wealeningmethods(e.g.[8]), thereal-
time searchmethods(e.g. [10]), the iteratve sam-
pling methodge.qg.[6]) andtheinterleaiing methods
(e.0.[12])). Thesemethodauseoneor severalsearch
schemes®. The practicalcompleity of the search
canbeincreasingself-adjustingpr stable.In [3], we
proposethe notion of parameterizedsearch applied
to onesearchscheme.The parameter®f the search
limits are given explicitly. We cantunethe degree
of incompletenessf thesearchy varyingthevalues
of the parametersA tuningpolicy indicatestherele-
vantvaluesof the parametersor differenttime con-
tracts. In [4], we integratethe parameterizedearch
approachinto a hybridizationschemeto expresspar
tial searctbasedon severalsearctrschemesThehy-
bridization schemeis a sequencer an interleaiing
of parameterizedearches.The searchesan coop-
erateby exchangingsolutions. A time-sharingpol-
icy speci eshow to distribute thetime contractto the
searches.

Our constraint optimization framewvork is called
ToOLS® (TemplateOf On-Line Search).A search
algorithmis expressedn ToOLS asthe conjunction
of four distinctcomponents:

A setof heuristicgo rankevery choice;

A setof primitives to expressa searchscheme
independentof ary time limit; it is composed
by prede nedchoicepointsand combinationsof
choicepointsasin the OPL languagd9];

A setof primitivesto expresghesearcHimits that
dependon the currentnode, the currentpath or

the currentsub-tree;the resulting parameterized

searchalgorithmcontrolsthe sizeof theexplored
searchireede ned by onesearchscheme;

A temporalstratgy de ned by a hybridization
scheme|.e. a cooperationof several parameter
ized searchesdealing with time allocation and
selectingthe tuning stratgy of the parameters
(statictuning, iterative tuningor adaptve tuning).

A templateof seach de nes an abstractcomponent
of a searchalgorithmthatcanbe reusedo speedup
thedevelopmeniprocesof customizedpartialsearch
algorithms. This framavork malkesit easierto try
new combinationof searchimits andnew temporal
stratgjies.
Experimentsontheweaponallocationproblemshav
that partial searchalgorithmssigni cantly improve
the solution quality comparedto a traditional ap-
proach[3] andalsodemonstratethe gainin devel-
opmenttime of new customizedsearchalgorithms.
Thecodeis clearerandmoreconcisewhenusingthe
searchprimitives. As the mainresult,our CP frame-
work hasbeenintegratedin anoperationabn-board
hardreal-timesystemof THALES.

The hybridization schemeis a way to de ne spe-
ci ¢ local searchmethods,suchas large neighbor
hoodsearchbasedon a sequenc®f partial searches
in differentneighborhoodgl5, 16]. Purelocalsearch
methodscould alsobe introducedin our framevork
asablack-boxusedby thehybridizationschemeThe
temporalcontrol could be enhancedoy an on-line
learningmechanismusingthe factthatsimilar prob-
lemsarerepeatedlysolvedin areal-timesystem.[2]
gave thebasefor this mechanism.

Bib liograph y

[1] BeldiceanuN., BourreauE., Simonis,H., and
Rivreau,D. Introductionde métaheuristiques
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3This descriptionof partial searchis compatiblewith the depth- rst searctprinciple. In [14], partial searchmethodsarebasedon

theorderof nodeexploration,which is memoryconsuming.

4A searchschemas a procedurethatdescribes searchree. For example,a combinationof choicepoints.
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COMPETE a Common Platform for Extended Project Management

ARTICLE —‘

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 cooperationamongdifferent European
partners: Centro RicercheFiat, TXT e-solutions,
CapGemini& Ernst& Young,BAE Systemsand
MagnetiMarelli, University Federicall of Naples.
Its mainobjectieis to integratemethodsandtools
to supportprocess/projecinanagemenin an ex-

tendedenterprise. In this ervironment process
know-how (how to do things)and available com-
petence®play a centralrole to shortenproductde-

velopmentime andto supportrapid decisionsand
e xibility in processactuation.

CoMPETE has developed a software platform
which integratesprocessnodelingmethodscom-
petencesmanagementproject managemengand
work o w througha commondatamodelsharedoy
all compaly departments.

This paper, startingfrom thedescriptiorof current
companiesneeds,describesCOMPETE approach
andfunctionalitiesandgivesanideaof its general
architecture.

Keywords: Project Management, Knowledge
ManagementCompetenciesWork o w, Business
Processesdylodeling, Simulation.

Intr oduction

Author: M. Sanseverino

methodologiesand tools to help companiesstruc-
turedasExtendedEnterprisego copewith the chal-
lengesof globalization, deregyulation and contract-
ing life cycles,combiningfastdecisionmakingand
e xibility to change. Suchmethodologiesembrace
bothproductfunction,market, life cycle analysisto-
getherwith organisationabndindividual competen-
ciesidenti cation andevaluation. TheIT toolsto be
integratedin a distributedExtendedEnterprisearchi-
tecture(calledBMA Businesdviodelling andActua-
tion) are:aBusinessProcesdDe nition toolset(with
modellingandsimulationcapabilities)a Competen-
ciesldenti cation andEvaluationervironment,aHu-
manResource®lannemndScheduleraCommercial
ProjectManagementool (OPENPLAN)andaWork-
0 w Managementool.

Threemain areasaretameted: the product,the pro-
cess,and the competenciesf humanresourcegp3
paradigm: product,people process).

On the product side, the projectis concernedwith
the early conceptuabhasewherethe links between
functional speci cations and customess value are
identi ed andexploitedto achieze maximumvalueat
minimum cost,ensuringminimal ervironmentalim-
pactaswell.

The competitve arenain the ProductDevelopment
scenariois marked today by rapidly evolving tech-
nologies,dynamic,sophisticateé@ndglobalmarlets,

requiring high and customizedoerformancest low

cost. Thistrendhasputatremendoupressurenthe

designprocessvhich mustsupplya streamof prod-

uctswith highvalue/costatiosataratefastenougho

withstandtechnologyobsolescencand demandva-

garies.

The main goal of COMPETE is to provide IT based

Figure 1: Scenaricandobjectivesof COMPETE

http://www .planet-noe .org
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On the people side, the projectis concernedwith
a systemfor managinghumanresourcecompeten-
ciesin the shortand mediumterm. Giventhat pro-
cesgyualityandcompetenciearecorrelatedanideal
competenciegro le is associatedo eachactiity
andcandidate$or theactvity areselectedvhobetter
matchthis pro le. To supportthis procedurecompe-
tenciesare routinely evaluated,and comparedwith
medium term requirementgo orientatehumanre-
sourcespolicies. Speci ¢ methodologiedave been
implementedo nd organizationatompetencieans
evaluateindividuals
Ontheprocessside,theprojectis concernedvith the
genericproductdevelopmeniprocesgPDP)from the
earlyproductconcepto thedetaileddesign.To slash
costsanddevelopmenttimesandto improve quality,
enterprisesireresortingto concurreng, BPRreengi-
neering,standardisatiormprocesscontrol, knovledge
distribution, outsourcingand extendedenterprising.
Standalonetoolshave appearedo supporthistrend.
Theprojectprovidesaplatformwhich supportghese
nen approacheshy integrating the existing tools,
basedn asoundlogical model.
Processmodellingis crucial to achieze processef-
fectiveness. Actual processesre assembledrom
standardemplateswhich consolidatehe bestprac-

tices. Processearereleasedor executionafter de-
tailed simulationandplanning,which balanceeffec-
tivenessand competencie¢evel. The unique com-
binationof a Modeller, a Wf Managementool and
a ProjectManagementool catersfor tight process
control,reactvenesgo unforeseemvents,high qual-
ity andreducedprocessingimes. The full potential
of this layout can be obtainedby properinterfacing
with a PDM system. The systematicexploitation of
the existing interfacing standardsaind useof a Web
basedarchitecturemakesthe platformideally suited
to supportextendedenterpriserrangements.

CoMPETE Functions

Themainfunctionssupportedy CoMPETE platform
are:

1. To store the operationalknowv-how by means
of processmaodelling andto supportthe choise
among different project alternatves estimating
costsandtimesby meansof simulation.

N

. To supportthe automatictranslationof a process
modelinto operationaprojectsandinto work ow
0 w-charts.

Figure 2: Functionaldiagramof ComPETE Platform
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3. To supportplanning accordingto competencies 3. Ontheprojectmanagemergide

requiredby processactiities and automatically
assigningresourcesaccordingto workload in a
multiprojectervironment.

. To support progress control integrated with
projectmanagement.

5. To integratedifferentcompany departmentssuch
as humanresourcesiepartmentdesign, product
planning projectmanagementyorkingteamspon
a common platform and using a common data
model.

6. To managen auniqueervironmentplanningand
progresscontrol of distributed teamsin an ex-
tendedenterprise.

The platform integratesa project managementool
(OPENPLAN) and commercialwork ow manage-
menttoolswith nev developmentsccordingo man-
ufacturingcompaniegequirementsand hasthe fol-
lowing adwantages:

1. Ontheprocesside

A clear structuringof operationalknow-how
for porpuseof documentingdistributing and
consolidatingknowledge

A poweful decisionalsupport,basedon cost
andtimeindicators obtainedoy meanof sim-
ulation of differentprojectalternatves

2. Onthecompetenciemanagemengide

Availability of a catalogof competenciebe-
longing to the organisationsand to the in-
dividuals of distributed teams,in a common
databas@andusingacommonglossary
Easyevaluationof competeng needs
Supportto the de nition of careersand re-
sourcesoutsourcing

Supportto trainingplande nition

Ef cient resourceallocationand conict re-
duction

Improvementof productquality by meansof a
betterwork shareamongworking teams

A higherreactvenessto emeging problems,
by meansof a deeperand structuredknowl-

edgeof possiblealternatves andavailablere-
sources.

CoMPETE Operational Flow

Theoperationalo w supporteddy COMPETE project
startsfrom processnodeling transformgprocessnto
operationalprojects,identifying optimal choicesin
termsof time and costs,supportsactiity planning
andresourcegssignmenaccordingo amatchingal-
gorithm which compareghe needof competencies
of processactiities with the availability of compe-
tenciesin humanresourcesccordingto their work-
load. In the end COMPETE supportsprojectexecu-
tions integrating project teamsexecutedstepswith
the projectmanager

Process Modelling and Simulation The rst
stepis processnodeling.At this pointit is important
to explain which is the differencebetweena process
and a project. A processdescribesa setof actii-
ties and takes into accountpossiblealternatves re-
latedto suddereventswhich changethe pre-de ned
ow. Unsatishctory resultsof certainactiities or
new information coming from the market may re-
quire somechangesor reworking or outsourcing.A
processmodel foreseesthesealternatves and sup-
portsa preventive analysisof the differentsolutions.
It is possibleto describehesealternatveswith mod-
eling formalisms, COMPETE supportsIDEF, which
can be usedby a simulationtool which estimates
times and costsof the differentsolutions. This de-
cisionsupportis very importantto reactmorerapidly

http://www .planet-noe .org
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to problemsduring projectexecution. A procesan
generatanary projectseachonerepresentingheac-
tivity o w of onealternatie.

CoMPETE supportghenthe automatidranslationof
IDEF modelsinto Ganttdiagramsusedby a project
managetool.

Themodelercanstartfrom scratchor usepre-de ned
procesgemplateghat are availablein the platform.
New processesanbe createdascombinationof ex-
isting ones.IDEF formalismis usedto describepro-
cessessub-processesctvities andlinks. Eachac-
tivity includesthe descriptionof its inputs, outputs,
requiredcompetenciesnd duration. By meansof
simulationit is possibleto choosethe bestproject,
accordingto times,costsandcompetenceavailabil-
ity, comparinghedifferentganttcharts.

Planning and Resour ce Scheduling

Oncethe bestprojectsolutionhasbeenchosen hu-
manresourcesvill beallocated.

11

ComPETE hasdevelopeda matchingalgorithmthat,
accordingto the competenciesequiredby eachac-
tivity, selectsthe propercandidatesomparingtheir
individual competenciesvith the requiredones. In

a secondstep the systemcomparesrequired tim-

ingswith individual workloadsonamulti-projectba-
sis and proceedsn building working teams. A red
traf c-light informs the project managerthe miss-
ing of candidatedor the requiredtime intenal and
the necessityof acquisition, outsourcingor train-
ing. Manualadjustmentsreobviously possiblecon-
sideringthat humanresourceschedulingneedto be
muchmore e xible thanmachinescheduling At this
purposean ef ciency factor hasbeenintroducedto

considetthefactthathumanresourcesvith thesame
competenciesanhave speedandquality very differ-

ent.

Humanresourcesssignmenarethenexportedin a
projectmanagemertbol whichwill represengraph-
ically, ganttandworkload.

Figure 4: IDEF modelingof processandcompetences



12

Progress Contr ol

Oncethe planningand the resourceschedulingare
completedtheworkingteamsarereadyto startwork-
ing. COMPETE supportsin this phasethe aligning
betweenhe operatve managemenandthe progress
control. The actvity ow, rs modeledand then
plannedis automaticallyimported in a work ow
managertool which supportsactvity dispatching.
The actvity managemill insertin the systeminfor-
mationrelatedto actiity statusandprogressandthe
project managertool will be automaticallyupdated
accordingo thesedata.

Competencies Management

COMPETE stressegheimportanceof therelationbe-
tweencompetenciesnanagemenand processqual-
ity. A competencés a combinationof knowledge,
capacityto apply it andto make it applied. It is es-
sentialfor acompar to modelits competencieand

The PLANET Newsletter

to relatethemto humanresourceslt is essentiain an
organizationto compareits competenciesvith pro-
cessandprojectneeds.

CoMPETE hasdevelopedasetof toolsandadatabase
to createa competencéree,to describeheorganiza-
tion, to relatecompetencieyrganizatiorandhuman
resourcesand to evaluatehumanresourcesaccord-
ing to their competencieslt is very importantfor a
compayp to build its competencéreein orderto un-
derstandvhichcompetencieareavailableandwhich
oneneedio beacquiredn orderto facetechnological
evolution.

COMPETE Architecture

Theimprovedprototypeslevelopedin COMPETE are
currentlybeingengineeredndpackagednto aprod-
uct suitecomposedy two maintools: SKILLPLAN

(Skill & Proces$lannerandP-CON(Proces#\ctu-
ationControl& ProgresfReview)

Figure5: COMPETE Architecture

http://www .planet-noe .org
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SKILLPLAN supportsthe processplanningandop-
timisation,by meansof processnodelling,speci ca-
tion of competenciestequirementssimulationand
what-if analysis. Processsimulation catersfor al-
ternatve o ws of actvities andregycling probabili-
ties. Theplanis thenturnedinto operation:actvities
areassignedo resourcesccordingto requiredcom-
petenciesandscheduled SKILLPLAN architecture
is basedon the XML integration of an IDEF-based
modeller which describeghe process,a simulator
aimedto disambiguatdt analysingall the related
possibleprojectalternatves, a schedulewhich uses
an innovative algorithmto nd the bestresources,
accordingto the requiredcompetenciesand to the
time schedule. A commercialProjectManagerhas
beenintegrated:thisis OpenPlan(integratedinto the
suite)which supportanulti-projectsfacilities.

The main and innovative featuresof SKILLPLAN
are: 1- the possibility to performwhat-if analysisin
orderto nd thebestprojectsto implementa certain
process2- the introductionof a competeng based
HR planning& Schedulingapproach.

P-CON aims at managingevents, noti cations and
work ow (dispatchingheactiitiesamongtheactors
involved) alongthe projectlifecycle. It is tightly in-
tegratedthroughXML interfacesto SKILLPLAN in
orderto reactasfastaspossibleto problemsarising
duringprojectactuation.

Theformalismsusedfor descriptiorof processeand
projects, suchasIDEF, gantt, o wchartshave been
completelyintegratedand can be importedand ex-
portedthroughXML interfaces.
ThearchitecturgFig. 5) is applicablen anextended
enterpriseervironment. The communicatioramong
the distributed tools of CoMPETE platformis based
on anasynchronoushanneffor XML modelstrans-
missionandon a distributed databaséor competen-
ciesstorage.

Conclusion

In conclusiona streamof new organizationalap-
proachedave beenintroducedin the recentyearsto
streamline’roductDevelopmentProcess to achieve

13

betterquality and trim the costs. Concurrentengi-
neering businesseprocesEngineeringbenchmark-
ing, knowledge managementprocessstandardiza-
tion, ExtendedEnterprisediave beenaddedto more
traditional automationtools suchCAD, CAD/CAM
andCAE. Standalonetoolshave appearedo support
thesenew practices. COMPETE bringstogetherthese
new approachem anintegratedplatform,which en-
suresasmuchaspossiblethe communicatioramong
toolsof differentmale. Thebene tsof thesystemits
capabilityto coordinateconcurrentactiities in dis-
tributedervironment,aresuchasto signi cantly im-
pacton quality, time-to-marlet and costsin modern
extendedenterprise.
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In Defence of Reactive Scheduling

ARTICLE —‘

Intr oduction

Reactve Schedulings the Cinderellaof scheduling
techniquesReactve Schedulinglrudgesawayin the
work place, delivering feasible solutionsto highly
compl and dynamicresourceallocationproblems
butis seldominvitedto conferenceso shawv its nery
to theprincesof theschedulingandplanningcommu-
nity. Theirattentionis distractedy yetanotherlgo-
rithm that promisesoptimum resultson somestatic
benchmarlproblem.Indeed arecentPLANET spon-
soredworkshopon on-line planningand scheduling
[1] did not even include reactve schedulingas one
of its topicsof interestuntil the secondcall for pa-
pers.Thisis strangepn-lineschedulingdomainsare
the most sensitve to suddenervironmentalchange.
Therealityis thatin stochasti@nvironmentgheonly
optionopento aschedulers to reactto change Tech-
niguesfor anticipatingchangearelimited andseldom
provide the functionality neededo manageesource
allocationsthat are continually being impactedby
disruptionsof oneform or another

The Need for Reactive Scheduler s

The requirementfor reactve schedulingsystemsis

morewidespreadn theindustrialworld thanmostre-

searcherfromtheacademiavorld realise.For exam-
ple, the productionsystemusedfor garmentmanu-
facturein theUK is calleda Progressie BundleLine

(PBL) [2, 3, 4]. Itisa o w line manufcturingsystem
in which work stations,comprisingof machinistand
seving machingpairs,arearrangedn acon guration
sothatthe o w of work from onework stationpro-
videswork for thenext work stationin theproduction
sequenceThe schedulingobjectie is to maintaina
line balancesothatthe work in progressuffers be-
tweeneachwork stationnever over ow, causingstor

ageandquality problemsor empty causingmachin-
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iststo sitidle attheir machines.
Thereare examplesof line balancingalgorithmsin
the schedulingand optimisationliterature. The ma-
jority of thesetechniquesview line balancingas a
static optimisation problem and are wholly inade-
guatefor tacklingthemanagemeruaf aPeL. Thefact
of the matteris, in the real world, a well balanced
line soon becomesunbalanced. Machinesbreak-
down, machinistgjoabsenbr startworkingbelow, or
above, standardperformancemanagersiecidethat
priority job batchesareno longerimportantandthat
low priority batchesareimportant,quality controllers
decidethatrework is requiredon somebatchesetc.
In clothingfactorieghatemplgy PBL productionsys-
temsthe mostimportantpersonis theline supervisor
who continuouslymonitors,analysesandrevisesthe
o w of work throughthe work stations. How well
she(it is usuallya she)doesthis dependsuponher
experienceandtraining.
Providing reactive schedulingcapabilitiesto a real-
time automateascheduleinvolvesmimicking there-
sponsibilitiesof the humansupervisoremplo/ed to
managea PBL. An ideal reactve schedulingframe-
work employs an eventdriven multi agentapproach
that appliesmonitoring,analysis revision, and opti-
misationtoolsin real-timeto an executingschedule
to maintainits feasibility andquality over time.
Reactve schedulingechniquexanbereinforcedby
building robust schedulesor providing probabilistic
modelsof systembehaiour. While nobodydoubts
the importanceof thesetechniquesijf a machineis
to breakdevn it would be usefulto have anindicator
of which machineandwhen; thereis still the prob-
lem of whatthesystemcando aboutit. Theresponse
to amachinebreakdavn for exampleis oftencontext
sensitve anddependsiponthe currentopportunities
for resourceeallocatiorwithin the currentschedule.
Rolust scheduledimit the impactof a disturbance
on ascheduléout againthe systenstill hasto reason

http://www .planet-noe .org
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aboutstratgiesfor bringingthe solutionbackto fea-
sibility. At the endof the day, the systemwill need
to reactby relaxingdue datesor reallocatingactivi-

tiesto alternatve resourcesr bumpinglower priority

operations.

Mixed Initiative Scheduling — and beyond

The 0zoNE Project[5] at the Intelligent Coordina-
tion andLogisticsLaboratory Carngjie Mellon Uni-

versity backin the mid-90sof last century recog-
nisedthat currentschedulingsystemsdo not effec-
tively supportusertasksand requirementsand do
not supportthe iterative, evolving processof prob-
lemunderstandingequirementsleterminationgcon-
ict resolutionandsolutionre nementthatis inher

entin large, multi criteria problemsolving. 0zZONE

tackledtheseissueshby enabling e xible collabora-
tive problemsolving betweenuserand system,sup-
portingrecon gurationof systenfunctionalityto ac-
commodataen ervironmentsandschedulingobjec-
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scheduleneeddo evaluatethe correctnessof its re-
visions by comparingthe resultsagainst objective'

criteria given by a multi-criteria costfunction. The
interpretatiorof suchevaluationsare often problem-
atic andseldomobjective. Techniqueslevelopedby
decisiontheorists,suchascriteriavoting [6], for re-
solving con icts in multi criteria decisionmaking
suggespromisingalternatvesto singlevaluedmea-
suresof “optimality' for self-gaverningsystems.

Reactive Problem Solver s — Scheduler s
for the new era

The recentdevelopmentsin schedulingtechnology
have beenpartly driven by improvementsin moni-
toring technology Communicationtechnologyhas
madereactve schedulingnoreimportantoy enabling
schedulersto keep up to date with ernvironmental
changeandallowing themto respondto disruptions
by resolving con icts in impactedparts of the so-
lution. Gonearethe daysin manufcturingwhere

tives. The 0zONE approacho schedulingecognised jobswere chasedthroughthefactoryby a progress

thatschedulings anincrementaprocesof "getting
the constraintsright' in which humanusersalways
have the big-picture decision-makingexpertiseand
knowledgeto contritute but areunableto effectively
copewith the compleity of detailedsolutiondevel-
opment.

The challengefor the new generationof real-time,
on-line, schedulergs to encodethe stratgic knowl-
edge that humansprovide within an autonomous
schedulingramevork thatcanrespondmmediately
and intelligently to change. When analysing a
schedulingsolution,bothhumanandsoftwareagents,
askthe samewo questions:

Wherearethe processindottlenecks?
Wherearetheschedulingopportunities?

A mixed initiative schedulingtool supportsuserex-
perimentationwith graphical displays and statisti-
cal summaries.An autonomouschedulercankeep
internal representationsf analysisresultsand pro-
vide revision toolsthatareactivatedby internalstate
changedo the control architecture.An autonomous

chasemwho spenttheir day sweettalking departmen-
tal foremanandclimbing over work inventoriedook-
ing for job numbers. The adwent of mechanically
readablébarcodesmeanghatwork cannow be con-
tinuouslymonitoredthrougha productionprocess.
Mobile telephoy has had a major impact on lo-
gistic scheduling,allowing huge savings by allow-
ing eld workers to communicatewith headquar
tersin real-time. The British Telecommobile work-
force schedulingproblem[7] addressetby a.p.sole
is highly dependentipon mobile telephon. It is a
problemcharacterisedy:

A varyingworkloadwith onehourresponséimes.

A diversemixture of operationalprocedureghat

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

straints.

The processingimesof schedulingactvities can

rangefrom afew minutesto severaldaysandare

subjectto uncertainty

Resourcescarcitiesn rareskills.
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Schedulingactvities can be complicatedby de-
pendeng relationshipdetweeractiities.

Theervironmentin whichmobileworkersoperate
is subjectto uncertaintyandchange.Calculating
travel timesis problematicand subjectto trafc
conditions.

British Telecom has a workforce of 20,000 tech-
nicians nation-widewith several hundredthousand
tasksto be schedulec&indexecutedevery day

In aresourceconstrainecervironment,with a small
time budgetto resohe con icts andimprove solution
quality, the systemis forcedto seekout sparecapac-
ity by searchinga spaceof reallocatiormovesto nd
alternatve resourcesand/orstarttimesfor actiities
in con ict. Themostpromisingkinds of algorithms
for thiskind of constraintbasedsearcharethoselike
Ginsbeg's andMcAllester's partial-ordetbacktrack-
ing [8] that combineaspectof both systematicand
non-systematisearch. However, in practical ervi-
ronmentgartial-ordetbacktrackingheedso be sup-
portedby textureanalysighatindicategsheaggrgate
demandfor alternatve resourcesy providing mea-
suresof contentionandreliance[9].
Giventheindustrialneedfor reactve schedulingsys-
tems, why is the schedulingcommunity obsessed
with static optimisation problems?
schedulingoroblemsrequirea “solution' to be more
than the mere implementationof an algorithm for
solving a particular constraintsatisfction, or con-
strainedoptimisationproblem. Constructingsched-
ules, in practicalenvironmentsis an extended,iter-
ated processthat typically involves resolving con-
icts betweercompetingschedulaisersandschedul-
ing tools. In mostapplieddomains,scheduleseed
to be maintainedover time throughreactve revision
thatre ne aninitial, or current,solution, by adapt-
ing it to changingenvironmentalconditionsanduser
preferences.
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Manufacturing

Advanced Scheduling and Optimisation:

ARTICLE —
Cutting the Costs of

Abstract

The aim of this article is to describeseveral in-
telligent schedulingechniqueghat have beenap-
plied to problemsin manufcturingandassembly
The techniqueshave beenevaluatedin domains
including aircraft wing manuficturing, ber optic
cable manufcturing, submarineconstructionand
cD manufcturing. The article will describetwo
particularschedulingechniquesschedulepacking
and squeal wheel optimization. The techniques
have resultedin a numberof majorimprovements
including a reductionin make-spanof up to 50%,
an improvementin throughputof 40%, a reduc-
tion in costsof 20% andthe ability to tackleprob-
lemsup to 20 timeslarger The article provides
anoverview of thesetechniquesanddescribegwo
casestudiesfrom Boeingand Electric Boat. The
article concludeswith a descriptionof the impact
thesetechniqueshave had in eachof theseorga-
nizationsand providespointersto potentialfuture
improvements.

Intr oduction

Schedulings the problemof assigninga setof tasks
to a setof resourcesubjectto a setof constraints.
Examplef schedulingonstraintsncludedeadlines
(e.g.,job i mustbecompletedby timet), resourceca-

pacities(e.g.,thereareonly four drills), precedence

constraintson the order of tasks(e.g.,a piecemust
besandedeforeit is painted)andprioritiesontasks
(e.g., nish job j assoonaspossiblewhile meeting

Author: B. Drabble

niguesthat were developedandappliedto problems
in aircraftmanufcturingandsubmarineassemblyln
eachcasethe resultsobtainedare currently the best
in the world. Thesetechniquesare now beingaug-
mentedwith additionalfunctionality to tackle prob-
lemsinvolving shiprepair/averhaulandmissionplan-
ning for the usar. The techniquescan be divided
into two mainareas:

The use of non-systematidechniquessuch as
“squealy wheel” optimization [4] (swo) and
schedulgacking(alsoknown asdoublebaclopti-
mization)[2] to solve problemsthatarisein man-
ufacturingscheduling.

The use of combined systematic and non-
systematictechniques,such as limited discrep-
ang search(LDS) [3] with schedulgpacking,and
squeal wheelwith operationgesearchmethods.

Scheduling Technologies

This sectionprovidesan overviev of the scheduling
technologieghathave beendeplg/edin a numberof
realapplications.

Limited Discrepanc y Search (Lbs) and
Heuristics

In schedulingproblemsof ary sizeit is unlikely that
alwaysusinga merelygoodheuristicwill getyoure-
ally closeto an optimal schedule. A merely good

theotherdeadlines)In additionthetaskassignments heuristic will be incorrect someof the time. As

mustalsomeetanumberof optimizationcriteria,e.g.
minimize makespan,minimize set up times, maxi-
mize work in progress.Examplesof schedulingdo-
mainsinclude classicaljob-shopschedulingmanu-
facturingschedulingandtransportatiorscheduling.
This article describeswo genericschedulingtech-

thecomplity of schedulingporoblemsncreasesthe
numberof decisionsguidedby the heuristicalsoin-
creasesThemoredecisionanade themorelikely it
is thatsomeof themaregoingto be incorrect. How
does.Ds helpaddresshisproblem?LDsis asystem-
atic methodfor disregardingthe recommendatiof
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a heuristica limited numberof times(thusthe name
LDS) whengeneratinga schedule With LDs, sched-
ulesaregeneratedepeatedlyeachof themfollowing
the heuristicfor all decisionsexceptone. The deci-
sion at which the heuristicis ignoredis differentin
eachschedule.If the heuristicleadsto only onein-
correctdecision,thenusing LDs1 (the fastestform
of LDS) will leadto a perfectschedule.Evenif the
heuristicleadsto more than one incorrectdecision
(whichis usuallythecasexhenLbsl will likely lead
to a bettersolutionthenalwaysfollowing the heuris-
tic.

Schedule Packing

SchedulePacking, also knowvn as doublebackopti-
mization involves “sloshing” a candidateschedule,
repeatedlyright andleft within aschedulingvindow.
This hasa remarkabladmpacton the length of most
schedules.The Doublebackprocesss analogougo
lling abox with blocksandthenshakingthe box.
Shakingtheboxwill almostalwaysresultin adenser
packingof blocks. Likewise, in schedulespouble-
back almostalways resultsin a denserpacking of
tasksin a schedule. The densermpackingallows for
taskswith few precedingactiities to nd appropri-
ateholesin the schedulén which to be placed.The
schedulepackingalgorithmis appropriatefor prob-
lemswith large numbersof precedence®.g. assem-
bly tasks manufcturing,overhaul,etc.

Squeaky Wheel Optimization

The insight behind swo is that in ary real world
problemit isimpossibleto captureall associatedon-
straints g.g.contect information.swo usesapriority
queuego determingheorderin whichtasksshouldbe
releasedo agreedyschedulingalgorithm. Theprior-
ity queueis determinedy how dif cult thetaskis to
dealwith thatis, i.e. higherthetaskis in the queue
the harderit is to nd a good resourceassignment.
On eachiterationof the algorithm,swo quickly cre-
atesa scheduleandthenexaminesit to identify the
partsthatwere handledbadly for example,the task
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was completedtoo late or assignedo an unsuitable
agent. Any taskthat “squeaks”is promotedup the
priority queuewith thedistancet is promoteddeter
minedby the extent of the problem. The new prior-
ity queueis thenusedto generateanotherschedule
thatis analyzedfor problems. This processcontin-
uesuntil no signi cant improvementin the schedule
is notedover severaliterationsor aprede nedlimit is
reached.e. cycle countor elapsedime. swo is ex-
tremelyfastwith eachcycle of generateanalyze and
re-prioritizetakinglessthana secondgvenfor large
problems,e.g. 2500 tasksand 200 resourcesver a
ve dayperiod.

Application Domains

This section describestwo example domainsthat
have beentackled using either schedulepackingor
squeal wheeloptimization. In eachexamplea de-
scription of the domainwill provided togetherwith
adescriptionof theimpactthe technologyhasmade.
In additionto the domainsdescribecherethe tech-
nigueshave also beenappliedto submarineassem-
bly, aircraft mission scheduling[5] and cb man-
ufacturing. Full details can be found via pointer
www.otsys.com/s chedul ing .h tml

Aircraft Assemb ly

The original aircraft assemblyproblemstackled by
schedulgackingwereprovidedvia aresearclgroup
at McDonnell Douglas. Thesewerereal scheduling
problemsandwere madeavailablevia the netto en-
courageacademigesearcherto demonstrat¢he ap-
plicability of theirtechniquesTheseparticularprob-
lemsarerelevantto large scaleassemblyandarein-
stancesf problemsknown as resourceconstrained
projectschedulingRcps). CIRL developeda sched-
ulerthatproduceshebestknown resultsonthisprob-
lem. cIRL hasalso converted several other bench-
mark problemsto the sameformat and solved them
successfully The basic aircraft assemblyproblem
hasthefollowing features:

http://www .planet-noe .org
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Figure 1: Exampleof aircraftassembly

Zone resour ces : A zoneis anareaof theaircraft
in which work canbe done.Zoneresourcespec-
ify the maximumnumberof peoplethatcanwork
in thatzoneatthesametime.

Labor resour ces : Thesespecify hov mary la-
borersareavailablewith a particularskill set.

Shifts : The availability of labor resourcesraries
over time, with more being available during the
day

Tasks : Taskshave a speci ed durationand set of
zoneandlabor resourcegshat are neededo per
form thetask.

Precedences : Thesespecifywhichtasksmustbe
completedbeforeothertaskscanbegin.

The programuseslimited discrepang search(LDS)
andschedulgacking(alsoknovn asdoublebaclop-
timization) to generatesolutions. LDS and sched-
ule packingcanbe usedin isolationor in combina-
tion with eachotherwith the bestresultsproduced
usingLDs with schedulepackingor schedulepack-
ing onits own. Whenusedin combination,multiple
seedschedulegeneratedvith LDs arefed to sched-
ule packing.

In gure 1 thetop partindicatesresourceusageover
time. Thereis onehorizontalbarfor eachof the 17

resourcdypes.Thedarker areagndicatesaresource
is fully utilized,andthelighterindicatest is unused.
Theboxesin the bottompartof the gures represent
the tasks. The width of a box representshe dura-
tion of a task,andthe heightis anindicatorof how
mary resourcesa taskrequires. The PERT 1 sched-
ule for this problemendsafter 37 days,2 hoursand
58 minutes,andis alooselower boundon the mini-
mum lengthary potentialsolution. The currentbest
scheduleproducedby McDonnell Douglas(now the
Boeing Compap) is just over 42 daysandthe best
schedulepack scheduleis just over 39 days. Each
day of productionremored from the schedulesares
the compary approximately$600,000and thus the
schedulds ableto save approximately$3.2 million
per sub-assemblyOn Time Systems® hasextended
this scheduleto handlemoregeneralaircraft manu-
facturingproblems. Thesenew constraintsandfea-
turesinclude:

multiple sub-assembliesould be introducedinto
theline at x edrates,e.g. “every vedays”or at
arbitrary points,e.g. “40 wings over the next 10
days”.

Oncea wing assemblywas assignedo a bay it
mustreturnto thesamebayfor furtherprocessing
steps.

1The PERT schedulds generatedby startingtasksasearlyaspossibleandignoringall resourcecon icts
20n Time Systemss a technologystartupcompay thatwas developedto commercializethe optimizationtechnologybeingde-

velopedat ciRL andfrom othergroupsaroundtheworld.



20

The assemblylines have a numberof robotsthat
mustbetakendown for routinemaintenance.

Submarine Assemb ly

Existing schedulingsystemsin useat shipyardsto-
day suchas ARTEMIS, SAP, Or PRIMIVERA, rely
on “makespanminimization” techniquego develop
schedules. Speci cally, they try to scheduletasks
as early as possible,subjectto constraintsand re-
sourceavailability pro les. Manualintervention is
typically requiredto dealwith overloadedresources
and otherdif culties, andthe processof scheduling
the constructionof a single ship can take months.
Thisapproacheliesonthecornventionalwisdomthat
it can never be wrong to get work doneearly and
the assumptiorthat a short schedulés likely to be
ef cient, sinceotherwisetheinefciently utilized re-
sourcesouldbeloadedupto getmoredoneearlier
OTs) researchasshavn thatthis corventionalwis-
domis, in fact, misleading. In massproductionen-
vironments,makespanminimization often is a use-
ful approachsinceotherjobs can help smoothout
theresourcdoadingartifactsthe processnduces.In
shipyards,whereit is notuncommorto have one,or
at mosta few, projectsin processat ary onetime,
makesparturnsoutto beapoorstand-infor theship-
yards'morecomplex goals.

0TS hasdevelopeda radically nenv approacho 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
resultingschedulesypically exhibit a 10-20%reduc-
tion in constructiorlabor costswhencomparedvith
thosein usein the yardstoday Corversely in sit-
uationswherethroughputis limited by the available
manpaever pool, ARGOS malkesit possibleto progress
10to 20% morework throughtheyard. All of these
savingsareachievedwithoutchanginghefundamen-
tal productionproces®r shipyardfacility in ary way.
Table 1 shavs the expectedsavings (over the cur

3Thisis the schedulgheyardis currentlybuilding to.
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rent schedule)for a single hull and Table 2 shavs
theexpectedsavingsfor theentireyard over the next
5 years. Our estimatesarethat, if ARGOS wereap-
plied to all nev Navy construction,annualsavings
couldbe expectedo bebetweers200Mand$500M.
Numberdor re- t andrepairaremoredif cult to ob-
tain, but the percentagesavings (10-20%)appearto
becomparable.

iteration | Time | Savings

1 2min | 8.4% $13.0M
7 10min | 11.4% | $17.7M
20 34min | 11.8% | $18.2M
Ultimate | 24hrs | 15.5% | $24.0M

Table 1: ExpectedSavingsfor a SingleHull

iteration | Time Savings

1 24 min | 7.8% $49M
7 lhour | 10.2% | $65M
20 4hours| 10.7% | $68M
Ultimate | 4days | 11.5% | $73.0M

Table 2: ExpectedSavings Over the Entire Yard

Figure 2 providesa comparisorof the resourceuti-
lization andmanpaver curvesfor the currentsched-
ule 3(top graph)and the one developedby ARGOS
(bottomgraph). Theblackline representtheamount
of manpover requiredon a particularday The red
andblue lines representhe actualmanpaver avail-
ablein the shipyard scheduleand ARGOS schedule
respectrely. Deviation from the black line results
in additional costsdue to overtime, undertime or
increasing/reduci the total work-force. The AR-
GOs schedulehasa much smootherpro le requir
ing fewer changesn manpaver levels and provides
the ability to recorer much more easily from unex-
pectedchangedn projectdeadlines. Figure 3 pro-
videsa comparisorbetweerthemanpaver neededn
the currentschedulgredline) andthe manpever re-
quiredby the ARGOS scheduldor asinglehull. This
shavs a smoothresourceramp “up and down” for
the ARGOS scheduleandfar lessperturbationin the
resourcdevelsin theyard.

http://www .planet-noe .org
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Figure 2: Manpaver andResourcdJtilization
Comparison

Figure 3: SingleHull ResourcdJtilization
Comparison

Summary

Searchbasedschedulingtechnologieshave matured
to the point that they are now capableof solving
largerealworld problemsandprovide userswith high
quality solutions.Table3 providesa summaryof the
improvementn problemsizeandcompleity thatcan
be handledby currenttechniques.In additionto be-
ing ableto solve comple real world problemsit is
alsointerestingto note that the technologytransfer

easilyaccessibl¢o industrialusers.
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Tasks | Resources Type Feasible
1993 64 6 JobShop | No
1996 | 570 17 RCPS Barely

1999 | 1000s Dozens RCPS Yes
2001 | 10,000s| Hundreds | RCPS Yes
2002 | millions | Hundreds | RCPS Yes

Table 3: Improvementin ProblemSizeand
Compleity
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2nd International

PLANET Summer School

REPORT —‘

Author: L. Compagna, G. Cortellessa, A. Farinelli, and N. Policella

After the greatsuccesof the rst edition (Cyprus,
September2000), the 2nd International Summer
Schoolon Al Planningwasheldin Halkidiki, Greece
on Septembel6-22,2002.

This event was one of a numberof actiities orga-
nizedby PLANET (the EuropearNetwork of Excel-
lencein Al planning),whosemainaimis to promote

knowledgeexchangeamongstudentsandresearchers

who arenew to the eld with a view to fosterinter
action and internationalcollaborations. More than
fty PhDstudent@&ndresearchesomacademiand

the issuesinvolved in the plan-basedontrol of au-
tonomousrobots. Michael presentedhe computa-
tional principlesandbasicsoftwarearchitectureshat
enablerobotsto performcomplex anddiversetaskin

dynamicervironments. The needfor an integrated
approaclamongplanrepresentatiorrgasoningexe-

cutionandlearningwasstronglyunderlined.

Planning histor y and Overview

Susanndiundo

industry attendedhe School,which offeredcourses Theselecturesoffereda comprehense introduction
held by top-level, internationally-reown speakrs. to the eld of Al Planning. They reviewed existing
The courseswere divided into eight distinct parts, planning methods(classical,heuristic search,hier

which coveredmostof the current‘hot” topicsin Al
planning:

Planning under Uncer tainty with Markov
Decision Processes

Craig Boutilier

Markov Decision ProcessegMDPSs) are a widely

usedcomputationamethodfor solvingsequentiatie-

cision problemsinvolving uncertainty This course
provided a brief introductionto MDPs, andfocused
onthemethodf representatioandsolutionthatare

strictly relatedto Al planning. A greateremphasis
wasputon approachethatreducethe computational
effort for solvingMDPsthroughtheadoptionof tech-

niquesdevelopedin the Al community

Plan-based Contr ol of Autonomous Robots

MichaelBeetz

archicaland hybrid, andlogic-based)describingin

detail their domainrepresentationand introducing
presenandfuture applicationareas.n addition,Su-
sannealsopresentedevelopmenttowardsa system-
aticcombinatiorandintegrationof differentplanning
methodsaswell asthe integrationand useof tech-
niquesfrom related elds of research. The course
wasconcludedoy a usefulhistoricaloverview of the
Al Planningeld.

Scheduling and Planning

Brian Drabble

Brian presentedn overvien of recentdevelopments
in intelligent schedulingand optimization and the

waysin which thesesystemsandalgorithmscanbe

integratedwith plannergo developacomprehense

approachto the planning and schedulingproblem.
Traditionally schedulingand planningwere viewed

Giventhe increasingnterestin autonomousobotic asseparateesearctareasHowever, thisis asimplis-
applications and in improving the performances tic view, asmary decisionsn planninghave a direct
of currentsystems(MARTHA, XAVIER, RHINO, impacton schedulingandviceversa. The overvien
MINERVA, REMOTE AGENT), this courseaimed provideddetailsof severalschedulingechniquesnd
to provide the attendeesvith a broad overviev of describednary of their properties.

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

PhilippeLaborie

Philippes lecturesheganwith theintroductionof the
conceptof resource- ary substancer (setof) ob-
ject(s)whosecostor available quantityinducesome
constrainbntheoperationghatuseit —andby shav-
ing applicationdomainsfor planningwith resources.
The coursethenproceededvith areview of the state
of the art of planningwith resourcesand presented
basictoolsandplanningtechniquesFinally, Philippe
alsodescribedn detailoneof themostpromisingap-
proachfor dealingwith resourcesn planning,which
relies on the applicationof constraint-basedech-
niquesin partial-orderor hierarchicaltask network
(HTN) planning.

Planner s Performance Evaluation

Maria Fox

The goal of this coursewas to analyzeand dis-

cussmethoddor the evaluationof planningsystems.
Plannerscan be evaluatedin a numberof differ-
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entways: by analysisof their formal properties by
empiricalcomparisorwith othersimilar systemsjn
termsof the time/quality trade-ofs they make, and
soon. This courseoutlinedthe stagesf a scienti ¢
approachto evaluationof a dataset. Moreover the
courseintroducedsomestatisticalteststhat can be
usedto determinethe signi cance of a featureof a
dataset.

Planning and Execution

Martha Pollack

Theselecturesdealtwith the interestingproblemof
planning and execution applied mainly to Simple
TemporalProblemsThespealr highlightedthefact
that classicalplanningmakes strongsimplifying as-
sumptionson the world model. In particulay in real
ervironmentsthe beliefs and goals at the base of
theoriginal planningproblemaresubjectto changes,
andhencethe solutionplan might looseconsisteng
Marthaprovidedanhelpfulintroductionto thistopic,
dwelling on the following techniques:(a) interlear-
ing planningandexecution;(b) monitoringplan ex-
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ecutionand inferring execution status;(c) recover

ing from failure by replanning;(d) maintainingthe
temporalconsisteng of plansduringexecution(plan
dispatch);(e) managingcommitmentsand updating
plansin responséo changesn theervironment.

Planning and the Web

Craig Knoblodk

This courseprovided an interestingoverviev of the
techniquesdnvolved in the contet of gatheringand
integrating informationfrom the weh Thesetopics
includequeryplanningfor informationgatheringjn-

teractve planningusing constraintpropagationand
efcient execution of information gatheringplans.
Craig pointed out how information gatheringfrom

the web canbe tackledasa planningproblem,asit

canbe viewed as a processaimedat formulatinga
schemeor programfor the accomplishmenof some
goal.

Poster Session

The Schoolalso included a postersession,during
whichattendeesvereableto presentherecentdevel-
opmentsof theirwork. This allowed furtherinterac-
tion betweenstudentsyesearcherdecturersand or-

ganizersandenabledthe authors(morethan fteen)

to receve usefulfeedbackandsuggestions.

Social Activities

Thelocal organizergputtogethemavariedprogramme
of socialandculturalactvities. Theseactvities com-
prisedan exciting excursionto the caves of Petralo-
nia, a visit to the historicalcity of Thessalonikiand
a shorttrip to Nea Skioni, a traditional shing vil-
lage. This allowed the participantsto getin touch
with theancienthistory local cuisine,origins, music
anddancef thisfascinatingcountry

Conclusions

The Schoolwas a greatsuccessproviding not only
an invaluable and up-to-datereview of the recent
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developmentsand techniquesin Al Planning and
Scheduling, but also a friendly and informal en-
vironmentin which interactionwas facilitated and
researchcollaborationsfostered. Marny challeng-
ing questionswere raisedduring the lectures,stim-
ulating discussionand promoting knowvledge ex-
changeamongstall of the participants. Course
materials, long abstract of the postersand lots
of funny photos can be found at the web page
of the school http://cswww.es sex.a c. uk/

PLANET/summer- school- 02/ .
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Environments

ARTICLE —

Generation and Execution of Partially Correct Plans in Dynamic

Authors: A. Farinelli,

Intr oduction

In this work we presentthe recentdevelopmentsof
the approachto the designof Cognitive Robots(i.e.
robotswhoseactionsaredriven by aformally devel-
opedtheoryof action),thatarecapableof performing
tasksin a coordinatedvay. Thelogic of actionsthat
we adoptis an epistemicdynamiclogic, whereit is
possibleto derive agyclic branchingplans(branches
correspondingo sensingactions),including primi-
tive parallelactions.

In the presentwork, we consideran extendednotion
of planby admittingasimpleclassof cyclesthatarise
from the attemptto recover from the failure states
originatedby sensingactions. The proposedexten-
sion allows us to addresghe problemof generating
plansthathandlea form of synchronizatiorbasedn
therecognitionof speci c situationghroughsensing
actions,including forms of coordinationrequiredin
amulti-robotscenario.

System Architecture

In this sectionwe recall the layered hybrid archi-
tecture used for our cognitve mobile robots (see
also[4]) displayedin Fig. 1, that hasbeenimple-
mentedon several different kinds of robotic plat-
forms, namely Sory AIBOs, Pioneer and home-
madewheeledrobots.

The deliberatve level is formedby threemain com-
ponentsThePlan ExecutionModulethatis executed
on-lineduringtheaccomplishmentf therobot's task
andis responsibldor executinga planby coordinat-
ing the primitive actionsof a singlerobot. The Co-
ordination Module that is responsiblegfor assigning
taskgto therobotsin theteamaccordingo thecurrent
situation. The Plan Genention Module thatis exe-
cutedoff-line beforethebeginningof therobot's mis-

G. Grisetti, L. locchi, D. Nardi, and R. Rosati

sion, andgenerates setof plansto dealwith some
speci c situations.

Off-line
Deliberative Level

Plan
Generation

High-level
Conditions Plan

Coordination
Module

On-line
Deliberative Level

Operative Level

Primitive
Actions

—_—
Sensors

Perception

Actuators

Figure 1: Layeredarchitecturdor ourrobots

Plan Representation and Generation

In orderto addresghe problemof synchronizedif-
ferentroboticplatformsusingsensingactionwe used
a particularnotion of plan that we called Partially
Stiong Plan. This notion of planis equialentto the
de nition of strong cyclic plansgivenin [3]. A Par-
tially Stiong Planis a planthatif terminateleadsto
agoalstate.Namely a partially strongplanis a plan
thatis not guaranteedo terminate:terminationactu-
ally depend=n the outcomeof the sensingactions
in the plan. However, if sucha planterminatesthen
it alwaysleadsto the goal. The generatiorof plans
is basedon the use of a modal non monotonicde-
scriptionlogic [2]. As illustratedin [5],
thesetof modelsof an knowledgebase
formalizinga dynamicsystemcanberepresentethy
meansof a uniquetransitiongraph,called r st-order
extension(FOE) of , whichrepresentall the possi-
ble evolutions of the dynamicsystem. For instance,
Fig. 2 displayssomeexamplesof portionsof FOEs.
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The plan generatiormoduleselectsa portion of the
FOE of the KB containingonly thoseactionsthatare
necessaryo achive a goalstartingfrom a givenini-
tial situation.In fact,conditionalplanscanin princi-
ple be generatedn two steps(seein [5] for details).
First, the FOE of the knowledgebaseis generated;
this FOE canbe seenasanactiongraphrepresenting
all possibleplansstartingfrom theinitial state.Then,
sucha graphis visited, building a term (the cyclic
conditionalplan) representinga graphin which: (i)
sensingactionsgeneratebranchesyii) eachbranch
leadseitherto a statesatisfyingthe goalor to a previ-
ousstateof theplan. However, thecurrentimplemen-
tationdoesnot build the entireFOE beforesearching
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 the numberof actionsto be executed).

Implementation

We provided animplementatiorof our approactus-
ing a simulator The situationwe experimentedas
an examplefor explaining our plan generationand
execution mechanismis the dynamic exchangeof
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the role of goal keeperin the Sory LeggedLeague
and the applicationof the two-defenderrule. The
situationpresenteds a typical situationin the Sory
Legged Leaguematchesin which the goal keeper
(robotnumberl) is moving away from its own goal
andis approachindgheball to pushit away, while an-
otherrobot(robotnumber?2) is far away from theball
andit cannothelp the goal keeperimmediately In
this situation,it is more corvenientfor theteamthat
robot 1 takestherole of attacler pushingthe ball to-
wardsthe oppositegoal, while robot 2 goesbackto
defendts own goalactingasa goalkeeper However,
in performingthis role exchangethetwo robotsmust
comply with the two defendergule, andthusrobot
2 canenterthe goal areaonly afterrobot 1 hasleft
it. The problemof complyingwith thetwo-defender
ruleis solvedby generating planin whichonerobot,
beforeenteringhegoalareamustcheckthatit is free
(i.e.theotherrobothasleft thearea).Thisis achieved
by addingin the knowledge baseof the robot the
speci cationof a sensingaction SensefeeAea that
is usedfor verifying if the goal areais not occupied
by ary robotof theteam.Eventhoughthe simulation
cannotprovide a precisecharacterizatiorof all the
aspectshatin uence the performancef therobotin
thereal ervironment,it canprovide usefulfeedback

©)

b)
Figure 2: Planstructurefor cyclic sensingactions

http://www .planet-noe .org
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to the designof the coordinationand plan execution
moduledor actualrobots.Throughthis simulatorwe
have veri ed theintendedbehaiour of therobotsin
eachof therolesin differentscenarios.

Conclusions

As comparedwith previous work in Cognitive
Roboticsthisis anovel attemptto generatglansthat
includecyclesin a partially knovn ervironment. As
comparedwith the work on classicalplanningthere
is a closerelationshipwith the work in [1], where
only conditional plans (tree-structuredlare gener
ated. We arecurrentlyaddressinghe applicationof
modelcheckingtechniquesasdonein [1], alsoin our
setting. Moreover, we are extendingour analysisto
generat@lanswith cyclesthataremoregenerathan
theonespresentedh this paper
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Dynamic Ontology Re nement
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ARTICLE —‘

Authors: F. McNeill, A. Bundy, and M. Schorlemmer

Intr oduction

Creatinga planthatis guaranteedb be executablan
a certaindomaindependshot only on forming plans

correctlybut alsoon having a perfectunderstanding

of that domain. Unfortunately developing this un-
derstandingandrepresentingt fully is possibleonly
in small, staticdomains. In more comple erviron-
ments plansmaybebasednincompleteor incorrect
informationandhencemaybeunexecutablelnterac-
tion with the ervironmentthroughattemptedsxecu-
tion of the plan leadsto an enrichedand fuller un-

derstandingf the ervironmentbut alsoleadsto plan
failure. Thisfailurecouldbedueto partof thetheory
itself, sucha missingaxiomin a rule, or dueto the
underlyingontology suchasa predicatewith anin-

correctarity. Wethereforeproposeo deviseasystem
thatcandynamicallyincorporatehis new knowledge
into thetheoryastheplanis beingexecuted.

Our systemwill be basedarounda central plan-
implementatioragent,who will controlall the other
componentf the system. This agentwill rstly
sendthetheory togethewith thegoal,to theplanney
whichwill thenreturnaplanannotatedvith ajusti -
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cationfor eachplan step. The plan-implementation arity predicatewhereagshe embassygentmayhave

agentwill then usethe plan justi cation, together
with further questioningof theseagentsto discover
why thisfailureoccurredandwhich partof thetheory
is atfault. This problempointis thenpassedo there-
nement systemwhichwill thencorrecttheproblem
andreplaceit with the correctionin the original the-
ory. This re nementprocesswill notonly allow us
to achieve a goal that would otherwisebe unreach-
able,but will alsoleave uswith adomaintheorythat
is richerandmoreaccurate.

Forming and Executing the Plan

We needto nd aplanfor achiering the goalandto
annotatethis with a justi cation for eachstep. The
reasonthis justi cation is requiredis that failure in
the plan execution can be immediatelylinked to a
problemin a particular part of the theory; namely
thatpartof thetheorythatwasuseduo justify thisplan
step.We proposdo usea stateof theart plannersuch
asFF sothatour systemis capableof producinglong
andcomple plansif necessaryHowever, usingsuch
aplannemwill not provide uswith informationabout
theinferencerulesandjusti cations behindeachplan
step. Thereforewe intendto build a plan deconstuc-
tor thatwill take the planproducedy FF and,using
the theory pseudo-gecuteit, at eachstageannotat-
ing the theorywith the inferencerule thatwasused
andthe precondition®f thatrule, togethemwith their
justi cations.
Oncetheplan-implementatiomgenthasrecevedthe
annotatedlan, 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 locatean embassyagentwho is capableof ful Il-
ing this requirement.lt is throughtheseinteractions
thatary faultin thetheorywill cometo light. These
agentswill havetheirown internaltheoriesabouthow
to performtheseactions andthesemaynotmatchthe
plan-implementatiomagents theory

For example, the plan-implementatioragent may
have a visarepresenteéh his theoryasa simple,0-

it representechs a 1-arity predicatevisa(country)
whichtakesa countryasanamgument.Or perhapghe
embassygenthasa morecomplicatedrule for buy-

ing visas,which involves an extra preconditionthat
the plan-implementatioragents rule doesnt have,

for example,thatanof cial invitationis required.In

suchcasesthe actionswill not be executedandthe
plan will fail. The plan-implementatioragentcan
then questionthe embassyagentfurther, using the
justi cation of theplanstep,to nd outexactlywhich

partof thetheorycausedhefailureandwhy.

Re nement Techniques

To createrulesfor specialisinga theoryor ontology
welooked rst atrulesfor abstractionthatis, remov-
ing detail from atheory We invertedtheserulesto
form anti-abstactionswhich canthusbeusedto add
detailto atheory:

Predicateanti-abstraction - A singlepredicatas
dividedinto somenumberof predicates

Domain anti-abstraction - Constantsand func-
tion symbolsaredivided up into differentcases

Propositional anti-abstraction - The arity of a
predicatds increased

Precondition anti-abstraction - Preconditions
areaddedo rules.

There nementsystemwill thenselectthe appropri-
atetype of re nementfrom thoseavailableto it, us-
ing theinformationgleanedtarlierabouttheproblem
point. Oncethere nementhasbeenperformedit re-
placesthe original in the theory which canthenbe
presentedo the planner
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Mission Planning

ARTICLE —

MEXAR: Integrated Al Technologies to Support MARS EXPRESS

Authors: G. Cortellessa, N. Policella, A. Cesta, and A. Oddi

Intr oduction

Spacesxplorationmissionsrequirecoordinationof a

signi cant amountof actiities. Stateof the art in-

telligent planningandscheduling(P& S) technology
couldpotentiallybeof greathelpin supportingsucha

coordination.This work aim at shaving anexample
of this technologyin a supportsystemfor a speci ¢

missionschedulingoroblemrelatedto the ESA pro-

gramcalledMARS-EXPRESS [3].

MARS-EXPRESS is a space probe that will be
launchedduring 2003 and after six monthswill be
orbiting aroundMarsfor thefollowing two yearsand
more. During the operationalphasearoundMars a
teamof people the MissionPlannerswill berespon-
siblefor theonboardoperation®f MARS-EXPRESS.
They receve input from differentteamsof scientists
and cooperatewith different specialistsfor various
speci ¢ tasks(e.g., Flight Dynamics(FD) experts).
Any singleoperatiorof a payload hamedPOR(Pay-
load OperationRequest)js decidedwell in advance
througha negotiationphaseamongthe differentac-
torsinvolvedin the procesqe.g.,scientists mission
plannersFD experts).

Theresultof ourstudyis asystencalledMEXAR that
addressethe memorydumpingproblemin MARs-

heuristicanda local searchprocedurd?, containsa
completeexplanationof thesealgorithms]. The fol-
lowing sectiondescribesan importantaspecwof this
work, theinteractve functionalitiesdevelopedto sup-
porttheuserin hiswork [1, for moredetails].

The Packet Sequencing Algorithm

SchedulingoroblemssuchasM EX-MDP canbeseen
as a specialtypes of ConstraintSatishction Prob-
lems (CSP)[6]. An instanceof a CSPinvolves a
setof variables , adomain
for eachvariableand a setof constraints

S.t. ,
which de ne feasiblecombinationsof domainval-
ues. A solutionis an assignmenbf domainvalues
to all variableswhich is consistenwith all imposed
constraints.
The CSPformalizationof the MEX-MDP problemis
basedon a partition of the temporalhorizon

in a setof contiguouswvindows

, suchthat . We con-
siderasetof decisionvariables  thatrepresenthe
amountof datato be dumpedfrom paclet store
inthewindow . TheMEX-MDP containdifferent

ExPRESS. The specic problemthat is addressed kinds of constraints:(a) Giventhe characteristic®f

is de ned as MEx-MDP andis describedin detail
in [7]. MEXAR is an interactve supportsystem
that may help missionplannersin decidingpolicies
for downlinking datato Earth during the temporal

thepacletstoreghedatamustbedownlink according
to aFIFO philosophy;(b) theamountof datafor each
paclet storedoesnot exceedits capacity;(c) a nite

amountof datacanbe dumpedin eachtransmission

visibility windows. The tool usesconstraint-basedwindow ( nite transmissiomate).

techniquedor representinghe basicproblemto be
solved, namelythe segmentationof on-boardmem-
ory in datapacletsduringthevisibility towardEarth.
The paragraphbelov introducesthe two solving
algorithmswhich have beendeveloped: a greedy

All the proposedalgorithmswork over two levels of
abstraction:(1) the planninglevel, wherethe whole
setof decisionvariablesare instantiatedaking into
accountthe differentconstraints;(2) the scheduling
level, wherea sequencef memorydumpoperations
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is generatedver the communicatiorinks respecting
theconstraintsmposedover all thewindows
In orderto nd anoptimal solutionwe chooseto re-
alize a heuristicoptimizationstratgy basedon local
seach which is able to improve an initial solution
givenasaninput: Tabu seach [4, 5]. Thetatu meta-
heuristicis foundedonthenotionof amove A move
is a functionwhich transformsone solutioninto an-
other For ary solution , asubsebf movesapplied
to is computed.Theresultis the neighborhoodf
. The algorithm proceedsselecting,at eachstep,
thebestsolutionin the neighborhoodyith respecto
anobjectie function,till a x ednumberof stepsare
madewithout nding bettersolutions.

Figure 1: MEXAR layout

In MEX-MDP the move consistsn bringing forward
somedata (for example datacontainedin obsenra-
tionswith the smallestvolume of data)anddelaying
otheronesihisshouldimprove in mary casesheob-
jective function(meanturn overtime).

Mexar Interactive Functionalities

The MEXAR functionalitiesthataredesignedor the

usersare summarizedn Figure2. As expectedthe

problemsolvingactivity is centralin thesystem.This

functionalityis guaranteethy theautomatedervices
centeredon the constraint-satisition methodology
(CSP)describedbove.

In the gure 2 we shav the o w of control during

the useof the functionalities. It is possibleto iden-
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tify anactity thataimsgenericallyatde ning asin-
gle problem.At presenit simply consistf loading
a problemdescriptionfrom a le, it canbe alsobe
replacedby a morecomple incrementafunctional-
ity that could be well coupledwith the CSPmodel-
ing used.Thede nition of a problemis followed by
its solutionaccordingo thedifferentalgorithmspro-
ducedin our work. A differentfunctionality allows
to re ne the currentproblem. This activity consists
in deletingsomeof the PayloadOperationRequests
(PORs)from the associatedimelines. This canbe
usefulto experimentdifferentloadson theresources
in speci c intervalsof thesolution. Thisfunctionality
introducesa cycle amongtheseactvities that could
bringtheusertoincrementallyre ne nev MEX-MDP
problems. As shawvn we groupthesefunctionalities
in aninteractionlayoutcalledProblemAnalyzer(see
Figure2).

Oncea problemto solve is de ned we can attackit
with differentsolution methods. Figure 1 shawvs an
exampleof a solved instanceof MEX-MDP asit is
presentedo theuser

Figure2: MEXAR Interactve Environments

The availability of a portfolio of problem solving
procedurehassuggestedheideaof involving more
deeplythe userin thesolutionprocessThishasbeen
pursuedby creatingan ervironmentin which it is
possibleto save differentsolutionsand, in addition,
theusercanguidesearchonhow to improve thesolu-
tionsapplyingdifferentalgorithms.We call this pro-
cesssolutionspaceexploration. Thisaspects strictly
connectedo theavailability of evaluationmetricson
thesolutionsasdiscussedhn [2]. Theideabehindthe
solutionexploreris the onethatthe usercangenerate
an initial solution, save it, try to improve it by lo-
cal searchsave theresults try to improve it by local

http://www .planet-noe .org
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searchwith differenttuningparameterandsoon. In
thisway, it is possibleto generatgathsin thesearch
space. The usercanrestoreone of the previous so-
lutionsandtry to improve it with alocal searchwith
differentparametersetc. In this way he generates
treeof solutions.This procedurecanbe repeatedor
differentstartingpointsgeneratingin this way, a set
of trees. Using at the sametime the evaluationca-
pability on a single solutionandits own experience
he cangeneratdifferentsolutionseries,all of them
saved, and, at the end,choosethe bestcandidatgor
execution.
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Resour ces

ARTICLE —

RDPPIlan: an Extension of DPPIlan for Planning with Interval

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

RDPPLanis a modelfor planningwith quantitatve
resources. It is basedon DPPPIlan[1], a planner
which usesa nondirectionalsearchalgorithmon the
planninggraph.

Mostmodelsof planningwith resourcedijke [3], [4],

[5], [6], [7] and[8], assume&hat an exactvaluecan
model the continuousquantitiesdescribing,in the
real world, a given resource. In otherwords these

modelscannotdeal with morerealistic situationsin
which quantitiesare not known exactly The RDP-
Planmodelallows oneto managelomainsvherepre-
conditionsandeffectsover quantitatve resourcegsan
be speci ed by intenals of values;in additionmixed
logical/quantitatie andpure numericalgoalscanbe
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
. Theplanneroperatesn anunderspeci eddomain
in which the value of someresourceis not exactly
known, but it is boundto bein anintenal. Let ussup-
posethatwe do notknow exactly howv muchgasoline
isin thetankof ourcar: wejustknow for surethatthe
realamountis betweerb and10 liters. Similarly it is
possibleto have underspeci edeffectsof someoper
ators: the value which is added(subtracted) multi-
plied (divided) or assignedo the currentvalue of a
resources not exactly known, but only a lower and
anupperboundis speci ed. Let usimaginethatwe
do not know which is the exact consumptiorof the
carin the previous example: all we know is thatthe
cartravelsfrom 10to 15 kilometersperliter.
We de ne two intenvals associatedo eachresource
andeachtime level : and thatrespectily
representheRealizednterval andthe Desired Inter-
val of resource attime-step. isinitializedwith
andit is updated,at eachstep, by the effectson
theresource of the actionsalreadyinsertedin the
plan; ,insteadcontainsall theadmissiblevalues
for theresource thatallow the executionof all the
actionsselectedattime level .
In this modelthe necessarand sufcient condition
for aplanto be a solutionof a given planningprob-
lem is that for eachresource and time level
In otherterms, a solution plan must
solve every possibleproblemthatis allowed by the
constraintsspeci edin theinitial stateandin the ef-
fectsdescription.
We usethesameconcepbf simultaneousxecutabil-
ity as expressedin [2] andin [6]. We say that
the actions are simultaneouslyexe-
cutableif, for every permutatiorof , each
actionis executablein the orderde ned by the per
mutationandthe effect over resourcess alwaysthe
same.As a straightforvard consequencen assign-
menton resource is not simultaneouslyexecutable
with ary action changing and an additive opera-
tor (increase,decrease)s not simultaneouslyexe-
cutablewith ary multiplicative operator(scale—up,
scale—darn). Moreover we have de ned a provably

The PLANET Newsletter

correctmethodthatcanallow usto calculatethe De-
sired Intervalfor the simultaneityexecutionof — ac-
tions that have preconditionsand/or effects on the
sameresource .

In order to achiere the goals over resources,we
have de ned stratgiesto solve "pure numericalprob-
lems*",i.e. with goalsonly onresourcesSuchstrate-
giesare combinedwith the onesfor solving logical
goals,by evaluatingthe dif culties of resourcesand
logical goalsandselectingthe mostdif cult goalto
sohe.

Whenwe work with resourcessintenals, we have
to handlewith real intenals whosewidth in gen-
eralgrows, exceptwhenanassignmenis performed.
Moreover notethat 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
distancebetweenthe correspondindgpesiredandRe-
alized intervals and their width. In particular we
have de ned two preferencdunctions,onefor inter-
val widths, and one for distancebetweenintenals,
andthe algorithmchooseghe actionthatmaximizes
alinearcombinationof thesefunctions.
Investigationsand experimentsare plannedin order
to develop more accurateheuristicsand stratgjies
which take resourcesnto account.Moreover, in or-
der to provide a meaningfulevaluation, it will also
be requiredthe developmentof a set of signi cant
benchmarkdor planningdomainswith intenal re-
sources.Finally it is worth investigatingfurther ex-
tensiondo theresourcanodelmoreaccuratewith re-
spectto theuncertaintyin therealworld e.g.intenals
with given probability distribution over resourceval-
uesandfuzzy quantities.
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Hierarchical Planning Domains

ARTICLE

Extending Operator Induction to Provide Full Method Sets for

AbstractModelling a world for ef cient HTN plan-
ning by handis a lengthy andtime consumingpro-

cess.Our knowledgeacquisitiontool, GIPO (Graph-
ical Userinterfacefor Planningwith Objects),offers
GUI abstractiorallowing the userto concentraten

themodelratherthanalanguagesyntax.UsingGIPO
we aim to provide automaticoperatorinduction for

planningdomainswith an hierarchicalsort structure
so that complex hierarchicaloperatorscan be con-
structed.

At presentve caninduceoperatordor at domains.
Using GIPOwe interactively constructa sequencef

actionsto arrive at somegoal state. Thenwe input
a partial domain (with no operators)and using op-

maler, the inductiontool in GIPO, we obtaina set
of operatordo completethe constructedask. These
operatorsnaynotbeaccurateat this stage.

We canalsoinduceoperatorsequence$o construct
low level methods(hierarchicaloperatorsfor HTN

domains). The namemethodimplies that theseare
different recipies for achieing similar or related
tasksand as suchthey often repeatactionsor ac-

Author: N.E. Richardson

tion sequenceslssuesarising from using repetition
in the sequencesare that the sameoperatorsare in-
ducedmorethanonceand,asit is desirableto have
only oneoperatomperaction,we canuserepetitionto
generaliséghe operator The debates thento nd a
way of revising the operatoreachtime a new version
is inducedor employ alearningandrevision process.

We proposetwo systemsto compareinducedoper
ator speci cationsandgeneralisehosedescriptions.
Comparingoperatorsill give usacateyory of differ-
ences.Somedifferencesareallowablein the present
system. For example an operatorcan be induced
without a conditionalclauseandif the sameopera-
tor is usedaterin the sequencevith a conditionthen
the conditionalclauseis addedto the original oper
ator We would wantto be ableto mege operators
thathave differentnamesbut areotherwiseidentical.
Someoperatorswill be moregenerathanothersbut
we recognisethat over-generalisatiorcan meanthat
theoperatoiis notsufciently expressie.

Operatorsdescribeobjects' transitionsfrom one set
of substategrior to theactionrepresentedp another
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setof substateaftertheaction.In generalisinganop-
eratortheaimis to make it applicableto a wider set
of objectsbut this canbe overdone. A dif culty in
generalisingoperatorss to limit extentthatthe oper
ator's expressienesds compromised.
Generalisingoperatorsandrevising the operatorsn
the systemas nen onesare generatedvill allow us
to constuctthe higherlevels of the methodhierarchy
which arebuilt from othermethodsaswell asprimi-
tive operatorsWhenwe have thesesystemsn place
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it will be possibleto have full methodinductionin
GIPOfor hierarchicadomains.
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The SimPlanner

ac.uk
ARTICLE —‘

Intr oduction

Off-line planninggenerates completeplan before
ary action startsits execution[3]. This forcesto

make someassumptionshat arenot possiblein real

ernvironmentslike, for example,that actionsare un-

interruptablethattheir effectsaredeterministic that
the plannerhascompleteknowledgeof the world or

that the world only changesthroughthe execution
of actions. On the other hand, on-line planningal-

lows to startexecutionwhile the plannercontinues
workingin orderto improve theoverall planningand
executiontime. Nowadaysthereare only somefew

approachedor planningin dynamic ervironments
and/orwith incompleteinformation[2]:

Conditionalplanning this approachriesto con-
siderthe possiblecontingencieshatcanoccurin
theworld.

Parallel planning and execution this approach
separatetheplanningprocesgrom theexecution.

Interleaving planning and execution this ap-
proachallows quick and effective responsego
changesn theervironment.

SimPlanneis anintegratedtool for planningandex-
ecution,andit is basedon this latter approach.This
tool is thoughtto be usedin real ervironmentssuch

Authors: O. Sapena and E. Onaind ‘a

asthe intelligent control of robots. However, it has
initially beenimplementedasa simulatorin orderto
checkits behaior without having to integrateit in
differentseveraldomains.SimPlanneis madeup of
threecomponentsan on-line planner a monitoring
moduleandareplanner

The on-line planner

The on-line planneris responsibldor generatingjn

anincrementalway, a planto achieze the goals. As

soonastheplannercalculateghe rst action,theplan
can startits execution. From this momenton, the
planningandexecutionprocessekeeponworkingin

parallelwhile no unexpectedeventis detectedpther

wise, theexecutionmustwait for the plannerto make

thenecessarynodi cationsin theplan.

The planneris basedon a depth- rst searchwith no

provision for backup. The planning decisions(in-

ferred actions) are consequentlyirrevocable. The
planningalgorithm usesheuristicfunctionsto com-
puteanapproximatglan(AP) for eachgoalindepen-
dently Then,acon ict-checkingmechanisndetects
con icts amongactionsin theapproximatelansand
selectsthe action from the AP that minimizesthe
numberof con icts. The selectedactionis inserted
attheendof theplan,andthecurrentstateis updated
throughits execution. This algorithmis iteratively

http://www .planet-noe .org



The PLANET Newsletter

executeduntil all top-level goalsareachieved[4].

The monitoring module

Monitoringis the proces®f observingheworld and
tryingto nd discrepanciebetweerthephysicalreal-
ity andthebeliefsof the planner{1]. Basically there
existstwo typesof planexecutionmonitoring[2]: ac-
tion monitoringchecksthe validity of theactionpre-
conditionsbeforeit startsits executionandalsothat
its effectshave taken placeasexpected.Theenviron-
mentmonitoringtriesto capturanformationfrom the
externalworld thatconditionstheremainingplanning
processMonitoringis, thereforedomain-dependent.
SinceSimPlannelis being usedat the momentasa
simulator this informationis input to the systemby
theuser The useris who decideswhat information
the robotrecevesandwhich unexpectedeventsthat
occurin theworld arecommunicated.

The replanner

Whenanunexpectedeventis detectedthecalculated
planis checledin orderto assuraet is still valid [1]. If
thisis the casethe executionsimply continues Oth-
erwisethereplanningnoduleis invoked. Thereplan-
ner tries to reuseas much of the calculatedplan as
possiblewithout losing the quality of the nal plan.
It usesa heuristicfunctionto nd out which is the
bestreachablestatethroughthe actionsin the origi-
nalplan. If therearemary reusableactionstheplan-
ning processwill save alot of computatiortime. In
the worst case,a new plan will be computedfrom
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scratch. The replanneroverheadis very small so it
is worth trying to reusethe planratherthanplanning
from scratcH5].
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Answer Set Planning with DLV

ARTICLE —‘

Author: A. Polleres

Intr oduction

Underl ying Concepts

The knowledgebasedplanningsystemDLV imple-
mentsanswersetplanningon top of the DLV system
[1]. It is developedat TU Wien and supportsthe
declaratie language [3] andits extension  [4].
Thelanguage is syntacticallysimilarto theaction
language [6], but semanticallycloserto answerset
programming(by including default negation,for ex-
ample). offers the following distinguishingfea-
tures:

- Handlingofincomplete&knowledg: for a uent
neither norits opposite  needto beknownin
ary state.

- Nondeterministieffects: actionsmay have multi-
ple possibleoutcomes.

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

- Parallel actions:Morethanoneactionmaybeex-
ecutedsimultaneously

- Optimal costplanning: In  , onecanassignan
arbitrary costfunction to eachaction, wherethe
total costsof theplanareminimized.

An operationalprototypeof DLV aswell assam-
ple encodingf planningdomainsin the systemare
availableathttp://www.dlv sy st emco m/K/.

Action language In transitions are
described in a declaratie way by means of
causation rules e.g. caused at( ) after
travel( ), at( ). Furthermorethelan-
guageoffers constructgo expressexecutability and
non-ecutability of actions, rami cations, non-
determinismand allows to assigncoststo actions.
Planningproblemsin this languageare transformed
to alogic programwhich is thenevaluatedunderthe
answersetsemantics.

Answer Set Programming Answer Set pro-
gramsarelogic programsn 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-oneto the plansof the resp. planning problem
speciedin . This view of modelsrepresenting
planscanbe partly comparedo planningusing SAT-
Solers.

System architecture

Thearchitectureof DLV is outlinedin Figurel. The
input of the systemconsistsof domaindescriptions
(DLV les) and optional static backgroundknowl-
edgespeci edby alogic program.

ST R

Controller

R BTN
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|
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Figurel: DLV SystemArchitecture
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The Controller rst invokes the Plan Geneator,
which translateghe planning problemat handinto
asuitableprogramin the corelanguageof DLV (dis-
junctive logic programaunderthe answersetseman-
tics). Then,the DLV kernelis invoked to solwe the
correspondingroblem.Theresultinganswersets(if
ary exist) arefed backto the Controller which ex-
tractsthesolutionsto theoriginal problemfrom these
answersetsandtransformghembackto the original
planningdomain.

If theuserspeci edthatsecure/conformanglanning
shouldbe performedthe Controllertheninvokesthe
Plan Cheder whichveri es by anotherevaluationof
a logic programwhetherthis planis in factalsose-
cure/conformant.

Finally, thesolutionsfoundby the Generatofandop-
tionally veri ed by the Checler) aretranslatecback
into useroutputandprinted.

Details aboutthe transformationgnentionedabove
canbefoundin [2]. Performanceandexperimental
resultsarereportedn [2, 4].
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Planform: An Open Environment for Building Planners

ARﬂCLE'}

Project Overview

ThePLANFORM projectaimedto developahighlevel
researctplatform for the systematiacconstructionof
plannerdomainmodelsandautomaticallycon gured
planningalgorithms.

Ourobjectiveswere,brie y:

To assembldéoolswithin anopenervironmentfor
theacquisitionandmodellingof planningdomain
models;

To creatdanguage$or modellingof planningdo-
mainsand to specify characteristicof planners
leadingto thecon gurationof purpose-bilt plan-
ning engines;

To createatool whichsynthesiseadomainmodel
andaplanningengineinto a planningapplication;

To evaluatethe approachusingrealistic problem
domains.

During the project,the emphasishangedslightly so
thatsomeof objectivesdevelopedn adifferentdirec-

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

tion. Ratherthanabstractlyde ning planningalgo-
rithms, we decidedto createa library of algorithms
and use domain analysistechnologyto designand
con gure a planningapplication. We perceved the
knowledg acquisitionbottlenek to be a signi cant

problemfor Al Planningand concentrateanorere-

sourcethanplannedon this area.

We have madesubstantiaprogressowardsour ob-
jectives.We have developedanervironmentenabling
the acquisititionand modelling of planningapplica-
tionsandthecon gurationof planningenginessuited
to thoseapplications. Althoughtime limitations pre-
ventedusfrom completingall aspect®f the nal in-

tegrationandevaluationwe achiezed our mainobjec-
tivesandlaid a strongfoundationfor developmeniof

the project.

The projectconsistedof a modelengineeringohase
and a planner engineeringphase Hudders eld
and Salford collaboratedclosely on modelling and
knowledge acquisition issues, whilst Hudders eld
andDurhamcollaboratednthedevelopmenbf parts
of the domainmodellingtools. Durhamworked on

the plannerengineeringphaseof the project.
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Research at the Univer sity of Hudders eld

The Hudders eldcontritution emphasisedbols cre-
ationandintegrationaspect®f the project. Toolsfor
acquisition, validation and domain modelling were
developed,in collaborationwith colleaguesat both
Salfordand Durham. As partof this effort the Hud-
ders eldteamresearchednddevelopeda GUI-based
ervironmentcalledGipo?. In addition,astheinitia-
tors of PLANFORM, Hudders eld performeda cen-
tral administratie function, producingthe main ex-
ternalwebsiteand also an internalwebsitewith ad-
ditional resourcesuchas ProjectMeeting minutes.
NB: in thetext below the PLANFORM website'refers
to http://scom.hud.ac.uk/iahform.

The rst phaseof the Hudders eld contritution was
concerneavith applicationsencodingand languaye
developmentDuring this phasethreeapplicationdo-
mainswereusedto exploretheadequag of themod-
elling languages and [20, 19].

is a hierarchicalversionof enablingthe mod-
elling of planningdomainsas hierarchicaltask de-
compositionsSalfordandHudders eldcollaborated
on this effort with Salfordworking on the modelling
of someexisting domainsusingthe two languages.
Hudders eldtackledtheproblemof encodingheair-
craft landing schedulingproblemsuppliedby Mark
Watsonof theNationalAir Traf c ServicesThecon-
straints(e.g. separatiortimesfor eachtype of air-
craft) wereencodedn [18] and

was found adequatdor all threedomains,although
theencodingdid demonstratsomerequiredchanges,
andoverall the pressingneedfor tool support.

The standardanguage$or communicatingplanning
domaindescriptionsarethe PDDL variants[1]. In or-
derto be ableto experimentwith our domainmod-
els using exisiting planning technologywe there-
fore createdtools to mapbetween andPDDL.
Theseoolscontinuedo bedevelopedthroughouthe
projectallowing plannersandothertoolsthatreceve
inputin PDDL form, to beintegratedinto ourerviron-

http://helios.hud.ac.uk/planform/gipo
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ment. Therearesomeinterestingechnicalaspect®f
themappingdiscussedn [27].
Languagemanualgor and weremain-
tainedduring the project[12] andan online help fa-
cility wasconstructeqseethe PLANFORM website).
Drawing on previous developmentwork (e.g. [19]),
we assembledools that automatethe syntacticand
semanticanalysisof domainmodels. Analy-
sesinclude ensuringthat invariant propertiesof the
modelaremaintainedandthatsyntacticrulesareob-
sened.

The secondpbhaseof the projectwasconcernedvith
developmenbf the GUI andtools ernvironment The
focuswason building andintegratingknowledgeac-
quisitionandmodellingtoolsfor Al planninginto an
openervironment. The GUI and someof the tools
describedabore werebuilt in Java. Otherswereim-
plementedn Prologandit wasnecessaryo integrate
thesevia SicstusPrologs JASPERInterface.

The JavaCup parsergeneratomethodwas usedto
representhe syntaxrules of andto generate
a parseffor thelanguage.This formedtheinputtool
in GIPO (Graphicallnterfacefor Planningwith Ob-
jects). The knowledg acquisition part of the tool
was structuredusing the methodoutlinedin earlier
work [20]. The methodddirectthe userto de ne ob-
jects, object sorts, relationsand properties,classes
andconstraintn objectsituations problemsin the
form of taskspeci cations,and nally operatorsuilt
from thesecomponents.The designof the interface
washasedn the needto minimisethe useof syntax,
anduseobjectratherthanpredicatecentreddeas.
Onceusershave enteredall partsof adomainmodel
they canutilise modellingtoolsto remaove bugsand
experiment with the encoding. We createdand
adaptedhefollowing tools.

plan stepper This allows the userto pick action
schemasndapplythemto a state until adesired
goalis reached.lt is usefulfor identifying errors
in operatorsandoperatorsets.

internal planning engines this allows our own
in-houseplanningenginesto be connectedup to
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GIPO. Sampletaskscanbe executedandthe re-
sultingsolutionsdisplayed.

interfacefor external planning engines This al-
lows externalplanningenginego be "bolted' into
the ervironment. The plannerneedgo be ableto
input domainmodelsin pbDL (from GIPO), and
outputsolutionin a prescribedormat. Again, the
resultingsolutionsaredisplayedhroughGipo.

a randomtaskgenemtor: This inputsthe current
domainmodelandrandomlygeneratetasksto be
usedwith aplanner

an animator After adomainmodelhasbeenen-
tered,andthe planningenginehassolved a task
within that model. the animatorcan be usedto
track the transitionsof eachof the objectswhich
startedn theinitial state.

In the third phase,integration and evaluation the
tools outlinedabove wereintegratedinto GIPO [28].
The software was releasedand demonstratedat
ECP'01, and againat AIPS'02. It is available on
Unix, Linux andWindows platformsfrom the PLAN-
FORM website. As an initial indication of GIPO's
impact,theHudders eldwebsiterecordedL47 exter
nal downloadsof the systemin the periodNovember
2001- March2002.

The environmenthas beentestedusing a range of
commondomaing(detailsarein the resourcesection
of the website). Further GIPO wasusedasa teach-
ing tool in asecondyearintroductorycoursen Art -
cial Intelligence.GIPo alleviatesmary userinterface
problemsby adoptingan objectmodellingapproach
which seemaaturalto non-epertusers.To amelio-
ratethe useof GIPO by nonspecialistghe following
issuesvereexplored:

Theuseof aninductive approacho capturingop-
eratord. The opmaler tool was createdwhich
outputsa setof operatorggiven a partial domain
modelandanexamplesolutionsequenc§2?2, 21].

The useof generictypesto suggesplanningde-
sign patterns Theseideaswere developed as
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partof the DurhampLANFORM project,andHud-
ders eld is working in collaborationwith col-
leaguesat Durham to integrate design patterns
into GIPO [26].

The nal phaseof ourwork hasbeento extendthein-
ternallanguageandthe surroundingoolsfrom
(versionl) to (version 2). extends
in two major ways: HTN operatorscan be
used,and sort constraintscan be put on eachlevel
of the sorthierarchymeaningthat objectsof a prim-
itive sortinherit all the constraintsup the hierarchy
This modellingapproachs beingtestedusingalarge
“Translog'domainimportedfrom atransporiogistic
domainconstructedy membersof the University of
Maryland.
The prioritiesfor future developmentof the Hudder
s eld contritution are:

The developmentof a suite of planning design
patternsandtheir integrationwith the GIPo tool;

Theevolution of the toolinto agen-
eralmixed-initiative planauthoringtool;

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

Thedevelopmentof the representatiotan-
guageto be on the expressie level of PDDL2.1
(temporakepresentationshherebyenablingciPo
to supporthemodellingof temporalplanningdo-
mains.

Research at the Univer sity of Salford

Part of the set of objectves for the PLANFORM
projectwasto make Al planningtechnologyaccessi-
ble to non-eperts. In pursuitof this objective, work
at Salfordwas basedon the idea of the Knowledge
Level [25] andModelsof Expertisg6] asarticulated
overmary yearsin theKBS communityin whichthe
problemlevel is modelledseparatelyrom thedesign

2This work wasprimarily work undertalkenin conjunctionwith a PhDstudent

http://www .planet-noe .org
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level. Researchin KBS technologyhasshavn that
supportfor domainexpertsis feasibleif it is basecon
the generictaskconcept[7], and muchearlierwork
hasbeencarriedout roundthe generictask of diag-
nosis[24]. Oddly, little of this hasbeenappliedto
Al Planning. The basicideais that a generictask
incorporates skeletalmodelat the knowledge-leel
which canthenbe usedto direct a computetbased
knowledgeacquisitionprocessvith adomainexpert.
Thus,to supportdomainexperts,it wasseenasnec-
essanyto build a knowledge-leel tool aspartof the
PLANFORM ervironment,incorporatinggenerictask
component$or planning,andsupportingknowledge-
level constructiorof the planningdomainratherthan
forcingtheuseof thedomaindesignanguage, :
usedinternally However such a tool would nec-
essarilylink to the GIPO tools being devel-
opedat Hudders eld (seeFigure 1) andthus output
, So it was thereforevital to understanchow
planningproblemswould berepresenteth LA
stronglink with Hudders eldwasbuilt throughmod-
elling actiity in which the objective wasto under
standthis mappingand derive someconstraintson
theknowledge-leel interface whichwasorientedto-
wardsuserswith no Al planningknowledgebut with
expertisein a particularplanningdomain. A number
of domainsweremodelledincludingthe multi-robot
Drumstorefrom earlierwork at Salford.
Planningontolagieswereidenti ed asa key founda-
tion for sucha knowledge-leel tool, andthe means
by which the skeletonmodelmentionedabore could
be embodied.A suney of work in the eld wascar
ried out andthe possibility of incorporatingan exist-
ing ontologysuchascy c( http://www.cyc.com/gc-
2-1/cover.html.) wasinvestigatedut limited timedid
notallow its use.
The third componentresearcheds the basisfor a
knowledge-leel tool wastherequirementof thedo-
main expert,andherean accessiblelomainwasfor-
mulated(EVENTUS —arrangingaweelendoutingfor
avisiting researcherndaknowledgeacquisitionex-
ercisewas carriedout with four people. The exer
cisewasrepeatedvith therobotDrumstoreproblem.
Datawasanalysedor conceptcoverageandfor in-
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terfacedesignissues]ooking attheprocessahuman
expert goesthroughin conceptualisinghe domain.
Thedetailsof this processaredescribedn [2].

The KA tool wasconstructedn Java, andin its rst
versionsupportecdpassie modelconstructiorby the
expertwith supportfrom a small hand-codedntol-
ogy for the domainsalreadyinvestigated.In its sec-
ond version, an active question-dsien processwas
addedbasedon the key planningconceptsof Task,
AgentandObject[5].

The methodology embodies two successie
extraction-re nemenprocessesprotocolto problem
speci cation;andproblem-speci catiorto conceptu-
alisation. A part of the KOD (Knowledge Oriented
Design)method[30] wasappliedto obtainan accu-
rate procesdor knowledgeacquisitionandto build
the conceptuamodelthrougha setof examplesand
scenarios.

The outputof the KA-Tool is , Which canthen
be loadedinto the GIPO tool createdat Hudders eld.
By the formal end of the project, it was possibleto
generatehe world modelin , andsincethenit
hasbecomepossibleto generatglanningoperators,
seerby mostpeopleasakey problemin formulating
a planningdomaindescription.In the 26 monthsof
theproject,it wasnotpossibleto carryoutary exten-
sive evaluationprogrammebutit is proposedo carry
onwith thework for alimited periodinformally with
this asthekey task.

The modelling exerciseenabledthe developmentof
stronglinks with Hudders eld, where frequent(al-
most weekly) visits were madeat somepoints. A
two-week visit to Durham was also organisedto
strengtherunderstandin@f the requirementf the
generatie planningback-end.
Furtherdevelopmenbf theKA-Toolis still beingcar
riedoutin housewith thegeneratiorof PlanningOp-
eratorsnow possible. If sufcient resourcesanbe
found,the next stepswould include:

Incorporationof a large ontology suchascyc,
into the KA tool;

Integrationof Durhams generictypesnto thison-
tology;
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Full integrationof the KA tool with GIPo.

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

Research at the Univer sity of Durham

The Durhamcontribution to PLANFORM focussedn
thedevelopmenbf plannercon gurationtechnology
The objectve wasto develop techniquesy which,
given a domainmodel elicited from a user planner
componentsuitedto the domaincould be automat-
ically identi ed andcon gured into a purpose-hilt
planningsystem.Our approacthasbeento maintain
alibrary of plannercomponentsincludingheuristics,
specialisedsolution stratgies and problem-speci ¢
controlrules,andto accessheseby meansf pattern-
matchingtechniquesncepatternshave beenidenti-
ed in thedomainmodel.

The techniqueausedto identify domainpatternsare
basedon static domain analysisalgorithms devel-
opedat Durhamprior to the startof the PLANFORM
project[8]. Theobjective in theprojectwasto extend
thesealgorithmsto enablethe recognitionof generic
typesand associatecatternsof behaiour in plan-
ning domainsandto associatéhesegenericpatterns
with specialpurposesolutionstratgies[14, 13, 16].
Brie y, a generictype is a collection of typesshar
ing somefundamentabehaiour. For example,the
generictype of mobility containsall typesof objects
thatare capableof movementwhile the generictype
of constructioncontainsall typesthatare capableof
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bility compriseghe mobiletypes,their mapsandthe
predicatethatde neslocatednessf a mobile object
onits map. A speci ¢ problemassociatedvith mo-
bility is route-planningand a specialpurposesolu-
tion stratgy suitedto this problemcanbeto exploit
travelling salemarheuristics.We wereableto auto-
matethe con guration of plannerswith specialised
route-planningcapabilitiesenabling route-planning
sub-problemsto be handledusing specialisedap-
proachesnsteadof by searcH9, 13, 10].
Thefollowing softwarewasdevelopedat Durhamas
partof the PLANFORM project:

Versions4 and 5 of the STAN planningsystem.
STAN [9, 10] performsgenerictype analysisand
con guresaspecialpurposeplannersuitedto the
associategenericpatterns;

Extensiongdo TiM [8, 15] to recognisea rangeof
generictypesin adomainmodel;

TheTiMm API providing accesgo the generictype
analysegerformedby the TIM system,enabling
their exploitationby otherplanningsystemsThe
API is beingexploited by otherresearcherm the
internationacommunity;

The oobL domainmodellinglanguage support-
ing the constructionof domainsaroundgeneric
types, and associateddomain modelling tool
DRAUGHTSMAN. Thesewere developedby an
MSc studentandcontritutedto our collaboration
with Hudders eldonthe GiPo tool.

In the scopeof the projecta numberof othergeneric
typeshave beenidenti ed (for example construction,
resource-allocatigrportability andothers)andasso-

being combinedinto compoundgand subsequently ciatedwith specialisedsolutionstratgies. The con-

recoveredby destructionof thecompound).
Whenagenerictypeis presenits associategatterns
of behaiour arepresentandthesecanbe usedboth
to assista domaindesigneiin re ning themodeland
to suggesappropriatesolutionapproaches.

The analysistechniquesdevelopedat Durham can
identify certainkey generictypesandassociategat-
terns. For example,the patternassociatedavith mo-

guration problembecomescomplex when several
genericpatternsco-occurand their solution strate-
giesmustbe integrated,andwe have not completed
thework requiredto supportarbitrarily comples pat-
ternsof integration. We have, however, catgorised
the forms of integrationthat needto be handledand
madeprogresswith con gurationsbasedon several
of thesecatayories[17, 11, 9].

http://www .planet-noe .org
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The library contains stored parametrizedsolution
stratgies(suchastravelling salesmarsolvers, multi-
processorschedulingheuristicsetc) appropriatefor
sub-problemghat commonly arisein planningdo-
mains. We do not try to guaranteecompletecover
ageof all suchsub-problems-thecon gurationsys-
temdefaultsto searchf no generictypesor suitable
library componentganbe found. At presentthe li-
brary containsonly one solution stratgly per iden-
tied generictype, so extraction of a suitablestat-
egy is simple. In generalthe extraction problemis
moredif cult becausaheremay be differentforms
in which genericpatternsariseandthesemight need
to be matchedn someintelligentway againsthe li-
brary We have not exploredthis issuein the scope
of PLANFORM. A recentextensionwe have madeto
thelibrary is theadditionof generalise@ontrolrules
which canbeselectedindinstantiatedo t aspecic
problemdomain[23].

Mostrecentlyourwork in theseareashasconsidered
the useof genericpatternsas a basisfor the devel-
opmentof planningdesignpatterns Usingthese,a
domainconstructiortool canpromptthe userfor the
component®f genericpatternsn a way that males
it simplefor theuserto enterthatinformation.Initial
work on a tool capableof supportingthis ideawas
doneby an MSc student[29] who wastemporarily
emplo/edonthePLANFORM projectatDurham.The
work was continuedin collaborationwith the Hud-
ders eld sitewhich hasfocussedn thedevelopment
of tool support26].

The plannercon guration approachhasbeentested
by enteringa hybrid planning system, STAN ver
sion 4, into the internationalplanning competition
in 2000. STAN 4 can automaticallydetectmobil-
ity andresource-dependempatternsn planningdo-
mainsand can extract route-planningand resource-
allocationstratgjiesfrom its library. Selectedstrate-
giesareintegrated,by meansof a simpleconstraint-
basedinterface, to a forward-search-bade plan-
ner[10]. STAN 4 wasoneof the prize-winningsys-
tems,selectedor the promiseit shaved in utilizing
novel approacheto solvingcomple planningprob-
lems. Its plan quality wasgenerallysuperiorto that
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producedby the othercompetingsystems.

Work remainsto be doneon increasingthe sophisti-
cationof the integrationtechniqueghat supportco-

ordinationof differentspecialisedolutionstratgjies
within the overall framevork. An importantaspect
of making the con guration tools available to the

generalplanning community is to provide a clean
meansof accessto the library, patternrecognition
techniquesand plannerinterface. A priority for fu-

ture developmentis to supplyan API to the suite of

tools we have, which other planningsystemscould

exploit. Althoughwe madeprogresswith the design
andimplementatiorof suchan API we did notcom-

pleteits implementatiorandit remainsatopicfor fu-

turework.

Overall Conclusions

The PLANFORM project set out to constructan
open ervironmentfor plannerdevelopment,bring-
ing knowledgeacquisitiontools,domainconstruction
tools,modellinglanguagesndplannercon guration
componentsnto an integratedorganisationmaking
planningaccessibl¢o the non-specialist.
Thedomainconstructiortool developedat Hudders-
eld produces”DDL domaindescriptiongroviding
a simple connectionto the plannercon guration ar
chitecturedevelopedat Durham. The knowvledgeac-
quisition tools developedat Salford assista userin
confrontingthe taskof domainconstructionthrough
the GIPO tool. At this stageit is possiblefor a naive
userto follow the entire processof modelling, and
planningwith, a speci ¢ problemdomainwithout re-
quiring detailedknowledgeof ary internalrepresen-
tation language( or PDDL). The level of ab-
stractionat which sucha usercanwork within the
ervironmentwill be further raisedwhenthe imple-
mentationof designpatterns,asa guiding principle
in themodellingprocessis completed.

More time andwork is hecessaryo evaluatethe en-
vironmentin termsof how successfuit is at making
planningaccessibléo the non-epert. Thereareser-
eralkey aspect®f theervironmentthatrequireeval-
uation:
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The extentto which the object-orientecapproach [5] R.S.AylettandS.Jones.PlannerandDomain:

to modelling ameliorateghe modelling task for
the planningnonspecialist;

The extent to which designpatternscan further
amelioratehis effort;

The extentto which the proposedknowledgeac-
quisitiontechniqguesancapturehemodellingin-
tentionsof theuser andhow transparenthe ervi-
ronmenttanmale the proces®f iteratingoverthe
modellingtaskuntil effective captureis achieved.

The last of theseconcernghe issueof how to pro-
vide usefulfeedbacko the userwhenthe modelling
procesdails to resultin a consistenimodel (dueto
missing,or con icting, information). Withouta con-
sistentdomainmodeltheplancon gurationtoolscan
donothingusefulandit is thereforedesirablehatthe
userbe ableto develop a correctdomainmodelin-
crementally We believe this is one of the mostin-
terestingtechnicalchallengegacingthe PLANFORM

projectatthis stage.
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Second PLaneT Gap-Bridging Seminar (GBS-2)

REPORT —‘

The secondPLANET Gap-BridgingSeminar(GBS-
2) took place in Delft, The Netherlands,on 21
November 2002. GBS-2 was held in conjunc-
tion with PlanSIG2002the 21st workshopof the
UK Al Planning & Scheduling Special Interest
Group. GBS-2 built on the successof the rst
Gap-Bridging Seminay held in Edinburgh, Scot-
land, in December2001 (seePLANET News issue
3, pages30-31andhttp://cswww.es sex. ac.
uk/conferences/ pl anet/ GBS-1/).
Themotivationfor Gap-BridgingSeminarss theob-
senation that industry and academiaboth work on
planningand scheduling,but they do not work to-
getheraswell asonewould hope. They have differ-
entgoals.Industrymustsell,academianustpublish,
andthereis no time to talk to eachother PLANET's
aim s to give representates of both realmsthe op-
portunityandthetime to exchangeviews.

In the Gap-BridgingSeminarspractitionersrom in-
dustry talk abouttheir work — the techniquesthe

Author: T. Grant

problems,customemeeds,what canand cannotbe
done. This setsresearchin planningand schedul-
ing in a wider contet. Most of the spealkrs stayed
for the whole of PlanSIG2002,so that attendees
could have more opportunitiesto exchangeviews
with them.

In GBS-1mostof thespealkrswerefrom companies
that developedand appliedAl-basedsoftware prod-
uctsfor planningand scheduling. By contrast,the
GBS-2 speakrs were chosento presenta wide va-
riety of real-world planningandschedulingapplica-
tions. The speakrsandtheirtitles were:

Alessandr o Donati European Space Operations
Centre (ESOC), Darmstadt, Germary: “Space
Mission OperationsPlanning and Scheduling:
Past,presenandfuture”.

Henk Hesselink and Ron Seljée DutchAerospace
Laboratory(NLR), AmsterdamNetherlands*Al
Planning Waiting for results?”

Figure 1: GBS-2venuein Delft.

http://www .planet-noe .org
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Figure 2: Air trafc managemenmproblemin Europe.

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

Yossi Rissin and Roman Bartak VisOpt
“When Theorycrashednto Reality”.

b.v.:

In addition, Tim Grant introduced GBS-2 and
PLANET.

The audienceconsistedof 42 participants,mostly
from the academiccommunity (seeFigure 1). UK
and the Netherlandseach provided a third of the
peopleattending. The remainingthird was divided
over Spain,ltaly, Germary, France Belgium,andthe
CzechRepublic. Academicattendeesvereprimarily
post-graduatstudents.

Alessandrdonatiidenti ed the needfor threecom-
munities— users,innovatorsand implementers- to
work more closely with one another He explained
thatESOCis the partof the EuropearSpaceAgengy
(ESA)responsibldor launchingandoperatingscien-
tic spacecraft.A very recentsuney at ESOChad

seemto be moreefcient to have a standardorocess
andstandardoolsfor all missions He welcomedhe
involvementof the researcrtommunity(theinnova-
tors)and PLANET, andmentionedthe opportunities
for post-graduatetudentgo work in ESA.

A lively discussionensued,with researchersall-
ing for information to be made available on com-
plex, real-world planning and schedulingdomains
and problemsas casestudies. This discussionre-
sultedin a lunchtime splinter meetingon the sec-
ond day betweenAlessandroand representates of
the innovator andimplementercommunitieson how
PLANET and ESOC could co-operateto document
oneor morecasestudiesto mutualbene t.

Henk Hesselinktalked about NLR's experiencein

providing softwaresupportor planningandschedul-
ing in civil and military aircraft operations. The
NLR is a non-pro t organisationfoundedin 1919
to provide technicaland scienti ¢ contritutions to

aerospacerganisationsn the privateandpublic sec-
tors. Turnaover is EUR 70 million annually split 65%

shavn that the planning and schedulingprocesses civil and 35% military. The ratio betweendevel-

differedradically betweenspacemissions. The rea-
sonswhy hadyetto beestablishedA priori, it would

opmentand operationds 40:60, and betweenaero-
nauticaland spaceapplicationsis 85:15. Facilities
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availableto the NLR includelarge wind-tunnelsiwo
aircraft, varioussimulators,and computingerviron-
ments(includingasupercomputerNLR co-operates
with AmsterdamSchiphol airport, Dutch industry
andEurocontrol.
Henkfocussedntheforthcomingair traf c manage-
ment(ATM) problemin Europe(seeFigure?2). This
problemis notrecognisedy thecontrollers-thepo-
tentialend-users- becausé@TM is dividedinto sub-
problems. Mary 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 are consera-
tive, with air safetybeinguppermosin their mind,
followed by the needfor fairnessin allocating re-
sources.They have neitherthe time nor the interest
to talk to researcherddenkarguedthatgap-bridging
hadto startwith the foundationsof the bridge: -
nanceanduserinterest.He adwocatedthe useof pro-
totypesto make usersaware of their problemsand
potentialsolutions.

Frank Oxenerexplainedhow the compleity of re-
centlaw-makingin the Netherland$iadgivenriseto
commercialopportunitiesfor planningand schedul-
ing applicationgn work-forcemanagemenfseeFig-
ure 3). Several Dutch companiesvereoffering soft-
wareproductsandassociatedervices.

Onelaw requiredemployersto give shift-workers 36
hoursof restin ary 7-dayperiodor 60 hoursrestin
ary 9-day period. Onceevery 5 weeksthey hadto
be allowed at least 32 hours continuousrest. An-
otherlaw provided for irregularity paymentsf 20%
of salaryto workersworking Mondayto Friday be-
tween06:00and08:00,providing they startecbefore
07:00. On Saturdayghe paymentwas40%, andon
Sundaysl00%. Theselaws werea challengego soft-
waresystemdor recordingactualhoursworked and
planningrestperiodsandirregularity payments.He
outlined his experienceswith applying a variety of
commercially-gailable software packages.

Frank elicited audienceparticipationby asking his
listenergo write dovn aquestioronasheebf paper
He thenansweredeachquestion. Samplequestions
included:
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Canthe tools easily be adaptedto the working-
hourlaws in othercountries?

Whatis thekey featurein work-planningsoftware
for useracceptability?

What type of techniquesare usedto solwe the
problemsyou have described?

How doesa differentculturereally affect a plan-
ning process?

How might a planningsolutionbe overriddenby
labourunionobjections?

How longdoesit take to implementasystenfrom
rst requiremento operationalise?

Are your solutions sufciently e xible to deal
quickly with changesn thelaw?

What is coming after work ow management?
Why?

RomanBartakfocussedn the humanfactorsissues.
Humanbehaiour is inconsistenandreadilyaffected
by mood,environmentandpsychologicapressurelt
canonly be modelledstatistically Plantpersonnel
andplannersaremotivatedby pride, their positionin
theorganisationandfuturejob security Pridemakes
it dif cult for usersto admitmistales, problemsand
weaknessed. hey protecttheir positionby beingnice
to superiorsgainingprofessionatespectandtrying
to sene mary mastersatthe sametime. They protect
their job by withholdingknowledge.Internalpolitics
andpower-playsarekey factorsin decision-making.

Figure 3: Rightpeopleright place?
(acknavledgementso Parallaxb.v.)

http://www .planet-noe .org
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Figure 4: VisOpt's visualmodellinglanguage.

Thesefactorsandissuesmalke academiaesearchr-
relevant. One schedulingexpert told him: “I have
never seena Job ShopSchedulingproblemin prac-
tice”. Fromanacademi@ointof view, theidealfac-
tory is onethatis totally automatedpopulatedwith
robotsandAutomatedGuidedVehicles(AGVs). Al-

ternatvely, it might beanew factorythathasnotyet
beenput into operation. Thereis thenno previous
“know-how”, rulesand procedurespad habits,and
day-to-dayreality to confronttheory

Roman contrastedthe views of plannersand aca-
demics, looking at the “Not Invented Here” syn-
drome. Summarisingthe lessonshe had learnedat
VisOptb.v., headwcatedhedevelopmenbf avisual
modellinglanguageasaway of improving communi-
cationbetweerthetwo communitiegseeFigure4).
PLANET provided sponsorshigor 14 post-graduate
studentsfrom Spain, Germary, Netherlands,UK,
Greeceandltaly to attendGBS-2. In return,the stu-
dentswrote a shortreporton whatthey hadlearned
from GBS-2andPlanS1G2002Key quotedncluded:

“The gapturnedoutto bebiggerthanl thought”.

“The workshopgave me the chanceto get ac-
guaintedo peoplewhosework | hadbeenreading
in paperdor quitesometime”.

“Industry doesnot always needthe bestpossible
plan—it needsonethatis goodenough”.

“An attemptshouldbe madefrom both sidesto
approactoneanother”.

“Managersandplanneraneedto be corvincedto
changeo new planningmethods”.

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

“[There are] four key items: visual modelling,
planningasa step-by-stegprocessschedulingas
a processto reasonon resourceconstraintsand
the needfor generatinggood enoughplansin a
reasonablé&me”.

“There shouldbe cooperationbetween[human]
plannerandcomputer”.
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“[It is] necessaryor researcherto shav theben- “Peoplefrom the two sideshave to comecloser

e ts thatcanbeobtained”. andcooperatssincethis will be of greatpro t for
. . . th”.

“There is alsoa gap betweendifferentacademic bo

communitiesOperationResearckandAl". In summaryboth speakrsandaudiencecameaway

“Employeesdo not seethe global view, but only from the secondPLANET Gap-Bridging Seminar

thebit they areworking on”. having learnedmore aboutthe academicandindus-

o _ - trial aspectof planningandscheduling. All atten-
“Onechallengingine of researctis thevalidation  geesweremostgratefulto PLANET andthe CECfor
of planningdomains”. making it possibleto exchangesucha diversity of
“Domains in industry are far less predictable views, andlook forward with eagernes$o the third

and much more dynamicthat thoseusedby re- Gap-BridgingSeminar
searchers”.

“Both communitiesneedmorecommunication”.  Author Information

“[GBS-2] encouragedew andinterestingdiscus- Tim  Grant  Atos-Origin ~ Nederland b.v,,
sions,thusexposingmary unexploredareaf re- Nieuwegein, The Netherlands, Tim.Grant@
searchandproviding goodideasfor futurework”. ~ atosorigin.com

http://www .planet-noe .org
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ICAPS 2003

ANNOUNCEMENT —‘
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Summer School 2003

ANNOUNCEMENT —
3rd PLanNET International ‘

The InternationalSummerSchoolon Al Planningis Millan (UniversidadCarlos|ll de Madrid, Spain),
a greatopportunityfor Ph.D.studentsandyoungre- and AlessandroCimatti (ITC-irst, Italy). ITC-irst
searcherso beexposedo introductoryandadvanced is alsoresponsibleor the local organizationof the
courseson variousaspectf Arti cial Intelligence event,with ateamcomposedy Piegiorgio Bertoli,

Planning,andto spendtime anddiscussesearchdi-

rectionswith their colleaguesandwith theteachers,

foremostresearcherm the eld.

The rst editionof the schoolwasheldin Cyprusin

SeptembeR000, while the secondschoolwas held

in Halkidiki, Greecejn Septembe002. 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 AutomatedPlanningand Scheduling
(ICAPS'03).

TheProgramChairsof theschoolareDanielBorrajo

Mark Carman,AlessandroCimatti and Alessandro
Tuccio.

Additional, up-to-dateinformationwill be available
attheof cial websiteof theschool:

http:

[Isra.itc.it/planet/summer- school- 03/

ICAPS 2003 — Doctoral Consor tium

CALL FOR PARTICIPATION —‘

ICAPS-2003invites PhD studentsto apply for the
Doctoral Consortium,which will provide an oppor
tunity for a groupof studentgo discussandexplore
their researchnterestsandcareerobjectiveswith es-
tablishedresearchers PlanningandScheduling.

Theaimsof the DoctoralConsortiumarethefollow-

ing:
to provide a forum for studentsto presenttheir

currentresearchandreceve feedbackrom other
studentsandseniorresearchers;

to promotecontactamongPhD studentsvorking
in thesamearea;

to supportstudentswith information and advice
onacademicresearctandindustrialcareers;

to nancially supportstudentsby covering the
conferenceaegistrationfee and by partially con-
tributing to travel expenses.

Programme

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

Submissions

We encouragesubmissiongrom Ph.D. studentsat
ary level, and from ary topic areaand methodol-
ogy within PlanningandScheduling On the basisof
the submissionsthe OrganizingCommitteewill se-
lecta groupof studentghatwill beinvitedto present
their work during the DoctoralConsortiumandalso
to presenta posterat the ICAPS-2003posterses-
sion. Studentsacceptedor participationin the Doc-

http://www .planet-noe .org
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toral Consortiumwill have free conferenceegistra-
tion anda x ed allowancefor travel/housing. The
studentsabstractsvill bemadeavailableontheweb
andincludedaspartof the conferenceroceedings.

Applicants should submit an extendedabstractof
5 pagesmaximum by email to one of the Doc-
toral Consortiumchairs. The submissiorshouldbe
in AAAI style format (http://www.aaai.org/
Publications/Author/macros- link.htm 1)
and senteitheras a PostScriptor asa PDF le. It
should describeoriginal, unpublishedwork, com-
pletedor in progressthatis partof thedoctoralwork
of the student. If an extendedversionof the paper
is alsosubmittedto the technicalprogrammeplease
indicateit in the submission.Double submissionis
acceptablebut if the paperis acceptedor the tech-
nical programme the studentwill presentthe work
only in the technical programmesessionsand not
duringthe DoctoralConsortium.

In addition, the dissertationadvisor should senda
letter of recommendatiorby e-mail to one of the
Doctoral Consortiumchairs. It shouldinclude the
expecteddate for thesissubmission,and the moti-
vation/xpectedbene t for the studentto attendthe
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Doctoral Consortium. This letter can be sentin as
eitheratext or a PostScripor a PDF le.

Impor tant Dates

March 31st: deadline for submitting papersand
lettersof support

April 18th: noti cation of acceptancéo program

April 25th: camerareadycopy of the paperdo the
chairs

Doctoral Programme Chairs

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

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

Additional information is available at the ICAPS
Website

http://icaps03.itc.it

This eventwill besponsoredy PLANET andNasa.

ICAPS 2003 — Workshop Program

ANNOUNCEMENT —

The ICAPS-03workshopprogram (June9-10, be-
fore the main program), hasbeenset. There will
be ve workshops,covering a broad rangeof top-
ics rangingfrom the currentand future stateof the
PlanningCompetition,to issuesarising as planning
andschedulingareappliedto evermore-complg do-
mains,to speci ¢ applicationareas.
ThelCAPS-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 evolvesinto the SemanticWeb, the myriad of
available servicesare being describeddeclaratiely.
Machine-understandibdescriptionsenablethe au-
tomaticdiscorery, use,andcompositionof web ser
vices.

With increasednterestin thewebservicegparadigm,
compositionof web serviceshasbecomeof primary
importance. Several languagedor describingweb
servicesaandtheircompositiorarecurrentlybeingde-
ned and seekto becomestandards.From a plan-
ning perspectie, thewebservicesanbe seenasop-
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erators speci ¢ web servicescompositionsasplans,
andautomaticweb servicecompositionasa form of
planning. This workshopwill provide planningre-
searcherwiith aforumfor presentinglanningresults
relevantto webservicesidentify new challengesand
leadthe developmentof thecritically important eld
of webservices.

JoseLuis Ambite

Workshop on Plan Execution

Much work in the planningcommunityhasfocussed
primarily upon developing efcient ways of gen-
erating plans that are not actually executed. This
wasre ected in the AIPS 2002 PlanningCompeti-
tion which measuredhe ef ciency andoptimality of
plansthat were generatedbut not executed. As ex-
ecutionmay not resultin the intendedoutcomethe
sequencef actionsthatis eventually executedmay
not be asvaluableasthatin the original plan, which
leadsto the questionasto whetherit is necessaryo
generatelansthat arenearoptimal. Researcherim
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petition but morewidely, asit offers an opportunity
to carryoutempiricalevaluationof planningsystems
onagrowing collectionof generallyadoptedstandard
benchmarkdomains. The emegenceof a language
standardwill have animpacton the entire eld, in-
uencing whatis seemascentralandwhatperipheral
in the developmentof planningsystems.The adop-
tion of PDDL in thisroleis itself anissuefor debate:
perhapsa completelydifferent modelling language
is calledfor. We believe thatit is thereforeimpor
tantto provide a forum in which the communitycan
give feedbackandpresentheirideasto thelanguage
designersandin which the languagedesignerscan
discusgheir ideasfor maintainingandextending,or
evenreplacingthelanguage.

SylvieThiebeaux

Planning under Uncertainty and Incomplete
Information

Controllingintelligentagentsin comple real-world
environments posesrequirementsthat are not ad-

the planningcommunityare increasinglyconcerned dressedn classicalAl planning.Oftenit is notsuf-

with executing plans and the designof systemsin
which planningand executionare continually inter
leaved andactively managed.
This workshopis intendedfor researchera/ho have
interestsin plan executionin a variety of domains
such as robotics, space applications, information
gatheringandotherareas.

Alex Coddington

Workshop on PDDL

PDDL, originally developed by Drew McDermott
andthe 1998 planningcompetitioncommittee,was
inspiredby the needto encouragéheempiricalcom-
parison of planning systemsand the exchangeof
planningbenchmarksvithin the community Its de-

cientto nd asequencef actionsleadingto a given
goal, sincethe initial statemay not be knowvn with
precisionandactioneffectscannotbepredictedwith
certainty

In the pastfew years,therehasbeena growing in-
terestin more generalplanningtechnigquesable to
tacklethe problemsof uncertainty nondeterminism,
andincompletenessef information. Severalresearch
works have proposednore expressie domainmod-
elsanddescriptionlanguagege.g.,allowing for ac-
tions with multiple transitions,possiblywith differ-
entprobabilities,andwith costs),andmorecomple
modelsof execution(e.g.,dealingwith information
gatheringatrun-time).New planningtechniquesand
algorithmshave beendevelopedto operateon such
extendedmodelsandto produceplanswhich achieve

velopmentimproved the communicatiorof research the goalsdespitethe uncertaintyandincompleteness

resultsand triggeredan explosion in performance,

expressiity androbustnes®f planningsystems.
PDDL hasbecomea de factostandardanguageor
describingplanningdomains,not only for the com-

of information. The goal of thisworkshopis to bring

togetherpeopleworking in different areasof plan-

ning underuncertainandincompleteinformation.
Marco Pistore

http://www .planet-noe .org
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The Planning Competition: Impact,
Organization, Evaluation, Benc hmarks

Theplanningcompetitionseriesundoubtedlyhashad
a hugeimpactonthe eld of Al planning,including
suchaspectsasgrowing standardizatiorf complex
planningdomaindescriptionanguagesiramatically
improved scalability of existing approachesand a
growing databasef commonlyusedbenchmarkex-
amples. It is thereforeimportantto provide an op-
portunity for discussingopicsrelatedto the compe-
tition. Theworkshopaimsatdoingjustthis. Wewant
to collecttogethempanelsontopicssuchastherole of
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pectsof the competition,(competition)resultsevalu-
ation,andbenchmarkingssues.Technicalpresenta-
tionsareplannedontopicsrelatedto the competition
suchaslanguagealternatves,andmethodsof empir
ical evaluation.

Joerg Hoffmannand StefanEdelkamp

Submissiongo all workshopsaredueby 31 March,
2003, with noti cation and submissionof camara-
readyversionsby theendof April.

Additional detailabouttheworkshopsaswell asfur-

therinformationaboutlCAPS-03in general,s also
availableontheconferenceavebsite:

thecompetitionin andfor the eld, organizationahs- http://icaps03 i tc.i t/
ANNOUNCEMENT —
ICAPS 2003 — Tutorials
Provisional Schedule
Monday, June 9
morning afternoon

OdedMaler (Verimag)

Timed Automatafor PlanningandScheduling

Tuesday, June 10

morning

afternoon

PracticalApproacheso HandlingUncertaintyin
PlanningandScheduling
J. ChristopherBed (University College Cork)
andThierry Vidal (ENIT)

Resource-Boundeshd Time-CriticalReasoning

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

Roveri (ITC-IRST)

Model Checking— A Hands-Orintroduction
Alessandr Cimatti, Marco Pistore and Marco

ICAPS'03 Tutorial chairs:
JussiRintanen,

Anthory Barrett, NASAJet PropulsionLaboratory
Albert-Ludwigs-Univesitat Freiburg
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Timed Automata for Planning and
Scheduling

In this tutorial we proposethe model of timed au-
tomata,originatingfrom the veri cation of real-time
systems,as a model for posing and solving time-
dependenplanning and schedulingproblems. We
believe thatin the samesenseas automataare used
asthemajorvehiclefor veri cation of systemsvhere
the modelof time is qualitatve, timed automatacan
be the centerof a a unifying mathematicamodeling
framework for quantitatve time, having the follow-

ing attractve features:

1. It is sufciently expressie to describethe essen-
tial aspectf time-dependenteal-life problems
in avariety of applicationdomains.

2. It providesfor modelswith well-de ned andclear
dynamicsemantics.

3. Thesemodelsareamenabléo computeraidedde-
signmethodssuchassimulation testing,veri ca-
tion and automaticsynthesisof (optimal) sched-
ulesandplans.

. Thesemethodsare currently supportedby tools
of variouslevels of maturity that treat the spe-
ci ¢ computationaproblemsof time-relatedrea-
soning.

Oded Maler wasbornin 1957in Haifa, Israel. He
obtainedhis B.A. in Computer Sciencefrom the
Technion,Haifa in 1979 and his 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), underthe supervisionof A. Pnueliin
the departmentof Applied Mathematicsand Com-
puter Science Weizmanninstitute, Rehaorot.  After
two yearsof post-docat IRISA, Renneshe moved
to Grenobleat 1992andobtaineda researctposition
(CR1)at the CNRS(FrenchNational Centerof Sci-
enti ¢ Research)n 1994. He hasbheenpromotedto
“researchdirector” (DR2) in 2001. Dr. Maler's re-
searchis centeredaroundthetheoryof automataand
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its variousextensionsmostnotablytimed automata,
hybrid automataandtheir applicationto control,em-

beddedsystemsschedulingandcircuit timing analy-

sis.

Practical Approaches to Handling
Uncer tainty in Planning and Scheduling

This tutorial presentgechniquedor dealingwith the
factthatthe executionof plansandschedulesn the
real world cannotassumea static environment: the
world changesion-deterministicallyduring problem
solving and execution. We presentechniquedrom
the Arti cial Intelligenceand OperationsResearch
literature for handling uncertaintyin planning and
schedulingwith emphasison practical techniques.
Suchtechniquesncludereactve, on-line scheduling
andplanning,andproactve, off-line techniqueghat
build solutionsthat can copewith uncertainevents,
aswell asintermediateapproachebetweertheseex-
tremes.

J. Christopher BeckrecevedaPhDin Arti cial In-
telligencein 1999from the University of Torontoun-
der the supervisionof Mark S. Fox. From 1994to
1999 he was the project managerof the Intelligent
SchedulingResearchGroup at the Enterpriselnte-
gration Laboratoryat University of Toronto. The
focusof his researclwasmeasurementsf problem
structureasa basisfor schedulingheuristicswithin a
constraint-basedchedulingframevork. From 1999
until 2002 he was a software developerand Senior
Scientistonthe Scheduleteamat ILOG, SA in Gen-
tilly, France As of June,2002,he movedto the posi-
tion of Staf Scientistat the Cork ConstraintCom-
putation Centre, University College Cork. His re-
searchinterestsfocus on problem structure,hybrid
algorithms,searchin constraint-directedcheduling,
andin the extensionof constraintmodelingandsolv-
ing capabilitiesto incorporateaspectf real-world
schedulingsuchasuncertaintydynamicarrival of ac-
tivities, androhustness.

Thierry Vidal receved a PhD in Arti cial Intelli-
gencein 1995from the University of Toulouseunder
the supervisionof Malik Ghallab He had worked

http://www .planet-noe .org
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in the Roboticsand Al team of the LAAS-CNRS
in Toulouse France working on temporalconstraint
processingn temporalplanning(the IXTeT system)
andin task schedulingwith a specialfocuson un-
certain durations. In 1996-97 he was a guestre-
searchem Erik Sandevall's teamat the Department
of ComputerScienceof the University of Linkdping,
Swedenwherehe conductedbasicresearciwork in
the areaof on-line decisionmakingthroughcontin-
gentplanrecognitionandreactve controllersynthe-
sis. From 1997 he is assistantprofessorat ENIT
in Tarbes,France,working in the AutomatedPro-
ductionteamof the ProductionEngineering_abora-
tory, with externalcollaborationsvith HéleneFargier
(PossibilisticReasoningeam,IRIT, Toulouse) Paul
Morris (NASA Ames ResearchCentey California,
USA), and loannis Tsamardinosand Martha Pol-
lack (University of Pittsturgh, USA). His currentre-
searchinterestsareuncertainconstraintreasoningn
planning,schedulingand resourceallocation,multi-
agentapproachego scheduling,reactvity, condi-
tional planningandrobustscheduling.

Resour ce-Bounded and Time-Critical
Reasoning

A centralproblemin arti cial intelligenceis how to
develop computationalmodelsthat allow decision-
supportsystemsor autonomousgentsto reactto a
situation after performing the right amountof de-
liberation. Frequently the compleity of problem
solving makes it bene cial to use approximateso-
lutions ratherthan try to computethe optimal an-
swer This issuearisesin a wide rangeof applica-
tion domaingncludingmedicaltraumamanagement,
Bayesianinference, sequencealignment, graphics
renderingweb pageprefetching,autonomouspace
exploration,real-timeavionics,androbotnavigation.
Thistutorialexploresthetheoryandpracticeof build-
ing intelligent systemsthat reasonexplicitly about
emplagying limited computationakesourcedo gen-
eratetimely solutionsto dif cult combinatorialop-
timization, planningandschedulingoroblems.Solu-
tion techniquegyo beyond simplegreedyor reactve

Y4

algorithmsto achiere high-quality solutions while
meetingboth hardand soft real-timedeadlines.We
will exploreover fteen yearsof progressn thisarea,
coveringhistoricalperspecties,state-of-the-arsolu-
tion technigquesandcurrentandfuture challenges.
Participantsshouldbefamiliar with introductoryarti-
cial intelligence algorithmdesignandanalysisand
introductoryprobabilityandstatistics.

Lloyd Greenwaldis anAssistantProfessonf Com-
puter Scienceand Director of the Intelligent Time-
Critical SystemsLab at Drexel University He re-
ceived his Ph.D. in ComputerSciencefrom Brown
University  His researchinterestsinclude time-
critical planning and scheduling, mobile robotics,
machinelearning,ad hoc and sensometworks, and
medicaldecisionmaking.

Shlomo Zilberstein is an Associate Professorof
Computer Scienceand Director of the Resource-
Bounded ReasoningLab (http://anytim e.
cs.umass.edu) at the University of Mas-
sachusettsAmherst. He receved his Ph.D.in Com-
puter Sciencefrom the University of California,
Berkeley. His researchinterestdncludeapproximate
reasoningdecisiontheory heuristicsearchplanning
andschedulingandresource-boundeasoning.

Model Checking — A Hands-On
Intr oduction

Model Checkingis a formal techniquefor the veri -
cationof designsof concurrentsystems.lIt is based
ontherepresentationf 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 correspondingem-
poral formula is true in the Kripke model. Model
checkings veryeffectivein pinpointingdesigrerrors
that are extremely hard to detectby meansof test-
ing, andis thereforebeing appliedin the industrial
developmentof reactive systemshardware designs,
and communicationprotocols. Furthermore model
checkingtechniquesand tools are gaining interest
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in several elds of Arti cial Intelligence(e.g.Plan-
ning, Multi-agentsystemsandModel-basediagno-
sis) and Engineering(e.g. Requiremen¥/eri cation,
SafetyAnalysis). Of particularinterestis Symbolic
Model Checking,which makesit is possibleto ana-
lyze extremelylarge nite-state systemsy meansof
symbolicrepresentatiotechniquege.g.Binary De-
cisionDiagrams propositionakatis ability).
Alessandio Cimatti is theleaderof theformal meth-
ods group within the Automated ReasoningSys-
temsdivision (SRA) at ITC-IRST (http://www.
irst.itc.it) . The actiities carriedout by the
group include basic research,the developmentof
the NuSMV (http://nusmv. irs t. it c.it)
modelchecler, andtechnologytransferin industrial
projectsin the areasof safety critical applications
(e.g., railways, avionics, aerospaceindustrial plant
controllers).

AlessandraCimattihasparticipatedn andled several
industrialprojectsaimedattheuseof formalmethods
for thedevelopmentandveri cation of safetycritical
systemsandembeddedontrollers. Someexamples
arethevalidationof InterlockingSystemsthe devel-
opmentof Rail Trafc ManagemenBystemsthede-
signof toolsfor on-boardveri cation, andtheveri -
cationof safety-criticalcommunicatiorprotocols.
AlessandroCimatti is the leader of the develop-
mentof NuSMV. His mainresearchnterestinclude
the developmentof advancedmodel checkingtech-
niques andthe applicationof modelcheckingfor the
synthesisof reactve controllersand testcases. He
hasalsocontritutedto theresearchn theoremprov-
ing, formal languagedor the speci cation of multi-
agentsystemsplanningandrobotics.

Mar co Pistore is AssociateProfessomt the Depart-
mentof Informationand CommunicationTechnolo-
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gies of the University of Trento (http://www.
dit.unitn.it/) and ResearchConsultant at
ITC-IRST (http://www.ir st.t c.it ). His
researchnterestsare in formal methodsandin the
applicationof formalmethodgo planningandto syn-
thesisof controllers. Marco Pistorehasbeenthe re-
sponsibleof thedevelopmenbf theNuSMV checler.
Heis alsoworkingto theFormalTroposproject,aim-
ing at the developmentof a formal languageand of
formal analysistechniquedor the veri cation of re-
guirementsspeci cations. Marco Pistore hasalso
participatedo researctandindustrialprojectsonthe
applicationof formal methodgo the designandver-
i cation of safety-criticalsystemsand of embedded
controllers.

Marco Roveri receved a PhD in Computer Sci-
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(Al*IA) the bestprice for PhD
thesisin arti cial intelligencein Italy. He hisin the
steeringcommitteeof the NuSMV symbolic model
checler, the rst state-of-the-arbpen sourcesym-
bolic model checler. Since 2001 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. Hisresearch
interestare: integration of formal veri cation tech-
niguesalong the whole software developmentpro-
cess,planning in non-deterministicdomainsunder
differentassumptionsnrun-timeobsenrability using
symbolic model checkingtechniquesand symbolic
modelchecking.

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

Invitation to Participate in TAC'03 -

ANNOUNCEMENT —

A Supply Chain Trading

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

Supply chain managemenis concernedwith plan-
ning and coordinatingthe actwities of organizations
acrossthe supply chain, from raw materialprocure-
mentto nished goodsdelivery. In todays global
economyeffective supplychainmanagemernis vital
to the competitvenessof manufcturingenterprises
asit directly impactstheir ability to meetchanging
market demandsn atimely andcosteffective man-
ner With annualworldwide supply chain transac-
tionsin the trillions of dollars, the potentialimpact
of performancémprovementss tremendousWhile
todays supply chainsare essentiallystatic, relying
on long-termrelationshipsamongkey trading part-
ners,more e xible and dynamicpracticesoffer the
prospecbf bettermatchedbetweersuppliersandcus-
tomersas market conditionschange. Adoption of
suchpracticeshashowever provenelusive, dueto the
compleity of mary supply chainrelationshipsand
thedif culty in effectively supportingmoredynamic
trading practices. TAC-03 was designedo capture
mary of the challengesnvolved in supportingdy-
namicsupplychainpracticeswhile keepingtherules
of the gamesimpleenoughto enticea large number
of competitordo submitentries. The gamehasbeen
designedointly by a teamof researcherérom the
e-SupplyChain Management.ab at Carngjie Mel-
lon Universityandthe Swedishinstituteof Computer
SciencgSICS).

Speci cally, TAC-03featuregoundswhereeightPC
assembhagentcompetdor customeiordersandfor
procuremendf a variety of componentsCustomers
issuerequestgor quotesandselectfrom quotessub-
mitted by the PCassemblerdyasedn delivery dates
andprices. The assemblyagentsare limited by the
capacityof their assemblylines andhave to procure
componentdrom a set of possiblesuppliers. The
gamedistinguishesbetweenfour types of compo-
nents:CPUs,Motherboads, MemoryUnitsandDisk

drives It featuresa variety of componentof each
type (e.g. different CPUs, different motherboards,
etc.). Customerdemandcomesin the form of re-
questdor quotesfor differenttypesof PCs,eachre-
quiring adifferentcombinationof components.

The PC assemblyagentscompeteover a relatively
long period of time during which customerdemand
andavailability of suppliesvariesaccordingo prede-
ned stochastidistributions. The aim of eachcom-
petitoragent(PC assemblyagent)is to maximizeits
prot, by (1) competingwith otheragentsfor valu-
ablecustomeiorders andpro table suppliercommit-
mentsand(2) managinghe assemblyof productsto
meetits existing customedelivery commitments.

Thegameis representate of abroadrangeof supply
chainsituations. It is challengingin thatit requires
agentsto concurrentlycompetein multiple markets
(marletsfor differentcomponent®n the supplyside
and markets for different productson the customer
side) with interdependencieand incompleteinfor-

mation. It allows agentgo stratgjize (e.g.specializ-
ing in particulartypesof products stockingup com-
ponentsthatarein low supply). To succeedagents
will have to demonstrat¢heir ability to reactto vari-

ationsin customerdemandand availability of sup-
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plies, aswell as adaptto the stratgjies adoptedby

othercompetingagents.

We would like to invite you to considersubmitting
an entryto the competition. This is a uniqueoppor

tunity to develop and evaluatesupply chaintrading
technologyin a competitve ervironment. Entrants
will alsobeinvited to submitarticlesin anupcoming
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assemblyagentswill beavailablefor practicegames
on the TAC websiteby Februaryl, 2003. This will

enableprospectie agentdesignerdo testand ne-

tune their designsby playing practicegames. The
competitionitself will be playedin a format sim-
ilar to earlier TAC gameswith eight agentscom-
petingin eachround. Quali cation roundswill be

book andwill bene t from the publicity associated heldin May 2003with the nals slatedto take place

with the eventin the form of presscoverageandthe
publicationof an Al magazinearticle discussinghe
competition.

A detailed game description, including the rules
of TACO3, will be publishedon the TAC website
(http://www.sics.se/tac/ ) by late November
2003.The TAC 03 gamesener andsomesimplePC

at IJCAI-03 in Acapulcoin August. Staytunedon
(http:/lwww.sics.se/tac/ ) for more informa-
tion.

Raghu Arunac halam and Norman Sadeh
(CMU),

Erik Aurell, Joakim Eriksson,
and Sverker Janson (SICS)

Niclas Finne,

Postdoctoral and Doctoral

Center

JOB OPENING

Positions at Australian National ICT

The Australian National ICT Center(NICTA) is a
new researchinstitute jointly setup by the Univer
sity of New SouthWales(UNSW) andthe Australian
NationalUniversity (ANU) with respeciie nodesin
Sydng and Canberra. It is funded by the Aus-
tralianFederabndStateGovernmentsin partnership
with the two universitiesandindustry NICTA will
hosttop-ranled internationalresearcherand gradu-
ateprogramsandwill cover majorareasn comput-
ing, systemsandtelecommunications.

TheNICTA homepageis

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

In it therearelinks to the existing programs(more
will beaddedn thefuture),andvacantpositions.

The actvities of the Knowledge Representation http://csl.anu.

and Reasoning(KRR) program (http://www.
nicta.com.au/kr .html) are typied by the

contentof papersappearingn, say the KRR section
of thelJCAI proceedingswith anadditionalfocuson

planningand constraints.The programhasthe pre-
existing multi-university KnowledgeSystemsGroup
(KSG) asits initial core,but now seekgo expandby

recruiting researctpersonneland graduatedoctoral
students.At the moment,post-doctorafellows and
doctoralstudentsaresought:for informationon how

to apply and conditionspleasefollow the Positions
Vacantlink in theNICTA homepage.

KRR welcomespreliminary inquiries about other
levelsof personnel.

Norman Foo, Maurice Pagnucco(UNSW), Sylvie

Thiebaux(ANU)

Dr. Sylvie Thiebaux ResearchFellon, RSISE,
The Australian National University CanberraACT
0200,Australia

edu. au/t hi ebaux
sylvie.thiebaux @au.e du. au

Tel: +61(2) 61258678,Fax: +61(2) 61258651

http://www .planet-noe .org
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Member List for PLaNET

INFORMATION —‘

Currently PLANET has58 nodesfrom 15 European
countries . Sitesandcontactpersonsare:

Austria
- XIMES GmbH,Johannes&artner
gaertner@ximes.com

Belgium
- Robonetic\V, Filip Verhaghe,
filip.verhaeghe@roboentics.com

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

Richard

Cyprus
- University of Cyprus,YannisDimopoulos,
yannis@cs.ucy.ac.cy

Czech Republic
- CharledUniversity PrahaRomanBartak,
bartak@kti.mff.cuni.cz

France
- COSYTEC S.A., Abderrahmanéggoun,
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, SimonDe Givry,
simon.degivry@thalesgroup.com

Germany
- University of Ulm, Coordinating Node, Susanne
Biundo,

biundo@informatik.uni- ulm.de

- AachenUniversity of TechnologyGerhard_ake-
meyer,
gerhard@cs.rwth-

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

aachen.de

- Bremer Institut fur Betriebstechnikund ange-
wandteArbeitswissenschafgsiBa), Frithjof We-
ber,
web@biba.uni-

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

- German ResearchCenter for Arti cial
gence(DFK1), MarkusMeyer,
meyer@dfki.de

- University of Freilurg, Bernhard\ebel,
nebel@informatik.uni- freiburg.de

bremen.de

darmstadt.de
Intelli-

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

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

Greece

- Aristotle University of ThessalonikiloannisRe-
fanidis,
yrefanid@csd.auth.gr

- Foundatiorfor ResearctandTechnology- Hellas

(1cs-FORTH), Dimitrios Plexousakis,
dp@csi.forth.gr

- National Centre for Scientic
"Demokritos”, Constantine&Spyropoulos,
costass@iit.demokritos.gr

- Technical University of Athens (1ccs), Spyros
Tzafestas,
tzafesta@softlab.ece.ntua.gr

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

- University of loannina,Chrysostomostylios
stylios@cs.uoi.gr

Crete, Manolis

Hungary

- Computer and Automation Researchlnstitute
HungarianAcademyof ScienceMTA SZTAKI),
Laszb Monostori,
laszlo.monostori@sztaki.hu

Italy
- DEIS - University of Bologna,PaolaMello,
pmello@deis.unibo.it

- University of Brescia Alfonso Gerevini,
gerevini@ing.unibs.it

- DIST - Universityof GenoaEnricoGiunchiglia,
Enrico@dist.unige.it

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

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

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

- University of Parma,AgostinoPoggi,
poggi@ce.unipr.it

The Netherlands
- Delft University of TechnologyCeesWitteveen,
witt@cs.tudelft.nl

- NLR —NationalAerospacé.aboratoryHenkHes-
selink,
hessel@nlr.nl

Portugal

- Instituto Superior de Engenharia do Porto
ISEP/IPP, JABOROCha,

jrocha@ipp.pt

SLOVENIA
- University of Maribor, PeterKokol,
kokol@uni- mb.si

Spain

- isoco, Intelligent Software for the Networked
Economy Antonio ReyesMoro,
toni@isoco.com

- TechnicalUniversity of Cataloniallu’s Vila,
vila@lsi.upc.es

- University of Granadal uis Castillo,
L.Castillo@decsai.ugr.es

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

- Universitat Politecnicade Catalulya, Institut de
Roloticai Informaticalndustrial, Tom Creemers,
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
Angel Garcia,
magarcia@etse.urv.es

Sweden
- Linkdping University Patrick Doherty
patdo@ida.liu.se

- OrebroUniversity Alessandrdsafott,
alessandro.saffiotti@aass.oru.se

United Kingdom
- British Telecommunicationd)avid Lesaint,
david.lesaint@bte.bt.com

- University of Durham,Julie Porteous,
j-m.porteous@durham.ac.uk

- University of Ess&, SamSteel,
sam@essex.ac.uk

- University of Edinkurgh, JohnLevine,
johnl@aiai.ed.ac.uk

- Universityof Hudders eld, TCU Knowledg e En-

gineering , LeeMcClusley,
t.l.mccluskey@zeus.hud.ac.uk
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- University of Manchestemikolay Mehandjie,
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 Associated.td., VinceLong,
vlong@troyassoc.com

Associated Members
- Norman Sadeh,sadeh@cs.cmu.edu , Carngie

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

- Brian Drabble, drabble@cirl.uoregon.edu ,
University of Oregon

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

The network is open to new nodes at any time.



