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Abstract. In this demonstratiorwe shaw a prototypesystemthat
allows usersto issuecommandsto simulatedactorsin real-time.
The interactie, real-timecontrolis a form of Adjustable Autonomy
[1, 2]. Therealtime control prototype,nicknamedThe Boss”is a
sub-systenof a completeactor specificationsystemcalled EASE
(End-uselActor SpecificatiorEnvironment). The Bossallows tasks,
at varying levels of abstractionto be assignedwithdravn or sus-
pendedwhile an agentcontinuesrunning. Thesefacilities together
provide the usera large amountof control over theactorat runtime.
Importantlytheuseris not requiredto take backcompletecontrol of
theactorin orderto achieze someparticulartask. TheBossworksby
addingagentdo, remaoving agentsrom or suspending@gentsn the
multi-agentsystem(MAS) whichin turn controlstheactor Because
theadditionandremoval of agentdo themulti-agentsystemhappens
continuallyevenwithout userinteraction the overall behaior of the
simulatedactoris smoothlyintegratesa users adhoccommands.

1 EASE

EASEis asetof graphicaldevelopmentoolsfor building intelligent
actorsfor simulationenvironments Specifictoolssupportall aspects
of developmentrom informationprocessingpecificatiorthroughto
missionspecificationFor moredetailson EASE se€[4].

An actor controlledby EASE hasan entire multi-agentsystem
(MAS) for the taskof actionselection Eachagentin the systemis
responsibldor a specificaspecif the actors overall behaior. The
agentdorm contractswith otheragentdnto a hierarchicaktructure.
Thecontracted agentis assigned specificaspecbf thecontractor’s
tasks.The agentsat the bottomof the hierarchynegotiateamongst
themselesaboutthe next actionof the actor Eachof the agentsin
thenggotiation“argues”for actionsthatwould bestachieve the spe-
cific taskit hasbeenassignedbut can“compromise”andif required
it will acceptvaluesthatwill only partially achieve the taskit has
beenassigned.

A factory administersa negotiation. A factory continuouslyse-
lects actionsfrom the domainof possibleactionsand suggestse-
lectedvaluesio theagentsgyotiatingwith thefactory Theinterested
agentsdetermineheir satisfaction with the suggested@ctionandre-
turn the satishctionvalueto thefactory Thefactorys algorithmfor
choosingbetweeractionsis anarytime versionof a fuzzy behaior
fusionalgorithm|[3].

In the currentimplementatiorof EASE the behaior of individual
agentss governedby a simplestate-machindn eachstatetheagent
will form contractor negotiatefor certaintypesof actions Two spe-
cial typesof statesandtwo speciaktypesof transitionsdbetweerstates
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Figurel. An exampleof anEASEMAS specificatiorfor a simplepatrol
actorfor theaircombatdomain.Large circlesshav agentssmallcircles
shav normalstatestrianglesshaw failure statesandsquaresuccesstates.
Arrows indicatetransitionsbetweerstatesDashedinesindicated
contractualelationships.

canbe partof a state-machineWVhenin afailure statethe agentis
indicatingto its contractoithatit is currentlyunableto achieve its re-
quiredtask.In a success statethe agentis indicatingto its contractor
thatit is succeedindin the caseof a XX task)or hassucceededin
thecaseof aYY task).A failuretransition will betakenin acontrac-
toragentwhenany of theagentst hascontractedrein failurestates,
similarly a success transition is takenwhenall contractecigentsare
in successtates.The actordesigneiis responsiblgor definingthe
successndfailure statesandtransitions.

A design-timeview of anagenthierarchyfor a simplepatrolmis-
sionin theair combatdomainis shavn in figure 1. Whentheactoris
startedtherearethreeagentsactive: the missionagent(thatcontrols
theoverallmission);smoothagent(which preventsthepilot fromtry-
ing too extrememanouvres)andthe avoid agent(which keepsthe
pilot awvay from obstacles)As the missionprogressestheragents
will be contractedfor flying to particularwaypointsand avoiding
particularobstacles.

2 TheBoss

To effectively controlan actorat runtimea userneedstwo tools: a
mechanisnfor viewing the currentstateof the actoranda mecha-
nismfor exerting control. Theformeris importantmainly for deter

mining reasondor incorrect,undesirecor unexpectedbehaior, the
latterfor actuallygiving commandso theactor

2.1 Observing the Actor’s multi-agent system

Theprimarytool for observingheactors controllingMAS is shavn
in Figure2. It usesafamiliartreelayoutto shav thecurrentlyactive
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Figure2. TheBossdisplaylists all active agentsn anactor(top) and
allows tracing,terminationandsuspensionf a selectecagent(bottom).

agentsandthe hierarchyof contractsEachnodein the tree shaws
thenameandcurrentstateof oneof theagentsThetreeshavs hov
aparticularabstractaskis currentlybrokendown into subtasks.
Thetopthreebuttonsin thebottomof TheBosswindow (Figure2)
allow the userto view differentaspect®of individual agentsn more
detail.For agentsnvolvedin negotiations asnapshotof thesatishc-
tion function canbe shawn (SatTracebutton). The snapshoshavs
the calculationthe agenthasperformedin orderto produceits sat-
isfactionvaluefor the currentfactorysuggestionFor all theagents,
tracesof the calculationsof their priority (Act Trace)andary tran-
sition conditions(TransTrace)canbeshavn. Thesesnapshotsallow
a userto investigatewhy anagentis persuinga particularcourseof
action.Whenthe userbelievesan agentis doing somethingwrong
they cancheckthe agentscalculationsn detailto seewhetherthere
areerrorsor ommissionsn theagentseasoningrwhethertheagent
has,correctly takeninto accounfactorsthatthe userhasnot.

2.2 Manipulating the Actor’s multi-agent system

Therearecurrentlythreewaysthattheusercanmanipulatehe MAS:

by breakingexisting contractsby creatingnew contractsandby sus-
pendingexistingagentsEachof themechanismg accessethrough
thesameinterface(Figure2).
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Figure3. Creatingnev agents

To breaka contractwith an agentthe userselectsthe agentand
thenselectseitherthe “end fail” button or the “end success’button
at the bottomof the screen.The agentwhosecontractthe userhas
brokenin turn endscontractswith ary agentst hascontractedi.e.
theusercanendawhole hierarchyof taskswith a singleclick. If the
“end failure” button wasselectedhe agentthengoesinto a dummy
failure state,otherwiseit goesinto a dummysuccesstate.A con-
tractorthat contractedhe agentwhosecontractthe userhasbroken
handlegheterminationof thecontraciasit wouldhandleary success
or failure of acontractee.

For example considetthe exampleactorspecificatiorgivenin the
previous section(shawvn in Figurel). If a userdecidedthatthe air-
craft shouldskip the first way-pointand go directly to the second,
they could achieve their objective by selectingthe waypointagent
(contracteddy the missionagent)thenselecting‘end success”The
waypointagentwill leave the nggotiationsandentera dummysuc-
cessstate.The missionagent(i.e. the waypointagents contractor)
will detecthattheway-pointagentis now in asuccesstateandwill
contracta new way-pointagentfor the next waypoint.

The secondway a usercan manipulatethe MAS is by creating
new agentsFigure3 shaws anotherpart of The Bosswhich allows
agentsto be createdandcontractedby the user To createan agent,
theuserselectgheagentype,thenselects'create”.If theagentcon-
tractrequiregparameterso beinstantiatedfor examplethelocation
of a waypoint) a dialog box popsup allowing the userto instanti-
atethe necessarparametersThecreatecagententershe MAS and
immediatelymalescontractsor joins in negotiationsasspecifiedin
its startingstate.This functionality effectively allows the userto dy-
namicallytaskthe actor In early evaluationsof The Bossthis func-
tionality hasbeenfoundto be particularlyusefulin testingactors.

The final type of control the userhasis the ability to suspend
(pausepnagentwithin theactor Thisis doneby selectinghe agent
andthenselectingthe “pauseagent”button shawvn at the bottom of
The Bossdisplay (Figure2.) As with the contractbreakingmecha-
nismif anagentat the top of a hierarchyis pausedhe whole hier
archyis pausedThis mechanisnallows the userto indicateto the
actorthata particulartaskshouldbe paused.
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