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Abstract. In this demonstrationwe show a prototypesystemthat
allows usersto issuecommandsto simulatedactorsin real-time.
The interactive, real-timecontrol is a form of Adjustable Autonomy
[1, 2]. The real time controlprototype,nicknamed“The Boss” is a
sub-systemof a completeactor specificationsystemcalled EASE
(End-userActor SpecificationEnvironment).TheBossallows tasks,
at varying levels of abstraction,to be assigned,withdrawn or sus-
pendedwhile an agentcontinuesrunning.Thesefacilities together
provide theusera largeamountof controlover theactorat runtime.
Importantlytheuseris not requiredto takebackcompletecontrolof
theactorin orderto achievesomeparticulartask.TheBossworksby
addingagentsto, removing agentsfrom or suspendingagentsin the
multi-agentsystem(MAS) which in turn controlstheactor. Because
theadditionandremoval of agentsto themulti-agentsystemhappens
continuallyevenwithoutuserinteraction,theoverall behavior of the
simulatedactoris smoothlyintegratesauser’s adhoccommands.

1 EASE

EASEis asetof graphicaldevelopmenttoolsfor building intelligent
actorsfor simulationenvironments.Specifictoolssupportall aspects
of developmentfrom informationprocessingspecificationthroughto
missionspecification.For moredetailsonEASEsee[4].

An actor controlledby EASE hasan entire multi-agentsystem
(MAS) for the taskof actionselection.Eachagentin the systemis
responsiblefor a specificaspectof theactor’s overall behavior. The
agentsform contractswith otheragentsinto a hierarchicalstructure.
Thecontracted agentis assignedaspecificaspectof thecontractor’s
tasks.The agentsat the bottomof the hierarchynegotiateamongst
themselvesaboutthenext actionof theactor. Eachof theagentsin
thenegotiation“argues”for actionsthatwould bestachieve thespe-
cific taskit hasbeenassigned,but can“compromise”andif required
it will acceptvaluesthat will only partially achieve the task it has
beenassigned.

A factory administersa negotiation.A factory continuouslyse-
lectsactionsfrom the domainof possibleactionsandsuggestsse-
lectedvaluesto theagentsnegotiatingwith thefactory. Theinterested
agentsdeterminetheir satisfaction with thesuggestedactionandre-
turn thesatisfactionvalueto thefactory. Thefactory’s algorithmfor
choosingbetweenactionsis ananytime versionof a fuzzy behavior
fusionalgorithm[3].

In thecurrentimplementationof EASEthebehavior of individual
agentsis governedby asimplestate-machine.In eachstatetheagent
will form contractsor negotiatefor certaintypesof actions.Two spe-
cial typesof statesandtwo specialtypesof transitionsbetweenstates
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Figure 1. An exampleof anEASEMAS specificationfor asimplepatrol
actorfor theair-combatdomain.Largecirclesshow agents,smallcircles

show normalstates,trianglesshow failurestatesandsquaressuccessstates.
Arrows indicatetransitionsbetweenstates.Dashedlinesindicated

contractualrelationships.

canbe part of a state-machine.Whenin a failure statethe agentis
indicatingto its contractorthatit is currentlyunableto achieve its re-
quiredtask.In a success statetheagentis indicatingto its contractor
that it is succeeding(in thecaseof a XX task)or hassucceeded(in
thecaseof aYY task).A failure transition will betakenin acontrac-
tor agentwhenany of theagentsit hascontractedarein failurestates,
similarly a success transition is takenwhenall contractedagentsare
in successstates.The actordesigneris responsiblefor definingthe
successandfailurestatesandtransitions.

A design-timeview of anagenthierarchyfor asimplepatrolmis-
sionin theair combatdomainis shown in figure1. Whentheactoris
startedtherearethreeagentsactive: themissionagent(thatcontrols
theoverallmission);smoothagent(whichpreventsthepilot fromtry-
ing too extrememanouvres);andthe avoid agent(which keepsthe
pilot away from obstacles).As the missionprogressesotheragents
will be contractedfor flying to particularwaypointsand avoiding
particularobstacles.

2 The Boss

To effectively controlanactorat runtimea userneedstwo tools : a
mechanismfor viewing the currentstateof the actoranda mecha-
nismfor exertingcontrol.Theformeris importantmainly for deter-
mining reasonsfor incorrect,undesiredor unexpectedbehavior, the
latterfor actuallygiving commandsto theactor.

2.1 Observing the Actor’s multi-agent system

Theprimarytool for observingtheactor’scontrollingMAS is shown
in Figure2. It usesa familiar treelayoutto show thecurrentlyactive



Figure 2. TheBossdisplaylistsall active agentsin anactor(top)and
allows tracing,terminationandsuspensionof aselectedagent(bottom).

agentsandthe hierarchyof contracts.Eachnodein the treeshows
thenameandcurrentstateof oneof theagents.Thetreeshows how
aparticularabstracttaskis currentlybrokendown into subtasks.

Thetopthreebuttonsin thebottomof TheBosswindow (Figure2)
allow theuserto view differentaspectsof individual agentsin more
detail.Foragentsinvolvedin negotiations,asnapshotof thesatisfac-
tion functioncanbeshown (SatTracebutton).Thesnapshotshows
the calculationthe agenthasperformedin orderto produceits sat-
isfactionvaluefor thecurrentfactorysuggestion.For all theagents,
tracesof the calculationsof their priority (Act Trace)andany tran-
sitionconditions(TransTrace)canbeshown. Thesesnapshotsallow
a userto investigatewhy anagentis persuinga particularcourseof
action.Whenthe userbelievesan agentis doing somethingwrong
they canchecktheagentscalculationsin detail to seewhetherthere
areerrorsor ommissionsin theagentsreasoningorwhethertheagent
has,correctly, takeninto accountfactorsthattheuserhasnot.

2.2 Manipulating the Actor’s multi-agent system

TherearecurrentlythreewaysthattheusercanmanipulatetheMAS:
by breakingexistingcontracts,by creatingnew contractsandby sus-
pendingexistingagents.Eachof themechanismsis accessedthrough
thesameinterface(Figure2).

Figure 3. Creatingnew agents

To breaka contractwith an agentthe userselectsthe agentand
thenselectseitherthe “end fail” buttonor the “end success”button
at the bottomof the screen.The agentwhosecontractthe userhas
broken in turn endscontractswith any agentsit hascontracted,i.e.
theusercanendawholehierarchyof taskswith asingleclick. If the
“end failure” buttonwasselectedtheagentthengoesinto a dummy
failure state,otherwiseit goesinto a dummysuccessstate.A con-
tractorthatcontractedtheagentwhosecontracttheuserhasbroken
handlestheterminationof thecontractasit wouldhandleany success
or failureof acontractee.

For example,considertheexampleactorspecificationgivenin the
previoussection(shown in Figure1). If a userdecidedthat the air-
craft shouldskip the first way-pointandgo directly to the second,
they could achieve their objective by selectingthe waypointagent
(contractedby themissionagent)thenselecting“end success”.The
waypointagentwill leave the negotiationsandentera dummysuc-
cessstate.The missionagent(i.e. the waypointagent’s contractor)
will detectthattheway-pointagentis now in asuccessstateandwill
contractanew way-pointagentfor thenext waypoint.

The secondway a usercanmanipulatethe MAS is by creating
new agents.Figure3 shows anotherpart of TheBosswhich allows
agentsto becreatedandcontractedby theuser. To createan agent,
theuserselectstheagenttype,thenselects“create”.If theagentcon-
tractrequiresparametersto beinstantiated(for examplethelocation
of a waypoint)a dialog box popsup allowing the userto instanti-
atethenecessaryparameters.ThecreatedagententerstheMAS and
immediatelymakescontractsor joins in negotiationsasspecifiedin
its startingstate.This functionalityeffectively allows theuserto dy-
namicallytasktheactor. In earlyevaluationsof TheBossthis func-
tionality hasbeenfoundto beparticularlyusefulin testingactors.

The final type of control the userhas is the ability to suspend
(pause)anagentwithin theactor. This is doneby selectingtheagent
andthenselectingthe “pauseagent”buttonshown at thebottomof
TheBossdisplay(Figure2.) As with the contractbreakingmecha-
nism if an agentat the top of a hierarchyis pausedthe wholehier-
archyis paused.This mechanismallows the userto indicateto the
actorthataparticulartaskshouldbepaused.
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