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Abstract

In this paperwepresenttheresultsof thecombinedde-
velopmentof APOC andADE, an architecture framework
for the analysis,comparison,and designof agent archi-
tecturesand a distributedagent developmentenvironment
which implementsAPOC principles,respectively. Weshow
how the APOC framework relatesto other architectures
and designmethodologiesand demonstrate how other ar-
chitecturesandarchitectural componentscanbecombined
in a singlearchitecture throughAPOC. Next we describe
theADE developmentenvironmentandhighlighttheimple-
mentationof APOC principles.We showhow ADE gives
users the freedomto seamlesslyswitch betweensingleand
multiplecomputerenvironments,serial andparallel execu-
tion, and robotic and virtual agents.Finally, we illustrate
thefeaturesof ADE througha roboticagentexample.

1. Intr oduction

The landscapeof agentsystemscontainsa variety of
toolkits and systemsfor the design of both distributed
multi-agent (e.g., JADE [5], RETSINA [20], AGENTBASE

[1], ZEUS [15], Mozart [21]) and single-agent sys-
tems(e.g,SimAgent[19], ARIA/Saphira/Colbert[10–12],
Player/Stage[7,8]).

Multi-agent systemstypically provide featuressuchas
a distributed environment and communicationprotocols
agentdesigners.For example,JADE [5] provides a com-
municationlanguage,agraphicaluserinterfacefor control-
ling andmonitoringagents,andadirectoryfacilitatorwhich
providesservicesneededto allow agentsto contactonean-
otherandcommunicateregardlessof their locationsin the
system.

Single-agent systemsprovide tools for architecturalde-
signof agents.For example,ARIA andSaphira[11], for in-
stance,providesystemarchitecturecapacities(adescription
of the robot, including sensorsand effectors)and a robot
controlarchitecture(includingprede�nedroutinesfor such
tasksaregradient-basednavigationandlocalization).Sim-
Agent [19], on the other hand,provides a set of libraries
with functionality for the designof “agentswith complex
internalmechanisms.”

However, existingsystemsrarelyinterweavecharacteris-
tics of bothsingleandmulti-agentsystems.Moreover, they
do not have asa foundationa theoreticalframework which
will allow for thecombinationof componentsfrom differ-
ent architecturesinto a single system.As a result,poten-
tial symbioticeffectswhich emergefrom theinteractionof
componentsdesignedfor differentsystemscannotbe sys-
tematicallyexplored.

In this context, we proposethe ADE agentarchitecture
developmentenvironment.ADE provides a user-friendly
environmentfor the developmentof architecturesfor vir-
tualandroboticagentsin singleandmulti-agentsettings.It
is built accordingto thespeci�cationsof the APOC archi-
tectureframework [16,17] ageneral,universalagentframe-
work in which any agentarchitecturecanbeexpressedand
de�ned. Like many multi-agentsystems,ADE is a dis-
tributed environment. Foundedon a generalarchitecture
framework, theADE developmentenvironmentcanrunany
agentarchitecture,eitherby usingan APOC translationof
thatarchitectureor by embeddingtheentirearchitecture“as
is” into a single architecturalcomponent.Togetherthese
two characteristicsgive ADE anautomaticmeansof paral-
lelizing thecomputationin any architecture.We will illus-
tratepotentialusesof ADE throughan examplein which
componentsfrom two different types of architectureare
combinedin a straightforwardmannerto createa new, hy-
brid system.Thesystemachievesagoalwhichcouldnotbe
achievedindependentlyby eithersingleor multi-agentsys-



temswithout theuseof morecomplex components.
In thefollowing, we �rst giveanoverview of theAPOC

framework andillustratethecharacteristicswhichlend�e x-
ibility androbustnessto ADE. Thenwe describethe user
interfaceandthe supportingenvironment,highlighting the
implementationof APOC featuresin thedevelopmenten-
vironment.Finally, anexampleof combiningfeaturesfrom
two architectureswithin theAPOC framework is illustrated
usinga roboticapplicationin ADE.

2. APOC

The ideaof a uni�ed theoreticalframework for the im-
plementation,design,andanalysisof complex agentsis not
new. In this sectionwe presentthe APOC framework and
relateit to existingwork in agentarchitectures.

2.1. APOC Componentsand Links

APOC is an acronym for “Activating-Processing-
Observing-Components”,which summarizesthe function-
ality on which the APOC agentarchitectureframework
is built: heterogeneouscomputationalunitscalled“compo-
nents”which canbeconnectedvia four link types(activa-
tion,observation,processcontrol,andcomponent)to de�ne
anagentarchitecture.Thecomponents,links, andtheir in-
teractionsaredescribedin detailelsewhere[16,17]. Below
weprovideabrief descriptionof their functionality.

In designinganarchitectureframework it wasimportant
not to placeany unnecessaryrestrictionson thestructureof
the componentswhich canbe combinedto form agentar-
chitectures.Thus,APOC componentsarevery generalau-
tonomouscontrolunitsthatarecapableof (1) updatingtheir
own state,(2) in�uencing eachother, and(3) controllingan
associatedprocess.To thisend,thestateof agenericAPOC
componentwas de�ned as consistingof: activation level,
priority level, associatedprocess,instantiationnumber, up-
datefunction,inputs,andoutputs.

Activation links (A-links) are the most generalmeans
by which componentscan exchangeinformation. An A-
link connectstwo APOC componentsandservesasatrans-
ducer. The information on the A-link can be transmitted
without change,or an operationcan be performedon the
dataas it passesthroughthe link (e.g., numericalvalues
could be “scales” by a particular factor analogousto the
“weights” onconnectionsin neuralnetworks).

Priority links (P-link s)areanexplicit meansof allowing
componentsto control other components'associatedpro-
cesses.Two numericpiecesof dataare passedthrougha
P-link: the priority level of the controllingcomponentand
asignal(START, INTERRUPT, RESUME or NOOP). Thecon-
trolled componentchoosesfrom its incomingpriority links
thesignalassociatedwith thehighestincomingpriority and,

if thatpriority is higherthanits own, sendsthatsignalto its
associatedprocess.

Priorities and P-links can be usedto implementmany
types of control mechanisms,in particular, hierarchical
preemptive processcontrol. In embodiedagents,suchas
robots, they could be usedto implementemergency be-
haviors: thecomponentwith theassociatedemergency pro-
cesswould have the highestpriority in the network and
be connectedto all the other componentscontrolling the
agentsbehavior, which it could suppress(thusimplement-
ing a “global alarmmechanism”asdescribedby [18]).

Observer links (O-links) are intendedto allow compo-
nentsto observe othercomponents'innerstateswithout af-
fectingthem.They extractthedatafrom theobservedcom-
ponentandsendit to the observer. An exampleof O-link
useis allowing a vision controlcomponentobserve thevi-
sualprocessingcomponentfor thefeaturesfoundin thecur-
rentimage.

Componentlinks (C-links) areusedto instantiateandre-
move instancesof APOC componentsat run-time(they are
the only type of componentthat can instantiateor termi-
natean APOC component).They arealsousedto instan-
tiate the otherlink typesbetweenAPOC componentsand
arethemselvesonly instantiatedby APOC components.

In theremainderof this sectionwe show exemplify how
work in behavior-basedarchitectures,cognitive architec-
tures,andgeneralframeworksfor architecturedevelopment
relatesto theAPOC framework. We presenttwo examples
from eachclassandshow how they relateto ourframework.
For two architectures,thebehavior-basedSubsumptionar-
chitectureandthecognitiveACT-R architecture,wefurther-
morepresentdirecttranslationsinto APOC.

2.2. Behavior-BasedAr chitectures

2.2.1. Subsumption. Thesubsumptionarchitecture [6] is
a layeredsystem,in which individual layerswork on indi-
vidual goalsconcurrentlyandasynchronously. Layerscon-
sist of nodes,eachnodebeing the representationof a be-
havior. Eachbehavior is implementedasan augmented�-
nitestatemachine(AFSM).

Subsumptionarchitecturescan be translatedinto the
APOC framework in a straightforward mannerby de�n-
ing their components,the augmented�nite state ma-
chines(AFSM),asfollows:

1. Thestatetableis directly incorporatedinto theupdate
functionof anAPOC node.

2. Environmental/datainputsmapontoA-links

3. Inhibitor connections,which block inputs to nodes,
useA-links and simple,specializedAPOC nodesto
decidewhetherto passon informationor whetherto
block it



4. Resetand suppressorconnections,which substitute
valuesfor nodeoutputs,can be implementedvia P-
links, coupledtogetherwith assigningnodesa prior-
ity proportionalto the layer in which they arefound.
Thus,nodesin higherlevelscancontrol theexecution
of nodeslower in thelayerhierarchy.

5. A-links areusedfor messagepassing.

2.2.2. GRL. [9]. GRL is a behavior-basedarchitecture
which treatsarbitrationmechanismsas“higher-level func-
tions.” Thus,GRL allowsfor thecombinationof somearbi-
trationmechanismsin onearchitectureandmovescloserto
acompleteintegrationof architectureandarbitrationmech-
anism.APOC completesthe processby runningthe arbi-
tration mechanismin the form of specializedcomponents
in thearchitecture.

2.3. CognitiveAr chitectures

2.3.1. ACT-R. For a descriptionof ACT-R we chosethe
recentdescriptionof version5.0 by Andersonet.al.[3]. Its
descriptionincludesthebrainregionswhichmapuntoeach
functionality of the architecture.ACT-R usesinteractions
betweendata(chunks)andconditionactionrules(produc-
tions)to simulatecognition.ACT-R usestwo typesof mem-
ories- declarativeandproduction,andagoalstack.Oneach
updatecycle,asingleproductionis �red basedsolelyonthe
goal that is currentlypursued.The architecturallayout of
ACT-R is shown in Figure1.
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Figure 1. The ACT-R architectural structure .

Themaincomponentsof ACT-R aredescribedbelow.

� A Perceptual � Motor System, which interactswith
the environment, receiving visual input and sending

commandsto theeffectors.Perceptualinformationel-
ements(chunks)arealsocreatedin this system.

� An Intentional Module, also known as a
Goal Module, which holds representationsof in-
tentions and keeps track of them, so the behav-
iors serve thegoal.Abstractand/orcompoundchunks
arecreatedhere.

� A Declarative(Memory) Module, whichholdsandre-
trievesrecordsof chunks.

� A Procedural Module, which performs two main
functions:partialmatchingon theconditionsto deter-
minetheruleswhich areeligible for execution,selec-
tion of onerule amongthoseeligible for executionto
�re in thecurrentcycle.

In the simplesttranslation,eachof the above elements
can map to one APOC component.Chunksare also cre-
atedas APOC components,which, in the ADE environ-
mentleadsto thecreationof adistributedmemorystructure
amongtheparticipatingcomputersonwhich theACT-R ar-
chitectureis distributed.A distributedmatchingsystemcan
thenbeimplementedwithin anACT-R architectureby cre-
ating a partial matcheron eachmachine.On eachupdate
cycle, thepartialmatcherreportswhich objectson its host
matchrule antecedents.The partial matcheson eachhost
arereportedto the partial matcherfrom the hoston which
the rule resides,which then completesthe matchingpro-
cess.

Communicationamongvariouselementsof thearchitec-
tureis madethroughabuffer associatedwith eachelement.
Eachbuffer containsonepieceof data(a chunk)which is
accessibleto the systemat large. In APOC the buffer is
simply a �eld in eachcomponentandits valueis commu-
nicatedto other architecturalelementsthroughthe useof
O-links.

Thechunkretrieval processis activationbased,with the
activationof achunkgivenby Ai = Bi + å j WjSj i , whereBi
is thebaselevel activationof thechunk,Wj is theattentional
weightingof theelementsthatarepartof thecurrentgoal,
andSj i arethestrengthsof associationfrom theelementsj
to chunki. It shouldbenotedthatactivationvaluesmapdi-
rectly to theact elementof APOC components. Thebase
level is givenby Bi = ln(å n

j= 1 t j � d), wheren is thenum-
berof timeselementi in memoryhasbeenaccessed(prac-
ticed), t j is the time sincethe j th practiceof item i andd
is a parameterestimatedat 0.5. Retrieval time for chunks
is thengiven by Recognition time= I + Fe� Ai , with I and
F beingexperimentallydeterminedtime constants.There-
trieval time of a chunkcanbeadjustedin APOC by vary-
ing thedelayon thelink goingto thecomponentrepresent-
ing thatchunk.

2.3.2. SOAR. Unlike ACT-R, Soar [13] uses a single
memoryto holddataandproductions,with aworkingmem-



ory beingtheequivalentof theACT-R goalstack.Soaral-
lows multiple rulesto �re within thesamecycle.A transla-
tion of Soarinto APOC is alsoavailable[4].

2.4. Frameworks

2.4.1. RS. RS [14] proposeda model of computation
basedoninteractionamong“concurrentcomputingagents”.
Agentsin RSareinstantiatedschemaswhichareconnected
through universal messagepassinglinks. APOC builds
upon RS by adding several capabilities,such as the op-
tion of performingthecomputationbothsynchronouslyand
asynchronouslyandthepossibilityof specifyinga time de-
lay for eachlink.

2.4.2. RCS. RCS[2] is a designmethodologywhich im-
posesnomethodologicalconstraintson thearchitecturede-
veloper. The universalityof the RCSapproachis a feature
alsopresentin APOC. However, RCSbeingonly a design
methodology, doesnot provide a structurewithin which
agentarchitecturescan be developed.APOC provides a
de�nition of the componentsof an architecture(compu-
tationalandcommunicationelements),giving architecture
developersthe basicbuilding blocksfor developingarchi-
tectures,possiblydesignedaccordingto the RCSmethod-
ology.

The generalityof APOC illustrated by the above ex-
amples is inherited by its implementationin the ADE
developmentenvironment.ADE supportsall the features
mentionedabove in behavior-basedarchitectures,cogni-
tive architectures,and systemdevelopment frameworks.
Many other featuresare presentin ADE either as a di-
rect resultof its theoreticalfoundation,or by virtue of de-
sign/implementationdecisions.We begin thedescriptionof
our approachto integratingtheoryandpracticewith a de-
scriptionof theAPOC architectureframework. We present
the componentsand links of the framework andwe show
how APOC canbe usedto expressarchitecturesin a uni-
�ed way.

The two translationsillustrate a straight-forward map-
pingbetweenthestructureof componentsin otherarchitec-
turesand APOC components.Suchtranslationsarewell-
suitedfor the developmentof APOC templatesrepresent-
ing genericcomponentsof otherarchitectures.Translations
of actualarchitecturesinto APOC are then reducedto a
“�ll-in-the-blank” process.Librariesof componentsbuilt in
variousparadigmscanthusbeeasilycreatedby translating
componentsof working architecturesto their APOC coun-
terparts.Theselibrariesprovidetheopportunityof studying
theinterplayamongvariousarchitecturedesignmethodolo-
giesbyallowingcomponentsfromdifferentparadigmstobe
usedtogether. Severalarchitectureshavebeenimplemented
whereco-operativeandcompetitiveelementsweresuccess-

fully mergedusingADE, thedevelopmentenvironmentde-
scribedin thenext section.

3. ADE

In this sectionwe will describethe functionality of the
Agent DevelopmentEnvironment.Featureswhich are di-
rectly relatedto the APOC framework (e.g., implementa-
tion of components)will be identi�ed andgeneralfeatures
(e.g.,distributedcomputation)will bediscussed.ADE will
be presentedin two parts:the userinterface,showing the
functionality availableto the user, andthe underlyingsys-
tem,describingthe set-upwhich forms the practicalfoun-
dationfor theenvironment's �e xibility .

3.1. The ADE User Interface

Theuserinterfaceof ADE is shown in Figure2. Thein-
terfaceis divided into two subspaces:anarchitectureview
andavirtual machineview. Thearchitectureview describes
the relationshipamongcomponentsat the type level, i.e.,
what types(programs)can be presentin the architecture,
which typescanbeconnectedthroughlinks andwhattypes
of links canbe part of thoseconnections.The virtual ma-
chine view presentsthe instantiatedversionof the archi-
tecture:the instancesof eachtypeandtheconnectionsthat
have beencreated.Componentsandlinks at thevirtual ma-
chinelevel implement(with minor variations)the compo-
nentsand links de�ned as part of the APOC framework.
Wepresenttheinterfacein threesections:generalfunction-
ality, the functionality of the architectureview space,and
thefunctionalityof thevirtual machinespace.

3.1.1. Ar chitecture View In thearchitectureview, boxes
representthe typesof componentsthat can be presentin
the run-time virtual machine(i.e., the instantiatedarchi-
tecture).Upon addinga type to an architecture,usersare
promptedto specifya numberof instanceswhich arecre-
atedby default (possibly0) anda maximumnumberof in-
stanceswhich can be part of the architecture.ADE uses
a specializedclasscalledAPOCType to identify the types
of componentswhich canbepresentin the runningvirtual
machine.A copy of this classis instantiatedfor eachcom-
ponenttype. After instantiation,eachcopy keepstrack of
the type it represents,thenumberof instancesof that type
which exist in the running virtual machineand the max-
imum numberof instanceswhich can simultaneouslybe
presentthere.The Architecturespacedescriptionsof vir-
tual machinecomponentsact asresourcemanagersin the
system:they enforcethe user-speci�ed limits on the num-
ber of instancessimultaneouslypresentin the virtual ma-
chineanddecideon whatcomputera new instanceof that
typeshouldbecreated(if ADE is run asa distributedplat-
form).



Links in ADE arecreatedandcon�guredthrougha link
creationtool. In architecturespace,links betweentwo types
indicatethe potentialof creatinga link betweeninstances
of thosetypes.In thegraphicalinterface,edgesindicate(by
the directionof the arrow) the directionof the links in the
architecture.Link informationcanbeobtainedby clicking
on thearrow.

3.1.2. Virtual Machine View In the runningvirtual ma-
chine, boxes indicate actual computationalcomponents
presentin theinstantiatedarchitecture.All componentsex-
tendanAPOCNodeclass,which providesthemwith: vari-
ablesfor activation level, priority level, and instantiation
number, anupdatefunction(modi�able by users),andvec-
tors for inputs and outputs.Since nodesin the APOC
framework do not necessarilyhave an associatedprocess,
theAPOCNodeclassdoesnot provide a default associated
process.

Figure 2. The ADE interface: (a) top - the type-
level description and initial state of the run-
time vir tual machine , (b) bottom - the �nal
state of the run-time vir tual machine .

EdgesrepresentinstantiatedAPOC links. Multiple ar-
rowscanbepresentalongeachedge,indicatingeachtypeof

instantiatedlink.ADE A-links arede�ned by a startnode,
a destinationnode,a vector containingdatabeing passed
throughthe link, an operatorwhich is appliedto the data,
and the time it takes for the datato advanceoneelement
throughthevector, referredto asthecycle time of thelink.
The cycle time, togetherwith the lengthof the vectorde-
�ne the link delayof the APOC A-link. Similar parallels
exist betweeneachof the otherthreelink typesin APOC
andtheir ADE equivalents.

It canthusbeseenthattheADE implementationof com-
ponentsandlinks closelyparallelstheir theoretical,APOC
counterparts.

Userscan insert componentsdirectly into the running
virtual machineif the insertionoperationdoesnot violate
the architecturalrestrictionon the numberof components
which canbesimultaneouslypresentin the instantiatedar-
chitecture.If aviolation is detected,theinstantiationopera-
tion fails.

Links can also be insertedin the running virtual ma-
chines.If a link is not available in the descriptionof the
architecturethentheinsertionoperationfails.

3.2. The ADE Supporting Envir onment

The supportingenvironmentprovidesthe infrastructure
to distribute agentarchitecturesand to operatevirtual as
well as robotic agents.Thereare � ve servers in an ADE
system:registry, APOC, GUI, agentandutility. Eachtype
or ADE serverwill bebrie�y discussedbelow.

TheRegistry is a centralizedresourcemanagerfor thesys-
tem. It keepstrack of the available servers and the ser-
vicesthey provide. Therefore,eachserver which is partof
an ADE systemcontactsthe registry in order to make its
servicesavailableto othersystemcomponents.The initial
communicationspeci�esseveralparameters,suchasmaxi-
mumnumberof client connectionssupportedandnamesof
clientswhich areallowedto connectto theserver. A client,
then,is anelementof thesystem(aserveror aseparatepro-
gramsuchasanADE computationalcomponent)whichre-
quiresthe useof the facilities provided by a server (e.g.,
a robot motor control noderequiring a connectionto the
agentserver in orderto accessthemotors).A client requir-
ing the servicesof the server contactsthe registry andre-
questsaconnection.If aconnectionis possible,theregistry
connectstheclientwith theserverandis nolongerinvolved
in their transactions,thusavoiding thecreationof asystem-
widebottleneck.

APOC servers are independententities which serve as
hostsfor componentsandlinks. EachAPOC serverhasca-
pabilitiesfor creationanddeletionof new componentsand
links. APOC serverscontroltheir locally instantiatedcom-
ponentsandmaintainconnectionsto otherAPOC servers
aswell asto all availableGUI serversin theADE system.



GUI servers are the interface of the ADE environment
(their functionality was describedin Section 3.1). Each
GUI server maintainsconnectionsto all APOC serversin
thesystemin orderto relayusercommands(suchasinser-
tion of a component)to APOC serversandto displaynew
components(createdduring the life-cycle of the architec-
ture).

Agent servers provide accessto “bodies” of virtual or
robotic agents.In the caseof robotic agents,this involves
establishingconnectionsto thephysical sensorsandeffec-
torsof therobot.For virtual agents,agentserversprovide a
descriptionof thebodyof theagentthey representandim-
plementationsof its sensorsandeffectors.

Util ity servers provide additionaldistributedservicesthat
arenotpartof theagentarchitecture.They areusedasanad-
ditional tool to easethe incorporationof complex features
into ADE systems.Typically theseserversimplementcom-
putationallyexpensive operations.

3.3. Dimensionsof ADE Flexibility

In this sectionwe exemplify the �e xibility presentin
theADE environmentby consideringADE. We show how
ADE canrun asa singleandmulti-computerenvironment,
how it canfunctionasa mediumfor serialandparallelex-
ecutionandhow it canbe usedfor the implementationof
virtual androboticagents.

3.3.1. Single and Multiple Computer Envir onments.
The ADE systemhasfacilities to run both asa singleand
multi-computersystem.Switchingbetweenthe two modes
canbe doneeasily throughthe GUI. In switching from a
multi-computersystemto a single computersystem,the
GUI shutsdown APOC serversrunningon machinesother
thantheoneon which theGUI is running.Switchingfrom
asingle-computersystemto adistributedsystemsimply re-
quirestheGUI to go to througha normalstart-upsequence
for thehostsuserswantaddedto thesystem.

3.3.2. Serial and Parallel Execution. ADE providestwo
modesin which architecturescanberun: a ”Synchronous”
modeandan”Asynchronous”mode.In the“Synchronous”
mode, eachnode of the architectureupdatesonce, then
waits for all othernodesto completetheir computationbe-
fore proceedingto thenext computationalcycle. In “Asyn-
chronous”mode,eachnodeupdatesindependentlywith an
executionthreadassociatedwith eachnode.

3.3.3. Robotic and Virtual Agents. Web-basedagents
can be implementedin ADE using the JAVA URL class,
which allows theopeningof webdocuments(seealsoFig-
ure 2). “Embodied” virtual agentscan also be developed
andtestedby usinganavailablesimulatorwhich is runasa

util ity server in thesystem.Body descriptionsin thesimu-
lator canbecon�guredto provide thesameaccessmethods
asthoseavailableonanactualrobot.

Robotic agents can be developed by running
agent servers which provide accessto the sensorsand
effectorsof the robot. The samecontrol codecan be ex-
ecutedon both the robotic and virtual agents,allowing
a seamlesstransition betweenthe two realms and pro-
viding a simulatedtesting environment for robot control
code.

The robotic agentexampleprovided in the next section
givesadditionaldetailson facilitiesprovidedby ADE.

3.4. ADE Example

In this sectionwe presentanexampleof combiningtwo
architecturedesignmechanismswithin asingleagentwhile
re-usingcomputationalcomponents.Someof the facilities
providedby ADE to agentdevelopersin orderto easeopti-
mizationof their designsarealsoillustrated.

Therobotwasgivena target localizationtask,in which
a target (i.e., “orangeball”) hasto be locatedin an envi-
ronmentwith obstacles(e.g., an of�ce spacewith boxes,
chairs,etc.). A typical situationencounteredby the robot
duringthis taskis shown in Figure3.

Figure 3. Typical situation for the robotic
agent: the path towards its target is ob-
structed, although the target is still in sight.

In thesituationof Figure3, theopeningbetweenthetwo
obstaclesis not wide enoughfor therobot to passthrough.
Therefore,therobotneedsto goaroundoneof theobstacles
in orderto reachits goal.As aresult,therobotalsoneedsto
beableto handlesituationswhereit losessightof theball
for acertainperiodof time.



Supervisory Node

Competitive Arbiter Cooperative Decision Maker

Sonar Processor Vision ProcessorSonar Processor. . .

Motors

On/off signal On/off signal

Vision
Information

Directional vectorDirectional Vector

Motor Commands

Figure 4. ADE architecture for robotic exper -
iment: (a) top - schematic of the ADE archi-
tecture for the robotic experiment, (b) center
- vir tual machine view with components and
links, (c) bottom - view with hid den links and
added labels.

The robot architectureusedfor the experimentis pre-
sentedin Figure 4(b) (the run-time virtual machineside
of the toolkit is shown).1. A schematicof thearchitectural
componentsandtheir interactionsis shown in Figure4(a).

1 Transparentto theuser, componentsin thevirtual machineexecuteon
severalhostswhichwerepartof theADE system.Thus,if ADE is run
in multi-computermode,usersdo not have to make explicit arrange-
mentsto distributecomputation

Figure 5. (a) Contr ol panel for dynamic color
rang e adjustment (top) and (b) contr ol panel
for dynamic adjustment of PID contr oller pa-
rameter s (bottom)

Informationaboutthecontentsof thearchitecturecanbe
addedto theGUI. Thus,Figure4(c) shows thesamearchi-
tecture,with labelsplacednext toeachcomponent.It should
alsobenotedthat in this imagethe links have beenhidden
sothatthelabelscanbeproperlyread.

The Supervisor uses visual information from the
VisionSensor to determineif the robot is stuck in a sit-
uation where it is not making progresstowards achiev-
ing its goal. In this experiment, the determinationof
progresswas madeusing the perceived size of the ball:
progressis not madeif the maximum perceived size of
the ball doesnot increaseover a presetperiodof time. If
sucha determinationis made,the Supervisor switchesoff
CooperativeDecisionand turns on CompetitiveDecision.
Unlike CooperativeDecision, which combinesall the di-
rectional information from the SonarProcessingnodesto
produceanoverall directionalvector, CompetitiveDecision
usesa competitive selectionmechanism,discardingall but
the most relevant information for its task, in this case,
wall following. Upon regaining sight of the target, the
Supervisor shutsoff CompetitiveDecisionand reactivates
CooperativeDecision. Oncetherobothasreachedtheball,



its taskis complete.
The processof identifying and �ne-tuning the colors

identi�ed aspotentialball matcheswasaidedby the ease
of addingvisualinterfacesto ADE components.

Figure5(a)shows thepanelwhich wasaddedto thevi-
sion server and which was usedto con�gure the parame-
tersfor blobdetection.Thepaneldisplaysthreeimages:the
unmodi�ed camerapicture(top), the resultsof performing
blob detectionon thatimagewith theparametersseton the
sliders(middle), andthe resultsof performingmotion de-
tectionon theoriginal image.

Cameracontrolwasperformedthroughtheuseof 2 PID
controllers- onefor horizontalmovementandonefor verti-
calmovement.A similarcalibrationprocesswasperformed
on theparametersof eachcontroller, usinganothergraphi-
cal tool (Figure5(b)),which allowedusto changeparame-
tersasthearchitecturewasrunning.

4. Conclusion

In this paperwe have presentedthe universalarchitec-
ture framework APOC and its developmentenvironment,
ADE. We have illustratedthe generalityof the framework
with regardto behavior-basedarchitectures,cognitivearchi-
tectures,andotherframeworksandwe introducedthepos-
sibility of combiningcomponentsfrom differentarchitec-
turesto producenew andusefulbehaviors in agents.

Then we describedthe APOC developmentenviron-
ment, ADE, and highlightedthe relation betweenimple-
mentationand theoreticalframework. Desirablefeatures,
bothderivedfrom APOC properties(e.g.,universality)and
designdecisions(e.g.,useas both a single-computerand
multi-computerenvironment)werepresented,anda practi-
cal exampleof ADE functionalitywasgiven.Work is cur-
rently in progressonintegratingtheACT-R cognitivearchi-
tecturewith abehavior-basedsystem.
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