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Abstract

In this paperwe presentthe resultsof the combinedde-
velopmenbf APOC and ADE, an architectuie framevork
for the analysis,comparison,and designof agent archi-
tectues and a distributed agent developmenternvironment
which implementA POC principles,respectively\\e show
how the APOC framevork relatesto other architectues
and designmethodolgies and demonstate how other ar-
chitectuesand architectural componentgan be combined
in a single architectue through APOC. Next we describe
the ADE developmenernvironmentandhighlighttheimple-
mentationof APOC principles.We showhow ADE gives
uses the freedonto seamlesslgwitch betweersingleand
multiple computerervironmentsserial and parallel execu-
tion, and robotic and virtual agents.Finally, we illustrate
thefeatuesof 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-gent sys-
tems(e.g, SimAgent[19], ARIA/Saphira/Colber{10-12],
Player/Stagé¢7, 8]).

Multi-agent systemgypically provide featuressuchas
a distributed environment and communicationprotocols
agentdesignersFor example, JADE [5] providesa com-
municationlanguagea graphicaluserinterfacefor control-
ling andmonitoringagentsandadirectoryfacilitatorwhich
providesservicemeededo allow agentgo contactonean-
otherand communicateegardlessof their locationsin the
system.

Single-@ient systemgprovide tools for architecturalde-
signof agentsFor example ARIA andSaphirg11], for in-
stanceprovide systemarchitectureapacitiegadescription
of the robot, including sensorsand effectors)and a robot
controlarchitecturgincluding prede nedroutinesfor such
tasksaregradient-basedavigation andlocalization).Sim-
Agent [19], on the other hand, provides a setof libraries
with functionality for the designof “agentswith comple
internalmechanisms.

However, existing systemsarelyinterweae characteris-
tics of bothsingleandmulti-agentsystemsMoreover, they
do not have asa foundationa theoreticaframevork which
will allow for the combinationof componentgrom differ-
ent architecturesnto a single system.As a result, poten-
tial symbioticeffectswhich emege from theinteractionof
componentsiesignedor differentsystemscannotbe sys-
tematicallyexplored.

In this context, we proposethe ADE agentarchitecture
developmentervironment. ADE provides a userfriendly
ervironmentfor the developmentof architecturedor vir-
tual androboticagentsn singleandmulti-agentsettings |t
is built accordingto the speci cationsof the APOC archi-
tectureframevork [16,17] ageneraluniversalagentrame-
work in which any agentarchitecturecanbe expressednd
de ned. Like mary multi-agentsystems,ADE is a dis-
tributed ervironment. Foundedon a generalarchitecture
framework, the ADE developmengernvironmentcanrunary
agentarchitecturegitherby usingan APOC translationof
thatarchitectureor by embeddingheentirearchitecturéas
is” into a single architecturalcomponent.Togetherthese
two characteristicgive ADE anautomatiomeansof paral-
lelizing the computationin ary architectureWe will illus-
trate potentialusesof ADE throughan examplein which
componentsrom two different types of architectureare
combinedin a straightforvard mannerto createa new, hy-
brid systemThesystemachiaresa goalwhich couldnotbe
achivedindependenthpy eithersingleor multi-agentsys-



temswithout the useof morecomplex components.

In thefollowing, we rst give anoverview of the APOC
frameavork andillustratethecharacteristicgvhichlend e x-
ibility androbustnes¢o ADE. Thenwe describethe user
interfaceandthe supportingervironment,highlighting the
implementatiorof APOC featuresn the developmenten-
vironment.Finally, anexampleof combiningfeaturedrom
two architecturesvithin the APOC framework s illustrated
usingaroboticapplicationin ADE.

2. APOC

Theideaof a uni ed theoreticalframework for the im-
plementationdesign.andanalysisof comple< agentds not
new. In this sectionwe presenthe APOC framewvork and
relateit to existing work in agentarchitectures.

2.1. APOC Componentsand Links

APOC is an acrorym for “Activating-Processing-
Observing-Componentsiyhich summarizeghe function-
ality on which the APOC agentarchitectureframevork
is built: heterogeneousomputationalinits called“compo-
nents”which canbe connectediia four link types(activa-
tion, obsenation,processontrol,andcomponentjo de ne
an agentarchitectureThe componentslinks, andtheir in-
teractionsaredescribedn detail elsavhere[16,17]. Below
we provide a brief descriptionof their functionality.

In designinganarchitecturdramevork it wasimportant
notto placeary unnecessargestrictionson the structureof
the componentsvhich canbe combinedto form agentar
chitecturesThus,APOC componentarevery generalau-
tonomousgontrolunitsthatarecapableof (1) updatingtheir
own state(2) in uencing eachother and(3) controllingan
associateg@rocessTo thisend,thestateof agenericAPOC
componentwas de ned as consistingof: activation level,
priority level, associateghrocessjnstantiationnumber up-
datefunction,inputs,andoutputs.

Activation links (A-links) are the most generalmeans
by which componentscan exchangeinformation. An A-
link connectdwo APOC componentandsenesasatrans-
ducer The information on the A-link can be transmitted
without change,or an operationcan be performedon the
dataasit passedhroughthe link (e.g., numericalvalues
could be “scales” by a particularfactor analogousto the
“weights” on connectionsn neuralnetworks).

Priority links (P-link s)areanexplicit meansf allowing
componentgo control other components'associategro-
cessesTwo numericpiecesof dataare passedhrougha
P-link: the priority level of the controlling componentnd
asignal(START, INTERRUPT, RESUME or NOOP). Thecon-
trolled componenthoosedrom its incomingpriority links
thesignalassociatedvith thehighesincomingpriority and,

if thatpriority is higherthanits own, sendghatsignalto its
associateghrocess.

Priorities and P-links can be usedto implementmary
types of control mechanismsjn particular hierarchical
preemptve processcontrol. In embodiedagents,suchas
robots, they could be usedto implementemegeng be-
haviors: thecomponentvith theassociateémegeng pro-
cesswould have the highestpriority in the network and
be connectedo all the other componentscontrolling the
agentsbehaior, which it could suppresgthusimplement-
ing a“global alarmmechanism’asdescribedy [18]).

Obserer links (O-links) are intendedto allow compo-
nentsto obsenre othercomponentsinner stateswithout af-
fectingthem.They extractthedatafrom the obsenedcom-
ponentand sendit to the obsener. An exampleof O-link
useis allowing a vision controlcomponenbbsere the vi-
sualprocessingomponenfor thefeaturefoundin thecur
rentimage.

Componentinks (C-links) areusedto instantiateandre-
move instance®f APOC componentatrun-time(they are
the only type of componenthat can instantiateor termi-
natean APOC component)They arealsousedto instan-
tiate the otherlink typesbetweenAPOC componentsand
arethemselesonly instantiatecoy APOC components.

In theremaindelof this sectionwe shav exemplify how
work in behaior-basedarchitecturescognitive architec-
tures,andgeneraframenorksfor architecturelevelopment
relatesto the APOC framevork. We presentwo examples
from eachclassandshav how they relateto ourframework.
For two architecturesthe behaior-basedSubsumptiorar-
chitectureandthecognitive ACT-R architectureye further
morepresendirecttranslationsnto APOC.

2.2. Behavior-BasedAr chitectures

2.2.1. Subsumption. The subsumptiorarchitectue [6] is
alayeredsystem,in which individual layerswork on indi-
vidual goalsconcurrentlyandasynchronouslyLayerscon-
sist of nodes,eachnodebeingthe representatiorf a be-
havior. Eachbehaior is implementedasan augmented-
nite statemaching(AFSM).

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

1. Thestatetableis directlyincorporatednto theupdate
functionof an APOC node.

2. Environmental/datanputsmaponto A-links

3. Inhibitor connectionswhich block inputs to nodes,
useA-links and simple, specializedAPOC nodesto
decidewhetherto passon information or whetherto
blockit



4. Resetand suppressoiconnections,which substitute
valuesfor node outputs,can be implementedvia P-
links, coupledtogetherwith assigningnodesa prior-
ity proportionalto the layerin which they arefound.
Thus,nodesin higherlevels cancontrolthe execution
of nodedowerin thelayerhierarcly.

5. A-links areusedfor messag@assing.

2.2.2. GRL. [9]. GRL is a behaior-basedarchitecture
which treatsarbitrationmechanismss“higher-level func-
tions? Thus,GRL allows for thecombinationof somearbi-
trationmechanism# onearchitectureandmovescloserto
acompleteintegrationof architectureandarbitrationmech-
anism.APOC completeghe processby runningthe arbi-
tration mechanismin the form of specializedcomponents
in thearchitecture.

2.3. Cognitive Ar chitectures

2.3.1. ACT-R. For a descriptionof ACT-R we chosethe

recentdescriptionof version5.0 by Andersonet.al.[3]. Its

descriptionincludesthe brainregionswhich mapuntoeach
functionality of the architecture ACT-R usesinteractions
betweendata(chunks)and conditionactionrules(produc-
tions)to simulatecognition.ACT-R useswo typesof mem-
ories- declaratve andproductionandagoalstack.Oneach
updatecycle,asingleproductionis red basedsolelyonthe

goal thatis currently pursued.The architecturallayout of

ACT-Ris shovn in Figurel.
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Figure 1. The ACT-R architectural structure .

Themaincomponent®f ACT-R aredescribedelow.

A Perceptual Motor Sygem which interactswith
the ervironment, receving visual input and sending

commandso the effectors.Perceptuainformationel-
ementgchunks)arealsocreatedn this system.

An Intertional Module, also known as a
Goal Module, which holds representationf in-
tentions and keeps track of them, so the beha-
iors sene the goal. Abstractand/orcompoundchunks
arecreatechere.

A Declarative (Memoly) Module, whichholdsandre-
trievesrecordsof chunks.

A Procedural Module, which performstwo main
functions:partial matchingon the conditionsto deter
mine the ruleswhich areeligible for execution,selec-
tion of onerule amongthoseeligible for executionto
re in thecurrentcycle.

In the simplesttranslation,eachof the above elements
canmapto one APOC componentChunksare also cre-
atedas APOC componentswhich, in the ADE environ-
mentleadsto thecreationof a distributedmemorystructure
amongtheparticipatingcomputeronwhichthe ACT-R ar
chitectures distributed.A distributedmatchingsystemcan
thenbeimplementedvithin an ACT-R architectureby cre-
ating a partial matcheron eachmachine.On eachupdate
cycle, the partial matchermreportswhich objectson its host
matchrule antecedentsThe partial matcheson eachhost
arereportedto the partial matcherfrom the hoston which
the rule resides,which then completesthe matchingpro-
cess.

Communicatioramongvariouselementf thearchitec-
tureis madethrougha buffer associatedvith eachelement.
Eachbuffer containsone pieceof data(a chunk)which is
accessiblgo the systemat large. In APOC the buffer is
simply a eld in eachcomponentndits valueis commu-
nicatedto otherarchitecturalelementshroughthe use of
O-links.

The chunkretrieval procesds activationbasedwith the
activationof achunkgivenby A, = B; + éjV\/iji, whereB;
is thebasdevel activationof thechunk W; is theattentional
weightingof the elementghatarepart of the currentgoal,
andS;; arethe strengthsof associatiorfrom the elementsj
to chunki. It shouldbe notedthatactivationvaluesmapdi-
rectly to thead elementof APOC components The base
level is givenby B;j = In(é?zltj d), wheren is the num-
berof timeselement in memoryhasbeenaccessedprac-
ticed), t; is the time sincethe jt" practiceof itemi andd
is a parameteestimatedat 0.5. Retrieval time for chunks
is thengiven by Recanition time= | + Fe A, with | and
F beingexperimentallydeterminedime constantsThere-
trieval time of a chunkcanbe adjustedn APOC by vary-
ing thedelayonthelink goingto the componentepresent-
ing thatchunk.

2.3.2. SOAR. Unlike ACT-R, Soar [13] usesa single
memoryto hold dataandproductionswith aworkingmem-



ory beingthe equivalentof the ACT-R goal stack.Soaral-
lows multiple rulesto re within the samecycle. A transla-
tion of Soarinto APOC is alsoavailable[4].

2.4. Frameworks

2.4.1. RS. RS [14] proposeda model of computation
basedninteractionramong‘concurrenttomputingagents”.
Agentsin RSareinstantiatedschemasvhich areconnected
through universal messagepassinglinks. APOC builds
upon RS by adding several capabilities,such as the op-
tion of performingthecomputatiorbothsynchronoushand
asynchronouslandthe possibility of specifyingatime de-
lay for eachlink.

2.4.2. RCS. RCS|[2] is a designmethodologywhich im-

poseso methodologicatonstrainton thearchitecturede-

veloper The universality of the RCSapproactis a feature
alsopresenin 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-
tationaland communicatiorelements)giving architecture
developersthe basicbuilding blocksfor developingarchi-

tecturespossiblydesignedaccordingto the RCS method-
ology.

The generalityof APOC illustrated by the abore ex-
amplesis inherited by its implementationin the ADE
developmentervironment. ADE supportsall the features
mentionedaborve in behaior-basedarchitecturescogni-
tive architecturesand systemdevelopmentframevorks.
Many other featuresare presentin ADE either as a di-
rectresultof its theoreticalfoundation,or by virtue of de-
sign/implementationlecisionsWe begin the descriptionof
our approachto integrating theory and practicewith a de-
scriptionof the APOC architecturdramework. We present
the componentsandlinks of the framevork andwe shov
how APOC canbe usedto expressarchitecturesn a uni-
ed way.

The two translationsillustrate a straight-forvard map-
ping betweerthe structureof componentén otherarchitec-
turesand APOC componentsSuchtranslationsare well-
suitedfor the developmentof APOC templatesepresent-
ing genericcomponent®f otherarchitecturesTranslations
of actualarchitecturesnto APOC are thenreducedto a
“ll-in-the-blank” processLibrariesof componentsuilt in
variousparadigmsanthusbe easilycreatedoy translating
component®f working architectureso their APOC coun-
terparts Thesdibrariesprovide the opportunityof studying
theinterplayamongvariousarchitecturelesignmethodolo-
giesby allowing component$rom differentparadigmdo be
usedtogetherSereralarchitecturefiave beenimplemented
whereco-operatre andcompetitve elementsveresuccess-

fully memgedusingADE, thedevelopmenienvironmentde-
scribedin thenext section.

3. ADE

In this sectionwe will describethe functionality of the
Agent DevelopmentEnvironment. Featureswvhich are di-
rectly relatedto the APOC framework (e.g.,implementa-
tion of componentsvill beidenti ed andgeneraffeatures
(e.g.,distributedcomputation)will bediscussedADE will
be presentedn two parts:the userinterface,shaving the
functionality availableto the user andthe underlyingsys-
tem, describingthe set-upwhich forms the practicalfoun-
dationfor the ervironments e xibility .

3.1. The ADE User Interface

Theuserinterfaceof ADE is shavn in Figure2. Thein-
terfaceis dividedinto two subspacesan architectureview
andavirtual machineview. Thearchitecturevziew describes
the relationshipamongcomponentsat the type level, i.e.,
what types (programs)can be presentin the architecture,
whichtypescanbeconnectedhroughlinks andwhattypes
of links canbe part of thoseconnectionsThe virtual ma-
chine view presentghe instantiatedversionof the archi-
tecture:theinstance®f eachtype andthe connectionghat
have beencreatedComponentandlinks atthevirtual ma-
chinelevel implement(with minor variations)the compo-
nentsand links de ned as part of the APOC framework.
We presentheinterfacein threesectionsgenerafunction-
ality, the functionality of the architectureview spaceand
thefunctionality of thevirtual machinespace.

3.1.1. Architecture View In the architectureview, boxes
representhe types of componentghat can be presentin

the run-time virtual machine(i.e., the instantiatedarchi-
tecture).Upon addinga type to an architecture usersare
promptedto specifya numberof instanceswhich are cre-
atedby default (possibly0) anda maximumnumberof in-

stanceswhich can be part of the architecture ADE uses
a specializecclasscalled APOCType to identify the types
of componentsvhich canbe presenin the runningvirtual

machine A copy of this classis instantiatedor eachcom-
ponenttype. After instantiation,eachcopy keepstrack of

thetypeit representsthe numberof instancesf thattype
which exist in the running virtual machineand the max-
imum numberof instanceswhich can simultaneouslybe
presentthere. The Architecturespacedescriptionsof vir-

tual machinecomponentsact asresourcemanagersn the
system:they enforcethe userspeci ed limits on the num-
ber of instancessimultaneouslypresentin the virtual ma-
chineanddecideon what computera new instanceof that
typeshouldbe createdif ADE is run asadistributedplat-

form).



Linksin ADE arecreatecandcon guredthrougha link
creationtool. In architecturespacelinks betweenwo types
indicatethe potentialof creatinga link betweeninstances
of thosetypes.In thegraphicalinterface ,edgesndicate(by
the directionof the arrow) the directionof the links in the
architectureLink informationcanbe obtainedby clicking
onthearrow.

3.1.2. Virtual Machine View In the runningvirtual ma-
chine, boxes indicate actual computationalcomponents
presenin theinstantiatedarchitectureAll component®x-
tendan APOCNodeclass,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
framevork do not necessarilyhave an associategrocess,
the APOCNodeclassdoesnot provide a default associated
process.

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

EdgesrepreseninstantiatedA POC links. Multiple ar
rows canbepresentlongeachedgejndicatingeachtypeof

instantiatedink. ADE A-links arede ned by a startnode,
a destinationnode, a vector containingdatabeing passed
throughthe link, an operatorwhich is appliedto the data,
andthe time it takesfor the datato advanceone element
throughthevector referredto asthe cycle time of thelink.
The cycle time, togetherwith the length of the vectorde-
ne thelink delayof the APOC A-link. Similar parallels
exist betweeneachof the otherthreelink typesin APOC
andtheir ADE equivalents.

It canthusbeseerthatthe ADE implementatiorof com-
ponentsandlinks closelyparallelstheir theoretical APOC
counterparts.

Userscan insert componentgirectly into the running
virtual machineif the insertionoperationdoesnot violate
the architecturalrestrictionon the numberof components
which canbe simultaneouslypresenin the instantiatedar-
chitecturelf aviolationis detectedtheinstantiationopera-
tion fails.

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

3.2. The ADE Supporting Environment

The supportingervironmentprovidesthe infrastructure
to distribute agentarchitecturesand to operatevirtual as
well asrobotic agents.Thereare ve senersin an ADE
systemiregistry, APOC, GUI, agentandutility. Eachtype
or ADE senerwill bebrie y discussedbelow.

TheRaistry is a centralizedesourcananagefor the sys-
tem. It keepstrack of the available seners and the ser
vicesthey provide. Therefore eachsener which is part of
an ADE systemcontactsthe registry in orderto male its
servicesavailable to other systemcomponentsThe initial
communicatiorspeci esseveral parameterssuchasmaxi-
mum numberof client connectionsupportecandnamesof
clientswhich areallowedto connecto the sener. A client,
then,is anelemenbf thesystem(asener or aseparat@ro-
gramsuchasan ADE computationatomponentjvhichre-
guiresthe use of the facilities provided by a sener (e.qg.,
a robot motor control noderequiring a connectionto the
agentsenerin orderto accesshe motors).A clientrequir
ing the servicesof the sener contactsthe registry andre-
guestsaconnectionlf aconnectioris possibletheregistry
connectgheclientwith thesenerandis nolongerinvolved
in theirtransactionsthusavoiding the creationof a system-
wide bottleneck.

APQCC sewers are independententities which sene as
hostsfor componentsindlinks. EachAPOC sener hasca-
pabilitiesfor creationanddeletionof new componentsnd
links. APOC senerscontroltheir locally instantiatedcom-
ponentsand maintainconnectiongo other APOC seners
aswell asto all availableGUI senersin the ADE system.



GUI sewers are the interface of the ADE ervironment
(their functionality was describedin Section 3.1). Each
GUI sewer maintainsconnectiongo all APOC senersin
the systemin orderto relay usercommandgsuchasinser
tion of acomponento APOC senersandto displaynew
componentgcreatedduring the life-cycle of the architec-
ture).

Agernt sewvers provide accessto “bodies” of virtual or
robotic agents.In the caseof robotic agentsthis involves
establishingconnectiongo the physical sensorsand effec-
torsof therobot. For virtual agentsagentsenersprovide a
descriptionof the body of the agentthey represenandim-
plementation®f its sensorandeffectors.

Utility serwvers provide additionaldistributed servicesthat
arenotpartof theagentarchitectureThey areusedasanad-
ditional tool to easethe incorporationof comple features
into ADE systemsTypically thesesenersimplementcom-
putationallyexpensve operations.

3.3. Dimensionsof ADE Flexibility

In this sectionwe exemplify the e xibility presentin
the ADE ervironmentby consideringADE. We shov how
ADE canrun asa singleandmulti-computerervironment,
how it canfunctionasa mediumfor serialandparallelex-
ecutionandhow it canbe usedfor the implementationof
virtual androboticagents.

3.3.1. Single and Multiple Computer Environments.
The ADE systemhasfacilitiesto run both asa singleand
multi-computersystem.Switchingbetweerthe two modes
can be doneeasilythroughthe GUI. In switchingfrom a
multi-computersystemto a single computersystem,the
GUI shutsdown APOC senersrunningon machinesother
thanthe oneon which the GUI is running. Switchingfrom
asingle-computesystento adistributedsystemsimply re-
quiresthe GUI to go to througha normalstart-upsequence
for thehostsuserswvantaddedo the system.

3.3.2. Serial and Parallel Execution. ADE providestwo
modesin which architectureganberun: a”"Synchronous”
modeandan”Asynchronous’mode.In the“Synchronous”
mode, each node of the architectureupdatesonce, then
waitsfor all othernodesto completetheir computatiorbe-
fore proceedingo the next computationatycle. In “Asyn-
chronous’mode,eachnodeupdatesndependentlyith an
executionthreadassociateavith eachnode.

3.3.3. Robotic and Virtual Agents. Web-basedagents
canbe implementedin ADE usingthe JAVA URL class,
which allows the openingof web documentgseealsoFig-
ure 2). “Embodied” virtual agentscan also be developed
andtestedby usinganavailablesimulatorwhichis runasa

utility sewver in the systemBody descriptionsn the simu-
lator canbe con guredto provide the sameaccessnethods
asthoseavailableon anactualrobot.

Robotic agents can be developed by running
agert sewers which provide accessto the sensorsand
effectorsof the robot. The samecontrol code can be ex-
ecutedon both the robotic and virtual agents,allowing
a seamlesgransition betweenthe two realms and pro-
viding a simulatedtesting ervironmentfor robot control
code.

The robotic agentexampleprovided in the next section
givesadditionaldetailson facilities providedby ADE.

3.4. ADE Example

In this sectionwe presentan exampleof combiningtwo
architecturedesignmechanismsvithin a singleagentwhile
re-usingcomputationacomponentsSomeof the facilities
providedby ADE to agentdevelopersin orderto easeopti-
mizationof their designsarealsoillustrated.

Therobotwasgiven a targetlocalizationtask,in which
atamget (i.e., “orangeball”) hasto be locatedin an envi-
ronmentwith obstacleqe.g.,an of ce spacewith boxes,
chairs,etc.). A typical situationencounteredy the robot
duringthistaskis shovn 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 the situationof Figure3, theopeningbetweerthetwo
obstacless not wide enoughfor therobotto passthrough.
Thereforetherobotneedgo goaroundoneof theobstacles
in orderto reachits goal.As aresult,therobotalsoneeddo
be ableto handlesituationswhereit losessight of the ball
for acertainperiodof time.
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Figure 4. ADE architecture for robotic exper-
iment: (a) top - schematic of the ADE archi-
tecture for the robotic experiment, (b) center
- virtual machine view with components and
links, (c) bottom - view with hidden links and
added labels.

The robot architectureusedfor the experimentis pre-
sentedin Figure 4(b) (the run-time virtual machineside
of the toolkit is shavn).t. A schematiof the architectural
componentgandtheir interactionds shovn in Figure4(a).

1 Transparento theuser componentén thevirtual machineexecuteon
severalhostswhichwerepartof the ADE systemThus,if ADE isrun
in multi-computemmode,usersdo not have to make explicit arrange-
mentsto distribute computation

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

Informationaboutthe contentsf thearchitectureeanbe
addedto the GUI. Thus,Figure4(c) shovs the samearchi-
tecturewith labelsplacednext to eachcomponentlt should
alsobe notedthatin this imagethe links have beenhidden
sothatthelabelscanbe properlyread.

The Supervisor uses visual information from the
VisionSnsorto determineif the robot is stuckin a sit-
uation where it is not making progresstowards achie/-
ing its goal. In this experiment, the determination of
progresswas made using the perceved size of the ball:
progressis not madeif the maximum perceved size of
the ball doesnot increaseover a presetperiod of time. If
sucha determinatioris made,the Supervisor switchesoff
CooperativeDecisionand turns on CompetitiveDecision
Unlike CooperativeDecision which combinesall the di-
rectionalinformation from the SonarProcessingnodesto
produceanoverall directionalvector CompetitiveDecision
usesa competitive selectionmechanismdiscardingall but
the most relevant information for its task, in this case,
wall following. Upon regaining sight of the target, the
Supervisor shutsoff CompetitiveDecisionand reactvates
CooperativeDecision Oncetherobothasreachedhe ball,



its taskis complete.

The processof identifying and ne-tuning the colors
identi ed as potentialball matcheswvas aidedby the ease
of addingvisualinterfacesto ADE components.

Figure5(a) shaws the panelwhich wasaddedto the vi-
sion sener and which was usedto con gure the parame-
tersfor blob detectionThe paneldisplaysthreeimagesthe
unmodi ed camerapicture (top), the resultsof performing
blob detectionon thatimagewith the parameterseton the
sliders(middle), and the resultsof performingmotion de-
tectionontheoriginalimage.

Cameracontrolwasperformedthroughthe useof 2 PID
controllers- onefor horizontalmovementandonefor verti-
calmovement A similar calibrationprocessvasperformed
on the parametersf eachcontroller usinganothergraphi-
caltool (Figure5(b)), which allowed usto changeparame-
tersasthearchitecturavasrunning.

4. Conclusion

In this paperwe have presentedhe universalarchitec-
ture framewnvork APOC andits developmentervironment,
ADE. We have illustratedthe generalityof the framewvork
with regardto behaior-basedarchitectures;ognitive archi-
tecturesandotherframewnorks andwe introducedthe pos-
sibility of combiningcomponentdrom differentarchitec-
turesto producenew andusefulbehaiorsin agents.

Then we describedthe APOC developmenterviron-
ment, ADE, and highlighted the relation betweenimple-
mentationand theoreticalframevork. Desirablefeatures,
bothderivedfrom APOC propertieqe.g.,universality)and
designdecisions(e.g., use as both a single-computeand
multi-computerervironment)werepresentedanda practi-
cal exampleof ADE functionality wasgiven. Work is cur
rentlyin progres®onintegratingthe ACT-R cognitive archi-
tecturewith abehaior-basedsystem.
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