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Abstract

Agentprogramminghasrequiredmastery of severalconceptsbeforeworkingagentscouldbedeveloped.
Thoseconceptsincludeprogrammingin a high-levellanguage,understandingcommunicationprotocols,
“thinking distributedly,” andprojectmanagement.With DECAF, wemakeadvancesin reducingthe level
of pro�ciencyrequiredwith theseconceptsto developusefulworkingagents.We believeundergraduates
canreasonablybeexpectedto build workingagentswith DECAF. Speci�cationandexplanationof DECAF
appearsin otherwork. Thispaperis intendedto assisttheuserunexperiencedwith DECAFto “getup and
running” with simpleagents.

John R. Graham,Ph.D.,completedDECAFbefore departing to teachat CoastalCarolinaUniversity.
Dr. Graham'snewwebsiteishttp://www.coastal.edu/� graham/.DECAFcontinuesasapart of Dr. Decker's
researchprogram.

This paperis a brief introductionto usingDECAFfor simpleagentsystems.It borrowsliberallyfrom
thedocumentationpreparedby Drs. GrahamandDeckeror undertheirdirection.That documentationis
availabledirectlyat http://www.eecis.udel.edu/� decaf/,theDECAFwebsiteat theUniversityof Delaware.
Interestedpersonsare encouragedto visit that websiteandto use(anddownloadif helpful)the material
availablethere.

This materialis basedupon work supported by the NationalScienceFoundationunderGrant Nos.
IIS-9733004andIIS-9812764.
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1 DECAF- DistributedEnvironmentCenteredAgentFramework

DECAF(DistributedEnvironmentCenteredAgentFramework) isatoolkit whichallowsawell-de�nedsoftware
engineeringapproachto buildingmulti-agentsystems.Thetoolkit providesastableplatformto design,rapidly
develop, and operateintelligentagentsto achieve solutionsin complexsoftware systems.DECAF provides
thenecessary architecturalservicesof a large-grainedintelligentagent:communication,planning,scheduling,
executionmonitoring,coordination,andeventuallylearningandself-diagnosis.This is theinternal”operating
system” of asoftwareagent,to whichapplicationprogrammershavelimitedaccess.

Control andprogrammingof DECAFagentsisassistedby agraphicaluserinterfacecalledthePlan-Editor.
In the Plan-Editor, executableactionsare basicbuildingblocksthat canbechainedtogetherto achieve large,
complexgoalsin thestyleof a hierarchicaltasknetwork. This approachprovidesa software component-style
programminginterfacewith desirablesoftwarepropertiesincludingcomponentreuse(eventually, automatedvia
the planner)andsomedesign-timeerror-checking.The chainingof activitiescaninvolve traditionallooping
andif-then-elseconstructs.This part of DECAFis anextensionof theRETSINA andTAEMStaskstructure
frameworks.

1.1 AdvancedDECAFAgentProgramming

Unlike traditionalsoftware engineering,eachactioncanalsohave attachedto it a performancepro�le which
is then usedandupdatedinternallyby DECAF to providereal-timelocalschedulingservices.The reuseof
commonagentbehaviorsisthusincreasedbecausetheexecutionof thesebehaviorsdoesnot dependonlyon the
speci�cconstructionof thetasknetwork but alsoon thedynamicenvironmentin whichtheagentisoperating.
For example,aparticularagentisallowedto search until a resultis achievedin oneapplicationinstance,while
thesameagentexecutingthesamebehaviorwill usewhatever resultis availableaftera certain time in another
applicationinstance.Thisconstructionalsoallowsfor acertain levelof non-determinismin theuseof theagent
actionbuildingblocks.Thispart of DECAFisbasedon thedesign-to-time/design-to-criteriaschedulingwork
at theUniversityof Massachusetts.Wedonot addresstheseadvancedusesin thispaper.

1.2 DECAFGoals

Thegoalsof thearchitecture are to providea modularplatformsuitablefor research activities,allow for rapid
developmentof third-party domainagents,andprovidea meansto quicklydevelopcompletemulti-agentso-
lutionsusingcombinationsof domain-speci�cagentsandstandard middle-agentsandto takeadvantageof the
objectoriented-featuresof theJavaprogramminglanguage.DECAFdistinguishesitselffrom manyotheragent
toolkitsby shiftingthefocusawayfrom theunderlyingcomponentsof agentbuildingsuchassocketcreation,
messageformatting,andthedetailsof agentcommunication.In thissenseDECAFprovidesanewprogramming
paradigm:Insteadof writing linesof codethat includesystemcallsto anativeoperatingsystem(suchasread()
or socket())DECAFprovidesanenvironmentthatallowsthebasicbuildingblockof agentprogrammingto be
anagentaction.DECAFis anagentoperatingsystem.Codewithin agentscanmakecallsto DECAFto send
messages,searchfor otheragents,or implementaformallyspeci�edcoordinationprotocol.Theinterfaceto the
framework is a limited setof utilitiesthat remove,asmuchaspossible,theneedto understandtheunderlying
structures.Thus,theprogrammerdoesnot needto understandJavanetwork programmingto sendamessage,
or learnJavadatabasefunctionsto attachto theinternalknowledgebaseof theframework.
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1.3 DECAFArchitecture

Figure1 showsthestructureof DECAF.

Agent 
Initialization

DECAF Task and Control Structures

Plan File Incoming KQML messages

Domain Facts and Beliefs

KQML Messages
Outgoing Action Modules

Hashtable Action Queue
Pending

Results Queue
Action 
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Incoming 

Queue
Objectives
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Task

Queue
Agenda

Scheduler

Task Templates

Figure1: DECAFArchitectureOverview

Concernin this documentis with the boxesoutsidethe largeblock labeled“DECAF TaskandControl
Structure.” Wewill discussPlanFiles,KQML messages(bothoutgoingandincoming)andtheActionModules
(Java code).DomainFactsandBeliefsare the factsandbeliefsthat the agentsyou will build have aboutthe
domainin whichyou aresolvingproblemswith DECAF. Pleaseconsultthereferencesat theendof thispaper
for informationaboutthe insidesof thebox. Thenextsectionofferssomeinsightsinto thebox in thecenter,
but maybeskippedon aninitial reading.

1.4 BroadOutline of theDECAFArchitecture

Asshown in Figure 1, there are �v e internalexecutionmodules(square boxes)in thecurrent DECAFimple-
mentation,andsevenassociateddatastructurequeues(roundedboxes).DECAFismulti-threaded,andthusall
modulesexecuteconcurrently, andcontinuously(exceptfor agentinitialization).

AgentInitialization.

Whenanagentisstarted,theAgentInitializationmodulewill readaplan�le containingbasicactionde�ni-
tionsandpre-de�nedtasknetwork reductions.Eachtaskreductionspeci�edin theplan�le will beaddedto the
TaskTemplatesHashtable(planlibrary), indexedby theparticulargoalsthat thereductionachieves.

Theagentinitializationprocessalsoattemptsto achieveaStartupgoal.TheStartup tasksof aparticularagent
might,for example,buildanydomaindata/knowledgebasesneeded.Startup tasksmayassert certaincontinuous
maintenancegoalsorotherinitial achievementgoalsfor theagent.ThelastthingtheAgentInitializationModule
doesisregisterwith anAgentNameServerandsetup all socketandnetwork communication.

Dispatcher.

The Dispatcherwaitsfor incomingKQML messageswhichwill beplacedon the IncomingMessageQueue.
An incomingmessagecontainsa KQML (or FIPA) performativeandits associatedinformation.An incoming
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messagecanresultin oneof threeactionsby the dispatcher. First, the messagemaybea part of an ongoing
conversation.In this casethe dispatcherwill �nd the correspondingactionin the PendingActionQueueand
providethe incomingmessageasan enablingprovision(see“ParametersandProvisions”, below). Second,a
messagemayindicatethatit ispart of anew conversation.If so,anew objectiveiscreated(equivalentto theBDI
“desires” concept[9]) andplacedon the ObjectivesQueuefor the Planner. An agenttypicallyhasmanyactive
objectives,not all of whichmaybeachievablewith anagent's limited time andresources.The lastthing the
Dispatcherisresponsiblefor is thehandlingof error messagerepliesto malformedmessages.

Planner.

ThePlannermonitorstheObjectivesQueueandplansfor new goals,basedon theactionandtasknetwork
speci�cationsstoredin thePlanLibrary. A copyof theinstantiatedplan,in theformof anHTN corresponding
to thatgoalisplacedin theTaskQueuearea,alongwith auniqueidenti�er andanyprovisionsthatwerepassed
to the agentvia the incomingmessage.The TaskQueueat anygiven momentwill containthe instantiated
plans/taskstructures(includingall actionsandsubgoals)that shouldbecompletedin responseto all incoming
requestsandanylocalmaintenanceor achievementgoals.A graphicalplan-editorGUI allowstheconstruction
of staticHTN planningtaskstructures.

Scheduler.

TheSchedulerwaitsuntil theTaskQueueisnon-empty. Thepurposeof theScheduleristo determinewhich
actionscanbeexecutednow, whichshouldbeexecutednow, andin whatorder.

For DECAF, thetraditionalnotionof BDI “intentions” asarepresentationof acurrentlychosencourseof
actionis partitioned into threedeliberative reasoninglevels:planning,scheduling,andexecutionmonitoring.
Thisisdonefor thesamereasonsgivenby Rao[9]—thatof balancingreconsiderationof activitiesin adynamic,
real-timeenvironmentwith takingaction[10]. RatherthantakingtheformalBDI modelliterally, wedevelop
thedeliberativecomponentsbasedon thepracticalwork on roboticsmodels[11]. Eachlevelhasamuchtighter
focus,andcanreactmorequicklyto externalenvironmentdynamicsthanthelevelaboveit. Mostauthorsmake
practicalargumentsfor thisarchitecturalconstruction,asopposedto thephilosophicalunderpinningsof BDI,
althoughroboticistsoftenpoint out themultiplefeedbackmechanismsin naturalnervoussystems.

Oncean actionfrom the TaskQueuehasbeenselectedandscheduledfor execution,it is placedon the
AgendaQueue. In a very simplisticScheduler, theordermight be�rst-come-�rst-served(FCFS).Recentwork
hasresultedin thedevelopmentof asophisticateddesign-to-criteriaactionscheduler[12] thatef�cientlyreasons
aboutactionduration,cost,resultquality, andotherutility functioncharacteristictrade-offs.Thisscheduleris
alsoavailablefor usein DECAFagents.

Executor.

TheExecutoris setinto operationwhentheAgendaQueueis non-empty. Onceanactionis placedon the
queuetheExecutorimmediatelyplacesthetaskinto execution.Whentheactioncompletesit signalsaspeci�c
actionoutcome,andtheresultisplacedon theActionResultQueue. The framework waitsfor resultsandthen
distributestheresultto downstreamactionsthatmaybewaitingin theTaskQueue.Oncethisisaccomplished
theExecutorexaminestheAgendaqueueto seeif thereisfurtherwork to bedone.

1.5 Goalsof this Documentation

This documentationis intendedto assistthe userunexperiencedwith DECAFto “getup andrunning” with
simpleagents.Eventually, DECAFusagerequiresfamiliaritywith Java. No Java instruction is providedhere.
This documentationis intendedfor someonewho is eitherfamiliarwith Java, or who knowsenoughC++to
fakeit convincinglywell. Usersarepresumedto beself-teacherswhoareinterestedin afew helpfulhints.
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With that in mind,weproceed.

2 StepOne- ExperiencetheDemonstration

DECAFhasademonstrationaccessiblethroughtheDECAFHomepage(http://www.eecis.udel.edu/
�

decaf) by
clickingon the “Downloads” button on the upperleft handsideof the page.After registeringasa DECAF
user, clickon thehighlighted“downloadpage” to seethe then-currentdocumentationfor thedemonstration.
Do whatever portion of the instructionsyou are comfortablewith. Asof this writing, thedownloadwill take
aboutthreemegabytesof spacefor the demonstrationsoftware. We askthat you accessand downloadthe
demonstration– it waspreparedfor teachingpurposes.

2.1 Noteson theDemonstration

Operationalproblemswith thedemonstrationcanbecreatedby not followingthedirectionscorrectly. Following
thedemonstrationproperlyproducesa�v e-agentworld:

1. ANSis theAgentNameService,whichisessentialto haverunningfor anyDECAFagentapplicationto
�nd theaddressesof otheragents.

2. ANSQuery is an optional,usefulbut cycle-consuming,applicationthat liststhe namesthat ANS has
assignedto agentsthatrequestedthem.

3. Matchmakerisoptional,but thedemonstrationapplicationusesit. Matchmakeraccepts“advertisements”
from agentsandprovidesthenamesof advertisingagentsto anyagentsthatrequestsuchnames.

4. SDBW isaSimpleDataBaseWrapperthatadvertiseswith Matchmaker. It advertisesitselfas(See[7] for
adiscussionof theMatchmaker.) aproviderof services,andMatchmakerstoresthekeywordsby whichit
wouldlike to befound.

5. SIA is a SimpleInterfaceAgent. The demonstrationhasyou usetheSIA to retrieve anentry from the
SDBW. TheSIAusestheMatchmakerto locateallservicesthatofferinformationusingcertainkeywords,
letstheuserpick oneto interrogate(thedemonstrationhasonlyone,SDBW), andasksthatagentfor a
matchto theuser'squery.

2.2 Demonstration

Theremainderof thispaperassumesyou havedownloadedandworkedwith thedemonstration.It wouldnow
behelpfulto obtainthedemonstrationandexerciseit. Afterdoingso,you canthenpro�tably continuewith
thispaper.
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2.3 BreakingtheDemonstration

Okay, now let'sbreakthedemonstration.First, though,you mustclosedown thedemonstrationyou haveand
ensurethatall theagentsareremoved.It wouldbeagoodideato terminatetheANSQuery agentlast,asit will
let youknow if youhaveterminatedtheotheragentscorrectly.

Then open�v e windows on your machine,with the intention to run eachof the agentsin a different
window. This will allow you to seewhatactionseachagentperforms,andalsomimicswhatwouldhappenif
the�v eagentswereall on differentmachines(whichDECAFsupports). Also,it allowsusto “break” codethat
hasappearedto becorrect.

Wenow review thethreewaysto “break” thedemonstrationcode.

2.3.1 Forgetto Set theCLASSPATH VariableProperlySet

This issort of aneasy, practice,error conditionto create.It preventagentsfromaccessingthecodetheyneedto
run. It'sasimpleerror, andeasyto perform.

2.3.2 Start theAgentsin theWrongOrder

Thereareseveralwrongordersto start thesedemonstrationagents,but theyarenot unlimited,andeachhasa
keyto makingthedemonstrationfail. Let'sidentifythemaftermakingthefollowingvery importantpoint �����

It isabadthing that theseagentscanbemadeto fail by starting themin the“wrong” order. Agentsshould
not haveto dependon theorderin whichtheyarestartedin orderto work successfully. Agentsshouldberobust
to conditionsoverwhichtheyhaveno control. If theneededotheragentsarenot available,theneedingagent
shouldtemporize, improvise,or do without. If you've hadcoursesin �nite stateautomata,now is thetime to
applythatknowledge.Agentsmustberobustto functionproperly.

Don't Start ANSFirst

Thisbreaksthedemonstrationbecauseotheragentscan't evengetstarted– theyabsolutelyrequire theANS
to run. Noticethelackof error messageswhenyoutry to start, for example,theMatchmakerwithoutpreviously
havingstartedtheANS.TheANSissofundamentalto DECAFthatDECAFbecomestotallybefuddledwithout
it, anddoesn't know whatto sayor do. So it saysnothinganddoesnothing.

So, if you try to start agentsandtheywon't start, checkto seeif ANS is running. The easiestwayto do
this is to start ANSQuery. Sincethere is little that theusercando to confuseANSQuery, this isagoodtest.If
ANSQuery failsto �nd anANS,it will repeatthemessage

ANS connection failed.
ANS connection failed.
ANS connection failed.
ANS connection failed.
ANS connection failed.
ANS connection failed.
ANS connection failed.
ANS connection failed.
ANS connection failed.
ANS connection failed.
ANS connection failed.

forever.
AssoonasANSstarts,ANSQuery stopsthisincessantwhiningandfunctionsnormally.
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Start MatchmakerAfter SDBW

If you do this, then SDBW cannotplaceits advertisement.Without the advertisement,SIA cannot�nd
SDBW. However, someonehasrecentlymodi�ed theSDBW to preventthislittle game.SDBW now hasaloop
in it sothat it, like ANSQuery, will continuallytry to advertisewith theMatchmakeruntil its advertisementis
accepted.(We'll show you how to do theloopinglaterin thispaper. Useof planeditorto view SDBW.lspwill
show theplan�le thatachievesthelooping.)

Start MatchmakerAfter SIA

Thisworks– it breaksthedemonstration.SIAproducesthefollowingcode:

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
% Startup Zero constructor % <==============
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
% findRMDBs Zero constructor % <==============
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
java.lang.NumberFormatException:

at java.lang.Integer.parseInt(Integer.java, Compiled Code)
at java.lang.Integer.<init>(Integer.java, Compiled Code)
at Demo_findRMDBs.UpdateRMDBs(Demo_findRMDB s.java , Compiled Code)
at java.lang.reflect.Method.invoke(Native Method)
at ExecutorThread.run(ExecutorThread.java, Compiled Code)

Theabove Java error messagemeansthat SIA failedwhileexecutingthe java languageroutineparseInt on
andInteger. What is happeningis that SIA is trying to parsethe responseit got. Unfortunately, SIA is not
parsinga successfulresponsefrom theMatchmaker– SIA hasreceivedanerror messagefrom DECAFsaying
that theintendedreceiverof themessage(theMatchmaker)doesnot exist.SIAdoesnot haveawayof dealing
with thatcondition,soSIAhasbecometotallyconfusedaboutwhereit isandwhatit isdoing.SIAis“jammed,”
andthisjamisunrecoverableby theuser.

Notefour thingsaboutthis jammedstate:

1. This is only onethreadthat is jammed.If the agenthadotherthreadsgoing,theywouldcontinueto
operate,and,if theyreliedon this thread,theirbehaviorwouldbecome“unexplainable” dueto “anerror
in DECAF.” No, theoddbehavioristheagentdesigner'sfault.

2. With manythreadsin thesamewindow (unavoidable),theaboveerror messagemight not bevisibleon
theoutputwindow, havingbeenscrolledout of sightby subsequentmessagesfromotherthreads.

3. TheaboveJavaerror messagecontainsno informationaboutwhichagentoriginatedit. Operatingseveral
agentsin onewindow (avoidable)canmakedebuggingdif�cult if the above error messageis the only
clueyou have that somethinghasgonewrong. Suggestion– write locationalinformationto thescreen
frequentlyin theearlystagesof agentdevelopment.

4. Theagentcanbeterminatedwith aCntl-C command.If anagentis terminatedthisway, theterminated
agentdoesnot unregisterwith theANS.YoushouldthenuseANSQuery to performtheunregisteringfor
you. Failureto unregistertheagentpreventsit fromregisteringwith thatnameagain,unlesstheANShas
alsobeenrestarted.
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Restarting aFailedAgent

If you restart a failedagentthathasnot unregisteredwith theANS,it will fail in thesamemannerasif there
werenoANS.That is,yougetnoerror message,andnothingappearsto happen.UseANSQuery to “highlight”
andthen“unregister” the namethat the agentwould like to use.DECAF takescare of the unregisteringfor
agentsthatshutdown normally(i.e.,thosethatshutdown by sendinga“Shutdown” messageto theagent).

Start SDBW afterMatchmakerandSIA

This is themostinterestingof the “errors” you canperform with thedemonstration.All of theagentswill
work asplanned,exceptyou canmakeno successfulquerieswith the SIA. The following is whathasgone
wrong: SIA queriedMatchmakerbefore SDBW advertised,andsinceSIA doesnot query the Matchmakera
secondtime,SDBW'sadvertisementcomestoolateto bereceivedby SIA.Attemptsto query databasesthatexist
fail simplybecausethereisno existingdatabasesthatareknown to SIA.Theinterestingpart is thatyoucansee
theSDBW agent,start otheragentsthatcansendandreceivemessagesinvolvingSDBW, andsoon,yet theSIA
failsandDECAFlooksbroken.

By far, this is themostpopularwayto breakDECAFagents– interferewith thesequencingandtiming of
messages.Thesolutionis to designagentsthat can't have theirmessagesequencesor timingsinterferedwith –
truly thesport of royalty.

2.3.3 ChangetheDemonstrationCode

The�nal wayto breakthedemonstrationisto changetheDECAFplansor Javacodethat theagentsuse.Once
in this realm,of course,its more fun to dealwith your own agents.So, we now give up entirelyon trying to
breakthedemonstration,andmoveon to moreconstructive work. (Rememberthetechniquesdiscussedhere,
though,in caseyouwantto breakyour own agentcode.)
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3 SpecifyingDECAFAgentBehavior

Thereareseveralrelatedstepsin specifyingthebehaviorof DECAFagents,whichstepsaretogetherreferredto as
theprogrammingof aDECAFagent.Fortunatelyonlytwopiecesof softwareareinvolvedin thatprogramming.
Thetwopiecesof softwarearetheDECAFPlanEditor andJava.Wewill discusstheDECAFPlanEditor in the
nextsubsectionandthenwewill show someagentJavacode.Afterthat,youareon yourown.

3.1 ThePlanEditor

The DECAF software usedis the Plan Editor. The Plan Editor is a graphicalinterfaceusedto createthe
programmingfor your Agent.DECAFis of two mindswhenit comesto whatto call thePlan Editor. When
youexecuteit, you issuethecommand

java planeditor

andsosometimesyou will seereferencesto planeditorandsometimesto PlanEditor. Theyareeverywherethe
samepieceof software.

Planeditoris thesoftware thatdrawslinesandboxesandcloudsthat specifyto DECAFwhatyour agentis
enabledto do. (That is,whatcouldbedone,providedDECAFhasaccessto theright Javacodeto executeand
hasbeensenttheright messagesto initiateit.) Start thePlanEditor asshownabovewhileyouarein theSDBW
directory of thedemo. Clickingon thestandard “�le” then“open” menuitemswill show you thecollectionof
“.lsp” �les from whichto selectaplan�le to edit. There isonlyonethat comeswith thedemonstrationandis
in thisdirectory, namely“SDBW.lsp,” which,whenhighlightedandselectedcausesFigure2 to appear. This is
thewhole“plan�le” for SDBW:

Figure2: TheBig Picture
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3.1.1 PlansLookLikeForestsof Trees

TheProgramisatree-likestructure(HierarchicalTaskNetwork, or “HTN” for short). Figure2 containsthree
suchtree-likestructures:

1. Demoaskall whichis theTaskfor theSDBW to answerqueries.

2. Startup whichinitiatestheSDBW agent,includingregisteringwith theMatchmaker.

3. Shutdown whichclosesdown theSDBW agent,includingunregisteringwith theMatchmaker.

Notethat thereareno linesconnectingthethreestructures.Thereisno needto connectthembecausetheyare
separateentitieswithin theagent.ThesethreeTasksall belongto thesameagentbecausetheyare in thesame
plan(.lsp)�le. SinceDECAFis multi-threaded,DECAFcouldhave all tasksin a planhierarchyexecutingat
thesametime,but usuallywill not. In thepresentcase,thelogicof theagentstronglysuggeststhat thesethree
taskswill notbeexecutingat thesametime.

Let'slookatoneTaskStructure,theonefor “Demoaskall” asshown in Figure3.

Figure3: TheDemoaskall TaskStructure

3.1.2 Componentsof aTaskStructure

EachtreerepresentsonetaskstructureandalsousuallyrepresentoneJavacode�le, implyingthat there isclose
to aone-to-onecorrespondenceof DECAFTasksandJava code�les. (This is essentiallytrue,with, of course,
exceptionsfor whenit isnot true.We'll getto thoseminorexceptions.)Theleafnodesareactionsthatmusthave
associatedcodeandclass�les. Eachnode(leafandnon-leaf) has0 or more inputs(provisionsor parameters)
and1 or moreoutcomes.Figure3 showsall themajorfeaturesof aDECAFagentTask.Let'sidentifythem:

1. Top-level Tasksarethehighestlevel taskabstracts,andmayor not correspondto javaclasses(oneof the
exceptionswementionedabove).Sincethereisnocodefor “Demoaskall” availableto DECAF, it passes
control to thenextlowertask.Notealsothat thenameof aTop-level Taskmustbetheconcatenationof
anontologyandataskname.Section4 hasadditionalinsightonhow thispart of thenamingworks.
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2. IntermediateTasksarejavaclassesinvokedby otherDECAFtasks.Thelowestlevel taskisembodiedin
JavacodeasaJavaclasswith thesamenameasthenamegivento theTaskicon.For Figure3, theremust
beaJava�le namedsdbwAskall.javathathasbeencompiledinto theJavaclassnamedsdbwAskall.class
for the applicationto work. Observe that DECAF will reasonaboutthe CharacteristicAccumulation
Functionof aTask,but that it will not dosofor Actions(seeSection3.2.3).

3. ActionsareJavamethodsthatDECAFinvokesfor theagent.Thewayto distinguishbetweenTasksand
ActionsisthatActionshavealittle gearin their icons,whileTaskshavenone.(Thebarat thetop isalsoa
differentcolor, but thatdoesnot show up in non-colorpresentations.)Actionsareembodiedin Javacode
asamethodwith thesamenameasthenamegivento theAction iconthat is foundin theclasswith the
samenameasthenamegivento theTaskicon.An examplefollows.

4. Non-localTasksarerepresentedasclouds,whichrepresentthemechanismby whichmessagesaresentby
thisagentto anarbitrary agent(thatis,eitheritselfor someotherDECAFagent)to havethatotheragent
(hence,“non-local”) performsometask.That taskisalwaysahigh-levelTaskat thereceivingagent.

Thefollowingconventionsapplyto Task,Actions,andClouds(non-localTasks):

� Inputsto anicon(called“provisions” or “parameters”) aretheitemson theleft of theicon.
� Outputsfrom aniconaretheitemson theright of theicon.
� No two iconscanhavethesamename.
� Eachiconexceptthetop-level iconisownedby ahigherlevel icon.
� Actionsandcloudscannotown othericons.
� Iconshavetheirownershipindicatedby linesfromtheirowningtaskto thetop of theownedicon.
� The destinationfor themessagestringassociatedwith anoutput is indicatedby a line drawnfrom the

outputsideof aniconto either

� the left-handsideof anothericon,indicatingthat thisoutput from thesourceicon is the input to
thedestinationicon,or

� theoutputnodeof anothericon,indicatingthat thisoutputfromthesourceiconis to betreatedas
theoutputof thedestinationicon.Thisonlyworksfor Actionsthatprovideoutputsfor Tasks.

Namingof the itemsneedsto becareful on two accounts.First, there canbeno duplicatenamesin the
plan,soeachmustbeunique,andtheplaneditorwill enforcethis. Second,you have to gobackto theseplans
eitheraftermanymonthsor, more importantly, whenyou areunderduressbecausetheplanis not working as
intended(thesilly thing is working asspeci�ed!).In this lattercase,havingnamesthatareclearwithoutbeing
overlylongmakesmatchingplanswith Javacodeeasier. Namingcloudsisbestachievedby mergingtheagent(s)
sentthe messagewith the intendedresult,suchas“gopherselectsSeat” to indicatethat your “gopher” classof
agentwill selectaseatfor you. Asalways,namingishard to dowell.

Namesfor provisionsarefairlyeasy– your applicationwill suggestthem.Namesfor outcomeswill needto
matchthecorresponding�eld in yourJavacode,andit isvery important thatthenamesandvaluesin thecode
andin theplanareconsistent,properlyspelled,and,wherepossible,meaningful. Letmesaythatagain,because
it is soimportant – Namesfor outcomeswill needto matchthecorresponding�eld in your Java code,andit
is very important that thenamesandvaluesin thecodeandin theplanareconsistent,properlyspelled,and,
wherepossible,meaningful.
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3.1.3 ProgrammingtheAgent- Brie�y

Hereisaskeletonof theJavacodein thesdbwAskall.java�le thatwouldbecompiledinto thesdbwAskall.class
neededfor theaboveexampleto work. Wewill revisitthiscodein asubsequentsection(Section5). Theactual
sourcecodefor sdbwAskall.javacomeswith thedemonstration.

import java.io.*;
import java.net.*;
import java.util.*;

public class sdbwAsk_all
{

public sdbwAsk_all()
{

System.out.println("sdbwAsk_all Zero constructor");
}

public ProvisionCell queryDB(LinkedListQ Plist, Agent Local)
{

KQMLmsgK = new KQMLmsg();
return new ProvisionCell(K.getKQMLString(),"OK");

}
}

Notethefollowingin andabouttheabove:

� TheclassnameisthesameasthelowestlevelTasknamein theplan.
� Thereis,andmustalwaysbe,aconstructorfor theclass.
� Thereisamethodfor eachactionthat theTaskowns.
� Methodnamesconformexactlyandpreciselyto theActionnamesin theplan�le.
� There isno optionto theprogrammerin whatcanbepassedto themethods.DECAFalwaysprovidesa

LinkedListQandanAgent.
� EachmethodmustreturnaProvisionCell.
� Provisioncellsconsistof atwostrings,in thiscaseaKQMLmsgconvertedto astringandthestring“OK”.
� Thecontentsof thestring(thesecondelement)in theProvisionCellreturnedfromthequeryDB method

matchexactlytheoutcomebox in theplanfor thequeryDB action(seeFigure3).

Not spellingnamesof methodscorrectlypreventsDECAFfrom �nding thecodeto executeit. Not coding
thereturnsfrom methodsproperlyeithergivesDECAFanundocumentedoutcome,whichit will not beable
to deliveranywhere(thusjammingthethread),or it causesthemethodto lookto DECAFhasif it hadleft the
actionthroughoneoutcomewhenyouhadintendedanother(thusmakingtheagent“actfunny”).

3.2 ParticularDetailsof PlanCreation

Theplaneditorisastraightforward GUI, andyoucanalwaysexperimentwith it if youhavequestions.Themajor
functionsto accomplishwith it arediscussedbrie�y below. Wediscusscreatingnew items,themodi�cationof
items(bothnew andexisting),selectingabehaviorfor thetaskrelativeto itsactions,andhow to drawthelines.
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3.2.1 CreatingaNewItem

Figure4 showsthe �rst work screenyou will encounterwhenyou beginto designyour own agents.The �rst
thing you mustdo is to createthe individual“item”s in the plan. You will begivena choiceof four typesto
create:task,action,non-localtask,or library. Library doesn't work yet. If you pick wrong,you will have to
deletethe itemandaddit anew. (SeeSection3.1.2for adiscussionof thesecomponents.)To getto Figure4,
clickon “edit” and“additem” fromtheplaneditor.

Figure4: Initial ItemAdditionScreen

3.2.2 Item“D ecorations”

At anypoint, you canedit an item by clickingon “edit” and“edit item” to producea screenlike Figure5. It
alsopopsup automaticallywhenanitem is created.This is whereyou specifytheparameters,provisions,and
outcomesof theitems.

Figure5: Edit or CreateItemAttributes
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3.2.3 Characteristic AccumulationFunction

Figure6showsthescreenthatletsyoucontrol theCharacteristicAccumulationFunction(“CAF”,butnorelation
to theCAFin DECAF)that isassociatedwith aTask.Thefourchoiceslet youchoosewhetherDECAFwill

Figure6: CharacteristicAccumulationFunctionChoice

1. andrequirethatall sub-tasksbecompletedbeforethetaskcompletes,

2. or requirethatat leastonesub-taskbecompletedbeforethetaskcompletes,

3. xor requirethatat mostonesub-taskbecompletedbeforethetaskcompletes,or

4. sumchoosessubtaskssothat themaximumvalueisattained.

Useof theCAFisbeyondtheinitial intentionof thescopeof thisdocumentation.Thereisalittle discussion
of itsusebelow, but beyondthatyouareurgedto contactDr. Deckerdirectly.

3.2.4 Lines– WhenandHow to DrawThem

Linesareof two typesin plans:thosethat representmessages,andthosethat representtask(for lackof abetter
term)“ownership.” (Okay, there is a properterm,andit is “reduction” becausewe reducea planto its steps.)
Bothtypesof lineareplacedinto theplanby clickingon thesourceof thelinewith thecenterkeyof a3-button
mouse,thenclickingagain,with thesamekey, on thedestinationpoint of theline. Interestingly, youcanerasea
lineby repeatingthisprocess– clickontheoriginandthenclickonthedestination.Theoriginfor anownership
line is theTask.

Communicationlines(theywill appearasbluelineson thescreen)indicatethat theoutput messagefrom
oneitem is to betheinput item to anothertask.For example,in Figure2 theoutputmessageassociatedwith
areturnof “OK” from theroutine“queryDB” will besentto theagentindicatedin thatmessage(that is, into
thecloud).Thereplymessagefrom thatagent(from thecloud)is thereplymessagethat theTasksdbwAskall
returnsto its invokingtaskDemoaskall, andis thusthe replythat this taskwill providewhenit is invoked.
Outputscanbesentto two different placesconcurrently by drawinglinesfrom the output to two different
destinations.

Ownershiplinesindicatetherangeof tasksandactionsoverwhichtheCharacteristicAccumulationFunction
of a Taskwill range.For example,in Figure 2, the “sdbwAskall” taskis not completeuntil both of the tasks
that it “owns” havebeencompleted.Thisexampleisabadoneto explaintheuseof thecharacteristicfunction
– thecurrentexampleistoosimple.Wewill addressit alittle bit morebelow. Notethatataskwill not schedule
actionsthat it doesnot own,andactionsthathaveno taskowningthemcannotbesentmessages.
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3.3 A SimpleTaskAnalyzed

Figure7 showsasimpleplan.Thisplanprobablywill not work, andwecanpro�tably learnfrom it.

Figure7: A LessSimpleTask

The�rst, andeasy, reasontheplanmightnotwork isthatit ismis-named,or, atbest,oddlynamed.DECAF
tasksare reachablewhenthenametheyuseis theconcatenationof anontologywith a taskname.The name
usedfor thetaskshown in Figure7 containsanunderscore,asit wouldif therewerea“new” ontology. In other
words,this taskis reachableonly if theagentwithin whoseplanit residesreceivesamessagewith theontology
“new” andthetasksetto “item2”. Notethatif theTasknamehadnounderscore,it wouldbetotallyunreachable.
The“null” ontologyisusedfor Shutdown messages,whichiswhythetop-level tasksfor Startup andShutdown
beginwith underscores.

Now for aslightlysubtlereasonfor theplanto fail. Notethetwopossibleoutcomesfor “MethodName” are
a“Fail” outcomeandtheever-popular“OK” outcome.If thisagentexitsMethodNameviaareturnstatement
thattagstheoutcomeasfail, thetaskwill not terminate.Thereisnowayto reachthe“new outcome1”outcome
of the top-level task. Sincethis top-level taskis not reachedby a supporting outcome,DECAF will simply
continueto wait for it to besatis�ed,evenif DECAFhasto wait forever. Thiswaitingfor tasksthatcannever
endtendsto “clog” DECAFagents– tasksdonot completebecausetheconditionsfor theircompletionarenot
met,generallybecausethe taskstructure is not guaranteedto alwaysproduceanoutcome.Section6.1 brie�y
addresseshow to usetheDECAFGUI to assistin identifyingthis situation,shouldthe agentsyou dealwith
createit.

14



4 Messagesin DECAF

Thereareeight�elds to aDECAFmessage:

1. performative tellsthereceivingwhatstandard, KQML/FIPA actionit is to perform. If theactionis not
standard, thevalueissetto “achieve” anda“:taskxxx” speci�cationisinsertedinto thecontent(seebelow)
�eld of themessage.

2. senderindicatesto thereceivingagentthenameof thesender.

3. receiver indicatesto DECAFthenameof theagentto receivethemessage.

4. reply-with is a stringthat thesendingagentdirectsthe receivingagentto put in the “in-reply-to” �eld
whenit, thereceivingagent,issendingareplyto themessagecurrentlybeingsent.

5. in-reply-tois theabovereply-withstringfrom aprior message.It isappropriateto think of thisandthe
above�eld asspecifyingandusingatokenwhichaidessendingandreceivingmessagesin aconversation.
This tokenidenti�eswhichconversationis referenced,andtheagentinitiating anexchangeof messages
getsto selectit. In initiating tasks,in-reply-tomust be “null” or it tellsthe receivingagentthat this
(actuallyoriginal)messageispart of anon-goingconversation,whichthereceivingagentwill deny.

6. languageis thelanguagein whichthemessageisexpressed.This isusually“DECAF”.

7. ontology istheapplication-speci�c,user-determinedontologyusedby thereceivingagentto identifythat
thesendingagentunderstandstheontologyusedonthereceivingendof themessage.SeeNaming,above.

8. contentistheapplicationspeci�cinformationto beconveyedby themessage.Thisisdomaindependent,
but usuallyfollows the ���������	��

���������	������� pairingconventionsof DECAF so that the standard
DECAFtoolscanbeusedto manipulatethecontentsof thecontent�eld.

Hereisexamplecodethatsetsthesevalues:

public ProvisionCell queryDB(LinkedListQ Plist, Agent Local)
{

KQMLmsgK = new KQMLmsg();
K.addFieldValuePair("performative", "ask-all");
K.addFieldValuePair("sender", Local.getName());
K.addFieldValuePair("receiver", "agentName");
K.addFieldValuePair("reply-with", "REPLY-TOKEN");
K.addFieldValuePair("in-reply-to", ""); // not in reply to anything
K.addFieldValuePair("language", "DECAF"); // always DECAF
K.addFieldValuePair("ontology", "Demo");
K.addFieldValuePair("content", ":keyword value");
return new ProvisionCell(K.getKQMLString(),"OK");

}

NotethatweusetheAgentfunction“getName()”to insert thesendingagent'snameinto themessage.Theabove
sendsan“ask-all” messageto anagentthat understandsthe“Demo” ontology. Thesendingagent's invocation
of DECAFwill sendthemessageto theagentdesignatedby “agentName” andthat receivingagent'sinvocation
of DECAFwill attemptto start a taskwith thename“Demoaskall” whenit receivesthe message.DECAF
appendstheperformativeto theontologyto determinetheTasknamethat it will invoke.If theperformativeis
“achieve” DECAFwill appendthevalueof “:task” in thecontent�eld to theontologyto identifythenameof
theclassto beinvoked.Note: to senda messageto Shutdown, theontology�eld mustbe“null”. Also,note
thatDECAFdemotes“-” to “ ” in names– whileFIPA andKQML require“-” in performatives,Javaprohibits
them,thusrequiringthisconversion.
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5 JavaCodefor DECAFAgents

Hereweofferlittle advice– wedo not know whatyou wantyour agentsto do. Thecodefor theSDBW agent
(the originalis with the demonstration)servesasa partial exampleof the codeneeded.This codeincludes
manipulationsof theGUI within SDBW. Thecodebelow isnot anexactcopyof thedemonstrationcode.

Observethefollowingin theJavacodebelow:

1. In thewindow closingevent, there is a referenceto “local.send(msgString)” whenthewindow is closed.
This sendfunctionsendsa message,but canacceptno replies.Usethis feature with extremecaution
(contrary to theexample).

2. To understandthecontentsof theadvertisingmessages,referto [7].

3. The return from “formatAdv” is “OK” (uppercase)while oneof the returnsfrom “Response” is “ok”
(lowercase).DECAFiscasesensitive.

4. The“message” portion of thereturnfrom Responseis “SOME STRING HERE”, whichis meaningless
(becausethereceiverneedsto know only that thetaskwasdone).Theremustbesomethingspeci�edin
thisslotfor DECAFto work. This ishow to meettheseseeminglycontradictory conditions.

import java.io.*;
import java.net.*;
import java.util.*;
import javax.swing.*;
import java.awt.event.*;

public class sdbwStartup
{

static JTextArea ta;
LinkedListQ P;
Agent local;

public sdbwStartup()
{ }

public ProvisionCell formatAdv(LinkedListQ Plist, Agent Local) {
String message = new String(Util.getValue(Plist, "MESSAGE"));
KQMLmsgK = new KQMLmsg();

Local.userHash.put("Gatekeeper", "Keymaster");

try { UIManager.setLookAndFeel(
UIManager.getCrossPlatformLookAndFeelC lassNa me());

} catch (Exception e) { }

JFrame f = new JFrame(Local.getName());
ta = new JTextArea("Starting Agent...",25, 5);

ta.setEditable(false);

JScrollPane jsp = new JScrollPane(ta,
JScrollPane.VERTICAL_SCROLLBAR_ALWAYS,
JScrollPane.HORIZONTAL_SCROLLBAR_ALWAYS);

P = Plist;
local = Local;
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f.addWindowListener(new WindowAdapter() {
public void windowClosing(WindowEvent e) {

//send a Shutdown message to the agent
KQMLmsgQ = new KQMLmsg(Util.getValue(P, "MESSAGE"));
Q.addFieldValuePair("sender", Q.getValue("receiver"));
Q.addFieldValuePair("receiver", Q.getValue("receiver"));
Q.addFieldValuePair("content", ":task Shutdown");
local.send(Q.getKQMLString());

}
});

f.getContentPane().add(jsp);
f.setSize(400,300);
f.setVisible(true);

K.addFieldValuePair("performative", "advertise");
K.addFieldValuePair("sender", Local.getName());
K.addFieldValuePair("receiver", "Matchmaker");
K.addFieldValuePair("reply-with", "nothing");
K.addFieldValuePair("language", "DECAF");
K.addFieldValuePair("ontology", "Matchmaker");
K.addFieldValuePair("content",

":performative ask-all" +
":ontology Demo " +
":language DECAF " +
":taskName ask_all " +
":parameters parka " +
":keywords Information Extraction");

return new ProvisionCell(K.getKQMLString(),"OK");
}

public ProvisionCell Response(LinkedListQ Plist, Agent Local) {

String message = new String(Util.getValue(Plist, "MESSAGE"));
KQMLmsgK = new KQMLmsg(message);
System.out.println(K.getValue("conten t"));
if(K.getValue("performative").equals( "error ") &&

K.getValue("content").equals(":task error Receiving Agent not found"))
{ try {

Thread.sleep(10000);
} catch (Exception e) {}

K.addFieldValuePair("performative", "advertise");
K.addFieldValuePair("sender", Local.getName());
K.addFieldValuePair("receiver", "Matchmaker");
K.addFieldValuePair("reply-with", "nothing");
K.addFieldValuePair("language", "DECAF");
K.addFieldValuePair("ontology", "Matchmaker");
K.addFieldValuePair("content", ":receiver " + Local.getName() +

" :performative ask-all :ontology Demo " +
":language DECAF :taskName ask_all " +
":parameters parka :keywords " +
"Information Extraction");

return new ProvisionCell(K.getKQMLString(),"fail" );
}
else { return new ProvisionCell("SOME STRING HERE","ok");}

}
}
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6 DECAF'sAgentGUI

DECAFagentscanbestartedusingaGUI. ThisGUI isby-passedwhenparametersareprovidedon thecom-
mandline. Normally, theGUI is not used,however, whendebugging,theGUI canprovideinvaluableinfor-
mationon themessagestheagenthassentandreceived,anduponthegeneralstateof theagent.Agentscanbe
startedwith theGUI by issuingthecommand

java Agent

Thiswill produceascreenlikeFigure8.

Figure8: Initial DECAFAgentGUI Screen

Theagentnow exists,but it is in auselessstate.It still needsto know:

� thenameof theANShostwith whichit shouldregister,
� theagentnameunderwhichit shouldoperate,and
� thenameof theplan�le thatdescribestheagent.

(Otherinformationisbeyondthecurrentscopeof thisdocumentation,andnot describedhere.)
DECAFwill suggestvaluesfor all of theneededvalues.

� For ANS host,it suggeststhe machineon which it �nds itself. Here, it shows“hercules.cis.udel.edu”
becausethat isthenameit found.

� For Agentname,it appends“Ag” (for agent)andaport numberto the�rst part of thehostname.
� For Plan�le, it alwayssuggestsagent.lsp

Simply �ll in the “Agentname” andprovidea sourcefor a “Plan �le”, press“StartAgent” to readtheplan
�le, andthenpress“Register” to registertheagentandpresentFigure9, thebaseagentscreenfor theagent.

Sincewewantto start theMatchmaker, andhavealreadystartedanANSon “hercules”, weenter“Match-
maker” asthe Agentnameand“match.lsp” asthe Plan �le. We cando this from the “arch” directory of the
demonstration,becauseit hascopiesof therequisiteplan�le andajar �le containingtheneededcompiledcode.
(See[7] for adiscussionof theMatchmaker.)
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6.1 DECAFBaseAgentScreen

Thecommandbarin Figure9 showschoicesfor controlling thebaseagentscreen.Thedebugbuttonrevealsa
list of choicesof whattypeof debugmessageswill appearin thebottomhalfof thebaseagentscreen.Normally,

Figure9: DECAFBaseAgentScreen

all are turnedon, soall of thepiecesof DECAFwill writemessagesto thescreen.If this is overwhelmingfor
a particular task(or too time consuming,asthis is actuallya very slow thing to askDECAF to do), the less
currentlyinterestingpartsof DECAFcanbemutedby clickingonthemin theDebuglist. Often,for beginners,
onlytheSchedulerneedsto show itsdebugmessages.

The Scheduleris interestingbecauseit revealsin thedebugmessagesthe tasksandactionsthat have been
scheduledfor receivingexecutiontime. If, over thecourseof executingyour agentyou �nd it slowingdown, it
maybethat you are inadvertentlycreatingtasksthatnevergetcompleted– theytakeup spaceandneedto be
checkedto seeif theycanberun. (SeeSection3.3.)

Also,anagentwith “Sizeof Tasks:0” at thebottomof thescreenissimplywaitingfor amessage.If that is
not your intention,thensomeactivatingmessagehasnot beensentto theagent.Notethattheinterpretationof
thecontentsof themessagesisvery domaindependent,precludingadditionalusefuldiscussionhere.

The�rst itemon thecommandbaris “Agent” andhasfour choiceson it. Choosing“Exit” shutsdown the
agent– not just theGUI, but it it shutsdown the wholeagent. Usethisoptionwhenyou aredonewith the
agent,andit will, in general,shutdown theagentnormally. If, however, therearejammedthreadsin theagent,
this exit button maynot shutthe agentdown properly. Thenyou mustkill it with Cntl-C or with a system
command.If you kill theagent(i.e.,theExit doesnot work), you mayneedto useANSQuery to remove the
nameof theagentfrom ANS.
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6.2 DECAFKQML MessageSender

To sendmessageswith theGUI, choose“Agent” andthen“KQML MessageSender” to getthemessagesending
screenFigure10. Thisscreenletsyou sendmessages“manually” to agentssimplyby �lling in theneededparts

Figure10: AgentMessagingScreen

andpressingthe“SendMessage” button.
If yousendthemessagecorrectly, it will appearin the“Outgoingmessages” portion (right handside)of the

baseagentscreenof thesendingagent.If themessageis receivedby anagent,it will appearin the“Incoming
messages” portion (left handside)of thebaseagentscreenof thereceivingagent.If anagentsendsamessageto
itself, themessagewill appearon both screens.Notethat Figure9 containsanincomingmessage– this is the
messagethatDECAFsendsto theagentto Startup.

Sendingmessagesmustbedonewith care.Thefollowing�elds mustbe�lled:

� Performative, whichmaybethedefaultof “achieve”.
� ReceiversoDECAFknowswhereto sendit.
� Ontology sothereceivingagentcancomposeataskname.
� Contentwith informationfor thereceivingagent(andwhichcannotbeempty).
� LanguagemustbeDECAFor Javain mostsituations.

Andherearesomehints:

� The“Exit” buttonon theMessageSenderreturnsyou to thebasescreen.
� To sendaShutdown message,theOntology�eld mustbeempty. DECAFregards Shutdown asspecial.
� If youaresimulatinganagent,youmayneedto �ll in thein-reply-to�eld, aswell.

Mostof thetime,it isbestto lettheagentssendthemessagesthemselves.Themessagesenderismosthelpful
to isolateaberrantbehaviorin anagent,especiallywhenthe receivingagentalsohasa GUI. Messagessentin
suchasituation,coupledwith print statementsin thereceivingagent,canrevealthemostinterestingbehavior
on thepart of agents.Anotherusefor themessagesenderis to debugstand-aloneagents,or to seetheresponse
of aparticularagentto aparticularmessage.
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7 SomeUsefulDECAFMethods

Thecodeexamplesshown abovereferenceseveralmethodswithin theDECAFstructure.Herewediscussuseful
DECAFmethodsin alittle moredetail.Our discussioncoverstheAgentmethodsthatareavailablethroughthe
Agentobjectpassedto methodsinvokedby DECAF, andaselectedfew thatareavailablethroughtheUtil and
KQMLmsgobjects(themessagesDECAFuses).Themethodsare listedundertheJavacodethatde�nesthem
aspublic,whattheyreturn,andtheirname.

7.1 AgentMethods

Considerthefollowingcodesnippet:

public ProvisionCell queryDB(LinkedListQ Plist, Agent Local)
{

String MyNameIs = Local.getName();
.
.
.

}

which is culledfrom the codeexamplesabove. It resemblesevery methodthat DECAF invokesbecauseit
showsthetwo argumentspassedto themethod:aLinkedListQandanAgentstructure. Messagesarestoredin
theLinkedListQandagentinformationin theAgentstructure. This sectiondealswith methodsin theAgent
structure.Thenextsectionafterdealswith KQMLmsgstructuremethods.

publicString getName()

The Agentmethod“getName()”simplyreturnstheString that is the nameof the agent.For example,the
stringreturnedfor theMatchmakerwill alwaysbe“Matchmaker”. This isusefulfor multi-agentsystemswhere
thereareseveralinvocationsof thesameagentcode,andeachagentneedsto know thenameunderwhichiswas
invoked.

publicvoid send(KQMLmsgk)

Normallythismethodisnotused,asthe“cloud” construct isthepreferredprocedureto makemessagesvisible
in theagentplans.This methodsendsa well-formedmessage.Notethat there is no wayto handleresponses
to suchmethodsin the methodthat sendsthem,andalsonotethat thesemessagesare outsidethe messages
diagrammedon theDECAFplan�les. Suggestedfor useonlyby advancedDECAFagentprogrammers.

publicvoid DebugAgent(String Message)

Putsthe indicatedMessageonto theoutputscreenof thebaseagentGUI screen.(SeeSection6.1.) Useful
whendebuggingagentswith particularlyintricateinteractionsandstructures. It maybemore appropriateto
considersimplifyingthestructureandinteractionsof theagent,aswell.
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7.2 KQMLmsgMethods

Thiscodesnippetisenhancedfromthedemonstration:

public ProvisionCell queryDB(LinkedListQ Plist, Agent Local)
{

KQMLmsgReceived = new KQMLmsg(Util.getValue(Plist,"MESSAGE"));
String OriginalReceiver = Received.getValue("receiver");
String OriginalSender = Received.getValue("sender");
String OriginalReplyWith= Received.getValue("reply-with");
String category = Received.getContentFieldValue("categor y");
String budget = Received.getContentFieldValue("budget" );
if(category.equals("")) category = new String("CategoryMissing");
if(budget .equals("")) budget = new String("0.0");
. . .
KQMLmsgK = new KQMLmsg();
K.addFieldValuePair("performative", "advertise");
K.addFieldValuePair("sender", Local.getName());
K.addFieldValuePair("receiver", "Matchmaker");
K.addFieldValuePair("reply-with", "nothing");
K.addFieldValuePair("language", "DECAF");
K.addFieldValuePair("ontology", "Matchmaker");
K.addFieldValuePair("content",

":performative ask-all" +
":ontology Demo " +
":language DECAF " +
":taskName ask_all " +
":parameters parka " +
":keywords Information Extraction");

return new ProvisionCell(K.getKQMLString()+Util.addT imeout (123), "OK");
}

with the functionsof the methodsdescribedbelow. Note that messagesare accessedvia a utility function
Util.getValue(seeSection7.3) that isappliedto thelinkedlist queueassociatedwith thetask.TheMESSAGE
designationalwaysworks,andis usefulfor retrievingmessagessentto Tasksthat havenot hadparametersnor
provisionsspeci�ed.For theSDBW exampleshown in Figure3, the term“parka” is used,andthemessageis
alsoaccessibleas“parka”.

publicString getValue(String �eld)

This methodreturnsthe stringthat follows the designated�eld in the message.If the designated�eld is
“sender”, thenthestringreturnedis thestringthat follows“:sender” andprecedesthenext“:” in themessage
stream.Themessagestreamitselfisgenerallyconsideredasastring,with thecolonsusedbothto signaltheend
of astringandto indicatekeywords.Donot includeacolonin thenamesentto thefunction(i.e.,asfor “sender”
andnot “:sender”), andonlyrequestoneof theeight�elds thatconstituteaKQML message(SeeSection4).

publicString getContentFieldValue(String �eld)

This methodreturnsthe stringthat followsthe designated�eld in the the content�eld of the message.If
thedesignated�eld is“category”, thenthestringreturnedis thestringthat follows“:category” andprecedesthe
next“:” in themessagestream.Thecontentsof thecontent�eld is alsogenerallyconsideredasa string,with
thecolonsusedto indicatedkeywords. Aswith message�elds, do not includeacolonin thenamesentto the
function,andonlysendrequestoneof the�elds thatyouhaverequiredto beincluded.If youaskfor a�eld that
isnot required(by virtueof beingaparameteror provision),youshouldtestfor anull valueandreplaceit with
somethingmoreuseful,asisdonein theaboveexamplefor “category”.
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publicvoid addFieldValuePair (String �eld, String value)

This isusedto setanyof theeight�elds of aKQML message.Notethat thecontent�eld mustbesetin one
suchcommand,with thevalueeitherbuilt in thecall(asabovein thecodeexample)orwith astringthathasbeen
separatelyconstructed.A commonerror in buildingthestringis to omit spacesbetweenarguments,resulting
in their concatenationby Java. The above exampleplacesthespacesat theendof eachsectionof thecontent
�eld that it builds.A secondcommonerror is to believe that thiscommandconcatenatescontentinformation
whenthe �eld nameis “content”. This addFieldValuePair replacesthe valuethat is in the messagewith the
statedvalue,in amannerthatsomewouldsaywouldrequire thenameof thefunctionto besetFieldValuePair.
Itsnameisadd.Itsfunctionis to set.

NotealsothatDECAFdoesnot ensurethatonlyoneof theeightapproved�elds isentered.If othervalues
are used,the insertion will occur, with unspeci�edresults.The mostlikely problemwill bethat information
meantfor thecontent�eld hasbeeninadvertentlyplacedasaninth (orsubsequent)entry in theKQML message,
makingit unavailableto receivingagentsthat(properly)lookin thecontent�eld for suchinformation.

publicString getKQMLString ()

ThisconvertsaKQMLmsginto astringfor useby DECAFin sendingoutcomesasmessages.Thereasonfor
this isbecauseof theneed,within methods,to work with portionsof theKQML messages.That needdictates
thatmessagesbetakenapart uponreceipt,manipulatedby theagentmethods,thenreassembledbeforesending
themessagesalong.This method(getKQMLString) doesthe reassemblyinto a string. It is usuallyemployed
asoneof thetwo followingexamples.The�rst will wait forever to receivearesponse,thesecondwill wait321
seconds.TheaddTimeoutmethodisdiscussedbelow, with otherutility functions.

return new ProvisionCell(K.getKQMLString(),"OK");
return new ProvisionCell(K.getKQMLString()+Util.ad dTimeo ut(321 ),"OK" );

7.3 Utility Methods

Someusefulmethodsarelocatedin theaptly-named“Util” class.Theseincludethemethodthatsetstheamount
of timeto waitfor areplyto amessageandthemethodthatretrievesindividualmessages,parameters,andvalues
fromtheLinkedListQstructure.

publicstaticString getValue(LinkedListQList, String Name)

Returnsasa string the contentsof the LinkedListQthat hasthe indicatedname. Useof this feature is
in generallimited to extractingthe sourcemessagefor a task. The codesnippetdiscussedunderKQMLmsg
Methods(Section7.2)containsanexampleof itsuseto retrievetheMESSAGEthat triggeredtheTask.

publicstaticString addTimeout(inttime)

This methodis usedto appenda time limit to a message.If theagentto whichthemessagehasbeensent
doesnot replywithin thestatednumberof seconds,DECAFwill generateanddeliver anerror messageto the
sendingagent(i.e.,theonethat hasaddedthe timeout)on behalfof the intendedreceivingagent.A timeout
hasbeenarti�cially insertedinto thecodeshown below to demonstratetheuseof thefeature. Themessageto
theMatchmakerwill timeoutafter123seconds.If you don't particularlycarewhetheramessagegetswhereit's
supposedto go,useatimeoutof zero, andtherewill benowaitingfor aresponse.
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The Secret Keyto ProgrammingDECAFAgents

TheAgenthasattachedto it aJavahashtablefor theuserto savepersistentinformation.It isde�nedin the
Agentclasswith thestatement:

public static Hashtable userHash = new Hashtable ();

This Hashtablecanbeusedto store all the objectsthat you want the agentto have accessto. Seeyour
documentationon Java to review how thisclassworks. Section5 containsaoneline exampleof its use(where
thequery answerisstoredin SDBW).

It issometimeshelpfulto haveHashtablesin Tasks,andtheseshouldbedeclaredin amannersimilarto that
shownabove.Notethatsuchtablesareonlyavailablewith theclassin whichtheyaredeclared,andareusefulfor
holdinginformationacrossseveralinstantiationsof theclass,whichisvery helpfulwhendealingwith multiple
instantiationsof theclassor itsmethods.

8 CorrespondenceBetweenPlansandCode

Thissectionisanotherexampleof anagent.First,wedrawtheagentandexplainthemessagesthat it requires,
andexplainsthemessagesthat it sends.Second,weshow thecodethatperformsthework. Third, weshow the
correspondencebetweentheplanandthecode.

8.1 A RandomNumberGenerator

Figure 11 showsthe plan �le for a ratherunusualrandomnumbergeneratingagent. This agentrequiresa
messagethatstateswhethertherandomnumberto bereturnedis to beevenor odd. Theagentitselfgenerates

Figure11: PlaneditorPlanfor PeculiarRandom

randomnumbersandteststhem. Theparityof a generatednumberis correctif thegeneratednumberis odd
numberwhenanoddnumberisrequestedor isanevennumberwhenanevennumberisrequested.If theparity
iswrong,theagentexitsby wayof the“Wrong” outcome,andsendstheoriginalspeci�cationbackto itselffor
anothertry. If theparityis correct,thentheagentexitstheGetNumberactionby wayof the“OK” outcome,
returningtherandomnumberandthenumberof triesit tookto generatedthenumber(triesshould,of course,
follow abinomialdistribution).
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Themessageto initiatethisagentmust

� know thenameof theagent,andthecodebelow doesnot advertise,
� setreceiver to thenameof theagent,whichmustbeknownsomehow (seeabove)
� setsenderto thenameof thesender, whichthesenderwouldknow
� setperformativeto achieve
� setontology to Peculiar
� setlanguageto DECAF
� setreply-withto null or to somevalue
� setin-reply-to to null, or this agentwill be confused,and will not be enabledto generatea random

number
� setcontentto include:taskRandomand:OddOrEvenevento getanevennumberor :OddOrEvenany-

value-except-evento getanoddnumberin return.

Theperformative is “achieve” becausethisrandomnumbergeneratorisnot namedfor astandard commu-
nicativeact.For thisreason,it isnecessary to includethe“:taskRandom” in thecontent�eld. Theconcatenation
of theontologywith thetasknameproducesthenameof theJavaclass:“PeculiarRandom”.

“OddOrEven” isaprovisionthatmustbesatis�edin theincomingmessagefor theTaskto beinstantiated.
A valueof “even” getsanevenrandomnumber, anyothervalueproducesanoddrandomnumber. Therandom
numbersrangeover thevalueof integersin Java,andmaybepositive or negative (whichiswhywesquare the
moduloresult).

Theagentreturnstwo values.The �rst hasthekeyword “result” andis therandomnumberof theproper
parity. Thesecondhasthekeyword “tries” to statethenumberof triesit took to generatearandomnumberof
theproperparity.

8.2 Codefor theAgent

OnepossibleJava classfor the above agentis shown below. This codeis not the mostef�cient possible,but
permitsthefollowingobservations:

� “MESSAGE” istheenvelope(in thesensethat it containsall eightmessage�elds fromthesender)for the
requestfor a randomnumber. Thisneednot beprocesseduntil afterthenumberis found. That is, it is
onlyexaminedoncein theabovecode,not for eachinvocationof GetNumber.

� TheKQMLmsgK is instantiatedasanexactcopyof theincomingmessageM. Sinceall eightvaluesare
set,themanipulationof K needonlychangethosethatneedto havedifferentvaluesin thereturnmessage.
Usually, theontologyandthelanguagedo not change.Also,it is usualto swapthesenderandreceiver,
to copythe “reply-with” �eld to the ”in-reply-to” �eld, andto setthe reply-with�eld only if a replyis
expected.

� Theperformative is setto “tell” in thereturnmessage.This is a “safe” thing to do becausewe havenot
examinedthe reply-with�eld sentin the incomingmessageM. We do not dictatehow the senderwill
handletheresponse,but thereply-with�eld indicatesthesendersintention:

� If reply-withwasnull, thesenderwantsa“tell” message,andthecodeprovidesthat.Thesenderwill
haveaTasknamedPeculiartell to accepttheresponse.

� If reply-withwasnon-null, the senderwantsthe responseto bea reply, in whichcasethe perfor-
mative is ignored,andthiscodehandlesthat situationaswell. (A “tell” canbeignoredaseasilyas
“achieve”.) Thesendingagentiswaitingfor aresponsefromthecloudin whichthisTaskislocated.

� Thereturnstringfor theOK outcomeisconstructedwith atimeout,but thetimeoutisin factredundant
– thenull reply-with�eld alreadyindicatesthatno replyisexpected.
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� Thestringsuppliedin theoutcomelabeled“Wrong” becomesthestringthat is thevalueof thevariable
“Which” on entry to themethodGetNumber. To preservethisvalue,it isnecessary to sendit out asthe
�rst valuein thereturnedProvisionCell.

� Thecodinghasbeenmademoreconfusingthannecessary becausetwo different namesareusedfor the
“OddOrEven” variablewhichdrivesthe wholecalculation.It shouldhave beenleft as“OddOrEven”
for the entire agent,andcertainly within a class.The line from “OddOrEven” to “Which” shouldnot
renametheprovisionsor parametersasa matterof goodprogrammingstyle.The GetNumbermethod
doesnot haveaccessto thevalueof OddOrEvenexceptthroughthecontent�eld of themessagenamed
”MESSAGE”.

� Thiscodingcanfail to returnpropervaluesfor the“tries” variablewhenit is invokedconcurrently. This
isausefor hashtables,andthatuseis left asanexercise.SeeSection8.4.

Herewith, thecode�����

import java.io.*;
import java.util.*;

public class Peculiar_Random
{

static Random Randy = new Random();
int tries;

public Peculiar_Random()
{

tries = 0;
}

public ProvisionCell GetNumber(LinkedListQ Plist, Agent Local)
{

String Which = new String(Util.getValue(Plist, "Which"));
int rand = Randy.nextInt();
tries++;
int test_value = rand % 2;
test_value = test_value * test_value;
int want_value = 1;
if(Which.equals("even")) want_value = 0;
if(test_value == want_value) // correct parity

{
KQMLmsgM = new KQMLmsg(Util.getValue(Plist, "MESSAGE"));
KQMLmsgK = new KQMLmsg(M);
K.addFieldValuePair("performative", "tell");
K.addFieldValuePair("sender", Local.getName());
K.addFieldValuePair("receiver", M.getValue("sender"));
K.addFieldValuePair("in-reply-to", M.getValue("reply-with"));
K.addFieldValuePair("reply-with", "");
K.addFieldValuePair("content",

":result "+rand+" :tries "+tries);
String X = K.getKQMLString();
X += Util.addTimeout(0);
return new ProvisionCell( X, "OK");

}
else // not correct parity
{

return new ProvisionCell( Which, "Wrong");
}

} // to close GetNumber
} // to close the Peculiar_Random Class

Weanalyzetheabovecodein thenextsection.
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8.3 Diagramof PlanandCode

TheWeiGram1 for thePeculiarRandomclassisshown in Figure12. A WeiGramdividesthecodefor anagent
into thesamenumberof itemsasappearin theplan�le for anagent.SinceeachitemhasJavacodeto execute
itsactionthedivisionprovidesnon-emptyboxesfor eachActionandeachTaskthatreducesto Actions.Clouds

OddOrEven import java.io.*;
import java.util.*;

public class Peculiar_Random
{
  static Random Randy - new Random();
  int tries;

public Peculiar_Random()
{
  tries = 0;
}

OK

AND

Peculiar_Random

Cloud

GetNumber

Which

OK

Wrong

   K.addFieldValuePair("in-reply-to", M.getValue("reply-with"));

   KQMLmsg M = new KQMLmsg(Util.getValue(Plist, "MESSAGE"));

public ProvisionCell GetNumber(LinkedListQ Plist, Agent Local)

String Which = new String(Util.getValue(Plist, "Which"));

int rand = Randy.nextInt();

test_value = test_value * test_value;

if(Which.equals("even")) want_value = 0;

if(test_value == want_value) // correct parity

   K.addFieldValuePair("receiver",M.getValue("sender"));

   K.addFieldValuePair("sender", Local.getName());

   K.addFieldValuePair("reply-with","");

   K.addFieldValuePair("content"

            ":result "+rand+" :tries "+tries ");

   String X = K.getKQMLString();

   X += Util.addTimeout(0);

   return new ProvisionCell( X, "OK");

} // to close the Peculiar_Random Class

    return new ProvisionCell( Which, "Wrong");

   KQMLmsg K = new KQMLmsg(M);

   K.addFieldValuePair("performative", "tell");

{

tries++;

int test_value = rand % 2;

int want_value = 1;

  {

  }

else // not correct parity

  {

  }

} // to close GetNumber

Figure12: WeiGramfor PeculiarRandom

containnocodein WeiGrams,astheuserdoesnotcodethem.Thetop-mostmethodin eachbox in aWeiGram
is theJavamethodthat is invokedby DECAFwhentheAction is implemented.Utility routinesfor theAgent,
suchasits own privatefunctionscanbeput in anybox, but if usedby onlyonemethodarebestput in thebox
for theusingmethod.

Arrowson theWeiGramtracethevalueof theprovision“OddOrEven” to “Which” (seeabovediscussionon
whythenamechangeis abadeidea),showsthecorrespondencebetweentheprovisionandthevariablein the
Javacode,andshowshow thevalueof “Which” isreturnedto thenextinvocationof GetNumber. Linesstrictly
outsidetheboxescorrespondexactlyto linesonFigure11. Thelinesfromthereturnstatementsin GetNumber
aredrawnto theoutcomesthat theyprovide.

Finally, notethat it is thecloud,not theagent,thatsendstheresponseto theinvokingagent.Without the
cloud,the messagethat GetNumberformswoulddisappear. DECAFdoesnot sendmessagesunlessdirected
to by a plan �le that directsthe outcomestringto a cloud. If Figure 11 did not have a cloudbetweenthe
OK outcomeof GetNumberandtheoutcomeOK of theTaskPeculiarRandom,themessagethatGetNumber
formswoulddisappear. Further, if the outcomefrom GetNumberwere directedto boththe outcomeOK of
the TaskPeculiarRandomandthe cloud,there wouldbea “racecondition” asto whetherDECAFremoved
the instantiationof thePeculiarRandomTaskbefore or afterthecloudcompleted.If the instantiationof the
PeculiarRandomTaskisremoved�rst, themessagenevergetssent.

1This isadiagramof aform inspiredbyWeiChenof theComputerandInformationScienceDepartment.

27



8.4 Concurrency

DECAF, basedon Java threads,createsopportunitiesfor the bene�tsand problemsof concurrency. Tasks,
Actions,andCloudscanall havemultipleinstantiations,anduserJavacodemusthandleconcurrencyin Tasks
andActions. Multiple Taskscomein to existencebecauseDECAF starts a new Task(a new instanceof the
appropriateTaskclass)eachtimetheprovisionsandparametersfor aTaskaresatis�ed,andtheTaskisenabled.
MultipleActionscomein to existencebecauseDECAFstartsanew Actionfor eachenabledaction.Theability
to easilybeginsuchmultiplethreads,without theneedto explicitlyconstruct themwithin agents,isaDECAF
strength– programmerscanthenconcentrateon whatthe agentdoesratherthanon how to accomplishthe
requiredthreadingandcommunication.This,in turn, allowsagentsto dousefulthingswith lessprogramming.
DECAF'sSemaphoreclass(notmentionedabove)andtheHashtableavailableto theuserareavailableto resolve
issuesof deadlockpreventionandmutualexclusion.AndtheDECAFGUI isavailableto assistin thedebugging.

9 Conclusion

Thishasbeenashort introductionto DECAFprogramming.DECAFisamulti-agentsystembuildingtoolkit
that provides(1) a Plan-Editor GUI to easilyestablishthe control mechanismsneededto expressexchanges
(“conversations”) betweenparticipants(agents)and(2) the operatingsystemfeaturesto perform the message
sendingandreceivingthatsupportsdomain-levelconstructs.DECAFprovideshigh-level languagesupport and
pre-builtmiddle-agentsfor buildingmulti-agentsystemsacrossnetworks.By takingan“agentoperatingsystem”
approachratherthanthe“API” (ApplicationProgrammingInterface)approachto creatingagents,DECAFhas
beenshown to helpresearchersandstudentsgetto the“interesting” partsof amulti-agentsystemor simulation
morequickly.

Herewehave

� furtherexplainedtheDECAFdemonstration
� givenexampleof ProgrammingtheAgent
� shown how to edit itemsin theplan�le
� shown thePropertiesWindow
� demonstratedusingtheDECAFGUI
� brie�y explainedKQML messages
� givenlimitedadviceonwritingAgentActioncode
� madepassingreferenceto Matchmaker[7] andBroker[6].

� TheMatchmakeragentmatchesserviceneedswith agentsthatprovidetheserviceor with aBroker
thatmayhaveseveralprovidersof thatservice

� The Brokeragentcanselectfrom severalagentsthat providethe sameor similarservicebasedon
somequalityof service(cost,duration,quality)

� shown whereto getadditionalreferencematerial
� andin generalprovidedahelpful,interesting,well-writtendocument.

Thisbackground,togetherwith thedemonstrationcodeandotherDECAFreferencematerials,shouldpro-
videtheinterestedresearcherwith suf�cientmaterialto implementDECAFagentsthatprovideusefulservices.
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