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Abstract

Agentprogrammingnasrequiedmastey of severatonceptbefoeworkingagentgouldbedeveloped.
Thoseconcepténcludeprogrammingn a high-levelanguageynderstandingommunicatiorprotocols,
“thinking distributedly andprojectmanagementVith DECAF, wemakeadvanceis reducinghe level
of pro ciencyrequied with theseconceptso developusefulworkingagents.We believaindergraduates
canreasonablyeexpectetb build workingagentsvith DECAF Seci cationandexplanatiomf DECAF
appears otherwork. This papeiisintendedo assisthe userunexperiencedith DECAFto “getup and
running with simpleagents.

JhnR. Graham,Ph.D., completedECAF befoe depating to teachat CoastalCarolinaUniversity
Dr. Graharnsnewwebsites http://wwwcoastal.edugraham/DECAF continuessapatt of Dr. Decke's
researcprogram.

This papetis a briefintroductionto usingDECAF for simpleagentsystemslt borravsliberallyfrom
thedocumentatioprepaedby Drs. GrahamandDeckeror undertheir direction. That documentatiolis
availablelirectlyat http://wwweecis.udel.eduwecaf/ the DECAF websitat the Universityof Delawae.
Intelrestedbersonsre encouragetb visit that websiteandto use(anddownloadif helpful)the material
availabl¢here.

This materialis basedupon work suppoted by the NationalSciencéoundationunder Grant Nos.
11S-9733004and11S-9812764.
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1 DECAF- Distributed EnvironmentCenteed AgentFramewok

DECAF(DistributedenvironmentCenteedAgent-ramavork) isatoolkit whichallovsawell-de nedsoftwae
engineeringppoachto buildingmulti-agensystemsThe toolkit providesa stableplatformto designrapidly
deelop andoperatdntelligentagentdo achiee solutionsn complexsoftwae systems DECAF provides
the necessgiarchitecturakevicesof alarge-graineihtelligentagent:communicationplanning,scheduling,
executionmonitoring,coodination,andeentuallylearningandself-diagnosig-hisis the internal’operating
systerhof asoftwae agentto whichapplicatiorprogrammerbaxe limited access.

Control andprogrammingf DECAF agentss assistelly agraphicaliserinterfacecalledthe Plan-Hlitor.
In the Plan-Hlitor, executableactionsare basidouilding blocksthat canbe chainedogethetto achiee large,
complexgoaldn the styleof a hierachicaltasknetwok. This appoachprovidesa softwage component-style
programmingdnterfacewith desirableoftwag propetiesincludingcomponenteusgeentuallyautomatedia
the planner)and somedesign-timerior-checking.The chainingof activitiescaninvolve traditionallooping
andif-then-elseonstucts. This pat of DECAFis an extensiomf the RETSINA and TAEMStaskstucture
framevorks.

1.1 AdvancedECAFAgentProgramming

Unlike traditionalsoftwae engineeringgachactioncanalsohae attachedo it a pefformancepro le which
is then usedand updatedinternallyby DECAF to provide real-timelocalschedulingevices. The reuseof
commonagenbehaviorsthusincreasetiecauste executionof thesdehaviordoesiot dependnlyonthe
speci cconstuctionof thetasknetwok but alsocon the dynamicenvionmentin whichthe agenis operating.
For examplea paticularagenis allovedto seach until aresultis achieedin oneapplicatiorinstancewhile
the sameagenterecutingthe samebehaviowill usewhateer resultis awailableaftera cetain time in another
applicatiorinstanceThis constuctionalscallovsfor acetain lewel of non-determinisrm the useof theagent
actionbuildingblocks.This pat of DECAFis basean the design-to-time/design-to-crites@edulingvork
atthe Universityof Massachusetid/e do not addessheseadancedisesn thispaper

1.2 DECAFGoals

The goalsf the architectue are to providea modularplatformsuitablefor reseah activitiesallow for rapid
deelopmenbf third-paty domainagentsand providea meango quicklydeelopcompletanulti-agentso-
lutionsusingcombination®f domain-speci @agentsindstandadt middle-agentandto takeadwantagef the
objectoriented-featesof the Java programmindanguageDECAF distinguisheitselffrom manyotheragent
toolkitsby shiftingthe focusawayfrom the underlyingcomponentsf agentuilding suchassocketreation,
messadermatting andthedetailof agentommunicationln thissens®ECAFprovidesanew programming
paradigminsteadf writing linesof codethat includesystentallsto a native operatingystenfsuchasread()
or socket()DECAF providesanenvionmentthat allovsthe basiduildingblockof ageniprogrammingo be
anagentaction. DECAFis anagenibperatingsystemCodewithin agenteanmakecallsto DECAFto send
messagesearh for otheragentsprimplementaformallyspeci edcoodinationprotocol. Theinterfaceto the
frameavok is alimited setof utilitiesthatremore, asmuchaspossiblethe needtio understandhe underlying
stiuctures. Thus,the programmedoesot needio understandawa netwok programmingo sendamessage,
or learnJaa databastinctionsto attachto theinternalknowledgeasef the framevork.



1.3 DECAFArchitectue
FHgurel1 shavsthestucture of DECAFE
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Concernin this documents with the baxesoutsidethe largeblock labeled'DECAF Taskand Control
Sructure” Wewill discus®lanFles, KQML messagéisoth outgoingandincoming)andthe ActionModules
(Jawa code). DomainFactsand Beliefsare the factsand beliefshat the agentsou will build hawe aboutthe
domainin whichyou ate solvingproblemswith DECAFE Pleaseonsultthe refeencest the endof this paper
for informationaboutthe insidesf thebax. The nextsectiorofferssomeinsightsnto the box in the center
but maybeskippedn aninitial reading.

1.4 BroadOutline of the DECAFArchitectue

Asshavn in Figure 1, there are v e internalexecutionmodulegsquag baxes)in the curent DECAFimple-
mentationandseenassociatetdhtastiucture queuegroundedbaxes). DECAFis multi-threadedandthusall
modulesxecuteoncuentlyandcontinuousfgxceptfor ageninitialization).

Agentlnitialization.

Whenanagents stated, the Agentnitializationmodulewill readaplan le containingbasicactionde ni-
tionsandpre-de nedtasknetwok reductionsEachtaskreductiorspeci edn theplan le will beaddedo the
TasKTemplatddashtablélanlibraty), indexedby the paticulargoalghatthe reductiorachiees.

Theagentnitializationprocesalsaattemptdo achiegaSartupgoal. The Sartup task®f apaticularagent
might, for examplehuild anydomaindata/kneviedgdaseseededSartup tasksnayassércetain continuous
maintenancgoal®r otherinitial achiegmengoaldor theagentThelastthingtheAgentinitializationM odule
doessregistewith anAgentNameSeverandsetup all sockeandnetwok communication.

Dispatcher

The Dispatchewaitsfor incomingkQML messageaghichwill be placedon the Incominglessagaueue
An incomingmessageontainsa KQML (or FIPA) peformative andits associateidformation. An incoming



messageanresultin oneof threeactionsby the dispatcherHrst, the messagmaybe a pat of an ongoing
conersation.In this casdhe dispatchewill nd the corespondingctionin the PendingActionQueueand
provide the incomingmessagasan enablingprovision (se€‘Parameterand Provision§ belav). Second,a
messaguayindicatethatit ispart of anew conersationlf so,anew objectigis createdequialentto theBDI
“desie$ concept[d andplacedon the ObjectiesQueudor the Planner An agentypicallyhasmanyactive
objecties,not all of whichmaybe achieablewith anagens limited time andresouces. The lastthing the
Dispatcheisresponsiblfor is the handlingof erior messagepliedo malformednessages.

Planner

The Plannemonitorsthe ObjectiesQueueandplansfor new goalshasedn the actionandtasknetwok
speci cationstoedin thePlanLibrar. A copyof theinstantiategblan,in theformof anHTN coriesponding
to thatgoalis placedn the TaskQueuerea,alongwith auniqueidenti er andanyprovisionghatwete passed
to the agentviathe incomingmessageThe TaskQueueat any given momentwill containthe instantiated
plans/tasktuctures(includingall actionsandsubgoalghat shouldbe completedn responsw allincoming
requestandanylocalmaintenancer achieementgoals A graphicaplan-editoiGUI allonvsthe constuction
of staticHTN planningtaskstuctures.

Scheduler

The Schedulevaitsuntil the TaskQueueds non-empty The purposef the Scheduleis to determinavhich
actionanbeexecutechow, whichshouldeeyecutechow, andin whatorder

For DECAF thetraditionalnotion of BDI “intention$ asarepesentatiof a curtentlychosercoursef
actionis patitionedinto threedeliberatig reasoninge\els: planning,schedulingand e>ecutionmonitoring.
Thisisdoneforthesamaeasongivenby Rao[9]—that of balancingeconsideratioof activitiesn adynamic,
real-timeenvionmentwith takingaction[10]. RathetthantakingtheformalBDI modelliterally we deelop
thedeliberatig componentbasedn the practicalvoik onroboticanodel411]. Eachlewelhasamuchtighter
focusandcanreactmore quicklyto externaénvionmentdynamicshanthelewelaboeit. Mostauthoranake
practicaargumentsor this architecturatonstuction, asopposedo the philosophicalinderpinningsf BDI,
althoughroboticistoftenpoint out the multiplefeedbacknechanismis naturalnemnoussystems.

Oncean actionfrom the TaskQueuehasbeenselecte@nd scheduledor execution,it is placedon the
Agend@ueue In avery simplisticSchedulethe order might be rst-come- rst-sered (FCFS) Recentwork
hasresultedn thedeelopmenbf asophisticatedesign-to-criteaationschedulgfl 2] thatef cientlyreasons
aboutactionduration,cost,resultquality andotherutility functioncharacteristitade-offsThis scheduleis
alscawailablefor usein DECAFagents.

Executor

The Executots setinto operationwvhenthe AgendaQueueis non-empty Oncean actionis placedon the
gueuethe Executorimmediatelylaceshetaskinto execution.Whenthe actioncomplete#t signalaspeci ¢
actionoutcomeandthe resultis placedn the ActionResulQueue The frameavork waitsfor resultsandthen
distributegheresultto downsteamactionghat maybewaitingin the TaskQueue.Oncethisisaccomplished
the Executorexaminethe Agendajueudo seef therisfurtherwork to bedone.

1.5 Goalsof this Documentation

This documentatioris intendedto assisthe userunexperiencedith DECAFto “getup andrunning’ with
simpleagents Eventually DECAF usageequiesfamiliaritywith Java. No Jawa instiuctionis providedheee.
This documentatioris intendedfor someonavhois eitherfamiliarwith Jaa, or who knowsenoughC++to
fakeit convincinglyvell. Usersare presumedo beself-teachevghoarinterestedn afew helpfulhints.



With thatin mind, we proceed.

2 SepOne- Experencethe Demonstration

DECAFhasademonstratioaccessibteroughthe DECAFHomepagéhttp://wwweecis.udel.edwecaf by
clickingon the “D ownloads button on the upperleft handsideof the page. After registeringasa DECAF
user click on the highlighted‘downloadpagé to seethe then-curentdocumentatiorfior the demonstration.
Do whateer pottion of the instructionsyou are comfotablewith. Asof thiswriting, the downloadwill take
aboutthreemegaptesof spacdor the demonstratiorsoftwae. We askthat you accesand downloadthe
demonstratior it wasprepaedfor teachingurposes.

2.1

Noteson the Demonstration

Operationaproblemsvith thedemonstrationanbecreatedy notfollowingthedirectionsoriectly Following
thedemonstratioproperlyproduces v e-agentvorld:

1. ANSisthe AgentNameSewvice whichis essentia hawe runningfor anyDECAFagentapplicatiorto

2.2

nd theaddessesf otheragents.

. ANSQuely is an optional,usefulbut cycle-consuminggpplicatiorthat liststhe nameghat ANS has

assignetb agentshatrequestethem.

. Matchmakeisoptional butthedemonstratioapplicatiorusest. Matchmakeacceptsadwettisements

from agentsindprovideghename®f ad\ettisingagentso anyagentshatrequessuchnames.

. SDBW isaSmpleDataBaséNrappethatadwettisesvith Matchmakeit ad\ettisestselfas(See[7] for

adiscussionf the Matchmake) a providerof sevicesandM atchmakestoesthe keywodsby whichit
wouldlike to befound.

. SIAis a Smple InteffaceAgent. The demonstratiomasyou usethe SIAto retriee an entty from the

SDBW. The SIAuseshe Matchmaketo locateall seviceghatofferinformationusingcetain keywods,
letsthe usemick oneto intermgatgthe demonstratiolasonly one,SDBWV), andaskghat agenfor a
matchto theusesquey.

Demonstration

The remaindenf this paperassumegu hawe dovnloadecndworkedwith the demonstrationlt wouldnow
be helpfulto obtainthe demonstratiomndeerciseit. After doingso,you canthenpro tably continuewith
thispaper



2.3 Breakingthe Demonstration

Okay now lets breakthe demonstrationFirst, though,you mustclosedown the demonstratiogou have and
ensuethatalltheagentsire removed. It wouldbeagoodideato terminatehe ANSQuery agentast,asit will
letyou know if you haweterminatedhe otheragentgoriectly

Then open v e windavs on your machine with the intention to run eachof the agentsn a different
window. Thiswill allowv you to seevhatactionseachagentpeiforms,andalsomimicswhatwouldhappernif
the v eagentsvere all on diffeentmachinegwhichDECAF suppots). Also,it allovsusto “break codethat
hasappeardto becorect.

We now reviav thethreewaydo “break thedemonstratiocode.

2.3.1 Forgetto Setthe CLASSIATH VariableProperlySet

Thisissot of aneasypracticeeror conditionto create It preventagentérom accessirthe codetheyneedo
run. It'sasimpleeror, andeasyo perform.

2.3.2 Sart the Agentdn the WrongOrder

There are seeralwrongordersto stat thesedemonstratiomgentsbut theyare not unlimited,andeachhasa
keyto makingthedemonstratiofail. Letsidentifythemaftermakingthefollowing very important point

It isabadthing thattheseagentganbemadeto fail by stating themin the“wrond' order Agentshould
not haeto dependntheorderin whichtheyare statedin orderto woik successfullpgentshouldoerobust
to conditionsover whichtheyhawe no contiol. If the needeatheragentsre not awailable the needingagent
shouldtemporie, improvise,or do without. If youve hadcourse nite stateautomatanow isthetime to
applythatknowledge Agentsnustberobustto functionproperly

Dont Sart ANSFirst

This breakghe demonstratiobecausetheragentgart evengetstated— theyabsolutelyequiethe ANS
to run. Noticethelackof eror messagegenyoutry to stat, for exampleheMatchmakewithoutpreviously
havingstatedthe ANS.The ANSissofundamentaio DECAFthatDECAFbecomewtallybefuddledvithout
it, anddoesih know whatto sayor do. So it saysiothinganddoesothing.

S, if you try to stat agentandtheyworit stat, checkto sedéf ANSisrunning. The easiestvayto do
thisisto stat ANSQuery. Sncetherislittle thatthe usercando to confuseANSQuery, thisisagoodtest. If
ANSQuely failsto nd anANS, it will repeathemessage

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.

forewer.
AssoonasANS stats, ANSQuely stopghisincessamwhiningandfunctionsnormally



Sart MatchmakeAfter SDBW

If you do this, then SDBWV cannotplaceits adettisement. Without the adwettisement SIA cannot nd
SDBN. Howe\er, someonéasrecentlymodi ed the SDBW to prewentthislittle game SDBN now hasaloop
in it sothatit, like ANSQuery, will continuallytry to adwettisewith the Matchmakeuntil its adetisements
accepted(Well shav you how to do theloopinglaterin this paper Useof planeditoito vien SDBN.Ispwill
shav theplan le thatachieesthelooping.)

Sart MatchmakeAfter SIA
Thiswolks— it breakghe demonstrationSIA produceshefollowing code:

%%%% %% %% %% % %8%8%80888%0%6 %% %% %% % %%
% Startup  Zero constructor % <
%%%% %% %% %% % %848%80888%0%6 %% %% %% % %%
%%%% %% %% %% % %8%8%80888%0%6 %% %% %% % %%
% findRMDBs Zero constructor % <
%%%% %% %% %% % %8%8%80828%0%6 %% %% %% %% %
java.lang.NumberFormatException:

at java.lang.Integer.parselnt(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)

The aboe Java eror messagmeanghat SIA failedwhile executingthe java languageoutineparseit on
andInteger What is happenings that SIA is trying to parsehe responsé got. Unfortunately SIA is not
parsinga successfuésponséom the Matchmaker SIA hasreceied an erior messagieom DECAF saying
thattheintendedreceier of the messagghe Matchmakerjloesot exist.SIA doesnot hawe awayof dealing
with thatcondition,soSIAhasbecomeotallyconfuse@dboutwheeit isandwhatit isdoing.SlAis“jammed,”
andthisjamisunrecaerableby the user

Notefourthingsaboutthisjammedstate:

1. Thisis only onethreadthat is jammed. If the agenthad otherthreadgoing,theywould continueto
operateand,if theyreliedon thisthread their behaviowouldbecoméunexplainabledueto “anertor
in DECAF’ No, theoddbehavioistheagendesignésfault.

2. With manythreadsn the sameavindow (unawidable)the aboe erior messagmight not bevisibleon
theoutputwindaw, havingbeenscolledout of sightby subsequemhessagé®m otherthreads.

3. Theaboe Jaeror messagmntainsio informationaboutwhichagenbriginatedt. Operatingseeral
agentsn onewindow (awidable)}canmakedebugginglif cult if the abae eror messagis the only
clueyou hae that somethindhasgonewrong. Suggestior- write locationainformationto the sceen
frequentlyin the earlystagesf agendeelopment.

4. Theagentanbeterminatedvith aCntl-C command!f anagenisterminatedhisway theterminated
agendoesot unregistewith the ANS. You shouldthenuseANSQuely to peformtheunregisterindor
you. Failureto unregistetheagenpreentsit from registeringvith thatnameagainunlesshe ANShas
alsobeerrestated.



Restating a FailedAgent

If you restarr afailedagenthat hasnot unregistedwith the ANS, it will fail in the samemannemasif there
wereno ANS. Thatis, you getno eror messagandnothingappears happenUseANSQuely to “highlight
andthen “unregister the namethat the agentwould like to use. DECAF takescae of the unregisterindor
agentshatshutdown normally(i.e.,thosethat shutdown by sendinga“Shutdovri’ message theagent).

Sart SDBW afterMatchmakeandSIA

This is the mostinterestingof the “erors you canpeform with the demonstrationAll of the agentwill
wolk asplanned,exeptyou canmakeno successfiuerieswith the SIA. The following is whathasgone
wrong: SIA queriedMatchmakebefoe SDBN adettised,andsinceSIA doesnot quel the Matchmakea
secondime, SDBN'sadeltisementomedgoolateto bereceiedby SIA. Attemptso quely databasdbatexist
fail simplybecaustheris no existingdatabasdbat are knowvn to SIA. The interestingpat isthatyou cansee
theSDBW agentstat otheragentshatcansendandreceie messag&s/olvingSDBWV, andsoon, yetthe SIA
failsandDECAFIlooksbroken.

By far, thisisthe mostpopularwayto breakDECAF agents- interfere with the sequencingndtiming of
message$he solutionisto desigragentshat cart hawe their messaggequences timingsinterferedwith —
truly the spot of royalty

2.3.3 Changahe DemonstratiorCode

The nal wayto breakthedemonstratioisto changehe DECAFplansor Javacodethattheagentsise.Once
in this realm,of courseits more fun to dealwith your own agents.So, we now give up entielyon tryingto
breakthe demonstratiorandmove on to mote constuctive wok. (Remembethe techniquesliscusselese,
though,in casgou wantto breakyour own agentcode)



3 FecifyingDECAF AgentBehavior

Therarseeralrelatedstepsn specifyinghebehavioof DECAFagentswhichsteparetogethereferedto as
theprogrammingfaDECAFagentFortunatelyonlytwo piecesf softwag areinvolvedin thatprogramming.
Thetwo piecesf softwae arethe DECAFPlan Editor andJava. Wewill discusthe DECAFPanEditor in the

nextsubsectioandthenwe will shav someagentlhacode Afterthat, you are on your own.

3.1 ThePlan Editor

The DECAF softwae usedis the Plan Editor. The Plan Editor is a graphicainterfaceusedto createthe
programmingor your Agent. DECAF is of two mindswhenit comego whatto callthe Plan Editor. When
you executdt, you issughe command

java planeditor

andsosometimegou will segefeenceso planeditomandsometimeto Plan Editor. Theyare everywheethe
sameieceof softwae.

Planeditoris the softwae that drawdinesandbaxesandcloudghat specifyo DECAFwhatyour agenis
enabledo do. (Thatis,whatcouldbedone providedDECAFhasaccest® theright Java codeto executeand
hasbeersentheright messagésinitiateit.) Sart the Plan Editor asshavn abore whileyou arein the SDBNV
directoy of thedemo Clickingonthestandat “ le” then“operi menuitemswill shav you the collectionof
“Isg les fromwhichto selecaplan le to edit. Theris only onethatcomeswith the demonstratioandis
in thisdirectoy, namely'SDBW.Isp” which,whenhighlightedandselectedauseBigure 2 to appearThisis
thewhole“plan le” for SDBW:

Fgure2: TheBig Picture



3.1.1 PlansLookLike Forestof Trees

The Programis atree-likestructure (HierachicalTaskNetwok, or “HTN” for shot). Fgure 2 containghree
suchtree-likestuctures:

1. Demaaskall whichisthe Taskfor the SDBN to answerqueries.
2. _Sartup whichinitiatesthe SDBN agentjncludingregisteringvith the Matchmaker
3. _Shutdown whichcloseslown the SDBN agentjncludingunregisteringvith the Matchmaker

Notethatther are nolinesconnectinghethreestuctures.Theris no needo connecthembecaustheyare
separatentitieswithin the agent.ThesahreeTasksll belongto the sameagentbecaustheyarein thesame
plan(.Isp) le. SnceDECAFis multi-threadedDECAF couldhaxe all tasksn a planhierachy executingat
the samdime, but usuallywill not. In the presentasethelogicof the agenistionglysuggesthat theseahree
taskswill notbeeecutingatthe samdime.

LetslookatoneTaskSructure,theonefor “D emaaskall’ asshavnin FHgure 3.

Fgure 3: TheDemaaskall TaskSructure

3.1.2 Componentof aTaskSructure

Eachtreerepesentsnetaskstructure andalsousuallyrepesenbnedva code le, implyingthatthereis close
to aone-to-oneorespondencef DECAF Tasksand Jawa code les. (Thisis essentiallfrue, with, of course,
exceptiongor whenit isnottrue. Well getto thoseminorexceptions.heleafnodesractionghatmusthawe
associatecbdeandclassles. Eachnode(leafandnon-leaf hasO or more inputs(provisionsor parameters)
and1 or more outcomesHgure 3 shavsall themajorfeatuesof aDECAFageniTask. Letsidentifythem:

1. Top-lewl Tasksar the highesteel taskabstractgndmayor not coriespondo java classg®neof the
exeptionsve mentionedabae). Sncethereisno codefor “D emaaskall’ awailableo DECAF it passes
contol to the nextlowertask.Notealsathatthe nameof a Top-leel Taskmustbethe concatenatioof
anontologyandataskname.Section4 hasadditionainsighton how thispat of the namingworks.



2. IntermediateTasksate java classeisvokedby otherDECAFtasks The lowestlewel taskis embodiedn
Ja\a codeasa va classvith the samanameasthe namegivento the Taskicon. For FHgure 3, thele must
beak\wa le namedsdiwAskall.jaathat hasheencompilednto the Java clasmamedsdiwAskall.class
for the applicatiorto wolk. Obseve that DECAF will reasoraboutthe Characteristiéccumulation
Functionof aTask but thatit will not do sofor Actions(seesction3.2.3).

3. Actionsare Java methodghat DECAFinvokedor the agent.The wayto distinguistbetweenTasksand
Actionsisthat Actionshawealittle geaiin theiriconswhile Task$awe none.(Thebaratthetopisalsoa
diffeentcolor but thatdoesot shav up in non-coloipresentationsActionsare embodiedn Javacode
asamethodwith the samenameasthe namegivento the Actioniconthatis foundin the classvith the
sameameasthe namegivento the Taskicon. An exampléollows.

4. Non-localTasksarerepesentedscloudswhichrepesenthe mechanisrby whichmessagege sentby
thisagento anarbitray agen{thatis, eitheritselfor someotherDECAFagent}o hawethatotheragent
(hencenon-locdl) pefform someask.Thattaskis always high-leel Taskatthereceivinggent.

Thefollowing conentionsapplyto Task Actions,andClouds(non-localTasks):

Inputsto anicon (called'provision’ or “parametefsare theitemson theleft of theicon.
Outputsfrom aniconaretheitemson theright of theicon.

No twoiconscanhawethe samename.

Eachiconexeptthetop-leeliconis ownedby ahigheriewelicon.

Actionsandcloudscannotown othericons.

Iconshawetheirownershipndicatedoy linesfrom their owningtaskto thetop of the ownedicon.

The destinatiorfor the messagstringassociatedith anoutputis indicatedoy aline drawnfrom the
outputsideof aniconto either

theleft-handsideof anothelicon, indicatingthat this output from the souceiconis theinput to
thedestinationcon,or

the outputnodeof anotheiicon,indicatingthatthis outputfrom the souceiconisto betreatedas
theoutputof thedestinatioricon. This onlyworksfor Actionsthat provideoutputsfor Tasks.

Namingof the itemsneeddo be caeful on two accounts Frst, there canbe no duplicatenamesn the
plan,soeachmustbeunique,andthe planeditomwill enfocethis. Secondyou hawe to gobackto theseplans
eitheraftermanymonthsor, more importantly whenyou are underduresdecausthe planis not woiking as
intended(the silly thing is woiking asspeci ed!).In this lattercasehavingnameshat are cleawithout being
overlylongmakesnatchingplanswith Java codeeasieMNamingcloudds bestachieedby mergingheagent(s)
sentthe messageith the intendedresult,suchas*gopherselectsat to indicatethat your “gophet clasof
agenwill selecaseafor you. Asalwayshamingis had to do well.

Namedor provisionsare fairly easy- your applicatiorwill suggeghem. Namedor outcomesvill needto
matchthecoriespondingeld in your Javacode andit isvery important thatthe namesndvaluesn thecode
andin theplanare consistenfproperlyspelledand,whee possiblemeaninful. Letmesaythatagainbecause
it is soimportant— Namedor outcomewvill needto matchthe coriespondingeld in your Jaa code,andit
is vety important that the namesandvaluedn the codeandin the planare consistentproperlyspelledand,
whee possiblemeaningul.
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3.1.3 Programminghe Agent- Brie y

HerisaskeletoroftheJavacoden thesdlwAskall.jawa le thatwouldbecompilednto thesdlwAskall.class
neededor theaboe exampleo work. We will revisitthis codein asubsequersiection(Section5). Theactual
soucecodefor sdlwAskall.jawa comesvith thedemonstration.

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

public class sdbwAsk_all

{
public  sdbwAsk_all()

{
}

System.out.printin("sdbwAsk_all Zero constructor");

public  ProvisionCell queryDB(LinkedListQ Plist, Agent Local)

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

Notethefollowingin andabouttheabove:

The classiameisthe sameasthelowestlevel Tasknamein theplan.
Theris,andmustalway$e,aconstuctorfor theclass.

Therisamethodfor eachactionthatthe Taskowns.

Methodnamegonformexactlyand preciselyo the Actionnamesn theplan le.

Thereisno optionto the programmem whatcanbepassetb the methods DECAF alwaygprovidesa
LinkedListQandanAgent.

EachmethodmustreturnaProvisionCell.

Provisioncellsconsisof atwo stringsin thiscasea KQMLmsgconertedto astringandthestring“OK”.
The contentof thestring(theseconalement)n the ProvisionCelleturnedrom the queyDB method
matchexacththe outcomebax in the planfor the quelyDB action(sed-igure 3).

Not spellinghame®f methodsorectlypreventsDECAFfrom nding the codeto executet. Not coding
thereturnsfrom methodsroperlyeithergivesDECAF an undocumentedutcomewhichit will not beable
to deliveranywhee (thusjammingthethread)or it causethe methodto lookto DECAF hasif it hadleftthe
actionthroughoneoutcomewhenyou hadintendedanother(thusnakingthe agent'actfunny’).

3.2 Patticular Detailsof Plan Creation

Theplaneditoisastraightfowaid GUI, andyou canalwayexperimentith it if youhawequestionsThemajor
functionsto accomplishwvith it are discusseldrie y belav. We discussreatingnew items the modi cation of
items(both new andexisting)selectingbehaviofor thetaskrelatie to its actionsandhow to drawthelines.
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3.2.1 CreatingaNewltem

Fgure 4 shavsthe rst woik sceenyou will encountewhenyou beginto desigryour own agents.The rst
thing you mustdo is to createthe individual“item’s in the plan. You will be given a choiceof four typesto
create:task,action,non-localtask,or librany. Library doesh woik yet. If you pick wrong, you will hawe to
deletgheitemandaddit anev. (SeeSection3.1.2for adiscussionf thesecomponents.Jo getto Figure 4,
clickon “edit’ and“additeni fromthe planeditor

Fgure4: Initial tem Addition Sceen

3.2.2 Item*“D ecorations

At anypoint, you canedit anitem by clickingon “edit’ and“edititeni’ to producea sceenlike Fgure 5. It
alsopopsup automaticallyvhenanitemis created.This is whee you specifithe parametergrovisionsand
outcomesftheitems.

FHgure5: Edit or CreatdtemAttributes
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3.2.3 Charactastic AccumulationFunction

FHgure6 shavsthesceenthatletsyou contol theCharacteristiéccumulatiorrunction(“*CAF”, butnorelation
to the CAFin DECAF)thatis associataedith aTask.Thefour choiceset you choosevhethe DECAFwill

Figure 6: CharacteristidccumulatiorFunctionChoice

andrequiethatall sub-taskbecompletedbefoe thetaskcompletes,
or requiethatatleasbnesub-taskecompletedefoe thetaskcompletes,

Xor requiethatat mosonesub-taskecompletedefoe thetaskcompletespr

A w0 b PF

sumchoosesubtaskssothatthe maximunvalueis attained.

Useof the CAFisbeyndtheinitial intentionof thescopef thisdocumentationTherisalittle discussion
of its usebelay, but beyondthatyou are urgedto contactDr. Deckerdirectly

3.2.4 Lines—WhenandHow to DrawThem

Linesare of two typesn plans:thosethatrepeseniessagesndthosethat repesentask(for lackof abetter
term)“ownershig (Okay theris a properterm,andit is “reductioi becausee reducea planto its steps.)
Bothtypesof line are placednto theplanby clickingon the souceof theline with the centerkeyof a 3-button
mousethenclickingagainwith thesamekey on thedestinationpoint of theline. Interestinglyyou canerasa
line by repeatinghis process clickontheoriginandthenclickon thedestinationThe originfor anownership
lineisthe Task.

Communicatiorines(theywill appeaasbluelineson the sceen)indicatethat the output messageom
oneitemisto betheinput itemto anothertask. For examplein Fgure 2 the output messagassociatedith
areturnof “OK” from theroutine“queyDB” will besentto the agenindicatedn that messagghatis, into
the cloud). The replymessageom that agent(from the cloud)is the replymessaghat the TasksdlwAskall
returnsto its invokingtaskDemaaskall, andis thusthe replythat this taskwill providewhenit isinvoked.
Outputscanbe sentto two diffelent placesoncurently by drawinglinesfrom the output to two different
destinations.

Ownershiginesindicate¢herangeftasksandaction®verwhichthe Characteristi@ccumulatiorirunction
of a Taskwill range.For examplein Figure 2, the “sdlwAskall’ taskis not completeuntil both of the tasks
thatit “own$ hawe beencompletedThis examplés abadoneto explainthe useof the characteristitinction
—thecurentexampléstoo simple Wewill addesst alittle bit morebelav. Notethatataskwill not schedule
actionghatit doeshot own, andactionghat hawe no taskowningthemcannotbesentmessages.
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3.3 A SmpleTaskAnalyzd

Fgure 7 shavsasimpleplan. This planprobablywill not woik, andwe canpro tably learnfromiit.

Fgure7: A LessSmpleTask

The rst, andeasyreasoitheplanmightnotwork isthatit ismis-namedyr, atbestoddlynamed DECAF
tasksare reachablevhenthe nametheyuseis the concatenatioof an ontologywith ataskname.The name
usedor thetaskshavnin Fgure 7 containanundersca, asit wouldif therewerea“new” ontology In other
words, thistaskis reachablenly if the agentwithin whoseplanit resideseceigsa messagsith the ontology
“new’ andthetasksetto “item2”. Notethatif the Tasknamehadnoundersca, it wouldbetotallyunreachable.
The“null” ontologyis usedior Shutdovn messageshichiswhythetop-leel taskdor Sartup andShutdovn
beginwith underscas.

Now for aslightlysubtlereasorior the planto fail. Notethetwo possibleutcomesor “M ethodNamé are
a“Fail’ outcomeandthe ewer-populatOK” outcome.If thisagenexitsMethodNameviaareturnstatement
thattaggheoutcomeasfail, thetaskwill not terminate Therisno wayto reactthe“nev_outcomel’butcome
of the top-leel task. Sncethis top-lewel taskis not reachedy a suppoting outcome DECAF will simply
continueto waitfor it to besatis edewenif DECAFhasto waitforever This waitingfor taskghat cannewer
endtendsto “clog DECAFagents-tasksio not completdoecausthe conditiongor theircompletiorare not
met, generallypecausthe taskstiucture is not guaranteetb alwaygroducean outcome.Section6.1 brie y

addessebow to usethe DECAF GUI to assisin identifyingthis situation,shouldthe agentyou dealwith
creatdt.
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4 Messagaes DECAF

Therareight eldsto aDECAFmessage:

1.

pefformatie tellsthe receivingvhatstandat, KQML/FIPA actionit isto peform. If theactionis not
standat, thevalueissetto “achied’ anda“:taskxxX speci cationsinsetedinto thecontentsedelav)
eld of themessage.

. sendeindicateso thereceivingagenthe nameof the sender
. receierindicateso DECAFthenameof theagento receiethemessage.

. reply-withis a stringthat the sendingagentdirectsthe receivingagentto put in the “in-reply-t§ eld

whenit, thereceivin@gentjs sendingreplyto themessagaurrentlybeingsent.

. in-reply-tois the above reply-withstringfrom a prior messaget is appopriateto think of thisandthe

aboe eld asspecifyingndusingatokenwhichaidesendingandreceivingnessagés a conersation.
This tokenidenti eswhichconersatioris refeencedandthe agentnitiating an exchangef messages
getsto selecit. In initiating tasks,in-reply-tomustbe “null” or it tellsthe receivingagentthat this
(actuallyoriginal)message pat of anon-goingconersationywhichthereceivingigenwill deny

. languagésthelanguagé whichthe messagsexpessedThisisusually'DECAF".

. ontology istheapplication-speci aiser-determinazhtologyusedoy thereceivinggento identifythat

thesendin@genunderstandbieontologyusednthereceivingndof themessag&eNaming,above.

. contentistheapplicatiorspeci cinformationto beconeyedby themessag&hisisdomaindependent,

but usuallyfollows the pairing conentionsof DECAF sothat the standadt
DECAFtoolscanbeusedo manipulatehe contentof thecontent eld.

Herisexampleodethat setgshesevalues:

{

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", "); /I not in reply to anything
K.addFieldValuePair("language”, "DECAF"); /I always DECAF
K.addFieldValuePair("ontology", "Demao");
K.addFieldValuePair("content”, "keyword  value");

}

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

NotethatweuseheAgentfunction“getName()'to inset thesendinggerisnamento themessag&heabore
sendsin “ask-afl messag®e anagenthat understandthe “Demd ontology The sendingagensinvocation
of DECAFwill sendthe messag®e the agendesignatelly “agenthimé andthatreceivingagersinvocation
of DECAF will attemptto stat ataskwith the name“D emaoaskall’ whenit receiesthe messageDECAF
appendshe pelformative to the ontologyto determinghe Tasknamethatit will invoke. If the peformativeis
“achied’ DECAF will appendhe valueof “:task in the content eld to the ontologyto identifythe nameof
the clasdo beinvoked. Note: to sendamessagie _Shutdown, the ontology eld mustbe“null”. Also,note
thatDECAFdemote$-" to “ " in names- whileFIPA andKQML requie“-" in peformatives,Jawa prohibits
them,thusrequiringthis conersion.
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5 JawaCodefor DECAFAgents

Here we offerlittle advice- we do not know whatyou wantyour agent$o do. The codefor the SDBN agent

(the originalis with the demonstration¥evesasa patial exampleof the codeneeded.This codeincludes

manipulationsf the GUI within SDBN. The codebelav is not anexactopyof thedemonstratiogode.
Obseve thefollowingin the Javacodebelav:

1. In thewindow closingeent, theris arefeenceo “local.send(msgthg)” whenthewindow is closed.
This sendfunction sendsa messagdut canaccephno replies. Usethis featue with extemecaution
(contray to theexample).

2. Tounderstandhe contentof theadwettisingmessagewferto [7].

3. Thereturnfrom “formatAdV’ is “OK” (uppercasevhile oneof the returnsfrom “Responseis “oK’
(lower case)DECAFis cas&sensitig.

4. The“messagotrtion of thereturnfrom Responsis “SOME STRING HERE”, whichis meaningless
(becausthereceier need$o know only thatthe taskwasdone). Thete mustbe somethingpeci edin
thisslotfor DECAFto woik. Thisishow to meettheseseeminglgontradictoy 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()
{1

public  ProvisionCell formatAdv(LinkedListQ Plist, Agent Local) {
String message = new String(Util.getValue(Plist, "MESSAGE"));
KQMLmsgK = new KQMLmsg();
Local.userHash.put("Gatekeeper", "Keymaster");
try { UlManager.setLookAndFeel(
UlManager.getCrossPlatformLookAndFeelC lassNa me());

} catch (Exception e {1}

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) {
/lsend a Shutdown message to the agent
KQMLmsgQ = new KQMLmsg(Util.getValue(P, "MESSAGE");
Q.addFieldVvaluePair("sender", Q.getValue("receiver"));
Q.addFieldValuePair("receiver", Q.getValue("receiver"));
Q.addFieldValuePair("content", "task  Shutdown");

local.send(Q.getKQMLString());

B

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.printin(K.getValue("conten t);
if(K.getValue("performative").equals( "error ") &&
K.getValue("content").equals(":task error Receiving Agent not found"))
{ oy |
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 DECAFS5AgentGUI

DECAFagentganbestated usinga GUI. This GUI is by-passedhenparameterare providedon the com-
mandline. Normally the GUI is not used howeer, whendebuggingthe GUI canprovideinvaluablénfor-
mationon the messagdise agenhassentandreceied,anduponthe generastateof the agent Agentsanbe
statedwith the GUI by issuinghecommand

java Agent

Thiswill produceasceenlike Figure 8.

Fgure8: Initial DECAFAgentGUI Sceen

Theagennow existsbutit isin auselesstatelt still needso know:

thenameof the ANS hostwith whichit shouldregister
theagennameunderwhichit shouldoperateand
thenameof theplan le thatdescribetheagent.

(Otherinformationis beyndthe curentscopef thisdocumentatiorandnot describetiee.)
DECAFwill suggestaluedor all of the neededalues.

For ANS host,it suggestihie machineon whichit nds itself Here, it shavs“hercules.cis.udel.€du
becausthatisthenameit found.

For Agenthamejt append8Ad’ (for agentandaport numberto the rst pat of thehostname.

For Plan le, it alwaysugges@gent.Isp

Smply Il in the“Agentnamé andprovidea soucefor a“Plan le”, press'StartAgent to readthe plan
le, andthenpressRegistérto registetheagentandpresentigure 9, the baseagensceenfor theagent.

Sncewe wantto stat the Matchmakemlandhaze alreadystatedan ANS on “herculey we enter‘M atch-
maket asthe Agentnameand“match.Isp asthe Plan le. We cando this from the “arci’ directoy of the
demonstratiorhecausi hascopie®f therequisitelan le andajar le containingheneeded@¢ompileccode.
(S=€[7] for adiscussionf the Matchmakey
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6.1 DECAFBaseAgentSceen

The commandarin Fgure 9 shavschoicegor contolling the baseagenisceen.The debugouttonreealsa
list of choice®f whattypeof debugnessagesll appeam the bottomhalfof thebaseagensceen.Normally

Fgure9: DECAFBaseAgentSceen

all are turnedon, soall of the piece®f DECAF will write messagés the sceen. If thisis ovewhelmingfor
a paticulartask(or too time consumingasthis is actuallya very slav thing to askDECAF to do), the less
curentlyinterestingpatts of DECAF canbemutedby clickingonthemin the Debudist. Often,for beginners,
onlythe Schedulemeedso shav its debugmessages.

The Scheduleis interestingbecausi rewvealsn the debugmessageise tasksandactionghat hawe been
scheduletbr receivingzecutiontime. If, overthe coursef executingyour agentyou nd it slavingdown, it
maybethat you are inadeitently creatingtaskghat newer getcompleted- theytakeup spacendneedto be
checkedo sedf theycanberun. (SeeSection3.3.)

Also,anagentwith “Size of Tasks0” atthe bottomof the sceenis simplywaitingfor amessagéf thatis
not your intention,thensomeactiatingmessadgwasnot beensentto the agentNotethattheinterpretationof
thecontentof the messagésvery domaindependeniprecludingadditionalusefuldiscussiohee.

The rst itemon thecommandaris “Agent andhasfour choice®n it. ChoosingExit” shutsdovnthe
agent- not justthe GUI, but it it shutsdown the wholeagent Usethis option whenyou are donewith the
agentandit will, in generalshutdown theagennormally If, howeer, there arejammedhreadsn theagent,
this exit button maynot shutthe agentdown properly Thenyou mustkill it with Cntl-C or with a system
command.f you kill theagent(i.e.,the Exit doesnot woik), you mayneedto useANSQuely to remose the

nameof theagenfrom ANS.
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6.2 DECAFKQML Messag€ender

To sendnessageath theGUI, chooséAgent andthen*KQML Messaggendet to getthemessageending
sceenFgure 10. This sceenletsyou sendnessagémanually to agentsimplyby lling in the needegbarts

Fgure 10: AgentMessagin§ceen

andpressinghe“SendMessagéutton.

If you sendhemessagepriectly it will appeain the“Outgoingmessagepgottion (right handside)of the
baseagentsceenof the sendingagent.If the messags receied by anagentjt will appeain the “l ncoming
messagdeportion (left handside)of the baseagensceenof thereceivingagentlf anagensendsamessage
itself the messagwill appeaon both sceens.Notethat Fgure 9 containsanincomingmessagethisisthe
messagbat DECAF sendso theagento Sartup.

Sendingmessagesustbedonewith cae. Thefollowing elds mustbe lled:

Performative, whichmaybethedefaultof “achie@’.

Receier so-DECAFknowswheeto sendt.

Ontology sothereceivingiggentancomposeataskname.

Contentwith informationfor thereceivingagen{andwhichcannotbeempty).
Languagenustbe DECAFor Javain mostsituations.

And hereare somehints:

The“Exit” buttononthe Messag&ndemreturnsyou to thebasesceen.
To senda Shutdovn messagthe Ontology eld mustbeempty DECAFregads_Shutdovn asspecial.
If you are simulatinganagentyou mayneedo Il in thein-reply-to eld, aswell.

Mostofthetime, it isbesto lettheagentsendhemessagdsemsekws. Themessagendeismosthelpful
to isolateaberranbehavioiin anagentespeciallwhenthe receivingagentalschasa GUI. Messagesntin
sucha situation,coupledwith print statementm the receivingagentcanrewealthe mostinterestingbehavior
onthepat of agentsAnotherusefor the messageendeisto debugstand-alonagentsor to sedgheresponse
of apaticularagento apaticularmessage.
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7 SomeUsefulDECAFMethods

The codeexampleshavn aboerefeenceseeralmethodswithin the DECAF structure. Here we discussiseful
DECAFmethodsn alittle more detail.Our discussionoversthe Agentmethodghatare aailablehroughthe
Agentobjectpassetb methodsnvokedby DECAF, andaselectetkw thatare aailablethroughthe Util and
KQMLmsgobjectgthe messag&BECAF uses)The methodsare listedunderthe Java codethatde nesthem
aspublic,whattheyreturn,andtheirname.

7.1 AgentMethods
Considethefollowingcodesnippet:

public  ProvisionCell queryDB(LinkedListQ Plist, Agent Local)

{
String MyNamels = Local.getName();

\ .
which s culledfrom the codeexamplesbae. It resembleswery methodthat DECAF invokesbecausé
shavsthetwo argumentpassetb the method:a LinkedListQandan Agentstucture. Messagese stoedin

the LinkedListQandageninformationin the Agentstiucture. This sectiordealsvith methodsn the Agent
stiucture. The nextsectiorafterdealsvith KQMLmsgstucture methods.

public Sring getName()

The Agentmethod“getName()"simplyreturnsthe Sring that is the nameof the agent.For examplethe
stringreturnedor the Matchmakewill alway®e“M atchmakeér Thisis usefufor multi-agensystemwhee
therar seeralinvocation®f the samegentode andeactagenneedso know the nameunderwhichiswas
invoked.

publicvoid send(KQMLmsgk)

Normallythismethodisnotusedasthe“cloud constuctisthepreferedprocedueto makemessagessible
in the agentplans. This methodsends well-formedmessageNotethat thele is no wayto handleresponses
to suchmethodsn the methodthat sendghem, and alsonotethat thesemessagese outsidethe messages
diagrammedn the DECAFplan les. Quggestetbr useonly by advancedECAFagenprogrammers.

publicvoid DebugAgent{fing Message)

Putsthe indicatedM essagento the output sceenof the baseagentGUI sceen. (SeeSection6.1.) Useful
whendebugginggentwith paticularlyintricateinteractionsandstructures. It maybe more appopriateto
considesimplifyingthe structure andinteraction®f the agentaswell.
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7.2 KQMLmsgMethods
This codesnippeis enhanceftom thedemonstration:

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 methodsdescribedelav. Note that messagese accesseda a utility function
Util.get\alue(seesction7.3) thatis appliedto thelinkedlist queueassociatedith thetask. The MESS/AE
designatiomlwayavoiks, andis usefulfor retrievingmessageentto Taskghat hawe not hadparametensor
provisionsspeci ed.For the SDBN exampleshavn in Fgure 3, theterm“pakd’ is usedandthe message
alsoaccessibbes‘pakd.

public Sring get\alue(Sring eld)

This methodreturnsthe stringthat follows the designateceld in the messagelf the designateckld is
“sendé€r thenthe stringreturneds the stringthat follows“:sender and precedethe next™:” in the message
steam.The messagareamitselfis generallgonsiderdasa string,with the colonausedothto signatheend
ofastringandto indicatekeywods.Do notincludeacolonin thenamesento thefunction(i.e.,asfor “sendér
andnot “:sendée?, andonly requesbneof the eight elds thatconstitutea KQML messag&eeSectiond).

public Sring getContentieldValue(Sring eld)

This methodreturnsthe stringthat followsthe designateceld in the the content eld of the messagdf
thedesignateckld is“categoy’, thenthe stringreturnedsthestringthatfollows*:categoy’ andprecedethe
next“:” in the messag&tteam. The contentsf the content eld is alsogenerallgonsidezd asa string,with
the colonsusedo indicatedkeywods. Aswith messagelds, do not includeacolonin the namesentto the
function,andonly sendequesbneofthe eldsthatyou hawerequiedto beincluded.If you askfor a eld that
isnot requied(by virtue of beinga parameteor provision),you shouldtestfor anull valueandreplacet with
somethingnore useful asisdonein theaboe exampldor “categoy’.
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publicvoid addkeldValueRiir (Sring eld, Sring value)

Thisisusedo setanyof theeight elds of aKQML messag&lotethatthecontenteld mustbesetin one
suchcommandwith thevalueeitherbuilt in thecall(asabaein thecodeexampledr with astringthathasbeen
separatelyonstucted. A commonerior in buildingthe stringis to omit spacebetweenargumentsiesulting
in their concatenatiohy Jawa. The abae examplelaceshe spaceat the endof eachsectiorof the content
eld thatit builds. A secon&ommonerior is to beliee that thiscommand-oncatenatemntentinformation
whenthe eld nameis “content. This addkeld\alueRir replacethe valuethat is in the messageith the
statedvalue,in amanneithat somewould saywouldrequie the nameof the functionto besethkeld\alueRir.
Itsnameisadd.ltsfunctionisto set.

Notealsathat DECAFdoesot ensuethat only oneof the eightappoved elds isenteed. If othervalues
are usedtheinsetion will occur with unspeci edresults.The mostlikely problemwill bethat information
meanforthecontenteld hasbeerinadwertentlyplacedsaninth (or subsequenéntry in theKQML message,
makingit unawailableo receivingigentshat (properly)lookin thecontenteld for suchinformation.

public Sring getkQMLString ()

ThisconeitsaKQMLmsginto astringfor useby DECAFin sendingoutcomegssmessage$he reasorfor
thisis becausef the needwithin methodsto work with portionsof the KQML message$hat needdictates
thatmessagégtakenapat uponreceiptmanipulatedby theagenmethodsthenreassembldukfoe sending
the messagedong. This method(getkQMLString) doeshe reassembipto a string. It is usuallyemplged
asoneof the two followingexamplesThe rst will waitforewerto receie aresponsehe secondvill wait321
secondsThe addTimeoutmethodis discusseielay, with otherutility functions.

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

7.3 Utility Methods

Someusefumethodselocatedn theaptly-namedtUtil” classThesencludethemethodhatsetgheamount
oftimeto waitfor areplyto amessagandthemethodthatretrieesindividualmessaggsarameterandvalues
fromthe LinkedListQstucture.

public staticSring get\alue(LinkedListQList, Sring Name)

Returnsasa string the contentsof the LinkedListQthat hasthe indicatedname. Useof this featue is
in generalimited to extractinghe souce messagi®r atask. The codesnippetdiscussednderKQMLmsg
MethodqSection7.2) containanexamplef its useto retriee the MESSASE thattriggeedthe Task.

public staticRring addTimeout(inttime)

This methodis usedto appendatime limit to a messagdf the agento whichthe messageasbeensent
doemot replywithin the statechumberof seconddDECAF will generatanddeliver aneror message the
sendingagent(i.e.,the onethat hasaddedhe timeout)on behalfof the intendedreceivingagent.A timeout
hasbeenatti cially insetedinto the codeshavn belav to demonstratéhe useof the featue. The message
the Matchmakewill timeoutafterl23seconddf you dorit paticularlycae whetherm messaggetsvheeit's
supposetb go,useatimeoutof zeo, andthere will beno waitingfor aresponse.
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The Secet Keyto ProgrammingDECAFAgents

The Agenthasattachedo it a Javahashtabléor the userto sae persisteninformation. It isde nedin the
Agentclassvith the statement:

public  static Hashtable userHash = new Hashtable ();

This Hashtableanbe usedto stoe all the objectghat you wantthe agentto hae acces®. Seeyour
documentatiommn Jaato reviav how this classvoiks. Section5 containsaoneline examplef its use(whee
thequel answerisstoedin SDBN).

It issometimebkelpfulto have Hashtableis Tasksandtheseshouldbedeclagdin amanneisimilarto that
shavn abose. Notethatsuchtablesre only awailablewith theclasén whichtheyaredeclagd,andare usefufor
holdinginformationacossseeralinstantiation®f the classywhichis very helpfulwhendealingwith multiple
instantiationsf the clas®r its methods.

8 CorrespondencBetweenPlansandCode

This sectioris anotherexamplef anagent.Frst, we drawthe agentandexplainthe messagéisatit requies,
andexplaingshe messagdisatit sendsSecondwe shav the codethat peformsthework. Third, we shav the
coriespondendeetvweenthe planandthe code.

8.1 A RandomNumberGenerator

Fgure 11 shavsthe plan le for a ratherunusuarandomnumbergeneratinggent. This agentrequiesa
messaghat statesvhethetthe randomnumberto bereturnedsto beewenor odd. The agenitselfgenerates

Fgure 11: PlaneditorPlanfor PeculiarRandom

randomnumbersandtestahem. The parity of a generatedumberis corectif the generatedumberis odd

numbemwhenanoddnumberisrequestedr isanevennumbemwhenanevennumberisrequestedf theparity
iswrong,the agentexitshby wayof the“Wrond' outcomeandsendshe originalspeci catiorbackto itselffor

anothertry. If the parityis corect,thenthe agentexitsthe GetNumberactionby wayof the “OK” outcome,
returningtherandomnumberandthe numberof triesit took to generatethe number(triesshouldof course,
follow abinomialdistribution).
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Themessade initiatethisagenmust

know thenameof theagentandthe codebelav doesot ad\ettise,

setreceier to the nameof the agentwhichmustbeknavn someho(seaaboe)

setsendeto the nameof the sendemhichthesenderouldknav

setperformativeto achieg

setontology to Peculiar

setlanguag¢o DECAF

setreply-withto null or to somealue

setin-reply-toto null, or this agentwill be confusedandwill not be enabledo generate random
number

setcontentto include:taskRandomand:OddQrEvenewento getan even numberor :0ddCQEvenany-
value-ecept-anto getanodd numberin return.

The peformativeis “achieg’ becausthisrandomnumbergeneratois not namedor astandat commu-
nicativeact.For thisreasonit isnecessgto includethe“:taskRandoriin thecontenteld. Theconcatenation
of the ontologywith thetasknameproduceshe nameof the Java class?PeculiarRandory

“OddOrEvert isaprovisionthat mustbesatis edin theincomingmessader the Taskto beinstantiated.
A valueof “eweri getsanevenrandomnumbeyanyothervalueproducesnoddrandomnumber Therandom
numbergangeover the valueof integersn Java, andmaybe positive or negatie (whichis why we squae the
moduloresult).

The agenteturnstwo values.The rst hasthe keywod “result andis the randomnumberof the proper
parity The secondhasthe keywod “tries to statethe numberof triesit took to generatarandomnumberof
theproperparity

8.2 Codefor the Agent

One possiblehwa clasdor the abae agentis shavn belav. This codeis not the mostef cient possiblebut
permitsthefollowing obsevations:

“MESSAGE” istheenelopgin thesenséhatit containgll eightmessagelds from thesenderjor the
requesfor arandomnumber This neednot be processedntil afterthe numberis found. Thatis, it is
onlyexamineancein theabose code not for eactinvocationof GetNumber

The KQMLmsgK isinstantiatecsan exactopyof theincomingmessagd. Snceall eightvaluesare
setthemanipulatiorof K needonlychang¢hosehatneedo hawedifferentvaluesn thereturnmessage.
Usuallythe ontologyandthe languagéo not change Also, it is usualto swapthe sendeandreceier,
to copythe “reply-with eld to the”in-reply-t§ eld, andto setthe reply-with eld only if areplyis
expected.

The pefformatie is setto “tell’ in the returnmessagelhisis a “safé thing to do becausee hawe not
examinedhe reply-with eld sentin theincomingmessag®!. We do not dictatehow the sendewill
handletheresponsdyut thereply-with eld indicateshe senderstention:

If reply-withwasull, thesendewantsa“tell’ messagandthe codeprovideghat. The sendewill
hawe a TasknamedPeculiartell to acceptheresponse.

If reply-withwasnon-null, the sendewantsthe respons& beareply in which casehe perfor-
matiwe isignored,andthis codehandleshat situationaswell. (A “tell’ canbeignoledaseasilyas
“achied’.) Thesendinggeniswaitingfor aresponstomthecloudin whichthis Taskislocated.

Thereturnstringfor the OK outcomes constuctedwith atimeout,but thetimeoutisin factredundant
—thenull reply-with eld alreadyindicateshatno replyis expected.
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The stringsuppliedn the outcomdabeled Wrondg' becomethe stringthatis the valueof the variable
“WhicH on entry to the methodGetNumber To preseve thisvalue, it is necessato sendt out asthe
rst valuein thereturnedProvisionCell.
The codinghasbeenmademore confusinghannecessgbecausevo diffelent namesare usedfor the
“OddOrEveri variablewhich drivesthe wholecalculation.It shouldhawe beenleft as“OddOrEver?
for the entire agent,and cetainly within a class.The line from “OddOrEveri to “WhicH shouldnot
renamehe provisionsor parameterasa matterof goodprogrammingstyle. The GetNumbermethod
doesot hae accesw the valueof OddOrEven exceptthroughthe content eld of the messageamed
"MESSAGE".
This codingcanfail to returnpropervaluedor the “trie$ variablevhenit isinvokedconcurently This
isausefor hashtablesandthatuses left asanexercise SeeSection8.4.

Hemrwith, 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"));
KQMLmMsgK = 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 /I not correct parity

{

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

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

We analyetheabaore codein thenextsection.
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8.3 Diagramof PlanandCode

The WeiGramt for the PeculiarRandontlasss shavn in Figure 12. A WeiGramdividesthe codefor anagent
into the samenumberof itemsasappeain the plan le for anagent.Snceeachtemhaslhwa codeto execute
its actionthe divisionprovidesnon-emptybaxesfor eachAction andeachraskthatreduceso Actions.Clouds

Peculiar_Random

OddOrEven OK

Peculiar_Random

tatic Random Randy - new Random();

public Peculiar_Random()

tries = 0;
}
AND Cloud

GetNumber

Which public ProvisionCell GetNumber(LinkedListQ Plist, Agent Local)
T i -
Sting Which = new String(Uti getValue(Plist, Which")):
int rand = Randy.nextint()
tries++
inttest_value = rand % 2;
test_value = test_value *test_value;

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

KQMLmsg M = new KQULmsg(Ut getvalue(Plist, "MESSAGE));

KQMLmsg K = new KQMLmsg(M)
.

K.addFieldValuePair('receiver” M getValue("sender));
der", Local.getName());
ply-10", M.getValue('reply-with"));

0K

else /I not correct parity
{ —_— ‘Wrong
vetur new ProvisionCell( Which, "Wrong’);
i
}/i'to close GetNumber
} il to close the Peculiar_Random Class

Hgure 12: WeiGramfor PeculiarRandom

containno codein WeiGrams astheuserdoesot codethem. Thetop-mosimethodn eachbaxin aWeiGram
isthe Java methodthatis invokedby DECAFwhenthe ActionisimplementedUtility routinesfor the Agent,
suchasits own privatefunctionscanbeput in anybax, but if usedby only onemethodare bestput in the bax
for theusingmethod.

Arrowson theWeiGramtracethevalueof the provision*OddOrEveri to “WhicH (seebwediscussioon
whythe namechangés a badeidea),shavsthe corespondendeetweenthe provisionandthe variablean the
Jawa code andshavshow thevalueof “WhicH' isreturnedo the nextinvocationof GetNumber Linesstrictly
outsidghe baxescorespondxactiyo lineson Fgure 11. Thelinesfrom thereturnstatements GetNumber
are drawnto the outcomeshattheyprovide.

Fnally notethatit isthe cloud,not the agentthat sendshe responst the invokingagent.Without the
cloud,the messagiat GetNumberformswould disappearDECAF doesnot sendmessagemslesdirected
to by aplan le that directsthe outcomestringto a cloud. If FHgure 11 did not hawe a cloud betweenthe
OK outcomeof GetNumberandthe outcomeOK of the TaskPeculiarRandomthe messagbat GetNumber
formswould disappearFurther, if the outcomefrom GetNumberwere directedto boththe outcomeOK of
the TaskPeculiarRandomandthe cloud, there would be a “raceconditiori asto whetherDECAF removed
theinstantiatiorof the PeculiarRandomTaskbefoe or afterthe cloudcompleted!f the instantiatiorof the
PeculiarRandomTaskisremoved rst, themessagee\ergetssent.

Thisisadiagranof aforminspiedby Wei Chenof the ComputerandinformationScienc®epatment.
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8.4 Concurency

DECAF, basemn J\a threads createoppotunitiesfor the bene tsand problemsof concurency Tasks,
Actions,andCloudscanall hawe multipleinstantiationsanduserdava codemusthandleconcurencyin Tasks
and Actions. Multiple Taskscomein to existencbecaus®ECAF stats a new Task(a new instanceof the
appopriateTaskclassgachtimethe provisionsandparameter®r a Taskar satis ed andthe Taskis enabled.
Multiple Actionscomein to existencbecausBECAF statsanew Actionfor eachenabledction. The ability
to easiljpeginsuchmultiplethreadswithoutthe needo explicitlyconstuct themwithin agentsisaDECAF
strength— programmersanthen concentraten whatthe agentdoesratherthan on how to accomplistthe
requiedthreadingandcommunicationThis, in turn, allovsagent$o do usefuthingswith lesgprogramming.
DECAFsSmaphagclasgnot mentionedbae)andthe Hashtablevailablgo the userar aailableo resole
issuesefdeadloclpreventionandmutualexclusion AndtheDECAFGUI isawailablgo assisn thedebugging.

9 Conclusion

Thishasbeenashot introductionto DECAF programming DECAF is a multi-agensystenbuildingtoolkit
that provides(1) a Plan-Hlitor GUI to easilyestablishihe contol mechanismeeededo expessexchanges
(“conersatioriy betweenpaticipants(agentsand (2) the operatingsystenfeatuesto perform the message
sendingndreceivinghat suppots domain-legl constucts. DECAF provideshigh-leel languagsuppot and
pre-builtmiddle-agent®r buildingmulti-agensystemacossetwoks. By takingan“agenbperatingysterh
appoachratherthanthe“AR” (ApplicationProgrammingnterfaceappoachto creatingagentsDECAFhas
beenshavn to helpreseathersaandstudentgetto the“interesting pats of amulti-agensystenor simulation
more quickly
Herewehawe

furtherexplainedhe DECAFdemonstration
givenexamplef Programmindghe Agent

shavn how to edititemsin theplan le

shavn the PropetiesWindow

demonstratedsingthe DECAFGUI

brie y explainedkQML messages

givenlimited adviceon writing AgentActioncode
madepassingefeenceo Matchmakef7] andBroker|[6].

The Matchmakeagenimatcheseviceneedsvith agentshat providethe seviceor with aBroker
thatmayha\e seeralprovidersof that sevice

The Brokeragentcanselecfrom seeralagentghat providethe sameor similarsevicebasedn
somgjualityof sewice(costduration,quality)

shavn wheeto getadditionakefeencematerial
andin generaprovideda helpful,interestingwell-writtendocument.

Thisbackgound,togethemwith thedemonstratiosodeandotherDECAFrefeencanaterialsshouldpro-
videtheinterestedeseaherwith suf cientmateriato implemenDECAFagentshat provideusefukevices.
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