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Abstract

Runningsimulationsof agentsthat canonly interactwith theworld, essentiallyignoring
otheragents,cannotpossiblyleadto effective testingof theseagents.In fact, unlessagents
useotheragentsas a sourceof learning,then it may be very difficult for agentsto find an
equilibrium in the environmentsuchthat they cansurvive andpossiblybe aroundto create
anothergenerationof agents.It is up to the total communityof agentsto shareinformation
abouttheenvironmentwith all agentsin it andensureitssurvival. A community-basedlearning
approachis necessaryfor agentsto truly find anequilibriumpointwith theenvironment.

1 Introduction

Theproblemthatwasbeingstudiedin this projectwashow to allow agentsto learnin asimulated
environment. The obviousfirst way is to just interactwith the environment,look at how the in-
teractionsbenefitedor harmedtheagent,andallow the agentto make a judgmentaboutsuchan
actionagainin thefuture.Anothermethodis to tell theagentto dosomeactionandtell themwhat
the expectedresultof suchan actionwill be. Finally, allow agentsto interactwith environment
but alsoallow themto interactwith otheragentsandteacheachotherthingsthatcouldbenefitthe
otheragents.

For this project,thelastmethodwaswhatwasimplemented.It gave themostopportunityfor
anagentto learnabouttheenvironment.Thereasonfor this is becauseeventhoughanagentmay
never have experienceda situationitself, it canstill learn that certainactionsarereally goodin
somesituationsandothersarereallybad.Thisensuresthatacommunity, andthuseachof its indi-
vidualagents,canlearnmorequickly to avoid doingthingsthatputthelife of its agentsin jeopardy.

Therestof thepaperwill containthefollowing: adetailedproblemdescription,detailsonhow
theprojectwasimplemented,possibleexperimentsto beperformedon thesystem,anda conclu-
sionsectionthatwill alsogivea list of improvementsfor theproject.Theproblemdescriptionwill
be exactly how the problemis defined,including the world, itemsin the world, andthe agents.
It will alsotalk abouttheknowledgebaseof eachof the agentsandtwo possiblewaysit canbe
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implemented.The implementationsectionwill discussin detail the modelof community-based
learningandalsotheimplementationof theknowledgebaseusingtheBelief, Desire,andIntention
architecture.It will alsogiveanexplanationonwhy thissolutionworks.Thelasttwo partswill be
aboutpossibleexperimentson thesystemthatcouldbeperformedto testtheaffectivenessof the
systemversusagentsthatonly learnthroughanothermeansof learningandobservationsaboutthe
systemsofar. Theconclusionwill includeimprovementsthatcouldallow usto make our agents
performevenbetter.

2 Problem description

For theproject,everythingthatwoulddefinetheproblemwasbuilt from scratch,sothateverything
thatwasdefinedin thesystem;theworld, items,andagents;couldbechangedto allow full control
over it. Therewere4 mainpartsthatgovernedthis problem.Thefirst wastheenvironmentitself
with which the agentsinteracted.The environmentneededto allow the agentsto move around
autonomouslyin theworld andinteractwith agentsanditemsthatarelocatedin it. Thenext fac-
tor wasthe items. Eachitem neededto affect differentneeds(or possiblythesameneedsbut by
differing amounts),so that theagentcould learnthathaving or doingactionswith differentitems
will affect themdifferently. The itemswould needto have a classtypeof somesort, in orderfor
theagentto makegeneralstatementsaboutitemsof eachclass.For simplicity sake,wewouldalso
needto make surethat the itemswould get replenishedin theworld from time to time. This was
to preventitemsfor notbeingavailableafterthefirst coupleof roundsin thesimulation.

The third problemhad to do with the agents. The agentsneededto have needsthat would
determinehow satisfiedthey were.Theagentwouldalwaysneedto belooking to satisfyoneof its
needs,evenif they wereall relatively high(satisfied).Eventually, theagentwouldstartto getolder
andwould needto shift thefocusof whatits needswere.Thesystemthatwould beimplemented
for theagentwouldneedto takecareof thesethingsaswell asinternally(suchthattheagentwould
not be awareof it) take careof its own biological changes(i.e. after it eatsan apple,changeits
needsandhealthaccordingly, or after time, lowering all of its needsoverall). In additionto all
that,theagentwould alsoneedto have aninterfaceto theknowledgebaseandinterpretwhat it is
telling it to do.

2.1 Knowledge Base

The last problemhad to do with the knowledgebase. We neededa knowledgebasethat could
let theagentformulatewhatactionit shouldtake in a givensituation. It would needto allow for
possibleactivities,but to alsonotify theagentwhichof themwouldbethebestto take. Thesystem
wouldalsoneedto allow anagentto learn,bothfrom experienceandfrom otheragents.Sincethe
agentis working in a partially observableenvironment,it would alsoneedto have absolutelyno
knowledgeabouttheitemsin theworld or theworld itself a priori. It would needto keeptrackof
whatitems(andotheragentsfor thesamereason)beforeit canmakestatementsaboutthem.That
wouldconstituteactuallyknowing of theitemor otheragentthatyoutalk aboutin knowledgebase
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statement.The last thing that we would needthe knowledgebaseto do is to createa systemby
whichanagentcangivevalueto certainitemsthatthey know about.

Thereareseveral waysin which all of this could have beenimplemented.The two bestare
to eitherusea Belief, Desire,and Intention architectureto representchoicesfor actionsin the
knowledgebase.Thesecondcouldbeto useafirst orderlogic systemwith unification.Both offer
severalbenefitsto allow theagentto bemoreexpressiveof how it reasons.

The first proposedideawould be to usea Belief, Desire,andIntentionarchitectureto repre-
sentthe statementsin the knowledgebase. It would needto be modifiedto fit our systemfrom
what it typically is usedfor. First of all, for simplicity, we will ignoretheideaof planningfor an
agent. The systemwill only be concernedwith singleactionsto satisfy the currentneedof the
agent. Next, we needto redefinewhat eachof the partsof the architecturemeanin our system.
Thebelief partof it wouldmeananything thattheagentcantake asgiven(suchaswhatit cansee
or what it hasin its pocket). This meansthat belief is anything that the agentcantell from the
environment.Thedesireis theneedthatneedsto besatisfied.Finally, theintentionis whataction
(andif applicablewhatobjectto usefor theaction)canbeperformedto satisfythisneedgiventhe
currentbelief aboutthe environment. Using this system,a constraintsatisfactionsystemcanbe
put in placeto comparetheagent’s currentneedandthecurrentenvironmentconditionsin order
to find severalknowledgebasestatementsthataresimilar fit theseconditions.

Thesecondproposedoptionis to haveafirst orderlogic systemthatwill haveaunificationsub-
system.Thissystemwouldallow usto defineactionsin theknowledgebaseratherthanhave them
ungrounded.Wecouldthenclassifyobjectsusingcharacteristicsthataredefinedin theknowledge
base.Theideawouldbe,then,thatasanagentlearnsanaction,it couldtry to classifyit usingsome
of thedefinitionsthathavebeenprovidedto it alreadyandcouldtry to establishwhich actionwill
evaluateto true, we could thenreturnall suchstatementsto the systemqueryingthe knowledge
base.

Thebenefitsof thefirst ideaarethatit wouldbemuchmoresimpleto implementandallow us
to associateweightsto eachof thestatementsbasedon thecurrentsituation.Theproblemis that
this systemmay causea lack of expressionthat would causeus to write many morelines in the
knowledgebasethenwe need(ultimately causinga slower performanceoverall). Thefirst order
logic systemwould be muchmoreexpressive but it would be muchmoredifficult to implement
from scratch.

3 Learning Through a Community Effort

3.1 Description of Solution

For themajorityof theproject,weimplementedeverythingseparatelyandbroughtit togetherkeep-
ing track of what betweeneachof the subsystems,which eachgroupmembercreated,needed.
Towardsthe endof the project,we finally broughteverythingtogether. This wasto allow each
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groupmemberto focuson onespecificaspectof theprojectandunderstand,oncethesimulation
wasrun andthecodeneededto betweaked,why somethingmaynothavebeenworking right.

To begin theproject,onegroupmembercreatedaworld by usingamatrixof vectors.Thisma-
trix would representa grid environmentfor theagentsto wanderaroundin andthevectorswould
bea listing of whatwasin eachsquarein thegrid. Thismadeit easyto representwhereeverything
wasin theworld without letting it becometoo crowdedsuchthatnew itemsandagentscouldbe
placedin theworld.

The next part of the projectwasto createa needsystemfor the agents.Eachneedcould be
satisfiedby variousactionsusingvariousobjectsin theenvironment.Theneedsthatweredefined
for the simulationwerenutrition, energy, cleanliness,needto waste,needto reproduce,needto
have knowledge,needto have objects,needfor othersto have knowledge,andneedfor othersto
have objects.Theseactionswereenoughto definetheagentandgive it an ideaof how it should
behave. We definedalsoseveral actionsthat could be usedto satisfy theseneeds.The actions
thatweredefinedareeat,rest,waste,reproduce,take, drop,exchange,give, teach,teachme,and
searchfor. Someactionsmaydo differentthingsbasedonwho or whattheagentinteractedwith.

The next focusof the projectwason the agentand its biology. The agentneededto define
certaininternalsubstructuresthatwould take careof its internalworkings. We defineda concept
of healthto make surethattheagentwill eventuallydie if it is not satisfyingits needs.This wasa
nicecontrol in thesystemto give incentive to theagentsto satisfytheir needs.Thesystemwould
alsocontrol theneedsof anagentsuchthatover time all theneedswill decreaseandthusbecome
moreimportantfor anagentto satisfythem.

3.2 Implementing the Knowledge Base

The last thing thegroupfocusedon wastheknowledgebase.Early on thedecisionwasmadeto
let themlearnthroughtheir interactionswith the environmentandalsoto allow themto interact
with otheragentsin theenvironment.Dueto that factandthat theagentsneededto interactwith
objectsthey don’t really know about,the decisionwasmadeto usethe BDI architecture.This
systemwouldbeeasierto implementfor learningandfor makedecisionsaboutwhatactionto take
in agivencircumstance.Thefirst orderlogic systemwouldbetoodifficult to implement.Further-
more,giventhe issueof unificationin theknowledgebasewould causefor dangerouslyunstable
agents.For instance,oneagentmayeasilybe ableto unify for somevariablein somestatement
that it checksagainsttheknowledgebase.Now supposethat it teachesanotheragentpartof what
it knows. Thereis no way to tell that theunificationwill work correctlybecauseit may refer to
someitemthatis definedin thefirst agentbut not thesecond.Whenthesecondagenttriesto check
somestatementagainstits knowledgebase,it maybreak.

To avoid possibleconflicts,theBDI architecturewasused.A statementin theknowledgebase
wasdefinedby ”have X & seeX & need: Y ¿ actionX” whereX is someobject (or possibly
anotheragent)andY is themostpressingneedof theagent.Whenweinitializedanew knowledge
base,we filled it with several of thesestatementsthat weretemplatesof what they shoulddo if
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they don’t know anything abouttheworld aroundthem. They have theword ”object” to refer to
someunknown objectin theworld or ”other” to referto anotheragent(”self” referredto theagent
himself.)As theagentstartedto interactwith differentthingsandlearningaboutthem,it couldadd
morespecificstatementswith theactualnameof theobjector agentid in a knowledgestatement.
This meantthat an agentwould alsoneedto keeptrack of what objectsandagentsit knows of.
Thiswasaccomplishedusingtwo vectors:onefor itemsandonefor agents.

Theknowledgebasewasbrokeninto threemainclasses.TheKnowledgeBaseclassis themain
classthatmanagesall thebasicfunctionalityof theknowledgebase.TheactualKnowledgeBase
itself wascontainedin this objectasa vector. Within that vector, KnowledgeStatementswere
storedthat held eachindividual statement.The KnowledgeStatementclasswascreatedto store
thesestatements.For searchingtheknowledgebaseto chooseanaction,ratherthanreturningone
possibleaction,a list of actionswasreturnedjust in casethereweremultiple thingsthatcouldsat-
isfy theneed.Eachstatementcouldalsobeassigneddifferentweightswhensearchingthatcould
beusedto find thebestonesbetweenthem.TheSearchclasswascreatedto handletheweightand
resultsof thesearch;avectorin KnowledgeBasewascreatedcontainingseveralSearchobjects.

3.2.1 Knowledge Base class

Thoughthereweremany functionsthat this classimplemented,only a few of themneedto be
pointedout becausethey arenot very intuitive. Thereare threebasicsearchfunctions. exact-
SearchKBis usedto find astatementexactly in theknowledgebase(this is only usedwhenadding
new statementsto preventmultiple copiesandalsoto figureout whatotheragentscanbetaught).
fuzzySearchKBis usedto checktheconstraintsof a situationto find appropriatematches.It will
find statementsthathave at leastonematchingconstraint(andreturna percentage)anddealwith
thecurrentneed.At last,it will populatethesearchresultswith thepossibleactionsto do. search
is usedto find thevalueof anobject;it findsall statementsthatareapplicablefor acurrentneedor
actioncombination.Fromtherethesearchresultscantell whateverothercodethatis queryingthe
systemwhatever it needsto from thosestatementsonly.

scanKBis a function that canbe usedto setupthe currentsituation. It will take in an object
of whattheagentcansee,anobjectof whattheagenthas,andthecurrentneed.This list is given
disregardingthefact thatsomeitemsandagents,theknowledgebasemaynot befamiliar yet. So
wewrite thestatementsuchthatthoseitemswill comeupas”object” or thoseagentswill comeup
as”other”. This will forcethetemplatedversionsto take moreprecedence.It will thenpassthese
constraintsontotheknowledgebaseitself.

The learningfunctionwill take anobjectof thestatusof all theagentsneedsbeforeanaction
andthe statusof all its needsafter an actionandwhatever the actionperformedwas. The first
thing it will try to do is figureout whethertheactionwasgoodfor it or not on its primaryneed.
Onceit figuresthatout, it will theninfer severalstatementsthat it canaddto theknowledgebase
(basedon what the actionwas). If the actionwasbad,we put in the knowledgebaseto do the
actionunderthosecircumstances,otherwisewe tell theagentnot to do thataction(usingthe” ”
symbol). Finally, it addsany otherstatementsaboutotherneedsthat it caninfer from thechange
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in thestatusof its needs.

3.2.2 Knowledge Statement class

This class,asexplainedbefore,is to storeindividual statementsin the database.It is setup to
do somebasicsearchingfor thevalueof a statementor againstits generalconstraints.Theclass
is setupto hold a vectorthatbreaksup theString that representsthestatementto allow aneasier
search. It alsohasan importanceandtastevariable. The importancevariableholdshow much
theactionaffectedthe agentafterdoing it (how did it affect all of its needs).The tastevariable,
on the otherhand,hasmoreto do with the actualitemsused. So that the bestitem hasthe best
possibletaste,eventhoughit maychangeover time (if hefindsa betteritem for instance).These
two variableshelp to definethe valueof informationfor eachstatementandallow the agentsto
determineis mostimportantto takeandif teaching,whichactionis mostimportantto teach.

3.2.3 Search class

An objectof this classis createdwhensearchingthe knowledgebase. Thereare5 partsto this
classof objects.Thefirst is thepercentthatis how closetheconditionsin thecurrentenvironment
matchthis selectedstatementin the knowledgebase.The index is usedto find what knowledge
basestatementwasthis referringto. Theintentionis a stringthattells whatactionandobjectpair
theagentshouldtry accordingto thisstatement.Theimportanceandtastefactorshavealreadybeen
explainedin theKnowledgeStatementclasssubsection.A vectoris filled with severalof theseob-
jectsandsortedfirst by percent,thenby taste,thenby importance,for theagentto try theseactions.

3.3 Why learning from other agents works

This approachworked becausewe have agentsthat will walk aroundthe world andexperience
differentthingswhile satisfyingtheir needs.After a while they startto know exactly what items
work thebestfor differentactionsandwill automaticallydothatwhenthey havesuchaneedagain.
Whena new agentcomesalongandhasnot hadasmuchexperienceasthis agent,thenthey can
learnthis andstartto understandmoreaboutthe world a lot quicker. Anotherexampleis when
youhave two agentsthatmeeteachother, eachhaving totally differentexperiences,they cantrade
informationandalmostspecializesothatthecommunityasawholeis betteroff.

Theideais to allow thecommunityasawholeto improvesothateachof theindividualagents
will beableto gainasmuchknowledgeasthey canasquickly aspossible.Thisallowseachof the
agentsabetterchanceatsurviving (preventinghealthfrom reaching0) andthriving (keepingneed
levelsashigh aspossiblewhich meansthat theneedsareall satisfied).If you do that thenthere
will bea greaterprobabilitythatthatgenerationof agentswill surviveandbeableto createa new
generationof agentsthatcanthenhaveachanceto survive.
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4 Experimentation and Observations

No realexperimentationwasdoneon thesystem.Therewere,however, noticeableimprovements
thatwereobservedin thesimulationastheprojectstartedto wrapup. Therewasa drasticdiffer-
encein how long agentswould survive beforewe allowedthemto teacheachother. Theaverage
life expectancy wasapproximately30 yearsin thesimulatorwith many agentsdying at age15 or
below (thusnot ever beingableto reproduce)beforewe got theteachor teachmeactionworking.
After wegot it working,agentswould liveto beabout80yearsold andvery few woulddie earlier
thanabout60.

Anotherobservation wasthat the morethey learnedthe morenaturaltheir exchangeswould
be.For instance,agentswouldnotbeableto tell thedifferencebetweenwhatthey aretradingwith
anotheragent.Evenworse,they would not understandtherealvalueof anobjectif they new of it
already. They would just tradebasedon their initial experiencewith it suchthat if a betterobject
wasdirty andthey lost cleanlinesswhenthey picked it up, they would tradefor a worseobject
becauseit mightbebetterfor oneactionbut notanythingelse.

Somesuggestedexperimentsfor this systemwould be the following. We have agentsin the
world thataremoreor lesswilling to shareinformationthanothersandseehow well information
spreads.We canseehow the agentsfind an equilibrium point with an environmentby looking
at thegrowth of theagentsversusthegrowth of items. We could look at thedifferencebetween
thebaditemsthatarenever takenandthegooditemsthatarenever takenandwatchthebalance
betweenthemchangeasa communitylearnsmore. Finally, we could put two individualsin the
environment,one that learnsand the other that tries to learnbut doesnot; we could seewhich
actuallystandsabetterchanceatsurvival andby how much.

5 Conclusion

In our project,theaim wasto show how muchbettera communitythatsharesinformationabout
the environmentis ableto adaptto it thanonethat wasnot. The goal is to show that this is an
importantway thatagentscanlearnaboutforeignpartially observableenvironments.Given that
anagentcando someobservationby itself and,in addition,learnmorefrom otheragentsaround
it, it standsa muchbetterchanceof learningaboutits environmentin detail anddoing so much
morequickly.

Therehave beenseveralrevisionsto theprojectthathave beendiscussed.Thefirst is to adda
systemby which theagentsunderstandpositionandkeeptrackof aninternalmapof theenviron-
ment; this would allow us to lessrandomlycreateenvironmentsandput someobjectsalwaysin
certainareasso that theagentscould learnto go thereif it needsthatobject. Anotherpossibility
would beto allow for morecomplex actionswith objects,onesthatmayevenchangetheobjects
or the environmentitself. This would allow for a moregenerallearningthat would increasethe
agentsability to satisfyits needs.Oneotherideais to givetheagentspersonalitythatwill influence
how they behave in theenvironment.
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