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Abstract

Runningsimulationsof agentsthatcanonly interactwith the world, essentiallyignoring
otheragents cannotpossiblyleadto effective testingof theseagents.In fact, unlessagents
useotheragentsas a sourceof learning,thenit may be very difficult for agentsto find an
equilibriumin the ervironmentsuchthat they cansurvive and possiblybe aroundto create
anothergeneratiorof agents. It is up to the total communityof agentsto shareinformation
abouttheervironmentwith all agentsn it andensuréts survival. A community-basetkarning
approachs necessaryor agentdo truly find anequilibriumpointwith theenvironment.

1 Introduction

The problemthatwasbeingstudiedin this projectwashow to allow agentgo learnin asimulated
ervironment. The obviousfirst way is to just interactwith the ervironment,look at how the in-

teractionsbenefitedor harmedthe agent,andallow the agentto make a judgmentaboutsuchan
actionagainin thefuture. Anothermethodis to tell theagentto do someactionandtell themwhat
the expectedresultof suchanactionwill be. Finally, allow agentsto interactwith ervironment
but alsoallow themto interactwith otheragentsandteacheachotherthingsthatcould benefitthe
otheragents.

For this project,thelastmethodwaswhatwasimplemented.It gave the mostopportunityfor
anagentto learnaboutthe ervironment. Thereasorfor this is becauseventhoughanagentmay
never have experienceda situationitself, it canstill learnthat certainactionsare really goodin
somesituationsandothersarereally bad. This ensureshata community andthuseachof its indi-
vidualagentscanlearnmorequickly to avoid doingthingsthatputthelife of its agentsn jeopardy

Therestof the paperwill containthefollowing: a detailedproblemdescriptiondetailson how
the projectwasimplementedpossibleexperimentso be performedon the system,anda conclu-
sionsectionthatwill alsogive alist of improvementdor the project. The problemdescriptiorwill
be exactly how the problemis defined,including the world, itemsin the world, andthe agents.
It will alsotalk aboutthe knowledgebaseof eachof the agentsandtwo possiblewaysit canbe
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implemented.The implementatiorsectionwill discussin detail the modelof community-based
learningandalsotheimplementatiorof theknowledgebaseusingthe Belief, Desire,andintention
architecturelt will alsogive anexplanationonwhy this solutionworks. Thelasttwo partswill be
aboutpossibleexperimentson the systemthat could be performedto testthe affectivenessof the
systemversusagentghatonly learnthroughanothemeansof learningandobsenationsaboutthe
systemsofar. The conclusionwill includeimprovementghatcouldallow usto make our agents
performevenbetter

2 Problem description

For theproject,everythingthatwould definethe problemwasbuilt from scratchsothateverything
thatwasdefinedin the systemtheworld, items,andagentsgouldbechangedo allow full control
overit. Therewere4 main partsthatgovernedthis problem. Thefirst wasthe environmentitself
with which the agentsinteracted. The ervironmentneededo allow the agentsto move around
autonomouslyn theworld andinteractwith agentsanditemsthatarelocatedin it. The next fac-
tor wasthe items. Eachitem neededo affect differentneeds(or possiblythe sameneedsbut by
differing amounts)sothatthe agentcould learnthathaving or doing actionswith differentitems
will affectthemdifferently Theitemswould needto have a classtype of somesort,in orderfor
theagentto make generaktatementaboutitemsof eachclass.For simplicity sale, we would also
needto make surethattheitemswould getreplenishedn the world from time to time. This was
to preventitemsfor not beingavailableafterthefirst coupleof roundsin the simulation.

The third problemhadto do with the agents. The agentsneededo have needsthat would
determinehow satisfiedthey were. Theagentwould alwaysneedto belooking to satisfyoneof its
needsevenif they wereall relatively high (satisfied) Eventually theagentwould startto getolder
andwould needto shift the focusof whatits needswere. The systemthatwould be implemented
for theagentwould needto take careof thesethingsaswell asinternally (suchthattheagentwould
not be aware of it) take careof its own biological changeqi.e. afterit eatsan apple,changeits
needsand healthaccordingly or after time, lowering all of its needsoverall). In additionto all
that,the agentwould alsoneedto have aninterfaceto the knowledgebaseandinterpretwhatit is
telling it to do.

2.1 Knowledge Base

The last problemhadto do with the knowledgebase. We neededa knowledgebasethat could
let the agentformulatewhatactionit shouldtake in a givensituation. It would needto allow for
possibleactiities, but to alsonotify theagentwhich of themwould bethebestto take. Thesystem
would alsoneedto allow anagentto learn,bothfrom experienceandfrom otheragents Sincethe
agentis working in a partially obsenableervironment,it would alsoneedto have absolutelyno
knowledgeaboutthe itemsin theworld or the world itself a priori. It would needto keeptrack of
whatitems(andotheragentdor the samereason)peforeit canmalke statementaboutthem. That
would constituteactuallyknowing of theitem or otheragentthatyoutalk aboutin knowledgebase



statement.The last thing that we would needthe knowledgebaseto do is to createa systemby
which anagentcangive valueto certainitemsthatthey know about.

Thereare several waysin which all of this could have beenimplemented.The two bestare
to eitherusea Belief, Desire,and Intention architectureto representhoicesfor actionsin the
knowledgebase.Thesecondcouldbeto useafirst orderlogic systemwith unification. Both offer
severalbenefitsto allow the agentto be moreexpressve of how it reasons.

Thefirst proposeddeawould be to usea Belief, Desire,and Intentionarchitectureto repre-
sentthe statementsn the knowledgebase. It would needto be modifiedto fit our systemfrom
whatit typically is usedfor. Firstof all, for simplicity, we will ignoretheideaof planningfor an
agent. The systemwill only be concernedwith single actionsto satisfythe currentneedof the
agent. Next, we needto redefinewhat eachof the partsof the architecturemeanin our system.
Thebelief partof it would meanarything thatthe agentcantake asgiven(suchaswhatit cansee
or whatit hasin its pocket). This meansthat belief is anything that the agentcantell from the
ervironment. Thedesireis the needthatneedgo be satisfied.Finally, theintentionis whataction
(andif applicablewhatobjectto usefor theaction)canbe performedo satisfythis needgiventhe
currentbelief aboutthe ernvironment. Using this system,a constraintsatishctionsystemcanbe
putin placeto comparethe agents currentneedandthe currentervironmentconditionsin order
to find severalknowledgebasestatementshataresimilar fit theseconditions.

Thesecondroposedptionis to have afirst orderlogic systenthatwill have aunificationsub-
system.This systemwould allow usto defineactionsin the knowledgebaseratherthanhave them
ungroundedWe couldthenclassifyobjectsusingcharacteristicthataredefinedin theknowledge
base.Theideawouldbe,then thatasanagentearnsanaction,it couldtry to classifyit usingsome
of the definitionsthathave beenprovidedto it alreadyandcouldtry to establishwhich actionwill
evaluateto true, we could thenreturnall suchstatementso the systemqueryingthe knowledge
base.

The benefitsof thefirst ideaarethatit would be muchmoresimpleto implementandallow us
to associateveightsto eachof the statement®asedon the currentsituation. The problemis that
this systemmay causea lack of expressionthat would causeusto write mary morelinesin the
knowledgebasethenwe need(ultimately causinga slower performanceoverall). Thefirst order
logic systemwould be muchmore expressve but it would be much moredifficult to implement
from scratch.

3 Learning Through a Community Effort

3.1 Description of Solution

For themajority of theproject,weimplementedverythingseparatelandbroughtit togethelkkeep-
ing track of what betweeneachof the subsystemswhich eachgroup membercreated,needed.
Towardsthe end of the project, we finally broughteverythingtogether This wasto allow each



groupmemberto focuson onespecificaspecbf the projectandunderstandpncethe simulation
wasrun andthe codeneededo betwealed, why somethingnay not have beenworking right.

To begin the project,onegroupmembercreatedaworld by usinga matrix of vectors.This ma-
trix would represent grid ervironmentfor the agentd¢o wanderaroundin andthe vectorswould
bealisting of whatwasin eachsquaran thegrid. Thismadeit easyto represenwhereeverything
wasin the world without letting it becometoo crowdedsuchthatnew itemsandagentscould be
placedin theworld.

The next part of the projectwasto createa needsystemfor the agents.Eachneedcould be
satisfiedby variousactionsusingvariousobjectsin the ervironment. The needshatweredefined
for the simulationwere nutrition, enegy, cleanlinessneedto waste,needto reproduceneedto
have knowledge,needto have objects,needfor othersto have knowledge,andneedfor othersto
have objects. Theseactionswereenoughto definethe agentandgive it anideaof how it should
behae. We definedalso several actionsthat could be usedto satisfy theseneeds. The actions
thatweredefinedare eat,rest,waste, reproducetake, drop, exchange give, teach,teachmeand
searchforSomeactionsmaydo differentthingsbasedon who or whatthe agentinteractedwith.

The next focus of the projectwason the agentandits biology. The agentneededo define
certaininternalsubstructureghat would take careof its internalworkings. We defineda concept
of healthto make surethatthe agentwill eventuallydieif it is not satisfyingits needs.Thiswasa
nice controlin the systemto give incentie to the agentdo satisfytheir needs.The systemwould
alsocontrolthe needsof anagentsuchthatover time all the needswill decreasandthusbecome
moreimportantfor anagentto satisfythem.

3.2 Implementing the Knowledge Base

The lastthing the groupfocusedon wasthe knowledgebase.Early on the decisionwas madeto
let themlearnthroughtheir interactionswith the ernvironmentandalsoto allow themto interact
with otheragentdn the ervironment. Dueto thatfactandthatthe agentsneededo interactwith
objectsthey don' really know about,the decisionwas madeto usethe BDI architecture. This
systemwould beeasietto implementfor learningandfor make decisionsaboutwhatactionto take
in agivencircumstanceThefirst orderlogic systemwould betoo difficult to implement.Further
more, giventheissueof unificationin the knowledgebasewould causefor dangerouslyunstable
agents.For instance oneagentmay easilybe ableto unify for somevariablein somestatement
thatit checksagainsthe knowledgebase.Now supposehatit teachesanotheragentpartof what
it knows. Thereis no way to tell thatthe unificationwill work correctlybecauset may referto
someitemthatis definedin thefirst agentout notthe second Whenthe secondagenttriesto check
somestatemenagainsits knowledgebasejt maybreak.

To avoid possibleconflicts,the BDI architecturevasused.A statemenin theknowledgebase
was definedby "have X & seeX & need: Y ¢ actionX” whereX is someobject(or possibly
anotheragentlandY is themostpressingieedof theagent.Whenwe initialized anewv knowledge
base,we filled it with several of thesestatementshat were templatesof whatthey shoulddo if
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they don't know anything aboutthe world aroundthem. They have the word "object” to referto
someunknavn objectin theworld or "other” to referto anotheragent("self’ referredto theagent
himself.) As theagentstartedo interactwith differentthingsandlearningaboutthem,it couldadd
morespecificstatementsvith the actualnameof the objector agentid in a knowledgestatement.
This meantthat an agentwould also needto keeptrack of what objectsandagentst knows of.
Thiswasaccomplishedisingtwo vectors:onefor itemsandonefor agents.

Theknowledgebasewasbrokeninto threemainclassesTheKnowledgeBaselassis themain
classthatmanagesll the basicfunctionality of the knowledgebase.The actualKnowledgeBase
itself was containedin this objectasa vector Within that vector Knowledge Statementsvere
storedthat held eachindividual statement.The Knowledge Statementlasswas createdto store
thesestatementskor searchinghe knowledgebaseto chooseanaction,ratherthanreturningone
possibleaction,alist of actionswasreturnedustin casethereweremultiple thingsthatcouldsat-
isfy the need.Eachstatementould alsobe assignedlifferentweightswhensearchinghat could
beusedto find the bestonesbetweerthem. The Searchclasswascreatedo handletheweightand
resultsof the searcha vectorin KnowledgeBasevascreatedcontainingseveral Searclobjects.

3.2.1 Knowledge Base class

Thoughtherewere mary functionsthat this classimplementedonly a few of themneedto be
pointedout becausehey are not very intuitive. Thereare threebasicsearchfunctions. exact-
SearchKBis usedto find a statemenéxactly in theknowledgebase(thisis only usedwhenadding
new statements$o preventmultiple copiesandalsoto figure out what otheragentscanbe taught).
fuzzySearchKBs usedto checkthe constraintof a situationto find appropriatenatches.It will
find statementshat have at leastone matchingconstraint(andreturna percentageanddealwith
thecurrentneed.At last,it will populatethe searchresultswith the possibleactionsto do. search
is usedto find thevalueof anobject;it findsall statementshatareapplicablefor a currentneedor
actioncombination Fromtherethe searchresultscantell whaterer othercodethatis queryingthe
systemwhateverit needgo from thosestatementsnly.

scanKBis a function that canbe usedto setupthe currentsituation. It will take in anobject
of whatthe agentcansee,anobjectof whatthe agenthas,andthe currentneed.This list is given
disreggardingthe factthatsomeitemsandagentsthe knowledgebasemay not be familiar yet. So
we write the statemensuchthatthoseitemswill comeup as”object” or thoseagentswill comeup
as”other”. Thiswill forcethetemplatedversionsto take moreprecedencelt will thenpassthese
constraintontothe knowledgebaseitself.

Thelearningfunctionwill take anobjectof the statusof all the agentsneedsbeforeanaction
andthe statusof all its needsafter an actionand whatever the action performedwas. The first
thing it will try to dois figure out whetherthe actionwasgoodfor it or not on its primary need.
Onceit figuresthatout, it will theninfer several statementshatit canaddto the knowledgebase
(basedon whatthe actionwas). If the actionwasbad, we put in the knowledgebaseto do the
actionunderthosecircumstancesptherwisewe tell the agentnot to do thataction(usingthe” ”
symbol). Finally, it addsary otherstatementsiboutotherneedghatit caninfer from the change



in the statusof its needs.

3.2.2 Knowledge Statement class

This class,as explainedbefore,is to storeindividual statementsn the database.lt is setup to

do somebasicsearchingor the value of a statemenbr againstits generalconstraints.The class
is setupto hold a vectorthat breaksup the String thatrepresentshe statemento allow an easier
search. It alsohasan importanceandtastevariable. The importancevariableholds how much
the actionaffectedthe agentafterdoingit (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 may changeovertime (if hefindsabetteritem for instance).These
two variableshelp to definethe value of informationfor eachstatementndallow the agentsto

determinds mostimportantto take andif teachingwhich actionis mostimportantto teach.

3.2.3 Search class

An objectof this classis createdwhen searchinghe knowledgebase. Thereare5 partsto this
classof objects.Thefirstis the percenthatis how closethe conditionsin the currentervironment
matchthis selectedstatementn the knowledgebase. Theindex is usedto find what knowledge
basestatementwasthis referringto. Theintentionis a stringthattells whatactionandobjectpair
theagentshouldtry accordingo thisstatementTheimportanceandtastefactorshave alreadybeen
explainedin the KnowledgeStatementlasssubsectionA vectoris filled with severalof theseob-
jectsandsortedfirst by percentthenby taste thenby importancefor theagento try theseactions.

3.3 Why learning from other agentsworks

This approachworked becauseve have agentsthat will walk aroundthe world and experience
differentthingswhile satisfyingtheir needs.After a while they startto know exactly whatitems
work thebestfor differentactionsandwill automaticallydothatwhenthey have suchaneedagain.
Whena new agentcomesalongandhasnot hadasmuchexperienceasthis agent,thenthey can
learnthis andstartto understandnore aboutthe world a lot quicker. Anotherexampleis when
you have two agentghatmeeteachother eachhaving totally differentexperiencesthey cantrade
informationandalmostspecializesothatthe communityasawholeis betteroff.

Theideais to allow thecommunityasawholeto improve sothateachof theindividualagents
will beableto gainasmuchknowledgeasthey canasquickly aspossible.This allows eachof the
agentsa betterchanceat surviving (preventinghealthfrom reaching0) andthriving (keepingneed
levels ashigh aspossiblewhich meansthatthe needsareall satisfied).If you do thatthenthere
will bea greatemprobabilitythatthatgeneratiorof agentswill survive andbeableto createa new
generatiorof agentghatcanthenhave achanceo survive.



4 Experimentation and Observations

No real experimentatiorwasdoneon the system.Therewere,however, noticeablemprovements
thatwereobsenedin the simulationasthe projectstartedto wrap up. Therewasa drasticdiffer-
encein how long agentswould survive beforewe allowed themto teacheachother The average
life expectang wasapproximately30 yearsin the simulatorwith mary agentsdying at age15 or
below (thusnot ever beingableto reproducepeforewe got the teachor teachmeactionworking.
After we gotit working, agentswvould live to beabout80 yearsold andvery few would die earlier
thanabout60.

Anotherobsenation wasthat the morethey learnedthe more naturaltheir exchangeswvould
be. Forinstanceagentsvould notbeableto tell thedifferencebetweenvhatthey aretradingwith
anotheragent.Evenworse,they would not understandherealvalueof anobjectif they new of it
already They would just tradebasedon their initial experiencewith it suchthatif a betterobject
wasdirty andthey lost cleanlinessvhenthey picked it up, they would tradefor a worseobject
becausét mightbe betterfor oneactionbut notanything else.

Somesuggestedxperimentsfor 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 the growth of the agentsversusthe growth of items. We could look at the differencebetween
the baditemsthatarenever taken andthe gooditemsthat are never taken andwatchthe balance
betweenthemchangeasa communitylearnsmore. Finally, we could put two individualsin the
ernvironment,one that learnsand the otherthat tries to learn but doesnot; we could seewhich
actuallystandsa betterchanceat survival andby how much.

5 Conclusion

In our project,the aim wasto shav how muchbettera communitythatsharesnformationabout
the ervironmentis ableto adaptto it thanonethatwasnot. The goalis to showv thatthis is an
importantway thatagentscanlearnaboutforeign partially obsenable ernvironments. Giventhat
anagentcando someobsenation by itself and,in addition,learnmorefrom otheragentsaround
it, it standsa much betterchanceof learningaboutits ervironmentin detail anddoing so much
morequickly.

Therehave beenseveralrevisionsto the projectthathave beendiscussedThefirstis to adda
systemby which the agentsunderstangbositionandkeeptrack of aninternalmapof the erviron-
ment; this would allow us to lessrandomlycreateernvironmentsand put someobjectsalwaysin
certainareasso thatthe agentscould learnto go thereif it needghat object. Anotherpossibility
would beto allow for morecomplex actionswith objects,onesthat may even changethe objects
or the environmentitself. This would allow for a more generallearningthat would increasethe
agentsability to satisfyits needs Oneotherideais to givetheagentgersonalitythatwill influence
how they behae in theernvironment.



