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Abstract

TheQuagentssystemprovidesa�e xible interfaceto thefunc-
tionality of a gameengine. The goal is to make interactive
gamesa usefulresearchandteachingvehiclefor academics.
Quagentsis freely available,andrunsunderUnix/Linux and
Windows. Intelligentagentcontrollersmay be programmed
in any languagethat supportssockets. A communications
protocol betweenthe controller and the bot resemblesthat
betweenthe high-level softwareand low-level controllerof
a mobile robot. More complex APIs may be built on the
protocol that supportcomplex interactionslike trading. We
describetheQuagentarchitectureandresearchandteaching
applications.

Moti vation
InteractiveDigital Entertainment(IDE) will increasinglyin-
volve arti�cial, intelligent agentsand relatedtechnology.
Someof the agentswill be managingthings behind the
scene,while otherswill berepresentedexplicitly by graphic
renditions.Ultimately, hardwareembodimentsarepossible
as well. Gamesand entertainmentagentswill soonhit a
ceiling of performancepossiblewith ad hoc approachesto
intelligenceandwill needto incorporatestate-of-the-artAI.
Luckily futurehardwarecansupporttheincreaseddemands.
Our goal in creatingQuagentswas to give researchersac-
cessto an entertainment-stylesimulateduniverse,andthus
for IDE to reapthe bene�ts of researchcarriedout in rele-
vantdomains.

The Quagents systemreportedhere is meant to help
bridgethegapbetweentheconceptsandinterfacesof com-
mercialproductsandthe typically unconstrainedapproach
of academicAI research.It is designedfor usein research
and teaching. It smoothlysupportsmultiple agents. It is
a robotic simulator that usesthe underlyingphysical and
graphicalcapabilitiesof a commercialgameengine. The
result is a systemthat is freely distributable,runsin UNIX
andWindows environments,hasthelook andfeel of a �rst-
persongame,andin whichAI algorithmswritten in any lan-
guagethat supportssocketscancontrol the agentsthrough
a protocolor user-written APIs. Oneis not restrictedto the
game-supplied“mods”, soany research-gradesoftwarecan
beusedfor agentcontrol.
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This work is inspiredby many pioneerswho have used
andareusingcomputergamesto supportAI research,and
working to import AI into games(e.g. (Buckland2002)).
Quagentsareaform of animat: thatis,asimulatedorganism
(e.g., (Terzopoulos& Rabie1997)).QuakeIII hasbeenused
asa testbedfor neuralmodels(Noelle& Fakhouri2004).

Themainanimatadvantagesare:nohardware,quickpro-
totyping,known groundtruth, ability to createwide variety
of (physically possibleor not) agents,sensorsandenviron-
ments.Laird andco-workershave usedtheSoarproduction
systemto simulatevarioushumanreasoningcharacteristics
andskills in a Quake “gameAI” (e.g., (Laird 2004)): au-
tomatingopponentsto thehumanplayer.

Our systemusesthe freely-available Quake II engine,
whichhandlesall thedetailsof collisiondetectionandenvi-
ronmentmanagementsoresearcherscanconcentrateon ex-
ploring agentbehaviors andinteractionsin a fairly complex
world. We hadtwo basicrequirements:The ”agent” code
shouldbuild and run underthe Linux/Unix operatingsys-
temregardlessof wherethegameserverwasrunning.There
mustexist amechanismto build ”agents”(thatis, their intel-
ligentcontrollers)externalto thegameitself sothatexternal
resourcesof theagentswould not have to belinkeddirectly
into the game. This is a brief versionof a technicalreport
(Suppressed200Xc). which hasmany moredetailsandref-
erences.

Quake II Basics
UR-Quake is a modi�ed versionof Id Software's Quake II
(Id 2004).Dynamically, QuakeII is dividedintoaserverand
a client. Statically, Quake II consistsof an executableand
two DLLs. Thegameengineexecutablehasboththeserver
andclient code. The client part is connectedto the server
over a network, or locally if on the samemachine. The
server updatesthe world stateand sendsstateupdatenet-
work messagesto theclientsat about10Hz; Theclient up-
dates,interpolatesfasteventeffects,renders,tells theserver
whattheplayeris upto,andmanagestheuserinterface(key-
board,mouse,gamepad,etc.). A videorefreshlibrary pro-
videsbasicgraphicsabilities. Thegamelibrary hasvarious
monsters, whoseinnatebehaviorswehavereplacedwith our
Quagentcontrolprotocol.Thusthey becomebots.

QuakeII is accompaniedby PAK-�les, whichcontainone
or several mapsthat de�ne the Quake II world, including
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informationaboutwhereentitiesareplaced(spawned)in the
world.

All entitiesin thegameusea ”think” functionto execute
calculationsor behavior. The server loop, which is single
threaded,provideseachentity a sliceof time to executein-
structionsfrom its current”think” function. The monsters
in Quake II “think” with limited, game-inspiredhacks;e.g.,
they often navigateby following invisible breadcrumb-like
paths.Our modi�cation is thatQuagents“think” by follow-
ing ordersfrom a user-written controller distinct from the
game.

We consideredothergameplatformsfor Quagents,such
asQuake3 andDI-Guys.Ourreasoningis reportedin detail
in (Suppressed200Xc), but source-codeaccessibilityand
operatingsystemindependence�gured largely.

QuagentAr chitecture
The Quagentcodeand the communicationsprotocolarea
kind of specializedproxy server (Fig. 1). The usercalls
uponwhichever AI disciplinesare relevant, useswhatever
languageis best, and writes a Quagentcontroller. Via a
socket connectionthis exterior controllersubstitutesfor the
original “gameAI” of theerstwhilemonster.

Quagentsand Bots
In our ontology, the botsin the Quake II world arestrictly
hardware. They are controllablewith a �nite set of com-
mandsandthey havere�exesthatpromptthemto inform the
controlleraboutcertainevents.All theintelligencetherefore
is off-board, outsidethe game, in user-written programs,
which communicatewith the gameandvice versa through
the protocolor user-written APIs using the protocol. The
Quagentis thusthecombinationof thebot in thegameand
the user-written controlling software. If multiple bots are
spawned,eachhasits own ”privateline” to its controller.

QuagentOntology
Time: the quagent's world advancesin 1/10 secondinter-
vals called ”ticks”. The Client (the erstwhile�rst-person
shooter):the usercontrolsthis entity andseesthroughhis
eyes.Hecanmovearoundandinteractwith bots.Walls and

windows: thingsthequagentcannotwalk through. Items:
box, gold, tofu, battery, data,kryptonite, head. User can
spawn thesethingsat speci�ed locations.Other quagents:
perhapscontrolledby othercontrollers. A Quagenthasan
internalstatein�uenced by theworld andits actions.Posi-
tion: (X,Y,Z, Roll, Pitch,Yaw), Inventory: (Itemsin qua-
gent's possession),Wellbeing: Health, Wealth, Wisdom,
Energy, Age.

QuagentPhysicsand Biology

Somethinglike normalphysical laws applyin Quake II, but
therearemany tricks beingusedso someinformationone
thinksshouldbeavailableis eithernot thereor hardto get.
Default Quagentsobey certainmechanicaland biological
laws (which arevery easyto eliminate,change,or extend.)
We presentherea representative subsetof currentdefault
Quagentcharacteristics.Presentlyweprovideaboutadozen
differentbotchoices(correspondingto differentmonstersin
theoriginalgame),sothereis afairly widechoiceof appear-
ancesandcertainhard-wiredinnatecharacteristics.Wehave
removedviolencefrom thebots' behavioral repertoire.

A bot is spawned upon connectionto the game. Often
this happensin the bot constructorfunction. Disconnect-
ing kills the bot. All itemsbut boxescanbe walked over;
boxesblock walking. All itemscanbe picked up. Picking
up (Dropping)Tofu increases(decreases)Health.Thereare
similar laws for picking up other items, and kryptonite is
dangerousto pick upor evenbenear. IncreasedWisdomin-
creasesperceptualabilities.Age increasesevery tick. When
lifetime is exceededor healthdropsto zero, the bot dies.
Energy decreasesby a small amountat every tick. When
energy goesto zero,bot stopsmoving (everythingelsestill
works,includingPickup,soanotherbotcouldgive it batter-
ies.)Thereareseveralparameterssettableby theuseror the
systemthatgovernthephysicalandphysiologicalconstants
in theQuagentworld.

Usually the usersetsup an experimentalsituationwith
two typesof con�guration �le: Onetypesetsup theworld
andpopulatesit with itemsin speci�ed locations.Thesec-
ondtypeinitializesstatelevelsandthresholdsfor botsto be
spawned.

Arbitrarily complex communicationandprotocols(trad-
ing, auctions,deducingplans,etc.) betweenQuagentcon-
trollers(notbots)is trivial if they areall runningin thesame
program.We have alsoimplementednon-trivial communi-
cationbetweenbotsthatmaybespawnedby differentcon-
trollersor players(seebelow).

QuagentProtocol

Quagentcontrollercodecommunicateswith its bots in the
gameusinga simpletext protocol. Thecontrollercansend
commandsfor thebot to do things(DO) or askit questions
(ASK). Thebotcon�rms commandreceipt(OK), sendserror
messages(ERR), or sendsbackdatain response.Bots can
alsoasynchronouslyreportevents(TELL). Thefollowing is
a quick synopsisof the main partsof the currentQuagent
protocol.



Actions
WALKBYdistance: Commandbot to start walking in cur-

rentdirection.Bot will startwalking in theright direction
andsilently stopwhendistanceis reached.Also RUNBY
andSTAND(stopmoving).

TURNBYangle: Bot turnsin place.

PICKUPitem: Pickupitem. Also DROP.

Perception
ASKdistance: Bots reportslist of objectsand their posi-

tionswithin givendistance.Also ASK RAYS.

CameraOn, CameraOff : Normally the terminal shows
the view from the (�rst-person) client. Thesemove the
camerato thebotandback.

LOOK: Uploads image buffer to the quagentcontroller,
showing theworld asseenfrom thebot's pointof view.

Proprioception and AsynchronousCondition
Messages
The following query the bot's internal stateand set cer-
tain bot parametersfor experimentalpurposes:GetWhere
(position), GetInventory , Get-Wellbeing , Set-
EnergyLowThreshold , SetAgeHighThreshold .

The bot reportscertaineventsasychronously, using the
TELL message.Amongthosecurrentlygeneratedare:

STOPPED: Motion stops before desired WALKBY or
RUNBYdistanceattained

LOWENERGY: Bot'senergy fallenbelow athreshold;paral-
ysislooms

NOTLOWENERGY: Energy hasrisen from below to above
threshold.

OLDAGE: Bot's ageis above threshold:deathlooms;

STALLING Bot is outof energy, alivebut unableto move.

QuagentAPIs
A key designgoal for the Quagentsplatform is that it be
readily usablein undergraduateAI coursesand by AI re-
searchers(seethenext two sections,respectively). We have
implementedan initial API in the �rst releaseof the plat-
form,andaredevelopingamoreappropriateonefor thenext
release.

The initial QuagentAPI, in Java, hides the details of
socket connections,sessioninitialization, andstreamman-
agementfrom the usercode. The detailsof creatingand
parsingmessagesarestill left to usercode,whereit is both
time-consumingto write anderror-proneto run.

For thenext releaseof theplatform,weareimplementing
a moresophisticatedAPI asanotherlayer above the basic
API. This “agentabstractionlayer” hidesall aspectsof the
Quagentprotocol from usercode. Instead,it providesab-
stractionssuchas Sensorsand Behaviors that abstractthe
protocol details (asynchronousevents are handledwith a
standardListenerparadigm).This allows agentdevelopers
to concentrateon thecognitive designof their agentsrather
thanon talkingwith agameserver.

Importantly, in this API, we can also develop “virtual”
sensorsand behaviors that extend and augmentthe “real”
onesprovided by the protocol. Two examplesare a di-
rectionalscannerthat �lters the resultsof a protocol ASK
RAYSrequest,and an agentcommunicationbehavior that
allows agentsto exchangemessageswithout any protocol
interactions.The agentabstractionlayer is designedto be
extensible,allowing new real or virtual sensorsandbehav-
iors to beaddedeasily.

To supportresearchinto agentteams,we have already
implementedan inter-agent communicationAPI dubbed
TeamQuagent.This extensionto the systemaddsunique
(identi�ably different) versionsof items and bots, makes
someitemsnon-pickupable,andmakessomegameengine
modi�cations. The TeamQuagentpackagecontainslow-
level routines for Quagentfunctioning, including a Java
classto extendanda separatefacilitatorfor communication
betweenTeamQuagents.

A messagebetweenquagentscancontainanarbitrarycol-
lection of Java Objects,wrappedwith the TeamMessage
class. By using the Quagent-to-Controllerand Quagent-
to-Quagentmethods,a fairly sophisticatedbot canbe con-
structedwithoutusinglow-level systemor networkingcom-
mands.Also, themulti-threadsafenatureof TeamQuagent
allows for robust, real-timeapplicationsto be constructed
without extra checks. We usethesecapabilitiesto imple-
mentauctionsandtradingfor role-swapping(seebelow).

Quagentsin Teaching
We wantedto take advantageof the fact that many under-
graduateCSmajorslike games,thata fair amountof work
is going on to improve AI in games,and that thereis in-
creasingawarenessthatstandardAI topicscanbecoupledto
entertainment(e.g., (Buckland2002)). In keepingwith the
tagline“The IntelligentAgentBook” of our text (Russell&
Norvig 2003),with therecentintroductionof asoftwareen-
gineeringcoursebasedon suchinteractive games,andwith
our own experiencewith physical mobile robot coursesat
the graduateandundergraduatelevel, we createdQuagent
versionsof all � ve programmingexercisesfor our mainun-
dergraduateAI course(Suppressed2004).

State-SpaceProblemSolving: Write generalstate-space
searchalgorithms(depth�rst, breadth�rst, A*. etc.) for a
maze-solvingapplicationin which the mazeis represented
by matrix of 0 and1. Thentransferthesolutionto theQua-
gent world and have the Quagentexecutethe path found.
Variations on the problem include implementingon-line
problem-solvingalgorithms.

Production Systems: Studentslearn about production
systemsandusecurrentcommercial-gradeAI software,usu-
ally to codea subsumption-stylecontroller (Brooks1991)
(Fig. 2). We useJess(Sandia2004)(our codedistribution
includesa Jessexample.) The exercisealsointroducesthe
possibilityof quagent-quagentcommunication.

Learning: As in the problem-solvingproject, students
work in a small grid-world (asin theexercisesin the text),
andthenmustexport andapplytheir policiesandmodelsto
theQuake world. Again,on-linelearningis alsoa possibil-
ity.



Figure2: Map madeunderproductionsystemcontrol (stu-
dentproject,2003.)

Figure3: View of the situationandgroundtruth for visual
learningandexplorationproject:somebotshave expiredof
old agewhile exploring (studentproject2003).

Natural LanguageUnderstanding: Commandthe bot
(or get reportsback from it) in naturallanguage.As well
as the text, we provide chaptersfrom NLU texts on chart
parsing,semanticgrammarsandrecursivedescentparsers.

Vision: Put someclassiccomputervision problemsinto
the Quagentworld. Low-level vision softwareis provided.
Possibletopics include segmentation,line-�nding, object
recognition,tracking(callson previouschapterson Kalman
�lters), andmapping(Fig. 3.)

Quagentsin Research
WewanttouseQuagentstostudystrategiesfor �e xible,self-
organizingcooperationbetweenpossiblyheterogeneousin-
telligent agents,especiallywith minimal communication
andmethodsof commandingandcommunicatingwith such
teams.

In general,we are most interestedin distributed coor-
dination of intelligent agent teams(in generalheteroge-
neousagentswith differentphysicalandcomputationalabil-
ities) usingconstrainedcommunication.We assumethatre-
planningandre-assignmentof rolescanbebasedonhigher-
level re-taskingor local intelligence,thatagentscandefect

Figure4: Agentsin action. Operatingsurfacesaretextured
to helphumansgaugedistance.Rocksarethelargerobjects,
hostdrilling botsappearsmalleranddark.

or fail, that communicationratescanvary, and that visual
information can sometimessubstitutefor communications
(this raisesthe“vision problem”,however). We would like
to allow individual agentsto make their own decisionsre-
gardinghow bestto carryout their tasks.

Distrib uted Cooperation

As a �rst exercise in agent team control and complex
communication, we implementedrole-assignment,role-
swapping and resource-allocationmethodsthat approach
optimalwith goodcommunicationsanddegradegracefully
as communicationsdegrade. Eachrobot is maderespon-
sible for a subsetof the team's work, but while pursuing
theirgoals,therobotsattemptto tradegoalswith othersthat
aremorecapable,therebyimproving teamperformance.As
communicationsdegradetradingbecomeslessfrequent,but
every goal that canbeachievedultimately is achieved. We
usedthe TeamQuagentprotocol to implementtrading. We
modi�ed the Quake codeto adda protocol to tradeitems,
money, andinformation. A tradeis a transferof any or all
of the threebetweentwo quagents.Only itemsarehandled
in theactualQuakeprogram:money andinformation,being
new to theQuake ontology, arehandledin thequagentcon-
trollers. Our communicationprotocol(Suppressed200Xb)
is similar to the contractnet (e.g., (Davis & Smith 1983)),
with somesigni�cant differences.Oneis that oncea goal
is transferedto anotherhost,the �rst hostdoesnot have to
monitorits progressto makesureit is completed.Thusthere
is nocommunicationwhile theteamis workingexceptwhen
goalsare reassigned.The quagentsarenot really subcon-
tracting;they transferthefull goal.Thereareno thuslayers
or chainsof subcontracting.

In thesimulation,thereis a largegroupof randomlypo-
sitionedrocksthat have to be drilled for samples(Fig. 4).
We variedthenumberof agentsin theteam,testeddifferent
levels of communicationuncertainty, andusedseveral ran-
domly generatedgroupsof rocks,etc. We quanti�ed team
effectiveness,messagetraf�c, etc. (e.g., Fig. 5). On aver-
age,asmoreagentsareaddedandascommunicationsare
morereliable, the fasterthe problemgetssolved. Our ex-
periencecon�rms the sentimentthat �rst-choice strategies
suchasauctionstendto work reasonablywell (e.g., (Dias&
Stentz2003;Gerkey & Mataric2002).)



Figure5: Task completiontime vs. numberof rovers for
threevaluesof messageloss.

Robust Agent Teams
Interestingproblemsoften have to be solved by teams.
Sometimesa teamof many agentscanget a job donebet-
ter or fastereven if the agentsare all the same(homoge-
neousteams). Other times a teamis neededbecausethe
solutionof the problemrequiresa setof skills that no one
agentalonepossesses(heterogeneousteams).In eithercase,
animportantissueis how to maketheteamrobustto failures
of individual members.That is, how do we ensurethat the
teammeetsits objectiveseven thoughindividual members
may fail to meettheirs (throughcommunicationsor hard-
warefailureor defection).

The Quagentsplatform is ideal for exploring the design
andimplementationof robust agentteams. Thereis much
work in this area,from classic(e.g., (Smith1980))to more
recent(e.g., (Modi et al. 2003)). Our currentresearchuses
the languageof Joint Intentiontheory(Cohen& Levesque
1990)to describesharedgoals,andusesvoting andauction
mechanismsto let agentsagreeon what the goalsareand
who oughtto achieve them.We have implementedandana-
lyzeda distributedversionof Bordacounting,which nicely
takesaccountof agents'preferencesandwhich is resistant
to manipulationby individuals. Also for reasonsof robust-
nesswe areconsideringVickrey (sealedbid, second-price)
auctions.

For our initial implementationof theseideas,we arede-
veloping a Mars exploration scenariousing the Quagents
platform. This includesspecifying a new spatial layout,
creatingnew graphicsfor variousagents,andmost impor-
tantly, usingandextendingtheQuagentAPIs for agentbe-
havior andinter-agentcommunicationimplementingthero-
bustagentteams.

In the future, oneof the mostpromisingdirectionsis to
re�ne thestructureof theagentsthemselves. Althoughhy-
brid automataallow for complex functionality, hierarchi-
cal decisionmaking, (e.g., (Tambe1997))could allow for
much more robust single-agentfunctionality even within
teamwork systems.Anotherimprovementwould be to up-
gradetheauctioningprocessusedfor agoalto migratefrom
oneQuagentto another. Combinatorialauctionshave been
successfulin many agent-basedand planning approaches

(e.g., (Hunsberger& Grosz2000;Likhodedov & Sandholm
2004)), and give better performancethan simple greedy
searches.

We shouldlike to pursueapproachesthatsuggestperfor-
mancecanbeguaranteedfor robotsthatobserve their envi-
ronmentandseewhat their teammatesaredoing insteadof
explicitly communicating(e.g., (Wie 1997;Balch & Arkin
1997;Various2004)). To reducefurther theneedfor com-
munication,elementsfrom swarmrobotics,mechanismde-
sign, and stigmergic theory could be addedor substituted
(Reynolds1987;Steels1990).Eventhoughthegoalsmove
from agentto agent,it may be possibleto make the inter-
actionsmoresophisticatedandattaingreaterfunctionality,
evenin uncertainenvironments.

Human Managementof Intelligent Agents
Intelligent agentsare increasinglycapable(whetherin the
real world, suchas variousrobots,or in a cyber-world of
softwareagents).However, little attentionhasbeenpaid to
thefactthattheseagentswill almostalwayshave to interact
with people. At the very least,peopleoriginatethe prob-
lemsthatagentsareintendedto solve. Peoplearealsooften
the bene�ciaries(or victims) of agents'actions,meaning
that humancontrol anddelegation of authorityarecrucial.
And oncewe get beyond the simplestreactive, hard-coded
agents,they will needto interactwith peopleduring their
operation,for exampleto clarify requirements,obtaininfor-
mationor authorization,identify problems,andsoon.

A promisingapproachto this typeof collaborative prob-
lem solving is to develop an intelligent assistantthat helps
a personsolve problems.In somesuchsystems(e.g., (Sup-
pressed200Xd)),this assistantcommunicatesusingspoken
naturallanguage.Regardlessof modality, theideais thatthe
assistantwill coordinateandmanagea teamof autonomous
agentsrunningontheQuagentsplatform.Theassistant'sjob
is to helpthehumansupervisorunderstandthesituationand
achieve their objectives. Quagentsprovide anideal level of
abstractionfor this research.It is realisticenoughthat we
believe theresultswould transferto realworld humaand/or
roboticagents,but abstractenoughthatwe canconcentrate
ondevelopingtheassistantratherthantheagents.

Use of the Quagentsplatform in this scenariosuggests
someuniquepossibilitiesfor evaluation. First, one could
comparethehuman-assistant-quagentsteamwith a teamof
experthumanplayerseachcontrollinga singlecharacterin
thegame.Presumablytheteamof humanswouldeasilyout-
performour team(but it' sanicechallenge).Our intuition is
that themainreasonthehumanswould do well is that they
would talk to eachotherof�ine (outsidethe game). So we
couldmake a fairercomparisonby puttingthemin separate
rooms.Or we couldtry puttinga teamof playersin a room
together, againsta humanwith computerassistantcontrol-
ling the samenumberof Quagents.Onecanimaginethat,
with someattentionto scalingin the assistantsystem,the
teamof humanscouldn't possiblycoordinatethemselvesas
well asthesystemcould (or to theextent that they can,we
learnsomethingaboutagentcoordination).In any case,the
Quagentsplatformprovidesan idealenvironmentin which
to develop collaborative assistantsfor humanmanagement



of intelligentagents.

Conclusion
Interactive Digital Entertainmentneedsaccessto the lat-
estAI researchbut industriescannotgive their sourcecode
away to academics.AI communitiesneedpowerful real-
time simulationsto develop AI for robotic systemsandfor
gamesandentertainment,but they mustbe�e xible, useex-
isting AI code, be instrumentable,and in short be open,
sharable,researchvehicles. Quagentsis an agentdevelop-
mentenvironmentembeddedin an interactive digital envi-
ronment. The goal is to have a sophisticated,game-like
simulationavailable to academic(and individual) investi-
gatorsand teachersusingLinux/Unix aswell asWindows
platforms.Theintelligencecomponentis independentfrom
thegame(world) controller: the two communicatethrough
a standardinterface(sockets)thatcanbeenhancedby APIs
designedby theinvestigator, notprovidedby thegame.Ulti-
mately, wewantto give AI researcherstheluxury of acom-
plex, real-timeenvironmentfor intelligent agents,and we
hopethat progressandtechnologywill then�o w the other
way from theresearchinto thecommercialcommunities.In
parallelwith IDE applications,we believe AI will enterthe
realworld of transport,home,healthcare,andmilitary ap-
plictions aswell, and�e xible andpowerful simulatorswill
speedthatprocess.TheQuagentcodeis freelydistributable
andavailableat (Suppressed200Xa),whichalsohasthefull
versionof thispaperwith many implementionanddocumen-
tationdetails.
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