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Abstract

If we areto provide systemsthat bene�t humanusers,
weneedabetterunderstandingof thenatureof service.
In this paper, we describethenecessarycharacteristics
of a simulator for studyingservice,and then present
MÆDEN, ourattemptto satisfythoserequirements.We
thenproceedto describeaninitial setof agentsthatwe
useto explore the natureof service. Our experiments
con�rm theusefulnessof MÆDEN asa testbed,but also
point toward insightsinto servicein general. We end
with a discussionof future work intendedto explore
thoseinsights.

Overview
In this paper, we addressthe problemof service. Because
thenatureof serviceis dif�cult to understand,we facepar-
ticular challengeswhentrying to build systemsthatprovide
valuableserviceto users. In this section,we describeour
view of serviceand review previous relevant work. Then
in the following section,we describeour work extendinga
world simulatorto supportthe studyof service. Next, we
presentour designand implementationof agentsthat give
andreceive service. We follow this with the resultsof our
�rst experimentsandconcludewith a discussionof future
work andlessonslearned.

Serviceasa Model of Assistance
Most researchersin Arti�cial Intelligence,in onefashionor
another, aredevelopingsystemsthatareintendedto bene�t
humanity. Yet we understandvery little of thenatureof ser-
vice andhave trouble identifying why onesystemis more
bene�cial to a userthananother. If we considerwhatis tak-
ing placewhenoneprovidesassistance,wediscoverseveral
limitations of our traditionalmodels. It would seemclear
thatwe arenot looking at a competitive situation.Although
assistantsmayhave andpursueself-interests,typical adver-
sarialmodels,whereeachagentseeksto maximizeits own
utility attheexpenseof another's,donotyield many insights
into thenatureof assistance.It alsoturnsout thatwe do not
have a typical cooperative situation. Cooperative systems
tendto have a global objective (even if multi-valued)with
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respectto which all the cooperatingagentsoptimize their
behavior. In thecasewhereoneagentis genuinelytrying to
assistanotheragent,wehavesomethingbetweenacoopera-
tiveandcompetitivesituation.

We proposethat serviceis a useful model for evaluat-
ing and learningaboutassistance.First, servicetendsto
emphasizea relationshipbetweena servant anda recipient
of service. Second,thinking in termsof servicehighlights
thebene�t accruedto theservicerecipient.Althoughassis-
tanceis closelyrelated,thefocustendsto shift to theservice
provider andwhat it cando ratherthanon therecipientand
what it needs.Ultimately, we think that the servicemodel
will leadto insightsthatguidethedesignandimplementa-
tion of mechanismsthataretruly bene�cial to endusers.

PreviousWork on Assistanceand Service
Thereis a long tradition within AI focusedon developing
arti�cial assistantsthat provide help to users. Signi�cant
work hastakenplacejust in theareaof adaptive userinter-
faces(Langley, 1999;Webb,1998). In previous work, Iba
exploredseveralapproachesto modelinguserbehavior and
exploiting thepredictivepowerof thelearnedmodels(Iba&
Gervasio,1999;Gervasio,Iba& Langley, 1999).

Although our previous work and that of otherssuccess-
fully demonstratedanability to correctlyanticipateuserac-
tions and preferences,it was never clear whetherthe end
userwas betteroff with the adaptedsystemthan without
it. Possiblymoreproblematicstill, it seemsthat the adap-
tive modelingcomponentswereselectedanddevelopedop-
portunisticallyratherthanstrategically. That is, facetsof a
problemwereselectedandassistedbasedon the ability to
anticipatetheuserratherthanonalleviatingtheuser'sgreat-
estproblems.Theintentionwasalwaysto helptheuser, but
theeffort overlookedtheproblemof determiningwhathelp
actually is and identifying what action would provide the
mosthelp.

Perhapsthis oversight is not surprising. Computersci-
entistsarenot typically trainedassocial scientistsor psy-
chologicalcounselors.But on furtherre�ection, evensocial
scientistsand psychologistsdo not seemto have a handle
on the problem. The most relevant work on the natureof
serviceis found in ManagementScience,but thosestudies
focusonquantifyingtheeconomicvalueof servicereceived
(Heskett,Sasser& Schlesinger, 1997).
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A Simulator for Studying Service
In this section,we describeour developmentefforts aimed
at providing a suitabletestbedfor studyingservice. First
we describethehistoryof EDEN, the world simulatorwith
which we started.Thenwe proceedto describethecharac-
teristicsof asuitabletestbedfor service,andthensummarize
ourextensionsculminatingin MÆDEN, a multi-agentsimu-
lator for studyingservice.

Background
In order to addressour questionsaboutassistantsand the
natureof service,we neededa testbed. We startedwith
the EDEN simulator, initially developedin Poplogin 1992
(Perkins,Paine& Chattoe).Theenvironmentconsistedof a
seriesof problems,or worlds, wherean autonomousagent
tried to locateandconsumea bit of food beforerunningout
of energy. The agentcould senseits immediatesurround-
ings,move about,andpick up andusetools it found in the
world. Obstaclesincludedimpenetrablewalls, doors that
couldbeopenedwith keys,etc. Somecon�gurationsof ob-
staclesrequiredsophisticatedreasoningskills involving de-
pendenciesbetweentools and action sequences.In 1994,
Glenn Iba implementeda rational reconstructionof EDEN
in CommonLisp. That reconstructionserved as the basis
for our recentextensions.

The originatorsof EDEN intendedto stimulatethe study
of embodiedagentswithin a reasonablyconstrainedworld.
Theprimarygoalswereto ignorelow-level sensoryandef-
fector issues,while requiring the agentto interactwith an
environment that was not directly under the agent's con-
trol. The EDEN environmentmanagedthe interactionbe-
tweenagivenagentandasimulatedgrid-world. Thedesign
of an agentwasleft entirely up to a researcheralthoughit
had to be implementedin Poplog. Test-worlds of varying
complexity were suppliedand otherscould be createdvia
con�guration �les. Basedon the agent's location,the sim-
ulator provided the appropriatesensoryinformation. The
agentwouldattemptactionsandthesimulatorwouldresolve
theconsequencesof thoseactionsbasedon thestateof the
world. For example,if theagentmovedforward,thesimula-
tor wouldupdatetheagent's locationin theworld andwould
providesensoryinformationre�ecting theagent'snew posi-
tion. However, if anobstaclewasin theway, thesimulator
wouldmaintaintheagent'sexistingposition;it wouldbethe
responsibilityof theagentto notethattheactionwasunsuc-
cessful.

Simulator Requirements
Sinceour goal is to explore the natureof service,we want
to identify thecharacteristicsof a testbedthat facilitatethis
study. A suitabletestbedshouldsupporttaskswith vari-
abledif�culty , resourceconstraintsonproblemsolving,and
sometype of currency for reward andexchange.Sincewe
know thatservicetakesplacein thecontext of arelationship,
we alsoneedto supportmultiple agentsandsubstantialin-
teractionsbetweenthem. Finally, our testbedmustalsobe
instrumentedso that we can log andsubsequentlyanalyze
thebehavior of ourserviceprovidersunderdifferentexperi-
mentalconditions.

Figure1: A screenshotof MÆDEN's displaywith a single
triangularagent(ontheleft) facingsouthandsurroundedby
obstaclesandthecircularfood(ontheright) alsosurrounded
by obstacles.

MÆDEN: A ServiceTestbed

AlthoughtheEDEN simulatorprovidedmostof thebasicre-
quirements,it did not supportthe most importantfeatures
for addressingservice. Thus, we implementedMÆDEN,
anextendedenvironmentthat includessupportfor multiple
agents,communicationbetweenagents,and detailedlog-
ging.

Themostsigni�cant changethatwemadeto thesimulator
wassupportfor multiple agentsto simultaneouslyinteract
with the world andwith eachother. The simulatorhad to
provide individualizedsensorydatato eachof the agents,
resolve the consequencesof attemptedactions,andupdate
the world stateaccordingly. Dif�culties arosefrom these
changes,however. Thesimulatorhadto dealwith con�icts
arisingwhentwo agentstried to move into thesamespace,
or both attemptedto grab the sametool in the sametime
step.

In our CommonLisp implementationof MÆDEN, agents
arepartof thesimulatorprocessitself. Beforeasimulationis
run,theagent�les areloadedby thesimulatorandintegrated
directlyinto its code.Thebiggestdisadvantageis thatagents
mustbeimplementedin thesamelanguageasthesimulator.
However, we are currently developing the next versionof
thesimulatorusinga client/server modelwherethecontrol
systemsfor themultiple agentswill interactwith a simula-
tor server over commonnetworks. The simulationengine
is now written in Java andagentcontrollersmaybe imple-
mentedin any languagethat supportsthe socket interface.
Thus,researcherscaneasilyrun theJava simulatoron a va-
riety of platforms,they canexperimentwith differentagent
architecturesin their favorite language,andthe agentscan
interactwith the MÆDEN server from any machineon the
network. Figure1 showsascreen-shotof asimpleworld; on
theleft side,a singleagentfacessouthandmust�nd a way
pasttheobstaclessurroundingit, thenmovetowardtheright
side and get pastthe obstaclessurroundingthe goal food.
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Note,however, theexperimentswedescribein thispaperre-
�ect resultsfrom theCommonLisp versionof thesimulator.

Although primitive communication can take place
throughmutualobservationof behavior, we wantedto sup-
port richer messagepassingbetweenagents. Therefore,
MÆDEN supportsspeechactsand auditory senses.Mes-
sagestravel a limited distanceand,if heard,includeapprox-
imatedirectionanddistanceinformation. Themessagecan
beheardby any agentsin aradiusof upto � vetimesthereti-
nalview. Agentshaveachoicebetweentalkingor shouting;
talkinguseslessenergy but travelsasmallerdistance.

Thecontentof messagesis left up to theagentsandtheir
designers.When sendingmessages,agentsexecutea talk
or shoutactionwith a messageargument;thesimulatordis-
tributesthe messageto otheragentsasappropriate.If an-
otheragentis within hearingdistance,the messageis con-
vertedinto a packet of informationthatidenti�es whetherit
is a talk or a shout,theID of thesender, thedirectionthatit
originatedfrom, andthecontentitself. Themessagepacket
becomesavailableto thatotheragentassensorydata.

Theoriginal EDEN simulatorprovidedvery little support
for evaluatingaspeci�c run throughaworld; theonly quan-
titative measureof successwastheremainingenergy at the
endof a run. We createdan extensive logging facility that
allows usto analyzetheeventualbene�t of agents'actions.
Theloggingfacility has� ve levelsof detail,andat thehigh-
est level effectively logs every changemadein the simula-
tion andtheresultingeffectoneachagent.Weareespecially
interestedin loggingall communicationandtransactionsbe-
tweenagents,but by usingscripts,wecaneasilyextractany
loggeddatafor analysis. From suchanalysis,we cande-
terminethe effect, if any, thatagentshave uponeachother
while navigatingtheworlds.

Wemadeanumberof otherminorchangesto thesimula-
tor. Most notably, we addedsupportfor agentsto exchange
assetsfor service. In responseto a requestfor assistance,
the simulatormanagesthe transferbetweenhelperandthe
recipient. The currency of exchangeis identical to energy
but is managedin a separateaccount.Theotherextensions
aredetailedin the MÆDEN documentation.We anticipate
releasingthesoftwareduringtheSpringof 2005.1

Agentsand Experiments
Designof Agentsand Service
While the MÆDEN simulatorprovided an environmentto
studyservice,we neededsomebase-lineagentsto startad-
dressingservicedirectly. Furthermore,weneededtwo types
of agents:a main agentthat receivesserviceanda helper
agentthat provides it. We startedwith a basicagentthat
hadvery limited capabilities.Graduallytheskills increased
in bothnumberandeffectiveness.Thedifferentcapabilities
included:wall-following, obstacleavoiding,openingdoors,
digging throughwalls, exploring, mentalmap-making,as
well asleadingandfollowing otheragents.

1We are making the MÆDEN source code, sample agent
controllers, and miscellaneous documentation available at:
http://www.westmont.edu/˜iba/maeden/ .

By design,theagentsexistedasa collectionof indepen-
dentskills. Eachcapabilitywasa distinctentity that could
beincludedor withheldfrom agents.Thisgaveriseto afam-
ily of agentsbasedon differentcon�gurationsof skill-sets.
Agentsselectactionsto performbasedon a currentlyactive
skill. Complex behaviorscanariseby maintainingastackof
activeskills. A currentlyactiveskill couldbeinterruptedby
environmentalconditionsandanotherskill couldbepushed
ontothestackandexecuted.If at somepoint thegoalof the
currentlyactive skill becomessatis�ed, it is poppedoff the
stackandthepreviously interruptedskill is reactivated.

Thedefaultmainagentwastheonereceiving thehelp,or
service.It wasgivenminimalcapabilities,consistingof only
threeprimitiveskills. Theagentcouldsensewherethefood
wasandmovein thatdirection,askfor helpwhenagainstan
obstacle,andfollow ahelperagentto food. Thehelperswere
givenconsiderablymoreskills, andfor our experimentsthe
default serviceprovider possessedall of the capabilitiesin
theskills library.

For theseprimitive agents,servicetakesplacewhenthe
mainagentrequestshelpanda helperis within earshot.In
this event,a transferof energy is madefrom themainagent
to the helper. We managedtwo separateaccounts,a true
energy accountusedto supportactionsanda paymentac-
count for gettinghelp. We allowed de�cit spendingin the
secondaccountbut not the �rst. By default, helperscharge
a�at-rate feefor servicesandallocateaportionto providing
help. If theallocatedportion is adequateto accomplishthe
task, the helperwill proceedto �nd the food and lead the
mainagentto thefood's location.However, we have begun
exploring and implementingalternative paymentschemes
that allow greater�e xibility , moreextensive help capabili-
ties,andricherinteractionbetweenthehelperandreceiver.

Empirical Results

Having implementedthe extendedenvironment,MÆDEN,
we ran several experimentsto demonstratethe potentialof
thetestbedfor studyingservice.For thesetests,we utilized
thetwo typesof agentsdescribedabove. Themainagenthas
only a minimal setof capabilities:it couldeitherfollow its
nose,askfor helpwhenencounteringanobstacle,or follow
a helperagent.Thehelperagentscouldexerciseany of the
skills wecreatedasthesituationwarranted.

For these�rst experiments,we wereprimarily interested
in two dependentmeasures.The �rst wassimply whether
the main agentsurvived. Surviving meant�nding andeat-
ing thefoodbeforetheagent'senergy wasentirelydepleted.
For a particularexperimentalcondition,we report the sur-
vival rateasthefractionof worldscompletedover repeated
runs. We alsoconsideredef�ciency asa seconddependent
measure.Wemeasuredef�ciency asthemainagent'snetre-
mainingenergy aftersubtractingany paymentsfor helpthat
mayhave beenmade.To date,we have only consideredthe
mainagent'sef�ciency.

Evaluating Survivability. As a base-case,we hypothe-
sizedthatanagentwith many skills couldhelpanunskilled
agentsolve otherwiseimpossibletasks. But we also ex-
pectedthat the overall bene�t received by the main agent
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Figure2: Averagesurvival rateasafunctionof servicelevel
dedicatedby thehelperagent.

would be proportionalto the amountof serviceprovided.
We tried to control thelevel of serviceby having thehelper
agentsallocatesomefraction of the paymenttoward the
mainagent's requests;thehelperwould pocket theremain-
der. We saythata higherlevel of serviceis providedwhen
a larger fraction is allocatedto helping. Figure2 shows the
resultsfrom this experiment.Eachdatapoint representsthe
averagesuccessrateover 50 runsfor eachof the50 worlds
at oneparticularlevel of service.We variedthelevel of ser-
vice from alow of 5%to ahighof 70%.Unsurprisingly, the
resultssupportedour initial hypothesis.

We alsowonderedif thereweresituationswhereasking
for helpwould actuallybea hindrance.In termsof surviv-
ability, thisnever seemedto bethecase,but whenconsider-
ing ef�ciency (discussedbelow) we did seethis occurin a
few cases.
Measuring the Bene�t of Service. Our �rst experiment
demonstratedthat allocating more of the paymentto ac-
tual help wasmorebene�cial in termsof survival. But we
suspectedthatdifferencesin problemdif�culty would in�u-
encethegain in bene�t. Speci�cally, we hypothesizedthat
while the highestlevels of servicewould give the bestsur-
vival rates,for theworldswith moderatedif�culty , themain
agentwaspayingtoo much.Analyzingour databy individ-
ual world, we seethis concernwaswell placed. Figure3
plotsthreecurvesfor threelevelsof service,10%,40%,and
70%.Eachpoint representstheaveragesurvival ratefor the
givenworld over 50 runsat thecorrespondingservicelevel.
We seefrom the �gure that thehighestservicelevel (70%)
seemsto provide the bestsurvival rate. However, the 40%
servicelevel nearly approximatesthe higher level, and in
many of theworlds,the10%level equalsthehigherones.

Part of this effect is dueto simpleworldswherethemain
agentneverrequestshelp.But wecanconcludethatin many
of thesecases,the30%differencein payment(or 60%in a
few cases)is anunnecessarylossfor themainagent.In other
words,thehelpercanoftenprovideadequatehelpusingonly
40% of the paymentand thus, the main agentis in some
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eachworld asa functionof increasingworld dif�culty .

senseover-payingfor services.Wantingto understandthis
issuefurther, we turnedto an ef�ciency measurefor these
conditions.
Weighingthe Valueof Service. Our initial analysisof the
datasuggestedasmany new questionsaswereanswered.It
seemednecessaryto consideref�ciency in order to under-
standwhich interactionswereproviding serviceandwhich
werenot. Figure4 shows datafrom the sameexperiments
asbefore,but plots our measureof ef�ciency at the differ-
ent levels of service. As before,datapoints representthe
averageef�ciency for agivenworld repeated50 times.

We draw two conclusionsfrom looking at ef�ciency.
First, thecomparisonbetweenthehigh andlow servicelev-
els suggeststhat the high servicelevel is indeeddelivering
ef�ciency advantages.Although the two conditionsarethe
samefor a numberof theworlds,whenthey differ the70%
servicelevel almostalwaysprovidesbetteref�ciency. In the
few worldswherethelow servicelevel shows a higheref�-
ciency rating (worlds36-38),we seein Figure3, a slightly
higher survival rate for the 70% servicelevel. This high-
lights the fact that survival andef�ciency aretwo different
objective criteria thatmustbebalanced.We suspectthatas
we continueto studyservice,we will �nd severalotherfac-
torscontributing to theoverall valueof service.
Determining the Costof Service. Perhapsathird conclu-
sionmaybedrawn from theresultsshown in Figure4. Even
thoughobtainingahighlevel of serviceis betterthangetting
poorservice,theresultingef�ciency getsworseastheprob-
lemsgetmoredif�cult – andindeedis negativemuchof the
time. This observationmotivatedus to identify thosecosts
whereit is andis not worth obtainingservice.Notethatwe
donothaveaway to combinethenetenergy ef�ciency with
thesurvival outcome.Nevertheless,at whatpoint shouldan
agentsimplygiveup?

In mostsituations,we can imaginea theoreticalreward
level thatwould make purchasingassistanceat a �x edcost
an overall advantage(ignoring survival). Figure5 shows a
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graphof the necessaryreward above which the agentsees
a net gain throughaskingfor help. The reward threshold
is unde�nedfor a world wherethe main agentcansolve it
without help or wherethe helperitself cannotaccomplish
thetask.

We �nd it interestingthat the reward thresholdis nearly
constantfor the �rst 30 worlds. Note that the valueof the
constantis tied to the default reward that we usedin our
experiments.But comparingFigure5 to Figure3 makesthe
constantthresholdsomewhat surprisingfor worlds 20-30.
In Figure3, we seethe survival ratesteadilydeclinesover
thoseworldsbut thethresholdremainsconstant.Only asthe
survival ratecontinuesto fall radically for worldsabove 30
doweseetherewardthresholdincreasesigni�cantly. Thisis
anotherof severalquestionsthatwecontinueto investigate.

Other Explorations. Based on our results described
above, we realizedthatwe neededto implementalternative
schemesto capturepaymentfor service.Ratherthanrequire
a �at ratefor help,we wantedto give themainagentmore
�e xibility in hiring services.

Thus,weimplementedapaymentschemewherethemain
agenthasmuchmorecontroloverhow muchenergy is given
to helpers. When �rst seekingassistance,the main agent
pays a small amount for the service. Regardlessof the
helper's internal pro�t structure(i.e., what fraction of the
paymentgetsallocatedto help), thereis somechancethat
it will assistthemainagent.If help is not deliveredaftera
periodof time,themainagentwill offer thehelpertwicethe
original amount.This waiting anddoublingcontinuesuntil
eitherthehelperleadstheagentto thesolutionor theagent
runsoutof energy.

We hypothesizedthat this variable payment scheme
would improveef�ciency sincehelpis only donewhenhelp
is neededandlessenergy is wastedon large paymentsfor
simpleservices.Theresultsshowedimprovedef�ciency for
someworlds, but no changeon many of the others. In the
lattercases,it appearsthatbothpaymentschemesendedup
extractingthemaximumamountfrom the receiver because
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The thresholdidenti�es the point above which askingfor
helpin thegivenworld is bene�cial.

theseworldsweresodif�cult.
But in the caseswhereef�ciency improved, we �nd an

interestingforceat work. Themainagentcontinuedinvest-
ing resourcesin increasingamountsuntil it received help.
Wenoticedanapparentinteractionbetweentheoverallben-
e�t receivedandtherecipient'scommitment(in termsof ex-
pendingresources)towardgettinghelp.Wethink thispoints
to an interestinginsight into obtainingservicein the real
world andwe intendto explorethis questionmorecarefully
in ongoingwork.

Ongoingand Futur e Work
Our plannedactivities fall into threecategories:developing
the MÆDEN simulator, developingmoreadvancedagents,
andconductingadditionalexperimentswith theseagents.

Although we are pleasedwith the progressin MÆDEN
andthecurrentfunctionality, we aremakingseveralsignif-
icant changesin order to provide the simulatorto any in-
terestedresearchers.First, we arenow reimplementingthe
mainenginein JavasothatMÆDEN canbeusedonavariety
of platforms. This transformationis largely completedand
promisesto yield additionalbene�ts in termsof improved
designchoices.Second,wearedesigningagenericnetwork
interfacebetweenagentsandthesimulator. This will again
improve �e xibility asexistingagentscaneasilybeextended
to work with the new framework, but new agentsmay be
written in any languagethat supportsa network interface.
Finally, we aredevelopinga graphicalinterfaceto display
simulatedworldsaswell asa particularagent's perspective
view of its surroundings.

In theareaof agentdesigns,we intendto testour current
approachmore thoroughlyas well as explore alternatives.
For our �rst steps,we will extendthe inter-agentlanguage
thatweusedfor our initial agents.In conjunctionwith those
extensions,we want to implementalternative strategiesfor
negotiatingpaymentfor servicesbetweenagents.We also
will beexploring theconsequencesof having morethanone
helper. We testedthis capability from a softwaredevelop-
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mentperspective but have not run experimentswith a spe-
ci�c hypothesis.

We will alsobe implementinglearningmethodsthat en-
able helpersto acquiremodelsof the recipientof service.
Thesemodelswould include goals, habits, and voids in
skills. We wantto evaluatetherelative bene�tsof explicitly
communicatingneedsbetweenagentsaswell asof observ-
ing behavior as a meansto acquireinformation aboutthe
mainagent'sgoals.

Finally, therearealreadynumerousexperimentsthat we
did not have time to conductduring the research.We an-
ticipatetheextensionswe have outlinedwill generateeven
more. Perhapsthe most importantoutstandingexperiment
will involvevaryingthesetsof skills in therespectiveagents.
All of our experimentsto datehave addressedanunskilled
mainagentseekinghelpfrom a highly skilled helper. What
will happenwhenboth agentsaremoderatelyskilled? We
hypothesizethat we will �nd measurablebene�t from ser-
vice even in caseswherethe helperis lessskilled thanthe
main agent. Furthermore,we think that it may be the case
thatanagentwith ahelpercansolvecertainproblemswhere
the agentalonewould be unsuccessful,even if it had the
combinedskill-setof thetwo agents.

Conclusions

We setout to studyservicewith thegoalof discovering in-
sightsinto thenatureof service.We areconvincedthatser-
vice is dif�cult to understandbut crucial to building Arti-
�cial Intelligencesystemsthat are truly helpful to human
users. As a steptoward understandingservice,we sought
a testbedthatcouldbereadilyusedto evaluatedifferentap-
proachesto modelinganddeliveringservicebetweenagents.
Not �nding a suitablesimulatorwith the necessarychar-
acteristics,we optedto build our own environment,MÆ-
DEN, anextensionof a single-agentsimulatedenvironment.
Our extensionscenteredaroundsupportingmultiple agents,
communicationbetweenagents,anddetailedlogging utili-
ties.

Partly as a test of the new environment,we developed
a set of agentsand ran several experimentsinvolving the
exchangeof servicebetweenagents. We implementeda
main agentwith limited capabilitiesanda family of helper
agentswith extensive skill sets. The speci�c designof the
agentswaslessimportantthandemonstratingtherichnessof
the environmentandour approachto modelingservice. In
our experiments,we variedproblemdif�culty and service
level while measuringsurvival rateandef�ciency. Although
our resultsarebasedon initial tests,they show signi�cant
promisefor the generalapproachby way of the questions
andhypothesesthey stimulated.

Currently, we arecontinuingto improve theMÆDEN en-
vironmentandanticipatereleasingit to thecommunitydur-
ing the Spring of 2005. We also have well de�ned plans
for alternateagentdesignsandnew experimentsto evaluate
theirbehavior. Althoughunderstandingthenatureof service
is adauntingchallenge,our resultsto dateencourageusthat
wearefollowing apromisingpath.
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