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Abstract

If we areto provide systemghat bene t humanusers,
we needa betterunderstandingf the natureof service.
In this paper we describethe necessargharacteristics
of a simulatorfor studyingservice,and then present
M £DEN, our attemptto satisfythoserequirementswWe
thenproceedo describeaninitial setof agentghatwe
useto explore the natureof service. Our experiments
con rm theusefulnessf M £DEN asatestbedbput also
point toward insightsinto servicein general. We end
with a discussionof future work intendedto explore
thoseinsights.

Overview

In this paper we addresghe problemof service. Because
the natureof serviceis dif cult to understandwe facepar
ticular challengesvhentrying to build systemshatprovide
valuableserviceto users. In this section,we describeour
view of serviceandreview previous relevant work. Then
in the following section,we describeour work extendinga
world simulatorto supportthe study of service. Next, we
presentour designand implementatiornof agentsthat give
andreceve service. We follow this with the resultsof our
rst experimentsand concludewith a discussionof future
work andlessondearned.

Serice asa Model of Assistance

Mostresearchers Arti cial Intelligence,in onefashionor
anotheraredevelopingsystemshatareintendedto bene t
humanity Yetwe understandery little of the natureof ser
vice and have troubleidentifying why one systemis more
bene cialto auserthananother If we considemhatis tak-
ing placewhenoneprovidesassistanceye discover several
limitations of our traditional models. It would seemclear
thatwe arenotlooking at a competitvve situation.Although
assistantsnay have andpursueself-intereststypical adwer-
sarialmodels,whereeachagentseekso maximizeits own
utility attheexpenseof anothers,donotyield mary insights
into the natureof assistancdt alsoturnsoutthatwe do not
have a typical cooperatie situation. Cooperatie systems
tendto have a global objective (evenif multi-valued)with

Copyright ¢ 2005, American Associationfor Arti cial Intelli-
gence(www.aaai.og). All rightsresered.

respectto which all the cooperatingagentsoptimize their

behaior. In the casewhereoneagentis genuinelytrying to

assisi@anotheragentwe have somethingretweera coopera-
tive andcompetitve situation.

We proposethat serviceis a useful model for evaluat-
ing and learningaboutassistance.First, servicetendsto
emphasize relationshipbetweena senantanda recipient
of service. Secondthinking in termsof servicehighlights
thebene t accruedo the servicerecipient. Although assis-
tanceis closelyrelated thefocustendsto shift to theservice
provider andwhatit cando ratherthanon therecipientand
whatit needs.Ultimately, we think that the servicemodel
will leadto insightsthat guidethe designandimplementa-
tion of mechanismshataretruly bene cial to endusers.

Previous Work on Assistanceand Sewice

Thereis a long tradition within Al focusedon developing
arti cial assistantghat provide help to users. Signi cant
work hastaken placejustin the areaof adaptie userinter-
faces(Langley, 1999; Webb, 1998). In previous work, Iba
exploredseveral approacheso modelinguserbehaior and
exploiting the predictive power of thelearnedmodels(lba &
Genasio,1999;Genasio,lba & Langley, 1999).

Although our previous work andthat of otherssuccess-
fully demonstratednability to correctlyanticipateuserac-
tions and preferencesit was never clear whetherthe end
userwas betteroff with the adaptedsystemthan without
it. Possiblymore problematicstill, it seemshatthe adap-
tive modelingcomponentsvereselectecanddevelopedop-
portunisticallyratherthanstratgically. Thatis, facetsof a
problemwere selectedand assistebasedon the ability to
anticipateheuserratherthanonalleviatingtheusersgreat-
estproblems.Theintentionwasalwaysto helpthe user but
the effort overlookedthe problemof determiningwhathelp
actually is and identifying what action would provide the
mosthelp.

Perhapghis oversightis not surprising. Computersci-
entistsare not typically trainedas social scientistsor psy-
chologicalcounselorsBut on furtherre ection, evensocial
scientistsand psychologistsdo not seemto have a handle
on the problem. The mostrelevant work on the natureof
serviceis found in Managemengscience put thosestudies
focuson quantifyingthe economicvalueof servicereceved
(Heslett, Sasse& Schlesingerl997).



A Simulator for Studying Service

In this section,we describeour developmentefforts aimed
at providing a suitabletestbedfor studyingservice. First
we describethe history of EDEN, the world simulatorwith
which we started. Thenwe proceedo describethe charac-
teristicsof asuitabletestbedor service andthensummarize
our extensionsculminatingin M £DEN, a multi-agentsimu-
lator for studyingservice.

Background

In orderto addressour questionsaboutassistant@and the
natureof service,we neededa testbed. We startedwith
the EDEN simulator initially developedin Poplogin 1992
(Perkins,Paine& Chattoe).Theervironmentconsistef a
seriesof problems,or worlds, wherean autonomousgent
tried to locateandconsumea bit of food beforerunningout
of enegy. The agentcould senseits immediatesurround-
ings, move about,andpick up andusetoolsit foundin the
world. Obstaclesncludedimpenetrablewalls, doorsthat
couldbeopenedwith keys, etc. Somecon gurationsof ob-
staclegequiredsophisticatedeasoningskills involving de-
pendenciebetweentools and action sequences.In 1994,
GlennIba implementeda rational reconstructiorof EDEN
in CommonLisp. Thatreconstructiorsered asthe basis
for our recentextensions.

The originatorsof EDEN intendedto stimulatethe study
of embodiedagentswithin a reasonablyconstrainedvorld.
The primary goalswereto ignorelow-level sensoryandef-
fector issues,while requiring the agentto interactwith an
ervironmentthat was not directly underthe agents con-
trol. The EDEN ervironmentmanagedhe interactionbe-
tweena givenagentanda simulatedgrid-world. Thedesign
of an agentwasleft entirely up to a researchealthoughit
hadto be implementedn Poplog. Test-worlds of varying
compleity were suppliedand otherscould be createdvia
con guration les. Basedon the agents location, the sim-
ulator provided the appropriatesensoryinformation. The
agentwould attemptactionsandthesimulatorwould resohe
the consequencesf thoseactionsbasedon the stateof the
world. For example,if theagentmovedforward,thesimula-
tor would updateheagentslocationin theworld andwould
provide sensoryinformationre ecting theagents new posi-
tion. However, if anobstaclewasin theway, the simulator
would maintaintheagents existing position;it would bethe
responsibilityof theagentto notethattheactionwasunsuc-
cessful.

Simulator Requirements

Sinceour goalis to explore the natureof service,we want
to identify the characteristicof a testbedhatfacilitatethis

study A suitabletestbedshould supporttaskswith vari-

abledif culty , resourceconstrainton problemsolving,and
sometype of curreny for reward andexchange.Sincewe

know thatservicetakesplacein thecontext of arelationship,
we alsoneedto supportmultiple agentsand substantialn-

teractionsbetweenthem. Finally, our testbedmustalsobe
instrumentedso that we canlog and subsequenthanalyze
thebehaior of our serviceprovidersunderdifferentexperi-

mentalconditions.

Figurel: A screenshotof M £DEN's displaywith a single

triangularagent(ontheleft) facingsouthandsurroundedy

obstaclesandthecircularfood (ontheright) alsosurrounded
by obstacles.

M £DEN: A Service Testbed

Althoughthe EDEN simulatorprovidedmostof thebasicre-
quirementsjt did not supportthe mostimportantfeatures
for addressingservice. Thus, we implementedM £DEN,
an extendedervironmentthatincludessupportfor multiple
agents,communicationbetweenagents,and detailedlog-
ging.

Themostsigni cant changehatwe madeto thesimulator
was supportfor multiple agentsto simultaneouslyinteract
with the world andwith eachother The simulatorhadto
provide individualized sensorydatato eachof the agents,
resole the consequencesf attemptedactions,and update
the world stateaccordingly Dif culties arosefrom these
changeshowever. The simulatorhadto dealwith con icts
arisingwhentwo agentdried to move into the samespace,
or both attemptedto grab the sametool in the sametime
step.

In our CommonLisp implementatiorof M £DEN, agents
arepartof thesimulatorprocesstself. Beforeasimulationis
run,theagentles areloadedby thesimulatorandintegrated
directlyinto its code.Thebiggestdisadwantagés thatagents
mustbeimplementedn the samdanguagesthe simulator
However, we are currently developing the next version of
the simulatorusinga client/serer modelwherethe control
systemdor the multiple agentswill interactwith a simula-
tor sener over commonnetworks. The simulationengine
is now written in Java andagentcontrollersmay beimple-
mentedin ary languagethat supportsthe soclet interface.
Thus,researchersaneasilyrun the Jasa simulatoron a va-
riety of platforms,they canexperimentwith differentagent
architecturesn their favorite language andthe agentscan
interactwith the M £DEN sener from ary machineon the
network. Figurel shovsascreen-shadf asimpleworld; on
theleft side,a singleagentfacessouthandmust nd away
pasttheobstaclesurroundingt, thenmove towardtheright
side and get pastthe obstaclessurroundingthe goal food.



Note,hawever, theexperimentsve describan this paperre-
ect resultsfrom the CommonLisp versionof thesimulator
Although primitive communication can take place
throughmutualobsenration of behaior, we wantedto sup-
port richer messagepassingbetweenagents. Therefore,
M EDEN supportsspeechactsand auditory senses. Mes-
sagedravel alimited distanceand,if heard,ncludeapprox-
imatedirectionanddistanceinformation. The message&an
beheardby ary agentsn aradiusof upto vetimesthereti-
nalview. Agentshave a choicebetweertalking or shouting;
talking usedessenepy but travelsa smallerdistance.

The contentof messages left up to the agentsandtheir
designers.When sendingmessagesagentsexecutea talk
or shoutactionwith a messagamgument;the simulatordis-
tributesthe messagdo otheragentsas appropriate.If an-
otheragentis within hearingdistance the messagés con-
vertedinto a paclet of informationthatidenti es whetherit
is atalk or ashout,theID of thesenderthedirectionthatit
originatedfrom, andthe contentitself. The messag@aclet
becomeswailableto thatotheragentassensorydata.

Theoriginal EDEN simulatorprovidedvery little support
for evaluatinga speci ¢ runthroughaworld; the only quan-
titative measureof successvastheremainingenegy atthe
endof arun. We createdan extensve logging facility that
allows usto analyzethe eventualbene t of agents'actions.
Theloggingfacility has ve levelsof detail,andatthehigh-
estlevel effectively logs every changemadein the simula-
tion andtheresultingeffectoneachagent.We areespecially
interestedn loggingall communicatiorandtransactionge-
tweenagentsput by usingscripts,we caneasilyextractary
loggeddatafor analysis. From suchanalysis,we cande-
terminethe effect, if ary, thatagentshave uponeachother
while navigatingtheworlds.

We madea numberof otherminor changego the simula-
tor. Most notably we addedsupportfor agentgo exchange
assetdor service. In responsdo a requestfor assistance,
the simulatormanageshe transferbetweenhelperandthe
recipient. The curreny of exchangeis identicalto enegy
but is managedn a separateaccount.The otherextensions
aredetailedin the M £DEN documentation.We anticipate
releasinghe softwareduringthe Springof 2005?

Agentsand Experiments
Designof Agentsand Service

While the M £DEN simulatorprovided an ernvironmentto
studyservice,we neededsomebase-lineagentso startad-
dressingservicedirectly. Furthermorewe neededwo types
of agents:a main agentthat receves serviceand a helper
agentthat providesit. We startedwith a basicagentthat
hadvery limited capabilities.Graduallythe skills increased
in bothnumberandeffectiveness.The differentcapabilities
included:wall-following, obstacleavoiding, openingdoors,
digging throughwalls, exploring, mental map-making,as
well asleadingandfollowing otheragents.

We are making the M&ADEN source code, sample agent
controllers, and miscellaneous documentation available at:
http://www.westmont.edu/"iba/maeden/
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By design,the agentsexistedasa collectionof indepen-
dentskills. Eachcapabilitywasa distinct entity that could
beincludedor withheldfrom agentsThisgaveriseto afam-
ily of agentsbasedon differentcon gurationsof skill-sets.
Agentsselectactionsto performbasecn a currentlyactive
skill. Complex behaiors canariseby maintaininga stackof
active skills. A currentlyactive skill couldbeinterruptedoy
ervironmentalconditionsandanotherskill couldbe pushed
ontothestackandexecuted If at somepointthe goalof the
currentlyactive skill becomessatis ed, it is poppedoff the
stackandthe previously interruptedskill is reactvated.

The default mainagentwvasthe onereceving the help,or
service.lt wasgivenminimal capabilitiesconsistingof only
threeprimitive skills. Theagentcould sensevherethefood
wasandmove in thatdirection,askfor helpwhenagainstan
obstacleandfollow ahelperagento food. Thehelpersvere
givenconsiderablymoreskills, andfor our experimentghe
default serviceprovider possessedll of the capabilitiesin
theskills library.

For theseprimitive agents servicetakes placewhenthe
main agentrequestdielp anda helperis within earshot.In
this event,a transferof enegy is madefrom the mainagent
to the helper We managedwo separateaccountsa true
enegy accountusedto supportactionsanda paymentac-
countfor gettinghelp. We allowed de cit spendingin the
secondaccountbut notthe rst. By default, helperschage
a at-rate feefor servicesandallocatea portionto providing
help. If the allocatedportionis adequatéo accomplisithe
task, the helperwill proceedto nd the food andleadthe
mainagentto thefood's location. However, we have begun
exploring and implementingalternatve paymentschemes
thatallow greater e xibility, more extensve help capabili-
ties,andricherinteractionbetweerthe helperandrecever.

Empirical Results

Having implementedthe extendedervironment, M £DEN,
we ran several experimentsto demonstrateéhe potentialof
thetestbedor studyingservice.For thesetests,we utilized
thetwo typesof agentglescribedbove. Themainagenthas
only a minimal setof capabilities:it could eitherfollow its
nose,askfor helpwhenencounteringn obstaclepr follow
a helperagent. The helperagentscould exerciseary of the
skills we createdasthe situationwarranted.

For these rst experimentswe wereprimarily interested
in two dependentneasures.The rst wassimply whether
the main agentsurvived. Surviving meant nding andeat-
ing thefood beforetheagents enegy wasentirelydepleted.
For a particularexperimentalcondition, we reportthe sur
vival rateasthefraction of worlds completedover repeated
runs. We alsoconsiderecef ciency asa seconddependent
measureWe measureef ciency asthemainagentsnetre-
mainingenegy aftersubtractingary paymentdor helpthat
may have beenmade.To date,we have only consideredhe
mainagents ef ciency.

Evaluating Survivability. As a base-casewe hypothe-
sizedthatanagentwith mary skills couldhelpanunskilled
agentsolve otherwiseimpossibletasks. But we also ex-
pectedthat the overall bene t receved by the main agent
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Figure2: Averagesurvival rateasafunctionof servicelevel
dedicatedy the helperagent.

would be proportionalto the amountof serviceprovided.
We tried to controlthelevel of serviceby having the helper
agentsallocate somefraction of the paymenttoward the
main agents requeststhe helperwould pocket the remain-
der We saythata higherlevel of serviceis providedwhen
alargerfractionis allocatedto helping. Figure2 shavs the
resultsfrom this experiment.Eachdatapoint representshe
averagesuccessateover 50 runsfor eachof the 50 worlds
atoneparticularlevel of service.We variedthelevel of ser

vice from alow of 5%to a high of 70%. Unsurprisinglythe
resultssupportedurinitial hypothesis.

We alsowonderedf therewere situationswhereasking
for helpwould actuallybe a hindrance.In termsof surviv-
ability, this never seemedo bethe case put whenconsider
ing ef ciency (discussedelov) we did seethis occurin a
few cases.

Measuring the Benet of Sewice. Our rst experiment
demonstratedhat allocating more of the paymentto ac-
tual help wasmorebene cial in termsof survival. But we
suspectedhatdifferencesn problemdif culty wouldin u-
encethegainin bene t. Speci cally, we hypothesizedhat
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. Figure 3
plotsthreecurvesfor threelevelsof service,10%,40%,and
70%. Eachpointrepresentshe averagesurvival ratefor the
givenworld over 50 runsat the correspondingervicelevel.
We seefrom the gure thatthe highestservicelevel (70%)
seemdo provide the bestsurvival rate. However, the 40%
servicelevel nearly approximateghe higherlevel, andin
mary of theworlds,the 10%level equalsthe higherones.

Part of this effectis dueto simpleworldswherethe main
agenmeverrequesthelp. But we canconcludehatin mary
of thesecasesthe 30% differencein payment(or 60%in a
few cases)s anunnecessanpssfor themainagent.in other
words,thehelpercanoftenprovide adequat&elpusingonly
40% of the paymentand thus, the main agentis in some
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Figure3: Averagesurvival ratefor threeservicelevels, for
eachworld asa functionof increasingwvorld dif culty .

senseover-payingfor services.Wantingto understandhis

issuefurther, we turnedto an ef ciency measurdor these
conditions.

Weighingthe Value of Sewice. Ourinitial analysisof the
datasuggestedsmary new questionsaaswereansweredIt

seemechecessaryo consideref ciency in orderto under

standwhich interactionswere providing serviceandwhich

werenot. Figure4 shavs datafrom the sameexperiments
asbefore,but plots our measureof ef ciency at the differ-

ent levels of service. As before,datapointsrepresenthe
averageef ciency for agivenworld repeated0 times.

We draw two conclusionsfrom looking at efciency.
First, the comparisorbetweerthe high andlow servicelev-
els suggestghat the high servicelevel is indeeddelivering
efciency adwantages Althoughthe two conditionsarethe
samefor a numberof the worlds, whenthey differ the 70%
servicelevel almostalwayspraovidesbetteref ciency. In the
few worldswherethe low servicelevel shavs a higheref -
cieng rating (worlds 36-38),we seein Figure 3, a slightly
higher survival rate for the 70% servicelevel. This high-
lights the fact that survival andef ciency aretwo different
objectie criteriathatmustbe balanced We suspecthatas
we continueto studyservicewe will nd severalotherfac-
torscontrikuting to the overall valueof service.

Determining the Costof Sewvice. Perhapsthird conclu-
sionmaybedrawn from theresultsshovn in Figure4. Even
thoughobtainingahighlevel of serviceis betterthangetting
poorservice theresultingef ciency getsworseasthe prob-
lemsgetmoredif cult —andindeedis negative muchof the
time. This obsenation motivatedus to identify thosecosts
whereit is andis not worth obtainingservice.Note thatwe
donothave away to combinethe netenepy ef ciency with

thesurvival outcome.Neverthelessat what point shouldan
agentsimply give up?

In mostsituations,we canimaginea theoreticalreward
level thatwould make purchasingassistancata x ed cost
an overall advantage(ignoring survival). Figure5 shavs a
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Figure4: Plottingef ciency (netenegy gainorloss)atthree
levelsof servicefor eachof the 50 worlds.

graphof the necessaryeward abose 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 thatthe value of the
constantis tied to the default reward that we usedin our
experiments But comparingFigure5 to Figure3 makesthe
constantthresholdsomavhat surprisingfor worlds 20-30.
In Figure 3, we seethe survival rate steadilydeclinesover
thoseworldsbut thethresholdremainsconstantOnly asthe
survival ratecontinuego fall radically for worlds above 30
dowe seetherewardthresholdncreasesigni cantly. Thisis
anotherof severalquestionghatwe continueto investigate.

Other Explorations. Based on our results described
above, we realizedthatwe neededo implementalternatve

schemeso capturepaymentor service.Ratherthanrequire
a at ratefor help, we wantedto give the main agentmore

e xibility in hiring services.

Thus,weimplementedh paymenschemeavherethemain
agenthasmuchmorecontrolover how muchenegy is given
to helpers. When rst seekingassistancethe main agent
pays a small amountfor the service. Regardlessof the
helpers internalpro t structure(i.e., what fraction of the
paymentgetsallocatedto help), thereis somechancethat
it will assisthe mainagent.If helpis not deliveredaftera
periodof time,themainagentwill offer thehelpertwice the
original amount. This waiting anddoubling continuesuntil
eitherthe helperleadsthe agentto the solutionor the agent
runsout of enegy.

We hypothesizedthat this variable payment scheme
would improve ef ciency sincehelpis only donewhenhelp
is neededandlessenepy is wastedon large paymentgor
simpleservices Theresultsshavedimprovedef ciency for
someworlds, but no changeon mary of the others. In the
latter casesit appearghatboth paymentschemegndedup
extractingthe maximumamountfrom the recever because
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Figure5: Computedewardthresholdasafunctionof world.
The thresholdidenti es the point above which askingfor
helpin thegivenworld is bene cial.

theseworldsweresodif cult.

But in the caseswvhereef ciency improved, we nd an
interestingforce at work. The mainagentcontinuedinvest-
ing resourcesn increasingamountsuntil it receved help.
We noticedanapparentnteractionbetweerthe overall ben-
et recevedandtherecipients commitmen{in termsof ex-
pendingresourcesjowardgettinghelp. We think this points
to an interestinginsight into obtaining servicein the real
world andwe intendto explorethis questionmorecarefully
in ongoingwork.

Ongoing and Futur e Work

Our plannedactiities fall into threecateyories: developing
the M£DEN simulator developing more advancedagents,
andconductingadditionalexperimentswith theseagents.

Although we are pleasedwith the progressin M £DEN
andthe currentfunctionality we aremakingseveral signif-
icant changesn orderto provide the simulatorto ary in-
terestedesearchersFirst, we arenow reimplementinghe
mainenginein JavasothatM £DEN canbeusedonavariety
of platforms. This transformationis largely completedand
promisesto yield additionalbene ts in termsof improved
designchoices.Secondwe aredesigninga genericnetwork
interfacebetweenagentsandthe simulator This will again
improve e xibility asexisting agentxaneasilybeextended
to work with the new framework, but new agentsmay be
written in ary languagethat supportsa network interface.
Finally, we are developinga graphicalinterfaceto display
simulatedworlds aswell asa particularagents perspectie
view of its surroundings.

In the areaof agentdesignswe intendto testour current
approachmore thoroughlyas well as explore alternatves.
For our rst steps,we will extendthe interr-agentlanguage
thatwe usedfor ourinitial agentsIn conjunctionwith those
extensionswe wantto implementalternatve strateiesfor
negotiating paymentfor servicesbetweenagents. We also
will beexploringtheconsequences having morethanone
helper We testedthis capability from a software develop-



mentperspectie but have not run experimentswith a spe-
ci ¢ hypothesis.

We will alsobeimplementinglearningmethodsthat en-
able helpersto acquiremodelsof the recipientof service.
Thesemodelswould include goals, habits, and voids in
skills. We wantto evaluatetherelative bene ts of explicitly
communicatinghneedshetweeragentsaswell asof observ-
ing behaior asa meansto acquireinformation aboutthe
mainagents goals.

Finally, thereare alreadynumerousexperimentsthat we
did not have time to conductduring the research.We an-
ticipatethe extensionswe have outlinedwill generatesven
more. Perhapghe mostimportantoutstandingsxperiment
will involvevaryingthesetsof skillsin therespectre agents.
All of our experimentgto datehave addresse@n unskilled
main agentseekinghelp from a highly skilled helper What
will happerwhenboth agentsare moderatelyskilled? We
hypothesizehatwe will nd measurabldene t from ser
vice evenin caseswvherethe helperis lessskilled thanthe
main agent. Furthermorewe think thatit may be the case
thatanagentwith ahelpercansolve certainproblemswvhere
the agentalonewould be unsuccessfulgvenif it hadthe
combinedskill-setof thetwo agents.

Conclusions

We setoutto studyservicewith the goal of discoveringin-
sightsinto the natureof service.We arecorvincedthatser
vice is dif cult to understandut crucial to building Arti-
cial Intelligencesystemsthat are truly helpful to human
users. As a steptoward understandingervice,we sought
atestbedhatcouldbereadily usedto evaluatedifferentap-
proacheso modelinganddeliveringservicebetweeragents.
Not nding a suitablesimulatorwith the necessarchar
acteristics,we optedto build our own ernvironment, M /-
DEN, anextensionof a single-agensimulatedervironment.
Our extensionscenteredaroundsupportingmultiple agents,
communicatiorbetweenagents,and detailedlogging utili-
ties.

Partly as a test of the new ernvironment, we developed
a setof agentsand ran several experimentsinvolving the
exchangeof servicebetweenagents. We implementeda
main agentwith limited capabilitiesanda family of helper
agentswith extensve skill sets. The speci c designof the
agentavaslessimportantthandemonstratingherichnesof
the ervironmentand our approachto modelingservice. In
our experiments,we varied problemdif culty and service
level while measuringurvival rateandef ciency. Although
our resultsare basedon initial tests,they shav signi cant
promisefor the generalapproachby way of the questions
andhypotheseshey stimulated.

Currently we arecontinuingto improve the M £DEN en-
vironmentandanticipatereleasingt to the communitydur
ing the Spring of 2005. We also have well de ned plans
for alternateagentdesignsaandnew experimentgo evaluate
theirbehaior. Althoughunderstandinghenatureof service
is adauntingchallengepur resultsto dateencourageisthat
we arefollowing a promisingpath.
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