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1. Intr oduction

Impactfor agents.Mostof theagentresearchcommunity
hasbeenpredictinggreaterimpactfor yearsandmany of us
havebeenworkingto helptheprocessalong.Yet thetremen-
dousgrowth on the researchfront hasnot beenmet with a
correspondinggrowth in commercialapplications.This pa-
percontainsa diversesetof thoughtson the issueof devel-
opingimpactfor agents.Theauthorswerenotgivena setof
questionsto addressbut wereaskedto focuson theproblem
of developinggreaterimpact for agentsfrom their particu-
lar vantagepoint.Sectionsrangefrom thosethatareveryap-
plied,e.g.,how to “sell” a conceptto thosethatexaminethe
issuesfrom a more intellectuallevel. Eachsectionis pref-
acedwith a smallbiographyon theauthorof thatsectionto
properlyplacehis/hercommentsin context. While the ma-
terial is diverse,it is our hopethat thesethoughtsareeither
directlyusefulor helpto articulateissuesof interest.

2. Moti vating Investment– Tom Wagner

Tom Wagner is currently serving a four year term as
a Program Manager for the DefenseAdvancedResearch
ProjectsAgency(DARPA) in the IPTO of�ce. Prior to this,
Wagnerwasa principal research scientistat HoneywellLab-
oratorieswhere he led the agent research group. Previous
positionsinclude being an assistantprofessorat the Uni-
versity of Maine andhavingleadership rolesin several en-
trepreneurialefforts.

Most of our researchcommunity believes that the in-
herentlydistributednatureof moderncomputingmandates
agent-basedsolutionsandthat with the increasingprolifer-
ationof wirelessandmobilecomputingdevices,of varying
capacitiesandcon�gurations(i.e., heterogeneous),this will
only bemoretruein thefuture.However, evenwith theseof-
tenuncontestedvisionsfor thefuture,motivatinginvestment
in agenttechnologyhasbeenanuphill battle.Withoutinvest-
ment,researchwill behampered,commercialrelevancewill
beslow in coming,andimpactwill bemuddiedat best.
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The expression“motivating investment”meansgetting
someoneto investin your technology. This sectionfocuses
on that topic in a fairly appliedfashion– it is my experi-
encethatoftenwehavemany of thecritical elementsneeded
for impactbut that we aren't businesspeopleby tradeand
often do not know how to motivateinvestment.Whereyou
look for suchinvestmentandhow you approachit depends
on your speci�c goalsandhow nearterm you arefocused.
Therearemany involvedwaysto classifywork in termsof
time to deployment– for simplicity let us simply statethat
theseremarkstendto be morerelevant for thoseinterested
in mid to neartermdeployment,i.e., thoseinterestedin hav-
ing impacton theworld of computingin thenearterm.Note
that theseremarksarenot factsandshouldnot beconfused
with such.

Know your customerand understand his/her problem.
Pitchesthat focus on generaltechnologyor “my technol-
ogy cando theseneatthings” tendnot to get you whatyou
want.Most oftena givenstakeholderhasa particularsetof
problemsthat he/shewill invest in becausetherearebusi-
nessdriversbehindthoseproblems.You maynot beableto
structureacompletebusinesscasefor your ideabut it is very
helpful if you canstructureyour remarksto be ascloseas
possibleto theareaof interestfor thestakeholder.

If you don't knowyour customer's problem,createa vi-
sion. It is rare for a customer/stakeholderto cometo a re-
searcherwith areadymadeproblem.If youdon't know their
problem,or are seekingmore mid-term gradeinvestment,
createa vision or conceptthat is in your customer's inter-
estareaandspeakto that.Notethatthisprocessis inherently
moredif�cult becausethenyou are in the positionof hav-
ing to sell both theproblemandsell thesolution[5]. How-
ever, you mayalsobeableto grabsomeone's interestwith a
particularlycompellingandnovel idea.

Understandyour customer'sproduct/marketmix. An im-
portant tool when developing a new conceptis Ansoff 's
product-market-expansiongrid, shown in Figure1. This is
a basictool that businesspeopleuseto make surethey ex-
pandfrom a positionof strength.In the matrix, expanding
right or down from the currentstateis desirablewhile ex-
pandingdiagonallyis not.As aresearcher, youaregenerally
limited to theonedownwardtransition.

Knowyour valueproposition. You mustbeableto artic-
ulatewhy someoneshouldinvestin your technology. What
will they get?Better, faster, cheaperareall commonterms.
If youcantie numericalvaluesto these(e.g.,how muchbet-
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Figure 1. Product/Market Expansion Grid

ter) they aremoremeaningful.
You have3.5 minutesto make your point. The number

maybe5 minutesbut it is not30.If youcannotclearlyartic-
ulate,in shortorder, what you offer, why they shouldcare,
andwhat resourcesyou needto accomplishyour task,you
shouldgo backover your materials.Make your point at an
executive level but bereadywith backup.

Shootingtooneartermis problematicfor researchers. By
de�nition, wearen't commercialsoftwaredevelopersandwe
don't generallymanagecommercialprojects.Accordingly
we tend to be expensive andnot very credibleat commer-
cial efforts. We alsogenerallystill have a researchissueor
two thatwe want to work andthis will invariablycomeout
duringconversationswith yourstakeholder– suchitemshin-
derverynearterminvestment.

There is alwaysan opportunitycost. Resourcesarelim-
ited. Investingin thematurationof researchideasmusthave
a high estimatedreturnto compensatefor the high risk in-
volved.(Eventhenthedollarsmaygoto lowerrisk/lowerre-
wardactivities suchasenhancingexistingproducts.)

Early adopters versusoriginators. Unlesssomeidea is
right on thecorporatevector, e.g.,new brewing technology
for Starbucks,many businesswould ratherlet someoneelse
incur theinitial productdevelopmentrisk andthencopy the
ideas(or licensethem)if they turn out to begoodideas.

Theterm “a gent” maynot buy you anything. Whenus-
ing theword“agent” I havehadreactionsthatrangefrom (a)
“Agents?I alreadyhavethem” to (b) “Isn' t thatall justmore
AI hype?”to (c) “I' veneverheardof anagent.Whatdoyou
mean?”The�rst reactionmight imply thatthepersonthinks
of agentsasdistributedobjects(this maybea goodthing if
that is how you view agentsalso).Theproblemhereis that
if they alreadyhave them,or perceive themasa simplepro-
grammingtool, they don't needyour(costly)expertise.They
canjustdownloadanSDK andawaythey go.Thesecondre-
actionstemsfrom how overloadedthetermis andits unclear
semantics(andyes,somehypingof “agents”).Thethird re-
actionmight seemlike aninvitation but oftenthatconversa-
tion is aredherring.Youmightwind updiscussingagentsin
generaltermsandtheunclearsemantics/ widerangeof pos-
sible topicsmight leave your listenerwith a wrong or con-
fusedimpression.Youwill alsoinvariablybeaskedwhoelse
is usingagentsandhow it is bene�ting their business.Data
onthatfront is sparseatbest.Becauseof thesereactions,I no
longerusetheterm“agent” in certainkindsof talks.I' ll re-

fer you backto knowing your customer(above)andsolving
his/herproblem(alsoabove).Don't sell agents– sell a solu-
tion.

Autonomyis notdesiredin manydomains.Autonomycan
beafrighteningwordin somecontexts.Considerusingadif-
ferentexpressionandfor morecritical applicationskeepthe
humanin theloop, i.e., think “decisionsupport.”

Distributedcomputingis not universally recognizedasa
“good thing.” Bereadyto makeanargumentfor why agiven
problemcannotsimply be solved in a centralizedor mono-
lithic fashion.

If they askaboutsoftware issues,you havealreadysold
themonyouroverall concept.If yourcustomerstartsasking
abouthow bullet-proofyouragentsoftwareis, they areinter-
estedenoughin thebusinessconceptor overall ideathatthey
aretrying to assesssecondlevel feasibility andrisk. Gener-
ally this is a verygoodpositionfrom which to operate.

Sellingframeworksor middlewareseemsto beinherently
dif�cult. This is becausethevaluepropositionis not clearto
anyonewho isn't in themiddlewarebusiness,i.e., �rst they
have to pay for it thenthey have to �gure out whatapplica-
tionsto build with it.

Theworld maybe more primitive thanyou think. As re-
searcherswe areusedto focusingon futurevisions– take a
look atWindowsNotepadbeforegoinginto yourmeetingto
pitchanontechnicalperson.

You are askingfor someoneelse's money. Whetherit is
corporatefunds,venturecapital,or the fundsof your gov-
ernment,you areaskingfor someoneelse's money. In most
casesthere isn't a line item in the budgetthat says“fund
agentresearch”orevenonethatsays“fund AI research”(and
possiblynotonethatsays“fund research”or anythingclose).
Beawarethatyourpotentialcustomerprobablyhasnocom-
pellingreasonto giveyoutheirmoney but mustbemotivated
by you to doso.

Leavethe“snake oil” at home. Identify realisticpursuits
for your efforts andengagethem.If you have to bendand
twist your intereststoo far you eitherwon't be compelling
or you won't behappy with thework evenif you obtainthe
resources.

Even if you do it perfectly, you may not get anything.
Therearebarriersto agents,andany leadingedgetechnol-
ogy, that arebeyond your control in the nearterm. (In the
long term, the very act of you trying to obtain investment
for a more nearterm projectwill help remove thesebarri-
ers.)The bestyou cando is presentyour materialwell and
try-try-againif youdonotgettractionthe�rst timearound.

I continueto believe that the future of computingand
“agents”have many thingsin common.For our community
to help shapethat future, and for that future to arrive in a
moretimely fashion,continuedinvestmentis required.Mo-
tivatingsaidinvestmentmaywell beaslargea challengeas
doingthework itself. It is,however, importantthatsomeper-



centageof thecommunityrecognizesthevalueof this work
andengagesin thechallenge.

3. Build on strengths and remove barriers – Les
Gasser

LesGasseris an AssociateProfessorof Library and In-
formationScience, with joint appointmentsin ComputerSci-
enceand ComputationalScience/Engineering, at the Uni-
versity of Illinois at Urbana-Champaign.He haspublished
over seventytechnical papers and �ve booksin multi-agent
systems.He is currently Past-Presidentof the International
Foundationfor Multi-AgentSystems(IFMAS),andis oneof
thefoundersof the�eld. A formerProgramDirectorfor the
National ScienceFoundationhandling MAS areas,he has
also beena principal or advisorwith a numberof technol-
ogystartup�rms.

For over25yearstheMAS communityhasbeendebating
how to make apparentandincreaseits impactin theAI and
computingcommunities.Twenty-� ve yearsago,F. Hayes-
Rothfamouslyjusti�ed a new multi-agentviewpoint on AI,
saying“All realsystemsaredistributed” [6]. In 1980hehad
to point it out. Todaythis is taken for granted.Becausethe
distributednatureof knowledgeandactionarenow soperva-
sively natural,theimpactsof threedecadesof MAS research
effort oftenseemto havevanished.

Nonetheless,MAS researchandtechnologyhasbuilt two
strongpillars of progress.First, it hasclari�ed many dis-
tributed,contingent,and interdependentfeaturesof knowl-
edgeandaction.Todaywe knowthat smartmachinescan't
actalone,andthanksto MAS researchwehavemuchdeeper
modelsthatexplainwhy managinginterdependentactivity is
sohard.Second,MAS researchhasactuallybuilt technolo-
gies that provide generalizedsolutionsto hard distributed
problems,suchas:

� Tractablycreating,monitoring,andadaptingjoint plans
thataresensitive to resourceandqualityconstraints.

� Decidingwhen,with whom,andwhatto communicate
to meetcollectivegoals

� Designingconstraintsoninteractionssothatagents'be-
haviors converge on collectively useful solutionsthat
fall within desirablebounds.

MAS theoriesand technologieshave alreadyprovided
signi�cant bene�ts even with partial adoptionin commer-
cial settings[9, 8]. In commercialsetting,asParunaksaid
(2000)“Thequestionis no longer to prove whetheragents
can solve realistic problems.” Two MAS applicationdo-
mainswhereadoptionhasbeenmore than partial are /em
systemsmodelingand/ementertainment.A majorandquite
evidentsuccessesof MAS in academia,business,andin gov-
ernment/policy arenasis theuseof MAS for modelingsocial,
economic,environmental,andgovernmentalsystems.Multi-
agentmodelsareproving to becritical andhigh-leverageun-

derpinningsfor policy discussions,negotiations,andscience
in many of theseareas.They arecritical partly becauseof
thetypesof problemsfaced(complex, analyticallydif�cult);
partly dueto MAS toolsthatprovideeasyentryandworked
examples;andpartly becauseof human-in-the-loopfeatures
of modernMAS models.Anotherareaof majorcurrentim-
pact for agentsis in entertainmentand games,including
�lm production(e.g.,realisticcomputer-generatedscenesin-
volving multiple agents),massive multiplayergames(MM-
PORGs),andthelike.

Perhapsmoreimportantly, thebasiclandscapeof AI has
changedas researchinto agent-basedsystemshas grown.
Today, the ultimate goal of arti�cial intelligenceis widely
seenasunderstandinghow to build active, embodied,inte-
gratedagentsthatbehave in socially-realisticways(i.e.,can
integratewith people's activities, attendto social conven-
tions, and operateunderpeople's oversight),and that can
reasonand act collectively and in coordinationwith oth-
ers.Researchcontinuesinto componenttheoriesand tech-
nologies,suchas learning,planning,memory, perception,
andrepresentation.But all of thesearenow seenascompo-
nentsof a larger, integratedpicture.Thisnew picturealways
accommodatessocial realismandalways includesmultiple
participants,with different representations,values,and life
histories—inshort,diversity. TheAI tidehasturnedstrongly
toward multi-agentsystems,and this sea-changeis itself a
major impactof the MAS perspective on the scienceof AI
andonmany othersciences.

Nonetheless,severalcritical barriersseemto prevent the
partialsuccessesof MAS from growing into morecomplete
acceptance,andofferingevengreaterimpacts.

Parallel and invisible MAS origins: It often seemsthat
many more “agent-like” systemsexist than agents re-
searchersand communitiesgive credit for (that's “give
credit for,” not “get credit for”). Emerging web ser-
vices, sophisticatedbrowsersand web (applet/application)
servers [2, 11], many kinds of smart network technol-
ogy [13], not to mentionPDAs, cellphones,andsoon often
don't draw on explicit agent theories, languages,prac-
tices, and methods,but they are achieving many of the
sameendsenvisioned by agent researchersand develop-
ers. Also, technologiesand theories underpinning these
non-agentagentsystemsare developedin universesparal-
lel to, andonly minimally overlapping,theexplicitly named
agentsand multi-agentscommunities.The agentcommu-
nities are caught in a bind betweendissolving out into
speci�c applicationareasor into parallel, existing, subar-
easof computingsuchasdistributedcomputingor networks,
or maintaininga separateidentity andstrugglingfor recog-
nition in them. Is MAS any more than a minor twist on
infrastructuretechnology?Does MAS provide fundamen-
tal enablingadvancesthatcannotbemadeelsewhere?These
arecasesthatmustbemade.



Solve the problems of others: An accomplishedthe-
ater/TV director and teacheronce said that the quickest
route to a sustainablecareerin the entertainmentindus-
try was“make money for otherpeople”[10]. If MAS tech-
nolgies principally address issues that are de�ned by
MAS researchers,that appear in MAS-based applica-
tions, and whosevisible payoffs accrueto actorsin MAS
communities,their ability to createfeedbackloopsthat in-
troducenew problemsandresourcesinto MAS communities
will be lost. Viable economicprogressdependson prof-
itable tradewith an outsideworld. To grow, MAS experi-
mentsandtoolshave to addresscritical problemsin thedo-
mains of others, that those others can't ef�ciently solve
themselves.

Focuson fundamentals:Many issuesthatarisein multi-
agentworlds are fundamentalproblemsof distributedsys-
temsof information.Indeed,theprospectof impactingfun-
damentalsis a principal motivation for many seriousMAS
researchers.Fundamentalproblemsbeingfundamental,they
appearin many guisesin many �elds—no �eld “owns”
them.For instance,coordination, possiblythemostubiqui-
touslong-termissuein MAS, isalsoasalientproblemin eco-
nomics,in ecology, in sociology, in distributedoperatingsys-
tems,in mechanics,andin biologyto namejusta few. To the
extent thatMAS technologiesgive goodmodelsandresults
for fundamentalproblems,thebroaderscienti�c andtechno-
logicalcommunitiesbene�t, andbothimpactandawareness
will grow. MAS researchersshouldreachfor theseconnec-
tions.

Win cost-effectivenessand eleganceraces:When prob-
lemsarefundamentalandcritical, they appearin many disci-
plinesandmany peopleaddressthem.MAS researchersneed
to createapproachesandsolutionsthatareprovablymoreel-
egant,insightful, cost-effective, andintegratablethanthose
appearingelsewhere—notjust equal, but better. In some
casesthishasoccurred.MAS researchers'computabilityand
tractabilityanalysesof equilibriumstatesin gamesandmar-
kets has led to new algorithm designs,where tractability
wasn't yet a concernin other �elds. In otherareassuchas
programminglanguagesandcommunicationsystems,MAS
techniqueshaven't yet shown clearadvantagesof effective-
nessandelegance.Whatarethemake-or-breakpracticalad-
vantagesof using a specializedagentcommunicationlan-
guageand infrastructuresuchasFIPA-ACL over CORBA,
WSDL,SOAP, UDDI, HTTP, or aprotocolspeci�c to anap-
plicationareasuchasZ39.50or theOAI protocolfor infor-
mationservices?MAS developersmay not yet take the in-
terdisciplinaryraceseriouslyenough.

Createidentity for results,and exploit it: Productrepu-
tationsgrow throughnamingandbranding.Thelastingcur-
rency of MAS, like mostscienceandtechnology, comesin
two forms: surprising,entertaininginsightsor phenomena,
andef�ciency- or effectiveness-producingtechniques.These

arewhatneednamingandbranding.SomeMAS brandsare
looselyestablishedwithin the �eld, but not usuallypropa-
gatedoutward; examplesincludethe Cohen-Levesquejoint
intentionsframework, the PGP andGPGPplanningproto-
cols, andtheadjustableautonomyconcept.But many more
MAS ideasneedclearidentitiesthatgetpropagatedoutside
theMAS community.

Reinforcementpolitics: Most of the impact-enhancing
strategiesdiscussedabovearerationalist:they imaginerais-
ing impact by linking MAS to better/faster/cheapersolu-
tions to recognized,critical problems.In the 1970s,stud-
ies of computingadoptionposed“reinforcementpolitics”
(RP) as an alterative to economicor technicalrationalism
in the adoptionof new computingmodels[3]. Under this
RPmodel,computingarrangementsarechosenthatreinforce
dominantbiasesandstructuresof control.Thereis currently
little sociotechnicalanalysisor researchfor MAS; nonethe-
less,from theRPperspective, to theextentdominantindus-
trial andcommercialbureaucraticmodelsbecomedecentral-
izedandautonomic,MAS shouldgain impact.Sotheplace
to actwouldbein transformingbureacraciesandideologies,
ratherthansellingMAS perseon rationalistgrounds.

4. Where's the Agent?– Michael Luck

Michael Luck is a professsorof ComputerSciencewho
hasworked in the area of agent-basedcomputingfor over
10 years. He wasDirectorof AgentLinkII, and is an Exec-
utiveDirectorof AgentLinkIII, both taskedwith promoting
take-upanddeploymentof agent-basedsystems.He hasin-
stigatedthedevelopmentof several industry-facingactivities
andeventsto try to reach out to thebroaderIT community.

The rise of researchinto agent-basedcomputinghasnot
yetbeenshadowedby similarsuccessin industry. In thissec-
tion, I examinesomeof the reasonsfor the apparentlack
of take-upof agent-basedcomputing,andexplore why re-
cent,moregeneral,developmentsin computingwill likely
provide themissingimpetus,andwhy industrywill needto
movequickly to catchup.

A killer application?In their Scienti�c Americanarticle
on theSemanticWeb[1], Hendler, Berners-LeeandLassila
rightly opposethesearchfor a killer applicationfor theSe-
manticWeb. TheSemanticWebis a killer applicationitself,
they argue.In thesameway, agenttechnologiesdonot need
akiller application.First, thediversityof agenttechnologies
makesit hardto identify a single(or evena set)of suchap-
plications,sinceeachrepresentsonly speci�c instancesof
techniquesor paradigms,notgenerality. Second,agentspro-
vide a way to understandand conceptualisea system,and
to managecomplexity in a very generalsense,rather like
object-orientedcomputing.Indeed,someargue that agents
themselves createproblems,not solutions,becausemod-
elling systemsasagentcollectionsrequiresa whole setof



speci�c new techniquesfor managinginteractions,coordi-
nation,negotiation,andsoon.

If agentsdo causetheseproblems,why shouldthey be
important?Theanswerlies in theincreasinglydynamic,de-
centralisedandopennatureof moderncomputingandinfras-
tructure.New paradigmsfor developingdistributedsystems
suchas Web Servicesand peer-to-peercomputingpossess
agent-likecharacteristics,regardlessof whetherdesignersar-
ticulate them as agent-basedsystems.When most systems
areclosedsystemsthe commercialcasefor agentsmay be
debatable.But visionsfor thefutureof computing(including
AutonomicComputing,AmbientIntelligence,GridComput-
ing, SemanticWeb, etc) all take opennessfor granted,and
eventuallythe two mostimportantattributesmotivating the
agentapproach,dynamismandopenness,will prevail.

My point is simple: Next-generationcomputing sys-
tems will exhibit the same characteristicsthat motivate
the agent approach.Agent technologies(rather than the
agentparadigmitself, which may or may not gain trac-
tion) are neededto realisethesekinds of system,and are
beginning to gain increasedvisibility acrossa rangeof do-
mains.

Where are thecasestudies?Thecurrentproblemis how
to focusthecommercialsectoron theseemerging areasand
the available solutions.From my own interactionswith a
rangeof commercialorganizations,both insideandoutside
the agentcommunity, it appearsthat case-studieswith real
articulatedbusinessbene�t will bestencouragedeployment
of agentsystems.However, we don't yet possessa suf�-
cient rangeof successfulcommercialdeploymentexamples
for agentsystems.Demonstrators,proof-of-conceptsystems
andprototypesareall valuable,but they alonedon't over-
comenaturallyrisk-aversecommercialattitudestowardnew
technologies.

Too few agent companiesand commercialagent sys-
temsexemplify full deployment with clear businessbene-
�t. Many successfuldeployedsystemsoccupy niches, mak-
ing themlimited driversfor thefull rangeof agenttechnolo-
gies.For example,in the US, Nutech(which recentlyac-
quiredBiosGroup)hasgainedrecognitionfor work onopti-
misationproblemsusingagent-basedsimulations.Similarly,
Magentain the UK hasdevelopedsystemsfor routing oil
tanker �eets. Otherhigh visibility examplesincludetheuse
of agentsin TheTwo Towers �lm, andon the factory�oor
at DaimlerChrysler, but thesedemonstratevaluein speci�c
sub-areas,notacrosstherangeof agent-basedcomputing.

Theanswerincludesdevelopinganapplicationcasestudy
cataloguespanningthe range of agent technologies,that
showsbusinessbene�t for a spectrumof applications.To do
this,AgentLink(www.agentlink.org)is enumeratingspeci�c
applicationsin different domains,acrossa varety of tech-
niques,in differentgeographicallocations.As ever, though,
moreis needed.

Take-up,drivers, andopportunitiesWhy have agentsys-
temsachieved suchlimited commercialvisibility? Though
realbene�tshavebeendelivered,businesscasefocushasof-
tenbeenlimited andmarket entryhasbeensometimespre-
mature.Until recentWebServicesdevelopments,for exam-
ple, many agentsolutionsrequireda whole new infrastruc-
ture,which requiredtoo heavy a cost in disruptionanden-
terprisere-engineering.TheWebServicessubstrateprovides
two key bene�ts for thereadydeploymentof agents.First, it
enncouragesdesignersandusersto naturallyview systemsas
independentinteractingentities,entirelyconsistentwith the
agentview. Second,effective, standardinfrastructures(like
WebServices)facilitatemoresophisticatedagenttechniques
suchascoordinationandnegotiation.

The SemanticWeb (SW), Grid Computing(GC), and
otherdrivers producesimilar effects.The credibility of the
World Wide Web consortiumbacksSW, andnaturaldevel-
opmentsin internal company managementefforts increase
its industrialcurrency. CompaniesclearlyseeSW asanim-
portant future step for large-scaleinformation and knowl-
edgemanagement,andbringing relevant technologiessuch
asagent-basedcomputinginto focustoo. Lessmature,GC
is alsovisible: Sunrecentlylauncheda pay-as-you-goser-
vice whereby customersrent computing serviceshourly.
This kind of infrastructureand utility computingwill fos-
teragent-basedapplicationdevelopment,building virtual or-
ganisationsthat coordinateanddeliver compositeservices,
in waysnot otherwisepossible.In bothcases,agents(indi-
vidually or throughthe realisationof virtual organisations)
releasethesedriving visions' power [4, 1].

In summary, theriseof Semantic,Service,andGrid tech-
nologieswill enablenew dynamicandopenapplicationsys-
tems.Suchsystemsdemandnew technologies,and agent-
basedcomputingprovidesmany relevantsolutions.Theben-
e�ts includenew processesheretoforeunrealizable,aswell
as increased�e xibility for existing processes.Companies
suchas IBM focuson areaslike autonomiccomputingfor
just thesereasons:a step changein computingwill only
arrive by facilitating autonomouscomponentsthat dynam-
ically respondto openandchangingcircumstances.Manag-
ing theresultingcomplexity will requireagenttechnologies.

5. Commercial settings:What is neededto get trac-
tion? – Jim Odell

JamesJ. Odell is a consultant,writer, andeducatorin the
areasof agent-basedand object-orientedsystems,method-
ology, businessprocessmanagement(BPM), and complex
adaptivesystems.Throughoutmostof his thirty-yearcareer,
Mr. Odell has beenheavily involved in developing better
methodsto understand,communicate, and manage system
requirements.Hewasoneof theearlyinnovatorsof informa-
tion engineeringmethodologies.Recently, heparticipatedin



Figure 2. Technology Adoption Lif e Cycle[7 ]

thedevelopmentof theUML andUML 2.0,andremainsco-
chair of theOMG'sObjectAnalysisandDesignTaskForce.
Mostrecently, Mr. Odell is involvedin agent-basedandcom-
plex systemsand their application to businesssystems(in-
cluding an agent-basedUML, called AUML). He is on the
board of FIPA andthechair of its ModelingTechnicalCom-
mittee, as well as the chair of the OMG's AgentsSpecial
InterestGroup.His consultingclientsrepresentmanybusi-
nesssectorsandincludemajorcompanies,suchasNetscape,
Amazon.com,DHL, Oracle, IBM, Hewlett-Packard,andoth-
ers, spanning17 countries.Most recently, he has joined
Agentis Software, where he directs the methodology and
modelingefforts.

Throughoutmostof my thirty-� ve yearcareer, develop-
ing commerciallysuccessfulsoftware systemshasbeena
primaryactivity. Overthatperiod,softwaredevelopmenthas
gonethrougha numberof technologylife cycles,including
relational,objectoriented(OO), andnow agent-basedtech-
nologies.While theseapproachesdiffer, their adoptionlife
cycle is the same.In Crossingthe Chasm,Geoffrey Moore
[7] looksat thechallengeof marketinghigh technologyand
distinguishesbetweensuccessivegroupsof adopters(Fig.1).
Agent technologyis currentlyin thechasmperiodof adop-
tion: the time gapbetweenthe visionariesandthe pragma-
tists(earlyadopters).Pragmatistsarethesolid citizenswho
avoid therisksof pioneeringbut readily seetheadvantages
of testedtechnologies.They arethevanguardof amassmar-
ket.

An agentapproachcanonly gettractionif it providessig-
ni�cant advantagewith a reasonableinvestmentreturn.But
how canagenttechnologyfosterthat competitive edgecost
effectively?For early-adoptercompanies,agentsmust:

� Enableasolutionthatcannotbedonepracticallyusing
any otherkind of approach.

� Promotebetterdeveloperproductivity.
� Leverageexisting technology.

Enabling a solution. Agent enthusiastsand visionaries
suggestthatalmosteveryapplicationis appropriatefor agent
technology. But let's be honest:other options exist. Any
claimthatagentsolutionsareuniqueis anexaggeration.The
IT pragmatistknows that a top-down, centralizedOO ap-
proachto businessprocessmanagement(BPM) is possible,

becausemostcompaniesnow useit. However, many BPM
practitionersrealizethat processingbottlenecksand scala-
bility problemsplaguetheseconventionalimplementations.
In contrast,agent-baseddecentralizedapproachesenablea
moreef�cient solution.To crossthechasm,the IT pragma-
tist needsto understandwhich applicationscanmostbene�t
from little centralizedcontrol.BPM is just onecompelling
application in which early adoptersare employing agent
technology. Othersincludeorderprocessing,item tracking,
equity trading,andsupplychains,for example.As moreof
theseapplicationssuccessfullyemploy agents,commercial
IT enterpriseswill moreeasilyacceptthem.

Agents' processingautonomy is also catching early
adopters' attention. With conventional approaches,sys-
tems must explicitly micromanageevery decision (Fig.
2a). However, BDI-style agentsprovided by companies
suchasAOSandAgentiscandynamicallychooseandexe-
cutetheir own plansbasedon changingenvironmentstates
(Fig. 2b). Goal-basedapplications that require contex-
tual processingincreasethe effectivenessof agent-based
approachesoverconventionalones.Commonapplicationar-
eashereinclude insurancepolicy rating, pricing, and item
tracking.

Promotebetterproductivity:PragmaticIT managerswill
estimatethe potential developmentproductivity of agent
technologyby examiningitemssuchasmethodology, mod-
eling notation, and design effort. Without an accepted
methodologyandmodelinglanguage,they won't crossthe
technologychasm.Even with these,developer-retraining
costsbecomea consideration.Thegreaterthedifferencebe-
tween agentand conventionalapproaches,the greaterthe
perceivedcostandthelower thepragmatist'sadoptionprob-
ability. To succeed,the agent approachand convention
mustnot differ greatly. Basedon currentmarket sentiment,
agentextensionsto UML, RUP, and MDA are being pro-
posed, developed, and acceptedby many early-adopter
IT departments.While this may distresssome agent re-
searchers,agent technologieswon't be acceptedwithout
it.

Furthermore,any highercostfor agent-baseddesignand
implementationeffort over the conventional will impede
chasm-crossing.Withoutproductivity-enhancingtools,most
pragmatistswill never adopt an agentapproach.Happily,
commercial-gradeagenttools are just now appearingand
leading-edgeIT departmentsare authorizingexpenditures
for them.

Leverage existing technology: Totally new and com-
pletely standaloneapplications are scarce. Commercial
IT systems,by their nature,extend existing systemsand
databases.“New systems”are rarely new. They rely on,
reuse,or “wrap” legacy code.Therefore,agentsmust in-
terface with many other technologies.Resulting appli-
cations will combine technologies:agent, object, rela-



(a)Explicit Speci®cation

(b) PlanSpec.For Implicit Execution

Figure 3. Explicit Versus Implicit Appr oaches

tional, component-basedsoftware packages,and so on.
Finally, agentdevelopersneed to integrate existing stan-
dards and, where appropriate,their extensions.Current
standardsemanatefrom theOMG, W3C,andOasis.

6. Agent BusinessCase– Todd Carrico

Todd Carrico is the Presidentof Cougaarsoftware and
a formerDARPA program manager. CougaarSoftware is a
fast-growing startup companyfocusedon commercializing
theCognitiveAgentArchitecture(Cougaar)technology, the
resultof 7+ years of DARPA investmentin applied intelli-
gentagentdevelopmentperformedby a world-classteamof
contractors fromacrossindustryandacademia.

Like many companiesstrugglingto make agenttechnol-
ogy real in the marketplace,we are often facedwith con-
structinganeffective`businesscase'for agents.In this brief
section,I thoughtI would sharesomeinsightsfrom our ex-
periencein building suchargumentswith our customersin
hopesthat it might helpothersto advancetheadoptionand
legitimizationof agenttechnology.

First, technologistsmust realizethat the businessworld
doesnot careaboutyour technology. Theremay be some
early adoptervisionarieswho are championsfor the sake
of the technology, but this is a smallandspecializedgroup.
Businessdecisionmakerswant solutionsto hardproblems
in theform of operationalcapabilitiesat pricepointsandon
performanceenvelopescomparableto or betterthantheiral-
ternatives.The questionwe shouldbe askingourselves is
`What problemscan agentssolve exceptionally well that
othertechnologiescannot?'

Unfortunatelythe truthful answerto thatquestionis that
thereis nothing,in the strictestsense,that cannotbe done
with any other architectures.This unfortunatefact is fre-
quentlypointedoutby theIT groupsof potentialcustomers.
Sinceit is understoodthat any programcanbe reducedto
a UniversalTuring Machine[12], this simpletruth causesus
no endof grief. Themorediscriminatingquestionmight be
`Whatproblemscanagentssolve morenaturallythenother
technologies?'

Thesequestions,from our experience,yield a few inter-
estinganswersthat can serve as the foundationof a busi-
nesscase.Your mileagemayvary, but I recommenda sim-
ilar exerciseto constructa businesscasefor your potential
customersto convincea potentialcustomerof thevirtuesof
your technology.

The Value of SituatedReasoning. Businesspeopleun-
derstandthe value of agility, and know too well the lack
of agility provided by today's EnterpriseResourcePlan-
ning (ERP) systems.A strong businesscasecan be built
aroundthe value of having agent-basedplanningand rea-
soningthatcansituationallyaware.Thesubtleability to ad-
just plans,processesandbehaviors in responseto the cur-
rent stateof the world affords a numberof ef�ciencies and
avoids several commonproblems.It ensuresthe plan is ef-
�cient with respectto theoperationalparametersandavail-
ableresources,while attemptingto work aroundequipment
failures,resourceshortagesandfacility constraints.Factors
like weathercaneffectively be representedin the situation
andreasonedaboutthroughagentsmorenaturallythencan
legacy ERPsystems.Whenever resourcescanbeusedmore
�e xibly andappropriatelyin theexecutionof businessoper-
ations,realvalueis created.

CaptureKnowledgein a ReusableForm.A problemmost
companiesface is how to captureand shareknowledge
acrossthe enterprise.Typically agentsystemscan capture
knowledgein anumberof ways,suchasrules,work�o w, ob-



ject models,ontologiesanddomainbehaviors. The explicit
captureof this knowledge,especiallythoseforms that can
be producedby the domainoperator, is typically the foun-
dationof anagentapplication.A subtlebut critical reality is
thattoday, fartoomuchof whatmakesabusinesseffectiveis
theresultof humanleadership.Two stores,identicalin every
physicalway, canhavetwo dramaticallydifferentpro�t lines
duesolely to the subtledifferencesin how the storesoper-
ate.Successfulcompaniesgo to greatlengthsto understand
what makes one store successfuland impart that through
policy andtraining to the otherstores.Throughagenttech-
nology, knowledgecanbe captured,utilized, evaluatedand
`good' knowledgesharedacrosstheenterprise.Thecapture
andreuseof knowledgeprovidessigni�cant businessvalue
to theenterprise.

Utilizing Humansas Decision Makers. With the com-
plexity of today's informationspace,peopletendto spenda
greatdealof timeperforminginformationgatheringandpro-
cessing,andlesstime analyzinganddeliberatingdecisions.
Agent technologyis extremelywell suitedto providing au-
tomationof complex informationprocessingactivities,even
whenoperatingover vastamountsof data,on behalfof the
user. As agentsarecapableof taking up moreof the infor-
mationgatheringandprocessingburden,it freeshumansto
focus on what they do best,and agentsdo poorly - draw-
ing insightful conclusionsfrom which to basea decision.To
show theexpenseandinef�ciency in having peopleperform
routineinformationactivitiesversusagileandadaptiveagent
systemsautomatingthesameactivities underuserdirection
demonstratesreal businessvalue over conventionalinfras-
tructures.

Thesearethreeareaswe have foundto begoodtoeholds
on which to form a solid businesscase.While theseareby
no meanssuf�cient to justify a businessinvestmentin agent
technology, they areoftensuf�cient to motivatefurtherdia-
logandexploration.Thekey tobuilding agoodbusinesscase
for agentsis to makeit abouttheproblemsthatcanbesolved
andthevaluethosesolutionsprovide,notaboutthetechnol-
ogy being employed. The technologyis part of the `how'
of the solution,not the `what'. I hopethesesimple points
on building aneffective businesscasefor agentsservesyou
well. As acommunity, we needto doabetterjob onhelping
our businessbenefactorsto understandthevalueandpoten-
tial of our technology, andin doing so we increaseour op-
portunitiesfor application,adoptionandsupportfor future
research.

7. Conclusion

It is interesting,giventhediversityof commentaryonde-
velopingimpactfor agents, that commonthemesappearin
some/allof the sections.In particular, the issueof applica-
tionsor problemson which to applyagenttechnologiesre-

peatswith high frequency. Oneconsistentmessageis solve
a problemin contrastto focusingon generalpurposetech-
nologiesfor which thereis no directneedor pull. Note that
a givenproblemmay be an instanceof a classof problems
sothata technologydevelopedto solve theclassmaybedi-
rectly usefulon many differentinstances.Thequestionthen
is how broador generala given approachshouldbe – de-
terminingthatbalanceis dependenton thetechnologiesand
your impactgoals.

Developing impact for agentsis clearly a much larger
potential topic-of-conversationand a conversationthat the
communityneedsto have on a regularbasis.Theideascon-
tainedin this paperarearticulatedby us but in somesense
thecommunityasa wholehascontributedto them.It is our
hopethat theseideasassistin thesustainedgrowth of agent
researchandin connecting-the-dotssothatourresearchpays
thedividendsthatwebelieve it canpay.
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