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1. Intr oduction

Impactfor agents.Most of the agentresearclcommunity
hasbeenpredictinggreateimpactfor yearsandmary of us
have beenworkingto helptheprocessalong.Yetthetremen-
dousgrowth on the researcHront hasnot beenmet with a
correspondinggronth in commercialapplications This pa-
per containsa diversesetof thoughtson the issueof devel-
opingimpactfor agentsThe authorsverenot givena setof
guestiondo addresdut wereaskedto focuson the problem
of developinggreaterimpactfor agentsfrom their particu-
lar vantagepoint. Sectiongangefrom thosethatarevery ap-
plied, e.g.,how to “sell” aconcepto thosethatexaminethe
issuesfrom a more intellectuallevel. Eachsectionis pref-
acedwith a smallbiographyon the authorof thatsectionto
properlyplacehis/hercommentsn context. While the ma-
terial is diverse,it is our hopethatthesethoughtsareeither
directly usefulor helpto articulateissuesof interest.

2. Motivating Investment— Tom Wagner

Tom Wagner is currently servinga four year term as
a Program Manager for the DefenseAdvancedReseath
ProjectsAgency(DARR) in the IPTO of ce. Prior to this,
Wagnerwasa principal reseach scientistat HoneywellLab-
oratorieswhere he led the agent reseach group. Previous
positionsinclude being an assistantprofessorat the Uni-
versity of Maine and havingleadeshiprolesin several en-
trepreneurialefforts.

Most of our researchcommunity believes that the in-
herentlydistributed natureof moderncomputingmandates
agent-basedolutionsandthat with the increasingprolifer-
ation of wirelessandmobile computingdevices,of varying
capacitiesandcon gurations(i.e., heterogeneoushis will
only bemoretruein thefuture.However, evenwith theseof-
tenuncontestedisionsfor thefuture,motivatinginvestment
in agentechnologyhasbeenanuphill battle.Withoutinvest-
ment,researctwill behamperedcommerciakelevancewill
beslow in coming,andimpactwill bemuddiedat best.
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The expression“motivating investment”meansgetting
someoneo investin your technology This sectionfocuses
on that topic in a fairly appliedfashion— it is my experi-
encethatoftenwe have mary of thecritical elementsieeded
for impactbut that we arent businesspeopleby tradeand
oftendo not know how to motivateinvestmentWhereyou
look for suchinvestmentandhow you approacht depends
on your speci ¢ goalsandhow nearterm you arefocused.
Thereare mary involvedwaysto classifywork in termsof
time to deployment— for simplicity let us simply statethat
theseremarkstendto be morerelevant for thoseinterested
in mid to neartermdeployment,i.e.,thoseinterestedn hav-
ing impacton theworld of computingin the nearterm.Note
thattheseremarksare not factsand shouldnot be confused
with sud.

Know your customerand undeistand his/her problem
Pitchesthat focus on generaltechnologyor “my technol-
ogy cando theseneatthings” tendnot to getyou whatyou
want. Most often a given staleholderhasa particularsetof
problemsthat he/shewill investin becausehereare busi-
nessdriversbehindthoseproblems.You may not be ableto
structureacompletebusinessasefor yourideabut it is very
helpful if you can structureyour remarksto be ascloseas
possibleto the areaof interestfor the staleholder

If youdon't knowyour customers problem,createa vi-
sion It is rarefor a customer/staéholderto cometo a re-
searchewith areadymadeproblem.If youdon't know their
problem,or are seekingmore mid-term gradeinvestment,
createa vision or conceptthatis in your customers inter-
estareaandspeakto that.Notethatthis processs inherently
moredif cult becauseghenyou arein the position of hav-
ing to sell both the problemandsell the solution[5]. How-
ever, you mayalsobe ableto grabsomeones interestwith a
particularlycompellingandnovel idea.

Understandyour customers product/marlet mix. An im-
portanttool when developing a new conceptis Ansoff's
product-markt-exparsion grid, shovn in Figure 1. This is
a basictool that businespeopleuseto make surethey ex-
pandfrom a position of strength.In the matrix, expanding
right or down from the currentstateis desirablewhile ex-
pandingdiagonallyis not. As aresearcherouaregenerally
limited to the onedownwardtransition.

Know your value proposition You mustbe ableto artic-
ulatewhy someoneshouldinvestin your technology What
will they get?Better, faster cheapeareall commonterms.
If you cantie numericalvaluesto these(e.g.,how muchbet-
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ter) they aremoremeaningful.

You have 3.5 minutesto male your point. The number
maybe5 minutesbut it is not 30. If you cannotclearlyartic-
ulate,in shortorder, whatyou offer, why they shouldcare,
andwhat resources/ou needto accomplishyour task,you
shouldgo backover your materials.Make your point at an
executive level but bereadywith backup.

Shootingoo neartermis problematicfor reseachers. By
de nition, we arent commerciakoftwaredevelopersaandwe
don't generallymanagecommercialprojects.Accordingly
we tendto be expensve and not very credibleat commer
cial efforts. We alsogenerallystill have a researctissueor
two thatwe wantto work andthis will invariably comeout
duringcorversationsvith your staleholder suchitemshin-
dervery nearterminvestment.

Theee is alwaysan opportunitycost Resourcesre lim-
ited. Investingin the maturationof researchdeasmusthave
a high estimatedreturnto compensatdor the high risk in-
volved.(Eventhenthedollarsmaygoto lowerrisk/lowerre-
wardactuities suchasenhancingxisting products.)

Early adoptes versusoriginators. Unlesssomeideais
right on the corporatevector, e.g.,new brewing technology
for Starlucks,mary businesswvould ratherlet someoneelse
incurtheinitial productdevelopmentrisk andthencopy the
ideas(or licensethem)if they turn outto begoodideas.

Theterm “agent” may not buy you anything Whenus-
ing theword “agent”| have hadreactionghatrangefrom (a)
“Agents? alreadyhavethem”to (b) “Isn't thatall justmore
Al hype?”to (c) “I' ve never heardof anagentWhatdo you
mean?'The rst reactionmightimply thatthe persorthinks
of agentsasdistributedobjects(this may be a goodthing if
thatis how you view agentsalso). The problemhereis that
if they alreadyhave them,or perceve themasa simplepro-
grammingtool, they don't needyour (costly)expertise They
canjustdownloadanSDK andawaythey go. Theseconde-
actionstemsrom how overloadedhetermis andits unclear
semanticgandyes,somehyping of “agents”). Thethird re-
actionmight seemlik e aninvitation but oftenthat corversa-
tionis aredherring.Youmightwind up discussingagentsn
generatermsandtheunclearsemanticg wide rangeof pos-
sible topics might leave your listenerwith a wrong or con-
fusedimpressionYouwill alsoinvariablybeasledwhoelse
is usingagentsandhow it is bene ting their businessData
onthatfrontis sparseatbest.Becaus®f thesereactions| no
longerusetheterm“agent”in certainkindsof talks.I' Il re-

fer you backto knowing your customei(above) andsolving
his/herproblem(alsoabore).Don't sellagents- sell a solu-
tion.

Autonomyis notdesiedin manydomains Autonomycan
beafrighteningwordin somecontexts. Considetusingadif-
ferentexpressiorandfor morecritical applicationkeepthe
humanin theloop, i.e., think “decisionsupport:

Distributed computingis not univeisally recaynizedas a
“good thing”” Bereadyto make anargumentfor why agiven
problemcannotsimply be solvedin a centralizedor mono-
lithic fashion.

If they askaboutsoftwae issuesyou havealreadysold
themon youroverall conceptlf your customeistartsasking
abouthow bullet-proofyouragentsoftwareis, they areinter-
estedenoughn thebusinessoncepbr overallideathatthey
aretrying to assessecondevel feasibility andrisk. Gener
ally thisis avery goodpositionfrom which to operate.

Sellingframeavorksor middlevare seemgo beinherently
dif cult. Thisis because¢hevaluepropositionis not clearto
anyonewhoisn't in the middlewarebusinessj.e., rst they
have to payfor it thenthey have to gure outwhatapplica-
tionsto build with it.

Theworld maybe more primitive than you think. As re-
searchersve areusedto focusingon future visions— take a
look at Windows Notepadbeforegoinginto your meetingto
pitch anontechnicalperson.

You are askingfor someoneelses moneg. Whetherit is
corporatefunds, venturecapital, or the funds of your gov-
ernmentyou areaskingfor someoneelses monegy. In most
casesthereisn't a line item in the budgetthat says“fund
agentesearch’dbrevenonethatsays'fund Al research(and
possiblynotonethatsays‘fund research’dr anythingclose).
Be awarethatyour potentialcustomeprobablyhasno com-
pellingreasorto give youtheirmoney but mustbemotivated
by youto doso.

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

Evenif you do it perfectly you may not get anything
Thereare barriersto agentsandary leadingedgetechnol-
ogy, that are beyond your controlin 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 youdo notgettractionthe rst time around.

I continueto believe that the future of computingand
“agents”have mary thingsin common.For our community
to help shapethat future, andfor that future to arrive in a
moretimely fashion,continuedinvestmenis required.Mo-
tivating saidinvestmenmaywell be aslarge a challengeas
doingthework itself. It is, however, importantthatsomeper



centageof the communityrecognizeghe valueof this work
andengagesn thechallenge.

3. Build on strengths and remove barriers — Les
Gasser

LesGasseris an AssociateProfessorof Library and In-
formationSciencewith joint appointmentin ComputerSci-
enceand ComputationalScience/Engineeringt the Uni-
versity of lllinois at Urbana-ChampaignHe has published
over seventytechnical papeis and ve booksin multi-agent
systemsHe is currently Past-Pesidentof the International
Foundationfor Multi-AgentSystem¢lFMAS),andis oneof
thefoundes of the eld. A formerProgram Directorfor the
National ScienceFoundationhandling MAS areas, he has
also beena principal or advisorwith a numberof technol-
ogy startup rms.

For over25yearsthe MAS communityhasbeendebating
how to make apparenaindincreasdts impactin the Al and
computingcommunities.Twenty- ve yearsago, F. Hayes-
Rothfamouslyjusti ed a new multi-agentviewpoint on Al,
saying“All realsystemsaredistributed”[6]. In 1980he had
to point it out Todaythis is taken for granted Becausehe
distributednatureof knowledgeandactionarenow sopena-
sively natural theimpactsof threedecadesf MAS research
effort oftenseemo have vanished.

NonethelessMAS researctandtechnologyhasbuilt two
strong pillars of progressFirst, it hasclaried mary dis-
tributed, contingent,and interdependenteaturesof knowl-
edgeandaction. Todaywe knowthat smartmachinesant
actalone,andthanksto MAS researchwe have muchdeeper
modelsthatexplainwhy managingnterdependerdctiity is
sohard.Second MAS researchasactuallybuilt technolo-
gies that provide generalizedsolutionsto hard distributed
problemssuchas:

Tractablycreatingmonitoring,andadaptingoint plans

thataresensitve to resourceandquality constraints.
Decidingwhen,with whom,andwhatto communicate

to meetcollective goals
Designingconstraint®ninteractionsothatagentsbe-

haviors corverge on collectively useful solutionsthat
fall within desirablebounds.

MAS theoriesand technologieshave already provided
signi cant bene ts even with partial adoptionin commer
cial settings[9, 8]. In commercialsetting,as Parunaksaid
(2000)“The questionis no longer to prove whetheragents
can solve realistic problems. Two MAS applicationdo-
mainswhere adoptionhas beenmore than partial are /em
systemsnodelingand/ementertainmentA majorandquite
evidentsuccessesf MAS in academiabusinessandin gov-
ernment/poliy arenass theuseof MAS for modelingsocial,
economicgrvironmental andgovernmentasystemsMulti-
agentmodelsareproving to be critical andhigh-leverageun-

derpinninggor policy discussionspegotiations andscience
in mary of theseareas.They arecritical partly becauseof
thetypesof problemdaced(comple, analyticallydif cult);
partly dueto MAS toolsthatprovide easyentry andworked
examples;andpartly becausef human-in-the-loofeatures
of modernMAS models.Anotherareaof major currentim-
pact for agentsis in entertainmentand games,including
Im production(e.g. realisticcomputergeneratedcenesn-
volving multiple agents)massve multiplayergamegMM-
PORGs)andthelike.

Perhapsnoreimportantly the basiclandscapef Al has
changedas researchinto agent-baseaystemshas grown.
Today the ultimate goal of arti cial intelligenceis widely
seenasunderstandindnow to build active, embodied,nte-
gratedagentghatbehave in socially-realistiovays(i.e.,can
integrate with peoples actiities, attendto social corven-
tions, and operateunder peoples oversight),and that can
reasonand act collectively and in coordinationwith oth-
ers. Researctcontinuesinto componentheoriesand tech-
nologies,suchas learning, planning, memory perception,
andrepresentatiorBut all of thesearenow seenascompo-
nentsof alarger, integratedpicture.This new picturealways
accommodatesocialrealismand always includesmultiple
participantswith differentrepresentationsjalues,andlife
histories—inshort,diversity. The Al tide hasturnedstrongly
toward multi-agentsystems and this sea-changés itself a
major impactof the MAS perspeciie on the scienceof Al
andon mary othersciences.

Nonethelesssereral critical barriersseemto preventthe
partial successesf MAS from growing into morecomplete
acceptanceandoffering evengreateimpacts.

Parallel and invisible MAS origins: It often seemsthat
mary more “agent-like” systemsexist than agentsre-
searchersand communitiesgive credit for (that's “give
credit for,” not “get credit for"). Emeging web ser
vices, sophisticatecbrawsersand web (applet/application)
seners [2, 11], mary kinds of smart network technol-
ogy [13], notto mentionPDAS, cellphonesandsoon often
don't drav on explicit agent theories, languages,prac-
tices, and methods,but they are achieving mary of the
sameends ervisioned by agentresearcherand develop-
ers. Also, technologiesand theories underpinningthese
non-agentagentsystemsare developedin universesparal-
lel to, andonly minimally overlapping the explicitly named
agentsand multi-agentscommunities.The agentcommu-
nities are caughtin a bind betweendissolving out into
speci ¢ applicationareasor into parallel, existing, subar
easof computingsuchasdistributedcomputingor networks,
or maintaininga separatedentity andstrugglingfor recog-
nition in them. Is MAS ary more than a minor twist on
infrastructuretechnology?Does MAS provide fundamen-
tal enablingadvanceghatcannotbe madeelsevhere?These
arecasegshatmustbemade.



Solve the problems of others: An accomplishedthe-
ater/TV director and teacheronce said that the quickest
route to a sustainablecareerin the entertainmentndus-
try was“make money for otherpeople”[10]. If MAS tech-
nolgies principally addressissues that are de ned by
MAS researchersthat appearin MAS-based applica-
tions, and whosevisible payofs accrueto actorsin MAS
communitiestheir ability to createfeedbackioopsthatin-
troducenew problemsandresourceinto MAS communities
will be lost. Viable economicprogressdependson prof-
itable tradewith an outsideworld. To grow, MAS experi-
mentsandtools have to addres<ritical problemsin the do-
mains of others, that those others cant ef ciently solve
themseles.

Focuson fundamentalsMany issuesthat arisein multi-
agentworlds are fundamentaproblemsof distributed sys-
temsof information.Indeed the prospecf impactingfun-
damentalss a principal motivation for mary seriousMAS
researchergzundamentgbroblemsbeingfundamentalthey
appearin mary guisesin mary elds—no eld “owns”
them.For instance coorination, possiblythe mostubiqui-
touslong-termissuein MAS, is alsoasalientproblemin eco-
nomics,in ecologyin sociologyin distributedoperatingsys-
tems,in mechanicsandin biology to namejustafew. To the
extentthat MAS technologiegive goodmodelsandresults
for fundamentaproblemsthebroadeiscienti c andtechno-
logical communitiesene t, andbothimpactandawareness
will grow. MAS researchershouldreachfor theseconnec-
tions.

Win cost-efectivenessand eleganceraces: When prob-
lemsarefundamentahndcritical, they appeain mary disci-
plinesandmary peopleaddresshem.MAS researchemeed
to createapproacheandsolutionsthatareprovablymore el-
egant,insightful, cost-efective, andintegratablethanthose
appearingelsavhere—notjust equal, but better In some
caseshishasoccurredMAS researchergomputabilityand
tractabilityanalyse®f equilibriumstatesn gamesandmar
kets hasled to new algorithm designs,where tractability
wasnt yet a concernin other elds. In otherareassuchas
programminganguagegndcommunicatiorsystemsMAS
techniquesaven't yet shavn clearadvantageof effective-
nessandelegance Whatarethe make-orbreakpracticalad-
vantagesof using a specializedagentcommunicationlan-
guageandinfrastructuresuchas FIPA-ACL over CORBA,
WSDL, SQAP, UDDI, HTTP, or aprotocolspeci c to anap-
plicationareasuchasz39.500r the OAIl protocolfor infor-
mationservices™AS developersmay not yet take the in-
terdisciplinaryraceseriouslyenough.

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

arewhatneednamingandbranding.SomeMAS brandsare
loosely establishedwithin the eld, but not usually propa-
gatedoutward; examplesinclude the Cohen-L&esqugoint
intentionsframewvork, the PGP and GPGP planning proto-
cols andthe adjustableautonomyconcept.But mary more
MAS ideasneedclearidentitiesthat get propagateautside
the MAS community

Reinfocementpolitics: Most of the impact-enhancing
stratgiesdiscussedbove arerationalist:they imaginerais-
ing impact by linking MAS to better/fster/cheapesolu-
tions to recognizedcritical problems.In the 1970s, stud-
ies of computingadoptionposed“reinforcementpolitics”
(RP) as an alteratve to economicor technicalrationalism
in the adoptionof new computingmodels[3]. Under this
RPmodel,computingarrangementarechoserthatreinforce
dominantbiasesandstructureof control. Thereis currently
little sociotechnicaanalysisor researcfor MAS; nonethe-
less,from the RP perspectie, to the extentdominantindus-
trial andcommerciabureaucratienodelshecomedecentral-
izedandautonomic MAS shouldgainimpact.Sothe place
to actwould bein transformindoureacracieandideologies,
ratherthansellingMAS per seonrationalistgrounds.

4. Where'sthe Agent?— Michael Luck

Michael Ludk is a professsorof ComputerSciencewho
hasworked in the area of agent-baseccomputingfor over
10 years. He wasDirector of AgentLinkll, andis an Exec-
utive Director of AgentLinklll, bothtaskedwith promoting
take-upand deploymenbf agent-basedystemsHe hasin-
stigatedthedevelopmenbf several industry-facingactivities
andeventsto try to reac outto the broaderIT community

Therise of researchinto agent-basedomputinghasnot
yetbeenshadaevedby similar succes# industry In thissec-
tion, I examinesomeof the reasondor the apparentack
of take-up of agent-basedomputing,and explore why re-
cent, more general,developmentsn computingwill likely
provide the missingimpetus,andwhy industrywill needto
move quickly to catchup.

A killer application?In their Scienti c Americanarticle
onthe SemantidNMeb [1], Hendler Berners-LeeandLassila
rightly opposethe searchfor akiller applicationfor the Se-
manticWeh The SemantidVebis akiller applicationitself,
they argue.In the sameway, agenttechnologieslo not need
akiller application First, thediversity of agenttechnologies
malesit hardto identify a single (or evena set)of suchap-
plications,since eachrepresent®nly speci ¢ instancesof
technique®r paradigmsnot generality Secondagentsro-
vide a way to understandand conceptualise system,and
to managecompleity in a very generalsenseratherlike
object-orienteccomputing.Indeed,someargue that agents
themseles create problems,not solutions, becausemod-
elling systemsas agentcollectionsrequiresa whole set of



speci ¢ new techniquedor managinginteractions,coordi-
nation,negotiation,andsoon.

If agentsdo causetheseproblems,why shouldthey be
important?The answellies in theincreasinglydynamic,de-
centralisecandopennatureof moderncomputingandinfras-
tructure.New paradigmdor developingdistributedsystems
suchas Web Servicesand peerto-peercomputingpossess
agent-lile characteristicgegardles®f whetheresignerar-
ticulate them as agent-basedystems When most systems
are closedsystemghe commercialcasefor agentsmay be
debatableBut visionsfor thefutureof computing(including
AutonomicComputing Ambientintelligence Grid Comput-
ing, SemanticWeb, etc) all take opennesgor granted,and
eventuallythe two mostimportantattributesmotivating the
agentapproachdynamismandopennessyill 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 increasedsisibility acrossa rangeof do-
mains.

Wheke are the casestudies?The currentproblemis how
to focusthe commercialsectoron theseemeging areasand
the available solutions.From my own interactionswith a
rangeof commercialorganizationspoth inside andoutside
the agentcommunity it appeardhat case-studiesvith real
articulatedbusinessene t will bestencourageleployment
of agentsystems.However, we don't yet possess suf-
cientrangeof successfutommercialdeploymentexamples
for agentsystemsDemonstratorgproof-of-concepsystems
and prototypesare all valuable,but they alonedon't over
comenaturallyrisk-arersecommerciakttitudestoward nen
technologies.

Too few agentcompaniesand commercialagent sys-
tems exemplify full deploymentwith clear businessbene-
t. Many successfutleployed systemsccupy niches mak-
ing themlimited driversfor thefull rangeof agenttechnolo-
gies. For example,in the US, Nutech (which recently ac-
quiredBios Group)hasgainedrecognitionfor work on opti-
misationproblemsusingagent-basedimulations Similarly,
Magentain the UK hasdevelopedsystemsfor routing oil
tanker eets. Otherhigh visibility examplesincludethe use
of agentsin The Two Towels Im, andon the factory oor
at DaimlerChryslerbut thesedemonstratealuein speci ¢
sub-areasyotacrosgherangeof agent-basedomputing.

Theansweiincludesdevelopinganapplicationcasestudy
cataloguespanningthe range of agenttechnologiesthat
shavs businesdene t for a spectrunof applicationsTo do
this, AgentLink (www.agentlink.og)is enumeratingpeci ¢
applicationsin differentdomains,acrossa varety of tech-
niques,in differentgeographicalocations.As ever, though,
moreis needed.

Take-up,drivers, and opportunitiesWhy have agentsys-
temsachiered suchlimited commercialvisibility? Though
realbene tshave beendelivered businessasefocushasof-
ten beenlimited and market entry hasbeensometimegre-
mature.Until recentWeb Servicesdevelopmentsfor exam-
ple, mary agentsolutionsrequireda whole new infrastruc-
ture, which requiredtoo heary a costin disruptionanden-
terprisere-engineeringlTheWeb Servicesubstratg@rovides
two key bene tsfor thereadydeploymentof agentsFirst, it
enncouragedesignersindusergo naturallyview systemss
independeninteractingentities,entirely consistentvith the
agentview. Second effective, standardnfrastructureglike
Web Services¥acilitatemoresophisticateégenttechniques
suchascoordinationandnegotiation.

The SemanticWeb (SW), Grid Computing (GC), and
otherdrivers producesimilar effects. The credibility of the
World Wide Web consortiumbacksSW, and naturaldevel-
opmentsin internal compaly managemengfforts increase
its industrialcurrengy. Companieglearly seeSW asanim-
portantfuture stepfor large-scaleinformation and knowl-
edgemanagementand bringing relevanttechnologiesuch
asagent-basedomputinginto focustoo. Lessmature,GC
is alsovisible: Sunrecentlylauncheda pay-as-you-geer
vice whereby customersrent computing serviceshourly.
This kind of infrastructureand utility computingwill fos-
teragent-basedpplicationdevelopmentpuilding virtual or-
ganisationghat coordinateand deliver compositeservices,
in waysnot otherwisepossible.In both casesagents(indi-
vidually or throughthe realisationof virtual organisations)
releasehesedriving visions' power[4, 1].

In summarytheriseof SemanticService andGrid tech-
nologieswill enablenen dynamicandopenapplicationsys-
tems. Such systemsdemandnew technologiesand agent-
basedomputingprovidesmary relevantsolutions.Theben-
e ts include new processeseretoforeunrealizableaswell
as increased e xibility for existing processesCompanies
suchasIBM focuson areaslike autonomiccomputingfor
just thesereasons:a step changein computingwill only
arrive by facilitating autonomousomponentshat dynam-
ically respondo openandchangingcircumstancedMianag-
ing theresultingcomplexity will requireagenttechnologies.

5. Commercial settings:What is needecdto gettrac-
tion? —Jim Odell

Jamesl. Odellis a consultantwriter, andeducatotin the
areasof agent-basecdand object-orientedsystemsmethod-
ology, businessprocessmanaiement(BPM), and comple
adaptivesystemsThroughoutmostof his thirty-yearcareer
Mr. Odell has beenheavily involved in developing better
methodsto undesstand,communicateand manae system
requirementsHewasoneof theearlyinnovators of informa-
tion engineeringnethodolgies.Recentlyhe participatedin



Figure 2. Technology Adoption Life Cycle[7]

thedevelopmenbf the UML and UML 2.0, and remainsco-
chair of the OMG's ObjectAnalysisand DesignTaskForce

MostrecentlyMr. Odellis involvedin agent-base@ndcom-
plex systemsand their applicationto businesssystemgin-

cluding an agent-basedJML, called AUML). He is on the
board of FIPA andthe chair of its ModelingTedchnical Com-
mittee as well as the chair of the OMG's Agents Special
InterestGroup. His consultingclientsrepresentmanybusi-
nesssectosandincludemajorcompaniessudasNetscape
Amazon.conDHL, Oracle IBM, Hewlett-Packard, and oth-
ers, spanning17 countries. Most recently he has joined
Agentis Softwae, whee he directs the methodolgy and
modelingefforts.

Throughoutmostof my thirty- ve yearcareey develop-
ing commerciallysuccessfukoftware systemshasbeena
primaryactiity. Overthatperiod,softwaredevelopmenthas
gonethrougha numberof technologylife cycles,including
relational,objectoriented(OO), andnow agent-basetech-
nologies.While theseapproachesliffer, their adoptionlife
cycle is the same.In Crossingthe Chasm,Geofrey Moore
[7] looksat the challengeof marketing high technologyand
distinguishebetweersuccessie groupsof adoptergFig. 1).
Agenttechnologyis currentlyin the chasmperiodof adop-
tion: the time gapbetweenthe visionariesandthe pragma-
tists (early adopters)Pragmatistarethe solid citizenswho
avoid therisks of pioneeringbut readily seethe advantages
of testedechnologiesThey arethevanguardf amasamar
ket.

An agentapproactcanonly gettractionif it providessig-
ni cant advantagewith a reasonablénvestmenteturn.But
how canagenttechnologyfosterthat competitve edgecost
effectively? For early-adoptecompaniesagentanust:

Enablea solutionthatcannotbedonepracticallyusing
ary otherkind of approach.

Promotebetterdeveloperproductvity.
Leverageexisting technology

Enabling a solution. Agent enthusiastsaand visionaries
suggesthatalmostevery applicationis appropriatdor agent
technology But let's be honest:other options exist. Any
claimthatagentsolutionsareuniqueis anexaggerationThe
IT pragmatistknows that a top-down, centralizedOO ap-
proachto businesgprocessmanagementBPM) is possible,

becausanostcompaniesiow useit. However, mary BPM

practitionersrealize that processingbottlenecksand scala-
bility problemsplaguethesecorventionalimplementations.
In contrast,agent-basedecentralizechpproachegnablea

moreef cient solution.To crossthe chasmthelT pragma-
tist needgo understandvhich applicationscanmostbene t

from little centralizedcontrol. BPM is just one compelling
applicationin which early adoptersare employing agent
technology Othersinclude order processingitem tracking,
equity trading,and supplychains,for example.As more of

theseapplicationssuccessfullyemploy agents,commercial
IT enterprisesvill moreeasilyaccepthem.

Agents' processingautonomy is also catching early
adopters' attention. With corventional approachessys-
tems must explicity micromanageevery decision (Fig.
2a). However, BDI-style agentsprovided by companies
suchasAOS and Agentiscandynamicallychooseandexe-
cutetheir own plansbasedon changingervironmentstates
(Fig. 2b). Goal-basedapplicationsthat require conte-
tual processingincreasethe effectivenessof agent-based
approachesvercorventionalones. Commonapplicationar-
eashereincludeinsurancepolicy rating, pricing, and item
tracking.

Promotebetterproductivity: PragmatidT managersvill
estimatethe potential developmentproductvity of agent
technologyby examiningitemssuchasmethodologymod-
eling notation, and design effort. Without an accepted
methodologyand modelinglanguagethey won't crossthe
technology chasm. Even with these, developerretraining
costshecomea considerationThe greaterthedifferencebe-
tween agentand corventional approachesthe greaterthe
percevedcostandthelowerthe pragmatists adoptionprob-
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 mary early-adopter
IT departmentsWhile this may distresssome agentre-
searchersagenttechnologieswon't be acceptedwithout
it.

Furthermoreary highercostfor agent-basedesignand
implementationeffort over the corventional will impede
chasm-crossingVithout productvity-enhancingools,most
pragmatistswill never adoptan agentapproach.Happily,
commercial-gradeagenttools are just now appearingand
leading-edgdT departmentsare authorizing expenditures
for them.

Leverage existing technolagy: Totally new and com-
pletely standaloneapplications are scarce. Commercial
IT systemsby their nature, extend existing systemsand
databases!New systems”are rarely nen. They rely on,
reuse,or “wrap” legagy code. Therefore,agentsmustin-
terface with mary 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 Approaches

tional, component-basedoftware packages,and so on.
Finally, agentdevelopersneedto integrate existing stan-
dards and, where appropriate,their extensions. Current
standardemanatdrom the OMG, W3C, andOasis.

6. AgentBusinessCase— Todd Carrico

Todd Carrico is the Presidentof Cougaarsoftwae and
a former DARPA program manaer. CougaarSoftwae is a
fast-giowing startup companyfocusedon commecializing
the Cognitive AgentArchitecture (Cougaar)technolagy, the
resultof 7+ years of DARFA investmenin appliedintelli-
gentagentdevelopmenperformedby a world-classteamof
contractors fromacrossindustryandacademia.

Like mary companiestrugglingto make agenttechnol-
ogy real in the marketplace,we are often facedwith con-
structinganeffective "businesase'for agentsin this brief
section,| thoughtl would sharesomeinsightsfrom our ex-
periencein building suchagumentswith our customersn
hopesthatit might help othersto advancethe adoptionand
legitimization of agenttechnology

First, technologistanustrealizethat the businessworld
doesnot careaboutyour technology Theremay be some
early adoptervisionarieswho are championsfor the sale
of the technologybut this is a smalland specializedyroup.
Businessdecisionmakerswant solutionsto hard problems
in the form of operationatapabilitiesat price pointsandon
performancervelopescomparabldo or betterthantheir al-
ternatives. The questionwe should be asking oursehesis
“What problemscan agentssolve exceptionally well that
othertechnologiesannot?'

Unfortunatelythe truthful answerto that questionis that
thereis nothing,in the strictestsensethat cannotbe done
with ary other architecturesThis unfortunatefact is fre-
guentlypointedout by theIT groupsof potentialcustomers.
Sinceit is understoodhat any programcan be reducedto
a UniversalTuring Machine[12, this simpletruth causesis
no endof grief. The morediscriminatingquestionmight be
"What problemscanagentssolve more naturallythenother
technologies?'

Thesequestionsfrom our experienceyield a few inter-
estinganswersthat can sene as the foundationof a busi-
nesscase.Your mileagemay vary, but | recommend sim-
ilar exerciseto constructa businesscasefor your potential
customergo corvince a potentialcustomenf thevirtuesof
your technology

The Value of SituatedReasoningBusinesspeopleun-
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-baseglanningand rea-
soningthatcansituationallyaware.The subtleability to ad-
just plans,processesnd behaiors in responsdo the cur-
rent stateof the world affords a numberof ef ciencies and
avoids several commonproblems.It ensureghe planis ef-
cient with respecto the operationabarameterandavail-
ableresourceswhile attemptingto work aroundequipment
failures,resourceshortagesndfacility constraintsFactors
like weathercan effectively be representedh the situation
andreasonedboutthroughagentsmore naturallythencan
legagy ERPsystemsWheneer resourceganbe usedmore
e xibly andappropriatelyin the executionof businesoper
ations,realvalueis created.

Captue Knowledg in a Reusabld-orm.A problemmost
companiesface is how to captureand share knowledge
acrossthe enterprise Typically agentsystemscan capture
knowledgein anumberof ways,suchasrules,work o w, ob-



ject models,ontologiesanddomainbehaiors. The explicit
captureof this knowledge,especiallythoseforms that can
be producedby the domainoperator is typically the foun-
dationof anagentapplication A subtlebut critical reality is
thattoday fartoo muchof whatmakesabusines®ffectiveis
theresultof humanleadershipTwo storesjdenticalin every
physicalway, canhave two dramaticallydifferentpro t lines
duesolely to the subtledifferencesn how the storesoper
ate.Successfutompaniegjo to greatlengthsto understand
what makes one store successfuland impart that through
policy andtrainingto the otherstores.Throughagenttech-
nology, knowledgecanbe captured utilized, evaluatedand
“good' knowledgesharedacrossthe enterpriseThe capture
andreuseof knowledgeprovidessigni cant businessvalue
to theenterprise.

Utilizing Humansas Decision Makers. With the com-
plexity of today's informationspacepeopletendto spenda
greatdealof time performinginformationgatheringandpro-
cessingandlesstime analyzinganddeliberatingdecisions.
Agenttechnologyis extremelywell suitedto providing au-
tomationof comple informationprocessingctuities, even
whenoperatingover vastamountsof data,on behalfof the
user As agentsare capableof taking up more of the infor-
mationgatheringandprocessindourden,it freeshumansto
focus on what they do best,and agentsdo poorly - draw-
ing insightful conclusiondrom which to basea decision.To
shav the expenseandinef ciency in having peopleperform
routineinformationactiities versusagileandadaptive agent
systemsautomatinghe sameactiities underuserdirection
demonstrateseal businessvalue over corventionalinfras-
tructures.

Thesearethreeareasve have foundto be goodtoeholds
on which to form a solid businesscase While theseare by
no meanssufcient to justify a businessnvestmenin agent
technologythey areoftensufcient to motivatefurtherdia-
log andexploration.Thekey to building agoodbusinessase
for agentds to make it abouttheproblemshatcanbesolved
andthevaluethosesolutionsprovide, notaboutthetechnol-
ogy being employed. The technologyis part of the "how'
of the solution, not the “what'. | hopethesesimple points
on building an effective businesscasefor agentssenesyou
well. As acommunity we needto do a betterjob on helping
our businessenefctorsto understandhe valueandpoten-
tial of our technologyandin doing sowe increaseour op-
portunitiesfor application,adoptionand supportfor future
research.

7. Conclusion

It is interestinggiventhediversityof commentaryn de-
velopingimpactfor agents that commonthemesappearin
some/allof the sections.In particular the issueof applica-
tions or problemson which to apply agenttechnologiegse-

peatswith high frequeng. One consisteninessagés solve
a problemin contrastto focusingon generalpurposetech-
nologiesfor which thereis no direct needor pull. Note that
a given problemmay be an instanceof a classof problems
sothatatechnologydevelopedto solve the classmaybedi-

rectly usefulon mary differentinstancesThe questionthen
is how broador generala given approachshouldbe — de-
terminingthatbalancds dependenbn the technologiesind
yourimpactgoals.

Developing impact for agentsis clearly a much larger
potentialtopic-of-corversationand a corversationthat the
communityneedso have on aregularbasis.Theideascon-
tainedin this paperarearticulatedby us but in somesense
the communityasa whole hascontributedto them.It is our
hopethattheseideasassistin the sustainedyrowth of agent
researctandin connecting-the-dotsothatourresearclpays
thedividendsthatwe believe it canpay.
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