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Abstract

COORDINATORsarecoordinationmanagersfor �elded �rst
responders.Each�rst responseteamis pairedwith a CO-
ORDINATOR coordinationmanagerwhich is runningon a
mobile computingdevice. COORDINATORsprovide deci-
sionsupportto �rst responseteamsby reasoningaboutwho
shouldbedoingwhat,when,with what resource,in support
of whichotherteam,andsoforth. COORDINATORsrespond
to the dynamicsof the environmentby (re)coordinatingto
determinethe right courseof actionfor the currentcircum-
stances. COORDINATORs have beenimplementedusing
wirelessPDAs andproprietary�rst responderlocationtrack-
ing technologies. This paperdescribesCOORDINATORs,
the motivation for them, the underlyingagentarchitecture,
implementationissues,and�rst responseexercises.

Track: Emerging Applications
Topic Ar ea: Software Agents

Intr oduction
COORDINATORs are coordinationmanagersfor ®elded
®rst responderssuchas®re ®ghters.They provide decision
supportfor ®rst responseteamsandtheincidentcommander
by reasoningaboutmissionstructures,resourcelimitations,
time considerations,andinteractionsbetweenthemissions
of different teamsto decidewho shouldbedoingwhat,and
when, so as to get the bestoverall result. COORDINA-
TORsprovide global teamactivity optimization– helping
theteamsto respondto thedynamicsof theenvironmentand
to act in concert,supportingoneanother, asappropriatefor
thecurrentcircumstances.Whenthesituationchanges,the
COORDINATORscommunicate,evaluatethe implications
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Figure1: COORDINATORsHelp First RespondersCoordinate
JointAction By ReasoningAboutTasksandInteractions

of change,andpotentiallydecide(or suggest,dependingon
their role) onanew courseof actionfor theteams.

The underpinningsof COORDINATORs are TÆMS
agents(Decker 1995; Wagner, Guralnik, & Phelps2003a;
2003b;Lesser, Horling, & et al ) equippedwith a new coor-
dinationmodulederived from the coordinationkeys (Wag-
ner, Guralnik, & Phelps2003a)technology. This means
that each distributed COORDINATOR is able to reason
about complex mission task structuresand communicate
with othercoordinatorsto determinewhoshouldbesupport-
ing whom,when,in orderto save themostlives,make the
bestuseof assetsor resources,reducerisk to the response
teams,andsoforth. An application-centricview of anindi-
vudalCOORDINATORis shown in Figure1. A network of
COORDINATORsis shown in Figure2.

Implementationally, COORDINATORs have beencon-
structedusingoff-the-shelfwirelessPDAs andarecurrently
being portedto more specializedwearablecomputingde-
vices.COORDINATORsalsoleverageaHoneywell propri-
ety assetlocation technology(akin to RF id tags)to track
the physicallocation of ®rst responseteams,victims, and
importantresourcessuchasa wall cutting saw or a multi-
story portableladder. A screensnapshotof a PDA-based
coordinatoris shown in Figure 3. The screenis showing
thelocationof theteamswith its ownerteam's schedulear-
rangedacrossthetop.

COORDINATORsareimplementedandfunctioningand
havebeenexperimentedwith usingstaged®rst responseex-
ercises.However, this projectandthework describedhere
is only the potential starting point for COORDINATORs
andtechnologythat supportshumanactivity coordination.
DARPA (DefenseAdvancedProjectsResearchAgency) is



Figure2: A Network of COORDINATORsHandlingTaskCoordinationBetweenResponders

exploring the possibility of creatinga largereffort in coor-
dinationwhich would lead to cognitive COORDINATORs
thatlearnto improve,reasonaboutorganizationalstructures
whendecisionmaking,reasonaboutchangein theenviron-
ment,andexhibit otheradvancedreasoningcapabilities.

Notethat throughoutthis paperwe usetheterm“®rst re-
sponder”to meanpersonnelranging from ®re ®ghtersto
emergency medicalteams. For the detailsof this project,
however, we have focusedprimarily on theneedsof the®re
®ghtersandthe incidentcommanderbecausewe wereable
to getdomainexpertisein thatarea.

In thispaperwediscussthe®rst responsedomain,themo-
tivation for COORDINATORs,anda few underlyingbusi-
nessdevelopmentissues.We thenprovidearchitecturaland
technicaldetailsof COORDINATORsanddiscusshuman-
based®rst responseexercisesusingCOORDINATORs.

Moti vation and BusinessConcepts
COORDINATORsarefor large-scale®rst responseteamco-
ordination. To frame the problemspace,imaginea large-
scalecrisis event suchasa terroristattack,at a large facil-
ity suchas a university campusor a petrochemicalplant,
with multiple concurrentincidents,andmultiple organiza-

Figure 3: A Single COORDINATOR Runningon an Off-The-
ShelfWirelessPDA

tions or teamsresponding. In situationssuchas this, ef-
fective responserequirescoordinationbetweenthe ®rst re-
sponseteams. They must act both in concert,supporting
eachothers' efforts (and attemptingnot to hinder one an-
other),andindividually, carryingout their own differentas-
signments.In this environment,thesituationis changingin
real-timeand thereis often not very much a priori infor-
mationavailable. This meansthat the teamsandthe inci-
dentcommandermustform andadapttheir plansonlineas
the situationunfolds. Currently, this processis carriedout
usingwalkie-talkiesand the teamsrely heavily on the in-
cidentcommanderto provide high-level coordination.The
problemis that reasoningaboutwho shouldbedoingwhat,
andwhen,in a largescalesituationis very dif®cult for hu-
mans.(Considerthenumberof hoursperweekonespends
simply schedulingmeetings.) Add-in that the situationis
highly dynamicandthat changerequirestimely evaluation
and response.Then factor-in the crisis element– �ames,
explosions,andhumanlivesatstake. Humandecisionmak-
ing in thesesituationstranslatesinto highlevelsof cognitive
load, coarseapproximationin reasoning,and, from a fac-
tual evaluationstandpoint,suboptimalcoordination.This is
a situationin which decisionsupporttechnologiescanhelp
make betterdecisions,faster, with a greaterattentionto de-
tail (®ner grain of coordination),andwith a (near)optimal
utilization of teamsandresources.The goal of COORDI-
NATORsis to enablethehumanrespondersandtheincident
commanderto focusonthehuman-hardproblemsandto off-
load coordinationreasoningon to the automatedcoordina-
tion managers.

This concepthasbeenwell received by experts in ®re,
security, and ®rst response,aswell asby other customers
for military or industrialapplications.Keepin mind, how-
ever, thatthetechnicalvisionmotivatingCOORDINATORs
is long term. This conceptis still very far away from some-
thingthatcouldbeusedby ®rst respondersin the®eld. Con-
siderthe device level issuesalone– heat,moisture,steam,
darkness,device interactionin a loud settingwhile wearing
glovesandcarryingequipment,device power, ad-hocnet-
working/connectivity, are just a few of the areasthat must
cometogetherbeforethis conceptis fully viable. Theseis-
suesarebeingaddressedby otherresearchcommunitiesbut
interactionwith expertsandour own productdivisionshas
madeit clearthatthis vision is still severalyearsaway from



Figure4: COORDINATORsValueTree

deployment.

Figure4 shows the valuetreefor the COORDINATORs
concept.While the differentdimensionsof valuecangen-
erally be regardedasthe resultof ef®ciency improvements
andhaving adjustableoptimizationcriteria,to businesspeo-
plesuchstructureshelpto spellout thepotentialvalueof an
investment.

Anotherimportanttool whendevelopinga new technol-
ogy conceptlike COORDINATORs is Ansoff 's product-
market-expansiongrid, shown in Figure5. Thegeneralidea
is that the currentor presentmarket/productmix is in the
upper-left handside andexpansionmoves from that point
to oneof theotherspacesin thegrid. The move that most
businesspeoplewill balk at is themove from theupper-left
to the lower-right. This meanscreatinga new productand
trying to sell it in a new market. This is regardedasa risky
propositionbecausethey arenotworking from a positionof
strength. As a technicalperson,developinga conceptthat
movesa company into that lower-right box meansthat in-
vestmentmaybeverydif®cult to obtain.On theotherhand,
a move from theupper-left to theupper-right is a move that
businessdevelopmentpeopleendorse.This meanstakinga
currentproductanddevelopinga new market for it. This
is an instanceof expansionfrom a strength.However, this
expansionmovementis generallyof little useto thosede-
velopingtechnicalconceptsbecause,by de®nition, we are
generallycreatingnew productsand new ideas. The one
expansionavenueopento work like COORDINATORs is
to keepthecompany in its existingmarket (movementfrom
upper-left to lower-left) but to developanew productfor that
market. Whetheror not COORDINATORsactuallymakes
themove to thelower-left is a matterof somedebate– par-
tially becausethe entire®rst response/ homelanddefense
market is in astateof �ux. Whatis helpfulwhendeveloping
a conceptlike COORDINATORsis to hit on multi-purpose
use– somethingthat is anenableron a day-to-daybasisas
well assomethingthat hasvalue in ®rst responseandcri-
sissituations.WhetherCOORDINATORsfor ®rst response
will achieve productstatusin the distantfuture is far from
predictable.

Figure5: Ansoff 's Product/Market ExpansionGrid

Agents,Ar chitecture,and Implementation
COORDINATORs are based-onTÆMS agents (Decker
1995; Wagner, Guralnik, & Phelps2003a;2003b;Lesser,
Horling,& etal ). ThenameTÆMSstandsfor TaskAnalysis
EnvironmentModelingandSimulationthoughin its present
day usageTÆMS is bestregardedas a hierarchicalmod-
eling languageusedto representcomplex tasknetworksand
interactionsbetweendifferentagents.TÆMS-basedcompo-
nents,suchastheDTC agentscheduler(Wagner, Garvey, &
Lesser1998;Wagner& Lesser2001;Raja,Lesser, & Wag-
ner 2000) then reasonaboutthesecomplex task networks
to decideon a courseof action for the agent. TÆMS en-
ablesTÆMS-basedtechnologiesto beusedin many differ-
entdomainsbecause,aswith any modelinglanguage,it pro-
videsa layer of abstractionaway from the domaindetails.
Figure 6 shows a single TÆMS agentas constructedfor
COORDINATORs. From a high-level, eachTÆMS agent
containssophisticatedcontrolproblemsolvingmodulesthat
reasonabouttasks,taskinteractions,interactionsthat span
agents,time deadlines,resourceconstraints,andsoforth to
decidewho shouldbedoingwhat,andwhen,soasto opti-
mizetheactivities of a groupof distributedagents.Thede-
tails of how the technologiesoperatearebeyond the scope
of this paper, thoughmoreinformationcanbe found in pa-
person TÆMS (Decker 1995; Lesser, Horling, & et al ),
DTC agentscheduling(Wagner, Garvey, & Lesser1998;
Wagner& Lesser2001; Raja, Lesser, & Wagner2000),
GPGPagentcoordination(Decker1995;Decker& Li 1998;
Lesseret al. 1998),andin theaircraftserviceteamcoordi-
nationapplication(Wagner, Guralnik,& Phelps2003a).

From the larger MAS systemview, eachCOORDINA-
TOR hasa single TÆMS agentto which it is linked via
wireless802.11bnetwork, asshown in Figure7. In the fu-
ture,we envision theTÆMSagentsthemselvesrunningon

Figure6: A SingleTáMSAgent/ theCoreof aCOORDINATOR



portablecomputingdevicesbut theprocessingrequirements
of a TÆMSagentaretoo greatfor currentPDAs andwear-
able computers(shrinking the TÆMS agentrequirements
hasnotbeexploredto conserveresources).ThecurrentCO-
ORDINATOR systemarchitecturehaseachwirelessPDA
connectingto a TÆMS agentback-end– thePDA agentis
essentiallyan interfacestub that communicatesas needed
with the TÆMS agents. EachTÆMS agentin turn may
communicatewith otherTÆMSagentsto coordinatetheac-
tivities of different teams(exchangelocal information,ne-
gotiateover taskinteractions,determinewho shouldbedo-
ing what, andwhen). Whenthe systemis runningin sim-
ulation mode(as it is generallyas we have few buildings
to actuallyburn for experimentalpurposes),agentcommu-
nicationis routedthroughthe MASS (Vincent,Horling, &
Lesser2001)simulationenvironment(asshown in the ®g-
ure). EachTÆMSagentalsocommunicateswith theHon-
eywell Lab's building EBI server. TheEBI server is a com-
mercialproprietarytechnologyfor controllingbuilding sys-
temsandfor trackingassetswithin a facility. For instance,
managerswithin thebuilding wearassetlocationtagssothat
they can be locatedas needed. In the COORDINATORs
system,®rst respondersare taggedso they can be tracked
throughthefacility andsotheteamscanseevisually where
other teamsare locatedand track eachother's movements
usingthePDAs anddigitizedmaps.Theincidentcomman-
derCOORDINATOR(anotherTÆMSagentsupportsit) can
also track teammovementsusing the assetlocation tech-
nology. The addition of situationalicons, e.g., locations
of known ®res, is plannedfor future implementation.Ob-
viously, the informationgatheredfrom the trackingsystem
couldalsobefed into otherautomatedreasoningmodulesin
a morecomprehensiveCOORDINATOR,e.g.,onethatpro-
videspathplanningor intelligent evacuationsupportusing
theinformation.Theseideashave not beenexploredin any
meaningfulway to date. An assetlocationtag is shown in
Figure8. The tag uniquely identi®esa personor an asset
by sendinga signal to receiver units which aredistributed
throughoutthebuilding. Locationof thepartyin questionis
determinedby proximity to a givenreceiver. In many mod-
ernof®cebuildings/ facilities,suchtaggingis commonplace
andbecomingmoreso.Notethattherearemany otherloca-
tion technologiesthatmightbeusedin systemslikeCOOR-
DINATORs,includingGPSandcellular-basedtriangulation
(bothof whichgenerallyperformpoorly indoors).

COORDINATORsareimplementedin a combinationof
Java andC++. The reasoningcomponents,e.g., the DTC
agentschedulingmodule, rely on the Java Agent Frame-
work (JAF) and the MASS simulationenvironment (Vin-
cent,Horling, & Lesser2001) to provide inter-component
glue/messaging/execution and inter-agent messagetrans-
port. The JAF infrastructureincludesa Java representation
of TÆMS. DTC, the major C++ component,usesits own
internal TÆMS representation.As discussed,the TÆMS
agentsthemselvesrunonlinux-basedworkstationswhile the
PDA interactionsare managedby Java-based“agent-lets”
or stubs. The advantageof this designand theseplatform
choicesis that we do not needthe PDAs to run the restof
thesystem– thePDA-sideJava applicationscansimply be

Figure 7: Overview of the MAS Architectureof a Network of
COORDINATORs

Figure8: LocaterTagTracksHumans/Assets& Their Locations

run underlinux andconnectedto usinga physicalnetwork,
asshown in Figure10. This facilitatestesting,experimenta-
tion, anddebugging.

The user interfaces developed for COORDINA-
TORs attempt to strike a good balance between re-
search/developmentcostand functionality. Recall that we
regardthesedevicesasdemonstrationvehicles– for actual
deploymentadifferentdevice is neededanduserinteraction
will most likely not be basedon stylusmanipulation.Fig-
ure9 shows thestepsnecessaryto createa rescuemission.
The data enteredvia pull- down menu and check box
selectionservesto ®ll-in the detailsof an existing mission
template. We are experimentingwith speechrecognition,
heads-updisplays, and wearablecomputersas a way to
facilitatemorenaturalenvironment-embeddedinteraction.

Figure10: Java EnablesDisplayingBoth ªMobileºDevice Side
InterfacesandCentralizedCommandona SingleWorkstation



Figure9: Creatinga RescueMissionBy Instantiatinga MissionTemplate

Coordination and First ResponseExercises

While a detailedexampleof ®rst respondercoordinationin
COORDINATORs is beyond the scopeof this paper(one
canbefoundin (Wagneretal. 2004)),thecritical conceptual
point is thatcoordinationrequiresreasoningabouttasksand
interactions. That is, understandinghow one team's tasks
interactwith thoseof other teams. Theseinteractionsre-
quirecohesivechoice(everyoneselectingthe“right” way to
performtasks)andtemporalsequencing(everyonemustdo
their actionsat the “right times”). Froma high-level, coor-
dination is aboutdecidingwho shouldbe doing what, and
when, soasto get thebestoverall resultfor thecurrentcir-
cumstances.TheideabehindCOORDINATORsis thatthey
continuouslyevaluatechangein thesituationor in themis-
sion anddecidehow the teamsshouldadaptand respond.
COORDINATORsarea technologyintendedfor onlineuse
whichmeansthey mustrespondin “soft” real-timeandcan-
notrely onalgorithmsrequiringexponentialsearch.A small
exampleof acoordinationepisodeis shown in Figure11. At
this point in time (in a larger scenario),��������� 's COOR-
DINATOR hasnegotiatedwith �������
	 's COORDINATOR
for �������

� to support �����
�
	 's evacuationefforts by pro-

viding secondarylighting for a darkenedstairwell. Later
in thesamescenario,dueto new deadlinesimposedby the
potential for explosionselsewherein the facility, the CO-
ORDINATORsmustrenegotiateandconsideralternatives–

�������
� windsup supporting�������

	 by providing a net for
window evacuationinsteadof lighting for stairwellevacua-
tion.

Figure11: A SingleSliceof LargerCoordinationEpisode:Tasks
andSchedulesRe¯ect��������� 's Supportof ���������

In termsof evaluation,arguablythemostimportantover-
all evaluation questionfor COORDINATORs is whether
they improve theperformanceof ®rst responders.In a per-
fect world with unlimitedresources,onemight designa set
of experimentsin which ®rst respondersengagein a series
of ®rst responseepisodesbothwith andwithout COORDI-
NATORsproviding support.In eachcase,onewould like to
measurespeci®cmetricslike numberof livessaved, num-
ber of assetssaved, time requiredto perform the mission
tasks,numberof respondersnecessaryto addressthesitua-
tion,amountof risk incurredby therespondersandthecivil-
ians,etc. In this perfectworld, onewould have buildingsto



Figure12: DomainWork is CarriedOut With Props

burn andtheability to recreate,verbatim,scenariosso that
themeasurementandcomparisoncouldbeone-to-one.

Not living in a perfectworld, we electedto usea some-
what moreeconomicapproach.To evaluateCOORDINA-
TORsfrom anapplicationview, ratherthansimply evaluat-
ing theperformanceof theunderlyingtechnology(e.g.,time
requiredfor coordination),westaged®rst responseexercises
andhadhumanperformerstake therole of ®rst responders.
Notethatthelessonslearnedfrom thisprocessareanecdotal
but arealsomoremeaningfulasanearlyviability testof the
concept.

In theexercisestherearefour teamsandanincidentcom-
mander(IC). The scenariois set in a petrochemicalplant
thoughtheplant is mappedbackonto theHoneywell Lab's
building. Duringtheexercise,respondersmustmovearound
thebuilding, performsituationassessmenttasks,respondto
thesituationsthey discover, andcoordinateto rescuecivil-
ians. The scenariois setupin sucha way that teamsmust
coordinatein orderto rescuethecivilians. Failure to do so
resultsin (simulated)lossof life – ametricthatcanbetabu-
lated.

To assessthe bene®tsof having COORDINATORs, we
®rst deploy the teamson the ®rst responseexerciseusing
walkie-talkiesfor communication(they are also equipped
with stop-watchesandbuilding mapsto make the simula-
tion morecomplete).After the walkie-talkieexercise,dur-
ing which lossof (prop) life is recorded,the teamsarero-
tatedandthe scenariorun again,this time with COORDI-
NATORsproviding automatedsupport.

In doing this exercise,we rapidly discoveredthe degree
to which humansareoverwhelmedwhenfacedwith lots of
temporalandtaskrelateddatathat is in a stateof constant
change.Theinitial planwasto hostVIPsandto havea VIP
take the role of incident commander– the individual who
generallyhandlescoordinationin thewalkie-talkieexercise.
Not only was the IC tasktoo dif®cult for the VIPs, it was
toodif®cult for mostof theresearchteammembers.In prac-
tice,only someonewhohadmemorizedthe�o w of eventsin
theexercisecouldhelp theteamsto rescueall thecivilians.
We resortedto this modelin orderto gethumanperformers
throughthewalkie-talkieexerciseat all.

ThusVIPs andvisitors (with varying degreesof domain
expertise)generallytook theroleof ®rst responseteams.At

the startof the scenario,the teamsaredeployed by the IC
andgiven situationassessmenttasks. In enactingthe sce-
nario,at this point teamsmove throughoutthebuilding and
go to assignedzones(generallyconferencerooms).To sim-
ulate the situationassessmenttask, we createda seriesof
props representingthe situation. For instance,a ®rst re-
sponseteammight ®nd ®re props,debrisprops,anda civil-
ian prop pinnedby a girder prop. This would indicatethat
a civilian wastrappedandthat the®re neededto beput out
andthe debrisclearedbeforethegirder couldbe cut away.
Cuttingthegirderalsorequiressomeotherteam(generally)
to fetcha power saw from thesimulatedtruck. In theexer-
cise,propsarereinforcedby stagingdatasheetsthatdescribe
thesituationtextually andexplicitly cull out resourceneeds
andpotentialtemporalissues(e.g.,“you mustevacuatethese
civiliansbeforetheadjacentwall collapsesat timeT=40”).

Because®elded ®rst respondersmust coordinatewhile
carryingoutdomaintasks,wealsorequireour®rst response
stand-insto carry out simulateddomaintasks. In general,
this translatesinto puttingpropsinto oneanotherandmov-
ing themphysicallythroughoutthebuilding. Figure12illus-
tratestheprocessof puttingout a small®re. To extinguish
the ®re, it goesinto a �r e extinguishmentbox andthe box
mustthenbecarriedto a stagingareaon a speci®c�oor of
thebuilding. Similarly, evacuationof aninjuredcivilian re-
quiresthatthecivilian propbeput into thegurney propbox,
a box that mustbe fetchedfrom the stagingarea,andthen
thegurney boxmustbeput into astairwellbox(if thatis the
exit routechosen)andthestairwellboxcarriedto thestaging
area.

Dynamicsareintroducedinto theenvironmentusingsec-
ondaryenvelopeson which is printeda time at which they
areto be opened.Thusteamsmaycoordinate,decideon a
courseof action, thenopenan envelopeanddiscover that
the situationhaschanged(e.g., a ceiling fell-in) and then
they mustrecoordinateto adaptto thenew situation.

As onemightguessfrom thedescription,humanperform-
ersgenerallyfaredpoorlyduringthisexercise.Only with an
expertIC who knew thecompletescenarioa priori andhad
®guredout exactly who shouldbe supportingwhom, and
when,couldgetboth the teamsandthecardboardcivilians
out of the facility in time. What is moreinterestingis that
thestressincurredby thehumanperformersduringtheexer-
cisewaspronouncedandobservableevento thenon-expert.
Trying to battleone's propswhile processingall the cross
chatteron thewalkie-talkieandinteractwith theIC proved
to be a dif®cult taskeven without the heat,smoke, sound,
and inherentdangerof a crisis situation. Few performers
wereableto coordinateproperly. Few wereableto evaluate
theirmissionstructuresproperly. Not oncedid a guestteam
make it throughthescenariowith theoptimalcourseof ac-
tion chosen.Notableamongour VIPs wasa Honeywell VP
who processedthetemporaldatawithout handdrawn Gantt
chartsandwhocarriedthepropswith greatvigorwhile bark-
ing commandsinto his walkie-talkie. (Con®dencein man-
agementrosea fractionduringthisepisode.)

In contrastto thewalkie-talkiescenario,therunwith CO-
ORDINATORshandlingtheactivity coordinationis almost
boring– despitethescenariobeingrunata fasterclock rate.



Figure13: After the Exercise,First ResponseStand-insareDe-
briefed by Being Shown the Optimal Courseof Action and the
ChoicesThey Made

In theCOORDINATOR scenario,the teamsperformsitua-
tion assessmentanddescribetheir situationto the COOR-
DINATORs. The COORDINATORsthenhandleall of the
exchangeof local information,theanalysis,andthe forma-
tion of commitments.Teamsaretheninformedof whatthey
shouldbedoing,when,whowill besupportingthem,andso
forth.

After both exercises,the VIPs are then debriefedand
shown a simpli®edGanttchart,Figure13, of themajorco-
ordinationpointsandsupportneedsof the differentteams.
While theevidencegatheredduringtheseexercisesis anec-
dotal, the reactionof our visitors, somewith ®rst response
andmilitary domainexpertise,hasserved to reinforceour
belief thatthis line of work is valuable.In practice,the“fog
of war” causedby �ames, screaming,smoke, etc.,makesa
setof tasksthat humanshave dif®culty with undernormal
circumstancesnearlyimpossible.Informationexchangeand
coordinationanalysisshouldbeoff-loadedfrom thehumans
to automatedassistantsthat are betterequippedto reason
preciselyandrespondin a (near)optimal andtimely fash-
ion.

UnaddressedResearch Issues,Limitations,
and Future Work

In this paper, we have presentedCOORDINATORs, dis-
cussedthe motivation behind them, and identi®ed a few
important businessdevelopmentconcepts. We have also
describedthe underlyingTÆMS agenttechnologyandde-
scribedthe anecdotalexperimentationwith COORDINA-
TORs.

COORDINATORsrelateto severalareasof prior art. The
electronicelves(Chalupsky etal. 2002)projectunderscored
the value of using a portablecomputingdevice as a front
endfor a morecomplex, agent-based,supportsystem.The
useof GPStrackingin e-elvesalsoaf®rmedour interestin
leveragingHoneywell assettrackingtechnologiesin COOR-
DINATORs. Our work differs from e-elvesin that the rea-

soningandinformationexchangeis all distributed– in the-
ory no agenthasa completeview of the activities of the
otheragents.COORDINATORsalsodiffers in the type of
task/temporalanalysisrequiredto coordinatecomplex mis-
sionstructures.In a sense,COORDINATORsaremorenar-
rowly scopedthane-elvesbut requiredeeperanalysistech-
nology. The useof agentsandportablecomputingdevices
to disseminateinformationto, andcollectinformationfrom,
aircraft repairteams(Shehoryet al. 1999)alsocontributed
intellectually to COORDINATORs. Interfacing with the
building systemsand displayingdigital maps,along with
teamlocation,informationis aconceptthatrelatesnaturally
with thisprior work. Anotherareais thework donein using
TÆMSagentsto supportaspectsof distributedcollaborative
designprocesses(Decker& Lesser1995).Thoughthereare
differences,e.g.,grainsizeandresponsetime requirements,
theunderlyingtechnicalproblemsareprobablymembersof
thesameclassor relatedclasses.

While this paper has describedthe COORDINATORs
project,we have not dealt overmuchwith researchissues.
Hard problemsareabundantin COORDINATORs. At the
mostbasiclevel, distributedactivity coordinationfrom par-
tial views in a (soft) real-timesettingis an extremelydif-
®cult problem– particularlygiven the degreeof complex-
ity neededto representmissiontasksandtheir interactions.
This thereasonfor the“nearly optimal” terminologyin this
paper. Most techniquesthatwe have developedto dateare
approximate,e.g.,thekeys coordinationmechanism(Wag-
ner, Guralnik, & Phelps2003a). Another hard issue is
how to provideacentralizedcommand-and-control interface
to a network of COORDINATORsthat are inherentlydis-
tributed.Throughour interactionwith domainexpertsit be-
cameclearthatwe neededto supportandleveragethe inci-
dentcommander, notreplacehim/her. A relatedissueis how
to supportmixedmodesof decisionmaking– COORDINA-
TORsneedto beableto (learnto) make decisionsfor their
teamsin somecircumstancesandin othersneedto consult
their teammembers(or theIC) directly. This might involve
advancedsituationassessmentor reasoningaboutwhat the
teamis currentlydoing, the importanceof the decisionat
hand,the existenceof otheroptions,the responsetime re-
quiredfor the decision,andso forth. Anotherissuehereto
unaddressedis theclassicquestionof “wheredo themodels
comefrom?” Our assumptionis thatwe cancreatea library
of templatesandtheninstantiatethemat runtime– possibly
askingtheIC or therespondersto adaptthemissionsto the
currentsituation. This is time consumingandwill require
theright interfaces,right missioneditingtools,etc.,in order
to make it feasible(our currenttools could be improved).
Evenif theseissuescanberesolved,they arestill predicated
ontheassumptionthatmissionscanbegeneralizedandthey
repeat(the hypothesisthat this is the caseis basedon the
currentday existenceof responseplans and standardized
procedures).Anotherareaof future work involvesorgani-
zationalstructures– reasoningaboutdecisionmakingpro-
ceduresand following properorganizationalstructure,and
decisionmakingprotocols,for bothCOORDINATORsand
humans.

In the future,we plan to explore someof theunderlying



technicalissuesin COORDINATORsin greaterdepth. For
instance,thecoordinationalgorithmusedherehasnot been
evaluatedin the small andit is known to have someunad-
dressedissues,e.g.,consideringload balancingwhentask-
ing. The next stepsfor this work will alsobe partially in-
�uencedby DARPA interestsandHoneywell interests.This
work waspartly fundedby DARPA's IPTO of®ce asanex-
ploratoryprojectin coordination.Theirinterestis in creating
greatlyenhancedcognitiveCOORDINATORsthatnot only
solve all the core problemswell, but that learn and adapt
over time, reasonaboutorganizationalstructureand mili-
tarydecisionmakingwhencoordinating,andarescalableby
learningto controltheirown problemsolving(learningwith
whomto coordinate,learningwhich coordinationdecisions
are important,etc.). From the cognitive COORDINATOR
perspective,theCOORDINATORsdiscussedhereshouldbe
viewedasanearlyprototypeof thingsto comeandwhat is
possiblein this problemspace.
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