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Abstract

COORDINATORSsarecoordinatiormanagersor elded rst
responders.Each rst responsdeamis pairedwith a CO-
ORDINATOR coordinationmanagemvhich is runningon a
mobile computingdevice. COORDINATORS provide deci-
sionsupportto rst responseeamsby reasoningaboutwho
shouldbe doingwhat, when,with whatresourcejn support
of whichotherteam,andsoforth. COORDINATORSsrespond
to the dynamicsof the ervironmentby (re)coordinatingto
determinethe right courseof actionfor the currentcircum-
stances. COORDINATORSs have beenimplementedusing
wirelessPDAs andproprietary rst respondefocationtrack-
ing technologies. This paperdescribesCOORDINATORS,
the motivation for them, the underlying agentarchitecture,
implementatiorissuesand rst responsexercises.

Track: Emerging Applications
Topic Area: Software Agents

Intr oduction

COORDINATORS are coordinationmanagersfor ®elded
®rstrespondersuchas®re ®ghters. They provide decision
supportor ®rstresponséeamsandtheincidentcommander
by reasoningaboutmissionstructuresresourcdimitations,
time considerationsandinteractionsbetweenthe missions
of differentteamsto decidewho shouldbe doing what,and
when, so as to get the bestoverall result. COORDINA-
TORs provide global teamactiity optimization— helping
theteamgo respondo thedynamicsof theervironmentand
to actin concert,supportingoneanotherasappropriatefor
the currentcircumstancesWhenthe situationchangesthe
COORDINATORscommunicategvaluatethe implications
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Figure 1: COORDINATORsHelp First Responder€oordinate
JointAction By ReasoningAbout TasksandInteractions

of changeandpotentiallydecide(or suggestdependingon
theirrole) on anew courseof actionfor theteams.

The underpinningsof COORDINATORs are TAEMS
agents(Decker 1995; Wagner Guralnik, & Phelps2003a;
2003b;LesserHorling, & etal) equippedwith anew 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 othercoordinatorgo determinevho shouldbesupport-
ing whom, when,in orderto save the mostlives, make the
bestuseof assetor resourcesreducerisk to the response
teamsandsoforth. An application-centrizview of anindi-
vudal COORDINATORIs shavnin Figurel. A network of
COORDINATORSis shavn in Figure2.

Implementationally COORDINATORS have beencon-
structedusingoff-the-shelfwirelessPDAs andarecurrently
being portedto more specializedwearablecomputingde-
vices.COORDINATORsalsoleveragea Honeywell propri-
ety assetlocationtechnology(akin to RF id tags)to track
the physicallocation of ®rst responsdeams,victims, and
importantresourcesuchasa wall cutting saw or a multi-
story portableladder A screensnapshobf a PDA-based
coordinatoris shawvn in Figure 3. The screenis shaving
thelocationof the teamswith its ownerteams schedulear-
rangedacrosghetop.

COORDINATORsareimplementedandfunctioningand
have beenexperimentedvith usingstaged®rst responsex-
ercises.However, this projectandthe work describechere
is only the potential starting point for COORDINATORS
andtechnologythat supportshumanactvity coordination.
DARPA (DefenseAdvancedProjectsResearctiAgency) is



Figure2: A Network of COORDINATORsHandlingTaskCoordinationBetweenResponders

exploring the possibility of creatinga larger effort in coor
dinationwhich would lead to cognitive COORDINATORS
thatlearnto improve, reasoraboutorganizationaktructures
whendecisionmaking,reasoraboutchangean the environ-
ment,andexhibit otheradvancedreasoningapabilities.

Notethatthroughouthis paperwe usetheterm“®rst re-
sponder’to mean personnelranging from ®re ®ghtersto
emegengy medicalteams. For the detailsof this project,
however, we have focusedprimarily onthe needof the®re
®ghtersandthe incidentcommandebecauseve wereable
to getdomainexpertisein thatarea.

In thispapemwe discusghe®rstresponselomain,themo-
tivation for COORDINATORSs, and a few underlyingbusi-
nessdevelopmentissues.We thenprovide architecturabnd
technicaldetailsof COORDINATORsanddiscusshuman-
based®rst responsexerciseusingCOORDINATORS.

Moti vation and BusinessConcepts

COORDINATORsarefor large-scalé®rst responséeamco-
ordination. To frame the problemspace,maginea large-
scalecrisis event suchasa terroristattack,at a large facil-
ity suchas a university campusor a petrochemicaplant,
with multiple concurrentincidents,and multiple organiza-

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

tions or teamsresponding. In situationssuchas this, ef-
fective responseequirescoordinationbetweenthe ®rst re-
sponseteams. They mustact both in concert,supporting
eachothers' efforts (and attemptingnot to hinder one an-
other),andindividually, carryingout their own differentas-
signmentsln this ervironment,the situationis changingin
real-timeandthereis often not very mucha priori infor-
mation available. This meansthat the teamsandthe inci-
dentcommandemustform andadapttheir plansonline as
the situationunfolds. Currently this processs carriedout
using walkie-talkiesand the teamsrely heaily on the in-
cidentcommandeto provide high-level coordination. The
problemis thatreasoningaboutwho shouldbe doing what,
andwhen,in a large scalesituationis very dif®cult for hu-
mans. (Considerthe numberof hoursperweekonespends
simply schedulingmeetings.) Add-in that the situationis
highly dynamicandthat changerequirestimely evaluation
andresponse.Then factorin the crisis element— ames,
explosions,andhumanlivesat stale. Humandecisionmak-
ing in thesesituationgranslatesnto highlevelsof cognitive
load, coarseapproximationin reasoning.and, from a fac-
tual evaluationstandpointsuboptimalkoordination.This is
a situationin which decisionsupporttechnologiexanhelp
make betterdecisionsfaster with a greaterattentionto de-
tail (®ner grain of coordination),andwith a (near)optimal
utilization of teamsand resources.The goal of COORDI-
NATORsis to enablethe humarnresponderandtheincident
commandeto focusonthehuman-hargroblemsandto off-
load coordinationreasoningon to the automatecdtoordina-
tion managers.

This concepthasbeenwell receved by expertsin ®re,
security and ®rst responseaswell as by othercustomers
for military or industrialapplications.Keepin mind, how-
ever, thatthetechnicalvision motivating COORDINATORS
is long term This concepts still very far away from some-
thingthatcouldbeusedby ®rstresponders the®eld. Con-
siderthe device level issuesalone— heat,moisture,steam
darknessdevice interactionin a loud settingwhile wearing
glovesand carrying equipmentdevice power, ad-hocnet-
working/connectiity, are just a few of the areasthat must
cometogethereforethis conceptis fully viable. Theseis-
suesare beingaddressedly otherresearcltommunitiesout
interactionwith expertsandour own productdivisionshas
madeit clearthatthisvisionis still severalyearsaway from



Figure4: COORDINATORsValueTree
deployment.

Figure 4 shows the valuetreefor the COORDINATORS
concept. While the differentdimensionsof valuecangen-
erally be regardedasthe resultof ef®cieng/ improvements
andhaving adjustableoptimizationcriteria,to businesgpeo-
ple suchstructureshelpto spelloutthe potentialvalueof an
investment.

Anotherimportanttool when developinga new technol-
ogy conceptlike COORDINATORs is Ansoff's product-
market-expansiorgrid, shovn in Figure5. Thegeneraidea
is that the currentor presentmarket/productmix is in the
uppetleft handside and expansionmoves from that point
to oneof the otherspacesn thegrid. The move that most
businesgeoplewill balk atis the move from the upperleft
to the lower-right. This meanscreatinga new productand
trying to sellit in a new market. Thisis regardedasa risky
propositionbecausehey arenot working from a positionof
strength. As a technicalperson,developinga conceptthat
movesa compalry into that lower-right box meansthat in-
vestmeninay bevery dif®cult to obtain. Onthe otherhand,
amove from the uppetleft to the upperright is a move that
businesdevelopmentpeopleendorse. This meangaking a
currentproductand developinga new market for it. This
is aninstanceof expansionfrom a strength. However, this
expansionmovementis generallyof little useto thosede-
velopingtechnicalconceptsbecauseby de®nition, we are
generallycreatingnew productsand new ideas. The one
expansionavenueopento work like COORDINATORSsis
to keepthe compayy in its existing market (movementfrom
uppetleft to lowerleft) but to developanew productfor that
market. Whetheror not COORDINATORsactuallymakes
the move to thelower-left is a matterof somedebate- par
tially becausehe entire ®rst responséd homelanddefense
marketis in astateof ux. Whatis helpfulwhendeveloping
aconceptike COORDINATORSsis to hit on multi-purpose
use— somethinghatis an enableron a day-to-daybasisas
well as somethingthat hasvaluein ®rst responseand cri-
sissituations.WhetherCOORDINATORsfor ®rst response
will achiese productstatusin the distantfuture is far from
predictable.

Figure5: Ansoff's Product/Markt ExpansionGrid

Agents, Ar chitecture, and Implementation

COORDINATORSs are based-onTAMS agents (Decker
1995; Wagner Guralnik, & Phelps2003a;2003b;Lesser
Horling, & etal). ThenameT £MSstanddor TaskAnalysis
EnvironmentModelingand Simulationthoughin its present
day usageT/AEMS is bestregardedas a hierarchicalmod-
elinglanguageausedto representomplex tasknetworksand
interactiondetweerdifferentagents TAMS-basedompo-
nentssuchasthe DTC agentschedule(Wagner Ganey, &
Lesserl998;Wagner& Lesser2001;Raja,Lessey& Wag-
ner 2000) then reasonaboutthesecomplec task networks
to decideon a courseof actionfor the agent. TAEMS en-
ablesT/AEMS-basedechnologiego be usedin mary differ-
entdomainsbecauseaswith any modelinglanguageit pro-
videsa layer of abstractionraway from the domaindetails.
Figure 6 shows a single TAEMS agentas constructedfor
COORDINATORSs. From a high-level, eachTAEMS agent
containssophisticatedontrolproblemsolvingmoduleghat
reasomabouttasks,taskinteractions,nteractionsghat span
agentstime deadlinesresourceconstraintsandsoforth to
decidewho shouldbe doing what,andwhen,so asto opti-
mizetheactuities of a groupof distributedagents.The de-
tails of how the technologieperateare beyond the scope
of this paper thoughmoreinformationcanbe foundin pa-
person TAEMS (Decker 1995; Lessey Horling, & etal ),
DTC agentscheduling(Wagner Garney, & Lesser1998;
Wagner& Lesser2001; Raja, Lesser & Wagner 2000),
GPGPagentcoordination(Decker 1995;Decker & Li 1998;
Lesseretal. 1998),andin the aircraft serviceteamcoordi-
nationapplication(Wagner Guralnik,& Phelps2003a).
From the larger MAS systemview, eachCOORDINA-
TOR hasa single TAEMS agentto which it is linked via
wireless802.11bnetwork, asshavn in Figure7. In thefu-
ture, we ervision the TAEMS agentghemselesrunningon

Figure6: A SingleTaMSAgent/ theCoreof a COORDINATOR



portablecomputingdevicesbut the processingequirements
of aTAEMS agentaretoo greatfor currentPDAs andwear
able computers(shrinking the TAEMS agentrequirements
hasnotbeexploredto consereresources)ThecurrentCO-
ORDINATOR systemarchitecturehas eachwirelessPDA
connectingo a TAEMS agentback-end- the PDA agentis
essentiallyan interface stub that communicatess needed
with the TAEMS agents. Each TAEMS agentin turn may
communicatavith otherTAEMSagentdo coordinateheac-
tivities of differentteams(exchangeocal information, ne-
gotiateover taskinteractionsdeterminevho shouldbe do-
ing what, andwhen). Whenthe systemis runningin sim-
ulation mode (asit is generallyaswe have few buildings
to actuallyburn for experimentalpurposes)agentcommu-
nicationis routedthroughthe MASS (Vincent,Horling, &
Lesser2001) simulationervironment(as shovn in the ®g-
ure). EachTAMS agentalsocommunicatesvith the Hon-
eywell Lab's building EBI sener. The EBI seneris acom-
mercialproprietarytechnologyfor controllingbuilding sys-
temsandfor trackingassetswithin a facility. For instance,
managersvithin thebuilding wearassetocationtagssothat
they canbe locatedas needed. In the COORDINATORS
system,®rst responderare taggedso they can be tracked
throughthe facility andsotheteamscanseevisually where
otherteamsare locatedand track eachother's movements
usingthe PDAs anddigitized maps. Theincidentcomman-
derCOORDINATOR (anothelT A EMSagentsupportst) can
also track team movementsusing the assetlocation tech-
nology. The addition of situationalicons, e.g., locations
of known ®res, is plannedfor future implementation.Ob-
viously, the informationgatheredrom the tracking system
couldalsobefedinto otherautomatedeasoningnodulesn
amorecomprehensie COORDINATOR, e.g.,onethatpro-
vides path planningor intelligent evacuationsupportusing
theinformation. Theseideashave not beenexploredin ary
meaningfulway to date. An assetiocationtagis shawvn in
Figure 8. Thetag uniquelyidenti®esa personor an asset
by sendinga signalto recever units which are distributed
throughouthebuilding. Locationof the partyin questionis
determinedby proximity to a givenrecever. In mary mod-
ernof®cebuildings/ facilities,suchtaggingis commonplace
andbecomingmoreso. Notethattherearemary otherloca-
tion technologieshatmight be usedin systemdike COOR-
DINATORs,including GPSandcellularbasedriangulation
(bothof which generallyperformpoorly indoors).

COORDINATORsareimplementedn a combinationof
Jara and C++. The reasoningcomponentse.g.,the DTC
agentschedulingmodule, rely on the Java Agent Frame-
work (JAF) and the MASS simulation ervironment (Vin-
cent,Horling, & Lesser2001)to provide inter-component
glue/messagingkecution and interagent messagetrans-
port. The JAF infrastructureincludesa Java representation
of TEEMS. DTC, the major C++ componentusesits own
internal TAEMS representation.As discussedthe TAEMS
agentgshemselesrunonlinux-basedvorkstationsvhile the
PDA interactionsare managediy Java-based'agent-lets”
or stubs. The advantageof this designandtheseplatform
choicesis that we do not needthe PDASs to run the restof
the system— the PDA-side Java applicationscansimply be

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

Figure8: LocaterTag TracksHumans/Asset& Their Locations

run underlinux andconnectedo usinga physicalnetwork,
asshowvnin Figure10. Thisfacilitatestesting,experimenta-
tion, anddehugging.

The user interfaces developed for COORDINA-
TORs attempt to strike a good balance between re-
search/deelopmentcostand functionality. Recallthat we
regardthesedevicesasdemonstratiorvehicles— for actual
deploymentadifferentdevice is neededanduserinteraction
will mostlikely not be basedon stylus manipulation. Fig-
ure 9 shaws the stepsnecessaryo createa rescuemission.
The data enteredvia pull- down menu and check box
selectionsenesto ®ll-in the detailsof an existing mission
template. We are experimentingwith speechrecognition,
heads-updisplays, and wearablecomputersas a way to
facilitatemorenaturalervironment-embededinteraction.

Figure 10: Java EnablesDisplaying Both @Mobile® Device Side
InterfacesandCentralizedCommancbon a Single Workstation



Figure9: Creatinga RescueMission By Instantiatinga Mission Template

Coordination and First ResponseExercises

While a detailedexampleof ®rst respondercoordinationin
COORDINATORs s beyond the scopeof this paper(one
canbefoundin (Wagneretal. 2004)),thecritical conceptual
pointis thatcoordinationrequiresreasoningabouttasksand
interactions. Thatis, understandindnow oneteams tasks
interactwith thoseof otherteams. Theseinteractionsre-
quirecohesve choice(everyoneselectinghe“right” wayto
performtasks)andtemporalsequencingeveryonemustdo
their actionsat the “right times”). From a high-level, coor
dinationis aboutdecidingwho shouldbe doing what, and
when soasto getthe bestoverall resultfor the currentcir-
cumstancesTheideabehindCOORDINATORSsis thatthey
continuouslyevaluatechangein the situationor in the mis-
sion and decidehow the teamsshouldadaptand respond.
COORDINATORsareatechnologyintendedfor onlineuse
whichmeanghey mustrespondn “soft” real-timeandcan-
notrely onalgorithmsrequiringexponentialsearch A small
exampleof acoordinatiorepisodds shavnin Figurell. At
this point in time (in a larger scenario), 's COOR-
DINATOR hasnegotiatedwith 's COORDINATOR
for to support 's evacuationefforts by pro-
viding secondanylighting for a darkenedstairwell. Later
in the samescenariodueto nen deadlinesmposedby the
potentialfor explosionselsavherein the facility, the CO-
ORDINATORsmustrengyotiateandconsideralternatves—

winds up supporting by providing a netfor
window evacuationinsteadof lighting for stairwell evacua-
tion.

Figurell: A SingleSliceof Larger CoordinationEpisode:Tasks
andSchedulefke ect 's Supportof

In termsof evaluation,arguablythe mostimportantover-
all evaluation questionfor COORDINATORSs is whether
they improve the performanceof ®rst respondersin a per
fectworld with unlimited resourcespne might designa set
of experimentsn which ®rst respondergngagedn a series
of ®rst responsespisodedoth with andwithout COORDI-
NATORsproviding support.In eachcase pnewouldliketo
measurespeci®cmetricslike numberof lives saved, num-
ber of assetssared, time requiredto performthe mission
tasks,numberof respondersiecessaryo addresghe situa-
tion, amountof risk incurredby theresponderandthecivil-
ians,etc. In this perfectworld, onewould have buildingsto



Figure12: DomainWork is CarriedOut With Props

burn andthe ability to recreateyerbatim,scenarioso that
themeasuremerandcomparisorcould be one-to-one.

Not living in a perfectworld, we electedto usea some-
what more economicapproach.To evaluateCOORDINA-
TORsfrom anapplicationview, ratherthansimply evaluat-
ing theperformancef theunderlyingtechnologye.g..time
requiredfor coordination)we staged®rstresponsexercises

andhadhumanperformerdake therole of ®rst responders.

Notethatthelessondearnedrom this processareanecdotal
but arealsomoremeaningfulasanearlyviability testof the
concept.

In the exercisegherearefour teamsandanincidentcom-
mander(IC). The scenariois setin a petrochemicaplant
thoughthe plantis mappedbackontothe Honegywell Lab's
building. Duringtheexerciserespondermustmovearound
the building, performsituationassessmenasks respondo
the situationsthey discover, and coordinateto rescuecivil-
ians. The scenarias setupin sucha way that teamsmust
coordinatein orderto rescuethe civilians. Failureto do so
resultsin (simulated)ossof life —ametricthatcanbetalu-
lated.

To assesghe bene®tsof having COORDINATORS, we
®rst deploy the teamson the ®rst responseexerciseusing
walkie-talkiesfor communication(they are also equipped
with stop-watchesand building mapsto make the simula-
tion more complete). After the walkie-talkie exercise,dur-
ing which lossof (prop) life is recordedthe teamsarero-
tatedandthe scenariorun again, this time with COORDI-
NATORsproviding automatedupport.

In doing this exercise,we rapidly discoreredthe degree
to which humansareoverwhelmedvhenfacedwith lots of
temporalandtaskrelateddatathatis in a stateof constant
change Theinitial planwasto hostVIPs andto have a VIP
take the role of incidentcommander the individual who
generallyhandlesoordinationin thewalkie-talkieexercise.
Not only wasthe IC tasktoo dif®cult for the VIPs, it was
toodif®cult for mostof theresearctieammembersin prac-
tice,only someonavho hadmemorizedhe o w of eventsin
the exercisecould help theteamsto rescueall the civilians.
We resortedo this modelin orderto gethumanperformers
throughthewalkie-talkieexerciseat all.

ThusVIPs andyvisitors (with varying degreesof domain
expertise)generallytook therole of ®rstresponséeams At

the startof the scenariothe teamsare deployed by the IC
and given situationassessmertasks. In enactingthe sce-
nario, at this point teamsmove throughouthe building and
goto assignedoneggenerallyconferenceéooms).To sim-
ulate the situationassessmerntask, we createda seriesof
propsrepresentinghe situation. For instance,a ®rst re-
sponsdeammight ®nd ®re props,debrisprops,anda civil-
ian prop pinnedby a girder prop. This would indicatethat
acivilian wastrappedandthatthe ®re neededo be put out
andthe debrisclearedbeforethe girder could be cut away.
Cuttingthe girderalsorequiressomeotherteam(generally)
to fetcha power sav from the simulatedtruck. In the exer
cise,propsarereinforcedby stagingdatasheetshatdescribe
the situationtextually andexplicitly cull out resourceneeds
andpotentiatemporaissuege.g.,"you mustevacuatehese
civilians beforethe adjacenivall collapsesttime T=40").

Because®elded ®rst respondersnust coordinatewhile
carryingoutdomaintaskswe alsorequireour ®rstresponse
stand-insto carry out simulateddomaintasks. In general,
this translatesnto putting propsinto oneanotherandmov-
ing themphysicallythroughouthebuilding. Figurel2illus-
tratesthe procesof putting out a small®re. To extinguish
the ®re, it goesinto a r e extinguishmenbox andthe box
mustthenbe carriedto a stagingareaon a speci®c oor of
thebuilding. Similarly, evacuationof aninjuredcivilian re-
quiresthatthecivilian propbeputinto thegurney propbox,
a box that mustbe fetchedfrom the stagingarea,andthen
thegurney boxmustbe putinto a stairwellbox (if thatis the
exit routechosenpndthestairwellboxcarriedto thestaging
area.

Dynamicsareintroducednto the ervironmentusingsec-
ondaryervelopeson which is printeda time at which they
areto be opened.Thusteamsmay coordinate decideon a
courseof action, thenopenan envelopeand discover that
the situationhaschanged(e.g., a ceiling fell-in) andthen
they mustrecoordinatdo adaptto the new situation.

As onemightguesdrom thedescriptionhumanperform-
ersgenerallyfaredpoorly duringthis exercise.Only with an
expertIC who knew the completescenarica priori andhad
®gured out exactly who shouldbe supportingwhom, and
when, could get both the teamsandthe cardboarctivilians
out of the facility in time. Whatis moreinterestingis that
thestresdncurredby thehumanperformergduringtheexer-
cisewaspronouncecndobsenableevento the non-ecpert.
Trying to battle one's propswhile processingall the cross
chatteron the walkie-talkieandinteractwith the IC proved
to be a dif®cult task even without the heat,smole, sound,
and inherentdangerof a crisis situation. Few performers
wereableto coordinateproperly Few wereableto evaluate
their missionstructuregproperly Not oncedid aguestteam
malke it throughthe scenariowith the optimal courseof ac-
tion chosen Notableamongour VIPs wasa Honeywell VP
who processedhe temporaldatawithout handdravn Gantt
chartsandwho carriedthepropswith greatvigor while bark-
ing commandsnto his walkie-talkie. (Con®dencdn man-
agementosea fractionduringthis episode.)

In contrasto thewalkie-talkiescenariotherunwith CO-
ORDINATORshandlingthe activity coordinationis almost
boring— despitethe scenaridbeingrun atafasterclock rate.



Figure 13: After the Exercise,First Responsétand-insare De-
briefed by Being Shavn the Optimal Courseof Action and the
ChoicesThey Made

In the COORDINATOR scenariothe teamsperformsitua-
tion assessmerdnd describetheir situationto the COOR-
DINATORs. The COORDINATORsthenhandleall of the
exchangeof local information,the analysis,andthe forma-
tion of commitmentsTeamsaretheninformedof whatthey
shouldbe doing,when,whowill besupportinghem,andso
forth.

After both exercises,the VIPs are then debriefedand
shavn a simpli®ed Ganttchart, Figure 13, of the major co-
ordinationpoints and supportneedsof the differentteams.
While the evidencegatheredduringtheseexerciseds anec-
dotal, the reactionof our visitors, somewith ®rst response
and military domainexpertise,hassened to reinforce our
beliefthatthis line of work is valuable.In practice the “fog
of war” causedoy ames, screamingsmole, etc.,makesa
setof tasksthat humanshave dif®culty with undernormal
circumstancenearlyimpossible.Informationexchangeand
coordinationanalysisshouldbe off-loadedfrom thehumans
to automatedassistantghat are betterequippedto reason
preciselyandrespondin a (near)optimal andtimely fash-
ion.

UnaddressedReseach Issues Limitations,
and Futur e Work

In this paper we have presentedCOORDINATORS, dis-
cussedthe motivation behind them, and identi®ed a few
important businessdevelopmentconcepts. We have also
describedhe underlyingTAMS agenttechnologyand de-
scribedthe anecdotalexperimentationwith COORDINA-
TORs.

COORDINATORstrelateto severalareasf prior art. The
electronicelves(Chalupsly etal. 2002)projectunderscored
the value of using a portablecomputingdevice as a front
endfor a morecomple, agent-basedsupportsystem.The
useof GPStrackingin e-ehesalsoaf®rmedour interestin
leveragingHoneywell assetrackingtechnologiesn COOR-
DINATORSs. Our work differsfrom e-elesin thattherea-

soningandinformationexchangeis all distributed— in the-
ory no agenthasa completeview of the actwities of the
otheragents. COORDINATORsalsodiffersin the type of
task/temporahnalysisrequiredto coordinatecomplex mis-
sionstructuresin asenseCOORDINATORsaremorenar
rowly scopedhane-ehesbut requiredeeperanalysistech-
nology. The useof agentsand portablecomputingdevices
to disseminaténformationto, andcollectinformationfrom,
aircraftrepairteams(Shehoryet al. 1999)alsocontributed
intellectually to COORDINATORS. Interfacing with the
building systemsand displaying digital maps, along with
teamlocation,informationis a concepthatrelatesnaturally
with this prior work. Anotherareais thework donein using
TAEMSagentgo supportaspect®f distributedcollaboratve
designprocessefDecker & Lesserl995). Thoughthereare
differencese.g.,grainsizeandresponsdime requirements,
theunderlyingtechnicalproblemsareprobablymembersf
thesameclassor relatedclasses.

While this paperhas describedthe COORDINATORS
project, we have not dealtovermuchwith researchssues.
Hard problemsare abundantin COORDINATORS. At the
mostbasiclevel, distributedactiity coordinationfrom par
tial views in a (soft) real-timesettingis an extremely dif-
®cult problem— particularly given the degreeof comple-
ity neededo representnissiontasksandtheir interactions.
This the reasorfor the “nearly optimal” terminologyin this
paper Most techniqueghatwe have developedto dateare
approximateg.g.,the keys coordinationmechanism\Wag-
ner, Guralnik, & Phelps2003a). Another hard issueis
how to provideacentralizedcommand-and-conttinterface
to a network of COORDINATORs that are inherentlydis-
tributed. Throughour interactionwith domainexpertsit be-
cameclearthatwe neededo supportandleveragethe inci-
dentcommandemotreplacehim/her A relatedssueis how
to supportmixedmodesof decisionmaking— COORDINA-
TORsneedto be ableto (learnto) make decisiongor their
teamsin somecircumstanceandin othersneedto consult
theirteammembergqor the IC) directly. This mightinvolve
adwancedsituationassessmerntr reasoningaboutwhat the
teamis currently doing, the importanceof the decisionat
hand,the existenceof otheroptions,the responsdime re-
quiredfor the decision,andso forth. Anotherissuehereto
unaddresseis the classicquestionof “wheredo themodels
comefrom?” Our assumptioris thatwe cancreatealibrary
of templatesandtheninstantiatehematruntime— possibly
askingthe IC or the responderso adaptthe missionsto the
currentsituation. This is time consumingandwill require
theright interfacesyight missioneditingtools,etc.,in order
to malke it feasible(our currenttools could be improved).
Evenif thesessuesanberesoled,they arestill predicated
ontheassumptiorthatmissionscanbegeneralizec@ndthey
repeat(the hypothesighat this is the caseis basedon the
currentday existenceof responseplans and standardized
procedures).Anotherareaof future work involvesorgani-
zationalstructures- reasoningaboutdecisionmaking pro-
ceduresand following properorganizationalstructure,and
decisionmakingprotocols,for both COORDINATORsand
humans.

In the future, we planto explore someof the underlying



technicalissuesn COORDINATORsin greaterdepth. For
instancethe coordinationalgorithmusedherehasnot been
evaluatedin the smallandit is known to have someunad-
dressedssuesg.g.,consideringoad balancingwhentask-
ing. The next stepsfor this work will alsobe partially in-
uencedby DARPA interestaandHoneywell interestsThis
work waspartly fundedby DARPA's IPTO of®ce asan ex-
ploratoryprojectin coordination.Theirinterestis in creating
greatlyenhanceaognitive COORDINATORsthatnot only
solve all the core problemswell, but that learn and adapt
over time, reasonaboutorganizationalstructureand mili-
tary decisionrmakingwhencoordinatingandarescalableby
learningto controltheir own problemsolving (learningwith
whomto coordinateearningwhich coordinationdecisions
areimportant,etc.). From the cognitve COORDINATOR
perspectie,the COORDINATORSsdiscussedthiereshouldbe
viewed asan early prototypeof thingsto comeandwhatis
possiblein this problemspace.
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