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Abstract

COORDIMNTORsare coorinationmanajersfor elded
r st respondes. Each r st responseteamis paired with
a COORDIMNATOR coomination manajer which is run-
ning on a mobilecomputingdevice COORDINATORSspro-
vide decisionsupportto r st responseieamsby reason-
ing aboutwho shouldbe doing what, when,with what re-
source, in supportof which other team,and so forth. CO-
ORDINATORsrespondo the dynamicsof the environment
by (re)coodinating to determinethe right course of ac-
tion for the current circumstancesSCOORDINATORshave
beenmplementedsingwirelessPDAsandproprietary r st
responderocation tracking technolagies. This paper de-
scribesCOORDINATORSs,the motivationfor them,the un-
derlying agent architecture, evaluation r st responsesxer
cises,reseach issues,and next stepsfor more advanced
cognitive COORDIMTORSsthat learn and perform more
sophisticatedpemtions.

1. Intr oduction

COORDINATORsarecoordinatiormanagersor elded
rst respondersuchas re ghters. They provide decision
supportfor rst responsdeamsandthe incidentcomman-
der by reasoningabout mission structures resourcelimi-
tations,time considerationsand interactions betweenthe
missionsof differentteamsto decidewho shouldbe doing
what, and when, so as to get the bestoverall result. CO-
ORDINATORSsprovide globalteamactivity optimization—
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Figure 1. A Single COORDINATOR Running
on an Off-The-Shelf Wireless PDA

helping the teamsto respondto the dynamicsof the ervi-

ronmentandto actin concert,supportingone another as
appropriatefor the currentcircumstancesWhenthe situa-
tion changesthe COORDINATORscommunicategvaluate
the implicationsof changeandpotentially decide(or sug-
gest,dependingn their role) on a new courseof actionfor

theteams.

The underpinningsof COORDINATORSs are TAEMS
agents[3, 6, 11, 12] equippedwith a new coordina-
tion module derived from the coordination keys [11]
technology This meansthat each distributed COORDI-
NATOR is able to reasonabout complex mission task
structuresand communicatewith othercoordinatorgo de-
terminewho shouldbe supportingwhom, when, in order
to save the most lives, make the bestuse of assetwr re-



sourcesreducerisk to theresponséeamsandsoforth. Im-
plementationallyCOORDINATORshave beenconstructed
using off-the-shelf wireless PDAs and are currently be-
ing portedto morespecializedvearablecomputingdevices.
COORDINATORSsalsoleveragea Honeywell proprietyas-
set location technology(akin to RF id tags)to track the
physicallocationof rst responsdeams,victims, andim-
portantresourcesuchasawall cuttingsav or amulti-story
portableladder A screensnapshof a PDA-basedcoor
dinator is shawvn in Figure 1. The screenis shaving the
location of the teamswith its owner teams schedulear
rangedacrosshetop.

COORDINATORsareimplementedandfunctioningand
have beenexperimentedvith usingstagedrst responsex-
ercises However, this projectandthe work describechere
is only the potential starting point for COORDINATORSs
andtechnologythat supportshumanactvity coordination.
DARPA (DefenseAdvancedProjectsResearctAgens) is
exploring the possibility of creatinga larger effort in coor
dinationwhich would leadto cognitive COORDINATORS
thatlearnto improve,reasoraboutorganizationabtructures
whendecisionmaking,reasoraboutchangen the erviron-
ment,andexhibit otheradvancedreasoningapabilities.

Notethatthroughouthis papemwe usetheterm* rst re-
sponder’to meanpersonnelrangingfrom re ghters to
emegeny medicalteams.For the details of this project,
however, we have focusedprimarily on theneedf the re
ghters andtheincidentcommandebecausave wereable
to getdomainexpertisein thatarea.

In this papemwe discusghe rst responselomainandthe
motivation for COORDINATORSs. We then provide archi-
tecturalandtechnicaldetailsof the agenttechnologieghat
malke COORDINATORSs possibleand illustrate their role
usinga rst responseepisode Human-basedst response
exercisesusing COORDINATORs are then discussedfol-
lowed by importantresearcltdirectionsand next stepsfor
COORDINATORS.

2. Motivation and Reality Check

COORDINATORsarefor large-scalerst responséeam
coordination.To framethe problemspacejmaginea large-
scalecrisis eventsuchasa terroristattack,at a large facil-
ity suchas a university campusor a petrochemicaplant,
with multiple concurrentincidents,and multiple organiza-
tions or teamsresponding.In situationssuch as this, ef-
fective responseequirescoordinationbetweerthe rst re-
sponseteams.They must act both in concert,supporting
eachothers' efforts (and attemptingnot to hinderone an-
other),andindividually, carryingout their own differentas-
signmentsln this ervironment,the situationis changingn
real-timeandthereis oftennotvery mucha priori informa-
tion available. This meansthat the teamsand the incident

Figure 2. A Single TAEMS Agent —the Core of
a Single COORDINATOR

commandemustform and adapttheir plansonline asthe
situationunfolds. Currently this processs carriedout us-
ing walkie-talkiesandtheteamsrely heavily ontheincident
commandetto provide high-level coordination.The prob-
lem is thatreasoningaboutwho shouldbe doingwhat,and
when,in alarge scalesituationis very dif cult for humans.
(Considerthe numberof hoursper week one spendssim-

ply schedulingneetings.Add-in thatthesituationis highly

dynamicandthatchangerequirestimely evaluationandre-

sponse.Thenfactorin the crisis element— ames, explo-

sions,and humanlives at stake. Human decisionmaking
in thesesituationstranslatesinto high levels of cognitive

load, coarseapproximationin reasoningand,from a fac-
tual evaluationstandpointsuboptimalcoordinationThisis

a situationin which decisionsupporttechnologiesanhelp
male betterdecisionsfaster with a greaterattentionto de-
tail ( ner grain of coordination),andwith a (near)optimal
utilization of teamsandresourcesThe goal of COORDI-
NATORsis to enablethe humanrespondersandthe inci-

dentcommandeto focuson the human-hargroblemsand
to off-load coordinationreasoningpn to the automatecto-

ordinationmanagers.

This concepthasbeenwell receved by expertsin re,
security and rst responseaswell as by othercustomers
for military or industrial applications.In fact, the project
hasbeenshapedby Honeywell interactionswith re mar
shalsand othersfrom the rst responsecommunity Keep
in mind, however, thatthe technicalvision motivating CO-
ORDINATORSsis long term This conceptis still very far
away from somethinghatcouldbeusedby rst responders
in the eld. Considerthe device level issuesalone— heat,
moisture,steam darknessdevice interactionin a loud set-
ting while wearingglovesand carrying equipmentdevice
power, ad-hocnetworking/connectiity, arejustafew of the
areasthat must cometogetherbeforethis conceptis fully
viable. Theseissuesare beingaddressedtby otherresearch
communitiesbut interactionwith expertsandour own prod-
uctdivisionshasmadeit clearthatthisvisionis still several
yearsaway from deplgyment.



3. Agentsand Underlying Ar chitecture

COORDINATORsarebased-om £AMSagentd3, 6, 11,
12]. The nameTZAMS standsfor Task AnalysisEnviron-
mentModelingand Simulationthoughin its presentdlayus-
ageT/ZAEMSis bestregardedasa hierarchicamodelinglan-
guageusedto representomples tasknetworksandinterac-
tions betweendifferentagents. TAEMS-basedomponents,
suchasthe DTC agentschedulef7, 10, 13] thenreason
aboutthesecomplex task networks to decideon a course
of actionfor the agent.TAEMS enablesT £MS-basedech-
nologiesto be usedin mary differentdomainsbecauseas
with any modelinglanguageit providesa layer of abstrac-
tion away from the domaindetails.Figure2 shows a single
TAEMS agentas constructedor COORDINATORs. From
ahigh-level, eachTZAEMS agentcontainssophisticatedon-
trol problemsolving modulesthat reasonabouttasks,task
interactions,interactionsthat spanagents time deadlines,
resourceconstraintsandso forth to decidewho shouldbe
doing what, and when, so asto optimize the actiities of
a groupof distributedagents.The detailsof how the tech-
nologiesoperatearebeyondthe scopeof this paperthough
moreinformationcanbefoundin paperson TAEMS[3, 6],
DTC agentscheduling[7, 10, 13], GPGPagentcoordina-
tion [3, 2, 5], andin the aircraft serviceteamcoordination
application[11].

From the larger MAS systemview, eachCOORDINA-
TOR hasa single TEMS agentto which it is linked via
wireless802.11bnetwork, as shavn in Figure 3. In the
future, we ervision the TAEMS agentsthemselesrunning
on portablecomputingdevices but the processingequire-
mentsof a TZ/EMS agentaretoo greatfor currentPDAs and
wearablecomputers(shrinking the TAEMS agentrequire-
mentshasnot be exploredto consere resources)The cur
rent COORDINATOR systemarchitecturehas eachwire-
less PDA connectingto a TZAEMS agentback-end- the
PDA agentis essentiallyan interface stub that communi-
catesasneededvith the TEMS agentsEachT/AEMSagent
in turn may communicatewith other TAEMS agentsto co-
ordinatethe actuities of differentteams(exchangdocalin-
formation, negotiateover taskinteractions determinewho
shouldbe doingwhat,andwhen).Whenthe systemis run-
ning in simulationmode(asit is generallyaswe have few
buildingsto actuallyburn for experimentapurposes)agent
communicatioris routedthroughthe MASS [9] simulation
ervironment(as shovn in the gure). EachTAMS agent
alsocommunicatesvith the Honeywell Lab's building EBI
sener. The EBI seneris acommercialproprietarytechnol-
ogy for controlling building systemsandfor trackingassets
within a facility. For instance managerswithin the build-
ing wearassetiocationtagsso thatthey canbe locatedas
neededIn the COORDINATORSs system, rst responders
aretaggedso they canbe tracked throughthe facility and

Figure 3. Overview of the MAS Architecture of
a Network of COORDINATORS

sotheteamscanseevisually whereotherteamsarelocated
andtrackeachother's movementaisingthe PDAs anddigi-

tizedmaps.TheincidentcommandeCOORDINATOR (an-
other TAEMS agentsupportsit) canalsotrack teammove-
mentsusing the assetlocationtechnology The addition of

situationalicons, e.g.,locationsof known res, is planned
for futureimplementationObviously, theinformationgath-
eredfrom the tracking systemcould alsobe fed into other
automatedeasoningnodulesn amorecomprehensie CO-

ORDINATOR, e.g.,0onethatprovidespathplanningor intel-

ligentevacuatiorsupportusingtheinformation.Thesadeas
have notbeenexploredin ary meaningfulway to date.

4. A Coordination Episode

To groundthe discussiorandillustratethe kinds of rea-
soningperformedby a setof COORDINATORS, let uscon-
sideran exampleof COORDINATORSsin action. Assume
thatthereis a crisiseventat alarge petrochemicaplantand
mary rst responséeamsalongwith amobileincidentcom-
mandunit, completewith anincidentcommande(IC), are
deployed. Digressingfor a moment,Figures4, 5, and 6
shav the sequencef taskmodelsevaluatedby the COOR-
DINATORs(alongthetop of eachslice) andthe schedules
of eachteam(alongthebottomof eachslice)asthey arecre-
atedby the COORDINATORSs.Note thatthe gures repre-
sentpointsin time anddo not provide a completeview of
the information being exchangedor evaluated.Spacepre-
cludesa more detailedinformation — the slicesare in the
correctsequentiabrderbut arenotthecompleteset.

Assume the facility is divided into blocks (imag-
ine a gridwork superimposedn a map of the facility).
Let arrive on the scene rst. According to hu-
man intelligence the team and the IC know that there
is a re in block A. is thus tasked with do-
ing situation assessmenin block A to determinethe
size and scope of the re. After evaluating the situa-
tion, ranksthe re asalarge re which meansit
mustbe rst con ned andthenextinguishedSlice 1 in Fig-



Figure 4. A Partial Sequence of Coordination
Decisions Made by COORDINATORs

ure 4 shows 's task structureor mission plan in
a pseudo-TAEMSnotation. This task structureis created
by reportinga situationin which a large re ex-
ists — this instantiatesa prototypeof the missionand the
detailsare lled-in by the agents problemsolver (the mis-
sion should then be con rmed by the IC but this is not
presentin the currentimplementation). 's COOR-
DINATORwill thenevaluatetheir assignedasksanddeter
minethatl) they'll needto con ne the re andshouldstart
saidactity, and2) it needgo locatea differentteamto es-
tablishthe neededsecondarywater supply (representedy
the“nodein space’to therightin slice 1). 'ssched-
ule asdeterminecdy their COORDINATOR s shavn atthe

bottomof slice1 (sangemporaldetails).

When hits the facility their COORDINATOR
dialogs with 's COORDINATOR and they deter
mine that hasthe time availability and the capa-
bility of establishinghe necessargecondarywatersupply
for . is thusassignedhat taskasshavn in
slice 2. Whenthe commitmentfrom to is

formed,the COORDINATORsnotify theirrespectie teams
of thechange. is told thatthey will besupportedy
andthe time at which the neededsecondarywater
supplywill beestablished. istold to support
andis giventhetemporaldetailsof the commitment(when
to startgettingthewatersupplyandwhen is expect-
ing it to bethereandreadyto go). Thisillustratesavery sim-
ple coordinationepisode- oneteams actiities beingmod-
ulatedto supportanotherBoth theanalysisandthecommit-
mentformationarehandledautomaticallyby the COORDI-
NATORs.

A smallamountof time passesand and
hit the facility. Basedon information containedin the fa-
cility' s re panelstheIC issuegshemboth situationassess-
mentin blocksB andC respectiely. While is per
forming situationassessmetihey discover a setof civilians
who needevacuation.The civilians are trappedin a con-
ferenceroom on the third oor and the entry way is ob-
structedby debrisanda small re. For evacuation,
hastwo options:1) the nearbystairwell, which is dark and
requireslighting (preferred)prior to evacuation,or 2) the
window, which requiresanotherteamto provide aladderor
a net (jumping from windows is not the preferredevacua-
tion route). 's missionstructureis shavn in slice 3
asis their choicebetweerthestairwellandthewindow. The
discreteprobability distributionsundersaid choicesdenote
the fact that the stairwell is slower but preferredbecause
it is lower risk. In contrast,evacuationvia the windows is
fasterbut higherrisk. In this case 's COORDINA-
TOR assessetheir task structureandinstructsthemto be-
gin puttingoutthe re andremoving theobstructionwhile it
nds anotherteamto supportone of the evacuationroutes.
Note thatthe COORDINATORswill considerthe time re-
quired to fetch the net and the time requiredto establish
the secondaryighting andmake a choicebasechotonly on
preferencestairsover window) but on the availability and
timing of support. 's COORDINATOR dialogswith
the other COORDINATORS and determinesthat
has both the time availability and capability of establish-
ing lighting in the stairwelland is thusassignedhis
task.Notethat 'SCOORDINATORwWill informthem
of the new task (whatto do, when)and 's COOR-
DINATOR will inform themthatthe necessargupporthas
beenobtained(note the scheduleshavn in the bottom of
slice 3).

At this point in time everythingis undercontrolandall



Figure 5. Part 2: A Partial Sequence of Coor-
dination Decisions Made by COORDINATORSs

supportneedshave beenmet. is performinga de
facto supportrole for the otherteams-— this is not by de-
signor arole speci cally assignedo the team.It is simply
theresultof the way the situationhasunfoldedto this point
in time.

While is performing situation assessmenin
block C, they also nd a pocket of civilians that need
to be evacuated.Thesecivilians are barricadedin an in-
terior of ce and the corridor is lled with chemicalex-
haust. In order to evacuatethe civilians, must
shutdavn the sourceof the chemicalexhaustand venti-
late the corridor (the civilians are not wearing protective
gearwhereasthe rst respondersre). Again the COOR-
DINATORs dialog and determinethat cannotbe
supportedwithout leaving anothermission objective un-
supportedln this case,the IC's COORDINATOR should
ask him/her to provide an assessmendf which evacua-
tion taskis moretime critical — the chemicalexhaustsit-
uation ( ) or the standard evacuation ( ).
Implementationally the current COORDINATORS oper

Figure 6. Part 3: The Concluding Sequence of
Coordination Decisions Made by COORDINA-
TORs

ateoff the quality TAEMS attribute—assumehatin this case
's operationsare higher ranked becausehe civil-
iansarein moreimmediatedanger

Giventhis assumption, 's COORDINATOR will
thenassign thetaskof ventilatingthe corridor. The
situationis shown in slice 4. However, this leaves
unsupported-thestairwellwill notbelit asplannedseethe
schedulest the bottomof slice 4). The COORDINATORS
can re-evaluatethe situation, however, and determinethat
thebestpossiblecourseof actionis to delay 'sevac-
uationslightly until canprovidethedesiredighting.
Therevisedschedulesvith the stairwell evacuatiorslightly
delayedareshavn in slice5.

Now assumethat anotherteam doing situation assess
ment elsavhere in the facility encountersa large com-
bustible adjacentto an uncontrollable re. This is when
teamsget the proverbial call from the IC that, basedon
his/her experience,"you have ve minutesto evacuate—
thefacility is goingto go!” Giventhis new temporalinfor-
mation, will notgetthe civilians evacuatedn time
with their plannedcourseof action.Thisis shavnin slice6.
Their COORDINATOR canagainassesshe situation,eval-
uatethe impactof the change(the new deadline),and de-
cide on an appropriatecourseof action. In this case,the
COORDINATOR for candialog with the COOR-
DINATOR for anddeterminghatthewindow evac-
uationrouteis best(higherrisk but fasterto setupandfaster
for the evacuation).This is showvn in slice 7. The COOR-
DINATORsdialog,form anagreementandinform theirre-
spectve teamsof the change The civilians arethusevacu-
atedout throughthewindow in shortordet

While domainexpertsmay offer differentopinionsabout
what they would do, asan IC, in this situationthe exam-



ple illustratesthe role taken by the COORDINATORS. In
the example,the COORDINATORSsrespondto changevia
dynamictasking, (re)tasking,dynamic situationally-based
choice andby dynamicallyadjustingeemporaplacemenof
task performanceThis enableghe teamsto adaptquickly
and preciselyto the currentsituationandto optimizetheir
actiities to achieve the bestoverall result (a few words
aboutspeci ¢ metricsand“best” arementionedn latersec-
tions).

5. Evaluation: First ResponseExercises

Arguably themostimportantoverall evaluationquestion
for COORDINATORsis whetherthey improve the perfor
manceof rst responderdn aperfectworld with unlimited
resourcespne might designa setof experimentsn which
rst respondergngagen aseriesof rst responsepisodes
bothwith andwithout COORDINATORSsproviding support.
In eachcasepnewouldliketo measurepeci ¢c metricslike
numberof livessaved,numberof assetsased,timerequired
to performthe missiontasks,numberof responderseces-
saryto addresghe situation,amountof risk incurredby the
respondersindthe civilians, etc. In this perfectworld, one
would have buildingsto burnandtheability to recreateyer-
batim, scenariosso that the measuremenand comparison
couldbeone-to-one.

Not living in a perfectworld, we electedto usea some-
what more economicapproach.To evaluate COORDINA-
TORsfrom an applicationview, ratherthan simply evalu-
ating the performanceof the underlyingtechnology(e.g.,
timerequiredfor coordination)we stagedrst responsex-
ercisesand hadhumanperformergake therole of rst re-
spondersNotethatthelessongearnedrrom this processare
anecdotabut are alsomore meaningfulasan early viabil-
ity testof theconcept.

In theexercisegherearefour teamsandanincidentcom-
mander(IC). The scenariois setin a petrochemicaplant
thoughthe plantis mappedackontothe Honegywell Lab's
building. Duringtheexercise respondersmustmove around
thebuilding, performsituationassessmenasks respondo
the situationsthey discover, andcoordinateto rescuecivil-
ians. The scenariois setupin sucha way thatteamsmust
coordinatein orderto rescuethe civilians. Failure to do so
resultsin (simulated)lossof life —ametricthatcanbetab-
ulated.

To assesshe bene ts of having COORDINATORS,we
rst deploy the teamson the rst responsesxerciseusing
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.

Figure 7. Domain Work is Carried Out With
Props

In doingthis exercise,we rapidly discoseredthe degree
to which humansareoverwhelmedvhenfacedwith lots of
temporalandtaskrelateddatathatis in a stateof constant
changeTheinitial planwasto hostVIPs andto have aVIP
take the role of incidentcommander- the individual who
generallyhandlexoordinationin thewalkie-talkieexercise.
Not only wasthelC tasktoodif cult for theVIPs,it wastoo
dif cult for mostof the researchheammembersin prac-
tice, only someonavho hadmemorizedthe o w of events
in the exercisecould help the teamsto rescueall the civil-
ians.We resortedto this modelin orderto get humanper
formersthroughthe walkie-talkieexerciseat all.

ThusVIPs anduvisitors (with varying degreesof domain
expertise)generallytook the role of rst responsdeams.
At the startof the scenariothe teamsare deployed by the
IC and given situation assessmertiasks.In enactingthe
scenarioat this point teamsmove throughoutthe building
andgo to assignedzones(generallyconferenceooms).To
simulatethe situationassessmertask, we createda series
of propsrepresentinghe situation.For instancea rst re-
sponsdeammight nd re props,debrisprops,andacivil-
ian prop pinnedby a girder prop. This would indicatethat
acivilian wastrappedandthatthe re neededo beputout
andthe debrisclearedbeforethe girder could be cut avay.
Cuttingthegirderalsorequiressomeotherteam(generally)
to fetch a power sav from the simulatedtruck. In the ex-
ercise,propsarereinforcedby stagingdatasheetghat de-
scribethe situationtextually andexplicitly cull outresource
needsandpotentialtemporalissuege.g.,"you mustevacu-
atethesecivilians beforetheadjacentwvall collapsesattime
T=40").

Becauseelded rst respondersnust coordinatewhile
carryingoutdomaintaskswe alsorequireour rst response
stand-insto carry out simulateddomaintasks.In general,
this translatesnto putting propsinto oneanotherandmov-
ing themphysicallythroughouthe building. Figure7 illus-
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 ¢ oor of



thebuilding. Similarly, evacuationof aninjured civilian re-
quiresthatthecivilian propbe putinto thegurney propbox,
a box that mustbe fetchedfrom the stagingarea,andthen
thegurney box mustbeputinto a stairwellbox (if thatis the
exit routechosen)andthe stairwell box carriedto the stag-
ing area.

Dynamicsareintroducednto theenvironmentusingsec-
ondaryenvelopeson which is printeda time at which they
areto be openedThusteamsmay coordinatedecideon a
courseof action,thenopenanernvelopeanddiscoverthatthe
situationhaschangede.g.,a ceiling fell-in) andthenthey
mustrecoordinatéo adaptto the new situation.

As one might guessfrom the description,human per
formersgenerallyfared poorly during this exercise.Only
with an expert IC who knew the completescenarioa pri-
ori andhad gured out exactly who shouldbe supporting
whom, and when, could get both the teamsand the card-
boardcivilians out of thefacility in time. Whatis morein-
terestingis that the stressincurredby the humanperform-
ersduringtheexercisewaspronounce@ndobsenableeven
to the non-expert. Trying to battle one's propswhile pro-
cessingall the crosschatteron the walkie-talkie and in-
teractwith the IC provedto be a dif cult task even with-
out the heat,smole, sound,and inherentdangerof a cri-
sissituation.Few performersvereableto coordinateprop-
erly. Few wereableto evaluatetheir missionstructureprop-
erly. Not oncedid aguesteammale it throughthescenario
with the optimal courseof action chosen.Notableamong
our VIPs was a Honeywell VP who processedhe tempo-
ral datawithout handdrawvn Ganttchartsandwho carried
the propswith greatvigor while barkingcommandsnto his
walkie-talkie. (Con dencein managementose a fraction
duringthis episode.)

In contrasto thewalkie-talkiescenariotherunwith CO-
ORDINATORshandlingthe actiity coordinationis almost
boring— despitehescenarideingrun atafasterclockrate.
In the COORDINATOR scenariothe teamsperformsitua-
tion assessmerand describetheir situationto the COOR-
DINATORs.The COORDINATORsthenhandleall of the
exchangeof local information,the analysisandthe forma-
tion of commitmentsTeamsaretheninformedof whatthey
shouldbedoing,when,whowill besupportinghem,andso
forth.

After both exercises,the VIPs are then debriefedand
shavn a simpli ed Ganttchartof the major coordination
pointsand supportneedsof the differentteams.While the
evidencegatheredduring theseexercisesis anecdotalthe
reactionof our visitors, somewith rst responseandmili-
tary domainexpertise hassenedto reinforceour beliefthat
this line of work is valuable.In practice,the “fog of war”
causedby ames, screamingsmole, etc., makes a set of
tasksthathumanshave dif culty with undemormalcircum-
stanceqiearlyimpossible. Informationexchangeand coor

dinationanalysisshouldbe off-loadedfrom the humansto
automatedassistantshatarebetterequippedo reasorpre-
ciselyandrespondn a (near)optimalandtimely fashion.

6. UnaddressedReseach Issues,Limitations,
and Futur e Work

In this paper we have presentedC OORDINATORsand
discussedhe motivation behind them. We have also de-
scribedthe underlyingTAMS agenttechnology presented
an examplecoordinationproblem,and describedhe anec-
dotalexperimentatiorwith COORDINATORS.

COORDINATORstrelateto severalarea®f prior art. The
electronicelves[1] projectunderscorethevalueof usinga
portablecomputingdevice asa front endfor a more com-
plex, agent-basedupportsystem.Theuseof GPStracking
in e-elesalsoafrmed our interestin leveragingHoney-
well assetrackingtechnologiesn COORDINATORs.Our
work differsfrom e-elvesin thatthereasoningandinforma-
tion exchangeis all distributed— in theoryno agenthasa
completeview of the actuities of the otheragents COOR-
DINATORsalso differsin the type of task/temporahnal-
ysis requiredto coordinatecomplex missionstructuresin
a senseCOORDINATORsaremorenarravly scopedthan
e-elveshbut requiredeeperanalysistechnology The useof
agentsand portablecomputingdevices to disseminatan-
formationto, and collect information from, aircraft repair
teams[8] also contrituted intellectually to COORDINA-
TORs.Interfacingwith the building systemsanddisplaying
digital mapsalongwith teamlocation,informationis acon-
ceptthatrelatesnaturallywith this prior work. Anotherarea
is the work donein usingTAMS agentsto supportaspects
of distributed collaboratve designprocesse$4]. Though
thereare differencesg.g., grainsizeand responsdime re-
guirementstheunderlyingtechnicalproblemsareprobably
memberf the sameclassor relatedclasses.

While this paperhas describedthe COORDINATORS
project,we have not dealtovermuchwith technicalandre-
searchissuesHardproblemsareabundantin COORDINA-
TORs.At themostbasiclevel, distributedactivity coordina-
tion from partialviews in a (soft) real-timesettingis an ex-
tremelydif cult problem- particularlygiventhe degreeof
compl«ity neededo represenmissiontasksandtheirinter-
actions.This the reasorfor the “nearly optimal” terminol-
ogy in this paper Most techniqueghat we have developed
to dateareapproximatee.g.,the keys coordinationmecha-
nism[11]. Anotherhardissueis how to provideacentralized
command-and-contrehterfaceto a network of COORDI-
NATORsthatareinherentlydistributed. Throughour inter
actionwith domainexpertsit becameclearthatwe needed
to supportandleveragetheincidentcommandemotreplace
him/her A relatedissueis how to supportmixed modesof
decisionmaking — COORDINATORSs needto be able to



(learnto) make decisionsfor their teamsin somecircum-
stancesandin othersneedto consulttheir teammembers
(or the IC) directly. This might involve advancedsituation
assessmertr reasoningaboutwhat the teamis currently
doing,theimportanceof the decisionat hand,the existence
of otheroptions therespons¢ime requiredfor thedecision,
andsoforth. Anotherissueheretounaddresseis the classic
guestiorof “wheredothemodelscomefrom?” Ourassump-
tion is thatwe cancreatea library of templatesandthenin-
stantiatehemat runtime— possiblyaskingthelC or there-
spondergo adaptthe missiongto the currentsituation.This
is time consumingandwill requiretheright interfacesright
missionediting tools, etc.,in orderto malke it feasible(our
currenttools could be improved). Evenif theseissuescan
beresolhed,they arestill predicatecbn theassumptiorthat
missionscanbe generalizeéndthey repeatthe hypothesis
thatthis is the caseis basedon the currentday existenceof
responselansandstandardizegrocedures)Anotherarea
of future work involvesorganizationaktructures- reason-
ing aboutdecisionmakingproceduresindfollowing proper
organizationaktructure anddecisionmakingprotocols for
bothCOORDINATORsandhumans.

In thefuture,we planto explore someof the underlying
technicalissuesn COORDINATORsin greaterdepth.For
instancethe coordinationalgorithmusedherehasnotbeen
evaluatedin the smallandit is known to have someunad-
dressedssuesg.g.,consideringoad balancingwhentask-
ing. The next stepsfor this work will alsobe partially in-
uencedby DARPA interestandHoneywell interestsThis
work waspartly fundedby DARPA's IPTO of ce asanex-
ploratoryprojectin coordinationTheirinteresisin creating
greatlyenhanceaognitive COORDINATORsthatnot only
solve all the core problemswell, but that learn and adapt

over time, reasonaboutorganizationalstructureand mili-
tary decisionmaking when coordinating,and are scalable
by learningto controltheir own problemsolving (learning
with whomto coordinate Jearningwhich coordinationde-
cisionsare important,etc.). From the cognitve COORDI-
NATOR perspectie, the COORDINATORsdiscussedere
shouldbe viewed as an early prototypeof thingsto come
andwhatis possiblein this problemspace.
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