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Abstract

The use of Multi-Agent Systems(MAS) in health-caredomainsis increasing.Such
Agent-mediatedMedical Systemscan managecomple tasksand have the potentialto
adaptgracefullyto unexpectedevents.However, in thesekinds of systemshe issuesof
privagy, securityandtrustare particularly sensitve in relationto matterssuchasagents’
accesdo patientrecords,what is acceptabléehaiour for an agentin a particularrole
andthe developmentof trustboth between(heterogeneousgigentsandbetweerusersand
agents.

To addresgheseissueswe proposea formal normatie framework, derving from and
developingthe notion of anelectronicinstitution. Suchinstitutionsprovide aframework to
defineandpolicenormsthatguide,controlandregulatethe behaiour of theheterogeneous
agentghatparticipatdan theinstitution. Thesenormsdefinetheacceptablactionsthateach
agenimayperformdependingntherole or rolesit is playing,andclearlyspecifieghedata
it mayaccessand/ormodify in playingthoseroles.

In this paperwe presenthe formalizationof Carrel,a virtual organizationfor the pro-
curementof organsandtissuesfor transplantatiorpurposesas an electronicinstitution
usingtheSLANDER [15] institutionspecificatiorlanguageasformalizinglanguageswWe
demonstrataspectf the formalizationof suchaninstitution, examplefragmentsn the
languageusedfor the textual specification,and how suchformalizationcan be usedas
blueprintin theimplementatiorof thefinal agentarchitecturethroughtechniquesuchas
skeletongeneratiorfrom institution specificationglescribedn [39] and[37].
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Mediatedinstitutions,Negotiation.
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1 Intr oduction

Organandtissuetransplantations a widely-usedtherafy againstlife-threatening
diseasesBut thereare two issuesthat make transplantatiormanagemené very
comple issue:(i) scarcity of donorssoit is importantto try to maximizethenum-
berof successfutransplantgii) donor/recipientmatding, becausef thediversity
andmultiplicity of geneticfactorsinvolvedin theresponseo thetransplantin this
paperwe proposean agent-basedrchitectureor the tasksinvolvedin managing
thevastamountof datato be processeth carryingout

recipientselection(e.g.from patientwaiting lists andpatientrecords),
organ/tissuallocation(basedn organandtissuerecords),
ensuringadherencéo legislation,

following approvredprotocolsand

preparingdelivery plans(e.g.using,say train andairline schedules).

Therelative scarcityof donorshasled to the creationof internationalcoalitionsof

transplantorganizationsThis new, more geographicallydistributed, ervironment
makes an even strongercasefor the applicationof distributed software systems,
but with the addedcomplicationof the necessityto accommodat@ complec set
of, in somecasesonflicting,nationalandinternationakegulations |egislationand

protocolsgoverningthe exchangeof organsandtissueslt is the lastpoint which

underpinsour casefor the useof so-calledelectonic institutionswhosepurposds

to provide over-archingframeavorksfor interactionin the sameway asinstitutions,
or equialently; collectionsof socialnorms,doin the physicalworld.

As we will explain later, electronicinstitutionswork with explicit norms[12 4,

7, 11]. Expressingall the regulationsand protocolsin the form of computable
norms—insteadf hard-codinghemsothey arescatteredhroughouthelogic of a

program—nownly admitsa readierverification,both informal andformal, of ad-

herenceout alsoit givesthe systemthe addedfexibility of behaiour thatit canbe

adaptedn thelight of regulatorychangeganeventthatis notuncommon).

1.1 Institutions
Thefirst questiorto whichwe shouldprovide ananswelis "whatis aninstitution?”,

while a secondjuestionis "why areinstitutionsuseful?”.

Most humaninteractionsare governedby cornventionsor rulesof somesort, hav-
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ing their origin in society(emepgent)or the laws (codificationof emegentrules)

that societyhasdeveloped.Thuswe find that all humansocieties,even the least
developedones have somekind of socialconstraintaipontheir membersn order
to structuretheir relationsandsimplify theirinteractionsSomeof theseconstraints
are quite informal (taboos,customs traditions) while someothersare formally

defined(written laws, constitutions) Individualsabsorbtheserulesinto their be-

haviour so they becomesecondnature,which is how the customsof one culture

cancreateproblemsin the context of anotherculture.However, socialanthropol-
ogy is not the subjectof this paper we are simply drawing attentionto the fact

thatcollectionsof expectedoehaioural patternsareall aroundus,in shopspanks,
corversationslecturesclubsetc..

The economistand Nobel laureateDouglasNorth hasanalyzedthe effect of this
corporaof constraintsthat he refersasto institutions on the behaior of human
organizations(including humansocieties).North statesin [29] that institutional
constraintseasehumaninteraction(reducingthe costof this interaction),shaping
choicesand making outcomesforeseeableBy the creationof theseconstraints,
eitherthe organizationsandthe interactionsthey requirecangrow in compleity
while interactioncostscanevenbereducedHaving establishedheseinstitutional
constraintsgvery competenparticipantin the institutionwill be ableto act—and
expectothersto act—accordingo allist of rights, duties,andprotocolsof interac-
tion.

As normsarein fact the elementshat characterizenstitutionsthey arenot only
usefulasnormsto be followed, but alsothey enablepeopleto recognizean orga-
nization (suchasa particularcompairy) asbeingan instanceof a particularkind
of institution,andthenusetheseinformationto predictothernormsthatcould be
applicable.

Thus,theanswergo thetwo questionswith which this sectionbeganarethat(i) an
institutionis a setof possiblyinterdependentorms(ii) usinginstitutionssimplifies
interactionandcreatesonfidence.

1.2 Electonic Institutions

Not surprisingly anelectronicinstitutionis the modellingof aninstitutionthrough
the specificatiorof its normsin somesuitableformalism(s).The statements sim-
ple, but the practiceis lessso, partly becausef the wide variety of norms,sothat
theform of expressiondeonticlogic, temporallogic, modallogic, classicalpredi-
catelogic, types,for example)for onelevel is not necessarilysuitableor evenus-
ablefor anotherandpartly becausehis stratificationthenleadsto a needto demon-
stratecoverageandconsisteng betweerthelevels(seg[31] for afurtherdiscussion
of theseideas).Neverthelessthe factis thatthe essencef aninstitution, through



its normsandprotocolscanbe capturedn a precisemachineprocessablérm and
this key ideaformsthe coreof the nascentopic of institutionalmodelling.

As we obsened earlier typically, mary humaninstitutionshave evolved through
millenniaof interaction,but we arenow startingto seethe inventionof new orga-
nizations(typically asbusinessmodels)which are,in effect, humanexperiments
with institutionalstructuresThis practiceis now beingtaken up, but with consid-
erablymorefreedomof design,in the multi-agentsystemsommunity whereit is
softwareagentghatparticipatein the electronicinstitutionsandwhich gainfrom a
simplificationof the interactionprotocolsanda confidencethat a transactiorwill
be properlyconcludedaccordingto the normsof the institutionin which they are
participating.

It is the capacityof multi-agentsystemgMAS) to distribute the work amongsev-
eralautonomousiationalandpro-actve entities(the softwareagentshathaslead
this technologyto be consideredhe bestoption for the implementationof open
distributed systemsin complex domainssuchas electroniccommerceor virtual
organizations But building a multi-agentsystemss a very complex processas
its aim is to establisha societyof autonomousgentsthat interactamongthem-
selesin orderto achiese one or several goals.One perceved way to tamethat
compleity, whichis largely theresultof unconstraineéhteraction,s to createvir-
tual organizations—instances institutions—following the principle put forward
by North that the performanceof humanorganizationss improved throughthe
creationof institutionalframeworks.

We have perhapdeena little free with the useof the termsorganizationandin-
stitution andsoto clarify our position,we depictour view of their relationshipin
figure 1. This expresseghe ideathat thereis a collection of norms,which may
be fairly abstractdesiresor wishessuchas “fairness”or “equity”, implemented
through policies, suchthat particularsetsof normscharacterizenstitutionsand
thenthatorganizationgnay eitherbe instancef institutionsor a combinationof
abespole setof norms.Suchan organizationaimodelmaythenbe copiedandex-
pandedor simplified, while anotherorganizationmay establishnen normswhich
may beaddednto thegeneralkollection.

In conclusionwe believe institutionsasnormsareadwantageouvecausehey:

e reduceuncertaintyaboutotheragents’behaior insidetheinstitution,

¢ reducemisunderstandinggsthereis a commoncorpusof normsgoverning
agentinteraction,

e permitagentsto foreseethe outcomeof a certaininteractionamongpatrtici-
pants

e simplify the decision-makingprocessinside eachagent,by decreasinghe
numberof possibleactions.

Or, to summarizeandtake a morerobust stance the useof normsmakesagents
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Fig. 1. Relationshifbetweemorms,institutionsandorganizations

more successfuin the achiazementof their goals despitetheir having bounded
rationality.

1.3 Planofthispaper

In §2 we introducethe readerto the organandtissueallocationproblem,present
ananalysisof the problemandthensketchthe designof the multi-agentsystemwe
have prototypedo supportthe allocationprocess.

The coreof the paperis §3, wherewe show the processof formalizing the institu-
tion, by groupinginteractiongogetheito make so-calledsceneglinking thescenes
to createthe performativestructure anddefiningthe normsthat carry obligations
acrossscenesresultingin a preciseandcomprehensie description.§3.4 presents
someillustrative fragmentsof the Carrel specificationin the textual representa-
tion of ISLANDER andfollowing thisin §3.5we presentheresultingmulti-agent
systemarchitectureA prototypehasbeenimplementedn JADE, but we arealso
investigatingother agenttoolkits andthe useof emeging tools for the automatic
verificationandgeneratiorof agentplatforms[40, 39].

In §4 we appraiséherelatediterature presensomeconclusiongndpointto future
researchssues.

2 A casestudy in transplant organization

Modellingthetransplanprocessannotbedoneeffectively asagedanlenexercise:
it mustbe rootedin reality becauseéherearesomary actors,so mary regulations



andso mary factorsto take into account.lt is alsoessentiato talk to the people
involvedto geta properpictureof theactwvities thattake place.

We have beenfortunateto work with the SpanishOrganizacbn Nacionalde Trans-
plantes: (ONT) and the CatalanOrganitzacd CATalanade Transplantaments
(OCATT) transplanbrganizationsywhich arestatisticallyamongthe mosteffective
anddemonstratehe highestglobal volume of transplantgper headof population,
thanksto the creationandimplementatiornof a network of well-coordinatechos-
pitals andtissuebanks,coupledto the definition of clearproceduregor the distri-

bution of organsandtissuesanda high level of citizen avarenes®f the value of

donation.

Since1980the numberof requestgor the applicationof transplantechniquesas
risensomuch?® thatthe humancoordinators—th@eopleat the hospitalswho act
asthe interfacesbetweenthe suigeonsinternally and the organ and tissuebanks
externally—arefacing significantproblemsin dealingwith the volume of work

involvedin the managemenof requestsand piece! assignmenanddistribution.

Transplant-basetherapiesare the subjectof much investigationand increasing
application,suchthat demandfor piecesmay well rise rapidly in the nearfuture.

A review of the coordinators role andthe difficultiesfacedis presentedby Lopez-
Navidad[23].

Consideratiorof the factorswe have summarizedabove leadsto the questionof
whethersomekind of automatiorof the assignatiorprocesss desirableandif so,
whetherit is possible.In the designand constructionof our prototype,we have
appliedagenttechnologyto develop softwarewhich may assistspecialistsn mak-
ing someof thesedecisionsandan allocationof piecesthatis acceptableaccord-
ing to thelegislative requirementandotherproceduregoverningthe the process.
To achieve this, the agentshave to be given domain-specifi&knowledge(kinds of
pieces attributesto describethem,etc.)sothey canactrationally® , andtherules
they shouldfollow, suchaswhich actionscanbe donewhen,whatinformationcan
beaccessedr givenout, etc..

In this kind of medicalapplicationthe useof rulesin orderto guidethe agents’
behaiour is mandatoryasa mistale canleadto anunsuccessfuransplanandpo-
tentiallythedeathof apatient,aswell asthewasteof piecewhich mighthave better
benefitedsomeonelse.A furthercomplicationis thatall theagentactionsmustre-
spectegislationonthedistribution anduseof piecedor transplantationT his need

! NationalTransplanOrganization

2 CatalanTransplanOrganization

3 The continuousraisein requestss due,amongotherfactors to the introductionof new
immunosuppressowhichhave significantlydecreasedejectionin recipients’clinical evo-
lution.

4 Fromnow onwe will usethetermpieceinsteadof tissueor organ

® In thesensef SimonandNewells’ BoundedRationality[27.



for regulationis oneof thereasonsvhy we have modelledthe CarrelMulti-Agent
Systemas an ElectroniclInstitution [8]. And one of our hopesis that this choice
will helpto clarify theinteractionamongthe differentnormsandregulationsfrom
thevery basic,at hospitallevel, up to nationalandEuropearievels.

2.1 Theorganandtissueallocationprocess

We freely admitthat our experienceof practiceis limited (to date)to the Spanish
and Catalanorganizationshut thereis little doubtthatthey are both examplesof
bestpractice,andso constituteviable physicalinstitutionson which to baseelec-
tronic ones.The Spanistorganizationamodelhastwo levelsof action:

¢ intra-hospital wheretherole of Hospital TransplantCoordinatoiwascreated
to improve the coordinationof all the peopleworking atany stepof thedonor
procurementallocationandtransplantatiomprocess

e inter-hospital wherean intermediaryorganization—OCAT for Catalonia,
ONT for thewhole of Spain—wascreatedo improve thecommunicatiorand
coordinationof all the participatinghealth-carerganizationsnamelyhospi-
talsandtissuebanks.

2.1.1 Procurement

In thecaseof organstheprocesstartsatthe procuremenstage, whenthemembers
of the coordinationteaminside a certainhospitalare madeaware of a potential
donot A donoralarmis thensentto the ONT—exceptin Cataloniawhenit is sent
to OCATT. This alarmis signalledby telephoneanda humanmemberof the staf
hasto list the basicattributesof thedonor includingtheresultsof clinical analysis,
andafirst evaluationof theorgansandtissueghatcouldbe extractedis carriedout.
Thisfirst call is doneasearlyaspossible usuallywhenbraindeathof the potential
donoris diagnosed.

2.1.2 Seach

The next stepis to searchfor suitablerecipients.The intermediaryorganization
(ONT, OCATT) carriesout arecipientsearchfor eachorganthatmay be available
by calling all hospitalswith informationaboutthe pieces.To speedup this search
processprotocolshave beendefinedsuchas,lookingfirst for recipientan thesame
hospitalasthe donot thento hospitalsnearby thenthe samecity, the samearea,
andlastly anywherein thecountry In thesituationthatthereis no suitablerecipient
in the country thenan organis offeredto third countries eitherinside or outside
theEU.



2.1.3 Emepgencies

In Spain,the ONT maintainsa list of urgentcasescontainingall the recipients
whoseconditionis life-threateninglf thereis a suitablerecipientfor an organin
this list thenit is accordechigherpriority in the assignatiorprocesover all other
recipients.

2.1.4 Acceptancanddelivery

Oncethe recipientfor a certainorgan hasbeenidentified, a formal offer is then
sentto the sugery team,that will implant the organvia the Hospital Transplant
Coordinator The teamcan analyzeall the information available aboutthe organ
and decidewhetherthey wantto acceptthe organor whetherthey think it is not
well enoughsuitedto their patient.If they acceptthe organthenthedeliverystage
starts,planningall the vehiclesthatwill be neededamhulanceor helicopterfrom
onehospitalto onenearbyto theairportor to atrain station;planeand/ortrainfrom
onecity to the other). Thus, delivery plansmusttake into accounttransportation
systemschedules.

2.1.5 Timescales

In the caseof organs,time is one of the key issues,sincethey canonly be kept
outsideahumanbodyfor ashorttime-spanhours),asall thepreserationmethods
only candelay but not stop, the decayprocessarising from their not receving

enoughblood (ischaemia).

In the caseof tissues suchas corneasskin or bones,they canbe presered for
longerperiods—daysevenweeks.Suchrelative resiliencepermitsnot only anef-
fective preseration processput also allows time for assessinghe quality of the
tissuesand establishinghe absenceof bacteriaand viruses.The consequences
a searchstagethatworksin the oppositeway to thatfor organs.With organs,the
processs triggeredwhena donorappearswhereasn the caseof tissuesijt is the
appearancef a new recipientthattriggersthe searchthroughthe tissuebanksfor
a suitablepiecefor transplant.This searchtoo is doneby meansof severaltime-
consumingelephonecallsfrom hospitalsto tissuebanks.

2.2 TheCarrel system

For computersystemsmedicineis one of the mostdifficult fields to manageas
it is extremelydifficult to foreseeall the conditionsthatmay occur leadingto un-
expectedside effectswhencertaindecisionsor actionsare performedin anunan-
ticipatedsituation.As Fox & Dasarguein [18], thesearethe kind of ill-defined



fieldswhich have historicallybeenthe concernof Artificial Intelligence.They also
identify softwareagentsashaving mary characteristicsvhich areappropriatefor
theimplementatiorof medicalapplications.

An Agentis acomputeiprogramcapableof takingits own decisionswith no exter-
nal control (autonomy, basedn its perception®f the environmentandthe objec-
tivesit aimsto satisfy[41]. An agentmaytake actionin respons&o changesn the
environment(reactivity) andalsotake initiatives(pro-activity). A further attribute
of agentgs theirability to communicatevith otheragentgsocialability), notonly
to shareinformation but alsoto coordinateactionsin orderto achiese goalsfor
which agentsdo not have plansthey canfulfill on their own, solving even more
comple problems.Agentscanalso exhibit other useful attributessuchaslearn-
ing, rationality, mobility, benerolenceandveracity. A groupof agentghatinteract
amongthemselesandsharesomecommonobjectvesis calledagency

It is with thesepointsin mind thatwe proposeto useAgenttechnologiego auto-
matepartof theallocationprocessfinding suitablepiecedor transplantindgiving
supportto the decisionmaking stepsin that process.The over-archinggoal is to
improve the procesof selectionandprocurementA key principle of our solution
is to deploy softwareagentgo create negotiateandcoordinateplansfor the extrac-
tion, transferandimplantationof pieces.To do sowe follow the sameschemeas
wasdevelopedin Spanishgcreatingsolutionsfor inter-hospitalandintra-hospital
levels. In this paperwe focussolely on thetissueallocationproceduré nor dowe
addressry issuegelatedto planning.

2.2.1 Theinter-hospitallevel

At theinter-hospitallevel we have createdhe Carrel Institution, anagentplatform
whosebehaiour could be briefly describecasan agencythatrecevesa piecere-
guestfrom onehospitalandthentriesto allocatethe bestpieceavailablefrom all
the known tissuebanks.In this ageny differententities(the agents)play different
rolesthataredeterminedy their goals,rightsandduties.

Figure 2 depictsall the entitiesthat interactwith the Carrel system,where TB
denotesa tissuebankandUCTx denotesa transplantcoordinationunit. Thereare
a)thehospitalghatcreatethe piecerequestsh) the TissueBanks,andc) obsenrers
suchasthe ONT [30] and OCATT. We make it a requiremenin our modelthat
all hospitalsgventheonesthatown atissuebank,will make theirrequestshrough
Carrelin orderto ensureanacceptablelistribution of piecesandto easdhetracking
of all piecesfrom extractionto implant,in the samemannerasONT andOCATT
requirefor organs.

Therole of the Carrelinstitution canbe summarizedn termsof following tasks:

6 Organallocationis integratedinto Carrelin [38].
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Fig. 2. The CarrelSystemenvironment:the Carrellnstitutionandthe UCTx

T1 ensureghatall theagentsvhich entertheinstitutionbehae properly—whichis
to saythey follow the behaioural norms

T2 acquiretimely informationon all theavailablepiecesn thetissuebanks

T3 verify thatall the hospitalsandtissuebanksfulfill all the criteriaspecifiedfor
interactionwith Carrel

T4 provide for external monitoring of the fulfillment of the commitmentsmade
within Carrel

T5 coordinatepiecedelivery from tissuebanksto hospitals

T6 registerall incidentsrelatedto a piece

A hospitalbecomesa memberof the Carrelinstitution in orderto make use of

the servicegrovided.In doingso,they areagreeingo acceptthe outcomesof the

negotiation(assignationprocessAlso, the agentgepresentinghe hospitalsmust
respectheinstitutionalnorms.A hospitalis representeth Carrelby the Transplant
CoordinationUnit (UCTx: Unidad de Coorinacionde Transplantel This agent
senesasinterfacebetweernthe suigeonsandCarrel. Whena suigeonneedsa piece
he makes his requestthroughthe UCTx system,which analyzegshe information
enteredy thesulgeon,addstheinformationabouttherecipientand finally, creates
aFinder Agent, thatis, theagentthatgoesto Carrellooking for a suitablepiece.

The information requiredby the Finder Agent to look for a piecein Carrel is
heldin anelectronicSealedEnvelope The informationcontainedn the ervelope
is summarizedn Table 1. The SelectionFunctionis the part of the information
containedn the SealedEnvelopethatallows the Finder Agentto performa nego-
tiation. It is composef a setof rules,eachonea constrainton the pieceto be
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Tablel
Theervelopecontents

Urgencylevel thatworksaselectronigpostagestampandsetstheurgeng level
of thereques{in Spain:normal,urgeng-1 or urgeng-0)

Hospitalidentification acertificateissuedby the CertificationAuthority associategvith
the Carrelinstitution [8], to allow theinstitutionto authenticate
the senderof eachrequestand ensurethat only Finder Agents
with requestdrom authorizechospitalscanenterandnegotiate
insideCarrel.

Pieceinformation type,parametersetc.
recipientdata age,sex, laboratoryanalysisgtc.

selectionfunction seeTable2

Table2
Theselectionfunctionpredicates

piece predicateshatdescribeheconstrainttheselectediecehasto satisfy suchasthe
ageof thedonoror thedimensionf the pieceitself.

origin  predicateshatcansetconstraint@aboutthetissuebank(s)preferredoy thesuigeon
or thehospital

cost predicatesaboutthe costof the piece,suchasprice. Note: the costis just that of
extractionandpreseration. Settlements managedia a clearinghouse.

selectedSomeof theserulesmayoriginatefrom the policy of thewholetransplant
unit of the hospital,but the othersareintroducedby the suigeon,who cansetthe
constraintsassociatedvith a givenrecipient.Table2 lists the kind of predicatesa
SelectiorFunctioncaninclude.

2.2.2 Theintra-hospitallevel

Thefunctioningof the TransplantCoordinationUnit may alsobenefitfrom theuse
of agentgo helpcoordinateall thepeoplein thehospitalrelatedio aparticularcase.
Hence,our modellingof the UCT representsiot only the suigeons put also:

e thehumantransplantoordinatoywhois theoverallcoordinatoandwhomust
coordinateall the tasksto be doneandwho mustalso be informed of ary
transplantelatedevent

¢ any memberof the hospitalstaf who playsarole atary stepof thetransplant
processfrom themomentwhenthepiecearrivesto thehospitalto themoment
whenthe piecehasbeenimplantedin therecipient.

The completearchitecturas shown in figure 3. Therole of the Finder Agent has
alreadybeendescribedn the previoussection.
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Staff Agent is arole for therepresentationf any memberof the staf involvedin
transplantswith the exceptionof sugeonsandthe Hospital TransplantCoordi-
natot which aremorespecializedThe Staf Agenthelpsthe peopleto plantheir
daily tasks,actingastheir electronicdiary andasa message&ecever for com-
municationdrom the Hospital TransplantCoordinatorthroughthe Coordinator
Agent The agentimplementingthis role alsogives,for eachperson,accesdo
theclinical informationof patientsn their care.

SurgeonAgent is arole extendingthe Staf Agentfunctionalitiesfor the purpose
of useby suigeonslt communicatesvith the sugeonsthroughthe Suigeonin-
terfaceto collectandformattherequestdor piecesfor transplantEachrequest,
as mentionedin the previous section,hasto include the relevant information
aboutthe patient,therequiredpiece,optionalmedicalandeconomiaestrictions
andthe SelectiorFunction The SuigeonAgentsendgherequesto the Analyzer
Agent which thenchecksif all the characteristic;eededhave beensupplied,
andif thevaluesareconsistenfollowing a givenprotocol.

CoordinatorAgent responsibldor thedistributionandcoordinatiorof thediffer-
enttasksthatmake up thewhole processThe Hospital TransplantCoordinator
in personcancommunicatewith this Agentthroughthe Coordinator Interface

12



andcontrolthebehaior of theagent.

DB Agent verifiesthateachaccessnadeby agentan UCTxto theclinical datain
theHospitalDatabasés authorizedfollowing arole-basedccesgpolicy [21].
Planner Agent is responsibldor creatingthe transplantplan, thatis, finding an
operatingheatreo matchthearrival time of thepieceandthesuigeonsavailable
scheduleThe Planner Agent cansendseveral proposaldo the sugeonandthe

restof the staf involvedandtriesto reachanagreement.

Arrival Agent isresponsibldor updatingthe PlannerAgentabouteventsthatcan
changethe delivery plan, eventsthat can occurwhile the transportatiorof the
tissueis madefrom thetissuebankto the Hospital.

ConsultationAgent actsastheinterfaceto theinstitution’s databaseandsenes
to procesghe differenttypesof queriessentby the SuigeonAgent the Planner
Agentor the Coorinator Agent This is done,aswith FinderAgents,by going
to the Carrel institution.

For moredetailsaboutthe UCTx system,ncludinga moredetaileddescriptionof
eachagentandthe specificatiorof the messagessed see[9].

2.3 Securityconsideations

Transplantnformationis consideredhigh-riskdataasit includessensitveinforma-
tion aboutpeople(donorsandrecipients).So the UCTx and Carrel systemshave

to obsenre the local, nationaland EuropeanJnion legislationon transplantgsee
thereportsof the ONT in [10] andtherecommendationsf the TransplanExperts
Committeein [24]). It alsofollows the Europeardirectivesandthe SpanisHaw on

personablataprotection[22] [13] [32]. In particular both have to ensureconfiden-
tiality, privacgy andintegrity of patientanddonordata.Thisis along-standingssue
in healthcarethatacquiresnew facetswith the useof ElectronicMedical Records
(EMR). Oneof the benefitsof usingelectronicrecordss thatit assuresaccessor

authorizedandauthenticatedisersaswell astrackingaccessasdemandedby law.

It is importantfor patientanddonortrustthatit canbe demonstratethattheinfor-

mationaboutthemmay not be usedfor any purposebeyondthatfor whichit was
collected.

3 Formalizing the Carr el Institution

We will focusnow onthe Carrellnstitution,asit is the onethatperformsthe medi-
ationamonghospitalsandtissuebanksin thetransplanprocess.

To give a formal descriptionof the Carrelsystemwe will follow the ISLANDER
formalismdescribedn [15]. This formalismviews anagent-basedlectronicinsti-
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tution asatypeof dialogical systenwhereall theinteractionsansidetheinstitution
areacompositionof multiple dialogicactvities (messagexchanges)Thesenter-
actions(calledillocutions[28]) arestructuredhroughagentgroupmeetingscalled
sceneghatfollow well-definedprotocols.A secondkey elementof the formalism
is the notion of agentrole. Eachagentcanbe associatedo oneor moreroles,and
theserolesdefinethe sceneshe agentcanenterandthe protocolsit shouldfollow.
Thesceneprotocolsaredefinedasmulti-role corversationapatterns.

3.1 Theperformativestructure

The scenesandthe connectiondbetweenthemconstituteghe performativestruc-

ture. Thisis anetwork of scenesghatdefineshepossiblepathsthateachagentrole

maytake throughthe institution.In accordancevith its role, anagentmay or may
not be permittedto follow a particularpaththroughthe performatve structure and
ultimately, may be requiredto leave theinstitution. Becauseof the needto model
the systemaccuratelyandverifiably, we useformal specificatiortechniquesvhich

thenpermitthe automaticverificationof propertieshy meansof theorem-preing

(futurework) andmodel-checkingwork in progresspandfinally leadto automatic
generatiorof validatedagentskeletonsyepresentationf ontologiesandthe actual
institutionalstructure.

In the CarrelSystem the interactionamongthe agentsandthe institutionis struc-
turedusingthefollowing scenes:

ReceptionRoom: whereall the external agentsshouldidentify themseles and
wherethey areassignedhe initial rolesthey areauthorizedto play. Any piece
requestgarriedby arriving agentsarevalidatedat this stage.

ExchangeRoom: whereagentscarryingpiecerequeststartnegotiationwith the
institutionfor theassignatiorof a piece.

Confirmation Room: wherethe provisional assignmentsnadein the Excdhange
Roomareconfirmedor withdravn becausef thearrival of anotherequestvith
higher priority. Subsequentlyin caseof the confirmedones,a delivery planis
prepared.

Consultation Room: where the institution is updatedaboutarny event or inci-
dentrelatedto a piece.Agentscomingfrom tissuebanksinform the institution
aboutpieceavailability, while agentscoming from hospitalsinform the insti-
tution aboutthe receptionof the piece,the transplantand the progressof the
recipient.

Thenext stepin theformalizationprocesss to definetherolesthatmaybe played
in the Carrelsystem.Therearetwo kinds of roles:the externalroles(rolesfor in-
comingagentsyndtheinstitutional roles(rolesfor agentshatcarry out the man-
agemenbf theinstitution). The externalrolesarethefollowing:
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Fig. 4. The Carrellnstitution performatve structure

Hospital Finder Agent(hf): agentssentby hospitalswith piece requeststo be
senedby the Carrelsystem.

Hospital ConsultationAgent(hc): agentsentby hospitaldo keepthe Carrelsys-
temupdatedaboutany eventrelatedto a piece.They canalsoperformqueries
ontheCarreldatabas®y meansof the DB agent(see§3.5).

TissueBank Notifier (tb): agentssentby tissuebanksin orderto updateCarrel
aboutpieceavailability.

Theinstitutionalrolesconsistof oneagento coordinateall thesceneelationships,
the Institution Manager (im) and one agentto manageeachscene:Reception
Room Manager (rrm) the Exchange Room Manager (erm), the Confirmation

RoomManager (cfrm) andthe ConsultationRoomManager(crm)

With all the scenesandrolesidentified, the performatve structurecanbe dravn
(seefigure4). Nodesarethe scenedisted above plusenterandexit nodesin order
to definebeginning andendingpointsin the diagram.Arcs arelabelledwith tags
of the form [variable:role]*«c¢**, wherevariable is an agen{, role is one of the
identifiedrolesfor the Carrelsystemandaccesss eitherthe numberof instances
of agentsplaying suchrole that can entertogetherinto the scene,or x« meaning
thatthe agentis the onethat createshe sceneThe diagramin figure 4 shaws, for
instance that scenemanagergyo directly from the enter point to the scenethey
shouldmanaggthe « meansasmentionedoefore,thatthey arethe onescreating
thescene)while all theexternalagentamustproceedhroughthe ReceptiorRoom
scenen orderto be registeredandthenbe directedto the propersceneaccording
to theirroles.

The performatve structures alsousefulasa blueprintfor thefinal agentarchitec-
ture (seesection§3.5).
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3.2 Describingthe sceneprotocols

Oncetheperformatve structures defined thenext stepis to definetheinteractions
betweenthe agentswithin the scenesWe do this by meansof a sceneprotocol
which definesthe acceptedsequencesf messageshat two or more agentscan
utter within an scene.The protocolis representedhy meansof a directedgraph,
whereeachnodeis anstepor stateof the corversationandarcsareutteranceskor
eachillocution thereis anillocution schemewhich definespreciselythe natureof
the utterancethe roles of the senderandthe recever(s) of the utteranceandthe
informationthatis exchanged Examplesof suchrepresentationsan be seenin
figures6 to 12. Within the corversationgraph,the greyed out nodesdenotepoints
at which agentsmay join the corversation,thosewith a doublecircle, wherean
agentmayleave the corversationwhile therestareintermediatenodes.

ReceptionRoom As explainedabove,in theReceptiorRoomagententerandare
registeredwith theplatformandaccordingo theirrolesaredirectedo the proper
room.Theprotocolfor this scends shovn in figure 6: anagent makesarequest
for admission(1) thatcanbeaccepteqdmessage8a,3b, 3c) or refusedmessage
2, exit statew,). Accordingto therole of theincomingagent it is directedto the
ConsultationRoom(exit statew,) or its requesis validated(messaged and5,
exit statews). Thenagent waitsuntil aninstanceof Exchange Roomis available
in which to neggotiateover the kind of piecesagent is requestingimessage$
and7, exit statew,).

ExchangeRoom The Excdhange Roomis the placewherengyotiationover pieces
is performed.The protocolof this sceneas shavn in figure 8: agent, a hospital
Finder Agent, asksthe scenemanagefor pieceofferswhich matchtherequire-
mentsgivenin their petition. Thenthe scenemanagemivesa list of available
pieces(messag®) thatis evaluatedby the externalagent (messagéd.0). With
this informationthe scenemanageicanmake a provisional assignmenandre-
solve the situationof whentwo agentsareinterestedn the samepiece.When
this provisionalassignmenis delivered(messagé 1) thenagent exits thescene
to go to the ConfirmationRoomrepresentetby statew,. Thereis analternatve
pathfor the casewhenthereareno available piecesmatchingthe requirements
describedn the petition (messag® with null list). In this caseagent requests
anexit permissiorfrom theinstitution (messagé 2, exit statew,), includingthe
reasorfor leaving. Thereasorprovidedis recordedn theinstitutionlogsto form
anaudittrail for therelevantauthoritieso inspectFor furtherinformationabout
this negotiationprocessee[8].

Confirmation Room In this scene the provisional assignmentsnadein the Ex-
change Roomareeitherconfirmedor withdravn. Figure 10 shows the protocol
of this scenethe agent cananalyzethe assignegiecedataandthenacceptor
refuseit (messagd3). If the agent acceptghe pieceandno highekpriority re-
guestsappearduring a certaintime window thenthe provisional assignmenis
confirmedandadelivery planis givento theagent (messagéd4), andthenit ex-
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Msgt | lllocution

1 (request (?x hf|hcjtb) (?y rrm (adm ssion ?id._agent
?rol e ?hospital certificate))

2 (deny (!'y rrm) (!x hflhc|tb) (deny ?deny._reason))
3a | (accept ('y rrm) (!'x hf) (accept _hf))
3b | (accept ('y rrnm) (!x hc) (accept _hc))
3c | (accept ('y rrm) (!x tbh) (accept _th))

4 (inform (?x hf) (?y rrm) (petition ?id_hospital
?urgency_level ?tinme_to_deliver ?piece_type
(?pi ece paraneters) (?inforecipient)))

5 (inform(!y rrnm) (!x hf) (petitionstate ?idpetition
ok|faulty))

6 (inform (?y rrm) (?x hf) (init_exchange ?piece_type
?i d_exchange_r oon))

7 (request (?x hf) (?y rrm (exchange_entrance._request
i d_exchange.room)

Fig. 6. Theillocutionsfor the Receptiorroom

its the Carrelsystem(exit statew,). Whenthereis arequeswith higherpriority
thatneedghe pieceprovisionally assignedo agent a conflict arises.To resole
the conflict the scenemanagemotifiesthe agent thatthe assignmenhasbeen
withdrawvn (messagéd5) andthatit is thenentitledto a freshrequesfor another
piece(messagd6) to be neggotiatedagainin the Exchange Room

Consultation Room This sceneallows agentscoming from hospitalsor tissue
banksto inform Carrelof thelocationandstatusof known andnew piecesNote
thatwe assumehatatissuebankonly participatesn oneinstanceof Carrelatthe
sametime. Theprotocolof this scends shavnin figure12. Theincomingagents
canperformnotifications(message&7, 18, 19) andareinformedif thenotifica-
tion is successfu{messag®0). The agentscomingfrom hospitalsrepresenting
theHospitalTransplanCoordinatorcanalsoperformgueriefmessag@1) about
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Fig. 7. The corversationgraphfor the Exchangaoom

Msgt | lllocution

8 (query-if (?x hf) (?y erm) (offerdist ?id_petition))

9 (inform(!'y erm) (!x hf) (offerlist !idpetition
(list (?idpiecel ?infopiecel) ... (?id_piecen

?i nfo_pi ecen)))

10 | (inform (?x hf) (?y erm) (weightedlist !id_petition
(list ('idpiecel ?weight) ... (!id_piecen ?weight)))

11 | (query-if (?y erm) (?x hf) (pieceoffer (?i dpetition
?i d_pi ece ?cost estimation) |void))

12 | (request (?x hf) (y im (exit ?exit_reason))

Fig. 8. Theillocutionsfor the Exchangeoom

historicalinformation, suchas statisticson, say successfutorneatransplanta-
tionsoveracertainperiod.Thequeriesareansweredmessag@?2) with thelevel
of detail thatis permittedfor a certainrole, wherethe permissionsare verified
accordingto a Role-Based\ccesdModel [21]. Whentheincomingagentshave
performedall the queriesandnotifications they exit the Carrelsystem(message
23).

3.3 Normativerules

Althoughwe ashumansfunctionin the context of normsin mary differentsitua-
tionsevery day, we have becomesousedto themthatwe arenot necessarilyaware
of them.The premisebehindour useof electronicinstitutionsis thatwe aretrying
to defineandconstructsimilar mechanismso helpcontrolandsimplify interaction
for agentsn virtual worlds. And the objectvesandoutcomegemainthe same:to
governthe behaiour of agentsestablishrights and obligationsand above all, to
createanatmospheref trust.

At a high level normsappearto sayvery a little and corvey no hint of how they
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Fig. 9. Corversationgraphfor the Confirmationroom

Msgt | lllocution

12 | (request (?x hf) (y inm) (exit ?exit _reason)

13 | (inform (?x hf) (?y cfrm (pieceeval ?idpetition
?i d_pi ece accepted|refused))

14 | (inform (?y cfrm) (?x hf) (piecedelivery
?idpetition ?id_hospital ?idtissue_bank

?del i very_pl an))

15 | (inform (?y cfrm (?x hf) (piece._reassi gned_exception
?idpetition ?idpiece ?reassignment reason))

16 | (query-if (?x hf) (?y cfrm (another offer_ist
?idpetition))

Fig. 10. lllocutionsfor the Confirmationroom

maybeimplementedwe might expressdesiredor “f airness’or “equity”, but such
normsareuseless—insteade have to inventrulesof behaiour, restrictionscon-
straints,requirements@nd obligationswhich satisfy us thatthey supportthe more
abstracnorms.And eventually this normrefinemenprocesscanbe seento bring
usright down to thelevel of individual actions,suchasleaving ascenepr individ-
ualexpressionssuchastheprotocolsdefinedby the corversationgraphsThus,we
canalsofind normsdefinedimplicitly in the performatve structure:

e inter-sceneconstrints. connectionsamongscenesare, in fact, constraints
aboutthe acceptegathsfor eachagentrole insidethe scenenetwork.

e intra-sceneconstaints the sceneprotocolsdefinethe acceptednteractions
for eachagentrole (whatcanbe said,by whom,to whomandwhen).

Theseimplicit normsaremadeexplicit by the agentswhile they arefollowing the
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Fig. 11. Corversationgraphfor the Consultatiorroom

Msgt | lllocution

17 | (inform (?x hc) (?y crm (piecearrival ?id_hospital
?idtissuebank ?id_piece (?state)))

18 | (inform (?x hc) (?y crn) (transplantati oneval
?id_piece ?idrecipient ?date
(?infotransplantation)))

19 | (inform (?x tb) (?y crm) (tissue_bank_update
?idtissuebank ?idpiece (?specifications)))

20 [ (inform(!y crm) (!x hc|tb) (notification.ack
l'i d_pi ece oklerror))

21 | (query-if (?x hc) (?y crm (?query))

22 |(inform('y crm) (!x hc) (queryresults (?results))

23 | (request (?x hc|tb) (?y in) (end))

Fig. 12. lllocutionsfor the Consultatiorroom
paths.

But thereareothernormsthatarenot yet defined.Thesearenormswhereactions
taken by an agent inside a certain scenemay have consequencefor its future
interactionsoutsidethat scene An instanceof this kind of situationin Carrelis
the arrival of a high-priority requestin the ReceptionRoom scenehaseffectsin
the ConfirmationRoomsceneasary provisionalassignmentannotbe confirmed
until the high-priority requesthasbeensened. This canbe expressednformally

by arule suchasthefollowing:

if arequeshasarrivedin thereceptiorroom,
andtherequests high-priority,
andtherequests well-formed,

20




andno piecehasyetbeenassignedo therequest,
thenthere canbe no assignmentonfirmationin the Confirmationroom.

Figure13 shawsthisrule splitinto its elementgpreconditionsandpostconditions)
alongwith aformal specificatiorof eachelement.

3.4 Thetextual specification

A topic of on-goingwork is the useof model-checkingo establishpropertiesof
the sceneprotocolsand of the performatve structure.For this reasonthereis a
complementaryextual presentatiorof theillocutions, scenesdialogic framework
and performatve structure which is amenabldo transformatiorand analysisfor
exactly this purposelt mustbe emphasizedhat the textual representatiors de-
signedto capturethe institutionalinformation, ratherthan being directly suitable
for model-checkingOn the other hand, it is relatively straightforvard to extract
thetransitionnetworks andthe arc labelsfrom the specificatiorandthengenerate
textual input for modelcheclerssuchasSpin[20] or nuSMV[5]. Figure14 shovs
partof thetextual descriptionof the Carrelsystem.

3.5 Theagentarchitectue

Onceall the above framework is in place,we arethenableto describethe whole
multi-agentsystemandtherelationsamongtheagents.

It is straightforwardto getthe agentarchitecturgfigure 15) from the Performatve
Structure.First of all, thereis at leastone staf agentfor eachinstitutional role
(identifiedin §3.1):the RR Agent asareceptionroommanayer; the CR Agent as
a consultatiooroommanayer; anER Agent for eachexchangeroom, actingasan
exchange roommanayer; the CfR Agent asa confirmationroommanaer; andthe
IM Agent astheinstitutionmanager, coordinatingthe otheragents.

In orderto assistheagentanentionedabove,two specializedagentsaareaddedthe
Planner Agent which is a specializecagenttasked with carryingout the planning
neededn the ConfirmationRoom,andthe DB Agent (anagentspecializedn the
accesgontrolto the Databasealsodepictedn thefigure).

Finally we have includedaninterfaceconnectedo the Institution Manager, to al-
low ahumanadministratoto accesshe system.

A prototypeof thisarchitecturdnasbeenmplementedn J ADE [2] andit is thereby
(mostly!) FI PA compliant[16].
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done( (i nform (?x hf) if arequesthasarrivedin the reception
(?y rrm (petition room

?i d_hospital ?urgencyl evel

?timeto.deliver ?piecetype

( ?pi ece_par anet ers)

(?inforecipient))), r-room

A AND
lurgencylevel = urgency0 therequests high-priority
A AND

done((inform (!'y rrnm) (!x hf) therequesiswell-formed
(petitionstate ?idpetition

ok)), r-room

A AND
— done((inform (?z cfrm no piecehasyet beenassignedo thisre-
(!'x hf) (piecedelivery guest

lid_petition !id_hospital
?id_ti ssue_bank
?delivery.plan)), cf-room

= THEN
vV (w hf): (w # x) therecanbe no assignmentonfirmation
— done(((inform in the Confirmationroom

('z cfrm (!'w hf)

(pi ecedelivery ?id_petition
?id_hospital ?id.tissue_bank
?delivery_plan)), cf-room

Fig. 13. A normlinking actionsin onescenewith consequences another

3.6 Formalizingtheinstitutionalagents

At thispointall theinteractionsamonginstitutionalagentsaandexternalagentshave
beenmodelled.In factsuchinteractionshave beenspecifiedin a very formal way
by meansof norms The last stepto completethe definition of the institutionis to
describehebehaior of theinstitutionalagentsandtheinteractiondbetweerthem.

Following [31] we areworking with the Ambientcalculus(a processalgebrawith
locationg 3]) in orderto obtainaprecisedescriptiorof theinteractionof theinstitu-
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(define-performative-structure carr-performative-structure

scenes:
((root root-scene) ; declae the
(r-room reception-roomscene) ; scenesomprising
(e-room exchange-room scene) ; theinstitution

(cf-room confirmation-room scene)
(cs-room consul tati on-room scene)
(out put out put - scene)

connecti ons:
((root r-roomconsulter ...))) ; andsetup theconnections

(define-dial ogi c-framework fmdial ogic-framework
ontol ogy: carr-ontol ogy
representation-|anguage: first-order-1ogic

illocutionary-particles: (...... )

external -roles: (hf, hc, tb) ; list all theroles

internal-roles: (im rrm erm cfrm crm ; that participating

role-hierarchy: ((imrrm (imerm ; agentamayplay and
(imecfrm (imcrm ; howtherolesare related

) ; to oneanother
rol e-conpatibility: (inconpatible: (hf tb) (hc tb) (hf hc))

(define scene e-room ; describethe corversationgraph
roles: (erm hf) ; containedn a particular scene
di al ogi c-framework: e-room df ; specifyingwhich rolesmayparticipate
states: (a6 a7 a8 a9 al0 wl w2) ; therestis justa textual
initial-state: a6 ; representatiorof a finite state
final-states: (wl w2) ; madine

access-states: ((erm (a6)) (hf (a6 a7)))
exit-states: ((erm(w2)) (hf (wl w2)))
agents-per-role: ((erm1 1) (hf 0 n))
transitions: ; transitionlabelsare speeb acts
((a6 a7 (query-if (?x hf) (?y erm) (offer_list ?id_petition) ))
(a7 a8 (inform (!y ernm) (!x hf) (offer_list !id_petition
(list (?id_piecel ?info_piecel) ... (?id_piecen ?info_piecen)))))

iéio wl (request (?x hf) (?y im (exit ?exit_reason) ))

constraints: ()

)
(define-norm urgency0O-arrival ; definea normin threeparts
ant ecedent :
(((r-room
(inform (?x hf) (?y rrm
(petition ?id_hospital ?urgency_level ?tinme_to_deliver ?piece_type
(?pi ece_paraneters) (?info_recipient) ) ) )
(lturgency_l evel = urgency_0))
((r-room
(inform (!'y rrm) (!x hf) (petition_state ?id_petition ok )) )
(nil)))
def easi bl e- ant ecedent :
((cf-room

(inform (?z cfrm (!x hf)
(piece_delivery !id_petition !id_hospital ?id_tissue_bank ?delivery_plan))))
consequent :
(forall (whf) (not (= wx))
(obliged 'z (not (inform(!z cfrm (!w hf)
(piece_delivery ?id_petition ?id_hospital ?id_tissue_bank ?delivery_plan) ), cf-room)))

Fig. 14. Partof the Carrelspecificationin text format

tional agentsWe do not presentry of this aspecbf theformalizationhere partly
becausef its mathematicahatureandpartly becausef theamountof introductory
materialthatwould be appropriatdo assistn its comprehensiorut primarily be-
causewe regardthe focusof this papernot to be processalgebraicmodelling, but
ratherthe demonstratiorof the use of norms—implicit and explicit—to specify
soundsystemsn medicaldomains.

23



.

G

4

£ y
i Planner Central DB )

Agent
- - JECEIEEtE
........... ey
| éﬁ Agent /
S Institution ) y
A Manager A >
1 Interface : -
O

Institution
Manager

Fig. 15. The Carrellnstitution Ageng/
4 Conclusions

The useof software solutionsto assistthe medicalstaf in their daily tasksis not
a new topic. In factthereis a significantsub-areaof software engineeringcalled
Medical Informaticsor Electronic Health-Cae aiming to find nev waysto use
informationtechnologiego:

modelandapplymedicalknowvledge

create storeandretrieve patientrecords

define,selector improve diagnosisandtreatmenguidelines

improve communicatioramonghealthprofessionalsandalsobetweerhealth
professionalaindpatients

¢ (re-)oganizeandimprove ary healthcareservice

In section§2.2 we presentedhe utility of agentsin medicalapplicationsAs noted
in [18, 35] thestrengthof AgentTechnologiegmainly pro-activityandautonomy
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malke suchtechnologiesvell-suitedfor medicalapplications We will summarize
hereonly someof theiralguments:

e the capability of agentsto anticipatepro-actvely the information needsof
users,

¢ their supportof synchronousnd asynchronougsommunicatioramongpar
ties,

e their suitability to supportdistributeddecisionmaking

e theirability to adaptto unpredictedsituations

¢ their capabilityto adaptthe HealthCareservicedo the patientneeds

As aresultof theseabilities, the useof agentsfor medicalapplicationsis rising.
[35] providesa comprehensie review of theuseof Agentsin HealthCare.

A centralaspectf our work hasbeenformalization.In [18] it is statedthereis

a needto develop methodologiesand, if possible,formal designmethodswhen
applyingagentsto the medicaldomain.In their work they presenthe PROforma
formalism,which permitsthe definition of guidelinesto befollowedby eachagent
in the system.For our purposesandfrom the point of view of distributedsystems,
the problemis thatthe formalismdoesnot cover the communicatioractsandthe

dependenciebetweenguidelinesandhencehow the behaiour of oneagentmay
affectanother

We have presentedherethe suitability of a generaformalismfor multi-agentsys-
temssuchasISLANDER [15], basedntheideaof adialogical framevork, applied
in the medicaldomain.We have appliedsuchformalismto the problemof trans-
plantpieceallocation,andby doingsowe have beenableto build afirst prototype
of the Carrelsystem.

Most of the work in the field of transplantallocation(suchas EU projectsRE-
TRANSPLANT [33]7, TECN [34]) is devotedto the creationof a) standardor-

matsto storeandexchangdanformationaboutpiecesdonorsandrecipientsamong
organizationsb) telematicnetworks,or c) distributeddatabases heprojectedout-
comesof this projectare potentially extremely importantand useful becausehe
developmentof standardontologiesto definethe conceptsof the domainof dis-
coursefor agentsis an essentiaktageon the way to the effective deployment of

this technology Project ESCULAPE [14] usescorventional softwareto help in

tissuehistocompatibilityby developingHLA 8 referencingcomputersystemsand
softwarepackageso beusedby hospitalsandlaboratorieasa humartissuetyping
tool.

7 Unfortunately thereis no information available aboutthe practical results of those
projectsotherthantheprojectURL.
8 HumanLeucocyteAntigens
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Therearevery few referencesn theliteratureaboutthe useof agentsn thetrans-
plantdomain.[36] describeanagentthatusesmulti-criteriadecisiontechniquesn
the selectionof the bestreceverin atransplantproviding the Hospital Transplant
Coordinatomwith aresultaccordingto the weightsthe userassignedo eachcrite-
ria. [26] describesan hierarchicalmulti-agentsystemwherethe agenton the root
nodeplanstransportroutesbetweerhospitalsusingthe informationobtainedfrom
the otheragentsn the hierarchy removing routesthat will exceedthe maximum
availabletime for transportatiorandavoiding potentialfataldelaysdueto mistales
in coordinationof differentmeansof transport.[25] proposesa multi-agentsys-
temarchitecturdo coordinatenospitalteamsor organtransplantsCoordinations
achieved throughagentsthat keeptrack of the personnekchedulesandthe avail-
ability of the facilities (both describedas time-tablesdivided into slots of thirty
minutes).Finally [1] presentsan alternatve designfor a multi-agentarchitecture
for the Spanistorganallocationprocessilt identifiestheagentsieededo solve the
problemandorganizeghemin four levels (Hospital Level, Regional Level, Zonal
Level and National Level). However, no formalismis usedin the developmentof
thearchitecture.

As far aswe know, CARREL is thefirst software systemappliedto the transplant
allocationproblemthatjoins the strengthf agentswith the advantage®f formal
specifications.

As partof our futurework we aimto expandtheformalismpresentedherein order
to describeotherissues(suchasthe delggationof all non-fulfilled commitments
of theincomingagentsto the hospitalsthey belongto, which is not currently ex-

pressibleby the formalism),andthe creationof toolsto build agentplatformsau-
tomaticallyfrom institution specificationsA preliminaryreporton the generation
of institutionsandthe agentsto populatethemappearsn [39], while preliminary
reportson the useof model-checkingf institutionalmodelsappearsn [40, 6].

We alsoaimto exploretheextensionof thePROformaformalism[17, 19]toinclude
agentcommunicationsothatit maybeusedto modelsystemswith characteristics
like Carrel.
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