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Abstract. In thispapemwe presentfirst approacho theformalizationof Carrel,
a virtual organizationfor the procuremendf organsandtissuesfor transplanta-
tion purposesin orderto modelthe allocationprocessesf organsandtissuesn
a integratedway. We shav how it canbe formalizedwith the ISLANDER for-
malism.Also we presenta first mechanisnto federatethe institutionin several
geographically-distribtedplatforms.
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1 Intr oduction

Organtransplantatiodrom humandonorsis the only option availablewhenthereis a
majordamager malfunctionin anorgan.At thetime of writing, morethanonemillion
peoplein theworld have successfullyecevedanorgan,andthereafterin mostcases,
leadnormallives.

Over the years,transplantechniqueshave evolved, knowledgeof donorrecipient
compatibilityhasimprovedandsohaveimmunosuppressadtugregimesJeadingto an
increasean the numberof organsthatcanbetransplantedput alsoin therangeof trans-
plants,moving beyond organs(heart,liver, lungs, kidney, pancreasjo tissueg(bones,
skin, corneastendons).However, the allocationprocessfor tissuesis quite different
from thatfor organs becausef thetime suchpiecescanbe preseredoutsidethe hu-
manbody. Tissuesareclustersof quitehomogeneousells,sothe optimaltemperature
for preserationof all the cellscomposinghetissueis almostthe same.Thus,tissues
canbe preseredfor severaldays(from six daysin the caseof corneado yearsin the
caseof bones)n tissuebanks For tissuestheallocationprocesss triggeredwhenthere
is arecipientwith aneedfor a certaintissue atwhichtime somenumberof tissuebanks
aresearchedor a suitableone.



Organs,on the otherhand,are very complex structureswith several kinds of cell
typeswith differentoptimal preseration temperaturesThat fact leadsto quite short
preserationtimes(hours),no needfor an organbank,andanallocationprocesghatis
triggeredwhena donorappearstaking the form of a searchfor a suitablerecipientin
somenumberof hospitals.

1.1 The casefor software systemsfor organand tissuemanagement

Theincreasingateof succes®f tissuetransplantss leadingto anincreasen thenum-
ber of requestsThis volumeis startingto overwhelmthe humancoordinatorsaandfur-
thermoreis leadingto tissueloss,becausevailabletissuesarenot beingassignediue
to lack of time to procesall requests.

In the caseof organssuccessfutransplanthave alsoled to anincreaseén demand
for organsfor transplantatiorpurposesHowever, thereis not anincreasingvolume of
donationsto matchthe demand.Much researcthasbeendoneto createpolicies for
donoridentification(to increasethe numberof available donors),organallocation(to
find a suitablerecipientfor eachorgan)andin extraction, preseration and implant
proceduregto increasehe chance®f success).

Therelative scarcityof (organ)donorshasled to the creationof internationalkoali-
tions of transplantorganizationsThis new, more geographicallydistributed, erviron-
mentmakesanevenstrongercasefor the applicationof distributedsoftwaresystemso
solve:

— thedataexchange problem:exchangeof informationis amajorissue aseachof the
actorscollectsdifferentinformationandstorest in differentformats.Theobvious,
andeasilystated solutionis the definition of standardlatainterchange.

— thecommunicatioproblem:countriestypically usedifferentlanguagesndtermi-
nologiesto tagthe sameitemsor facts.Either a standarchotationor a translation
mechanisrmeeddo be createdo avoid misunderstandings.

— thecoomdinationissuesin orderto manageequestat aninternationalevel, there
is the needto coordinategeographicallydistributed suigery teams,andto coordi-
natepiecedelivery ataninternationalevel.

— the variety of regulations: an additionalissueis the necessityto accommodate
comple setof, in somecasesconflicting, nationaland internationalregulations,
legislationandprotocolsgoverningthe exchangeof organs.Theseregulationsalso
changeovertime, makingit essentiathatthe softwareis adaptable.

Thefirst two pointscanlargely be resoled usingstandardsoftware solutions.For
instancethe EU projectsRETRANSPLANT, TECN have devotedmostof their effort
to the creationof a) standardormatsfor the storageandexchangeof informationabout
pieces,donorsand recipientsamongorganizationsp) telematicnetworks, or c) dis-
tributeddatabasesAnotherproject, ESCULAPE, usescorventionalsoftwareto helpin
matchingtissuehistocompatibility

The third point (coordination)is harderto solve with corventional software. A
soundalternatve is the useof softwae agents wherean Agentis a computerprogram
capableof taking its own decisionswith no externalcontrol (autonomy, basedon its
perception®f theervironmentandtheobjectivesit aimsto reach18]. It notonly reacts
to the environment(reactivity) but alsoproactivelytakesinitiatives. The social ability



of agentsallow themto grouptogether(in agencie$ sharingcommonobjectvesand
dividing thetasksto reachthoseobjectives.All theseattributessuggesthatmulti-agent
systemsarewell-suitedto solve coordinationissues.

It is the last point (the variety of regulationschangingover time) which under
pins our casefor the useof so-calledelectionic institutions whosepurposeis to pro-
vide over-archingframeworks for agentinteraction,where agentsmay reasonabout
the norms[6, 2,3,5], in the sameway as physicalinstitutionsand socialnormsdo in
therealworld. Electronicinstitutionsandthe normsthatgovernthemarethe key to a
systenthatis ableto adaptautomaticallyto changesn regulations.

In summaryour proposabddresall four issuespy the useof multi-agenttechnol-
ogy, not only for coordinationandregulationbut alsoservingasa languagenterface
amongteamsusingdifferentterminology and actively distributing the informationto
beshared.

2 An Institution for the distrib ution of organsand tissues

The Carrelinstitutionis an agentplatform which hostsa group of agents(an agency)
responsibldor theallocationof organsandtissuesln the caseof tissuestheallocation
procesomprises:

1. Thetissuebankskeepingtheinstitutionupdatedabouttissueavailability

2. The ageng receving requestsfrom the hospitalsfor tissues.For eachrequest
(broughtby an agentrepresentinghe hospital)the institution tries to allocatethe
besttissueavailablefrom all thetissuebanksthatareknown.

In the caseof organsthe procescomprises:

1. Eachhospitalinforming the institution aboutpatientsthat have beenaddedto or
removed from the waiting list of that hospital,or patientseitherto be addedto or
removedfrom the national-wideMaximumUrgeng Level' Waiting List.

2. Whenadonorappearsthehospitalinformstheinstitutionof all theorganssuitable
for donationin the form of offers sentto the organallocationorganizationwhich
thenassigngheorgans.

Figurel depictsall the entitiesthatinteractwith the Carrelsystem.Therearea) the
hospitalsthat createthe tissuerequest®d) the TissueBanks,andc) the nationalorgan
transplantatiororganizationsthat own the agentplatform and act as obseners—the
figure shows the organizationgn Spain:the Organizacbn Nacionalde Transplantes
(ONT) [14] and the Organitzacd CATalanade Transplantaments(OCATT). In the
proposedsystemall hospitals,even thoseowning a TissueBank, should make their
requestdor tissuesor their organoffersthroughCarrelin orderto ensurea fair distri-
bution of piecesandto easethetrackingof all piecesfrom extractionto implantation,
astheONT andOCATT currentlyrequirefor organs.

2.1 Roleof the Carr el Institution
Therole of the Carrellnstitutioncanbe summarizedy thefollowing tasks:

! In SpaintheMaximumUrgeny Level is calledUrgeng-0
2 National TransplaniOrganization
3 catalanTransplanOrganization
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Fig. 1. Carrel:An AgentMediatedinstitutionfor TissuesAssignment

— to make surethat all the agentswhich enterinto the institution behave properly
(thatis, thatthey follow the behaioral norms).

— to be up to date aboutall the available piecesin the TissueBanks,and all the
recipientsthatareregisteredn thewaiting lists.

— to checkthat all hospitalsandtissuebanksfulfill all the requirementsieededo
interactwith Carrel.

— to take careof the fulfillment of the commitmentsundertalen inside the Carrel
system.

— to coordinatethe piecedelivery from onefacility to another

— to registerall incidentsrelatingto a particularpiece.

2.2 The UCTx Agency

The participationof hospitalsin Carrelis basedon the notionof membershipThatis,
hospitalsbelongto thelnstitutionandrespecthenegotiation(assignationjules,andthe
agentghatrepresentheminsideCarrelareunableto breakthesecorventions A Hos-
pital interactswith Carrelthroughthe TransplantCoordinationUnit Ageng/ (UCTX). A
versionof the UCTx agentarchitecturghathandledissuerequesteanbefoundin [4].

Adaptingthe UCTx ageng in orderto assistnot only in thetissueallocationpro-
cesshut alsoin the organallocationprocesss not difficult. In the caseof tissues,it
is sugeonswho areresponsibldor creatingthe tissuerequestshroughtheir Surgeon
Agent [4]. In contrastfor organsit is the Hospital TransplantCoordinator who is re-
sponsiblefor issuingorganoffers to the institution or answeringa call for recipients.
Sothe architecturepresentedn [4] doesnot needto be modified but insteadjust the
functionality of the Coordinator Agent is extended.



3 Formalizing the Carr el institution

To give a formal descriptionof the interactionamongagentsin the Carrelsystemwe

will follow the ISLANDER formalism[7]. It views an agent-baseélectronicinstitu-

tion asa type of dialogical systemwhereall the interactionsinsidethe institution are
a compositionof multiple dialogic actiities (messagexchanges)Theseinteractions
(calledillocutions[13]) arestructuredhroughagentgroupmeetingscalledsceneghat

follow well-definedprotocols.

3.1 The performative structur e

The connectedyraphof sceneonstituteghe performativestructuee. It is a network of
sceneshatdefinesghe possiblepathsfor eachagentrole. In accordancevith its role,an
agentmay or may not be permittedto follow a particularpaththroughthe performatve
structure andultimately, mayberequiredto leave theinstitution.

In the caseof the Carrelinstitution, the setof sceneto modelthe organandtissue
allocationprocessess:

— ReceptiorRoom is the scenewvhereall externalagentsshouldidentify themseles
in orderto be assignedherolesthey areauthorizedto play. If theseagentscarry
eitherarequesfor oneor moretissuesor anoffer of oneor moreorgansthenthis
informationis checledto malke surethatit is well-formed.

— ConsultationRoom is the scenewherethe institution is updatedaboutary event
or incidentrelatedto a piece.Agentscomingfrom tissuebanksshouldupdatethe
institutionabouttissueavailability, while agentscomingfrom hospitalsshouldup-
datetheinstitutionaboutthe waiting lists andalsoinform it aboutthe receptionof
all pieces(organsor tissues)they have receved, the transplantoperationandthe
conditionof recipients.

— Exdhange Room is the scenewhereassignatiorof piecestakes place.Thereare
specificexchangeoomsfor tissuerequestgTissueExdhange Roon) andfor organ
offers(Organ Exchange Roon).

— ConfirmationRoom is the scenewherethe provisional assignmentsnadein one
of the exchangeroomsareconfirmed whereaftera delivery planis constructedor
cancelledbecauseanew requesbf higherpriority hasarrived.

A key elementof the ISLANDER formalismis the definition of agentroles Each
agentcan be associatedo one or more roles, and theseroles determinethe scenes
anagentcanenterandthe protocolsit shouldfollow (the sceneprotocolsare defined
asmulti-role corversationapatterns).Therearetwo kinds of roles:the external roles
(rolesfor incomingagentsiandtheinstitutionalroles(rolesfor agentghatcarryoutthe
managemerf theinstitution). The externalrolesarethefollowing:

Hospital Finder Agent(hf): agentssentby hospitalswith tissuerequestor organof-
fersthatareseenfrom the pointof view of theinstitutionasrequestdor finding an
acceptabléissueor recipient,respectiely.

Hospital ContactAgent(hc): agentsfrom a certainhospitalthat are contactedy the
institution when an organ hasappearedor a recipienton the waiting list of that
hospital. Theagentthenentergheinstitutionto acceptheorganandto recevethe
delivery plan.
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Fig. 2. The Carrellnstitution performatve structure

Hospital Information Agent(hi): agentssentby hospitalsto keepthe Carrel system
updatedaboutary eventrelatedto a pieceor the stateof thewaiting lists. They can
alsoperformquerieson the Carreldatabas¢hroughthe DB Agent (see§3.2).

Tissuebank natifier (tb): agentssentby tissuebanksin orderto updateCarrelabout
tissueavailability.

Theinstitutionalrolesconsistof oneagentto manageeachsceneandoneagentto
coordinateall the scenerelationships:

Institution Manager(im): agentcoordinatingall the scenemanagers.
ReceptionRoomManager(rrm): managenof the ReceptiorRoomscene.
TissueExchangeRoomManager (trm): managenf a TissueExchange Roomscene.
Organ ExchangeRoomManager(orm): manageof aOrganExchange Roomscene.
Confirmation RoomManager(cfrm): manageof the ConfirmationRoomscene.
ConsultationRoomManager(crm): managenf the ConsultationRoomscene.

With all the scenesand rolesidentifiedin the previous section,the performative
structurecanbe drawn, asdepictedin figure 2. Nodesarethe scenedisted above plus
enterand exit nodeswhich definethe begin and end points of the diagram.Arcs are
labelledwith tagsvariable:role, wherevariableis an agent androle is one among
the identified Carrel's roles. The diagramin figure 2 shows, for instance that scenes
managergo directly from theenterpointto thescenghey shouldmanagdthe « means
thatthey arethe onescreatingthe scene)while all the externalagentsmustproceed



throughthe ReceptiorRoomscenein orderto be registeredandthenbe directedto the
propersceneaccordingo theirroles.
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Fig. 3. Theconversationgraphfor the Receptiorroom

Authentication of external agents As explainedabove, in the ReceptionrRoomex-
ternalagentsenterand are registeredinside the platform. In this room an authentica-
tion mechanisnbasedn electroniccertificatesensureghat externalagentscomeonly
from authorizedorganizationgwhich previously receved the electroniccertificateto
be used).Oncethe sendemasbeenidentified and authorized the external agentsare
thendirectedto the properroomaccordingto their roles.

The protocolof this scenecanbe seenin figure 3: anagent requestgor admission
(1) andmaybeacceptedmessage8a,3b, 3c, 3d) or refusedmessage, exit statew, ).
Accordingto therole of theincomingagent:

— it is headedo the ConsultationrRoom(exit statews,),

— if it bringsa requestfrom a hospital,the requestis checled (messaged and5).
Thenagent waits until the appropriateExchange Roomis availablefor the assig-
nation(message6 and7afor tissuesb and7bfor organs).

— if it wascalledby theinstitutionto receve anorganoffer, theinformationit brings
abouttherecipientis checledand,if all is correct,it is thendirectedto the Organ
Exchange Roomthatsentthecall.

Thecontentof themessagethatappeain this corversatiorgraphandthefollowing
onesarespecifiedn [17].

Registeringtherecipientsand the available piecesIn orderto manageheassignation
of organsandtissuesthe Carrelinstitution needsup to dateinformationon a) all the
availabletissuedor transplantationb) the stateof hospitalswaiting list for eachkind
of organ,andc) thewhereaboutsboutall pieceshathave beenassignedy Carrel.



Fig. 4. Corversationgraphfor the Consultatioroom

The ConsultationRoomallows agentscoming from hospitalsor tissuebanksto
keepCarrelupdatedaboutall the factsmentionedabove. The protocolof this sceneis
shavn in figure4. Theincomingagentscanperformnotifications(message&0to 14)
andareinformedif thenotificationis successfuimessagé5). Theagentcomingfrom
hospitals—whichrepresenthe Hospital TransplantCoordinatof4]—canalsoperform
queries(messagel6) abouthistorical facts(e.g. statisticson, say successfutornea
transplantationsver a certainperiod). The queriesare answeredmessagel7) with
the level of detail thatis permittedfor a certainrole, asall accesdo the databases
controlledthrougha Role-BaseddccessModel [10]. Whentheincoming agentshave
performedall the queriesandnotifications they exit the Carrelsystem(messagd8).
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Fig. 5. Thecorversationgraphfor the OrganExchangeoom

Allocating organs For organassignmentanew scenethe Organ Exchange Roomhas
beenaddedTheprotocolof thisscenedepictedn figure5, canbedividedin two parts:
— thearrival of an Agent; (hospitalFinder Agent) with anoffer of anavailableorgan
(statesz1; anda2), waiting for anotificationthata properrecipienthasbeenfound



(message?2, exit statews) or not (message7 leadingto anexit requesthrough
statew ).

— theloop of the scenemanagetooking for recipients.Basedon the informationof
the waiting lists storedin Carrel’s databasethe scenemanagersendsa call to a
hospital(messag@0) wherethereis a suitablerecipient. Thenan Agent; (hospital
ContactAgen) entersthe sceneto answerthe call, sayingwhetherit acceptshe
organor not(message0). Sometimeg\gent;, representinghehospitalTransplant
Coordinator expresseshe intentionto usethe organin a differentrecipient(mes-
sage?3), a changethat,dependingpn thereasongjiven, caneitherbe acceptedr
rejectedmessage4 and25). If thescenemanageandAgent; agreethenAgent;
is notified of the recipient,otherwiseAgent; exits the sceneand the loop starts
againwith a call to anotherospitalfor anothermrecipient.
Thesearchandassignmenprocesseby thescenananagearedrivenby knowledge

of donorrecipientcompatibilitythatis codedin theform of rulessuchasthefollowing
onesfor kidneys:

1- (age_donor <= 1)
-> (age_recipient < 2)

2- (age_donor > 1) AND (age_donor < 4)
-> (age_recipient < 4)

3- (age_donor >= 4) AND (age_donor < 12)
-> (age_recipient > 4) AND (age_recipient < 60)

4- (age_donor >= 12) AND (age_donor < 60)
-> (age_recipient >= 12) AND (age_recipi ent < 60)

5- (age_donor >= 60) AND (age_donor < 74) AND (creatinine_clearance > 55 nl/mn)
-> (age_recipient >= 60) AND (transpl ant_type S| NGLE- Kl DNEY)

6- (age_donor >= 60) AND (age_donor < 74) AND (glonerul osclerosis <= 15%
-> (age_recipient >= 60) AND (transpl ant _type Sl NGLE- Kl DNEY)

7- (age_donor >= 60) AND (gl onerul osclerosis > 15% AND (gl onerul osclerosis <= 30%
-> (age_recipient >= 60) AND (transpl ant_type DUAL- KI DNEY)

8- (wei ght_donor = X)
-> (weight_recipient > X*0.8) AND (wei ght_recipient < X*1.2)

9- (di sease_donor Hepatitis_B)
-> (disease_recipient Hepatitis_B)

10- (di sease_donor Hepatitis_C)
-> (disease_recipient Hepatitis_C

11- (di sease_donor VIH)
-> (DI SCARD- DONOR)

12- (gl orrerul oscl erosis > 30%
-> (DI SCARD- KI DNEY)

13- (HLA conpatibility_factors < 3)
- > ( DONOR- RECI PI ENT- | NCOVPATI BI LI TY)

Rulesl to 8 arerelatedto sizecompatibility, eitherconsideringagerangeqrules1
to 7) or weightdifferencesherethe criterion permitsa 20% variationabove or below.
Rules5 to 7 considequality of thekidney andassessotonly thelimit thatis acceptable



but alsothetransplantechniqueo be used(to transplanbneor bothkidneys). Rules9
to 10 areexamplesof disease#n the donorthatdo not leadto discardingthe organfor
transplantationif a properrecipientis found (in the example,a recipientthat hashad
alsothe samekind of hepatitisB or C in the past).Finally, rules11to 13 areexamples
of rejectionrules,asdeterminedy currentmedicalknowledge.

It is importantthat such policies not be hard-codedn the system,as suchrules
evolve with practice(for instance someyearsagodonorswith any kind of Hepatitis
were discarded) Expressingthe knowledgein the form of rulesis a techniquethat
allowsthe systento be adaptabldo futurechangesn medicalpractice.
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Fig. 6. The conversationgraphfor the TissueExchangeoom

Allocating tissues The TissueExchange Roomis the placewherenggotiationovertis-
suesis performed.The protocol of this sceneis shown in figure 6: Agent; (hospital
Finder Agen? asksthe scenemanageifor tissueoffers (tissuesmatchingthe require-
mentsincludedin their petition). Thenthescenemanagegivesalist of availabletissues
(messag®9) thatis evaluatedby the externalagent (message0). With thisinforma-
tion the scenemanagercan make a provisional assignmengand solve collisions (two
agentsinterestedin the sametissue).When this provisional assignments delivered
(message&1) thenagent exits the sceneto go to the ConfirmationRoomrepresented
by statews. Thereis analternatie pathfor the casewhenthereareno availablepieces
matchingthe requirementslescribedn the petition (messag® with null list). In this
caseagenf requestanexit permissiorfrom theinstitution(messag@82, exit statew, ),
includingthereasorfor leaving. Thereasorprovidedis recordedn theinstitutionlogs
to form anaudittrail for therelevantauthoritieso inspectFor furtherinformationabout
this negotiationprocessee[16].

Confirming the assignation In the ConfirmationRoomscenethe provisionalassign-
mentsmadein a TissueExchange Roomor an Organ Exchange Roomare eithercon-
firmed or withdrawn. Figure7 shaws the protocolof this scenetheagent cananalyze
theassignegiecedataandthenacceptor refuseit (messag@&3). If the agent accepts
the pieceandno higherpriority requestappearduring a certaintime window thenthe
provisionalassignmenis confirmedanda delivery planis givento theagent (message
34), andthenit exits the Carrel system(exit statews). Whenthereis a requestwith
higherpriority thatneedghe pieceprovisionally assignedo agent a conflictarisesTo
resole the conflict the scenemanagenotifiesthe agent thatthe assignmenhasbeen
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withdravn (messag@&5) andthatheis thenentitledto afreshrequestor anotherpiece,
if available,(messag&6)to benegotiatedagainin theExchange Roomwhencet came.

3.2 The Multi-agent architecture

Theagentarchitecturghatperformstheinstitutionalrolesis shovnin figure 8. Thereis
oneagentmanagingeachof the scenesthe RR Agent managinghe ReceptiorRoom
the CR Agent managingthe ConsultationRoom an ER Agent for eachExchange
Room(eitherthe onesfor organsor the onesfor tissues)anda CfR Agent managing
the ConfirmationRoom Also thereis anagent(the IM Agent) playing the institution
manaer role.

In orderto assistthoseagentsfwo agentsareaddedfor specifictasks:the Planner
Agent, to build the delivery plansthat areneededn the ConfirmationRoom andthe
DB Agent, whichis devotedto therole-basedccessontrol of theinternalDatabase.

4 A network of Carr el institutions

In theprevioussectiongheCarrelsystemhasbeendescribedsaninstitutionthatworks
alone,managinaall the requestaindofferscomingfrom the hospitals However a dis-
tributedsystemis neededn orderto manageheallocationproblemat aninternational
level (oneof theaimsof our scheme).

To do so, we proposeto createa federationof geographically-distribted Carrel
platforms.HospitalsandTissuebanksregisterthemselesto the“nearest’platformand
interactasdescribedn previoussections.

As aresult,the searchprocesss distributedthroughthe platforms,exchangingin-
formationamongthemselesvia their DB Agents Theprocesss thefollowing:

— The DB Agent of a certainplatform; recevesa query eitherfrom an Organ Ex-
change Room a TissueExchange Roomor the ConsultationRoom

— It accessethelocal database.

— If the informationis not availablelocally, thenit sendspart of the queryto other

DB Agentsin otherCarrelPlatforms.
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— All the diferencesin terminology are solved at this point by the use of domain
ontologiessharedby all the platformsthat definea commonexchangeformat for
theinformation.

All Carrelplatformsareawareof theexistenceof the otherplatforms.Thecommu-
nicationamongagentson differentplatformsis achevedby the mechanisndefinedin
the FIPA specificatiorfor communicatioramongAgentplatforms[8].

5 Conclusion

We have presentedherean Agent-MediatedElectroniclnstitutionfor thedistribution of
organsandtissuesfor transplantatiorpurposesOur aim with this work is not only to
applymulti-agentechnologieso modeltheorganandtissueallocationproblembut we
alsohave devotedpart of our efforts in formalization,following the recommendations
in [9] aboutthe needof formal designmethodswhenapplyingagentsto the medical
domainin orderto ensurethe safetyandsoundnessf theresultingsystemIn our case
we have choseraformalismcalledISLANDER [7], basedn thedialogicalframewnork
idea,to getan accuratedescriptionof the interactionsamongthe agents By meansof
suchformalismwe have beenableto designa systemthat combinesthe strengthsof
agentswith theadwentage®f formal specifications.

As far aswe know, thereare very few referencesn the literature aboutthe use
of agentsin the transplantdomain.[15] and[12] describesingle agentsto solve spe-



cific tasksneededor this domain(respectiely, arecever selectionalgorithmbasedn
multi-criteriadecisiontechniquesinda plannerfor transportroutesbetweerhospitals
for organdelivery). [11] proposesa multi-agentsystemarchitectureto coordinateall
the hospitalmembersnvolvedin a transplant[1] also proposesa static hierarchical
agentarchitecturdor the organallocationproblem,but no formalismis usedin thede-
velopmenibf the architectureandno mechanisnis presentedo make the architecture
adaptve to changesn policiesor regulations.For anextendeddiscussiorsee[16].

Futurework aimsto extendthemethodologyto introduceexplicit representationsf
normsto allow agentdo reasoraboutthenorms.Theagentswill beableto make better
choicesin specialcircumstancesWe will follow Dignum’s work in [6], incorporating
the abstracnormsand valuesof real organizations’statutesand formally connecting
themwith theirimplementatiorin the electronicinstitution’s proceduresndprotocols.
In doing sowe will geta full descriptionof aninstitution, from the abstractthigher)
level to theimplementatior(lower) one.
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