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Abstract o following approved protocols
In this paper we describe how a multi agent sys- e preparing delivery plans (e.g. using, say, train and airline
tem (MAS) that supports arguing agents can in- schedules)

crease the number of human organs for transplan-
tation. We analyze the current human organ selec-
tion process to then propose an alternative which al-
lows discarding less human organs that can safely
be transplanted. The proposed human organ dis-
carding process is framed in CARREL, an agent-

based organization designed to improve the overall
transplant process.

CARREL's behavior could briefly be described as an
agencythat when receiving a tissue request from one hospital
tries to allocate the best tissue available from all the known
resources (Tissue Banks). And when a donor is detected it
tries to allocate each of the transplantable donor’s organs to
the most appropriated recipient. In this agency different en-
tities (the agents) play different roles that are determined by
their goals, rights and duties (s€¢azquez-Salcedat al,,
2003). The relative scarcity of donors has led to the creation
1 Introduction of international coalitions of transplant organizations. This
new, more geographically distributed, environment makes an

Human organ transplantation constitute the only eﬂEeCt'Veeven stronger case for the application of distributed software

therapy for many life-threatening diseases. While becomingy oo "hi with the added complication of the necessity to
a commonplace medical event there is a growing disparity be

tween the demand for and the supplv of oraans for transpla accommodate a complex set of, in some cases conflicting, na-
PPy 9 Plan:onal and international regulations, legislation and protocols

toartl(;rr]{s 2S§ﬁgglethfl§rC:Irsarr)gngn&tla%roenataegrg?srg:?deec?fazubrg? overning the exchange of organs and tissues. It is the last
gans, P ' int which underpins our case for the use of so-called elec-

considered non-viable for that purpose. Given the importanc onic organizations whose purpose is to provide over-arching

of this issue, much effort is devoted in finding ways to recjuceframeworks for interaction in the same way as organizations,

this 9ap between demand and supply. . . r equivalently, collections of social norms, do in the physical
In this paper we present a novel discarding process th

relaying on arguing agents can safely allow less human or- 0I:da.ddressin the human organ discarding process two is-
gans to be discarded and thus to augment the organ poal. 9 9 gp

We describe this new process framed in the CARREL Sys_sues must be taken into account i) many criteria for accepting

tem [Vazquez-Salcedat al, 2003, an agent-based organi- °79aNS do not refer only to the organ and the donor them-
zation designed to improve the overall transplant process O§elves but also to the recipient to which the organ is intended

human organs and tissues. CARREL is intended for the tasRQ the organ acceptability criteria vary very rapidly and dis-

involved in managing the vast amount of data to be processeg@réement among the criteria exist. That is, different hospi-
in carrying out: tals and physicians may follow different acceptability criteria.

- _ _ o As a consequence, the more potential recipients are consid-
e recipient selection (e.g. from patient waiting lists andered at the time of evaluating the viability of an organ, the

patient records) more likely is for that organ to be considered as viable. This
e organ/tissue allocation (based on organ and tissuglotivates the use of agents to effectively distribute the offer
records) of an organ to all the pertinent hospitals, as well as managing
] L the response of each of the contacted hospitals. To handle the
e ensuring adherence to legislation possible inconsistency that may raise from contradictory cri-

" *The first author of this paper is a PhD student teria or policy, agents use arguments to represent the accept-
P, Tolchinsky, U. Cokés and J.C. Nieves would like to acknow- ability criteria and the relation among these criteria. Thus,
edge support from the EU Funded project FP6-IST-002307. Thdh€ proposed discarding process is managed by agents that

views expressed in this paper are not necessarily those of ASPIEXChange arguments.
consortium. In §2 we describe CARREL and its context of application.



In §3 we describe the discarding process as it is today and aff2 to be up to date about all the available pieces in the Tis-
ter highlighting some of its critical aspects we preser4n sue Banks, and all the recipients that are registered in the
the novel discarding process framed in CARREL §fhwe waiting lists.

describe the argumentation framework that enables represenfs 1o check that all hospitals and tissue banks fulfill all the

ing the ficceptability criteria. To then descri_be the arguments requirements needed to interact with CARREL.
evaluation process6) and how argumentation can help re- , .

present our conclusions and future work. taken inside the CARREL system.
T5 to coordinate the piece delivery from one facility to an-
2 The CARREL System other.

Since 1980 the number of transplant requests has been co1r;§3 to register all incidents relating to a particular piece.

stantly increasing. As a consequence, the human transplantA hospital becomes a member of the CARREL institution
coordinators are currently facing significant problems in dealin order to make use of the services provided. In doing so,
ing with the volume of work involved in the management of they accept to respect the norms that rule the interaction in-
requests, assignation and distribution of tissues and organside CARREL. Some of these norms are:

Given the constat progress in transplant-based therapies agdl. All organ offers and tissue requests should be done
the relative success of these therapies, the demand for organs through the CARREL institution.

and tissues are expected to raise even more. A review %2 Hospital t th £ th L
the coordinator’s role and the difficulties faced is presente ospitals must accept the outcomes of the negotiation
in [Lopez-Navidackt al,, 1997. (assignation) process.

Two aspects can be highlighted that make transplantatiohl3 Hospitals receiving an organ or tissue from CARREL
management a very complex issue: (i) the need to maximize must update the institution with any relevant event re-
the number of successful transplants due to the scarcity of lated to these organs and tissues.
donors (ii) the complexity of the donor/recipient matching
due to the diversity and multiplicity of genetic factors in-
volved in the response to the transplant. The CARREL Sys- ‘
tem is intended to automate many of the tasks that now a days

are carried out by human beings. CARREL's design takes the
Spanish and Catalan transplant organizations as references,

both known to be examples of best practice. Hence, they con- : /

CARREL e

I

TB B

stitute viable physical institutions on which to base electronic \ UCT,
ones. The Spanish organizational model has two levels of ac-
tion:

)
Hospitals /,/

without a

Intra-hospital: Where the role of hospital Transplant Coor- Tissue Bank (T6) ‘ ]
dinator was created to improve the coordination of allthe [ —— o - -
people working at any step of the donor procurement, al- i 1o UcT;., UCT;..
location and transplantation process. —

Inter-hospital: Where an intermediary organization and the
Organitzadd CATalana de Trasplantaments (OCATT)
for Catalonia, Organizaoh Nacional de Transplantes
[ONT,] (ONT) for the whole of Spain was created to im-
prove the communication and coordination of all the par-  Each hospital member of CARREL is represented by the
ticipating health-care transplant organizations, namelyrransplant Coordination Unit (UCTx) that manages the intra-
hospitals and tissue banks. hospital level. Each UCTx goal is to successfully culminate

any organ and tissue procurement, extraction and implanta-

tion process. Each UCTx is modelled as an agency, the roles

t}I?e different agents play in this agency is presentefi?jn

e will identify two agents in the UCTx agency and de-

Figure 1: CARREL: An Agent Mediated Organization for
Tissue and Organ Allocation.

Fig. 1 depicts the inter-hospital level managed by CAR-
REL in which we can identify the entities that interact with
the CARREL system. Each TB denotes a tissue bank, ea
UCTx denotes a transplant coordination unit, the agency that . ) ; . . ,
represent a hospital member of CARREL. The ONT an cribe their role in the light of the organ discarding process.

OCATT denote the organ transplantation organizations tha} '€ TCAX i the Agent representing the Transplant Coordi-
own the agent platform and act as observers. nator of a UCTx. The Transplant Coordinator is responsible

o , ._of procuring and offering the organs of the potential donors.
ter-rrgsgﬂglgvt/?ﬁgctﬁsi?a Institution can be summarized in Based on the pott_antial donor’s medi(_:al hist_ory and tests, the
' Transplant Coordinator must determine which organssare
T1 to make sure that all the agents which enter into institu-ableand which arenon-viablefor transplantation. The TUAX
tion behave properly (that is, that they follow the behav-is the Agent representing the Transplant Unit, they are re-
ioral norms). sponsible of the potential recipients, their duty is to extract



the organs from the donors and successfully transplant them
to their patients.

T

otential Donor

Discard Transplant

Detected non-viable

Transplant Coordinator

3 The Human Organ Discarding Process consuttordelegate ;' vabefrgan

y v

’ OCATT %’ ONT ‘

From the moment a potential donor is detected until the mo-
ment his organs are transplanted there is a filtering process
in which the different stakeholders may decline to transplant
or to offer for transplantation each of the donor’s organs con-
sidered transplantable, viz. heart, lungs, liver, pancreas and
kidneys (in fact, we only consider solid organs).

The process begins when the Transplant Coordinator (TC)
detects a potential donor, in which case, after properly ana- Offer
lyzing his characteristics, she informs the OCATT, assuming
the TC is located in Catalonia, about the organs she considers S x r
viable for transplantation. If the TC is aware of any potential [ %P ont | Transplantunt [ Transplan uni ‘ """ { Transplant Unt ‘
recipient that could match one of the donor’s organs, she may (i) é) (g é) (i) é) (g é)
consult or even delegate that decision to the professionals in
the Transplant Unit (TU) who are responsible of that potential piscard Tansplnt
reCipient- Th|S ShOUId be done before informing the OCATT An organ will be offered to only one Transpnat Unit. If they refuse the organ,
and it normally happens when the recipient and the donor are i then be offered tothe following Transplant Unit
located in the same hospital. If the TC considers the organ )
as viable but its characteristics do not meet the local policy ~Figure 2: Flow of the Current Organ Discard Process.
criteria, or no match for the available organ is found among
the potential recipients in the waiting lists of Catalonia, the
OCATT will offer the organ to the ONT. Otherwise, if a re- number of stakeholders that may follow different policies and
cipient is found, the allocation process takes place and th&edical criteria c) to refine the criteria for accepting human
organ is offered to a Catalan TU that may or may not accep®rgans for transplantation.
the orgart. If refused, the organ will be offered to a different
TU until final acceptance or refusal. The TU that accepts thel The new discarding process

organ has the right to discard it after or during the extractio . .
operation, in which case it is very unlikely to have the orgal?rhe agent-hased CARREL platform enables inexpensive

transplanted. If no TU accepts the organ, it is offered to th&@mmunication among multiple parties. Much information
ONT. exchange that is currently done by time and staff consuming

St{}hone calls and faxes could be done much more efficiently in
I

Transplant Unit

Refuse When Offered Allocation

Process

All the TU Refused the Organ

Offer

When an organ is offered to the ONT, a similar proces
takes place, this time however embracing Spain and not on
Catalonia. In case of refusal, the OCATT will offer the organ
to transplant organizations in Europe. If these organization - X
refuse the organ, the OCATT will then offer it in Asia. How- we are aiming to do with CARREL.

ever, this last step hardly ever occurs. If every organization .Our proposa}l 'for Chang'ng the discard process Is to dis-
tribute the decision of refusing an organ. Namely, instead of

fails to allocate the organ, the organ will not be retrieved fromhaving one TG, or at best a TC with the advice of members of
the donor. g e
a TU, deciding the viability of an organ, we suggest to enable

Currently in Catalonia, a world leader in transplantation, X L .
between 15 and 20 percent of the livers, 20% of the kidneysevery TU to be an active part of the decision process in order

60% of the hearts, 85% of the lungs and 95% of the pancrea’g0 warrant minimal waste of scarce resources (organs). The
from donors that \;vere detected, are discarded [OCATT] idea is that, without undermining the TC’s assessment, even

Given the gap between organ demand and supply and talf. she considers the organ as non-viable, if there is at least
ing into account how critical a transplant operation is forone TU providing valid reasons for transplanting it, this or-

many people, any attempt to reduce the rate of discards an should not be discarded without being previously offered

unquestionable. Even though a drastic improvement in thé them. An important motivation for this new process is that

ratios may not be realistic, any progress will necessarily jmrgans are rarely non-viable or idgalr se The term ideal or-

X : : . : gan should imply an integral concept that involves donor and
ﬁflg :)rpmg\é;lgt';]heersl’lfe quality of many people and saving the recipient characteristics and all the procedure performances

In what follows we present an alternative algorithm for ad_between botfiL opez-Navidad and Caballero, 2403

dressing three important issues: a) to decrease the rate of dis-"" the proposed procedure, as soon as the TC detects a

; : : . potential donor, and after having analyzed his characteris-
cards, b)to provide a framework for dealing with a grOWIngtics, the TC will produce a justification for each of the trans-

Uit is worth mentioning that at this stage the offered organ hagPlantable organs supporting her belief to whether these organs
not yet been extracted. It is after accepting it that a Transplant Uni@re viable or not. These justifications will arrive to each and
may extract the organ from the donor every TU member of CARREL that have a potential recipient

rms of time, money and organization, using a multi-agent
ased platform. Once this is acknowledged, changes in the
gonception of the transplant process come alone. This is what



agents that play secondary roles. We also omit matters con-

Discard  Transplant cerning security measures, such as protection of privacy that,
although crucial for the applicability of the procedure are ex-
! pendable to understand the overall process.
. L : : In UCTX, the agency that represents a CARREL affiliated
® OCATT  p—— 3 ONT hospital; we can identify the Transplant Coordinator Agent

! (TCAX) and the Transplant Unit Agent (TUAX). Among their
tasks, they are responsible of sending and receiving the ar-
guments to and from the TC and TU. The Mediator Agent
(MA) that belongs to CARREL is in charge of evaluating the
interchanging arguments. The OCATT Agent (OA) will play
the transplant organization role in CARREL. For simplicity
we will use OA to name the agents that represent any of the
transplant organizations, such as OCATT or ONT given that
their role in CARREL is essentially the same.

-\ [Drocess 7 Altne TU Refused e Organ uhen Ofered The process will start as it currently does; the TC detects a
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potential donor and determines which of the transplantable
organs are viable and which are not. The TC, located at
i UCT;, will provide TCA, with a justification to why she be-

Refuse When Offered

+ * lieves an organ should be considered as viable or not, this is
Transplant Unit H Transplant Unit H Transplant Unit | ----- { Transplant Unit | done fOI’ eaCh Ol‘gan At th|S Stage Of the transplant process
$ $ i i i i CARREL considers the organs of a donor as independent.
® O @ O ® © TCA, will carry the information of an organ to CARREL; this
piscard Transplant information contains the justification produced by TC as well
Gase 1 The organ considered as Viable by tha TC V- Organ aballed as Vible as the organ’s and donor’s characteristics, such as the organ
= = = = Case 2: The organ considered as Non-Viable by the TC  N: Organ labelled as Non-Viable type, the organ size, the donor’s blood type and the donor’s
Partofthe process In which the organs are abelied age, etc. Once TCAenters CARREL, having passed the se-

curity protocols, it enters the transplant organization room

Figure 3: Flow of the Proposed Organ Discarding Processvhere it meets a OA (see fig. 4), representing in this case the
As we can see, organs initially deemed as non-viable byPCATT. OA, only on the basis of the organ characteristics
the Transplant Coordinator (dashed lines) can end up beingill determine whether the organ meets the local policy cri-
offered to a Transp]ant Unit and Subsequenﬂy being transterla, in this case the Catalar.] pO“Cy, and if it does, it checks
planted. Note that an organ is not offered in parallel to thevhether the organ characteristics matches any of the poten-

TUs. Itis only after a TU refuses the organ that it is offeredtial recipient’s needs. If so, the organ is accepted, otherwise,
to the following TU. OA will derive TCA, to an agent representing the following

transplant organization, in this case the ONT. This new agent
will play the same role but with the difference that the or-
that matches one of the organs’ characteristics. The TU magan discarding policies may vary, and the potential recipients
decide to transplant an offered organ even if it is against thavaiting list are different. If all the organizations fail to accept
TC'’s assessment. If this is the case, and their reasons to trari§e organ, the organ is discarded. Otherwise OA, sends; TCA
plant the organ are valid, they, or other TUs that also claim théo the evaluation room. If the organ offered by TC#annot
organ as viable, should be able to transplant it. be transplanted under no circumstances, for instance if the or-
We now explain how this new process is managed by th@an has a malignant tumor, the organ is discarded at the first
CARREL multi-agent system, focusing on how the exchangenstance by OA.
of justifications among the agents takes place. We also show In the evaluation room TCAmeets MA that will send a no-
how and on what basis a justification can be considered dification to all the UCTx that have potential recipients wait-
valid. We finally present some ideas on how this proposedng for an organ with the same characteristics as the offered
process, addressed in the manner we describe in this papergan. Each notified TU, in UCT will send a TUA that
enables not only to safely and efficiently accept more organwill provide MA with a justification to their decision indi-
but also to constantly update the human organ acceptabilitgating why they consider they should accept or refuse that
criteria. In[Corteset al, 2009 other aspects of the process organ. Their justification is built as a response to T;84us-
are covered, such the argument generation and reception tfication.

the TCs and TUs. If both TCA; and TUA; agree, that is, they both consider
i i ) the organ either viable or non-viable, MA accepts their deci-
4.1 Discarding an Organ in CARREL sion. But if they disagree, MA evaluates T\Aarguments,

The discarding process in CARREL is carried out by differ-on the basis of TCAs arguments, and if it accepts them, it
ent agents that play different roles. To simplify the descrip-is TUA;’s decision that prevails, otherwise, it is TC&deci-
tion we will only point out the agents whose patrticipation is sion which prevails.

more relevant for the proposed process, while omitting the This should be happening simultaneously with all the TUs



intended had suddenly developed févef this were to hap-
D onT pen, this TUA will be committed to provide CARREL with
the appropriate justification.

} In the following section we address the representation of
N the agents’ justifications. We start by motivating the use of
argumentation for managing the organ acceptability criteria

UCT1

UCT2

UCT3

Be 06 0
?
8
1

s to then describe the argumentation framework that enables
”””””””” (*:/;F;;d’z: agents to handle inconsistency. We illustrate the use of argu-
D) mentation in some relevant TYATCA,; interactions.
UCTx
quA
Transplant Coordinator Agent Transplant Unit Agent 5 Representing the agents, justifications
Mediator Agent OCATT Agent (or another Transplant Organization Agent)

In the medical domain, and in particular in the human organ
Figure 4: The new Discard Process managed by CARREL.{ransplantation field, qualified professionals disagree. What
may be a sufficient reason for discarding an organ for some
qualified professionals may not be for others. Different poli-
cies in different hospitals and regions exist. To have a con-

and for all the transplantable organs of the potential donorS€Nsus among medical professionals is not feasible and might
Hence, for each TUA after MA's evaluation, a given organ €Ve€n be regarded as counterproductiigakovic, 2003. For
can be labelled as viable or non-viable depending on the afhat reason we believe that th&nowledgeBase that repre-
guments they have provided. In particular, an organ initiallyS€nts the human orgakcceptability Criteria (ACKB) must
offered as non-viable, can be labelled as viable by a T.UA allow inconsistency, as we want, for instance, MA to be able
the current discarding process, this organ would have nevdp derive from the ACKB that two conflicting justifications
been offered, preventing many potential recipients from théi® acceptable. Namely, we want MA to be able to evalu-
possibility of benefiting from it. The proposed process notate the given Ju_stlf_lcano_ns taking into account each 'TUAxs
only enables augmenting the human organ pool, but it a|sgcceptab!l!ty criteria, without undermining CARREL'S own
has an effect on the allocation process, since TUAs that hav@cceptability criteria.
an organ labelled as non-viable will not be considered when Take for example the following scenario: a TCéffering
deciding to which TUA to assign this organ. a lung of a donor with a smoking history of 40 pack-year,
, i with no chronic obstructive pulmonary diseases and to which
TUAs to which an organ has been labelled as viable arg,, hyimonary fibrosis was found in the chest radiograph (no
committed to accept the organ and to successfully transplat opp, for short). The TCA, based on the facts the donor has
it. Ifa comm|tteq TUA,— fails to accept or supc_essfully trans- o cOPD, decides that the donor's lungvgable This lung
plant the organ it WI!| hav_e to_Justlfy its decision or action to 5 offered to a TUA that decides to reject the organ claiming
CARREL. CARRELS policy is to promote the transplanta- jis non-viabilitybased on the donor’s smoking history (let us
tion of as many organs as possible as long as it is safe, i.e. a3 this thesmoking history argument). The MA will
long as the organs are viable. Thus, any refusal to transplagi;cept TUA's justification given that general guidelines sug-
an organ should be justified. Also, transplant operation musges; discarding lungs were of donors with a smoking history
bg safe, it is worth noticing tha; vyhen a transpla_nt operationy more than 20-30 pack-year [OCATT]. Let us suppose this
failure occurs, not only the recipients health is J_eopardlzedtime that the TCA, based on the donors smoking history, of-
but also the unsuccessfu!ly transplanted organ WI||.m.OS'[ Probrers the organ as beingon-viable A different TUA;, may
ably be wasted, preventing another potential recipient frompen claim the organ to beiable for transplantation as the
b_eneﬂtmg from it. Hence, any failure in the transplant operayonor has n€OPD(let us call this thewo COPDargument).
tion must also be justified. MA should also accept TUA's justification given that there
Based on the decisions and actions taken by each,TUA are qualified physicians that believe thahy kind of smoking
as well as on the arguments given to justify them, MA up-history could be acceptable unless there is a chronic obstruc-
dates a model representing each T$Aeputation, in which  tive pulmonary disease or pulmonary fibrosis on the chest ra-
TUAs with good reputation have usually fulfilled their com- diograpH' [Lopez-Navidad and Caballero, 2303
mitments, thus, have a record of accepting the organs and suc-

cessfully transplant them, while TUAs with bad reputation _
have a record of breaking their commitment. Providing valid
justifications when breaking commitments helps improving

the agents’ reputations (while helping to improve the under-
Standing of the domain). —>  Attack Relation

It is worth mentioning that there can be several valid rea-
sons for breaking a commitment. For instance, a Tiat
initially claimed an organ to be valid, may retract from its
claim because the potential recipient to whom the organ was 2Transplant operation must not take place on patient with fever.

Figure 5: Representing Conflicting Acceptability Criteria



To represent the interaction among the arguments weedefine the acceptability and admissibility properties:
relay on Dungs’ Argumentation Framework (AF) extended
with the preference relation between arguments-{7¢f)3. Definition 5: (1) An argumentd € AR is acceptable, in
Dung’s AF is defined idDung, 199% as: eAF, with respect to a sét of arguments if and only if for
each argumenB € AR: If B defeat AthenB is defeated
Definition 1: An argumentation framework is a pair by S. (2) A conflict-free set of argumeni$ is admissible,
AF =< AR, attack >, whereAR is a set of arguments, and in eAF, if and only if each argument if is acceptable, in
attack is a binary relation oM R, i.e. attack C AR x AR. eAF, with respect tc.
If A, B € AR thenA attack B should be read as, argument
A attacks argumenB

At the moment we have the two arguments /

no COPDsmoking history € AR that attack e
each other,no COPD attack smoking history and
smoking history attack no COPD

Definition 2: A set S of arguments is said to be

conflict-free if there are no arguments B € S such that
A attack B.
Let us consider also the argumeist viable claim-
—

smoking
history

ing the viability of an organ. We can assume that
when no contraindications are found, an organ should
be considered as viable. If we add this new argu-

“@o h _ ODefeated Argument —> Defeat Relation
ment to the existing ones, we have this new relation O Non Defeated Argument  — — == Non Defeat Relation
smoking history attack is viable . In this case,
the set of arguments = {is viable , no COPD is  Figure 6: Two possible derivation from the set of arguments

conflict-free, also the sef’ = {smoking history  }. In AR (1CA,,TU4;,0)
this new scenario the argumem COPDdefends argument

is viable from smoking history . In other words, i _

arguing that the lungs viabledespite of the donor'smoking . [N this case where no argument is preferred to another,
history; given thatno COPD is an acceptable position for a IS Viable  ‘is acceptable with respect % (also w.rt
TUA,; {no COPD). In this same contextS and S’ are ad-

missible sets. But iho COPDwere to be preferred to

Die S€ b i
Definition 3: A setS of argumentsattacksan argument SMOKing history  then 5" would no longer be admissi-

A € AR if there exist an argumenB € S such that ble.
B attack A. Let us call AR(rca,,TuA;,0) the set of all arguments

given by TCA and TUA; when evaluating the viability

of the organO. The initial idea is that MA should accept
TUA;’s justification if the set of arguments given by TUA

sayl'(rva;,0), is an admissible set id R(Tca;, TUA;,0).

Definition 4: (1) An argumentA € AR is acceptable
with respect to a sef of arguments if and only if for each
argumentB € AR: If B attacks A thenB is attacked by . ; X
S. (2) A conflict-free set of arguments is admissible if Therefore, if TUA claims the orgarO to be valid, then

. L . is valid € AR(rca;, TUA;,0), Whereas if it claims the
gr.1d only if each argument ifi is acceptable with respect to organ to be non-viable, the arguméntvalid  is defeated

by AR(TCcA;, TUA;,0). In our exampleAR(Tc A;, TUA;,0)=
{is viable ,no COPDsmoking history }

both T'(rva;,0)= {is viable ,no COPD and
I'rtva;, 0= {smoking history =} are admissible
sets, thus acceptable positions.

If we extend the original Dung's AF to include the pref-
erence relation between argument$ i preferred toB,
A >>Pref B) a new relation can be defined. An argument
A defeatsan argumentB, if A attacksB and it is not the
case thatB >>""¢/ A. In this extended argumentation

framework ¢AF —< AR, attack, >>Pref >) we Take now four TUAs to which the lung of the previous ex-

ample has been offered.

3Many other works have already considered the extension ofUA: The recipient has Hepatitis C.
Dung’s AF to include preference between arguments. For instanc$_ . S - .
[Amgoud and Cayrol, 1998nd[Amgoud and Cayrol, 20dZrom UA,: The recipient's survival is precarious.
which the >>""*/ notation is taken. In fact, ifCoriéset al,  TUA,: The recipient's survival is precarious and has Hepati-
2004 we used Bench-Capon’s Value based Argumentation Frame- tis C
work [Bench-Capon, 20Q3o represent the human organ acceptabil- '
ity criteria and the preference between them. TUA4: The recipient has no particularities.



Let us also suppose that the offered organ belongs to eecipient Hepatitis C 5 which conforms an ad-
donor carrier of the Hepatitis C virus. The TCAay of-  missible set inAR(rca,, TUA,,ilung), hence, it should be
fer the organ asion-viablegiving the argumentsmoking accepted (see in fig 8). On the other hand Tléhd TUA
history anddonor Hepatitis C 4, could both argue that given the precarious conditions of
their patients, it is justified to transplant an organ carrier
of the Hepatitis C virus® (survival precarious
H.C), similarly, the donor’s smoking criterion for discarding
a lung is relaxed when the patient survival is precarious
(survival precarious S _H) [Lopez-Navidad and Ca-
ballero, 2003. Their arguments also conform admissible sets
iN AR(TCA;, TUA,,lung) and AR(TCA,, TU As, lung) reSpec-
tively, and so, their justifications should be accepted (see fig.
9 and fig. 10). TUA could also argue thdt(rv As, tung) =

recipient’
Hepatitis

{is viable ,no COPDrecipient Hepatitis C }.
In fact, TUA3 cannot justify the non-viability of the organ
(see fig. 10).

A

B: A attacks B, and it is not the case that B>A

A - -->B: A attacks B and B>A
Figure 7: The set of all arguments used in the example. The \

arrows represent the attacking relation between the arguments
allowed by the ACKB. For example, an agent can prefer ei-
ther smoking history to no COPDor vice versa (but

not the two arguments simultaneously).

Hepatitis
Cc

N
Sy - X no COPD
history ~_

i

In fig. 7 we present all the arguments to be used in this -
example, indicating the attacking relation and the prefer- (>

ence between them allowed by the ACKB. As we can see, HC
a TUA; may prefer the argumerttonor Hepatitis C

to the argumensurvival precarious H _C and vice

versa. But the ACKB would not accept any justification

based on the preferencemoking history >>Pref

survival precarious S H. That is, the argument —~ SN -
smoking history is ruled out in the presence of the argu- \
mentsurvival precarious S _H, from the ACKB per- c ~—
spective.

survival
precarious
H_C

@ Defeated Argument ——> Defeat Relation

(O Non Defeated Argument - — —>  Non Defeat Relation

Figure 9: AR(TCA;, TU As,lung), Depending on its prefer-
ence between the two argumestsvival precarious
H.Canddonor Hepatitis C , TUA, can either claim the
organ to be viable or non-viable

.

recipient dornor

Hepatitis Hepatitis
c ©

@ Defeated Argument —— Defeat Relation

(O Non Defeated Argument  — — == Non Defeat Relation

On the other hand TUA has no arguments to justify
the viability of the lung for its patient (see fig. 11), there-

Figure 8: AR(TCA; TUA,, lung), depending on its prefer-  ¢,re 'the Jung will not be offered to it at the allocation process.

ence between the two argumemis COPDand smoking
history , TUA; can claim the organ to be both viable and

: Now let us suppose that within the same context the TCA
non-viable.

5if the donor and recipient carry the Hepatitis C virus, the organ
TUA; may argue thatis viable , no COPDand cansafely be transplantédopez-Navidad and Caballero, 2903
- - 50rgans that carry the Hepatitis C virus can be considered in
“Hepatitis C is an absolute contraindication for being a donorlife-saving transplantation for recipients not infected with this virus
[OCATT,] [Lopez-Navidad and Caballero, 2403



offers the organ asiable In this occasion if TUA be-
lieves the lung to b@on-viable by providing the argument N
smoking history its claim to refuse the organ should be
accepted. On the other hand, TWfay argue thationor
Hepatitis C  and its justification for not accepting the or- x
gan should also be accepted. Now, T{#oes not have valid 0‘ vvvvvvv
reasons for refusing the organ, and thus, it will be committed
to accept it (which does not means it must). © Defeated Argument — DefeatRelation

In the first case, in which the lung was of- O Non Defeated Argument 7 7> NonDefeat Relation
fel’ed as nOH-VIab|e, TU{\ argued F(TUAQ,[UYL_(]): ODefeatedorNonDefeatedArgument ------- > Non Defeat OR Defeat Relation
{is viable | survival precarious H C,
survival precarious H _C}. These  ar-
guments can be accepted because they cont
form an admissible set in AR(TCA;, TUAs,lung)=
{donor Hepatitis C ,smoking history |

donor
Hepatitis
(o}

Figure 11: AR(TCA;, TU A4, lung), TUA4 cannot justify the
iability of the lung for its patient

is viable survival precarious H C In the following section we describe MA's argument evalu-
survival pre,carious s H} provided 'Ehét ation process, this process takes into account two other com-
donor Hepatitis C - S s Pref survival ponents in addition to the ACKB. These components enable

precarious H _C. That is, if TUA, claims the MA to deci_de the \{alidity_ ofajustification_based_on expe-
lung to be viable it is because it believes the crite-Ti€Nce. This experience is partly present in previous cases,
rion survival precarious H C to be at least not Managed by a Case-Based Reasoning component, and partly
weaker than the donor Hepatiis C  ’s criterion.  Presentin each of the TUAs reputation model.

If in some future organ evaluation TWAmakes use .
of the preference donor Hepatitis C >>Pref 6 The arguments evaluation process

survival precarious H ~ _C in order to support its MAs argument evaluation process takes into account three
claim (aS it is the case in the example where it claims th%omponents: the ACKB, the Case-Based Reasoning engine
non-viability of the lung) TUA would be contradicting (CBRe) and the reputation model of the Tlnder evalua-
its own preferences. In future work we intend to addresgjon (see fig. 12).
the agents’ commitments with their acceptability criteria  As we have seen in the above examples, MA can de-
preferences. rive from the ACKB that a justification given by TUAIs
valid if the set of argument¥ (v 4,,0) is admissible with
respect toAR(Tc4;, TUA;, 0), where TCA is the agent of-
I fering the organ, under evaluatiaf, In the previous section
- we definedd R(rca,, Tu A;, 0)as the union of (rv 4,, 0) and

fecipiom g R - I'(rca;, 0). But, in the evaluation process, MA can also add
perats > sy )~ A" arguments to the setR(rca,, Tua,, o)when pertinent. For
A

example, if the agents’ arguments do not refer to a criti-
cal matter when deliberating upon the viability of an or-
gan O, as for instance, if the expected travelling time be-
tween the recipient’s and the donor’s locations can damage
the organ’s integrity and no account of such fact is found in
© Defeated Argument  ———= Defeat Relation AR(rcA;, TUA;,0), MA will add a new argument, or set of
O Non Defeated Argument = = == Non Defeat Relation arguments, that do reflect this critical matter. Therefore, a
7 NonDefeatOR Defeat Relaton justification given by TUA is valid if the set of arguments
I'(rua;,0)is admissible with respect tAR(rc A;, TU A;, 0),
the set of all the arguments given by TGCAUA; and MA in
deliberating upor®’s viability.
Continuing the smoking history example, if TCA
When a Transplant Coordinator offers an organ she shouldiere to offer the lung asviable and TUA; were
construct a justification that warrants her conclusion more efto claim the organ asnon-viable based on the ar-
fectively while providing as much details as possible so thagument smoking history , the set I'(tva,,0)=
the members of the TU that receive the justification can build{donor Hepatitis C, smoking history }
their own beliefs based on more solid grounds. The justificawould be an admissible set IMARTca;, TUA;,0)=
tion should not hide the weaknesses of the decidiennot ~ {donor Hepatitis C ,is viable ,no COPD
only the arguments that support the claim should be presentesinoking history  }, but MA, knowing the recipient’s
in the justification but also the cons, given that the final goalpotential characteristics, will add the argumsntvival
is to help the TU in their judgment. Even if the TC and theprecarious S _H to the set of arguments, and thus,
TU may disagree they are not in competition; they are botiTUA3’s justification, claiming the non-viability of the organ,
working together for a common goal. will be rejected.

survival
precarious|
H_C

Figure 10: AR(TCcA;, TU A3, lung), TUA3 cannot justify the
non-viability of the lung for its patient
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Figure 12:MA’s argument evaluation process Gentr Smoking)- ~ T
Hepatitis history no COPD
c \_/

The second component that MA takes into account in the
argument evaluation precess is the reputation model of the
TUA; under evaluation. Depending on the TUAS’ reputation
MA may vary the relative weight of the arguments and/or add
more or less arguments to the seR(rca,, TU 4;,0).

Take TUAy, of the smoking historyexample, and suppose @ Dcfoctec Argument  ——>~ Dafost Rlaton
it has a long record of refusing organs that it has previously O on Defsted Argument == == Non DefestRelatin
claimed to be viable. Let us also suppose that it has usuall
justified the refusal claiminghere were logistical inconve-
niences In future evaluations of TUAs justifications, MA
will bias the evaluation adding the arguméogistical
problem to the set of argumentd R(1ca,, TU A5, 0). Thus,
TUA,'s justifications claiming the viability of an organ will
have to be better argued in order to be validated by MA, fo

instance it will have to explicitly commit that no logistical ; . .
problems will occur (see fig 13). Eamely thaltdegperlence Elas prlovenr;[aay_klnd y?f sr_nokk;ng
The third component, the CBRe, takes part in the argu! istory could be acceptable unless there is a chronic obstruc-

. : e . tive pulmonary disease or pulmonary fibrosis on the chest ra-
ments evaluation process when there is sufficient evidenc P Y P y

. o 3iograph Therefore, in future arguments evaluation process
to accept or reject a justification based on past cases. | R - viakility
given contexts justifications validated by the ACKB may not WA may not accept a justification claiming the non-viability

. N : - "of alung based on th@moking histor argument on the
be backed up by experience, that is, in practice, these lu%)'resen(g:]e of the argumemd gOPDSix;nilarly,gi]fCBRe finds

gg?lacgc;nss&%rra\if[emz SE];|f|ceanntthr;l;Qrbﬁrmcgmnsegg:l\éiclgcg e argumenho COPDas not being a reliable criterion, this
y Y, y happ 9 P ay also change MA's decision making.

by ACKB may have positive incidences. The CBRe task is
to determine, based on previous cases, whether there is suffi- . . . L
cient evidence for accepting or rejecting a justification. when/ Handling dynamic acceptability criteria

the CBRe derives that there is sufficient evidence for deterA critical aspect in the human organ acceptability criteria is
mining the validity of a justification, its decision overrides that they vary very rapidly, usually to refine the acceptabil-

survival
precarious;

survival
precarious;

¥igure 13: If MA adds the argumeniogistical

problem to AR(TCA,,TUAs,lung) TUA5 can commit to not
having a logistical problem in the transplant process in order
for its justification to be accepted

'copPms being a better argument themoking history

the decision derived from the ACKB. ity criteria in order to discard fewer organs. We believe that
Continuing the above example we can focus on the twallowing these changes in the acceptability criteria, and even
argument;nio COPDandsmoking history , which we  promoting them, is highly important, because preventing the

have considered as equivalent in force, that is, no argumenliscard of one organ may imply saving a human life. At the
is preferred to the other. As we saw in the example, MAsame time we must be aware of the risk involved in trans-
may accept two contradictory justification based upon theplanting non-viable organs.

same facts. In one case the lung was considered as viable As long as there is no evidence that one criterion is better
based on the argument COPDwhereas on the other case, than another, two or more conflicting arguments can coexist
the smoking history supported the claim that the or- in the ACKB enabling MA to accept two justifications with
gan was non-viable. We can suppose that after some casesntradictory claims. As soon as the CBRe determines that
where the argumemto COPDwas used in order to accept a there is sufficient evidence for considering one of the con-
lung, a significant number of these accepted lungs were sudlicting arguments as weaker or stronger than the others, MA
cessfully transplanted. The CBRe may, in some point, demay change its decision when evaluating such arguments,
termine that there is sufficient evidence for considemog just as we have seen in the previous section’s example when



readjusting the two argumengsmnoking history andno tion, with the difference that this time MA will derive from
COPDrelative strengths. the CBRe that these arguments are acceptable, because they
The CBRe enables to evaluate the validity of the appliedvere used successfully by agents with similar reputation in
acceptability criteria. Allowing the transplant of organs, thatsimilar scenarios And as these justifications are used with
if relaying solely on the ACKB, would have been discarded,positive results, the CBRe will accept them for agents with
enables the CBRe to analyze the validity of new criteria, andvorse reputation. But, as soon as the CBRe accepts a jus-
thus, to eventually accept new arguments. There are two waydication (resp. reject) for any agent's reputation while the
in which new arguments given by the agents can be acceptefiCKB rejects it (resp. accept), the CBRe will trigger an up-
by the MA, and thus added to the CBRe. i) MA may acceptdate on the ACKB. In forthcoming work we intend to address
justifications of TUAs with good reputation, namely TUAs the CBRe as a proactive component in the acceptability cri-
that have usually accepted the organs and successfully traneria refinement. That is, we want CBRe to generate new
plant it, even if these justifications are not validated by thearguments. In order to do so, the CBRe has to carefully an-
ACKB nor the CBRe. ii) If both, the TCAand a TUA con-  alyze the cases characteristics (the agents arguments and the
sider an organ as viable it may be transplanted irrespectivelgionors’ and recipients’ characteristics ) searching for patterns
of what may be derived from the ACKB or the CBRe. Alse, if that enable suggesting new criteria.
the TCA; considers the organ as non-viable and all the TUAs Returning to thesmoking historyexample, let us suppose
agreed. These, possibly new, arguments given by the agertsat the argumento COPDis not yet in the ACKB, and let
claiming the viability (resp. non-viability) of the organs, are us also suppose that a few lungs were transplanted despite of
added to the CBRe enabling the creation of new acceptabilitthe donor’s smoking history. For instance, to recipients who
criteria. These new criteria, when validated by the CBRe, camad a precarious survival. Let us also suppose that some of

then be used by the agents in their justifications.

Scenario:
Donor's characteristics: Relevant data of the donor,
such as his age, gender, blood type, cause of death, viral
infections, etc.

Organ characteristics: Specific information of the organ.

Recipient characteristics: Relevant data of the recipient,
such as his age, gender, blood type, urgency level, etc.

Logistical characteristics: Location of both donor and
recipient, the distance between the two location, expected
travel time, etc.

TCAx arguments: The arguments given by the TCAx

TUAx arguments: The arguments given by the TUAx claiming
the viability or non-viability of an organ. And if it is
the case, the arguments justifying any commitment failure.

TUAxX Reputation: A valuation of the TUAx reputation.

Scenario label: A label identifying the case. If there was a
disagreement between TCAx and TUAx, and in that case, what
kind of disagreement. Whether there are TUAx's arguments
justifying their failure to commit.

Solution: MA's decisions

Evaluation: The final result, whether the organ was accepted,
successfully transplanted or rejected by the recipient. If
the organ is grafted, this feature is continuously updated

with the up to date recipient's medical condition.

Figure 14: Case Representation

these transplanted lungs of donors that nadchronic ob-
structive pulmonary diseases and to which no pulmonary fi-
brosis was found in the chest radiograpti the transplants

of lungs withno COPDturn to be as good as the transplants
of lungs belonging to donors wito significant smoking his-
tory, the CBRe may detect this fact and propose COPDas

a new criteria. This new criteria can then be used as an argu-
ment that would attack themoking history argument

for non-viability.

As we explain above, the intention is that all the changes
in the human organ acceptability criteria derived from the
CBRe will eventually update the ACKB. Once an argument,
or structured set of arguments, are added to the ACKB, as
new criteria, they are no longer case dependent, and thus, can
be used in more generstenariosas well as in combination
with other arguments stemmed from the ACKB.

8 Conclusion and future work

In this paper we have shown how a MAS can take part in a
process as complex and highly sensitive as the human organ
transplantation, not only exchanging information efficiently
but also reasoning about the exchanged information validity
to give support to human makers.

We proposed a novel human organ discarding process that
enables to safely augment the human organ pool for trans-
plantation. The agents’ argument exchange provides qualita-
tive and efficient communication between the Transplant Co-
ordinators and many Transplant Units distributed in different

One of the CBRe’s case features is the agents’ reputatiohospitals that may be located in different countries. As we

(see fig. 14), viz. two identical justifications given by two showed, with the proposed extensior #azquez-Salcedeat
agents with different reputations may produce different out-al., 2003, CARREL would not only be able to handle the di-
comes from the CBRe. Given that the MA may accept justi-verse human organ acceptability criteria that each party may
fications from agents with good reputation regardless of whale following, but it would make use of this heterogeneity in
ACKB and CBRe may derive, some organs can end up laerder to improve the transplantation process refining and sug-
belled as viable and successfully transplanted even if the agesting alternative acceptability criteria. Another highly im-
guments claiming their viability were rejected by both ACKB portant aspect of this process is that, if applied, there will be
and CBRe. These arguments can be used in future similan organized record of all the reasons for accepting and re-
scenariogsee fig. 14) by agents that also have good reputafusing each human organ and the history of each transplanted



organ. This information would be of great value for the re-[Kljakovic, 200§ M. Kljakovic. Clinical disagreement: A
search in the human organ transplantation domain as well as silent topic in general practicblew Zealand Family Physi-
being very useful for legal purposes. Further medical motiva- cian, 30(5):358-360, 2003.

tion for the proposed discarding process is givefdioreset 1) gne, Navidad and Caballero, 2408. L opez-Navidad

al., 200§, in which a first approach to define the discarding " 5,4 F. Caballero. Extended criteria for organ acceptance:
process is made, but in which little detail is given about the Strategies for achieving organ safety and for increasing

agents’ argument interaction and evaluation. _organ pool. Clin Transplant, Blackwell Munksgaard
We are currently working on an argument scheme reposi- 17:308-324. 2003.

tory with which we intend to capture a sufficiently wide range

of reasoning patterns concerning the decision making ove-opez-Navidacet al, 1997 A. Lopez-Navidad,
the viability of human organs for transplantation. We believe P- Domingo, and M.A. Viedma. Professional character-
that, as claimed ifReed and Walton, 200Lby explicitly istics of the transplant coordinator. [fransplantation

handling argument schemes agents can at once broaden theProceedings number 29, pages 1607-1613. Elsevier
scope of the relevant information, and at the same time, nar- Science Inc, 1997.

row down selection on the basis of the argument schemg®©CATT,] OCATT. Organitzad Cata-
detected. We also believe the the application of argument |ana de Transplantaments (OCATT).
schemes will provide a useful conceptual framework in which  http://www10.gencat.net/catsalut/ocatt/en/htm/index.htm.
ians with experience i deciding the iabilty of human or_(ONT:] ONT.  Organizagin Nacional de Transplanes.
gans P 9 y http://www.msc.es/ont.

A natural extension to our proposed process is to includéReed and Walton, 2001C.A. Reed and D.N. Walton. Ap-
the allocation of human organs for transplantation. Hence, Plications of argumentation schemes. In H.V. Hansen,
in forthcoming work we intend to address the decision mak- C.W. Tindale, J.A. Blair, and R.H. Johnson, editd?so-
ing to which Transplant Unit an organ should be offered first. ceedings of the 4th Conference of the Ontario Society for
Now a days, in most of the cadeshis decision takes intoac-  the Study of Argumen2001.
count only the hospital in which each patient is registered agvazquez-Salcedet al, 2003 J. Vazquez-Salceda,

a potential recipient and the time he had been waiting for the y. Cortes, J. Padget, A. dpez-Navidad, and F. Ca-
transplant operation. A more just allocation process should pallero. The organ allocation process: a natural extension
promote the assignation of organs to patient that would make of the CARREL Agent-Mediated Electronic Institution.

a betteruse of them. Thus, if a human organ is effectively  AiCommunications. The European Journal on Atrtificial
argued to be more suitable and beneficial for a certain patient |ntelligence 3(16):153-165, 2003.

than to the other potential recipients, these organ should first

be offered to the TU responsible of that patient, regardless of

the hospital in which this patient is registered and to the time

he had been waiting.
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"The main exception is urgency-0. Potential recipients that are
expected to die in the next 24 hours are given national priority



