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Abstract knowledge concepts into program code representafitnes-
cianiet al, 2004. As a methodology Tropos seeks to capture

Whilst Multi-Agent System (MAS) architectures and specify ‘soft’ and ‘hard’ goals during an ‘Early Require
appear to offer a more flexible model for design-  ments’ capture stage, in order that the Belief-Desireritioe
ers and developers of complex, collaborative in-  (BDI) architectural moddlGeorgeffet al, 1999 of agent im-
formation systems, implementing real-world busi- plementation can be subsequently supported. Whilst model-
ness processes that can be delegated to autonomous  checking is provided through the vehicle of Formal Tropos
agents is still a relatively difficult task. Although a [Fuxmanet al, 2001, this is an optional component and is
range of agent tools and toolkits exist, there still not implicit within the MAS realisation process.
remains the need to move the creation of models Extensions to the UML meta model such as AUlBauer

nearer to code generation, in order that the develop- et al, 2004, have simplified the design and specification
ment path be more rigorous and repeatable. In par-  of agent characteristics such as interaction protocotsthge
ticular, it is essential that complex organisational  process of gathering and specifying initial requiremesitsfi
process workflows are captured and expressed in  ten limited to the discipline and experience of the MAS de-
a way that MAS can successfully interpret. Using  sjgner, using established notations such as UML's use case
a complex social care system as an exemplar, we  diagramgOMG, 2004.
describe a technique whereby a business process is This paper therefore describes an improved MAS design
captured, expressed, verified and specified inasuit-  framework that places a greater emphasis upon the initial
able format for a healthcare MAS. requirements capture stage by supplementing the modelling
process with Conceptual Graph notat{@owa, 1984 Sec-
. tion 2 describes the proposed process before an exempéar cas
1 Introduction study in the social care domain is explained in Section 3. A

Multi-Agent Systems (MAS) are proving a popular approachMAS_ rr_10de| is. built anq cr_]gcked to explicate the process in

for the representation of complex computer systems. Thé&etail, illustrating the significance of the results. Fipahe

many emerging approaches and tools for Agent Orientederified model is translated into the AUML design notation,

Software Engineering (AOSE) assist the generation of MASPermitting MAS code generation onto the platform of choice.

models, enabling the translation of specifications to @ogr

code, but there still remains a gap between abstract ingial 2 Modelling Process

quirements and MAS design specification. Abstract models . I

are assembled and are iterated into a series of design molfl 0rder to successfully capture system functions, anainiti

els using the Unified Modelling Language (UML) or more capture process should incorporate the following:

recently, Agent-oriented UML (AUML]Baueret al, 2000. e A means of modelling the concepts in an abstract way,
To prevent significant disparities between program code  that facilitates the consideration of qualitative issues.

and the more abstract models, AOSE methodologies such as

Gaia[Zambonelliet al, 2003, PrometheugPadgham and e An ability to reveal more system requirements to supple-

Winikoff, 2002], Zeus[Nwanaet al., 1999 and MaSH De- ment the obvious actor-to-agent mappings.
Loach, 1999 have emerged and attempt to provide a unify- e An explicit means of model-checking before detailed
ing development framework. Except for Tropk&resciani analysis and design specification.

et al, 2004 however, little work has been published that en-
compasses the whole cycle from initial requirements captur
through to implementation of MAS. Tropos attempts to facili
tate the modelling of systems at the knowledge level and-highThis approach enforces a rigour upon the requirements cap-
lights the difficulties encountered by MAS developers, espeture stage that is currently lacking from a range of AOSE de-
cially since notations such as UML force the conversion ofsign methodologies such as Gazambonelliet al, 2003

e Improved support for capturing domain terms, with less
reliance upon domain experts.



and PrometheufPadgham and Winikoff, 2002 The pro-  Although information technology is established in commu-
cess is described ifHill et al, 2005a; 2005b; 2005c; 2004; nity care management, it is clear that in many instances the
Polovinaet al, 2004 and is as follows: vast quantities of disparate heterogeneous informatipose
1. Use Case AnalysisRequirements are gathered initially '©°f1€S can lead to the undermining of effective system op-
and represented as use case models. erations. It would seem that using cpllaborgtlve |n.teH|gt3T
agents, which overcome the difficulties of integrating dis-
2. Model Concepts The high level concepts are modelled parate hardware and software platforms, queries can be me-
and used to describe the overall scenario. diated to the most appropriate information source, suggest

3. Transform with Transaction Model and Generate On-INd that agent technologies have the potential to buildceffe
tology of Types The high level model is transformed tive co-ordinated hgaalthcare management systems. Grdiups o]
with the Transaction Model (TMSowa, 198} which agents such as private care providers, routine care seyvice
ensures that a balance-check rigour is imposed upofursing and medical staff, which are managed by local au-

the model, plus a rudimentary hierarchy of ontologicalt orities, private care managers, and _he_alth trust agexts,
terms is generated. change a vast number of messages within the community. As

- _ o such the benefits of multi-agent systems, and examples of
4. Model Specific ScenariesSpecific instances of the sys- the types of improvements offered for community healthcare
tem are modelled. management, are documented [@ambonelliet al, 2003

5. Inference with Queries and Validate The model is and Beer et al[Beeret al, 2001.

tested by inferencing queries to elicit rules for the on- Integration of all the disparate information repositories
to|ogy and refine representation. would assist the agents in their abilities to coordinate and

) L ) control the logistics of home-based community healthcare.
6. Translate to Design SpecificationThe model is trans- ¢ rrent systems employ a ‘needs-led’ approach, documented
formed into a design-level specification such as AUML. using an Individual Care Plan (ICP), which is the key arte-
fact of a package of care for each individual. The real-world
3 A Community Healthcare Case Study implementation of the ICP can vary from paper-based forms
. through to electronic repository; however it is the manage-
3.1 The Environment ment of the ICP process, together with the complexities of
Most older, frail or disabled older people prefer to receivecommunity healthcare logistics that offers substantia¢po
care in their own homelBeeret al, 2001, in preference to tial for efficiency improvements. Unfortunately the initées-
the care provided within hospitals or residential home -envi sessment and subsequent monitoring of ICP is too cumber-
ronments. UK National Health Service managers also recogsome for most Elderly Persons, resulting in a reductionén th
nise that hospitals can achieve a higher throughput rate afuality of life and loss of personal dignity. This quality of
surgical cases if routine, rehabilitative care is delegidte  life argument makes agent solutions more compelling, as it
the local community, removing it from the hospital ward. is common that the recipient’s health condition deteriegat
Home-based community care requires a variety of healthcamapidly towards the end of their life.
services to be delivered within the recipient’s own home, al Human agents regularly engage in transactions and Beer et
lowing them to continue to live independently, and maintain al [Beeret al, 2001 demonstrated the transactions involved
ing the best possible quality of life. Healthcare services i when processing emergency alarm conditions in a community
clude help with domestic cleaning, ‘meals-on-wheels’, med care environment (INCA - INtelligent Community Alarm).
ical treatment and assistance with basic bodily functionsThese apparently innocuous transactions proved much more
Whilst the aims of community care address humanitarian isdifficult to deploy than first envisaged, though there wese di
sues, it is a challenging and expensive task to manage the dinct advantages in favour of the agent approach. Upon rais-
ganisation, logistics, quality assurance and efficiendpe$e ing the alarm, the message from the Elderly Person required
servicedBeeret al, 2001. brokering to determine the correct type of service, as well
The exponential rise in costs has, in recent years, led tas locating the nearest, most available source of help. The
UK Local Authorities creating policies that off load theidel ~ multi-agent approach assisted the development of such-a pro
ery of care to private sector care providers. The communityotype demonstrator using the ZEUS Agent Building Toolkit
care scenario is thus an immensely complex and politicallfNwanaet al, 1999, and it appeared relatively straightfor-
charged healthcare market place, freely trading carecesvi ward to ‘map’ actors to agents. However this work recognised
in a competitive environmeriBeeret al, 2004. It is ap- that the payment transactions were rather more complicated
parent that the community care environment is comprised ofnd proved difficult to represent and implement faithfully.
a number of autonomous agencies, such as local authorities, It is feasible that an increased number of people currently
different care providers, medical staff and the care reaifsi  receiving residential care could continue to live indepen-
themselves. dently as part of their local community if the available tech
As each element of care is often delivered by indepennologies were utilised better to manage delivery of theieca
dent agencies, the number of autonomous command and coneeds. It is also feasible that substantial efficiency imgro
trol systems quickly increases, leaving the overall mareage ments could be made if an architecture existed that success-
of the care (the Local Authority) to protect the individual fully and robustly undertook the management of the myriad
bodies from disclosing sensitive and irrelevant informati  of transactions that exist between each party. It is importa



to illustrate that excessive external monitoring and dafa c behalf of the Local Authority.
ture is not a prerequisite of such a system. Each individual
must receive a timely, flexible and efficient service, whigh i 3.3 Model Concepts

tailored effectively to meet the needs of the care recipienty jjysrated in Figure 1, the healthcare scenario concefeis

Current financial and resource pressures mean that there isa,4elled with Conceptual Graphs (C@Hill et al, 2004
requirement to actively monitor and direct care provision t [pg|ovinaet al, 2004. ’ '

where it is most needed, and delegate the task of managing
paément transact_itonr_:, b(lattxveen _thel dcijsparatg agenckas. 3.4 Transform with Transaction Model and
ince community healthcare includes an increased propor-
tion of private sector health care services, together vhih t Generate Ontology of Types
associated competitive marketplace, there is a much largés described in previous wofkiill et al, 20054, [Hill et al,
requirement for processing transactions between eacreof t2004, [Polovinaet al, 2004, the Transaction Model (TM) is
separate agencies. Human agents in a commercial envirof-useful means of introducing model-checking to the reguire
ment have long established transaction protocols, ergblinments gathering procegSowa, 198% pp 110-111. This
the successful trading of goods and services. Multi-agengapture of requirements at the outset ensures that the model
systems however are not as well developed, and it is essefhecking is not considered as an afterthought. Each process
tial that we establish a means of representing transadiions model is represented by debits and credits, in terms of the
a realistic way, if we are to confidently delegate our transac€conomic resources required for the transaction to taleepla
tions to autonomous agents. It follows that there is a needf follows that the models are incomplete until both sides of
for a deployment framework that embodies the requiremend transaction ‘balance’, and this has been shown to lucidly
for a robust transaction architecture, enabling the desigh ~ represent qualitative transactions such as ‘quality of ce¥
development of multi-agent systems that can be relied uponceived’ [Polovinaet al., 2004. For instance a simple health-

To further illustrate our approach, we shall describe thecare transaction might be the payment of money (economic
modelling of a multi-agent system for community healthcareresource credit) for the delivery of a care package (inogrri
management. We consider an established transaction mod@&h economic resource debit). Such a transaction would be
in relation to the multitude of payment transactions withinconsidered complete when the debit matches the credit and
the Community care management environment, and propoé@US a balance is achieved. A more Complicated transaction
a robust transaction-based framework for the deployment dfiowever might be the investment of time for training (debit)
agent-managed community care systems, that attempts to a@PpPosed by an improvement in the quality of care received
dress the gulf between abstract concept and low-level tagefcredit). The specialisation of the generic TM CG of Figure 2
system implementation. The first stage is to examine the usento the community healthcare scenario is illustrated iy th
cases within the system. CG in Figure 3. As Figure 4 shows, this specialisation serves

two fundamental objectives:

3.2 Use _Ca_tse Analysis ) ) 1. The concepts identified within the care scenario are rep-
The scenario is represented at the highest level with a s&e ca resented as a transaction thus ‘economic events' and

model. Figure 1 illustrates the mappings evident between th ‘economic resources’ are balanced:

use case model and the concepts expressed in the Conceptual i o
Graph (CG) variant. 2. Each concept is classified in terms of type, therefore a

hierarchy of types, which is an important element of an
ontology, is derived.
manage
Local Authority - . : Economic_Event: “a ’: Part_?—m part“‘; EconomicEvent; b |
manager event subject) source r UEIETIE R §4— destination ;. event subject)
ocal_Authori " er; ———— oot s = e ——— —~— g’ e
deliver i y
Economic_Resource: *c |

Care Provider

Economic_Resource: “d

qestinatigg,‘., OutsideAent N iourci‘;
Figure 1: Use Case and Conceptual Graph models of health-

care scenario. Figure 2: Transaction Model (TM)

o Elderly Person An infirm, elderly person that chooses | js not clear from the outset (Figure 1) which party pays the
to continue to live in their own home and request carey|| for the care, or who was the ‘source’ of the money. The
support from the Local Authority. UK Welfare System has three particular scenarios:

e Local Authority- A localised representative body of the
UK Government that manages and administrates the de-
livery of healthcare services. 2. The Elderly Person pays for the care in full.

e Care Provider- A private organisation that delivers care 3. The Local Authority and the Elderly Person make ‘part
services into the Elderly Persons’ home environmenton  payments’ that amount to 100% of the care cost.

1. The Local Authority pays for the care in full.



Type: Economic Event ‘ subtype — Type: Transaction

subt;rpgr_;'

Economic Resource

Type: Inside Agent '

Type: Outside Agent

Type: Raise Debtor |

Type: Sﬁle

subtype ) ‘subtype ) subtype )

o tm

Type: Purchase Agent | Type: Care Provider |

subtype )

Type: Elderly Person

Type: Local Authority |

Figure 4: Type hierarchy after transformation with TM.

chaseAgent’ as the supertype of ‘Localuthority’ and ‘El-
derly_Person’. Determining terms for the ontology (Figure  svent subject) source;

Raise Debtor part <—m—> part m Money: @£10,000 | manage 7
A et . S—— . I e o = - ez —
| Elderly_Person: Betty recipient )

event s LI TR g Purchase Agent destination ; event subject;

In order to satisfy the TM we therefore derive ‘Pur- ?‘af&?m;

(R GET oo — destination ) event_subject)

Care: #1

deliverer)

CEENLENTI By Care_Provider: Meals on Wheels source ;

destination [ RNMACRIIg— source) Figure 5: Local Authority (LA) pays for healthcare (Assets
low).

Figure 3: Healthcare scenario after application of TM.

] ) ] o Person is deemed to have sufficient monetary assets not to
4) is an important step during the agent realisation procesgyarrant a free package of care (Figure 6), where it can also

Whilst it is feasible to depend upon existing processes ®r thpe seen that the care package is still managed by the Local
most part, the most significant contribution of this stage isaythority.

the implicit ‘balance check’ that immediately raises the de

veloper’s awareness of the need for appropriate termigolog gy IO o action: 14 BT

The type hierarchy in Figure 4 is deduced from Figure 3. ' T - '

3.5 Model Specific Scenarios svent_subject) source > LAl ~ destination; event subject)
Once the generic model has been created, it is tested wit N

some general rules. We first explore the specific scenari . ppv— E
whereby an Elderly Person has been assessed and is deen [Local_authoriy: scc TR

to be eligible to receive care at zero cost. In this particula v e—'f* _
. . . . . y destination r Care_Provider: Meals oh Wheels source
case (highlighted in Figure 5), we see that the ‘source’ ef th —

money to pay for the care is the Local Authority ‘Sheffield

City Council (SCC)’, who also manage the provision of theFigure 6: Elderly Person (EP) pays for healthcare (Assets
care. The care package is not delivered by the Local AuNOT low.

thority however; this is sold to them by private organisasio

hence the need for a ‘Care Provider’, in our case, ‘Meals 003; . . .

Wheels'. Since the Local Authority incurs the cost of the 3-6  Inference with Queries and Validate

care package, that is its destination. Note that each conceprom the preceding figures the general CG pattern (Figure
in this figure now has a unique reference, denoting a specifi¢) emerges. To evaluate this scenario we examine the case
instance. Conversely, the scenario exists where the Flderlwhere the Elderly Person’s ‘Assets’ are deemed to be leas tha

recipient 7 Care: #1

Money: @%£10,000




event_subject;

source LLCUEEL R LU 4 destination ) ayent_subject;
o - : e

( Local_Authority ][ Elderly Person

Figure 7: Emergent general CG pattern for this TM.

f 3

characteristic ; ¢ Elderly_Person fequesterﬂ—@

Local Authority g gestination_rm

total_value

: iibless-than-threshold

a particular threshold set by the Local Authority, who would
therefore be the destination of the care. Figure 8 shows this
case. Figure 9 illustrates the alternate situation, degibty
‘less-than-threshold’ asset test being set in a negative co
text. Here the Elderly Person would be the care and cost des-
tination, as he or she is deemed to have assets that are not
below the threshold. The part-payment model in Figure 10

Raise Debtor: #3 , part part+
source 7 GRICUEECE DS i destination ;) ayent_subject;

Care: #1

event_subject)

Money: @%£10,000

[ Local_Authority: 5CC ][ Elderly Person: Betty

destination s Care_Provider: Meals on Wheels source )

Figure 10: Incomplete TM illustrating two purchasing pasti
awaiting association with ‘Purchase Agent’.

comprises LocaAuthority and ElderlyPerson, plus the Pur-
chaseAgent derived earlier in Figure 9. However, Figure 10
does not allow joint parties to be the Purchaggent. There-
fore we re-iterate the model further to support Figure 11.
Here the LocalAuthority and ElderlyPerson have a split lia-
bility that is variable depending upon an individual’s cine-
stances whilst ensuring that the total cost adds up to 100%.
The ElderlyPerson and Locahuthority agents are no
longer sub-types of the Purchasgent as originally illus-
trated, but are instead associated via ‘liability’ relaso Re-
ferring back to the hierarchy of types defined in Figure 4, we
can now create a rule to supplant the ontology for the model.
Figure 12 thus depicts an ontological component that is no

Figure 8: Elderly Person receives package of care at zeto codonger valid, hence set in a negative context (or Peirce cut

r R

characteristic - Elderly_Person requester +—2Y09

total_value

£: @less-than-threshold ||

Figure 9: Elderly Person pays for care package in full.

[Sowa, 198}). Given the refinements discovered, the com-
munity care ontology is updated in Figure 13 and the TM in
Figure 14 to show the liability relationship. The co-refare
links are now valid thus the model can now be completed, en-
abling all three of the payment scenarios to be accommodated
in one model.

3.7 Translate to Design Specification

Once the CG representations have been verified against the
TM, it is then possible to perform a translation to a design
specification. The ‘inside’ and ‘outside’ agents in the TM
serve to provide direct mappings as follows:

Local_Authority

_liability

Purchase Agent

liability

extent Elderly_Person

Figure 11: Part-payment situation with shared liabilities



@

Type: Economic Event o

subtype ;

Type: Raise Debtor |

Type: Sale

Type: Local Authority |

Type: Purchase Agent

Type: Outside Agent '

- Subtype )

Type: Elderly Person |

subtype - Type: Transaction

Economic_Resource

Type: Inside Agent '

Figure 13: Updated Ontology.

' 3

Type: Outside Agent

subtype

Type: Purchase Agent |

, - Subtype
Type: Local Authority |

N

Figure 12: Ontological component that is no longer valid.

e Inside Agent: Purchasa&gent, with liabilities jointly satisfied
by Local Authority (SCC) and ElderlyPerson (‘Betty’)

e Outside Agent: Car®rovider (‘Mealson.Wheels’)
Further iterations and graph joins (omitted for brevity)ulb

illustrate the following additional agents (where LA repre

sents Local Authority):
e Care Request Agent:

[ El derly_Person]

e Purchasing Agent:
[ Local _Aut hority]->(sub-agent)->
[ LA_Procurenent _Agent]

e Care Assessor Agent:

[ Local _Aut hority->(sub-agent)->
[ LA_Soci al _Worker]

e Finance Agent:

[ Local _Aut hority]->(sub-agent)->
[ LA_Fi nance_Assessor]

subtype } subtype )
Type: Care Provider |
Managenent of Care is Local Authority.

Further analysis of the models results in the ‘manage’ rble o
the Local Authority Agent through its sub-agents identified
above being decomposed into:

Assess_car e_needs;

Confirmfinancial _eligibility;

Procur e_car e_package;

Manage_care_del i very.

The process of revealing the agent behaviours is informed
and contextualised by the business protocols that the TM has
identified and the developer needs to apply across the many
agent protocols. For instance, the ‘Procoere package’ be-
haviour can be represented by the FIPA Iterated Contract Net
protocol [FIPA, 1999, thus devolving the task of obtaining
the cheapest care package available to that protocol tchwhic
a given task may be best suited. This approach thus creates
a situation whereby the method of requirements capture con-
centrates on what the MAS must deliver from the outset to im-
plementation, assisting the developer in determining ¥e e
tent to which the solution is influenced by the business model
Further refinement of the model with other methodologies is
not precluded however, as the core transactional behaviour
have now been established, verified and available for inclu-
sion as needed.

4 Conclusions

Our approach has enabled the early elicitation of domain
knowledge, and subsequent ontology specification, winitst i
corporating a robust transaction model from the beginning.
This has allowed representations of agent-managed health-
care workflows to be assembled at a much faster rate, espe-
cially since we have greater confidence that the underlying
design is based upon a solid framework. This approach does
not compromise further development with AUML, rather it
ensures that the qualitative issues have been captured and
considered prior to detailed system specification. The key

From these direct translations we can construct agent boqgaatures of this approach are as follows:
ies, to which specific sub-tasks can be assigned. Each of the i ’
behaviours is informed by the relations specified within the 1. CGs represent the workflows in a more abstract way, and

TM. For instance, referring back to Figure 1 the key abstract

definition is that:

provide a foundation for modelling the knowledge ex-
change within a system. The abstraction is such that



Raise Debtor part »

event subject; source g

d? stinatio r:ln.»: e vent subje Fty

Purchase_ Agent

s LS

Purchase Agent || Purchase Agent |

liability ) liability )

Local Authority Elderly Person

v
destination >

b 4

Care Provider source }

Figure 14: Refined model to accommodate part-payment scenar

high-level, qualitative issues such as ‘quality of health further model development.

care received’ are addressed, so it is feasible that the 5 he ransactions approach makes model verification im-
system is questioned from the point of view of concepts, plicit as any missing nodes (concepts or relations) ren-

rather than relying on an individual’s prior experience. ders the model out of balance and thus unable to satisfy
. CGs are similar to AUML in that there are some obvi- both sides of the transaction.

ous mappings from concepts to agents, however there Using the design, specification and implementation of an
are also subtleties that CGs appear to reveal more corygent-managed community healthcare system we have il-
sistently. Our experiences with AUML illustrated that |ustrated the development of a complex multi-agent system
actors translated to agents, though further analysis workhat embodies the notion of robust workflow management.
suggested that the actors did in fact consist of severghAUML has illustrated how the enhanced richness of this no-
agents. More iterations were conducted until it wastation can assist the expression and description of agent be
deemed that the tasks were distributed in an equitabl@aviours, interactions and architectures, especiallynvdie

way. The important point to note here is that the modelsmulti-agent system designer needs to produce softwaré spec
are derived after considering issues at a much higher alfications. We also recognise the limitations of AUML, partic

straction, thus resulting in a somewhat different view atylarly at the requirements gathering stage, where it is nec-
micro-level. essary to capture complicated, qualitative transactibas t

. Once the initial CG model has been produced, test scd'2Y Not readily appear initially. Community healthcare man
narios can be evaluated using inferencing, and it is als@9ement exposes a vast number of qualitative ISSUES In the
possible to ‘project’ graphs onto other CGs. Using theWidest sense, and it is apparent that AUML has limitations
transaction architecture, it becomes possible to force E/hen attempting to elicit these conceptual issues. Ourrexpe

set of rules (checks and balances) upon a model beforances with CG illustrate that this notation appears to dffer
it is represented in AUML multi-agent system designer a considerable advantage when

it comes to assembling a specification of requirements that
. Ontological terms are derived from the transactioncaptures the essence of real-world representationscparti
model during the process of capturing requirementslarly when used in conjunction with AUML. It is also appar-
Again, the inherent balance check of the model ensuresnt that CG models lack the detail necessary to specify agent
that terms are agreed upon before the model is complet@rogram code, unlike the comprehensive representatias th
This process ensures that debates about slot names aran be expressed with AUML.

conducted sooner rather than later, having the immedi- We believe that the combination of CG, AUML and an es-
ate benefit of specifying more of the system detail beforgablished transaction model is a first step towards progidin



a unified framework for community healthcare information References

system deployment. We have demonstrated the lucidity 0!Baueret al, 2004 B. Bauer, J. Muller, and J. Odell. Agent
the CG approach, particularly with regard to the capture o UML: A formalism for specifying multiagent interac-

concepts and the ‘softer’ aspects of a system. Subsequently yjo *agent-Oriented Software Engineerin57:91-104,
it is possible to derive the multi-agent interactions ane be 2000.

haviours required using AUML, assisting the specificatibn o ) ) .
multi-agent systems that incorporate robust transactian-m [Beeretal, 2001 Martin Beer, lain Anderson, and Wei
agement and real-world traits. It is of vital importancettha ~Huang. Using agents to build a practical implementa-
such models are realistic if the potential benefits of multi- tion of the inca (intelligent community alarm) system. In
agent systems architectures are to be realised. Whilst-multi Proceedings of the Fifth International Conference on Au-
agent systems can appear an attractive solution to many com- tonomous agentpages 106-107. ACM Press, 2001.
plex domain problems, we have hitherto been hindered by fBrescianiet al, 2004 Paolo Bresciani, Paolo Giorgini,
tool set that makes the description of realistic architextu Fausto Giunchiglia, John Mylopoulos, and Anna Perini.
difficult. Tropos: An agent-oriented software development method-
Increasing interest in agent and service-oriented archite  ology. Journal of Autonomous Agents and Multi-Agent
tures, together with the convergence of technologies in pur Systems8:203-236, 2004.
suit of the Semantic Web also illustrates the requirement fo DeLoach, 199 S. DeLoach. Multiagent systems engineer-

accurate and responsive descriptions of domain knowledge. ;.. P _
The combination of a robust transaction model, with CG and Lr;gmsA ngg?d(ﬂ(}gy and language for designing agent sys

AUML as representation vehicles, exemplifies an improved o )
method for deriving ontologies for multi-agent managed sys[FIPA, 1999 FIPA. Specification part 2 - agent communica-
tems, thereby overcoming the significant compromises that tion language, 16th April 1999.

are often made when deploying agent solutions. TradingFuxmanet al, 200] A. Fuxman, M. Pistore, J. My-
agent mechanisms for negotiation and payment are generally |opoulas, and P. Traverso. Model checking early require-
viewed as primitive, but our approach to modelling commu- ments specifications in tropos. Rroceedings of the 9th

nity care payment workflows for INCA is now permitting the  |EEE International Requirments Engineering Conference
development of robust, business-focused protocols. We be- Toronto, Canada, 2001. IEEE, IEEE.

lieve that the use of CG at the requirements gathering sta .

enables the multi-agent system designer to overcome the d%%%ﬁ?:cf{(etﬁill'inl d9$§m'\g'ekzr%e&riﬁ§f\f}v§3$ﬁjy Ee_lll_’hg/lgg?(;_
ficulties of using AUML from the outset, by providing a ro- desi N tenti d I f Ii M"%I ' Muni
bust means by which complex concepts can be modelled. Itis dgfllr:’e_lsnir?gnhlogng?b\r?ar?d eg;egg;c/). ggﬁd?s%cﬂédiﬁgén;)f
now possible to exploit the enhanced functionality of INCA the 5th International Workshop on Intelligent Agents V -

to support the continued application of multi-agent amstyit . .
tures that include robust transaction management as inthere Agent Theories, Architectures, a_nd Languag('as (A.TAL'98)
volume 1555, pages 1-10. Springer-Verlag: Heidelberg,

agent behaviours. Germany, 1999.

[Hill etal, 2004 Richard Hill, Simon Polovina, and Mar-
5 Further Work tin D. Beer. Towards a deployment framework for agent-

h lish f . managed community healthcare transactionsTHa Sec-
We have now established a route from abstract requirements 4 Workshop on Agents Applied in Health Care, Proceed-

gathering through to design specification that incorpsrate g of the 16th European Conference on Artificial Intelli-
two significant events: gence (ECAI 2004pages 13-21, Valencia, Spain, August

1. The high-level model is represented as CGs and then 2004. ECCAI, IOS Press.
verified using a process of de-iteration and double negafHill et al, 20053 Richard Hill, Simon Polovina, and Mar-
tion upon the transactional model. tin D. Beer. From concepts to agents: Towards a frame-
work for multi-agent system modelling. Proceedings of
the Fourth International Joint Conference on Autonomous
Agents and Multiagent Systems (AAMASJecht Univer-
We have now re-developed the INCA model using this ap- Sity, Netherlands, July 30 2005. In press.
proach and are currently deploying a demonstrator. The nexHill et al, 20058 Richard Hill, Simon Polovina, and Mar-
step is exploring the use of this technique in other domain tin D. Beer. Improving aose with an enriched modelling
areas, in order to validate and enrich the approach further. framework. InProceedings of the Fourth International
Joint Conference on Autonomous Agents and Multiagent
Systems (AAMAS) - Agent Oriented Software Engineering
6 Acknowledgements (AOSE) WorkshapUtrecht University, Netherlands, July

This project s in receipt of an AgentCities Deployment Gran 30 2005. In press.
from the European Union AgentCities.rtd Project (IST-2000 [Hill et al, 2005¢ Richard Hill, Simon Polovina, and Mar-
28385). tin D. Beer. Managing community healthcare infor-

2. The resulting model is then translated into an AUML
design specification.



mation in a multi-agent system environment. HMmno-
ceedings of the Fourth International Joint Conference on
Autonomous Agents and Multiagent Systems (AAMAS) -
BIOMED WorkshopUtrecht University, Netherlands, July
30 2005. In press.

[Nwanaet al,, 1999 Hyacinth S Nwana, Divine T. Ndumu,
Lyndon C. Lee, and Jaron C. Collis. Zeus: A toolkit and
approach for building distributed multi-agent systeg-
plied Artificial Intelligence Journal13(1):129-186, 1999.

[OMG, 2008 Object Management Group OMG. Uml re-
source page, 2005.

[Padgham and Winikoff, 2002L. Padgham and
M. Winikoff.  Prometheus: A methodology for de-
veloping intelligent agents. IRroceedings of the Third
International Workshop on Agent-Oriented Software
Engineering AAMAS, 2002.

[Polovinaet al, 2004 Simon Polovina, Richard Hill, Paul
Crowther, and Martin D. Beer. Multi-agent community de-
sign in the real, transactional world: A community care ex-
emplar. In Heather Pfeiffer, Karl Erich Wolff, and Harry S.
Delugach, editorsConceptual Structures at Work: Con-
tributions to ICCS 2004 (12th International Conference
on Conceptual Structurespages 69—-82. Shaker Verlag,
2004. ISBN 3-8322-2950-7, ISSN 0945-0807.

[Sowa, 1984 John F. Sowa. Conceptual Structures: In-
formation Processing in Mind and MachineAddison-
Wesley, 1984.

[Zambonelliet al, 2003 Franco Zambonelli, Nicholas R.
Jennings, and Michael Wooldridge. Developing multia-
gent systems: The gaia methodologyCM Trans. Softw.
Eng. Methodol.12(3):317-370, 2003.



