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Abstract. This paper presents an agdéased methodological approach to
design distributed servieariented systems which can adapt their behaviour
according to changes in the environmentl in the user needs, even taking the
initiative to make suggestions and proactive choices. The highly dynamic,
regulated, complex nature of the distributed, interconnected services is tackled
through a methodological framework composed of three intesmad levels.

The framework relies on coordination and organisational techniques, as well as
on semantically annotated Web services to design, deploy and maintain a
distributed system, using both a tdpwn and bottorup approach. We present
results base@n a real use case: interactive community displays with tourist
information and services, dynamically personalised according to user context
and preferences.

Keywords: Multi-agent systems, coorditi@n and organisational theory,
context awareness, personalised recommendation, semantic Web services.

1 I ntroduction

Urban information services are often provided in ways which have not changed much
in a century. This scenario bringp the opportunity to improve services provided to
people living in or visiting a city, with the novel possibility of ubiquitously accessing
personalised, multimedia contefi2]. On one handthere arenumerous, dynamic
services that havio be composednd coordinated in order to provide higivatue
services. For instance, an advanced entertainment service can be provided by
combining information coming from cinema, restaurant and museum services, along
with transport and mapping services. These ses\ace not static, as existing services

can leave the system and new ones can entandthe service used in a given
moment for a given task might not be available later or it might happen that a more
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suitable service becomes available. On the other, hadncoming contertias to be
filteredand adapmd tomakei t c omp at i ledntext(eagilacation,tinsee@mdd s
datg, preferences and requiremerdasd with existing regulations. For examptee
system should not suggest a pub to an underagefuscal laws do not allow it.

An additional challenge for systems in highly dynamic environments, where
unexpected events can arise at any time (e.g. transport not in time due to a traffic
jam), is to be able to react and adapt to these events.

We corsider that this complexcenariaccan benefit from the combination of muilti
agent technigueand semantic Web servicd$§] to enable dynamic, conteatvare
service compositionf21], thus providing users with relevant hifgvel services
depending on theiturrent context. Moreover, technologies concerning organisational
and coordination theories applied to (intelligent) Web seryic§sare also important
in order to effectively maintain a system oper a
preferencesrad local laws) and dynamic environment.

Additionally, the scenario presents the need of integrating new functionalities, new
services or new actors (humans antificial intelligerce systems) into an existing
running system. This integration is especially difficult taking into account that the
scenario presents a system formed by active, distributed and interdependent
processes.

In the ALIVE European projedtl] a new softwarengineeing methodology is
being explored[22]. The approachaims to bring together leading methods from
coordination technology, organisation theory amnddel driven desigifMDD) to
create a framework for software engineeriogaddress a reality composed ofdjv
open systems of active servicégpart from theones described in this papether
examples of these servicamn be found inQuillinan et al. [19]. The ALI VEOGS
framework is a multlevel architecture composed of three levels:

9 the organisational leveivhich provides context for the other levels, supporting an
explicit representation of the organisational structfrthe systen{composed by
roles, objectives and the dependencies among thamal) effectively allowing a
structural adaptation dfistributed systems over time;

9 the coordination level, which provides the means to specify, at a high level, the
patterns of interaction among services, transforming the organisational
representation coming from Organisational Level into coordination splan
(including information flows, constraints, tasks and agents)

9 the service level, which allows the selection of the most appropriate services for a
given taskbased orthe semantic description of services agffiectively supporting
high-level, dynamic ervice composition.

I n this paper, results of t (neoduaed Ml i cati on of
section 3)for desigring dynamic, adaptive systenase presentedn particular, the
design for each level is described (see section 4). Rirgbmpleteorganisational
level design of annteractive community displgyCD) scenariqintroducedn section
2) is presentedThis design shows that the correct identification of roles in the
organisational level allows a dynamic adaptation in the coordinatieh [Ehen, the
complete design of the coordination level of the ICD scenario is outlined. This design
shows how, given a set of landmarks (which are states of special interest), a system
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can be dynamically adaptable. Finally, the specifications of theséefices involved
are presented. In Sections 5 and 6, a discussion of related and future work is outlined.

2 The Use Gse

We will use a personalised recommendation tool for entertainment and cultural
activities as the basis for exemplifying the scenario. The personalisation is offered via
ICDs, which are multimedia information points offering interactive services in public
areas[4] [10]. The aim is to bring city services closer to people living in or visiting a
city by interconnecting people, service providers and locations. In the scenario, it is
taken into account that services and information provided, and how user itiforma
is stored, processed and distributed, are all subject of various municipal, national and
European regulations.

The scenario considered for this purpose starts when a user interacts with the

systembs interface (the prai@)ifavalbledorayst em

group profile from a remote repository. Théime system adapts the interface format

and the interaction mode presenting the initial interface composed by several services,
such as cinema or monument. If the user requests oties# services, the system
manages the user request considering (if available) user personal data, preferences,
requirements and, above all, time, date and location (i.e. user context). Furthermore,
environmental context and legislations including comptsmeuch as weather, traffic
reports and legal adult age can be considered.

Finally, the system presents an ordered list of activities located on a map together
with basic information, such as a brief description, address and pidoesover, it
informs on transportation (e.g., bus and metro) to reach the venue and, if time is
appropriate, it suggests a restaurant along the way, thus composing information from
different servicesuch aginemas, restaurants, maps #nahsport(see Figurel).

3 The ALIVE Framework

The ALIVE framework is being developed in collaboration by several universities
and enterprises within the frame of the European project ALIVE. It combines MDD
and agenbased system engineering with coordination and organisational
mechanisms, o’)vi di ng support for Alivedo (that
of ser vi ces-levebapgroddh (ee FiguBand following sections) helps

to design, deploy and maintain distributed systems by combining, reorganising and
adapting servicesAs shown in Section 4, this framework is suitable for scenarios
with new services entering the system and existing services leaving ittahaun

acces s

hi gl
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Fig. 1. Application interface showing food and movies suggestions
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Fig. 2. Main compments of the ALIVE architecture

3.1 Organisational Level

The organisational level provides an explicit representation of the organisational
structure of the system. The organisational model is the main component of the
organisational level, representing the organisation as a social system created by
autonomous ctors (i.e. they have their own interests) to achieve common goals.
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Stakeholders and their relations are represented, together with formalagoals
restrictions. The model is formalised according th® Opera methodology8]
including goals(e.g. gather jtition type,obtain personalised conteat gather and
compose contejitroles (e.g. uselinteraction task manager content provider) that

are groups of activity types played by actors (i.e. the agents or human users); and
landmarks (e.g. user data legted, external data collected and content to be provided
personalised).

Objectives are assigned to roles, among which three kinds of relations exist: the
hierarchical relation, where a parent role can delegate an objective to a child role; the
market reftion where a child role can request the assignment of an objective to the
parent roleandthe network relation, where both parent and child roles can request an
objective to the other one. Each relation is assigned according to what interaction type
the designer expects to happen. For instance, in the presented scenario, there is a
market relation when the conteadaptorrole asks the content provider to obténd
suggestion. The set of all roles and the relations among ¢tbastitutesthe social
structure

Landmarks are important states in the achievement of a goal, and landmark
patterns impose an ordering over landmarks to be reached. A set of landmarks and
their relationds known asscengseesectiond). Scene transitions can be modelled by
organising them in amteraction structure(see sectior). The organisational level
supports the definition of norms, rights and obligations (suitable for highly regulated
scenarios) of the actors, effectively forming a normative structure. The social
structure, the interaction structure and the normative steictwe the three
components of the organisational model.

The OperettA tool[17] supports system designers in specifying and visually
analysing an organisational model. The domain ontology represents the shared
understanding of the domain, providing a commocabulary about all concepts and
their properties, definitions, relations and constraints, and can be defined using
existing ontologyeditors|[5].

The organisational model is used by the magdfent system (MAS) generator in the
coordination level to @ate the agents that populate the system. For each role defined
in the organisational model one or more agents are generated.

3.2 Coordination L evel

The coordination level provides the patterns of interaction among actors, transforming
the organisational modehto coordination plans, or workflows. Workflows are
defined usinggeneralised partial global planningGPGP), a framework for
coordinating multiple Al systems that are cooperating in a distributed nefh@jrk
Workflows bring the system from a landmaatide to the next one (see Figureadd

are formed by chains of tasks.

Tasks, defined on the coordi n-andipessh | evel ds t ac
conditions that describe the state of the system before and after the task is performed.
Tasks are thebridge between the Coordination and Service levels, containing
information that binds them to abstract services on the service level (e.g. inputs and
outputs) and to elements of the orgatibpnal model (e.g. roles assigned to the task).
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The workflow synhesiser uses information from the organisational model, domain
ontology and tasks model in order to generate the workflows the agents will enact.
These workflows are stored in the workflow repository where they are retrieved when
required.

Workflow [
Landmark TEISK Ta;k ‘ T?k ‘ T‘Tk Landmark
1 - 2
! - - Ll
State: S1 Pre: S1 Pre: S11 Pre: 521 Pre: 522 State: S2
) Post: 511 Post: 521 Post: §22 Post: §2 )

Fig. 3. Workflow example connecting two landmarks

A set of intelligent agents (MAS) deployed on the AgentScape plaffi@henacts
the workflows in a coordinated and distributed fashion. Agents analyse and monitor
workflow executon, reacting to unexpected events, either by enacting other
workflows or by communicating the incident to other levels.

Each agent includes the following componefsise Figured): the brain module
which provides reasoning and decisimaking capabilities; the normative plan
analyser, which scans the workflows in order to determine if enacting them will
violate any of the norms defined in the organisational model; Algent
Communication Languag&CL) module, which provides agents with the capability
of communicating with other agents in the system by sending messages; the GPGP
scheduler, which provides an interface for the agents to coordinate and distribute
tasks; and the enactment componentcivtiacilitates the invocation of services
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Fig. 4. Agent architecture diagram

3.3 Service Level

Appropriate services are selected for each abstract task in the workflows, using the
information included in the service descrgptiand in the task description. These
descriptions are defined in terms of OV8Lservice profiled16], facilitating the
process of composing servid@f] and finding alternative services. The reassignment

of services to tasks, when a given service isawatlable, is carried out on the fly.
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The match maker component receives an abstract task description from an agent
and looks for services that can fulfil this task. It queries the service directory and
selects the most appropriate one (if several oneea avai | abl e) , based
semantic description and on quality of service parameters (such as average response
time). The service chosen is returned to the agent, and the task is executed and
monitored.

At the service level, service compositinithin the scope of a task is carried out,
too. For instance, if a given task requires providing information of a venue on a map,
and there are two available services, one to obtain venue information and another to
show information on a map, then the task be bound to the composition of these
services.

3.4 The Monitor T ool

The monitor tool is the badione of the ALIVE framework2], connecting all the
three levels allowing the exchange of events among them, from a service invocation
that fails to an updaten the Organisational design (e.g. a new wlebjectiveis
introduced) that affects the agents in the coordination level.

As seen on sections 3.2 and,&8entsenact their roledy interactingeither via
direct communication (coordinatirgnong themalves) or via servicevocation
The monitortool observe theseinteractionsand matches thenwith the normative
and organisational states (e.g. obligations, permissions, refieg}tively allowing
agents to reason about the effects (in a normativekehtheir actions.
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Fig. 5. Opereta model of the social structure
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4  Scenario Modelling

This section describes how the ALIVE framework has been applied to the scenario
presented in Section 2, and how the system manages r 6 s peti ti ons by means
defined roles, objectives, scenéandmarksworkflows, plans,tasksand services
An organisational social structure is defined using Operéte Figures). It
includes several (external/internal) roles (e.g. contelaiptar user modellerand
content provider) in the domain, and thigirerarchical/marketjiependencies in terms
of delegated suboals (e.ggetuserfood preferences angetfood suggestioi.
Roles arerepresented as nodes and -sbiective dependencieas directional
arrows. The objectives or goals coresied for the role user (sign up; sign afgtain
personalised contenthange profile preferencesor requirementsand change the
interface format or the interaction mode) are related with the petitiops managed
by the system. Each us egoafs sind gebegated to sthers ubdi vi ded
roles. These roles can delegate-gohls to other roles, too.
From here on, we will focus on the user objective to abgeErsonalised content.
Figure5 shovs how this objective is delegated to the interaction task manager that
identifies the type of petition (sulibjective gather petition type) once the interface
gets the user petitions (sobjective get petitiongdnd then managehe petition The
interadion task manager demands the content adaptor to gather, personalise and
compose the content to be provided. To this end, this role relies on information
provided by other roles: the interface (providing information about the user context,
such as localaion, time andd at e ) , the user modperbohabr (provi di n
data, preferences and requirements gathered from the user model) and external
informationproviders (providing content, and information related to the
environmental context and the Islgition). The connection with these external
informationproviders is performed by the match maker component.

Qther petitions i }
GatherPetitionTypeScene ’ CollectPersonalisedFoodContentScene

New

New
New

PersonaliseContentToBeProvidedScene '
CollectPersonalisedNightContentScene '

New

CollectPersonalisedCinemaContentScene » New ProvideComposedContentScene
Fig. 6. Interactionstructure

The interaction structure fohé¢ chosen cenario (see Figur6) is composed by
several scenes representing the petition requested by the user. The transitions among
these scenes, starting with theg at h er  pdestenet andbfinalisiny wite the
Aprovi de c¢ o mgcens, slobw sevemnaltsegquences of intierast Once the
petition type is gathered, there are several possible scenes (one per pgtdipn
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however we considdrere onlya movie cinema petition for simplty. Hence, next

scenes ardiper sonal i se conandft oltloe chte pmvieosvoindael dios e d

ci nema .cThenet agentivoopossible scenes before providing the composed

content, which ardic ol | ect personandficsed | €éobdpeonsbdbraltiosed

ni ght ,codmate penfdrnded depending on user preferences and context.
Each scene iglefined by the roles playing within it and a landmark pattern

imposing an ordering over the important states (landmarks) that should be reached in
the achievement of the goals in the scene. For instance, the personalise content to be

provided scene conta four players (interaction task manager, interface, content

adaptor and user modeller) and several landmarks (user data collected, external data

collected and content to be provided personalised), which follow a Ipertiar
among them (see Figur.

The plan repository within the coordination level contains the workflows the
agents must follow in order to accomplish the landmarks defined in the organisational

model. Focusing in the scene personalise content to be provided, there is a distributed

plan where several agents coordinate performiagksin parallel (e.g. the agent
enactingthe interfacer ol e f et ches user 6s cgothetusex t
modellerr o1 e | o o kpersoffiabdatepreferencesinsl requirementsyhe plan
persondke content to be provided adapted dependiran several variables, such as
night time food time user preferencesequirementsand contextFor instance, the

plan can also provide food suggestion taking into account user food time preferences.

4 IS
) Scene GatherPetitionTypeScene

Scene PersonaliseContentToBeProvidedScene

<4 Player <@—— 0 Role InteractionTaskManager

< Player —— Role Interface

<4 Player <@ Role ContentAdaptor

< Player <———— ) Role UserModeller

¥ <4 Landmark Pattern

< Landmark UserDataCollectedLandmark
<4 Landmark ExternalinfoCollectedLandmark
< Landmark ContentToBeProvidedPersonalisedLandmark
< Partial Order <ExternalinfoCollectedLandmark, ContentToBeProvidedPersonalisedLandmark>
< Partial Order <UserDataCollectedLandmark, ContentToBeProvidedPersonalisedLandmark>

Scene CollectPersonalisedCinemaContentScene

Scene CollectPersonalisedFoodContentScene

Scene CollectPersonalisedNightContentScene

Scene ProvideComposedContentScene

Fig. 7. Landmark pattern for the personalised content to be provided scene

The Coordination level describes a sequence of composite and aashkscfor
each plan. Figur8 shows thdaslks required toprovide contento a userconsidering
age and preferencesgardingfood and night time

There are several norms applied to the interaction arageqts For instance, the
content provider has the obligation of performing his task before a deadline (10 slots
time). This normprevents theuser from having to wait too long before its petition is
processed.

wh i

e
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< Composite gatherContent
< Any Order0
4 Control Construct Bag 0
4 Perform getMovieCinemaSuggestion
¢ Control Construct Bag 0
< If Then Else 0
< ifCondition Condition IsFoodTime= "true”
< Perform getFoodSuggestion
¢ Control Construct Bag0
< If Then Else 0
< ifCondition Condition IsNightTime= "true” AND IsAdultAge= "true”
< Perform getNightSuggestion
Selection | Parent | List| Tree | Table | Tree with Columns

[Z¢ Problems | @ Javadoc | [&. Declaration | [E] Console | T Properties 3 & Event List| £} History
Property Value
Has Client
Has Input < Input DateTime. Input AdultAge, Input UserRequirements, Input FoodPreferences
Has Local
Has Output < Output FoodContent

Has Parameter
Has Participant

Id 30

Name *= getFoodSuggestion
Performed By

Performed By Role *= ContentProvider
Realizes

Fig. 8. Composite and atomic tasks to gather content

Tasks are implemented &8eb serviceswhich are semantically annotatesd
descriledin terms of OWL:S service profiles (i.e. inputs, outputs, preconditions and
effects)asshownin Figure9. In order to perform thetaskget f ood theuggesti ono
match maker component map&bstract content providerso concrete ones (e.g.
lanetro [http://www.lanetro.com}estauranfs Doing it this way allowghe system to
dynamicallyreadapt to failures of aoncrete content providefe.g. remapping to
Atrapalo [http://www.atrapalo.com] restaurantsif lanetro restaurantsare not
available).

Fig. 9. Ontological concepts related to the task



