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Abstract— Subjective and Objective coordination can be inte- to put the two things altogether was made by Schumacher: in
grated and exploited fruitfully in the same context. In this paper [24], the notions oBubjectiveandobjectivecoordination were
we investigate such integration in the context of FIPA agents, aim- introduced, and used to classify the research on coordination.
ing at exploiting the coordination services provided byTuCSoN In th t’ t of MAS biecti d obiecti dinati
coordination infrastructure. n the context o » Subjective and objective coordination
were defined as coordinatiamsideandoutsidethe agents, re-
spectively — thus accounting for the psychological vs. norma-
|. THE BABEL'S TOWER OF COORDINATION tive acceptations of coordination recalled above. A step beyond
o . was then the recognition that any non-trivial multi-component
Research on coordination possibly represents the maos . o
. . . . Ssystem cannot but rely on the fruitful exploitation of both ap-
un-coordinated activity in the history of computer science: A L
R : S groaches. Along this line, in [22] Activity Theory was proposed
oughly speaking, coordination research has developed al 4892 unitary and coherent conceptual framework for both co-
two basically separated lines in the DAl and SE field, respec-,.” . y P
ordination approaches, whereas [19] advocated that both play

tively. In the former, coordination was interpreted as an mdfli— fundamental role in the engineering of MAS, and that any

vidual, psychological activity, performed by a component (typ, ethodology for the design and development of MAS should

ically, an agent of a multi-agent system — MAS henceforth ) . L L S
. . ) L . ecessarily exploit both objective and subjective coordination
trying to achieve its own subjective goals in the context of a ;
models and technologies.

multi-component system. In th_e _Iatter, coordination was baSI'The distinction between the two approaches was finally
cally rggarded as normative activity performed by some pe}rt %ccognised essentially asnaethodologicabne: the key point

a mu_l'u—component Sys.te”? on behalf of the_ system's d.es'grlgrthen not which approach is the best one, but rather when they
— typically, by a coordination medium provided by an mfras.t-1

tructure. With respect to components, two different views werb. .. to be used in the modelling and engineering of complex
: pect po ' stems (say MAS), and how they could be used altogether ef-
adopted on coordination: the first, where components are

coordinatingentities, the second where components arethe %tively. It does not come by surprise, then, that the frame-
ordinateder?tities ' P works that better reconcile the two lines are organisational ones

- , .. —like Activity Theory. In fact, a main concern for organisations
Not surprisingly, the first approach seems to better suit S y y g

. . “typically how to make individual (psychological) and social
te”.‘s whose compqnents exhibit a h.'gh degree of autonomy ormative) aspects fruitfully coexist. A social norm, there, can
telligent agents being the most obvious example), whereas

nd fits well lication narios involving a finer com either imposed or accepted, and also interiorised by agents
SECo s Wetl application SCenarios Involving a finer Compoy y, o organisation — that can then perform their activity (either
nent granularity (as typical in the case of mobile agents). D

I entifi fusi tth I bl d telligent or not) according to their nature and goals.
ally, scientinc contusion was not the only problém produced ., yever, to reconcile the two models is not enough. The

by these divergent effo_rts. The SE approach .(see for insmr(‘:%‘?]ceptual divergence has led to a technology / infrastructure
MANIFOLD [2]) often disregarded any capability of the comyg oy that should be now somehow re-composed. For in-
ponents in t'ermﬁ' of autonomyh or dﬁnbehrauc?n ; notto speak b ce thaucSoN agent (objective) coordination infrastruc-
ﬁomponenlt |(rjlte_|ﬁe_>nce. Ont € ot erf and, t el DA approaﬁh}e [21] and the JADE FIPA-compliant framework [11] are in
has struggled with intra-agent issues for several years — so ghq sense effective and powerful solutions to complimentary
inter-agent issues, like infrastructural ones, which are mandgs<q o problems — however, it is not easy at all to devise out
tory for applicability to real-world scenarios, are still far from 3ow to make them live and V\'IOI’k together in an effective way.
satisfactpry solution (see current efforts.in FIPA [7], [91, [10]).AS a result, any attempt to put objective and subjective coor-
. Seemingly, thg tW(,) a_pproacheIS prowdﬁ tv;/]c_) Compl'melmaaYnation altogether should not only aim at providing a uniform
VIews over coordmalipn. strangely er?oug .t Ihs aP]I?farem Y 0% nceptual framework, but also at suitably integrating technolo-
vious statement took its time to be shared by the different o, g infrastructures. While some steps in the right direction
munities working on coordination. The first successful attempt,, already been done (as in the case of the notion of agent co-
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ordination in the same conceptual framework supported by Ac- So, at the co-operative level, agents — once established the
tivity Theory, then we apply the framework in the context of  objectives of the social task — define cooperatively, typi-
FIPA. We outline an integration between coordination artifacts  cally by means of negotiation, the structure and behaviour
and the FIPA standard, and define a roadmap for achieving of the coordination artifacts to be shared and exploited at
agent semantic interoperability through coordination artifacts the co-ordination level,
and the BDI model, extending current applications of FIPA « co-constructiveaspect of work concerns interactions in
ACL [4]. Finally we investigate a possible roadmap for inte-  which actors focus on re-conceptualising their own organ-
grating FIPA agent model antuCSoN (objective) coordina- isation and interaction in relation to their shared objects.
tion model/infrastructure. Neither the object of work, nor the coordination artifacts
are stable, and must be collectively constructed, ¢e-
constructed. So, basically at the co-construction level,
agents establish the shared objective characterising the so-
Activity Theory (AT henceforth) can be used as a suitable cial task.
conceptual framework to conceive subjective and objective ap-in the analysis of collaborative activities, AT emphasises
proaches and their relationships in the same context [22]. fffat an activity cannot be said to exist at one level only: co-
is a social psychological theory about the developmental trargdination, co-operation, and co-construction arelytical
formation and dynamics in collective human work activity [27]distinctions of the same collaborative activity, and concur in
[13], [3]; recently, it has been introduced in some fields of congfifferent times and modes to its development. Consequently,
puter science — in particular in CSCW [12] and computer Syghe notion of dynamic transformation between the hierarchi-
tem design [15]. cal levels is crucial: transformation from co-ordination to co-
AT focuses on humaactivities distinguished by their re- operation / co-construction happen when the coordinated flow
spective (physical and ideatpjects that give them their spe- of work relying on coordination artifacts needs to be coop-
cific directions, i.e. th@bjectivesof the activities. Cooperation eratively re-established and the behaviour of the artifact in-
is understood as@ollaborative activity with one objective, but spected for possible changes; the reasons can be either co-
distributed onto several actors, each perforn@ogionsaccord- ordination breakdown, or a deliberate re-conceptualisation of
ingly to the shared objective. Explicit norms and rules regulafge way the work is achieved currently. Transformation from
the relationships among individual participants’ work. Centralo-operation to co-ordination works in the opposite direction:
to AT is the notion oimediated interactionany complex social once re-established the co-ordinated work, artifact behaviour is
activity is found to be always mediated bytifacts both physi- changed accordingly and provided again to participants in order
cal and psychological, such as operating procedures, heuristigsse exploited for the co-ordination stage.
scripts, individual and collective experiences, and languagesGiven this framework, it is easy to understand that objec-
When artifacts are meant to be shared and exploited by a a@le and subjective approaches can be exploited in the same
lectivity (society) of actors — in order to, for instance, fulfillcoordination context, but at different conceptual and opera-
some social task, or to access some contexts with social notiagal levels: in particular subjective approaches can be used
—we refer to them asoordination artifacts This is the typical for co-construction and co-operation level, and objective at the
case of collaboration activities. co-ordination level. In the first case, agents exploit their high
Following AT and the framework provided in [22] three hi{evel capability (reasoning and communication) to reason about
erarchical levels for analysing every collaborative activity iwhat kind of coordination is required, what kind of coordination
MAS can be identified, working with coordination artifact®-  laws must be developed to manage interactions identified in co-
ordination co-operationandco-constructior(see Fig. 1): construction stage. Instead objective approaches can be used
« co-ordinatedaspect of work captures the normal and roun co-ordination stage, where the coordination laws and organ-
tine flow of interaction. Participants follow their roles,sational rules must be enacted in the most automated, fluid,
each focusing on the successful performance of their aaptimised manner through the exploitation of the coordination
tions, implicitly or explicitly assigned to them; they sharertifacts.
and act upon a common object, but their individual ac- The FIPA approach —which is fundamentally subjective — ba-
tions are only externally related to each other. Artifactsically adopts disembodied coordination artifacts, such as the
coordinating participants’ actions are not questioned &CL itself and the shared ontologies. However, also in the
discussed, neither known/understood in all their complelkiPA context — and, more generally, in the ACL community —
ity: in this stage actors act as “wheels in the organisatiorifle need of stronger infrastructure support to coordination has
machinery” [12], and co-ordination artifacts ensure that a@amerged recently [7]: interaction protocols, conversations [7],
activity is working in harmony with surrounding activities.social contracts [9] are examples of more involved coordination
« co-operativeaspect of work concerns the mode of interaartifacts which are currently studied for the purpose.
tions in which actors focus on a common object and thus|It's worth noting that, as remarked in the context of CSCW,
share the objective of the activity; unlike previous cas¢he embodied and disembodied characterisation of an artifact
actors do not have actions or roles explicitly assigned has a deep impact on the complexity and quality of the coordi-
them: with regard to the common object, each actor haation activities which can be supported [1], [23]: experiences
to balance his/her own actions with other agent actioris, the context of coordination in complex societies revealed
possibly influencing them to achieve the common task. that disembodied artifacts — typically based on language pro-

Il. FRAMING COORDINATION WITHIN ACTIVITY THEORY



subjective  Intelligent the concept of mediated interaction, which does not necessarily

co-construction

s /\ coordination 49" involve communication, but thetructural couplingof an enti-
+ et ties and an interaction medium [14].
co-operation > design and developing Following the AT framework, it is possible to identify im-
designingthe arifacts . mediately two types of relationships linking agents and arti-
| S
Routinisation ' “ Reflection on the Reifying E i Reflecting on faCtS:
stabilising the {1 meansof coordination | | coordination . . L. .
means of - | collaborative work - programming | | - inspecting « agents as users of the artifacts; this includes the physical
s T . fomeda | | fhemeta acts that can be used by agents to access and exploit the co-
e anffactss 4 v ordination service, according to protocols established for
v i objective o netien their role inside the some;y_and the orgamsat.lonal .rulgs;_
co-ordination coordination Languages « agents as creatqrs [ administrators of the artifacts: this in-
exploiting the arffacts % using cocrdination media cludes the physical acts that can be used by agents to in-
- automatisation, prescriptiveness . . .
- exploiting coordination artifacts spect / change / adapt dynamically, at runtime, the coordi-
embedded in media - . . - .
nation laws and social norms which define the behaviour
Fig. 1. Dynamics between Objective and Subjective Coordination of the coordination artifacts. Typically the coordination

laws and norms are expressed in some specific language,

_ ~ which depends on the coordination model adopted, which
tocols —becomes inadequate as a means of coordination in high st pe suitably modelled in the FIPA context.

complexity cooperative work, since they generate a very highrpg first relationship typically concerns agents involved in

coordination workload; conversely, these studies highlight thgs ¢o_ordination stage of the collaborative activity, while the
benefits coming from using suitably engineered embodied aftig; (ypically concerns agents involved in the co-operation
facts (even if the transformation of coordination work from th@tage.

medium of disembodied artifacts to embodied ones in neitherp key role for this integration is played by the notionagfent

trivial, nor well understood [1]). coordination contex{ACC henceforth), studied in its general
setting in [17] and applied in the extension of thaCSoN
1. ARTIFACTS IN FIPA infrastructure in [20]. An ACC is an abstractig) meant to

Our aim is to explore the integration of objective and sute provided to agents by the supporting infrastruct(ifeto be
jective coordination in the context of the FIPA model, both dtegotiated by agents when entering a given society of resources,
a conceptual and a technological level. This means modelliggd (iii) ruling all the interactions between the agent and its
and engineering the coordination services typically provided gvironment. In the context analysed in this paper, an ACC
objective approaches in a world of agents using FIPA ACL arit¢fines and constraints the space of (physical) acts that a FIPA
related ontologies to interact and coordinate subjectively, apgents can execute on coordination artifacts, according to its
BDI as a logic framework to represent the environment and tfele inside the society. So, a third aspect to explicitly model in
society. Our target scenario consists then in FIPA agents tHag integration is the description of an ACC and the actions and
can dynamically find and use coordination artifacts provideantology available to a FIPA agent in order (i inspect and
by the infrastructure as a service to capture / automate / matow the ACCs available for agents within an organisation, and
fluid the coordination with other agents — which could be ald§) negotiate the entrance of the agent in an agent coordination
non FIPA agents — involved in the same social activities, in ti§@ntext with a specific configuration.
same organisational context.

The main difficulty that arises in this integration is that FIPA  |V. SEMANTIC INTEROPERABILITY: A ROADMAP
standard currently does not conceive communications betweeiThe FIPA ACL is equipped with a formal semantics by which
agents and other abstractions, provided that the latter are agénts can exchange messages mutually understanding each
wrapped by agents — that is, are agentified themselves. Mother, sharing meaningful knowledge and cooperating for the
generally, current FIPA model does not properly take into aaehievement of social goals — supporting the so-caksdan-
count the relationships and interaction between agents and tibeinteroperability [4]. This not only involves understanding
(physical and logical) environment, and investigations and prive content of messages exchanged, which is typically tack-
posals are under development in order to overcome this limitael by domain ontologies, but also knowing the expected cause
tion [16]. As claimed e.g. in [22], engineering methodologieand effect of utterances, so that automatic reasoning can en-
may fall short to be effective when handling coordination arteble agents to achieve their goals in cooperation. This ACL
facts as if they were agents. Rather, we find more useful aselnantics considers agents assuming the so-calledtional
conceptually clean to realise this integration by modelling catance[8]: an agent is interpreted as an entity with beliefs,
ordination artifacts as resources that FIPA agents can accéssires, and intentions (and in general, any other meaningful
and use by means ghysical acts As conceived by the FIPA mentalistic property), and acting rationally with respect to its
model, in this case the coordination artifact is not thought of geals! In particular, according to thepeech-act theorya per-

a medium enabling and ruling agent communication acts —fasmative is attached to each message — suaffasn, request

usually happens for coordination media in objective coordina- _ n o
LIt worth noting that conceptually this interpretation is independent of the ac-

tion approaches — butas amedium e”at?“”g and rullng phygm agent architecture. However, it is reasonable to argue against the usefulness
acts executed by the agents that share it. We are at the rooirafpragmatics of this stance for those agents that do not have any actual inter-



not-understood- that characterises the intended meaning of tladout them. This characterization can be naturally extended to
message content. So, in order to avoid ambiguity and effabhe case of semantic interoperability: an agent may inspect an
tively support interoperability, these performatives are givenACC not only to know the allowed actions, but also to get in-

formal semantics in terms of feasibility preconditions (FP) arfdrmation about their semantics — most likely represented by
rational effects (RE) expressed as mentalistic properties (beliel?2 and RE expressed in terms of the agent mentalistic prop-
and intentions): FP must hold in the sender and can be assuredis as described above. It worth noting that information on
by the receiver, RE must be intended by the sender and thegeeh semantics should not necessarily reside within the ACC,
ceiver should believe such intentions. As discussed in [4], [EAther, the ACC may be in charge of retrieving them from other

this mechanism can be exploited by agents built over the BBbstractions provided by the infrastructure. Most notably, the
model to subjectively coordinate their behaviour, e.g. to d&CC may query the coordination artifacts about the semantics
cide to participate in those conversations that the agents belief¥e¢he services they provide. Notice that this schema does not

could help bringing about their goals. prevent an agent from already possessing information on the
semantics of actions — either because they are hard coded in its
A. An example program or because they are specified by the domain ontology.

r?_o, in general, querying the ACC can be considered as a further
mechanism to deal with opennes and to support dynamic adapt-
ability. In this framework, the subjective viewpoint of coordina-
tion naturally amounts t¢) the agent negotiating an ACC with
"the supporting infrastructures, afig the agent inspecting the
ACC in order to know the semantics of allowed actions. Then,
as for the FIPA ACL approach, such semantics can be exploited
. - by the agent to schedule the sequence of actions that may bet-
believes) —has the preconditiof3, ¢, namely, the sender mustter allow the agent to achieve its goals. On the other hand,

believe ¢ in order to send messag&{¢), and when the re- he obiect . int of dinati instead .
ceiver gets the message he can believe that the sender beli%\/%so jective viewpoint of coordination, instead, conce(ips

& (B, B.®). Dually, the messagequest (s, r, a) — senders re- ;\ggollc_)t/hby wh|;:h an mlfrg_strUﬁturglhanﬁ_leﬁ the r(njegotlatlon <t3f
guestsr to execute actiom — has the rational effectone(a), s with agents — Inciuding handiing higher-oraer concepts

that is, the sender should inteado be executed, done(a) and such as authentication, resource control, and roles —ignd
the re(,:eiver may believe such an intentiBp/ dime(a) This the definition of the actions (along with their semantics) that an

kind of formal approach enables semantic interoperability. (CC should allow based on the cpordlnatl_on _artlfacts tha_t the
particular, we consider the case that the ageetceives from agent needs to access. Th|§ basic organisation has an impact
another agen a message of the kindrequestj, ¢, b) where also. on the _mgthodology we intend to TOHO.W n orde_r to. reach
b — inform(i, j, ) — j requests to send a message declaringi)he integration: key subjective and objective coordination as-

that he believes. Wheni reaches the messagehe will be- ects can be studied, analysed and developed in isolation, with
! EJ}he ACC being the conceptual locus where they come together

lieve I;done(b), hence its mental state will include the formul d reali ficint bility. | dcular | bout
BuI,done(b). If i is programmed s as to be willing to coop-and realise semantic interopera ility. In particular, issues abou

erate withj, then from B; I;done(b) i's mental state will be subjective coordination — such as representation of precondi-
updated so’as to incIudeZlane(b) _e.g., by a so-calleihter- tions and effects, and their integration with domain ontologies

action law[4]. If i actually believes, then such an intention ~ can be studied considering very simple, trivial coordination
will make i actually inform; that he b’elieve$> artifacts (e.g.: simple communication channels), thus directly

extending the standard FIPA ACL approach. Conversely, issues

) about objective coordination — namely, representing actions and

B. An Extension Towards ACCs their semantics given the rules implemented by the coordination
It is of no surprise that a main goal of our research in thigtifacts — can be studied separately as a problem of devising an

field is to extend this model considering the new framewoIXCC behaviour given the coordination artifacts and their access

where agents coordinate one to another by means of coordipaticy.

tion artifacts and under the control of an ACC, thus integrat-

ing the objective and subjective viewpoints over coordination.

The notion of ACC can be exploited as a means to decouplé TOWARD TUCSON COORDINATION SERVICES IN FIPA

these two viewpoihts. The ACC no_tion has been introduced st notably, this approach can be applied to investigate the
to regulate the actions (and perceptions) allowed by an aggpde ofTuCSoN [20] coordination services — which support the

As a feature, the ACC can also be inspected by an agent [286C notion and featurBeSpecT tuple centres as coordination
which may be interested in information such as the actions Cifacts [18] — within a FIPA-compliant context.

rently allowed, or how an ACC rule is affected by the execu- ycsoN is an infrastructure providing services for the spec-
tion of an allowed action. Indeed, inspectability is a very Crysication and enactment of coordination in multiagent systems
cial aspect, because it allows agents of an open enwronmen(,@ma [21], according to thecoordination as a servicep-
dynamically get information on their environment and reasqfyoach [26]. Coordination services are embodietliple cen-

nal representation of mentalistic properties [25], e.g. when they do no adhg@s’ that are design /_runtlme COOI’QII’IatIOI’l abstractions pro-
to the standard BDI model [6] or some variation of it. vided to agents by the infrastructure in order to enable and gov-

It worth here considering a simple example of ACL sema
tics resembling the FIPA (and KQML) approach. In the fol
lowing, ¢ € ® stands for any predicative formula, for an
actions, s for the identifier of an agent sending a message
for the receiverB; ¢ for “entity j believesy”, I;¢ for “entity j
intendsg¢”, and done(a) for “action a has just happened”. The
messagenform(s,r, ¢) — senders informs receiver that he
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Fig. 2. ACC negotiation (left) and entrance / use (rightfuCSoN

ern their interaction [18]. More precisely, tuple centrese  A. Negotiating an ACC

grammableuple spaces [18], that is,. §ort of rea}ctive logic based tp¢ firgt step to consider is the ACC negotiation. For the
_blackboards; agents mtera_ct by writing, reading, a_nd CONSUBYinose, one or more FIPA agents can can play the role of
ing tuples— ordered collections of heterogeneous informatiof,cgoN welcome service, with the responsibility to receive
chunks —to/from tuple centres via simple communication Opefgent requests to enter in a specficCSoN organisation con-
atlonsput, rd, in) which access tuples assomatlvely. Whlle theaxt and negotiate the ACCs (see Fig. 3, left picture). For
behaviour a tuple space in response to communication evegificity, here we can think to model the agents request by
is fixed and pre-defined by the model, the behaviour of a thiaans of the FIPA communicative aemuest  of perform-
ple centre can be tailored to the application needs by definifg, o action, that is create a properly configured ACC accord-
a suitable set obpecification tupleswhich define how a tu- 4 15 the specified role and then to let the requesting agent
ple centre should react to incoming/outgoing communicatiqfqer and exploit it. A proper FIPA ontology — called here
events. Then, tuple centres can be seen as general'purpose‘ﬁ‘r@SoN-ACC-Management _ can be used to store the def-
tomisable coordination artifacts, whose behaviour can be qysion and sematics of basic protocol(s) that characterise ACC
namically specified, forged and adapted so as to automate e qtiation. PCL (Prolog Content Language) can be chosen
co-ordination stage among agents using such artifacts [22]. o5 the content language, perfectly suiting the logic nature of
From the topology point of view, tuple centres are collecteBuCSoN communication language and of tReSpecT spec-
in TuUCSoN nodes, spread over the network and belonging ification. ,
soecific organisations. Here we come to the usEl6SoN of As an example, lets call the FIPA welcome agent

the agent coordination context abstraction: in order to accéH sor;gévxflggrr?seo}ie;;\gce wants ant% jELS chay soctig?;/

and use tuple centres of an organisation context, an agent "Wsiith _monitoring actually defined in the organisa-
negotiate and enter an ACC, which is used to define its presefie@d context theTuCSoN nodedeis.unibo.it ,in the role

/ position inside the organisation in terms of allowed actions arf temperature _sensor 3. Then, a possible sketch of the
the available artifacts. Fig. 2 shows these basic stages: first@fuest could be:
agent negotiate the configuration of the ACC with proper s@atequest

H : ; _ :sender (agent-identifier :name sensorXYZ)
vice prowdgd by thé!’ uQSoN mfra;tructure (here callgd yvel_ receiver (set (agent.identifier
come service), specifying the society and the role which it aims :name tucson_welcome_service))

: . ; H iofi ; :ontology tucson-ontology
at playing; then_, if the agent_ request is satlsfl_qble accqrdmg Janguage PCL
to the organisation rules defined by the specific organisation :protocol ACC-Negotiation
context, an ACC with the specific configuration is created and mme(gf:ﬁon
entered logically by the agent. ‘agent-identifier (name: ’sensorXYZ’),
i i i enterACC(society(health_monitoring),
How all this can be conceived in a FIPA context? In the fol- role(temperature_sensor)))))

lowing we sketch the same stages in the case in which a FIPﬁ

- L " : f the negotiation is successful, the FIPA agent enters its
agent joins &uCSoN organisation and participates to its coor- , . .
S, - new ACC properly configured, and can then interact with other
dination activities through tuple centres.

agents by means of the tuple centres provided by the organisa-
tion.

2society, role, organisation are abstractions defined by tt@SoN organi- 3Here we follow the convention established for the Prolog Content Language
sation model for specifying actions
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E tuple (temperature(37.5))) 1

Fig. 3. FIPA Agent negotiating an ACC (left) and FIPA Agent using a tuple centre (righty@SoN

B. Exploiting tuple centres considering an agent in the role of doctor assistant — let’s call

Once entered in its ACC, the agent can execute the coordiffdiealthControllerXyZz —, aiming at retrieving last tem-
tion primitives to (inter)act (withyon tuple centres. In the caseerature measurement of a patient:
of a FIPA Agent, the ACC would provide these actions as phygr
i ; ; i ; :agent (agent-identifier :name healthControllerXYZ )
ical g(;ts (see Fig. 3, right picture). As previously, a proper target (tuple-centre( patient( Alessandro) ))
specific ontology — called hefeuCSoN-ACC-Use — could be :ontology TUCSON-ACC-Use

used to define the syntax and semantics of the physical acts.  content (temperature(X)))

As an example, let’s suppose that the agsesorXYZ ; ; . .
— in the role of temperature sensor of the agent society i _The rational effect of this act is the new belief for the agent

volved in the health care of a patient — wants to insert a tj€althControllerxyZ ~ about the past existence of tuple
ple containing current temperature value in the tuple cent@mperature(X) with X possibly bound to some value in
patient(’Alessandro’) . Then, a possible way to con-the tuple centrgatient(Alessandro’) , sometime be-
ceive this coordination primitive invocation as physical aghe agent’s act.
could be:
(out
:agent (agent-identifier :name sensorXYZ) . .
:target (tuple-centre( patient('Alessandro’) )) C. Inspectlng and programming tuple centres
iy e ACeUse As discussed in Section Ill, the second class of actions
‘content (temperature(37.5))) enabled by an ACC concerns the (dynamic) inspection and

) o ~modification / adaptation of coordination artifacts. Accord-
So, analogously to speech acts we aim at specifying direcifygly, in TUCSoN the coordination primitiveget _spec and
the physical act representing the coordination primitive, and teet _spec can be used respectively to get and set the behaviour

related information concerning target tuple centre, the agent $f€cification of a tuple centre, as multiset of logic tuples ex-
suing the action and the tuple content of the action, in the PIJ€SSed in th&eSpecT language. As the previous case, these

. L . coordination primitives can be modelled as specific physical
log language. The action could fail, in the case that it do

@tts, and the PCL can be used to represenRéBpecT spec-
not belong to the set of the actions allowed by the agent ACf§eation. For instance: P P

At the semantic level, the constraints on allowed actions c n
be used to specify the feasibility precondition of the acts, th -;Egem (agent identifier :name healthController)

is the feasible precondition of a specific coordination primitive ~:target (tuple-centre(patient(Alessandro’) )
:ontology TuCSoN-ACC-Use

invocation is that the action is allowed by the ACC. The rational :janguage PCL

effects of the act obviously depend on the specific coordination :content (
reaction(out(temperature(T)),(

primitive executed: in the example the rational effect is the cre- rd_r(pressure(P)),
ation of a new belief for the agesensorXYZ about the exis- reactioi?@rlff(ﬁcég;(g(cg%, (Out_r(product(P*T)))),
tence of the tupléemperature(37.5) in the tuple centre rd_r(temperature(T)),
patient('Alessandro’) sometime in the past, between in_r(product(Old)),out_r(product(P*T))))).
agent act performance and the current time.
For coordination primitives that retrieve tuples from a tuple In this case, tuple centngatient(’Alessandro’) is

centre (such as the andrd ), the structural coupling model programmed (or rather the coordination artifact is forged) to
applies: the related physical acts structurally modify in one shiktep trackconsistentlyof the product of the temperature and
both the coordination medium enabling / target of the act atioe pressure, as their value is manifested by the insertion of the
the agent itself, in particular its believes. For instance, lefgoper tuples. The purpose of this coordination law could be,



for instance, the need to monitor the occurrence of the confs]
posite logic event concerning the overflow of the product of the

temperature and pressure of some threadsold
In a similar way, a physical act could be used to inspect tuplg;
centre behaviour:

(get_spec
:agent (agent identifier :name healthController)
:target (tuple-centre(patient('Alessandro’) ))
:ontology TuCSoN-ACC-Use
:language PCL
:content (Spec))

(71

(8]

The rational effect of this act is the new belief for the[g]

agenthealthControllerXYZz about the behaviour specifi-
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communication languages conversations. In A. Omicini, F. Zambonelli,
M. Klusch, and R. Tolksdorf, editor$Goordination of Internet Agents:
Models, Technologies, and Applicatiopnshapter 7, pages 183-196.
Springer-Verlag, Mar. 2001.

D. Dennett. The Intentional StanceBradford Books/MIT Press, Cam-
bridge, MA, 1987.

V. Dignum, J.-J. Meyer, H. Weigand, and F. Dignum. An organization-
oriented model for agent society. Workshop “RASTA’Bologna, Italy,
2002. AAMAS 2002, Proceedings.

: : ) ) 10] FIPA, Foundation for Intelligent Phisical
cation of the tuple C?ntmtlem( Alessandro’) . —rep- Agents. Fipa domains and policies specification.
resented by the logic tuples referred 8pec variable, at the http://www.fipa.org/specs/fipa00089/ ,
moment of the act execution. 2000.
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http://sharon.cselt. |t/pr01ects/1ade/ ,
VI. CONCLUSIONS ANDFUTURE WORK 2000.

In this work we recalled the basic motivations for exploitinélz]
subjective and objective coordination in the same engineering
context, and then we presented the basic intuitions for conce?!
ing such integration in the case of FIPA agent model (as subjez
tive approach) an@fuCSoN coordination model/infrastructure
(as objective approach). [15]

Lots of exiting work still remains to do. The following lines
seems of particular interest, and will be subject of further rét6l
search:

« extending the mechanism by which ACCs can be inspectgd]
in TUCSON as to incorporate the notion of semantics to an
action [18]

« defining the FIPA ontology for ACC negotiation and coor-
dination artifacts use/manipulation. In particular, deflnlnb19
formally the model / language for expressing TheCSoN
coordination primitives as physical actions — classified in
the two basic categories — and the formal semantics, %]
terms of FP and RE of each physical act. We can use tLe
Prolog Content Language, already available in the FIFALl
context, as content language for expressing logic tuples
involved in coordination primitives execution, both for ex{22]
pressing tuple inserted and retrieved in tuple centre and the
ReSpecT behaviour specification

« experimenting in practice the integration with the available
technology, i.e. the JADE FIPA compliant platform and?®!
TuCSoN technology.
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