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Abstract—The material presented in this paper is focused on the
characteristics of open computational systems and, in particular,
the issue of coordinating behavior in such systems, i.e.systemic
coordination. Firstly, we introduce a conceptual framework for
characterizing systemic coordination at different levels abstrac-
tion. Secondly, challenges and opportunities of this framework is
outlined as a matter of exploiting aService-oriented layered archi-
tecture for communicating entities(SOLACE ) in combination with
a particular coordination model (TuCSoN). In the context of sys-
tems engineering, we consider SOLACE and TuCSoN to be exam-
ples of the basic tools required for support of systemic coordina-
tion, i.e., the continuous process of construction and observation of
open computational systems and their evolving interaction space.
Finally, we outline the impact of these tools on empirical aspects
of systemic coordination.

I. I NTRODUCTION

The material presented herein is focused on coordination of
behavior inopen computational systems[8], i.e. physical en-
vironments where multiple agents have the capability to access
and interact with a networked and computationally empowered
system. The general vision of the future considers the involved
networks of devices to be interconnected with each other in an
autonomicand conjunctivemanner [28]. A device is simply
powered on and automatically integrated into the surrounding
fabric of interaction, either by means of a physical connection
or by bringing the device into the proximity of a wireless net-
work. Consequently, we envision future multiagent systems to
rely on such a conjunctive fabric of interaction, populated by
personally tailored conjunctive services. As such, the notion
of open computational systems explicitly accounts for ambient
and autonomic computing [11], [14], i.e. real world applica-
tion scenarios in the context of ubiquitous and pervasive com-
puting [34], proactive computing [28], embedded Internet [6],
network-centric Computing [13], [30], grid computing [1], and
service-oriented computing [15].

From a general perspective, open computational systems can
be conceived as communities of individuals, characterized by a
shared overallmissionthat can be achieved by means of support
from information systems [12]. Consequently,coordinationis a
fundamental aspect of open computational systems, accounting
for the global coherenceof system behaviour, according to a
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particular mission andcontextin which the members of some
community are situated.

An applicable perspective on the complexity of coordination
in open computational systems is provided by the computer-
supported cooperative work context (CSCW) [24] and, in par-
ticular, in terms of the concept ofarticulation of work. Typi-
cally the involved complexity of coordination requires the flex-
ible deployment of multiplecoordination mechanisms[25],
adopting approaches that span fromsubjective— mostly rely-
ing on the capabilities of individuals to support coordinated be-
havior — toobjective— exploiting coordination services pro-
vided by an underlying infrastructure and interaction medium
[27].

Given this background on systemic coordination, the mate-
rial outlined in this paper introduces a conceptual framework
for systemic coordination. The framework explicitly addresses
a number of abstraction levels that are necessary in identifying
current approaches of coordination and putting them into an
applicable context of empirical investigation. The framework
should be of particular interest in the context of methodologies
for agent-oriented software engineering methodology, i.e., the
framework aims at bridging the gap between theory and prac-
tice of systemic coordination in open computational systems.

In order to emphasize the practical implications of our
methodological framework, we introduce a concrete example
of systemic coordination by means of the application scenario
of Trustworthy and sustainable operations in marine environ-
ments(TWOSOME). In fact, SOLACE was used in the develop-
ment of this system and, as it accounts for systemic coordina-
tion, is now subject to further investigations of using multiple
coordination mechanisms. One example of such an evaluation
is to introduceTuCSoN as an additional coordination service
in the context of TWOSOME. Throughout this paper, this ap-
proach will be extensively discussed, always with the support
of our methodological framework, in which we also outline a
case study for future exploration.

II. OPEN COMPUTATIONAL SYSTEMS

A. Systemic coordination in practice

Research and development of information systems for de-
fense and warfare have changed most dramatically during the
last decade; from weapons of mass destruction to sustainable
systems of coordinated and computationally empowered enti-
ties, i.e. network-centric warfare. From a holistic perspec-
tive, the involved systems are comprised by a wide range of
agents and services: sensor and actuator systems, detection



and weaponry systems, as well as communication, decision,
and support systems. To that end, the behavior of each sys-
tem component, as well as their synthetic behavior, has to be
dependable and trustworthy in operations under dynamic and
hostile conditions, and — perhaps even more challenging —
the notion of system lifespan has to be considered in terms
of decades. Consequently, at the core of a prototype system
for Trustworthy and sustainable operations in marine environ-
ments (TWOSOME) was the development of a multiagent sys-
tem, where interacting and coordinated entities and services
temporarily come together in a physical setting in order to per-
form a particular assignment under dynamic and hostile condi-
tions. The system developed is subject to a validation of qual-
ities such as information fusion, adaptation, shared awareness
and decision making, i.e., coordination in military missions and
operations.

The systemic coordination in TWOSOME involves two inter-
related application domains — the viewpoints of attackers and
defenders — and missions, i.e., creating and removing physi-
cal threats at some particular environment location. The var-
ious agents involved are positioned in a physical environment
and therefore, by means of their autonomous and cooperative
behavior, create an evolving state of affairs that is impossi-
ble to handle by means of a single coordination mechanism.
An attacker — a smart mine — is positioned in the environ-
ment and set to detonate whenever the presence of a particu-
lar vessel is identified in the surroundings. Correspondingly,
three coordinated defenders — autonomous vessels emanating
acoustic and magnetic signatures — are assigned the role of
sweeping different environment locations and aim at remov-
ing potential attackers by means of making mines detonate in
a harmless way. The role of a team of defenders is to outsmart
the mine by means of providing fake signatures of real vessels.
In TWOSOME, the issue of sustainable coordination is explic-
itly accounted for by the three defenders by means of continu-
ously executing the articulation, construction, observation, and
instrumentation feedback loop and thereby maintaining a par-
ticular signature at hand. In reality, this involves the continuous
adaptation and reconfiguration of roles. In accordance with the
layered perspective of open computational systems, the follow-
ing material introduces an outline of TWOSOMEs characteristic
environment, fabric, and system properties that account for the
concept of deception in network-centric warfare.

B. Systemic coordination in theory

The most characteristic property of open computational sys-
tems can be described as a natural support for construction and
observation. In order to explicitly account for the issues of con-
struction and observation of system behavior, we introduce a
formal model for construction that is grounded in process al-
gebra, with the operators of join (integration) and connect (in-
teraction). This approach enables us to observe the fundamen-
tal constructs involved in sustainable coordination and, conse-
quently, in what way instrumentation of system behavior most
appropriately can be supported in terms of continuous articu-
lation, construction, and observation. As such, construction is
considered to be a matter of integration and interaction, i.e., the
ability of an agent to enter or leave a particular location in some

Fig. 1. Framework. The systemic coordination of behavior in open compu-
tational systems is characterized by means of four distinct layers that exhibit
certain key features: evolution, mediation, interaction, and observation.

system and the ability of agents in the system to interact with
each other, by means of integration.

Coming back to the main issue addressed in this paper, it
stands clear that both subjective as well as objective approaches
to multiagent systems coordination implicitly assume that the
articulation of some particular mission is an integral component
of the system in question and, consequently, must not change
during its life time. However, as accounted for by TWOSOME,
there are indeed situations — i.e., context switches — that re-
quire the global coherence of some particular systems mission
and quality as a whole to be continuously constructed and ob-
served. Consequently, when some complex multiagent system
is situated in an evolving physical environment, it is of funda-
mental importance that the role of articulation is made explicit.
This also implies that multiple coordination mechanisms are re-
quired as a matter of the context switching taking place in the
particular system under study. In summary, if we consider sys-
temic coordination to be a matter of continuous articulation,
construction, observation, and instrumentation of open compu-
tational systems, we need to address this type of continuous sys-
tem adaptation in terms of a comprehensive and methodological
approach.

III. F RAMEWORK

The phenomena in focus of this paper is open computational
systems. In particular, we aim at bridging the gap between the-
ory and practice of coordination in such systems. However,
we believe that the only way to bridge this gap is to develop
a common methodological framework. This would enable us
to address common challenges and opportunities of systemic
coordination of open computational systems. In essence we
consider certain characteristic features, classes, and instances
of systemic coordination.

A. Environment and evolution

A key aspect of open computational systems is their char-
acteristic property of being open and dynamic in nature. We
consider such systems as situated in environments where new
agents and services can enter and leave the environment at
will. In this environment entities, computational or not, ob-
serve and interact with each other. This environment is also the
origin of unpredictable events affecting sustainable behaviors
and, hence, coordination of any system situated in this context:,
agents and services can not only enter and leave a system at
will, they can also be forced to change state as a result from



Fig. 2. Construction. In SOLACE, empirical studies of open computational
systems are supported by means of (multiple) qualitative perspectives, i.e., on-
line models of structures in open computational systems, that can be observed
dynamically by DISCERN. The figure shows the DISCERN dynamic represen-
tation of some structures at the system level — services and agents — and
structures at the domain level — such as concepts.

external stimuli that cannot be predicted at design time. Agents
and services can also be forcefully removed from the environ-
ment as a result from unknown events. In a sense, an agent that
proliferates in an open computational system is by all means
subject to a continuous struggle for survival and evolution.

B. Fabric and mediation

The fabric of interaction is an integral part of an open com-
putational systems environment. Any set of agents and coordi-
nation artifacts require some form of support for mediation. We
consider the fabric of an open computational system to explic-
itly support the (local) existence of agents and services, as well
as the dynamic coupling of a dynamic set of fabric nodes. Each
fabric node must support the construction and observation of
cognitive constructs as well as the interaction between agents.
In summary, the fabric of an open computational system is con-
sidered in terms of the artifacts involved as well as their con-
nectivity and required support for mediation, interaction, and
observation. However, the fabrics support for mediation must
never involve the actual coordination of agents and services.
This feature is solely imposed on domain specific constructs at
the system and domain levels of open computational systems.

C. System and interaction

An integral part of the interaction fabric, there exist a dy-
namic set of computational entities. As such, each entity, e.g.,
agent or service, at the system level exhibit an autonomous be-
havior by means of observing the surrounding environment and
interacts accordingly. In doing so, a computational entity re-
quires the explicit support for mediation provided by the fab-
ric of interaction. Due to the occurrence of frequent context
switching in open computational systems, the entities that in-
teract and form some particular behavior also require the capa-
bility to dynamically create cognitive constructs — i.e., models
— of themselves and their particular behavior. These constructs
are used by other entities in the continuous process of articula-
tion, construction, observation, and instrumentation.

D. Domain and observation

From a holistic perspective, the domain layer is one of the
most important perspectives of an open computational system.

By means of a dynamic set of cognitive constructs — i.e., con-
structed and instrumented by the computational entities at the
system level — the activity of observation is primarily depen-
dent on an agents capability to discover potential entities to
interact with in some articulated mission. It is by means of
observation of these cognitive constructs that an agent implic-
itly is capable of measuring characteristic qualities in a system.
In essence, the domain layer of open computational systems is
supported by each node in the fabric of interaction, but articu-
lated, constructed, observed, and instrumented by the dynamic
set of entities residing at the system level.

IV. PRACTICE

Coming back to the main issue addressed in this paper, it
stands clear that both subjective as well as objective approaches
to multiagent systems coordination implicitly assume that the
articulation of some particular mission is an integral compo-
nent of the system in question and, consequently, must not
change during its life time. However, as accounted for by TWO-
SOME, there are indeed situations i.e., context switches that
require the global coherence of some particular systems mis-
sion and quality as a whole to be continuously observed and
instrumented. Consequently, when some complex multiagent
system is situated in an evolving physical environment, it is of
fundamental importance that the role of articulation is made
explicit. This also implies that multiple coordination mecha-
nisms are required as a matter of the context switching taking
place in the particular system under study. In summary, if we
consider sustainable coordination to be a matter of continuous
articulation, construction, observation, and instrumentation of
open computational systems, we need to address this type of
continuous system adaptation in terms of a comprehensive and
methodological approach.

A. SOLACE for construction

We have developed a distributed service-oriented layered ar-
chitecture for communicating entities (SOLACE), that supports
the construction of open computational systems. This archi-
tecture explicitly supports the three abstraction layers of fabric,
system, and domains. Support of the environment perspective
has been omitted in Solace because the architecture as such is
only supposed to support the abstract perspectives characteriz-
ing constructs that are an integral part of the physical environ-
ment. That is, we consider the architecture to be an integral
part of the physical environment and not vice versa. Our archi-
tecture therefore supports the layered perspective of open com-
putational systems in terms of fabric, system, and domain. In
particular, both the system and domain level, providing means
for entities located at the system level to observe and constructs
structures at the domain level, with a clearseparation of con-
cerns: a physical instantiation of a service or agent at the sys-
tem level can dynamically define its cognitive manifestations
as structures and relationships at the domain level, in order to
be discovered and observed by the other entities populating the
system level.



Fig. 3. Observation. In DISCERN, empirical studies of open computational
systems are supported by means of (multiple) quantitative perspectives, i.e.,
online models of patterns in open computational systems. A specific observa-
tion must necessarily encompass important quality dimensions as well as their
quantification.

B. DISCERN for observation

In practice, the activity of observation aims at acquiring cer-
tain quantifications of some domain’s characteristic qualities.
Acquiring these measurements can be done by means of certain
instruments. Also, we consider these quantifications to be the
basis in an actual instrumentation of some particular system un-
der study. We therefore have implemented aDistributed inter-
action system for complex entity relation networks(DISCERN)
that explicitly addresses the dynamic and real time observation
and instrumentation of open computational systems residing on
SOLACE, e.g., TWOSOME. DISCERN enables the observation
of qualitiesandquantitiesin multiple domains of open compu-
tational systems [9]:

• Qualities. In the context of the layered perspective of qual-
ities provided by the framework, DISCERNis therefore ap-
plied in the observation of domain specific qualities with
respect to these four perspectives. However,even though
SOLACE does not address the notion of a physical environ-
ment, this is of utmost importance in DISCERN in order to
immediately provide a human agent and observer with the
current context. In a similar manner, the fabric, system,
and domain layers of open computational systems are rep-
resented in DISCERNby means of a volumetric space that
is navigable (see Fig. 2).

• Quantities. In addition to the possibility of a human agent
to observe and instrument the qualities of open computa-
tional systems, DISCERN also provides support of quan-
tification. That is, by means of the constructs accounted
for by SOLACE, any quality available in some accessible
open computational system can dynamically be quantified
and further analyzed in DISCERN (see Fig. 3). Examples
of the sustainable coordination of such qualities and quan-
tities are currently studied in TWOSOME, in terms of infor-
mation fusion, adaptation, awareness, and policies. Since
DISCERN supports real time observation and instrumen-
tation of open computational systems, the quantities ac-
quired in some particular context can be used in further
studies on automated analysis and in the continuous feed-
back loop of articulation, construction, observation, and
instrumentation.

C. TuCSoN for coordination

TuCSoN is a model for enabling and supporting coordi-
nation in multiagent systems [20].TuCSoN coordination re-
lies ontuple centres[19], as programmable tuple space which
are exploited first to enable agent interaction, then to specify
and enact agent coordination — as interaction management —
through tuple centre behaviour. More specifically, tuple cen-
tres are Linda-like tuple spaces [10], enhanced with the no-
tion of behaviour specification, espressed in terms of first-order
logic specification languageReSpecT[18]. Each tuple centre
is independently programmed through its ownReSpecT spec-
ification, defining its behaviour in response to communication
events. As a result, a tuple centre encapsulates the laws of co-
ordination in terms ofReSpecT specification, which are both
inspectable and dynamically configurable.

TuCSoN promotes the vision of ofcoordination as a ser-
vice[29], which is they key to understand the deployment of
the model in the SOLACE service-oriented context (see Fig.
4 for an overall perspective). From a topological and infras-
tructure point of view, coordination services are provided by
nodes, where tuple centres resides as run time coordination ab-
stractions. EachTuCSoN node defines a coordination con-
text where the coordination services are situated; a coordina-
tion context can be conceived as an open set of services enacted
through tuple centres, organisational rules (roles, policies, . . . )
and dynamics that concern a node, its static and dynamic con-
text. The collection of all the coordination contexts provided
by the nodes constitute theTuCSoN coordination space. In or-
der to access the services, an agent must enter the coordination
context provided by the node, and this is where the agent coor-
dination context notion comes into account. Agents can enter
the node coordination context by negotiating aTuCSoN agent
coordination context(ACC) with the node. The ACC is the
means that allows the agent to exploit the coordination services
provided by a node, providing the set of the possible actions and
observation that the agent can do in the context: as for the con-
trol room metaphor described in [17], it establishes the admis-
sible agent inputs and the admissible agent outputs. The idea
(and related modelling and engineering discipline) is to use the
ACC to embed and enforcesubject-centeredrules, i. e. rules
constraining agent actions by virtue of its position (role) inside
the organisation, its actions in the specific coordination context
related to that role, but also asthemeans to model and provide
the quality it negotiated for the coordination. Instead, as already
described extensively in other papers [19], [4], the tuple centres
are used to embed and enforce coordination laws toward the ful-
filment of social tasks, the prescription of social norms, so rules
and constraints that are moresociety/organisationcentered, and
that characteriseTuCSoN as an objective-coordination model
[27]. ACC and tuple centres together provide subjective and ob-
jective means for modelling and shaping agent interaction space
within the context of an agent society/organisation, ACC with
focus on the subjects, tuple centres with focus on the society.

D. Challenges and opportunities

From theTuCSoN perspective, SOLACE can be conceived
as one of the service-oriented multiagent service-oriented in-
frastructure which allowsTuCSoN coordination services to be



Fig. 4. SOLACE from TuCSoN perspective. SOLACE is conceived as one
of the service-oriented multiagent service-oriented infrastructure which allows
TuCSoN coordination services to be discovered and deployed.

discovered and deployed, as depicted in Fig. 4. From the SO-
LACE perspective,TuCSoN supports the layered perspective of
open computational systems with specific focus on the interac-
tion and coordination Fig. 5:

• Fabric. The fabric layer is supported by the service-
oriented infrastructure that provideTuCSoN services, that
could beTuCSoN native infrastructure or any other mul-
tiagent system service-oriented infrastructure such as SO-
LACE (this issue will be described in details in following
sessions); In Fig. 5,TuCSoN is partially considered also
part the fabric layer, with SOLACE, because from the point
of view of coordination, it provides the basic enabling
mechanism (in the CSCW perspective [25]) or media / lan-
guages (according to objective coordination models and
language ontology [2]) to construct high level coordina-
tion structures (and processes). The basic objective coor-
dination mechanisms provided have been demonstrated —
from a formal point of view — to be expressive enough to
support the specification and enactment of any high level
coordination pattern [18]; in this context it means that any
special-purpose coordination service can be constructed
and deployed at the system level, and manifested and ob-
served at the domain level;

• System. The system layer is supported by physical instan-
tiation of tuple centres, wrapped as specific instantiation of
SOLACE services; As remarked in Fig. 5, three cases can
be considered. The case tagged with number three is the
case in which coordination is constructed and deployed by
composing the basic interaction / construction primitives
offered directly by the SOLACE infrastructure, according
a subjective coordination style. The cases two and one in-
volve the deployment ofTuCSoN services, which refers
to the same case from a system point of view, but con-
ceptually provide some differences useful to be remarked.
The case tagged with number two refers to the availability
for agents ofTuCSoN services as general purpose mecha-
nisms to setup (articulate) a coordination context, by suit-
ably programming the behaviour of any (possibly new) tu-
ple centres of a node; the termnewused in this context
means tuple centre with an empty behaviour specification,

Fig. 5. TuCSoN in the multilayered perspective of the framework and of
SOLACE.

which make them flat tuple spaces. From this perspective,
agents consider the tuple centres that they need for the pur-
pose and exploit the service provided by the infrastructure
— in the form of the agent coordination context illustrated
in previous section — to specify the coordination laws and
forge tuple centre behaviours. In other word, they dynami-
cally forge new special purpose coordination services that
they as well as other agents can deploy according to the
roles defined by the coordination context [22]. Actually,
this is the case tagged with one in Fig. 5, referring to the
deployment of already programmed tuple centres, as SO-
LACE specific coordination services constructed for some
specific mission (as it could be in theTwosomecase);

• Domain. The domain layer is supported by providing a
suitable cognitive manifestation of the coordination con-
texts whichTuCSoN coordination services instances refer
to, and which can be dynamically observed by agents. In
particular, theReSpecT specification describing a tuple
centre behaviour in joint effort with the tuple set content of
theconfig tuple centre residing on eachTuCSoN node
— describing static and dynamic issues of the coordination
and organisation context related to the node [22] — can
be considered a direct cognitive manifestation of the co-
ordination services; as promoted by SOLACE vision, these
manifestations in form of (multi-set of) logic tuples1 can
be discovered and observed at the domain level by the enti-
ties populating the system level. According to the distinc-
tion we consider in the previous point, cognitive manifes-
tations could refer to either specific coordination services
(case tagged with letterA in Fig. 5), and so not-empty
set ofReSpecT specification tuples defining medium be-
haviour, or general purpose one (case tagged with letterB
in Fig. 5).

V. I NVESTIGATION

In previous sections we showed how observation and con-
struction concept are generally supported by SOLACE accord-
ing to the multilayered perspective defined by the framework,
and how can be conceived the integration ofTuCSoN in such
a perspective. Now we discuss the impact of such integration,
in particular focusing on the new perspectives on observation
and construction — in the context of systemic coordination —

1also ReSpecT program (specification) defining the behaviour of a tuple
centre are constituted by multi-set of logic tuples [18]



Fig. 6. Some observation views provided byTuCSoN Inspector on the communication and coordination dynamic and static state of a tuple centre (default in
the picture)

that emerge by deployingTuCSoN as a coordination service
provider for SOLACE.

Generally speaking,TuCSoN, by virtue of its objective co-
ordination model makes it possible to balance/distribute dy-
namically, according to the need, the burden of coordination
between agents and the tuple centres, as coordination (media)
services provided by the infrastructure, in this case. So agents
populating the system level of SOLACE can choose either to en-
gage coordination subjectively or deploy the coordination ser-
vices that the infrastructure makes them available, contextually
to their capability, the social tasks (mission) of the community
and the situated environments where they live.

This approach models suitably the coordination perspectives
that CSCW accounts for, and which is required in the context
of open computational systems. In particular, the coordina-
tion media provided byTuCSoN can be considered as the em-
bodiment ofcoordination artifactsexplicitly considered in the
context of CSCWarticulation of work. The possibility of ex-
ploiting programmable media whose behaviour can be changed
dynamically mirror the need expressed in the CSCW context
to have flexible artifacts that can be forged / changed dynam-
ically, according to the situated context, possibly by structur-
ing/composing basic coordination mechanisms in order to de-
fine any complex collaborative activity [26], [3], [16]. In this
way both the situatedness of the work and the benefits ofco-
ordination — according to CSCW and Activity Theory on-
tology — are exploited in the same coordination context, as
required by complex coordination scenarios in the context of

WfMS and CSCW [23].

A. Observation of the agent interaction space

Observation is supported by means of inspectability of tuple
centres: both the communication and the coordination state can
be dynamically observed, described in terms of logic tuples. In
particular, the capability to observe the coordination state refers
both to the coordination laws that define medium behaviour,
and the dynamic state of the coordination activities. Therefore,
according to the systemic ontology, the model makes it possi-
ble to observe theprocessesandcollective behavioural patterns
that characterise the coordinated system;

The observation can be exploited at different abstraction lev-
els, according the multilayered perspective provided by the
framework: in particular, the cognitive structures related to
TuCSoN coordination services populating the domain level —
as described in Section IV-D — can be discovered and observed
dynamically by agents populating the system level supported by
SOLACE. Actually, on the one sideTuCSoN infrastructure pro-
vides a tool — called Inspector — used to observe and possibly
affect the communication and coordination static and dynamic
state of a tuple centre [5] (see Fig. 6 for an overall picture about
the observation views provided by the Inspector tool). The syn-
ergy of this tool with the DISCERN tool provided on top of SO-
LACE (described in Section IV-B) provides interesting benefits:
from the SOLACE (DISCERN) side, the new capability to ob-
serve structures and processes specifically concerning interac-
tion and coordination; from theTuCSoN (Inspector) side, the



enhancement of the presentation and analysis of real time in-
formation related to communication and coordination state of
tuple centres. This is a valuable tool to explore (emerging) pat-
terns in the system interaction behaviour, test related systemic
qualities, and their evolution (stability) over time.

B. Construction of the agent interaction space

Construction is supported at two different levels. First of all,
a tuple centreenablesentities interaction and communication,
providing means toconstructcommunication according to pro-
tocols that can be established / composed / changed dynam-
ically. This is possible by composing the basic coordination
primitives provided by the coordination language, exploiting
the properties ofgenerative communicationwhich characterise
tuple-based models [10]. Moreover, the adoption of logic tu-
ples as communication language makes it possible to exploit
meaningfully the model with agents with heterogeneous com-
putational model.

Then, the most relevant aspect concerns the capability of sup-
porting dynamically the construction / adaptation / evolution of
the coordination strategies reflecting the mission of the com-
munity, or rather the social rules and norms defining the system
as agent society, or again the collaboration policies defining the
agent organisation. In systemic terms, that means the capability
of dynamically constructing / adapting / constrainingprocesses
andcollective behavioural patterns, without acting necessarily
on the autonomous entities that compose systemstructure. This
construction capability inTuCSoN is provided in particular by
three points:(i) the programmability of the coordination media
(tuple centres);(ii) the fact that the programmability is sup-
ported dynamically;(iii) the expressiveness of the coordination
model and, in particular, of the language used to program the
coordination media (ReSpecT).

C. Empirical aspects of systemic coordination

According to points sketched,TuCSoN approach to obser-
vation/construction can be useful to support thebottom-upap-
proach in building system behaviour as accounted in [7], es-
sential in the context of systemic coordination. In particular it
provides:

• Common awareness. Support for the dynamically increas-
ing of the knowledge/awareness about the system, that
grows in time with the going on of the interactions. From
this point of view, the coordination media can act as ar-
tifacts embedding thesocial historyof the system, which
can be observed in order to reason about system evolution
and to make prediction;

• Global coherence. Support for the dynamic development
of collective behavioural patterns, toward the global coher-
ent behaviour accounted by the mission of the community.
From this point of view, the development of coordination
aspects of the system can be conceived as a sort of scien-
tific experiment: system behaviour designers (that could
be humans as well as agents) make hypothesis and theo-
ries about the laws that can be enforced, in order to guide
the system toward the global coherent behaviour that the

mission account for; they set the laws by suitably program-
ming medium behaviour, and then they can validate or
in-validate their theories, by observing system behaviour
evolution (through the inspection of the media). These ob-
servations can guide them to change and improve their the-
ories and the coordination laws of the media accordingly;

• Dissipative Structure. Support for designing and deploy-
ing dissipative structuresfor the open computational sys-
tem [21]. Tuple centres can be conceived as shared arti-
facts that provide the function of entropy drainers (dissipa-
tive structures) for the agent interaction space, by means of
the coordination laws constraining dynamically the space
and keeping order despite of the openness of the system.

The continuous feedback loop of articulation, construction,
and observation is the cornerstone ofsustainablecoordination,
i.e. the capability of measuring and providing some holistic
qualities related to systemic coordination and the collective be-
haviours of the open computational systems [9]. Related ideas
and frameworks have been proposed in the theoretical areas
of interaction [31] and empirical computer science [32], [33],
and we consider them the fundamental scientific and practical
approach in understanding, as well as engineering, the struc-
tures, patterns, and processes involved in open computational
systems.

VI. CONCLUSIONS AND FUTURE WORK

The paper outlined a conceptual framework that can be
used to understand and compare approaches exploited for
the theoretical and empirical investigation in the context
of systemic coordination in open computational systems.
In particular, some investigations about the deployment of
TuCSoN as a coordination service provider in the context of
SOLACE service-oriented infrastructure, and related benefits
for supporting the construction and observation of collective
behaviour in open computational systems, have been sketched.
In this context, future work accounts for deepening these
investigations by comparing the engineering solutions to the
coordination issues characterising the TWOSOME system case
study provided both from exploiting the native basic interaction
mechanisms provided by the SOLACE infrastructure and from
deploying TuCSoN coordination services. SOLACE will
be enhanced by introducing mission packages comprised of
multiple coordination services, e.g., coordination patterns
related to computational markets and resource management
and objective coordination patterns such asTuCSoN. Finally,
complex computational entities will be introduced to provide
context-sensitive domain reasoning, e.g., about system stability
and maintenance.
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