A Framework for Systemic Coordination
In Open Computational Systems

Martin Fredriksson Alessandro Ricci
Andrea Omicini  Rune Gustavsson

Abstract—The material presented in this paper is focused on the particular mission andontextin which the members of some
characteristics of open computational systems and, in particular, community are situated.
the issue of coordinating behavior in such systems, i.esystemic An applicable perspective on the complexity of coordination

coordination Firstly, we introduce a conceptual framework for in n mbutational tems i rovided by th mouter
characterizing systemic coordination at different levels abstrac- open computational systems IS provided by the computer-

tion. Secondly, challenges and opportunities of this framework is Supported cooperative work context (CSCW) [24] and, in par-
outlined as a matter of exploiting aService-oriented layered archi- ticular, in terms of the concept @irticulation of work Typi-

tecture for communicating entitie¢SOLACE ) in combination with  cally the involved complexity of coordination requires the flex-
a particular coordination model (TUCSoN). In the context of sys- ible deployment of multiplecoordination mechanismg5],

tems engineering, we consider SLACE and TUCSoN to be exam- donti hes that frembiecti " |
ples of the basic tools required for support of systemic coordina- adopting approaches that span ireabjective— mostly rely-

tion, i.e., the continuous process of construction and observation of ing on the capabilities of individuals to support coordinated be-
open computational systems and their evolving interaction space. havior — toobjective— exploiting coordination services pro-

Finally, we outline the impact of these tools on empirical aspects vided by an underlying infrastructure and interaction medium
of systemic coordination. [27].

Given this background on systemic coordination, the mate-

rial outlined in this paper introduces a conceptual framework

I. INTRODUCTION for systemic coordination. The framework explicitly addresses

The material presented herein is focused on coordination@flumber of abstraction levels that are necessary in identifying
behavior inopen computational systerf@, i.e. physical en- current approaches of cogrdmguon a}nd putting them into an
vironments where multiple agents have the capability to accédplicable context of empirical investigation. The framework
and interact with a networked and computationally empower&fould be of particular interest in the context of methodologies
system. The general vision of the future considers the involvER] @gent-oriented software engineering methodology, i.e., the
networks of devices to be interconnected with each other in §gmework aims at bridging the gap between theory and prac-
autonomicand conjunctivemanner [28]. A device is simply tIC€ of systemic coord|n_at|on in open pomputaqongl systems.
powered on and automatically integrated into the surrounding!? ©rder to emphasize the practical implications of our
fabric of interaction, either by means of a physical connectigiéthodological framework, we introduce a concrete example
or by bringing the device into the proximity of a wireless net2f Systemic coordination by means of the application scenario
work. Consequently, we envision future multiagent systems ¢f Trustworthy and sustainable operations in marine environ-
rely on such a conjunctive fabric of interaction, populated JJeNtS(TWOSOME). In fact, SOLACE was used in the develop-
personally tailored conjunctive services. As such, the notiéRent of this system and, as it accounts for systemic coordina-
of open computational systems explicitly accounts for ambiefen: iS now subject to further investigations of using multiple
and autonomic computing [11], [14], i.e. real world applicagoorc_zllnatlon mechanisms. One e_x_ample of sqch an evalu_at|0n
tion scenarios in the context of ubiquitous and pervasive cofi-t0 introduceTUCSoN as an additional coordination service
puting [34], proactive computing [28], embedded Internet [6{7 the context of wosoME Throughout this paper, this ap-

network-centric Computing [13], [30], grid computing [1], andProach will be extensively discussed, always with the support
service-oriented computing [15]. of our methodological framework, in which we also outline a

From a general perspective, open computational systems &fi€ Study for future exploration.

be conceived as communities of individuals, characterized by a

shared overalnissionthat can be achieved by means of support 1. OPEN COMPUTATIONAL SYSTEMS
from information systems [12]. Consequendgordinationisa A Systemic coordination in practice
fundamental aspect of open computational systems, accountin

Research and development of information systems for de-
for the global coherencef system behaviour, according to e P y

nse and warfare have changed most dramatically during the
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and weaponry systems, as well as communication, decisig
and support systems. To that end, the behavior of each g
tem component, as well as their synthetic behavior, has to | i [
dependable and trustworthy in operations under dynamic a aT~ 3 TERACTION
hostile conditions, and — perhaps even more challenging ' o
the notion of system lifespan has to be considered in ter
of decades. Consequently, at the core of a prototype syst|
for Trustworthy and sustainable operations in marine envirorr
ments (WosoME) was the development of a multiagent Sysrig. 1. Framework The systemic coordination of behavior in open compu-
tem, where interacting and coordinated entities and serviégtg)qal systems is charactgrized by means of fot_Jr distinct layers t_hat exhibit
temporarily come together in a physical setting in order to peﬁe_rtaln key features: evolution, mediation, interaction, and observation.
form a particular assignment under dynamic and hostile condi-
tions. The system developed is subject to a validation of qual;stem and the ability of agents in the system to interact with
ities such as information fusion, adaptation, shared awarengggh other, by means of integration.
and decision making, i.e., coordination in military missions and Coming back to the main issue addressed in this paper, it
operations. stands clear that both subjective as well as objective approaches
The systemic coordination infoSoMEinvolves two inter- o multiagent systems coordination implicitly assume that the
related application domains — the viewpoints of attackers aggiculation of some particular mission is an integral component
defenders — and missions, i.e., creating and removing phygf-the system in question and, consequently, must not change
cal threats at some particular environment location. The Vafgring its life time. However, as accounted for bw®SOME,
ious agents involved are positioned in a physical environmeafkre are indeed situations — i.e., context switches — that re-
and therefore, by means of their autonomous and cooperatiffire the global coherence of some particular systems mission
behavior, create an evolving state of affairs that is imposgind quality as a whole to be continuously constructed and ob-
ble to handle by means of a single coordination mechanisgarved. Consequently, when some complex multiagent system
An attacker — a smart mine — is positioned in the environs sjtuated in an evolving physical environment, it is of funda-
ment and set to detonate whenever the presence of a partigiéntal importance that the role of articulation is made explicit.
lar vessel is identified in the surroundings. Correspondinglyhis also implies that multiple coordination mechanisms are re-
three coordinated defenders — autonomous vessels emanadiided as a matter of the context switching taking place in the
acoustic and magnetic signatures — are assigned the roleygfticular system under study. In summary, if we consider sys-
sweeping different environment locations and aim at remojemic coordination to be a matter of continuous articulation,
ing potential attackers by means of making mines detonatedgnstruction, observation, and instrumentation of open compu-
a harmless way. The role of a team of defenders is to outsmgfional systems, we need to address this type of continuous sys-

the mine by means of providing fake signatures of real vesselsm adaptation in terms of a comprehensive and methodological
In TwosoMmE, the issue of sustainable coordination is explicapproach.

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- _”I' FRAMEV_VORK ] )

ticular signature at hand. In reality, this involves the continuous Th€ phenomena in focus of this paper is open computational
adaptation and reconfiguration of roles. In accordance with tR§Stems. In particular, we aim at bridging the gap between the-
layered perspective of open computational systems, the follodfy @nd practice of coordination in such systems. However,
ing material introduces an outline offfosomes characteristic W€ believe that the only way to bridge this gap is to develop
environment, fabric, and system properties that account for fh&ommon methodological framework. This would enable us

ENVIRONMENT - EVOLUTION

concept of deception in network-centric warfare to address common challenges and opportunities of systemic
coordination of open computational systems. In essence we
B. Systemic coordination in theory consider certain characteristic features, classes, and instances

The most characteristic property of open computational Syosf_systemm coordination.

tems can be described as a natural support for construction and_ ]

observation. In order to explicitly account for the issues of cof- Environment and evolution

struction and observation of system behavior, we introduce aA key aspect of open computational systems is their char-
formal model for construction that is grounded in process acteristic property of being open and dynamic in nature. We
gebra, with the operators of join (integration) and connect (ikonsider such systems as situated in environments where new
teraction). This approach enables us to observe the fundamagents and services can enter and leave the environment at
tal constructs involved in sustainable coordination and, conseill. In this environment entities, computational or not, ob-
quently, in what way instrumentation of system behavior moserve and interact with each other. This environment is also the
appropriately can be supported in terms of continuous articorigin of unpredictable events affecting sustainable behaviors
lation, construction, and observation. As such, constructiondad, hence, coordination of any system situated in this context:,
considered to be a matter of integration and interaction, i.e., thgents and services can not only enter and leave a system at
ability of an agent to enter or leave a particular location in soméll, they can also be forced to change state as a result from



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-
Fig. 2. Construction In SoLACE, empirical studies of open computationallated, constructed, observed, and instrumented by the dynamic

systems are supported by means of (multiple) qualitative perspectives, i.e., gat of entities residing at the system level.
line models of structures in open computational systems, that can be observed

dynamically by DSCERN The figure shows the BCERN dynamic represen-

tation of some structures at the system level — services and agents — and

structures at the domain level — such as concepts. 1V. PRACTICE

Coming back to the main issue addressed in this paper, it
external stimuli that cannot be predicted at design time. Ageriginds clear that both subjective as well as objective approaches
and services can also be forcefully removed from the envirogy myltiagent systems coordination implicitly assume that the
ment as a result from unknown events. In a sense, an agent figkulation of some particular mission is an integral compo-
proliferates in an open computational system is by all meapgnt of the system in question and, consequently, must not
subject to a continuous struggle for survival and evolution. change during its life time. However, as accounted for yoF

SOME, there are indeed situations i.e., context switches that
B. Fabric and mediation require the global coherence of some particular systems mis-

The fabric of interaction is an integral part of an open confion @nd quality as a whole to be continuously observed and
putational systems environment. Any set of agents and coortfiStrumented. Consequently, when some complex multiagent
nation artifacts require some form of support for mediation. W&YStem is situated in an evolving physical environment, it is of
consider the fabric of an open computational system to explfdndamental importance that the role of articulation is made
itly support the (local) existence of agents and services, as V\Pe?FPI'C't' This a.Iso implies that multiple coordlnayon.mechg-
as the dynamic coupling of a dynamic set of fabric nodes. EaRfMs are required as a matter of the context switching taking
fabric node must support the construction and observation RJfce in the particular system under study. In summary, if we

cognitive constructs as well as the interaction between agerﬁgns'der sustainable coordination to be a matter of continuous

In summary, the fabric of an open computational system is COz;‘]r_ticulation, construction, observation, and instrumentation of

sidered in terms of the artifacts involved as well as their coRP€N computational systems, we need to address this type of

nectivity and required support for mediation, interaction, arfgPntinuous system adaptation in terms of a comprehensive and
observation. However, the fabrics support for mediation my&gthodological approach.

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 system’g‘: SOLACE for construction

We have developed a distributed service-oriented layered ar-
C. System and interaction chitecture for communicating entities@BACE), that supports
e construction of open computational systems. This archi-
cture explicitly supports the three abstraction layers of fabric,

agent or service, at the system level exhibit an autonomous ggtem, and domains. Support of the environment perspective

havior by means of observing the surrounding environment a as been omitted in Solace because the architecture as such is

interacts accordingly. In doing so, a computational entity ré)_nly supposed to support the abstract perspectives characteriz-

quires the explicit support for mediation provided by the fap"9 construct.s that are an integral par't of the physical e'nviron-
ric of interaction. Due to the occurrence of frequent conte ent. That is, we consider the architecture 10 be an integral

switching in open computational systems, the entities that iRart of the physical environment and not vice versa. Our archi-

teract and form some particular behavior also require the Cab%gture therefore supports the layered perspeciive of open com-

bility to dynamically create cognitive constructs —i.e., modei;;wt"’ltlon"’II systems in terms of fabric, system, and domain. In

— of themselves and their particular behavior. These constru ?srt|cqlgr, both the system and domain level, providing means
are used by other entities in the continuous process of artic fgr entities located at the system level to observe and constructs

tion, construction, observation, and instrumentation. structures at _the @mam Ie_vel, with a C_Iemparatlon of con-
cerns a physical instantiation of a service or agent at the sys-

) . tem level can dynamically define its cognitive manifestations
D. Domain and observation as structures and relationships at the domain level, in order to
From a holistic perspective, the domain layer is one of thee discovered and observed by the other entities populating the
most important perspectives of an open computational systesystem level.

An integral part of the interaction fabric, there exist a dyt-h
namic set of computational entities. As such, each entity, e.



C. TuCSoN for coordination

TuCSoN is a model for enabling and supporting coordi-
nation in multiagent systems [20TuCSoN coordination re-
lies ontuple centreg19], 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 languageeSpecT[18]. Each tuple centre
is independently programmed through its oR@SpecT spec-
. . . . . ification, defining its behaviour in response to communication
Fig. 3. Observation In DISCERN, empirical studies of open computational
systems are supported by means of (multiple) quantitative perspectives, BYENtS. As a result, a tuple centre encapsulates the laws of co-
online models of patterns in open computational systems. A specific obsergaeination in terms oReSpecT specification, which are both
tion must necessarily encompass important quality dimensions as well as ”i‘ﬁgpectable and dynamically Configurable.
guantification. 7 . .
TuCSoN promotes the vision of ofoordination as a ser-
vicg29], which is they key to understand the deployment of
B. DISCERNfor observation the model in the BLACE service-oriented context (see Fig.
4 for an overall perspective). From a topological and infras-
In practice, the activity of observation aims at acquiring cefrycture point of view, coordination services are provided by
tain quantiﬁcations of some domain’s characteristic qualitieﬁodeS, where tup|e centres resides as run time coordination ab-
Acquiring these measurements can be done by means of cerafictions. EaciiuCSoN node defines a coordination con-
instruments. Also, we consider these quantifications to be t&t where the coordination services are situated; a coordina-
basis in an actual instrumentation of some particular system igm context can be conceived as an open set of services enacted
der study. We therefore have implementeistributed inter-  through tuple centres, organisational rules (roles, policies, ...)
action system for complex entity relation netwoflsSCERN)  and dynamics that concern a node, its static and dynamic con-
that explicitly addresses the dynamic and real time observati@ixt. The collection of all the coordination contexts provided
and instrumentation of open computational systems residingigyithe nodes constitute tie&iCSoN coordination spaceln or-
SOLACE, e.g., WosOME DisCERNenables the observationder to access the services, an agent must enter the coordination
of qualitiesandquantitiesin multiple domains of open compu- context provided by the node, and this is where the agent coor-
tational systems [9]: dination context notion comes into account. Agents can enter
« Qualities In the context of the layered perspective of quathe node coordination context by negotiatinueCSoN agent
ities provided by the framework, IBCERNis therefore ap- coordination contex{ACC) with the node. The ACC is the
plied in the observation of domain specific qualities witlmeans that allows the agent to exploit the coordination services
respect to these four perspectives. However,even thoygovided by a node, providing the set of the possible actions and
SoLACE does not address the notion of a physical envirowbservation that the agent can do in the context: as for the con-
ment, this is of utmost importance inCERNIN order to  trol room metaphor described in [17], it establishes the admis-
immediately provide a human agent and observer with tiséle agent inputs and the admissible agent outputs. The idea
current context. In a similar manner, the fabric, systenfand related modelling and engineering discipline) is to use the
and domain layers of open computational systems are ré&g=C to embed and enforcaibject-centeredules, i. e. rules
resented in DsCERNby means of a volumetric space thatonstraining agent actions by virtue of its position (role) inside
is navigable (see Fig. 2). the organisation, its actions in the specific coordination context
« Quantities In addition to the possibility of a human agentelated to that role, but also #s means to model and provide
to observe and instrument the qualities of open computdte quality it negotiated for the coordination. Instead, as already
tional systems, B5CERN also provides support of quan-described extensively in other papers [19], [4], the tuple centres
tification. That is, by means of the constructs accountede used to embed and enforce coordination laws toward the ful-
for by SOLACE, any quality available in some accessibléilment of social tasks, the prescription of social norms, so rules
open computational system can dynamically be quantifiethd constraints that are maeciety/organisatiocentered, and
and further analyzed in BCERN (see Fig. 3). Examples that characteris€uCSoN as an objective-coordination model
of the sustainable coordination of such qualities and qua27]. ACC and tuple centres together provide subjective and ob-
tities are currently studied inWosoME, in terms of infor-  jective means for modelling and shaping agent interaction space
mation fusion, adaptation, awareness, and policies. Singihin the context of an agent society/organisation, ACC with
DISCERN supports real time observation and instrumeriecus on the subjects, tuple centres with focus on the society.
tation of open computational systems, the quantities ac-
quired in some particular context can be used in furth& Challenges and opportunities
studies on automated analysis and in the continuous feedrom theTuCSoN perspective, S8LACE can be conceived
back loop of articulation, construction, observation, anals one of the service-oriented multiagent service-oriented in-
instrumentation. frastructure which allow3uCSoN coordination services to be
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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

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 S
LACE perspectiveTuCSoN supports the layered perspective of
open computational systems with specific focus on the interac-
tion and coordination Fig. 5:

o Fabric. The fabric layer is supported by the service-

oriented infrastructure that provid@iCSoN services, that
could beTuCSoN native infrastructure or any other mul-
tiagent system service-oriented infrastructure suchas S
LACE (this issue will be described in details in following
sessions); In Fig. 5TUCSoN is partially considered also
part the fabric layer, with SLACE, 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;

SystemThe 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 SLACE infrastructure, according

a subjective coordination style. The cases two and one in-
volve the deployment ofuCSoN services, which refers
to the same case from a system point of view, but co
ceptually provide some differences useful to be remarked
The case tagged with number two refers to the availabili
for agents offTuCSoN services as general purpose mech
nisms to setup (articulate) a coordination context, by sul
ably programming the behaviour of any (possibly new) uf
ple centres of a node; the temewused in this context

deployment of already programmed tuple centres,@s S
LACE specific coordination services constructed for some
specific mission (as it could be in tA@vosome case);
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 eaduCSoN 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 b@IS\CE vision, these
manifestations in form of (multi-set of) logic tupfesan

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 lettek in Fig. 5), and so not-empty
set ofReSpecT specification tuples defining medium be-
haviour, or general purpose one (case tagged with IBtter
in Fig. 5).

V. INVESTIGATION

In previous sections we showed how observation and con-
ﬁgruction concept are generally supported L &CE accord-

Ing to the multilayered perspective defined by the framework,
1d how can be conceived the integratioffafCSoN in such

1 perspective. Now we discuss the impact of such integration,
n particular focusing on the new perspectives on observation
nd construction — in the context of systemic coordination —

lalso ReSpecT program (specification) defining the behaviour of a tuple

means tuple centre with an empty behaviour specificatiatentre are constituted by multi-set of logic tuples [18]
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that emerge by deployinjuCSoN as a coordination service WfMS and CSCW [23].
provider for LACE.

Generally speakingfTuCSoN, by virtue of its objective co- A. Observation of the agent interaction space
ordination model makes it possible to balance/distribute dy-Observation is supported by means of inspectability of tuple
namically, according to the need, the burden of coordinati@gentres: both the communication and the coordination state can
between agents and the tuple centres, as coordination (meg@Hynamically observed, described in terms of logic tuples. In
services provided by the infrastructure, in this case. So ageptsticular, the capability to observe the coordination state refers
populating the system level ofdB ACE can choose either to en-poth to the coordination laws that define medium behaviour,
gage coordination subjectively or deploy the coordination sefnd the dynamic state of the coordination activities. Therefore,
vices that the infrastructure makes them available, contextuadlycording to the systemic ontology, the model makes it possi-
to their capability, the social tasks (mission) of the communityle to observe thprocesseandcollective behavioural patterns
and the situated environments where they live. that characterise the coordinated system;

This approach models suitably the coordination perspectivesThe observation can be exploited at different abstraction lev-
that CSCW accounts for, and which is required in the contesls, according the multilayered perspective provided by the
of open computational systems. In particular, the coordinftamework: in particular, the cognitive structures related to
tion media provided bffuCSoN can be considered as the emTuCSoN coordination services populating the domain level —
bodiment ofcoordination artifactsexplicitly considered in the as described in Section IV-D — can be discovered and observed
context of CSCWarticulation of work. The possibility of ex- dynamically by agents populating the system level supported by
ploiting programmable media whose behaviour can be changsolLACE. Actually, on the one sidEuCSoN infrastructure pro-
dynamically mirror the need expressed in the CSCW contextles a tool — called Inspector — used to observe and possibly
to have flexible artifacts that can be forged / changed dynaaffect the communication and coordination static and dynamic
ically, according to the situated context, possibly by structustate of a tuple centre [5] (see Fig. 6 for an overall picture about
ing/composing basic coordination mechanisms in order to dée observation views provided by the Inspector tool). The syn-
fine any complex collaborative activity [26], [3], [16]. In thisergy of this tool with the DsCcERNtool provided on top of 8-
way both the situatedness of the work and the benefitef LACE (described in Section IV-B) provides interesting benefits:
ordination — according to CSCW and Activity Theory on-from the S LACE (DISCERN) side, the new capability to ob-
tology — are exploited in the same coordination context, agrve structures and processes specifically concerning interac-
required by complex coordination scenarios in the context tién and coordination; from th€uCSoN (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 centrenablesentities interaction and communication,
providing means teonstructcommunication according to pro-
tocols that can be established / composed / changed dynam-
ically. This is possible by composing the basic coordination

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 structurefor 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.

primitives provided by the coordination language, exploiting The continuous feedback loop of articulation, construction,
the properties ofjenerative communicationhich characterise and observation is the cornerstonesastainablecoordination,
tuple-based models [10]. Moreover, the adoption of logic tie. the capability of measuring and providing some holistic
ples as communication language makes it possible to explgifalities related to systemic coordination and the collective be-
meaningfully the model with agents with heterogeneous comaviours of the open computational systems [9]. Related ideas
putational model. and frameworks have been proposed in the theoretical areas
Then, the most relevant aspect concerns the capability of sepinteraction [31] and empirical computer science [32], [33],
porting dynamically the construction / adaptation / evolution efnd we consider them the fundamental scientific and practical
the coordination strategies reflecting the mission of the compproach in understanding, as well as engineering, the struc-
munity, or rather the social rules and norms defining the systeares, patterns, and processes involved in open computational
as agent society, or again the collaboration policies defining thgstems.
agent organisation. In systemic terms, that means the capability
of dynamically constructing / adapting / constrainpprgcesses
andcollective behavioural patternsvithout acting necessarily
on the autonomous entities that compose sysieatture This ~ The paper outlined a conceptual framework that can be
construction capability iTuCSoN is provided in particular by used to understand and compare approaches exploited for
three points{i) the programmability of the coordination mediahe theoretical and empirical investigation in the context
(tuple centres){ii) the fact that the programmability is sup-of systemic coordination in open computational systems.
ported dynamically(iii) the expressiveness of the coordinatiom particular, some investigations about the deployment of
model and, in particular, of the language used to program tii@CSoN as a coordination service provider in the context of
coordination mediaReSpecT). 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
According to points sketched,uCSoN approach to obser- investigations by comparing the engineering solutions to the
vation/construction can be useful to support lettom-upap-  coordination issues characterising the/@somE system case
proach in building system behaviour as accounted in [7], estudy provided both from exploiting the native basic interaction
sential in the context of systemic coordination. In particular fhechanisms provided by theoSACE infrastructure and from
provides: deploying TUCSoN coordination services. @&ACE will
« Common awarenesSupport for the dynamically increas-be enhanced by introducing mission packages comprised of
ing of the knowledge/awareness about the system, thnaultiple coordination services, e.g., coordination patterns
grows in time with the going on of the interactions. Fromelated to computational markets and resource management
this point of view, the coordination media can act as aand objective coordination patterns suchfa&€SoN. Finally,
tifacts embedding theocial historyof the system, which complex computational entities will be introduced to provide
can be observed in order to reason about system evoluti@mmtext-sensitive domain reasoning, e.g., about system stability
and to make prediction; and maintenance.
« Global coherence Support for the dynamic development
of collective behavioural patterns, toward the global coher-
ent behaviour accounted by the mission of the communif«CKNOWLEDGMENTS
From this point of view, the development of coordinatiodhe authors would like to express their gratitude towards the
aspects of the system can be conceived as a sort of scieembers of th&ocieties of computation laboratofgocLAB)
tific experiment: system behaviour designers (that couid Ronneby/Sweden (Jimmy Carlsson, Johan Lindblom, Jonan
be humans as well as agents) make hypothesis and thRosquist, Christian Seger, Robert Sandell, Tomas Sareklint, and
ries about the laws that can be enforced, in order to gui@orn Tornqvist), who developed the practical toolso{S\CE
the system toward the global coherent behaviour that thad DsceRN) and system (WosomEg) outlined herein — and
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whose interaction was fundamental to outline the points eg2]
pressed in the paper.
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