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Abstract. Multi-Agent Systems (MAS) are increasingly popular in AI to solve 
complex problems; they are conceived to be flexible and to be able to adapt to 
different situations. However, this feature is often compromised because of the 
need to reach internal coordination. This paper suggests that this issue requires 
an architectural solution, distilled as a new construct, the agreement, designed 
to be adaptive. The paper starts discussing the coordination problem and some 
of their traditional solutions, leading to an organization-based approach. This is 
followed by the description of a base architecture, including organizations and 
services, capable of supporting the agreement structure. The concept itself, and 
some requirements, is discussed and outlined in a set of logical layers, which 
are also defined as intertwining facets. Afterwards a real-world case study, in 
the domain of medical emergencies, is presented, describing a situation where 
the agreement model is applied, and some requirements to shift from directed to 
emergent evolution are highlighted, indicating some lines of future work. 

1 Introduction 

Intelligent Information Technologies are related to the capabilities of software systems 
to learn and reason, and to manage knowledge. This approach has known several 
incarnations, having the notion of agent as the most sophisticated among them. This 
concept has evolved from a single, complex “intelligent agent”, to the distributed 
complexity of sets of multiple, simpler agents, a.k.a. Multi-Agent Systems (MAS). 

In theory, a MAS should be able to find the perfect balance between the strict rules 
which define a reasoning system (an agent) and the adaptive nature of a evolving 
“society” of autonomous individuals. Where the former assumes a closed-world and a 
static setting, the latter provides the means to open the system in a flexible manner, 
defining a dynamic structure able to tackle social complexity.  

However in practice, many MAS are much less flexible than at first expected. They 
often stabilize a concrete structure during their training phase, which has to remain 
unaltered, in order to maintain their reasoning capabilities, and it is therefore unable to 
change and evolve, limiting its adaptiveness. 
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From this point of view, the MAS approach would not fulfil its original promise, as 
it does not guarantee that the system is indeed adaptive; in fact, sometimes its own 
structure precludes that. The reason is the need for internal coordination; as different 
agents in the MAS have different agendas, only a coordinated action can ensure a 
consistent behaviour. The main thesis of this work is that this coordination must not be 
provided by agents themselves, but by the containment structure (“architecture”).  

The first step in this direction has already been given in many MAS proposals by 
providing an intermediate step in the form of virtual organizations, i.e. groups of 
agents which share common features or constraints. This way, the MAS itself can be 
divided into smaller fractions, with different agendas. The main idea is that agents in 
an organization are automatically coordinated, and therefore the level of abstraction is 
raised. Organizations appear as a subjacent structure (often a hierarchy), and provide a 
flexible and powerful means to provide adaptiveness. 

Obviously, with this secondary structure simplifies adaptation: it mainly reduces to 
agent reorganization, i.e. an agent segregates from a certain organization and regroups 
in another with different constraints. Of course this may have consequences, not only 
for the agent itself, but also for the source and target organizations, which may need to 
adapt to the different line-up.  

At the same time, this setting implies a number of additional questions. First, about 
the inner role of organizations in the MAS, and their functional significance; and later, 
about the need to provide (second-order) coordination for organizations themselves, in 
order to achieve adaptation. To answer to them, two additional concepts have to be 
defined; respectively, services of an organization and agreements between them.  

The former provides both a methodological basis for our approach, as well as a 
direct connection to SOA [16][25]; we would only refer to it briefly.  

Globally, the research referred to in this paper can be summarized as the pursuit of 
three main goals, namely: 

- To evolve the classic agent-oriented approach, from an originally closed Multi-
Agent System design into an open Service-Oriented ecosystem, 

- To define the corresponding infrastructure and methodology to achieve this, using 
the notion of organization as the conceptual nexus, and  

- To provide internal coordination by defining the agreement, conceived as an 
adaptive architecture-level construction, which would provide coordination as an 
emergent property, by containment.   

The final purpose is to fulfil the original promise of MAS, i.e. to define a generic 
problem-solving intelligent technology, capable of being used in an open context, and 
able to adapt to future evolution, supported by a self-organized architecture. In this 
paper we do not claim to provide a final solution; but we already have a suitable base 
architecture, and some firm steps in that concrete direction. 

The rest of this paper is structured as follows: first, the coordination problem within 
a multi-agent system is exposed, and historical approaches to solve it are discussed, 
leading to organization-based proposals. Then the Agreement Model is presented as a 
potential solution in this context. After that, we describe our base architecture, which 
includes organizations, designed to support many variants of the Agreement Model. 
The five main perspectives to consider in the Agreement Model are then summarized, 
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and some implicit features of their relationships are distilled. Finally, a real-world 
example is provided, to illustrate the architectural and emergent nature of the concept, 
both in the present and in future developments; and some further steps in these 
directions are briefly discussed. 

2 The Coordination Problem 

As already noted, agents were originally conceived as single actors, which had to 
reconcile a number of conflicting requirements on their inside. But with the advent of 
Multi-Agent Systems, a different method has become possible, causing the focus to 
change. Now a separate agent can be devoted to a different goal; and the whole system 
gets the responsibility of reconciling these views and solving the problem. The trade-
off continues, but has transformed into a coordination problem.  

To “coordinate” can be defined [29] as “to harmonize in a common action or 
effort”. Maybe one of the most accepted definitions of “coordination” in the MAS 
field is taken from Organizational Science. It defines coordination as “the 
management of dependencies between organizational activities” [20].  

From a “micro” point of view (agent-centred) [28] coordination is understood as an 
environment adaptation. If new agents come into an ambient of another agent, this has 
to coordinate with them, reconsidering its goals, plans, and actions, regarding the new 
potential interdependencies. The result of coordination for the agent, in the new 
(multi-agent) environment, is better if it shows a high level of cooperation to the 
achievement of their goals.  

On the other hand, from a “macro” point of view (MAS-centred), the consequences 
of coordination can be conceived as something global (plan, decision or agreement). 
This can be a “shared” plan [23] if the agents achieve an explicit agreement during 
coordination process; or it just can be the summa of individual plans, sometimes 
called “multi-plan” [21]. At this level, results of coordination can be evaluated as a 
conjunction of agent goals or taking into account the MAS functionality as a whole.  

In summary, when using a MAS as a software solution, the problem of coordination 
is always present. In fact, if we had a self-organized agent structure, we could consider 
this structure as optimal, because it would solve the coordination issues. In such a 
context, the hypothesis is that agents are adequately organized, i.e. “they coordinate 
alone”, as individuals in a (human) society. This self-organization would be, at least in 
part, emergent. The idea is that instead of working to force individual agents to behave 
as the designer needs, they should be organized such that they “spontaneously” react 
as desired, “moving” in the right direction. In fact, this has always been the implicit, 
underlying promise in the MAS approach. But for this to be completely fulfilled, the 
agent-oriented approach must be complemented with a self-organizing coordination 
structure: the solution is, therefore, at the architecture level. 

2.1 Evolution of Coordination Approaches 
Pioneer work, where agents and cooperation are related, was tackled in the AI area at 
the end of the 70’s and beginnings of the 80’s. In these works cooperation is seen as a 
required concept for the intelligent solution of complex problems [2]. 
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At the beginning of the research and developments on cooperative systems, some of 
the main questions were how to find cooperative models for every kind of problem, 
how to represent these models in order to execute them, and which methods were 
necessary to make the cooperative systems actually effective. 

Several solutions to the cooperation problem were developed. The blackboard 
architecture [13] provides cooperation between knowledge sources using a simple 
communication mechanism. Each subsystem takes data from the blackboard, produces 
its own results and them writes down in the blackboard. This architecture is useful for 
problems for which no deterministic solution strategies are known.  

The contract net [25] proposes negotiation as a mechanism to coordinate and to 
assign tasks to different entities participating in problem solving. Each entity can be a 
provider or a requester, and the cooperation conditions are established by a signed 
contract. The coordination problem is dynamically solved. 

The next step was the reactive architecture. These works describe the intent to 
obtain an intelligent behaviour from simple models, without knowledge 
representation, reasoning or learning mechanisms [7]. The emphasis of these models is 
on interactions, from which the group behaviour emerges to solve problems.   

Finally, agent architectures with organizational capacity appeared. Beside domain 
knowledge, agents need to know about their own social features. This knowledge is 
important for the agents because it allows them to know their role in the organization, 
as well as rules, and other agents’ capabilities. 

2.2 Agent-Oriented vs. Organization-Oriented MAS 
MAS can be designed with a fixed organizational structure, which is composed of 
static agents. Using evolutionary or flexible agents, organizational models that mimic 
human organizations (teams, communities, coalitions, etc.) can be obtained. In order 
to achieve that, it is necessary to be able to modify such properties as the roles of 
agents, levels of autonomy or control mechanisms, for example. 

Pure agent-oriented MAS methodologies (such as MAS-CommonKADS [19], Gaia 
[31], MaSE [30], Tropos [18] or Prometheus [22], among others) usually concentrate 
in the agent vision; it is assumed that the final behaviour of the system emerges from 
the interrelations between the designed agents. But the global behaviour is not 
analyzed in detail. In this approach, if external agents enter into the organization, the 
global behaviour of the system can be seriously affected unless some kind of control, 
norms, sanctions, etc. is not established. 

On the other hand, in organization-oriented MAS methodologies, the system 
organization is taken into account from the beginning. The analysis is made from a 
global perspective (Agent-Group-Role [15], MESSAGE [8], ANEMONA [17], AML 
[10], OperA [12], Civil Agent Societies [11], MOISE [16], Electronic Institutions 
[14], HARMONIA [27], GORMAS [3], among many others). The objectives describe 
the organizational purposes at a high level. This allows the determination of tasks, 
types of agents, resources assignation between members, etc. The system is structured 
by the roles, agents’ interactions and communication language they use. Socials norms 
are very important too because they describe the desired behaviour of the members. 
These norms will derive in control, prohibitions, sanctions, etc. to achieve the 
expected global behaviour. Mechanisms to allow external agents to enter the 
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organization and control their behaviour are taken into account. This feature is 
particularly useful to design open MAS. 

2.3 Towards the Agreement Model 
Generically, individuals are organized into a loose structure of any kind, either a 
society or an architecture, by using two different kinds of devices; both are based in 
limiting the range of available actions. These are controls, i.e. devices which either 
enforce or forbid specific interactions –or connections–; and protocols, i.e. devices 
which either enable or channel them. Therefore, where the former are based on force 
or imposition, the latter are based on consensus and agreement. 

The concept of agreement among computational entities seems to be the right 
approach for this problem. The objective is to “discover” a suitable structure of 
controls and protocols so that it emerges as a global structure, the agreement. This 
will make possible to define the main inner structures in order to obtain agreement-
based organizations. Therefore, an important concept, although not so new, is that 
agents are grouped into organizations, unlike the classic plain MAS layout. 

As already noted, the coordination problem is always present in a MAS. As the 
structures of agents are become more and more complex, it is clear that for some kind 
of problems we need not a superstructure, like the blackboard. What we need is agents 
that organize themselves in organizations and after that, as a next level, in agreement-
based organizations. The main objective is to evolve from that emergent coordination 
to an emergent agreement between entities involved in a solution.   

It is important to note that the concept of agreement is under development, and 
although there are elements to define it (see Section 4), the concept is not a closed 
one. As the structure that it defines, agreement is in constant evolution [1]. 

3 A Base Architecture for the Agreement Model 

The architecture that gives support to the model has been defined both as an open 
Multi-Agent System (MAS) and also as a service-oriented, organization-centric, 
agent-based architecture. The central notion is that of a service, the basic component 
of the architecture is the agent, and the structure gluing all this together is the 
organization. This multi-level and multiple viewpoint nature must be specifically 
enabled by the technical architecture, as it must present several different notions as the 
key concept of the system. The logical place to provide this support is the middleware, 
as the platform is conceived as a distributed system. 

To be both a MAS and a Service-Oriented Architecture (SOA) at the same time, 
one of these structures and core concepts (agent, service) must be the basis of the 
other. Agents supporting services has been chosen as the obvious alternative. First, 
agents are well-known computational entities, with an implied granularity, and need to 
comply with an existing standard [19]. On the other hand, services are still defining its 
final role and ultimate relevance; though there are already a number of standards that 
services could comply with [7, 12, 16, 25], these are defined at different levels of 
granularity, and most of them just impose restrictions on the service’s interface. 
Therefore it is easy to conceive a service as a way to present the operational 
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capabilities of an agent – even better, of a collection of agents, hierarchically 
amalgamated in an organization. In summary, the obvious choice is to have the 
platform defined as a SOA, built on top of a supporting MAS. 

These concepts are intended to be built on top of existing and concurrent work, 
such as THOMAS [4] and GORMAS [3]. A brief discussion of the features could help 
to achieve a better understanding of the way in which the platform and middleware 
would provide the required capabilities. 

As can be seen in Figure 1, the THOMAS architecture, including its middleware, is 
structured in three levels but they are not strictly layers. They are orthogonally 
supported by four components, organized in different subsystems, and providing 
capabilities to different levels. The three levels are: 

- Platform Kernel. The lowest level, which supports all of the above. It is the actual 
kernel of the middleware. It provides all the required capabilities of a FIPA-
compliant architecture [19]. Therefore, at this level of description, the platform is 
already an open Multi-Agent System. 

- Service & Organization Management. This refers to the conceptual level 
composed of the OMS and the SF components. It is not specifically marked as a 
subsystem in the Figure, as it lacks a unified interface. 

- Organization Execution Framework. It is the “space” where all the computational 
entities “live” and perform their functions. The purpose of the other levels in the 
platform is to provide this one with the required capabilities.  

The main components of the platform, which provide the middleware with most of 
its capabilities, are summarized as follows: 

- Agent Management System (AMS). It is the component which provides all the 
required capabilities and functions for an agent. It guarantees FIPA compliance 
and is the support subsystem for the first perspective (agent-based). 

- Organization Management System (OMS). It is the component which provides all 
the required capabilities and functions for an organization. It is the support 
subsystem for the second perspective (organization-centric).  

- Service Facilitator (SF). It is the component which provides the required 
capabilities and functions which allow that a certain selection of the operations in 
an organization behave as a unified service. It is the module which provides the 
top-level perspective of the system, and also the support subsystem for the third 
perspective (service-oriented).  

The Platform Entities Management subsystem does not define a layer, and as 
already noted it is layered itself. Its function is to provide all the required capabilities 
to manage every active computational entity, i.e. agents and their organizations, 
considered either as aggregates or independent units.  

The part of the technical architecture which has received the name of Organization 
Execution Framework defines a service-oriented framework, as supported by the SF. 
In this “space” the services are provided by organizational units, as managed by the 
OMS, leading to an organization-centric structure. And this structure is built on top of 
an open MAS layer, where agents, as part of an organization, provide the required 
services; therefore the whole platform is, in summary, agent-based. 
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Figure 1: THOMAS Technical Architecture (inspired on [4]) 

 
Therefore, this architecture provides a satisfactory explanation of the multi-level, 

multi-aspect perspective which makes possible to reconcile the two different visions 
previously described. The provided platform presents itself as a starting point for the 
development of the proposed agreement-based coordination structure, and it is 
sufficient to test and simulate many variants of the agreement model. 

3.1 The Role of Services 
The concept of service is the cornerstone of the architecture. It is well known that a 
service has always a behavioural nature and presents a functional interface. However, 
it is not described by a single signature, but by a collection of them (except on the case 
of a unitary interface). A service is always provided by a service provider and by a 
concrete role within this provider. 

There are basically two distinct sets of services, namely: 

- Base Services or simply Services. These are user-level services, defined for every 
concrete application. In summary, the purpose of the platform is to serve as the 
support to define and use services of this kind. 

- System Services. Those are not strictly “services” as they are not offered by a 
concrete user-level provider, and are usually at a lower level than a base service. 

According to their function and the extent of their capabilities, however, we can 
identify three separate sets of services in the architecture, namely: 

- Structural Services. These are the services which allow defining a certain 
organizational/architectural structure, by creating and registering organizations 
(units), their elements (roles) and properties (norms), and their relationships. 

- Information Services. These are the services which provide specific information 
about components in an organization. They are always reflective in nature.  

- Dynamic Services. These are the services which allow entities (agents, in 
particular) to dynamically enter or abandon an organization, as well as to adopt 
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existing roles. Differently from structural services, they do not alter (in principle) 
the system’s style and generic architecture, its norms or vocabulary.  

As noted above, there may be several implementations for the same service, 
described using the same interface and the same semantic profile. At the same time, 
each such implementation is semantically specified by a different service process 
model. Then in turn, that implementation, conforming to that process model, might be 
provided by several different service providers. 

The service process model identifies three kinds of process in the structural 
description, namely atomic, simple and composite. 

- Atomic processes can be directly invoked (by sending a message to a specific 
agent), execute in a single step, and cannot be decomposed. 

- Simple processes are also perceived to be executed in a single step, but cannot be 
directly invoked. In fact, they are abstract processes, acting as placeholders; their 
place can be filled either by an atomic process or by a composite process. 

- Composite processes are decomposed in sub-processes, which can be defined in 
turn as atomic, simple or composite ones. This way, the service’s functionality 
unfolds recursively as a hierarchic composite structure. 

Therefore, the service process is also the basis for the definition of composite 
services. Though the approach here has a semantic nature, this is essentially the same 
approach which is also used for this purpose, from a behavioural perspective, in the 
context of orchestration-based service composition [24]. 

3.2 The Role of Organizations 
Although the central concept of the architecture is that of service, the most 

important active element, and the unifying notion of the architecture itself, is the 
concept of organization. The organizational hierarchy is what makes possible to 
simultaneously define the architecture as service-oriented (at the high level) and as 
agent-based (at the low level).  

The notion of organization defines a recursive structure. An organization is 
composed of units or organizational units. A unit is an active entity with a definite, 
externally observable behaviour, and it can have either a collective nature (where the 
unit is an organization itself) or an autonomous nature (when the unit is also an agent). 
When a unit is also an organization, the recursive structure is unfolded. 

In fact, the model can be described as organization-based, and the unit provides 
support for the rest of them. In this conception, the unit is the substrate which supports 
both the gathering of agents and the definition of services, describing the recursive 
plexus which explains the relationship between both perspectives.  

4 The Agreement as a Layered, Multi-Faceted Structure 

As already noted in previous sections, the central notion in our proposed approach is 
the agreement between computational entities (organizations, at the top levels; but 
also agents, at the lower levels), conceived as an architectural construct. 
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Several key research topics must be considered to propose that agreement-based 
coordination. They can be seen in a “tower” structure [1] where each level provides 
functionality and inputs to the one above (Figure 2). Therefore, the agreement must be 
seen as a layered structure, by definition. This makes sense with commonsense 
intuition: when an agreement is reached at a certain level, elements located at lower 
levels must respect it at their own level. If an organization reaches an agreement, the 
agents it contains must comply with the terms of that agreement.  

The tower structure defines the set of layers with define the conceptual essence of 
an agreement. These are the following: 

 

 
Figure 2: Agreement Technologies’ original Tower (layered) Structure [1] 

 
Semantics. It is the bottom layer, as semantic issues influence all others. The 

semantic alignment of ontologies [6] is extremely important to avoid mismatches and 
is needed to have a common understanding, for example, of norms. Another subject to 
explore is the automatic detection of the agents directly or indirectly involved in a 
certain interaction, for instance the current one. 

The impact of semantics affects at least at two different levels, namely: 

- Semantic domain. It gathers elements sharing the same, or at least a compatible 
ontology, which are therefore able to mutually understand each other,  

- Semantic interaction. It defines the “semantic architecture”, an implicit structure 
that takes into account semantic connections and connectors (“who do I want or 
need to speak with”, “who am I told to speak with”, etc.)  

 
Norms. The next layer is concerned with the definition of rules determining 

constraints that the agreements, and the process to reach them, have to satisfy. The 
norms may imply structural roles affecting (or controlling) the behaviour of agents, 
intertwined with the semantic domain. There are principles as abstractions of norms 
that may define a normative domain. They are also intertwined with the interaction 
pattern because they have some degree of consensus and have associated permissions, 
obligations, sanctions, etc. And of course, norms evolve and change. 
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Organizations. They are above norms, as they imply a super-structure that restricts 
the way agreements are reached by fixing the social structure of the agents, the 
capabilities of their roles and the relationship among them [5]. First, it defines “social” 
architectures that affects downwards and, on the other hand, organizational needs and 
issues may define structures, roles, dependencies, relationships, etc.  

 
Argumentation and Negotiation. These can be seen as protocols that define the 

structure of an agreement. Negotiation between organizations forms a large-scale 
agreement, for example a convention or collective agreement; and a low-level one is a 
pact or individual agreement. A negotiation between an organization and an individual 
forms a medium-sized structure, as a contract, legal or formal agreement.  

 
Trust. It is the top level in the tower. Agents need to use trust mechanisms that 

summarize the history of agreements and subsequent agreements executions in order 
to build long-term relationships between them [30]. A durable agreement creates a 
sense of trust and gives a notion of reputation. An agreement is built on top of the trust 
in order to have reliable relationships between organizations. 

   
These five layers, of course, are not seen as isolated because they may well benefit 

from each other. A switch from the described “tower” into a multi faceted figure can 
be conceived because the agreement pervades (and is influenced by) all the 
facets/levels. In this sense, the facets are intertwined (see Figure 3), but agreement is 
still a layered structure – and in fact, layers bind both ways.   

 

 
Figure 3: Multi-faceted Structure of an Agreement  

 
In fact, the agreement is a crosscutting structure, which maintains a bidirectional 

relationship to every element it contains. The agreement defines the architecture: only 
those elements who agree to be bound are contained in the structure; but at the same 
time, the architecture defines the agreement: it channels the forces in the environment 
and provides a concrete structure, defining roles which must be filled by specific 
elements. The agreement is shaped by those forces, but its existence also shapes the 
reaction to them, and models the future evolution of the system. 

Actas de los Talleres de las Jornadas de Ingeniería del Software y Bases de Datos, Vol. 3, No. 4, 2009

ISSN 1988–3455 SISTEDES, 2009 71



It is important to note that the multi-faceted perspective (the “pentagon”) is not 
intended to replace the “tower” structure, as the architecture described in previous 
sections is still hierarchical in many senses, but the agreement itself can be considered 
not only as layered, but also as multi-faceted. Layers are just conceived to provide 
logical separation of concerns, and they are not always physical (contained) tiers. To 
understand that multi-faceted structure at the implementation level, it suffices to 
consider that a single agent can be grouped under (or bound to) many organizations, 
even at the same time. Also, the layered structure is related to the organizational 
hierarchy; but even when it must be considered at the time of publishing services, this 
is not required at the time of providing them. 

5 Case Study: the mHealth System 

In order to illustrate both the self-adaptive nature of the agreement construct and the 
steps in our development methodology, this section presents a case study, describing a 
scenario from the medical emergencies domain. This example is related to the 
mHealth (mobile-Health) demonstrator, which is an evolutionary prototype currently 
under development in the Agreement Technologies project [1]. 

The main purpose of the demonstrator is the utilization and evaluation of research 
results in a real world scenario: the medical emergencies domain. The medical 
emergencies in the Autonomous Region of Madrid are managed by the SUMMA112 
organization [32]. Important tasks accomplished by SUMMA112 have been used as a 
reference model for our analysis.  

In the following we describe a real-world scenario describing an emergency (E1) in 
this system, which has to evolve to simultaneously react to a second one (E2). This 
describes how adaptiveness requires an agent reorganization within the agreement. 

 
E1. There is a fire in Casa de Campo, the large urban park situated west of central 

Madrid, which contains a big leisure area. There are about 500 people at that moment. 
About 65 people present symptoms of asphyxia, and due to climate and wind, the fire 
is extending to adjacent areas at a very fast pace. 

SUMMA112 receives information related to this emergency (E1) and following its 
protocols it starts to attend the sanitary emergency immediately. After analyzing the 
received information, SUMMA112 decides that 5 ambulances and one helicopter are 
needed. The coordination with Fire Department and Police is urgent in this situation. 
These entities inform that they will send 3 fire trucks and 5 police cars. From an 
organizational approach all these elements form an organization, O1. 

Considering these scenario in a MAS environment, each actor maps onto an agent. 
So, 14 agents are interacting in the organization O1. Each agent has its role, goals and 
plans inside the organization. Also, every organization has its norms and protocols, 
which make it able to function and operate, and to solve problems.  

 
E2. At this time of the year, much people travel on vacation, and there are may car 

crashes because of the agglomeration. One hour after the fire in emergency E1, there 
is a chain car crash (E2) in the tunnel of Paseo de Extremadura, a road near to E1 
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location. About 7 cars have crashed and initially, 2 of them are on fire. After a fast 
analysis SUMMA112 decides that this emergency requires 3 ambulances, and that 
they must contact hospitals near the area. After coordinating with Fire Department and 
Police, they decide to send one fire truck and 3 police cars. Again, all these (initially 
7) elements form a second organization, O2.  

To have into account potential interactions between both emergencies, we must 
consider both organizations. So, let’s consider first O1, where all elements interact in 
a coordinated way to tackle the emergency E1. These elements reach an agreement to 
do that. At this point, the agreement construct can be defined as “the set of elements 
that interact in a coordinated way to solve a problem”. 

But at the time to assign resources to E2, O2 is not considered in isolation from O1. 
Some resources that previously were mapped onto O1 now can be mapped on O2. 
This situation is feasible because the conditions in emergency E1 may have changed 
during the last hour. This process of re-mapping implies a reconfiguration of unit O1, 
i.e. an agent reorganization within the O1+O2 composite. 

Methodologically, some services which were provided by unit O1 are no longer 
required to solve E1, and are now re-mapped onto O2. For example, the system 
decides if one of the fire trucks is not necessary for E1 anymore, and can be assigned 
to E2. The same decision can be made about 2 ambulances and 2 police cars. These 
decisions are efficient also because both scenarios are close to each other. 

The original O1, now with a smaller set of elements, continues working in E1; and 
a new agreement is created around E2, defining the O2 organization. At the same 
time, a larger agreement is created encompassing both units (and therefore, defining 
another one). This agreement would continue adapting to changes in both 
emergencies, even possibly reassigning its elements again if necessary. 

A reconfiguration like that is manually managed; it is directed evolution. Ideally, 
and particularly in an agent-oriented environment, the goal is to achieve an automatic 
reconfiguration. The agreement (the global ecosystem) must carry out a series of 
reorganizations until it finds an optimal point and stops at it. To do so, it has to detect 
if the new configuration is stable. If it is not, it has to continue its evolution until it 
finds an optimal configuration or, at least, a local optimal point. Of course, this can 
perfectly be a continuous process, as the situation itself evolves. 

The criteria used to decide if an agent belongs in an agreement should be managed 
the same way: this defines an emergent agreement, where not only part of the 
behaviour, but the structure itself emerges from the situation. 

The base architecture described in section 3 already includes all the services and 
facilities necessary to carry out any reconfiguration [4]. However, this is not enough to 
define a self-adaptive structure – the triggering of those services is essential. Of course 
norms (to define constraints) and organizations (to define their scope) can assist in the 
establishment of such a structure; and even the negotiation layer can be used to trigger 
the creation of the agreement itself.  

On the other side, a reconfiguration can also be triggered bottom-up; a single agent 
can react to a change in their surroundings by asking for some kind of change, such as 
a move to some other organization. Of course this change can cause some others in 
turn, and the effect would spread accordingly, causing even a global reorganization. 
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The case of SUMMA112 shows clearly why we need to consider, not a “classic” 
closed system, not even a single-design open system, but a general ecosystem. In many 
senses, SUMMA112 is an independent, single institution, which could naïvely be 
described as a single system; but this would only describe the internal information 
system for that institution. However, it alone does not comprise the entire emergency 
system in Madrid, but only the medical emergency service. To actually provide the 
required response in an emergency, it has to coordinate the information systems from 
the Fire Department, the Police, every hospital in the area, and SUMMA112 itself. Of 
course these are separate information systems, which are designed and managed by 
different institutions and, most probably, have different origins. This implies that it is 
not possible to have a unified pre-programmed strategy to manage emergencies in the 
Region of Madrid, as it should be embedded in several independent systems which 
only sometimes gather to act together. 

In summary, the example describes how to achieve coordination inside a service 
ecosystem (also, a system of systems), and also justifies why this behaviour cannot be 
completely pre-designed, and hence it must be emergent. 

6 Conclusions and Further Work 

This paper has described the implicit coordination problem which compromises the 
adaptiveness in the MAS approach, and has proposed to use an architecture-level 
construction, the agreement, as a solution for this problem. The main purpose of this 
work has been to delimitate some of the required features of this concept, as well as 
providing details about the base architecture to support it, its layered and multi-faceted 
structure, and its place in the evolution of historic approaches to this problem. 

The example in the previous section succinctly describes an actual (i.e. simulated) 
coordination effort in the current SUMMA112 system. An existing MAS, structured in 
organizations, and implemented on top of the architecture described in section 3, has 
been used to model the system (and many others) and simulate several situations [10]. 
The reconfiguration process has also been modelled and tested using several different 
approaches; but this manual process is only the first stage of research. The next step is 
to develop a model-driven approach to guide the reconfiguration, and will be followed 
by a well-defined self-adaptive, emergent approach, which is our ultimate goal. 

The key idea in the Agreement Model is that it creates an architectural context, in 
which agents (and organizations, and even the services they provide) are coordinated 
and reorganized by inclusion in a structure. In particular, there is not an architectural 
element in charge of reconfiguration, i.e. there is not a self-supervisor in charge of 
enforcing a self-organized system. Instead of that, every self-property in the system is 
conceived as emergent, and they will be “indirectly” provided by structural features of 
the agreement, as described in section 4. The elements (agents, services, units) do just 
what they must to comply with the requirements of the location they occupy within the 
architecture; the relationships between the agreement facets will do the rest. 

Further work will develop and implement variants of the agreement model, in order 
to refine it as necessary. The concept of agreement is still evolving and the process of 
defining its limits still continues – but even at this initial stage, the existing fragments 
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of the approach have already proven its utility and expressive power. Current results 
suggest that the adaptive architecture is indeed feasible, and could fulfil the promise of 
generalizing the usefulness and extension of the MAS approach. 
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