
 

  

Abstract--In emergency services, the evaluation of a situation is 
performed, manually, which includes synchronizing the services 
for each situation. However, the work requires divergent and 
decisive decisions resolved from several points of views, which 
would benefit from automating parts of the work. Using computer 
systems in life-critical domains can involve careful consideration 
of the work practice and of the situation components. In this 
paper, we propose using agents, intelligent agents and 
meta-agents, to streamline emergency services. The intelligent 
agents respond to both static and dynamic input in a flexible and 
structured way and perform required actions. From these actions, 
the meta-agents are created in which the divisions of dynamic and 
static information have an impact on the structure of the 
calculations but also on the outcome produced by the meta-agents. 
As an example application, we provide a scenario of agents and 
meta-agents in multi-agent systems, where the meta-agents hold 
systemic properties. The scenario has a strong grounding in the 
emergency service domain, in which we highlight coordination 
issues related to the multi-agents and the meta-agents. 
 

Index Terms--Emergency Services, Intelligent agents, 
Meta-agents, Multi-Agent Systems, Systemic Properties 

I. INTRODUCTION 
Streamlining emergency services is important to give the 

correct treatment in time. Usually, dispatching emergency 
services is principally a manual process with many vehicles and 
stations involved. Selecting the most suitable vehicle for the 
specific emergency is a critical issue. Characteristics, such as 
competence of the crew, available equipment and the most 
suitable road, i.e., speed and availability (queues or obstacles), 
have to be matched. Moreover, prediction of future events is 
sometimes necessary to select the most appropriate vehicle for 
properly handling several accidents, closely located in time and 
geography. The predictions are based on past history of events 
at particular spots. Keeping track of all information is tedious 
job and streamlining parts of the process could assist the 
operators in their decision-making. 

Traditionally in computing, more specifically in automation 
contexts, streamlining has been defined as increasing the 
automation and decreasing the manual handling of tasks. 
However, streamlining can be much more than just automating 
a process. It includes making processes more efficient to 
produce more with the given resources or by increasing the use 
of recourses for a given result. In this paper, the definition of 
streamlining concerns not just increasing the automation in the 
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task handling, but also to use the streamlining process to open 
up a more contextual view, where automation are used to 
capture the complex reality. Basically, the agents constitute a 
supporting tool to capture the different complex views 
necessary to make a correct decision. Thereby, it is possible to 
produce a result aiming for the goals according to streamlining.  

Functional requirements such as speed and availability can 
be easy to measure, but also the systemic properties need to be 
considered. There are systemic properties such as up-to-date 
information, trust, dependability, efficiency, robustness and 
reliability. From such requirements, we can draw the structural 
perspective to organize the information in multi-agent systems 
(MAS). Furthermore, finding the most suitable static and 
dynamic inputs is of high importance as well as social training 
and interaction aspects merit consideration.  

Complex applications can become realisable with features, 
such as information dissemination to facilitate emergency 
services. The main concern, in this paper, is streamlining the 
parts of the emergency service dispatching process. As the 
work of connecting the approximately 20 different centres in 
Sweden into a virtual network of competence and resource 
sharing, the process of defining proper automation processes 
and levels in the core tasks are important. In our work, we use 
intelligent agents in MAS for the parts of the dispatching 
process, i.e. the process of allocating the most suitable 
resource, which are, in most cases, vehicles. The agents work in 
parallel and to keep track of the agents’ performance, we use 
meta-agents. The meta-agents collect the agents’ perception of 
the environment while working with the task. Then the 
meta-agents analyse and forward the different solutions to the 
users. The optimal solution is determined in the MAS, and in 
emergency services, optimal is the best suitable service in the 
shortest time cost. In addition, since optimal solutions 
sometimes include several vehicles, the agents in the system 
need to share other agents’ goals. 

The outline of this paper is as follows: It begins with a 
related work section where basic relations are made. These 
relations concern multi-agent approaches in emergency service 
and other automation attempts that have been made within the 
domain. The application domain is presented in the third 
section, with the focus of providing acceptable paths in the 
domain context. The two following sections concern intelligent 
agents and meta-agent aspects in coherence with the focus of 
providing acceptable paths. The culmination of the paper 
consists of a scenario, implementing the aspects of intelligent 
agents and meta-agents. A conclusion and further work marks 
the end of this paper. 
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II. RELATED WORK 
There are some approaches of using multi-agent systems in 

combination with knowledge-based systems for supporting 
emergency decisions. For example, Molina and Blasco (2003) 
designed a multi-agent organisation of a computer system to 
assist operators in decision-making in flood emergencies [1]. 
Multi-agent techniques are applied to interpret data, predict 
future behaviour and recommend control actions. Four 
different kinds of agents are used: hydraulic agents, problem 
detection agents, reservoir management agents and civil 
protection agents. These agents are used to provide information 
about behaviour of physical processes, evaluate flood risk, 
present exploitation strategies for the reservoir and provide 
different types of resources according to the problem [1]. In our 
work, we use a pure multi-agent system with two types of 
agents, i.e., ground-level agents and meta-level agents. These 
agents provide the most strategically correct resource based on 
the location, time, type of resource and traffic load as well as 
handling simultaneous and predicable events.  

Another approach is WIPER [2]. WIPER is a MAS for 
emergency response. The system assists in detecting possible 
emergencies but also suggests and evaluates possible actions 
dealing with the emergency situations. The system aids 
emergency responders by detecting anomalies such as traffic 
jams, crowds and call patterns of crises. The system also 
proposes custom-tailored mitigation strategies and provides 
information on the location of the cell phone users. The mobile 
software agents convert the data stream from the format of the 
service provider of the cell phone to a summarized form [2]. In 
our work, besides detecting anomalies in the traffic, like jams, 
we need to detect anomalies in the environment that necessitate 
of types of services. We also need to decide which geographical 
location for the emergency service is optimal to use in the 
situation.  

There have also been attempts using expert systems to 
automate the process of allocating recourses [3]. However, in 
one such example, the users of the system ended up not trusting 
the list of recommended units. In this case, the algorithms were 
based on the vehicles home station regardless of their current 
availability. Basically, the matching was made from each fire 
stations response area, against the selected address of the help 
seeking person. One reference from the response area 
emphasise the importance of selecting proper criteria, suitable 
to the actual task to be solved. This scepticism has to be 
resolved and the most suitable service must be provided for the 
situation at the hand, which is the basis for our approach.  

In emergency services situations, the response must be 
immediate because the time is critical for saving life. A benefit 
of using MAS is parallel computing, that is, several agents can 
perform a task simultaneously. The simultaneous work can 
speed up the search for solutions in the network and render 
possibility of parallel computing. Additionally, the system must 
exclusively be stable and the information valid. A system must 
assure continuous execution with as few bugs as possible and 
with several back-up systems. Also it is crucial that the system 

gives valid results.  

III. APPLICATION DOMAIN 
The application domain is emergency services synchronizing 

services for every situation. Services mainly concerns the 
handling of emergency calls and one of the main tasks are the 
allocation of resources [4]. Generally, the handling of 
emergency calls can be divided into four main tasks. The tasks 
are classification of calls, allocation of resources, detachment, 
and monitoring. The task classification of calls handle issues 
such as the type of accident and number of people involved in 
and affected by the accident. The second main task, i.e., 
allocation, deals with the allocation of resources, status and 
geographical position of vehicles. The third and fourth tasks, 
i.e., detachment and monitoring, handle resource specific 
information concerning the connected resources. These tasks 
involve sending and receiving information to and from the 
selected vehicles and monitoring the progress for possible 
occurrences.  

For the work in this paper, the main focus concerns the 
second task, i.e. the allocation of resources. In addition to 
allocating resources, the task involves the current status, 
accident and the vehicles geographic positions, as well as 
subtasks. For example, the dispatcher uses the event code that 
corresponds to the categorization and priority of the case. This 
event code needs to be matched according to the action plan 
where predefined rules are specified. Also the geographical 
location of the vehicles in relation to the event, and the status of 
the vehicle have to be considered.  

The required vehicle combinations are numerous. In some 
cases only an ambulance has to be dispatched; in other cases 
several ambulances and other rescue vehicles and/or police or 
resources, such as, sea rescue or helicopter have to be 
dispatched. Here we consider five different combinations. In 
the first combination only one ambulance unit is needed for 
dispatch. In the second combination both an ambulance and a 
rescue vehicle are needed for dispatch. The third combination is 
only one police unit and the forth an ambulance and a police 
unit. Finally, the fifth combination is an ambulance, a police 
unit and a rescue vehicle. All these combinations are presented 
in figure 1.  

 
 
 
 
 

 

Fig. 1.  The five different combinations. 
 

The motive for using different combinations is both for 
mirroring the reality, but also showing the importance of 
relating different vehicles in a case to each other. The choice of 
combinations is significant since earlier study has shown that 
the selection of vehicles sometimes is made according to the 
relation between the vehicles [4]. The relation consists of 

1: A = Ambulance 
2: A + R = Ambulance + Rescue  
3: P = Police 
4: A + P = Ambulance + Police 
5: A + P + R = Ambulance + Police + Rescue



 

vehicles complementing each other with resource facilities or 
with staff skills needed for the accident. Additionally, the 
relation represents units that work closely together due to 
organisational considerations.  

In a current computer system used by emergency service, the 
so-called CoordCom system, the combination tasks are 
principally made manually. The manual part, basically, consists 
of matching the current scenario to the most suitable vehicle. 
The automatic part, basically, concerns the visualization of the 
current status and the vehicles. The vehicles’ geographical 
position and status are displayed on a GIS system. 

IV. MULTI-AGENT SYSTEMS 
The trends in multi-agent systems are increased delegation 

and intelligence, which requires that the system operate 
independently and act in such way that it represents the best 
interests while interacting with other humans or systems [5]. 
The combination of vehicles requires each vehicle to operate as 
an agent, which has to independently operate according to the 
environment with long-term restrictions or temporary 
hindrances or obstacles. The MAS system needs an overview 
of the contents since it has several different allocation sources 
to cope with and locating the vehicles in the environment 
provided by a GIS system.  

In the MAS, the agents interact with each other, typically by 
exchanging messages among each other and between the 
systems, i.e., MAS and GIS. In the most cases, the agents will 
be representing or acting on behalf of the user with very 
different goals and motivations and the agents will also 
cooperate, coordinate and negotiate with several agents. Thus, 
the agents are of different kinds: intelligent agents that search 
for vehicles but also the software agents that represent the 
vehicles themselves. These need to communicate to find the 
positions of one another and negotiate the best solution for 
moving to the position of the accident, considering time-wise 
and safety issue, at the same time keeping track of other rather 
regular situations and possible accidents. 

Multi-agent applications can use networks and graphs as 
carriers [6, 7], which well correspond to the concept of 
multi-agents [8]. In our MAS, the agents operate in distributed 
systems and deal with problems locally. The agents can search 
in large graphs and find solutions even without knowledge 
about the content or context [5]. Thus, the agents must interpret 
the knowledge in the graph and incorporate up-to-date data to 
act intelligently in response to the information. This is 
especially important in our system since the agents need instant 
access to information to work properly in a constantly changing 
environment. Hence, the agent must calculate the accurate time 
for the correct environment and for the right purpose.  

Multi-agent systems have many different interrelationships 
among the agents, e.g., delegation of tasks, transferring of data 
and synchronisation of actions [8]. These characteristics are 
important for the agents in our system. The system must be able 
to divide the task into smaller parts and delegate those tasks to 
the agents. Each agent has its specific task to execute in the 

system without requiring external control. Thus, the agents 
must be capable of autonomous action and decide for 
themselves what they need to do in order to satisfy their 
problem objectives [5]. However, the agents must be aware of 
the assignment, which can be user-given knowledge about part 
of the problem that is of interest.  

Besides operating under autonomous control, the 
characteristics of intelligent agents include perceiving the 
environment, persisting over time, adapting to change and 
taking on another agent’s goal [9, 10]. In our system, the agents 
can rely on prior knowledge in a semi-dynamic environment 
[7] with static characteristics and dynamic characteristics. The 
static restrictions of constraints are problems that always are 
present in the environment, for example a dead-end street or 
operational areas of the emergency services. The dynamic 
hindrance or obstacles are temporary problems that can be 
solved within a foreseeable time. Examples of these are road 
construction or traffic jams at particular hours. The agents 
perceive their environment by considering the constraints and 
obstacles and act under the conditions that affect the agents’ 
performance, at the same time learning the static constraints. If 
the constraints and obstacles in the task change, the agent needs 
to adjust to the changes. The agents need continuously to check 
the dynamic characteristics and quickly adapt to the changes 
while the static characteristics are learned and only require 
reconsideration from time to time.  

Persisting over time is key issue for the agents. The system 
has to persist since saving lives depends on the system’s 
certainty of delivery but also on the system’s reliability, 
correctness and speed. An important facility is to adapt to 
changes in the task and environment. New agents can be 
involved in the system and these have to be considered by the 
system but also the task can change or several tasks can happen 
simultaneously. Actually, some characteristics in the 
environment can request a change of a mission. Agents can be 
closer to another target than the current tasked agents, which 
might request the agents to reconsider their missions. This 
might require re-tasking some of the agents. Hence, taking on 
other agents’ goal is important if these agents already have been 
assigned for a mission. Using only ground-level agents is not 
enough for keeping track of all the agents there are in a system, 
especially when the assignments for the agents change. 
Therefore, we need an overall structure that has insight in the 
agents’ position, task and goals.  

The information about the agents and the mission needs to be 
communicated. As seen in other MAS, e.g., for robotics, the 
intelligent agents are capable of transferring data to other 
agents. And furthermore, as Roth [11] proposed, an agent can 
transfer commitments to another agent. The intelligent agents, 
in our system, transfer conditions in the network through the 
use of higher-level agents. The ground-level agents are 
information carriers between nodes in a network taking on the 
other agents’ goals through the meta-level agents, also called 
meta-agents. The ground-level agents can communicate the 
positions to other ground-level agents but the coordination of 
missions and relocations of agents is supervised by the 



 

meta-agents. 
The synchronisation of actions is the manner the agents are 

time-related [8]. Thus, the actions need to be performed in the 
right order and at the right moment. Synchronisation is to 
provide for coherence in the system and to prevent interference 
between actions. In a network, an event can cause agents to 
start operation [12], which we make use of in our system. The 
event can either be user-given or command from another agent. 
The agents can cause new events to take place, e.g., if the agent 
does not fulfil the task, it can command the next agent to start 
executing. Thus, as long as the agents are working with finding 
solutions, several agents are involved in the process. As 
mentioned in section 2, a benefit with spreading agents in a 
network is that they can work simultaneously and find solutions 
at lower computation costs. The computation cost is the most 
important factor in our work since the system needs to find 
solutions in a fast response time to support the users to respond 
quickly to an emergency. What is optimal in the MAS is, of 
course, in the eye of the beholder [7], and in our system it is 
best suitable service and the shortest time cost.  

V. META-AGENTS 
Meta-reasoning is reasoning about reasoning. When utilising 
the meta-reasoning facility in MAS, the system is able to reason 
about its operations [13]. This reasoning can be handled by 
meta-agents, which can decide the strategy for ground-level 
agents. In particular, the incorporation of a meta-level 
reasoning mechanism can handle individual agent 
organization, plan generation, task allocation, integration, and 
plan execution [14]. In our system, the meta-agents are 
developed from the intelligent agents, e.g. different services 
allocation of resources and the structure of the catchment area. 
These meta-agents record the structure of the agents together 
with their performances. For the catchment area, a meta-agent 
seldom contains only one intelligent agent’s actions, instead it 
comprise a chain of several possible actions of the agents 
performing a task. Some of the meta-agents in our system will 
also include the ground-level intelligent agents, i.e., the current 
status and accident position, involved in finding the optimal 
solution. From this information the meta-agents can plan the 
actions of the agents to best perform the task. From this plan, 
the meta-agents can present the solution to the end-users but 
they can also be used to control the ground-level intelligent 
agents and their behaviour.  

A meta-level control can support the service vehicles moving 
towards the target by adapting the path of the service vehicles 
to the ground-level intelligent agents’ computation [15]. 
Accordingly, the meta-level agents resemble a horizontal layer 
on top of the ground-level agents. By the horizontal layer, the 
meta-level with a bounded computational overhead can allow 
complex structure of agents to solve problems more efficiently 
than current approaches in open dynamic multi-agent 
environments [6, 16]. The meta-agents can be used to provide 
the control over agents and collect the information from 
successfully performed agents but they also stop the execution 

of other agents when further execution is not needed. 
Meta-level agents at a horizontal level can avoid using the 
intelligent agents that have an unwanted path like running into 
an alley. It would be a catastrophe if the meta-level agents lead 
the service vehicles into dead-end streets in emergency 
situations.  

For time computation, the meta-agent can only have one 
copy of an intelligent agent but one intelligent agent can be 
copied into several different meta-agents. The single copy in 
the meta-agent makes it unique, which supports parallelism in 
the computation. As long as the search carries on looking for 
goals, the meta-agents continuously are built up and grow. The 
system stops executing when the system has satisfied a goal or 
goals. The number of goals depends on the number of different 
services are required in the task.  

By establishing unique meta-level agents it is possible to 
calculate the optimal path between two nodes in graphs [6]. 
Thus, calculating the optimal path through the graph involves 
producing several meta-agents over the ground-level agents’ 
performance, considering the nature of the agents and 
comparing the cost of the meta-agents. In our system, the 
meta-agents need to calculate an optimal path for each service. 
Thus, there will be just as many best paths as service vehicles 
needed for a task. The limitation is that the agents are not 
allowed to find and make use of the same vehicles if two 
different vehicles are needed. The need for several vehicles 
implies there may not be only one optimal path through the 
system unless the vehicles are found at the same place from the 
beginning.  

The costs are the collected time it takes for the agents 
involved in the task of finding an optimal path for an 
appropriate service vehicle. The costs include static and 
dynamic constraints and obstacles that affect the path. 
Depending on the degree of difficulty of constraint or obstacle, 
the cost will be affected differently. High degree of impact 
gives high costs and vice versa.  

Except planning, the meta-agents can support the system’s 
ability to reason about its operations. These meta-agents can 
reason with other meta-agents to solve tasks. The benefit with 
this facility is that the meta-agents can exchange information 
and switch tasks if it is needed. For example, if reinforcement is 
needed and a service vehicle can be exchanged by another 
vehicle that is closer, they can switch tasks. The meta-agents 
keep track of these vehicles and can suggest a switch to the 
end-user. However, the meta-agents are not allowed switching 
without supervision. 

Moreover, by applying multi-agents we can utilise parallel 
computation both at the ground-level and the meta-level. To 
fully utilise the parallel facility, we duplicate the agents for 
each connection in the road, i.e., that has two or more 
computing agents waiting. The number of computing agents 
decides the number of duplicates. In this way, the system can 
continue to execute all the agents without needing to explore 
one at the time. 
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VI. SCENARIO 
To clarify the use of agents, we present a domain-based 

scenario that illustrates an application of agents in a multi-agent 
constellation with meta-agents. In this scenario, called case C a 
traffic accident needs response from an ambulance, A, rescue 
R, and police P. The accident, marked with a star has occurred 
in a crossing. Three vehicles (one rescue, ambulance and 
police) are to be dispatched for the accident. The agents, 
marked as dots, are invoked from the star to search for most 
suitable vehicles, see Figure 2. 
 
 
 
 

 
 
 

 
 
 
 
 

 
 

Fig. 2. A picture of a possible accident. 
 
We have a starting position based on the case C with x, y 

coordinates, the star, and we send out several agents each 
returning a value as they meet a suitable vehicle or service 
station. The user has to insert the positions for the accident and 
the type of accident. Then, the agents search for nearest 
services or services stations. Information about the location of 
these services and stations are provided by the system.  

The ground-level agents start from the position and travel all 
possible ways from the accident to the available services. At 
each corner, new agents start running, this implies that the 
number of agents is equal to the number of roads that is 
possible to drive. This makes the ground-level agents unique 
and possible to distinguish from the others. Observe that the 
agents need to check that none of the roads are one-way roads. 
This is to check the roads while the agents are moving from the 
accident to the services but it is to check the opposite direction 
of the agents since the services will move to the accident. 

When the agents are moving, they also collect environment 
information, which will be stored with the ground-level agent. 
This continues until the agent reaches a corner or a goal (i.e., 
particular service) and, thereby, built up the structure: <agent 
ID, road number, lanes (static), traffic (dynamic), start pos, goal 
pos>.  

When the ground-level agents begin to execute, the first 
meta-agent is initiated, i.e., one meta-agent is initiated per each 
ground-level agent. These meta-agents collect the ground-level 
agents that had moved to end positions, e.g., hit the corner or a 
particular service. Hence, each meta-agent makes a copy of 
itself and then expands it with the new ground-level agent. This 
continues until the system has reached all the services needed 

for the accident. Each meta-agent ends up containing all the 
agents for a particular service, with the structure of 
<ground-level agent1,… ground-level agentn>. 

The meta-agents are reduced into a set only containing the 
agents that have been successful and which of the roads that 
were the fastest. As long as the system is executing, the agents 
are working. As the agents have found adjacent points that are 
representing suitable vehicles, the other agents are aborted.  

Synchronisation of actions is, as mentioned above, important 
when several different services are involved in a situation. 
These services need to be synchronised to collect information 
about the different service forces to avoid misunderstandings 
and misuse of the services. It is a coordination of the facilities 
and the services provided to minimise sending redundant 
service facilities. For the case C, there are three different 
ambulances A, nearby. If only one of them is needed, i.e., 
possibility to take care of the injured person, only one of these 
should be activated. 

The coordination between services, for example the 
equipment issue, needs to be considered. Basically, the 
equipment issue is to great extent stable, the ambulance for 
example has its regular equipment. However in specific 
emergencies, both extra equipment and/or extra personnel, as 
for example nurse anaesthetic, need to be included.  

Handling these emergencies can be solved by meta-agents 
with the ability to select the ground-level agents that return the 
correct value based on the prerequisites of, e.g., anaesthetic 
nurse. Additionally, the meta-agents hold other case relevant 
information for coordination, and can check, for instance, if it is 
one or two accidents, based upon the geographical position. 
The meta-agents can also check the event code and, if possible, 
identification of persons involved. Furthermore, regarding the 
allocation of resources, the coordination of dispatchable 
resources also needs to be considered. A calculation and 
matching has to be made concerning equipment, e.g., which 
vehicle is most close to the hospital to collect the anaesthetic 
nurse. This is based on a match of the position and of the closest 
most suitable hospital or other health-care institution.  

If for instance, in case C, the accident involves two cars of 
which one is on fire and two injured people and one chocking. 
The emergence service needs two ambulances, one police and 
one rescue car. The agents can find the closest police car and 
the closest rescue car, and then calculate which two of the 
ambulances have the equipment needed and are the fastest to 
the scene of the accident. Moreover, the agents need to keep 
track of possible accidents that can happen almost 
simultaneously. There are high accident rates at common 
places. Likely accidents can be problems at an elder home care 
center. For the scenario, in Figure 2, there will be one optimal 
meta-agent for police with two ground-level agents, one to the 
corner from P and one from the corner to the accident. The 
structure is meta-agentP( <agent 1, road number, lanes (static), 
traffic (dynamic), start pos, goal pos>, <agent 2, road number, 
lanes (static), traffic (dynamic), start pos, goal pos>). There 
will also be one optimal meta- agent for rescue with three 
ground-level agents. Finally, for the ambulances there will be 
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three different meta-agents, containing four, five or six 
ground-level agents. The system needs to compare the 
performance of these three meta-agents and decide which one 
are the best to dispatch. 

These agents can be related to the work of 
knowledge-intensive mechanisms. On a meta-agent level, the 
control issue can be related to meta-level control architecture 
[16].  

VII. CONCLUSION AND FURTHER WORK 
In this paper we have presented an approach towards using 

agents in multi-agent systems to streamline the emergency 
services and select the most appropriate emergency services for 
accidents. The contributions concern a multi-agent perspective 
grounded in the rich fieldwork in the domain of emergency 
services. Basically, we show a possible agent solution to handle 
services such as emergency calls. We present how the 
meta-agents structure is based, as well as, the coordination 
issues on agent and meta-agent level. The core issue concerns 
the connection of the emergency service centres. Where 
automation aspects most probably need to be extended, thus, 
avoiding risks with information overload and 
misinterpretations of information. In addition, we have 
addressed one of the core issues in emergency handling, that of 
allocating the best possible recourses. Included is the issue of 
coordinating the agents in supporting the coordination 
processes in the real-world domain of emergency handling. 

In this paper, we have focused on allocating resources to the 
accident but not from the accident to the hospital. This is the 
next step in our research. Planning the best way depends on the 
classification of accident with the type of injuries and numbers 
of people injured. It also depends on the geographical position 
of accident, which is also the position of the vehicles, and the 
detachment and monitoring, i.e., sending and receiving 
information to and from the selected vehicles and monitoring 
the progress for possible occurrences. 

Considering the MAS, the possibility of relating the detailed 
specification of environment to the service approach could be 
an interesting way to continue beyond the scope of this paper. 
In Weynes et al., (2007) [18] it is stated that the services are a 
part of the environment in MAS. The notion of environment in 
MAS is understood to some degree, however, not well defined. 
Parts of the definition are that “several classes of MAS use the 
environment as a means for agents to share information and 
coordinate their behaviour”. Furthermore researchers and 
engineers associate the environment with an amalgam of 
resources, services, infrastructures and so on. An interesting 
approach of using the multi agents approach with meta-agents 
would be applying the meta-agents onto a service-oriented 
structure considering functional and non-functional 
requirements [19] since it could perhaps open new possibilities 
and questions, both from a MAS perspective as well as on a 
domain – business perspective. 
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