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Abstract. Multi-Agent Systems (MAS) is a promising software paradigm. Con-
sidered as a natural metaphor to modeling complex systems, MAS are applied 
to develop a wide range of applications. However, the developed system’s 
complexity is a hard obstacle to understand and maintain them. In this paper, 
some metrics are presented to measure the complexity of MAS. The proposition 
of these metrics is passed through the proposition of a complexity model for 
MAS. To validate our proposal, a tool has been developed to measure the 
JADE-based applications complexity. Furthermore, the collected metrics can 
also be used as a base to estimate the required effort to maintain JADE-based 
applications. 
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1 Introduction 

Multi-Agent Systems (MAS) is a promising software paradigm. It is applied nowa-
days to develop a wide range of applications from games to space shuttles. Specifical-
ly, we can consider it as an ideal paradigm to develop complex systems [1]. In fact, 
this paradigm provides several characteristics which allow modeling complex systems 
in natural way. The distribution of execution, the flexibility of agents and the richness 
of interaction’s modes are examples of characteristics that motivate the use of such 
paradigm to develop complex systems. 

The complexity notion is associated to the difficulty degree to understand a system 
[2]. This notion is a key factor in the development cost estimation and effort [3]. 
Moreover, it influences the understandability of developed software product. Conse-
quently, the software product complexity has an impact on the maintenance effort and 
cost. Therefore, measuring the complexity of software product can be used as an indi-
cator to estimate the required effort during the maintenance phase. 

We think that the above characteristics of MAS (distribution, flexibility and rich-
ness of interaction’s modes) can deepen the complexity effects. For example, the 
flexibility of agents makes their behaviors unpredictable and the understandability of 
developed system more difficult. Thus, the maintenance phase becomes more  
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complex. We address in this work the measurement of the complexity of MAS code. 
We propose a metrics that can be used as means to assess a developed MAS or as an 
indicator to estimate the required effort during the maintenance process. Before going 
ahead to the metrics presentation, we must first explain the proposed model for the 
complexity of MAS in order to identify the different facades affecting it. A tool has 
been developed to collect the proposed metrics for JADE platform.  

The remainder of this paper is organized as follow: some related works are pre-
sented in section 2. Section 3 is devoted to present a model for the complexity of 
MAS followed by the presentation of proposed metrics to assess it (in section 4).  In 
section 5 we present a tool we developed for collecting automatically the above me-
trics. Section 6 discusses our actual research, draws some conclusions and gives some 
future work directions. 

2 Related Works 

The complexity of software is a critical question during all the software development 
phases. Consequently, it has been studied quite a long time. McCabe [4] proposed one 
of the influential metrics to measure the complexity of software, called the cyclomatic 
number. This measure allows, among others, to estimate the required effort to under-
stand the software code. Although it is old, this metric is still used in new works [5]. 

It seems evident that MAS, as a software paradigm, require their own development 
approaches [6]. Especially, we are in need to specific metrics to measure the different 
aspects of agent-based software. Several proposed metrics are presented by Dumke et 
al. [7].Measuring the complexity of agent-based software is our main purpose in this 
paper. We think that measuring the complexity can be used as an indicator to control the 
development of agent-based software and estimate the required effort to maintain it. 

In the MAS field, the complexity has been studied across different points of view. 
Some studies targeted the computational complexity of MAS [8, 9]; others studied the 
complexity of MAS code [10, 11]. Our work shares the same goal with this second 
category of studies. The complexity of mobile agents implemented with AspectJ is 
studied by Dospisil [10]. The proposed metrics are based on the entropy measure. 
This work is mainly devoted to study the influence of implementing the interaction 
between mobile agents using AspectJ on the complexity of the developed software. 
Thus, we believe that the limited context of this study (the mobile agents imple-
mented with AspectJ) affects negatively the proposed metrics applicability for general 
MAS. 

In order to compare agent-based simulation to other simulation paradigms, Klügl 
[11] proposed metrics to measure the complexity of multi-agent simulations. These 
metrics can be classified into three categories: the overall system-level, the agent-
level and the agent-system-level metrics.  Many metrics are proposed for each level. 
The Number of Agent Types, the Number of Resources Types and the Maximum Num-
ber of Agents are examples of overall system-level metrics. The proposed metrics are 
closely related to simulation models (i.e., by considering the specificities of these 
models). Hence, relation between the model and the original system should be consi-
dered [11]. 



190 T. Marir et al. 

The author noted that the list of metrics is not complete. However, we believe that 
the lack of important metrics that affect significantly the complexity of MAS (like the 
interaction between agents) is a real drawback. Several missed metrics are more sig-
nificant than the presented ones. Moreover, he emphasized that some metrics (like the 
Size of Procedural Knowledge) can be measured only for some kinds of MAS. In fact, 
MAS can be implemented using various software paradigms (such as the object-
oriented programming or the knowledge-based systems). We think that it is important 
to consider the used software paradigm specificities in implementing MAS in order to 
propose metrics. Obviously, the software paradigm used to implement MAS can in-
fluence not only the metrics proposition but also the measurement method used to 
collect the metrics. The ISO/IEC 9126 quality standard [12] considered the measure-
ment method as an essential part of metrics. Nonetheless, this aspect is omitted in the 
above work. 

We think that the proposition of the three levels of complexity (overall system-
level, agent-level and agent-system-level) is important to analyze and understand the 
complexity of MAS. Even if the existence of the three levels is justified for simulation 
models, it is not the case for general MAS. In fact, MAS are defined as a set of inter-
acting agents in an environment. Consequently, we see that the agent-system-level is 
a natural part of overall system-level. 

As conclusion, designed for agent-based simulations, the proposed metrics cannot 
be used for any other agent-based software. Consequently, it seems important to pro-
pose metrics to assess the complexity of MAS. As it is shown above, the complexity 
metrics can be used to evaluate a developed MAS. Therefore, the complexity metrics 
provide strong base to plan the maintenance phase. In order to propose the complexity 
metrics, firstly, we should specify the complexity notion of MAS. The next section is 
devoted to present a complexity model of MAS. 

3 Complexity Model for Multi-Agent Systems 

Before starting the measurement of the complexity of multi-agent systems, we should 
formulate the complexity concept. This concept should also be specified by consider-
ing the features of multi-agent systems. 

One of the most accepted definition of the complexity is proposed by IEEE in the 
Standard Glossary of Software Engineering Terminology [2] as “the degree to which 
a system or component has a design or implementation that is difficult to understand 
and verify”. Thus, the complexity is closely related to the required effort to under-
stand, verify and maintain a software product. However, given a general statement, 
like the definition proposed by IEEE, is not enough. This definition did not give the 
possible causes that can influence the difficulty to understand software product. 
Therefore, we propose a model of the complexity concept in the MAS context. The 
proposed model simplifies the understanding and studying the MAS complexity. 

MAS can be informally defined as a set of interacting agents in an environment. 
Naturally, the number of agents and interaction between them are the main factors 
that influence the MAS complexity. Furthermore, at the lower granularity level, the 



 Complexity Measurement of Multi-Agent Systems 191 

agent is not an atomic entity. Accordingly, the complexity of agents has a direct influ-
ence on the MAS complexity. To conclude, the MAS complexity may be viewed at 
two distinguished levels: agent-level and system-level (Fig. 1). By the agent-level 
complexity we intend to study, separately, the complexity of each agent (without 
taking its interaction with other agents into account). On the other side, the system-
level specifies the complexity of the environment and the interaction between agents. 

 

Fig. 1. A complexity model for multi-agent systems 

The agent-level complexity can be analyzed using two orthogonal criteria: the 
complexity of the agent’s structure and the complexity of agent’s behaviors.  
The complexity of the agent’s structure represents the internal elements composed the 
agent including the complexity of its knowledge. Obviously, the behavioral complexi-
ty is the complexity of the different behaviors implemented inner the agent in order to 
achieve its goal. 

At the system-level, the complexity is composed of the social’s structure complexi-
ty and the interactional complexity. The social structure indicates the global structure 
of the MAS. It encompasses all the agents composing the MAS and the objects that 
exist in its environment. The interactional complexity designates the collective beha-
vior of the MAS. The collective behavior of this latter is ensured by the direct interac-
tion between agents or the indirect interaction between them through the manipulation 
of the environment objects. 

After specifying the complexity model of MAS, we should propose some metrics 
in order to measure each of the four components of our model: structural, behavioral, 
social structure and interactional complexities. The next section is devoted to this 
purpose. 

4 Measuring the Complexity of Multi-Agent Systems 

Modeling the complexity concept of MAS is the first step to assess it. This step 
should be followed by the proposition of metrics in order to measure, objectively, the 
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complexity of the developed MAS. According to Alonso et al. [13], the measurement 
of metrics in MAS field is closely dependent on the implementation paradigm used to 
develop this system. Because the MAS can be implemented using various software 
paradigms (object-oriented paradigm, knowledge-base systems, etc), it seems hard 
difficult to propose adequate metrics for all these software paradigms. Consequently, 
we propose in this paper, only some metrics for MAS which are implemented using 
the object-oriented paradigm. As we will present bellow, the presented metrics will be 
applied to JADE platform. 

The ISO/IEC 9126 quality standard [12] emphasized that the specification of the 
measurement method is essential in the proposition of metrics. According to this rec-
ommendation, we start this section by explaining the measurement method used in 
assessing the proposed metrics. 

4.1 The Measurement Method 

In software engineering, the metrics can be static or dynamic. The static metrics are 
assessed without executing the software. On the other side, the dynamic metrics are 
collected during the execution of the software. For difficulty reasons with assessment 
of dynamic metrics, the static ones are the most used [14]. However, we think that the 
two kinds of metrics are complementary. For instance, in dynamic system the static 
analysis of code cannot give the number of agent composed the MAS. Consequently, 
we opted in this paper, to both static and dynamic metrics. 

The static metrics are collected by analyzing the code of the MAS. Based on the 
different language constructors of JAVA and specifically JADE platform, we can ex-
tract useful information about the complexity of the software. 

The dynamic metrics are collected thanks to the aspect paradigm [15]. This soft-
ware paradigm allows us to specify the metrics independently to the MAS as aspects. 
The implemented metrics are woven automatically in the adequate points of the MAS 
in order to pick up the execution trace of the software. Using the aspect paradigm we 
can measure the dynamic metrics without updating the code of the implemented 
MAS. Using AspectJ we can easily implement the metrics and use them with JADE 
applications. 

4.2 The Proposed Metrics 

This section presents the proposed metrics. Nevertheless, it is important to note that 
the proposition of a complete and exhaustive list of complexity metrics is beyond the 
scope of this paper. The proposed metrics to assess the complexity of MAS are: 

 
1. The structural complexity metrics: we propose the following metrics to measure 

the structural complexity of agents: 
 
(a) The Size of the Agent’s Structure (SAS): The agent’s structure is presented us-

ing set of attributes. Generally, these attributes are used to specify the state of 
the agent. Consequently, increasing the number of attributes implies increasing 
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the number of agent’s states represented by the attributes combination. The va-
riety of the agent’s states influence the analysis of the agent. Thus, we use the 
SAS metric as an indicator to calculate the complexity of the agent’s structure. 

(b) The Agent’s Structure Granularity (ASG): some attributes that composed the 
agent’s structure can be objects which are composed also of attributes. Ob-
viously, the structure of the agent will be more complex if it is composed of 
several composite attributes. We can represent the attributes of an agent in a 
tree known that its root is the agent, each node is an attribute and the leaves are 
the primitive attributes. Known that the height of the root is zero, this metric 
represents the average height of the nodes. 

ܩܵܣ  ൌ ∑ ே೔ೖ೔సభ௄ିଵ  (1) 

Where k is the number of the nodes in the tree, Ni is the height of the ith node. 
We used (K-1) as the divider in this metric in order to exclude the root of the 
tree because it is not an attribute. If an agent has not attributes, its structure 
granularity becomes naturally zero. 

(c) The Dynamicity of the Agent’s Structure (DAS): in addition to the composed 
attributes, the ones of the agent can be of a container nature. By the container 
attributes we mean the attributes allowing adding and removing variables like 
the list. Known the number of variables encompassed in the container allows 
knowing exactly the size of the agent’s structure. Moreover, the extensive dy-
namicity of the agent’s structure designates instability in the agent’s structure 
which means more complexity. Hence, the dynamicity of the agent’s structure 
is measured by identifying the structure update between two moments. 

ܵܣܦ  ൌ ௌ஼೟ିௌ஼೟ᇲ௧ି௧ᇱ  (2) 

Where SCt (respectively SCt’) is the size of the container in the moment t (re-
spectively t’). 

2. The behavioral complexity metrics: the behavioral complexity of the agent can 
be assessed using: 
 
(a) The Behavioral Size of the Agent (BSA): is the number of behaviors ensured 

by agent. This metric gives an indicator to the degree of agent’s specialization. 
Obviously, an agent that ensures various behaviors is more complex than the 
one which ensures fewer behaviors. 

(b) The Average Complexity of Behaviors: the previous metric seems not suffi-
cient because an agent who ensures several simple behaviors may be simpler 
than an agent that ensures only one complex behavior. The JADE platform, for 
example, gives the possibility to define composite behaviors. We can specify 
the composite behaviors by finite state machine. Hence, the complexity of a 
behavior can be calculated using the cyclomatic number proposed by McCabe 
[4]. Taking a composite behavior (B) presented by graph (G), its cyclomatic 
complexity (CCB) is calculated by the equation: 
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஻ܥܥ   ൌ ሺீܧ െ ீܰሻ ൅ 2ܲீ  (3) 

Where EG is the number of edges of the G; NG is the number of node of G and 
P is the number of connected component of G. It is clear that the complexity of 
simple behaviors is 1. The complexity of an agent’s behaviors is calculated as 
the average of all its behaviors. 

(c) The Average Number of Scheduled Behaviors (ANSB): an agent can launch 
several behaviors. Then, a started behavior is inserted into a scheduling list  
until its turn. The scheduling behaviors are those that are waiting for their ex-
ecution. This mechanism is made for ensuring the concurrency in the agent’s 
functionalities. However, this concurrency may be the cause of the difficulty to 
understand the functionalities of an agent which change frequently the execut-
ing behavior. Moreover, this concurrency requires managing the behaviors’ 
priorities for ensuring coherent and validating results. In the complex systems, 
the management of the scheduling behaviors is a difficult task. Hence, we pro-
pose to calculate the average number of scheduling behaviors in each moment 
as an indicator of the concurrency intra-agent. As it is explained above, despite 
the advantages of the concurrency inner the agent, it represents a cause of the 
complexity. 

3. The social structure complexity metrics: a MAS is composed of set of agents ex-
isting in an environment. The environment is composed of set of objects. Conse-
quently, we can measure the complexity of the social structure of MAS by: 
 
(a) The Heterogeneity of Agents (HA): this metric indicates the number of classes 

of agents. We think that MAS composed of heterogeneity agents is more diffi-
cult to be understood than a homogeny MAS. Moreover, to maintain heteroge-
neous MAS we need to update several agents. 

(b) The Heterogeneity of the Environment’s Objects (HEO): the environment of 
the MAS is composed of objects. Like the previous metric, we think that the 
existence of heterogeneous objects composed the environment can be consi-
dered as an indicator to the complexity of the MAS. The heterogeneity of the 
environment’s objects metric corresponds to the number of classes of environ-
ment’s objects. 

(c) The Size of the Agent’s Population (SAP): in the MAS, the agents can be 
created and killed dynamically. Known that the agents operate in concurrence, 
increasing their number increases the complexity of the MAS. Moreover, in-
creasing the number of agents introduces more interactions between them. Con-
sequently, the complexity of the MAS increases. 

4. The interactional complexity metrics: the interaction between agents is ensured 
directly by means of messages or indirectly by manipulating the object of the envi-
ronment. We measure the interaction between agents by: 
 
(a) The Rate of Interaction’s Code (RIC): this metric presents the rate of source 

code devoted to ensure the communication between agents. Consequently, 
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ܥܫܴ  ൌ ௌ஼ௌ஻ (4) 

Where SC (Size of Communication) is the total number of line of code devoted 
to the communication between agents composed the MAS and SB (Size of  
Behaviors) is the size of all the behaviors of agents composed the MAS. Com-
puting the size of communication includes all the operation related to the 
communication process like messages processing, sending and receiving.  De-
spite that this metric does not give the rate of interactions because the interac-
tion’s code can be repeated several times; but it can be used as an indicator to 
estimate the required effort to maintain the MAS. Increasing the result of this 
metric means that the behaviors of agents are probably most coupled. Thus, 
updating the code of an agent may require updating the code of the others. 

(b) The Average of Exchanged Messages per Agent (AEMA): as we indicate pre-
viously, the Rate of Interaction’s Code metric gives only partial information 
about the collective behavior of agents because the possible repeat of the sent 
messages. Therefore, we propose the Average of Exchanged Messages per 
Agent (AEMA) metric to estimate the real number of exchanged messages. Ob-
viously, this metric is of dynamic nature. Using this metric we can estimate the 
required effort to understand the collective behavior of the MAS. It seems evi-
dent that the higher exchanging of messages can influence the complexity, be-
cause it means the difficult to study each agent alone. 

(c) The Rate of the Environment’s Accessibility (REA): the agents can be inte-
racting indirectly by manipulating the environment’s objects. In order to apply 
this kind of interaction, the environment’s objects should be accessible. Hence, 

ܣܧܴ  ൌ ே௉ை஺ே஺ை஺ (5) 

Where NPOA is the Number of Public Objects’ Attributes and NAOA is the 
Number of All Objects’ Attributes. This static metric is an indicator to the 
complexity of the MAS because of the existing of public attributes increases 
the agents coupling. For that reason, it becomes difficult to understand and 
maintain the collective behaviors of multi-agent systems. 

The above metrics are proposed to assess the complexity of MAS that are imple-
mented using the object-oriented paradigm. A multi-agent system is firstly software. 
Consequently, the proposed metrics to assess the conventional software (like the size 
in Line of Code metric) can be combined with our metrics to provide more informa-
tion about the complexity of agent-based software. Especially, the proposed metrics 
for object-oriented software (like the depth of inheritance) can be used to calculate the 
complexity of the environment’s objects. 

Naturally, the comprehensive complexity of MAS is obtained by computing the 
average of all the above metrics. As appropriate, we can associate to each metric a 
weight which reflects its importance. We think that it is difficult to propose unanim-
ously these weights. They are left to the appreciation of the users of the proposed 
metrics. 
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5 A Tool to Assess JADE Complexity 

In order to assess the complexity of JADE-based MAS, we developed a tool that cal-
culates automatically the above metrics. Figure 2 illustrates the architecture of the tool 
we developed. 

 

Fig. 2. Tool architecture 

The measurement process passes through two phases. First, the MAS code should 
be analyzed to calculate the static metrics. Calculating the static metrics is based on 
the search of specific language construct of JADE. Second, AspectJ wove the devel-
oped dynamic metrics (as aspects) with the JADE-based software. As a result, we 
obtain the execution trace of the MAS. This latter is used to measure the different 
dynamic metrics. Both static and dynamic results will be presented in several forms 
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(textual rapport, graphical presentation and saved in data-base) for increasing the 
readability of the obtained results. 

The following code is an example of aspect used to pick up an event during the ex-
ecution of the MAS. This aspect is used in order to collect the information about the 
created agents. Thus, before creating an agent by the method createNewAgent, the 
aspect should be executed. In the same manner, the library of our dynamic metrics is 
composed of aspects to pick up the execution of the main method, the creation of 
objects, the updating of containers’ size, the exchanging of messages and the schedul-
ing of behaviors. 

public aspect CreationOfNewAgent { 
pointcut CreationOfAgent():execution(* 

*createNewAgent(..)); 
before() : CreationOfAgent(){ 

    // Saving information about the created agent 
      } 
} 
 

The tool we developed has been validated using two case studies. We choose the 
FSMAgent and ContractNet interaction protocol examples available in [16]. The first 
example is to show the finite state-based behaviors. The agent executes a composite 
behavior which is composed of several simple behaviors. The composite behavior is 
presented using finite state machine. The following code presented the skeleton of the 
FSMAgent. 

public class FSMAgent extends Agent { 
 protected void setup() { 
  FSMBehaviour fsm = new FSMBehaviour(this) { 
   public int onEnd() { 
          // the onEnd method 
   } 
  };  
 // The composite behavior's description using the FSM 
  addBehaviour(fsm); 
 } 
 private class NamePrinter extends OneShotBehaviour { 
  //the code of the NamePrinter behavior 
 } 
 private class RandomGenerator extends NamePrinter { 
    //the code of the RandomGenerator behavior   
 } 
} 

The second example presents the implementation of the famous Contract Net inte-
raction protocol. This example is composed of two classes of agents: the initiator and 
the participant. The Initiator starts its behavior by sending call for proposal to all the 
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participants. Then, it processes the responses provided by the participants in order to 
select the best proposal. After the reception of a CFP message, a participant agent 
formulates and sends its proposition if it wants to participate in the interaction proto-
col, or sends a refuse message in the other case. Depending on the response of the 
Initiator, the participant terminates its execution if it received reject message or ex-
ecutes the adequate action in order to provide the results to the Initiator. The limited 
size of this paper prevents us to present the code of the ContractNet example. Howev-
er, the complete codes of the both examples are available in [16]. 

Table 1 gives the results of the collected static metrics of the two examples. We 
omit the Heterogeneity of the Environment’s Objects (HEO) and the Rate of the Envi-
ronment’s Accessibility (REA) metrics because their values are zero (there is no ob-
jects in the environment of the presented examples). For instance, three behaviors are 
specified inner the agent FSMAgent which is presented by the Behavioral Size of the 
Agent (BSA) metric. Because one of these behaviors is a composite behavior which is 
presented with finite-state machine (with eight edges and six nodes), the Average 
Complexity of Behaviors metric becomes two. This metric corresponds, as explained 
above, the average cyclomatic number of all the behaviors of the agent. 

Against by the ContractNet example is composed of two agents with single simple 
behavior in each one. Consequently, its Average Complexity of Behaviors metric be-
comes one. However, we can easily remark that the Rate of Interaction’s Code (RIC) 
metric of this example is 0.46. Thus, almost half of the behaviors’ code of the agents 
composed, this example is devoted to the communication. 

Table 1. The results of the static metrics 

  The Metrics FSMAgent ContractNet 
The Size of the Agent’s Structure (SAS) 06 0.5 
The Agent’s Structure Granularity (ASG) 01 0.5 
The Behavioral Size of the Agent (BSA) 03 01 
The Average Complexity of Behaviors 02 01 
The Heterogeneity of Agents (HA) 01 02 
The Rate of Interaction’s Code (RIC) 00 0.46 

 
Thanks to the aspect-oriented programming, we can capture the events execution 

of the JADE-based applications in order to calculate the dynamic metrics. Hence, we 
use the tool we developed to execute the two above examples. We note that the Con-
tractNet example is executed with single Initiator and three participants. 

Table 2 gives the execution trace of the two above examples with the correspond-
ing dynamic metrics: The Average of Exchanged Messages per Agent (AEMA), The 
Size of the Agent’s Population (SAP) and The Average Number of Scheduled Beha-
viors (ANSB).  The Dynamicity of the Agent’s Structure (DAS) metric is omitted be-
cause it has the zero value and it does not changed during the examples execution. 
Obviously, this value is justified by the lack of container in the agents’ structures. 

For limited size reasons, we will present only the Average of Exchanged Messages 
per Agent (AEMA) metric of the ContractNet example. This metric starts with the 
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zero value as is presented in Table 2. At the time 4672 ms the Initiator agent sent a 
CFP message to the three participants and the value of AEMA metric becomes 0.75. 
During the execution of the MAS this metric progresses until reaching the value 2.5 
messages per agent at the time 4938 ms. 

Table 2. The results of the dynamic metrics 

 Time Event AEMA SAP ANSB 

C
ontractN

et 

00 Starting the execution 00 00 00 
4297 Creation of the agents: Participant_01, 

Participant_02 and Participant_03 
00 03 00 

4375 Creation of the Initiator agent 00 04 00 
4422 Scheduling the behaviors of the agents: 

Participant_01and  Participant_02 
00 04 0.5 

4485 Scheduling the behavior of the agent 
Participant_03 

00 04 0.75 

4672 The Initiator send CFP message to the 
three participants: Participant_01, Par-

ticipant_02 and Participant_03 

0.75 04 0.75 

4719 Scheduling the behavior of the Initiator 0.75 04 1 
4766 The three participants (Participant_01, 

Participant_02 and Participant_03) send 
their propositions 

1.5 04 1 

4875 The Initiator agent send a response to 
the participants (Participant_01, Partici-

pant_02 and Participant_03) 

2.25 04 1 

4938 The agent Participant_02 send Inform 
message to Initiator agent 

2.5 04 1 
F

SM
A

gent 

00 Starting the execution 00 00 00 

3407 Creation of the agent 00 01 00 

3422 Scheduling the behavior of the agent 00 01 01 

 
We conclude after the above results analysis that the individual aspect is the com-

plexity’s source of the first example because it is composed of a single agent with a 
composite behavior. On the other side, the complexity of the second example is the 
result of its social aspect. The second example is composed of four agents that are 
instantiated from two different classes. Moreover, the interaction between these 
agents used most of the code. We can also remark that the results of the both kinds 
(static and dynamic) of metrics are not contradictory. In fact, both kinds of metrics 
associate the MAS complexity to the individual aspect in the first example and asso-
ciate it to the social aspect in the second one. However, it will not strange to find in-
consistency results between the static and dynamic metrics in some cases. Known that 
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the two kinds of metrics are complementary, we think that a deeply analysis of all the 
results may conduct us to identify the real reason of the complexity. 

For increasing the readability of the obtained results, our tool gives also the col-
lected metrics using graphical presentation. Figure 3 gives the evolution of Average of 
Exchanged Messages per Agent (AEMA) metric of the ContractNet example  
explained above. 

 

 

Fig. 3. The results of the AEMA metric of the ContractNet example 

6 Conclusion 

The software complexity is considered as an important indicator to estimate the  
required effort to understand and to maintain it. Recognizing its importance, this  
concept has been studied since the 1970s. However, the evolution of the software 
paradigms requires updating the complexity measurement according to the novelties 
provided by these paradigms. Nowadays, the multi-agent systems is one of the most 
applied software paradigms. Consequently, it seems very useful to measure the MAS 
complexity. This paper introduced a set of static and dynamic metrics in order to as-
sess their complexity. These metrics are relative to a novel complexity model pro-
posed for MAS. The proposed model allows simplifying and understanding the main 
characteristics that influence the complexity of MAS. The proposed metrics can be 
used, among others, as indicators to estimate the required effort to understand and 
maintain the implemented MAS. The proposed metrics can be calculated automatical-
ly for JADE-based applications using a tool we developed. 

As future work directions, we plan to extend this work to support some specific 
kinds of multi-agent systems (e.g., mobile agent and adaptive agent). Moreover, we 
will target the complexity of multi-agent systems at early development stages (the 
specification and design of MAS). 
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