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various methodologies can really help developers
in deciding. Hence, evaluation of methodologies
in terms of their suggested models and
deliverables,
development
process
and
capabilities is truly advantageous.
Agent-oriented methodologies are categorized
into three major classes based on influenced
approaches: Methodologies based on knowledge
engineering approaches, such as MASCommonKADS [29,30] and CoMoMAS [33]
which focus on agent's knowledge level
concepts. MaSE [26], MESSAGE [20] and
Prometheus [28], [29] are based on object
oriented approaches and focus on object-oriented
concepts. Other methodologies such as Gaia [6]
have neither knowledge engineering approach
nor object oriented idea. They are completely
based on agent concepts. [7].
Several methods to evaluate agent oriented
methodologies have been proposed.
Shehory and Sturm [2] developed a set of criteria
for feature based analysis of methodologies
consist of software Engineering criteria and
agent based characteristics. The similar works
have been done in [11] and [13].
Another evaluation of methodologies is provided
in [4]. In their research, a case study based on
some specific criteria has been selected, and the
evaluation of some agent oriented methodologies
is provided in the context of the proposed case
study. Their evaluation framework consists of a
set of questions to be delineated to each
methodology.
In the study presented in [5] Cernuzzi and Rossi
proposed a quantitative analysis employing
quantitative methods. It checks the level to
which some specific qualitative features exist in
a methodology using attributes tree, it calculated
the level to which the evaluated method meets
the requirements of its users by assigning a
weight to each feature of the method, grading

Abstract – Several methodologies with their own
characteristics have been proposed in the area of
agent-oriented software engineering. Consequently,
deciding which methodology to select in a specific
case is an important issue and it can lead to
decrease software development cost and effort.
Thus, importance of evaluation of methodologies
will be highlighted in choosing the appropriate
methodology in the development process of an
application. It can also help in developing new
methodologies and improving existing ones. In this
paper, we are going to provide an evaluation
framework of agent oriented methodologies. To
demonstrate the usage of the suggested framework,
it is applied to evaluate two methodologies
(MESSAGE and Prometheus) using a proper
example. Results show that, using our method,
methodologies can be truly compared and
evaluated.

I. INTRODUCTION
Agent oriented methodologies assist developers
in all phases of agent based software
development process. A methodology provides a
set of useful techniques to resolve complexity of
developing large scale systems. It also helps to
manage development life cycle process easier.
There are several agent oriented methodologies.
Each methodology provides some guidelines,
activities and modeling concepts. It may suggest
specific analysis and design techniques,
deliverables and notations. It also has its own
supporting tools. Therefore variety of agent
oriented methodologies result in some
difficulties in deciding, reaching standards and
finding sufficient samples and case studies on a
methodology.
Therefore,
choosing
an
appropriate methodology in a specific case is one
of the most important issues in the process of
software development. Being aware of strong
points and weaknesses of all methodologies and
being familiar with existing differences among
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each feature, and calculating a weighted average
grade.
By studying evaluation techniques which are
proposed until now, it seems that: 1) there is not
any appropriate framework for evaluating
methodologies. 2) These methods are mostly
based on feature based analysis and a small
amount of work has been performed to compare
agent oriented methodologies in a quantitative
approach. 3) There is not any evaluation on
complexity of models and techniques offered by
different analysis and design phases of
methodologies. 4) No study is carried out in
order to evaluate consistency and stability of
produced models and artifacts.
Therefore, presenting a proper method to
perform a drastic evaluation of methodologies
based on their processes and proposed models
can be really helpful. In this paper, a new
quantitative framework for comparison of agent
oriented methodologies is introduced which
studies models, deliverables, development life
cycle and overall process of methodologies.
Evaluation of two methodologies, MESSAGE
and Prometheus, is also presented by using a
simple fruit market as an example. However the
evaluation framework can be applied to other
methodologies.
The remainder of this paper is organized as
follows: The evaluation framework is explained
in section 2; section 3 describes our quantitative
approach in the context of a case study applied to
two different methodologies. We introduce these
methodologies in brief and an overview of each
one is presented. Finally conclusion is provided
in section 4 and Section 5 introduces prospects
for future works.

software development process and etc. Size of
models and diversity of components represents
complexity of a deliverable. On the other hand,
topology of components and relations could be
used to qualify deliverable design.
In our modeling methodology, constructs are
categorized in three major classes: diagrams,
tables and textual templates. Diagrams have been
considered as a directed graph. Magnitude of a
graph depends on number of nodes and edges.
Throughout this paper, we denote by n(G) and
m(G) the number of nodes and edges of the
graph G, respectively. The number n(G) is called
the order of G and m(G) is the size of G.
Increasing order or size of a graph leads to an
increase in its magnitude. So we can evaluate the
magnitude of a graph as follows,
Another aspect of complexity is diversity of
components in a model. So, we need a way to
measure diversity of components in diagrams
and models. To quantify diversity, objects in a
model are counted and scores are assigned to
objects based on their frequency of occurrence in
the model. Scores assigned to each object is the
position of object in the ranking of occurrence
frequency in descending order. For example, if
Oi is an object and has the most frequency of
occurrence, its score (Si) will be set to 1. So,
diversity of a model is defined as

Where Sj stands for Oj’s score and Fj shows its
frequency of occurrence. N represents number of
objects such as nodes. Diversity of components
converges to 1 when investigated model consists
of only one object type and there is no diversity
in components. Diversity could be calculated for
both objects and their associations in a proposed
model or deliverable. For example, we are going
to calculate diversity of the model which is
shown in Fig.1.

II. COMPARISON METHODOLOGY
In this section, the evaluation framework is
presented. In our framework, we evaluate
complexity and quality of produced models.
High level of abstraction leads to a decrement in
complexity. The main question which arises is:
How we can measure the abstraction level of
methodology? In addition to abstraction level,
we need to qualify artifacts but how we can
compare designed models? We are going to
answer these questions by providing an accurate
model of methodology constructs. Each
methodology consists of stages and each stage
has some deliverables. Each deliverable must be
evaluated from different views such as size,
diversity of
components,
topology of
components and relations, effectiveness in

Fig. 1. Sample model
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coupling to the maximal possible coupling. For
example, if the system has four components,
then each component could potentially be linked
to a maximum of three other components, giving
a total number of 6 possible links. To get the link
density, we simply count the links and divide by
the number of links in the complete graph. So,
we will have link density as follows,

Table 1 shows the frequencies and scores of
components in this model. Therefore total
diversity is 3.1875.
TABLE 1
Frequency and Score of the Sample Model

It is likely that all components in the system are
linked in some way, and if this is the case, the
minimum number of links will be one less than
the number of components. An obvious design
that has such a number of links is a star design,
where each component is coupled to one central
component. Although this has a low level of
coupling, it is an undesirable design for two
reasons: firstly, change to the central component
type is likely to affect many of the other
components; and secondly, it is a situation that
can potentially lead to a bottleneck at run time
when many components are trying to
communicate with a single component. If we
ignore component cardinality, the bottleneck
factor can be assessed simply by examining the
number of links that a component has. The
largest number of links from a component type
can be used as an indication of the worst
bottleneck in the system for the purpose of
comparing designs. To evaluate design of
models, we used TScore which can be calculated
as bellow,

Another type of deliverables is table. Tables in
methodologies describe specific types of
components such as roles, agents and etc. Tables
comprise entries which must be filled by
analysts. Tables could be assumed as an
adjacency matrix of a bipartite graph. So, count
of entries represents size of the graph and sum of
rows and columns represents order of assumed
graph. Magnitude of a table can be obtained as
follows,

Where C and R show number of columns and
rows and N represents number of filled entries in
table. Complexity of a model is directly affected
by the magnitude of that model. Since tables
have no components, their diversities are
considered 1. Similarly, number of items
discussed in a textual template shows its
magnitude and its diversity is assumed to be 1,
the same as tables.
Using above factors, required effort to prepare a
specific deliverable could be estimated.
Complexity of a deliverable estimates required
time for preparing that construct and
understanding it. Increasing model magnitude or
diversity results in a growth in complexity of
models. So, complexity can be calculated as
follows,

Where D shows degree of each node in a graph.
If a specific node has a high degree and others
have low degrees, we would have star topology
or something like this. Consequently, TScore can
measure and qualify topology of a graph.
LinkDensity and TScore can also be used to
evaluate
models
and
consequently
methodologies.
III. CASE STUDY AND EVALUATION

Using complexity approximation, we can assess
total process of software development.
To evaluate design of deliverables, we require a
general framework to evaluate models. We
analyze diagrams in two ways. One is simply an
analysis of the density of links within the
diagrams. This measure is the ratio of the actual

To evaluate methodologies, a simple FruitMarket
is used as an example. To keep it small, three
participants have been assumed: OrchardBot,
ShopBot and SupplyBot. First participant,
OrchardBot is the representative of an orchard
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Table 2

who is attempting to sell its products. Second
participant, SupplyBot is a representative of
several fruit producer. As the supplier needs to
remain well stocked it has a budget to fund
purchases. The last participant, ShopBot, is a
representative of supermarket chain. It also has a
budget to purchase additional stocks.
A broker is also used to register sellers, store
sellers’ information and provide this information
to buyers. This example is a variation of one of
Zeus case studies [35].
Two methodologies with object oriented
approaches have been chosen as case studies:
MESSAGE [20] and Prometheus [28, 29].

Magnitude, Diversity, LinkDensity and TScore of Models in
MESSAGE Model

A MESSAGE
MESSAGE methodology covers MAS analysis
and design and is intended for use in mainstream
software
engineering
departments.
The
MESSAGE notation extends the UML with
agent knowledge-level concepts and diagrams
with notations for viewing them. Its analysis and
design process is based on the Rational Unified
Process (RUP).The methodology distinguishes
high-level design from detailed-level design
[20].
MESSAGE modeling process consists of three
main phases: The first phase is Analysis which
follows an iterative and incremental approach,
the second phase is High level design and the
third is detailed level design. Each phase
produces several deliverable construct such as
diagrams, textual templates, tables and etc. For
example, Fig. 2. shows the Interaction diagram
view of the analysis phase in level 1.Three roles
Buyer, Seller and Broker are identified and can
be seen in the graph.

Fig. 2. Interaction view diagram provided by MESSAGE

B Prometheus
Prometheus has been studied as the second
methodology. It consists of three main phases:
specification, architecture design and detailed
design. Prometheus differs from existing

Table 2 reports the result of applying our
quantitative evaluation method on the deliverable
constructs produced in the analysis and design
phase.
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Table 3

methodologies in that it is a detailed and
complete (start to end) methodology for
developing intelligent agents which has evolved
out of industrial and pedagogical experience
[28]. Incremental process in this methodology
made it very helpful and easy to use. Starting
with roles, determining functionalities, data
coupling techniques to specifying agents and
other useful techniques provided by this
methodology guide novice developers well.
Using this methodology, we detected three main
roles which have been shown in Fig. 3.

Magnitude, Diversity, LinkDensity and TScore of Models in
Prometheus

Fig. 3. Goal model provided by Prometheus

As shown in Fig. 3, each role contains some sub
goals. Sub goals would be assigned to
functionalities. These functionalities must be
clustered in groups and groups will be
transforms to agents. Various techniques to
specify agents and their features are provided in
this methodology. We use these techniques and
finally complete specification of system would
be resulted. Table 3 reports models which are
produced during this process.
According to Table 3, total complexity of
methodology will be 2429.49.
C Results and Comparison
In this section, we are going to compare the
result of applying our framework to proposed
methodologies. Based on the result of our
framework factors (i.e. Complexity, LinkDensity
and TScore), strengths and weaknesses of
discussed methodologies will be revealed. Fig. 4
shows that the LinkDensity of MESSAGE is
greater than the Prometheus in Detail Design
phase. Using complicated relations between
components may lead to have more
communications between separated components.
So, it seems that Prometheus will show better
performance.
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As shown in these equations, using MESSAGE
methodology, complexity in models will
decrease more than Prometheus during the
project.

Fig. 4. Comparison of LinkDesnsity of models in Detail
Design

Fig. 5 shows that the TScore of MESSAGE is
greater than Prometheus in Detail Design phase.
This fact leads to prefer Prometheus because of
two main reasons: first, modification of one
component leads to modify small amount of
components. Second, possibility of bottleneck
will be decreased.

Fig. 6. Comparison of Complexity of models in Different
phases

IV. CONCLUSION
We proposed a framework to evaluate and
compare methodologies based on quantitative
approach. Using this framework, developers are
able to choose a suitable methodology in the
development of their agent based systems. Our
framework focused on models and artifacts of
methodologies by evaluating their complexity
and other characteristics. We follow decreases or
increases of complexity in different phases in
order to assess effectiveness of each stage in
overall process. It also helps to resolve
shortcomings of existing methodologies and
exploiting their strengths.
Further more, we applied our framework to two
methodologies with object oriented approaches
(MESSAGE and Prometheus) using a
FruitMarket as a case study.
We tried to measure abstraction level in terms of
model magnitude and diversity of components. It
seems that, methodologies with higher level of
abstraction are more suitable for large scale
systems.
However, our consideration is restricted to a
particular case study with its specific
requirements. Other case studies may lead to
slightly different results.

Fig. 5. Comparision of TScore of models in Detail Design

As mentioned above, Prometheus’s complexity
is larger than MESSAGE. This fact makes
Prometheus, hard to use for beginners. On the
other hand, Prometheus describes different
aspects of agent oriented software in detail and
this will help implementers to implement the
final system easier. Fig. 6. presents a brief view
of complexity increment in different phases of
these methodologies. As shown in this figure,
complexity in MESSAGE has a trend line as
bellow:

V. FUTURE WORK
And complexity of Prometheus has a trend line
as bellow:

As a future work, our introduced framework can
be used to evaluate other existing or upcoming
methodologies and consequently, a good report
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