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ABSTRACT

This study focuses on the analysis and evaluation of agent-
oriented methodologies. Different studies have been proposed for
the evaluation of agent-oriented methodologies adopting specifics
types of evaluation and criteria. The present work proposes to
adopt the Profile Analysis technique for comparing evaluations
carried out by different authors (perhaps using different evaluation
frameworks) with the aim of improve the acceptability of agent-
oriented methodologies evaluation in the agent community. To
exemplify the proposal, we present the application of the Profile
Analysis technique on a case study.

Categories and Subject Descriptors

D.2.10 [Software Engineering]: Design — Methodologies. 1.6.5
[Simulation and Modeling]: Model Development — Modeling
Methodologies.

General Terms
Measurement, Reliability, Verification.

Keywords
Agent Oriented Methodologies, Evaluation, Profile Analysis

1. INTRODUCTION

The specialized literature presents different studies on the
evaluation of Agent-Oriented Software Engineering (AOSE)
methodologies [16], [4], [5], [8], [9] and [18]. However,
attempting a comparison among the available studies we found
some difficulties to deal with. The first one is that the majority of
them are mainly based on qualitative evaluations which are
difficult to compare. In this sense, the framework described in [3]
represents a great improvement, starting from qualitative
evaluations to obtain quantitative results. Another relevant
problem is that some works present the evaluation of a specific
AOSE methodology done by the same authors of the
methodology. Despite the good intentions of such researchers, in
general it is quite hard to objectively evaluate one’s own work. If
analyzer and evaluators (agent engineers) were to disregard these
works, the number of acceptable evaluations would be quite
reduced. Moreover, usually the evaluation proposals presented so
far are based on different types of evaluations that are not totally
congruent among them and, even worse, they adopt different
criteria introducing some complications in comparing the different
evaluations. Finally, none of these studies compare their results
with those obtained by others authors and consequently each one
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offers a relative value that is harder to be accepted in the
community of multi-agent researchers and developers.

The present paper focuses on the application of the Profile
Analysis method to reach a greater reliability with regards to some
evaluations of AOSE methodologies carried out by different
authors. We are looking for evaluation similarities to confirm
results and thus make them more acceptable in the agent
community.

2. THE PROFILE ANALYSIS METHOD

The Profile Analysis [10], [11], and [13], is a multivariate
statistical method which allows the processing and the evaluation
of profiles in specific areas in order to obtain quantitative results
[15]. It allows comparing two or more profiles in the same space.
It is possible to define a Profile as “the results of the real or ideal
description of a specific entity (human, project, institution, etc.) in
terms of different dimensions, simultaneously considered,
functionally or theoretically related, and which adopt the same
scale of evaluation” [15]. For example, choosing a methodology,
and considering we want to evaluate four specific criteria (e.g.
Autonomy, Expressiveness, Project Phases, and Scalability), each
criterion is a dimension and consequently each profile has four
dimensions.

In each evaluation there exists a relationship among the plan
(what is expected) and the result (what is implemented) that is
conceptually expressed in terms of distance/proximity. A greater
distance means that we are far from the expected or ideal value.
Considering that a profile may have n dimensions, to measure the
distance we need to use a n-dimensional space, where the set of
values of the n-dimensions determine a position of a point in this
space. This way, it is possible to determine the Euclidean distance
between the obtained point and the ideal one.

By having different profiles it is possible to obtain a set of values,
as estimation of each profile with regards to some ideal situation,
to calculate the distance between two or more profiles, and to
analyze the similarities in the high and low points between
profiles establishing the Configurational Similarity. The
coefficient of Congruency “C” may be used to quantitatively
evaluate the Euclidean distance between profiles. It is defined as a
the proximity between the expected or ideal situation and the
obtained or real one. The values of C range from 0 to 1. Table 1
shows the absolute values of C and their interpretations.



Table 1. Interpretation of the Coefficient of Congruency C

Absolute Value of C Interpretation
0.90 - 1.00 Virtually perfect Congruency
0.70 - 0.89 High Congruency
0.40 - 0.69 Moderate Congruency
0.20 - 0.39 Low Congruency
0.00 - 0.19 Virtually no Congruency

The coefficient of Simple Congruency is used when all the
variables or dimensions have the same weight in the evaluation.
The formula is [14]:

C g = Simple Congruency of the values
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Where:

p = Number of dimensions of the profile
X # = Value of the profile i in the dimension k

Xk - Value of the profile j in the dimension k

T = Difference between the maximum and the minimum
values of the scale.

The coefficient of Weighted Congruency may be used when the
variables or dimensions have different weights in the evaluation.
Since all the evaluation studies presented so far for the AOSE
methodologies give the same weigh to each criterion, we adopt
the Simple Congruency formula.

A complementary coefficient is the Configurational Similarity
which measures the grade of correspondence of the high and low
values between different profiles in each dimension. When
graphically represented, such values are easy to compare. It is
worth to mention that different profiles may have great distances
among them but still have great similarities in their configuration.
The formula for the Configurational Similarity coefficient [15] is:
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The same as the Congruency coefficient, the values of
Configurational Similarity range from 0 to 1, being 1 the perfect
matching in the evaluations of profiles and the interpretation of
the values the same as the one presented in the Table 1. In Table 2
we show an example of the application of the Configurational
Similarity coefficient.

Table 2. Values obtained considering two profiles for a
methodology with 4 dimensions

C.rltem.l or Profile 1 - Values | Profile 2 - Values
Dimensions
Autonomy 9 7
Expressiveness 6 3
Process Phases 7 6
Scalability 4 2

A graphical representation of the values of Table 2 is showed in
Figure 1. In the graph it is possible to observe that there is a
distance between the two profiles but both are similar in the high a
low points, that is they have a high configurational similarity.
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Fig. 1. Graphical representation of the profile evaluation
example of Table 2

3. APPLYING THE PROFILE ANALYSIS

METHOD

The Profile Analysis method, by means of the Congruency and
the Configurational Similarity coefficients, allows agent-oriented
engineers to easily compare different evaluations of AOSE
methodologies. However, to carry out such comparison several
steps are needed. First, we need to choose the evaluation of
methodologies to be compared; second, we need to define a
common comparative framework; and finally, we may present the
obtained results and a corresponding analysis.

3.1 Choosing the Evaluations and the
Methodologies

As we have seen, there are some evaluations that cover different
AOSE methodologies. Some of them focus on qualitative
evaluations [16], [2], [5]. However, to apply the Profile Analysis
method we need quantitative evaluations. The more interesting in
this category are [8], [4], [9], [18]. Among these, we select the
works of Hoa Dam and Winikoff [9] and Sturm et al. [18] for
diverse reasons. They are quite often referenced in the specialized
literature. Moreover, both evaluate common methodologies
applying sometimes the same evaluation methods (Feature
Analysis, Survey, etc.). Finally, they present a partial similarity
with regards to the evaluation criteria adopted.

The evaluated methodologies in the selected works are: MaSE [6],
Tropos [7], the original Gaia version [19], Prometheus [12],
MESSAGE [1], and OPM-MAS [17]. Among them, three are
common to both works: MaSE, Tropos, and Gaia. However, both
works have considered Gaia in its first version even though there
is an official extension that brings substantial improvements [20].
For this reason, we decided to take into account just MaSE and
Tropos for our purposes. It is relevant to mention that no one of
the selected methodologies has the authorship of the evaluators.

Hoa Dam and Winikoff [9] apply the Feature-based Analysis,
Survey, and Case Study types of evaluation while Sturm et al.
[18] apply Feature-based Analysis, Survey, and Structured
Analysis. Thus, in a first attempt we focused our study on
Feature-based Analysis and Survey types of evaluation which are
common for both works. However, the evaluations based on the
Survey type present some limitations. Sturm et al. based their

work on the experience of a 15 students course in which each
methodology was used by a group of 2 or 3 students. This
experience, despite the interesting information it provides, is not
relevant from a statistical point of view. Moreover, the results
suffer the lack of expertise of the students engaged in the
experiment. In the work of Hoa Dam and Winikoff, the survey is
based on the evaluation done by the authors of the methodologies
complemented by an experiment with 5 students (one per each
methodology to be evaluated). For the student experiment it is
possible to assert the same considerations of the work by Sturm et
al. On the other hand, the form fulfilled by the authors of these
methodologies may offer interesting information considering the
high expertise of the evaluators, but the results may be strongly
influenced by the bias of the judgment. For all these reasons, we
decided to focus just on the Feature-based Analysis evaluation of
both works.

3.2 Defining a Common Comparative

Framework

In the definition of a comparative unified evaluation framework it
is necessary to do some steps: i) select the common criteria; ii)
transform the qualitative attributes into quantitative values; and
iii) convert the values of the attributes to a common scale
previously defined. Let us analyze each step in depth.

For the first step, both evaluation works classify the attributes in
four major aspects or categories which are: Concepts and
Properties; Modeling and Notations; Process; and Pragmatics.
However, in the attributes definition we found many
discrepancies. There exist criteria with the same definition but
different names, and vice versa, criteria with the same name but
different semantics. Moreover, there are some attributes that in a
work have been directly defined as individual while in the other
comprise a set of criteria; in these cases we grouped the
comprised criteria in a unique more general criterion assigning it
the mean of the values of the comprised criteria. The next table
shows the final set of common attributes which are the basis for
the application of the comparative framework. Please observe that
* means a change in the original name.

In the second step we need to transform eventual qualitative
evaluations (which represent the differences between values but
not their magnitudes) into quantitative values. Moreover, we need
to unify the scale of evaluation. In effect, in Sturm et al. [19] the
authors adopt a metric ranging from 1 to 7 for each attribute,
being 1 the minimum and 7 the maximum value; while in Hoa
dam and Winikoff [9] the authors adopt different metrics
according to the attribute. These metrics are:

*  “High - Medium - Low - None” for the attributes in the
category Concepts and Properties

e “Strongly Disagree - Disagree - Agree - Neutral - Strongly
Agree” for the attributes in the category of Modeling and
Notations; and Pragmatics (Scalable and Maturity)

*  “Yes - No” for the attribute Domain Specific in the
Pragmatics category

*  “0-1-2-3-3-4"for the attribute in the Process category.



Table 3. Selected attributes for comparing the evaluations

Table 4. Conversion for the scale of the work of Sturm et al.

Hoa Dam and Winikoff, 2003

Sturm et al., 2004

Concepts and Properties

Autonomy Autonomy
Reactive Reactiveness
Proactive Proactiveness

Mental Attitudes Mental notions (*)

Teamwork Organization (*)

Protocols Protocol

Modeling and Notations

Consistency check Analyzability

Refinement Complexity Management

Language adequate and

expressive Expressiveness
Easy to&iijﬁ;i};igileam * Accessibility
Process
Lifecycle coverage (*) Lifecycle coverage
Pragmatics
Domain specific Domain applicability
Scalable Scalability
Maturity (Quality) (*) Resources

It is possible to observe that some of the metrics adopted by Hoa
Dam and Winikoff are qualitative; therefore we propose a scale
for each metric to be converted to a quantitative scale. Being such
scales independent, the same value for different attributes may
have different meanings. The proposed conversions are:

*  None-Low-Medium-High -> 0-1-2-3

e Strongly Disagree-Disagree-Neutral-Agree-Strongly Agree
> 0-1-2-3-4

*  Yes-No -> 0-1 (considering it is a reverse scale)
e 0-1-2-3-3’-4 -> 0-1-2-3-4-5

Finally, for the third step it is necessary to convert all the values to
a comparable metric to obtain meaningful inferences from them.
In doing such conversion it is possible to introduce some
alteration in the results that may influence the Congruency and
Configurational Similarity coefficients. The definition of a
common scale has been amply treated in the specialized literature
and there are no strong reasons to prefer a metric over the others,
except in particular cases, none of which apply to our situation.
Therefore, we decided to adopt a common scale varying from 0 to
10. For the conversion we calculate the percentage of the value
into its original scale and then convert it to a percentage over the
scale of 10. In case of a fractional result, we round it to the closest
integer. Table 4 presents the conversion for the work of Sturm et
al., while Table 5 presents the conversion for the scales presented
in Hoa Dam and Winikoff.

Scale Sturm et al. Common Scale
1 0
2 2
3 3
4 5
5 7
6 8
7 10

Table 5. Conversion for the scale of the work of Hoa Dam and
Winikoff

Scales Hoa Dam - Winikoff Common Scale

Concepts and Properties

None (0) 0
Low (1) 3
Medium (2) 7
High (3) 10
Modeling and Notations
Strongly Disagree (0) 0
Disagree (1) 3
Neutral (2) 5
Agree (3) 8
Strongly Agree (4) 10
Process
0 0
1 2
2 4
3 6
3 8
4 10
Pragmatics
Yes (0) 0
No (1) 10

3.3 Results of the Profile Analysis

Hereinafter, we present the Congruency and Configurational
Similarity coefficients, the graphs with the comparisons, and a
brief analysis of the results.

In Figure 2 and Figure 3 it is possible to compare the two
evaluations (and the distance from the ideal profile) corresponding
to MaSE and Tropos respectively.
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Fig. 2. Comparison for the MaSE methodology.
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Where:

Cwi represents the Congruency between the ideal profile and the
profile obtained from the evaluation of Hoa Dam and Winikoff

[9];

Csi represents the Congruency between the ideal profile and the
profile obtained from the evaluation of Sturm et al. [18];

Cws represents the Congruency between the profiles from both
works;

ES2 represents the Configurational Similarity between both
profiles.

Based on these results it is possible to infer some considerations:

*  Both works coincide in that MaSE is more congruent than
Tropos with regard to the ideal profile; moreover, the
differences of the coefficient are similar for both works.

*  The evaluations are consistent, that is, both works in general
evaluate MaSE better than Tropos, but the distance is quite
reduced between the methodologies, as reflected in the value
of the Congruency coefficient (Cws) between the two
profiles which reach an high level.

*  The Configurational Similarity for both methodologies is
moderated to high, which means that independent evaluators
reach similar conclusions; this increment the reliability of the
results.

For a deeper analysis it is interesting to calculate the value of
Congruency and Configurational Similarity for each dimension.
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Fig. 3. Comparison for the Tropos methodology

In the next table we present the obtained results considering the
entire set of criteria.

Table 6.

MaSE Tropos
Cwi = 0.59556 0.53478
Csi = 0.655658 0.6090305
Cws = 0. 731406 0.739506
ES2 = 0.64286 0. 66667

MaSE Tropos
Cwi 0.55653 0.53993
Csi 0.705608 0.705608
Cws = 0.678545 0.702791
ES2 = 0.65000 0.66667

Table 8. Modelling and Notations

MaSE Tropos
Cwi = 0.71277 0.67596
Csi 0.657217 0.480385
Cws = 0.787868 0.787868
ES2 = 0.62500 0.71429

Table 9. Process

MaSE Tropos
Cwi = 0.80000 0.40000
Csi = 0.70000 0.80000
Cws = 0.90000 0.60000
ES2 = | e | e

Table 10. Pragmatics

MaSE Tropos
Cwi 0.50334 0.42845
Csi = 0.560303 0.591752
Cws = 0.74180 0.836701
ES2 = 0.63636 0.85714




* From the Congruency coefficient for the Concepts and
Properties dimension, we may observe that the evaluation of
Hoa Dam and Winikoff [9] reaches the moderated level,
while the evaluation of Sturm et al. [18] reaches the high
level; the reason is that the authors of the first work consider
that the attribute Organization is not covered by the
methodologies.

*  In the Concepts and Properties dimension the coefficients are
basically the same (see also the graphics in Figures 2 and 3);
this situation indicates that authors agree in that
methodologies cover the set of criteria in a similar way.

¢ In the Process dimension it is possible to observe the main
differences in the coefficients; being the Lifecycle coverage
the only criterion which determine the values of the
coefficients, it is impossible to calculate the Configurational
Similarity (according to formula 4 if we try to calculate it we
find a division by zero).

e In all the dimensions the Configurational Similarity is
varying from moderate to high, which means we may
conclude that both evaluations agree in some high and low
points of the methodologies, giving more reliability to the
studies. It is relevant to mention that based on more criteria it
would possible to obtain more accurate results.

4. CONCLUSIONS AND FUTURE WORKS

This study focuses on the evaluation of agent-oriented
methodologies. The existing evaluations do not stress in
comparing their results with others carried out from different
authors. It is possible to observe that such kind of comparison can
improve (in the case of similar results) the reliability of the
evaluations of AOSE methodologies. For carrying out this type of
comparison we proposed the adoption of the Profile Analysis
method. We are looking for evaluation similarities to confirm
results and thus make them more acceptable in the agent
community. Moreover, the application of such analysis method
may help in the selection of a specific methodology with a
specific level of Congruency with regards to an expected profile,
being it general or limited to a particular dimension. To illustrate
the application of the Profile Analysis method, we compared the
evaluation done by different authors of MaSE [6] and Tropos [7].
To compare the evaluations, we have selected the common
evaluators’ criteria and converted each of them to a common
scale.

Finally, it is possible to envision different future works to reach a
greater reliability level with regard the evaluation results. Among
them, it is possible to carry on similar studies to compare other
independent evaluations as well as to consider further AOSE
methodologies. Moreover, it may be useful to include an analysis
of the Congruency and the Configurational Similarity for the
evaluation of different methodologies carried out by the same
evaluation group.
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