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Preface

Research on agents and multi-agent systems has matured during the last decade
and many effective applications of this technology are now deployed. An interna-
tional forum to present and discuss the latest scientific developments and their
effective applications, to assess the impact of the approach, and to facilitate
technology transfer has become a necessity and was in fact created a few years
ago.

PAAMS, the International Conference on Practical Applications of Agents
and Multi-Agent Systems, is the international yearly platform to present, to
discuss, and to disseminate the latest developments and the most important
outcomes related to real-world applications. It provides a unique opportunity
to bring multi-disciplinary experts, academics, and practitioners together to ex-
change their experience in the development and deployment of agents and multi-
agent systems.

This volume presents the papers that were accepted for the 2013 edition of
PAAMS. These articles report on the application and validation of agent-based
models, methods, and technologies in a number of key application areas, in-
cluding: agents for real-world Problems; crowds modelling and analysis; decision
making and discovery; interaction with artificial agents; mobility, ubiquity, and
clouds; (multi-)agent design technology; and simulation and organization. Each
paper submitted to PAAMS went through a stringent peer-review by three mem-
bers of the international committee composed of 93 internationally renowned re-
searchers from 24 countries. From the 70 submissions received, 14 were selected
for full presentation at the conference; another nine papers were accepted as
short presentations. In addition, a demonstration session featuring innovative
and emergent applications of agent and multi-agent systems and technologies in
real-world domains was organized. In all, 16 demonstrations were shown, and
this volume contains a description of each of them.

We would like to thank all the contributing authors, the members of the
Program Committee, the sponsors (IEEE SMC Spain, IBM, AEPIA, AFIA,
University of Salamanca and CNRS), and the Organizing Committee for their
hard and highly valuable work. Their work has helped to contribute to the
success of the PAAMS 2013 event. Thanks for your help - PAAMS 2013 would
not exist without your contribution.

Yves Demazeau
Toru Ishida

Juan Manuel Corchado
Javier Bajo
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REAGENT: Reverse Engineering of Multi-Agent Systems 

Ricardo Pérez-Castillo1, Juan Pavón2, Jorge J. Gómez-Sanz2, and Mario Piattini1 

1 Instituto de Tecnologías y Sistemas de Información (ITSI), University of Castilla-La Mancha 
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Abstract. Agent-based technology is being used in an increasing variety of ap-
plications and domains. Despite the substantial research effort on methodolo-
gies for analyzing, designing and implementing multi-agent systems (MAS), 
maintenance and evolution of MAS software is nowadays challenging. This pa-
per presents REAGENT, a reverse engineering technique for retrieving MAS 
design models from the source code of Jade based MAS implementations. 
REAGENT support tools have been experimentally evaluated by means of a 
case study with 19 benchmark programs from textbook. REAGENT has proved 
to be able to collect accurate and complete agent models in a linear time regard-
ing the size of agent models, which facilitates its applicability to large, com-
plex, industrial MAS. 

Keywords: Multi-Agent System, Reverse Engineering, Maintenance, 
REAGENT. 

1 Introduction 

Multi-Agent Systems (MAS) are being used in an increasing variety of applications, 
ranging from comparatively small systems for personal assistance to open, complex, 
mission-critical systems for industrial applications such as process control, system 
diagnostics, manufacturing, transportation logistics and network management. 

Similarly to traditional information systems, MAS have to be maintained in order 
to solve or prevent faults, and evolve adding new functionalities or meeting new re-
quirements. During software maintenance, sometimes the only reliable information is 
embedded in the source code since the documentation is missing or outdated. Reverse 
engineering of source code aims at creating high-level representations for the existing 
software system to support its comprehension and evolution [5]. Program comprehen-
sion is time-consuming and entails the largest portion of the maintenance effort, espe-
cially because it is often performed manually with simple general-purpose tools, such 
as editors and regular expression matchers. There are also some reverse engineering 
tools for traditional information systems, which can facilitate the task, for example to 
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extract facts from source code/binaries, execution traces, or historical data, to query 
the extracted facts, and to build high-level views of the software system (e.g., UML 
diagrams) [4]. 

While reverse engineering of information systems has been widely addressed in li-
terature and is a mature area, there are no similar achievements on research about 
reverse engineering of MAS software [10]. One of the reason of this fact is the nature 
of MAS (e.g., communication and interaction protocols, belief sharing and propaga-
tion, behavior adaptation, etc.), which entails particular challenges making it difficult 
to address reverse engineering of MAS [2].  

Despite the mentioned challenges, there are some approaches for reversing MAS, 
such as Moreno et al. [10], which uses natural language processing, Bosse et al. [3], 
which records agent activities by considering execution traces of MAS, or Sauvage 
[15], which employs design patterns to collect and express agent concepts. Unfortu-
nately, most current reverse engineering techniques are ad hoc solutions that only 
focus on a particular agent framework. This entails a lack of standardization, and 
therefore, a lack of automation. This problem makes it difficult to reuse these tech-
niques with large and complex MAS.  

The main contribution of this paper is REAGENT, a reverse engineering technique 
for obtaining design models by analyzing the source code of MAS. REAGENT takes 
JADE-based systems as input and provides abstract design models according to 
INGENIAS [12], an agent-oriented development methodology. Although REAGENT 
currently works only with JADE and INGENIAS as the operational/execution envi-
ronment, ideas from this approach can be adapted to other agent platforms and me-
thodologies. JADE has been chosen because there is a vast number of MAS that are 
implemented with this platform, as it follows the FIPA standard. INGENIAS has been 
chosen for MAS modeling because it provides a set of tools that are based on meta-
modeling techniques, which facilitate the editing and transformation of models. The 
conformance with these well-known platforms together with the proposal is supported 
by a tool that ensures the reuse of this technique to large, complex and industrial 
MAS. This paper additionally provides experimental results about the applicability of 
REAGENT to a set of example JADE programs [2] that have been used as bench-
marks in this context.  

The remaining of the paper is organized as follows: Section 2 summarizes related 
work. Section 3 presents the reverse engineering approach for recovering MAS mod-
els that are specified with the INGENIAS modeling language. Section 4 shows the 
multi-case study with MAS benchmarks. Finally, Section 5 discusses conclusions and 
future work. 

2 Related Work 

There is some precursory work in the literature about reverse engineering of MAS. 
For example, Moreno et al. [10] have applied natural language processing techniques 
throughout the entire lifecycle of MAS in order to obtain a design model from exist-
ing MAS. In the same line, Hirst [8] has proposed analysis of pre-existing Soar agents 
by automatically reverse engineering them. This has been shown useful for  
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maintaining the agents themselves, and also suggests the possibility of knowledge 
reuse across agent architectures. The limitation of this approach is that it proposes an 
ad hoc technique specially developed for Soar architectures. 

While previous approaches mainly focus on static analysis, i.e., a syntactic analysis 
of source code line by line, other approaches are based on the dynamic analysis. 
Bosse et al. [3] uses the dynamic analysis of MAS by recording agent activities as 
execution traces to verify that the traces satisfy some specified properties. This ap-
proach ensures that the user’s comprehension of the system behavior is accurate with 
respect to the execution traces detecting anomalous behavior. Adra et al. [1] have 
proposed a dynamic inference mechanism for the refinement of agent-based model 
specifications that helps to establish a confidence level about the implemented model 
and reveals discrepancies between observed and normal or expected behavior.  

Other works focus on the migration of traditional information systems to MAS. In 
this line, Chen et al. [6] developed an evolutionary approach to reengineer legacy 
systems into agent-based Web services.  

Studies about reverse engineering of MAS are often ad hoc techniques without 
empirical validation. As a result, the above mentioned methods are difficult to be 
reused with different MAS, and, therefore, their applicability to the industry cannot be 
ensured. To mitigate this threat, Regli et al. [13] made an effort to provide a reference 
model for agent-based systems. The purpose of a reference model is to provide a 
common conceptual basis for comparing systems and driving the development of 
software architectures and other standards. As part of this study, the team applied 
software reverse engineering techniques to perform static and dynamic analysis of 
operational agent-based systems, which enabled identification of key common con-
cepts across different agent frameworks. Similarly, Sauvage [15] proposed a set of 
design patterns to collect and express agent concepts, which can be adapted to various 
MAS developing challenges. The agent patterns cover all the development stages, 
from analysis to implementation, including reengineering through antipatterns. 

Despite recent software engineering paradigms like Model-Driven Development 
(MDD) could help with the formalization and automation of reverse engineering 
techniques, it is rarely incorporated to current approaches. An exception is the ap-
proach proposed by Warwas et al. [16] which presents a model-driven reverse engi-
neering approach for lifting the underlying design of implemented MAS to a platform 
independent level. For this purpose the proposal provides conceptual mappings from 
the platform to a platform independent modeling language. The extracted structures 
can be re-used as blue print for solving similar problems on similar execution plat-
forms. MDD has been used as well for reverse engineering associated to moderniza-
tion of software systems in the MOMOCS project [7], but without considering MAS. 

In summary, current approaches address testing and agent verification or focus on 
the analysis and measurement of MAS. So far, there are no mechanisms to abstract 
code-level MAS to high-level design models. 

3 Reverse Engineering of JADE-based Systems 

REAGENT supports reverse engineering of JADE-based MAS into a high-level 
design that is represented using the INGENIAS agent-oriented modeling  
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Fig. 1. The REAGENT overview: stages and artifacts involved 

language. This is done in two steps, which are illustrated in Fig. 1: a static analy-
sis of source code followed by a pattern matching recognition, which will provide 
a MAS model.  

3.1 Static Analysis 

The first stage of REAGENT employs a static analysis of JADE-based MAS imple-
mentation. Static analysis consists of the syntactic analysis of source code line by line. 
Static analysis can be easily carried out by means of parsers that recognize certain 
syntax depicted by metamodels of grammars. In comparison to dynamic analysis, 
which considers runtime information, static analysis is not able to take into account 
actual values for program variables. Nevertheless, the static analysis is more exhaus-
tive than the dynamic analysis, since static analysis considers all parts of source code 
while the dynamic analysis takes into account only those parts that were reached in a 
particular execution. Additionally, dynamic analysis is more time-consuming than 
static one due to dynamic analysis firstly records traces during execution and second-
ly examines traces to extract relevant information.  

The static analysis in this stage takes as input JADE-based source code, which is, 
in Java source code. REAGENT builds an abstract syntax tree (AST) using the analy-
sis of JADE source code. AST is an intermediate representation of source code in a 
tree structure which can be used to easily recognize some particular structures in the 
pattern matching stage (see Fig. 1). The static analysis was implemented as an exten-
sion of the Java 1.5 parser developed with JavaCC [11], a parser generator tool. 

3.2 Pattern Matching 

Having obtained an AST from source code, REAGENT applies a pattern matching 
technique for generating agent models according to the INGENIAS methodology. 
Pattern matching checks a perceived sequence or tree structure of tokens form the 
AST for the presence of the constituents of a certain pattern. Pattern matching in-
cludes the definition of the respective output structures which will be built in the out-
going agent model. 

REAGENT provides three main patterns: agents, goals and tasks. Table 1 shows an 
example of the result of pattern matching applied to the BookSellerAgent class, which 
corresponds to one of the benchmark programs used in the case study (cf. Section 4). 
These patterns correspond with core concepts of the INGENIAS methodology [12]. 

Static 
analysis

Abstract Syntax
Tree (AST)

Pattern 
Matching

JADE
Source Code

public class BookBuyerAgent
extends Agent {

private String targetBookTitle;
private AID[] sellerAgents;

protected void setup() {
...

}
...

}

INGENIAS
MAS Model
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INGENIAS provides a notation for modeling MAS and a well-defined collection of 
activities to guide the development of an MAS in the tasks of analysis, design, verifi-
cation, and code generation, supported by an integrated set of tools. An MAS in 
INGENIAS is specified from different viewpoints: organization, agent, goals and 
tasks, interaction, and environment. REAGENT focuses on the agent model, which 
depicts the agents of an MAS, their goals and the tasks for which they are responsible. 

Table 1. A running example for the pattern reconginition [2] 

 

Agents attempts to identify Java classes that extend the jade.core.Agent class. The 
list of the extends clauses of a class in an AST is provided by the path CompilationU-
nit > PackageDeclaration > TypeDeclaration > ClassOrInterfaceDeclaration > Ex-
tendsList. This pattern builds an Agent element in the agent model for each recog-
nized agent class (see Table 1). 

Goals searches for DFAgentDescription instances which are added to the yellow 
pages with a concrete ServiceDescription. The service description label is used to 
provide the name of the goal, which is pursued by the respective agent (see Table 1). 

Tasks search for different behaviors of agent classes to figure out the tasks of each 
agent element in the INGENIAS agent model. This pattern searches for calls to the 
addBehaviour method of the jade.core.Agent class, which adds a subclass of the 
jade.core.behaviours.Behaviour class. A task is built for each recognized behavior. 

4 Empirical Validation 

This section presents a case study by using the example JADE programs provided in 
[2], which are considered as benchmark programs in this context. The study applies 
the proposed technique to these benchmarks to obtain design MAS models. The case 
study was conducted according to the formal protocol proposed by Runeson et al. [14] 
for designing, conducting and reporting case studies in the software engineering field. 

 JADE Code INGENIAS Agent Model 

A
ge

nt
s public class BookSellerAgent extends Agent { 

 … 
  

G
oa

ls
 

public class BookSellerAgent extends Agent { 
 ... 
 DFAgentDescription dfd = new DFAgentDescription(); 
  dfd.setName(getAID()); 
  ServiceDescription sd = new ServiceDescription(); 

  sd.setType("book-selling"); 

 

Ta
sk

s 

public class BookSellerAgent extends Agent { 
 public void updateCatalogue(final String title,  
 final int price) { 
  addBehaviour(new OneShotBehaviour() { 
   public void action() { 
    ... 

   } 
  } ); 

 }  



 REAGENT: Reverse Engineering of Multi-Agent Systems 233 

The following subsections show the adaptation to MAS of the stages of this protocol: 
design, execution procedure, data collection, and analysis and interpretation. 

4.1 Design 

The object of study is the reverse engineering technique proposed in Section 3, while 
the purpose of this study is the assessment of specific properties of the proposed tech-
nique such as their effectiveness and efficiency. Taking into account the object and 
purpose of the study, two main research questions are defined. Q1 is related to the 
effectiveness evaluation, whilst Q2 is associated with the efficiency assessment.  

Q1. Is the technique able to retrieve accurate and complete agent design model 
from existing MAS? 

Q2. Is the technique scalable to larger and more complex MAS? 

Concerning the formal design, the study is considered a multi-case study since it fo-
cuses on various agent programs. The study also follows a holistic design since it is 
applied to each case as a whole, and does not consider several analysis subunits. As a 
result, MAS programs are considered as the independent variable. 

In order to quantitatively answer the research questions, various measures are con-
sidered as dependent variables. On the one hand, to evaluate effectiveness according 
to Q1, recall and precision are used. Recall is a measure of completeness whereas 
precision can be seen as a measure of exactness or fidelity. Recall (1) represents the 
number of relevant elements retrieved as a function of the total of relevant elements 
(retrieved and not retrieved) depicting the MAS trough an agent model. Precision (2) 
represents the number of relevant elements retrieved within the set of retrieved ele-
ments in an agent model. Together with recall and precision, F-measure (3) is consi-
dered for aggregating precision and recall values into a sole value by means of a har-
monic mean. F-measure is necessary, since there is an inverse relationship between 
precision and recall. On the other hand, the study measures the time spent on the ex-
ecution of each transformation so that Q2 can be answered. 

Apart from these measures, other measures to characterize the input of MAS pro-
grams are used, like the number of Java files, lines of source code (LOC) and cyclo-
matic complexity (4). The cyclomatic complexity is the number of linearly indepen-
dent paths through the source code, and is related to the intricacy of source code. 

 
|   ||  |  (1) 

 
|   ||  |  (2) 

 
· ·

 (3) 

 | call graph edges | | call graph nodes | 2 · | connected components | (4) 

4.2 Execution Procedure 

The case study is executed in a finite set of steps, which are partially supported by the 
REAGENT tool, a plug-in to the INGENIAS Development Kit (IDK) to retrieve 
MAS models from JADE code. 
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1. Source code of 19 MAS provided as examples in textbook [2] are considered. 
These examples are: base64, behaviours, bookTrading, content, hello, inprocess, ja-
deJessProtege, jess, messaging, mobile, O2AInterface, ontology, party, pingAgent, 
protocols, service, thanksAgent, topic and yellowPages. Benchmarks are manually 
analyzed to obtain a reference agent model to be used as the gold standard.  

2. REAGENT v1.0 is applied to each benchmark obtaining an agent model that is 
graphically visualized with the IDK tool. REAGENT was executed in a computer 
with a 2.66 GHz dual processor and 4.0 GB RAM. 

3. The first sketches of agent models are then analyzed and compared with the gold 
standard to obtain base metrics for computing precision and recall (e.g., the num-
ber of retrieved non-relevant elements or non-retrieved relevant elements). 

4. Having computed all the mentioned measures, collected data are analyzed and in-
terpreted to draw conclusions in order to answer the research questions.  

4.3 Data Collection 

Table 2 summarizes all the measured values collected during the execution of study 
for each system. Table 2 shows for each (i) mentioned benchmark, (ii) the number of 
Java files, (iii) the number of lines of source code, (iv) the cyclomatic complexity 
average, and (v) the execution time in milliseconds. For each respective agent model, 
Table 2 provides the number of different INGENIAS elements such as (vi) agents,  
 

Table 2. Data collected during the case study execution 
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1 3 292 3.0 2321 2 0 2 0 1 5 4 1 1 0.80 0.80 0.80 
2 4 370 1.5 2858 4 12 0 12 0 28 20 8 0 1.00 0.71 0.83 
3 3 456 3.3 2779 2 4 1 4 2 13 13 0 0 1.00 1.00 1.00 
4 41 3222 1.3 3027 4 10 0 10 0 24 15 9 10 0.60 0.63 0.61 
5 1 44 1.0 2149 1 0 0 0 0 1 1 0 2 0.33 1.00 0.50 
6 2 346 2.2 2435 1 1 0 1 0 3 3 0 0 1.00 1.00 1.00 
7 7 154 1.7 2080 1 0 0 0 0 1 1 0 3 0.25 1.00 0.40 
8 4 677 3.8 2320 1 1 0 1 0 3 3 0 0 1.00 1.00 1.00 
9 4 245 2.4 2577 4 3 0 3 0 10 10 0 0 1.00 1.00 1.00 
10 6 938 1.8 2455 1 3 0 3 0 7 7 0 0 1.00 1.00 1.00 
11 4 185 1.4 2308 1 0 0 0 0 1 1 0 0 1.00 1.00 1.00 
12 15 1390 1.7 2764 4 6 0 6 0 16 12 4 2 0.86 0.75 0.80 
13 3 994 2.3 2273 2 0 0 0 0 2 2 0 8 0.20 1.00 0.33 
14 1 106 2.7 2214 0 1 1 0 0 2 2 0 3 0.40 1.00 0.57 
15 5 572 2.9 2671 5 5 0 5 0 15 15 0 0 1.00 1.00 1.00 
16 1 62 1.7 1895 0 0 0 0 0 0 0 0 0 Nan NaN NaN 
17 1 218 9.0 2368 1 1 0 1 0 3 3 0 0 1.00 1.00 1.00 
18 2 123 2.5 2278 2 0 0 0 0 2 2 0 4 0.33 1.00 0.50 
19 4 347 4.3 2521 3 1 1 1 1 7 7 0 2 0.78 1.00 0.88 

Total 111 10741 - 46293 39 48 5 47 4 143 121 22 35 - - - 
Mean 6 565 2.7 2436 2 3 0 2 0 8 6 1 2 0.75 0.94 0.79 
S. Des. 9 736 1.8 287 2 4 1 4 1 8 6 3 3 0.31 0.12 0.24 
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(vii) tasks, and (viii) goals, as well as relationships such as (ix) WFResponsible be-
tween agents and tasks, and (x) GTPursues between agents and goals. After that, the 
evaluation of base measures to compute precision and recall are also provided such as 
the number of (xi) total retrieved elements, (xii) retrieved relevant, (xiii) retrieved 
non-relevant, and (xiv) non-retrieved relevant elements. Finally, Table 2 provides (xv) 
precision, (xvi) recall, and (xvii) F-measure. 

4.4 Analysis and Interpretation 

After the execution of the study, collected data is analyzed to answer research ques-
tions. Regarding the effectiveness question (Q1) the analysis of precision and recall is 
shown in Fig. 2. The recall mean is 0.75 while the precision mean is 0.94. Firstly, a 
higher precision shows that almost all the retrieved elements in agent models corres-
pond to expected elements. Secondly, a lower recall indicates that there are various 
actual elements that were not retrieved. However, recall distribution has a high stan-
dard deviation, which means that the mentioned problem happens only in some 
benchmarks (see cases 5, 7, 13, 14 and 18 in Table 2). Anyway, the F-measure is 0.79 
on average. This F-measure value is above most reference values of similar works 
from the literature [9, 17], which define 0.6 as a threshold of applicability. 

 

Fig. 2. Comparison of the recall and precision distribution 

Despite precision and recall proved to be appropriate, the effect of complexity to 
these values is also analyzed by means of the anova test. This test analyzes the va-
riance of various sub-samples with respect to a factor. Thus, the null hypothesis is H0: 
μ1 = μ2 = μn, while the alternative hypothesis means that there is a significant differ-
ence between the means of sub-samples, i.e., H1: μ1  μ2  μn. In this study the 
factor of the anova test is complexity, which was differentiated between low, medium 
and high regarding percentiles 1/3 and 2/3. Table 3 provides the results of the three 
anova tests for recall, precision and F-measure. The null hypotheses cannot be re-
jected in all the cases.  

Despite the anova test result is not significant, the effect size of each distribution 
can be analyzed. Recall improves for high complexity (with a negative sign) and is 
almost the same for medium complexity. Similarly, precision improves for both  
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medium and high complexity. In general, F-measure follows the same trend. These 
results imply that complex source code provides better results since there are less 
missing agent elements and relationships than in toy agent programs with a low cyc-
lomatic complexity. 

In addition to Q1, the efficiency of this approach is analyzed regarding Q2. The 
scalability of REAGENT is tested by a linear regression model (see Fig. 3), which 
considers the execution time for each benchmark as a dependent variable, and the size 
of the agent model as the independent variable. Fig. 3 shows the regression line (y = 
31.963·x – 2195.9), which presents a positive linear relationship with R2=0.8244. The 
correlation coefficient R2 (between -1 and 1) is the degree to which the real values of 
the dependent variable are close to the predicted values. The R2 value obtained is 
high, and very close to 1, thus the proposed linear regression model is suitable for 
explaining the data obtained in this study, i.e., there is no quadratic or exponential 
relationship between the clustering time and the size. The increase in time for larger 
MAS will consequently be linear, and this time may be assumable. The conclusion is 
that Q2 can be answered positively. 

Table 3. ANOVA Test results for effectiveness measures 

Measure Complexity Quadratic Mean F-value Effect Size p-value 

Recall 
Low 

0.244 2.331 
0.472 

0.129 Medium 0.084 
High -0.848 

Precision 
Low 

0.120 2.2267 
0.519 

0.136 Medium -0.373 
High -0.431 

F-Measure 
Low 

0.226 3.262 
0.591 

0.065 Medium 0.035 
High -0.931 

 

Fig. 3. Linear regression model for the agent model size against execution time 
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5 Conclusions and Future Work 

This paper has presented REAGENT, a reverse engineering technique for retrieving 
agent design models from legacy Jade source code. The design models are 
represented according to the INGENIAS methodology. The abstraction of source code 
toward design models is made following INGENIAS for several reasons: (i) it has 
been validated in real applications; (ii) it provides useful tools supporting the analysis, 
design and code generation of based-agent software, (iii) it uses a model-driven ap-
proach that facilitates the independence from the implementation platform, and finally 
(iv) it is not oriented towards a particular agent platform. 

A case study with 19 multi-agent systems has been conducted to empirically dem-
onstrate the applicability of REAGENT. The results of the study indicate that 
REAGENT is able to retrieve accurate and complete agent design models from exist-
ing source code. However, particular legacy knowledge is still missing due to the 
characteristic semantic loss common to all the reverse engineering technique. Despite 
this fact, REAGENT is able to provide a first sketch of design models, which is ob-
tained in a less error-prone and less time-consuming way than manual modeling from 
scratch. 

The future work will focus on the improvement of REAGENT by incorporating 
further patterns for considering additional INGENIAS models concerning agent inte-
ractions, organization and environment, among others. Additionally, other implemen-
tation target platforms will be considered. Finally, a case study involving a large  
industrial MAS is also expected to be conducted in order to obtain strength results.  
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