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Abstract: In the paper a decision support system is described which consist of users 
questionaire (it containing the user’s requirements and the main characteristics of the 
controlled process). The core of the systems is created by a database of modeling, control 
and simulation tools (algorithms) for manufacturing processes and an intelligent decision 
system, generic block, which provides relevant reasoning about suitable algorithms and 
tools in respect of user’s requirements and description of processes. 
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1 Introduction 

The decision support system, MARABU, developed at the Institute of Informatics 
in cooperation with Slovak Technical University Bratislava and Technical 
University Košice, is a modular multi-agent system for modeling, control design 
and simulation of production systems. It is intended for experts and technical staff 
from manufacturing enterprises, as well as for students of technical schools; it 
might be used for solving critical situations in quasi real time, and/or for learning 
and training technical staff and students of technical universities. The design of a 
production system control includes three phases. First a model of production 
system has to be designed, then a control algorithm has to be suggested, and 
finally the proposed solution should be simulated and verified. This procedure 
determines the basic architecture of the MARABU. There are many problems 
related to the system development. For start, knowledge has to be represented in a 
form that is either human- or computer-readable. For Second, all data and 
knowledge about specific domains has to be stored, archived and organized for 
future re-use. Next, it is important to create new knowledge based on the stored 
and archived information. The scope of the paper is to present a multi-agent 
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architecture to handle knowledge and provide decision support for modeling, 
control and simulation. The knowledge is organized in three levels: 

• The process level includes: power engineering processes, chemical 
engineering processes, gas plant processes, manufacturing and transport 
processes, food technology processes; 

• The process model level includes: continuous, discrete, hybrid, linear, event 
driven, nonlinear, deterministic and stochastic processes; 

• The synthesis method level includes: event driven control, process control, 
supervisory control. 

The system works in two modes: 

1 finding an appropriate tool, method, or algorithm, searching in a case- base 

2 connecting an external application. 

Therefore, the database is organized as a structured database. The database for 
tools, algorithms and methods stores metadata for each item. 

2 MARABU Architecture 

The MARABU architecture is shown in Figure 1, and one possible 
implementation is shown in Figure 2, where the following blocks and agents are 
considered: 

Users agent (UA) – provides an intelligent interface between the designer (user) 
and the other agents in the system. UA receives designer’s requirements and 
description of the process to be controlled as inputs for reasoning and decision 
making, and returns suggested solution(s) for the user. The user interface is built 
on the basis of so questions and answers. The system of questions creates 
questionnaire. The questionnaire (Q) is built similarly to an expert system; the 
users follow the steps in the requirements by answering the questions. On the basis 
of the answers, the next level of the questionnaire is opened for him/her. 

Modeling Agent (MA) – after receiving information about the process, the MA 
searches for appropriate modeling tools and algorithms on the basis of previous 
cases. It returns suggested algorithms and ask for more precise information 
according to a chosen algorithm. The final decision on which algorithm and/or 
tool has to be chosen is up to the user. Finally, the modeling agent returns a model 
of the described production process. 

Control Agent (CA) – receives a finally chosen model with all necessary 
attributes defined. On the basis of the model, the CA searches for an appropriate 
control algorithms in the database. Through the CA, MARABU system negotiates 



with the user and finally chooses appropriate control algorithms. The user has to 
choose an algorithm from the suggested ones and specify all values needed for 
that. The CA returns the control algorithm for the process according to the user’s 
specifications. 

 
Figure 1 

The MARABU system architecture 

Simulation Agent (SA) – is responsible for simulation of control for the chosen 
model and control algorithm with the aim to help the designer assess the proposed 
solution. 

Monitoring Agent (MoA) – follows the system behavior after applying the 
recommended method for designing the control. If all the requirements are 
satisfied, then the MoA updates the database by newly achieved results. It means 
the system stores all solutions for next re-use and application. Otherwise, the MA 
and CA have to repeat their calculations. 

The above described agents create so called Generic Block – the core of the 
system (see Figure 1). A Generic Block (GB) is a multi agent system, which is 
responsible for managing the activities of all other agents, and provides interfaces 
among the system, users, and external applications. 



 
Figure 2 

Example of the modules connection 

2.1 Generic Block 

The GB is the core of MARABU. This block consists of the autonomous agents 
group. Its task is to ensure the intelligent user interface, to transfer the information 
between the user and the distant server, where the external application starts. The 
GB’s task is also to ensure the decision for the choice of the suitable method or 
tools according to the user’s requirements. The Generic block consists of the 
following agents: UA, MA, CA, SA, and MoA. 

 
Figure 3 

Prototype of the GB 

The GB is developed in JAVA language (Figure 3); this ensures the GB’s 
independence of the platform. The GB agents are developed using Java Agent 
Development (JADE) framework [17]. 



The JADE Platform simplifies the implementation of multi-agent systems by the 
form of middleware implemented in Java, which is compatible with the FIPA 
specification. The JADE Platform is not only an API for the development of 
multi-agent systems, but also includes a set of graphical tools (GUI) for the 
debugging, administration and user applications. Similarly, this platform supports 
the distributed configuration among computers with different operation systems. 
The configuration is made by a distant GUI. This GUI also offers a tool enabling 
agent migration among different computers. Thus, agents can migrate from one 
computer to another in any desirable time. 

Three basic elements for the GB have to be defined: 

Attributes – are defined within ontology as properties (slots) for each concept. 

Rules – are defined within an inference engine and serves to find solution for the 
user on the basis of user’s requirements. 

Control strategies – are defined for searching solutions on the basis of the 
predefined rules. The known control strategies used for Case Based Reasoning 
(CBR) are: forward chaining and backward chaining. 

CBR is used within the system to find a solution that matches best to the user’s 
requirements. The CBR uses data stored in a database. The structured database is 
built independently for all three blocks of the systems1; however, all these 
databases are related to each other. The database contains a case library, and a set 
of solutions related to these cases. Objects in the database are represented by 
attributes. For an attribute-value representation a couple of methods can be used to 
measure the similarity degree. A method of weighed attributes is used to assess 
similarity between a current case (defined by the user) and a case in the case base. 
The weights allow to express the importance of all attributes. 

Two different methods are used to evaluate attributes: user specific weights, which 
are given as a part of user’s requirement through the user’s questionnaire; and case 
specific weights (weights are specified as a part of structured database). The third 
option is to use combination of user specific and case specific weights to find the 
solution that fulfils the users’ expectations best and does not neglect any important 
attributes given by case specific weights. 

                                                           
1  There are three main blocks of systems, namely continuous dynamic systems, discrete 

event dynamic systems and distributed dynamic systems. 



3 Methods and Tools 

Methods and tools used in control theory to model, control and simulate various 
systems are arranged in the database. In order to build the database, the methods 
and tools had to be characterized by attributes, which determines their 
applicability from the aspect of users requirements. 

The attributes are organized in three groups [2][9]: 

1 Attributes, which are significant for different systems. This significance 
determines corresponding value for each attribute, according to these values 
the suitable method or a tool for the given task can be chosen. 

2 Attributes, which are used by the corresponding methods. Such attributes 
characterize the concrete method which denotes that their utilization is not 
suitable for the other systems, i.e.it is not possible to give a suitable value for 
an other system. 

3 Attributes, which characterize the prepared cases in detail and are stored in 
the database to be utilized in case based reasoning (CBR). 

 
Figure 4 

User interface of MARABU 

The first prototype of the object-oriented database and the forms for data inserting 
and querying were realized in JADE environment [18]. For example, Figure 4 



shows the graphical user interface of MARABU. In this figure, readers can see 
DB Maintenance interface that enables to insert and update the methods, tools and 
examples in database. Recently the database of the whole system is implemented 
on MySQL database server. The MySQL server has been chosen from a variety of 
database servers, because it is very flexible, fast, easy to administrate, and data 
can be accessed from various environments such as PHP, ASP.NET, Java, etc. 

3.1 Ontology Utilization in MARABU 

MARABU is created as a knowledge system. Knowledge representation is the 
application of logic and ontology to the task of constructing models for an 
application domain. Each of the three basic fields (logic, ontology, and 
computation) presents a different class of problems for knowledge sharing. In the 
MARABU system, knowledge is modeled using OWL – Web Ontology 
Language. The application of the OWL format for ontology in the agent system is 
relatively new. An advantage of OWL ontology is in the availability of tools that 
can reason about it. That tools provide generic support that is not specific to the 
 

 
Figure 5 

Ontology for MARABU using the PROTÉGÉ ontology editor 



particular subject domain. Building a useful and reliable reasoning system is not a 
simple effort. Constructing ontology is easier. Constructing ontology in OWL 
enables to benefit from third party tools based on the formal properties of the 
OWL language. 

OWL ontology is a sequence of axioms and facts, plus inclusion references to 
other ontologies, which are considered to be included in the ontology. The 
example of ontology for MARABU is shown in Figure 5. 

4 Interface for External Application 

A very important role of the GB (except monitoring of user\s requirements) is also 
to ensure the interface for the connection of external applications. shows a scheme 
of possible connection to the external application, which was realized in 
MARABU. On the first PC works the external application allowing, for example, 
the possibilities of modelling or control of a dynamic system; on the second PC 
the GB makes the above accessible on the web. 

The external applications integrated in MARABU  have to satisfy the following 
requirements: 

• access via the internet 

• starting as independent applications 

• implementation of the interface 

• the computing may be started by server 

An example of possible external application is shown in Figure 6. 

 
Figure 6 

Example of the external applicaiton - definition of inputs and outputs for indentifiaction of controled 
system 



4.1 Possible Future Development 

The application of the MARABU system allows a grid architecture utilization. 
This architecture gives the possibility for the distributed computing via the 
internet or a local network. Although the resources are physically localized on 
different places, the access to all resources is available for the user. The grid 
architecture for MARABU is shown in Figure 7. 

 
Figure 7 

Grid plan of MARABU 

Conclusion 

In this paper the multi-agent support system MARABU is briefly described. The 
system is intended to serve in modeling, control system design and simulation of 
dynamic systems, either continuous or discrete, with strong emphasis on 
production systems. Therefore the system handles a lot of knowledge about 
methods, tools, and algorithms for modeling, control and simulation, and also 
about continuous and discrete event dynamic systems. The system also integrates 
work from many areas of control theory and of artificial intelligence. The system 
is large and distributed; it provides a good working environment for users 
(experts, students, technicians, etc.) to enrich their knowledge (either practical or 
theoretical) in the area of control theory. 
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