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Abstract. This paper presents a model of an agent that combines both BDI and CBR techniques. We discuss the 
development of this kind of agent and present a case study. We use a real application of a wireless tourist guide system 
to illustrate the proposal. The Beliefs-Desires-Intentions (BDI) approach to design deliberative agents can be improved 
with the learning capabilities of Case Base Reasoning (CBR) techniques.  

1 INTRODUCTION 

Agents are often characterized by their capabilities such as autonomy, reactivity, pro -activity, social ability, reasoning, 
learning, and mobility, among others (Wooldridge and  Jennings, 1995). Depending on the set of such characteristics 
that agents support, they can be classified in different ways. For instance, mobile agents if they are able to migrate to 
several nodes in a network and stationary agents if they are not. Or reactive and deliberative agents if their behaviour is 
modelled as deterministic (e.g., defined as a simple finite state machine) or based on a reasoning system (e.g., built as a 
rule based system).  In this work we are mainly interested in the modelling of deliberative agents using case-based 
reasoning (CBR) systems, as they can be used for implementing adaptive systems. Agents must be able to reply to 
events, which occur in their environment, take the initiative according to their goals, interact with other agents (even 
human), and to use past experiences to achieve current goals. Several architectures have been proposed for building 
deliberative agents, most of them being based on the BDI model (Rao and  Georgeff, 1991). In this model, agents have 
mental attitudes of Beliefs, Desires and Intentions. In addition, they have the capacity to decide what to do and how to 
get it according to their attitudes. 

In a BDI architecture, agent behaviour is composed of beliefs, desires, and intentions. The beliefs represent its 
information state, what the agent knows about itself and its environment. The desires are its motivation state, what the 
agent is trying to achieve. And the intentions represent the agent’s deliberative states. Intentions are sequences of 
actions; they can be identified as plans.  

 
     These mental attitudes determine the agent’s behaviour and are critical in attaining proper performance when the 

information about the problem is scarce (Kinny and  Georgeff, 1991). A BDI architecture has the advantage that it is 
intuitive and relatively simple to identify the process of decision-making and how to perform it. Furthermore, the notions 
of belief, desire and intention are easy to understand. On the other hand, its ma in drawback lies in finding a mechanism 
that permits its efficient implementation. There are several approaches to formalise and implement BDI agents, among 
them, dMARS (D’Iverno et al . 1997), PRS (Myers, 1996), JACK (Busetta et al . 1999), JAM (Huber, 1999), and 
AgentSpeak(L) (Rao, 1996). One of the problems for an efficient implementation lies in the use of multi-modal logic for the 
formalisation and construction of such agents, because they have not been completely axiomatised and they are not 
computationally efficient. Rao and Georgeff  (1995) state that the problem lies in the great distance between the powerful 
logic for BDI systems and practical systems. Another problem is that this type of agent is not able to learn, a necessary 
requirement for them since they have to be constantly adding, modifying or eliminating beliefs, desires and intentions. It 
would be convenient to have a reasoning mechanism that would enable the agent to learn and adapt in real time, while 
the computer program is executing, avoiding the need to recompile such an agent whenever the environment changes. 

In order to overcome these issues, we propose the use of a case-based reasoning (CBR) system for the development 
of deliberative agents. The proposed method facilitates the automation of their construction. Implementing agents in the 
form of CBR systems also facilitates learning and adaptation, and therefore a greater degree of autonomy than with a 
pure BDI architecture (Glez-Bedia et al., 2002, Corchado and Laza, 2003). If the proper correspondence between the three 
mental attitudes of BDI agents and the information manipulated by a CBR system is established, an agent with  
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beliefs, desires, intentions and a learning capacity will be obtained. Our approach to establish the relationship 

between agents and CBR systems differs from other proposals (Feret and Glasgow, 1994; Martín et al., 1999; Bergmann 
and Wilke, 1998; Wendler and Lenz, 1998; Olivia et al., 1999), as we propose a direct mapping between the agent 
conceptualisation and its implementation, in the form of a CBR system. 

The next section discusses what relationships can be established between CBR and BDI concepts, and clarifies the 
difference between our approach and those mentioned before. Section 3 describes de case study and the conclusions are 
finally outlined. 

2  CONSTRUCTING DELIBERATIVE AGENTS 

The purpose of case-based reasoning (CBR) is to solve new problems by adapting solutions that have been used to 
solve similar problems in the past. The CBR system performs a reasoning cycle that consists of four sequential phases: 
retrieve, reuse, revise, and retain (Aamodt and Plaza, 1994). Very often, an additional activity, revision of the expert’s 
knowledge, is required because the memory can change as new cases may appear during this process. Each of these 
activities can be automated, which implies that the whole reasoning process can be automated to a certain extent 
(Corchado and Lees, 2001). According to this, agents implemented using CBR systems could reason autonomously  and 
therefore adapt themselves to environmental changes. 

On the other hand, as most agent architectures are based on the BDI model, if we are able to establish a relationship 
between cases, the CBR life -cycle, and the mental attitudes of BDI agents, we can provide a model that facilitates the 
implementation of the BDI agents using the reasoning cycle of a CBR system, with all its advantages. 

Our proposal defines a direct mapping from the concept of an agent to the reasoning model, paying special attention 
to two elements. First, how the mapping should allow a direct and straightforward implementation of the agent. And 
second, how the agent is able to learn and evolve with the environmental changes. In this model, the CBR system is 
completely integrated into the agents’ architecture, which differs with the above-mentioned works, in which the agents 
see the CBR system as just a reasoning tool. Our proposal is also concerned with the agent’s implementation and 
presents a “formalism” which is easy to implement, in which the reasoning process is based on the concept of intention . 
In this model, intentions are cases, which have to be retrieved, reused, revised and retained. To achieve both goals, the 
structure of the CBR system has been designed around the concept of a case. A case is made of three components: the 
problem, the solution, and the result obtained when the proposed solution is applied. The problem defines the situation 
of the environment at a given moment. The solution is the set of states that are undergone by the environment as a 
consequence of the actions that have been carried out inside it. And the result shows the situation of the environment 
once the problem has been solved (Corchado and Laza, 2003).  

In a BDI agent, each state is considered as a belief; the objective to be reached may also be a belief. The intentions are 
plans of actions that the agent has to carry out in order to achieve its objectives (Bratman et al ., 1998), so an intention is 
an ordered set of actions; each change from state to state is made after carrying out an action (the agent remembers the 
action carried out in the past when it was in a specified state, and the subsequent result). A desire will be any of the final 
states reached in the past (if the agent has to deal with a situation, which is similar to a past one, it will try to achieve a 
similar result to the previously obtained result).  

The relationship between CBR systems and BDI agents can be established implementing cases as beliefs, intentions 
and desires which led to the resolution of the problem. When the agent starts to solve a new problem, with the intention 
of achie ving a goal, it begins a new CBR reasoning cycle, which will help to obtain the solution. The retrieval, reuse and 
revise stages of the CBR system facilitate the construction of the agent plan. The agent’s knowledge-base is the case-
base of the CBR system that stores the cases of past believes, desires and intentions. The agents work in dynamic 
environments and their knowledge-base has to be adapted and updated continuously by the retain stage of the CBR 
system. Based on this relationship, agents (conceptual level) can be implemented using CBR systems (implementation 
level). This means, a mapping of agents into CBR systems. The advantage of this approach is that a problem can be 
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easily conceptualised in terms of agents and then implemented in the form of a CBR system. So once the beliefs, desires 
and intentions of an agent are identified, they can be mapped into a CBR system. 

3  CASE STUDY: USAL TOURIST GUIDE 

Taking into account the architecture and definition of CBR-BDI agents, the development of an agent based system can 
follow the process defined by any agent-oriented methodology that considers the identification of deliberative agents, 
their responsibilities and goals, their roles in the organization, and the specification of interactions and protocols. Here 
we concentrate on the design of deliberative CBR-BDI agents, capable of learning and adapting to new situations, by 
using the architecture proposed in the previous section. To set up an agent using this architecture we need to identify 
an initial set of beliefs, desires and intentions and include them in the case-base of the agent in the form of cases. Then, a 
number of metrics for the retrieval, reuse, revise and retain steps has to be defined. Besides, rules that describe the 
Expert’s knowledge must be established, if available. Once the agent has been initialised it starts the re asoning process 
and the four steps of the CBR system are run sequentially and continuously until its goal is achieved (or there is enough 
evidence for a failure situation). We illustrate this process with a real example. 

Over the last few years the multi-agent systems have emerged as an interesting paradigm for constructing distributed 
dynamic open systems. The multi-agent systems have been successfully applied in fields such as: electronic commerce, 
medicine, oceanography, trading market, electronic auctions, production intelligent control, robotics, information 
retrieval, etc. where traditional approaches don’t provide answers satisfactory enough. The telecommunication industry 
is experimenting a great expansion now with the development of the UMTS and the third generation phone systems. The 
new challenges of this field require new technology that facilitate the construction of more dynamic, “intelligent”, flexible 
and open applications, capable of working in real time environment. The agents and multiagente systems have the 
required potential and added-value for been the solution to the wireless telecommunication industry.  

Although the commercial agent technology available is not yet prepared for such demand, it is improving 
continuously and substantially. The proposal presented in this paper is and example of the possibilities that such 
technology offers now a days and of how it has been adapted for the development of a commercial application. The 
development times in the telecommunication industry have been drastically reduced. In the last decade an standard 
project used to have a development period of 8 to 15 month, now, this period has been reduced to 3 to 5 months. This 
requires an experimented development team, the used of a reliable technology and knowledge of the problem domain (or 
at least the capacity of learning fast). The CBR-BDI agents that have been proposed in this paper can facilitate the 
construction of distributed wireless system for mobile devices and that may be adapted for different problem domains, 
within the constrains imposed by the industry. The developed infrastructure includes tools for generating CBR-BDI 
autonomous agents that can reason, learn and communicate with the users and with other agents, a simple 
communication protocol based on the FIPA ACL standards, a number of established processed that facilitate the 
analysis and design of the multiagente systems using AUML (Agent oriented Unified Modeling Language). 

The tourism industry is one of the major resources of income of Spain and the services that this sector offers to its 
clients has to be updated and improved continuously.  This strategic sector has attracted the attention of the 
telecommunication operators and they are investing in new tools, services and market research. In this framework and 
with the support of a telecommunication industry a Tourist Assistant Multiagente Based System, called “TOURIST 
GUIDE-USAL”, has been developed with two aims, first, to show the reliability of this technology and second, to show 
that fully-functional systems may be constructed within the time restrictions imposed by the industry.   

3.1 Distributed Architecture 

An agent based system has been developed to assist potential tourists in the organization of their holidays and to 
enable them to modify their schedules on the move using wireless communication systems. This system has been 
constructed using an engineering framework developed to design and implement an agent-based tool, as well as 
integrating existing state of the art in order to create an open, flexible, global anticipatory system with mobile access for 



 
Juan M. Corchado and M. A. Pellicer 

 

28

the promotion and management of inland and cultural tourism, which will be user-friendly, cost-effective and secure. The 
system has been standardized to run in any mobile device and is interlingua.  
 

 
 
 
 
 
 
 
 
 
 

 

 
 

Fig. 1. CBR/Agent integration diagram. 
 
The integrated, multi-platform computer system is composed of a guide agent (Planner Agent) that assess the tourist 

and help them to identify a tourist route in a city of a given period of time and under a number of restrictions related to 
cost, tourist interest, etc.  There is an assistant agent for each user of the system, which are called Performer Agents. 
Each user willing to use the system has to register himself on it and solicit one of this agents. There is also an agent that 
maintains updated information about the monuments, the restaurants, public transport condition, etc. This agent 
maintain horizontally and vertically compiled information on hotel accommodation, restaurants, the commercial sector 
and transport, in order to me et the needs of the potential visitor on an individually customized basis and respond to 
requests for information, reservations and purchases in the precise moment that they are expressed. This is the Tracker 
agent .  

The user may decide whether to install his/her Performer Agent  on his mobile phone or PDA or to has it running on 
the server and just interact with it via its mobile device. The first choice suppose a reduction of the cost, since the tourist 
can interact with his agent as much as needed at no cost because it is installed in the wireless device. Nevertheless the 
agent will have to contact regularly with the Planner Agent .  Users, may interact either with their performer agents 
installed in their wireless devices or in any internet server. The performer agents interact with the planner agent looking 
for plans and the tracker agent  interacts with the planner agent  to exchange information. The planner agent is the only 
CBR-BDI agent in this architecture. The performer agents can be considered assistant agents and the tracker agent  is a 
reactive agent.  

The roles of the Planner agents are (i) to update the believes and intentions, which are stored in the form of cases, (ii) 
to identify those believes and intentions that can be used to generate a plan n and (iii) to provide adequate plans to the 
Performer Agent given a number of conditions. These roles allow the agent to generate the closest to the optimum plan, 
which in this case has also to be the most replanning-able solution. In this context, when the Performer Agent ask for a 
tourist route, given a number of constraints  such as the money the tourist is willing to spend, the number of monuments 
to visit, the type of restaurants to eat, the time availability for the holiday, etc. the Planning Agent generate a plan that 
fulfill such conditions that that is easy to modify in execution time if the user changes his mind. The planning agent is a 
CBR-BDI agent, where the role (i) is carried our during the Ratain stage of the CBR life cycle, role (ii) is the retrieval step 
and role (iii) is the reuse stage.  

The Performer agents, are assistant agents. Each of them is associated to an user and are used to contact the Planner 
Agent and to request a plan. These agent may be in waiting mode, specking a request from the user, may ask to the 
Planning Agent for a plan or solicit a modification in a plan (replanning) to the Planning Agent. The Tracker Agent is 
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always looking for changes in the web and storing then. The Planner Agent regularly contacts the Traker Agent looking 
for changes in the environment.  

3.2   Planning strategy 

The planner agent is a CBR-BDI one. This agent has three roles:  
• to identify those believes and intentions that can be used to generate a plan   
• to provide adequate plans to the Performer Agent given a number of conditions 
• to update the believes and intentions, which are stored in the form of cases 

These roles are carried out sequentially and correspond with the retrieval reuse and retain stages of a CBR system. 
The reasoning cycle has been constructed using a variational calculus based strategy (Glez-Bedia et al., 2002). 

The retrieval stage must be carried out using a method that guarantees the retrieval of a reasonably small number of 
cases that are related to the current problem case. We have experimented with a number of different retrieval methods 
such as Sparse Kernel Principal Component Analysis (Corchado and Laza, 2003) or a K-nearest neighbour algorithm 
based strategy (Corchado et al., 2003). The best results have been obtained with a variational calculus based strategy, as 
shown below. 

Planning can be defined as the construction of a course of actions to achieve a specified set of goals in response to a 
given situation. The classical generative planning process consists mainly of a search through the space of possible 
operators to solve a given problem, but for most practical problems this search is intractable. Given that typical planning 
may require a great deal of effort without achieving very good results, several researchers have pursued a more 
synergistic approach through generative and case-based planning (Bergmann et al., 1998). In this context, case 
indexation strategy facilitates and speeds up the planning process substantially.  

A case in case-based planning consists of a problem (initial situation and set of goals) and its plan. Given a new 
problem, the objective of the retrieval and reuse phase is to select a case or a number of cases from the case-base whose 
problem description is most similar to the description of the new problem and to adapt it/them to the new situation. In 
case-based reasoning, two different approaches to reuse can be distinguished: transformational and derivational 
adaptation. Transformational adaptation methods usually consist of a set of domain dependent  concepts which modifies 
the solution directly obtained in the retrieved case. For derivational adaptation, the retrieved solution is not modified 
directly, but is used to guide the planner to find the solution.  

There are different ways to integrate generative and case-based planning: PRODIGY (Carbonell et al., 1991;  Veloso, 
1994), PARIS (Bergmann and Wilke,1995, 1996; Holte et al., 1995), and Variational Calculus Based Planner (VCBP), which 
is the method proposed for the resolution of the case-study. These planners may be used in the development of 
deliberative agent-based systems. Glez-Bedia et al. (2003) describe the VCBP. In PRODIGY and PARIS the workload 
imposed on the generative planner depends on the amount of modification that is required to adapt the retrieved cases. 
Looking at the structure, we can say that PARIS is a "domain-independent" case-based planner while PRODIGY is 
"domain semi-dependent". On the other hand, although VCBP is domain dependent, it introduces a new interesting 
strategy to efficiently deal with the adaptation stage.  

Variational Calculus-based Planner (VCBP) guarantees the planning and re-planning of the intentions in execution 
time. This planning strategy is divided into two steps, first, to identify cases that are similar to the problem case (retrieval 
stage), and then adapt them to the problem case (reuse stage), which correspond to the two roles of the Planner Agent. 
Variational calculus automates the reasoning cycle of the BDI agents, and guarantees the identification of an efficient 
plan, closed to the optimum. Although different types of planning mechanisms can be found in the literature, none of 
them allows the replanning in execution time, and agents inhabit changing environments in which replanning in 
execution time is required if goals are to be achieved successfully in real-time.  

Some of the planning techniques developed for case-based reasoning systems to select the appropriate solution to a 
given problem do not have mechanisms to deal with the changes in the environment. For instance, Corchado and Laza 
(2003) and Knobolock et al. (2001) introduce a kind of plan schema that needs to be reprogrammed over time, when the 
planning domain changes. Bergmann and Wilke (1996), and Camacho et al. (2001) propose an architecture that tries to be 
more flexible, in which, if new information has to be introduced from the environment to the system, it is only necessary 
to change the planning domain instead of reprogramming the plan schema by hand. This architecture allows building 
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plans that contain steps with no detailed information. This is useful because if no specific information is supplied, the 
solution can handle planning generic operators, plans that are not influenced by unexpected changes.  

Now, to find out if the abstract proposed plan is adequate it is necessary to put it into practice in a real domain. This 
operation requires a great amount of computational time and resources which may be a disadvantage, in for example, web 
related problems. The flexibility of this approach increases the time spent in applying the abstract solution to the real 
problem, which is a handicap for real time systems. The proposed solution, a variational calculus based planner, deals 
adequately with environmental real-time problem changes without applying a reprogramming strategy and without the 
disadvantages shown in (Bergmann and Wilke,1996, Camacho et al., 2001, Carbonell et al ., 1991; Corchado and Laza, 
2003) because the technique used can replan in execution time.  

In the development system the revision process is carried out by an experienced engineer. After the work has been 
carried out, the plans are stored in the form of cases. Once a new case is created, it is stored in a temporary case-base. A 
senior salesman accesses this case-base via the administration agent and decides which of these cases/instances should 
be stored by the CBR-BDI planning agent. The ability of the VCBP methods to select optimal cases can be used to 
successfully reduce the case base without losing valuable information (Glez-bedia et al ., 2002).  

4  CONCLUSIONS 

The proposed system has been used to improve an agent based system developed for guiding tourist around the city of 
Salamanca. As mentioned before, the tourists may use a mobile device to contact their agents and to indicate his/her 
preferences (monuments to visit, visits duration, time for dinner, amount of money to spend, etc.). The system was tested 
during six months and the case base was initially filled with information collected during the previous five months. Local 
tourist guides provided the agent with a number of standard routes and distributed among his clients wireless devices, 
from which they could contact the agent and inform it about the progress of their plans: routes, times, evaluations, etc. 
Several hotels of the City offered the system to their guests or the help of a professional tourist guide, 14% of them 
decided to use to agent based system and 23% of them used the help of a tourist guide. The rest of the tourists visited 
the city by themselves. In this experiment the agent intentions were related to a one-day route. The degree of satisfaction 
of the tourist that used the help of the agent based tourist guide was very high. On the arrival to the hotel the tourist 
were asked to evaluate their visit and the route.  

The tourist that used the help of the software agent provided the answer directly to the agent. The degree of 
satisfaction of the tourist that used the help of a professional tourist guide is higher that in the other two cases. The 
percentage of the tourist which degree of satisfaction was very high (between 8 and 10) is very similar in the case of the 
tourist that use the help of the agent and in the case of the tourist that use the tourist guide.  Almost 40% of the tourist 
that used the agent based system let us know that the system did not work successfully due to technical reasons 
(possibly the server was down, there was a luck of coverage, the tourist did not use the wireless system adequately, etc.) 
If we take this into consideration, we can say that most of the tourist (92%) that used the help of the agent and did not 
have technical problems had a high or very high degree of satisfaction. This degree of satisfaction is 12% higher that the 
one of the tourist that used the help of a tourist guides.  

The planning agent provides successful response and the reasoning cycle of the CBR systems helps the agents to 
solve problems, facilitate its adaptation to changes in the environment and to identify new possible solutions. New cases 
are continuously introduced and older ones are eliminated. The CBR component of the architecture provides a straight 
and efficient way for the manipulation of the agents knowledge and past experiences. The deliberative architecture used 
in to build the proposed multiagent system reduces the gap that exists between the formalization and the implementation 
of BDI agents. What we propose in this article is to define the beliefs, desires and intentions clearly (they don’t need to 
be symbolic or completely logic), and to use them in the life cycle of the CBR system, to obtain a direct implementation of 
a BDI agent.  
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