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Abstract: A specific electronic catalog named “Cultural, historical and natural objects of Bulgaria” 
(BULCHINO) is developed in the E-Commerce Laboratory of the University of Plovdiv. In this paper we 
present a reengineering approach for the development of an intelligent electronic service. Furthermore two 
Case-Based Reasoning (CBR) models, which are implemented in the service, are described.  The service 
offer tourist routes, which include cultural, historical and natural objects (selected from the catalog). The 
service will be integrated in the next version of the catalog. 
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INTRODUCTION 
In the last few years the number of the electronic catalogs, accessible over the 

Internet, was growing rapidly. The electronic catalogs are an essential ground of the most 
information systems that provide some electronic services over the communication 
networks. The variety of domains are represented by these systems, e.g. e-commerce, e-
learning, e-government etc. 

A specific electronic catalog named “Cultural, historical and natural objects of 
Bulgaria” (BULCHINO) is developed in the E-Commerce Laboratory of the University of 
Plovdiv. On the territory of Bulgaria there are over 40 000 significant cultural and historical 
monuments. Our aim is to build a technological environment by which we can embrace 
this wealth in electronic formats. Descriptions of more than thousand objects with 
fundamental relevance for our cultural and historical inheritance are saved in the first 
catalog version. BULCHINO have been integrated in a broad environment where the users  
have a free Internet access to the public parts of the catalog.  

We intended to extend the existing catalog with new intelligent services which can be 
used for offering of cultural tourist routes. To do this we saw two possibilities: (i) direct 
implementation of the service guided by the definition of the abstract model or (ii) 
reengineering of an existing application, which provides a similar functionality.  The choice 
of the letter approach was motivated by the following observation: 

 Firstly, the obtaining of experience in the field of software reengineering was a 
topic of a joint project between the Humboldt University of Berlin and the University of 
Plovdiv. Furthermore a CBR-based system named TestManager has been 
implemented in the Humboldt University and we could take the opportunity.  
 Secondly, we would like to prepare a new version of the CBR module 

implemented in Java (the TestManager was implemented in C++). 
 Thirdly, we preferred to work with a real system that is proven in praxis instead 

with the abstract description of the model.     
In this paper we present a reengineering approach for the development of an 

intelligent electronic service. Furthermore two Case-Based Reasoning (CBR) models, 
which are implemented in the service, are described.  The service offer tourist routes, 
which include cultural-historical and natural objects (selected from the catalog). The choice 
criteria are extracted from the users’ requests sent to the system. The service will be 
integrated in the next version of the catalog. 
 

CREATION OF NEW GENERATION ELECTRONIC SERVICES 
I. ‘BULCHINO’ ARCHITECTURE 
The architecture of the first catalog version consists of four layers [19,20]: 
 User interface – the user interface, designed as an intelligent portal by using the 

JetSpeed framework [9], provides different services to the catalog users. The users 
do not have direct access to the information sources of the catalog. Instead they can 
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only activate the selected service that acts as a mediator between the user and the 
system.  
 Catalog services – the suggested catalog services are maintained in this layer. 

Moreover the interfaces to the back-end applications (integrated into the catalog) are 
arranged here as well. 
 Meta-catalog – the meta-catalog includes the classification model of the subject 

catalogs (designed in accordance to the UNESCO definition) and the profiles of the 
subject catalogs, services and users. The meta-catalog is unique for the whole 
system. 
 Subject catalogs – catalogs, kept as separate databases towards the 

classification model.  
 

A significant difference from the “classical” e-commerce applications is the 
independence of the services from catalog architecture and application domains. The 
services can be customized, parameterized, and adapted to meet the individual 
requirements of the users.  

 
II. BASIC CASE RETRIEVAL NETS 
A. Brief Overview  
The basic idea of Case-Based Reasoning [23] is to solve new problems by 

comparing them to old problems that already have been solved in the past. Figure 1 shows 
the common CBR approach for finding a solution to a new problem, where Pnew is the 
problem to be solved, Pold is a well-known problem, Snew indicates the required solution, 
and Sold is the solution of Pold (known as well). A key assumption by the CBR is that if the 
presentations of two problems are similar, then solutions to these problems are often 
similar as well. In this way we define two operators: sim – a heuristic function of the 
similarity measures, and adapt – a generator procedure, which generate (by adapting) the 
new solution from the old one. 

The life cycle of the CBR-approach can be represented by the following control rule: 
if sim(Pnew,Pold) then Snew = adapt(Sold). A pair (P,S) is called a case. The reasoning with 
cases remains in the same domain and there are no transformations of the solution space 
activated.  

 
 
 
 
 
 
 
 

Figure 1. The CBR approach 
 

There are different theoretical models that support the approach shown in Figure 1 
[1,5,12]. By reasons mentioned above we have choice the Basic Case Retrieval Net 
(BCRN) model as a basis of our work.  

 
B. BCRN Definition 
A BCRN is a structure that consists of the following components: 
IEN – a finite set of Information Entities Nodes 
CN – a finite set of Case Nodes 
sim – a similarity function, rel – a relevance function, prop – a propagation function. 

 
The performing of a request in a BCRN is realized by the next three main steps: 

 Activating the IEs given in the request; 

Pold 

Pnew Snew 

Sold 

sim adapt 
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 Similarity propagation within the net of IEs; 
 Relevance propagation to the associated case nodes.   

A detailed description of the BCRN-model can be found in [3,6,14].  
 
C. Routes Definition 
We envisage the route as a structure whose elements are selected from the catalog 

based on some criteria. We distinguish the following kinds of routes: 
 Route – a set of selected objects. 
 Structured route – a route extended by a traversing scheme. 

The criteria for the object selection and the information for determining the traversing 
scheme can be obtained from the users’ requests, the meta-catalog, and the subject 
catalogs. In [19] a principled possibility for the presentation of the route objects in form of 
BCRN is shown. In order to implement the new intelligent service which support the 
generation of cultural routes on the basis of the electronic catalog BULCHINO we propose 
two extensions of the CRN model - the CR model and the the SCR model, which are 
described in the next sections.  

 
III. CR MODEL 
The CR model can be seen as a BCRN, where the local similarity is obtained by 

means of the meta-linguistic rules defined in this section. This model can be used for the 
implementation of a generator of cultural routes in BULCHINO. 

A. Feature Categories 
While the BCRN model is highly useful for investigating formal properties of a CBR-

based retrieval approach, in case of a real application we need additional information 
which allows us to expand the net and to define a more flexible similarity relationship 
between the IEs. In many application domains the features describing a case can be 
grouped in three categories [15]: features with functionally describable relationships, 
features with extensionally describable relationships, features with internally describable 
relationships. 

B. Meta-Linguistic Similarity Specification    
There are application domains, where the features can’t be associated with no one of 

the three categories. For example, in such a domain, the similarity of some features can 
be described functionally (i.e. them can be assigned numerical values) while the similarity 
of another features (in the same domain)   has to be specified for each pair explicitly. In 
this case we need to be aware of how to compare the numerical values with the phrases of 
a natural language. The electronic catalog of the Old Bulgarian churches is an example for 
such a domain. The feature “building_time” that is specified in the domain can hold the 
following values: “about 1395”, “XIV - XV c. (century)”, “1495”, “beginning of the XVII c.”, 
“ending of the  XVII c.”, “the first half of the XVII c.”, “the second  half  of the  XVIII c.”, “the 
middle of the  XVI c”.  

In order to obtain the similarity between such values we need two functions: a 
distance function (for the numerical values) and a function that can get the semantic 
similarity between the textual phrases. A possible solution can be the tabular presentation 
of all possible pairs put together with their similarity values. We have adopted an approach 
that combines a linguistic-based model and a numerical comparison function. The idea of 
our approach is that the domain values will be initially processed and after that linguistic 
compared by help of meta-linguistic rules. If it is necessary during the linguistic 
comparison the numerical comparison function can be called. An important problem is the 
way of extracting of the meta-linguistic rules. The extracted rules from the electronic 
catalog of the Old Bulgarian churches are shown in Figure 2 in a meta-language (BNNF). 
The extracting process follows three steps: lexical analyzing, syntax analyzing, expansion 
of the rule set, generalization of the rules. 
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Figure 2. Example meta-linguistic rules 
   

IV. SCR MODEL 
By means of the CR model we can generate a route as a set of preferred objects. 

Usually the cultural routes only don’t satisfy the users’ requirements, i.e. the users would 
like to receive structured routes. The SCR model is an extension of the CR model, where a 
new microfeature level is integrated. This model can be used for the implementation of a 
generator of structured cultural routes in BULCHINO. Different extensions of the basic 
model are possible: Integration of Concept Nodes [4,16], Spreading Activation Nets [16], 
Rule-extended Corns [15],  Integration of Object Models [17],  Microfeature Corns 
(MFCRN)[16]. 
  

 SCR Model- a Specific MFCRN 
The establishment of the domain values as feature, which present the objects’ 

characteristic directly, and as microfeatures, which hold additional information, is a suitable 
way for our application. The values we use for the obtaining of the route objects in the CR 
model can be specified as features. Each route object can be described by information for 
the geographical location and the region, the landscape, the reach possibilities (by car, by 
train, by plane), the leisure time facilities as well. The additional data can be specified as 
microfeatures. 

 In order to implement the above approach we extend the CR model, where a new 
level of processing is introduced. This level implements an arrangement scheme of the 
route objects, which uses background knowledge in form of microfeatures. The 
microfeature nodes of the “classical” MFCRNs can activate the IEs, which propagate the 
activation further to the cases along the relevance arcs. For our purpose the search 
activation in the microfeature nodes is of little use (the geographical location of an old 
Bulgarian church doesn’t matter if the tourist shouldn’t like   to visit churches). We propose 
that the obtaining of a structured route achieves in two steps: firstly, we generate a route 
and then we start a secondary retrieval process in the microfeatures world. The sheme at 
the Figure 3 illustrates how the  SCR model works. A case contains a set of information 
entities like  type, building_time, area.  Asking for a route which objects should be of type 
church and created 1844 year in the region Plovdiv, by similariry and relevance arcs are 
activated the cases: St. Nikolaous church, St. Mary church and Bachkovo cloister. A set of 
microfeature nodes are connected to IE nodes through importance arcs and are still not 
activated. After the retrieval the microfeature nodes are activated by the activated IEs and 
the route objects are ordered according to the new activation from the microfeature nodes.  

 
V. OUR APPROACH 
Into the new version of the catalog we intend to integrate services that will provide 

more flexible and intelligent opportunities for retrieval of information from very large 
databases, not only standard database approaches for storage and retrieval of objects. 

In order to develop the routes offering service we propose an approach, which 
includes the following steps: 

 Service kernel (BCRN model) implementation; 

creationTime ::= startExpression | endExpression | middleExpression | intervalExpression | impleDecDigit  
| simpleRomDigit ; 
 
startExpression ::= ‘Началото на’ | ‘Първата половина на’ simpleDecDigit | simpleRomDigit ; 
endExpression ::= ‘Края на’ | ‘Втората половина на’ simpleDecDigit | simpleRomDigit ; 
middleExpression ::= ‘Около’ simpleDecDigit | simpleRomDigit ; 
intervalExpression ::= simpleDecDigit ‘-’ simpleDecDigit | simpleRomDigit ‘-‘ simpleRomDigit; 
 
simpleDecDigit ::= lexDecDigit (г(’.’)?)?; 
simpleRomDigit ::= lexRomDigit (в(’.’)?)?; 
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Figure 3. Example SCR – Search 
 

 CR model development; 
 SCR model development; 
 Integration of the service in the catalog. 

We intended to develop the BCRN kernel by reengineering of the existing 
TestManager [13]. On one hand, the TestManager is rather a textual CRN-based 
application as a direct implementation of the BCRN model (the BCRN implementation is 
the kernel of the TestManager) [18]. On the other hand, BULCHINO is a multi-layered 
application, which is integrated in a J2EE-based environment [21]. In order to keep the 
homogeneity of the system we needed a Java version of the BCRN model. The service 
kernel was extended further by new Java classes, which support the meta-linguistic   
similarity calculation (CR model) and the microfeatures processing (SCR model).  

 Furthermore we intend to integrate the service into the existing catalog version. We 
require that the integration have to satisfy the restriction resulted from the catalog 
architecture [7,8] which must remain unaffected. The next problem is that there isn’t an 
explicitly set of IEs – the objects attributes are saved in form of relational structures 
(relational database), where they are split on different tables. By taking into account all 
these circumstances we propose the following integration approach: There are 
distinguished two kinds of objects: route objects and catalog objects. The route objects 
can be generated from the catalog objects by means of appropriate transformations. An 
explicit persistent layer is supported that (i)transfers data to the net from the database and 
vice versa and (ii)accomplishes transformations between the two spaces.  

 
CONCLUSIONS AND FUTURE WORK 
In the paper we show two possible models for developing of CBR-based intelligent 

services. In order to implement a real software version of a service we have to process the 
users’ requests as well. We intend to implement a request analyzer, which will be 
integrated in the BULCHINO portal. The analyzer will extract the values, which can be 
used for the initialization of the cultural routes offering service.  
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