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Abstract 
 
The paper presents in brief a methodology for development of tools for knowledge-based search in repositories 
of digitized manuscripts. It is designated to assist the search activities in collections that may enlist XML 
documents which should be catalogue descriptions or marked-up full texts of mediaeval manuscripts. The 
suggested methodology is directed to the development of software environments that will be able to deal with 
relatively complex user queries containing words or phrases that are considered as domain concepts. The 
emphasis in this methodology falls on two main types of activities: development of proper ontologies describing 
the conceptual knowledge relevant to the chosen domain(s) and development of proper intelligent agents for 
search and processing purposes that are able to retrieve and filter documents by their semantic properties. Some 
considerations related to the implementation of our methodology are presented as well. The first version of a 
software tool for knowledge-based search in repositories of digitized manuscripts is discussed. Some results of 
the application of the tool to a collection of approximately 800 descriptions of mediaeval Bulgarian manuscripts 
stored in Bulgaria are analyzed. 
 
Keywords: manuscript digitization; ontology; multi-agent system; XML; OWL; Protégé 
 
 
1 Introduction 
 
During the last decades information technologies play a significant role in lots of successful projects directed to 
digital preservation of cultural and scientific heritage. The growth of the number of digitized collections of 
manuscripts and printed editions increases the necessity of proper software tools assisting the access to these 
collections and making the best use of them. 
 
One of the consequences in this direction is the growth in the development of proper search methods and tools. 
Instead of the facilities supported by the traditional keyword-based search engines, many users prefer to 
formulate queries in terms of high-level semantic concepts that are more relevant to their professional needs. In 
these cases the search engine is provided with a phrase which is intended to denote an object or a domain 
concept about which the user is trying to gather information. The aim is to find a suitable set of documents 
which together will give him the necessary information. 
 
In this paper we discuss a methodology for intelligent (properly speaking, knowledge-based or semantics-
oriented) search in repositories of digitized manuscripts and some first results in the implementation of this 
methodology. 
 
2 An Overview of the Suggested Approach 
 
The approach we suggest is aimed at supplying the search engine with an understanding of the concepts denoted 
by the user query. The first step here is to develop proper ontologies defining the relationships between the 
concepts in the corresponding domain(s). Thus the search may be enriched with the addition of a set of 
synonyms and phrases denoting more specific concepts than the one given by the user. More accurately, our 
methodology is designated to assist the search activities in collections that may enlist: 

 
• electronic catalogue containing manuscript descriptions compatible with the document type 

definition structure suggested by the project MASTER [1] and adopted by TEI [2]; 
• marked-up full texts of manuscripts that may be written in different languages; 
• digital images of manuscript pages. 
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It is directed to the development of software environments that will be able to deal with complex user queries 
and answer questions such as “When are written manuscripts in which natural calamities or irregularities are 
mentioned?” or “Where are stored manuscripts in which significant social events are mentioned?”. 

 
Currently we lay aside the problems connected with the processing of questions formulated in natural language 
and concentrate on queries containing phrases like “natural calamities or irregularities”. More precisely, the 
queries may contain conjunctions and disjunctions of key words and phrases. 
 
As a result of the processing of a user query, a set of documents (manuscript descriptions and/or texts of 
manuscripts) and images of manuscript pages containing words and phrases semantically related to these used in 
the query should be retrieved and properly visualized. The scope of the queries should not be predefined, but it is 
necessary to have a clear idea about their area(s) in order to provide and describe the corresponding domain 
knowledge. The emphasis in the suggested methodology falls on the following main topics: 

 
• Development of proper ontologies describing the conceptual knowledge relevant to the chosen 

domain(s). These ontologies define sets of concepts with their basic properties and the relationships 
(mainly hierarchical in our case) between them. The concepts should be defined in many languages. 

• Definition of an ontology providing the vocabulary for describing the content of digital images of 
manuscript pages. This ontology should describe the main characteristics of the digital images and 
their content in accordance with the provided conceptual knowledge. 

• Development of proper intelligent agents for search and processing purposes that are able to retrieve 
and filter documents and images by their semantic properties. 

 
A more detailed description of the suggested approach can be found in [3]. In this paper we present it only from 
the point of view of the concrete experimental implementation discussed below. In particular, here we do not 
analyze the ideas concerning the semantics-oriented search in collections containing digital images of manuscript 
pages. 
 
2.1. Ontology Development 
 
An ontology [4] is an explicit specification of a conceptualization. Ontologies define domain concepts, their 
properties and the relationships between them, and thus provide a domain language that is meaningful to both 
humans and machines. They are formal theories supporting knowledge sharing and reuse. 
 
Each ontology should adequately represent a specific domain and allow some kind of formal reasoning. 
Ontologies should be both understandable by humans and processable by software agents. They can be used in 
particular to annotate Web resources. 
 
The main idea of our methodology is to provide the search engine with the necessary knowledge describing the 
semantic relationships between concepts in a wide range of domains. This knowledge can be represented as a set 
of appropriate ontologies. The ontologies used in our experimental implementation have mostly the form of 
concept hierarchies (Fig. 1). They describe sets of domain concepts with the class–subclass relation between 
them and thus introduce the specific terminology of interest for various types of users. These ontologies are 
utilized by the search engine to augment the user queries with words and phrases denoting more particular 
concepts than the ones used in the original search requests. Some suitable dictionaries of synonyms may be used 
for similar purposes as well. 
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Figure 1: Visualization of a concept hierarchy 

 
2.2 Intelligent Software Agents 
 
As it was discussed above, the approach we suggest for knowledge-based search in electronic collections of 
manuscript descriptions and marked-up full texts of manuscripts is directed to the use of a set of general-purpose 
and specialized ontologies that can be accessed by the user, or “his” agents, in formulating and processing of 
relatively complex queries. 
 
The main actions related to the execution of user queries are performed by four agents: the Query Formulation 
Agent, the Ontology Agent, the Search Service Agent, and the Integration Agent. The Query Formulation Agent 
interacts with the user to receive his original (initial) query. Once a query has been specified, the Query 
Formulation Agent decomposes it into subqueries that do not contain conjunctions or disjunctions of phrases and 
then sends these subqueries to the Ontology Agent for augmentation and refinement. This agent uses the 
available ontology resources as a vocabulary for the representation of domain knowledge. More precisely, the 
Ontology Agent considers the subqueries as domain concepts and adds to each of them the corresponding more 
specific concepts from the ontologies and some synonyms of the main terms from an appropriate dictionary. In 
this way the Ontology Agent can augment the original search query. Then it sends the new set of subqueries to 
the Search Service Agent for further processing in a standard way. The Search Service Agent expects that the 
collection of digitized manuscripts of interest consists of XML documents. The search should be performed in a 
set of elements of these XML documents specified by the user. At last the Integration Agent “compiles” and 
visualizes the subquery processing results derived from the various available resources. 

 
3 Some Implementation Considerations 
 
As an ontology development tool we recommend the OWL Plugin [5] of Protégé. Protégé [6] is an open 
ontology development environment with a large community of active users and a great number of successful 
applications. Protégé’s model is based on a flexible metamodel, which is comparable to object-oriented and 
frame-based systems. It basically can represent ontologies consisting of classes, properties (slots), property 
characteristics (facets and constraints), and instances.  
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The Web Ontology Language OWL [7] is widely accepted as the standard language for ontology construction. It 
is based on a description logic model that makes possible to define and describe concepts and to make reasoning 
about them. OWL ontologies have similar components to Protégé frame-based ontologies but OWL uses a 
different logical model and provides some new facilities, e.g. has a richer set of operators. Thus the domain 
concepts, their hierarchies and the other relationships between them can be easily described in terms supported 
by Protégé and especially by its OWL Plugin. The user interface of the OWL Plugin of Protégé is very 
convenient for knowledge engineers and can be accessed without serious problems by other types of users. 

 

 
Figure 2: Description of a concept hierarchy in DIG code 

 
As a basis for the implementation of the Ontology Agent we prefer to use the standard DIG code generated by 
the Protégé OWL Plugin (Fig. 2). This code has a clear structure and uses simple namespaces, so it is very 
convenient for further processing. 
 
For the implementation of the Search Service Agent we decided to choose a proper scripting language - 
VBScript. We prefer it to the XML query language XQuery because the current version of XQuery [8] does not 
support the use of dynamic contexts where the concepts of current collection and current document set are 
described by variables. 
 
4 Experimental Implementation 
 
An experimental software tool that implements the discussed methodology with some restrictions imposed on 
the user queries has been recently under development. We allow in the current version of this implementation 
only “atomic” user queries that do not contain conjunctions or disjunctions of words or phrases. Therefore some 
of the especially developed software agents perform more simple tasks than the ones described above. 
A typical user query in the discussed software tool may contain a word or a phrase of interest for the person who 
formulates the query. The goal is to find all documents in the collection containing the originally given 
word/phrase or words/phrases that are semantically related with it and then to display properly the corresponding 
elements of the found documents.  
 
Fig. 3 shows a screenshot displaying an example user query. The user is asked to determine the language in 
which the query is formulated and then to type the key phrase representing the query. 
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Figure 3: An example user query 

 
After the user query is entered, it is processed consecutively by the corresponding intelligent software agents. In 
our case of restricted user queries, the main actions related to their execution are performed by two agents: the 
Ontology Agent and the Search Service Agent. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: A sample concept hierarchy in Bulgarian language 

 

 война 

нападение 

завладяване 

 размирици  въстание 

 убийство 

  сеч 

опожаряване 

 грабеж 

 поскъпване 

разоряване 

 посещение 

 заточение 

  обществено 
     събитие 
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The Ontology Agent uses the available ontology resources to augment the original search query. More precisely, 
the Ontology Agent should be provided with a proper description of the concept hierarchy in some subject 
domain(s) of interest for the potential users. This description is expected to be in different languages and the 
expected language should be chosen by the user at the time of entering the search query. Speaking properly, the 
Ontology Agent uses a set of XML files containing appropriate DIG code (prepared with Protégé/OWL) which 
describes the corresponding hierarchies of domain concepts in different natural languages (Fig. 2). 
 
The discussed software agent explores the graph representing the “is-a” concept hierarchy in the chosen 
language (Fig. 4, Fig. 2). In general, this structure is a real graph (not a simple tree) because some concepts may 
take part in more than one classification (Fig. 1).  
 
The Ontology Agent performs exhaustive breadth-first search in the mentioned graph starting from the node 
which represents the user query and adds to the originally given query the names of the visited nodes, i.e. the 
corresponding more specific concepts in the same language from the ontologies (concept hierarchies). Then the 
agent adds to the newly constructed set of queries some synonyms and derivatives of the main terms from a 
preliminarily prepared dictionary (Fig. 5). Thus the Ontology Agent augments the search query given by the user 
and then sends the new set of queries to the Search Service Agent for further processing. 
 
The Search Service Agent in the discussed implementation supposes that the collection of digitized manuscripts 
of interest consists of XML documents. In particular, the catalogue descriptions are supposed to be compatible 
with the document type definition (DTD) structure suggested by the project MASTER. In principle the search 
should be performed in all elements of each single XML document or in a specific set of elements chosen by the 
user. Our experiments have been carried out with an existing collection of descriptions of mediaeval Bulgarian 
manuscripts. These manuscripts are mostly with religious content and some multiform information could be 
found mainly in the XML element “additions” of their catalogue descriptions (this element is used to record and 
discuss any written or drawn additional text found in a manuscript, such as marginalia, scribblings, etc. which 
the cataloguer considers of interest or importance). Because of that we decided to restrict the search in our 
collection and to perform it only in the “additions” elements of the XML documents. 
 

 
Figure 5: A sample dictionary of synonyms 
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At last, as a final step of the user query processing, the corresponding XML elements of all documents in the 
collection containing words or phrases semantically related to the one given by the user are properly visualized. 
 
5 Some Experiments in Knowledge-Based Search 
 
Our first experiments have been carried out with a collection of 807 catalogue descriptions of mediaeval 
Bulgarian manuscripts stored in Bulgaria. This collection has been created at the Institute of Mathematics and 
Informatics of the Bulgarian Academy of Sciences using a software tool called XEditMan (XML Editor for 
Manuscript Data), especially developed for that purpose [9]. We used as search examples a number of queries in 
Bulgarian language for concepts like “natural phenomenon” (“природно явление” in Bulgarian), “social 
phenomenon” (“обществено явление”), “natural calamity” (“природно бедствие”), “event of life” (“битово 
събитие”) etc.  
 
Fig. 6 shows a screenshot displaying part of the search results for the key phrase “social phenomenon”. The text 
in bold face at the beginning of each paragraph (“bg00655.xml”, “bg00656.xml” etc.) indicates the name of a 
XML document found by our software tool. The text in bold italic type (“История славянобългарска 
(Самоковски препис)”, “Сборник Богослужебен (Котленски)”, “Дамаскин” etc.) means the name of the 
corresponding manuscript. The text in Roman letters is the content of the “additions” element of the pointed 
document. The discovered words and phrases that are semantically related to the concept given as a user query 
are highlighted. In the case of user query consisting of the phrase “обществено явление” (“social 
phenomenon”), some of the highlighted words on Fig. 6 denote more particular concepts from the original 
hierarchy (“убийство”, “война”, “опожаряване”) while others are synonyms or derivatives of “main” terms 
(“изгаряне” and “изгорили” are described in our dictionary as synonyms of “опожаряване”, “посичане” is a 
derivative of “сеч”). 
 

 
 

Figure 6: Some search results 
 

If the search has been performed in a set of elements of the XML documents, the names of the retrieved elements 
or attributes should also be displayed. 
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6 Conclusion 
 
The results of the first experiments with the software tool discussed in this paper may be evaluated as promising. 
The search in the mentioned collection accomplishes very quickly and the found texts are fully adequate to the 
user queries. This can serve as an argument in maintenance of the suggested approach. However, in order to 
reach really useful research results, we consider as necessity the involvement of some experts in other subject 
domains (librarians, philologists, historians etc.). 
 
It will be very useful to make more experiments with larger collections with various secular content (e.g. 
collections of historical texts or sagas, statute books etc.) which contain not only manuscript descriptions but 
also properly marked-up full texts of manuscripts that might be written in different languages. In that sort of 
cases we’ll have the possibility to test our search engine on really complex and volumetric collections and thus 
to evaluate more precisely its characteristics. 
 
Currently we are elaborating a XML-oriented tool for creating and editing dictionaries of synonyms. This tool 
will carry out a menu-driven dialogue with the user and will generate automatically some kind of XML code 
similar to the one shown on Fig. 5. The next step will be to turn back to the originally specified form of user 
queries as conjunctions or disjunctions of phrases of interest for the user. This will lead to a more sophisticated 
analysis of the user queries that should be performed by the Query Formulation Agent and to some 
corresponding changes in their processing by the Ontology Agent and the Search Service Agent. 
 
In the case of a disjunction of words or phrases, the Ontology Agent should construct the final set of subqueries 
as the union of the corresponding sets of subqueries for all elements of the disjunction. This set of subqueries 
will be processed by the Search Service Agent and the Integration Agent will properly visualize the discovered 
texts. The case of a conjunction of words or phrases needs more complicated processing. First, the Ontology 
Agent should augment all elements of the conjunction. Second, the Search Service Agent will perform its 
traditional task on the set of subqueries which augment the first element of the conjunction. Thus it will find a 
corresponding set of texts (elements of XML documents in the investigated collection) satisfying the first 
element of the conjunction and will save them in a temporal memory. Then the Search Service Agent should 
consecutively filter this set of texts in accordance with the other elements of the conjunction and should reduce it 
to a set of texts such that each of them contains appropriate words or phrases satisfying (semantically related 
with) each particular element of the user query. At last the Integration Agent will visualize the remaining set of 
texts. 
 
Our further plans are directed to the development and implementation of a methodology for linking collections 
of digitized manuscripts into the Semantic Web. In particular, we intend to elaborate: 

 
• a set of ontologies that will provide the vocabulary for describing the contents of digitized 

manuscripts, manuscript descriptions and images of manuscript pages; 
• a proper schema for building semantic annotations of documents and images with references to 

classes and instances in the ontologies in order to support the search and retrieval processes. 
 

Some initial ideas from [10] could also be used for the purpose. 
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