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Abstract:   The Digital Library enables us to create almost unlimited quantities of information and to make it immediately 
available to the world, but we have much difficulty trying to locate the information that we really need. Finding aids are therefore 
becoming highly desirable. Topic maps provide a standard approach to creating finding aids. In this article, we attempted to use the 
Topic Maps as the resource description mode1 in Digital Library. We propose the use of a clustering algorithm and Topic Maps to 
discover and represent knowledge. We describe the action of the topic map for Digital Book organization and explore how to map 
XTM to the formal logic and how to implement the logic inference supporting based on Topic Map. Lastly, the article implements 
a resource management system of digital library (KNOWMAP). The objective of this system is to exploit the XTM and database 
technology to aid management resources in Digital Library. 
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INTRODUCTION 

Digital Library is a research field of mass infor-
mation resources of multi-media and information 
organizes to apply with digital books. With the rapid 
expansion of Internet and the continuous increase of 
the amount of digital books, in the information 
management research, it is impossible now to manage 
the mass information resources by handwork. For 
example, in the  “China-America Academic Digital 
Library Project”, we can obtain terabyte text data 
from 1 million books (half of them are English books 
and half are Chinese). We can estimate that a book has 
300 pages on average, and a page contains about 3000 
codes. The total data of them and metadata is about 
1.0TB. Information management and organization is 
one of important problem of Digital Library now. It is 
desired to develop high efficiency and intelligent 
tools to manage, organize and search it. Search engine 
is a method to resolve this problems, customer usage 
search engine can be efficiently getting information 
for customer needing. The search engine that exten-
sive usage now is not face to particular topic for 
customer needing. The search engine returns a lot of 
no use information in searching result, therefore it can 
not fit needing in “China-America Academic Digital 
Library Project”. For example , user use search engine 
search a word “network”, search engine return result 
include 700 records about network. The user has too 

much trouble to find records they really want. To 
solve this problem, we build a digital library resource 
management system (KNOWMAP). This system is 
the combination of the full text retrieval and XML 
Topic Maps. The goal is to provide much more con-
venience for user seeking out book that he need. Topic 
Maps has been proposed for knowledge representa-
tion. We use Topic Maps to describe the all kind of 
relation between the books. The user can use our 
system to search information of digital book they 
really need. From return information, user can get a 
lot of related book though using Topic maps.   
 
TOPIC MAP OVERVIEW 

In this article we attempted to use the Topic Map 
as the resource description mode1 in Digital Library. 
Topic Maps were originally developed by a group in 
the SGML community to formalize the building of 
indices and lexicons. The result of the original effort 
was ISO/IEC 13250, a standard that defines the 
complete model of Topic Maps. This standard pre-
dates XML, but the rapid development of the XML 
and the Web motivated XML Topic Maps (XTM), 
which is based on the ISO/IEC 13250 model but de-
fines an XML syntax and limits itself to addressing 
through URI.  

Topic Maps include some constructs: Topics, 
Associations, Names, Rules for Merging Topic Maps  
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(Jack Park and Sam Hunting,2002) : 
• Topics: Topics are the main building blocks of 

topic maps. The word topic means both location 
and subject. A topic is a computer representation of 
a subject and may be applied to a set of locations. 
Each of these locations is a resource, called a topic 
occurrence. 

 
• Associations: Topics are connected to each other 

through associations. The definition of the asso-
ciation semantics is left to the designers of the topic 
map instance. 

 
• Names: A topic usually has a name, but it can also 

have no name or several names. 
 

• Rules for Merging Topic Maps: According to the 
topic naming-constraint-based merging rule, two 
topics will be merged if they share one identical 
base name in the same scope. According to the 
subject-based merging rule, topics will be merged 
if they have the same subject identity. The second 
merging rule is more reliable than the first, but it 
requires topics to point to the very same resource. 
This works only in a closed environment where the 
published subjects in use are widely known by the 
various topic map authors. 

 
SYSTEM DESIGN AND IMPLEMENTATION  

 
We can obtain 1 million Digital Books in the  

“China-America Academic Digital Library Project”. 
The digital books include the text data and metadata. 
We use scanner to get image files from paper book. 
The text data of digital books we can obtain from 
these image files by using OCR software. By reor-
ganization and metadata extraction, we can obtain 
metadata of books in XML format. Metadata format is 
MARC and Dublin Core (DC) and text data format is 
HTML. Metadata describe the information about 
digital book, like title, creator, subject, description, 
publisher and date. For Chinese books, we use the 
Chinese Taxonomy of Books Version 4. For English 
books, we use the Dewey System. 

 
Prototype 

A prototype of KNOWMAP has been imple-
mented and the diagram shown in Figure 2 illustrates 
the complete process of prototype. The architecture of 
prototype can be depicted in Figure 1. In the Client 
layer, clients interact with the browser of our system, 
which interacts with web servers in the next layer. 
Middle layer include the application servers, such as 
full text retrieval. These middle layer servers will 
interact with data servers in the lower layer, such as 
the database, the knowledge base. This architecture 
can improve the speed and flexibility by integrating 
large amount of digital book data and metadata.  
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Figure 1. Architecture of prototype 

 
• WEB Server 

The web server has two functions. First, it re-
ceives the query that users input, and distribute it to 
application servers according to the subject that the 
user has enacted. The KNOWMAP separates the 
index data of every subject to all database servers and 
keep a configure log in the every application servers. 
Therefore, the web server knows where application 
server and database server can receive the query ex-
pression. The second function of web server is to 
gather the search results of application servers and to 

Navigate/Search using Full
text index and Topic map
Put  metadata and
data in to database

Digital book
& metadata

Index fields

Generate
Tompicmap

Figure 2. Work Flow of Prototype
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merge them together. To reduce the time of transmit-
ting data, every application server only return 250 
pieces of result in one time. Web server synthesizes 
the result of every application server and return the 
whole result to users. 

 
• Application Server 

Each application server also has two functions. 
For one thing, it receives the query statement from 
web server. It send query statement to all database 
servers to according to the configure log. 

For another, after send the query to the database 
servers, the application server waits to receive the 
search result of each database server. When it gets the 
total search results, it merges the results and returns a 
part of them to the web server.  
 
• Database Server 

Database Servers use the commercial full-text 
retrieval system as their kernel. Each database server 
has part of data of books and the size is approximate 
to be same. Each database server also has two func-
tions. Firstly, it receives the query statement from 
application server. By searching the cache on its own 
index, it gains the result and returns a part of them to 
the application server. Secondly, when we add new 
data to the database server, we can use the database 
server to create index for the new data. 
 
• Topic Map Server 

Topic Map Server also has two functions. Firstly, 
it receives the query statement from application 
server when user retrieval related topic of search 
result. By searching the cache on its own index, it 
gains the result and returns a part of them to the ap-
plication server. Secondly, when we add new data to 
the Topic Map server, we can use the Topic Map 
server to rebuild Topic Map for the new data. 
 
Topic Map design and Implementation 

We design a architecture of Topic Map to suit 
needing of Million Book Project. Topics type include 
“book type”, “publisher type”, “author type” and 
“chapter type” .The book type is used for describing 
book. This type include attribute of metadata fol-
lowed MARC and Dublin Core standards. The chap-
ter type is used for describing chapter of the book. 
Associations include  “published by”, “write by”, 
“include by”, “references by” and “related by” asso-
ciation. The architecture of Topic Map can be de-
picted in Figure 3. 
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Figure 3. Architecture of our Topic Map 

 
We use TM4J Topic Map Engine to implement 

our design. The core of TM4J is a set of Java APIs for 
parsing, manipulating, and writing topic maps in 
XTM 1.0 format. TM4J also contains a small number 
of command-line utilities for measuring various sta-
tistics about topic maps and for merging topic maps. 
In addition, the TM4J package supports storage of 
processed topic map information either in memory or 
in an Ozone object-oriented database system. The 
Engine also provides interfaces for querying topic 
maps structures using the Tolog query language(a 
kind of Prolog query language), parsing topic maps 
from XTM syntax files and writing topic maps to 
XTM syntax files. User can use Topic Map to get 
information more convenience than before. For ex-
ample, user search a word “network” in digital library, 
search engine return result include some records 
about network book. The user find one book named 
“principle of computer network” that he wanted. Then 
he can use Topic Map though the “related by” asso-
ciation to get another book named “Implementation 
of computer network”. So our system gave users 
much more convenience to deal with the search result.  
 
Association Discovery and Representation 

We can use description in metadata of the book to 
generate the association between the books. It is not 
enough to fit our need, so we use clustering algorithm 
to generate the association and calculate degree of 
relation between documents (book or chapter in book). 
If the distance of relation between documents is very 
close, I can think there have relations between 
documents, they may in same subject. Because full 
text retrieval system returns too much records in re-
sults, To reduce the time of transmitting data, every 
application server only return 250 pieces of result in 
one time. We also use distance of relation between 
documents measure the records returning order in 

http://tm4j.org/tm4j-engine.html
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result. We build a data set include some important 
books or famous books in every subject. The weight 
of book in data set evaluated 1.We use book in same 
subject to calculate degree of relation between books. 
We use a clustering algorithm to calculate degree of 
relation between books not in dataset and books in 
data set. Finally, We choose the largest value in re-
sults as weight of book. 
 
Document Representation for clustering algorithm 

In order to apply a clustering algorithm to a 
document collection, there needs to be an appro-
priate document representation scheme. In the 
classical models of information retrieval (IR) 
documents are represented by a set of indexing terms 
in the form of n-dimensional vectors : 

Xi = (xi1，xi2，⋯，xin )                         (1) 
Where n is the total number of terms and xij represents 
the weight of term j in document xi. The indexing 
terms are usually obtained through automatic index-
ing and they represent the words contained in the 
document collection after stop words removal (i.e. 
discarding insignificant words like ‘a’, ‘and’, ‘where’, 
‘or’) and stemming (i.e. the removal of word affixes 
such as ‘ing’, ‘ion’, ‘s’) . 
 
Feature Selection  

 In our system, for determining the weight xij of 
term xi in document dj any IR-style indexing tech-
nique that represents a document as a vector of 
weighted terms may be used. Most of the times, the 
standard tfidf weighting function is used , defined as 
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Where #(xi, dj) denotes the number of times xi occurs 
in dj, and #Tr(xi) denotes the number of documents in 
Tr in which xi occurs at least once (also known as the 
document frequency of term xi). TF is terms fre-
quency within the document, IDF is terms inverse 
document frequency. This function encodes the in-
tuitions that the more often a term occurs in a docu-
ment, the more it is representative of the content of 
the document, and the more documents the term oc-
curs in, the less discriminating it is(M. E. S. Mendes, 
E. Martinez, L. Sacks). 

In order to make weights fall in the [0,1] interval 
and documents be represented by vectors of equal 
length, the weights resulting from TFIDF are often 
normalized by cosine normalization, given by: 
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Where r is the set of all terms that occur at least once 
in Tr. 

 
Calculate degree of Relation between documents  

 In our system, we use a function to calculate the 
degree of relation between documents, defined as: 
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where V and U is vector to represent document xvk  
represents the weight of term k in document xv , xuk  
represents the weight of term k in document xu . This 
function show that the more lager the function value 
is, the more similar two document are. 
 
Performance Measures 

Precision and recall are two popular measures for 
evaluating the performance of information retrieval 
systems. They represent the fraction of relevant 
documents out of those retrieved in response to a 
query and the fraction of retrieved documents out of 
the relevant ones, respectively. Similar measures have 
been proposed for classification systems. The purpose 
of such systems is to classify data elements given a 
known set of classes. In this context, precision 
represents the fraction of elements assigned to a 
pre-defined class that indeed belong to the class; and 
recall represents the fraction of elements that belong 
to a pre-defined class that were actually assigned to 
the class. Precision and recall can be equally used to 
evaluate clustering algorithms, which are in fact un-
supervised classification systems, when a clustering 
benchmark exists. For a given cluster α and a ref-
erence cluster β, we use precision and recall as fol-
lows(M. E. S. Mendes and L. Sacks,2001): 

RET
 RETREL

=precision                         (5) 

REL
RETREL

=recall                       (6) 

Where RET is the total number of elements in clus-
terα , REL is the total number of elements in refer-
ence cluster β , RETREL is the number of elements 
from reference cluster β  in cluster α . 
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These two measures can be combined into a sin-
gle performance measure – the F-measure  – that is 
defined as: 

recallprecision
recallprecisionF

+⋅

⋅⋅+
= 2

2 )1(
γ

γ               (7) 

Where γ  is a parameter that controls the relative 
weight of precision and recall (for equal contribution, 
γ =1 is used). 
  
Visualization and usage 

Topic maps are very powerful in their ability to 
organize information, but they may be very large. 
Intuitive visual user interfaces may significantly re-
duce users' cognitive load when working with these 
complex structures. Visualization is a promising 
technique for both enhancing users' perceptions of 
structure in large information spaces and providing 
navigation facilities. It also enables people to use 
natural tools of observation and processing—their 
eyes as well as their brains—to extract knowledge 
more efficiently and to find insights (Gershon, N. and 
S. G. Eick,1995). 
There are two basic uses for topic maps, as described 
below: 
1) If the user has a specific question, query languages 
(such as the Topic Map Query Language) (Ksiezyk, 
R.2000) are well suited. They consider the relation-
ships among objects, thus allowing query languages 
to find more accurate answers than do traditional 
search engines, which seek only the occurrences of 
words.  
2) If the user wants to simply explore a Digital library, 
a topic map can provide an overview so the user can 
decide where to start her or his exploration.  

The first type of information retrieval does not 
require specific visualizations; textual interfaces 
usually suffice. Topic Map Query Language is a query 
language for Topic Maps. It documents our efforts to 
create the ISO 18048 standard as part of the Topic 
Map standards family. In our system, we provide to 
user a interface to use this query language to query 
information about book. 

The second type of information retrieval is more 
complex since the subject of interest is not clearly 
defined. In this case, users may be compared to tour-
ists in a city they're visiting for the first time. They 
need to know what they should see and how to get to 
these different places quickly. They may want either 
to follow a guide or to explore by themselves. We 
build a module to make Topic Map visualization. It is 
very useful and provides much more convenience to 

user exploring a digital library. It displays lists or 
indexes from which users can select a topic and see 
related information. This representation is very con-
venient when users' needs are clearly identified. The 
navigation is usually the same as that on Web sites: 
users click on a link to open a new topic or association. 
The visualization of our Topic Map, shown in Figure 
4.Taxonomy tree is shown on the top of Figure4.users 
can choice one subject in this tree, then they can get a 
semantic network of this subject, shown in left end of 
Figure4.users can choice one semantic item form this 
semantic network, then the related book information 
will be shown in right end of window. users can also 
use a function to search a book. For example, if we 
input a term as “agriculture”, we can get the search 
result as showing in Figure5. The system ranks the 
search results basing on their relevance to the query. 
There is relation network of books in the Figure5.This 
relation network express the relation between the 
books in searching result. The label on the node in 
Figure is name of the books. We use different color to 
represent different type of relation. When clicking 
one piece of the results, the user can browse the book 
that contains it. As showing in Figure 6, the left 
column shows the outline of an OEB book, including 
metadata, content and other supplementary informa-
tion. When the user clicks one of the items, the right 
column will show its content. 

 
Figure 4.  Topic Map Browsing Visualization 

 
Figure 5. Topic Map of Search Result Visualization 

http://www.topicmap.com/
http://www.y12.doe.gov/sgml/sc34/document/0323.htm
http://www.y12.doe.gov/sgml/sc34/document/0323.htm


 14

 
Implementation of KNOWMAP 

Based on the technologies I have mentioned, we 
constructed the archetype of the KNOWMAP. Users 
may input their query in the textbox of the webpage 
and find the book pages they needed.  
The system running hardware environment is: 
• 2  Database Server: CPU: Pentium4 3GHz，Memory：

2GB 
• 1  Disk Arrays: capacities up to 2000 GB 

The operation system is Windows 2000 Ad-
vanced Server. The local area network is 100Mb 
Ethernet. We use BEA WEBLOGIC as web server 
and application server. We use ORACLE 9i database 
server as database server and use Oracle Text to build 
full text retrieval system in KNOWMAP. 

Oracle Text is a tool that enables you to build text 
query applications and document classification ap-
plications. Oracle Text provides indexing, word and 
theme searching, and viewing capabilities for huge 
amount of text. 

The KNOWMAP components developed are 
compliant with the J2EE specifications. The user 
interfaces with the web tier using servlets on top of 
HTTP. Other functionalities, such as full text retrieval 
function, are encapsulated in session beans. The 
servlets help in the workflow control by accepting 
requests from the clients (JSP or applets) and for-
warding them to the appropriate EJBs in the middle 
tier. 

 
 

Figure 6 Browsing a Book 
 

RESPONSE TIME 
One of the goals of the system is to ensure the 

search speed.  We use total 100 word to test system 
response time. Every database server has 50GB index 
data, totally 100GB data in prototype. The test results 
are as following: 
 

Table 1 Response Time 

Searching terms The longest lapse time 
(ms) 

Network 3200 
Computer 3500 

Social 1850 
Religion 1750 

Law 1300 
Language 1500 
Physics 3460 
……. ……. 

Philosophy 1650 
Average time 2553 

CONCLUSION 
We have described a framework for organizing 

and navigating digital books. We have use some 
clustering algorithm and design the Topic Map to 
discover and represent knowledge in digital book, 
respectively. Furthermore, we have explored ways of 
using this framework to adaptively link documents. 
The prototype implementation has shown that the 
KNOWMAP was indeed able to manage huge amount 
of resource of digital library high efficiency. 
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