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Abstract

The advancement of digital archiving technology in recently years have resulted in massive data being digitalized and stored in digital archives. Digital archives have become important source for people to access data. The role of digital archives, however, should not just for storing data. We will induce the concepts of Knowledge Management and Topic Maps to turn the role of digital archives into information providers, or even knowledge providers.

The cultural and historical relics of Buddhism are very valuable resources. How to reserve those valuable resources via up-to-date information technology is very important. In this paper, we proposed a methodology and implemented a system for management of Buddhism knowledge. In order to improve the utilities of traditional digital archive, we designed a Buddhism digital archive with a Topic Map. We constructed the Topic Map from two Buddhism books, Record of Western Lands and The Life of Xuanzang. The digital archive was implemented by RDBMS. We also implemented a prototype system of knowledge management for such an archive. Further development for future work will be discussed in the last part of this paper.
1 Introduction

The advancement of digital archiving technology in recently years have resulted in massive data being digitalized and stored in digital archives. Digital archives have become important sources for people to acquire data. The role of digital archives, however, should not just for storing data. How to organize, integrate and represent relations and concepts that are embedded in multiple and heterogeneous digital archives is more important. Therefore, it has become a critical issue to change the role of digital archives from a pure data provider to an advanced information provider, or even a knowledge provider.

The Buddhism history is more than two thousand and five hundred years and China Buddhism history is also more than two thousand years. There are many elegant and rich sutras and Buddhism culture during the evolution. How to reserve and maintain those valuable Buddhism resources with digital archiving technologies is an important task. In addition, how to provide a user-oriented and user-friendly environment for people who interested in Buddhism to know the resource of Buddhism domain is a very interesting and important issue.

There are some fundamental and important issues about Knowledge Management of digital archives, for example, how to represent the exact knowledge in the digital archives by information technology, how to manage these subjects of interests in the digital archive correctly, how to maintain relative information resources of subjects efficiently, and how to offer user an optimal environment for information navigation and search.
Based upon the issues stated above, we focus on the development of a methodology to construct Knowledge Management system. In this paper, we will induce the concepts of Knowledge Management and technologies of Knowledge Base in Artificial Intelligent (AI) to turn the role of digital archives into information providers, or even knowledge providers. Furthermore, we demonstrate the feasibility of such an approach by implements a system prototype of Knowledge Management for Buddhism digital archive. We adopted Record of Western Lands and The Life of Xuanzang as our raw material to build a prototype of Buddhism digital archive.
This paper is divided into five sections. Section 2 gives an overview of some preliminary concepts that include: Knowledge Management, Topic Maps and Xuanzang who is the main role of Record of Western Lands and The Life of Xuanzang. Section 3 presents the management for Buddhism knowledge, which includes: a description of Buddhism digital archive and an overview of application programs for Knowledge Management. The implementation of our prototype system is described in Section 4. The last section gives a short conclusion and future work.

2. Preliminary Concepts

In this section, we introduce several related issues we address in this paper. Section 2.1 and 2.2 introduce two technical issues, Knowledge Management and Topic Maps while section 2.3 contains a brief introduction to Xuanzang.
2.1 Knowledge Management
Knowledge is useful information for some specific group of people. In other words, the fundamental function of Knowledge Management is to get the right pieces of knowledge to the right people. Knowledge can be divided into two classes by its accessibility. One is explicit knowledge and another one is tacit knowledge. One purpose of Knowledge Management is to transform tacit knowledge or experience that is inaccessible by people into explicit knowledge that is really accessible by people. Then we can organize the explicit knowledge into a machine-readable form to deduce new knowledge. Furthermore, the advanced purpose of Knowledge Management is knowledge sharing and knowledge innovation.
There are two major approaches in Knowledge Management within the context of the business, namely categorization method and subject method. In categorization method, the information resources are organized according to explicit guidelines and rules, whereas in the subject method, the information resources are organized according to the topics of the resources themselves and the association among topics. As both methods have their advantages and shortcomings, we attempt to propose here a new method that combines the advantages of both to achieve the purposes of Knowledge Management.

2.2 Topic Maps
Topic Maps are ISO standard for organization and representation of specific knowledge domain, which are designed to facilitate the management and navigation of large quantities and diverse information. A Topic Map consists of topics that are specific interested subjects, associations that represent relationships among those subjects, and occurrences that are relative information resource about those subjects. Topic Maps enable us to create virtual knowledge maps for the Web, our Intranets, or even printed documents. Hence, Topic Maps are very useful and suitable for us to construct a guideline of our digital archive and help user to navigate our digital archive.

A Topic Map consists of a bunch of topics and their properties regarding a specific knowledge domain. A topic can be any thing whatsoever a person, an entity, a concept, really anything regardless of whether it exists or has any other specific in one domain knowledge. There are three kinds of topic properties: names, occurrences, and roles in the associations with other topics.
Each topic has a base name used for uniquely identifying the topic in a Topic Map. In other words, a base name refers to exactly one topic in a Topic Map.

Occurrences are relevant information about the topic, for example, a paragraph about the topic in an encyclopedia; a picture or video depicting the topic; a commentary on the topic, etc. Occurrence type is assigned to each information resource of a topic in order to distinguish different types of resources.

Associations are relationships among topics, in which each topic plays a specified role in different association (e.g., Xuanzang was not only a disciple when he was in India but also a master when he returned to China). 
All of the topics in a Topic Map are directly or indirectly connected by various relationships. These relationships and topic's properties build a structured semantic network above those resources of one specific knowledge domain. People can easily navigate through the top map and select the subjects they are interested in. In other words, Topic Maps are the GPS (Global Positioning System) of the knowledge domain.
2.2.1 Scope for Topic Properties

Any time we make an assignment of such a property to a topic, we are essentially making an assertion about that topic. However, not all assertions are universally valid. For example,

· A name may be valid in some contexts, but not in others. For example, the birthplace of Xuanzang was "Chenliu County" but it is called "Kaifeng County" now. Hence the same place has 2 different names during different time scope.

· An occurrence might be useful for someone but useless for the others. For example, when a man is a Chinese but doesn’t know Japanese then any resources encoded in Japanese will useless for him but that doesn’t mean those resources are useless for others. Hence resources can be group by language scope.

· An association might exist forever, but might mere exist during specific time interval. For example, Tang Taizong was the emperor of Tang Dynasty between 627 AD and 649 AD. Hence the association among topics can be limited by time scope further.
The purpose of scope, simply stated, is to allow the Topic Maps author to express the limits of topic’s properties. One useful and potentially very powerful application of scope is to permit the capture of different viewpoints of the subject. 

2. 3 Xuanzang

Xuanzang, who was born in 600 AD in Zhenliu, China, had become one of the most renowned and influential men in Chinese Buddhist history by the time of his death in 664 AD at Jade Flower Palace Monastery near Changan.
In 629 AD Xuanzang risked his life to make a pilgrimage to homeland of Buddha, hoping to seek Buddhist manuscripts and study texts still unknown in China. When Xuanzang arrived in India, King Harsha who was a great ruler in the history of India welcomed him. He studied at Taxila and Nalanda, the most celebrated center of Buddhist learning in India, and also visited Kashmir and the major Buddhist holy places. 

When he returns to China with over 600 Sanskrit manuscripts in 645 AD, the Emperor Tang Taizong welcomed him warmly and commanded him to write a record of his travels. The work Record of Western Lands (Da Tang Xiyu Ji) was written by Xuanzang and compiled by the monk Bianji, who was a disciple of Xuanzang. At the same time, Xuanzang's disciples begin to write the biography of Xuanzang. The work The Life of Xuanzang was written by the monks Hueyli and Yancong, who were disciples of Xuanzang.

Record of Western Lands is divided into twelve volumes. The Life of Xuanzang is divided into ten volumes. Both of them contain more than one hundred thousand words. These two books recorded large quantities of subjects about people, places, time, events and objects about history of Buddhism. Especially, there are many relations among these subjects. Therefore, these two books are very suitable for the creation of prototype system of Buddhism digital archive.
3. Management for Buddhism Knowledge

The Knowledge Management system consists of two parts: a Buddhism digital archive and application programs. Figure 1 shows a framework of our system architecture.
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Figure 1: Framework of system architecture
3.1 A Buddhism digital archive

The Buddhism digital archive is a digital archive that is used to store some digital data such as digital book and that is managed by a Database Management System (DBMS). In addition, we extracted some interest and important subjects from the digital archive for building a Topic Map of this knowledge base, namely the Buddhism Topic Maps. In other words, the Buddhism Topic Map is the kernel of the Buddhism digital archive. 

The Buddhism Topic Map consists of two parts: subjects and ontology. We use topics to represent the subject that stored in Buddhism digital archive. Ontology is a description (like a formal specification of a program) of the concepts and relationships of topics.

3.1.1 The Subject

All of the subjects in our system are divided into 5 categories: people, places, time, events and objects. These subjects are concrete existence in the printed documents. We assigned a topic name to each subject for uniquely identifying the subject in the Topic Maps. The relative are connected together by associations. Figure 2 shows a diagram of subject categories of the Buddhism Topic Map.
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Figure 2: Subject classes of Buddhism Topic Map

The following are some examples of the topics that represent subjects that occur in Record of Western Lands and The Life of Xuanzang:
· People: "Xuanzang", "Silabhadra" (the head of Nalanda and mentor of Xuanzang when he was in India), "King Harsha" (the ruler of Magadha), "K’uei-chi" (a disciple of Xuanzang and founder of Fa-hsiang Sect), "Bianji" (a disciple of Xuanzang and the compiler of Record of Western Lands), "Hueyli" and " Yancong" (disciples of Xuanzang and author of The Life of Xuanzang), etc.
· Places: "Zhenliu" (the birthplace of Xuanzang), "Jade Flower Palace Monastery" (the place where Xuanzang died), "Changan" (the capital of Tang Dynasty), "Nalanda" (the learning center of Buddhists in India), "Magadha" (an ancient country in India), etc. 
· Time: "Tang Dynasty", etc. 
· Events: "Yoga Sect" and "Fa-hsiang Sect" (some school of Buddhist groups), etc.
· Objects: "Yogacara-bhumi-sutra", "Record of Western Lands", "The Life of Xuanzang", etc.
Occurrences in our system are computer accessible resources. Therefore, people can acquire these resources via the URL under a browser. The following are some examples of occurrences of topics, which are mentioned in the previous paragraph:
· "Hsuan-tsang's Translations and Works" is a list of translations and work of "Xuanzang", which URL is "http://www.human.toyogakuen-u.ac.jp/~acmuller/yogacara/thinkers/xuanzang-works-uni.htm". 

· "Nalanda en Inde" is an introduction of "Nalanda", which URL is "http://www.tibetaans-instituut.org/frans/nalanda_indie_fr.html".

· "CBETA" is an on line digital sutra of "Yogacara-bhumi-sutra", which URL is "http://cbeta.twbbs.org/result/taisho.htm".

3.1.2 The Ontology

The ontology defines the terms to describe and represent the knowledge in a specific domain. Therefore, ontology includes computer-usable definitions of basic concepts in the specific domain and the relationships among them. We utilize ontology to describe and represent the meaning of topics in Topic Maps, the associations required in Topic Maps and the different roles in each association.

Ontology is usually abstract and does not exist in the printed documents. Therefore, the maintenance of ontology usually requires the assistance from domain experts. They encode ontology in a domain and also ontology that spans domains. In this way, they make that ontology reusable. The ontology in our system mainly has two categories: one is subject’s ontology and another is association’s ontology. The ontology about subject is also divided into 5 categories: people, places, time, events and objects. Each category refers to a corresponding subject class mentioned in the previous section.
 The following are examples of the ontology about subjects:

· People: "monk", "master", "disciple", "head", etc. 
· Places: "county", "monastery", "country", etc. 
· Time: "dynasty", etc. 
· Events: "sutra", "travel", "biography", etc.
Following are some examples of ontology about associations that occur in Record of Western Lands and The Life of Xuanzang:

· "taught-by": which includes 2 roles, one is disciple another is master (e.g., Xuanzang was taught by Silabhadra).

· "head-of": which includes 2 roles, one is head another is monastery (e.g., Siabhadra was the head of Nalanda.

· "located-in": which includes 2 roles, one is "monastery" another is "country" (e.g., Nalanda was located in Magadha).

· "translated-by": which includes 2 roles, one is "sutra" another is "translator" (e.g., Yogacara-bhumi-sutra was translated by Xuanzang).

· "ruler-of": which includes 2 roles, one is "ruler" another is "country" (e.g., King Harsha was a ruler of Magadha).
· "branch-of": which includes 2 roles, one is super-sect another is sub-sect (e.g., Fa-hsiang Sect is one branch of Yoga Sect).
Figure 3 shows a diagram of a Buddhism Topic Maps.
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Figure 3: A Buddhism Topic Map
3.2 Application Programs for Knowledge Management
Application programs for managing the Buddhism digital archive are divided into two parts. The first part, "Administrator Application Program", supports a windows-based application program to help domain expert maintain the resources of the Buddhism digital archive. The second part, "User Application Program", provides the user with a web-based application program to facilitate the access of the Buddhism digital archive.

The first part of our system can further be divided into two pars: one is "Ontology Management", which maintains the ontology of the Buddhism Topic Map; another one is "Subject Management", which maintains the subjects of the Buddhism Topic Map. Each subject is represented by a topic specifically. 

The second part of our system can also be divided into two parts. One is "Topic Navigation", which provides a dynamic navigation environment for user to navigate the content of digital archive. Another one is "Topic Query", which provides a query engine for user to query the topic in the Buddhism Topic Map.

4. System Implementation

Figure 4 is the Entity-Relation diagram of our digital archive system. We transfer this Entity-Relation diagram into several tables and make them normalized according the specification of relation database model. Then we implemented the digital archive system by Relation Database Management System (RDBMS).

A DBMS is a collection of programs that enables users to store, modify, and extract information from a database. A RDBMS is a type of DBMS that stores data in the form of related tables. Relational databases are powerful because they require few assumptions about how data is related or how it will be extracted from the database. As a result, the same database can be viewed in many different ways
We use relational database model to implement the schema of our digital archive. A database schema describes the current structure of the tables and database views in the database. It is easy and convenient to maintain entity integrity and data consistency by RDBMS. Additionally, we can obtain advantage of data independence via DBMS. Data independence means that a program doesn't depend on how the data is stored or organized in database. Therefore, changing the data storage or organization doesn't require changes to the program that uses the data.
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Figure 4: Organization of system model

According our system architecture, the application programs have two parts. The first part, "Administrator Application Program" is implemented in Microsoft Visual Basic. The second part, "User Application Program ", is implemented in ASP and Java Script.
On the other hand, we adopt three-tier applications model as the architecture of our Knowledge Management system. Figure 5 shows the framework of three-tier applications. The three-tier applications model breaks the components of the applications into three categories as the following,

· Presentation Layer: This layer runs on the client side and interacts with the user. Its primary function is to present information include topics and their properties to the user. We use Java Script to implement this layer. It sends the requests of user to the Application Layer, and receives the result of operation from the Application Layer.
· Application Layer: This layer contains the operation rules of the application. It simplifies the client's access to the database by isolating the user services from the database. We use ASP (ActiveX Server Pages) applications to implement this layer. It transforms the request from user into SQL (Structure Query Language) command then sends it to the Data Layer for advanced process.
· Data Layer: This layer is the database server, which handles the requests sent indirectly by the clients. We use Microsoft Access as our database server. The requests are usually queries, such as "Return all the topics of Topic Maps", "Return all information resource of one topic" or "Return all the members of one association". 
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Figure 5: Organization of system model

5. Conclusions and Future Work
In this paper, we proposed a methodology and implemented a system for management of Buddhism knowledge. In order to improve the utilities of traditional digital archive, we designed a Buddhism Archive with Topic Map and implemented the digital archive by RDBMS. Further development for this system includes:
1. To develop utilities for automatic topic extraction: This utility mines new topics from documents and fills out the properties of topics automatically. By this way, we can enrich the data amount of digital archives more rapidly and efficiently.
2. To develop utilities for automatic association detection: This utility can be used not only to detect new association but also to check the consistency of association. In addition, we can use the utility to deduce and induce new associations from the associations that exist in the Topic Maps.
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