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Abstract: This paper describes the digital library test-bed in Shanghai Jiao Tong University as well as presents our opinions about concepts and features of Digital Library. A goal and architecture of the Digital Library test-bed in Shanghai Jiao Tong University will be discussed in this article stems. There are about one TB data in databases of the Digital Library test-bed of Shanghai Jiao Tong University after we will finish our project in 2001. Meanwhile our test-bed will become an important node of Digital Library in China and in world as well.
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A high-tech intellectual economic era has appeared in the 21st century with the rapid development in the high-tech fields of computer science, information and communication sciences. The IT revolution, marked by the GII and the multi-media technology would promote the development of the library operation to the automatic, electronic and digital orientation. The emerging of DL would be of great importance to the processing, managing, accessing and service of the massive information erupting continuously. Therefore the necessity of the development and research of DL becomes obvious. It has turned into one key research topic that has attracted much attention all over the world. Many projects of DL system and resource database of DL are under construction, adopting up-to-date IT techniques in many countries and regions, with some prototypes of DL being established already on the Internet. At the moment, initial achievement is reached in processing the information in Chinese with some applications of DL technology. However, technical issues still exist and need to be improved and solved of the storage and compression of information efficiently, the information structure, the cover-to-cover translation of information in one language into another language, the compiling of metadata, the extraction index from the text, the searching engine and interactive operation, etc.

　
1. Definition of a digital library.
The Connotation of Digital Library

Every user is believably to have some experience in retrieving information about the sea of materials in a library. On the other hand, a DL possesses massive images and data information and a huge space for digital materials. At present, there are various definitions on a DL. A DL is much more than the digitalization of information and the development of a library automation system. What is then an accurate definition on a DL? A DL is such a mechanism that it holds massive digital information of rich contents and in various multi-medias and could provide easy and quick access for users. It is an integrated system consisting of distributed, massive and organized databases and data house, of which users could make a unified search through a unique searching interface and get the information they need.

The Benefits of Digital Library

One of the benefits of a DL first of all is that some precious materials such as rare books could be kept in digital form. Secondly, efficient tools and ways could be provided to largely extend information scope for searching and make better information processing through accessing several distributed multi-media databases synchronously in that information resources sharing is realized in a DL. The third, it is much more easier to do searching in a DL than in a traditional library that make users retrieve information much quicker, being of great importance to the teaching, research and technical innovation.

　
2. Features of Digital library
The chief object of a DL is to collect digital information resources, digitalize part of the materials owned by a library and provide users with them efficiently. The main characteristics include:

Large scale memory and multi-medias.

In a DL, the in traditional printed form of collection is substituted for multi-medias information collection such as words, sound, image, cartoon, 3-d object and virtual space, etc.

Equipped with a good applicable network environment and applicable network management tools.

The more the network and its application capacity expand, the more the importance of its existence is. Therefore we must put much great emphasis on its safety. OSI stipulates a 7-layer framework for communication in Internet environment where different information is transferred at different layer. In a DL, layers should be allocated due to different application purposes and different information access is available for users on the Internet according to the local policy and rules.

Intelligent searching software for digital information.

For a DL with massive information and multi-media materials, it is imperative to develop some intelligent searching engines and interactive intelligent searching tools that are both simple and easy to use, with which users could communicate with computer step by step, narrow the scope gradually and make the queries intellectual related combinations in order to get accurate information at last. The results could be displayed, expressed shown in various forms or even made virtual reality.
Powerful information distribution and service function.

A DL is a place that integrates collections, service and people and could realize the life circle of digital data, information and knowledge from their initial production, release and distribution, use and preservation. It could provide on-line service through releasing and distributing information at any times. It can also provide information continuously and actively as well as navigation and individual-orientated services to users, making its services an initiative one.

　
3. The three main types of DL in the future
Tens of years of research and development of some key techniques and related technologies of DL have established an important foundation technically for developing a practical DL. A dozen of emerged DL or still under development present three main types as the following:

A DL of special collection: it has digitalized the library's precious collection (rare books and ancient books) or special collections (including photo, sound, music and movie collections and other media collection) and put them on the Web for sharing with others. "American Memory" by the Congress of Library of the United States is one example.

A service-orientated DL. In this type of DL, the owned resources are consisted of three parts: a. digitalized special collection of its own; b. commercial on-line E-publications or databases (including local mirrored databases); and c. some valuable information resources on the Internet. Accesses of all these resources are given through a unique interface. One example is the CDL in California, USA.

A DL with Commercial databases. Some DLs have been developed for commercial purposes by some documentation companies of publishers and agents to provide full-text information of magazines and periodicals and E-books (including some of the music and movie materials), etc., where both index and abstracts and full-text databases are developed. One such example is the SS Digital Library in China that could provide E-book. The other example is the Science Direct by the Elsevier Publishing Co. of Netherlands, which could provide full-text of some 1200 titles published by it. The NetLibrary in Colorado, USA is another example that could provide thousands of thousands E-book.

　
4. The network architecture and hardware platform of the DL test-bed of Shanghai Jiao Tong University (SJTU).
The DL test-bed is running as one of the three switch nodes on campus network backbone of SJTU. With the campus network control center installed at the campus computer network center, the other two switch nodes are installed in the library and the Han LAN High-Tech Building respectively, among which multimode fiber are used to connect to each other, adopting ATM protocol, speed rate being at 155MB/s. The outlet is at the campus network control center, through which users could get connected to the CERNET, CHINA GBNET, CASNET, CHINANET and Internet. On the other hand, optical fiber is used for linkage among libraries at XuHui campus, MinHang campus and QiBao campus with a speed rate of 622MB/s plus 155MB/s at MinHang and of 155MB/s at QiBao campus respectively.

The network architecture of the DL test-bed. (Fig.1 Please see attachment figure)

　
In the network architecture, three switches, a 3COM CellPlex 7000, IBM 8277 and CISCO 8540 are used for providing ATM module at 155 MB/s and supporting a high Ethernet of 100BASE-T. Two 3COM LS 2700 switch hubs are used. A switching network structure is applied for the network system, adopting ATM Protocol as its backbone associated with a 100MB high Ethernet. The backbone is equipped with optical fiber and twisted-pair, which have replaced the original 10MB/s copper cable, hence increasing the speed rate to 100MB/s and 155MB/s. There are a number of super mini-servers in use, the functions of which are described as the following. A Sun E5500, with 2 GB memory, 4 CPUs and 400 GB magnetic disc array (RAID5), is used for databases of full images of reserved books, dissertation and other electronic information; A SGI D-2100, with dual CPU and a 360 GB magnetic disc array for a multi-media Video on Demand System (VOD); Two SUN 3500, with dual CPU, 2 GB memory and 800 GB shared disc array for storing bibliographic information of the Regional Center of South Eastern of China, CALIS and the Elsevier's mirror database of full-text; Two HP9000/k260, with a 1GB memory, a 40GB shared disc array, is used as the main server for the library automation system; One HP9000/k100, with a memory of 256 MB, one 15GB magnetic disc array (RAID) is used for some self-developed databases and one HP LH4 server is used for the mirror database of the full-text of the Chinese Academic Periodicals Network etc.

An on-line DC-ROM tower system

There are two towers installed in the library produced by the MERIDAN Co. Each of them possesses 28 drivers and runs on network software of CD-NET, using Ethernet of 100base-T at the speed rate of 100MB/s and adopting five protocols of TCP-IP, IPX/, etc. Two Juke box systems of the DISC DJ600-40 are used for full-text retrieval service, with four drivers, one robot and a total memory of 390GBx2, all available on the campus network and their data could be accessed through on-line by any workstation on the campus network.

Dial service

Remote dial access is provided with on CISCO2600 dial server. Workstations outside campus for instance at faculty's home could get access to the bibliographic database and all other CD-ROM databases and library homepage via dial service.

　
5. The contents and the object of the development of the test-bed of DL of SJTU.
Objects of Digital Library of SJTU

Funded by the "211Project", a prototype of a DL has been developed with three years of hard work. From 1999, continuous efforts have been made in developing a featured, practical, research-orientated test-bed of DL under the "985 Project". The object is to try to develop a service-orientated DL in 4-5 years of hard work, which would hold a 2TB digital collection including library-owned special collections such as the full-text of dissertations, E-Journals of SJTU, full-text of reserved books, digitalized music materials and some VOD materials. Several document databases has been purchased as part of the project and are available including Elsevier's full-text mirror-site database, the full-text mirror-site database of the Chinese Academic Periodicals Network, EI compendia Web, IEEE/IEE on-line full text CD-ROM system, etc. Some portals will be created for the nine key subjects. The three types of digital information including digitalized special collections, commercial online E-publications and some valuable information resource on the Internet will be accessed through a unique interface, by which time; it will become one the important nodes of DL network in China.

Following is the chart of the running flow.
　
　
　
　
