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Abstract: Digital libraries have emerged as the vehicle for organizing collections of digital information, and become a major component of the global information infrastructure. But little standardization exists among digital libraries. Alternatively, developers of digital libraries focus more on interoperability among heterogeneous systems. However, most of integration systems have mainly focused on generating query plans that observe the grammar restrictions of native queries (such as allowing conjunctions of two constraints, or disallowing disjunctions). This paper presents a common interoperability model for digital libraries TLIM, which includes three layers, Protocol Layer, Information Layer and Metadata Layer. Each layer deals with heterogeneous problems separately, for instance, protocol layer is concerned with exchanging information between different platforms and protocols, using pre-defined interfaces. The model has excellent flexibility and expansibility, which is very essential in a rapidly changing world, and each layer could be implemented separately in a distributed environment. Also this paper briefly describes the HITIM system, a sub-project in the Digital Library Project in Harbin Institute of Technology, which focuses on the interoperability of digital libraries. 
1. INTRODUCTION

The rapidly expanding of the information resources online is both a result and a source of the growing interest in digital libraries. Digital libraries have emerged as the vehicle for organizing collections of digital information, much as traditional libraries have done for print and related media. They are becoming a major component of the global information infrastructure. But little standardization exists among digital libraries, and it can be argued that the international standards process is poorly suited to the rapid pace of technology development that has become familiar on the web. Alternatively, developers of digital libraries focus more on interoperability among heterogeneous systems [2]. Andreas Paepcke[1] describes these as “cooperating systems where individual components are designed or operated autonomously.” He suggests “the ultimate goal for such as system is to have components evolve independently, yet to allow all components to call on each other efficiently and conveniently.”

Harbin Institute of Technology Interoperability Model system (HITIM) is a sub-project of the Digital Library Project in Harbin Institute of Technology, which focuses on the interoperability of digital libraries. In this paper, we present a Three-Layer Interoperability Model for digital libraries (TLIM). TLIM includes three layers: Protocol Layer, Metadata Layer and the Information Layer. As its name implies, protocol layer specifies the interactions, allowing clients to request and asynchronously receive information from information services on the web, and also provides the language independency and platform independency. Many interoperability protocols have been well developed, such as The Simple Digital Library Interoperability Protocol (SDLIP)[5], Dispatcher-Based Digital Library Interoperability Protocol (DBDLIP)[4], in our HITIM system, we use DBDLIP as the protocol layer implementation. The metadata layer solves the metadata crosswalks problem between so many overlapping metadata standards. Today, the resources described by metadata consist of bibliographical objects (e.g., as represented by MARC metadata), archival inventories and registers (e.g., EAD metadata), museum and visual resources (e.g., CDWA, VRA Core, CIMI metadata), et al. We found that, in the heterogeneous digital libraries, the problem is no longer the lack of metadata standards, but the tasks of crosswalks between so many available metadata standards [7]. And since information is the essential commodity of interest, we defined the information layer. Ronald L. Larsen [2] pointed out “information has value within a given context”. For instance, given a query profile contains keyword “commercial computer”, we don’t know what the user want to search, because only using “commercial computer” as keywords, we can return the results contain both the sales of “commercial computer” and the “commercial computer” system design techniques. Therefore given a context, we can determine what result fulfils the user’s need. 


After the introduction of the three layers of the interoperability model TLIM, in this paper, we give an overview of the HITIM system architecture. In HITIM system, we developed the three layers, and also we developed the Query Router component [3], another component in HITIM system, responsible for selecting the most relevant and rapid information sources from many candidates. 


This paper is organized as follows. Section 2 introduces the Three-Layer Interoperability Model (TLIM), section 3 gives a system overview of the HITIM developed in Harbin Institute of Technology, which focuses on the interoperability of digital libraries, and in section 4, we draw the conclusion.

2. THREE-LAYER INTEROEPRABILITY MODEL (TLIM)

The figure below is the framework of the three-layer interoperability model TLIM. The layer in the beneath of the model is the Protocol Layer, which allow clients to request and asynchronously receive information from information services on the web, and also provides the language independency and platform independency. For instance, it allows the client program is implemented with C, Linux and communicated by HTTP, while the server program is implemented with Java, Window NT and communicated by Z39.50, that is, the language independency, platform independency and Internet protocol independency. Many interoperability protocols have been well developed, such as The Simple Digital Library Interoperability Protocol (SDLIP) [5], Dispatcher-based digital library architecture and interoperability protocol (DBDLIP) [4], all of which using CORBA and XML technique to implement the several independencies.
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Figure 1 Three-layer Interoperability Model (TLIM)


The layer at the top left is the Metadata Layer. Caplan[6] characterized the metadata activities as “a blooming garden, traversed by crosswalks, atop a steep and rocky road”. Marcia Lei Zeng[7] summarized this “blooming garden” from following perspectives:

I. There is no limit for the type or amount of resources that can be described by metadata

II. There is no limit for the number of overlapping metadata standards for any type of resources or any subject domain.

III. There is no limit for the types of profession or subject domain that would be involved in metadata standard development and application.

Obviously, in current digital library systems, the problem is no longer the lack of metadata standard, but the tasks of finding, selecting and mapping metadata standards from many candidate choices. For instance, a net user is looking for books by Guangkun Sun, the query profile is {fn = “Guangkun” ^ ln = “Sun” }. While in an information source, the translation may be {author = “Sun, Guangkun”}.


The layer at the top right is the Information Layer. Ronald L. Larsen[2] pointed out that “information has value”, that is, “information has value within as context”, and relationships between information may be direct or indirect, and exist whether they are enumerated or not. Context can be considered the domain relevant to the task at hand. For instance, when a net user wants some price information about “commercial computer”, he submits a query profile contains only the keyword “commercial computer”. But some ambiguity comes forth, because maybe he wants some information about “commercial computer” system design. Therefore, the information value has to be taken into account. We must transfer the precise concept between the user and the information sources. 


The information layer and the metadata layer are parallel to each other, which means when a query profile goes through the protocol layer, we got both the target to be handled by the metadata layer, that is metadata model such as Dublin Core, and the target to be handled by the information layer, that is “commercial computer” or something else. And also the metadata layer and the information layer are tied up, because we transfer the targets together by the XML format. Take Dublin Core [8] for instance, the targets transferred as follows:

<profile>

<metaModel>Dublin Core 1.1</metaModel>

<propList>


<Title>Commercial Computer System Design</Title>


<Creator>Sun,Guangkun</Creator>


….

</propList>

</profile>

The figure below shows the query profile submitting process from the net user to an information source using TLIM. 
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Figure 2 the query profile submitting process using TLIM

Obviously, the process is symmetry. When a net user submits a query profile through the protocol layer, which is implemented as language independent and platform independent, we got some information for both the metadata layer and information layer. The metadata model translation occurs when the metadata model provided in the client side is different from the metadata model needed in the server side. While in the information layer, it will find the precise domain needed by the user. Probably in this process the user feedback is needed, for instance, when a net user submits the “commercial computer”, he will be asked if he want some information of the sale domain or in the computer science domain. Of course, he can want information of both domains. Or for another instance, when a net user submits the query profile contains both “commercial computer” and “price”, from both keywords, we can determine the domain the user is interested in is the sale domain. In both situations above, the information layer keeps unchanged pass to the protocol layer in the server side. 

3. HITIM SYSTEM ARCHITECTURE

HITIM project is a sub-project of the digital library project in Harbin Institute of Technology, which focuses on the interoperability of digital libraries. The HITIM system is implemented as a mediator part of the Dispatcher-based digital library architecture [4]. In HITTM system, we implemented all the three layers of the TLIM interoperability model. Also we introduce a notion query router in this system, which is responsible for selecting the most relevant and rapid information sources from many available ones, because when the information source number increasing rapidly, we can not distribute the query profile to all of them, we need a selection. In this section, we will show you the system implementation briefly. HITIM system architecture is shown in the below.
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Figure 3 the HITIM architecture

· The Protocol Layer, we use the DBDLIP [4] as the interoperability protocol, which is suitable for the dispatcher-based digital library architecture. DBDLIP defines four main interfaces: XMLObject interface, DBDLIPException interface, Dispatcher interface and Mediator interface. And DBDLIP is developed using XML and CORBA techniques, which ensure the language independent and the platform independent. Also DBDLIP protocol has following advantages: balance the mediator loading, improve the cache hit rate, good expansibility, et al. 

· The Metadata Layer, we use the Dublin Core as the main metadata standard, and also support other metadata standards. Since many query mapping or metadata crosswalk technique as been well developed [7,9,10], we will not discuss much here.

· The Information Layer, our task is to discovery what the user precisely needs, and pass the information to the server side. We use a domain repository to determine the domain the keyword may hint. And when a user submits a query profile, we use the keywords to determine how many and what domains the keywords may discover, then pass the information back to the user, and finally using the user’s feedback to determine what we do next. Of course, if we only find one related domain to the keywords, we just need to forward the query profile to the query router, or directly communicate with the protocol layer in the server side. In this part, we need some data mining and information retrieval techniques. The work is still under construction. The Information Dynamics project [2] is developed using such technique, which is an information-centric system, opposite to the process-centric system.

· The Query Router, when the information sources on line is rapidly expanding, can we just forward the query profile to the sources? Of course not, we must make a selection [3,11,12]. In HITIM system, we using the standardized response time as the performance value to rank the information sources [3]. The standardized response time is opposite to the raw response time, and we have shown the standardized response time is comparable and addable. 

In the above, we introduce the four main components of the HITIM system: the protocol layer, the metadata layer, the information layer and the query router component. In HITIM, the query router is an optional component, that is, if the of information sources is not very large, for example, only 6 or 7, we can just forward the query profile directly to the server side, otherwise, we using the query router to select the information sources corresponding to the relevancy and performance of the information sources. 

4. CONCLUSION

The digital library project in Harbin Institute of Technology contains four sub-projects, which focus on the interoperability of digital libraries, that is HITIM, the text retrieval and storage, multimedia retrieval and storage and the friendly user interface. In HITIM project, we develop the three-layer interoperability model TLIM, the three layers are protocol layer, metadata layer and information layer, and also we develop the query router component to make an information source selection. The TLIM model can be widely used in any digital libraries system and each layer can be separately developed, for instance, we can use the SDLIP as the protocol layer and use homogenous information sources, which means the metadata layer need not translation. And also the query router is a plug and play component, which can be used independently. The TLIM has excellent flexibility and extensibility, which are most essential in a rapidly changing world. 
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