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1. Motivation

The eXtensible Markup Language (XML) is rapidly becoming the globally accepted specification for exchanging complex structured data. Efficient approach for storing and retrieving XML data is required and has become a crucial issue. 

1.1 The optimal way to store XML data is a subject of debate

In general, numerous different options to store and query XML data exist [1]. The existing approaches to store XML data can be divided into three categories [2]:

· Flat file: Using flat file as XML data storage is very fast when storing or retrieving whole documents. But querying XML data is only possible through parsing. And to update the XML data, the only way is to over-write the whole file. Thus it’s not an efficient approach. 

· Mapping layer on existing DBMS: This method is to model and store XML data using a conventional DBMS and its data model. Current works in this area are mainly focused on using either an RDBMS (such as DB2, Oracle 8i), or an OODBMS (e.g., Excelon). But the table-based data model in RDBMS does not suit the hierarchical and interconnected nature of XML data, thus the mapping and query operations are complex and time-consuming. Furthermore, both RDBMS and OODBMS can’t easily handle data with a dynamic structure, because in RDBMS, it would need to create new schema definitions for each table, while in OODBMS, a new class definition for a new XML document is needed. Therefore using RDBMS or OODBMS is not so efficient and flexible. 

· Special-Purpose system: They are particularly tailored to store, retrieve, and update XML documents. Typical examples include Lore, Tamino, etc. This approach normally can obtain good performance and can meet some special requirements for semi-structured data. But the development cycle of this approach is very long compared with the above two approaches, because the whole system (including physical distribution of data, the index mechanism, etc.) must be built from scratch. And these systems are still not mature. This greatly confines the possibility for them to be widely accepted within a short period.

Therefore the optimal way to store XML data is still the subject of some debate. We need to explore some approach that can eliminate those problems of existing approaches as well as incorporate the advantages. 

1.2 Use LDAP to store XML data is an attractive direction

LDAP (Lightweight Directory Access Protocol) is a protocol for on line directory services accessing. It provides a standard model and protocol used in today's modern directories [3]. 

The data models of XML and LDAP are amazingly similar. In LDAP, data are organized as a tree, where each node can contain data value and can act as a namespace for other nodes. This corresponds pretty closely to XML, since the XML data model is hierarchical in structure and usually implemented by considering the XML document as a tree structure. Therefore the transformation between XML data model and LDAP data model won’t be complex. Thus building a mapping layer on top of LDAP could enable us to utilize existing system, which will greatly reduce the workload and the development cycle.

Therefore, use LDAP to store XML data is an attractive direction. This research project deals specifically with the technology to store and query XML data on top of LDAP.

2. Potential Value of the Research
Since our proposed system is based on LDAP, it can take advantage of the following beneficial characteristics that LDAP has:

· LDAP allows globally distributed information to be stored uniquely in a database [3]. Compared to current databases, LDAP directories have better support for handling heterogeneity and scale. Thus our system can have these advantages in nature.  
· LDAP is lightweight. It is famous for the simplicity of its network protocol and ease of database search, retrieval, modification and storage. Thus the operations based on LDAP will have good performance.
· LDAP has already gained wide acceptance in Internet community. Store Data on top of LDAP also makes it possible that the XML data can be accessed by those LDAP based applications. Then the system will be applicable to a wider range of applications.
Therefore I am confident that building a mapping layer on top of LDAP for XML data will be an efficient and beneficial approach for XML data storage and retrieval. This system could be put into practical use in web applications, data integration, data exchange and data caching.

3. Objective

The research objective of this project is to provide an effective approach to store and query XML data using LDAP. Based on LDAP, we expect to achieve a system with good performance and high flexibility. The objective can be divided into short-term and long-term objectives.

3.1 Short-Term Objectives

· Allow for arbitrary well-formed XML documents to be stored and retrieved, even if the DTDs are not available. 

· Avoid unnecessary changes in the LDAP schema that slow down the storage process.

· Allow for efficient query processing.

To achieve the objectives addressed above, we need to solve the following problems:

· Data Representation: Although XML data model is very similar to the LDAP model, they are not the same. Therefore we need to define an internal LDAP data model to store the XML data. How to define an effective XML data representation in LDAP to handle data with an arbitrary and dynamic structure is the basic and most important problem to be solved.

· Data Transformation Algorithm: After we defined the data representation, we also need an algorithm to translate the XML data into the internal data model in LDAP. And vice versa, when retrieving the data out of the data storage, the LDAP model data also need to be composed into XML format.

· Query Model: In this research project, I propose to use XPath as the query language. Because XPath is the basis for more complex querying languages like Quilt. Support for XPath is a necessary requirement for the system that deals with semi-structured data in the form of XML. 

· Query Translation Algorithm: LDAP has its own query model. To use XPath to query data, we first need a translation algorithm to translate XPath query into LDAP query model. 

After we solve the above problems, we also need an evaluation experiment to learn whether storing and querying XML data on top of LDAP is a feasible and effective approach or not.

3.2 Long-Term Objectives

Based on the evaluation result, we can make further improvements on the approach to fulfill our long-term objectives:

· Improve the performance of XML data storage and retrieval based on LDAP technology.

· Improve system efficiency and flexibility.

· Build an integrated XML repository on top of LDAP.

4.  Methodology 

4.1 Overall Architecture

The following figure illustrates the proposed architecture of the project:

Figure 1: Architecture  

Among all the functional components, LDAP Object Processor and Query Processor can be implemented easily with existing technologies. 

XML Parser will be responsible for the check-up of the syntactic correctness of the incoming XML data. XML Parser will also transform the XML format object into internal LDAP data representation. The function of XML Query Processor is to translate the XPath query into LDAP query. The purpose of using XML object Composer is to transform the query result data into XML format objects.

4.2 Data Representation

In LDAP, data is represented as attribute-data pairs. This means that every entry in the LDAP directory is made up of multiple attributes. Further, we need to tell the directory what attribute values are allowed or required on the entry by defining one or more object classes for the entry. By placing an object class on an entry, we can tell the LDAP directory server what attribute values the entry must have or may have. The total set of object classes and attributes known to the directory is referred to as the directory's schema [5]. The schema can be considered as a database structure. 

The most obvious way to represent XML documents in LDAP is to map DTD to the LDAP schema definition to provide the structure, and map the XML document to the LDAP instance level. This approach is quite intuitive. But it has several disadvantages:

· The integration of a DTD in LDAP involves changes to the schema. But schema, by definition, is assumed to be static in LDAP. Thus this approach can’t easily handle dynamic changes in the XML data.

· The DTD for most XML documents is not available, but the system is required to be able to deal with any well-formed documents even without DTD.

Therefore, we have to develop another internal data representation to eliminate these problems to deal with arbitrary XML documents in our system. 

Basically the objects in XML document can be classified into two kinds: Attribute and Element. Therefore we can define two object-classes in LDAP: XML-Attribute and XML-Element. We can map attribute items to XML-Attribute object-class node and map element items to XML-Element node. 

The attributes for XML-Attribute are (oc, dn, name, value), and the attributes for XML-Element are (oc, dn, name, index, empty, value). Among them, oc denotes the object class, and dn is the distinguished name of the node. These two attributes are required attributes of every LDAP node. The name attribute contains the name of the node, which corresponding to the item name in XML. 

The difference between XML-Attribute and XML-Element object class is that the value attribute in XML-Attribute is mandatory, while in XML-Element, it is not. This is because in XML document, an attribute item must have a value but an element item may not contain value. Another difference is that the XML-Element class requires the index and empty attributes but XML-Attribute doesn’t. This is because under the same parent node, different element nodes may have the same name. To differentiate them, we use the index attribute in the LDAP object class. And the empty attribute is used for indicating whether the element is an empty element or not, it’s not a mandatory attribute.

To illustrate the data model, we can use an example:

<Course code=”CS748S” term=”W01”>

   <professor> Frank Tompa </professor>

   <textbook> Data on the Web </textbook>

   <students>

<student id=”123”>

     <name> Huo Jiwen </name>

     <status> registered </status>

</student>

<student id=”456”>

     <name> Jiwen Huo </name>

     <status> audit </status>

</student>

   </students>

</Course>

Figure 2: An Example of XML document

Figure 3 is the graphical representation of the LDAP tree for the XML document:


Figure 3: XML data representation in LDAP

Given the data definition, the algorithm of transforming XML data into LDAP data (XML-to-LDAP) can be implemented easily, and its inverse algorithm (LDAP-to-XML, transform LDAP data to XML data) is also obvious. Since both the XML data and the LDAP representation are tree-like in nature, the transformation algorithms won’t be complex. I expect that the algorithms’ complexity will be linear with respect to the number of element and attribute nodes. 

The requirement for the two algorithms is that any XML document should be able to be transformed by XML-to-LDAP into a LDAP tree, and reconstructed by the LDAP-to-XML algorithm. 

Through this approach, we can use a static LDAP schema to store dynamic XML documents without DTDs. When add a new XML document or remove a node, the LDAP schema won’t be affected. 

4.3 Query Model

In the query model of LDAP, a search request is mainly composed of four parts: (baseObject, scope, filter, attributes) [6].

· baseObject: An LDAPDN (distinguished name) of the base object entry relative to which the search is to be performed.

· scope: An indicator of the scope of the search to be performed.

· filter: A filter that defines the conditions that must be fulfilled in order for the search to match a given entry.

· attributes: A list of the attributes to be returned from each entry, which matches the search filter.

As addressed in the former part of this proposal, I plan to use XPath as the query language. The primary purpose of the XPath standard is to address parts of an XML document, usually in the form of a tree of nodes [7].

An XPath query is formed by the concatenation of path expressions that perform walk-like operations on the document tree retrieving a set of nodes that conform to the requirements of the query. Each expression is joined with the next by means of the character ‘/’.

The form of an XPath query is q0/q1/…/qn, while qi is an XPath sub-query. An XPath sub-query is composed of three parts: 

· input context: A set of XML nodes that determine the input context.

· expression: A path expression to be applied to each node of the input context.

· output context: A set of XML nodes resulting from the application of the path expression onto the input context. The output context normally will be part of the input context for the next sub-query.

A path expression is in the form of a::e[c], in which a denotes the axis along which the navigation of the path expression takes place, e is an expression that tests either the name of the node or its content type, and c is a Boolean expression of conditional predicates that must be fulfilled by all nodes along the path.

I propose to investigate how to translate the XPath query into an LDAP query. Actually the input context could be mapped to the baseObject in LDAP query. The axis (a) could be mapped to the scope, and the expression (e) and Boolean expression (c) could be mapped to the filter in LDAP query. 

Therefore I deem it’s possible that the translation algorithm could finish the translation within linear time complexity with respect to the number of atom expressions in the XPath query.

4.4 Evaluation Experiment

The evaluation experiment will focus on the precision and performance capabilities of the approach.

The precision of the approach includes the following two aspects:

· Precision of the data transformation: We need to verify that whether the LDAP data generated by XML-to-LDAP algorithm can be reconstructed into the same original XML data by the LDAP-to-XML algorithm. 

· Precision of the query: Given any arbitrary XML document, the evaluation of an XPath query using an appropriate parser should produce the same result as the evaluation of the equivalent LDAP query generated by the translation algorithm and performed over the LDAP data that generated by the XML-to-LDAP algorithm to that same XML document.

And the purpose of performance evaluation experiment is to evaluate the following characteristics:

· Data storage overhead: According to the data representation in LDAP we defined for XML data, there’re some additive attributes for the nodes such as oc, dn etc. These attributes are used for efficiently indexing and retrieving data nodes. But it’s also inevitable that the size of the data stored in LDAP for an XML document will be larger than the original document. We need to get the data to compare them with the sizes of flat files and the storage overhead of some other approaches.

· Running time of storing and retrieving data: The data storage operation involves loading an XML document into LDAP storage by means of XML-to-LDAP algorithm. And the time of retrieving operation is mainly related to the running time of LDAP-to-XML algorithm on the internal LDAP data of a XML document. 

· Running time of the queries: This running time is the sum of the time for the translation algorithm to finish translating an XPath query into LDAP queries and the time for finishing the LDAP queries.

What we need to do is to experiment on arbitrary XML documents to get these practical data to study the tradeoff of our approach of storing and querying XML data using LDAP and make objective comparison with other approaches of XML document storage. And then we can know more concretely what are the strongpoint and the deficiencies of this approach so as we can make further improvement.

5. Scope of Effort

I expect the research described in this proposal to be addressed over a one-year period. To attain the short-term objective will cost four months for two master students working in suitable areas (data model and query processing).  And two months need to be spent on the experiment and comparison to make objective evaluations on this approach. Six months will be spent on the system improvement and integration.


Figure 4: Milestones Schedule

References

[1] Daniela Florescu and Donald Kossmann, “Storing and Querying XML Data using an RDMBS”, IEEE Data Engineering, Bulletin 22(3): 27-34 (1999)

[2] Carl-Christian Kanne, Guido Moerkotte, “Efficient storage of XML data”, Proc. of ICDE, California, USA, 2000

[3] Tim Howes, Gordon Good, and Mark Smith, “Understanding LDAP-- Chapter 1 - Directory Services Overview”, http://www.computerbooksonline.com/chapters/ldapchap.htm
[4] Radiant Logic Inc., “The Virtual Directory Server: A Pragmatic approach to directory deployment”, http://www.radiantlogic.com/wh_paper.html
[5] “Planning Directory schema" http://developer.netscape.com/docs/manuals/directory/deploy30/schema.htm
[6] M. Wahl, T. Howes, S. Kille, “Lightweight Directory Access Protocol (v3)”, IETF RFC2251, http://www.landfield.com/rfcs/rfc2251.html
[7] James Clark and Steve DeRose, “XML Path Language (XPath) Version 1.0”, http://www.w3.org/TR/xpath
[8] James Kobielus, “Roles Of Extensible Markup Language (xml) Within A Directory Services Infrastructure”, http://itdocs.byu.edu/White/Pln/XML.pdf
[9] Novell, “DirXML Technical White Paper”, http://www.novell.com/products/nds/dirxml/technical_wp.html
LDAP Storage





LDAP Query


Processor





LDAP Object


Processor





XML 


Parser





XML Query


Processor





XML Object


Composer





LDAP Objects





XML Objects





LDAP Query





LDAP Objects





XML Objects





XML Query





professor





Course





textbook





students





code





term





student





student





id





name





status





status





name





id





oc=XML-Element


dn=cn=…,…,cn=…,dc=top


name=status  index=2


value=audit





oc=XML-Attribute


dn=cn=…,…,cn=…,dc=top


name=id


value=123

















XML-Attribute





XML-Element





0





12th month





6





4





Data Model





Query Processing





Experiment





Improvement and Integration








