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A web database is a database that can be queried and/or updated through the World Wide Web (WWW). As web technologies are evolving, the WWW turned out to be the preferred medium for many applications, e.g., e-commerce and digital libraries. These applications use information that is stored in huge databases and can only be retrieved by issuing direct queries to the back-end databases. Database-driven web sites have their own interfaces and access forms that create HTML pages on-the-fly. Web database technologies define the way that these forms can connect to and retrieve data from database servers.

The number of database-driven web sites is growing exponentially. The dynamically created web pages by these sites are hard to be reached by traditional search engines. Traditional search engines are used to crawl and index static HTML pages. However, traditional search engines cannot send queries to web databases. The hidden information inside the web database sources is called the “deep web” in contrast to the “surface web” that is easily accessed by traditional search engines.
Database Connectivity:

Querying the database via direct SQL is one of the most common ways to access data from a database. The need for a standard way to query different databases arises as the number of existing database servers is very huge and they differ in their query interfaces. Open DataBase Connectivity (ODBC) was developed by Microsoft as a standard access method to different databases. The ODBC interface defines: 

· A standard way to connect and log on to a DBMS.

· A standardized representation for data types.

· Libraries of ODBC API function calls that allow an application to connect to a DBMS, execute SQL statements, and retrieve results. 

Using ODBC, writing a program to read data from a database does not need to target a specific DBMS. All what is needed is to use the database vendor’s supplied ODBC driver to link the code to the required database. 
ODBC Levels of Conformance:

To provide a way for applications and drivers to implement portions of the ODBC API specific to their needs, the ODBC standard defines conformance levels for drivers in two areas; the ODBC API and the ODBC SQL grammar. There are three ODBC API conformance levels: Core, Level 1 and Level 2. Each level of conformance supports a different set of ODBC functions. Table 1 summarizes the set functions supported in each conformance level. The ODBC SQL grammar conformance levels are: Minimum, Core and Extended. Each higher level provides more fully-implemented data definition and data manipulation language support. Table 2 summarizes ODBC SQL grammar conformance levels.
After the success of ODBC, Microsoft introduced OLE DB, an open specification designed to build on the success of ODBC by providing an open standard for accessing all kinds of data not only data stored in DBMS. 
Java DataBase Connectivity (JDBC):

Later on, the "Write Once, Run Anywhere" Java Platform calls for a new java standard for database connectivity. Java DataBase Connectivity (JDBC) is the industry standard for database-independent connectivity between the Java programming language and a wide range of databases. The JDBC API provides the same functionalities as ODBC but may be invoked from inside java programs. JDBC-ODBC bridges are drivers that provide JDBC access via ODBC drivers, which is widely used by developers to connect to databases in a non-Java environment.
Database-to-Web Connectivity:
Several Database-to-Web connectivity technologies took place. The various technologies differ in who sends queries to the database. Mainly, a web database environment contains a web browser (the client), a web server (understands HTTP) and the DBMS (understands SQL). Database-to-web connectivity asks for a middleman that can understand both HTTP and SQL and can do the transformations between them back and forth.  Database-to-Web connectivity technologies are either two-tier or three-tier technologies. Figure 1 gives a simple view of the system architecture in both technologies.
Two-Tier technologies:
In a two-tier architecture, only two tiers are involved in the database-to-web integration. The client tier (web browser and web server) and the server tier (DBMS). The following are three different two-tier database-to-web technologies:
Common Gateway Interface (CGI): 
CGI is a program that runs on the server tier and is responsible for all the transformations between HTTP and SQL. A link to the CGI program exists in the web database access form. When the HTML form is referenced by a client, the web server extracts the query parameters from it and forwards them to the CGI program on the server tier. The CGI program reads the parameters, formats them in the appropriate way, and sends a query to the database. Then, the result of the query is sent back to the client tier as HTML pages formatted by the CGI program. CGI programs can be written in many languages, e.g., Perl and JavaScript.
Java Applets: Java applets are java programs that can be dynamically loaded by the browser and executed in the client site. Applets use JDBC to connect directly to the DBMS via sockets (no web server is needed).   
Server Side Includes (SSI): SSI is a code that is written inside an HTML page and is processed by the web server. When the HTML page is invoked, the web server executes the scripts, that in turn use ODBC or JDBC to read data from the DBMS, and then the web server formats the data into HTML pages and sends it back to the browser. Example SSI scripting languages are ASP, ASP.NET, JSP, PHP and ColdFusion.
Three-Tier Technologies: 
In a three-tier architecture a Middleware tier (the Application Server) is added between the client tier and the server tier. The middleware is responsible to transfer data between the web server and the DBMS. The application server handles all the application operations and connections for the clients. Application servers offer other functions such as transaction management and load balancing. Sometimes the application server and web server are merged into the Web Application Server. Examples of application servers are IBM Websphere, Oracle 9i, and Sun ONE Application servers.
Search Engines for the “Deep” Web:
As mentioned before the unlimited information stored in online databases can only be accessed via queries through database interfaces.  A July 2000 survey by BrightPlanet (http://brightplanet.com) showed that there are about 550 billion hidden pages in the deep web and public information in the deep web is 400 to 500 times lager than commonly defined World Wide Web (the surface web). Simultaneous searching of multiple surface and deep web sources is necessary when comprehensive information retrieval is needed. Advanced search technologies (Deep Web Search Engines) to make search engines look to the deep web as well as to the surface web started to appear recently. Deep web search engines rephrase the query and send it to multiple databases at once in real time. 
Deep web search engines started to appear like Deep Query Manager TM (DQM2) from BrightPlanet (http://brightplanet.com), Intellisonar from Quigo Technologies (http://www.quigo.com/intellisonar.htm), and Distributed Explorit from Deep Web Technologies (http://www.deepwebtech.com/dexpl.shtml). The main goal of deep web search engines is to develop a search technology capable of identifying, retrieving and classifying “deep” and “surface” contents from the web.  

In the research community, EduMed is a research project at Purdue University (http://www.cs.purdue.edu/edumed/) that builds a system to help users find and query online medical database uniformly. EduMed is built on top of an extensible prototype multimedia database management system, the VDBMS (http://www.cs.purdue.edu/vdbms/). EduMed is a specialized deep web search engine for medical web databases. Figure 2 gives a snapshot of the EduMed interface.

We expect the number deep web search engines and deep web technologies to grow more rapidly. This will have a dramatic impact on the way the WWW is used. Much more sources of information will be available online and easily accessed. 
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Figure 1: Two-Tier web database technologies vs. Three-tier Web database technologies
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Table 1: ODBC API conformance levels and set of functions supported in each level.
	Minimum
	Core
	Extended

	 DDL: CREATE TABLE and DROP TABLE. 

DML: simple SELECT, INSERT, UPDATE SEARCHED, and DELETE SEARCHED. 

Expressions: simple (such as A > B + C). 

Data types: CHAR, VARCHAR, or LONG VARCHAR.
	 Minimum SQL grammar and data types.   

DDL: ALTER TABLE, CREATE INDEX, DROP INDEX, CREATE VIEW, DROP VIEW, GRANT, and REVOKE. 

DML: full SELECT. 

Expressions: subquery, set functions such as SUM and MIN. 

Data types: DECIMAL, NUMERIC, SMALLINT, INTEGER, REAL, FLOAT, DOUBLE PRECISION. 

	Minimum and Core SQL grammar and data types. 

DML: outer joins, positioned UPDATE, positioned DELETE, SELECT FOR UPDATE, and unions. 

Expressions: scalar functions such as SUBSTRING and ABS, date, time, and timestamp literals. 

Data types: BIT, TINYINT, BIGINT, BINARY, VARBINARY, LONG VARBINARY, DATE, TIME, TIMESTAMP 

Batch SQL statements. 

Procedure calls. 




Table 2: ODBC SQL grammar conformance levels.
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Figure 2: A snap shot of the results returned from a query issued using EduMed medical search engine.
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