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Introduction

1.1 Purpose of this document

The main purpose of this document is to provide the group, steering group and the customer with the common view of this project. The document should provide them with the detailed explanation of the architecture and available interfaces of the CVSQL project.

1.2 Intended Audience

The intended audiences for this document are the members of the CVSQL group, members of the CVS Reporting group, members of the steering group and the customer.

1.3 Scope

This document should provide the intended audience with all the information that is important in this project. That will include the following:

· List of all interfaces

· Description of all interfaces

· Execution diagrams

· Screenshots

· Usage diagram

· Structure diagram

1.4 Definitions and acronyms
1.4.1 Definitions
	Keyword
	Definitions

	Distributed software development
	The term refers to all the tools necessary to facilitate collaboration on a software project between two or more people who are geographically separated.

	
	

	
	

	
	


1.4.2 Acronyms and abbreviations
	Acronym or

abbreviation
	Definitions

	XML
	eXtensible Markup Language

	JDBC
	Java Data Base Connectivity

	SQL
	Structured Query Language (database query lanquage)

	CVS
	Concurrent Versioning System (open source software) / Concurrent Versions System

	
	

	
	

	
	

	
	

	
	


1.5 References

· http://www.cvshome.org/, Concurrent Versions System – The open standard for version control, 2003-11-25, The main site for all of the CVS information

· http://www.loria.fr/~molli/cvs/doc/cvsclient_5.html, The CVS client/server protocol, 2003-11-25, This page contains all important information required to build new CVS client or CVS client library by explaining the CVS client server protocol

· http://www.zpm.fer.hr/courses/idb/aud/sqlsyntax/select_frames.html, Select, 2003-11-25, Simple graphical representation of the complete SQL SELECT command

· http://mckoi.com/database/SQLSyntax.html#15, SQL Syntax, 2003-11-25, Simple SQL SELECT command explanation

· http://java.sun.com/products/jdbc/driverdevs.html, For Driver Writers, 2003-11-13, presents minimum requirements for JDBC compliance

· http://java.sun.com/products/jdbc/download.html, JDBC API Specification, 2003-11-13, Descriptions of the API for different JDBC versions

2. External interfaces

2.1 JDBC driver

The JDBC-driver provides an interface to CVSQL for java applications by implementing a subset of the JDBC-standard. It makes it possible to make queries from any Java program using SQL and standard JDBC-classes and methods. Below is an example which shows how to connect and how to make a simple query. 

Class.forName("cvsql.CVSQLDriver");

Connection con = DriverManager.getConnection("jdbc:cvsql@server:4242:cvsone",

                      "user", "password");

Statement stmt = con.createStatement();

ResultSet rs = stmt.executeQuery("SELECT FILE,REVISIONS FROM FILES");

while (rs.next()) {

    String s = rs.getString("FILE");

    float n = rs.getInt("REVISIONS");

    System.out.println(s + "   " + n);

}

2.2 Command line program

The command line program provides the user with two possible accesses. The main access is provided using the GUI interface. For this interface user doesn't have to have a great knowledge about using the program but the program instead will guide the user. If the user needs to call the command line program from various kind of shell script programs, or the user is advanced user, then we also provide the command line parameters witch can be used without the GUI interface. This kind of interface provides the user with the same functionality as the GUI, but it is harder to use for beginners.

2.2.1 Command line program with command line parameters

The command line program can be called using the following parameters:

· -login username => provides the program with the CVSQL username

· -password pass => provides the program with the CVSQL password

· -db database => provides the program with the selected database (CVS repository)

· -sql "sql query" => provides the program with the requested SQL query command

· -output file => redirects the output into a file instead of the screen

· -delimiter "delim" => specifies that the user would like the delim to be used as the delimiter instead of default one

· -help => provides the user with the command line help

The example of the command line would look like:

cvsql –login mycvs –password secret –db myproject –sql "SELECT * FROM changes"

The more complex example would look like:

cvsql –login mycvs –password secret –db myproject –sql "SELECT * FROM changes" –output log_file.txt –delimiter ";"

User can list only some of the parameters. In that case the GUI will be started and it will prompt the user for all other required ones. 

If there are no command line parameters specified then the program will start in its GUI interface.

In case of an error the program will return the appropriate error code and it will display the error message. The error message will be displayed on the standard output device that is requested by the user. That is screen by default or the file if the user requested that all of the output should be redirected in the file.

2.2.2 Command line GUI interface

The simple GUI interface will provide user with the full functionality of the CVSQL that is supported by this project. At the beginning the user will be prompted for the CVSQL username and password. After that the user has all the access that is permitted by the CVSQL rights for that user.

The user can ask for help at any time during the command line interface. The help can be requested in the following forms: general help for all commands, specific help for some command, the help for using the CVSQL client and the short information about the CVSQL, CVS and SQL.

In order to ask for help the user can write word: help or ? Each of them will provide the user with general help.

The user can specify the SQL command in the GUI. To do so the user just needs to type in the SQL query and the software will automatically execute it. If the SQL Query is unknown or invalid the GUI will provide user with simple textual response about the error and how to correct it.

2.3 Server version

Starting the command line program using the following argument will start the server version: 

-server

The server provides the client with the simple interface that is detailed explained later in this document. The most important one is that the client provides the server with the simple ASCII commands that can easily be entered using the telnet client software, and the server responds with the XML output. XML is used as the simplest solution for exchanging the requested data.

The protocol at its base looks like this: First the client sends credentials, server verifies them and then the client can send multiple SQL Queries to the server and the server responds to them. When the client is finished it sends the QUIT command and the server disconnects the connection.

Using this protocol, the client can send more than one SQL Query which increases speed of exchanging data.

2.4 CVS Library

For communication with the CVS the special library has been developed from the scratch. The library can use all of the standard methods of connecting to the CVS pserver, sending the provided credentials and then it sends all of the requested data, and provides the rest of the program with the parsed data.

The CVS Library can connect only directly to the pserver, i.e. it cannot work with the CVS repository that is already installed on the local machine and it cannot connect to the remote server using the SSH connection. The CVS Library also does not support Kerberos authorization.

In case that the CVS library cannot connect to the CVS repository it will return an error message to the calling function. It is on the function to provide the user with the textual explanation of what is the problem.

3. Software architecture

3.1 Conceptual design
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Figure 1 – Conceptual design

3.2 System specification

3.2.1 JDBC

The purpose of the JDBC driver is to provide the application programmer with an interface to the CVSQL-server. When the application makes a query through the driver it is immediately sent to the server using TCP. The server then will send it response back to the driver in an XML-format that will be parsed by the driver, and the data are put in to a ResultSet object, which are returned to the application.

3.2.2 XML bridge / Server

The XML bridge provides the access to the CVSQL program to the 3rd party applications. The application can be written in any language as long as it can use TCP/IP connection to connect and by able to parse XML responses by the XML bridge. The exact specification of the protocol is given in the rest of this document.

3.2.3 Command line

The command line is manly used for the GUI part of the application. This part of the system must be very user friendly and be easy for the user to understand it. In order for this to be possible we've created two types of accesses: one for the beginner and one for the more advanced user. 

The beginner access provides the user with the nice GUI interface in which the user can type in all of the requested commands and get the output in more verbose mode. All of the error messages are presented to the user in the full form and the user must know at each step what is program doing. The program also provides the user with the intuitive interface even if the user does not know anything about the SQL. Using the simple help interface the user should be able to learn very simple basics of SQL and to be able to create its own SQL queries. Also the system provides the user with the simple explanation of the CVS, what it is, what it's for and what is not for. At the end using the help the user can learn some important things about limitations of the CVSQL project and its possibilities.

If the user makes mistake in this interface the GUI will try to recognize it and supply the user with enough information so that the user will be able to fix the error and to retry it. It is very important that the user cannot do anything incorrect in way that it deletes data just typing the commands. All destructive activities require additional confirm and some of them also require some higher level of access.

The user can, at any time, decide to redirect the output into a file. This option is easily accessible from the GUI. In this case the user is presented only with the error messages, if there are any and not with the resulting output data that is stored in a given file. The user is notified at all time that the output is redirected into a file and also the name of that file is available at all times in the prompt line. The user can also redirect all the data into the screen at any time.

An advanced user can also use the program. In the case of an advanced user it is very important that all of the commands can be issued very fast and that they can get all required information very fast. Sometimes that means that the learning period will be a bit longer, but the results will be faster to get. In order to create interface for those users we decided that the command line with arguments is the most appropriate one. The user can provide the GUI with all the required information and the user doesn't need to get all the help and interactivity. Usually the advanced user knows very well what he wants and how to do it, and wants only the information that is requested.

This interface is also very good for the shell scripts that can call the CVSQL program in order to get some important data. The example for this could be the simple script that checks every 30 minutes the progress on the projects and makes a backup whenever the number of added lines exceeds 50 on some of important files.

It can also be used to generate simple graphical displays for the project using the already available command line programs that can draw graphs and so on.

In this mode the user can enter only one SQL query after which the program will exit. If the user wants to enter more than one SQL query than the program must be started more than once. This is done this way so that the SQL result is simple to analyze. If the program enabled the user to enter more than one SQL query than the user would need to enter  all of the output file names, and in that case it is the same if the program is started once or not.

3.2.4 CVS Library

The CVS Library provides the programmer with the set of C functions that can establish a communication with the CVS repository and that can perform various CVS commands on it. Currently the only supported command is log, but that can easily be expanded if needed.

3.2.5 SQL parser

Parser takes input text as ASCII string and creates a list of elements. Elements are defined using regular expressions. In SQL elements are keywords like SELECT, FROM, WHERE etc, identifiers (names of tables and attributes), constants and operators (<,>, = etc.). White spaces are also elements, but they are not shown in result table because in SQL query user can add any number of white spaces without changing the meaning of query.

Regular expressions are used because they give flexibility. Using regular expressions makes it is easy to add new SQL commands. Because regular expressions are used, adding new command means only adding new regular expression. There is no need to change parser's code. Only change is one more call to method for adding new regular expression (addRegEx).

This parser is actually general parser. After initialization phase in which all supported SQL commands are added it becomes SQL parser.

Usage of parser can be divided into four phases:

1. Initialization

Before using parser, all supported SQL commands and operators need to be defined using regular expressions. Regular expressions are also used to define identifiers, constants and white spaces.  After all four phases are described there will be more detail description of regular expression and their use.

2. Sending SQL query

SQL query is send using setText method. This method takes one parameter. It is a string that contains SQL query.

Example:

sqlParser.setText(sqlQuery);

3. Starting the parser

Parser is started using method go. This method return object of class ParserResult. This object contains table of results and flag that shows was parser successful or error was encountered.

Example:

result=sqlParser.go();

4. Reading results

After starting parser with method go() result is return as object of class ParserResult. Method getSuccess() returns bool value. The return value true means that parsers successfully processed SQL query. If return value is false that means that there was an error in SQL query. Error happens when at some point in SQL query there are no regular expressions that can be used to extract element from query or regular expression contains error.

Result is table of elements stored in object instanced from class ParserResult. Each result is made of two parts. First part is element (string) which was extracted from SQL query using one of regular expressions. Second part is user defined type of regular expression used to extracted element from input text. Element can be accessed with operator[] or with method getText(int index) (text of element). Type can be accessed with method getType(int index) (type of element).

Method Count() return the number of results (elements).

Example

for (int i=0;i<result.Count();i++) {

printf ("%d) %s   (%s)\n", i, result[i], result.getType(i));



}

Parser has to be initialized with regular expressions. These regular expressions define which elements will be extracted from input text (SQL query). Regular expressions are defined with method addRegEx: 

void addRegEx(string expression, string type, bool 

               caseSensitive=false, bool saveInResultTable=true)

Argument expression is regular expression as string. Metacharacters that can be used in regular expressions are listed in following table:

	metacharacter
	meaning

	*
	zero or more matches

	+
	one or more matches

	?
	zero or one matches

	|
	logical OR

	character1-character2
	range of characters (both character1 and character2 are included)

	(subexpression)
	parentheses are used for creating subexpressions


If any of characters has to be used as normal characters instead of metacharacters than in front of that character there must be '/'. Special character '/' is used instead of '\' because '\' already has special meaning to C/C++ compiler (escape sequence). If '/' has to be used in regular expression it has to be written as '//'.

Priority of regular expressions is defined by the order in which they are added. First added regular expression has greatest priority. If two or more regular expression can be used in current place in input text, parser will first try to use regular expression that gives longest element. If none of the elements is longer then others, parser will use regular expression that was added before other regular expressions that can be used in current place in input text.

Argument type is user defined type that is associated with elements that are extracted from input text (SQL query) using this regular expression. (For example user of SQL parser can define types such as keyword, identifier, constant etc.). Flag caseSensitive is used to determine should upper case letters be treated different that lower case letters in this regular expression. Last argument if flag saveInResultTable. If this flag is set to value true elements which are extracted using this regular expression will be saved in result table. This flag is set to value false when certain elements from input text need to be discarded. Default value for this flag is false. Only time when this flag is set to true in SQL parser is when regular expression defines white space. 
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Figure 2 – SQL Parser call diagram

3.3 Error handling

	Error
	Action

	GUI non fatal
	Present the user with the information message on the screen that explains what mistake is done and how to fix it

	GUI fatal
	Present the user with the information message on the screen that explains the mistake, write a execution log file entry that lists the user, time, and description of the message, exit the program

	Command line non fatal
	Try to start the GUI application to fix the problem, if not possible Present the user with the information message on the screen that explains what mistake is done and how to fix it and exit the program

	Command line fatal
	Present the user with the information message on the screen that explains what mistake is done and how to fix it and exit the program

	Local SERVER non fatal
	Return the XML response that explains what error occurred

	Local SERVER fatal
	Return the XML response that explains what, write a execution log file entry that lists all of the important data, try to do a simple restart, if not possible exit the program

	System SERVER fatal
	Return the XML response that explains what, write a execution log file entry that lists all of the important data, try to do a simple restart, if not possible exit the program, notify by email server administrator that a fatal error occurred and put all of the important data regarding a failure in it

	CVS Library non fatal
	Return the appropriate return code to the calling function

	CVS Library fatal
	Return the appropriate return code to the calling function

	SQL validator non fatal
	Return the appropriate return code to the calling function

	SQL validator fatal
	Return the appropriate return code to the calling function

	SQL parser non fatal
	Return the appropriate return code to the calling function

	SQL parser fatal
	Return the appropriate return code to the calling function

	JDBC non fatal
	Return the appropriate return code to the calling function

	JDBC fatal
	Return the appropriate return code to the calling function

	
	


4. Detailed software design

4.1 Programming languages

For the development of the JDBC driver the JAVA is used as the primary programming language. For the development of the SQL validator and SQL parser the C++ is used as the primary programming language. The server / XML bridge, CVS library and GUI application is written primary in the C.

4.2 SQL Database structure

The CVSQL has for each CVS repository virtual database. All CVS repositories, and therefore the virtual tables are defined in the appropriate configuration file.

Each CVSLQL user is having the CVS repository credentials and information stored in the appropriate configuration file. Each user can access only those CVS repositories and therefore CVSQL databases for which he/she has valid information in the configuration file.

Each CVSQL database has defined following virtual databases that represent actual CVS data:

users (table):

  - author (string)
/* The list of authors */

files (table):

  - file (string)

/* File name without path */

  - dir (string)

/* Relative path for the file */

  - lastver (string)
/* Last version of file */

  - revisions (int)

/* The total number of revisions on this file */

changes (table):

  - file (string)

/* The name of the file from CVS - without relative path */

  - dir  (string)

/* Relative path for the file */

  - lastver (string)
/* The number of last revision */

  - revisions (int)

/* The total number of revisions on this file */

  - selrev (int)

/* The total number of the selected revision (usually the same value as 'revisions' 

 


    variable) */

  - thisrev (string)
/* The version of the selected revison */

  - date (date)

/* The datestamp of the selected revision */

  - author (string)
/* The author of the selected revision */

  - state (string)

/* The currect state of the selected revision: eg. dead, Exp */

  - added (int)

/* The number of added lines in the selected revision */

  - deleted (int)

/* The number of deleted lines in the selected rev. */

  - descr (string)

/* The comment on the selected revision */

The data types for each of the column is provided right after the name of that column. We're using the following data types for storing the CVS and for returning the value to the user:

	Data type
	Format
	Description

	string
	Array of characters
	Used for various text values

	int
	Round number, signed, 32 bit, ASCII representation
	Used for integer values

	date
	YYYY/MM/DD hh:mm:ss
	Used to display the date value, represented and treated as string

	float
	Standard 32 bit float, ASCII representation
	Used to display the float value


The database structure is also given on a following figure:
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Figure 3 – database structure

The database can consist of several virtual databases. Each database is virtual representation for one CVS repository. Each user has its own list of virtual databases. All virtual databases are presented to the user as the real database with real tables.

The example of how could user see the list of databases is provided on the following figure:
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Figure 4 - CVS Repositories representated as databases
4.3 SQL query statement specification

The current state of this project assures that the CVSQL will be able to process the following SQL query statements:

SELECT * FROM table_name [WHERE condition [ORDER BY column_name]];

The table name is one of the proposed names: users, files, changes.

The condition can be a list of one or more conditions separated by the keyword AND. The condition consists of three parts:

1. left part – column name

2. middle part – the type of condition

3. right part – condition to match

The type of condition can be any of the following:

· = 
(string, int, date)

· <
(string, int, date)

· >
(string, int, date)

· <=
(string, int, date)

· >=
(string, int, date)

· like
(string)

· ilike
(string)

All conditions are case insensitive.

The examples of the currently supported SQL Queries are:

· SELECT * FROM users;

· SELECT * FROM files WHERE file ILIKE '%.c' AND file ILIKE 'h%' ORDER BY dir;

· SELECT * FROM changes WHERE file LIKE '%.c' AND thisrev = head AND date > '2003/11/17 00:00:00' ORDER BY author;

4.4 JDBC

The detailed design of the JDBC driver is straightforward; it is an implementation of the minimum required set of interfaces to achieve JDBC compliance. The required set of interfaces is all from the java.lang.sql package; they are driver, connection, statement, preparedStatement, callableStatement, resultSet, resultSetMetaData and DatabaseMetaData. The relationship between the classes implementing the interfaces can be figured out by reading the definition of the interfaces in the JDBC API specification, since the classes knowledge about each others are predefined. For instance the Driver interface, which shall be implemented by the CVSQLDRIVER class, has a method returning a object of type Connection; this implies that all implementations of the driver interface must know about a class implementing the Connection interface. Investigating all those relations results in the static structure presented in the following figure:
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Figure 5 - static view of the of the JDBC driver

The methods in each of the classes are described in the JDBC API specification; here we just mention them by name. For each of the classes in the JDBC driver the methods are:

CVSQLDriver

acceptsURL, connect, getMajorVersion, getMinorVersion, getPropertyInfo, jdbcCompliant

CVSQLConnection

clearWarnings, close, commit, createStatement, createStatement, createStatement, getAutoCommit, getCatalog, getHoldability, getMetaData, getTransactionIsolation, getTypeMap, getWarnings, isClosed, isReadOnly, nativeSQL, prepareCall, prepareCall, prepareCall, prepareStatement, prepareStatement, prepareStatement, prepareStatement, prepareStatement, prepareStatement, releaseSavepoint, rollback, rollback, setAutoCommit, setCatalog, setHoldability, setReadOnly, setSavepoint, setSavepoint, setTransactionIsolation, setTypeMap

CVSQLStatement

addBatch, cancel, clearBatch, clearWarnings, close, execute, execute, execute, execute, executeBatch, executeQuery, executeUpdate, executeUpdate, executeUpdate, executeUpdate, getConnection, getFetchDirection, getFetchSize, getGeneratedKeys, getMaxFieldSize, getMaxRows, getMoreResults, getMoreResults, getQueryTimeout, getResultSet, getResultSetConcurrency, getResultSetHoldability, getResultSetType, getUpdateCount, getWarnings, setCursorName, setEscapeProcessing, setFetchDirection, setFetchSize, setMaxFieldSize, setMaxRows, setQueryTimeout

CVSQLPreparedStatement

addBatch, addBatch, cancel, clearBatch, clearParameters, clearWarnings, close, execute, execute, execute, execute, execute, executeBatch, executeQuery, executeQuery, executeUpdate, executeUpdate, executeUpdate, executeUpdate, executeUpdate, getConnection, getFetchDirection, getFetchSize, getGeneratedKeys, getMaxFieldSize, getMaxRows, getMetaData, getMoreResults, getMoreResults, getParameterMetaData, getQueryTimeout, getResultSet, getResultSetConcurrency, getResultSetHoldability, getResultSetType, getUpdateCount, getWarnings, setArray, setAsciiStream, setBigDecimal, setBinaryStream, setBlob, setBoolean, setByte, setBytes, setCharacterStream, setClob, setCursorName, setDate, setDate, setDouble, setEscapeProcessing, setFetchDirection, setFetchSize, setFloat, setInt, setLong, setMaxFieldSize, setMaxRows, setNull, setNull, setObject, setObject, setObject, setQueryTimeout, setRef, setShort, setString, setTime, setTime, setTimestamp, setTimestamp, setUnicodeStream, setURL

CVSQLCallableStatement

getArray, getArray, getBigDecimal, getBigDecimal, getBigDecimal, getBlob, getBlob, getBoolean, getBoolean, getByte, getByte, getBytes, getBytes, getClob, getClob, getDate, getDate, getDate, getDate, getDouble, getDouble, getFloat, getFloat, getInt, getInt, getLong, getLong, getObject, getObject, getObject, getObject, getRef, getRef, getShort, getShort, getString, getString, getTime, getTime, getTime, getTime, getTimestamp, getTimestamp, getTimestamp, getTimestamp, getURL, getURL, registerOutParameter, registerOutParameter, registerOutParameter, registerOutParameter, registerOutParameter, registerOutParameter, setAsciiStream, setBigDecimal, setBinaryStream, setBoolean, setByte, setBytes, setCharacterStream, setDate, setDate, setDouble, setFloat, setInt, setLong, setNull, setNull, setObject, setObject, setObject, setShort, setString, setTime, setTime, setTimestamp, setTimestamp, setURL, wasNull

CVSQLResultSet

absolute, afterLast, beforeFirst, cancelRowUpdates, clearWarnings, close, deleteRow, findColumn, first, getArray, getArray, getAsciiStream, getAsciiStream, getBigDecimal, getBigDecimal, getBigDecimal, getBigDecimal, getBinaryStream, getBinaryStream, getBlob, getBlob, getBoolean, getBoolean, getByte, getByte, getBytes, getBytes, getCharacterStream, getCharacterStream, getClob, getClob, getConcurrency, getCursorName, getDate, getDate, getDate, getDate, getDouble, getDouble, getFetchDirection, getFetchSize, getFloat, getFloat, getInt, getInt, getLong, getLong, getMetaData, getObject, getObject, getObject, getObject, getRef, getRef, getRow, getShort, getShort, getStatement, getString, getString, getTime, getTime, getTime, getTime, getTimestamp, getTimestamp, getTimestamp, getTimestamp, getType, getUnicodeStream, getUnicodeStream, getURL, getURL, getWarnings, insertRow, isAfterLast, isBeforeFirst, isFirst, isLast, last, moveToCurrentRow, moveToInsertRow, next, previous, refreshRow, relative, rowDeleted, rowInserted, rowUpdated, setFetchDirection, setFetchSize, updateArray, updateArray, updateAsciiStream, updateAsciiStream, updateBigDecimal, updateBigDecimal, updateBinaryStream, updateBinaryStream, updateBlob, updateBlob, updateBoolean, updateBoolean, updateByte, updateByte, updateBytes, updateBytes, updateCharacterStream, updateCharacterStream, updateClob, updateClob, updateDate, updateDate, updateDouble, updateDouble, updateFloat, updateFloat, updateInt, updateInt, updateLong, updateLong, updateNull, updateNull, updateObject, updateObject, updateObject, updateObject, updateRef, updateRef, updateRow, updateShort, updateShort, updateString, updateString, updateTime, updateTime, updateTimestamp, updateTimestamp, wasNull

CVSQLResultSetMetaData

getCatalogName, getColumnClassName, getColumnCount, getColumnDisplaySize, getColumnLabel, getColumnName, getColumnType, getColumnTypeName, getPrecision, getScale, getSchemaName, getTableName, isAutoIncrement, isCaseSensitive, isCurrency, isDefinitelyWritable, isNullable, isReadOnly, isSearchable, isSigned, isWritable

CVSQLDatabaseMetaData

attributeNoNulls, attributeNullable, attributeNullableUnknown, bestRowNotPseudo, bestRowPseudo, bestRowSession, bestRowTemporary, bestRowTransaction, bestRowUnknown, columnNoNulls, columnNullable, columnNullableUnknown, importedKeyCascade, importedKeyInitiallyDeferred, importedKeyInitiallyImmediate, importedKeyNoAction, importedKeyNotDeferrable, importedKeyRestrict, importedKeySetDefault, importedKeySetNull, procedureColumnIn, procedureColumnInOut, procedureColumnOut, procedureColumnResult, procedureColumnReturn, procedureColumnUnknown, procedureNoNulls, procedureNoResult, procedureNullable, procedureNullableUnknown, procedureResultUnknown, procedureReturnsResult, sqlStateSQL99, sqlStateXOpen, tableIndexClustered, tableIndexHashed, tableIndexOther, tableIndexStatistic, typeNoNulls, typeNullable, typeNullableUnknown, typePredBasic, typePredChar, typePredNone, typeSearchable, versionColumnNotPseudo, versionColumnPseudo, versionColumnUnknown

4.5 XML Bridge / Server

Server provides the user to build its own client application in order to access all of the required data. The server is using the protocol defined in the XML bridge that is already given in this document.
The server can only work in Unix/Linux/Cygwin environment. The main reason for this is that the MS Windows Operating system does not support the fork( ) command and that C function is required in order for the server to function properly. The GUI application can still be used in the Windows as well as in Unix/Linux/Cygwin environment.

The protocol of establishing the communication is given on the following figure:
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Figure 6 – Client server protocol
The example of the protocol is as follows:

Client:

login mylogin

Server: 

<resp>

   <number>0</number>

   <text>OK</text>

</resp>

Client:

password mysecret

Server: (if password is valid)
<resp>

   <number>0</number>

   <text>OK</text>

</resp>

Server: (if password is not valid)

<resp>

   <number>1</number>

   <text>Login failed.</text>

</resp>

Client: 

SELECT * FROM table;

Server: (if query is valid)
<db>


<result>



<value>0</value>



<text>OK</text>


</result>


<definition>



<coldef id="1">




<type>int</type>




<name>id</name>



</coldef>



<coldef id="2">




<type>text</type>




<name>username</name>



</coldef>


</definition>


<values>



<row>




<value col="1">3</value>




<value col="2">shakira</value>



</row>



<row>




<value col="1">4</value>




<value col="2">shakira</value>



</row>



<row>




<value col="1">5</value>




<value col="2">britney</value>



</row>


</values>

</db>

Server: (if query is not valid)

<db>

    <result>

       <value>14</value>

       <text>Invalid Select Query</text>

    </result>

</db>

Client: 

quit

Server:

<resp>

   <number>0</number>

   <text>OK</text>

</resp>

For the server response the XML is used. The XML is selected because it provides the full functionality that is requested by the data transmission. There are two DTD's used. First one is used for the communication between the server and the client, i.e. server responses, and the other is used for the CVS responses, i.e. the SQL query result.

The structure of the server response DTD is the following:

<?xml version="1.0" encoding="UTF-8" standalone="yes"?> 

<!DOCTYPE resp [

<!ELEMENT number (#PCDATA)>

<!ELEMENT text (#PCDATA)> 

]>

The structure of the CVS response DTD is the following:

<?xml version="1.0" encoding="UTF-8"?>

<!ELEMENT db (result, definition?, values?)>

<!ELEMENT result (value, text)>

<!ELEMENT value (#PCDATA)>

<!ELEMENT text (#PCDATA)>

<!ELEMENT definition (coldef*)>

<!ELEMENT coldef (type, name)>

<!ELEMENT type (#PCDATA)>

<!ELEMENT name (#PCDATA)>

<!ATTLIST coldef


id CDATA #REQUIRED

>

<!ELEMENT values (row*)>

<!ELEMENT row (value*)>

<!ELEMENT value (#PCDATA)>

<!ATTLIST value


col CDATA #REQUIRED

>

4.6 SQL Parser

Parser consists of 7 classes. The "main" class is Parser. It contains methods go and findMatch that do central part of work. Results are stored in an instance of ParserResult class. 

There are three "helper" classes. First of these is class RegEx which holds one regular expression. Second helper class is AllowedChars. It holds a table of characters that are allowed at some point in regular expression. It is used for processing regular expressions and will be explained at the same time when the algorithm used by parser is going to be explained. Class ResultElement element holds one result. Previously mentioned class ParserResult holds the table of results. In the table every result is object of class ResultElement. 

Parser internally uses exceptions. These exceptions are always handled in try catch blocks inside parser. The rest of the program doesn't see any exceptions. There are two exceptions: IndexOutOfBoundsException and BadRegularExpressionException. Base class for both is Exception.

Parser is written using C++ programming language. Container vector from Standard Template Library is used for storing and manipulating tables. Class string, also from Standard Template Library is used form storing and manipulating strings.

As described in system specification for SQL parser, parser works in four phases and uses regular expressions. At this point the way the parser uses regular expressions to extract elements from SQL query will be explains in more details.

SQL parser is started by calling method go. Following description describes how method go works.

Parser (method go) starts at the beginning of the SQL query and works it way up to the end of query. It doesn't move one character at the time. Instead it moves for the number of characters contained in the element that was last extracted from the SQL query. When parser moves to new location in query it tries to extracted element using regular expressions.

When attempting to extracted element from current location in SQL query, parser always uses all regular expressions that were defined at initialization phase. Even if it successfully extracts element from query, parser always checks all regular expressions. It checks all regular expression because there can be more that one regular expression that is satisfied. If there are two or more expressions that are satisfied, parser will choose regular expression using following two rules:

1. Use regular expression that gives longest element.

2. If two or more expression produced elements of same size use regular expression that was first added in initialization phase.

When parser attempts to determine what regular expression to choose it uses table of regular expressions. At initialization phase regular expression were added to this table using addRegEx method. In Parser class there is method called findMatch. This method attempts to find element that satisfies given regular expression at the current location in SQL query. Before choosing what regular expression to use at current location in SQL query, all regular expression has to be looked at. That means that method findMatch has to be called for every regular expression added in initialization phase.

Method findMatch goes thru given regular expression and determines do characters at current location in SQL query match given regular expression. If characters match given regular expression method findMatch returns element extracted from query. In a case that characters at current location in query don't match current regular expression, this method will return empty string.

Method findMatch first creates object of class AllowedChars. This object is used for processing regular expression. It is first initialized using init method. At initialization regular expression is send to allowedChars object. Regular expression can be seen as a number of sets of allowed chars. Method next() from AllowedChars class is called to get next set of allowed chars and their multiplicity. Multiplicity defines how many times a character from array of allowed chars can appear in the current location in SQL query (* -> zero or many times, + -> one or many times, ? -> zero or one time, and if none of metacharacters is used multiplicity is one).

Method findMatch goes thru all sets of allowed characters and taking into account multiplicity determines can element matching that regular expression be extracted from current location in SQL query.
4.7 CVS Library

The CVS library is able to connect to the standard CVS pserver and perform CVS log command. The CVS library can parse the answer from the CVS server and then return only the requested data. In order for the CVS library to work faster at the beginning it receives the WHERE part of the SQL query. That way the CVS library stores in the memory only those CVS repository records which are requested and not all of them.

The protocol of using the CVS library and connecting with the CVS repository is given on the following figure:
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Figure 7 - description of the CVS library

4.8 Configuration files

In order to work properly the software will need to use the configuration files. There are the following configuration files:

· cvsql.conf.ini
Main configuration file

· cvsql.cvs.ini
CVS connection file

· cvsql.user.ini
User list, CVS list

· cvsql.lang.hr
Language file (Croatian)

· cvsql.lang.en
Language file (English)

· cvsql.lang.sw
Language file (Swedish)

· cvsql.lang.*
Language file (other, based on two letter abbreviation of the country code)
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