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Summary

The following interim progress report on the Autdeth Database Wrapper
Class Generation software development tool providesummary of the work
completed to date, and outlines the remaining teedgsired to complete this software
development tool project. This document focusethertechnical requirements of the
project and only briefly covers programming detailfie project implementation
consists of three phases: firstly, research, desighrefinement of original concepts;

secondly, implementation of design; lastly, useeatance testing and feedback.
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Background

In the forth quarter of 2005, all students integdio enrol in the honours
stream for the Bachelor of Computing and Mathermaat8cience (BCMS) degree at
the University of Waikato were instructed to sela@atl propose a project for the 2006
honours paper Report of an Investigation. Lecturlemn the Department of
Computer Science composed a list of possible henpaper projects related to their
research areas, from which students could selpobjact. Students were also able to
propose their own projects provided a member of Eepartment of Computer

Science was willing to supervise the project.

The proposal | developed for the honours papeeptgtemmed from the lack
of availability of an easy-to-use, open sourcevgafé development tool to automate
the generation of database wrapper classes basedt@xtual representation of the
database structure. Dr. Sally Jo Cunningham hadlkiagreed to supervise my

honours project.

Project Description

This project is intended to provide Java softwageetbpers with an easy-to-
use development tool for automatically generatiathldase wrapper classes based on
the Structured Query Language (SQL) script filet tthefines the database schema.
Database wrapper classes mirror the database taridsare used to retrieve data

from and write modified data to the database (Lang$998).

By wrapping database access in a set of objectedase are able to treat the
database as objects and not have to concern oesselith the database-specific
access details hidden in the objects. This metlgyobrovides a couple of benefits:
firstly, it provides a layer of abstraction betwe#re database system and the
application logic, which allows software developtrsseparate the application logic
from the database access code, which in turn maleestenance of the code base
easier because it more modular and the code igpgdlogically by the functions it
performs; secondly, it allows the underlying datsbtechnology to be changed while

insulating the application logic from those changes
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The goal of this project is to build a Java-basgukno source software

development tool that is able to:

» Parse and interpret SQL schema definition files: many Database Management
Systems (DBMS) often stray from the SQL 1999 stashdad implement their
own proprietary data types and SQL constructs. jdsing engine should

correctly handled and interpret these custom elésnen

» Generate and write to disk wrapper classes. Java classes should be generated
based on the tool's interpretation of the SQL schedefinition file. The
classes should utilise the JDBC Application Prograing Interface (API), and
be compatible with JDBC Type 4 drivérsAll wrapper classes generated

should be encapsulated in a user-specified package.

The life of this development tool is planned toesxt beyond that of the
honours paper project, and as such, suitable lgostiould be found for the project.
As it is planned to be an open-source applicatafter an appropriate Open Source
Initiative (OSI) approved licenééhas been selected for the project, then hosting ca

be organised with hosting service provider sucB@sceForge

Research and Design

There were two possible routes to take on desighimg the wrapper class
generation tool would be built. The first route wasbuild a stand-alone tool which
could be run by developers as and when they netedaudild the wrapper classes. The
benefit of having a stand-alone tool of this natigeéhat it is independent of the
developers’ chosen development environment asnig r@quirement would be the
Java Run Time Engine (JRE). A disadvantage it that tool would be another

application that the developers would have to run.

The second route, which was the one | chose fergtoject, was to integrate

the tool as a plug-in into a Java-based IntegrBXedelopment Environment (IDE). |

! See Appendix B for JDBC driver type definitions.
2 http://www.opensource.org/licenses/
® http://sourceforge.net/
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chose to integrate the database wrapper classagiemetool with the Eclipse IDHor
three reasons:

* It has a large user base and a very active ondnaraunity.

» Itis an open-source development environment writteJava, and is written
using a modular, plug-in orientated framework, viliii@s public APIs that
allow for the extension, reuse and modificatiomlbfunctionality already
available in the IDE.

* | have used it for Java application developmentamndnore familiar with it

than with other Java IDEs.

The benefits of integrating into an IDE as a plagare that, firstly, the IDE
manages controls the development environment; sigcathe IDE is able to provide
a notion of project-context which helps ensure caglegenerated in the correct
location; thirdly, the plug-in tool can use the Ibin functionality of the IDE to
generate the wrapper class source files; and Jdbtyextra functionality that the tool

offers developers in now available to them fromhinitthe IDE.

The disadvantage of using the plug-in model is tleatelopers who do not use
the IDE that the tool integrates with will not deeato use the tool unless they change

to the supported IDE.

The second step in the design process was to deterwhat the major
components were, and what their sub-components. Wi following list gives an

overview of what the components were:

» Eclipse IDE Ul Integration
* Menu bar item
* Toolbar button
* Popup menu item
* Wizard
* SQL Interpreter
* SQL file parser
» Database structure model builder

e Source Code Generator

* http://www.eclipse.org/
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The following three sub-sections describe each hef tomponents listed

above.

Eclipse IDE Ul Integration

To ensure that users are able to easily and quaktgss the wrapper class
generator tool, it should have an easy-to-see aw® rapresentation in the user
interface of the IDE. To achieve this, there shdoddthree different user interface
extensions: an entry on the menu bar, a toolbdaobuand an entry on a popup menu.
The menu bar item and toolbar item should be abviailat all times that the plug-in is
active. The entry on the popup menu should onhavalable when the plug-in is

active and when a SQL script file is highlighted.

When any of these three user interface extensiortare activated, the user
should be presented with a wizard, which will beduso gather the information the
wrapper class generator requires to perform itk. thee wizard should be divided
into two pages: the first page should obtain tlwation of the SQL script file that is
to be parsed and the location of the package imichwto place the generated source
code; the second page should present the userawigh of all the tables for which
wrapper classes will be generated, allowing the tseselect and deselect tables.

Deselected tables will not have wrapper classesrgéed for them.

SQL Interpreter

The SQL Interpreter has two main sub-components:SQL parser and the

database structure model builder.

The SQL parser will parse the SQL script file ttied user has selected on the
first page of the wizard. The parser will be respble for extracting the table
structure information from the SQL script file. Shnformation will include the table
names, the column names, the column data typesothenn length restrictions, the
primary and foreign key information, and some dat@grity check information.
These extracted details will then be passed tad#iabase structure model builder,

which will then build an in-memory representatidrttee database structure.

These two steps will be preformed between pagesanddwo of the wizard.

The information held in the in-memory databasecstme model can then be used to



COMP420 I nterim Report
Prepared by Jason Kelly

allow the user to select which tables they wantppea classes generated for. The
tables that the user selected for wrapper clasergeon would be flagged for

generation in the model. If, for any reason, the.$@rser determines that there are
errors in the SQL script file, then the user camalested to that fact on the second

page of the wizard.

Source Code Generator

The source code generator is responsible for usiegEclipse IDE code
generation API to write the database wrapper ctassehe package that the user
specified. The code generator iterates through ithkememory database structure
model generating the wrapper classes for the tatilas have been marked for
wrapper class generation. The code generator lsdliafer and generate some simple
query methods based on primary and foreign key tcaing information obtained

from the script file.

The source code generated by the code generatbrbwilcomplete and
syntactically correct, and should be usable imntetyigfor simple database access.
The generated source code will also have full dentation and the documentation

should be usable immediately as APl documentatothie wrapper classes.

Work Completed

With regard to hosting the project on SourceForgéave registered an
account with them and have obtained documentatiainspecifies how an application
for the hosting of an open-source project is preegsand what supporting project
information is required for the application process

The integration into the Eclipse IDE user interfa&aenostly completed. The
menu bar item, toolbar button, and popup menu it@ntributions to the IDE
graphical user interface are completed and funictgpoorrectly. Activating any of the
three will start the wizard for the plug-in. Thedrface contributions are specified
using an XML file which describes what the conttibnos are, how they should

function, and which action classes should be ruannthe contributions are selected.

The first page of the wizard is completed. Thetfppage provides text entry

fields that allow the user to specify the sourceLQript file and the destination
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package. The user also has the option to turn asvarwrite flag which will instruct
the code generator to replace any classes existitg specified package which have
the same names as any of the generated classesteRbentry fields have “Browse”
buttons, which allow the user to browse the projeotk-space graphically using a
tree structure, and allows them to select an S@@Laind package for each text field

respectively.

Screenshots of the above completed graphical ngenface contributions are

included in Appendix A.

| have also completed planning what overall stmectihe generated wrapper
classes should have. The tool will generate a getadyle wrapper which will contain
functions applicable to all tables, such as gendgathbase query methods and result
set transversal. Individual table wrapper classéksthen extend the functionality
provided by the generic wrapper class, and impleraey table-specific functionality,
such as running table-specific queries againstdttabase table. The table wrapper
class API will encapsulate table instance-data (@we of data in the table) in an
object, thereby allowing information for an instanaf an entity to be treated as a
single object. The data-instance object will alsoovpe the data integrity

enforcement. See Appendix C for a diagram represgtitis structure.

Current Work

After examining a number of OSI licenses, the dipotential licences that
could be chosen to publish this project under lenmarrowed to four. These are the
Eclipse Public License(EPL), the Common Public License version®1(GPL1.0),
the GNU Public License(GPL), and the GNU Lesser General Public Lic&nse
(LGPL).

In the wizard | am refining the filters for the prot-space browsing dialogs to
filter out resources that need not be displayedhsas Java source code files when
searching for a SQL script file. | am also workioig the second page of the wizard,

positioning the correct components and testingttiey work correctly.

® http://www.opensource.org/licenses/eclipse-1.0.php
® http://www.opensource.org/licenses/cpl1.0.php

" http://www.opensource.org/licenses/gpl-license.php
8 http://www.opensource.org/licenses/Igpl-license.ph
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| have begun planning how the in-memory databasetsre model will be
implemented, and how the SQL parser will populateiih information. The model
will structured as an n-ary tree with the firstdéof nodes containing the table names,
the second level of nodes containing the columnesarand the third level of nodes
containing column attributes. The column attributesuld be stored in an array
structure, and would include details such as tha tges of the columns, any data
integrity constraints, and whether or not the colanare members of primary or
foreign keys. See Appendix C for a graphical regméstion of the proposed model

structure.

Future Work

Future work on this project within the scope of bmmours paper is organised
based on completion order. Future work beyond thaned scope for the honours

project is included at the end of this section.

On completion of the current tasks, | plan to impdait the SQL parser and
the in-memory database structure model concurre@thce this is complete | will
integrate these components into the wizard probesseen the two wizard pages.
Once this integration is complete | will build tle®de generation algorithms to
generate, using the API functionality provided e tEclipse IDE, the Java source

code for the required wrapper classes.

Following the completion of the SQL parser | wikdin testing the parsing
component and ensure that it is building the cordatabase structure models for
database schema SQL scripts written for differemppetary DBMS. After the
completion of the code generator | will test thiag fplug-in tool is in-fact writing

syntactically correct code that will perform it¢ended function correctly.

When | am confident that the plug-in is stable egiofor general user testing

and evaluation, | will organise developer testing &edback for the plug-in.

Beyond Honours

Future development after the completion of the hwsipaper may include

some of the following.
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Users should be able to annotate the SQL scripifith SQL comment lines
that specify customised SQL queries and method safoe the plug-in tool to
generate in addition to the standard queries. A aase for this feature would be
where the user has a need to retrieve a set of fioms the database based on a

column that is not a part of a primary or foreiggyksuch as customers’ surnames.

On the second page of the wizard users should dersla list of the table
columns and their related method names, and bengive ability to modify the
function names as they see fit. A use case for fiddure could be where the
underlying technology has been changed and a defaalpper class generation
would render method names that are different toptieiously available API. This

would allow users to modify the generated wrapp@r & generation time.

Conclusion

At the completion of this honours project, the Auaded Database Wrapper
Class Generator plug-in, for the Eclipse IDE, sHobk able to extract database
structure information from a SQL script file comtimig the database schema. It should
then be able to use that structure information énegate a set of wrapper classes

which, without modification, can be used to acabssdatabase.

References

Lauesen, S. (1998). Real-life object-orientatedesys. InlEEE Software (1998,
March/April), 15, 2, 76 — 83.
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Appendix A: Ul Integration

The following screenshots are taken from the warnkently done regarding

the integration of the plug-in into the Eclipse IDEer interface.

& lava - database.sql - Eclipse SDE

File Edit Source Refactor Rawvigate Search Project | Database Fun  Window  Help
J 5 - J ng J W -0 -Q - J g F'g Generate Wrapper Classes iv

= 'H
i Package Explarer Hierarchy i database.sql 23
| = |<}==é> = CREATE TAELE Customer |
Fig. 1 Screenshot showing menu bar item and toolbar hutto

[ B e e ey e ] [
- E—' ]
‘[ Ree MeEw g
Qpen F3
Cpen With L
|=| Copy Ckrl+Insert
* Dacka ShifFLTRomrk
o
| Ediil F
Compare With L4
Replace With L4 ,
4 F'g Generate Wrapper Classes
Properties Alt+Enter :
errors, 0 warnings, 0 infos

Fig. 2 Popup menu item included in the context menu QL $les.
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R x|
Database Wrapper Class Generator

Select the source SOL scripk file and the package for the wrapper classes

Creates a package containing a set of database wrapper classes,

Source SQL scripk File: | Browse, .. |
Destination package: | Browse,.. |

[V Replace package
i

Select the source SOL script file From which to construct the wrapper classes,

EL—_,—‘J; Example
- (default package)

arg

org. example

org.example, projeck

Readme.txt

Finish I Zancel

oK I Cancel

Fig. 3 Wizard showing the "Browse" dialog for finding tB&L script file.
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Appendix B: JDBC Driver Types

The JDBC technology drivers fit into one of foupég:

* Type 1. Access is provided through the use of a JDBC-OOB@ge. This
means that the JDBC API calls functions in one orenODBC drivers. In
many case this type of driver requires that na®@BC driver and native
database client software be installed on the machsing the JDBC-ODBC
bridge.

* Type 2: Provides a native-API that the JDBC API can call Often the full
JDBC API is not supported, and this type of drikegjuires that native driver
code is installed on the machine.

* Type 3: This is a network protocol server middleware. |t can connect to
the server middleware using the JDBC API, whickully supported, and the
server middleware translates the JDBC API calls DBMS-specific network
protocol API calls.

* Type 4: This is pure Java JDBC client that communicatés whe DBMS
using the proprietary protocol belonging to the DBMIype 4 drivers are

usually only available from the DBMS manufacturers.

For more information about the different JDBC drivgpes, see the Sun
Microsystems documentation regarding the differéddBC driver types found at:
http://java.sun.com/products/jdbc/driverdesc.html

11
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Appendix C: Structure Diagrams

The following is a graphical representation of tlmeememory database

structure model:

Fig. 4 In-memory database structure model.

12
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Appendix D: Original Proposal

Tool to Automatically Generate Database Wrapper Classes

Prepared by:
Jason Kelly
Department of Computer Science
The University of Waikato

Prepared for:
Sally Jo Cunningham
Department of Computer Science
The University of Waikato

This proposal outlines the development of a sofwmiol that would save
developers time when writing database wrapper etas#/hen writing applications
that rely on retrieving and maintaining data inadathase system, developers usually
write a set of reusable classes which containhall database-specific code. Often,
especially with large databases, these classesepsditive and tedious to write.
Often, because much of the code is fairly simii@yelopers may copy, paste and edit
functions in the code, which greatly increasesdh@&nces of bugs in the code. This
proposed tool would examine the Structured Quengluage script file that was used
to create the database, and based on the scheonaatibon, would then generate a
set of wrapper classes that could be used to athesdatabase tables. This tool
would reduce the amount of developer time spentingriand debugging wrapper
classes.

13
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Introduction

In the development of information-centric applioas, it is often common to
embed Structured Query Language (SQL) statemerttinwa series of reusable
wrapper classes that the application logic canfasthe retrieval and management of
information stored in a database system. For largkcomplex database schemas, the
wrapper classes can often be very tedious anditigpdb write. A solution to this,
which this project proposes, would be to build thecessary wrapper classes

automatically based on the database schema steipséd to build the database.

Background

As software applications become more informatiae+dated, their reliance
on information storage and retrieval systems groWse demand for information
storage and retrieval systems resulted in the dpuwednt of database systems. While
many database systems, both proprietary and opgueschave matured and become
very powerful within the domain of managing infoima, the technology for
interacting with the database systems programniigtiaa often complex to
implement, such as with th®pen Database Connectivity (ODBC) Application
Programming Interface (API) (Grechaniket al., 2002). Access is not standardised
across the different database systems which offéereht levels of ODBC

compliance.

For these reasons it is better to offer the apptinadevelopers a level of
abstraction from the database access code by glatirdatabase access code in a
group of reusable classes in a centralised localibrs, as Grechanikt al. (2002)
also points out, helps to increase code maintdibabi

Design

The proposed system will be written in the Javegmamming language and
will thus be operating system (OS) independent ttegree — it will require a Java
Runtime Engine (JRE) or other suitable Java Virtdachine (JVM) to be installed

on the computer it is running on. The proposed toidl be written using Java 5.0

14
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language constructs, and will require a JRE ofigard.5 or greater to run. The
source code generated by this tool will be compatith a JRE of version 1.4 and
greater.

The tool should run as an Eclipse IDE plug-in; hegreif research shows that
making it an Eclipse plug-in is too costly time-ejghen it will be developed to run

as a stand-alone Java application.

It will accept, as its input, any valid SQL scrige that contains SQL Data
Definition Language (DDL) which creates a databasé one or more tables in the

database.

The system’s output will include the Java sourcgecavritten to disk, for the
wrapper classes which are generated from the SQL &idipt file given as the input.
Several types of wrapper classes will be examiaad, the one that is most intuitive

and offers the best ease of maintenance will bd.use

Evaluation

As this tool is intended to be used from within thdipse IDE, it will offer
developers using Eclipse as their developmentdaotasy way to generate wrapper
classes. This would, however, prevent other dewestoprho do not use Eclipse from
using this tool. As a stand alone application, thmitation would be avoided;
however, Eclipse developers would not have the eoi@nce of having this tool as a
part of their IDE.

This tool will generate wrapper classes writtedava. Although the tool will
be written to support the ability to write in difént languages, for the purposes of this
project only Java output will be supported.

15
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Proposed Schedule

The table below outlines the proposed deadlinesdatethis project.

Task / Component Completion
Research possibility of using Eclipse plug-in atetture 30/03/2006
Research SQL script parsers 2/04/2006
Implement SQL script parser 15/04/2006
Design plug-in architecture of code writer for frgwexpansion 1/05/2006
Deliverable: Interim Report 2/06/2006
Build Java Code Writer 2/06/2006
Test and refine Java Code Writer 20/07/2006
Conference presentation draft 16/08/2006
Deliverable: Conference abstract 18/08/2006
Conference 1/09/2006
Deliverable: Final report 11/10/2006
Resources

The hardware and software resources required tela@vthis project are
readily available. For the development of this gebja computer with Java SDK
versions 1.4 and 1.5 will be used. For writing greaforming initial testing of the
code | will use the freely available Eclipse Int#gd Development Environment
(IDE). 1 will test the generated Java source cogirest a number of freely available
database servers, such as MySQL, PostgreSQL, aothddit SQL Server 2005
Express.

There already exists an open source tool whichopad a similar function as
would the tool this project aims to develop, altflowpon an initial examination it
seems that this tool generates Java source codsdan enterprise web applications.
Parts of the open source tool may prove to be usethis project, so the open source

tool will be examined further.

Two utilities | have developed previously will beaiul in the development of
this project. The first utility generated C# soumle for database table wrapper

classes. It is a simple utility, written in Javajigh was used to write and comment

16
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the getter and setter methods for wrapper claddasge tables (25 or more columns).
The second utility, written in PHP, is a web-batsal for editing database table data.
The utility dynamically builds the HTML form, andteracts with the database, based
solely on an XML description of the database. larpes were made to the database,
or a different database was used, all that wouldeogired for the utility to work

would be to update the XML database description.

Conclusion

This project, when completed, will provide develspwith a time-saving tool
that can be used to quickly generate a seriestabdae wrapper classes based on the
SQL DDL script file defining the database. The geted code will be usable
immediately after generation, that is, it will ietre data from and save data to the
database without any modifications to the code. Thede will also be fully
documented and easy for the developers to custoshiseld they require any code

customisation.
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