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CHAPTER 1

INTRODUCTION

Electronic Commerce (e-commerce) is one of the major driving powers of today’s
business economy. Business automation using internet information technology is the
fundamental objective of e-commerce. Real-time business transactions, time and place
independent information availability, consumer choice flexibility and customer
information are a few dominant features of e-commerce. Web database application or

internet enabled database application is the key component of e-commerce.

Database Systems have improved a great deal during the last few years to
incorporate the ever-evolving internet technology. Significant improvements have been
achieved to facilitate database access through internet. Specifically, server response time,
remote connection management, web user interface development tools and data security
are a few major development areas. The basic difference between a desktop database
system and an web database system is data accessibility. Web database systems are
accessible to anyone connected to the internet, on the other hand, desktop database
systems are accessible to only those who have physical access to the Database

Management System (DBMS).

Typical web database application consists of two basic layers, a front-end

business logic layer and a back-end data storage layer. Business logic determines how



raw data is represented to various users. It also provides an appropriate user interface.
Good examples of front-end business logic development tools are Active Server Pages
and Java Server Pages. A database management system such as SQL Server or Oracle
Server is used as back-end data storage to manage data efficiently and securely. Figure |

shows the basic structure of a web database application.

Web
Browser

Web
Server

Figure 1: Typical web database application structure

Developing a complete web database application is a complex and sequential
process. The start point of the development process is the back end database design. Due
to the rapid growth of web database development, formal design processes such as
normalization and integrity constraint checking are not always followed properly. This
may lead to inconsistent data, jeopardizing the entire database development goal. Real-
time data must be valid at any given point of time. Database System development to
empower business requirements should not overlook data integrity. Ensuring consistent
data through good database design and implementing a secure data access policy are two

key requirements for successful business operation.



Another aspect of on-line database system is data security. All database systems
must protect sensitive business data (e.g. financial transactions) irrespective of their
access technology. Secured and controlled data access is a must for web database system.

Database security should not be compromised at any cost.

The objective of the thesis is to develop a semi-automated procedure for small
relational database logical design. The procedure integrates several presently existing
algorithms of normalization. The semi-automated procedure will impose formal design
standards (e.g. third normal form or BCNF) on the input design. This thesis consists of
four chapters.

e Chapter I provides an overview of the web database application structure,
discusses the needs for formal database design methodologies and states the thesis
objective. This chapter also includes a brief overview of literature for this thesis.
The literature will help readers grasp conventional relational database design
procedure.

e Chapter II discusses the semi-automated database design procedure, its
advantages and disadvantages. This chapter also discusses an improved user
authentication model suitable for web database application.

e Chapter III provides implementation details of the semi-automated design
procedure and the architecture of the software. A complete web database
application is implemented which incorporates and tests the methodologies

developed in chapter II.



e Chapter IV summarizes this thesis work. It also discusses the limitations and

suggests future work in this field.

The rest of this chapter is subdivided into two parts. The first part, Relational
Database Design, focuses on the conventional database design techniques. The second

part discusses Database Authentication Security, its use and improvement possibilities.

1.1 Relational Database Design

A group of tables and mapping cardinality among the tables is called a relational
database. Each table in the database is a collection of attributes. Designing the logical
structure of database based on the user requirement specification is the primary goal in
relational database design. In other words, database design process takes user
requirements as input and generates the actual table structures and relationship among
tables as output. The user requirement specifies what the database system is supposed to
do. The table structure specifies organization of data in a database by defining how the
attributes are grouped together to form tables. Creating tables and establishing
relationships among those tables as per standard design rules is the next logical step in
database designing. Another important design goal is to make sure that the data stored in
the database is not redundant and inconsistent. Redundant is repeating same information

in more than one tables and redundancy is main source of inconsistency.



Elmasri and Navathe, (2000) have subdivided database design process into six basic
phases:

1. Requirements collection and analysis

2. Conceptual database design

3. Choice of DBMS

4. Data model mapping (logical design)

5. Physical design

6. System implementation and tuning

Figure 2 shows information flow of each design phases.

1.1.1 Requirements collection and analysis

I[dentifying and analyzing user needs related to the database system to be
developed is known as Requirements Collection and Analysis. According to Elmasri and
Navathe, (2000) the primary areas of requirements collection and analysis are

a. identification of user groups and application areas

b. review of existing systems

c. analysis of the operating environment and

d. identification of the processing requirements.

Requirements are described in natural language and mostly informal statements. These
informal statements may be changed into a structured form by using one or more formal

requirements specification techniques. Data Flow Diagrams (DFDs) and Flow Charts are



two frequently used diagrammatic methods for organizing and presenting information

processing requirements.

Requirement Collection and Analysis
What information will be stored?
How the stored information will be processed and presented?
Data Flow Diagram (DFD), Flow Charts

L

Conceptual Database Design
Entity, Attributes, Relation among Entities (ER Diagram),
Functional Dependencies, Normalization

J L

Choice of Database Management System (DBMS)
Example: SQL Server, Oracle, MySql, DB2 etc.

J L

Logical Database Design
Logical schema and view design

JLl

Physical Database Design
Indexing, response time, space utilization, transaction throughput
Internal schema design

J Ll

System Implementation and Tuning
DDL statements and SDL statements

Figure 2: Information flow of database design phases
(Elmasri and Navathe, 2000)



1.1.2 Conceptual database design

Conceptual database design examines the user data requirements and produces a
conceptual schema in a DBMS independent high-level data model. Conceptual schema
design is identifying entities and attributes, grouping attributes into schemas and finally
deciding the mapping cardinalities among entities. Its goal is to generate a set of
relational schemas that allows storing information without redundancy (Silberschatz,
Korth and Sudarshan, 2001). The major challenge in database designing is modeling the
real world in terms of table structure. Another consideration is data integrity. In addition
to correct table structure, proper data integrity checking is needed to ensure information
consistency. Repetition of information is not acceptable in schema design. High-level
data model techniques such as the Entity Relationship (ER) model can be used to outline

the database structure. Conceptual data model may be DBMS independent.

Given a problem definition, it is possible to design more than one relational
schema. To identify the best relational schema from a set of relational schemas, Codd
(1979a) proposed a normalization process. Normalization takes a relation schema through
a series of tests to check whether or not it belongs to a certain normal form. It is a formal
guideline for analyzing relation schemas based on their key attributes and functional
dependencies among their attributes (Elmasri and Navathe, 2000). During normalization
process relation schemas that do not meet the design standards are decomposed by
breaking up into smaller relation schemas. Normalization test can be carried out on

individual relation schemas separately. When a test fails, it must be decomposed into



more than one relation, each of which must meet the normalization test individually.
According to Silberschatz, Korth and Sudarshan, (2001) desirable properties of schema
decomposition are:

1. Lossless-join Decomposition

2. Dependency Preservation Decomposition

Integrity constraints are a set of constraints or rules associated with individual
tables and attributes of the tables in the database. It ensures that add, edit and delete
operations do not violate data consistency (Silberschatz, Korth and Sudarshan, 2001).
Key attribute declarations and relationship constraint among tables are few means of
formulating integrity constraints. In general, an integrity constraint can be an arbitrary
restriction applied to the database. However, arbitrary restriction may be costly to test.
Usually integrity constraints that can be tested easily are added directly to the database.
Domain constraints are the very basic form of integrity constraints. It checks the value of
an attribute against a given domain. Since bulk computation is not involved in the process
of enforcing domain constraints, it can be tested easily by the system whenever a new

data item is entered and updated in the database.

Referential integrity constraints ensure that - ““a value that appears in one relation
for a given set of attributes also appears for a certain set of attributes in another relation”
(Silberschatz, Korth and Sudarshan, 2001). If one table does not contain the data, other
table(s) should not. Some Relational Database Management Systems use their own built-

in referential integrity checking to maintain data consistency (e.g. Microsoft Access). If it



is not implemented by the RDBMS, database system developer must provide integrity
constraints checking with the system. This is an essential part of database system, so
every database system must check referential integrity to make sure that every piece of

data is consistent through out database system life cycle.

1.1.3 Logical database design

The relation schemas generated in conceptual database design phase are mapped
to a selected DBMS. Schema design generated in the conceptual design phase is
converted to DBMS specific Data Definition Language (DDL) statements in this phase.
Along with the table structure definition some extensions of DDL can be used to define
referential integrity constraints among tables. This process is also known as data model
mapping. Data Definition Language (DDL) is a part of Structured Query Language

(SQL), used to create, alter and delete tables.

1.1.4 Physical database design

Physical database design is the process of choosing specific data and file
structures and access paths for the physical database files to achieve good performance
for various database operations. According to Elmasri and Navathe, (2000) indexing,
response time, space utilization, transaction throughput and clustering of related records

on disk blocks are few essential criteria considered during physical database design



phase. Satisfying all these criteria will help achieving overall system performance

requirements.

The data storage and access engine is a key component of any relational database.
A successful database implementation requires careful planning of the physical design at
the early stages of the project. The storage engine of a relational database requires much
of this planning, which includes determining (MSDN Library, 2001):
e What type of disk hardware to use, such as RAID (redundant array of independent
disks) devices?
e How to place data files onto the disks, such as Filegroups in SQL Server?
e Which index design to use to improve query performance in accessing data, such
as Index Tuning Recommendations in SQL Server?
e How to set all configuration parameters appropriately for the database to perform

well?

1.2 Database Authentication Security

Generally password-based authentication security or a login procedure is used to
control access to the database server. A login procedure requests a user name and a
password from the user. The authenticating operation matches the supplied user name
and password with the password table (kept inside the server) to accept or reject the login
request. Once the login request is granted, the user gains access to the database for further

possible specific usage. The login procedure facilitates the server to identify the user.

10



Security checking after the login procedure may be described as access control security.

It determines whether a particular resource on the server is accessible to a user or not.

Login data (user name and password) should be secured at both the user end and
the server end. Unfortunately, users do not always maintain password security, such as,
sharing password among co-workers, writing it down, and choosing a small password are
common security problems. The essential part of authentication security is to keep the
password secured. Good password choice is the primary guard against hackers. If we can
ensure password file security, we can theoretically guarantee the security of the
authentication procedure. Almost all password-based authentication servers keep a copy
of user name and password to validate login request. Servers must ensure the security of
the password file. Modern operating systems do not store passwords directly; instead,
they use an encryption/hashing algorithm to hide the actual password in the password

file.

Web servers may have full access permissions granted to access the underlying
database server, as a result, dynamic web applications have seamless access to the
database server. The web server may represent a predefined authorized user to initiate a
session with database server and provide access to different resources of the database.
Database systems may have their own internal security measures.

The accessibility of each user may be defined separately for each individual table
rather than full database server. This can be accomplished by an object based security

policy provided by the database server (e.g. Microsoft Access 2000).

11



CHAPTER 11

A SEMI-AUTOMATED PROCEDURE FOR SMALL RELATIONAL DATABASE
LOGICAL DESIGN

The starting point of database system development is requirement collection and
analysis, and the final objective is to generate a set of schemas that are in appropriate
normal form. The semi-automated procedure partially automates relation database logical
schema design process. The procedure takes an initial schema design as input;
decomposes it into several smaller schemas and finally produces Boyce-Codd Normal

Form or Third Normal Form schema. Figure 3 shows the semi-automated procedure.

Requirement collection and analysis

Initial relational schema / / Functional dependency /
; U

BCNF decomposition

Passed

Dependency preserving test

Failed

3NF decomposition

!
C Print output )":

Figure 3: Semi-automated procedure for small relational database logical design
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2.1 Semi-automated logical database design procedure

Before the detailed discussion of semi-automated procedure let us consider the
following database design example problem, which is used to discuss each of the semi-

automated logical design phases and their usage.

2.1.1 Example Problem Definition

Student Information System (SIS) is an online database application to manage and
publish student grades. The primary objective of SIS is to provide grade monitoring
functionalities to students and grade management, reporting and publishing
functionalities to faculty members anytime anywhere. SIS facilitates students monitoring
class performance closely and efficiently; moreover, it standardizes the grade

management process for the faculty members.

Student grade is sensitive and the most valuable information to a college. System
usage security (no one should be able to use the system other than students, instructors
and record administrators) and grade publishing security (no student should be able to
view other student’s grade) are prime concerns. Students should not be able to change
any data (e.g. grade) in the system other than their personal profile. As a basic security
measure every user must login before using the system. Following are the detailed

requirement specifications of the system:

13



b.

Every student has a unique id, name, email and start semester (when he/she
started college education)

Every course has a unique id, prefix, number and title.

Every instructor has a unique id, name and email address.

At the beginning of every semester a few courses are selected from the course list
and one instructor is assigned to every selected course. The selected courses are
called offered courses for that semester. Every offer has unique id, credit hours,
days that class meets, One course may have more than one offering under
different sections.

Many students can enroll in one course offer and one student may enroll in more
than one offer. Every enrollment is identified by a unique enrollment id and every
enrollment results in a letter grade and pass-fail decision (as different department

has different policy) at the end of semester.

2.1.2 Semi-automated database design algorithm description

Semi-automated logical database design procedure is based on already existing

normalization algorithms. There are several methods of normalization (e.g.

Normalization using join dependencies, Domain key normal form, Normalization based

on functional dependencies) (Silberschatz, Korth and Sudarshan, 2001). The author used

normalization using functional dependencies. Following is the description of the database

design procedure steps developed by the author:

14



2.

Analyze requirements: Analyze all collected information to make sure that every
requirement is listed properly. Data Flow Diagram can be developed at this stage.

Complete requirements specification will be the output of this step.

Consider the example problem discussed in section 2.1.1. The problem definition
does not discuss how the data will be processed and represented to the user. Data
Flow Diagram (DFD) can be used to capture the data processing as data flows
through the system. Figure 4 shows the DFD of the Student Information System

for every semester.

Courses Instructors

Assign
Courses 1o
Instructor

Course Offerings Students

Takes
Offered
Courses

Enrollments

Figure 4: Student Information System DFD
Identify relation schemas: Identify and distinguish all relation schemas from the
requirements specified in the previous step. Each relation schema is produced

from an entity and a set of attributes associated with the entity. Different types of

15



3.

attributes are also identified at this step (e.g. simple/composite, single/multi-
valued, derived attribute). Identifying relation schemas and their attributes are
iterative process. Before adding new schema every requirement specification must
be analyzed properly. Relation schemas outlined at this step will be used as initial
schema for the subsequent steps. Requirement specification analysis of SIS

reveals the following entities and their attributes, listed in Table 1.

Entity Attributes
Student Id, Name, Email, Start Semester, Password
Course Id, Title, Prefix, Number

Instructor Id, Name, Email, Password

Offer Id, Semester, Course 1d, Instructor Id, Section, Credit Hour

Enrollment | Id, Offer Id, Student Id, Grade, Pass

Table 1: Student Information System entity set and attribute set

Identification of functional dependencies: Identify all functional dependencies
that holds on each relation schemas identified in step 2. As defined by
Silberschatz, Korth and Sudarshan, (2001) a functional dependency is a type of
constraint that enforces the concept of key (e.g. primary key). It specifies the
constraints on the set of legal relations. Functional dependencies allow us to
express the facts about the tables that we are modeling in our database. The semi-
automated design procedure finds the appropriate normal form of the input
schema based on the functional dependencies identified in this phase. So it is very

important that every functional dependency must be identified correctly.

16



Following are the list of functional dependencies that should hold on the Student
Information System relational schemas.

a. Student Id — Name, Phone, Email, Password

b. Instructor Id — Name, Email, Password

c. Course Id — Title, Prefix, Number

d. Offer Id — Semester, Section, Course 1d, Instructor Id, Credit Hour

4. Application of BCNF decomposition algorithm: BCNF decomposition algorithm
(Silberschatz, Korth and Sudarshan, 2001) is applied on the relation schemas
determined in step 2. Functional dependencies identified in step 3 are used as
parameters of the algorithm. The implementation developed by the author
requires that every attribute should be mapped to a single character before using
the algorithm. This specific mapping requirement reduces the amount of string
comparison in the algorithm significantly as a result the algorithm runs

comparatively faster. Table 2 shows attribute mapping of SIS.

Entity Attribute Representing Character

Student Id

Name

Email

Password

Start Semester

Instructor Id

Name

Email

Hl &l @ m| ®m 9 n| o »

Password

17



Entity

Attribute

Representing Character

Course

Id

Title

Prefix

Number

R | Rl

Offer

Id

Semester

Section

Course Id

Instructor Id

Credit Hour

Enrollment

1d

Ooffer Id

Student Id

Grade

Pass

Hl W P 2 P ol m 4 vl ©O 2

Table 2: Attribute mapping

BCNF decomposition algorithm is applied on SIS as follows:

a. Input relation schema:

ABCDEFGHIJKLMNOPQRST

b. Input functional dependencies:

1.

ii.

v.

V.

A — BCDE
F — GHI
] - KLM
N — OPJFQ

R — NAST

18




c. Output relation schemas in Boyce-Codd Normal Form:

i. ABCDE
. FGHI
ni. JKLM
iv. NOPJFQ
v. RNAST

. Checking dependency preservation: All BCNF decompositions may not be
dependency preserving. Dependency preserving test algorithm is applied to the
output of step 4. If all the relation schemas are dependency preserving, then skip
step 6 and go to step 7. The output schema of this step will be BCNF, lossless-join
and dependency preserving. If the dependency preserving test fails, go to step 0.

SIS relation schemas generated in step 5 are all dependency preserving.

Application of 3NF decomposition algorithm: Third Normal Form decomposition
algorithm is applied on relation schemas determined in step 2. This step is
executed only when the output schema of step 4 is not dependency preserving.

The output schema of this step will be 3NF, lossless-join and dependency

preserving.

Print output: Final relation schemas are printed at this step.

19



2.2 Conventional Database Design vs. Semi-Automated Database Design

The following table summarizes the comparison between conventional and semi-

automated database design process:

Conventional Database Design

Semi-Automated Database Design

Manual process: Schema in appropriate

normal form is computed manually.

Semi-Automated process: Schema in
appropriate normal form is computed by

machine.

Requires knowledge, experience, and

analytical capabilities.

Once the functional dependencies are
determined, time complexity to compute
closer of the functional dependencies is

exponential.

Table 3: Comparison between conventional and semi-automated database design

20




2.3 Authentication Security Model

Simplicity and wide usability are the two major advantages of password-based
authentication system. Almost all Operating Systems and server applications use some
form of login procedure to restrict access to resources. Though the basic login data
requirements of user id and password are the same, details of login validation procedure
and password table management vary a great deal. Login security depends on how well
the password is secured. For typical web application password based authentication

security is the most popular form of security measure.

Web applications use TCP/IP protocol for communication between client and
server. Due to the inherent nature of the IP protocol (data from client to server may be
transported through a number of intermediate computers), web application authentication
model should hide actual password during authentication process. Message Digest
algorithm is a well-known one-way hash function developed by RSA Data Security, Inc.
and MIT Laboratory. It takes an input message of arbitrary length and generates a 128-bit
"fingerprint” or "message digest" as output. It is computationally infeasible to reverse the
fingerprint generated by the algorithm. Moreover two input string cannot have the same
message digest (fingerprint). The algorithm performs a series of basic mathematical
operations on the input string. Since the algorithm is composed of basic mathematical
operations it can easily be transported and executed on client computer. The Message

Digest algorithm version five is the latest and it is an extension of the earlier version four.

21



Message Digest algorithm is used to protect the actual password during
transportation from client to server. Instead of transporting actual password a fingerprint
is generated and transported from the client machine to server machine. Figure 5 shows a

secure password based authentication model.

User Id Password

Fingerprint

Client Computer i}

Intermediate Computers \
= - -~ — e - = - T - /

Server Computer

Compare
with
password table

Password Table

User Id Password Fingerprint
A PQR
B STU

Figure 5: Secure password based authentication model
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Advantages of using authentication security model based on Message Digest algorithm
are as follows:
a. Password is not transferred from client to server in plain text format
b. Password is not stored in the password table in a plain text format
c. Even if some one finds out the password fingerprint. He/she will not be able
to login since the client login process will always compute fingerprint of the
supplied password before sending it to the server process.
d. Given a fingerprint it is computationally infeasible to find the actual

password.
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CHAPTER 111

IMPLEMENTATION AND RESULTS

“Semi-Automated Database Design™ software is a direct implementation of the
semi-automated logical database design procedure discussed in chapter II. This software
is a general-purpose design tool that can be used to design small relational database

schema for a given set of functional dependencies.

3.1 Designing “Semi-Automated Database Design™ software

“Semi-Automated Database Design” software has three basic components: a user
interface, an algorithm manager and an integration manager. The user interface provides
an appropriate graphical user interface to start and operate the algorithms. The algorithm
manager holds a collection of algorithms. The integration manager facilitates

interoperability among algorithms. Figure 6 shows the basic structure of the software.

User Interface

4.1 1T

Integration Manager

: Input | Output Input | Output Input | Output |
| Algorithm 1 Algorithm 2 Algorithm N |i
g Algorithm Manager :

Figure 6: “Semi-Automated Database Design™ Software Structure
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3.2 Implementing “Semi-Automated Database Design™ software

Implementation of “Semi-Automated Database Design™ software is accomplished
in three phases: implementing the core algorithms, integrating the algorithms and
implementing the user interface. “Java™ has been chosen as the implementation language
due to its inherent nature of platform independence, reusability and GUI development

facilities.

3.2.1 Implementing the core algorithms

The “Semi-Automated Database Design" software consists of five basic
algorithms: closure of a set of functional dependencies, canonical cover for a set of
functional dependencies, testing for dependency preservation, Boyce-Codd normal form
decomposition and third normal form decomposition. Algorithm implementations are

shown in Appendix A (figure 8, 9, 10, 11 and 12).

3.2.2 Integrating the algorithms

Integration manager is responsible for interoperability among algorithms. It also

manages the input/output of each algorithm separately with appropriate data type to

improve overall processing speed. Figure 13 in Appendix A shows the basic project

structure implementation.
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3.2.3 Developing user interface

Graphical user interface helps operating the software efficiently. The software is
able to manage each design problem as a separate project. The project management can
further be subdivided into several smaller steps. Each step of the project corresponds to a
single algorithm. User interface also facilitates the use of each algorithm separately.
Figure 14 through 24 in Appendix A shows various sections of user interface

implementation.

3.3 Implementing “Student Information System™ software

Chapter II discussed the conceptual design of “Student Information System . This
section discusses logical design, physical design, implementation and finally operations

details of SIS.

3.3.1 Logical Database Design of SIS:

Logical Database Design is defining the table structure based on the E-R diagram.
The choice of data type and data width is entirely on the system developer. These
structure definitions can be used by Data Definition Language (DDL) to create the actual
table in a selected DBMS. Figure 7 shows the relational database of SIS and Table 4
shows the details of each table structure. MS Access supports creating tables in structure

design view directly from the information provided in Table 4 without using DDL.
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Figure 7: The relational database of Student Information System

d
oo |3EMester I
Course Id
b Section

Instructor Id
ACredit Hour

Start Semester




Table:

Table:

Table:

Table:

Table:

Course
Name Type Size PK/FK
Id Long Integer 4 PK
Title Text 50 --
Prefix Text 3 -
Number Text 6 --
Instructor
Name Type Size PK/FK
1d Long Integer 4 PK
Name Text 50 —
Email Text 50 -~
Password Text 20 —=
Student
Name Type Size PK/FK
1d Text 10 PK
Name Text 50 ==
Email Text 50 ~=
Start Semester Text 15 =
Password Text 20 --
offer
Name Type Size PK/FK
1d Long Integer 4 PK
Semester Text 15 =]
Course Id Long Integer 4 FK
Section Byte 1 =
Instructor Id Long Integer 4 FK
Credit Hour Byte 1 ~=
Enrollment
Name Type Size PK/FK
Id Long Integer 4 PK
Ooffer Id Long Integer 4 FK
Student Id Text 10 FK
Grade Text 1 =
Pass Yes/No 1 --

Table 4: Table definition of Student Information System
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3.3.2 Physical Database Design

The DBMS chosen for this example problem is Microsoft Access 2000. Physical
database design issues such as index structure, file organization and configuration

parameters are set by MS Access as default.

3.3.3 Database Authentication Security

User login procedure is used to ensure that no one other than students, instructors
and record administrators use the system. Every login request is verified against the
password fingerprint kept in the table. After successful login, user id (e.g. student id,
instructor id) field is used to filter any information sent to a user. This filtering process

ensures that no user receives other user’s data.

3.3.4 System Operations of SIS

As stated in the requirements specification, there are two types of primary users -
students and instructors. Instructors produce and populate data into the system and
students view data and monitor their class performance. At the beginning of every
semester all previous system data are backed-up and the system is prepared for the new
semester. The system preparation takes place by adding all new instructors (see figure
25), new courses (see figure 26), new students (see figure 27), new offers (see figure 28),
enrollments (see figure 29) and setting the current semester (e.g. Fall2001) as system

parameter. At the end of the semester a letter grade along with a pass/fail decision is
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assigned to every enrolled student under every offer. Students first login to the system
(see figure 30) and then check their grades (see figure 31). Students can view and change

their profile (see figure 32, 33). Figure 34 to 42 shows some selected source code of SIS.

30



CHAPTER IV

SUMMARY, CONCLUSIONS AND LIMITATIONS

In this thesis a semi-automated logical database design procedure is developed,
implemented and tested. The semi-automated procedure combines several already
existing database design algorithms into a single sequential algorithm. It is implemented
as a software package named “‘Semi-Automated Database Design™. The software can be
used for three different purposes:

a. Normalize a given set of relational schema under a set of FD’s to an appropriate
normal form
b. Test a relation schema for appropriate normal form
c. Apply database design algorithms individually
An improved security model for database user authentication is developed and tested.
The model uses Message Digest 5 algorithm to hide password transportation from client

to server. The model does not require storing plain text password in the password table.

A part of example problem (Student Information System) is used to test the “Semi-
Automated Database Design” software and the authentication security model. The
complete relational database system “‘Student Information System” is implemented using
Microsoft Access 2000. The web-interface is developed utilizing Active Server Page,

VBScript, JavaScript and ActiveX Data Objects (ADO) technology.
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The “Semi-Automated Database Design™ software is partially automated as the
Functional Dependencies are identified manually (human errors may exist). Referential
Integrity is not provided by the procedure. The 1*' and 2™ normal forms are not included
in the procedure. The size of schema is limited to a small number due to the time

complexity and space complexity.

The computation of the closure of the given set of functional dependencies used
in the semi-automated procedure takes exponential time. Minor increase in the input
schema size increases the computation time significantly. This is the major disadvantage
of the “Semi-Automated Database Design " software. Moreover the software requires that
every attribute must be represented by one single character to reduce string comparison

time.
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APPENDIX A

IMPLEMENTATIONS

I/'Il‘."tl""".ll"-‘...-.-I"..".l-.l'l‘".i‘.t.ﬁ*."lt.‘."ll“.‘.i“ll‘.
File: Closure.java

LastUpdate: July 16, 2001

Usage: Compute closure of a set of Functional Dependencies

AL AR R A RS A R AR R R R L R e SRRl

package Project.Algorithms;

import java.util.s;
import java.io.*;
import Project.ProgressStatus;

// L Y

// class definition
public class Closure(

// components space
private TreeSet comRef, comAug, comTran;

// attribute list
private TreeSet attrList;

// attribute subset list
private TreeSet attrSubset;
private Object [] attrSet;
private boolean|] attr;

J/ A A A A AR AR A A RS R AR E R IR R RN RS TR TN R B SRR A SN RSN R SRR RR A bR b RGNS

// This function computes closure of a given set of function dependencies

// and a relation schema

// Reference:

// Silberschatz, Korth, Sudarshan; Database System Concepts,

// 3rd Edition, Section: 6.5.2

public TreeSet compile( TreeSet inputProd, TreeSet inputAttr )|

// popup the progress bar dialog
ProgressStatus.startProgressBar( "Compiling - Please wait" );

// temporary working space
TreeSet prod;

// number of productions in the output production list
int prodCount = 0;

// output production space
TreeSet outputProd = new TreeSet( inputProd };

// get attributes from the input productions
attrList = attributes( inputProd );

// add input relation schema list
attributes( inputAttr, attrList );

// compute all possible subsets of the attribute list
attrSet = attrlList.toArray();
attrSubset = new TreeSet();
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attr = new boolean| attrSet.length + 1 ];
Subset ( attrSet.length );

// initialize all component space
comRef = new TreeSet () ;

comAug = new TreeSet();

comTran = new TreeSet();

dof
// save current production list count
prodCount = outputProd.size();

// apply reflexivity rule

prod = reflexivity( outputProd, attrSubset );
comRef .addAll( pred );

outputProd.addAll( prod }

// apply augmentation rule

prod = augmentation( outputProd, attrSubset );
comAug.addAll{ prod );

outputProd.addAll( prod )

// apply transitivity rule

prod = transitivity( outputProd );
comTran.addAll( prod });
outputProd.addAll( prod ) ;

// continue till new productions are added
Jwhile( outputProd.size() > prodCount ) ;

ProgressStatus.stopProgressBar() ;

// return closure of the input production list
return outputProd;

,/ R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
// This function computes closure of a given set of function dependencies
// Reference:

// Silberschatz, Korth, Sudarshan; Database System Concepts,

// 3rd Edition, Section: 6.5.2

public TreeSet compile( TreeSet inputProd ){

// temporary working space
TreeSet prod;

// number of productions in the output production list
int prodCount = 0;

// output production space
TreeSet outputProd = new TreeSet( inputProd );

// get all attributes from productions
attrList = attributes( inputProd );

// compute all possible subsets of the attribute set
attrSet = attrList.toArray():

attrSubset = new TreeSet();

attr = new boolean| attrSet.length + 1 ];

Subset ( attrSet.length );

// initialize all component space
comRef = new TreeSet();

comAug = new TreeSet();

comTran = new TreeSet () ;

do{
// save current production count
prodCount = outputProd.size();
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// apply reflexivity rule

prod = reflexivity( outputProd, attrSubset );
comRef.addAll ( prod );

outputProd.addAll( prod );

// apply augmentation rule

prod = augmentation( outputProd, attrSubset )
comAug.addAll( prod );

outputProd.addAll( prod );

// apply transitivity rule

prod = transitivity( outputProd ):
comTran.addAll( prod }:
outputProd.addAll( prod )

// continue till new productions are added
Jwhile( outputProd.size() > prodCount ):

// return closure of the input production list
return ocutputProd;

LA AR R R R R R R N R R R R R R R R R R Ny
This function applies the reflexivity rule on a set of productions
Reference:

Silberschatz, Korth, Sudarshan; Database System Concepts,

3rd Edition, Section: 6.5.2

private TreeSet reflexivity( TreeSet prodList, TreeSet attrSubset ) |

// update progress bar text
ProgressStatus.progressText ("Reflexivity...");

// local working variables

Iterator alpha, beta;

String aStr, bStr, newProd;

TreeSet newProdList = new TreeSet|();

// for all subset of attribute list
alpha = attrSubset.iterator();
while( alpha.hasNext () ){

// take one subset

aStr = (String) alpha.next();

// for all subset of attribute list
beta = attrSubset.iterator();
while( beta.hasNext () ){

// take another subset

bsStr = (String) beta.next();

// new production
newProd = aStr + "-" + bStr;

// check if the right side is the subset of left side and
// the production already exists in the list
if( subsetOf( aStr, bStr ) == true &&

prodList.contains({ newProd ) == false ) {

// add the production to the list
newProdList .add( aStr + "-" + bStr );

// update the progrsss bar
ProgressStatus.progressBar () ;

}

return newProdList;
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1/

R e R e e R e R R ]
This function applies the augmentation rule on the given set of
functional dependencies

Reference:
Silberschatz, Korth, Sudarshan; Database System Concepts,

3rd Edition, Section: 6.5.2

private TreeSet augmentation( TreeSet prodList, TreeSet attrSubset )|

s

// update progress bar text
ProgressStatus.progressText ("Augmentation...");

// local working variables

Iterator alpha, beta;

String prodL, prodR, prod, attr, newProd, newProdL, newProdR;
TreeSet newProdList = new TreeSet|();

// for all productions
alpha = prodList.iterator():
while( alpha.hasNext () ){
// take one production
prod = (String) alpha.next();
// take left side
prodL = prod.substring(0, prod.indexOf('-'));
// take right side
prodR = prod.substring( prod.indexOf('-')+1, prod.length()};

// for all subsets of attribute list
beta = attrSubset.iterator():
while( beta.hasNext () )|{
// take one subset from the list
attr = (String) beta.next();
/{ compute union of the left side of the production and
// the attribute subset
newProdl = stringUnion( prodL, attr );
// compute union of the right side of the production and
// the attribute subset
newProdR = stringUnion( prodR, attr ):
// form a new production
newProd = newProdL + "-" 4+ newProdR;

// if the new production is not already in the list
if ( prodList.contains( newProd ) == false )|

// add the production

newProdList .add( newProd |

// update progress bar
ProgressStatus.progressBar () ;

!

return newProdList;

R R R R R A R A R R R R R R R AR R A R R R R R R AR A A A A R R R
This function applies the transitivity rule on a given set of
functional dependencies

Reference:
Silberschatz, Korth, Sudarshan; Database System Concepts,

3rd Edition, Section: 6.5.2

private TreeSet transitivity( TreeSet prodList ){

// update progress bar text
ProgressStatus.progresaText ("Transitivity...");

// local working variables

Iterator alpha, beta;

TreeSet newProdList = new TreeSet();
String pA, pB, aL, aR, bL, bR, newP;
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// for all productions in the list
alpha = prodList.iterator();
while( alpha.hasNext() }{
// take one production
pA = (String) alpha.next();
// take left side
al = pA.substring(0, pR.indexOf('-'));
// take right side
aR = pA.substring| pA.indexOf('-')+1l, pA.length{));

// for all productions in the list
beta = prodList.iterator();
while( beta.hasNext () )|
// take another production
pB = (String) beta.next();
// take left side
bL = pB.substring(0, pB.indexOf('-'));
// take right side
bR = pB.substring( pB.indexOf('-')+1l, pB.length());
// form a new production from left side of pA and right
// side of pB
newP = aL + "-" + bR;

// if the right side of pA equals left side of pB and the
// list does not contain new production
if( aR.equals( bL ) && prodList.contains(newP) == false) {
// add the production to the list
newProdList .add( newP ) ;

// update progress bar
ProgressStatus.progressBar () ;

}

return newProdList;

// Il'.I**i-‘tiii"ll’l’l’.!i'ltt.‘ﬂ'.‘.‘ll.’.IIII’..‘I‘I.l.l‘ll‘.i"l".‘i.t.
// This function gets all attributes from the input productions list and
// already existing attribute list

public static void attributes( TreeSet prodList, TreeSet aList ) {

// local working variables
Iterator prodIterator;
String prod;

int prodLen;

char attr;

// for all productions
prodIterator = prodList.iterator();
while( prodIterator.hasNext () ){

// take one production
prod = (String) prodIlterator.next();

// get length of the production
prodLen = prod.trim().length();

// for all attributes in the production
for( int j=0; j < prodLen: j++ }|{

// take one attribute
attr = prod.charAt( j );

// check if it is attribute
if( Character.isLetterOrDigit( attr ) ){

// add to the attribute list
aList.add( new Character|( attr ) );
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B L L L e R R TR

I/ T@is function gets all attribute from the input productions list
public static TreeSet attributes( TreeSet prodList ){

// local working variables
TreeSet aList;

Iterator prodlterator;
String prod:

int prodLen;

char attr;

// new attribute list
aList = new TreeSet();

// for all productions
prodlterator = prodList.iterator();
while| prodlterator.hasNext() )|

// take one production
prod = (String) prodlterator.next();

// get length of the production
prodLen = prod.trim().length();

// for all attributes in the production
for( int j=0; j < prodLen; j++ ){

// take one attribute
attr = prod.charAt( j );

// check if its a attribute
if( Character.isLetterOrDigit( attr ) )|

// add to the attribute list
aList.add! new Character( attr ) );

}

// return attribute list
return alList;

// T T I e e R S A R R R R R R R R
// This function generates all possible subsets of the attribute list
private void Subset( int n ){
if(n==0 )
writeSubset () ;

jelse{
attr{ n ] = false; Subset({ n-1 );

attr( n ] true; Subset( n-1 );

/i Pttt et a2 R R R R R R S e R S R R A R A A R A R R AR A R R R

// This function writes subset computed by Subset function

private void writeSubset ()
StringBuffer strBuff = new StringBuffer();

try{
// compute the subset

for( int i=1; i <= attrSet.length; i++ ){
if( attr(i] == true )|
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strBuff.append( attrSet[i-1] );
}

// add the subset to the subset list
if( strBuff.length() > 0 ){

attrSubset.add( strBuff.toString() );
1 ;

}eatch( Exception err )|
System.out.println("writeSubset: " + err );
}

// A R R R R R R R e R
// This function tests if strB is subset of strA
public static boolean subsetOf( String strA, String strB )|

int lenB = strB.length{);

char chB;

for( int i = 0; i < lenB; i++ )|
chB = strB.charAt(i);

if( strA.indexOf( chB ) == -1 ){
return false;
)

}

return true;

// R L R e e e e e e e e A R R A R R R R R A R R R AR AR R R AR R LR

// This function computes union of two strings
public static String stringUnion( String strA, String strB )|
StringBuffer strC = new StringBuffer();
char chA, chB;
int lenA = strA.lengthi);
int lenB = strB.length();
int a=0, b=0, c=0;

// continue till the end of either string
while( a < lenA && b < lenB ){

// union char

chA = strA.charAt( a );

chB = strB.charhAt( b );

if( chA < chB ){
strC.append( chA };
a++;

}

else if( chA > chB )|
strC.append( chB );
b++;

}

else|
strC.append( chA );
a++; b++;

}

// add all the left over chars of string A
while( a < lenA )|
chA = strA.charAt( a });
strC.append( chA );

a++;

// add all the left over chars of string B
while( b < lenB ){
chB = strB.charAt( b );
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stxC.append( chB );
b++;

}

return strC.toString();

AR e e e Al R R R

//_This function converts a TreeSet data structure to a string
private String TreeSetToString( TreeSet set )|
StringBuffer buff = new StringBuffer();

// if the given set is not null
if( set != null )|
// for all elements of the set
Iterator i = set.iterator();
while( 1i.hasNext() ){
// add element to the string buffer
buff.append( (String) i.mext(} + "\n" )

}

return buff.toString();

// R R N

// This function returns only the productions added to the closure list
// by Reflexivity rule
public String getReflexivity(){
return TreeSetToString( comRef );
)

// lttt.'ltttt‘.ﬂ..ul’.‘t‘ltl‘ll-‘ll*.“tt..(..l.lll.l‘tl‘ttwnlitt."‘ﬁll’"‘
// This function returns only the productions added to the closure list
// by Rugmentation rule
public String getAugmentation(){

return TreeSetToString( comAug );
}

// e e e e e e R R R R AR RS R AR
// This function returns only the productions added to the closure list
// by Transitivity rule
public String getTransitivity()(

return TreeSetToString( comTranm );
)

// et e Tt i e e e R R R A R R A R R R A R A R AR R AR
// This function returns the attribute list used for the closure
// algorithm

public String getAttributes() {
stringBuffer buff = new StringBuffer();

// if the attribute list is not null
if( attrList !'= null ){
// for all attribute of the list
Iterator i = attrList.iterator();
while( i.hasNext() ){
// add each attribute to the string
buff.append( (Character) i.next() + "\n" );

}

return buff.toStringl();

}

// ti*illlt“‘tltt.tttttitttttlltiiititii.it.llllltl.l'c'tlt-lttt..tl..ﬁ‘
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// This function returns all attribute subset used by the
// closure algorithm
public String getAttributeSubset () (

return TreeSetToString( attrSubset );

[

!

Figure 8: Closure of a set of functional dependencies implementation

/-t---t-.‘t-----at'.'-.g----'.g-----c----.n-¢¢.||-.----c.--tt--ou'tao'oottnon
File: Canonical.java

LastUpdate: July 16, 2001

Usage: Compute canonical cover of a a set of functicnal dependencies

itttttttti--tttttt'ttoot-olltltn.nttaa-w.-l-¢¢|‘:nnn-----ntuan-ctoo-nt----../

package Project.Algorithms;

import java.util.*;

import java.io.*;

import Project.Algorithms.Closure;
import Project.ProgressStatus;

// R R R R R

// class definiction

public class Canonical
// closure algorithm
private Closure closure;

// 2 e i e s e e e R R R R R

// constructor

public Canonical () {
// instantiate new closure algorithm
closure = new Closure();

Yys e sl e e e R R R R R R R R

// This function computes the canonical cover of a given set of
// functional dependencies

// Reference:

// Silberschatz, Korth, Sudarshan; Database System Concepts,

// 3rd Edition, Section: 6.5.4

public TreeSet compile( TreeSet prodList ) {

// start progress bar
ProgressStatus.startProgressBar ("Compiling - Please wait");

// local working varicbles
TreeSet oldProdList = new TreeSet();
TreeSet newProdList = new TreeSet( prodList );

do{
// save all productions
oldProdList .clear() ;
oldProdList .addAll (newProdList) ;

// apply union rule
newProdList = unionRule( newProdList );

// remove all extraneous attributes
newProdList = removeExtraneous( newProdList );

// continue till the production list changes
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//
{
/1
/1
1

Jwhile( !newProdList.equals( oldProdList )} );

// stop the progress bar
ProgressStatus.stopProgressBar|() ;

return newProdList;

LA R R R S A R S R R R R R R R R R N R R R R R R R R R R R R R
This function applies the union rule on the given set of productions
Reference:

Silberschatz, Korth, Sudarshan; Database System Concepts,

3rd Edition, Section: 6.5.4

private TreeSet unionRule( TreeSet prodList )|

// update progress bar text
ProgressStatus.progressText ("Applying union rule...");

// local working variables

Iterator alpha, beta;

TreeSet newProdList = new TreeSet( prodList );
String pA, pB, alL, aR, bL, bR;

// for all productions in the list
alpha = newProdList.iterator(};
while( alpha.hasNext () ){

// take one production pA

pPA = (String) alpha.next();

// take left side of the production

alL = pA.substring(0, pA.indexOf({'-'));

// take the right side of the production

aR = pA.substring( pA.indexOf('-')+1l, pA.length(}):

// for all productions lower than pA in the list
beta = newProdList.tailSet( pA ).iterator();
beta.next () ;

while( beta.hasNext () ){

// update progress bar
ProgressStatus.progressBar() ;

// take one production pB

pB = (String) beta.next();

// take left side of the production

bL = pB.substring(0, pB.indexOf('-')):

// take right side of the production

bR = pB.substring( pB.indexOf('-')+1l, pB.length());

// if the left side of pA and pB is equal
if( alL.equals{ bL ) ){

// remove pA from list

newProdList .remove( pA );

// remove pB from list

newProdList.remove( pB );

// compute string union of the right side of both
// productions aR and bR

aR = closure.stringUnion( aR, bR );

// add the new production to the list

newProdList .add( aL + "-" + aR };

// as the production list has been changed,
// reinitialize the list
alpha = newProdList.iterator();

// start over
break;




)

return newProdList;

R R ]
// This function removes extraneous attributes from a set of productions
// Reference:

// Silberschatz, Korth, Sudarshan; Database System Concepts,

// 3rd Edition, Section: 6.5.4

private TreeSet removeExtraneous( TreeSet prodList )|

// update progress bar text
ProgressStatus.progressText ("Removing extraneous attributes...");

// local working variables

TreeSet newProdList = new TreeSet ( prodList );
TreeSet prodClosure, newClosure;

Iterator alpha;

String prod;

StringBuffer buff = new StringBuffer();

int prodLen, len, mid;

char ch;

boolean chExtra;

// compute closure of the given production list
prodClosure = closure.compile( prodList );

// for all productions in the list
alpha = prodList.iterator();
while( alpha.hasNextc() )|{
// get one production prod
prod = (String) alpha.next();
// get length
len = prod.length();

// delete the production from list

newProdList .remove( prod );

// take the production in a buffer to remove char one by one
buff.append( prod );

// for each character in the production
for( int i=0; i < len; i++ )|

// update progress bar
ProgressStatus.progressBar () ;

// take one char from the production
ch = buff.charAt(i);

// if it is not production seperating char, check if
// it is extraneous
if( ch 1= '-' )|

// delete the char

buff.deleteCharAt (i) ;

chExtra = false;

len = buff.length();

mid = buff.toString().indexOf('-"');

// check if this is a valid production
if( mid > 0 && (len-mid) > 1 )|

// add the production to the list
newProdList.add( buff.toString() );

// compute closure
newClosure = closure.compile( newProdList );

// check closure for equality
if ( newClosure.eguals( prodClosure )} ){
chExtra = true;
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}

// remove the production from the list
newProdList.remove| buff.toString() );

}

// ch is not extraneous, insert back
if( chExtra == false )|
buff.inserc(i, ch);
len++;
Jelse{

}

i=s;

}

// buff holds the productions without any extraneous attribute
newProdList.add( buff.toString() );
buff.setLength(0);

}

return newProdList;

}

// end of class Canonical

Figure 9: Canonical cover of a set of functional dependencies

Ilttt!‘l*l‘tilt**tt‘hlltl‘ttttt‘t.!tttt“lll’tllll’t-llltttttttl.llllllllt.t-lll
File: Dependency.java

LastUpdate: July 16, 2001

Usage: Tests a relation schema decomposition for dependency preserving

AR R R R R e R R R R A Rl R R A R R R Ly

package Project.Algorithms;

import java.util.=*;
import Project.Algorithms.Closure;
import Project.ProgressStatus;

A R R A S A SRS AT R AR AP R AR RSN R AR AR AR AR AR AR R AR bRt a .

// class definition
public class Dependency|
// closure algorithm
private Closure closure;
// closure of the given productions
private TreeSet prodClosure;
// Fi is the set of restrictions to R and Fp is closure of Fi
private TreeSet Fi, Fp;
// dependency preservation test result
private boolean result;

// T T e R R R e R

// constructor

public Dependency () {
// instantiate closure algorithm
closure = new Closure();

// e Tl L s e R R e R R R e R
// This function tests if the given set of relation schema decomposition

// is dependency preserving
// Reference:




// Silberschatz, Korth, Sudarshan; Database System Concepts,
// 3rd Edition, Section: 7.3.1.2
public boolean compile( TreeSet prodList, TreeSet schemalList ) {

// start the progress bar
ProgressStatus.startProgressBar ("Compiling - Please wait");

// local working variables
Iterator alpha, beta;
String Pi, Ri;

int len;

char ch;

// Fi is the set of restrictions to R
Fi = new TreeSet();

// update progress bar text
ProgressStatus.progressText ("Computing closure...");

// compute closure of the given set of productions
prodClosure = closure.compile( prodList )

// update progress bar text
ProgressStatus.progressText ("Computing closure...Done");

// for all relations in R
beta = schemaList.iterator();

while( beta.hasNext () ){
// take one relation
Ri = (String) beta.next(};

// update progress bar text
ProgressStatus.progressText ("Testing: " + Ri);

// for all productions in F
alpha = prodClosure.iterator();
while( alpha.hasNext() ){
// take one production from F
Pi = (String) alpha.next();

// test if every attribute of this production is
// present in the relation

boolean hold = true;

len = Pi.length();

for( int §=0; j < len; j++){

// update progress bar
ProgressStatus.progressBar () ;

ch = Pi.charAt(j);

if({ ch != '-' && Ri.indexOf(ch) == -1 ){
hold = false;
break;

}

// add if every char in Pi is in Ri
if( hold ){

// Pi holds on Ri

Fi.add( Pi )

}

// update progress bar text
ProgressStatus.progressTextE“Computing closure.,.");

// compute closure of Fi
Fp = closure.compile( Fi );

// update progress bar text
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ProgressStatus.progressText ("Computing closure...Done");

// check equality

if( Fp.equals( prodClosure ) )|
// dependency preserved decomposition
result = true;

jelse{
// decompostion is not dependency preserved
result = false;

)

// update progress bar
ProgressStatus.stopProgressBar () ;

// return result
return resulrt;

// AA A A RS R R AR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R NN
// This function generates string representation of TreeSet
private String TreeSetToString( TreeSet set ) |

StringBuffer buff = new StringBuffer();

// if set not empty
if( set != null ){
// for all element in set
Iterator i = set.iterator();
while( i.hasNext() ) {
// add each element to the string
buff.append( (String) i.next() + "\n" );

}

return buff.toStringl();

}

// R R e e
// This function returns the F+ computation of F during dependency test

public String getFPlus () {
return TreeSetToString| prodClosure );
}

// e e R ]

// This function returns the F' computation of F during dependency test
public String getFPrime(}{

return TreeSetToString( Fi );
]

// '.l.tll**’.&‘ltl‘littttttt-tlll.t!tl‘lltﬁhtﬂ"lttll.l..lllltt't.tl!ltt
// This function returns the F'+ computation of F during dependency test

public String getFPrimePlus () {
return TreeSetToStringl( Fp ):
}

//‘ eIt st e e e R e e e R e R R R R R A R R R R R R AR

// This function returns the result of dependency test
public String getResult () {
if( result ){
return "Decomposition is Dependency preserving";

jelse(

}

return "Decomposition is NOT Dependency preserving";

Figure 10: Dependency preservation test algorithm implementation

48




/'.-l.'-‘ll“l.'.".l.'."'.-"."'.-"I'I.II.ll‘IIIl..‘..l.*"".-".-..-‘.-
File: BCNF.java

LastUpdate: November 21, 2001

Usage: Compute BCNF decomposition of relation schema

R R e R R R A R

package Project.Algorithms;

import java.util.=;
import Project.Algorithms.Closure;
import Project.ProgressStatus;

J/ class definition ***sssssssstaststssssassssstaassssssadssnstaasinasnnnenns

public class BCNF{

// closure algorithm
private Closure closure;

// CONSLIUCLOY *#*# s aesastsatstttssenttensnstsnsnsmsssinirusesrsncstane
public BCNF() {

// instantiate new algorithm

closure = new Closure();

J AR R R et S R SRR IS AR NI R AR R RN R RN RA TR RNk T RN aR s

// This function decomposes a given relation R into BCNF based on
// a set of functional dependencies

// Reference:

// Silberschatz, Korth, Sudarshan; Database System Concepts,

// 3rd Edition, Section: 7.3.2

public TreeSet compile( TreeSet R, TreeSet F ) {

// start progress bar
ProgressStatus.startProgressBar ("Compiling - Please wait");

// result holds decompossed relations, final output
TreeSet result = new TreeSet( R );
// keep track of the decomposition process, true when finished

// compute F+ of the given F
TreeSet Fp = closure.compile( F );

// continue till the decomposition process is not done
while( getRelation(result, F, Fp) != null );

// stop progress bar
ProgressStatus.stopProgressBar () ;

return result;

1/ ettt it e e N R R R R R R A A R A R R A A A A AR A A R AR A A A A AL A

// This function finds a non BCNF relation Ri in a given set of
// relation R based on a closure set of functional dependencies F
// Reference:

// Silberschatz, Korth, Sudarshan; Database System Concepts,

// 3rd Edition, Section: 7.3.2
private String getRelation( TreeSet R, TreeSet F, TreeSet Fp ) {

// update progress
ProgressStatus.progressText!"Find relation not in BCNF...");

// list wvariables

Iterator Rlist, Flist;

// production variables
string Ri, Fi, alpha, beta;
// relation benf or not
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boolean RiBcnf;
// save the current relation schema
TreeSet oldR = new TreeSet( R );

// given R, set of relations
Rlist = R.iterator(}:

// for all Ri in R
while( Rlist.hasNext() ){
// take one Ri
Ri = (String) Rlist.next();

// initialize, Ri is not in BCNF
RiBcnf = false;

// given F+, closure set of F
Flist = Fp.iterator();

// for all Fi in F+
while( Flist.hasNext() ){

// update progress bar
ProgressStatus.progressBar() ;

// take one Fi of the form alpha--beta

Fi = (String) Flist.next();

// take alpha

alpha = Fi.substring(0, Fi.indexOf('-')};

// take beta

beta = Fi.substring(Fi.indexOf('-'}+1, Fi.lengthl());

// if alpha and beta is subset of Ri
if( Closure.subsetOf (Ri,alpha) != -1 &&
Closure.subsetOf (Ri,beta) != -1 )|

// if beta is subset of alpha

if( Closure.subsetOf (alpha, beta) '= -1 ){
// Fi is trivial
RiBcnf = true;

// if alpha is superkey of Ri

else if( superkey(alpha, Ri, F) )|
// alpha is superkey of Ri
RiBenft = true;

}

// Ri is not in BCNF

else|
RiBcnf = false;
// decompose Ri into BCNF
decompose( Ri, F, Fp, oldR );
// if R has changed
if( !oldR.equals( R ) )|
// update new R
R.clear();
R.addAlli oldR )
return Ri;
}
}

]

// if all the relations in R is in BCNF
return null;

// ppeeepoeeest it st et S R L R R S A A RS R LA R Al Rl
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// This function checks if a given set of attribute alpha is the

// superkey of a relation R for a given set of Functional Dependency F
// Reference:

// Silberschatz, Korth, Sudarshan; Database System Concepts,

// 3rd Edition, Section: 6.5.3

public boolean superkey( String alpha, String R, TreeSet F ){

// update progress bar text
ProgressStatus.progressText ("Testing superkey...");

// result is the set of attributes functionally determined by alpha
String result, oldresult;

// list of FDs in F

Iterator Flist;

// FD Fi of the form beta->gama

String Fi, beta, gama;

// initialize result
result = alpha;

// compute all attributes functionally determined by alpha
do|

// save result for later comparison

oldresult = result;

// initialize Flist, list of FDs in F
Flist = F.iterator();

// for all FDs in F
while( Flist.hasNext () ){

// update progress bar
ProgressStatus.progressBar () ;

// take one FD from list, beta->gama

Fi = (String) Flist.next();

// take beta

beta = Fi.substring(0, Fi.indexOf('-')):

// take gama

gama = Fi.substring(Fi.indexOf('-')+1, Fi.length() );

// if beta is subset of result
if ( Closure.subsetOf (result, beta) 1= -1 }{
// result = result union beta
result = closure.stringUnion(result, gama) ;

}

// if result changes, compute again
}while( result.equals( oldresult ) == false );

// if alpha functionally determines all attributes in R
// then alpha is superkey of R
if( Closure.subsetOf (result, R) != -1 }{
// alpha is superkey of R
return true;
lelse|
// alpha is not the superkey of R
return false;

// Paeappaset st e s c e s R R R R R R R R R R R R R R R R AR R R L R LA

// This function decomposes a relation Ri into BCNF for a given

// set functional dependencies F
public void decompose(String Ri, TreeSet F, TreeSet Fp, TreeSet result) {

// update progress bar text
ProgressStatus.progressText ("Decomposing relation...");
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// local working variables
Iterator Flist;

String Fi, alpha, beta;
int size:

// for all Fi in F
Flist = F.iterator(};
while({ Flist.hasNext({) }{

// update progress bar
ProgressStatus.progressBar () ;

// take Fi from F
Fi = (String) Flist.next();

// Fi is non trivial and holds on Ri such thatalpha -> Ri is
// not in F+ and alpha intersection beta is null
if( holdsOn( Ri, Fi, Fp ) ){

// save size

size = result.size();

// remove Ri from the set
result.remove| Ri );
// take alpha of Fi = alpha -» beta

alpha = Fi.substring( 0, Fi.indexOf('-') );
// take beta of Fi = alpha -> beta
beta = Fi.substring( Fi.indexOf('-'}+1, Fi.length() );

// add (alpha, beta)

result.add( closure.stringUnion( alpha, beta ) );
// add (Ri - beta)

result.add( stringSubtraction( Ri, beta ) );

// if the decomposition is successful
if( result.size() != size )|

break;
)

// T T e e R R R R R R R R R R R R R R R R R R R
// This function tests if a functional dependency Fi (alpha-sbeta)
// holds on a relation Ri such that alpha-=Ri is not in F+, and
// (alpha intersection beta) = null
private boolean holdsOn({ String Ri, String Fi, TreeSet Fp 1
String alpha, beta;

// take alpha from Fi = alpha -> beta

alpha = Fi.substring(0, Fi.indexOf('-'));:

// take beta from Fi = alpha -> beta

beta = Fi.substring( Fi.indexOf('-')+1l, Fi.length());

// alpha -> beta is not trivial
if( alpha.indexOf (beta) == -1 )|
// alpha -> Ri is not in F+ and alpha intersection
// beta is null
if( !Fp.contains( alpha + "-" + Ri ) &&
stringIntersection{alpha, beta) == true ){
return true;
Jelse|
return false;

Jelse|

}

return false;

// ppeeeseerrrs a2 2R S R R R S R R R R R R A R R R Al bl il g

// This function checks if intersection between two relation schema
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// alpha and beta is null or not

public static boolean stringlIntersection( String alpha, String beta )|
// get length
int alphalen = alpha.length();

// for all char in alpha
for( int i=0; i < alphalen; i++ ){
// check if the char exists in beta
if( beta.indexOf( alpha.charAtr(i) ) = -1 ){
// alpha intersection beta is not null
return false;

}

// alpha intersection beta is null
return true;

// e e Y L R

// This function computes string subraction (alpha-bets)
public String stringSubtraction{ String alpha, String beta ) {
// start with the alpah
StringBuffer subtraction = new StringBuffer( alpha );
// get length
int len = subtraction.length();
char ch;

// for every char in alpha
for( int i=0; i < len; i++ ){
ch = subtraction.charAt(i);
// if the char exists in beta
if ( beta.indexOf( ch ) != -1 ){
// remove it from alpah
subtraction.deleteCharat (i) ;
I==3
len--;

}

// return the intersection
return subtraction.toString() ;

Figure 11: BCNF decomposition algorithm implementation

/ilttbtlll'l't'ltl'ﬂ.“““lllllt"‘-t‘tl.l’-tttllltlll-tlt...tlltt..llttl.......
File: TNF.java

LastUpdate: November 21, 2001

Usage: Compute Third Normal Form decomposition of Relation Schema

L e e A R e R e A R A A Al RS AR AR ALl R RARARE ARl lRdAllls

package Project.Algorithms;

import java.util.*;

import Project.Algorithms.Closure;
import Project.Algorithms.Canconical;
import Project.ProgressStatus;

//tQttttAttttllla'ttlcltt.tlpnttttttiiltt.twal.-lllOttttltwttttttﬁitt‘tﬂn.t“

// class definition

public class TNF{
// canonical cover algorithm
private Canonical canonical;
// attribute subset list
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private TreeSet attrSubset;
private Object|] attrSet;
private boolean[] attr;

//-u-..cn.tp--tttnnttttnnn-tnnnul--uuuce-...uutotlnouwov-a--.--«--a.coc'o
// constructor
public TNF(){

// instantiate canonical cover algorithm

canonical = new Canonical();

‘f’{ LR R R RN
// This function decomposes a given relation R into 3NF form based on

// a set of functional dependencies

// Reference:

/{ Elmasri, Navathe; Fundamentals of Database System, Section: 14.1.3
public TreeSet compile( TreeSet R, TreeSet F )|

// start progress bar
ProgressStatus.startProgressBar ("Compiling - Please wait");

// local working variables

String Fi, F1, Fr, Pi, Pl, Pr, Ri, Rr;
String Rstr, newRstr, canKey;

Iterator alpha, beta;

// newR holds decompossed relations, final output
TreeSet newR = new TreeSet();

// compute Canonical Cover of the given F
TreeSet Fc¢ = canonical.compile( F };

// for each left hand side of the production that appears in Fc
alpha = Fc.iterator();
while( alpha.hasNext () ){
// take the production
Fi = (String) alpha.next();
// take left side
Fl = Fi.substring(0, Fi.indexOf('-'));
// take right side
Fr = Fi.substring( Fi.indexOf('-')+1, Fi.length());
// union left and right side
Ri = Closure.stringUnion( Fl, Fr );

// for all productions from the list after Fi
beta = Fec.tailSet( Fi ).iterator();
while( beta.hasNext () )|
// take one production
Pi = (String) beta.next();
// take left side
Pl = Pi.substring(0, Pi.indexOf('-'));
// take right side
Pr = Pi.substring( Pi.indexOf('-')+1, Pi.length());

// if the left side of the productions are equal
if( Fl.equals( P1 ) ){
// union right side to the result

Ri = Closure.stringUnion( Ri, Pr };

}

// add the new realtion to list
newR.add( Ri );

}

// place all remaining unplaced attributes in a single relation

// schema
// compute union of all given relation
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alpha = R.iterator();
Rsty = "»;

while( alpha.hasNext() ){
Rr = (String) alpha.next();
Rstr = Closure.stringUnion( Rstr, Rr );

}

// compute union of all decomposed relation
alpha = newR.iterator():
newRstr = "";
while( alpha.hasNext() ) {
Rr = (String) alpha.next();
newRstr = Closure.stringUnion{ newRstr, Rr );

!

// compute string subtration of the given and decomposed
Rr = stringSubtraction( Rstr, newRstr }:

// if the subtration is not null

if( {Rr.equals("") ){
// add the relation to the list
newR.add( Rr );

}

// if none of the schema contains a key of R, create one more

// realtion schema that contains attributes that form a key for R
// compute all possible subsets of the attribute set

TreeSet attrList = Closure.attributes( R );

attrSet = attrList.toArrayl();

attrSubset = new TreeSet():

attr = new boolean| attrSet.length + 1 ]:

Subset ( attrSet.length );

// get a candidate key
cankey = "";
alpha = attrSubset.iterator();
while( alpha.hasNext() ||
Ri = (String) alpha.next();
if ( superkey( Ri, Rstr, Fc ) )|
if( Ri.length() < canKey.length() ){
canKey = Ri;
)

}

// if there exists one candidate key and none of the relation
// contains the candidatea key
if( !canKey.equals("") ){
boolean addnew = true;
alpha = newR.iterator();
while( alpha.hasNext () |{
Ri = (String) alpha.next();
if ( Closure.subsetOf (Ri,canKey) != -1 ){
addnew = false;
}

}
if ( addnew ) {

// add the key to as a new relation
newR.add( canKey );

)

// stop the progress bar
ProgressStatua,stopProgressBart1;

// new relation schema
return newR;
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P R
// This function tests if intersection between two relation is null
public static boolean stringIntersection( String alpha, String beta )|

// get length of alpha

int alphalen = alpha.lengthi);

// for all chars in alpha
for( int i=0; i < alphalen; i++ )|
// test if the char is present in beta
if( beta.indexOf( alpha.charAt(i) ) != -1 ){
// if present then intersection is not null
return false;

}

// intersection is null
return true;

AR A A e e R e e R A A R R Al A A

// This function computes set subraction on two string parameters
public String stringSubtraction( String alpha, String beta ) |

// start with the full string

StringBuffer subtraction = new StringBuffer( alpha ):

// get length

int len = subtraction.length();

char ch;

// for each char in alpha
fort int i=0; i < lem:; i++ ){
// take the char
ch = subtraction.charAt (i) ;
// if it is present in beta
if( beta.indexOf( ch ) != -1 )|
// delete the char from alpha
subtraction.deleteCharat (i) ;
// update loop variables
i-=;
len--;

}

// return subraction
return subtraction.toStringl(};

/} ettt e e R R A A R R R R R A R AR R R AR R i
// This function generates all possible subsets of the attribute list
private void Subset( int n ){
if(n==10){
writeSubset () ;
jelsef
attr| n ] = false; Subset{ n-1 };
attr[ n ] = true; Subset( n-1 );

// -wt:---*oato-aooo.wa---u-ttia-qatlb-nttt'n.-'-t--ooooaoactttu--ntt.no-

// This function writes subset computed by Subset function

private void writeSubset () {
stringBuffer strBuff = new StringBuffer();

try|
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// compute the subset

for( int i=1; i <= attrSet.length; i++ )|
if( attrli] == true }|{
} strBuff.append( attrSet([i-1] );

}

// add the subset to the subset list
if( strBuff.length() > 0 )|
attrSubset.add( strBuff.toString() );

}catch( Exception err )|
System.ocut .println("writeSubset: " + err );
}

// R R
// This function checks if a given set of attribute alpha is the

// superkey of a relation R for a given set of Functional Dependency F
// Reference:

// Silberschatz, Korth, Sudarshan; Database System Concepts,

// 3rd Edition, Section: 6.5.3

public boolean superkey( String alpha, String R, TreeSet F )|

// update progress bar text
ProgressStatus.progressText ("Testing superkey..."):

// result is the set of attributes functionally
// determined by alpha

String result, oldresulrt;

// list of FDs in F

Iterator Flist;

// FD Fi of the form beta-=gama

String Fi, beta, gama;

// initialize result
result = alpha;

// compute all attributes functionally determined by alpha

dof
// save result for later comparison
oldresult = result;
// initialize Flist, list of FDs in F
Flist = F.iterator():
// for all FDs in F
while( Flist.hasNext() ){
// update progress bar
ProgressStatus.progressBar () ;
// take one FD from list, beta-=gama
Fi = (String) Flist.next();
// take beta
beta = Fi.substring(0, Fi.indexOf('-'));
// take gama
gama = Fi.substring(Fi.indexOf('-')+1, Fi.length(} )
// if beta is subset of result
if( result.indexOf (beta) != -1 ){
// result = result union beta
result = Closure.stringUnion(result, gama);
}
}
// if result changes, compute again
|while( result.equals( oldresult ) == false ];
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// if alpha functionally determines all attributes in R

// then alpha is superkey of R

if( Closure.subset (result, R) 1= -1 )|
// alpha is superkey of R
return true;

jelsel
// alpha is not superkey of R
return false;

Figure 12: 3NF decomposition algorithm implementation

P e L L S L R S AL L

File: BasicProject.java
LastUpdate: November 21, 2001
Usage: Provides basic structure of the database design algorithm interface

i't.iiltttt'i‘tt‘--..i.ttq‘-“-ttc.l.-‘..i-..o‘."l.ltl't..lttt..l.l'l.'n"l/

package Project;

import
import
import
import
import

import
import

javax.swing.JFrame;
javax.swing.JMenuBar;
javax.swing.JTextArea;
javax.swing.JOptionPane;
javax.swing.JFileChooser;

java.io.*;
java.util.=;

// S i R e R e R A R R A S A R R AR A R A L

// class definition
public abstract class BasicProject{

// dialog box option button text
private static final String [] labell = { "Yes", "No*

private static final String [] label2 = { "Yes". "No".

// application window
protected static JFrame window;

// application menu bar
protected static JMenuBar menuBar;

// application ocutput window
protected static JTextArea output;

// file chooser dialcg box
private static JFileChooser fc;

protected ProgressStatus ps;

// tracks whether recompilation needed or not
protected boolean recompile;

// tracks whether project is saved or not
protected boolean saveProject;

// file to be saved in
private File file;

b

"Cancel" };

// SRR RNARE AN e A AR AR A AP EN RO R RSN R IR SRS S T RN R R ARt A b NS dd Rttt ANt AR

// constructor, initialization
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public BasicProject ( JFrame mainWindow, JMenuBar mainMenuBar,
JTextArea mainWindowOutput ){

// initialize variables
window = mainWindow;
menuBar = mainMenuBar;
output = mainWindowOutput ;

// initialize built-in file chooser window

fc = new JFileChooser();

// initialize progress bar

ps = new ProgressStatus( window, "Progress Bar" );

// control variables
recompile = true;
saveProject = true;
file = null;

J] ttteacscncvescnessnersnstticas ittt ieNNRTRaRARIRTRIRTRRRRSIREYIRRRUNY

// save current project
public void save() |

// if there is a selected file
if{ file != null ){
try{
// open a new file writer
FileWriter fw = new FileWriter( file ):
// write the output window contents to the file
fw.write( output.getText () );
/! close file
fw.close() ;
// reset control variables
saveProject = false;
}catch(Exception e) |
// only if error occurs during file saving
JoptionPane.showMessageDialog (window,
"Error saving project\n" + e.toString() );
file = null;
}
// return as saving is already done
return;

}

boolean retry = false;

do{
// popup file save dialog box
int opt = fc.showSaveDialog(window);

// if user press ok button
if( opt == fc.APPROVE_OPTION )|

// get the selected file
file = fc.getSelectedFile():

// file already exists
if( file.exists() ){

// popup overwriter permission window

int fopt = JOptionPane.showOptionDialog(window,
"File already exists.\nDo you want to overwrite?",
"Confirm overwrite",
JOptionPane.YES_NO_CANCEL_OPTION,

JOpt ionPane .QUESTION MESSAGE, null, label2,
label2[1]);

// overwrite file
if ( fopt == JOptionPane.YES_OPTION ) {
try(
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FileWriter fw = new FileWriter(file);
fw.write( output.getText() };
fw.close();
saveProject = false;
Jcatch (Exception e) |
JOpt ionPane.showMessageDialog (window,
"Error saving project\n" +
e.toString() };
£ile = null;
}
)
// do not overwrite file
else if | fopt == JOptionPane.NO OPTION ){
// retry
file = null;
retry = true;

jelse|
// cancel save
file = null;
retry = false;
}
}
// save
else|
tryf

FileWriter fw = new FileWriter(file);
fw.write( output.getText () )
fw.closel();
saveProject = false;

Jeatch( Exception e )|
JOpt ionPane . showMessageDialoeg (window,
"Error saving project\n" + e.toString() );
file = null;

}

retry = false;

lelse(

jwhile( retry == true );

‘f/ B L L e e A A R R R R L

// print to printer
public void print(){
// left for later implementation
// System.out.println("Printing...");

// P peeepeereeea st e A R R A R SRR A R N R A A RS A E

// close current project

public void close() (
// check if project needs to be saved
if( saveProject == true ){

// popup save option window

int fopt = JOptionPane.showOptionDialog(window,
"project not saved.\nDo you want to save it now?",
"Save Project", JOptionPane.YES _NO_OPTION,
JoptionPane.QUESTION_MESSAGE, null, labell, labell(0]);

if( fopt == JOptionPane.YES OPTION | {
save () ;
}

}

// remove menu opticons
menuBar .remove (1) ;
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// clear output window
output .setText ("");

‘(/ L O e Y
// converts a TreeSet to string
public static String TreeSetToString( TreeSet set )|

StringBuffer buff = new StringBuffer|();

// if set in not null
if( set != null ){
// loop through the set
Iterator i = set.iterator();
while( i.hasNext() ){
// append every element to the string
buff.append( (String) i.next(} + "\n" );

}

// return the string representation
return buff.toString();

Figure 13: Basic project structure implementation.
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File: AClosure.java

LastUpdate: July 16, 2001

Usage: Provides an user interface to the Closure algorithm

AR A AR A AR AR R L E A R R A R A R R R A AL AR R Ry

package Project;

import
import

import
import

import
import
import
import
import

import
import
import

java.
java.

java.
java.

awt.*;
awt.event.*;

util.TreeSert;
util.Iterator;

javax.swing.JFrame;
javax.swing,JdMenu;
javax.swing.JMenuBar;
javax.swing.JMenultem;
javax.swing.JTextArea;

Project .Algorithms.Closure;
Project .BasicProject;
Project.ProgressStatus;

//'tttllttittttiioiii-ll“--‘l'ittt.lttlllllQt‘ttattt.-‘---.-lllccoiiilltiiut

// class definition
public class AClosure extends BasicProject implements ActionListener|

// input space
private TreeSet £, r;

// output space
private String ap;

// input form wvariable
private InputForm iff, ifr;

// T T Ll I R R R R R L

// constructor
public AClosure (JFrame mainWindow, JMenuBar mainMenuBar,

JTextArea mainWindowOutput ) {

// initialize super class
super (mainWindow, mainMenuBar, mainWindowOutput);

// initialize menu
JMenu menu = new JMenu("Closure of Attribute Sets");
menuBar .add (menu) ;

// add "Input: Alpha - Set of Attibutes" menu item
JMenultem menultem = new

JMenultem("Input: Alpha - Set of Attributes");
menultem.addActionListener (this);
menu.add (menultem) ;

// add "Input: F - Set of Functional Dependencies" menu item

menultem = new
JMenultem("Input: F - Set of Functional Dependencies");

menuItem.addActionListener (this);
menu.add (menultem) ;

// add menu seperator
menu.addSeparator () ;

// add "Compile" menu item

menultem = new JMenultem("Compile");
menultem.addActionListener (this);
menultem.setEnabled(false) ;

menu .add (menultem) ;
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// initialize Relation Schema input windows

ifr = new InputForm( window, "Input: Alpha - Set of Attributes", 2);

// initialize Functional Dependency input windows
iff = new InputForm( window,
"Input: F - Set of Functional Dependencies", 1);

f// initialize input space
f = new TreeSet();
r = new TreeSet|();

// update output window
ocutput() ;

/! R R L e R R e e R ]
// menu event action handler
public void actionPerformed (ActionEvent e) |

// get event source menu item

JMenultem scurce = (JMenultem) (e.getSource());

// get event source menu item text
String action = source.getText();

// perform action based on the selected menu option

if( action.equals("Input: Alpha - Set of Attributes") ){
// relation schema input window
rInputWindow() ;

]

else iff
action.equals("Input: F - Set of Functional Dependencies")
// functional dependency input window
fInputWindow() ;

)

else if( action.equals("Compile") ){
// convert relation to one single string
StringBuffer alpha = new StringBuffer();
Iterator i = r.iterator();
while( i.hasNext () )|

alpha.append( (Character) i.next() );

)

// compute algorithm

ap = compile( alpha.toString(), £ };
// compile not needed

recompile = false;

// not saved

saveProject = true;

// update output window

output () ;

// PO T e e e TR R R R R R R R R R R RS R R R A A NS R A AL AR AR R

// relation schema input form window
private void rInputWindow () {
// variable to keep track whether the input

// has changed since last compile
boolean changed;

// take input from user
changed = ifr.showDialog( window, r ).,

// check if input has changed
if ( changed ||
// recompile needed
recompile = true;
// not saved
saveProject = true;
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// update output window
output () ;

/, R i et e e e e e R A R e R R AR R

// functional dependency input form window

private void fInputWindow() {
// variable to keep track whether the input
// has changed since last compile
boolean changed;

// take input from user
changed = iff.showDialog( window, £ );

// check if input has changed
if( changed ){
// recompile needed
recompile = true;
// not saved
saveProject = true;
// update output window
output () ;

}

// enable/disable compile menu option

if( £.isEmpty () ){
menuBar.getMenu (1) .getItem(3) .setEnabled (false);

Jelsef

)

menuBar.getMenu (1) .getItem(3) .setEnabled(true);

// RN R R R AR R R R R R R ARSI R R A AR R R A R AR R R RN R AR R AN A AR F R R R AR AR R R R R R AR R R R R R

// print to application ocutput window
private void output () {
StringBuffer sb = new StringBuffer();

// print project title
sb.append (" [Project]\n") ;
sb.append("Closure of Attribute Sets\n\n");

// print input R
if( !r.isEmpty() ){
sb.append (" [Input: Alpha - Set of Attributes]\n");
Iterator i = r.iterator();
while( i.hasNext() ){
sh.append( (Character) i.next() + "\n" };

)
sb.append( "\n" );
}

// print input F
if( !f.isEmpty () ) {
sb.append (" [Input: F - Set of " +
"Functional Dependencies]\n");
sb.append( TreeSetToString({ f )} + "\n" );

}

// print output

if( recompile == false )|
sb.append (" [Output: Closure of Attribute Sets]\n");
sb.append( ap + "\n" );

}

// print ot application output window
output .setText ( sb.toString() );




P R R R T R s

// This function finds all attributes functionally determined by a
// given set of attributes and functional dependency

// Reference:

// Silberschatz, Korth, Sudarshan; Database System Concepts,

// 3rd Edition, Section: 6.5.3

private String compile( String alpha. TreeSet F ){

// start progres bar
ProgressStatus.startProgressBar ("Compiling - Please wait");

// result is the set of attributes functionally
// determined by alpha

String result, oldresult;

// list of FDs in F

Iterator Flist;

// FD Fi of the form beta->gama

String Fi, beta, gama;

// initialize result
result = alpha;

// compute all attributes functionally determined by alpha

do{
// save result for later comparison
oldresult = result;
// initialize Flist, list of FDs in F
Flist = F.iterator();
// for all FDs in F
while( Flist.hasNext() ) {
// take one FD from list, beta-sgama
Fi = (String) Flist.next();
// take beta
beta = Fi.substring(0, Fi.indexOf('-'));
// take gama
gama = Fi.substring(Fi.indexOf('-')+1l, Fi.length()
// if beta is subset of result
if ( Closure.subsetOf (result,beta) != -1 ) {
// result = result union beta
result = Closure.stringUnion(result, gama);
}
ProgressStatus.progressBar() ;
}
// if result changes, compute again
Jwhile( result.equals( oldresult ) == false );

// end progress bar
ProgressStatus.stopProgressBar () ;

return result;

)

Figure 14: User interface to the Closure algorithm

/lt't.'ll".l'l'!'-ll'l'*ll.'Ii’.'.‘llk'*'ll*.i"t.'l’.'t“ttlt"t-lltttlttﬁitlll’!i"
File: CCover.java
LastUpdate: July 16, 2001

Usage: Provides an user interface to the canonical cover algorithm
||t-lrti&ﬁitti*iittﬂi0ii‘ﬂillilI'l'lllltt*litttt*ttl..tllvtilllll‘llﬁtl"ktatlﬁ/

package Project;
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import java.awt.®*;
import java.awt.event.*;

import java.util . TreeSet;
import java.util.Iterator;

import javax.swing.JFrame;
import javax.swing.JMenu;
import javax.swing.JMenuBar;
import javax.swing.JMenultem;
import javax.swing.JTextArea;

import Project.Algorithms.Canonical;
import Project.BasicProject;

T R L L L |

// class definition
public class CCover extends BasicProject implements ActionListener|

// input space
private TreeSet f;

// output space
private TreeSet fc;

// input form variable
private InputForm iff;

// algorithm
private Canonical canonical;

// L R T N S e e R s
// constructor, initialization
public CCover (JFrame mainWindow,

JMenuBar mainMenuBar, JTextArea mainWindowOutput ) {

// initialize super class
super (mainWindow, mainMenuBar, mainWindowOutput);

// add "Canonical Cover" project menu to the menu bar
JMenu menu = new JMenu("Canonical Cover") ;
menuBar . add (menu) ;

// add "Input: F - Set of Functional Dependencies" menu item
JMenulItem menultem = new

JMenultem("Input: F - Set of Functional Dependencies");
menultem.addActionListener (this);
menu.add (menultem) ;

menu.addSeparator () ;

// add "Compile" menu item

menultem = new JMenultem("Compile");
menultem.addActionListener (this) ;
menultem.setEnabled (false) ;

menu .add (menultem) ;

// initialize Functional Dependency input windows
iff = new InputForm( window,
"Input: F - Set of Functional Dependencies", 1);

// initialize input space
f = new TreeSet();

// initialize algorithm
canonical = new Canonical();

// update output window
output () ;
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[/ AR ARk AR R R R R AN AN AR AR AR T RN R AR AR AR AR AN R R E RN SRR Sy

// menu event action handler
public void actionPerformed (ActionEvent e) {
// get event source menu item
JMenultem source = (JMenultem) (e.getSource(]):

// get event source menu item text
String action = source.getText();

if( action.equals("Input: F - Set of Functional Dependencies") ) {
// functional dependency input window
fInputWindowl() ;
}
else if( action.equals("Compile") ){
fc = canonical.compile( f );
// compile not needed
recompile = false;
// not saved
saveProject = true;
// update output window
output () ;

// Rl R R e R

// functional dependency input form window

private void fInputWindow() {
// variable to keep track whether the input
// has changed since last compile
boolean changed;

// take input from user
changed = iff.showDialog( window, £ );

// check if input has changed
if ( changed ) {
// recompile needed
recompile = true;
// not saved
saveProject = true;
// update output window
output () ;

}

// enable/disable compile menu option
if ( £.isEmpty() ){

menuBar .getMenu (1) .getItem(2) .setEnabled(false) ;
lelse(

}

menuBar.getMenu(l) .getItem(2) .setEnabled(true);

// T T T It R e e e e e e R S R R R R R R R

// print to application output window
private void output () {
StringBuffer sb = new StringBuffer();

// print project title
sb.append (" [Project]\n") ;
sb.append ("Canonical Cover\n\n");

// print input F

if( !£.isEmpty() ){
sb.append (" [Input: F - Set of Functional Dependencies]\n");
sb.append( TreeSetToString( £ ) + "\n" );
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// print output

if{ recompile == false )|
sb.append (" [Output: Fc - Canonical Cover of F]\n");
sb.append( TreeSetToString( fc ) + "\n" );

}

// print ot application output window
output.setText ( sb.toString() );

Figure 15: User interface to the Canonical Cover algorithm

/Il"l'lOtllt‘lll”iilll.itli.llt..l"llt.lll"tlll‘t.ti.illiltilt.‘llt.i‘ittiiilt
File: DTest.java

LastUpdate: July 16, 2001
Usage: Provides an user interface to the Dependency Preservation Test

e e L

package Project;

import java.awt.*;
import java.awt.event.*;

import java.util.TreeSet;
import java.util.Iterator;

import javax.swing.JFrame;
impeort javax.swing.JMenu;
import javax.swing.JMenuBar;
import javax.swing.JMenultem;
import javax.swing.JTextArea;

import Project.Algorithms.Dependency;
import Project.BasicProject;

// B e e R R R R

// class definition
public class DTest extends BasicProject implements ActionListener|

// input space
private TreeSet £, r;

// output space
private boolean result;

// input form variable
private InputForm iff, ifr;

// algorithm
private Dependency dependency;

// R i R e S R R R

// constructor, initialization
public DTest (JFrame mainWindow,
JMenuBar mainMenuBar, JTextArea mainWindowOutput ) {

super (mainWindow, mainMenuBar, mainWindowOutput);

// add "Dependency Preservation Test" project

// menu to the menu bar

JMenu menu = new JMenu("Dependency Preservation Test");
menuBar . add (menu) ;

// add "Input: R - Relation Schema" menu item

JMenultem menultem = new JMenultem("Input: R - Relation Schema");
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menultem.addActionListener (this);
menu . add (menultem) ;

// add "Input: F - Set of Functional Dependencies" menu item
menultem = new

JMenulItem("Input: F - Set of Functional Dependencies");
menultem.addActionListener (this);
menu .add (menultem) ;

menu.addSeparator () ;

// add "Compile" menu item

menultem = new JMenultem("Compile"};
menultem.addActionListener (this) ;
menultem.setEnabled (false) ;

menu .add (menultem) ;

// initialize Relation Schema input windows
ifr = new InputForm( window, "Input: R - Relation Schema", 3);

// initialize Functional Dependency input windows
iff = new InputForm( window,
“"Input: F - Set of Functional Dependencies", 1);

// initialize input space
f = new TreeSet();
r = new TreeSet();

// initialize algorithm
dependency = new Dependency () ;

// update output window
output () ;

// M E R R R R R R R

// menu event action handler
public void actionPerformed (ActionEvent e) {

// get event source menu item
JMenultem source = (JMenultem) (e.getSource());

// get event source menu item text
String action = source.getText();

// perform action based on the selected menu option
if( action.equals("Input: R - Relation Schema") }{
// relation schema input window
rinputWindow() ;
)
else if(
action.equals("Input: F - Set of Functional Dependencies")
// functional dependency input window
fInputWindow() ;
}
else if( action.eguals("Compile") ){
result = dependency.compile( £, r );
// compile not needed
recompile = false;
// not saved
saveProject = true;
// update output window
output () ;

Iy R R AR R R F AR AR AR R RN R R R R R R R R R AN R AR R AR R R R R R R R RN R R R A AR R bbb

// relation schema input form window
private void rInputWindow() {

// variable to keep track whether the input
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// has changed since last compile
boolean changed;

// take input from user
changed = ifr.showDialog( window, r );

// check if input has changed
if( changed ) {
// recompile needed
recompile = true;
// not saved
saveProject = true;
// update output window
output () ;

/‘f AR R R RS R R R R R R R R R R e e R AR R R R}
// functional dependency input form window
private veoid fInputWindow() {

// variable to keep track whether the input

// has changed since last compile

boolean changed;

// take input from user
changed = iff.showDialog( window, £ );

// check if input has changed
if( changed ) {
// recompile needed
recompile = true;
// not saved
saveProject = true;
// update output window
output () ;

}

// enable/disable compile menu option
if( f.isEmpty() ){

menuBar.getMenu(l) .getItem(3).setEnabled(false) ;
jelse(

}

menuBar.getMenu(l) .getItem(3) .setEnabled(true) ;

// e AR RS R R s R A R R R R R e R R R R

// print to application output window
private void output () {
StringBuffer sb = new StringBuffer();

// print project title
sb.append (" [Project]\n") ;
sb.append ("Dependency Preservation Test\n\n");

// print input R

if( !r.isEmpty() ){
sb.append (" [Input: R - Relation Schema]\n");
sb.append( TreeSetToString( r ) + "\n" };

}

// print input F

if( !£.isEmpty() ){
sb.append (" [Input: F - Set of Functional Dependencies]\n"):;
sb.append( TreeSetToString( £ ) + "\n" };

}

// print output
if{ recompile == false )|
sb.append (" [F+ Closure of F]l\n");
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sb.append( dependency.getFPlus() + "\n" );

sb.append (" [F' Functional Dependencies on schema R]\n");
sb.append( dependency.getFPrime() + "\n" });

sb.append (" [F'+ Closure of F']\n");
sb.append( dependency.getFPrimePlus() + "\n" );

sb.append (" [Output: Dependency Preservation Test]\n");
sb.append( dependency.getResult() + "\n" };

}

// print ot application ocutput window
output.setText ( sb.toString() );

Figure 16: User interface to the Dependency Preservation Test

/l'ﬁll"-ll'll.-’I.--'.-II..I.--"“"‘..tt-.“.*“'ll“"*.“..l.l.'."...l.
File: FDClosure.java

LastUpdate: July 16, 2001
Usage: Provides an user interface to the Closure algorithm

LS AR R A Rl e A R A A R A R AR A AR AT

package Project;

import java.awt.*;
import java.awt.event.*;

import java.util.TreeSet;
import java.util.Iterator;

import javax.swing.JFrame;
import javax.swing.JMenu;
import javax.swing.JMenuBar;
import javax.swing.JMenultem;
import javax.swing.JTextArea;

import Project.Algorithms.Closure;
import Project.BasicProject;

/, L e e e R A R R R R e R R

// class definition
public class FDClosure extends BasicProject implements ActionListener|

// input space
private TreeSet £, r;

// output space
private TreeSet fp;

// input form variable
private InputForm iff, ifr;

// algorithm
private Closure closure;

// R R R R R e e R e R

// constructor, initialization
public FDClosure (JFrame mainWindow,
JMenuBar mainMenuBar, JTextArea mainWindowOutput ) {

// initialize constructor
super (mainWindow, mainMenuBar, mainWindowQutput);

// add "Closure of a Set of Functional Dependencies" project
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// menu to the menu bar
JMenu menu = new

JMenu ("Closure of a Set of Functional Dependencies");
menuBar.add (menu) ;

// add "Input: R - Relation Schema" menu item

JMenuItem menultem = new JMenultem("Input: R - Relation Schema");
menultem.addActionListener (this) ;

menu .add (menultem) ;

// add "Input: F - Set of Functional Dependencies" menu item
menultem = new

JMenultem("Input: F - Set of Functional Dependencies");
menultem.addActionListener (this);
menu.add (menultem) ;

menu .addSeparator () ;

// add "Compile" menu item

menultem = new JMenultem("Compile") ;
menultem.addActionListener (this);
menultem.setEnabled(false);
menu.add (menultem) ;

// initialize Relation Schema input windows
ifr = new InputForm( window, "Input: R - Relation Schema", 3);

// initialize Functional Dependency input windows
iff = new InputForm( window,
"Input: F - Set of Functional Dependencies", 1);

// initialize input space
f = new TreeSet();
r = new TreeSet();

// initialize algorithm
closure = new Closure();

// update output window
ocutput () ;

// i.'-‘l'I'It'*‘i*iiit’il"tﬂ“l‘it*‘iittiﬂll‘l‘tlltt'tt.ﬁiit'lt.tll‘*ilﬁi.‘.i.
// menu event action handler
public void actionPerformed(ActionEvent e) |

// get event source menu item

JMenultem source = (JMenultem) (e.getSource());

// get event source menu item text
String action = source.getText();

// perform action based on the selected menu option

if( action.equals("Input: R - Relation Schema") }{
// relation schema input window
rInputWindow() ;

else if(
action.equals("Input: F - Set of Functional Dependencies")
// functional dependency input window
fInputWindow() ;

else if( action.equals("Compile"”) )|
fp = closure.compile( £, r );
// compile not needed
recompile = false;
// not saved
saveProject = true;
// update ocutput window
output () ;
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// relation schema input form window

private void rInputWindow() {
// wariable to keep track whether the input
// has changed since last compile
boolean changed;

// take input from user
changed = ifr.showDialog( window, r );

// check if input has changed
if{ changed ) {
// recompile needed
recompile = true;
// not saved
saveProject = true;
// update output window
output () ;

!/ Ittt e e e e n R R E e R R R R R R A R A R R R R R AR AR R A AR AR

// funcrional dependency input form window

private void fInputWindow() {
// variable to keep track whether the input
// has changed since last compile
boolean changed;

// take input from user
changed = iff.showDialog( window, £ };

// check if input has changed
if( changed ) (
// recompile needed
recompile = true;
// not saved
saveProject = true;
// update output window
output () ;

}

// enable/disable compile menu option

if( £.isEmpty() ) {
menuBar.getMenu (1) .getItem(3) .setEnabled(false) ;

jelse(

}

menuBar.getMenu (1) .getItem(3) .setEnabled(true) ;

// sttt s e e R R R R R R R R R R R R

// print to application output window
private void output () {
StringBuffer sb = new StringBuffer();

// print project title
sb.append (" [Project]\n") ;
sb.append ("Closure of a Set of Functional Dependencies\n\n");

// print input R

if( tr.isEmpty() ){
sb.append (" [Input: R - Relation Schema]\n");
sb.append( TreeSetToString( r ) + "\n" };

}

// print input F
if( tf£.isEmpty() ){
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sb.append (" [Input: F - Set of Functional Dependencies]\n");
sb.append( TreeSetToString( £ )} + "\n" );

}

// print output
if( recompile == false ){
sb.append (" [Attribute List]\n");
sb.append( closure.getAttributes() + "\n" };

sb.append (" [Attribute Subset]\n");
sb.append( closure.getAttributeSubset() + "\n" );

sb.append (" [Qutput: Reflexivity]\n");
sb.append( closure.getReflexivity() + "\n" );

sb.append (" [Output: Augmentation]\n");
sb.append( closure.getAugmentation() + "\n" }:

sb.append (" [Qutput: Transitivity]\n");
sb.append( closure.getTransitivity() + "\n" };

sb.append (" [Output: Closure Set of Functional Dependencies]\n");

sb.append( TreeSetToString( fp ) + "\n" );

}

// print ot application output window
output .setText ( sb.toString() );

Figure 17: User interface to the Closer of Functional Dependency algorithm

/l’*'..'*‘.l.."'*‘*"*"*.**‘*‘*t*‘.'iﬁ‘*‘"*"*‘*'.““*.“iﬁii..‘..l“‘ﬂ.ﬂ.i
File: BCNFDcom.java

LastUpdate: July 16, 2001

Usage: Provides an user interface to the BCNF decomposition algorithm

AR R R R R R R R A R A A A AR AR AR AR A ARl

package Project;

import java.awt.*;
import java.awt.event.*;

import java.util.TreeSet;
import java.util.Iterator;

import javax.swing.JFrame;
import javax.swing.JMenu;
import javax.swing.JMenuBar;
import javax.swing.JMenultem;
import javax,swing.JTextArea;

import Project.Algorithms.BCNF;
import Project.BasicProject;

// L e e e R e S S R R R R R R R R R R R

// class definition
public class BCNFDcom extends BasicProject implements ActionListener|

// input space
private TreeSet £, r;

// output space
private TreeSet fp;

// input form variable
private InputForm iff, ifr;
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// algorithm
private BCNF benf;

A R R R R R R ey

// constructor, initialization
public BCNFDcom(JFrame mainWindow,
JMenuBar mainMenuBar, JTextArea mainWindowOutput ) |

// initialize constructor
super (mainWindow, mainMenuBar, mainWindowOutput) :

// menu to the menu bar
JMenu menu = new JMenu("BCNF Decomposition");
menuBar.add (menu) ;

// add "Input: R - Relation Schema" menu item

JMenultem menultem = new JMenultem("Input: R - Relation Schema") ;
menultem.addActionListener (this);

menu . add (menultem) ;

// add "Input: F - Set of Functional Dependencies" menu item
menultem = new

JMenultem("Input: F - Set of Functional Dependencies");
menultem.addActionListener (this) ;
menu.add (menultem) ;

menu .addSeparator () ;

// add "Compile" menu item

menultem = new JMenultem("Compile");
menultem.addActionListener (this) ;
menultem.setEnabled (false) ;

menu.add (menultem) ;

// initialize Relation Schema input windows
ifr = new InputForm( window, "Input: R - Relation Schema", 3);

// initialize Functional Dependency input windows
iff = new InputForm({ window,
"Input: F - Set of Functional Dependencies", 1);

// initialize input space
f = new TreeSet();
r = new TreeSet();

// initialize algorithm
benf = new BCNF();

// update output window
output () ;

f/ R

// menu event action handler
public void actionPerformed(ActionEvent e) |{
// get event source menu item
JMenultem source = (JMenultem) (e.getSource());

// get event source menu item text
String action = source.getText();

// perform action based on the selected menu option

if( action.equals("Input: R - Relation Schema") ){
// relation schema input window
rInputWindow() ;

else if(
action.equals("Input: F - Set of Functional Dependencies") ){
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// functional dependency input window
fInputWindow() ;

}

else if{ action.eguals("Compile") ){
fp = benf.compile( r, £ );
// compile not needed
recompile = false;
// not saved
saveProject = true;
// update output window
output () ;

// L R R

// relation schema input form window

private void rInputWindow() {
// variable to keep track whether the input
// has changed since last compile
boolean changed;

// take input from user
changed = ifr.showDialog( window, r );

// check if input has changed
if( changed )|
// recompile needed
recompile = true;
// not saved
saveProject = true;
// update output window
output () ;

i R e R R R R R

// functional dependency input form window

private void fInputWindow() {
// variable to keep track whether the input
// has changed since last compile
boolean changed;

// take input from user
changed = iff.showDialog( window, f );

// check if input has changed
if ( changed ) {
// recompile needed
recompile = true;
// not saved
saveProject = true;
// update output window
output () ;

}

// enable/disable compile menu option

if( £.isEmpty() ){
menuBar .getMenu (1) .getItem(3) .setEnabled(false);

lelse(

)

menuBar.getMenu(1l) .getItem(3) .setEnabled(true);

// ll’l’i‘tliﬁitt’.llll'l.iIiil‘t'ﬂ'ttlt!‘t.ll’tt#!nv-liltll"iltl“it’..iiii.t
// print to application output window

private void output (]}
StringBuffer sb = new StringBuffer();
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// print project title
sb.append (" [Project]\n") ;
sb.append ("BCNF Decomposition\n\n") ;

// print input R

if( !tr.isEmpty() ){
sb.append (" [Input: R - Relation Schema]\n");
sb.append( TreeSetToString( r )} + "\n" );

}

// print input F

if( 1£.isEmpty () ) {
sb.append (" [Input: F - Set of Functional Dependencies]\n");
sb.append( TreeSetToString{ £ ) + "\n" );

}

// print output

if( recompile == false )|
sb.append (" [Output : BCNF Decomposition of R]\n");
sb.append( TreeSetToString( fp ) + "\n" );

}

// print ot application cutput window
output .setText ( sb.toString() ).

Figure 18: User interface to the BCNF decomposition algorithm

/twtttntt&tttq-twtttn-'--atitalttta-ttau-gnnl-n-ttnl-lttt--tt-tt--ttttt-tnnt-

File: AutoDesign.java

LastUpdate: November 21, 2001

Usage: Provides an user interface to the automated database design algorithm
ﬁI.‘."ﬁ"“"t‘.l.'!...‘.-...,."‘-I"."'.'.‘..“'....'..‘*l‘.."'.*.‘..il/

package Project;

import java.awt.*;
import java.awt.event.*;

import java.util.TreeSet;
import java.util.Iterator;

import javax.swing.JFrame;
import javax.swing.JMenu;
import javax.swing.JMenuBar;
import javax.swing.JMenultem;
import javax.swing.JTextArea;

import Project.Algorithms.BCNF;
import Project.Algorithms.TNF;

import Project.Algorithms.Dependency;
import Project.BasicProject;

// R el R e R e e e e e s e R R R RS R R

// class definition
public class AutoDesign extends BasicProject implements ActionListener(

// input space
private TreeSet £, r;

// output space
private TreeSet rb, rt;
private boolean dp;

// input form variable
private InputForm iff, ifr;
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// algorithm

private BCNF benf;
private TNF tnf;

private Dependency dtest;

‘f/ R E R L s e e e e s R R R R R R R R R R R R R R R R
// constructor, initialization

public AutoDesign(JFrame mainWindow,
JMenuBar mainMenuBar, JTextArea mainWindowOutput ) {

// initialize constructor
super (mainWindow, mainMenuBar, mainWindowOutput) ;

// menu to the menu bar
JMenu menu = new JMenu("Automated Design");
menuBar .add (menu) ;

// add "Input: R - Relation Schema" menu item

JMenultem menultem = new JMenultem("Input: R - Relation Schema");
menultem.addActionListener (this) ;

menu .add (menultem) ;

// add "Input: F - Set of Functional Dependencies" menu item
menultem = new

JMenultem("Input: F - Set of Functional Dependencies");
menultem.addActionListener (this) ;
menu.add (menultem) ;

menu . addSeparator () ;

// add "Compile" menu item

menultem = new JMenultem("Compile");
menultem.addActionListener (this);
menultem.setEnabled(false) ;
menu.add (menultem) ;

// initialize Relation Schema input windows
ifr = new InputForm{ window, "Input: R - Relation Schema", 3);

// initialize Functional Dependency input windows
iff = new InputForm( window,
"Input: F - Set of Functional Dependencies", 1);

// initialize input space
f = new TreeSet();
r = new TreeSet();

// initialize algorithm
benf = new BCNF() ;

tnf = new TNF();

dtest = new Dependency();

// update output window
output () ;

/‘/ et st e e e R R R R A R R AR S R A A R R A A A A AL E A AR A

// menu event action handler
public void actionPerformed(ActionEvent e) |
// get event source menu item
JMenultem source = (JMenultem) (e.getSource());

// get event source menu item text
String action = source.getText();

// perform action based on the selected menu option
if( action.equals("Input: R - Relation Schema") ){
// relation schema input window
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// AR A S R R R R R R R S SR s R R AR R R R R S R R R R R R R R R R R
// print to application output window
private void output () {

StringBuffer sb = new StringBuffer|();

// print project title
sb.append (" [Project] \n") ;
sb.append ("Automated Design\n\n");

// print input R

if( tr.isEmpty() ){
sb.append (" [Input: R - Relation Schema]\n");
sb.append( TreeSetToString( r } + "\n" );

J

// print input F

if( !f.isEmpty() ){
sb.append (" [Input: F - Set of Functional Dependencies]\n"):
sb.append( TreeSetToString( £ ) + "\n" );

}

// print output
if( recompile == false ){
if( dp ){
sb.append (" [Qutput: BCNF Decomposition of R]\n");
sb.append( TreeSetToString( rb ) + "\n" );
lelse(
sb.append (" [Output: 3NF Decomposition of R]\n"});
sb.append( TreeSetToString( rt ) + "\n" );

}

// print ot application output window
output.setText ( sb.toString() );

Figure 19: User interface to the semi-automated design decision algorithm

R A R A N AR R R R R RS RN AR R AR AR R RN R R RN AR IR SRS A RSN SRR,

File:

InputForm. java

LastUpdate: July 16, 2001

Usage:

Provides a generic user interface for user input

R e e s e A e R R e e R R A Ll A

package Project;

import
import

import
import
import
import
import
import
import
import

import

java.awtc.*;
java.awt.event.*;

javax.swing.JDialog;
javax.swing.JList;
javax.swing.ListSelectionModel;
javax.swing.JScrollPane;
javax.swing.JTextField;
javax.swing.JButton;
javax.swing.JPanel;
javax.swing.JOptionPane;

java.util.*;
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R X T T

// class definition
public class InputForm extends JDialog |{

// initial list and the current list that user uses to modify
private TreeSet currentlist, initiallist;

// input form type

private int formtype;

// input data list

private JList list;

// parent frame

private Frame frame;

// input data has changed since load

private boolean changed;

// R e R R R R s s T ™

// constructor, initialization

public InputForm(Frame frame, String title, int type) |{
// initialize super class
super (frame, title, true);

// initialize form type type
formtype = type:

// initialize current list
currentlist = new TreeSet|();

// user input text field
final JTextField textField = new JTextField(30);

// add button
final JButton addButton = new JButton("Add");
// add button event handler
addButton.addActionListener (new ActionListener() |
public void actionPerformed(ActionEvent e) |
String item = textField.getText();
if( item != null && item.length() > 0 && addCheck(item) ) {
if( formtype == 1 ){
String 1f = item.substring(0, item.indexOf('-'));
String rt = item.substring( item.indexOf({'-')+1,
item.length()) ;
currentlist.add( inOrder(1f) + "-" + inOrder(rt) );
Jelse if( formtype == 2 )|
currentlist.add( new Character(item.charAt(0)) );
jelse if( formtype == 3 )|
currentlist.add( inOrder(item) );
)

list.setListData(currentlist.toArray()};
list.setSelectedValue(item, true);

1

J// add text field event handler
textField.addActionListener (new ActionListener() |
public void actionPerformed(ActionEvent e) |
addButton.doClick() ;
}

12N

// remove button
final JButton removeButton = new JButton("Remove") ;
// add remove button event handler
removeButton.addActionListener (new ActionListener() |
public void actionPerformed(ActionEvent e) {
if( formtype == 1 || formtype == 3){
String item = (String) list.getSelectedValue();
currentlist.remove( item ) ;
list.setListData(currentlist.toArray());
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}else if( formtype == 2 ){

Character item = (Character) list.getSelectedValue();
currentlist.remove( item ) ;
list.setListData{currentlist.tolArray());

1)

// ok button
JButton okButton = new JButton("Ok");
// add ok button event handler
ckButton.addActionListener (new ActionListener() |
public void actionPerformed (ActionEvent e) {
if( currentlist.equals( initiallist ) )|
changed = false;
lelse{
initiallist.clear();
initiallist.addAll (currentlist);
currentlist.clear();
changed = true;
)

setVisible(false) ;

1

// cancel button
JButton cancelButton = new JButton("Cancel");
// add cancel button event handler
cancelButton.addActionListener (new ActionListener() |
public void actionPerformed (ActionEvent e) {
currentlist.clear();
changed = false;
setVisible(false) ;

i

// set default button for the window
getRootPane () .setDefaultButton( cancelButton );

// initialize list window
list = new JList();
list.setSelectionMode (ListSelectionModel .SINGLE_INTERVAL_SELECTION) ;
// set double click event handler
list.addMouseListener (new MouseAdapter() {
public void mouseClicked (MouseEvent e) |
if (e.getClickCount() == 2) |
removeButton.doClick() ;
}

1

// add scroll bar to the list
JScrollPane listScroller = new JScrollPane(list);
listScroller.setAlignmentX (LEFT_ALIGNMENT) ;

//Create a container

JPanel topPane = new JPanel();
topPane.add (textField) ;
topPane .add (addButton) ;
topPane.add (removeButton) ;

// set bottom panel

JPanel bottomPane = new JPanel();
bottomPane . add (okButton) ;
bottomPane.add (cancelButton) ;

//Put everything together, using the content pane's BorderLayout.
Container contentPane = getContentPane();

contentPane.add (topPane, BorderLayout.NORTH) ;
contentPane.add(listScroller, BorderLayout.CENTER);
contentPane.add (bottomPane, BorderLayout.SOUTH) ;
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//

R

Show the initialized dialog. The first argument should
be null if you want the dialog to come up in the center
of the screen. Otherwise, the argument should be the
component on top of which the dialeg should appear.

public boolean showDialog(Component comp, TreeSet listdata) |

i

// save the initial list
initiallist = listdata;

// temporary space
currentlist.addAall (listdata) ;

list.setListData( currentlist.toArray() );
setLocationRelativeTo (comp) ;
setVisible(true);

return changed;

R L R L R R R

// input data check before adding to the list
private boolean addCheck(String data) {

{(F1, F2, F3} input form

if ( formtype == 1 ){

// production seperator char '-' check

if( data.indexOf('-') == -1 ){
JOptionPane.showMessageDialog (frame,

"Functional dependency must contain one seperating character.\n"+
"Example: A-BC",

"Functional dependency input error",

JOptionPane. ERROR_MESSAGE) ;

return false;

// length of the left side of the production

else if( data.substring(0, data.indexOf('-')).length() == 0 )|{
JOptionPane.showMessageDialog(frame,
"Not a valid functional dependency.",
"Functional dependency input error",
JOptionPane.ERROR_MESSAGE) ;
return false;

// length of the right side of the production
else if{ data.substring(data.indexOf('-')+1,
data.length()).length() == 0 ){

JOptionPane.showMessageDialog (frame,
"Not a valid functional dependency.",
"Functional dependency input error"
JOptionPane.ERROR_MESSAGE) ;
return false;

else if( !validCharCheck(data) )|
JOptionPane.showMessageDialog(frame,
"Functional dependency must be composed of:\n" +
"letters, digits and one seperating character.",
"Functional dependency input error"
JOpt ionPane . ERROR_MESSAGE) ;
return false;

}

return true;

{r1, R2, R3} input form

else if( formtype == 2 ){

if( data.length{) > 1 ){
JOptionPane.showMessageDialog (frame,
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"You must enter one attribute at a time.",
"Relation Schema input error"
JOptionPane.ERROR_MESSAGE) ;
return false;
}
// production seperator char '-' check
else if( data.indexOf('-') != -1 ){
JOptionPane.showMessageDialog (frame,
"Relation must not contain '-'.",
"Relation Schema input error",
JOptionPane.ERROR_MESSAGE) ;
return false;
}
else if( !Character.isletterOrDigit (data.charAt(0)) ){
JOptionPane.showMessageDialog (frame,
"Relation must be a letter or digit.",
"Relation Schema input error",
JoptionPane.ERROR_MESSAGE) ;
return false;

}

return true;

// D = {Dp1, D2, D3}
else if ( formtype == 3 ){
// wvalid char check
if( ivalidCharCheck (data) )|
JoptionPane.showMessageDialog(frame,
"Relation schema must be composed of letters and digits .",
"Relation schema input error",
JOptionPane . ERROR_MESSAGE) ;
return false;

}

return true;

}
// default: no check

else|

}

return true;

// e T il e e e e R A R A R R R AR R
// valid char check of the input string
private boolean validCharCheck( String data ) {

int count = 0;

if( formtype == 1 )|

for( int i=0; i < data.length(); i++ )|
// accept only one seperating character
if( data.charAt (i) == '-' ){
if{ count == 0 ){
count++;
lelse(

return false;

}
}

// accept only letter or digit
else if( !Character.isLetterOrDigit( data.charAt(i) ) ){

return false;

}
}

)
else if( formtype == 3 )|
for( int i=0; i < data.length(); i++ )|

// accept only letters or digits
if( !Character.isLetterOrDigit( data.charAt (i)

return false;

I |

}

84




return true;

s

// L T T T

// sort a given string in ascending order
private String inOrder( String str ){
StringBuffer buff = new StringBuffer();
int strLen, bufflen;
char ch;

// get string length
strlen = str.length();
// for all char in the string
for( int i=0; i < strLen; i++ )|
// take one char
ch = str.charAt(i);
// get buffer length
buffLen = buff.length():
// find a place for the char in buffer
int j=0;
while( j < bufflLen && buff.charAt(j) < ch)|{

J+:

// add the char in right place
buff.insert(j, ch);

}

// return the sorted string
return buff.toString();

Figure 20: User interface for generic input form

/ttitil‘ttltt‘l‘l‘"*‘ulll‘*'ll‘t't‘tllt"ttt*l"tl"tllil‘*.“tl*'ill.lltt.."‘tl‘ﬁ‘*'
File: ProgressStatus.java

LastUpdate: July 16, 2001

Usage: Provides an user interface to the project progress status

LER R R A R R A A A AR AR A R A AR AR AR A LA AR A AR LR ERAAAY

package Project;

import java.awt.Dimension;
import java.awt.Rectangle;

import javax.swing.JFrame;
import javax.swing.JdDialog;
import javax.swing.JPanel;
import javax.swing.JProgressBar;
import javax.swing.JLabel;

public class ProgressStatus|
private static JDialog pdialeg;
private static JPanel ppanel;
private static JLabel ptext;
private static JProgressBar pbar;
private static int plevel;

public ProgressStatus( JFrame parent, String title }{
pdialog = new JDialog( parent, title, false );

ppanel = new JPanel();
ppanel.setPreferredSize( new Dimension( 310, 80 ) );
pdialog.getContentPane () .add( ppanel });

ptext = new JLabel ("Starting...");
ptext.setPreferredSize( new Dimension( 300, 24 ) );

85




ppanel.add( ptext );

pbar = new JProgressBar () ;

pbar.setPreferredSize( new Dimension( 300, 20 ) );
pbar.setMinimum( 0 );

pbar.setMaximum( 20 );

pbar.setValue( 0 );

pbar.setBounds( 20, 35, 260, 20 );

ppanel.add( pbar );

pdialog.pack();
pdialog.setLocationRelativeTo (parent) ;

public static void startProgressBar( String title ) {
if({ pdialog != null && !pdialog.isVisiblel() )|
pdialog.setTitle( title );
pdialog.setVisible( true );

public static void progressBar ()|
if( pdialog != null && pdialog.isVisible() )|
if( plevel = 19 ){
plevel = 0;
Jelse{

}

pbar.setValue( plevel );

Rectangle progressRect = pbar.getBounds();
progressRect.x = 0;

progressRect .y = 0;

pbar.paintImmediately( progressRect );

plevel++;

public static void progressText (String str){
if ( pdialog != null && pdialog.isVisible() }{
ptext.setText( str );
Rectangle labelRect = ptext.getBounds();
labelRect.x = 0;
labelRect.y = 0;
ptext.paintImmediately( labelRect );

public static void stopProgressBar() |
if ( pdialog != null && pdialog.isVisible() ) {
pdialog.setVisible (false);
}

Figure 21: User interface for project progress status
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/"Qtll‘ll'ilitttiiitl.“tt"‘ttt-.’t-Ittllitttt“ttlttt'.-cttoﬂliillnccninn.

File: SelectProject.java
LastUpdate: July 16, 2001
Usage: Provides an user interface to select from different type of project

tti-tt-‘Qt‘-t"wtttt-lltttIllt‘l.-t-.tttttﬁnttttitt-tllllio-n-tton-tco“lln*/

package Project;

import java.awt.*;
import java.awt.event.*;

import javax.swing.JDialeg;
import javax.swing.JButton;
import javax.swing.JPanel;
import javax.swing.JComboBox;
import javax.swing.JLabel;

// E R T

// class definition
public class SelectProject extends JDialog |

// define different type of project

public static fipnal int FD_CLOSURE = 111;

public static final int A CLOSURE = 222;

public static final int CANONICAL COVER = 333;
public static final int DEPENDENCY TEST = 444;
public static final int BCNF_DECOMPOSITION = 555;
public static final int TN DECOMPOSITION = 666;
public static final int AUTO_DESIGN = 777;

private static final Stringl] projects = {
"3NF Decomposition",
"Automated Design",
"BCNF Decomposition",
"Canonical Cover",
"Closure of Attribute Sets",
"Closure of a Set of Functional Dependencies",
"Dependency Preservation Test",

}i

private int projectType;

J/ AR kR R R A R R R AR R R R SRR R AR R AR C ARG AR ARG A SIS R RN RS AN R RGeS

// constructer
public SelectProject (Frame frame, String title) {
super (frame, title, true);

// project type selection combo box

final JComboBox projectList = new JComboBox(projects);

// label

final JLabel label = new JLabel ("Project Type:");

// ok button

JButton cokButton = new JButton("Ok");

// ok button event handler

okButton.addActionListener (new ActionListener() |
public void actionPerformed (ActionEvent e) |

projectType = getProjectType( (String) projectList.

getSelectedItem() )
setVisible (false);

1

// cancel button

JButton cancelButton = new JButton("Cancel");

// cancel button event handler

cancelButton.addActionlListener (new ActionListener() {
public void actionPerformed (ActionEvent e) {
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projectType = 0;
setVisible (false) ;

h:

// set defatult button for the window
getRootPane () .setDefaultButton( cancelButton );

// arrange components

JPanel topPanel = new JPanel();
topPanel.setPreferredSize( new Dimension( 380, 50 ) );
topPanel.add (label) ;

topPanel.add (projectList) ;

// arrange components

JPanel bottomPanel = new JPanel();
bottomPanel . add (okButton) ;
bottomPanel .add (cancelButton) ;

JPanel panel = new JPanell();
panel.setPreferredSize( new Dimension( 400, 100 ) ):
panel .add (topPanel, BorderLayout.CENTER) ;

panel.add (bottomPanel, BorderLayout.SOUTH) ;

//Put everything together, using the content pane's BorderLayout.
Container contentPanel = getContentPane();
contentPanel .add( panel };

pack();

1/ il i R R R R R ]

// popup the dialog window
public int showDialog(Component comp} |

projectType = 0;
setLocationRelativeTo(comp) ;
setVisible(true) ;

return projectType;

// tti‘ittttiilltltl-‘ttiilitiitt‘tilllllllllltt‘ttl.dlllIIt.t..tt.ttiood
// return the project type selected by the user
private int getProjectType( String projectName ) {
if( projectName.equals("") )|
return 0;
}

else if( projectName.equals("3NF Decomposition") )|
return TN_DECOMPOSITION;
}

else if( projectName.eguals("Automated Design") )
return AUTO_DESIGN;
}

else if ( projectName.equals("BCNF Decomposition") ){
return BCNF_DECOMPOSITION;
}

else if( projectName.equals("Canonical Cover") ){
return CANONICAL_COVER;
}

else if( projectName.equals("Closure of Attribute Sets") )
return A_CLOSURE;
}

else if( projectName.
equals("Closure of a Set of Functional Dependencies”) ) {

return FD_CLOSURE;

else if ( projectName.equals ("Dependency Preservation Test") )
return DEPENDENCY TEST;
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return 0;

Figure 22: User interface to select a project type

!ttlﬁtllt"ttt*"tﬂiﬁ**tii‘ﬁil.tllt.ttliti‘tlll-tilltll.‘..tlltltllll.lll.l‘-
File: TNFDcom.java
LastUpdate: July 16, 2001

Usage: Provides an user interface to the Third Normal Form algorithm
‘fﬁ‘.-ﬁ‘l"Il.""'!I..,"*'.lt‘..t‘t".t"“‘..“‘.'*’.I.t"...ﬂttﬂ..-l..ﬂQ/

package Project;

import java.awt.*;
import java.awt.event.*;

import java.util.TreeSet;
import java.util.Iterator;

import javax.swing.JFrame;
import javax.swing.JMenu;
import javax.swing.JMenuBar;
import javax.swing.JMenultem;
import javax.swing.JTextArea;

import Project.Algorithms.TNF;
import Project.BasicProject;

// L e R R R R ]

// class definition
public class TNFDcom extends BasicProject implements ActionListener(

// input space
private TreeSet £, r;

// output space
private TreeSet fp:

// input form variable
private InputForm iff, ifr;

// algorithm
private TNF tnf;

J/ HER R AR AR R R AR A AR RN SRR S R A R R A RS RSN AR AR R AR R AL AR AR E RS SRR

// constructor, initialization
public TNFDcom(JFrame mainWindow,
JMenuBar mainMenuBar, JTextArea mainWindowOutput ) ({

super (mainWindow, mainMenuBar, mainWindowOutput);

// menu to the menu bar
JMenu menu = new JMenu("3NF Decomposition");
menuBar .add (menu) ;

// add "Input: R - Relation Schema" menu item

JMenuIltem menultem = new JMenultem("Input: R - Relation Schema");
menultem.addActionListener (this);

menu.add (menultem) ;

// add "Input: F - Set of Functional Dependencies" menu item

menultem = new
JMenultem("Input: F - Set of Functional Dependencies");
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menultem.addActionListener (this);
menu.add (menultem) ;

menu.addSeparator() ;

// add "Compile" menu item

menultem = new JMenultem("Compile") ;
menultem.addActionListener(this);
menultem.setEnabled (false) ;

menu . add (menultem) ;

// initialize Relation Schema input windows
ifr = new InputForm( window, "Input: R - Relation Schema", 3);

// initialize Functional Dependency input windows
iff = new InputForm( window,
"Input: F - Set of Functional Dependencies", 1);

J// initialize input space
f = new TreeSet|();
r = new TreeSet|();

// initialize algorithm
tnf = new TNF({();

// update output window
output () ;

}

/I "SR R s s s e e e e e e E R R R R R R R R R R R R R R R R R R R A R R R
// menu event action handler
public void actionPerformed(ActionEvent e) |

// get event source menu item

JMenultem source = (JMenultem) (e.getSourcel());

// get event source menu item Ctext
String action = source.getText (};

// perform action based on the selected menu option
if { action.equals("Input: R - Relation Schema") ) {
// relation schema input window
rInputWindow ()
}
else if(
action.equals("Input: F - Set of Functional Dependencies")
// functional dependency input window
fInputWindow() ;
}
else if( action.eguals("Compile") )|
fp = tnf.compile( r, £ );
// compile not needed
recompile = false;
// not saved
saveProject = true;
// update output window
output () ;

}

//‘ e T it ey e N R R A R R A A AR R A A AR R AR R
// relation schema input form window
private void rInputWindow() {

// wariable to keep track whether the input

// has changed since last compile

boolean changed;

// take input from user
changed = ifr.showDialog( window, r );

// check if input has changed
if ( changed )|




// recompile needed
recompile = true;

// not saved
saveProject = true;

// update output window
output (};

}

/‘/ R e R R R R R )

// functional dependency input form window

private void fInputWindow(){
// wvariable to keep track whether the input
// has changed since last compile
boolean changed;

// take input from user
changed = iff.showDialog( window, £ );

// check if input has changed
if ( changed ) {
// recompile needed
recompile = true;
// not saved
saveProject = true;
// update output window
output () ;

}

// enable/disable compile menu option

if( £.isEmpty () )|
menuBar.getMenu(l) .getItem(3) .setEnabled (false);

jelse{

}

menuBar.getMenu(l) .getItem(3).setEnabled(true);

)

b e R e A e A R R R

// print to application output window
private void output () {
StringBuffer sb = new StringBuffer();

// print project title
sb.append (" [Project] \n") ;
sb.append ("3NF Decomposition\ni\n");

// print input R

if( !r.isBmpty() ){
sb.append (" [Input: R - Relation Schema]\n");
sb.append( TreeSetToString( r ) + "\n" );

}

// print input F
if( 1f.isEmpty () ) {

sb.append (" [Input: F - Set of Functional Dependencies]\n");

sb.append( TreeSetToString( £ } + "\n" );

}

// print output

if( recompile == false ){
sb.append (" [Output: 3NF Decomposition of R]\n");
sb.append( TreeSetToString( fp ) + "\n" );

}

// print ot application output window
output .setText ( sb.toString() );

Figure 23: User interface for 3NF decomposition algorithm
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/ttttqltlt“lctllll't-lltl.'t(*i't"‘lll.tlllllQ..Ill.‘.Iltt..'.lt..l‘t‘t'tt--l
File: MainWindow.java

LastUpdate: November 21, 2001

Usage: Application window for various database design algorithm demonstration

..-“.-.t-t-"'.'-.--ittt‘lltt-l-.lttiltit.t.l't..--tt'.-tllli.tt..ﬂl‘cc.l.'ﬂ/

import java.awt.®;

import java.awt.event.*;
import javax.swing.JMenu;
import javax.swing.JMenultem;
import javax.swing.JMenuBar;

import javax.swing.KeyStroke;

import javax.swing.JTextArea;

import javax.swing.JScrollPane;

import javax.swing.JFrame;

import java.awt.GraphicsConfiguration;
import javax.swing.UIManager;

import Project.SelectProject;
import Project.ProgressStatus;
import Project.BasicProject;
import Project.FDClosure;
import Project.AClosure;
import Project.DTest;

import Project.CCover;

import Project.BCNFDcom;
import Project.TNFDcom;

import Project.AutoDesign:

// class definition Tl R R R R R R R R R R R R R

public class MainWindow extends JFrame implements ActionListener ({

// application output window
JTextArea output;

// scroll bar of the cutput window
JScrollPane scrollPane;

// application menu bar
JMenuBar menuBar;

// menu of the menu bar

JMenu menu;

J/ menu item of the menu
JMenultem menultem;

// projet type selection window
SelectProject sp;

// current project reference
Object project;

// current project type

int projectType;

// constructor e e i et R R R R A R R R AR R

public MainWindow() {

// application window event handler
addWindowListener (new WindowAdapter() {
public void windowClosing(WindowEvent e) |
windowExit () ;
]

}:

// add components to the window

Container contentPane = getContentPane();

output = new JTextArea(5, 30);

output .setEditable (false);

scrollPane = new JScrollPane({output);
contentPane.add (scrollPane, BorderLayout.CENTER);

// create the menu bar
menuBar = new JMenuBar() ;
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setJMenuBar (menuBar) ;

// add "File" menu

menu = new JMenu("File");

menu . setMnemonic (KeyEvent .VK_F) ;
menuBar .add (menu) ;

// add "New Project" menu item in "File"

menultem = new JMenultem("New Project", KeyEvent.VK_N);

menultem.setAccelerator (KeyStroke.getKeyStroke ( KeyEvent .VK N,
" ActionEvent .ALT MASK));

menultem.addActionListener (this);

menu.add (menultem) ;

// add "Save Project" menu item in "File"

menultem = new JMenultem("Save Project", KeyEvent.VK S);

menultem.setAccelerator (KeyStroke.getKeyStroke( KeyEvent.VK_S,
ActionEvent .ALT_MASK) ) ;

menultem.setEnabled(false) ;

menultem.addActionListener(this);

menu.add (menultem) ;

// add "Close Project" menu item in "File"

menultem = new JMenultem("Close Project", KeyEvent.VK _C);

menultem.setAccelerator (KeyStroke.getKeyStroke( KeyEvent VK C,
ActionEvent .ALT_MASK) ) ;

menultem.setEnabled(false) ;

menultem.addActionListener (this);

menu.add (menultem) ;

// add menu item seperator
menu.addSeparator () ;

// add "Exit" menu item in "File"

menultem = new JMenultem("Exit", KeyEvent.VK_X);

menultem.setAccelerator (KeyStroke.getKeyStroke( KeyEvent.VK X,
ActionEvent .ALT_MASK));

menultem.addActionListener(this);

menu.add (menultem) ;

// instantiate new project selection window
sp = new SelectProject( this, "New Project" );

/‘[ menu event handler B e S Lt L s R R R R R R R R R R
public void actionPerformed (ActionEvent e) |

// get the event source and text

JMenultem source = (JMenultem) (e.getSourcel());

String action = source.getText();

// perform action based on the event

if ( action.equals("New Project") ){
newProject () ;

}

else if( action.eguale("Save Project”) ){
saveProject () ;
1

else if( action.equals("Close Project”) )|
closeProject () ;
}

else if( action.eguals("Exit") ){
windowExit () ;
}

T s e e N R R S R R R R R R R LRl

// open new project
private void newProject () {

// bring up the project selection dialeg
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int newProjectType = sp.showDialog( this );

// if user have selected valid project type, open new project
if( newProjectType != 0 )|

// close opened project
if{ project != null ){

closeProject () :
)

// create new project
switch{ newProjectType )|
case SelectProject.FD CLOSURE:
project = new FDClosure(this, menuBar, output);
projectType = SelectProject.FD_CLOSURE;
break;

case SelectProject.A_CLOSURE:
project = new AClosure(this, menuBar, output);
projectType = SelectProject.A_CLOSURE;
break;

case SelectProject.CANONICAL COVER:
project = new CCover (this, menuBar, output);
projectType = SelectProject.CANONICAL_ COVER;
break;

case SelectProject.DEPENDENCY_TEST:
project = new DTest (this, menuBar, output);
projectType = SelectProject .DEPENDENCY TEST;
break;

case SelectProject.BCNF_DECOMPOSITION:
project = new BCNFDcom(this, menuBar, output);
projectType = SelectProject.BCNF_DECOMPOSITION;
break;

case SelectProject.TN_DECOMPOSITION:
project = new TNFDcom(this, menuBar, output);
projectType = SelectProject.TN_DECOMPOSITION:
break;

case SelectProject.AUTO_DESIGN:
project = new AutoDesign(this, menuBar, output);
projectType = SelectProject.AUTO_DESIGN;
break;

}

// set menu options

if( project != null ){
// set "Save Project" menu option visible
menuBar.getMenu(0) .getItem(1l) .setEnabled(true);
// set "Close Project" menu option visible
menuBar.getMenu (0) .getItem(2) . setEnabled (true) ;
// update view
setVisible( true );

// save current project T T T . R R R

private void saveProject () {
switch( projectType ) {
case SelectProject.FD_CLOSURE:
{ (FDClosure) project) .savel();
break;

case SelectProject.A_CLOSURE:
{ (AClosure) project).savel);
break;
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case SelectProject.CANONICAL_COVER:
( (CCover) project).savel);
break;

case SelectProject .DEPENDENCY TEST:
((DTest) project).savel);
break;

case SelectProject.BCNF DECOMPOSITION:
( (BCNFDcom) project) .savel();
break;

case SelectProject.TN_DECOMPOSITION:
( (TNFDcom) project).savel();
break;

case SelectProject.AUTO DESIGN:
( (AutoDesign) project).savel();
break;

// close current PrOjECt e
private void closeProject () {
switch{ projectType }{
case SelectProject.FD_CLOSURE:
((FDClosure) project).close();
break;

case SelectProject.A CLOSURE:
( (AClosure) project).closel();
break;

case SelectProject.CANONICAL COVER:
((CCover) project).close();
break;

case SelectProject .DEPENDENCY TEST:
((DTest) project) .close();
break;

case SelectProject.BCNF_DECOMPOSITION:
{ (BCNFDcom) project).closel);
break;

case SelectProject.TN _DECOMPOSITION:
( (TNFDcom) project).closel);
break;

case SelectProject.AUTO_DESIGN:
( {AutoDesign) project).close(];
break;

}

// set "Save Project" menu option
menuBar.getMenu(0) .getItem(1l) .setEnabled(false);
// set "Close Project" menu option
menuBar.getMenu (0) .getItem(2) .setEnabled(false) ;
// update view

repaint () ;

// update variables
project = null;
projectType = 0;

T T L R R R e R R R

// application entry point
public static void main(String(] args) |
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// set system default window appearence
ery |
UIManager.setLookAndFeel (
UIManager.getSystemLookAndFeelClassName()) ;
} catch (Exception e) {

// create application window

MainWindow main_window = new MainWindow() ;

// set title

main_window.setTitle ("Automated Database Design");

// set application window size to full screen
main_window.setBounds( GraphicsEnvironment.
getLocalGraphicsEnvironment () .getDefaultScreenDevice() .
getrDefaultConfiguration() .getBounds() );

// update view

main_window.setVisible(true);

,// application window exit event handler LA A R R R R R R R R ]
private void windowExit () {

// if there is any open project
if( project != null ){
// close project
closeProject () ;

}

// exit system
System.exit (0);

Figure 24: Application window for all the algorithms
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Figure 25: SIS Instructor form

Figure 26: SIS Course form

il 3
T ;

Figure 27: SIS Student form
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Figure 28: SIS Offer form

e Enroliment

¥ |Robert A Bellard

| | Tameka L Clayton
Kienia Markia Green

| |Romell Harper
Tania R Miller
Peter D Pesa
Rubayet Salam
Marja M Smith_
Donald Whaley

X
X
X
X
X
X
X
%
X
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Figure 29: SIS Enrollment form
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Student Information System A

1d |1226

Password: [“~4

Figure 30: SIS Login screen

Student Information System
10/15/01 1048:15 PM
Fall 2001
Peter D Pesa

Class Performance

e

View Profile

Update Profile

SIS Home | Logout

Figure 31: SIS Student home screen
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X View Piofile Exploser | %} I

| Bk ESt Vew Favobes Todk Heb R
[Agaiess €] o /dsstvssewprotie asp - =] Pte
SSRRENG) bty /idmbisshompfleasy _ _ =

Student Information System
10/15/01 105308 PM

Fall 2001
Peter D Pesa
Id: 1226
Name: Peter D Pesa
Email: peter@pesa com

Started: Fall 1887

Figure 32: SIS View student profile screen

Student Information System )
10/15/01 10:53.22 PM
Fall 2001
Peter D Pesa

Name: * Iﬁeter D Pesa

Email: * |peter@pesa.com

Started: [Full 1887

Password: = [*=

Note: You must enter fields denoted by [*] to update profile =
R PR G | e e Bl e

Figure 33: SIS Update student profile screen
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<%@ Language=VBScript %=
<%

If Request.Form("id") = "" Then

Response .Redirect ("login.asp?err=ERROR: $%20User%20id%20missing!")
Elseif Request.Form("pass") = "" Then

Response.Redirect ("login.asp?err=ERROR: $20Password%20missing!")
Else

id = Request.form("id")
pass = Request.form("pass")

strProvider = "DSN=" & Application("dsn"} & ";UID=" & Application("dbuser") &
";PWD=" & Application("dbpass") & ";"

strQuery = "SELECT Name, Locked FROM Student WHERE (Id ='" & id & "') AND
(Password='" & pass & "');"

Set rst = Server.CreateObject ("ADODB.Recordset")

rst.Open strQuery, strProvider

ON ERROR RESUME NEXT

If rst.EOF Then
Response.Redirect ("login.asp?err=ERROR: %¥20Login%20failed!")
End If

If rst("Locked") = -1 Then

rst.Close

Response .Redirect ("login.asp?err=ERROR:$20Your%20account%20is%20locked! ")
End If

Session("id") = id
Session("name") = rst("Name")
Session("db") = strProvider
Response.Redirect ("main.asp")

End If

Figure 34: SIS login processor source code

<%@ Language=VBScript %>
<!--#include file="checklogin.asp" -->

<HTML>

<HEAD>

<META NAME="GENERATOR" Content="Microsoft FrontPage 4.0">
</HEAD>

<BODY>

<!--#include file="titlebar.asp" -->

<P><A HREF="courses.asp">Class Performance</As</P>
<P><a href="viewprofile.asp">View Profile</a></P>
<Ps<a href="updateprofile.asp">Update Profile</a></P>

<!--#include file="statusbar.asp" -->

</BODY>
</HTML>

Figure 35: SIS home page source code
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<%

If Session("id") = "" Then
Response.Redirect ("login.asp")

End If

>

Figure 36: SIS check login source code

<p align="center">

<big><big>Student Information System</big></big><br>
<%= Now() %><br>

<%= Application("semester") %s<brs

<b><%= Session("name") %></b>

<hrs>

=/p>

Figure 37: SIS title bar source code

<hrs>

<p align="center">

<a href="main.asp">SIS Home</a> | <a href="logout.asp">Logout</a>
</p=

Figure 38: SIS status bar source code

<%
Set rst = Server.CreateObject ("ADODB.Recordset”)
%>
Figure 39: SIS open database connection source code
<%
rst.Close
Set rst = Nothing
%>
Figure 40: SIS close database connection source code
<!--¢#include file="checklogin.asp" --»>

<!--#include file="rstopen.asp" -->
<html>

<head>

<meta http-equiv="Content-Language" content="en-us">

<meta http-equiv="Content-Type" content="text/html; charset=windows-1252">
<meta name="GENERATOR" content="Microsoft FrontPage 4.0">

<meta name="Progld" content="FrontPage.Editor.Document">

<title>View Profile</title>

</head>

<body>

<!--#include file="titlebar.asp" -->

<%

strQuery = "SELECT * FROM Student WHERE Id='" & Session("id") &"';"
rst.Open strQuery, Session("db")

%)

<% If Not rst.EOF Then %>
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<b>Id:</b> <%= Session("id") %><br>
<bsName:</b> <%= Session("name") %><brs>
<b>Email:</b> <%= rst("Email") S$><br>
<b>Started:</b> <%= rst("Start Semester") %><brs
<% End If %>

<!--#include file="statusbar.asp" -->
< /body >
</html>
<!--#include file="rstclose.asp" --»

Figure 41: SIS view profile source code

<Script Language="vbscript" Runat="server">

Sub Application_OnStart()
Application("dsn") = "sis"
Application("dbuser") = "students"

Application("dbpass") = "students"

Application("semester") = "Fall 2001"

Application("uploaddir") = "D:\Inetpub\SIS\upload\"
End Sub

Sub Session_OnStart ()
Response .Redirect ("login.asp")
End Sub

Sub Session_OnEnd()
End Sub

Sub Application_OnEnd()
End Sub

</script>

Figure 42: SIS global.asa file
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