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relational database desi . In 0 her ord,

n

requiremen s as input and g n r te t

tables as output. he use quiremen

do. Th table struc re specifies organization 0
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database designing. Another important de ign goal .
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1.1

th r

idin

~~.I.J~..L,I,.I. .. 2001).

consi t ncy. ep'ition of info 1 no

data model techniques

the da base structure. Cone p u I d - a ad I y b In -nd,

Given a problem definifon, it is po ibl t

schema. To iden ify he best relational sch

(1979a) proposed a nonnal'za ion proc s. onnali ation tak h

guideline for analyzing relatio schemas bas 0 th i k y

depende cies amog the'r a 'bute (. lmas .

p ocess r la ion schemas tha do no: m ·e, Y

be a ingp into smal er -e'ation sc,e

idi idual relatio sch as separa·y.. e a est I ail , it
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or th

Integrity constraints are t of on tr in or rul

yr int

tables and attributes of h abl s i th d

op rations do not iolate data con . t ncy

Key attribute declarations and elat'o hi

formulating integrity constraints. In g n r 1

restriction applied to the database. 0 ever arbitr ry trictio m.y b

Usually integrity constraints that can be test d

Domain constraints are the very basic [onn of integrity cons r ints. t ch ck th v Iu

an attribute against a given domain. Since bulk computation is not in oIv in th oc -5S

of enforcing domain constraints 't can be tes d easily by h syst m w

data item is entered and updated in he databas .

nw

Referential integrity constra'nts ensu e that - "a valu t t ppe s in 0

for a gi en set of attributes also appears for a certain s t of attribu.es '

(SilberschatzKorth and Sudarshan, 2001 . If one table does ot conta" th a, 0 h I

table s sho ld not. Some Relatio al Database anageme yste ei 0 bu'l­

in referential integrity checking to maintain data consiste cy (e.g. M'cro 0 Ace s " fit
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dat i onsist n ou hou

1.1.

Th relation s hem g er t -d .n

to a sel cted DBMS. Schema d sign g ncr t d 111

converted to DBMS specific D ta D n i '0 (D

Along with the table structure d finit'o som

referential integri yconstraints among tabl s, hi proc

mapping. Data Definition Langu ge (DD

(SQL), used to create, alter and dele e tables,

part 0

1.1.4 Phys'caldatabas design

Physical database design is the process of choo i g P CI IC dat 11

structures and access paths for the physical database fil s to ach', good p

for various database operations. According to Elmasri and avath,

response time, space utilizafon, transact'on throughput and clust ring

on disk blocks are few essenfalcriteria cons'dered during physical ata as es! gn
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succ ssful

th arl s ag s of tIl

of this planning hich in Iud

• What type of dis hard ar to u

disks) de ices?

• How to place dat til s onto th

• Which index design to us 0 lmpro e qu y p rfoml

as Index Tuning Recomm nd tions in SQ r?

• How to set all configuration paranlete s appropri 't ly

well?

1.2 Database Authentication curi y

Generally password-based authentication sec . y or a login proc d re .s d 0

control access to the database server. A login procedure requests a s r nam and

password from the user. The authenticat'ng operation matche the sup Ii d s,er name

and password with the password table (kept inside the server) to accept or rejec. h

request. Once the login request is granted the user gains access to he database or rthe

possible specific usage. The login procedure facilitates the serv r to identify th, use.
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un .11

It nl11n

h s r nd. nfo

h fino pas ord arno

common securit

pass ord s cured. Good pas ord hoi

ensur pass ord file security

authentication proc dur . Ahnos

of user name and pass ord to alid t Jooin r qu st.

the pass ord file. Modem operating syst. IDS do no

they use an encryptionlhashing algori hm 0 hid

file.

lyi

ta ase.th

Web servers may have full access pennissions grant d ce

database server, as a result, dynamic w b applic tions h e s rol

database server. The web server may r pres nt a pred fined au horiz

session with database server and provide access to ifferent resource

Database systems may have their own internal security measur s.

The accessibility of each user may be defined separately or ach' ivi al a 1

rather than full database server. This can be accomplished by an obj d curity

policy proided by the database server e.g. Microsoft Access 2000 .



111 11 1 rTh tartin pint 0

an 1 sis and th final obj
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Form or Third ormal Form sch rna. igur ho th

Print output

Figure 3: emi-automated procedure for small relat·onal database logical
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B r th d, il

follo tn hi

aut mat d logi th iru

2.1.1 _pI r bi

Stuent Infonna ion Systen1 (Sl ) is an onli d ppli

publish student grades. The primary obj eti 0 51

functionalities to students and bf d I t,

functionalities to faculty members anytime anywh . S cili

class performance closely and effici ntly;

management process for the faculty memb r "

or ov r it 8t r

b abl 0

ch g

Ie s c ,y

Student grade is sensitive and the most val able in ormation to coli g.

usage security (no one should be able to use the syst oth r th - sruaents"

and record administrators) and grade publishing ell "ty ( 0 stud

view other student's grade) are pr"me concerns. tudents shoul no b abl

any data (e.g, grad,e in the system other than their p .rsonal p 0'11 . As a b

measure every user must login before us'ng the system. 0110 "ng ar th d taO

requirement specifications of the system:
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b. E

c.

d.

111iftl 1t

and on in .tru

called of red ours for

days that cl ss m et On c m

different sections.

e. Many students can enroll in on ours

than one offi f. Eery nrollment is id nil

enrollment results in a letter grade and p ss-t it d _ lIn

has different policy) at the end of sem st r.

2.1.2 Semi-automated d tabase d sign algo ithm d .sc' I n

Semi-automated logical database d sign proc ure is bas d n Ir dy g

nonnalization algorithms. There are several methods of nonn Ii ation

onnalization using join dependencies, Domain key nonnal onn, Normali ti b se

on functional dependencies) (Silberschatz, Korth and Sudarshan, 2001). h auth r us

nonnalization using functional dependencies. allowing is th d scription of the a abase

design procedure steps developed by the author:
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pI 11

o s not

Flo Di cram D D

for eery semester.

Figure 4: den formation ys em

2. Identify r lation schemas: dent" fy and disf gui all r -latio sc m

requirements specified in the previous step. ach relatio sc m

from an enti y and a set 0 a ributes associated with the e . y.
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Ulf n 1them for

r al th oU Inb tri Ii

Course

Instructor

Offer

Enrollment

r

Table 1: Student Infonnation yst In ntity stand tribut

y

3. Identification of functional dependenci s: Id nti y II funeti n 1

that holds on each relation schemas id ntifi d In st p 2.

Silberschatz, Korth and Sudarshan, (2001) a unct"

constraint that enforces the concept of k y ( .go primary th

constraints on the set of legal elations. unctio al dep d nci

express the facts about the tables that we ar modeling in our dat b -i ...

automated design procedure finds the appropriat normal ann 0 th

schema based on the functional dep ndencie identifie " thO ry

important that every functional dependency mut be identi ed carr ctly.
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In rm

b.

c. ur r

d. OfD· r Id -) m tru

o SIn

ri hm:

rna p

4. Applic tion of B d ompo i ion

(Silberschatz, Korth and

detennin d in step 2. Function 1 d

parameters of the 19orithm. The

requires that eery attribut shaul

the algorithm. This specific mapping r quir m nt r u

companson In the algorithm SigIlific ntly a

comparatively faster. Table 2 show attribu m ping of

ru

Entity Attribute Repr s nting Ch r ct r

Student Id A

Name B

Email C

Password D

Start Semester E

Instructor Id F

Name G

Email H

Password I
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ntity ttr·bu e prAC!An ... .;n~ Chet4(S~l..t:r

Course Id J

Title

p efi L

umber M

Offer Id

Semester 0

Section P

Course Id J

Instructor Id F

Credit Hour Q

Enrollment Id R

Offer Id N

Student Id A

Grade S

Pass T

T bI 2: ttrib t pp n

BCNF decomposition algorithm is appli d on I a

a. Input r lation schema:

ABCDEFGHIJKL OP'QR T

b. Input functional dependencies:

1. A ~ BCDE

11. F ~ GHI

111. J ~ KLM

1. ~ OPJ Q

. R~ AST

18
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1. D

I

HI. ..

1 .

5. Dey pr n: 11

dependency pr se

output of t p 4. I all the r 1 tion ch

step 6 and go to st P 7. The output s h hi

SIS relation schemas generat d in p 5 neypr

6. Application of 3 decomposi ion 19orithm: hird 0

algorithm is applied on relation sch mas d t nnin

executed only when the output schema of 4 i n t d

The output schema of this step will be 3

preservIng.

7. Print output: Final relation schemas are print d at thi t p.
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1fonn is comput ill

d

analytical capabilities. d t ID1il

fun

Table 3: Comparison betwe n con entional and emi- ut m
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foml of login pro

r qUlf ill n of u r id p

and pas ord tabl nlanag m n

th pa s ord is s cur . or t

security is the most popu} r orm 0 s urit nl ur.

1Web applications us TC lIP protocol or omnl OlIn

server. Due to the inher nt nature of th IP P t 01

transported through a number of int nn dia co

model should hide actual pas word during uth ntic lon

algorithm is a well-lena n one-way hash function d 10 d by

and MIT Laboratory. It takes an inputmessag 0 h

"fingerprint" or "message digest" as output. t is com ut illy i

fingerprint generated by the algorithm. Mor ov r wo ·nput trin

message digest (fingerprint). The algorithm p ronns a n of basic

operations on the input string. ince th algorithm is compo ed 0 a Ie at matical

operations it can easily be transported and xecu ed on client com utf. h M g

Digest algorithm version fi e is the latest and it is a extenion ft a lier v sio Uf.

2
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ur p or b n

Client Comput r

Intermediate Computers

Server Computer

Password Table

User Id Pass
A
B

Figure 5: Secure password based authentication od 1
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i a 0 n r I-purpos 19n d

schenla for a gi n set

3.1 D signing" mi- utOJnat d Dat b D

, emi-Automated Database Din so h

int rface an algorithm rnanag r and int n '-''''In'lcrQ.

an appropriate graphical user int rt ce to start

manager holds a collection of orithms. h

interoperability among algorithms. igure 6 shows th

" ,
1_________ ~ ~ __ ~1

Figure 6: "Semi-Automated Database Design' 0 twar ct re
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tin I1Z;-

iii

Impl m nt . n ' 1tzi-

In thr phas:'

i lpl m nting tIl

du to its inher nt n tur

fa iliti- s.

3.2.1 Imp] nlenting th cor algorithm

The "Semi-Autolnated Databa e Din

algorithms: closure of a s t of functiol 1 d

f

lon,

decomposition and third normal fann d camp sition. Algori hm im

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

3.2.2 Integrating the algorithms

Integration manager is r sponsible for interoperab'lity mo g a gori

manages the input/output of each algori hm separately w'th -pp a e ,ata

improve 0 erall processing speed, Figure 13 in Appendix h w th b ic roj c

structure implementation.

25



.. D In U In rt

Gra hi I u . 1 0 r In

t

furth rb subdi IT

singl Igorithn1.

10 r 14 through 2 pp ndi ho u r

itnplem ntation.

3.3 Impl mnting' tudent Injornlation t m

Chapter II discussed the cone ptual desi of' tud nt Infi rn1 lion t m '.hi

section discusses logical design, physical design impl nl nt tin an ti. By

details of SIS.

3.3.1 Logical Database Design of SI .

Logical Database Design is defining th abl structur ba d on th

The choice of data type and data width is ntirely on th sy t m d velo r.

structure definifons can be used by Data finition anguage (DL to create th c ~ 1

table in a selected DBMS. Figure 7 S ·ows th relafonaI database of nd hI 4

shows the details of each table structure. Access supports creati g abl s in met r

design iew directly from the infonnation provided i able 4 without using

26
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Name
Email
Password

Figure 7: The relational database of Student Information System

~r.4JJf#"~~··~~\1 1

Id
Semester
Course Id
Section
Instructor Id

.1 Credit Hour



ble: Course
arne Type z P /F

Id Long In ege P

Title Te t 50

Prefix Te
Number Te t 6

Table: Instructor
Name Type Si P /F

Id Long In eger
Name Text 50

Email Text 50

Password Text 20

Table: Student
Name Type Siz /

Id Text 10 p

Name Text 50

Email Text 50
Start Semester Text 15
Password Text 20

Table: Offer
Name Type S'ze PK/FK
-----------------------------------------------

Id 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

Table: Enrollment
Name Type S'ze PK/FK

Id Long Integer 4 PK
Offer Id Long Integer 4 FK
Student Id Text 10 FK
Grade Text 1

Pass Yes/No 1

Table 4: Table defin" ion of t d nt fonnatio

28
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h DB

, tlu tUT

p It.

.3.3 Database uth n i tion urit

Us r login proc dur is u

and r cord administrators us th sy t 111.

tl 11

r gIn r qu

pass ord fingerprint k pt in h bl. Aft r sue s ul I In urI

instructor id) field is us d to tilt r ny infonn tion nt t

ensures that no user receives other u er's d tao

3.3.4 System Operations of SIS

u r. hi

As stated in the requirements sp cification, th r re two typ rIm ry s -

students and instructors. Instructors produce and populat a into th

students view data and monitor their class perfonnanc . At th b innin

semester all previous system data are backed-p and the system is p p d fl r th nw

semester. The system preparation takes place by add'ng all new i t eta s ( fig r

25), new courses (see figure 26), new students (see figure 27), new a llr fi - e 28 ,

enrollments (see figure 29) and setting th current s mester (e.g. a1J2 as y:e

parameter. At the end of the semester a letter grade along wit a pa s/fil d cis'on is

29
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a. onnalize a gi e t of

nonnal fann

b. Test a relation schema or appropri t 1 orml rn

c. Apply databas design algorithms indi 1 U lly

An improved security model for databas u r th nti ati n 1

The model uses Message Digest 5 algorithm to hid p

to server. The model does not require storing plain te t pass ord i '} or I .

A part of example problem ( tudent Information tem)i us t th " n1i-

Automated Database Design' software and th curity m d 1. h

complete relational database system "Student Information 0l tern" is implm u .ing

Microsoft Access 2000. The web- 'nterface is develop d utilizing Active r a _,

VBScript, JavaScript and ActiveX Data Obj cts ( 0) technology.

31
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package Project.Algorithms;

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

II *** ************** *** * ** * * ***
II class definition
public class Closure{

II componen s space
private TreeSet comRef, comAug, comTran;

II attribute list
private TreeSet attrList;

II attribute subset list
private TreeSet attrSubset;
private Object(] attrSet;
private boolean[] attr;

I

II ******************* *********** * ** * **********
II This function computes closure of a given set of function d nd nc 8

II and a relation schema
II Reference:
II Silberschatz, Korth, Sudarshan; Database System Concepts,
II 3rd Edition, Section: 6.5.2
public TreeSet compile ( TreeSet input Prod , TreeSet 'npu Attr ) {

II popup the progress bar dialog
ProgressStatus.startProgressBar( "Compiling - Please wai " );

II temporary working space
TreeSet prod;

II number of productions in the output produc ion list
int prodCount = 0;

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

II get attributes from the input productions
attrList = attributes( inputProd );
II add input relation schema list
attributes ( inputAttr, attrList );

/ I compute all possible subse'ts of the attribute l' st
attrSet = attrList.toArray{};
attrSubset = new TreeSet();

35



1 J;

s a e

do{
II sa e cur coun
p odCou t

od, );

II apply augme tion ul
prod = augmentation ( outpu Pro, t Subs ) ;
comAug.addAll( prod);
outputProd.addAll( prod);

II apply transi ivi y Ie
prod = transitivity( au pu Prod);
cornTran.addAll( prod);
ou putProd.addAll( prod);

II continue till new produc ions re added
}while( outputProd.size() > p odCount );

ProgressStatus.stopProgressB r();

II return closure of the input production lis
return output Prod;

II ***** ************** ********* ** *** *
II This function computes closure of a given set 0 f nction d
II Reference:
II Silberschatz, Korth, Sudarshan; Database System Concep s,
II 3rd Edition, Section: 6.5.2
public TreeSet compile ( TreeSet inputProd ) {

II temporary working space
TreeSet prod;

II number of productions in the output p oduction lis
int prodCount = 0;

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

II get all attributes from produc ions
attrList = attrib~tes( inputProd );

II compute all possible subsets of the attribute s t
attrSet = attrList.toArray();
attrSubset = new TreeSet();
attr = new boolean [ attrSet.length + 1 J;
Subset( attrSet.length );

II initialize all component space
comRef = new TreeSet();
comAug ; new TreeSet();
comTran = new TreeSet();

do{
II save current production count
prodCount = outputProd.size();

36
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ub );

II appl
pro = t ) ;
comTr n. d 11( rod
outpu Prod.addAll( po);

II continue till new p oductions dd
} hile( outputP 0 );

II return closure of h input p 0 uc ion l's
return output Prod;

II ******* ******
II This function
II Reference:
II Silberschatz, Korth; Sud rshan; Databas Syst m Concepts,
II 3rd Edition, Section: 6.5.2
private TreeSet reflexivity ( TreeSet p 0 List, Tr ) {

II update progress bar text
ProgressStatus.progressText(lIRe lexivity ... 11);

II local working variables
Iterator alpha, beta;
String aStr, bStr, newProd;
TreeSet newProdList = new TreeSet();

II for all subset of attribut list
alpha = attrSubs,et. iterator () ;
while ( alpha.hasNext() ){

II take one subset
aStr = (String) alpha.next();

II for all subset of a tribute list
beta = attrSubset.iterator();
while ( beta.hasNex () ) {

II take another subset
bStr = (String) be a.next();

II new production
newProd = aStr "_If + bStr;

II check if the righ side is the subs t 0 1 f si nd
II the production already exists in the l'st
if( subsetOf( as r, bStr ) == true &&

prodList.contains( newProd ) == false) {

return newProdList;

II add the production to h
newProdList.add( aStr + "_II

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

II p ate progress b
ProgressStat s,p en ion". II);

II local 0 king v riabl s
I erator alpha, be
String pro L, ro R, p 0

TreeSet ne P odList ::; ne T
o L, n P-

II fo all produc ions
alpha::; prodList.ite to ();
hile{ alpha,has ex () ){

II take one pro ue ion
prod = (S ring) lpha.next();
II take lef side
prodL = prod.substring{O, prod,ind 0 ('-'»;
II take right s'de
prodR = pro .subs ring { p od.indexO ('-1)+1, p ,I n h(»;

II for all subsets of at ribu s
beta = attrSubset.iterator() ;
while{ beta.hasNex () ) {

II take one subset rom the lis
attr ::; (String) bet .nex OJ
II compute union of the 1 ft s'de 0 h P oduc ion d
II the attribute subse
newProdL = stringUnion{ prodL, at r ) ;

II compute union of the righ sid 0 h P o uc ion d
II the attribute subset
newProdR = stringUnion{ prodR, at r ) ;

II form a new production
newProd ::; newProdL + " -" newProdR;

II if the new production is not lr
if( prodList.contains( newP od )

II add the produc ion
newProdList. dd( newProd );

II upda e progress bar
ProgressStatu8.progressBa ();

return newProdListj

dy 'n h
als ) {

l'

II ************* *********** ** * * *** *** * * ** * ****
II This function applies the transitivity rule on a given se 0

II functional dependencies
II Reference:
II Silberschatz, Korth, Sudarshanj Database System Concep s,
II 3rd Edition, Section: 6.5.2
private TreeSet transitivity ( TreeSet prodList ){

II update progress bar text
ProgressStatus.progressText(ItTransitivity ... ") j

II local working var'ables
Iterator alpha, beta;
TreeSet newProdList :: new Tre·eSet () ;
String pA, pB, aL, aR, bL, bR, newP;
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a (' -') +1, h () ) ;

II for
be
hile(

_11 pro ct~ons in he l'st
rodList.ite to ();

beta. he" () } {
II ake anothe p ad c io
pB = {String} be a.n () ;
II take left side
bL pB.subs ring{O, B.in exO ('_I»);
II t ke right si e
bR = pB.substring{ pB.indexOf('-') 1, pB.l
II form a new p oduc ion f om 1 sid of
II sid of pB
newP = aL 11_"' .... bR;

II if the right side of pA
II list does not cont in n w on
if{ aR.equ ls( bL ) && prodLis .con 'ns{n w )

II add the p oduc ion 0 he list
newP odList.add( new );

II update progress b
ProgressStatus.pro ssB ();

return newProdList;

II ******************************* * ***** *
II This function gets all attributes from the input production Ii t n
II already existing attribute list
public static void attributes ( TreeSet prodList, TreeS t aLia ) (

II local working variables
Iterator prodlterator;
String prod;
int prodLen;
char attr;

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

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

II get length of the product 'on
prodLen = prod.trim() .length(};

II for all attributes in the production
fore int j=O; j < prodLen; j++ ) {

II take one attribute
attr = prod.charAt( j };

II check if it is attribute
if( Character. isLet erOrDigit( attr ) ) {

II add to the a tribut list
aList.add( new Character( attr ) );
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II *
II his function gets all attrib te
public static TreeSet attributes{

II local or'ing riables
TreeSet aList;
Iterator pro Ite ator;
String prod;
int prodLen;
char attr;

II new attribute list
aList = new TreeSet();

II for all productions
prodIterator = prodList.iter
while( prodIterator.hasNext()

o ();
) {

II take one production
prod = (String) prodIte a 0 .nex ();

II get length of the production
prodLen = prod.trim() .leng h();

II for all attributes in the prod cion
for( int j=O; j < prodLen; j+ ) {

II take one attribu e
attr = prod.charA ( ) ;

II check if its a attr'bute
if( Character.isLetterOrDigi ) ) {

II add to the at ribute lis
aList.add( new Charac er( tr»;

II return attribute list
return aList;

II ************** ************ ************* ***
II This function generates all possible subse B of the
private void Subset { int n ){

if ( n == 0 ) {
writeSubset() ;

}else{
attr[ n ]
attr{ n ]

false; Subset ( n-1 );
true; Subset ( n-1 );

II ******************** **** *** **
II This function writes subset computed by Subset function
private void writeSubset(){

StringBuffer strBuff = new StringBuffer();

try{
II compute the subset
for( int i=l; i <= attrSet.length; i + ){

if{ attr(iJ == true) {

40



s

II d he s set to
if( st Buff. eng h(} >

a trSubset.add(
}

}catch( Exception e r ){
S stem.out.printl (" riteS _ s

in () );

r );

II **** *
II This function tests if strB is subse
public static boolean subsetOf( String s

int lenB = strB.length();
char chB;

for( int i = 0; i < lenS; i++ ){
chB = strB.charAt(i);

if( strA.indexOf( chB
return f lse;

return true;

of s A
A, String st

-1 ) {

) {

II ****************** ******* ** ************
II This function computes union of two strings
public static String stringUnion( String strA , St ing s rB ){

StringBuffer strC = new StringBuffer() ;
char chA, chB;
int lenA = strA.length();
int lenB = strB.length();
int a=O, b=O, c=O;

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

II union char
chA strA.charAt( a );
chB = strB.charAt( b );

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

}
else if( chA > chB ) {

strC. append ( ehB );
b++;

}
else{

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

II add all the left over chars of string A
while( a < lenA }{

chA = strA.charAt( a ) i

strC.append( chA );
a++;

II add all the left over chars of string 8
while( b < lenE ){

cbB = strB.charAt( b );
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s
b

B );

re n s rC.toS ri g();

II
II This function con er s a Tree
pri ate Str'ng T eeSetToSt ing( reeSe s

StringBuffer b ff; ew StringBuffe

II if he given set is no null
if( set !; null ){

II for all elements of he e
Iterator i ; set. iter to ();
hile( i.hasNext() ) {

II ad element to he
buff.append( (Str'ng) ) ;

retu n buff.toString();

II ********* *** ** *** * *******
II This function returns only the
II by Reflexivity rule
public string getReflexivity(){

return TreeSetToString( comRe );

II **************************** *******
II This function returns only the productions added to
II by Augmentation rule
public String getAugmentation(){

return TreeSetToString( comAug );

****
he C osu e Ii

II ******************* ************** *** **
II This function returns only the productions added to the closu e iat
II by Transitivity rule
public String getTransitivity() {

return TreeSetToString( comTran );

****** * *****II ************ *********
II This function returns the attribute list used
II algorithm
public String getAttributes() {

StringBuffer buff = new StringBuffer();

or the closure

II if the attribute list is not null
if( attrList !~ null) {

II for all attribute of the lis
Iterator i ; attrList.iterator();
while( i.hasNext() ) {

II add each attribute to the s ring
buff.append{ (Character) i.next{) "\n");

return buff.toString();

II
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Fi ill 10 ur 0 aelDerlOe:nCl es If

File: Canonical.java
LastUpdate: July 16, 2001
Usage: Compute canonical co er of a a
******** ************

package Project.Algorithms;

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

I

II ***************************** *** * * **
II class definiction
public class Canonical {

II closure algorithm
private Closure closure;

II *************************** ****** ******** * * *** ***
II constructor
public Canonical{){

II instantiate new closure algorithm
closure = new Closure{);

II ******************* *** ********* ******** ******* *** ***
II This function computes the canonical cover of a giv n se of
II functional dependencies
II Reference:
II Silberschatz, Korth, Sudarshan; Database System Cone p 5,
II 3rd Edition, section: 6.5.4
public TreeSet compile ( TreeSet prodLi5t ) {

II start progress bar
progressStatus.startprogressBar("Compiling - Pleas wait");

II local working vari~bles

TreeSet oldProdList new TreeSe ();
TreeSet newProdList = new TreeSet( prodList );

do{
II save all productions
oldProdList.clear() ;
oldProdList.addAll(newprodList) ;

II apply union rule
newProdList = unionRule( newProdList );

II remove all extraneous attributes
newProdList = removeExtraneous( newProdLis ) i

II continue till the production list changes
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) );

essB ();

retur ne P 0 List;

II * * ***
II on rule on the
II
II Korth, S sh n; Datab se Sls m
II 3rd Edition, Section: 6.5.
private TreeSet unionRule( TreeSet prodList }{

II update progress bar text
ProgressStatus.progressT xt("Applying un'on

nc p s,

Ie ... II) ;

II local working v riables
Iterator Ipha, beta;
TreeSet newProdList = new T eeSet( ro List);
S ring pA, pB, aL, aR, bL, bR;

II for all productions in he lis
alpha = newProdList.itera 0 ();

while( alpha.hasNex () ) {

II take one production pA
pA = (String) alpha.next{};
II take left side of the production
aL = pA.substring(O, pA. 'ndexOf(I-I»;
II take the right side of the production
aR = pA.substring( pA.indexOf('-'}+l, A.Ie 9 h(»;

II for all productions lowe than pA in he lis
beta = newProdList,tailSet( pA ) .itera or(};
beta. next () ;
while ( beta.hasNext() ) {

II update progress bar
ProgressStatus.progressBar() ;

II take one production pB
pB = (String) beta.next();
II take left side of the produc ion
bL = pB.substring(O, pB.indexO (I_I» i

II take right side of the production
bR = pB. substring ( pB.indexOf(t-')+l, pB.l ng h(}} i

II if the left side of pA and pB is qual
if( aL.equals( bL } ) {

II remove pA from list
newProdList.remove( pA };
II remove pB from list
newProdList.remove{ pB };
II compute string union of
II productions aR and bR
aR = closure.stringUnion(
II add the new production
newProdList.add( aL + II_II

the righ

aRt bR ):
o th lis

+ aR );

s'de 0 both

II as the production list has b n chang d,
II reinitialize the list
alpha = newProdList.iterator();

II start over
break;
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II
II This f nction
II Reference:
II Silberschatz, Kor h, Sudarsha ; Da abase S stem Cone 8,
II 3rd Edition, Section: 6.5.
private TreeSet emo eEx ra eOlls( T eeSe poLis ) {

II updte progress ba tex
ProgressStatus.progressTe (IlRemo in e eo s ... ");

II local orking va 'abl s
TreeSet newProdList = ne eeSe ( p odLi ) ;
TreeSet prodClosure, newClosure;
Iterator alph ;
String prod;
StringBuffer buff = new StringBuffer() ;
int prodLen, len, mid;
char chi
boolean chExtra;

II compute closure of he given production list
prodClosure = closure. compile ( prodLis );

II for all productions in the list
alpha = prodList.iterator();
while( alpha.hasNext() ) {

II get one production prod
prod = (String) alpha.next();
II get length
len = prod.length();

II delete the production f om lis
newProdList.remove( prod);
II take the production in a buffe
buff.append( prod);

o remov ch on by on

II for each character in the production
fore int i=o; i < len; i++ ) {

II update progress bar
ProgressStatu8.progressBar() ;
II ake one char from the production
ch = buff.charAt(i);

II if it is not production sepera ing ch r, ch ck if
II it is extraneous
if ( ch ! = I - I ) {

II delete the char
buff.deleteCharAt(i) ;
chExtra = false;
len buff.length();
mid = buff.toString() .indexOf('-');

II check if this is a valid produc ion
if{ mid> 0 && (len-mid) > 1 ){

II add the produc ion 0 h list
newProdList.add( buff.toS ring() );

II compute closure
newClosure = closure. com i1 ( newProdLiat );

II check closure for equality
if( newClosure.equals( prodClosure ) } {

chExtra = true;
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II he I'
ne () ) ;

II i k
if(

}else{
i--;

II buff holds the p oductio s i hou
ne ProdList,add( buff.toS r'ng() );
buff.setLeng h{O);

return newProdList;

}
II end of class Canonical

Figure 9: anonica] c

n e

1d

n ous

************* ** *** ********

1*************************************
File: Dependency,java
LastUpdate: July 16, 2001
Usage: Tests a relation schema decomposition for depend ncy res rv ng
************************************ ** * *** ******* * **

package Project.Algorithms;

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

11***************************************** **** ** ****
II class definition
public class Dependency{

II closure algorithm
private Closure closure;
II closure of the given productions
private TreeSet prodClosure;
II Fi is the set of restrictions to R and Fp is closure of Fi
private TreeSet Fi, Fp;
II dependency preservation tegt result
private boolean result;

II **********************
II constructor
public Dependency(){

II instantiate closure algorithm
closure = new Closure();

* *1

II ***************** ******** *********
II This function tests if the given set of relation schema decomposition
II is dependency preserving
II Reference:
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II start t
rogressSt r ( /I Com iIi g - PI 11) ;

II local worki 9 va i bles
Iterator alph I bet
String Pi, Ri;
i t len;
char chi

II Fi is
Fi = ne

he set of res ric ions
TreeSet() ;

o

II update progress bar ext
ProgressStatus. rogressText(IICompu ing cIa u e ... 11);

II compute closure of he given se a
prodClosure = closure.compil ( prodLis

pro uc ion
) ;

II update progress bar text
ProgressStatus. progressText (1lComput ing closure ... Done II) ;

II for all rela ions in R
beta = schemaList.iterato {};
while{ beta.hasNext() } {

II take one relation
Ri = (String) beta.next() i

II update progress bar text
ProgressStatus.progressText(IITestin

II for all productions in F
alpha = prodClosure.iterto ();
while ( alpha.hasNext() ) {

II take one produc ion rom F

Pi = (String) alpha.nex ();

" + Ri);

II test if every attribute of his p oduc ion i
II present in he relation
boolean hold = true;
len = Pi.length();
for( int j=O; j < len; j++) {

II update prog ess bar
ProgressStatus.prog essBar();

ch = Pi.charA (j);
if( ch != '_I && Ri. 'nd xOf(ch)

hold = false;
break;

II add if every char in Pi is in Ri
if( hold} {

II pi holds on Ri
Fi, add ( pi );

II update progress bar text
progressStatus.progressText("Computing closure, .. ");

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

II update progress bar text
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II c eck e
if(

}else{
II decompostion is no
res It = false;

e en n y es

II update progress ba
ProgressStatus.sto ProgressB r{);

II return result
return result;

II ***********
II This function gene ates string epresen
private String TreeSetToString{ TreeSe se

StringBuffer buff = new StringBuffe

II if set not empty
if{ set != null) {

II for all element in set
Iterator i = set.iterator();
while ( i.hasNext{) ) {

II add each elemen to the string
buff. append ( (String) i. nex () II \n" );

return buff.toString();

II ************************ *** **** ***** *
II This function returns the F+ computation of F dur'ng d p nd ncy es
public String getFPlus{) {

return TreeSetToString( prodClosure );

II ********************** *********** * ****** * ******
II This function returns the F' computation of F during
public String getFPrime(){

return TreeSetToString( Fi );

II *************** *********** * * **** ** **
II This function returns the F' computation of F during dep d ney s
public String getFPrimePlus() {

return TreeSetToString( Fp );

II ********************** *v*** ****** ***
II This function returns the result of dependency est
public String getResult(){

if( result) {
return I1Decomposition is Dependency preserving";

}else{
return "Decomposition is NOT Dependency preserv'n II;

Figure 10: Dependency pres ation tes
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package Projec .Algor'thms;

import ja a.u iI, ;
import Project .. Igorithms,Closure;
import Project,ProgressStatus;

II class definition *
public class Be F{

II closure algorithm
private Closure closure;

II constructor
publ i c BCNF () {

II instantiate new algorithm
closure = new Closure();

II **************** ***** *** * *
II This function decomposes a gi en relation R
II a set of functional dependenci s
II Reference:
II Silberschatz, Korth, Sudarshan; 0 abase Sys ern Cone p
II 3rd Edition, Section: 7.3.2
public TreeSet compile ( TreeSet R, TreeSe F}{

II start progress bar
ProgressStatus.startprogressBar("Comp'l'ng - PI se w 11);

II result holds decompossed relations, final ou put
TreeSet result = new TreeSet( R );
II keep track of the decomposition p ocese, true when finish d

II compute F+ of the given F
TreeSet Fp : closure.compile( F ) ;

II continue till the decomposition process is no don
while( getRelation(result, F, Fp) != null };

II stop progress bar
ProgressStatus.stopprogressBar() ;

return result;

II *********************** ****** * *** * ***** ** * ** *****
II This function finds a non BCNF relation Ri in given set of
II relation R based on a closure set of functional dependenci s F
II Reference:
II Silberschatz, Korth, Sudarshan; Database System Concepts,
II 3rd Edition, Section: 7.3.2
private String getRelation( TreeSet R, TreeSet F, TreeSet Fp ){

II update progress
progressStatus.progressText("Find relation not in BCNF., .");

II list variables
Iterator Rlist, Flist;
II production variables
String Ri, pi, alpha, beta;
II relation benf or not
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II gi en R, se of re a 0 s
Rl'st = R.ite ator(};

II for all Ri i R
hi e{ Rlist.h 5 e t() )

II t ke 0 e Ri
Ri ~ (String) Rlist. x ();

II ~n~t~ lize, Ri is no in BCNF
RiBcnf = false;

II given F , closu e se of F
Fl'st = Fp.ite 0 ();

II for all Fi in F+
while ( FI ist ,has ext () ) {

II update progress b
ProgressSta us.prog essS ();

II take one Fi of he form 1 h ->b
Fi ::: CSt ing) Flist.nex ();
II take alpha
alpha::: Fi.substring(O, Fi.indexO (1_1»;

II ake beta
beta = Fi.substring(Fi.in e Of (I_I) 1, Fi.l n h()};

II if alpha and beta is subse 0

if( Closure.subsetOf(Ri, Iph ) !=

Closure.subse Of(Ri,bet

II if beta is subse
if( Closure.subsetO ( lph

II Fi is trivi
RiBcnf ::: truei

-1 &
! = -1 ) {

! = -1 ) {

}
II if alpha is superkey of Ri
else if( superkey(alpha, Ri, F) ) {

II alpha is superk y 0 R'
RiBcnf = rue;

}
II Ri is not in BCNF
else{

RiBcnf = false;

II decompose Ri into BCNF
decompose ( Ri, F, Fp, oldR );

II if R has changed
if( !oldR.equala( R ) ) {

II upda e n w R
R. clear () ;
R.addAll( oldR };
retu n Ri;

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

II ******************
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II
II
II
II
II 3rd
pub ic

II update progress b
ProgressStatus.progress

II result is the set of at ibu s
String result, oldresul
II list of FOs in F
Iterator Flist;
II FD Fi of the form beta->g m
String Fi, beta, g rna;

II initialize result
result = alpha;

nc i n lly rmin b

F

1 h

II compute all attribu es function lly de ermin
do{

II save result fo late campa ison
oldresult = result;

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

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

II update progress b r
ProgressSt us.p og essBar();

Y Iph

II take one FD from list, beta->g m
Fi ; (String) Flist.nex ();
II take beta
beta; Fi.substring(O, Fi.ind XOf('_'»;
II take gama
gama = Fi.substring(Fi.'ndexO (I_I) 1, Fi,l ng h() );

II if beta is subset 0 resul
if( Closure.subsetOf(resul ,b a) != -1 ) {

II result = result union b ta
resul = closure,stringUnion( esu t, rna);

II if result changes, compute again
}while( result.equals( oldresul ) == false);

II if alpha functionally determines all a tr'but s in R
II then alpha is superkey of R
if( Closure.subsetOf(result, R) 1- -1 ) {

II alpha is superkey of R
return true;

}else{
II alpha is not the superky of R
return false;

II ***************** ******************
II This function decomposes a relation Ri into BCNF for a given
II set functional dependencies F
public void decompose(String Ri, TreeSet F, TreeSet Fp, TreeSet r ult){

II update progress bar text
progressStatus.progressText("oecomposing relat'on ... ");
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es

al a, bet

II for all Fi in F
Flist = F.ite a ore);

ile ( Flis .hs ext () ) (

II upd te rag ess
P ogressSt tus.progres B ();

II take Fi from F
Fi = (String) Flis.n ();

II Fi is non tri i 1
II not in F nd lph
if( holdsOn( Ri, Fi, Fp

II sa e size
size = resul .si e();

Ri uch
io b

h lph
null

i

II remove Ri s t
result.remove( Ri ) i

II take lpha of Fi = lph b
alpha = Fi.subs 'ng( 0, Fi.in xO ('_I) );

II take be a of Fi = alpha -> be a
beta = Fi.subs ing( Fi.ind xO (I_I) 1, F'. n h() );
II add (alpha, beta)
result.add( closur .strin Union ( I h b );
II add (Ri - beta>
result.add( st ingSub raction( R', b );

II 'f the decomposi ion is succes ul
if ( result. size () I - size ) {

break;

II ************************
II This function tests if a functional dependency Fi (alph ->b
II holds on a relation Ri such that alpha->Ri is no in F , and
II (alpha intersection beta) = null
private boolean holdsOn( String Ri, String Fi, TreeSe Fp) {

String alpha, beta;

II take alpha from Fi = alpha -> beta
alpha = Fi.substring(O, Fi.indexO ('_'»;
II take beta from Fi = alpha -> beta
beta = Fi.substring( Fi.indexOf('-I)+l, Fi.leng h(»;

II alpha -> beta is not trivial
if( alpha. indexOf (beta) == -1 ) {

II alpha -> Ri is not in F+ and alpha inters c on
II beta is null
if( lFp.contains( alpha + "_II + Ri ) &&

stringlntersection{alpha, beta) == true ){
return true;

}else{
return false;

}else{
return false;

********** **.. **** *
This function checks if intersection between two relation schema

II ******** ********* ..
II
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n( ng , S

II for all char in Iph
fort int i=O; i < a ph Len;

II check if the cha e s in be
iff be .ind 0 (alb .ch At(i)

II lph in sec ion bet
re urn false;

II alpha intersection bet is null
return true:

!:;: -1 ) {

is no null

II *********** ** * ***.
II This function computes string sub c
public String stringSubtraction( Str'ng

II start with the alpah
StringBuffer subtraction = new S ringBu fe ( lph );
II get length
int len:;: subtraction.length();
char chi

II for every char in alpha
fort int i=o; i < len; i+ }{

ch :;: subtraction.cha A (i);
II if the char exists in beta
if ( beta. indexOf ( ch ) !::: -1 ) {

II remove it rom alp h
subtraction.deleteCharAt(i) ;
i - - ;
len- -;

II return the intersection
return subtraction.toString();

Figure 11: Be decom 0 ition alga ithm im J mnt ti n

1************************ *************
File: TNF. java
LastUpdate: November 21, 2001
Usage: Compute Third Normal Form decomposition of Relation Schema
************************************~********************** *** **** **** I

package Project.Algorithms;

import java.util.*;
import Project.Algorithms.Closure;
import Project.Algorithms,Canonical;
import Project.ProgressStatus;

11*********************** *****'**** '* ******* *******************
II class definition
public class TNF{

II canonical cover algorithm
private Canonical canonical;
II attribute subset list
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II
II constr ctor
p bl' c F () {

II insta tia e c nonic 1 co er 19o-i hm
canonical = ne C nonical();

II
II This function decomposes a gi en
II a set of functional dependenc'es
II Reference:
II Elmasri, avathe; Fundame als of 0 ab se s m, S
public TreeSet compile ( TreeSet R, T eeSe F) {

on: 1 .. 3

II start progress ba
ProgressStatus.startProgressB ("Compiling-

II local working variables
String Fi, FI, Fr, Pi, PI, P , Ri, Rr;
String Rstr, newRstr, canKey;
Iterator alpha, beta;

II newR holds decompossed relations, fin 1 au pu
TreeSet newR = new TreeSet();

II compute Canonical Cover 0 the giv n F
TreeSet Fc = canonical.compile( F );

s w II) ;

II for each left hand side of the production h t ppe s n Fe
alpha = Fc.iterator();
while{ alpha.hasNext() ) {

II take the production
Fi = (String) alpha.next();
II take left side
Fl = Fi.substring(O, Fi. 'ndexOf('-'));
II take right side
Fr = Fi.substring( Fi.indexOf('-') 1, Fi.leng h());
II union left and right side
Ri = Closure.stringUnion( FI, Fr );

II for all productions from the list after Fi
beta = Fc.taiISet( Fi ) .iterator();
while( beta.hasNext() ) {

II take one production
pi = (String) beta.next();
II take left side
PI = Pi.substring(O, Pi.ind xO ('-'));
II take right side
Pr = Pi. substring ( Pi.indexOf('-') 1, Pi.l n h());

II if the left side of the productions ar
if( FI.equals( PI ) ) {

II union right side to the result

Ri = Closure.s ringUnion( Ri, Pr );

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

qu I

II place all remaining unplaced attributes in a singl relation

II schema
II compute union of all gi en relation
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1 ha = R.iterator{);
Rstr = 1111;

h'le{ al h .has e t()
R (8 r g)

Rstr = 10 Rs - ) ;

II compute nion of 11 ecompose 1 io
alpha ~ newR.iterator();
ne Rs r ::: HIl;

hiler alph . as .ext() ){
R = CSt ing) alph .ne ();
ne Rstr = C~osure.s 'ngUnio Rst , R- );

II compute string subt tion of he
Rr = stringSubtrac ion( Rs r, ne R

II if the subt ation is no null
if { ! Rr . equal s ( •• II) } {

II add the reI ion to the lis
ne R. add ( Rr );

en n
) ;

e om

II if none of the schem contains
II realtion schema that cont ins at
II compute all possible subsets of
TreeSet attrList = Closure.attribut
attrSet = attrList.toArray();
attrSubset = new TreeSe ();
attr = new boolean[ attrSet.length 1];
Subset ( attrSet.length );

II get a candidate key
canKey = IIH;

alpha = attrSubset.iterator();
while( alpha.hasNext() ) {

Ri = (String) alpha.nex ();
if( superkey( Ri, Rstr, Fc ) ) {

if( Ri.length() < canKey.1 ng he) ) {
canKey = Ri;

on mo
m kyo R

II if there exists one candidate key and non of he r 1 tion
II contains the candidatea key
if { ! canKey . equal s ( II 11) } {

boolean addnew = true;
alpha = newR.iterator();
while{ alpha.hasNext() ) {

Ri = (String) alpha.n xt();
if ( Closure. subsetOf (Ri, canKey) ! = -1 } {

addnew = false;

if ( addnew ) {
II add the key to as a new rela ion
newR.add( canKey );

II stop the progress bar
progressStatus.stopProgressBar(} ;

II new relation schema
return newR;
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II for
for(

II intersection is null
return t ue;

} (

) {
i n nul

11****·*** ** *** *
II This function computes set subrac ion
public String stringSubtraction( S ring

II start with the full string
StringBuffer subtraction = new St ingBu fer(
II get length
int len = subtraction.length();
char chi

II for each char in alpha
for( int i=O; i < len; i+ ) (

II take the char
ch = subtraction.charAt(i);
II if it is present in beta
if( beta.indexOf( ch ) != -1 } {

II delete the char from alph
subtraction.deleteCha A (i);
II update loop var'ables
i--;
len--;

II return subraction
return subtraction,toString();

II ******************* ******** ***** ***** ** ***** *
II This function generates all possibl subsets of
private void Subset ( int n ){

if ( n == 0 ) {
writeSubset() i

ph );

}else{
attr[ n
attr[ n

false; Subset ( 0-1 );
true; Subse ( n-l );

II ************************* ***** .* *
II This function writes subset computed by Subset
private void writeSubset() {

StringBuffer strBuff = new stringBuffer();

try{
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II e
for( } {

i-I] ) I

II a he subset 0
. f ( st Buf f . leng h ( ) > 0 ) {

attrSubse .ad ( s rBu oS () ) ;

}
}ea ch( Exception e r ){

S s em.o t.println(" II + e ) ;

ney •

II
II This function checks if a given 5 of ttr'bute
II superkey of a rela ion R for a giv n se 0 Fun
II Reference:
II Silberschatz, Kor h, Sudarshan; Data ase Sys em Cone p 8,

II 3rd Edition, Section: 6.5,3
public boolean superkey( S ring alpha, String R, Tr SF) {

II update progress bar ex
ProgressStatus. progressText (liTes ing sup rk y ... II) ;

II result is the set of attribu es func ion lly
II determined by alpha
String result, oldresult;
II list of FOs in F
Iterator Flist;
II FO Fi of the form beta->gama
String Fi, beta, gama;

II initialize result
result = alpha;

II compute all attributes functionally det rmin d by lph
do{

II save result for later campa ison
oldresult = result;

II initialize Flist, list of FOs in F
Flist = F.iterator();

II for all FOs in F
while( Flist.hasNext() ) {

II update progress bar
ProgressStatus.progressBa ();

II take one FD from lis, beta->gama
Fi = (String) Flist.nex ();
II take beta
beta = Fi.substring(O, Fi.ind xOf('-'»;
II take gama
gama = Fi.substring(Fi.indexOf('-')+l, Fi.l ng h() );

II if beta is subse of result
if( result.indexOf(be a) != -1 ) {

II result = result union be a
result = Closure.stringUnion(r suI, gma);

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

ill

II pha
return f

s no s
se;

mp iti

R

File: BasicProject.java
LastUpdate: November 21, 2001
Usage: Provides basic structure of
************* ***********

package Project;

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

import java.io.
import java.util.*;

II ********* ******************* *** * *** **
II class definition
public abstract class Basicproject{

II dialog box option button text
private static final String [J label1
private static final String [] labe12

II application window
protected static JFrame window;

II application menu bar
protected static JMenuBar menuBar;

II application output window
protected static JTextArea output;

II file chooser dialog box
private static JFileChooser fc;

protected ProgressStatus pSi

"Yes", 'INo" };
" es", "No", "Cane 1" };

I

II tracks whether recompilation needed or not
protected boolean recompile;

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

II file to be saved in
private File file;

II *** **** *****************
II constructor, initialization
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pub

II initialize built-' ile
fc = ne JFileChoose ();
II initialize prog ess b
ps = new ProgressS atus ( indow, I, rogr

II control variables
recompile = rue;
saveProjec t e;
file = null;

8 II);

II ****** ** * *
II save current project
public void save(){

II if there is a selec ed file
if ( file ! = null ) {

try{
II open a new file w it
FileWrite fw = new FileW ite il} ;
II write the ou put window con n soh il
fw.write( ou put.getText(} );
II close file
fw. close () ;
II reset con rol va iables
saveProject = false;

}catch(Exception e) {
II only if error occurs du in fil s ving
JOptionPane.showMessageDialog(window,

"Error savin p ojec \n" . oStr'n () );
file = null;

}
II return as saving is lready don
return;

boolean retry

do{

false;

II popup file save dialog box
int opt = fc. showSaveDialog (window) ;

II if user press ok button
if( opt == fc.APPROVE_OPTIO ) {

II get the selec ed file
file = fc.getSelectedFile();

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

II popup overwri er permission window
int fopt = JOptionpane.showOp ionDialog{window,
"File already exists.\nDo you wan to ov rw i ?rr,

"Confirm overwrite",
JOptionPane.YES_NO_CANCEL_OPTIO I

JOptionPane.QUESTION_MESSAGE, null, lab 12,
labe12(1)) ;

II overwrite file
if( fopt == JOptionPane.YES_OPT 0 ) {

try{
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}
II do
else

e

}els {
II c nc I s v
f'le = null;

e 1 e;

}
II save
else{

ry{
FileW i e fw =

.writ ( ou pu
fw. close () ;
s veP ojec = f Is ;

}catch( Excep ion ) {
JOp ionPane.showM 58

"E ror s ving proj c
file = null;

}else{
retry = false;

}
}while( retry == true);

) ;

o'N,
in () );

II **************** *************** *** **** *
II print to printer
public void print() {

II left for later implementation
II system.out.println("printing ... ");

II ******************** ****** ********
II close current project
public void close() {

II check if project needs to be saved
if( saveProject == true) {

II popup save option window
int fopt = JOptionPane.showOp ionDialog(window,
"Project not saved.\nDo you wan to save it now?",
"Save Project", JOptionPane.YES_NO_OPTION,
JOptionPane.QUESTION_MESSAGE, null, labell, labell(O]);

if( fopt == JOptionPane.YES_OPTION ) {
save() ;

II remove menu options
menuBar.remove(l) ;
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II c ear 0

o tp .set

II *
II co
public

elem n 0 he
in ) i. nex ()

II if set in no nul
if( set != null) {

II loop hough the set
Itera or i = set. 'te 0 ();

hile( i.h sNext() ){
II append eve
buff. ppend ( (5

II return the st ing re resent ion
return buff.toString();

t n
"\n" );

Figur 1 : B Ie rOJ t tm tur impll
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hm

package Project;

import java.awt.*;
import ja a.a t.event.

import java. til.TreeSet;
import java.util.lterator;

import ja ax.swing.JFrame;
import javax.s ing.JMenu;
import javax.swing.JMenuBar;
import javax.swing.JMenultem;
import javax.swing.JTextArea;

import Project.Algorithms.Closure;
import Project.BasicProject;
import Project.ProgressS atus;

11************************ * *
II class definition
public class AClosure extends BasicProject implements Ac 'ooL' n

II input space
private TreeSet f, r;

II output space
private String ap;

II input form variable
private InputForm iff, ifr;

II ********* ******* * * ***** ***
II constructor
public AClosure(JFrame mainWindow, JMenuBa m inMenuBar,

JTextArea mainWindowOUtput ){

II initialize super class
super (mainWindow, mainMenuBar, mainwindowOutput);

I

II initialize menu
JMenu menu = new JMenu("Closure of At ribu
menuBar.add(menu) ;

Se s");

I I add '1 Input: Alpha - Set of At t ibut s II menu i em
JMenultem menultem = new

JMenultem{"Input: Alpha - Set of Attribu es Jl
);

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

II add "Input: F - Set of Func ional Depend ncies ll m nu i em
menuItem = new

JMenuItem("Input: F - Set of Func ional D pendenci s");
menuItem.addActionListener{this) ;
menu. add (menultem) ;

II add menu seperator
menu.addSeparator() ;

II add "Compile" menu item
menultem = new JMenuItem("Compile ll

) ;

menultem.addActionListener(this) ;
menultem. setEnabled( false) ;
menu.add(menuItem) ;
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II
if -) ;

II initiali e
i f = e lnp

1) ;

II initi Ii e input sp ce
f ne T eeSet();
r = ne Tre Set();

II update output window
output() ;

II * ** *
II menu event action handler
public oid ac ionPerformed(ActionE ent e) {

II get e ent source menu item
JMenuI em source = (JMenu tern) ( .get our e(»;

II get event source menu item text
String action = sou ce.getText();

II perform action based on the selec e
if( action.equals("lnpu : Alpha - Se a

II relation schema npu window
rlnputWindow () ;

m nu option
A ribu II» {

}
else if(

action. equals ("Input: F - Se of Func ion 1 Dep
II functional dependency inpu win ow
flnputWindow() ;

}
else if( action. equals ( II Compile") ){

II convert relation to one sin I s ring
StringBuffer alpha = new St in Buf er();
Iterator i = r.iterator();
while ( i.hasNext() ) {

alpha. append ( (Charac r) i.n x () );
}
II compute algorithm
ap = compile ( alpha.toString() I );

II compile not needed
recompile = false;
II not saved
saveProject = true;
II update output window
output() ;

II *********** * ********* **** *
II relation schema input form window
private void rlnputWindow(){

II variable to keep track whether
II has changed since last compile
boolean changed;

h inpu

II take input from user
changed = ifr.shownialog( window, r );

II check if input has changed
if ( changed ) {

II recompile needed
recompile = true;
II not saved
saveProject = true;
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II update output in 0
output() ;

II ***** * * *
II functional dependenc. input form indo
private void flnputWindo (){

II variable to keep track hether the input
II has changed since last compile
boolean changed;

II take input from user
changed = iff. showDialog ( window, f ) i

II check if input has changed
if( changed) {

II recompile needed
recompile = true;
II not saved
saveProject = true;
II update output window
output(} ;

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

menuBar.getMenu(l) .getltem(3) .setEnabled(false);
}else{

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

II *****************************************************************
II print to application output window
private void output() {

StringBuffer sb = new StringBuffer() ;

II print project title
sb. append (II [projectJ\n");
sb.append("Closure of Attribute Sets\n\n");

II print input R
if ( ! r. isEmpty () ) {

sb.append(1l [Input: Alpha - Set of Attributes]\n");
Iterator i = r.iterator(};
while ( i.hasNext(} } {

sb. append ( (Character) i. next () + "\n" );
}
sb. append ( II \n" );

II print input F
if ( ! f. isEmpty () ) {

sb.append(1l [Input: F - Set of II +
"Functional DependenciesJ\n");

sb.append( TreeSetToString( f ) + "\n" };

II print output
if( recompile == false) {

sb.append(lI [Output: Closure of Attribute Sets]\n");
sb. append ( ap + II \n II );

II print ot application output window
output.setText( sb.toString() };
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II ** * * * ****
II T is function finds all attributes func ion 11 etermine
I I given s'e't of attribu es and functional dependency
/1 Reference:
1/ Silberschatz, Korth, Sudarshan; Database System Concep s,
II 3rd Edition, Section: 6.5.3
private String compile( String alpha, TreeSet F ) {

1/ start progres bar
ProgressStatus.startProgressBar("Compiling - PIe se a't ll );

II result is the set of attributes functio all
II determined by alpha
String result, oldresult;
II list of FDs in F
Iterator Flist;
II FD Fi of the form beta->gama
String Fi, beta, gama;

II initialize result
result = alpha;

II compute all attributes functionally determined by alpha
do{

II save result for later comparison
oldresult = result;

II initialize Flist, list of FOs in F
Flist = F.iterator();

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

II take one FD from list, beta->gama
Fi = (String) Flist.next();
II take beta
beta = Fi.substring(O, Fi.indexOf('-'»;
II take gama
gama = Fi.substring(Fi.indexOf('-')+l, Pi.length() );

II if beta is subset of result
if ( Closure. subsetOf (reaul t, beta) ! = -1 ) {

II result = result union beta
result::: Closure.stringUnion(result, gama);

ProgressStatus.progressBar() ;

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

II end progress bar
ProgressStatus.stopProgressBar() ;

return result;

Figure 14: User interface to the Closure algorithm

1***************************************************** ***********************
File: CCover.java
LastUpdate.: July 16, 2001
Usage: Provides an user interface to the canonical cover algorithm
****************************************************** **********************1

package Project;
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import ja a.awt. ;
impor ja a.a t.event.

import java.util.TreeSet;
impor java.util.lterator;

import javax.swing.JFrame;
import javax.swing.JMenu;
import javax.s ing.JMenuBar;
import javax.swing.JMenultem;
import javax.swing.J7extArea;

import Proj ect .Algori thros . Canonical,;
import Project.BasicProject;

II ************ **************************** ***** *** ****** *
II class definition
public class CCover extends BasicProject implements ActionListener{

II input space
private TreeSet f;

II output space
private TreeSet fc;

II input form variable
private InputForm iff;

II algorithm
private Canonical canonical;

II **********************************************************************
II constructor, initialization
public CCover(JFrame mainWindow,

JMenuBar mainMenuBar, JTextArea mainWindowOutput ) {

II initialize super class
super {mainWindow, mainMenuBar, mainWindowOutput):

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

I I add "Input: F - Set of Functional Dependencies 1t menu item
JMenultem menultem = new

JMenultem("Input: F - Set of Functional Dependencies ll
);

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

menu.addSeparator() ;

II add "Compile ll menu item
menuItem = new JMenultem(IICompile");
menultem.addActionListener(this) ;
menuItem. setEnabled (false) ;
menu.add(menuItem) ;

II initialize Functional Dependency input windows
iff = new Input Form. ( window,

"Input: F - Set of Functional Dependencies", 1);

II initialize input space
f = new TreeSet(};

II initialize algorithm
canonical = new Canonical();

II update output window
output() ;
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II ** *******
II menu e ent action handler
public oid actionPerformed(ActionEvent e)

II get event source menu item
JMenultem source = (JMenultem) (e.getSour e());

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

if( action. equals ("Input: F - Set of Functional Dependen ies") ) {
II functional dependenc input windo
flnputWindow() ;

}
else if( action. equals (tlCompile") ) {

fc = canonical.compile( f );
II compile not needed
recompile = false;
II not saved
saveProject = true;
II update output window
output() ;

II ***************************************************** ****** *********
II functional dependency input form window
private void flnputWindow() {

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

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

II check if input has changed
if ( changed ) {

II recompile needed
recompile = true;
II not saved
saveProject = true;
II update output window
output() ;

II enableldisable compile menu option
if ( f. isEmpt y () ) {

menuBar.getMenu(l) .getltem(2) .setEnabled(false);
}else{

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

II **************************************************** *****************
II print to application output window
private void output(){

StringBuffer sb = new StringBuffer();

II print project title
sb.append(tI[projectJ\n") ;
sb. append (ItCanonical Cover\n\n");

II print input F
if( !f.isEmpty() ) {

sb.append{"[Input: F - Set of Functional Dependencies]\n tl );
sb.append( TreeSetToString( f ) + "\n lt

);
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II prin output
if( recompile ~= false }{

sb. append (JI [0 put: Fe - Cano ieal Co er of F] \n II) ;

sb. append ( TreeSetToString( fe) "\n");

/1 print ot application output windo
output.setText( sb.toString() );

Figure 15: s r int r ac to th

1*** **************************** ********* ** ******** ****** ****** * **
File: DTest. java
LastUpdate: July 16/ 2001
Usage: Provides an user interface to the Dependency Preserv tion Test
********************************************* ****************** ********** I

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.Dependency;
import Project.BasicProject;

II **************************************************************************
II class definition
public class DTest extends BasicProject implements ActionListene {

II input space
private TreeSet f, r;

II output space
private boolean result;

II input form variable
private InputForm iff, ifr;

II algorithm
private Dependency dependency;

II **********************************************************************
II constructor, initialization
public DTest(JFrame mainWindow,

JMenuBar mainMenuBar, JTextArea mainWindowOutput ) {

super (mainWindow, mainMenuBar, mainwindowOutput);

II add "Dependency Preservation Test ll project
II menu to the menu bar
JMenu menu = new JMenu("Dependency Preservation Test ll

);

menuBar. add (menu) ;

I I add II Input : R - Relation Schema'l meDU item
JMenultem menuItem = new JMenultem(rtInput: R - Relation Schema");
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men Item.addAc ionListe er(this) ;
men . add (menultem) ;

II add "Input: F - Set of F nctional Dependenc' g" menu i m
menultem ::: ne

JMenultem("Input: F - Set of Functional Depen nei S");

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

menu.addSeparator{) ;

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

II initialize Relation Schema input windows
ifr = new Input Form ( window, "Input: R - Rela ion Schema", 3);

II initialize Functional Dependency input win ows
iff::: new Input Form ( window,

"Input: F - Set of Function 1 Dependencies", 1);

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

II initialize algorithm
dependency = new Dependency() ;

II update output window
output() ;

II ********************************************************** * *********
II menu event action handler
public void actionPerformed(ActionEvent e)

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

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

II perform action based on the selected menu option
if( action.equals("Input: R - Relation Schema ll

} ) {

II relation schema input window
rlnputWindow() ;

}
else if(

action. equals (II Input: F - Set of Functional Dependencies") } {
II functional dependency input window
flnputWindow() ;

}
else if( action.equals("Compile"} ) {

result = dependency.compile( f, r );
II compile not needed
recompile::: false;
II not saved
saveProject = true;
II update output window
output () ;

II *********************************************************
II relation schema input form window
private void rlnputWindow{}{

II variable to keep track whether the input
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II has c anged since last co,pile
boolean changed;

II take inp t from user
changed = ifr.sho Dialog( windo );

II check if input has changed
if ( changed ) {

II recompile needed
recompile = true;
II not saved
saveProject = true;
II update output window
output () ;

II *********************** *********************
II functional dependency input form window
private void flnputWindow() (

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

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

II check if input has changed
if ( changed ) {

II recompile needed
recompile; true;
II not saved
saveProject = true;
II update output window
output() ;

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

menuBar.getMenu(l) .getItem(3) .setEnabled(false) ;
}else{

menuBar.getMenu{l) .getltem(3) .setEnabled{true);

II ****************************************************** ***************
II print to application output window
private void output() {

StringBuffer sb = new StringBuffer();

II print project title
sb.append(U[Projectl\n") ;
sb.append("Dependency Preservation Test\n\n");

II print input R
if ( ! r . isEmp t y ( ) } {

sb. append (II [Input: R - Relation Scherna]\n Jl
) i

sb.append( TreeSetToString( r ) + lI\n ll
);

II print input F
if( !f.isEmpty() ){

sb.append("[Input: F - Set of Functional DependenciesJ\n ll
);

sb. append ( TreeSetToString( f ) + "\n ll
);

II print output
if( recompile ;= false) {

sb.append(rt[F+ Closure of FJ\n");
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sb.append II[F' Func ional Depe en ies on s h
sb.append{ dependenc .getFPrime() lI\n");

R] \n ll
);

sb. ppe d{ll [FI Closu e of F ' )\");
sb.append( dependency.getFP imePlus() "\n" );

sb.append(1I [Outp t: Dependenc Prese ion Test]\n ll
);

sb. append ( dependency. getResul () + II \n I' );

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

Figure 16: User int rfa th Ion

1***************************** ** **** ********************* ***
File: FDClosure.java
LastUpdate: July 16, 2001
Usage: Provides an user interface to the Closure algorithm
*********************************************** *** ******

package Project;

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

import java.util.TreeSet;
import java.util.lterator;

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.BasicProjecti

I

II *********************************************************** **************
II class definition
public class FDClosure extends BasicProject implements ActionListener{

II input space
private TreeSet f, r;

II output space
private TreeSet fp;

II input form variable
private InputForm iff, ifr;

II algorithm
private Closure closure;

II *************************************** *************** **************
II constructor, initialization
public FDClosure(JFrame mainWindow,

JMenuBar mainMenuBar, JTextArea mainWindowOutput ) {

II initialize constructor
super (mainWindow, mainMenuBar J mainWindowOUtput);

II add "Closure of a Set of Functional Dependencies ll project
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II menu to the menu ba
J enu menu = ne\<

JMenu(lIClosu e of a Set of Functi n I De e en i Sll);

menuBar.add(menu) ;

II add "Input: R - ReI tion Schema" menu item
JMenultem menultem = new JMenultem(UInp t: R - ReI ion chern II);
menuItem.addActionListener(this} ;
rnenu. add (menultem) ;

II add IIInput: F - Set of Functional Dependencies" menu it m
menuItem = new

JMenuItem("Input: F - Set of Function I Dependenci s");
menultem.add.~ctionListener(this);
menu.add(menultem) ;

menu.addSeparator{) ;

II add IICompile" menu item
menultem = new JMenuItem ("Compile ll

) ;

menuItem.addActionListener(this} ;
menuItem.setEnabled(false} ;
menu. add (menultem) ;

II initialize Relation Schema input windows
ifr = new Input Form ( window, "Input: R - Rela ion Sch rna", 3};

II initialize Functional Dependency input windows
iff = new Input Form ( window,

lIInput: F - Set of Functional Dependencies", 1);

II initialize input space
f new TreeSet();
r = new TreeSet(};

II initialize algorithm
closure = new Closure();

II update output window
output() ;

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

II get event source menu item
JMenultem source = (JMenuItem) (e.getSource{»;

II get event source menu item text
String action = source.getText(};

II perform action based on the selected menu option
if{ action.equals(IIInput: R - Relation Schema ll

) ) {

II relation schema input window
rInputwindow{) ;

}
else if(

action.equals("Input: F - Set of Functional Dependencies ll
) ) {

II functional dependency input window
flnputWindow() ;

}
else if( action. equals ("Compile") ) {

fp = closure.compile( f, r );
II compile not needed
recompile = false;
II not saved
saveProject = true;
II update output window
output() ;
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II ** **
II relation sche a input form indo
pri ate oid rlnp t indo () {

II variable to keep rack hether the input
II has changed since last compile
boolean changed;

II take input from user
changed ~ ifr.sho Dialog( windo , r );

II check if input has changed
if( changed) {

II recompile needed
recompile = true;
II not saved
saveProject = true;
II update output window
output{) ;

II ************************* **** *** * *****************
II functional dependency input form window
private void fInputWindow() {

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

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

II check if input has changed
if{ changed) {

II recompile needed
recompile = true;
II not saved
saveProject = true;
II update output window
output() ;

II enable/disable compile menu option
if ( f. isEmp t y () ) {

menuBar.getMenu(l) .getItem(3) .setEnabled(false);
}else{

menuBar.getMenu{l) .getltem(3) .setEnabled(true) i

II ****************************************************************
II print to application output window
private void output{){

StringBuffer sb = new StringBuffer();

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

);

II print input R
if ( ! r . i sEmptY() ) {

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

II print input F
if ( ! f . isEmpty () ) {
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sb. append (II (In ut: F - Set of s) \n 11) i
sb.apend( T eeSetToSt ing( f

II print output
if( recompile == false ){

sb.append(f1(Attribute List]\n ll
);

sb.append( closure.ge AttributesO + "\n" ),'

sb.append(Il[Attribute Subse ]\n");
sb.append( closure.getAttributeSubset() II \ " );

sb.append(1I [Output: Reflexivit ]\n");
sb.append( closure.getReflexivity() + "\n" ),.

sb.append(1l [Output: Augmentation]\n"),.
sb. append ( closure. getAugmentat ion () + II \n" ),.

sb.append(f1 [OUtput: Transitivity)\n ll
) i

sb.append( closure.getTransitivity() + "\n" ),.

sb.append(f1 [Output: Closure Set of Function 1 Depend nci s]\n");
sb . append ( TreeSetToString ( fp ) + II \n II };

II print ot application output window
output.setText( sb.toString() ) i

Figure 17: User interface to the Closer of unctional rithm

1******************************************* ******* ********* *** ****
File: BCNFDcom.java
LastUpdate: July 16, 2001
Usage: Provides an user interface to the BCNF decomposition algorithm
****************************************************** **********************1

package Project;

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

import java.util.TreeSet;
import java.util.lterator;

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;

II ****************************************** *********************** *******
II class definition
public class BCNFDcom extends BasicProject implements ActionListener{

II input space
private TreeSet f, r;

II output space
pri ate TreeSet fp;

II input form variable
private InputForm iff, ifr;
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II algorithm
pr ate BCNF bcnf;

II ** ****** **** *
II constructor, initialization
p blic Be FDcom(JFrame main indow,

JMenuBar mainMenuBar, JTextArea mainWindowOutput ) {

II initialize constructor
super (mainWindow, mainMenuBa , mainWindo Output);

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

II add "Input: R - Relation Schema" menu item
JMenuItem menuItem = new JMenultem (It Input: R - Rela ion Schema II ) i

menuItem.addActionListener(this) i

menu. add (menuItem) ;

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

JMenultem("Input: F - Set of Functional Dependencies ll
);

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

menu.addSeparator() i

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

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

II initialize Functional Dependency input windows
iff = new Input Form ( window,

"Input: F - Set of Functional Dependencies", 1);

II initialize input space
f new TreeSet{);
r = new TreeSet{);

II initialize algorithm
benf = new BCNF();

II update output window
output() ;

II ************************************* ************** ****************
II menu event action handler
public void actionPerformed{ActionEvent e)

II get event source menu item
JMenuItem source = (JMenuItem) (e.getSource(});

II get event source menu item text
String action = source.getText{);

II perform action based on the selected menu option
if( action. equals ("Input: R - Relation Schema") ) {

II relation schema input window
rInputWindow{) i

}
else if(

action. equals ("Input: F - Set of Functional Dependencies") }{
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**** *

}
else if( action. equals (nCompile") ){

fp ~ benf.compi e( , f );
II compile not nee ed
recompile = false;
II not save
sa eProject = true;
II update output win ow
output() ;

II ****************** *** *******
II relation schema input form window
private void rlnputWindow() {

II variable to keep track whether the inpu
II has changed since last compile
boolean changed;

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

II check if input has changed
if( changed ){

II recompile needed
recompile = true;
II not saved
saveProject = true;
II update output window
output() i

* **

II ***********************************************************
II functional dependency input form window
private void flnputWindow() {

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

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

II check if input has changed
if( changed ){

II recompile needed
recompile = true;
II not saved
saveProject = true;
II update output window
output() ;

II enableldisable compile menu option
if ( f. isEmp t y () ) {

menuBar.getMenu(l) .getltem(3) .setEnabled(false);
}else{

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

II ***********************************************************
II print to application output window
private void output(){

StringBuffer sb = new StringBuffer();
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II pri t project ti Ie
sb.append{1I [Project]\n");
sb.append(IIBCNF Decomposition\n\n ll

);

II print input R
if ( ! r . isEmpt () ) {

sb.append(lIflnput: R - Relation SchemaJ\n");
sb.append( TreeSetToString( r ) + lI\n ll

);

II print input F
if ( ! f . isEmp t y () ) {

sb.append("[Input: F - Set of Functional Dependencies]\n ll
);

sb.append( T eeSetToString( f) u\n");

II print output
if( recompile == false) {

sb.append(1I [Output: BCNF Decomposition of R]\n");
sb.append( TreeSetToString( fp ) + "\n" );

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

Figure 18: User i terface to the Be comp itio 1 Orithn1

1***************************************************** * ***************** * *
File: AutoDesign.java
LastUpdate: November 21, 2001
Usage: Provides an user interface to the automated database design algorithm
*************************************************************.********* ****1

package Project;

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

import java.util.TreeSet;
import java.util.lterator;

import javax.swing.JFrame;
import javax.swing.JMenu;
import javax.swing.JMenuBar;
import javax.swing.JMenultem;
import javax.swing.JTextA~ea;

import Project.Algorithms.BCNF;
import Project.Algorithms.TNF;
import Project.Algorithms.Dependency;
import Project.BasicProject;

11*****·***********·*******·**************·******··*** **********************
II class definition
public class AutoDesign extends BasicProject implements ActionListener{

II input space
private TreeSet f, r;

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

II input form variable
private InputForm iff, ifr;
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II algor'thm
private B F benf;
pri ate T F tnf;
pri ate Dependenc dtest;

II *
II constructor, initialization
public AutoDesign(JFrame main in 0 ,

J enuBar mainMenuBar, JTextAre m inWindowO put) {

II initialize constructor
super (mainWindow, mainMenuBar, mainWindowOutpu );

II menu to the menu bar
JMenu menu = new JMenu (IlAutomated Design") ;
menuBar.add(menu) ;

II add "Input: R - Relation Schema" menu item
JMenuItem menuItem = new JMenuItem("Input: R - ReI ion Sch m ");
menultem. addActionListener (this) ;
menu.add(menuItem) ;

II add "Input: F - Set of Functional Dependencies ll menu it m
menuItem = new

JMenultem("Input: F - Set of Function I Dependencie II);

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

menu.addSeparator() ;

II add "Compile" menu item
menultem = new JMenuItem(IICompile ll

);

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

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

II initialize Functional Dependency input windows
iff = new InputForm( window,

"Input: F - Set of Functional Dependencies", 1);

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

II initialize algorithm
bcnf = new BCNF{);
tnf = new TNF() ;
dtest = new Dependency() ;

II update output window
output() ;

II *************************************** ***************** ***********
II menu event action handler
public void actionPerformed(ActionEvent e)

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

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

II perform action based on the selected menu option
if( action.equals(IIInput: R - Relation Schema ll

) ) {

II relation schema input window
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II ** * **
II print to application output indo
private oid output(){

StringBuffer sb = ne StringBuf er();

II print project title
sb.append(II[Projectl\n IJ

) ;

sb.append( lI Automated Design\n\n");

II print input R
if( !r.isEmpty() ){

sb.append("[Input: R - Relation Schema]\n");
sb.append( TreeSetToString( r ) + lI\n

ll
);

II print input F
if ( ! f. isEmpty{) ) {

sb.append(lI[Inpu: F - Set of Function 1 Dependenciesl\n ll
);

sb.append( TreeSetToString{ f ) + "\n" );

II print output
if{ recompile == false ){

if( dp ) {
sb.append("[Output: BCNF Decomposition of R]\n ll

);

sb. append ( TreeSetToString{ rb ) + "\n ll
);

}else{
sb.append(1I [Output: 3NF Decomposition of R]\n ll

);

sb.append( TreeSetToString( t) + "\n ll
);

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

Figure 19: User interface to the semi-automat d d decision 19orithm

1***************************************************** ********************
File: InputForm.java
LastUpdate: July 16, 2001
Usage: Provides a generic user interface for user input
*********************************************************** ** *************1

package Project;

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

import javax.swing.JDialog;
import javax.swing.JList;
import javax.swing.ListSelectionModel;
import javax.swing.JScrollPane;
import javax.swing.JTextField;
import javax.swing.JButton;
import javax.swing.JPanel;
import javax.swing.JOptionPanej

import java.util.*;
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II * *******
II class definition
public class InputForm ex ends JDialog

II initial list and the eu rent list that user uses 0 mo if
private TreeSet currentlist, initiallis ;
II input form type
private int formtype;
II input data list
private JList list;
II parent frame
private Frame frame;
II input data has changed since load
private boolean changed;

II ************************* ********* ****
II constructor, initialization
public InputForm(Frame frame, String title, int type)

II initialize super class
super (frame, title, true);

II initialize form type type
formtype = type;
II initialize current list
currentlist = new TreeSet();

II user input text field
final JTextField textField new JTextField(30) i

II add button
final JButton addButton = new JButton(IIAdd") ;
II add button event handler
addButton.addActionListener(new ActionListener() {

public void aetionPerformed(ActionEvent e)
String item = textField.getText();
if( item != null && item.length() > 0 && addCheck(it m) ) {

if( formtype == 1 ){
String If item. substring (0, item.indexOf('-'»;
String rt = item. substring ( i em.indexOf('-') 1,

item. 1eng h () ) ;
current 1 ist . add ( inOrder (I f) + "- 'I inOrde (rt) );
}else if( formtype == 2 ) {
currentlist.add( new Character(item.charAt(O») );
}else if( formtype == 3 ) {

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

II add text field event handler
textField.addActionListener(new ActionListener() {

public void actionPerformed(ActionEvent e)
addButton.doClick() ;

}) ;

II remove button
final JButton removeButton = new JButton("Remove");
II add remove button event handler
removeButton.addActionListener(new ActionListener()

public void actionPerformed(ActionEvent e) {
if( formtype == 1 I I formtype == 3) {

String item = (String) list.getSelec edValue();
currentlist.remove( item );
list.setListData(currentlist.toArray(» ;
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oA r ());

Sele e

}) ;

II ok button
JButton okButton = new JButton{UOk ll

);

II add ok button event handler
okButton.addAc ionListener(new ActionListener()

public void actionPerformed(ActionEven e) {
if( currentlist.equals( initiallist ) ){

changed = false;
}else{

initiallist.clear() ;
initiallist.addAll(currentlis );
currentlist.clear() ;
changed = true;

}
setVisible(false) ;

}) ;

II cancel button
JButton cancelButton = new JButton(IICancel");
II add cancel button event handler
cancelButton.addActionListener(new ActionListener(}

public void actionPerformed(ActionEven e) {
currentlist.clear() ;
changed = false;
setVisible(false} ;

}) ;

II set default button for the window
getRootPane(} .setDefaultButton( cancelBut on };

lu ();

II initialize list window
list = new JList();
list.setSelectionMode(ListSelectionModel.SINGLE INTERVAL_SELECTION);
II set double click event handler -
list.addMouseListener(new MouseAdapter(} {

public void mouseClicked(MouseEvent e)
if (e.getClickCount() == 2) {

removeButton.doClick() ;

}) ;

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

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

II set bottom panel
JPanel bottomPane = new JPanel();
bottomPane.add(okButton) ;
bottomPane.add(cancelButton) ;

llPut everything together, using the content panels BorderLayout.
Container contentPane = getContentPane();
contentPane. add (topPane, BorderLayout.NORTH);
contentPane.add(listScroller/ BorderLayout.CE TER);
contentPane.add(bottomPane, BorderLayout.SOUTH);
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pac ();

II ********
II Sho the initialized dialog. The
II be null if au ant the dialog to come u n
II of the screen. Other ise, the argument shoul he
II component on top of which the di log shoul ppea.
public boolean sho Dialog(Component camp, TreeSe lis

II save the initial list
initiallist = listdata;
II temporary space
currentlist.addAll(listdata);

list.setListData( currentlist.toA ra () );
setLocationRelativeTo(comp) ;
setVisible(true) ;

return changed;

II ********************************************** * ** *** *
II input data check before adding to the list
private boolean addCheck(String data} {

II FD = {FI, F2, F3} input form
if( formtype == 1 } {

II production seperator char '_I check
if( data.indexOf('-I) == -1 ) {
JOptionPane.showMessageDialog(frame,
IIFunctional dependency must contain one seperating ch r c er.\n ll +
II Example : A-Be",
"Functional dependency input error",
JOptionPane.ERROR_MESSAGE) ;
return false;
}
II length of the left side of the produc ion
else if( data. substring (0, data.indexOf(I-'» .length() 0) {

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

}
II length of the right side of the produc ion
else if( data.substring(data.indexOf(l-')+l,

data.length(» .length() O}{
JOptionPane.showMessageDialog(frame,
"Not a valid functional dependency.",
"Functional dependency input error",
JOptionpane.ERROR_MESSAGE) ;
return false;

}
else if( !validCharCheck(data) } {

JOptionPane.showMessageDialog(frame,
t1Functional dependency must be composed of:\n" +

"letters, digits and one seperating characte "
"Functional dependency input error ll

,

JOptionPane.ERROR_MESSAGE) ;
return false;

return true;
}
II R {Rl, R2, R3} input form
else if( formtype == 2 }{

ifC data.length(} > 1 ) {
JOptionPane.showMessageDialogCframe,

83



"You must enter 0 e ttrib te
"Relation Schem input error",
JOptionPane.ERROR ESSAGE);
retu n false; -

}
II pro cti n seperator ch r '-' heck
else if ( data. in e Of ( , - I) !::: -1 ) {

JOptionPane.sho Mess geDialo (f me,
"Relation mus not cont in ,_, .",
"Relation Schem input error",
JOptionPane.ERROR_MESSAGE) ;
return false;

ime. ",

}
else if( !Character.isLet erOrDigit(d t

JOptionPane.sho MessageDialog(f
ItRelation must be a letter or i
ItRelation Schema input erro "
JoptionPane.ERROR_MESSAGE) ;
return false;

.ch rAt{O» ) {
me,
it. ",

}
II D
else

return true;

{Dl, D2, D3}
if( formtype :::= 3 ) {

II valid char check
if( !validCharCheck(data) ) {

JOptionPane. showMessageDialog (frame,
ItRelation schema must be composed 0

"Relation schema input error ll
,

JOptionPane.ERROR_MESSAGE) ;
return false;

return true;

let ers and di it

}
II default: no check
else{

return true;

II *************************************************** ************
II valid char check of the input string
private boolean validCharCheck( String data) {

int count = 0;
if( formtype == 1 ) {

for( int i=o; i < data.length(); i+ ) {
II accept only one seperating character
if( data.charAt(i) == I_' ) {

if( count == 0 ){
count++;

}else{
return false;

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

return false;

}
else if( formtype == 3 ) {

for( int i=O; i < data.length(); i+ ){
II accept only letters or digits
if( !Character.isLetterOrDigit( data.charAt(i) ) ) {

return false;
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return rue;

****.*,~****** *II ** *** * **
II sort a gi en string in ascending order
private String inOrder( String str ) {

StringBuffe buff = new StringBuffer();
int strLen, buffLen;
char chi

II get string length
strLen = str.leng h();
II for all char in the string
for( int i=O; i < strLen; i++ ) {

II take one char
ch = str.ch rAt (i) ;
II get buffer length
buff Len = buff.length();
II find a place for the char in buff r
int j=O;
while( j < buffLen && buff.charAt(j) < ch) {

j ++;
}
II add the char in right place
buff.insert(j, ch);

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

Figure 20: User interface for b neric input fonn

* * ******1

/*********************************************** ********* ************
File: ProgressStatus.java
LastUpdate: July 16, 2001
Usage: Provides an user interface to the project progress sta us
**************************************************** ********
package Project;

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

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

public class ProgressStatus{
private static JDialog pdialog;
private static JPanel ppanel;
private static JLabel ptext;
private static JProgressBar pbar;
private static int plevel;

public ProgressStatus( JFrarne 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 ) );
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ppanel.add( pte t );

pb r = e JProg essB r{);
pbar.setPreferredSize( ne Dimension { 300, 0»;
pbar.set inimum( 0 );
pbar.setMaximum( 20 );
pbar.set alue( 0 );
pbar.se Bounds ( 20, 35, 260, 20 );
ppanel.add( pbar );

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

public static void startProgressBar( St ing title) {
if( pdialog != null && !pdialog.isVisible() ) {

pdialog.setTitle( title);
pdialog.setVisible( true);

public static void progressBar{) {
if( pdialog != null && pdialog. 'sVisible() ) {

if( plevel > 19 ) {
plevel = 0;

}else{
plevel++;

pbar.setValue( plevel );
Rectangle progressRect pbar.getBounds();
progressRect.x = 0;
progressRect.y = 0;
pbar.paintlmmediately( progressRect );

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.paintlmmediately( labelRect );

public static void stopProgressBar() {
if( pdialog != null && pdialog.isvisible(} ) {

pdialog.setVisible{false);

Figure 21: User interface for project progr
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I
F'le: SelectProject.java
LastUpda e: July 16, 2001
Usage: Pro ides an user i terface to
**** ***** ********

package Project;

import java.a t.*;
import java.awt.event.*;

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

II ****************************************** *********** * **
II class definition
public class SelectProject extends JDialog

II define different type of project
public static final 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 String[] projects = {
II 3NF Decompos it ion" ,
"Automated Design",
"BCNF Decomposition",
"Canonical Cover II ,
"Closure of Attribute Sets lI

,

IIClosure of a Set of Functional Dependencies",
"Dependency Preservation Test 11,

};

private int projectType;

I

II *******************************************************************
II constructor
public SelectProject(Frame frame, String title)

super (frame, title, true);

II project type selection combo box
final JComboBox projectList = new JComboBox(projects) ;
II label
final JLabel label ew JLabel(llproject Type: tI

);

II ok button
JButton okButton = new JButton("0k")i
II ok button event handler
okButton.addActionListener(new ActionListener()

public void actionPerformed(ActionEvent e) {
projectType = getProjectType( (String) projectLis .

getSelectedItem() );
setVisible(false) ;

}) ;

II cancel button
JButton cancelButton :: new JButton( f1 Cancel");
II cancel button event handler
cancelButton.addActionListener(newActionListener()

public void actionPerformed(ActionEvent e) {
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projec T e =: 0;
set isible(false);

}) ;

II set defatult button for the indo
getRootPane() .se Defa ItButton( c ncelSut on );

II arrange components
JPanel topPanel = new JP nel();
topPanel.setP eferredSize( ne Dimension { 380, SO ) );
topPanel.add(label) ;
topPanel.add{projectList) ;

II arrange components
JPanel bottomPanel = new JPanel{);
bottomPanel.add(okButton) ;
bottomPanel.add{cancelButton) ;

JPanel panel = new JPanel();
panel.setPreferredSize( new Dimension{ 400, 100 } );
panel.add(topPanel, BorderLayaut.CENTER);
panel.add(bottomPanel, BorderLayout.SOUTH);

/IPut everything together, using the can ent p nels So erL you.
Container contentPanel = getContentPane();
contentPanel.add{ panel);

pack() ;

II ****************************************
II popup the dialog window
public int shawDialog(Component camp) {

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

return projectType;

II ****************************************************** ** *** *
II return the project type selected by the user
private int getProjectType{ String projectName ) {

if ( proj ectName. equals (It II) ) {

return 0;
}
else if( projectName.equals("3NF Decomposition"} } {

return TN_DECOMPOSITION;
}
else if( projectName.equals("Automated Design"} ) {

return AUTO_D SIGN;
}
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 5e a") ) {

return A_CLOSURE;
}
else if( projectName.

equals("Cloaure of a Set of Functional Dependencies") ) {
return FD_CLOSURE;

}
else if( projectName.equals("Dependency Preservation Test") ) {

return DEPENDENCY_TEST;
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ret rn 0;

r 1 p ~ t t

File: TNFDcom.java
LastUpdate: July 16, 2001
Usage: Provides an user interface to the

******** ********* ** * * *

package Project;

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

import java.util.TreeSet;
import java.util.lterator;

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

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

I

II *****************************************************************
II class definition
public class TNFDcom extends BasicProject implements ActionListener{

II input space
private TreeSet f, r;

II output space
private TreeSet fp;

II input form variable
private InputForm iff, ifr;

II algorithm
private TNF tnf;

II ***************************************************************
II constructor, initialization
public TNFDcom(JFrame mainWindow,

JMenuBar mainMenuBar, JTextArea mainWindowOutput ) {

super (mainWindow, mainMenuBar, mainWindowOUtput);

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

II add "Input: R - Relation Schema ll menu item
JMenuItem menuItem = new JMenuItem{"Input: R - Relation Schema");
menuItem.addActionListener{this) j

menu.add(menultem)j

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

JMenuItem(rllnput: F - Set of Functional Dependencies ll
};
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men
men

men .addSeparator{);

II add "Camp °le ll menu item
menuItem = ne JMenultem("Compile");
menuItem. addActionListener (this) ;
menultem.setEnabled(false) ;
menu. add (menultem) ;

II initialize Relation Schema input windows
ifr = new Input Form ( window, IIInput: R - Relation Sch m" ""I);

II initialize Functional Dependency input wOndo s
iff = new InputForm( window,

IIInput: F - Set of Function 1 Depen ncie II 1);

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

II initialize algorithm
tnf = new TNF();

II update output window
output() ;

II **************************** ********************
II menu event action handler
public void actionPerformed(ActionEvent e)

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

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

II perform action based on the selected menu option
if( action. equals ("Input: R - Relation Schema") ) {

II relation schema input window
rInputWindow() ;

}
else if(

action. equals ("Input: F - Set of Functional Oependenci 8
11

) ) {

II functional dependency input window
flnputWindow() ;

}
else if( action. equals ( lI Compile ll

) ){

fp = tnf.compile( r, f );
II compile not needed
recompile = false;
II not saved
saveProject = true;
II update output window
output() ;

II **********************************************************************
II relation schema input form window
private void rlnputWindow(){

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

II take input from user
changed = ifr.showOialog( window, r );

II check if input has changed
if ( changed ) {
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II recompile nee ed
reco pile: rue;
II not sa ed
sa eProject = e;
II upd te outp t indow
output{} ;

II ***** * **** * ***
II functional dependenc input form window
pri ate void flnput indow(}{

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

II take input from user
changed: iff.showDialog{ window, f );

II check if input has changed
if( changed} {

II recompile needed
recompile = true;
II not saved
saveProject = true;
II update output window
output() ;

II enableldisable compile menu option
if( f.isEmpty() ) {

menuBar.getMenu(l) .getltem(3) .setEnabled(fal e) i

}else{
menuBar.getMenu(l} .getltem(3) .setEnabled{true);

II ******************************************
II print to application output window
private void output() {

StringBuffer sb = new StringBuffer() ;

II print project title
sb.append(tl (Project]\n");
sb.append(Il3NF Decomposition\n\n");

II print input R
if ( ! r . isEmpty () ) {

sb.append("[Input: R - Relation SchemaJ\n lf
);

sb.append( TreeSetToString( r) "\n");

II print input F
if ( ! f . isEmpty () ) {

sb.append(Il [Input: F - Set of Functional Dependencies]\n");
sb. append ( TreeSetToString( f ) + JI\n tl );

II print output
if( recompile == false) {

sb.append(II[OUtput: 3NF Decomposition of R]\n lf
);

sb.append( TreeSetToString( fp ) + " nf! );

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

Figure 23: User interface for 3
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import ja a.awt.
import ja a.a t.e ent.*;
import ja ax.s i g.JMenu;
import javax.s ing.JMenultem;
import javax.swing.JMenuBar;
import javax.s ing.KeyStroke;

import javax.swing.JTextArea;
import javax.swing.JScrollPane;
import javax.swing.JFrame;
import java.a t.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;

n

I

II class definition ******************** ***** ******************** * ** * **
public class MainWindow extends JFrame implements Ac ionListener {

II application output window
JTextArea output;
II scroll bar of the output window
JScrollPane scrollPane;
II application menu bar
JMenuBar menuBar;
II menu of the menu bar
JMenu menu;
II menu item of the menu
JMenultem menultem;
II projet type selection window
SelectProject sp;
II current project reference
Object project;
II current project type
int projectType;

II constructor *********************************************
public MainWindow() {

II application window event handler
addWindowListener(new WindowAdapter() {

public void windowClosing(WindowEvent e)
windowExit() ;

}) ;

II add components to the window
Container contentPane = getContentPane();
output = new JTextArea(S, 30);
output. setEditable (false) ;
scrollPane = new JScrollPane(output);
contentPane.add(scrolIPane, BorderLayout.CENTER);

II create the menu bar
menuBar = new JMenuBar();
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se ar) ;

II a d IIFile" enu
menu = ne_ enu ("F' leU) ;
menu.set nemonic(KeyE ent. F);
menuBar.add(menu) ;

II add II e Project ll menu item in lIFile"
menultem = ne JMenultem(" e Project ll

, Ke
me ultem.setAccelerator(Ke Stroke.getKeyS

ActionEvent.ALT MAS »;
menultem.addActionList;ner(this) ;
menu. add (menultem) ;

Even _N) ;
oke( KeyEv n K

II add "Save Project ll menu item in "File ll

menultem = new JMenultem("Save Project", KeyE en .VK S);
menultem. setAccelerator (KeyStroke.getKeyStroke( Ke Even .V _S,

ActionEvent.ALT MASK»;
menultem.setEnabled(false); ­
menultem.addActionListener(this) ;
menu. add (menultem) ;

I I add II Close Proj ect" menu i t,em in "File II
menultem = new JMenultem("Close Project ll

, KeyEvent.VK_C);
menultem.setAccelerator(KeyStroke.getKeyS roke( KeyEv n .VK_C,

ActionEvent.ALT_MASK» ;
menultem.setEnabled(false) ;
menultem.addActionListener(this) ;
menu. add (menultem) ;

II add menu item seperator
menu.addSeparator() ;

II add IIExit" menu item in IIFile"
menultem = new JMenultem(IIExit", KeyEvent.VK_X);
menultem.setAccelerator(KeyStroke.getKeyStroke( KeyEven .VK_X,

ActionEvent.ALT MASK»;
menultem.addActionListener(this) ;
menu. add (menultem) i

II instantiate new project selection window
sp = new SelectProject( this, "New Project ll

);

II menu event handler ******* ********** ******** ************
public void actionPerformed(ActionEvent e) {

II get the event source and text
JMenultem source = (JMenultem) (e.getSource(»;
String action = source.getText();

II perform action based on the event
if( action.equals(IINew Project ll

) ){

newProject() ;
}
else if( action.equals("Save Project ll

) ) {

saveProject() ;
}
else if( action.equals(lIClose Project") ) {

closeProject() ;
}
else if( action. equals ("Exit") ){

windowExit() ;

II open new project **********************************
private void newProject(){

II bring up the project selection dialog
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i ( this);

II if ser ha e selected aI' project y e, open ne
if( ne ProjectType != 0 } {

/1 close opene p ojec
if( project != null) (

closeProject() ;

1/ create new project
switch ( ne ProjectType ) {

case SelectProject.FD CLOSURE:
project = ne -FDClosu e(this, menu , 0 );

projectType = SelectP ojec . D CLO URE;
break; -

case SelectP oject. CLOSURE:
project = new AClosur ( his, menuS , ou t) ;
projectType = Selec Project.A_CLOSURE;
break;

case SelectProject.CANONICAL COVER:
proj ect :: new CCover (this, menuBa , ou pu );
projectType = SelectP oject.CANONICAL COVER;
break; -

case SelectProject.DEPENDENCY TEST:
proj ect = new DTest ( -his, m nuBar, output);
projectType SelectProject.DEPENDENCY TEST;
break; -

case SelectProject.BCNF DECOMPOSITION:
project = new BC-NFDcom( his, menuBar, ou pu );
projectType = SelectProject.BCN _DECOMPOSITION;
break;

case SelectProject.TN DECOMPOSITION:
project = new TNFDcom( his, menuBar, outpu );
projectType = SelectProject.TN_DECOMPOSITION;
break;

case SelectProject.AUTO DESIGN:
project = new AutoDesign(this, m nuBar, ou pu );
projectType = SelectProject.AUTO_DESIGN;
break;

II set menu options
if( project != null) (

II set "Save Project" menu option visible
menuBar.getMenu(O) .getItem(l) ,setEnabled{tru );
1/ set "Close Project" menu option visible
menuBar.getMenu(O) ,getltem(2) .setEnabled{t u );
1/ update view
setVisible{ true);

II save current project ********** *** ************************
private void saveProject() {

switch( projectType ) {
case SelectProject.FD CLOSURE:

((FDClosure) project) ,save{);
break;

case SelectProject.A_CLOSURE:
((AClosure) project) .save(};
break;
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case SelectProject. 0 I
({CCo e -) project).
break;

case SelectProjec .DEPENDE C TEST:
«DTest) project). 5 V -() ;

break;

case SelectProjec .BC F DECOMPOSIT ON:
«B FDcom) project}.5 vee);
break;

case SelectProject.T DECOMPOSITION:
«TNFDcom) project).s ve();
break;

case SelectProject.AUTO DESIGN:
«AutoDesign) p~oject).s ve();
break;

II close current project ** **** *** *** ****
private void closeProject(){

switch( projectType ){
case SelectProject.FD_CLOSURE:

«FDClosure) project) .close();
break;

case SelectProject.A CLOSURE:
«AClosure) project) .close();
break;

case SelectProject.CANONICAL COVER:
«CCover) project) .cl-ose();
break;

case SelectProject.DEPENDENCY TEST:
«DTest) project) .clos~();
break;

case SelectProject.BCNF_DECOMPOSITION:
«BCNFDcom) project) .close();
break;

case SelectProject.TN DECOMPOSITION:
«TNFDcom) pr~ect) .close();
break;

case SelectProject.AUTO DESIGN:
«AutoDesign) pr-oj ect) . close () ;
break;

II set "Save Project" menu option
menuBar.getMenu(O) .getltem(l) .setEnabled(false);
II set IlClose Project" menu option
menuBar.getMenu(O) .getltem(2) .setEnabled(false);
II update view
repaint() ;

II update variables
project = null;
projectType = 0;

II application entry point ****************** ** *** ********** ******* *
public static void main(String[] args) {
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II set s stem default indo appe ence
t {

UI anager.setLookAndFeel(
UI anager. 9,etSyst emLookAndFee leI sN me () ) ;

catch (Exception e) { }

II create appll.cat'on 1.ndow
Main indo main_ in 0 ~ ne ai indo ();
II set itle
main windo . setTitle (IIAutoma ed 0 ab se Desig U) ,

II s~t applica ion ind w size to full screen
main window.setBounds( GrphicsEn i onm n .
getLocalGraphicsEnvironment() .getDefaul ScreenDevice().
getDefaultConfiguration() .getBounds() );
II update view
main_window.setVis'ble(true)i

II application window exit event handler
private void windowExit(){

II if there is any open project
if( project != null) {

II close project
closeProject() ;

II exit system
System.exit(O)i

Figure 24: Application w'"ndowo a I th ori
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Figur 25: TIll

'g re 26: urs fo

Figure 27: SIS tudent [onn
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Figure 2 : SIS OfB r rm

Figure 29: S S Enrollment form
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Figure 30: S La In cr n

SIS Horne ILogout

Update Profile

~erformance

View Profile

Stude;nt In:6rma ';0 Sy m
10/15/01 10:48:15 PM

Fall 2001
Pe er D Pesa

Figure 31: SS tudent home sc een
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Stu

Id: 1226
Narne: Peter D Pesa
Email: peter@pesa.com
Started: Fall 1887

igure 32: SIS Vi stud nt pro 1) ser n

Name: ...

Email:

Started:

Password: .,

Ipeter 0 Pese

Ipeter@pes .com

IFell1887

Figure 33: SIS Update student profile ser en
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<%

<%

f Request.Form( lI id ll
) ::::: II" Then

Response. edirect("login.asp?err=ERROR: 20Use 20id 20missing!lI)
Elseif Request.Form(lI pass ") = 1111 Then

Response.Redirec (Illogi .asp?err=ERROR:%20P 58 0 Om'ssing!")
Else

id ::::: Request. form (II id ll )
pass = Request. form (llpass")

strProvider = "DSN::::: II & Application("dsn") II;U1D=" & Applic ion(" u ")
";PWD=" & Application{"dbpass") & ";"
strQuery = IISELECT Name, Locked FROM Student WHERE (I ='" & Ill) D
(Password='11 & pass & "');11

Set rst = Server.CreateObject{"ADODB.Recordset")
r5t.Open strQuery, strProvide

ON ERROR RESUME NEXT

If rst.EOF Then
Response.Redirect("login.asp?err=ERROR:%20Login 20fail d!")

End If

If rst("Locked") = -1 Then
rst.Close
Response.Redirect(lIlogin.asp?err~ERROR:%20Your%20ccount 20is 2010ck 1")

End If

Session (" id ") id
Session ("name") = rst ("Name")
Session("db") = strProvider
Response. Redirect ( II main. asp II )

End If

%>

Figure 34: SIS login proces or sour cod

<%@ Language=VBScript %>

<1--#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</A></P>
<P><a href=" v iewprofile.asp">View Profile</a></P>
<P><a href="updateprofile.asp">Update Profile</a></P>

<!--#include fil.e="statusbar.asp" -->

<fBODY>
</HTML>

Figure 35: SIS home page soure code
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<%
If Session(llid ll } :; 1111 Then

Response.Re irect(tllogin.asplt)
End If
%>

Figur 6: In

<p align="center ll >
<big><big>Student Information System</big></big><br>
<%= Now() %><br>
<%= Application("semester") %><br>
<b><%= Session ("name") %></b>
<hr>
</P>

Figur 37: SI ti 1

<hr>
<p align=lIcenter">
<a href="rnain.aspll>SIS Home</a> I <a href="1og o u t.aspll>Logout</ >
</p>

Figure 38: S status b ur e 0

<%
Set rst
%>

Server.CreateObject("ADODB.Recordset")

Figure 39: SIS open database conn c ou c cod

<%
rst.Close
Set rst = Nothing
%>

Figure 40: SIS close database conn cti n sou c cod

<!--#include file="checklogin.asp" -->
<!--#include file="rstopen.asptl -->

<html>

<head>
<meta http-equiv="Content-Language" content: ll en-us tl >
<meta http-equiv="Content-Type" content="text/html; charset =windows-1252 " >
<meta name="GENERATOR" content: II Microsoft FrontPage 4.0">
<meta name=lIprogId" content=tlFrontPage.Editor.Document">
<title>View Profile</title>
</head>

<body>

<!--#include file=lItitlebar.aspll -->

<%
strQuery = "SELECT * FROM Student WHERE Id= '" & Session (II id") &" '; 11

rst . Open strQuery f S,ession ("db tl )
%>

<% If Not rst.EOP Then %>
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<b>Id:</b> <%= session("i~} %><br>
<b> ame:</b> <%= Session{IIname") %><br>
<b>Email:</b> <%= rst(IIEmail"} %><b>
<b>Started:</b> <%== rst("Start Semester"} %> b
<% End If %:>

<!--#include file="statusbar.asp" -->

</body>

</html>

<!--#include file="rstclose.asp" -->

Figur 41: SS

<Script Language="vhscript ll Runat=="server">

proll

Sub Application OnStart(}
Application (Udsn ll

) == II sis"
Application (lldbuser tl

) :: "students ll

Application (Ildbpass 'l ) = "students"
Application("semester ll

} = "Fall 2001 11

Application(tluploaddir") = IID:\Inetpub\SIS\upload\1I
End Sub

Sub Session OnStart(}
Respons~.Redirect(1I1ogin.aspll}

End Sub

Sub Session_OnEnd(}
End Sub

Sub Application_OnEnd()
End Sub

</script>

Figure 42: SIS global. sa fil
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