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1 INTRODUCTION

[1]

[. REQUIREMENTS/SPECIFICATION
A. Narrative: Description of the problem and features of the system
B. Inputs: GUI input fields
C. Outputs: GUI output fields and reports

II. ANALYSIS
A. Modeling

1. Entity/Relationship (E/R) Diagram

2. Functional Dependency (FD) List

3. FD Diagram

4. OO Set Diagram
B. Prototype: GUI with labels, fields, buttons, text
C. User’s Manual

III. DESIGN

A. Preliminary Design
1. Data Design
a. Internal: OO Set Definitions in Java
b. External: Relation Schema
2. Architecture Design
a. Modular Structure
b. Control Relationships
3. User Interface Design
B. Detail Design
1. Detail Data Design
a. Internal: Refined Data Structures
b. External: SQL Data Dictionary
2. Procedural Design

a. Internal: Pseudocode
b. External: SQL Queries
IV. IMPLEMENTATION
A. Internal: Java OO Set Prototype
B. External: JDBC SQL
V. TEST
A. Data Sets
1. Internal
a. Java OO Sets
b. Report Results
2. External
a. SQL Inserts
b. Query Results
B. Unit Test (White Box)
C. Integration Test (Black Box)




INTRODUCTION: NORMAL FORMS [2]

Normal Forms: find database schema with ‘good’ properties

BAD(S#,NAME,CITY,P#,XNAME,YCITY,QTY)

| S# | NAME | CITY | P# | XNAME | YCITY | QTY |
S1 | smith london | P1 | nut london 300
S1 | smith | london | P2 | bolt paris 200

‘ S1 | smith london | P3 | screw rome 400 ‘

e redundancy - CITY is determined by S# so appears many times
e update anomalies - CITY changed one place but not others

e insert anomalies - cannot record supplier unless shipments occur
e deletion anomalies - delete a shipment, may lose supplier

o S# and P# determine QTY

e decompose into three relations:

S(S#,NAME,CITY) Key: S#
P(P#,XNAME,YCITY) Key: P#
SP(S#,P#,QTY) Key: S#P#

e make small subschemas to eliminate redundancy

e but not too small so functional dependencies are preserved
e but not too small so that joins can put back together

e cach relation has only its ‘key’ dependency

e Third Normal Form (3NF) can always be done

e Boyce-Codd Normal Form (BCNF) is stronger (less redundancy, maybe more re-
lations)

NewpageINTRODUCTION: KEYS

key: one or more attributes that uniquely identifies record

'A/B/ C|-—— E F|G/H

composite key: two or more attributes (ABC)
superkey: contains a key (ABCE)

subkey: part of a key (AC)

prime attribute: belongs to a key (A)

There may be several different candidate keys
primary key: designated from the set of candidate keys

foreign key: points to another relation (where it is prime)
2



INTRODUCTION: FUNCTIONAL DEPENDENCIES

[3]

AC —- B

AC' determines B

“Any rows that agree on AC', will also agree on B”
Usually AC' is unique in the relation.

“You give me AC' and I can tell you B.

S# — SNAME, STATUS,CITY

S+# determines SNAME.

You give me S3, and I can tell you its Blake.

P# — PNAMFE , COLOR,WEIGHT,CITY

You give me P2, and I can tell you the COLOR is Red.
SH#P# — QTY

You give me S2 and P1 and I can tell you the QTY is 300.

INTRODUCTION: DECOMPOSITION INTO 3NF

Make three relations out of these FD’s (Third Normal Form)
S(S#,SNAME,STATUS,CITY)

P(P#, PNAME, COLOR, WEIGHT, CITY)
SP(S#.P#,QTY)

SP is an intersection relation

many-to-many relationship between S and P



2 CASE STUDY 1: SUPPLIERS (SOLUTION) [4]

[. REQUIREMENTS

A. Narrative

A simple database system keeps track of suppliers and the parts available from each
supplier.

Each supplier has a S# (unique), name (SNAME), status (STATUS), and location
(CITY).

Each part has a P# (unique), name (PNAME), color (COLOR), weight (WEIGHT)
and location (CITY).

When a supplier provides a part, there is a fixed quantity (QTY) in any shipment of
that part from that supplier.

B. Inputs

The GUI collects the supplier name (or empty string).

C. Outputs

The GUI displays all information about suppliers, parts, and amounts.

Upon request, the GUI displays the “Red” parts for the specified supplier (or all sup-
pliers).



II. ANALYSIS

A. Modeling
1. Entity/Relationship (E/R) Diagram

S | S# | SNAME  STATUS | CITY |
l

SP | S# P# | QTY
!

P\P# PNAME | COLOR | WEIGHT | CITY

one-to-many (] ) relationship between S and SP

(usually there are double arrows but not in these notes)
hint: S# is a foreign key in the composite key of SP
one-to-many () relationship between P and SP

many-to-many relationship between S and P

SP is an intersection relation

2. Functional Dependency (FD) List
S# — SNAME STATUS CITY
P# — PNAME COLOR WEIGHT CITY

SHLP# — QTY



3. FD Diagram

[6]
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4. OO Set Diagram: UML

[7]

Modeling technique that integrates:
Object-Oriented Data Modeling
Entity-Relationship Diagram
Relation Schema

Graphical Type
Class

object

sets

PRIMITIVE

Ym Y0:m

Example

Supplier, Amount

suppDB, supplier (foreign key)

parts, amounts

SNAME, QTY

one-to-one: “has a”

one-to-many (or zero): “has many”

inheritance: “is a”



4. OO Set Diagram: UML

8]
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B.Prototype

suppmain.java:

import java.awt.;
import java.applet.*;
import java.awt.event.*;
public class suppmain {

public static void main(String args[]) {
Applet applet = new suppApplet();
Frame frame = new suppFrame(applet);

class suppFrame extends Frame implements ActionListener {

public suppFrame (Applet applet) {
super ("Supplier Database");
MenuBar menubar = new MenuBar();
Menu file = new Menu("File",true);
menubar .add(file);
file.add("Quit");
this.setMenuBar (menubar) ;
file.addActionListener(this);
this.add("Center",applet);
this.setSize(620,680);
applet.init();
this.show();

public void actionPerformed (ActionEvent evt) {
String arg = evt.getActionCommand();
if (arg.equals("Quit")) {
System.exit (0);
+
+
+



supp.html

[10]

<html>
<head>
<title>Supplier Database</title>
</head>
<body>
<applet
code=suppApplet.class
id=supp
width=620
height=840 >
</applet>
</html>

10



suppApplet.java

[11]

import java.awt.*;
import java.applet.x;
import java.awt.event.*;

public class suppApplet extends Applet implements ActionListener, ItemListener {

Label suppLabel;
TextField suppField;
Button partsButton;
TextArea textAreal;
Choice choice;

suppDB db = new suppDB();
suppReport rpt;

public void init() {

¥

super.init();
setLayout(null);

suppLabel = new Label("Supplier #:");
suppLabel.setLocation(20,10); suppLabel.setSize(70,30);
add (suppLabel) ;

suppField = new TextField(100);
suppField.setLocation(100,10); suppField.setSize(100,30);
add (suppField);

partsButton = new Button("Show Red Parts'");
partsButton.setLocation(10,240); partsButton.setSize(120,25);
add (partsButton) ;

partsButton.addActionListener(this);

textAreal = new TextArea();

textAreal.setLocation(20,270); textAreal.setSize(580,300);
Font font = new Font("Courier",Font.PLAIN,10);
textAreal.setFont(font);

add(textAreal);

choice = new Choice();

choice.addItem("red"); choice.addItem("blue");
choice.setLocation(30,60); choice.setSize(40,100);
add(choice);

choice.addItemListener(this);

rpt = new suppReport(textAreal);
rpt.showSuppliers();

rpt.showParts();

rpt.showAmounts () ;

public void actionPerformed (ActionEvent evt) {

}

String arg = evt.getActionCommand();
if (arg.equals("Show Red Parts"))
rpt.findParts(suppField.getText(),"Red");

public void itemStateChanged(ItemEvent event) {

3
}

textAreal.append(choice.getSelectedItem() + "\n");

11



III. DESIGN [12]

A. Preliminary Design
1. Data Design
a. Internal: OO Set Definitions in Java

class Supplier {

public String S_NO;

public String SNAME;

public int STATUS;

public String CITY;

public Set amounts = new Set();

public Supplier(String S_NO, String SNAME, int STATUS, String CITY) {
this.S_NO S_NO; this.SNAME = SNAME; this.STATUS = STATUS;
this.CITY CITY,;
suppDB. suppliers.put (S_NO,this);

iy

public String toString() {
return (S_NO+" "+SNAME+" "+STATUS+" "+CITY);

iy

public void remove() {
suppDB.suppliers.remove(this);

¥

iy
class Part {

public String P_NO;

public String PNAME;

public String COLOR;

public int WEIGHT;

public String CITY;

public Set amounts = new Set();

public Part(String P_NO, String PNAME, String COLOR, int WEIGHT,

String CITY) {

this.P_NO = P_NO; this.PNAME = PNAME; this.COLOR = COLOR;
this .WEIGHT = WEIGHT; this.CITY = CITY;
suppDB.parts.put(P_NO,this);

+
public String toString() {
return (P_NO + " " + PNAME + " " + COLOR + " " + WEIGHT + " " + CITY);
+
public void remove() { suppDB.parts.remove(this); }

12



Java Classes

[13]

class Amount {
Supplier supplier;
Part part;
int QTY;
public Amount(Supplier supplier, Part part, int QTY) {
this.supplier = supplier; this.part = part; this.QTY
supplier.amounts.put(supplier.S_NO+part.P_NO,this);
suppDB.amounts.put(supplier.S_NO+part.P_NO,this);
part.amounts.put (supplier.S_NO+part.P_NO,this);
+
public String toString() {
return (supplier.S_NO + " " + part.P_NO + " " + QTY);
+
public void remove() {
supplier.amounts.remove(this);
suppDB.amounts.remove(this);
part.amounts.remove (this);
+
+

13

QTY;



b. External: Relation Schema

[14]

Suppliers(S#, SNAME, STATUS, CITY)
Parts(P#, PNAME, COLOR, WEIGHT, CITY)
Amounts(S#, P#, QTY)

2. Architecture Design (Modular Structure and Control Relationships)

netscape Applet suppmain
—>
html call
suppApplet Component
showSuppliers A
., getText l m
y get Y y M Y [ y |
suppReport suppDB TextField TextArea Label
A
append Text
—>
Database System: TCP
e Oracle Driver| — |(Oracle Server suppDB1
query
suppReport JDBC
) TCP
mysql Driver| —— | mysql Server suppDB2

3. User Interface Design
See Prototype I1.B.

14




B. Detail Design

[15]

1. Detail Data Design
a. Internal: Refined Data Structures (NONE)
b. External: SQL Data Dictionary

create table S (
S_NO char(8) primary key,
SNAME char(8),
STATUS int,
CITY char(8)
)
create table P (
P_NO char(8) primary key,
PNAME char(8),
COLOR char(8),
WEIGHT int,
CITY char(8)
)
create table SP (
S_NO char(8),
P_NO char(8),
QTY int,
primary key (S_NO, P_NO),
foreign key (S_NO) references S,
foreign key (P_NO) references P

15



2. Procedural Design

[16]

a. Internal: Pseudocode

starting from one supplier (or a scan of all suppliers)
find all of the parts they supply via the amounts
if the part associated with the amount is the color ‘‘Red’’ then
print

b. External: SQL Query

select S.S_NO, S.SNAME, P.PNAME, P.COLOR
from S, P, SP

where S.S_NO = SP.S_NO

and SP.P_NO = P.P_NO

and P.COLOR = "Red"

16



IV. IMPLEMENTATION

[17]

A. Internal: Java OO Set Prototype
suppIntReport.java:

import java.awt.;
import java.applet.*;
public class suppReport {
TextArea textAreal;
public suppReport(TextArea textAreal) {
this.textAreal = textAreal;
iy
public void showSuppliers() {
textAreal.appendText ("Suppliers\n");
while (suppDB.suppliers.next()) {

Supplier s = (Supplier)suppDB.suppliers.get();

textAreal.appendText (s.toString()+"\n");
+
+
public void showParts() {
textAreal.appendText ("Parts\n'");
while (suppDB.parts.next()) {
Part p = (Part)suppDB.parts.get();
textAreal.appendText (p.toString()+"\n");
+

+
public void showAmounts() {
textAreal.appendText ("Amounts\n") ;
while (suppDB.amounts.next()) {
Amount a = (Amount)suppDB.amounts.get();
textAreal.appendText (a.toString()+"\n");

iy
iy

17



Java Reports [18]

public void findParts(String suppnum, String color) {
textAreal.appendText ("Report: " + color + " parts for supplier # " +
suppnum+"\n") ;
if (suppnum.equals(""))
for (int i=0; i<suppDB.suppliers.size(); i++) {
Supplier supplier = (Supplier)suppDB.suppliers.get(i);
scan_amounts(supplier, color);
} else {
Supplier supplier = (Supplier)suppDB.suppliers.get (suppnum);
scan_amounts(supplier, color);
+
+
void scan_amounts(Supplier supplier, String color) {
supplier.amounts.reset();
while ( supplier.amounts.next() ){
Amount amount = (Amount)supplier.amounts.get();
if (amount.part.COLOR.equals(color))
textAreal.appendText (amount.supplier.S_NO+ " "+
amount .supplier.SNAME+" "+
amount .part .PNAME+" "+
amount .part.COLOR+"\n") ;

18



B.External: JDBC SQL [19]

suppExtReport.java:

import java.awt.;
import java.applet.*;
import java.net.URL;

import exjava.sql.x*;

import exgwe.sql.*;
public class suppReport {

String driverName = "exgwe.sql.gweMysqlDriver";
String url = "jdbc:mysql://gold.mcs.csuhayward.edu:3333/suppliers";
String user = "any",

String dbpass = "any";
TextArea textAreal;
public suppReport(TextArea textAreal) {

iy

this.textAreal = textAreal;
try {
Class.forName(driverName) ;
} catch (Exception e)
textAreal.appendText("Cannot find Call for "+driverName);

public void showSuppliers() {

}

try {
Connection con = DriverManager.getConnection(url,user,dbpass);
Statement stmt
ResultSet rs = stmt.executeQuery("select * from S");
ResultSetMetaData md = rs.getMetaData();
textAreal.appendText ("\n"+SQLutil.getRow(rs,md,true)+"\n");
while (rs.next())

textAreal.appendText (SQLutil.getRow(rs,md,false)+"\n");

con.createStatement();

textAreal.appendText ("\n");
rs.close();
stmt.close();
con.close();
} catch (Exception e) {textAreal.appendText(e.getMessage()+ "\n");}

19



SQL Reports [20]

public void showParts() {
try {
Connection con = DriverManager.getConnection(url,user,dbpass);
Statement stmt con.createStatement () ;
ResultSet rs = stmt.executeQuery('"select * from P");
ResultSetMetaData md = rs.getMetaData();
textAreal.appendText ("\n"+SQLutil.getRow(rs,md,true)+"\n");
while (rs.next())
textAreal.appendText (SQLutil.getRow(rs,md,false)+"\n");

textAreal.appendText ("\n");
rs.close();

stmt.close();

con.close();

} catch (Exception e) {textAreal.appendText(e.getMessage()+ "\n");}
+

public void showAmounts() {
try {
Connection con = DriverManager.getConnection(url,user,dbpass);
Statement stmt con.createStatement () ;
ResultSet rs = stmt.executeQuery('"select * from SP");
ResultSetMetaData md = rs.getMetaData();
textAreal.appendText ("\n"+SQLutil.getRow(rs,md,true)+"\n");
while (rs.next())
textAreal.appendText (SQLutil.getRow(rs,md,false)+"\n");

textAreal.appendText ("\n");
rs.close();
stmt.close();
con.close();
} catch (Exception e) {textAreal.appendText(e.getMessage()+ "\n");}

}

20



SQL Reports

21]

3

public void findParts(String suppnum, String color) {

}

textAreal.appendText ("Report: " + color +
" parts for supplier # " + suppnum+'"\n'");
String query = 'select S.S_NO, S.SNAME, P.PNAME, P.COLOR " +
"from S, SP, P " +
"where S.S_NO = SP.S_NO and P.P_NO = SP.P_NO";

query = query + " and P.COLOR = " + "\’"+color+"\’";
if (!suppnum.equals(""))

query = query + " and S.S_NO = " + "\’"+suppnum+"\’";
try {

Connection con = DriverManager.getConnection(url,user,dbpass);
Statement stmt
ResultSet rs = stmt.executeQuery(query);
ResultSetMetaData md = rs.getMetaData();
textAreal.appendText ("\n"+SQLutil.getRow(rs,md,true)+"\n");
while (rs.next())

textAreal.appendText (SQLutil.getRow(rs,md,false)+"\n");

con.createStatement();

textAreal.appendText ("\n");
rs.close();

stmt.close();

con.close();

} catch (Exception e) {textAreal.appendText(e.getMessage()+ "\n");}

21



V. TEST

1. Internal

a. Java OO Sets

public class suppDB {
public static Set suppliers = new Set();
public static Set parts = new Set();
public static Set amounts = new Set();
public suppDB() {
new Supplier("S5","Adams",30,"Athens");
new Supplier("S1","Smith",20,"London");
new Supplier("S2","Jones",10,"Paris");
new Supplier("S3","Blake",30,"Paris");
new Supplier("S4","Clark",20,"London");

new Part("P1","Nut","Red",12,"London");
new Part("P2'","Bolt","Green'",17,"Paris");
new Part("P3","Screw'","Blue'",17,"Rome");
new Part("P4","Screw",'"Red",14,'"London");
new Part("P5","Cam","Blue",12,'"Paris'");
new Part("PS”,”Cog”,"Red”,19,"London");

new Amount ((Supplier)suppliers.get("S1"),

(Part)parts.get ("P6"),100);
new Amount ((Supplier)suppliers.get("S1"),

(Part)parts.get ("P1"),300);
new Amount ((Supplier)suppliers.get("S1"),

(Part)parts.get ("P2"),200);
new Amount ((Supplier)suppliers.get("S1"),

(Part)parts.get ("P3"),400);
new Amount ((Supplier)suppliers.get("S1"),

(Part)parts.get("P4"),200);
new Amount ((Supplier)suppliers.get("S1"),

(Part)parts.get ("P5"),100);
new Amount ((Supplier)suppliers.get("S2"),

(Part)parts.get ("P1"),300);
new Amount ((Supplier)suppliers.get("S2"),

(Part)parts.get ("P2"),400);
new Amount ((Supplier)suppliers.get("S3"),

(Part)parts.get ("P2"),300);
new Amount ((Supplier)suppliers.get("S4"),

(Part)parts.get ("P2"),200);
new Amount ((Supplier)suppliers.get("S4"),

(Part)parts.get ("P4"),300);
new Amount ((Supplier)suppliers.get("54"),

(Part)parts.get ("P5"),400);

22



b. Report Results

23]

Report: Red parts for supplier # S1
S1 Smith Nut Red

S1 Smith Screw Red

S1 Smith Cog Red

2. External
a. SQL Inserts

insert
insert
insert
insert
insert
insert
insert
insert
insert
insert
insert
insert
insert
insert
insert
insert
insert
insert
insert
insert
insert
insert
insert

into
into
into
into
into
into
into
into
into
into
into
into
into
into
into
into
into
into
into
into
into
into
into

'U ' 'U ‘U U ‘U N1 1 .l \11

N N N N NN N N N1 NN
‘' Y9 'Y9 ' ' ' ' ‘U 'U 'U 'O

values(’S1’,’Smith’,20, ’London?)
values(’S2’,’Jones’, 10, ’Paris?)
values(’S3’,’Blake’, 30, ’Paris’)
values(’S4’,’Clark’,20, ’London’)
values(’S5’,’Adams’,30, ’Athens?)
values(’P1’,’Nut’,’Red’,12, ’London’)
values(’P2’,’Bolt’, ’Green’,17,’Paris?)
values(’P3’,’Screw’,’Blue’,17,’Rome’)
values(’P4’,’Screw’,’Red’,14,’London’)
values(’P5’,’Cam’,’Blue’,12,’Paris’)
values(’P6’,’Cog’,’Red’,19,’London’)
values(’S1’,’P1?,300)
values(’S1’,’P2?,200)
values(’S1’,’P3?,400)
values(’S1’,’P4’,200)
values(’S1’,’P5?,100)
values(’S1’,’P6?,100)
values(’S2’,’P1?,300)
values(’S2’,°P2?,400)
values(’S3’,°P2?,200)
values(’S4°’,°P2?,200)
values(’S4’,’P4’,300)
values(’S4’,’P5’,400)

b. Query Results

Report: Red parts for supplier # S1

S_NO

SNAME PNAME COLOR
Smith Nut Red
Smith Screw Red
Smith Cog Red

23



3 CASE STUDY 2: EMPLOYEES (SOLUTION) [24]

[. REQUIREMENTS

A. Narrative

A company employee system has a set of departments (DEPT# unique), each with a
budget (DBUDGET) and manager (MGR#).

Each department has a set of employees (EMP# unique), a set of projects (PROJ#
unique), and a set of offices (OFF# unique).

Each employee has a PHONE# (unique but shared by other employees) and is assigned
to a project.

Each employee has a job history, each with a DATE, JOBTITLE and SALARY.

Each project has a budget (PBUDGET).

Each office has a set of phones.

B. Inputs

The GUI collects DEPT#, DBUDGET, MGR#, EMP#, PROJ#, PBUDGET, OFF+#,
PHONE#, DATE, JOBTITLE, SALARY.

C. Outputs

Report: find the offices that have employees from department DO1.

24



II. ANALYSIS

25]

A. Modeling
1. Entity/Relationship (E/R) Diagram

Department
y
Employee Project Office
y 4
Job Phone
ALTERNATIVELY:
Department
Y
Project Office
Phone
Employee
Job

25



ALTERNATIVE E/R DIAGRAM 26]

DEPT | DEPT# | DBUDGET | MGR# |

| |
PROJ | PROJ# | DEPT# | PBUDGET | OFF [ OFF# | DEPT# | AREA |

|
PHONE | PHONE# | OFF# |

|
EMP | EMP# | PROJ# | PHONE# |

JOB | EMP# | DATE | JOBTITLE | SALARY |

26



2. Functional Dependency (FD) List [27]
DEPT# — DBUDGET, MGR#
MGR# — DEPT#
EMP+# — DEPT#, PROJ#, OFF#, PHONE#
PROJ# — DEPT#, PBUDGET
OFF# — DEPT#, AREA
EMP#, DATE — JOBTITLE, SALARY
PHONE# — OFF#
3. F'D Diagram
AREA DBUDGET
OFF# | | DpEPT# | MGR#
PHONE# s EMP# ~  PROJ# ~  PBUDGET
JOBTITLE s DATE ~  SALARY

27




4. OO Set Diagram: UML

28]

Set
[
m
Dept < depts
DEPT NO DBUDGET
projs MGR_NO projs offices offices
ym y 10
Proj Office
PROJ NO dept OFF NO dept AREA
PBUDGET emps phones phones
1
Phone
PHONE NO office
emps emps
[
L m m g

Emp

EMP NO proj phone
jobs

Job

28
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ITI. DESIGN

A. Preliminary Design
1. Data Design
b. External: Relation Schema

Depts(DEPT#, DBUDGET, MGR#)
Emps(EMP#, PROJ#, PHONE#)
Projs(PROJ#, DEPT#, PBUDGET)
Offices(OFF#, DEPT#, AREA)
Jobs(EMP#, DATE, JOBTITLE, SALARY)
Phones(PHONE#, OFF#)

This is a 3NF and BCNF decomposition.

BUT HERE ARE THE STEPS TO GET TO THE ABOVE SCHEMA.

Make each FD a relation, establish keys.
Depts(DEPT#, DBUDGET, MGR#)

Emps(EMP#, DEPT#, PROJ#, OFF#, PHONE#)
Projs(PROJ#, DEPT#, PBUDGET)
Offices(OFF#, DEPT#, AREA)

Jobs(EMP#, DATE, JOBTITLE, SALARY )
Phones(PHONE#, OFF#)

This design is SO-SO and would be typical of first attempt.

Not in 3NF.

Problem: Projs will have the same PROJ#, DEPT# pairs as Emps.
Cause: FD’s were not a MINIMAL COVER (redundant FD’s):
EMP+# — DEPT#, EMP# — PROJ#, PROJ# — DEPT#
Solution: remove DEPT# from Emps.

Emps(EMP#, PROJ#, OFF#, PHONE# )
Problem: if PROJ#=NULL (“missing field”), don’t know DEPT#.

29



ALTERNATIVE SOLUTION

30]

Alternative: remove DEPT# from Projs:

Projs(PROJ#, PBUDGET)

Problems:

No employee’s assigned to project (“missing record”), DEPT# 777
Not 3NF because of DEPT# in Emps.

Offices will have the same OFF#, DEPT# pairs as EMP.

Cause: FD’s were not a MINIMAL COVER (redundant FD’s):
EMP+# — DEPT#, EMP# — OFF#, Off# — DEPT#
Therefore, remove DEPT# from Emps as before.

Emps(EMP#, PROJ#, OFF#, PHONE# )

Problem: If not assigned project or office yet, don’t know DEPT#

Alternative: remove DEPT# from Offices

Offices(OFF#, AREA)

Problems:

No employee’s in office, don’t know DEPT#

Not 3NF.

Phones will have the same PHONE#, OFF# pairs as Emps.

Cause: FD’s were not a MINIMAL COVER (redundant FD’s):
EMP+# — OFF#, EMP# — PHONE#, PHONE# — OFF#
Therefore, remove OFF# from Emps.

Emps(EMP#, PROJ#, PHONE#)

Problem: if phone not assigned yet, can’t locate the employee.

Alternative: remove the Phones relation.
Problems: can’t install phones unless assigned to employee.
Not a good idea.

OK decomposition but not 3NF (due to DEPT#):
Depts(DEPT#, DBUDGET, MGR#)

Emps(EMP#, DEPT#, PROJ#, PHONE# )
Projs(PROJ#, PBUDGET)

Offices(OFF#, AREA)

Jobs(EMP#, DATE, JOBTITLE, SALARY)
Phones(PHONE#, OFF#)

Employee’s on the same project will duplicate DEPT#
Employee’s that share a phone will duplicate DEPT#
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B. Detail Design

[31]

1. Detail Data Design
b. External: SQL Data Dictionary

create table Depts (
DEPT_NO char(8) primary key,
DBUDGET float(10,2),
MGR_NO char(8)
)
create table Emps (
EMP_NO char(8) primary key,
PROJ_NO char(8),
PHONE_NO char(8),
foreign key(PROJ_NO) references Projs,
foreign key(PHONE_NO) references Phones
)
create table Projs (
PROJ_NO char(8) primary key,
DEPT_NO char(8),
PBUDGET float(10,2),
foreign key(DEPT_NO) references Depts
)
create table Offices (
OFF_NO char(8) primary key,
DEPT_NO char(8),
AREA float,
foreign key(DEPT_NO) references Depts
)
create table Jobs (
EMP_NO char(8),
JDATE char(6),
JOBTITLE char(10),
SALARY float(10,2),
primary key(EMP_NO, JDATE)
)
create table Phones (
PHONE_NO char(8),
OFF_NO char(8),
primary key(PHONE_NO),
foreign key(OFF_NO) references Offices
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2. Procedural Design

b. External: SQL Query

select distinct Phones.OFF_NO

from
where
and
and

V. TEST
A. Data Sets
2. External
a. SQL Inserts

insert
insert
insert
insert
insert
insert

into
into
into
into
into
into

Projs, Emps, Phones

Projs.DEPT_NO = ’D01’
Projs.PROJ_NO
Emps . PHONE_NO

Emps .PROJ_NO
Phones.PHONE_NO

Depts values(’D01’,10000.00,’Bill’)

Emps values(’E01’,’P0O1’,’555-5555")

Projs values(’P01’,’D01’,1000.00)

Offices values(’001’,’D01’,500.00)

Jobs values(’E01’,°01/01/97’,’Programmer’ ,5000.00)
Phones values(’555-55557,70017)

b. Query Results

OFF_NO
001
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4 CASE STUDY 3: SHIPPING (SOLUTION) [33]

[. REQUIREMENTS/SPECIFICATION

A. Narrative

An order-entry system contains information about customers, items, and orders. For
each customer (CUST# unique), there is ship-to address (ADDRESS, several per cus-
tomer), balance (BAL), credit limit (CREDLIM), and discount (DISCOUNT).

For each order (ORD# unique), there is a CUST#, ADDRESS and DATE.

For each line of the order (LINE#, several per order), there is an ITEM# (unique),
quantity ordered (QTYORD) and quantity outstanding (QTYOUT).

For each item, there is a description (DESCN).

For each plant (PLANT# unique) that manufactures the item, there is a quantity on
hand (QTYOH) and a stock danger level (DANGER).

For each plant, there is a manager (MGR).

B. Inputs

The GUI collects CUST#, ADDRESS, BAL, CREDLIM, DISCOUNT, DATE, ITEM#,
QTYORD, QTYOUT, PLANT#, QTYOH, DANGER, MGR.

C. Outputs

Report: find all of the plants related to a specified customer (C1).
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II. ANALYSIS

34]

A. Modeling
1. Entity/Relationship Diagram

CUST#
Y
ADDRESS
Y
ORD#
Y
LINE# < ITEM# ITEM#
A
Y A
PLANT# 1P
3
PLANT#

An item is manufactured in MANY plants.
A plant manufactures MANY items.

Need an INTERSECTION relation IP.

An item appears on MANY orders.

An order has MANY items.

Need an INTERSECTION relation Ordlines.
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2. FD List

[35]

CUST# — BAL, CREDLIM, DISCOUNT
ADDRESS — CUST#

ORD# — CUST#, ADDRESS, DATE

ORD#, LINE# — ITEM#, QTYORD, QTYOUT
ITEM# — DESCN

ITEM#, PLANT# — QTYOH, DANGER
PLANT# — MGR

3. FD Diagram

35

~  BAL
ADDRESS »  CUST# » CREDLIM
» DISCOUNT
QIYORD | ORD# ~  DATE
QrYOUT [ LINE#
DESCN < ITEM# ~  QTYOH
MGR < PLANT# ~  DANGER




4. OO Set Diagram: UML [36]

shipDB Set

Customer
CUST_NO BAL m I ; [ |
CREDLIM DISCOUNT [ customers items plants
addresses

L m
Address
ADDRESS customer
orderHeads

y M ymn
OrderHead Plant
ORDER_NO address PLANT _NO MGR
DATE orderLines ips

y [N y M ymn
OrderLine Item IP
orderHead LINE NO [+ ITEM NO DESCN > item plant
item ORD OUT orderLines ips QTYOH DANGER
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III. DESIGN (37]

A. Preliminary Design
1. Data Design
a. Internal: OO Set Data Definitions in Java

class Customer {

public String CUST_NO;

public double BAL;

public double CREDLIM;

public double DISCOUNT;

public Set addresses = new Set();

public Customer (String CUST_NO, double BAL,

}

}

double CREDLIM, double DISCOUNT) A
this.CUST_NO = CUST_NO; this.BAL = BAL; this.CREDLIM = CREDLINM;
this.DISCOUNT = DISCOUNT;
shipDB.customers.put (CUST_NO,this);

public String toString() {

return (CUST_NO+" "+BAL+" "+CREDLIM+'" "+DISCOUNT); }

class Address {
public String ADDRESS;
public Customer customer;

3

public Set orderHeads = new Set();
public Address(String ADDRESS, Customer customer) {

3

this.ADDRESS = ADDRESS; this.customer = customer;
customer.addresses.put (ADDRESS,this);

class OrderHead {

public String ORDER_NO;

public Address address;

public Date DATE;

public Set orderLines = new Set();

public OrderHead(String ORDER_NO, Address address, Date DATE) {

}

i

this.ORDER_NO = ORDER_NO; this.address = address; this.DATE = DATE;
address.orderHeads.put (ORDER_NO,this);
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Java Classes

38]

class OrderLine {

public
public
public
public
public
public

this.
this.

OrderHead orderHead;

String LINE_NO;

Item item;

int QTYORD;

int QTYOUT,;

OrderLine (OrderHead orderHead, String LINE_NO, Item item,
int QTYORD, int QTYOUT) {

orderHead = orderHead; this.LINE_NO = LINE_NO;

item = item; this.QTYORD = QTYORD; this.QTYOUT = QTYOUT,;

orderHead.orderLines.put(orderHead.ORDER_NO+LINE_NO,this);

item.

iy
iy

orderLines.put(orderHead.ORDER_NO+LINE_NO,this);

class Item {

public
public
public
public
public
this.

String ITEM_NO;

String DESCN;

Set orderLines = new Set();

Set ips = new Set();

Item(String ITEM_NO, String DESCN) {
ITEM_NO = ITEM_NO; this.DESCN = DESCN,;

shipDB.items.put (ITEM_NO,this);

}

}
class IP

public
public
public
public
public
this.
this.
item.

{

Item item;

Plant plant;

int QTYOH;

int DANGER;

IP(Item item, Plant plant, int QTYOH, int DANGER) {
item = item; this.plant = plant;

QTYOH = QTYOH; this.DANGER = DANGER;
ips.put(item.ITEM_NO+plant.PLANT_NO,this);

plant.ips.put(item.ITEM_NO+plant.PLANT_NO,this);
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Java Class and Schema

39]

class Plant {

public String PLANT_NO;

public String MGR;

public Set ips = new Set();

public Plant(String PLANT_NO, String MGR) {
this .PLANT_NO = PLANT_NO; this.MGR = MGR;
shipDB.plants.put (PLANT_NO,this);

+

public String toString() { return (PLANT_NO+ " " + MGR); }

3

b. External: Relation Schema

Customers(CUST#, BAL, CREDLIM, DISCOUNT)
Addresses(ADDRESS, CUST# )

Ordheads(ORD+#, ADDRESS, DATE)

Ordlines(ORD#, LINE#, ITEM#, QTYORD, QTYOUT)
Items(ITEM#, DESCN)
[P(ITEM#, PLANT#, QTYOH, DANGER )
Plants(Plant#, MGR)
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B. Detail Design

1. Detail Data Design
b. External: SQL Data Dictionary

create table Customers (
CUST_NO char(8) primary key,
BAL float(10,2),
CREDLIM float(10,2),
DISCOUNT float(10,2)
)
create table Addresses (
ADDRESS char(20) primary key,
CUST_NO char(8),
foreign key(CUST_NO) references Customers
)
create table Ordheads (
ORD_NO char(8) primary key,
ADDRESS char(20),
ODATE char(6),
foreign key(ADDRESS) references Addresses
)
create table Ordlines (
ORD_NO char(8),
LINE_NO int,
ITEM_NO char(8),
QTYORD int,
QTYOUT int,
primary key(ORD_NO, LINE_NO),
foreign key(ORD_NO) references Ordheads
)
create table Items (
ITEM_NO char(8) primary key,
DESCN char(8)
)
create table IP (
ITEM_NO char(8),
PLANT_NO char(8),
QTYOH int,
DANGER int,
primary key (ITEM_NO, PLANT_NO),
foreign key (ITEM_NO) references Items,
foreign key (PLANT_NO) references Plants
)
create table Plants (
PLANT_NO char(8) primary key,
MGR char(8)
)
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2. Procedural Design

b. External: SQL Query

select Plants.PLANT_NO, Plants.MGR

from Customers, Addresses, Ordheads, Ordlines, IP, Plants
where Customers.CUST_NO = Addresses.CUST_NO

and Addresses.ADDRESS = Ordheads.ADDRESS

and Ordheads.ORD_NO = Ordlines.ORD_NO

and Ordlines.ITEM_NO = IP.ITEM_NO

and IP.PLANT_NO = Plants.PLANT_NO

and Customers.CUST_NO = "C1"

IV.IMPLEMENTATION
A. Internal: Report using Java OO Sets

public class shipDB {
public static Set customers = new Set();
public static Set plants = new Set();
public static Set items = new Set();
public static void main(String args[]) {
new shipDB();
Customer ¢ = (Customer)shipDB.customers.get("C1");
c.addresses.reset();
while (c.addresses.next()) {
Address a = (Address)c.addresses.get();
a.orderHeads.reset();
while (a.orderHeads.next()) {
OrderHead oH = (OrderHead)a.orderHeads.get();
oH.orderLines.reset();
while (oH.orderLines.next()) {
OrderLine oL = (OrderLine)oH.orderLines.get();
Item 1 = oL.item;
i.ips.reset();
while (i.ips.next()) {
IP ip = (IP)i.ips.get();
Plant p = (Plant)ip.plant;
System.out.println(p.toString());
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V. TEST

42]

A. Data Sets
1. Internal

a. Java OO Sets

public shipDB() {

}

Customer cl = new Customer('"C1",100.00,200.00,0.10);
Address al = new Address('"Carlos Bee',cl);

OrderHead oHl1 = new OrderHead("01'",al,new Date());
Item il = new Item("I1","Elephant");

OrderLine oLl = new OrderLine(oH1,"1",i1l,10,20);
Plant pl = new Plant("P1","Jones");

IP ipl = new IP(il,p1,100,200);

b. Report Results

P1 Jones

2. External
a. SQL Data Sets

insert into Customers values("C1",100.00,200.00,0.10)
insert into Addresses values("Carlos Bee",'"C1")

insert into Ordheads values("01","Carlos Bee",'"970101")
insert into Items values("I1","Elephant")

insert into Ordlines values("O1",'1",6"I1'",10,20)

insert into Plants values("P1'","Jones'")

insert into IP values("I1","P1'",100,200)

b. SQL Query Results

PLANT_NO MGR

P1

Jones
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5 CASE STUDY 4: LESSONS (SOLUTION) [43]
I. REQUIREMENTS
A. Narrative
A lesson has a name (L).
Lessons are offered on a Day (D) and Period (P).
Lessons are held in a Classroom (C) with a Teacher (T).
Each lesson has only one Day, Period, Classroom, Teacher
II. ANALYSIS
A. Modeling
1. Make an E/R Diagram (any many-to-many relationships?)
2. FD Diagram
D D D o C
» T >
P P P > L
< > L < > L
C T S » T
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LESSONS [44]
III. DESIGN

A. Preliminary Design

1. Data Design

b. External: relation schema

Consider the entire relation: (L,T,C,D,P,S)

What uniquely identifies each record?

Is this relation in 3NF?

Are there redundancies?

Consider these relations:

Sched(L, T, C, D, P)
Candidate Key (L)
Candidate Key (T, D, P)
Candidate Key (C, D, P)

Study (S, L)
Candidate Key (S, L)

What is the purpose of (S,L)?
Are these relations in 3NF'7
IT.A.1 E/R Diagram

Lessons <<-->> Students
Teachers -->> Lessons

Classroom -->> Lessons

III.A.1.b Relation Schema

What uniquely identifies each record?

DPCS, DPTS, DPS, LS

Is this relation in 3NF?

No. Everything is prime which suggests 3NF' but its not in 2NF: L — DPCT
Are there redundancies?

Yes, the many-to-many relationship between students and lessons generates the same
teacher, classroom, day, period

Is Sched and Study in 3NFE?

Yes, the first one has candidate key — prime

The second is just S — nothing but there could be grades.
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6 APPENDIX A: MYSQL [116]

GENERAL INFORMATION
Code, Manual, FAQ: http://www.tcx.se/

SQL SERVER: For System Administrator Only
Start Server Daemon: gold), mysqld &
Or the “Safe Way”: gold), safe_mysqld &

SECURITY
Privileges are assigned based on HOST, DB, USER (system tables).

mysql -p mysql
Enter password: *¥k*k*kx*
mysql> select * from host \g

mmm - oo o mm o Fmmm mmmm Hmmmm +
| Host | Db | Select_priv | Insert_priv | Update_priv | Delete_priv | Create_priv | Drop_priv |
mmm - T et o o Fmmm mmmm Hmmmm +
| localhost | % | Y lY lY lY lY Y
| gold %% | Y lY lY lY lY Y
| % % | Y lY lY lY Y Y
e b e o o o e e +

= m—— +o————— Hmmmmm e et e et Hm—mmm o et +
| Host | Db | User | Select_priv | Insert_priv | Update_priv | Delete_priv | Create_priv | Drop_priv |
= m—— +o————— Hmmmmm e et e et Hm—mmm o et +
| % | test | lY Y Y Y | Y | Y |
| % | test_% | lY Y Y Y | Y | Y |
| % | suppDB | | Y | N | N | N | N | N |
I % | 1001DB | 1001 | Y Y Y Y Y Y I
R R R e e e R e o o +
mysql> select * from user \g

= T o e e R e R e o o +————+

| Host | User | Password |Select|Insert|Update|Delete|Create|Drop|Reload|Shutdown|Process|Filel|

= T o +—————= e +—————= R +—————= e o o +————+

| % | any | 7cdeca72 | N | N | N | N | N I N | N | N | N [

| % | billard | xxxxxxxx | Y | Y | Y lY lY Y | Y lY lY Y |

| % | 1001 | yyyyyyyy | N | N | | N | | ¥ | N | T | | ¥ |

R o o = = = = = o e e +————t

mysql> insert into user values(’}%’,’any’,password(’any’),’N’,’N’,’N’,’N’,’N’,’N’ ,’N?,’N’,’N?,’N’)

-> /g /q

unix) mysqladmin -p reload # important: need to take effect

USER table is OR’ed with DB table

‘any’ user must provide password ’any’

’any’ user can only do SELECT on suppDB [read-only]
'test’ database is open for reading/writing by ’any’

’1001DB’ is open for read-write by user 1(%(1)&



CREATE/DROP DATABASE [117]

unix’ mysqladmin -p -u 1001 -h gold create 1001DB
unix’ mysqladmin -p -u 1001 drop 1001DB #to start over again

MYSQL CLIENT MONITOR

Establish connection to host “gold” as user “any” with password “any”

Interactive:

unix’, mysql -p -h gold -u any suppDB

Enter password: any

Welcome to the mysql monitor. Commands end with ; or \g.
Type ’help’ for help.

mysql> select *

=> from S

-> where STATUS >= 20 \g
4 rows in set (0.14 sec)

O R f———— e +
| S_NO | SNAME | STATUS | CITY |
O R O e +
| S1 | Smith | 20 | London |
| S3 | Blake | 30 | Paris |
| sS4 | Clark | 20 | London |
| S5 | Adams | 30 | Athens |
N R fm——— N +
mysql> \q

Batch File:

unixj} mysql -p -u 1001 -h gold 1001DB <1001DD.sql # create tables
unixy} mysql -p -u any -h gold suppDB <suppQ.sql

But the batch file needs to have the password in it.
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SQL SYNTAX [118]

CREATE TABLE:

create table SP (
S_NO char(8),
P_NO char(8),
QTY int,
primary key (S_NO, P_NO),
foreign key (S_NO) references S,
foreign key (P_NO) references P

)
\g

SHOW INFORMATION:

show tables \g
show columns from SP \g

DROP A TABLE:

drop table SP \g # useful to redo just one table
INSERT VALUES:

insert into SP values(’S1’,’P1’,300) \g
LOAD FILE:

load data infile ’mySP.text’ into table SP \g
UPDATE TABLE:

update SP set QTY=400, CITY = ’paris’ where S_NO = ’S1’ \g
DELETE FROM TABLE:

delete from SP where QTY > 200 \g

INDEXES:
Primary keys automatically have a B-tree index for performance.
Add secondary keys to enable faster searching:

alter table J add index myindex (JNAME, CITY) \g
alter table J drop index myindex \g
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7 APPENDIX B: JAVA DATABASE CONNECTION [119]

Uniform Resource Locator (URL):

SYNTAX: protocol//host:port/database
String url = "jdbc:mysql://gold.mcs.csuhayward.edu:3306/SuppDB"

CLIENT driver must match specific SERVER:

SYNTAX: Class.forName(driverName)

Class.forName("org.git.mm.mysql.Driver");
Class.forName ("ORACLE DRIVER");

Make a CONNECTION:

SYNTAX: DriverManager.getConnection(url,user,pass)
Connection con = DriverManager.getConnection(url,"4311","4311");

Create a STATEMENT:

Statement stmt = con.createStatement();

Execute a QUERY:

ResultSet rs = stmt.executeQuery("select * from SP where STATUS >=20");
int i = stmt.executeUpdate("update SP set QITY=400 where S_NO = ’S1’");

if (stmt.execute("select * from SP where STATUS >=20"))
\\ true means SQL was a SELECT
\\ false means SQL was a UPDATE/INSERT/DELETE

Get the RESULTS:

ResultSet rs = stmt.getResultSet();

Get the METADATA (or DATA DICTIONARY):

ResultSetMetaData md = rs.getMetaData();
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JDBC [120]
Get the NEXT (FIRST) record:

while(rs.next())
Get the COLUMN COUNT

int n = md.getColumnCount();

Get the COLUMN NAME or INDEX:

String name = md.getColumnName(i);
int i = rs.findColumn("QTY");

Get the COLUMN TYPE or WIDTH:

String type = md.getColumnTypeName (i) ;
int size = md.getColumnDisplaySize(i);

Get the DATA by INDEX or NAME:

String s
String s

rs.getString(i);
rs.getString ("QTY");
int j = rs.getInt(i);

double d = rs.getDouble(i);
Timestamp t = rs. getTimestamp(i);

CLOSE:

rs.close();
stmt.close();
con.close();

TRANSACTION PROCESSING:

try {
con.setAutoCommit(false); // not supported by mysql
stmt = con.createStatement();
stmt .executeUpdate("update SP set QTY=400 where S_NO = ’S1°");
stmt.close();
stmt = con.createStatement();
stmt .executeUpdate("update S set CITY=’London’ where S_NO = ’S1’");
stmt.close();
con.commit () ;
con.close();
} catch (Exception e) {
try {
con.rollback();
} catch (Exception el) {}
+
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8 APPENDIX C: SQL APPLET [121]

SQLmain.java:

import java.awt.;
import java.applet.*;

public class SQLmain {
public static void main(String args[]) {
Applet applet = new SQLApplet();
Frame frame = new SQLFrame(applet);

class SQLFrame extends Frame {

public SQLFrame (Applet applet) {
super ("Java Interface to SQL");
MenuBar menubar = new MenuBar();
Menu file = new Menu("File",true);
menubar.add(file);
file.add("Quit");
this.setMenuBar (menubar) ;

this.add("Center",applet);
this.resize(620,680) ;
applet.init();
this.show();

public boolean action(Event e, Object arg) {
if (e.target instanceof MenulItem) {
String label = (String) arg;
if (label.equals("Quit")) System.exit(0);
+
return false;
+
+
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SQL.html [122]

<html>
<head>
<title>Java Interface to SQL</title>
</head>
<body>
<applet
code=SQLApplet.class
1d=SQL
width=620
height=840 >
</applet>
</html>
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SQLApplet.java [123]

import java.awt.;
import java.applet.*;
import java.net.URL;
import exjava.sql.x*;
import exgwe.sql.*;

public class SQLApplet extends Applet {
Button runsqlbutton, quitbutton;
TextArea textAreal;
Label insqllabel;
Label dblabel;
Label protolabel;
Label portlabel;
Label userlabel;
Label passlabel;
Label hostlabel;
TextField sqll;
TextField sql2;
TextField sql3;
TextField dbfield;
TextField protofield;
TextField portfield;
TextField hostfield;
TextField userfield;
TextField passfield;
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Applet [124]

void runsql_Clicked(Event event) {

// Load the gweMysqlDriver JDBC Driver

String driverName = "exgwe.sql.gweMysqlDriver";

// The url of the database we wish to connect to
protofield.getText();
hostfield.getText();
portfield.getText();
dbfield.getText();
userfield.getText();
String pass = passfield.getText();

String proto

String host
String port
String db

String user

String url = proto + "//" + host + ":" + port + "/" + db;
String query = sqll.getText() + " " + sql2.getText() + " " +
sql3.getText();
Connection con = null;
Statement stmt = null;

ResultSet rs = null;
ResultSetMetaData md = null;
try {
Class.forName(driverName) ;
con = DriverManager.getConnection(url,user,pass);
stmt = con.createStatement();
if (stmt.execute(query)) { // true means the SQL was a SELECT
rs = stmt.getResultSet();
md = rs.getMetaData();
textAreal.appendText (SQLutil.getRow(rs,md,true)+"\n");
while(rs.next())
textAreal.appendText (SQLutil.getRow(rs,md,false)+"\n");
textAreal.appendText ("\n");
rs.close();
+
stmt.close();
con.close();
} catch (Exception e) {
if (e.getMessage().equals('"mysql exception: No columns returned."))
textAreal.appendText ("Update completed.\n");
else textAreal.appendText(e.getMessage()+"\n");
+
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Applet (continued) [125]

public void init() {

super.init();

setLayout (null) ;

dblabel = new Label('"Database:'");

dblabel.reshape (20,10,60,30);

add(dblabel);

dbfield = new TextField(150);

dbfield.reshape(90,10,150,30);

dbfield.setText ("suppDB");

add(dbfield);

userlabel = new Label("User:'");
userlabel.reshape(250,10,60,30);

add (userlabel);

userfield = new TextField(100);

userfield.reshape(320,10,100,30);

userfield.setText ("any");

add (userfield);

passlabel = new Label("Password:");

passlabel.reshape(430,10,62,30);

add(passlabel);

passfield = new TextField(100);

passfield.reshape(500,10,100,30);

passfield.setText ("any");

add(passfield);

hostlabel = new Label("Host:'");

hostlabel.reshape(20,50,32,30);

add (hostlabel);

hostfield = new TextField(150);

hostfield.reshape(60,50,180,30);

hostfield.setText("gold.mcs.csuhayward.edu");

add(hostfield);

protolabel = new Label("Protocol:");

protolabel.reshape(250,50,60,30);

add(protolabel) ;

protofield = new TextField(100);

protofield.reshape(320,50,100,30);

protofield.setText ("jdbc:mysql:");

add(protofield);
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Applet (continued) [126]

portlabel = new Label("Port:");
portlabel.reshape(430,50,60,30);
add(portlabel);
portfield = new TextField(100);
portfield.reshape(500,50,100,30);
portfield.setText("3333");
add(portfield);
insqllabel = new Label("SQL Input:");
insqllabel.reshape(20,90,100,30);
add(insqllabel) ;
sqll = new TextField(600);
sqll.reshape(20,120,580,30);
add(sqll);
sql2 = new TextField(600);
sql2.reshape(20,160,580,30);
add(sql2);
sql3 = new TextField(580);
sql3.reshape(20,200,580,30);
add(sql3);
textAreal = new java.awt.TextArea();
textAreal.reshape(20,270,580,300) ;
Font font = new Font("Courier",Font.PLAIN,10);
textAreal.setFont(font);
add (textAreal);
runsqlbutton = new java.awt.Button("Run SQL");
runsqlbutton.reshape(20,240,70,25);
add(runsqlbutton) ;
+
public boolean handleEvent(Event event) {
if (event.target == runsqlbutton && event.id == Event.ACTION_EVENT) {
runsql_Clicked(event) ;
+
return super.handleEvent(event);
+
+
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SQLutil.java [127]

import exjava.sql.*;
import exgwe.sql.*;

public class SQLutil {
public static double toDouble(String s) {
Double d = new Double(0.0);
try {
d = Double.valueOf(s);
} catch(Exception e) {return 0.0;}
return d.doubleValue();
+
public static int toInt(String s) {
Integer i = new Integer(0);
try {
i = Integer.valueOf(s);
} catch(Exception e) {return 0;}
return i.intValue();
+
public static int max(int i, int j) {
if (1 > j) return i; else return j;

}
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SQLutil.java (continued)

[128]

public static String getRow(ResultSet rs, ResultSetMetaData md,
boolean getNames) {
boolean padlLeft;
String d;
try {
String s = "";
String s1 = "";
for (int i=1; i<=md.getColumnCount(); i++) {
String name = md.getColumnName(i);
String d1 = "";
if (getNames) d = name; else d = rs.getString(i);

int len = max(md.getColumnDisplaySize(i), name.length());

String type = md.getColumnTypeName (i) ;
if (type.equals("INTEGER") || type.equals("FLOAT") ||
type.equals("DOUBLE"))
padlLeft = true;
else
padlLeft = false;
if (getNames) {

d = pad(d,len," ",padleft);

dl = pad(di,len,"-",padLeft);
} else

d = pad(d,len," ",padleft);

s=s+d+"";
if (getNames) sl = sl + d1 + " ";
¥
if (getNames) s = s + "\n" + si;
return s;
} catch( Exception e ) {return e.getMessage();}
iy
public static String pad(String s, int width, String padChar,
boolean padlLeft) {
for (int i=s.length()+1; i<=width; i++)
if (padLeft)
s = padChar + s;
else
s = s + padChar;
return s;
iy

Iy
128



9 APPENDIX D: NORMAL FORMS [129]

DEFN: CANDIDATE KEY

?

—o |

Y

Y

Y

Y

KEY
RULE: candidate key — everything

NOT INF INF
A B C A B A B C
112 (31415 1
2
3
4
5
KEY KEY KEY
RULE: 1NF can’t have arrays
INF BUT NOT 2NF 2NF
A B C A B B C
® > o
KEY KEY KEY

RULE: 2NF can’t have (proper) sub-key of composite key — non-key (non-prime)

2NF BUT NOT 3NF 3NF
A B C D A B C C D
o > o
KEY KEY KEY

RULE: 3NF can’t have non-key — non-key (non-prime)
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[130]

BCNF
SNF BUT NOT BCNF BONF
A B C C B C A
‘I_> ‘I—>
< o o
L] KEY KEY

| |
OVERLAPPING COMPOSITE CANDIDATE KEYS: AB and CB
RULE: BCNF can’t have non-key — prime
NOTE: non-key is prime itself and is a replacement

INF

2NF

JNF

BCNF
KEY— A

OR R.H.5. 1S PRIME

BCNF: if X — A then X is a (super) key
3NF: BCNF or A is prime

ARMSTRONG’S AXIOMS:

Transitivity: A — B and B — C implies A — C
Augmentation: A — B implies AC — BC
Reflexivity (trivial): AB — A

130



EXAMPLE: 2NF BUT NOT 3NF [131]

Emps
Emp# Dept# Proj# Off# Phone#

@
redundant d2 pl
FD 42

Y

Y
A
@

Projs(Proj#,Dept#)

pl | redundant data

Projs

@
redundant d3 2 Offices(Off#,Dept#)

FD d3 02 |redundant data
Offices

Y

Y
A
c @

Y

redundant ol

Y
A
- @

h3 Phones(Phone#,0ff#)
FD ol ph3 | rddundant data

KEY Phones
Emps(Emp#,Proj#,Phone#)

Main Problem with this 3NF:

If employee does not have a project, we don’t know the department.

How to make 3NF schema:
1) Trial and Error until schema satisfies 3NF definition
2) Algorithm
a) find MINIMAL COVER of FD’s (remove redundant FD’s)

b) make each FD a relation (but combine based on key)

Above Example: remove Emp# — Dept#, Emp# — Off#
Minimal Cover: Emp# — Proj#, Emp# — Phone#

3NF Schema: Empsl(Emp#,Proj#) and Emps2(Emp#,Phone#)
Better 3NF Schema: Emps(Emp#,Proj#,Phone#)
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EXAMPLE: S3NF BUT NOT BCNF [132]

CITY STREET — ZIP
ZIP — CITY

‘ Hayward = Mission | 94542
Hayward @ Foothills | 94542
Hayward | Tennyson | 94543

All of Mission is 94542

All of Foothills is 94542

All of Tennyson is 94543

Overlapping Composite Candidate Keys: CITY STREET and ZIP STREET
3NF: YES

BAD: redundant data (94542 — Hayward)

BAD: if street entries missing, we don’t know 94542 — Hayward

BCNF: NO because NON-KEY — PRIME (ZIP — CITY)

BCNEF: ZIP STREET and ZIP CITY

194542 [ Mission | 194542 | Hayward |

94542 | Foothills
94543 | Tennyson 94543 | Hayward

GOOD: no redundant data

GOOD: if street entries missing, we know 94542 — Hayward
BAD: FD is not “preserved” : CITY STREET — ZIP
BCNF: may not preserve all FD’s

3NF: always preserves FD’s
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EXAMPLE: OVERLAP AND BCNF [133]
AC — BD

4-digit,Course — Name,Grade

4 digit number is unique within the course.

BC — AD

Name,Course — 4-digit,Grade

Name is unique within the course.

Name does not determine 4-digits because there can be many students with the same
name across the planet and they won’t have the same 4 digits.

4-digits does not determine the name because there are duplicates once you leave the
boundary of the course.

BCNF: keys are AC and BC so its OK because l.h.s. are keys.

Overlapping composite keys does NOT always lead to a BCNF problem.

CSZ example: Z — C where Z is not a key but C is prime.

3NF but not BCNF because we had to use the escape clause.

The problem is when a non-key is on the l.h.s.

But 3NF allows a non-key on the l.h.s. if the r.h.s. is prime.

CONCLUSIONS:

1. AC — BD and BC — AD do NOT imply A — B, B — A

[This means there are overlapping composite keys but no BCNF problem because both
AC and BC are keys.]

2. AC — BD and B — A do imply BC — AD

[This means there are overlapping composite keys. This is 3NF but not BCNF because

B is not a key and A is prime.]
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18.

19.

20.

APPENDIX E: OBJECT-ORIENTED TERMS [134]

. Class: a description of a set of objects that share the same attributes, methods, relationships.

. Object: an instance of a class.

Inheritance: subclasses may be specialized from more generalized superclasses using a hierarchy.
The subclass inherits all of the superclasses attributes and methods but refines these with additional
attributes and methods.

Overload: a subclass can refine a superclass with a new implementation of an existing method.

Aggregation: a hierarchical assembly of objects into a whole-part relationship, such as Body aggre-
gates Leg.

Cardinality /Multiplicity: an assembly may have more than one instance of a class type.
Container Class: holds and manipulates an array/collection of possibly heterogeneous objects.

Use Case: a requirements narrative of the sequence of events that occur when a user participates
in a dialog with a system.

Analysis: an investigation of a domain that results in abstract models describing its static and
dynamic characteristics. It emphasizes questions of what, rather than how.

OO Analysis: classes, inheritance, associations.

Design: a process that uses the products of analysis to produce a specification for implementing a
system. A logical description of how a system will work.

OO Design: objects, attributes, methods, collaborations.
Collaboration: two or more objects that participate in a client/server relationship.

Responsibility: a contract or obligation of a class. What an object knows or does. An object may
fulfill responsibilities using its own methods/data or the services of a collaborator.

CRC: Class, Responsibility, Collaboration.
Cohesion: extent to which a module is single-minded.

OO Cohesion: extent to which an object has focused/highly-related responsibilities. The goal is high
cohesion. If some of the responsibilities of A are unrelated, then perhaps some should be moved into
a new B or an existing B, if the resultant responsibilities of B are related. This can lead to higher
cohesion but possibly higher coupling also.

Coupling: extent of complexity of interconnections with other modules.

OO Coupling: extent of dependency between objects due to collaboration. The goal is low coupling.
If the dependency of A on collaborator B is overly complex, then perhaps some, or all, of the
responsibilities of B should be moved to A. This can lead to lower coupling but possibly lower
cohesion also.

Sequencing: chain of dependent method/message calls between objects
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