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Introduction

The aim of this lab manual is to help students of the “advanced programming”™ COUrse to
understand and apply a variety of object oriented programming and design concepts. Every
lab session is provided with lab objectives, a brief discussion about the experiment’s topics
or concepts that strength the student understanding to the lab material; a Java language
syntax for the commands or statements that will be used; and some exercises that allow the
student to completely understand the topic. The exercises in this manual are carefully

prepared, studied and revised by several members of the academic staff in the computer

science department at Birzeit University.

The lab manual starts explaining Object Oriented Programming using Java language from
scratch. It allows the students to learn about the structure of the Java programs and provides
students with sufficient knowledge to understand object-oriented programming concepts
using Java language. Further, the manual covers all object-oriented programming concepts
such as the use of objects and classes, inheritance, polymorphism, abstract classes and

interfaces. In addition, students will learn how to make a graphical user interface programs

and event driven programming. Finally, this manual gives students a complete understanding

to the above topics in which they will be able to proceed with the advanced courses during

their study.
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2 Lab J Pro 2
- Frogram Stry
Objectives cture in Java

o To understand the layout and the structure of a simple Java program.

e To be able to create, compile and run a simple Java program using command line (cmd).

o To apply Scanner and Loops

.simple Java Program

This program will allow you to understand the layout to Java Programs:

jilext printing program - First lab
publ:.c class Welcome ({

// main method begins execution of Java application
& 4 :publlc static void main(String[] args) {

2 FaEmEnt 1 = 0; 1 < 3; it+)
System.out.println("Welcome to comp231");
“f~// end method
f/ end class Welcome
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Compiling, and Executing a Java Program
Sun releases each version of J2SE with a Java Development Toolkit (/P

I

A Sond
»

Source code (developed by the programmer)

public class Welcome {
public static void main(String[] args) {
System.out.printin("Welcome to Java!"); Source Colk

: —

Saved on the disk l -' g

Bytecode (g_enented by the compiler for JVM Compile Sour:
to rcad and interpret) e.g, javac welce
Method wWelcome() o 3
0 aload 0 Stored on the disk |
Method void main(java.lang.String[]) Bytea
0 getstatic #2 . — g
3 1dc #3 <String "Welcome to Java!"> |
5 invokevirtual #4 . 18
8 return :
Run E
eg.J
;_,‘A’
o, : ’;::1 ‘{\

| java -version
This command will show You the version of the

DK you have installed (F igurel.2),:.

ﬁii1CﬁNthhm~§Bys&sn32k:ndAme | s {1CJ]§!§§§éﬂ>
B e I [ I 8 -

icrosoft Windows [Versi T
. =FS1on 6.1.7601
opyright (c) 2ee9 Microsoft Corporgtion

auuu.u:mu'v

:\Users\Layali Zidan>‘P’ =

| ava - i

Java version "1.8.¢ 11’% "a"““v’*e:si‘?nj

; :::(::IgSSEtRuntime Eqvironment (build 1.8.90 111-b14)

, POt(TM) 64-Bit Server VM (build 25.111-b14, mixed mode)

]

4 :\Users\Layali Zidan>

. ———— . - - - - -
L - - - . r
— — — L_m-..«.~..-..~..-—...‘q.‘-_‘x_-_.‘. .l s - o IR VI Y
— 4 - : - - - . v - - . L S~ :
- - ik - 2 3 ettt
e e : - — -

Figurel.2 ( java -version )
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4- If no compilation errorg appear, this means that you can run

g u;w write following command (figure o
1- Open Notepad and name it as ClassName.java using the following € .

To run a java program using emd we use the following steps: your program using the

java ClassN
your source code inside it (figurel.3) : ame

Notepad className.java :,:__ s gj'-' } —z 7 L C\Windows\system32\cmd exe o B % |]
e -, |y g AT ;
public class welcome{ R Zigg:: ’;g zg:gigi —> Resl 3
} - 3 m— U SN, ) 1,
B C:\Windows\system32\cmd.exe

Figurel.5 ( Running byte code )

:\Users\Layali Z:ldan{ugegag_ Welcome. ‘iav;

~_-J

:\Users\Layali Zidan>

Read from console:

‘Console input is not directly supported in Java, but you can use the Scanner class to create an
object to read input from System.in, as follows:

Figurel.3 ( open notepad file ) Scanner input = new Scanner (System.in) ;

1 "‘:f_%_i" e syntax new Scanner (System.in) creates an object of the Scanner type. The syntax
Scanner input declares that input is a variable whose type is Scanner. The whole line

ot mpleting your source code, open cmd (run > v yo pile it . E

TREARR Y B, 2 0e
f 3 - A ,‘ ¢
3 L «
e 3 = G
b v oo e, >
> 2’- ) = s I T o s S I
Lo SRR e R o SR . 4
» & " g :
& I" - =
. . » , . R

E Scanner input = new Scanner (System.in)
reates a Scanner object and assigns its reference to the variable input.

B

'R

; ot can be invoked as functions in ¢ programming languag?. When

R mebt;:cll, he/she is asking the object to perform a certain task. For
S extDouble() method to read a double value as follows:

o "i{;{) ; radius = input. nextDouble () ;
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Scanner methods that the Scanner object can use:

boolean hasNext() This method returns true if this scanner has another & 5 : . e T Qoo Eclipse debugger

String next() This method finds and returns the next complete t¢ en {1¢

scanner. 3

o To determine the scope of variables.

Exercises

3 ' | ‘ “!
£y i i ‘ .’:} : .y .
1. Write a java application using notepad that prints your name, id, course name : | | ditional Statements in Java
(Which is “advanced programming comp2317™) and your instructor’s name 1. Single Condition:

number next to it. Then from console use JDK to compile and run the progran af  (expression ) {
- statement (s);

> 8 Usenotepadmwriteajavaapplicaﬁonthataskstheusertoenter10, d calculz )

their average then displays the result. From console use JDK to compile. and 1 “ Multiple conditions:
2 A f (expression ) |
' statement (s);

else |
& statement (s);

(expression) {

w
Ork Book for Comp231)

double nextDouble() | This method scans the next token of input as double S ~ » To become familiar with Primitive data types
int nextInt() This method scans the next token of input as an int. : o To become familiar with the conditional stat |
- . - ; - : ements in
String nextLine() This methods advances this scanner past the current lin® o To become familiar with the contr| structures i
the input that was skipped. s

o To create methods, invoke methods and pass argume

10

Java (j.e. if, if else, switch).
a (1.e. while, for, do while).

nts to a method.

a ;'_‘ constant-expression:

tatement (s);:

- .
JLEc ’

tatement (s);

[ -
-2l
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gmember Where you have Saved it (the path).

1. while loop: e Workspace Launcher
: . — pXS
while (expression) ({ Select a workspace 2 s
Statement (s) ; 4 ;
} " Edipse storesd)(rsour Projects in a folder called a worke
. 4 hoose a workspace folder to use for thus pade pace,
2. do-while loop: Workspace: C:\Users\Layali Zidan\‘,m,k,.,pa'ce ‘ — = e .
do { -
Statement (s);
} while (expression);
Use this as the default and do not ask again
3. for loop : {
for (initial-action; expression ;action-after-eaci~2==" OK LT
Statement (s); L
}
Figure2.1 ( workspace )
Eclipse IDE i ¥ If you want to change it, click brows and select new place for it as in figure 2.2. The new
This lab will introduce you to Eclipse, a full-featured and \ i;;'};' versatile Integrated place that we have chosen is myWorkspace, then click ok.
Development Environment (IDE). During the assignments and labs in this course you | Select Workspace Directory [ R )
. , —
will be using Eclipse extensively to develop Java programs. © Workspace Launcher et e e e e
You can download it from the following link: | Select a workspace
. : i your projects in 2 folder called 2 workspac » M Comput »
hftps:leclipsc oagt 3 Choose a workspace folder to use for this session. » G Nomp e
1;;..;-- - i
. B aen | C\User\Layali Zidan\workspace b J,, Adobe Audition v.3.0 (Full)
1SS : b L layali
b .. maxmar
. myWorkspace
. b L. springProjects -
s o not ask again coder:  New foder
—

mgm-ez 2 (changing workspace )
our first project by going to File—» New—s Java project. Then

dJ| oWorld and click finish.
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§ ! !
: s

|3
Close Ceeleww | g9
Close 4l | Ctrl+Shift-W | & Class

L Save Ctes | O

(. SeveAl Ctri=Shiftes | &
Revent 89
e 22 i

L2 Folder

[#! Rename... F2 o Fie

i Refresh 5 | g
Convert Line Delimiters To » &

)  Print... Ctri«P | [T Task
Switch Workspace v 0SS e
o 2o TS Other..

az  Import..

ou  Export...

“Pm Alt+Enter
Figure2.3 ( new java project )
3- To create a new class, right click on your project name (Hello A =“§ d),

4&—‘-~;

ﬂl’acbge&plom 2:3‘
el A 7 4 E
4 & HelloWorld
4 % src

- a (default Mk‘ge) 1

< {l OPEH

| HelloWorid jav. Show In
v ‘,stmubﬂry”s o Copy

"ff’; COW Qual}ﬁed N‘mg
! x Ddae

Remave from Conten
Source
Refactor
i Import..,
s Expon..
Mtnnces
Declarations
" Refresh
Assign Working Set..
Run As

Debug A
Validate

[]3’35){

Ctﬂ.v b'ld ‘_)

Cal. ‘:"l"&'*.-ﬂsbo.. n

Alt+Shift+S
Alts Shift+ T »

»
to j.V. (“pzslq).
’

Figure2.4( run java application )

N ethod

have to call or invoke it.

.!

"'-:;__.-(u ms a value,

ﬂ; > results of your program will appear in the console.

r
-

rs] data-type method-name ([parameter-declaration)) {...}

method you give a definition of what the method is supposed to do. To

510 call a method:; the choice is based on whether the method returns a

call to the method i usually treated as a value.

me = method-name( passed-arguments);
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H.:'-I‘-fﬁ‘ odY ma§s mde.x (BMI) IS a ratio o
" termine if @ weight is unhealthy for Person’s y
) UV c

Crtain heig

Calls method-name (passed-arguments) and assigns the FesU* :
4 | ei .
Pl ht Hel'e iS thegf}\lot;mT:ea.lndex

to the variable variable-name. E
Another example of a call that is treated as a return-value _ A
System.out.println(method-name (passed-argulf
Which prints the return value of the method call

g i o :'-jaVa program that reads vV

’=

«
&

I

2. If the method returns void it should be called using a statement. £5
the method println returns void. The following call is a statement
System.out.println("Welcome to Java!"):

ce. the above formula uses po

1ce unds and

1€ :j;?_‘:!,;'\f dO the needed COUVCI‘SiOn. IDChes, 20 you have to inch.lde h .
Converts from Kilograms to Pounds: e following two

3 Pounds = kilogram x 3.2

public stati ub ]
‘ C double kllogramToPound(double kilogram)
Converts from Centimetres to Inches:

S,

inches = centimeter x (.39

‘bltic double CentimetreSTOInches(double centimetres)

Interpretation

Underweight

Normal

| Overweight
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loyees. The
several emp
each of nore than 40

2. Write a java application that will determine the salary for
company pays “straight-time” for the first 40 hours, if the emp
hours, we consider the extra hours as overtime apd the employee " employee His o
overtime hour. You are given a list of employees of the company:
number of worked hours and hourly rate.

Your application should input this information (worked hours an
employee then it should determine and display the employee’s salary-

4 hourly rate) for each

The program will stop if we enter -1.
Output may appear as follow:

Enter hours worked (-1 to end): 39
Enter hourly rate of the worker (500.00):10.00

Salary is $390.0

Enter hours worked (-1 to end): 41
Enter hourly rate of the worker ($00.00):10.00

Salary is $415.0

Enter hours worked (-1 to end): -1

3. A prime number is a number that has no positive divisors other than 1 and itself. Your
NI e {

program should stop if we entered a number less than 2. Write a javamo ram that

computer Science Department (Laborato.-y Work p
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» To practice more aboyt methods (create, invoke

e To determine the Scope of variables

Exercises

mlhe ex 1
1 exponential €¢*  cap  pe calculated using the following formula:
X X2 1 xR s

el="115 ot
HiEoT CTHRETT

The factorial of non-negative integer n is written n! And is defined as follows:
n=n-(n-1).(n-2).--.1
nl=1(f n=0)

Write a java program that contains two methods factorial and exp according to the

JSormulas that we mentioned above. The main task for this program is to ask the user to
enter a number and calculate its exponential then display the result.

» Note that exp method will call factorial method.
2. An integer number is said to be perfect number if the sum of its factors including 1 (but

not the number itself) is equal to the number itself.

For example 6 is perfect because 6 =1+ 2 + 3.

Write a method isPerfectNumber using the following signature that determines if

' ‘parameter number is perfect number. Use this method in a main method that determine
and prints all the perfect numbers between 1 and 1000.
Jk ' c boolean 1sPerfectNumber ( int number)

.I
By

| ..method that accepts a binary number and converts it to decimal then display

i ,or Exam;:le

a ? (6)]0
)+ 2 *1)+ (240) = 6
. e 2 method that accepts a decimal and converts it to binary.
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Exercises
j : 1. A building with n apartments is ,
Lab 4: Arrays and Ob]ect Use . e to be répresented in an array
3 ICation that reg
Objectives B ds the number of apartments and use it as the size of
: . - ment : . =
e To introduce the concept of arrays in Java. o indivi dual elements inside i number will serve as the index of the array.
ol n
o TR st d o fo de8lare o anys initallEs IERRGEEEE * aITay represent the number of people who live in the apartment
For example: a building which has 4 apart
the array. 5y Building partments can be represented as follows
ts to a method. :
e To understand how to pass an array of elemen ,

e To understand the concept of array of Objects.

Syntax

i ence th
To use an array in a program, you must declare a variable to refer

e array, and you must

| N B

specify the type of array the variable can reference.

dataType[ | arrayName = new dataType[sizeOfAnArray];

Now, create a building (array on integers) as above then print the following

dataType arrayName| | = new data’l‘ype[sizeOfAnArraYI 3 information:

1- Number of people in the building.

2- The average number of people per apartment
Passing an array to a method

3- The number of apartments with above-average occupancy, and the
Arrays are objects therefore they are passed to the method by reference.

number with below-average occupancy.
To pass an array to a method as a parameter you have to write the following:

SEETING A7 LOsShey ™
P‘: et L s

rr .
ML 'y
s o e o / ‘r./::.'_ g i b A (g B ‘
» 4 - e » >3 % L | A Ve 1% el
Lrri 3 ve K} \ v 1 ul“/.))g . f‘.] ') »r,‘.n'
y g *g _Igar = St LA J
et . S P 0 AT~
¥ [t e \
3 et Sy s ! ALY TN ] i
ol 3 Y o .

SN & N
. v
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> Modify the above applicati . an index int0
. serves .
their ages. Still, the apartment number « the ages of people who live
pefthe spartmentiop ageAges() to Tips for solution:
iheir number. Add anew method averas

_ apartments. But, the valu

in the apartment instead of M o Use the following Studen class to solye the question.
find the average age of the building resth g N build it at run time, Publl:r i?r]::s :ii ttucietnt {
g : : as in the | : Studentiq;
Hint: use 2 dimensional arrays PELVRE® String studentName:
: public Student () {
Building: }
5 ot 30 [ 25 public Student (int Stld, String stName) {
StudentId = stiq;
; 4745 25121 (15 studentName = StName;
}
50402018 1510 |
i _{ | public void setStudentId (int number) ({
| studentIld = number;
0 ﬂ.' 60 | 65 | }

] - 1§ Public int getStudentId() f{
2. Write a java program that has a method called linearSearch as in the following signature | return studentId;

which accepts an array of integers and an integer number to search for it inside the array. }
If the number is found in the array, it will return its index, else if the number is not found
it will return -1. ' iR

public void setStudentName (String name) |{
studentName = name;

}

public String getStudentName () {
return studentName;

> an array of 4 Students do the following:
de '1.,].\" array = new Student([4];

=}

ent, do the following:
dex] = new Student (120, "Ali Jumah");
=

N
84 i
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Lal5: Object.Oriented programming | Exercises |
ectiv . 1. Create an Emplo |
: yee ClaSS . I
g T g d d obijects and classes: and the differences between them according ¢, the following UM
o To understand 0bJ : . ' | . L.
o use UML (Unified Modeling Langua5® IR0 Coscs o -
B use |
; “departm Empk’yee
objects. ! Weiaries & ti_ﬂtNo iint
1 3 . n
. To understand and apply the role of constructors. | “id: long 2
1 ::l_nhDate: java.util Date ¢ g
1 _blrgDate: ja\aa.util.[)ate
Unified Modeling Language (UML) i honars . 1| f asicSalary: double
: : in the field O SO . b | : -
UML is a standardized Smefa]'P“fPose modeling language In . N K*#EE: plloyeeo Witheuf public  Sakic g /
hical notation techniques 10 create abstract models of specific | > binh%:zcie(depmmenmm int , name: Sew s S e (\(
: e: Date | hireDate Date ba;'cssf:ll:g :jd: long g5, d’)
ry: double)

UML includes a set of grap

systems, referred to as UML model. ,' et Denarkne
Classes always start with upper case letter while objects start with lower €as® = { + = PWH“ *SetDepartme:ttl'::((’rdi?t)mmemN“ int ): void
. | < +setidlid : MY
Data members and member methods start with lower case letters. | -= P‘ “vale. *getld(('):lo:;ng)' void
Obiects are instances from classes. + setBasicSalary(basi
) +getBasicSalary(): Zscl):.i?:m double}: void
:getNaxne(k String
An object has attributes (properties) and behavior. *gg;té?;igat:% l[))ate
. ate{).Dat
o The attributes (states) of an object Is represented by data fields (also known as | l:printﬁmployeemfoz: .

properties).
«  The behavior of an object is defined by a set of methods.

Write a dri
driver class that creates an array of 4 Employees then passes the array to a method

The following UML represents Student class that we have seen in our previous lab: s
" named largestSalary which will return the employee object with the largest salary 3¢

T aiat
public ;gta.t:Lc Employee largestSalary ( Employee [ ] employees)

......
......
.....

.....
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f this class is an array of integers :
rernal representation 0 Create City class usi :
L iy Mt o included in the class 10 deal with the array: 5 2 "8 the following UML.:
! 1d be —
The following methods shou &
t []) // Constructor . .
MyArray(int []) e Jement in the array - cityName: String earble |
mm( ) int // returns lnlm 'Wm: doubel ArIpS o B = relu
. ! gef r)
the maximum element in the array -latitude: double Sk

max( ): int / returns ts -temperature: int

the average of the elemen :
average( ):double // returns + City() Vid + %0 = this.

+City{name: String, longitude: double,
latitude: double , temperature: iny)

+getName(): String
+setName(name: String): void
+getlongitude(): double

printArray( ):void // prints the elements of the array
getSize( ):int //returns the length of the array

.
Average (mean) is X = Ll ; = = T!zﬁ“ Xi *setLongitude( longitude: double)
N st their +getlatitude(): double
. obiects (array) from the created class and te g
Develop a driver class to create 00] (array) +setlantude{ latitude: double): void
behaviors. +getTemperature(): int

+setTemperature( temperature: double): void
+printCitylnfo{):void

pabhic  Clags Hvﬁﬂ"y {
privake i [ D roros

pablic My A'h‘;t(m.l £> m){

Create a class City according to the above UML class diagram, then create an array of
e b U e cities which contains 4 city objects. Then pass the array to a method named

n : L] = o B =, s r rli. ool & = ‘.:AJ Fee B s
‘?"'W%F& S T e R ~ belc Average that accepts an array of City objects and an integer which represents

tain t ature. This method shall print all information about all cities that have a

N % o R - certe mpe:
b, . o : ,w - K R B < t;.n .
o 1, R e e gL B .
~ public Jn i : perature below the given temperature.
3 . . o “\T"_ s, 08

.

'''''

d belowAverage( City [ ] cities , int avgTemp)
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Lab 6: String Description

f : : equals(s1)
ectives ’ : ects of ¢l \
i and manipulate “on-modifiable (immutable) string ob) g REturns true if gpis string e
1. To be able to create : , equalsignoreCase(s1) Returnss qual to string 51
: Fue if this string ;
String. . . ] » string is equal
;i d manipulate modifiable string objects of class StringBujfer/ compareTo(s1) Return Aualto string s1; it is case insensitive
5 To be able to create an Saninteger greater than equal to 0
0
String Builder class. | indicate whether e or less than 0 to
i B Is greater tha
Syntax i 49 compareToIgnoreCase(sl) same as compare N, equal or less than s1
Stri Obiects in Java and Strings can be declared and created using one of the » StartsWith{prefiq O except that the Comparison is case | iti
trings are ) : IX R B omrtes Insensitive.
. | eturns trye if this String starts with
following: . endsWith(suffix) - specified prefix

String stringName = new String(“String Litral”);
String stringName = new String(char [] arrayOfCharacters); |
String stringName = “String Litral™; | Tndex(ch)

contains(s1)

Retu i
rns the index of the first Occurrence of ch in the string

Returns -1 if not matched.

indexOf(ch, fromindex)

Re i
turns the index of the first occurrence of ch after from Index in

String class methods:

The following are methods to deal with Strings: the string, Returns -1 if not matched.

indexOf{(s) Returns the index of the first occurrence of string s in this string.
Description Returns -1 if not matched.
length() Returns the number of characters in this stri i |
ng. indexOf(s, fromindex) Returns the index of the first occurrence of string s in this string

| Returns the characw' at the specific index from this string. after from Index. Returns -1 if not matched.

—

Jl Returns the index of the last occurrence of ch in this string.

Returns -1 if not matched.

X( omindex) | Returns the index of the last occurrence of ch in before fromindex

in this string. Returns -1 if not matched.

Returns the index of the last occurrence of string s in this string.

Returns -1 if not matched.

ex of the last occurrence of string s in this string

) | Returns the ind

before fromindex. Returns -1 if not matched.

":
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Exercises : o MyString that wm pq-fbrm different processing on Strings
1. You will a’:‘:.t All of the methods you create will be static, and the class should woj
that are sent 10 1

in a similar manner to the Math class. Only the four methods listed below should pe
in a sim

blic. :
f)u Create a method mgm/ that receives a String and returns a String that is the

exact reversal of the characters in the first String.

2) Create a method isPalinvae that receives a String and returns a boolean value of
true if the String is a Palindrome and false if it is not. A word is a palindrome if it
reads the same forwards and backwards. For example, the word level is a palindrome,
The idea of a palindrome can be extended to phrases or sentences if we ignore details
like punctuation, so you need to create a method that cleans the sentence from
punctuation and spaces, then convert the sentence to lower or upper case after that we

can use the method isPalindrome with the new sentence. Here are two familiar
examples:

Madam, I'm Adam - madamimadam

A man, a plan, a canal: Panama - amanaplanacanalpanama

9) Cm ’WW t receives a String and returns the String converted

1lad {
B

) ! ] ""‘ifr“‘.“»-.if,-rﬂ’_"_ )t.,!! ‘. ;,:' ..-| “ "’.\.‘ A :
= 1orm ol a string is defined as follows:
) . \ in BN

~

3

y Also add the following methods:
1- numberOfSentences: a method thy accepts a sri

‘ . : Ng and retym
U,.‘. sentel'lce can be deten-nlned lf it ends . number of Séntences on

i
th one of those Punctuation (. , 9 1

2. Design a J.ava program that we can use to CNCrypt a sentence by using the following
methods respectively:
a. Convert al letters to capital.
b. reverseString: reverse the sentence
¢. toNumbers: a method that converts the following letters to numbers:
SO0 Zera(0), “S” 10 $, “L to 1
d. beginAndEnd: that add ** at the beginning and at the end of the sentence.

Finally, you should display the encrypted sentence.

¥

Hint: use stringBuilder.
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Lab 7: Inheritance and Polymorphism

Objectives o
«  To understand the concepts of nheritance and polymorp | o :
ass from a superclass through inheritance:

f dynamic binding, and generic programming.
rotected visibility modifier,

« To be able to develop a subcl

e To understand the concepts 0

ing the
. To be able to restrict access to data and methods using the p

Definition .
Inheritance represents the

: isting classes.
Inheritance: allows you to derive new classes from existing

is-a relationship.

Polymorphism: is to behave differently with different subclasses.

As objects do not exist by themselves but ar stances of a class, a class can inherit the features

of another class and add its own modifications. (This could mean restrictions or additions to its

functionality). Inheritance aids in the reuse of code.
'Children' that is, one class can be created out of another class. The original or

(or base class). The child class is known as the

Classes can have

parent class is known as the SuperClass

SubClass (or derived class).

BT

]

wawa_| [ swoms

A SubClass inherits all the attributes and behaviors of the SuperClass, and may have additional

g

[ SubClass1

attributes and behaviors.

Syntax

In Java inheritance is represented using extends keyword as follows:
[modifiers] super-class-name { //Data members and methods ...}
[modifiers] subclass-name extends super-class-name {... }

Computer science Department (LabOFatow W
or

k Bog

e Getter for dateCreated.

e A method named withdraw
o) ed amount from the account.

% that withdraws a specifi
A method na i ‘
med deposit that deposits a specified amount to the account

toString method that returns 1d, balance and date created

Create two i
subclasses for Checking and Saving accounts from Account class. A Checking

account has ’ X
an overdraft limit equals to 1000, but a savings account cannot be overdrawn.

Step 1: Draw the UML diagram for the classes then implement the classes.
Step 2: Implement classes using eclipse.
Step3: Write a test program that creates different objects of Saving account, and Checking

account, and invokes their toString() methods and to call withdraw and deposit method.
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Abstract Classes and Interfac
Lab 8:
N t classes.
T i ol and concrete classes.
i differentiate petween abstract
b ble interface.
To define a natural order using the Compard
e To
e To declare custom interfaces
abstraction
Dog
interface
Vehicle -
extends
implements
I | Dalmatian BlackLab
(= o
Theory

Abstract classes are used to declare common characteristics of subclasses. An abstract class
cannot be instantiated. It can only be used as a superclass for other classes that extend the
abstract class. Abstract classes are declared with the abstract keyword. Abstract classes are used

to provide a template or design for concrete subclasses down the inheritance tree.

An abstract method is a method signature without implementation. Its implementation 1s

provided by the subclasses. A class that contains abstract methods must be declared abstract.

An interface defines one or more constant identifiers and abstract methods. A separate class
implements the interface class and provides the definition of the abstract methods. Interfaces are

used as a design technique to help organize properties (identifiers) and behaviors (methods) the
implementing classes may assume.

Y

rtment (Laboratory Work Book for Comp231)
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\
Differences between abstract and interface classes:
Interface
Abstract class
Interface support mulliple inheritance Abstract class does not support multiple

inheritance

Interface does'n Contains Data Member

——

Abstract class contains Data Member

Interface does’n contains Cunstructors

Abstract class contains Cunstructors

An interface Contains only incomplete member
(signature of member)

An abstract class Contains both Incomplete
(abstract) and complete member

An interface cannot have access modifiers by
default everything is assumed as public

An abstract class can contain access modifiers
for the subs, functions. nronerties

Member of interface can not be Static

& comparing objec

Only Complete Member of abstract class can be
Static

Syntax

Abstract Class
[modifier] abstract class Class-Name {
/** Body of the class */

}
Abstract Method

[modifier] abstract data-type method-name([parameters-declarations)) {...}

Interface
[modifier] interface InterfaceName {

/%% Constant declarations */

/%% Method signatures */

}

There

cloning objects by impleme?

famous interface classes that you will use, such as Comparable which will help you in
are fam

ts by implementing the compareTo method and Cloneable which will help you

ting the clone method.
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Exercises 2!

reate the classes in the following inheritance hierarchy. An Employee should have a firg¢
-
s Ia:tc ¢ and ID number. In addition. the SalariedEmployee should have a weekly
name, last nam :

salary; an HourlyEmployee should have
CommissionEmployee should have 2
BaseCommissionEmployee should have |
%~ appropriate constructor, setters and getters. Each Employee should have an earning() and
Q™ ’ P
. toString() methods/&lso make Employee comparal;le. The compareTo method compares
between the employees based on earnings.  ~. |
(Te  Write a method that finds the total eamings of all the employees in an array. The method
signature is:  yqev €U
public static double totalEarning(Employee[] a)

a wage and a number of hours worked:;
commission rate and gross sales; and a
a base salary. Each class should have an

@0 Write another method that sorts an array of Objects using the compareTo method. The
signature of this method is: drive¥ Clagg
public static void sort(Object[] a)

@o Write a test program that creates an array of 5 employees and computes their total
earnings using the totalEarning method.

4
A B

—

2. Implement the Superclass Sha

computer Science Departm
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: Pe and j :
in the following UML class dia s subclasses Circle, Rectangle and Square as shown
am, -
e 8ram, note that the compareTo method will compare based on
<<Interface>>
Comparable
)
implements
1
\ ;/ \ < . la G NM
<<abs(mg):/.. n“ q\ﬂﬂb‘b — 'n’
Shape . )
rodegt | Foolor: Stri
? #illed: booul‘egan
+ Shape))
+ Shape{color: String , filled: boolean)
+ getColor{): String
+setColor{color: String): void
+getFilled(): boolcan T ( C:)
. scSlFilled(ﬁllcd: boolean): void Alic Ak Gompe (ol € ‘Of’?—
hrtoString(): Sring L o
O\:s'}ﬂtdt—( getAreal) double 3' 1;( Hls .34040»> o - 3“‘ )
extends ? extendsl\.rb‘ U 3" ? /
SR
Circle Rectangle
#radwus: double dth:
proect [T,
+Circle{ ot +Rectangle)
'ﬁC“il.:k(tadus: double , color: String, +Rectangle! width: double , length: double)
+getWidth(): double
+getRadius(): double +setWidthiwidth: double): void
+setRadius{radius: double): void sgetlength): double
n 1’* " ssetlongth{ length: double): void {
+ 0 Vi

Create an array

1

S

otk

list of 5 different shapes, then sort the list and print the type of j:h object
. $

gqm-b
widt s dow He |

e B
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Lab'9: Exception-handling and text1/0

Objectives

e To understand the concept of Exception and Exception handling.

e How to throw an exception?
e How to write a try-catch block to handle exception.

Theory
A Runtime errors occur while a pro

impossible to carry out, in java, the runtime errors are . .
dition that prevents execution from proceeding

gram is running if the JVM detects an operation that is

thrown as exception, so the exception

is an object that represents an error of con
normally. If the exception is not handled, the program will terminate abnormally.

Java exception handling model is based on three operations: declaring an exception, throwing an

exception, and catching an exception, as in the following figure.

. - Declare exception
methodl() { e method2() |throws Exception|{
try { // if (an error occurs) {
} s : throw new Exception() ; j<—t—— Throw exception
a;dl (Except'im‘u:'i ex) { . 3}
rocess exception;
Catch exception —> ; }

\T-'o"l' NS =

: computer Science Departm

R

ent (Laborato
'Y Work Book for Comp231) e

El‘ercises

1) Write a bin2D :
ec(String bi : : S
decimal number. Imp] 8 DinaryString) method that converts a binary string into a

ement the bin2Dec method to th
%) tent o throw a
mberFormatException if the string is not binary String.

2) Desi . :
) e€sign a Circle class that has radius and color as attributes and allow the

setRafhus method to throw an IllegalArgumentException if the radius is
negative.

3)

Write a program that reads the data for an unknown number of students from a
file called students.txt. The data is stored in that file as follows:

Ahmad 90 85 78
Maha 76 80 84
Salam 85 90 99

The program then calculates the average grade for each student and saves the
results to a file called output.txt as follows:

Ahmad 84.3
Maha 80.0
Salam 91.3
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Lab 10: JavaFX basics and Ul controls

Objectives
o To write a javaFX program and understand the relationship among stages, scenes, and

nodes.
o To create user interface using pancs, UI controls, and shapes.
rface with various user-interface controls.

e To create a graphical user inte
as Button, Label, and TextField.

e Learn how to us€ several Ul controls such

Theory
A graphical user . terface (GUI) makes a system user-friendly and easy to use. Creating a

GUI requires creativity and knowledge of how Ul controls W
javaFX are very flexible and versatile, you can create a wide assortm

interface for rich Internet applications.

ork. Since the Ul controls in

ent of useful user

[ V;‘.g' - m that displays the following Ul:

’
e - l
. e 1 n
¥ Y
v|‘ . A2
[N 9 .
it ..'Q". w ) [
A i =g .
s ) - e
1Ty i b 1
4 Ry ! e
o n:- ' B
v = .
N ! ( R
Aot | ’{) wl -
L MU N i S0 N
Voo RN b,
Folaehis T ‘ l x
% Lag.e n - not e « SR )

d JavaFX

pr @ Righe P ¢ 12|
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Lab 11: Event-Driven Programming Exercises
1 18
Objectives
e To get the taste of event-driven prOgramming.
ent classes.

e To describe events, even sources, and ev

andler classes using inner classes, and simplify event handling using

e To define event h
lambda expression.

To develop applications using MouseEvents and KeyEvents.

Theory
o~
'\.JREd ; YE"ON .Green

When you run a Java GUI program, the program interacts with the user, and the events drive
ing. An event can be defined as a signal

its execution. This is called event-driven programm
ething has happened. Events are triggered by external user actions,

2. Wri J
rite a java program that displays the followi
n

and column-si ; »
N-size properties of text field dvnamg | and sets the horizontal-alignment

to the program that som
such as mouse movements, mouse clicks, and keystrokes. The program can choose to respond ;
to or ignore an event. T i | ically:
PERN 0 'r:;' i ; ’E f X(’r(iSCIG_OG _;;; _&':. - :
~ AR

‘. Text Fieid JavaFX
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Hudisnis

I R
s <
o8 e ."‘}'. “q L
.'—-'~‘.“‘. [ o 2% .3‘ .
o3 e h

- R G

will display a user interface (U1) as in the

which rmation. The collected

i llect student info
s e ing javaFX to ¢o

following figure usin

information are:

COm

: atory Work Book for Comp231)
%Cience Department (Laboratory

Lab 12: Optional Lab: JavaFX and Event-Driven Programming

® Using Eclipse Appropriately implement the following UML:

a.
b.
c.
d.

Student number
Student name

Average
Departlneﬂt name

<<Interface>>
Majorinterface

+ FIVE_YEAR:int = 5
+ FOUR_YEAR:int = 4

b

play a Ul that enables the user to

started, it should dis B il take information

When your programfonnation and add bu

enter the req}lired in
and saves it in a file.

e s

RN o E=RICHER-
e ———— - |
haoey 5 L a———— |

Student ID e
Student name — :
R ) Excellent ) Very good'  Good
m - 1 :
| name CENE -
| Department e
i | add

Application

N,
‘?.

Driver

+ (S:String = "Cg~
+ CSE:String = "Csg~

+ displayinfo ; void
+ getPlan () :int

o~

g

:
'

4+ students : ArrayList<Student>

+ topStudent (String major) : Student
+ studentsAverage (String major) ; double

<<Interface>>
Comparable
Py
H
Student
-id ;int
= name : String

= major : Major

- average : double

- numOfCreatedStudents

<<Abstract>>
Major

- title : String = CS or CSE

- plan : int

- years: int = FIVE_YEARS or FOUR_YEAR
-description: String

+ Student {int, String, Major, average)
+ getters and setters
+ taString() : String

+ Major ( String, int, int. String )
+ getters and setters
+ toString() : String

o Add getters and setters as necessary.

o Every time the Student constructor invoked, the nu

incremented.

T T

cs CSE
+ CS() + CSE()
mOfCreatedStudents
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* Each line in the file consists of: student information: id, name, major, and average

marks, separated by a ( : ).
st of Students.

] puter Science Department (Laboratow Work B
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o Build the followi
. : . Ing JavaFX Gu|
e Create a file “students.txt” to your project with the following data: | (as close as possible):
e 1120752:Majdi : CSE : 70 B COMPI31- Prars: :
e 1130340:Rand : CSE : 75 231: Practical Exam (23/8/2017) |
e 1131913:Maen : CS ¢ 50 A faion ¥ O X |
e 1141339:Areen : CSE : 65 [TOp Major“;t;;;m‘ S _©CS CSE
e 1141622:Deema : CSE : 80 L o poin
e 1141647:Wafa : PHY : 33 i—};ﬂa”OA —
e 1141945:Kasandra : PHY : 50 e s orage
. ii:i;;g:rﬂ:naf - gzﬁ 1725 The total number of students is: 15
L4 . aml o : :
e 1142753: Mohammad : CS : 88 ' = s g
e 1150304: Maab : MATH : 72 " Ing the “Top Major Student” button will execute the method
e 1150467: Amr : ACC : 99 topStudent(major) and pass to it the value of selected M Yorge
e 1151504: Hadi : CSE : 82 The output will be displayed in the TextFiled as f ed Major radio button.
e 1152270: Atheer : CS : 92 ed as follow:
e 1152770: Farhat : SCI : 80 T AT et R O
B! 3 a gt ——————
e 1153216: Isra : ENG : 76 E_ COMP231: Practical Exam (23/8/2017) e A e
e 1153279: Yazeed : CS : 67 Mijor @ @ cse
e 1160063: Ayah : CS : 99 Top Mai et PR Ch . SRR i ST Sy :
e 1160144: Feras : CSE : 97 P Major Student | = [1160063) Ayah:99.0
e 1160724: Sajeda : CSE : 89 B e T »
e 1161357: Bara : CS - Major Average _
e 1161728: Omar : CS e The total number of students is: 16
e 1161798: Husam : CSE :
» Clicking the “Major Average” button will execute the method

studentsAverage(major) and pass to it the value of selected Major radio
button. The output will be displayed in the TextFiled as follow:

Create a driver class named Driver that has an ArraylLi

The driver class does the following:
o At start, it reads the students.txt file records (line by line). Converts each line toa

specific student object with appropriate major and add it to the students ArrayList

B ' COMP231: Practical Exam (23/8/2017)
Major:

| Top Majo . [1160063] Ayah:99.0

@ cs () CsE

- ———— - — - ——

- —— T W — ————— —

O X

—— S — A ————— — T —————r
:

— Al B i, i TP

.....

o oe. Ol nts with CS or CSE major.
O o ’;75.57142357142357

rformation are Nissi ng, in this case ignore this R e s ‘
(e ot e or Average
- B . - —_— e ——— A —— o ——————————h =

| number of students is: 16

.:‘: t m
RrORone

i

o" ¥

&~



