EECS2030 Fall 2022
Advanced Object-Oriented Programming

Lecture Notes

Instructor: Jackie Wang




Lecture 1 - Sep. 7
Syllabus & Review on OOP

Object Orientation
Classes vs. Objects on Eclipse



Course Learning Outcomes (CLOS)

CLO1 | Implement an Application Programming Interface (API).

CLO2| Test the implementation. &&,

CLO3| Document the implementation.

7

CLo4 | Implement aggregations and compositions.

CLO5 | Implement inheritance.

CLo6 | Use recursion.

CLOT | Implement linked lists.

CLO8 | (Informally) prove that recursive algorithms are correct and terminate.

L CLO9| (Informally) analyse the running time of (recursive) algorithms.
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Lecture 2 - Sep. 12
Review on OOP

Object Orientation
Classes, Objects, Methods



- LabO Part 1 . piest .

+|Eclipse:

Your Machine vs.

A4 Tutorial Videos
+ PDF guides:
* Inferring Java Classes from JUnit Tests

* Programming Pattern: Array Attributes
- Scheduled Lab this Week: Optional Q&A
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junit__tests

Separation of Concerns

- Expected vs. Actual Values
- Methods
* calling methods from model
* assertions
* containing no print statements

console_apps

- Classes & Methods

= Methods - main method (entry point of execution)
* constructors L A
reading inputs from keyboard
accessors: return statements ke .
calling methods from model
mutators: no return statements % i ;
1. . producing outputs to console (print)

containing no print statements * I

containing no return statements

% %x %
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Observe-Model-Execute Process

Compile-Time: Classes
RSl Worid: Endties ’M \(definitions of templates)

Run-Time: Objects
(instantiations of templates)

,o‘w""

class Person {
String name;
double weight;
double height;

} Execute

Entities:
jim, jonathan, ...

class Potint {
double x;
double y;

Entities:
p1(2, 3), p2(-1, -2), ...

Person

name “Jim”

weight 80

( name

height | 1.80

(—v Point
X -1
y

Person

“Jonathan

N

weight 80

height 1.80

p2

-2

Entities: JM:
ttributes: w- , h

Changes: AmI\Je ﬁh{

Ingulrle e{g
Template: PB/M 7

Entities: Pl p2
Attributes: 77,
Changes: {7

Inquiries: 0’7;(
Template: “Eart

I



winbatar”
Modelling: from Entities to Classes ape

Identify Critical Nouns & Verbs

L€ 7. oy 21
Example1 (Elcfs) gﬂrff"l"

2
clases , attbars,

Points|on a two-dimeyisional plane are identified by their signed | ages4,,
distances from theX= and Y-axises. A(point jnay move féffz;,
arbitrarily towards a v(o_m on the plane. Given two points,

we are often inteyested in knowing the distance between them.

woqedY

et
Example 2 G et
A person is a being, such as a human, that has certain

attributes and behaviour constituting personhood: a person
ages and grows on their heights and weights.




Object Oriented Programming (OOP)
- Templates (compile-time Java classes)
+ attributes (common around instances)
+ methods
* constructors
* accessors/getters
* mutators/setters
+ Eclipse: Refactoring
- Instances/Entities (runtime objects)
+ instance-specific attribute values

+ calling constructor to create objects

+ using the “dot notation”, with the right contexts, to:
* get attribute values
* call accessors or mutators



Lo ( (sequence of bytes)

oF

public class Person {
/*

* Attributes.

* Person instances have the same attributg

Constructors not using this Keyword y s memory
M 7

,{,]PCf

*/
double weight; @TESF .
double height; public void

Person jiig= oW, :erso 7
i Person jonathar = new Persori( 65 T 67)
* Constructors aSSertrrueﬁafﬁ'T"fRﬂﬂTEﬁaﬁj

*/ _ assertFalse(jim == jonathan);
public Person() { assertNotSame(jim, jonathan);
; assertNotEquals(jim, jonathan);

weight = pewWsTGHE;
nepBetght ;

public(EEEEEE}double nepleTF:
<:Eii;’
r

height

public static void main(String[] args) {
Person( jim = new Person(72, 1.81);
Person jonathan = new Person(65, 1.67);
System.out.println(jim);

System. out.println(jonathan);

- Default Constructor?
- Parameters vs. Arguments
- Reference Variables

console




Lecture 3 - Sep. 14
Review on OOP

Object Orientation
Tracing OO Programs, Aliasing, Arrays



- LabO Part l/Due Soon
-/ LabO Part 2 Released on Tuesday
- Labl| to be released on Friday

, {d'*ﬁe

v




Constructors not using this Keyword memory
- . (sequence of bytes)

public class Person {
/*
* Attributes.
* Person instances have the same attribute names.
* Person instances have specific attribute values.

w7
: @Test ;
double weight; JUnit
- public void test_1()_{

double height;

Person(jim = new Person(72, (L.81);
Person jonathan =| new Person(65, (1.677;
assertTrue(jim !="jonathan);
assertFalse(jim == jonathan);
assertNotSame(jim, jonathan);

assertNotEquals(jim, jonathan);
pdblic|Person(double

wWeIW doubl€ newHeight)/ {
weight = newWeight;

height = ”eWHeight;‘akrhA public static void main(String[] args) {
} vat Person( jim = new Person(72, 1.81);
Person jonathan = new Person(65, 1.67);
System.out.println(jim);

- Default Constrctor? System. out.println(jonathan);
=[Parameters| vs Argumenfsl console

- Reference Variables

model

/*
* Constructors
*/

public Person() {

}

}
e




Parameters vs. Arguments

class Point { Template Definition

Point(double x/doubl€ y) {...} 7.

double|getDistanceFrom(Point/other)|{...}

void move(char direction, double units) {...}

¥

class PointTester {
static void main(String[1.args) {
Point p1 = new Point(275,(-3.67;
Method Usages Point p2 = new Point(-4.8,(5.9),
double distl = pifgetDistancerro
double dist2 = p2|getDistanceFro
pl.move('R’, 7.6); i

¥
bs
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Constructors not using this Keyword

publj: class Person { model

* Attributes.

* Person instances have the same attribute names.
’ nces have specific attribute values.

Question

- What if names of parameter & attribute are the same?
- implicit “this”

* Constructors
74
public Person() {



Tracing OO Code: Visualizing Objects Slides 24 - 28

To visualize an object:
o Draw a | rectangle box |to represent contents of that object:

o | Title |indicates the name of class from which the object is instantiated.

e | Left column | enumerates names of attributes of the instantiated class.

¢ | Right column [fills in values of the corresponding attributes.

o Draw |arrow(s) | for variable(s) that store the object’s address .

Person
(' age 50

jim nationality “British”
weight 80
height 1.8




Ywﬁlﬂﬂ @ 75

public class Person {

p - model

Effects of Creating New Objects 7=
9 é JUnit
public void 1()
‘ —>Person(Jimi _new Person 72, (1.81
1 (Y23

Persor Jﬂlathar =/ new Person'

* Attributes. assertTiue(Jim != jonathan); T

* Person instances have the same attribute names. assertFalse(jim == jonathan);
* Person instances have specific attribute values. assejtNotSame(jim, jonathan);
* / assertNotEquals(jim, jonathan);
double weight;. . . }
doubla height; . - Variable Shadowing
- Visualizing Objects ‘]OVM == A‘lﬂvl
/* .
* Constructors - Confext Object e W @
*/ - this " Al
public Person() { - dot notation k W ’72 AA ]
—
P 4 13 /»l h 1.8l { Bt [
ublic Person(double we/ght, goubl ¢ h . '
ILod ¥ . W s

s .weight = we1

£Xs. helght—he)hf \‘
, & 24 ' 7
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Accessors/Getters

public class Person {

o model
* Attributes.
* Person instances have the same attri ute names.

* Person instances have specific attribute values.
'

double weight;

double height;

/* Accessors/Getters */ ‘]’AD-
public double getBMI() { J
double bmi = tm)zweight / (th:}(.height * thiy(height);
return bmi;
} 094 0
} / dkf
4
eTest %Y/ 7t JUnit
public void test_2(Q) { : i -,
Personi jim = new Pgrson( 1.81); ",

Person jonathan =(newRefsoh(63 1-67);,/)3Zia>
assertEqual s(21(972(int. getBMIO; 2.0D);
assertEquals(23.307,(jonathan/getBMI(), 0.01);




Copying_Primitive vs. Reference Values Slide 50

int JOi;
int k = 3;

Point pé&
Pointf p2
Podnt po

—
SystmeTBut.

Systme.out
Systme.out

Primitive
System.out.println (i i) ; /*xtruex*/
System.out.println | && k == _J);/+truex/
= new Point (2, 3); Reference

=( pl;l)* System.out.println(pl == p2);_

new pPoint(2, 3);E T/
println(p3 == pl\l ) p3 == p2);/+falsex/

.println(p3.x == plix && p3.y == pl.y);
.println(p3.x == p2.x && p3.y == p2.y);




Exercise ?WM] !73"“"51]‘52 7 P LE(TWJ Mdﬁ’""ﬁm’

Person alan = new Person("Alan"); ne4p
Person mark = new Person('"Mark"); ‘JE
Person tom = new Person( Tom ),

RN T LN

personsZ = new Perso personsl.length];

for(int i = 0; personsl.length; i ++) {
— 7

|persons2[1] personsli|i 3

} l

persons1[0].setAge(70); -
System.out.println(jim.getAge()); ﬂemf%
System.out.println(alan.getAge());
System.out.println(persons2[0].getAge());
personsl1[0] = jim;

persons1[0].setAge(75);

System.out.printIn(jim.getAge(Q)); VBIMQ V4

System.out.printin(alan.getAge());
System.out.println(persons2[0].getAge());

Tsnld qeson] = now Tornf))s v/ Iy Eoare
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Lecture 4 - Sep. 19
Review on OOP
Tracing OO Programs, Aliasing, Arrays

Attributes/Parameters/Return Types
Anonymous Objects



APM’ M?

Annou@;‘s

abl eleased (scheduled lab sessions & office hours)
“ab0 Part Pbue ar Friday’
rittenTest1
(make sure you try logging into eClass in WSC)
- ProgTest1




Exercise ?WM] !73"“"51]‘52 7 P LE(TWJ Mdﬁ’""ﬁm’

Person alan = new Person("Alan"); ne4p
Person mark = new Person('"Mark"); ‘JE
Person tom = new Person( Tom Y

RN T LN

personsZ = new Perso personsl.length];
i= ersonsl.length; i ++) {
|person52[1] = personsli|i 3 0

}
persons1[0].setAge(70);
System.out.println(jim.getAge()); ﬂ&af‘
System.out.println(alan.getAge());
System.out.println(persons2[0].getAge()); v
personsl1[0] = jim;

persons1[0].setAge(75);
System.out.printin(jim.getAge());
System.out.printin(alan.getAge());
System.out.println(persons2[0].getAge());

Tsonld pasorl = nos Towon )i v/
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T ]| [posassTly? 2205  bpee] o5, 4,
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“ sl ~ mmcf

U
System.out.println D ;
System.out.println )f167

stem.out.prip (persons2[0].g

W persons1[0] =(jimy

System.out.printIn(j
System.out.println
System.out.printin(

brson (] = poo fenfig))s Vv
msllto( i‘;’ﬁ"’, I L‘org ol fewed m ;

) %5009 [IJ Tow 3

Exercise

Person alan = new Person("Alan");
Person mark = new Person("Mark");
Person tom = new Person("Tom");

=V, I()personsli.lengtii,
IpersonsZ2|1] = personsl|i 53

pass7(o]
m -69&:727() —> oobliess




Accessors/Getters vs. Mutators/Setters

public class Person {

/*
* Attributes.
* Person instances have the same attribute names.
* Person instances have specific attribute values.
%/

double weight;

double height;

\T’/

_ Aﬁ‘ ,”,/’)3?
/* Accessors/Getters */ = '7{,1 - J
public double getBMI() { JM d

double bmi = th(s.weight / (thféLheight * ﬂﬁis.height);
return bmij; (o4

} @Test

public void test_3(0) {
~—7Person jim = new Person(72, 1.81);

Person jonathan = new Person(65, 1.67);

/* Mutators/Setters */
public void gainWeightBy(double amount) {
ths .weight = t@(?.weight + amount;
} ,[ N m—
|} J‘fA asser'tEquaZs(Zl.977,etBMI(), 0.01);
assertEquals(23.307¢ jonathan.getBMI(), 0.01);

/aainWeightB
YonathansgainWeightB{(3);

assertEquals(22.893, jim.getBMI(), 0.01);
assertEquals(24.382, jonathan.getBMI(), 0.01);



Object Oriented Programming (OOP)
- Templates (compile-time Java classes)
+ attributes (common around instances)
+ methods
* constructors
* accessors/getters
* mutators/setters
+ |Eclipse: Refactoring
- Instances/Entities (runtime objects)
+ instance-specific attribute values

+ calling constructor to create objects

+ using the “dot notation”, with the right contexts, to:
* get attribute values
* call accessors or mutators



Use of Accessors vs. Mutators

class Person {
void setWeight(double weight) { ... }
double getBMI() { ... }

b

J CaIIs to mutator methods cannot be used,a?s values.

c(])eg System.out.println (jim.setWeight (78.5));

©®e.g., double w(2) iim.setWeight (78.5) ,qp,4 X
<@eg, jim.setWeight (78.5);
e Calls to accessor methods should be used as values.
e.g., jim.getBMI () ;

v/ e.g., System.out .print}d (lim.getBMI ());
o e.g.,double w = jim.getBMI () ;

Slide 48



Method Parameters Slide 49

e Principle 1: A constructor needs an input parameter for
every attribute that you wish to initialize.

e.d., Person (double w, double h) VS.
Person (String fName, String 1Name)

Principle 2: A mutator method needs an input parameter for
every attribute that you wish to modify.

e.g., In Point, void moveToXAxis () VS.
void moveUpBy (double unit)

Principle 3: An accessor method needs input parameters if
the attributes alone are not sufficient for the intended
computation to complete.

e.g., In Point, double getDistFromOrigin () VS.
double getDistFrom (Point other)




Reference-Typed Return Values 6155%%,40/1 {i Slide 53

¢lags H/fbfsf N sl Md;"&’lr,

—— &tts / AY
S

public class Point {
blic void moveUpBy(inti:f 1)

iq; np = new Point GD;
LioveUo (X) ; . .
= LY

\
\7 public class PointTester {
public static void main(String[] args) {
o/ 2Point@= new Point(2.5, -3.6):

ey

pY.moveUp(7.8); [ vobut
|

iz




Anonymous Objects

1

—

double square (double x) { 1
double(sgr)= x * x; o
return sqr; } We

Person getP(String n) A \/’

Person
return p;

new Person (n)|;

warl

o

double squafe(double x) {
return| x * x;|}

—_k

Slide 56 - 58

Person getP(String o

return |new Person (n)

L

class Member
private Order[] orders;
private int noo;
/* constructor ommitted

*/

|
4
%, this.noo++;
+

T

this.orders[this.noo] =

# - Exercise

NE

public voidladdOrder(Order o) {

O;

\/éublic void addOrder (String

Aao"'/ e
oéj’.
¢
75, 00lol Oole.

//7(4@(_51»

>

Didov (9= nes Wwé:a
Tes . ovolars T Fhis vies)] = g

th7$. oo £ + ;




Lecture 5 - Sep. 21
Review on OOP

More Advanced Use of this
Static Variables



Announcements

- Labl released (scheduled lab sessions & office hours)
- LabO Part 2 Due on Friday

- WrittenTestl —~» W&

~“make sure you try logging in@@

- A guide and some practice questions released soon
- |Programming Test 1|(60 to 65 min)
- Identical format as Labl
- Number of starter tests will be smaller
- Guide, Practice Test,[Mockup Tes’r/ to be announced

wsC




M. Sjouse. ol Spousp. kP nAMQ<]:.v\7
Example: ReFerence to this 275&«/7

J'Pé adll side 59 - 60

public class Person { 1 - Yloa
private String name; /7
private Person spouse; /
public Person(String name) {-dcﬁ\ W ALli

}thls ‘z}ame = name; L?‘/((? (‘0’({' MAW%

public void marr@erson other) { -@
if (tNis.spouse = null u otRer.spouse !'= null) W‘B’l’«
X W"AError: both must b& single */

) /Pj (ot Mé'r%

—)else { tﬁs.spouse = other; otRer.spouse = tk'5° }
/’M

HNerv

qt&ﬁ == 0&8/@ >§, S;
ﬂ{e{ ||(“ﬂ!17$$ @ -qu
-

Il otlen- 5(«47 L= ]
3
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Managing Account IDs: Manual Slide 75

public class Account {
private int id;
private String owner;
public int getID() { return this.id;
public Account(int id, String owner)
this.id = iq;
this.owner = owner;

class AccountTester {
Account accl = new Account

Account accZ = new Account "Jeremy") ;
System.out.println(accl.getID() != acc2.getID());
}




Declaring Global Variables among Objects Lib

public class Counter { public class CounterTester {
privateGnt (ro/‘ public statigoid main(String[] args) {

static int q @ Counter = new Counter();
Counter(cZ) = new Counter();

publlc.Co$nter‘§) { System.out.println("cl's local: " +/cl. getLocal()),
this.1 = 03 System.out.println("c2's local: " +(cz. getLocal
} System.out.println("Global accessed via cl: “ &

System.out.println("Global accessed via c2:

return this.1;

public int getlLocal() { System.out.println("Global accessed via Counta‘ + Counter D;
1 cl.incrementLocal(); (l

c2.incrementlLocal();

Womz
/;apublic void incrementLocal() { )
99; pas] - cl.incrementGlobal(Q); Q&f(f v.

}
c( cz’ * c2.incrementGlobal(); W’J M(’ w

public void incrementGlobal() { a?c to
/7 g ++; Counter.g = Counter.g + 1; // Counter.global ++; N a%I

7

}




public class Counter‘ { )é CI /7
private int L&
static int g : . * 2 .

| Fn/)ff/l( Lannte . Oﬂ. );C)

public in getLocal() { }Jh&&

return this.1; el = ey ( )
} 0[}"‘ (/r(:( n( bt 4 % f

public void incrementLocal() { P -
this.l ++; ¢ ' /)7‘8)/ [\Z = ﬂ@( )?
3

public void incrementGlobal() { /7 F"/'.HA( (AA/H'& /ﬂ’, )5 @

g ++;

¥




Managing Account IDs: Automatic

class Account { ﬁﬂf
private static int globa
private int id; String owner;

. — 2 —————
public, Account (String owner) {
Aa:‘:l')i's.id = globalCounter ;
globalCounter ++ ;V/
éCCltM.s.owner = owner; } }

Counter =

class AccountTester ({ .
Account accl = new Account ("Jim");
Account accZ2 = new Account("Jerémy");
System.out.println (aceclegetID () l=rvacc2ogetdD()); }




Misuse of Static Variables

public class Client {
private Account|[] accounts;

private static int numberOfAccounts =(§P
public void ad_%?%ﬁ?@t(Account acc) |
'accoqnts[t)@z‘ umberOfA 5]
tl)(# ++;

public class ClientTester
Client bill = new Client @Bill");
Client steve = new Client ("Steve");
Account accl new Account () ;
Account accZ2 = new Account () ;
bill.addAccount (accl) ;

/ *

- ]
steve.addAccount (acc2) ;
/- R -/
bl ol Stzonnt (ar) 4 | ettt

- Rl ACzont (fecd)

*/




Lecture 6 - Sep. 26
Review on OOP, Exceptions
Static Variables: Common Error

Caller vs. Callee
Error Handling using Console Messages



Announcements
- Labl due at 2pm this Wednesday
- WrittenTest1
- make sure you try logging into eClass in WSC
- A guide and some practice questions released
- Programming Test 1 (60 to 65 min)
- Identical format as Labl
- Number of starter tests will be smaller
- Guide, Practice Test, Mockup Test to be announced




Use of Static Variables: Common Error

OO NO O~ WDND —

public class Bank {

private string|bragchg§mer
public String get ame () { return this.branchName; }

private static int nextAccountNumber = 0;
public |static |String getInfo {

tACCO umbers+; 2

etury |thiyg/. branchName| + |hextAccountNumber]




(soluter | P

public clqe; Bank {
S —
private ' string branchName;
public String getBrachName () { return this.branchName; }
private static int nextAccountNumber = 0;

public static String getInfo() {
nextAccountNumber++;

return this.branchName + nextAccountNumber;

OCoONO O~ WDND —

Yiol-$Ststit. buongh wewd = eath Beale GLJ fs w5 o
ém( LvAﬂdl

st bench name S ol Badk eéjm‘s

e Shp Hhe  Lml b moh
% | L dbwne wdo veal s




OO NOOTPA~,WND =

Céo]JfM Z)-

public class Bank {
private'string branchName;
public String getBrachName() { return this.branchName;
private s 1L¢ int nextAccountNumber = 0;

publicstatic |String getInfo() |
ngxtAccountNumber++;

eturn thwme + nextAccountNumber;

)




Caller vs. Callee

- caller is the client using the service provided by another method.

- callee is the supplier providing the service to another method.

class s/ LAPAE ,'C M”’y w2 ’)C"”' (Z

vo Hﬂ() {
o = new C2();
18 S St?tlc of o i1s C2 */

Vot ¥ u»l/t’é’

Q: Can a method be a caller and a callee simultaneously?

o s (31 @ chss G 1
g S(‘\ a(-> gao licys o.ml()s C-}Mg:) Ezw

Q)5

3 3 0. m3(C )5



Visualizing a Call Chain using_a Stack

,»m’l( !

IO

e,
&
®
©
M

QQQJ'

4)
(9

st T2
call stack

=i

EX



Error Handling via Console Messages: Circles

class Circle {
double radius;
Circle() { /* radius defaylts to 0 %/ } m;
void setpagius (double Ve

if (r < 0) { System.out.println( "Invalid radius." )) } ég
e
else { radius = r; }

) (on 43»47{
double getArea() { return radius * radius * 3.14; }
} 4586

o LAfRAP call stack
class CircleCalculator ({ allE 7, oy

O©CoONOOOTL AWN =

TN,

1 7l Eyry’
2 public static void main (String[] args) { (e.g ey MQ‘@#)
3 Circle c = new Circley(); .
4 c.setRadius( 1057 2 YVM{' ervof L»(f wodl ﬂ__‘;_f Stop Wl

a double area = c.getAreal);
G System.out.println("Area: " + area); lg & 4 -4

7
8 0




Error Handling via Console Messages: Banks

class Account {
int id; double balance;
Account (int id) { this.id = id; /* balance defaults to 0 #*/ }
void deposit (double a) {

if (a < 0) { System.out.println( "Invalid deposit." ); }

else { balance += a; }

}
void withdraw(double a) ({

call stack
el 0
(41

N

if (a < 0 || balance — a < 0) {

System.out.println( "Invalid withdraw." );
else { balance -= a; }
}

}

clasg Bank {-

} Account|[] accounts; int numberOfAccounts;

Bank (int id) ={ ... }
void (withdrawFrom(int id, double a) {
COﬂfGXf Caller callee for(int i = 0; i < numperOfAccounts; 1 ++) { ﬁ)ﬂ
if(accés.w(i i, id) {
(0. accounts[i] withdraw( a

BA | o | Bory e

M class BankApplication {
pubic static void main(String([] args) {

Ja“) Scanner input = néw Scanner (System. in);
( y(cth W{ ‘) Bank b = new Bank(); Account accl = new Account (23);
D/l M ‘ b.addAccount (accl) ;

double a = input.nextDouble();

‘J b.withdrawFrom(23, a);
Q A kr ‘a System.out.println("Transaction Completed.");
(o D -




Practice Written Test 1

iglizes the person’'s name

Assume that a Person class is already defined, and it has an attribute name
from the input string, and an accessor ‘getName" returning the p.
code (inside some main method):

Person p@ = new Person(Suyeon");
Person pl = new Person("Yunal); ./ %;
Person p2 = new Person("Sunhye"); -Ig
Person p3 = new Per‘son("Jihye“);

2P0 = pZ;
pl = p3; 0

=2

/7Per'son[] personsZ2 = new Pefson[personsl.length];
for(int 1 =(@:J 1 <|[personsZ.lengtn; i ,++) {
personsZ[i] = personsl[personsZ.léngth - i-- 1];

¥ 9 WSI/’\') o

Executing the aboyefzagment of code, after exiting from op, indicatefthe value of each of the fo?owir‘g exp essi&s.

personsZ[O].getNa@() Choose...

L1 2

persons2[1].getName() | Choose... s

persons2[2].getName() | Choose... =

persons2[3].getName() | Choose... 2




Practice Written Test 1

Assume a "Person’ class declared with: a string attribute "name” and a constructor initializing that string attribute using the

input parameter.

Now consider the following fragment code which implements the “main™ method of some console application class:

Person pl = new Person("Alan");
Person p2 = new Person("Mark");
Person p3 = new Person("Alan");
Person p4 = p2;

p2 = pl;

pl = p4;

p4 = p3;

p3 = pl;

System.out.println("Done!");

Now say we place a breakpoint at the last line of the above fragment of code and del
following list of statements, choose all which are false.

0O a
O b.
Oec
a d.
Oe

Of

0O e
0 h.

a i
0.
O k.
Ol

Addresses stored in p1 and p2 are the same.

Addresses stored in p1 and p3 are the same.

Addresses stored in p1 and p4 are the same.

Addresses stored in p2 and p3 are the same.

Addresses stored in p2 and p4 are the same.

Addresses stored in p3 and p4 are the same.

The "‘name’ attribute value of p1is the same as that of p2.

The *

The *

The

The

The *

name’
name’
‘name’
‘name’

name’

attribute value of p1is the same as that of p3.
attribute value of p1is the same as that of p4.
attribute value of p2 is the same as that of p3.
attribute value of p2 is the same as that of p4.

attribute value of p3 is the same as that of p4.



Lecture 7 - Sep. 28

Exceptions

To Handle or Not to Handle?
Error Handling using Exceptions



Announcements
- Labl due at 2pm today (Wednesday)
- WrittenTest1
- Marks to be released on Friday
- Visit my office hours to discuss questions if you wish
- Programming Test 1
- Guide & Practice Test to be released (bteo Thursday)
- A Short Mockup Test to be arranged







What to Do When an Exception is Thrown: Call Stack

Method where error occurred and an
exception object thrown ,\“PQ

(top of call stack)  p
throws an > method call

exception

Method without an exception “a dler

(W

P
forwards/ [‘P\“ﬁl
propagates < 7 method call
an exception f Pll?e

' Method with an exception hangler
catches an \ w
I\

exception

> method call

main method Ca\\?f(
(bottom of call stack)




Cafch-or-Speasif Requirement

The “Catch” Solution: A t ry statement that catches and
handles the exception

(without propagating that exception to the methodf’ caller ).
main(...) { of

|Circle ¢ = new;ircle();l hﬁ’ {he r{h'ohr‘y m@ (‘M
e & / 0’¢ F

|c.setRadius(—10);|'

}
catch (NegativeRaidusException e) {

The “Specify” Solution: A method that specifies as part of its

header that it may (or may not) throw the exception
(which will be thrown to the method’s caller for handling).

class Bank {
Account[] accounts; /* attribute x*/
void withdraw (double amount)
throws InvalidTransactionException {

accounts[i] .withdraw(amount) ;




context| caller |callee

Testay| wom | -mb
B[ mb [Qma
4 g

Example: To Handle or Not To Handle?

class A4_{
ma(int 1) {
Tif(i < 0) { /* Error */ }

Lelse { /+ Do something. =*/ }

b

aVersion 1:
class B { Handle it in B.mb
— -
mb(int 1) { Version 2:
A_oa = new A(); Pass it from B.mb and handle it in Tester.main
oa.ma(i); /* Error occurs if i < 0 #/ Version 3:

b} Pass it from B.mb, then from Tester.main, then throw it to the
console.

class Tester {
public static void main(String[] args) {
Scanner input = new Scanner (System.in);
int i = input.nextInt();
‘B ob = new B(:
ob.mbMi); /* Where can the error be handled? */
}

class NegValException extends Exception { B
NegValException (String s) { super(s); } .”ﬁﬁ
Tegree

}




Version 1:
Handle the Exception in B.mb

NegValException {

Method A.ma causes an error and an
NegValException object is thrown

throws an

method call

exception

catches an
exception

N

Method B.mb chooses to handle the error
right away using a try-catch block.

new NegValException("Error.") 4 }

e { ./ Do something. */ }

2/

atch (NegValException nve)

{ /* Do something. =*/ }

}

class Tester {

public static void main(String[] args)

Scannek,input = new Scanner (System.1in);
int = input.nextInt();
B ob = new B();

ob.mb@; /* Error,
) g0

if any,

{

would have been handled in B.mb.

Method Tester.main method
need not worry about this error.

Nowel © Zo

OLAWOIT_ Zlo

> method call




Version 2:

Handle the Exception in Tester.main

class A {~lo
m @) throws

NZ Val ceptlon {
o

A

throws an
exception

forwards/
propagates
an exception

catches an
exception

(L < 0) {|] throw new NegValExceptlon("Error

Bl )

else { /* Do something. */ }

b

Method A.ma causes an error and an
Neg}lzlException object is thrown

M{Xleﬂ

Method B.mb chooses not to handle the
error and propagates it
to its caller (i.e., Tester.main).

/\

\

Method Tester.main method
chooses to handle this error, so that

is NegValException is not
(R’ propagated further.

y
class B {._,o fc"/

mb ( 1nt throws NegValkxception {
> e
=»A oa = new A();

SIS tows WE
bod

-/O

M!’Mﬂl TAFA{' :

lass Tester {
public static void main(String[] args) {
Scanner énput = new Scanner (System.1in);
= input.nextInt();

{ /* Do something.

*/ }

method call

method call



Version 3:
Handle in Neither Classes on Call Stack

class A { 20

améi(i @ thr NegValException |
if’(_< 0) { |throw new NegValExcepti@("Error.")

throws an
exception

forwards/
propagates
an exception

forwards/
propagates
an exception

Method A.ma causes an error and an
NegValException object is thrown

Method B.mb chooses not to handle the
error and propagates it
to its caller (i.e., Tester.main).

> method call

<

Method Tester.main method
chooses not to handle the error, so that
this NegValException is propagated
further (i.e., thrown to console).

> method call

ﬂ else { /% Do something. */ }
b} )
77

class B { -
mb(int@ throws NegValException {
A oa = new A();

’&oa ma @ )&

\

\class Tester |

public static |void main(String[] args) throws NeZValExceptlon {

-

Scanneg;'ypu = new Scanner (System.in);
int = inpyt.nextInt();

o st

N?*IOMCI ;'/;[mf :



Lecture 8 - Oct. 3

Exceptions, TDD

Using Exceptions: Circles & Banks
Catching Multiple Exceptions
More Advanced Use of Exceptions



Announcements
- WrittenTest1l Marks Released
- Visit my office hours to discuss questions if you wish
- Programming Test 1 (tomorrow, Tuesday)
- Guide & Practice Test released
- Arrange as many mock-up tests as you can
- Lab2 to be released shortly after PT1




Recap of Exceptions

- Catch-or-Specify Requirement

Normal Flow of Execution Abnormal Flow of Execution

... /* before, ouside try-catch block */ ... /* before, ouside try-catch block */
try {

»/* may throw SomeException */ o-m(.% /* may throw SomeException */
... / * rest of try-block */ 1g / * rest of try-block */

catch (SomeException se) { catch (SomeException se) {
X ... /* rest of catch-block */ ] / * rest of catch-block */

)
.. /* after, ouside try-catch block */ D ... /* after, ouside try-catch block */

When the excepfio@ccur When the exceptiofi_occurs >




Error Handling via Exceptions: Circles (Version 1)

public class InvalidRadiusException extends Exception { Test Case 1:
public InvalidRadiusException(String s) {

super (s) ; User enters
} Test Case 2:

User enters -5>

-

}

class Circle {
double radius; f
Circle() { /+* radius defaults to 0 =/ }

Ryoid ;giadius(double r) throws InvalidRadiusE@e tion |
-f'§<0){ whe the 7% vl
/althx;ow new InvalidRadiusException (" ative radius.")l;
J aﬂ‘} t %
else {_radips = {"? }@({)r" J T“ /‘
} A qﬂ‘? .

double getArea() { return radius * radius * 3.14;

class CircleCalculatorl {
public static void main (String[] args) {
ircle ¢ = new Circle();

try | lo-S , o IKF

.setRadius (i) —? et

=> double area.= c.getAreal();

«QSystem.out.println("Area: " + area);
}

catch (InvalidRadiusException e) {

Uk
z #ﬁs lp] =»system.out.println(e);
“e"%s*‘* .

}




Error Handling via Exceptions: Circles (Version 2)

public class InvalidRadiusException extends Exception ({ Te$'|‘ Case:

public InvalidRadiusException(String s) {
super (s) ; User enterS@

}
} Then user enter

class Circle {
double radius;
Circle() { /* radius defaults to 0 =/ }
oideRefPadius (double r) throws InvalidRadiusException {
5if < 0) | .
throw new InvalidRadiusException("Negative radius.");

}
else {gadius = r; }

double getArea() { return radius x radius * 3.14; }

lass CircleCalculator2 {
static void main(String[] args) {

i L% [ ]
\ner input = new Scanner(System.in); ﬂ‘t(‘ Jd’“‘
.a boolean inputRfdiusIsValid = |false; no m
whilé('.’)inputRadiusIsValid‘ { - eA
intln("Enter a dj '%M

inputRadiusIsValid = true;
;System.out.print("Circle with radius " + r);

System.out.println(" has areayf,"+ c.getArea()); }
cécatch(InvalidRadiusException e) { print("Try again!"); }

Yo




Error Handling via Exceptions: Banks

public class InvalidTransactionException extends Exception {
public InvalidTransactionException(String s) { Bank
super (s) ;

noa 1 O 1 .o b.accounts.lenth -

accounts
Do,

iclass Account
int id; double balance"l
Account () ( / * bﬂian;‘h‘; faults to 0 =/ }
void with (double Eows TnvalidTransactio¥exception { GCC].

Hif (u balance - a < 0) {

throw new _nvalidlransacti

.

" 3 3 "y

Xelse { balance —-= a; } class Bank |{
) Account|[] accounts; int numberOfAccounts;
Account (int id) { ... }
APvoid withdraw(int id, double a) (,?

a throws InvalldTransactlonExceDtlon
‘ P VA SQ 2for (int i = 0; 1 < numberOfAccounts; 1 ++) {
M ( AP if(accountslil id ==

( ==_7Jd) »
1' & 2} accounts[1i] -WiEhﬁrﬁﬁj J

( } /% end for +/ } class BankApplication {
pubic static void main(String[] args) {
aBank b = new Bank();
Account accl = new Account (23);
> b.addAccount (accl);
Scanner 1in = new Scanner (System.in);
_adouble@= Tnput .grﬁ(tDouble() ;

Test Case: try | @—

el

I' M
User en*l-ers _5000000 KSystem out.printlin(accl.balance); }

2catch (InvalidTran ionException e) |
a"ﬁ tem. ol printl HE B l




More Example: Multiple Catch Blocks

double r = ...; .
double a = ...; {vcl\/ s Test Case 1:
tryf A7 ot a: -5000000

wBank b = new Bank(); ™ 'f" 0 r 23
addAccount (new Account (34)); 6”2 kt .
dep051t (34, 100)

WJ.thdraW:M a)', de '[’L‘m, Vrﬁ
Circle ¢ = ne grcle IT('
c.setRadius
System out. prlntln(r getArea())

Test Case 2:

tch(NEgativeRadiusException e) {
System.out.println(r + " is not a valid radius value.");
e.printStackTrace() ;

'*atch(InvalidTransactionException e) |
System.out.println(r + " is not a valid transaction value.");
e.printStackTrace() ;

}




More Example: Parsing Strings as Integers

\a .

Scanner input = new Scanner (System.1in); Test Case:
boolean validInteger = false;
while (lvalidInteger) ({ User Enter§;_fwenty-
ystem.out.println("Enter an integer "); B User Then En’rers
aStrlng fserin 'Rp}ut nextLlne Fc
try { > " w '2)7 O M A Aol
int userInteger = Integer. parselnt ( seLI_nLL_K
)}ValldInteger = true, “a}/ féWAIFF
atch (NumberFormatException e) {
System.out.println(userInput + " is not a valid integer.");
X /* validInteger remains false */ !
}

; QM%, J“L“gk @l -
LTl Enfer an @t - Grter ot @t

<
Fwct £t 2>
,TTE‘\ Nt {'alml



Review: Specify-or-Catch Principle

Approach 1 — Specify: Indicate in the method signature that a
specific exception might be thrown.

Example 1: Method that throws the exception 2572"7"4 ﬂ{
class CI { ﬂi\‘f?ﬁ’ " whert x ol

void ml (int x) throws ValueTooSmallException

dElz = ) |
throw new ValueTooSmallException("val " + Xx);

}
}
}

Example 2: Method that calls another which throws the exception

class@{ f/
Cd. @l {WJ'
void@int x) throws ValueTodbmallException {

cl.amb(x) ;

} | WB/WSE



Review: Specify-or-Catch Principle

Approach 2 — Catch: Handle the thrown exception(s) in a
try-catch block. Hhows WS

class C3 {
public static void main(String[] args)
Scanner input = new Scanner (System.1in);
int x input.nextInt () ;
e a4 new c2();

try { Apeod JTSE

} c2.m2(x¢;] w?’

catch (ValueTooSmallException e)

}
}




Lets try to take your attendance:

A) I am here.
B) I am here.
C) I am here.
D) I am here.
E) I am here.
F) I am here.



Lecture 9 - Oct. 5
Testing Exceptions & TDD

Testing Exceptions: Console Testers
Testing Exceptions: JUnit Tests



Announcements

- Programming Test 1
- Lab2

- Reading Week




A Class for Bounded Counters

}

}

else { value —-—; }

public class Counter {
public final static int MAX VALUE = 3;
public final static int MIN VALUE = 0;
private int value;
public Counter () {
this.value = Counter.MIN_ VALUE;
}
public int getValue() {
return value; /* class Counter #*/
} public void increment () throws ValueTooLargeException {
/+ more later! if (value == Counter.MAX VALUE) {
throw new ValueTooLargeException("counter value is " + value);
}
else { value ++; }
} Wt’(
public void decrement () throws ValueTooSmallException {
if (value == Counter.MIN_VALUE) {
throw new ValueTooSmallException("counter value is " + value);




Manual Tester 1 from the Console

1 |public class CounterTesterl {

2 public static void main(String[] args) {

3 = Counter@: new Counter();

4 |=> priptin("Init val: " + c.getValue());

) try( {

6 c{decrement)) ;

7 println("Error: ValueTooSmallException NOT thrown.");
8 }

9 catch| (ValueTooSmallException e) {

10 println("Success: ValueTooSmallException thrown.");
11 }

12 } /* end of main method x/

13 |} /% end of class CounterTesterl x/

1 |public class CounterTesterl {

2 public static void main(String[] args) {

3 Counter c¢ = new Counter();

4 println("Init val: " + c.getValue());

5 try {

6 c.decrement () ;

7 println("Error: ValueTooSmallException NOT thrown.");
8 }

9 catch (ValueTooSmallException e) {

10 println("Success: ValueTooSmallException thrown.");
11 }

12 } /* end of main method =/

13 |} /% end of class CounterTesterl x/

What if decrement is
implemented correctly?

Expected Behaviour:

Calling c.decrement()

when c.alue is O should
trigger a ValueTooSmallException

What if decrement is

implemented incorrectly?

e.g., It only throws VTSE
when cwvalue < O




Running Console Tester 1 on Correct Implementation

publ:.cOvo:.d decrement ( Othrows ValueTooSmallException ({
value == Counter.MIN_VALUEY} {
hrow new ValueToodmallException("counter value is " + value);

}

else { value ——; } _ CWVPC{,)

public class CounterTesterl -fpﬁ
public static void main(String[] args) {
Counter ¢ = new Counter();
println("Init val: " + c.getValue());
try | o 0
/J?c decrement ( '—? 4ﬂ3€7
Xpm1ntln("Error ValueTooSmallException NOT thrown.");
}
catch (ValueTooSmallException e)
/)7println("8uccess: ValueTooSmallException thrown.");

]
2
3
4
5
6
4
8
9

} /+ end of main method =/
} /% end of class CounterTesterl x/




Running Console Tester 1 on Incorrect Implementation

public&void ﬁp@rement(ﬂ7throws ValueTooSmallException {
ifl (value ¥&Pounter.MIN VALUE) {
)(throw new ValueTooSmallException("counter value is " + value);

}

else { i ——;|}
R A -\

}

public class CounterTesterl {
public static void main(String[] args) {
_2>Counter c = new Counter

2pr1ntln("1nlt Vialdas r getValue())

;rcy d{ecrement la W E Y\d’ -ﬁwﬂm

iprlntln ( "(ESECha ValueTooSmallExceptlon NOT thrown.");

]
2
3
4
5
6
4
8
9

catch (ValueTooSmallException e) {
)( println("Success: ValueTooSmallException thrown.");

} /+ end of main method =/
} /% end of class CounterTesterl x/




Manual Tester 2 from the Console Test Case 3

1
2
3
4
W&
8
9
10
11
12
13
14
15
16
17
18
19
20

- Nothing unexpected occurs.
- Everything expected occurs.

:ﬁzﬁ

Test Case 1
public class CounterTester2 {
public static void main(String[] args) {
Counter ¢ = new Counter(); 0 Test Case 2

-z s p
—e—t

println("Current val: " + c,geé,Value()); i VTLE not thrd

)\wn as expected

0 'c. increment () ;| c.increment () ;| c.lincregent ()';

}

println("Current val: " + c,getValue());
e ALE
|c.1ncreme£t()4
println("Error: ValueToolLargeException NOT thrown.");
} /+ end of inner try */
'::atch (ValueTooLargeException e) {
println("Success: ValueToolLargeException thrown.");
} /* end of inner catch */
} o/ * éend Of outer try */
catch (ValueTooLargeException e) |
println("Error: ValueToolargeException thrown unexpectedly.");
} /* end of outer catch */
} /* end of main method */
/* end of CounterTester2 class */




g_Console Tester 2 on (Correct) Implementation 1

publﬁsﬂvoid increment ()% throws ValueTooLargeException {
if[valuel\s=) Counter. MAX VALUE]| {kﬂ&f.
throw new ValueTooLargeException("counter value is " + value);

}

value ++;

public class CounterTester? {
public static void main(String[] args) {
—>Counter ¢ = new Counter();
_f>puintln("Current val: " + c.gifvalue()); 3
try {
0 c.increment(ﬂ; c.increment()' c.increment()'
println("Current val: " + c.getValue());
e 3
("Error: ValueTooLargeException NOT thrown.");
} /+ end of inner try x/
atch (ValueTooLargeException e) {
‘)7 println("Success: ValueTooLargeException thrown.");
} /+ end of inner catch */
} /* end of outer try =*/
catch (ValueTooLargeException e) {
X printin("Brror: ValueToolargeException thrown umexpectedly.™);
} /* end of outer catch */
} /% end of main method x/
} /* end of CounterTester?2 class */

O©CooNOOOhA~,WN =




Running_Console Tester 2 on ( ) Implementation 2

publicpavoid incrementy ) throws ValueTooLargeException {
if (value €= Counter .MAX VALUE) {
throw new ValueTooLargeException ("counter value is " + value);

}

else { value ++; }

} public class CounterTester2 {
public static void main(String[] args) {
Counter c¢c = new Counter(); C
»println("Current val: " + ¢g.getValue());
try {
\ c.increment ()}; c.increment(); c.increment|();
printdmr("Current val: " + c.getValue());
try |
c.increment () ;
println("Error: ValueToolargeException NOT thrown.");
} /+ end of inner try =/

O©CONOOOTHA~WN =

catch (ValueTooLargeException e) {
println("Success: ValueTooLargeException thrown.");
} /% end of inner catch =/

} /#+ end of outer try x/
<atch (ValueTooLargeException e) {
> ﬁ}intln("Error: ValueToolLargeException thrown unexpectedly.");
} /* end of outer catch */
} /* end of main method */

} /* end of CounterTester2 class %/



Running_Console Tester 2 on (Incorrect) Implementation 3

public vaid {ncrement() throws ValueTooLargeException { fct
if (val *é‘ountg%.MAX_VALUE) { ol

Xtﬂuow new ValueTOoLargeException("counter value is " + value);

}

else { value ++; }

b A7

public class CounterTester2 {

public static void main(String[] args) {
—2Counter ¢ = new Counter(); 0
’,;!println("Current wvalsg Y 4 c.qsfvalue());

~Ztry |
lc increment () @lc increment()l c.lincrement ()
g?prlntln("Current val: " +.c.getValue());

try { (4
Zé|cy.1ncrement )l,'h W ’\ﬂe'é

println("Error: ValueToolLargeException NOT thrown.");
/#* end of inner try #/
catch (ValueTooLargeException e) {
K. println("Success: ValueTooLargeException thrown.");
} /+ end of inner catch =*/
}" /* end of outer try =/
catch (ValueTooLargeException e) {
x println("Error: ValueToolargeException thrown unexpectedly.");
} /* end of outer catch */
} /+ end of main method x/
} /* end of CounterTester?2 class #*/

O©CoONOOOThA~WN =




Exercise # oottt s thok
i VILE  thom prom _

Question. Canhiis alternative to ConsoleTester2 work
(without nestgd try—catch)?

1 public class founterTester2 ({

2 public statfic void main(String[] args) {

3 Counter § = new Counter();

4 printlnf"Current val: " + c.getValue());

5

6 .increment(); c.increment/();

7 " + c.getValue());

8

9 catch (Val {

10 ValueTooLprgeException thrown unexpectedly.");

11 -

N B GWK"%(WW\ ql-‘ AN Ecwr beg boen TD’&ﬂfﬁOp‘
P

13 c.lincrement () &

14 println("Error: ValueTooLargeException NOT thrown.");

15 } /* end of inner try */

18 } /% end of
19 } /+ end of main method x*

20 /* end of CounterTes

16 eException e) { A»l \'(AQ
17 jeiealimie i {( " ValueToolLargeException thrown."); %
! catch — i &«

Hint: What if one of the first 3 c.increment() mistakenly throws a ValueToolLargeException?



A Manual, Iterative Console Tester

import java.util.Scanner;
public class CounterTester3 ({

public static void main(String[] args) {

= new Scanner (System.1in);
Counter c¢ |= new Counter();

Scanner input =
String cmd = null;
boolean userWantsToContinue = true;
while (userWantsToContinue) {
printin("Enter \"ing\", \"dec\", or \"val\":");
cmd = input.nextLine();
mauy
if (cmd.equals ("inc")) {
else if (cmd.equals ("dec")) {

else if (cmd.equals ("val")) { println( c.getValue() ); }

else { userWantsToContinue = false; println("Bye!"); }

} /% end of try */
catch (ValueTooLargeException e){ println("Value too big!"); 1}

catch (ValueTooSmallException e){ println("Value too small!")
} /* end of while x/

} /% end of main method x*/
} /+ end of class CounterTester3 x/

c.increment () ; }
c.decrement ()7; }




JUnit: Where an Exception_is Expected (1)

JUnit Test

@Test

public void testDecFromMinValue () {
Counter c¢ = new Counter();
assertEquals (Counter.MIN_VALUE,
try {

decrement () ;

c.getValue());

("ValueTooSmallException is expected.");

O©CoOoONOOOPR~rWN =

catch (ValueTooSmallException e) {
/* Exception 1s expected to be thrown.
}

*//‘\/

public class CounterTesterl {
public static void main(String|]
Counter c¢ = new Counter();
println("Init val:
try {
c.decrement () ;

}

catch (ValueTooSmallException e)

—['NJ" )
) o/

/% end of main method

O©ooNOOOP~,wWN =

} /* end of class CounterTesterl x/

args) {

" + c.getValue());

princlnl("Error: ValueTooSmallExceptiion NOT Ehrewn. ") ;

println("Success: ValueTooSmallException thrown.");



Lecture 10 - Oct. 17
Testing Exceptions & TDD

Console Testers vs. JUnit Tests
Regression Testing



Announcements

- Programming Test 1 Results: by the middle of next week
-@}?due this Friday

- Look ahead: WrittenTest2 & ProgTest2




Slide 22

Coming Up with Test Cases: A Single, Bounded Variable
<14 tIen SESA d’(ﬁg/z}m (C:?f’SJW {l

Boundries:
Counter-MIN_VALUE <= c.value <= Counter.MAX_VALUE

> c.increment()

> c.decrement()
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A Default Test Case that Fails

The result of running a test is considered:
o Failure if either
e an assertion failure (e.g., caused by fail, assertTrue,
assertEquals) OCCUrS; Or
e an unexpected exception (e.g., NullPointerException,
ArrayIndexOutOfBoundException) is thrown.
o Success if neither assertion failures nor unexpected exceptions

OCCU I TestCounter.java 53

Q: What is the easiest way to making this test pass?
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Examples: JUnit Assertions (1)

Consider the following class:
class Point {
int x; int y;
Point (int x, int y) { this.x = x; this.y

int getX() { return this.x; }
int getY() { return this.y; }

}

Then consider these assertions. Do they pass or fail?

Slides 34 - 35

Point p; /
assertNull (p); "'4,
assertTrue (p £ null); \/
assertFalse '= null); ©

assertEquals (3, p.getX()); X /# NullPointerException #*/
p = new Point (3, 4);

assertNull (p); .

assertTrue (p == null); .

assertFalse(p !'= null);

assertEquals (3, p.getX()); .

assertTrue (p.getX() == 3 && p.getY() == 4); .




Examples: JUnit Assertions (2)

Consider the following class:

class Circle {
double radius;
Circle(double radius) { this.radius = radius; }

int getArea() { return 3.14 * radius » radius; }

}

Then consider these assertions. Do they pass or fail?

Circle ¢ = new Circle(3.4);
assert®Pruwe(36.2984, c.getArea(), 0.01); V

(-;%J &




JUnit: Where an Exception_is Not Expected

Slides 38 - 39

1 §@Test

2 fpublic void testIncAfterCreation() {

3 Counter c¢ = new Counter();

4 assertEquals (Counter.MIN_VALUE, c.getValue());
4 B — 1o ewrm tho

6 c.increment (

ife assertEquals (1, c.getValue()

8 }

9 catch (ValueTooBigException e) {

10 /* Exception is not expected to be thrown. #*/
11 fail ("ValueTooBigException is not expected.");

12 }
13 B}

@Test
public void testIncAfterCreation() {
Counter c¢c = new Counter();
assertEquals (Counter.MIN _VALUE, c.getValue());

trg 1{ncrement( ;—7 OXLe 744 '*W M

O©CoONOOTh WN =

assertEquals (1, c.getValue(
‘;}
atch (ValueTooBigException e)

10 /% Exception is not expected to be thrown. x/

11 fail ("ValueTooBigException is not expected.");

12 }
13 |}

implemented

What if increme

implemented
e.g., It only throws VTSE
when c.wvalue < O

e ————
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Jy,ni’r: Where an Exception_is Expected (1)

JUnit Test

Q\m/{o ' :

e = mm/
Wd‘fy

1 |@Test
2 |public void testDecFromMinValue () {
%.QCounter c = new Counter();

? —assertEquals (Counter.MIN_VALUE, c.getValue());
&>

try /Wafdt-éseuef@d

) —p C.decrement
7--} X fail ("ValueTooSmallException is expected.");

9 catch (ValueTooSmallException e) {
10 xx /* Exception is expected to be thrown. */
11 }

>

public class CounterTesterl {
public static void main(String[] args)
Counter c¢ = new Counter();
printin("Init wval: " + c.getValue());
try {
c.decrement () ;
println("Error: ValueTooSmallException NOT thrown.");
}
catch (ValueTooSmallException e) {
println("Success: ValueTooSmallException thrown.");

Console Tester

O©ooNOOOP~,wWN =

}
} /% end of main method x/
} /+ end of class CounterTesterl =/




O©CoONOOTRA WN =

_
wnhN = O

@Test
public void testIncAfterCreation() {
Counter ¢ = new Counter();
assertEquals (Counter.MIN_VALUE, c.getValue());
try {
c.increment () ;
assertEquals (1,

}

c.getValue());

catch (ValueTooBigException e) {

/+ Exception 1is

not expected to be thrown. x/

fail ("ValueTooBigException is not expected.");

@Test
public void testDecFromMinValue () {
Counter ¢ = new Counter();
assertEquals (Counter.MIN_VALUE, c. getva /ﬂ%54

tfcy d{ecrement () 3 {*e e”?{f d;d no'f

/57 fail ("ValueTooSmallException is expected.");
olesr

catch (ValueTooSmallException e) |
/% Exception 1is expefted to be thrown. */

7 erpett RGP o] = e




lid
JUnit: where an Exception_is Expected (2.1) sl

public class CounterTester2 {
public static void main(String[] args) {
Counter c¢ = new Counter();
printlin("Current val: " + c.getValue());
try {
c.increment(); c.increment(); c.lincrement();
println("Current val: " + c.getVal ());

trcy. i{ncrement () M”f

println("Error: ValueTooLargeException NOT thrown.");
} /x end of inner try */
catch (ValueTooLargeException e) |
println("Success: ValueToolargeException thrown.");
} /% end of inner catch x*/
} /+ end of outer try x/
catch (ValueTooLargeException e) {

Console Tester

CoOoNOOOh~WN =

@QTest printin("Error: ValueToolLargeException thrown unexpectedly.");
public void testIncFromMaxValue() { 18 } /# end of outer catch #*/

Counter c = new Counter(); 0“ 19 } /% end of main method x/

try { ﬁ‘ 20 @} /* end of CounterTester2 class */

c.lincrement (); c.increment(); c.increment();
}
catch (ValueTooLargeException e) {

fail ("ValueToolLargeException was thrown unexpectedly.");
}

JUnit Test

O©CoO~NOOAWN =

10 assertEquals (Counter.MAX_VALUE, c.getValue());

11 try {

12 c.lncrement () ;

13 fail ("ValueToolLargeException was NOT thrown as expected.");

}
catch (ValueTooLargeException e) {
/* Do nothing: ValueTooLargeException thrown as expected. */

}



JUnit: where an Exception_is Expected (2.2)

Recall the alternative to ConuterTester2
that has un-nested try-catch blocks.

try (
Why is the JUnit test

logically correct
but the Console Tester is not?

}

catch

}
try {

@Test catch

public void testIncFromMaxvalue() {

Counter c = unter ( md

exy (3 NOF o " WM' D Wov
_7c.increment (e €. 1ncreme#n ; c.increment () ;
atch (ValueTooLargeExtepti e) {
.J:fail("ValueTooLargeExcepti n was thrown unexpectedly.");

}
assertEquals (Counter{MAX VALUE, c.getValue (

S remencns v 405E fals 7 W A

O©CoO~NOOAWN =

}
catch (ValueTooLargeException e) {
/+ Do nothing: ValueTooLargeException thrown

}
}

fail ("ValueToolargeException was NOT own as expgcted.”

as expected.

public class CounterTester2 ({
public static void main(String[] args) {
Counter ¢ = new Counter();
println("Current vgl: " + g.getValue());

, (4 . .
Cc.lincrement (); c.increment(); c.incremeht();
println("

Current val: " + c.getValue());

(ValueTooLargeException e) {

¥ joizatiane Iia ((ViZheicone §

C.incfrement (
printin( "Error

} /* en\l] of 1ir

nner t

ValueTooLargeExceptlon NOT thr

ry */

(ValueTooLargeException e) {

)i

println("Sweggss:

ValueToolLargeException thrown

rwatch */

ValueTooLarieExceptlon thrown unexpectedly.");

vv.

")

Slide 43

oot </ Console Tester




. Slide 45
Exercise

Q: Can we rewrite test IncFromMaxValue to:

@Test
public void testIncFromMaxValue ()
Counter ¢ = new Counter();
try | ,'L ¢
c.lncrement();//%, ¢
c.increment () ;

c.increment () ;

assertEquals (Coup¥er.MAX VALUE, c.getValue());
c.lincrement () ;
10 7>fail("ValueTooLargeException was NOT thrown as expegted.");

©CoOoONOOCOTPR~,rWN —

12 catch (ValueTooLargeException e) {\}

Hint: Say Line 12 is executed,
is it clear if that ValueTooLargeException was thrown as expected?
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Testing Many Values in a Single Test

Loops can make it effective on generating test cases:

1 QTest

2 WM public void testIncDecFromMiddleValues() {

3 Counter ¢ = new Counter();

4 1 @D

5 for(int i1 = Counter MIN VALUFE. 1 < Counter.MAX VALUE; 1 ++) {
6 int currentValue = c.getValue/() ; ‘

74 c.increment () ;

8 assertEquals (currentiValuel+ 1, c.getValue());

9 }

10 for(int i = Counter.MAX VALUE; 1 > Counter.MIN_VALUE; 1 —--) {
11 int currentValue = c.getValue();

12 c.decrement () ;

13 assertEquals (currentValue - 1, c.getValue());
N\ 4 the i

15 §\) whet 7 He > ‘_O

16 catch (ValueTooLargeException e) { =9 A e Fxﬂ’

74 fail ("ValueTooLargeException is thrown unexpectedly");
18 }

19 catch (ValueTooSmallException e) {

20 fail ("ValueTooSmallException is thrown unexpectedly");
21 }

I\
N

}




Test-Driven Development (TDD): Regression Testing
ll\s) fix the Java class under test

when some test fails

extend, maintain

/ Java Classes

W (e.g., Counter)

ode

! lrm[r
P Fleu
M h{ i (re-)run as JUnit
C 173 MJ ) Jjunit test case = \_ Framework
f

‘ ,ecfﬂe“

M“-’

/
of‘ me ®‘[' '

@%y”éw A

when, all tests pass ¢

add more tests
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Lecture 11 - Oct. 19
Object Equality

To Override or Not to Override
Overriding equals: 4 Phases



Announcements
- Lab2 due this Friday
- Look ahead: WrittenTest2 & ProgTest2
+ Important Exercise:
Use debugger to explore execution paths
in the console testers & JUnit tests
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The equals Method: To Override or Not?

public class Object {

public boolean equals(Object obj) {

return this == obj;

extends extends

public class PointV2 {
private int x; private int y;
. ; public PointV2 (int x, inty) { ..
public class PointV1 { [ public boolean eqguals(Object ObJ) {]
private double x; [f(this == obj) { return true;
private double y; if(obj == null) { return false; }

public PointV1 (double x, double y) { if(this.getClass() != obj.getClass()) { return false }
th!S-X =X; Point other = (PointV2) obj;
this.y = y; return this.x == other.x

y : && this.y == other.y;




Q— Yz, ’7)?

The equals Method: Default Version

public class Object { Y String s = " (2, 3)";

PointV]l pl = new PointVI1(2,
public boolean equals(Object ofj) { PointVl p2°= new PointVi(2," 3);
return tMS _=—=-0er Point@ p3°= new PointVl1 (4,
b \ System.out.println(pl == pZ2); c
; System.out.println(p2d== p3);f . /* false */
O . P Bt Ln—((?i’.equals pl)); [ﬁfi‘”true v/
.out.println(pl.equals (nully);  /+ false x*/

(
.out.printinjf(pl.equals(s)); /x false x/

(

(

.out.println(pl.equals(p2)); /* false */
ex’rends 0- .out.printfin(p2.equals(p3)); /x* false x/

public class PointV1 { ¢
private int x; ﬂl PointV1 3 Pl PointV1
p

private int y; Xx|2 X ¢
public PointV1 (int x, int y) {
this.x = x; Y13 Y1> Y L_
this.y = y;

L ®

® O
~
i
w



The equals Method: Overridden Version Phase 1

public class Object { ‘Bl/’

public boolean equals(Object obj) { \f
return this == obj; 4 Poin’rV@,
X

bs
_ 401“\”'("3" | L [Fomivz
(,‘_07, YX'M_)/ extends Y/'/.7 px -

public class PointV2 {
private int x;
private int y;
Jpublic PointV2 (int x, inty) { ... } > Lt
"publigb oleanpPquals(Object obj) { —

if(t ¢= offil { return true; } J Jcls M{ha
2gdeAs .+ [Pointvz
hot e g

if(obj == null) { return false; } P
if(this.getClass() '= obj.getClass()) { return false } sfﬂl?
Point other = (PointV2) obj;

return this.x == other.x /J OIBW

&& this.y == other.y; /

: poll




The equals Method: Overridden Version ok ¥ Phase 2

M sl
public class Object { w’,, 74
S _ _ 'F T r 7 ”9“
public boolean eqguals(Object obj) { ﬂd F’Z ;
return this == obj; = L I
Y4
|
PointV2
X
Y
public class PointV2 {
private int x;
private int y;
public PointV2 (int x, inty) { ... }
ublic boolean equals(Object obj) { :
f(Ehis == obj) [ retuntrue: } PointV2
if(obj == null) { return false; }
if(this.getClass() !'= obj.getClass()) { return false }
Point other = (PointV2) obj; PointV2
return this.x == other.x
&& this.y == other.y; X
} Y

b



The equals Method: Overridden Version

public class Object { 4"‘\7’
public boolean equals(Object obj) { \
return this == obj; -
y PointV2
} X
b

. ”
extends 17‘/3/?"‘%1

PointV2

X

Phase 3

l2 Y
5- ‘*[L“()/ Pointv2

public class PointV2 { gt v

U
private int x; ‘ b4

private int y;

if(thig'== {{returr true; b

if == nuII) { return false; } : w"
if(this.getClass() != obj.getClass()) { m b ®

Point other = (PointV2) obj;
return this.x == other.x

4
&& this.y == other.y; 0} *\
J é) '(1\\7-

v,
public PointV2 (int x, in§y) { ... } .
public oolear§ quals(Object %J)S{ K Vvﬁa ﬂ Plidfk (S)ﬁ

PointV2

X

C.O,



The equals Method: Overridden Version Phase 4
)

public class Object {

public boolean equals(Object obj) {

return this == obj; PointV2 dj
X B

PointV2 0"\7’

public class PointV2 {
private int x; : , ) e
private int y; 0} ﬂé) N

public PointV2 (int x, intly) {

public boolean equa/s(Object‘ {
if(this == obj) { return true; @ Xas
if(obj == null) { return false; } d
if(this.getClass() != obj.getClass 045, deA
Point other = (PointV2) obj; PointV2
return this.x == other.x X

&& this.y == other.y;




Lecture 12 - Oct. 24
Object Equality
Overriding equals: Type Casting

JUnit Assertions for Object Equality
Short-Circuit Evaluation: && vs. ||



Announcements

- ProgTest1 grading finishing this week

- Lab2 solution video

- Exam confirmed by the registrar office:
+ In-Person: 7pm to 10pm, Monday, December 12
+ Last day of class: Monday, December 5
+ Review session(s)?

- WrittenTest2: Guide & Practice Questions by Thursday




The equals Method: Overridden Version Phase 4

public class Object {

i:;.ublic boolean ) { (EA'({‘/Z ‘P} s new
return this == obj; T [T
T2

erﬂ/z 4 n_c"}’

dﬁi

State| Tl
L> 0'?("&«(’0(

extends

public class PointV2 {
private int x;

i
Pﬂuljf 42} é%?JAlslTZL;>,
S pen ] O o

if(this == obj) { return trae; } \~2 ra' N d— ] T;
if(obj == nuII) { return false; } J =Y M
g L) l=—pbi.getClass()) { return false }

Yﬁa* ,;.3;‘. m, X YL" Pom’rVZ h{;

4&* Dy ] && this. y =3 othery ' x C‘t
W i ¥ i | —S\' DLﬁt‘.e Sﬁ'ﬂé




The equals Method: Overridden Version

Example 1: Trace L7

public class Object {

public boolean equals(Object obj) {
return this == obj;
b
}

extends

oW ooNOOCOTA~rWN =

—_

public class PointV2 {
private int x;
private int y;

public PointV2 (int x/int y) { .. I
public olea quals(Object (X]) {F
if(tRig == { return true;
if(obj == null) { return false; }

Point other = (PointV2) obj;
return this.x == other.x
&& this.y == other.y;

if(this.getClass() != obj.getClass()) { return false }

String s =
Pointv2 pl
Pointv2 p2
PointV2 p3
System.out.
System.out.
System.out.
System.out.
System.
System.
System.

Ok,

out.

"(2, 3)";

= new PointV2(2,
= new PointV2(2,
= new PointV2(4,
println(pl p2);

/+ false =/
/+ false */

/* true _x*/

.equals(null));
.equals(s));
.equals(p2));
.equals (p3));

Plp intv2
p3 )c()ln¢

2 YIS




The equals Method: Overridden Version

Example 1: Trace L8

public class Object {

public boolean equals(Object obj) {
return this == obj;
b

bs

extends

oW ooNOOCOTA~rWN =

—_

public class PointV2 {
private int x;

private int y;
public PointV2 (int x, inty) { ..
public ? olean {g!lCIS(ObJeCt oﬁ) |

x if(t turn true;

if(obj = nuII { return false; }
if(this.getClass() != obj.getClass()) { return false }
Point other = (PointV2) obj;
return this.x == other.x
&& this.y == other.y;

String s =
Pointv2 pl
Pointv2 p2
PointV2 p3
System.out
System.out
System.out
System.out
System.out
System.out
System.

wprintilni(pil
.println(p2

M oyabtioh=ilia

.prlntln@
(pl
(pl
(p2

"(2, 3)";

= new PointV2(2,
= new PointV2(2,
= new PointV2(4,

|

/* false */

== p3);
equals(pl));

«Primtln
.println
.println

p3 ﬂl PointV2

X

Y Y




The equals Method: Overridden Version

Example 1: Trace L9

public class Object {

public boolean equals(Object obj) {
return this == obj;
b
}

extends

—0O0Woo~NOOCOTA~,WN

—_

public class PointV2 {
private int x;
private int y;
public PointV2 (int x, int y) {
publlcf?olean equals(Object c)@&{

|f(t == o { return true;

null) { returnfalse; }
/)lf(thé? J;:tClass() I= c)QjéetClassg )) { return false }

Point other = (PointV2) obj;
return this.x == other.x
&& this.y == other.y;
b

by

Pointv2 p2
PointV2 p3
System.
System.
System.
System.
System.
System.
System.

out
out
It
out
out
out

wprintilni(pil
.println
M oyabtioh=ilia
.println quals (

.println(pi;equal ;

.println(pl.equals(p2));

= new PointV2(2, 3);
= new PointV2(2, 3);
= new PointV2(4, 6);
p2); /-
p3;: /IR
.equals(p1)); /i R/
1/«
/* false %/

Y

p2 ==
o

out.println(p2.equals (p3)) : /+ R
PointV Pl PointV2 ﬂlpoinfvz
- Ladlr- P3— [x
Y Yy Y




The equals Method: Overridden Version Example 1: Trace L10

public class Object { String s = "(2, 3)";

PointV2 pl = new PointV2(2, 3);

PointV2 p2 = new PointV2(2, 3);

PointV2 p3 = new PointV2(4, 6);
System.out.println(pl == p2); /+ - )
System. out. = p3); /KN
System.out. .equals(p1)); /i R/
System.out. [ .equals (null));
System.out.pri .equals(s)y; /+ NN/
System. out. .equals(}o2‘,‘); /* true =/

System.out.pri .equals (p3)); /+ . K4

public boolean equals(Object obj) {

return this == obj;
b
}

OO O NOOOPhWN =

extends

I PointVZ] - 5 ]Pointv2 A]Pointv2
public class PointV2 { Pé X1z P/ X< p3 X114
private int x; M E3 Vix v A
private int y;

public PointV2 (int x, intyL ... }
public bgolean eauals(Object/ 04j) {
Xif(tms‘ﬂz olj)Z=return true; }
K9T0bj null) { return_fzlse; }
Jf(thid.getClass() !|= ¢hilgetClass()) { return false }
Paint other 5 (PointV2) oig;
return tﬁg == other.x
&& thys.y == other.y;

P




The equals Method: Overridden Version Example 1: Trace L11

public class Object { String s = "(2, 3)";
PointV2 pl = new PointV?(Z‘ CHIN
PointV2 p2 = new PointV2(2,. 3);
PointV2 p3 = new PointV2(4,.6);
System.out.println(pl == p2); /+ - )
System.out.println(p2 == p3); /+ KGN
System.out.println(pl.equals(pl)); ‘
System.out.println/( .equals (null));

(

(

public boolean equals(Object obj) {
return this == obj;
b

bs

pl
System.out.println(pl.equals(s));
System.out.println(p
System.

PointV2 PointV2q. ﬂlp intV2
o1 T _E_Z:’ég S rara
vi= Y3 %

extends

oW ooNOOCOTA~rWN =

—_

public class PointV2 {
private int x;
private int y;
public PointV2 (int x, in

if(this =
If(ObJ

= obj) { return t
= null) { return false >

(PomtVZ) obi;
return tﬁls x == other.x
&& this.y == other.y;

— — —




String s = "(2, 3)";

The equals Method:
To Override or Not?

System.out.println(pl
System.out.println(p2
System.out.println(pl
System.out.println(pl
System.out.println(pl
System.out.println(pl

public class Object {

O OWoONOOOTA~WN =

—_

System.out.println(pZ.

PointVl pl = new PointV1(2, 3);
PointVl p2 = new PointV1(2, 3);
PointVl p3 = new PointV1(4, 6);
== p2); /* false */
== p3); /* false */

.equals(pl));
.equals (null)
.equals(s));
.equals (p2));
equals (p3));

/
/ *

); /+ false /|

/* £ .
/ alse
/+ false =*/

true */

public boolean equals(Object obj) {

String s = " (2, 3)";

PointV2 pl = new Poin
PointV2 p2 = new Poin
PointV2 p3 = new Poin
System.out.println(pl
System.out.println(p2
System.out.println(pl
System.out.println(pl
System.out.println (pl
System.out.println(pl

return'this == obj;
b

bs

extends

- O OVWoONOORAWN =

—_

System.out.println(pZ2.

t

tv2(4>%)
== p2); /+*
== p3); /x

.equals (pl));
.equals (null)
.equals(s));
.equals(p2));
equals (p3));

false =/
false */

/%

); /+ false x/

/ * */
truefi/
/+ fallse” */

true */

public class PointV2 {
private int x; double y;
public PointV2 (double x, double y) { ... }
boolean equals(Object obj) { Pl
if(this == obj) { return true; }
if(obj == null) { return false; }

public classPointV1 {
private int x;
private int y;
public PointV1 (int X, int y) {

this.x =X if(this.getClass() != obj.getClass()) { return false }
this.y = y; Point other = (PointV2) obj; 2
y b return this.x == other.x P

&& this.y == other.y;

PlPoianI

X

pl

p2

pPointv2]

X
b

PointV2




The equals Method: Overridden Version Example 2

PointV2 pl = new PointVZ2

PointV2 p2 = new PointVZ2

PointV2 p3 =

System.out.println(pl ==pllge_{+ true */

public class Object {

public boolean equals(Object obj) {

return this == obj;

b System.out.printlaipl.equals (pl))); /+ true x/

System.out.petntinTpl == pZ); /g _false x/
ISystem.ow!.println(pl.equals (p2)) ;
SystepZout.println(p2 == p3); /+

.out.println(p2.equals (p3));

s

©CoOoONOOPA~rWN—

extends

APointV2
Plj X2 p2 x|3 P3jx ?
public class PointV2 { Vi Y1t v

private int x;

private int y;

public PointV2 (int x, inty) { ... } =

public boolean equals(Object obj) { (A) Two objects are reference-equal.
if(this == obj) { return true; }

if(obj == null) { return false; } (B) Two objects are contents-equal.

if(this.getClass() '= obj.getClass()) { return false }
Point other = (PointV2) obj;

t thi == ot ds
=y D F(a) is true, then (8)is true,
@_351; (B) is true, then (A) is frue

ot it o



assertSame vs. assertEquals

assertSame(expl, exp2)

o Passes if expl and exp2 are references to the same object
~ assertTrue(expl == exp2)
~ assertFalse(expl = exp2)

PointVl pl = new PointV1(3, 4);
PointVl p2 = new PointVI1(3,

PointV1l p3C=) pl;
assertSame (pl, p3); V
assertSame (_QZ, p_3) - X

assertEquals(expl, exp?2)

o n|expl == exp2 |if expl and exp2 are primitive type
int i = 10;
int j = 20;
assertEquals (i, 7J); X
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assertEquals: Reference Comparison or Not

assertEquals(expl, exp?2)

o ~|expl.equals(exp?2) |if expl and exp2 are reference type

Case 1: If equals is not explicitly overridden in exp1’s declared type
~ assertSame(expl, exp2)

Point¥Vi pl new PointV1(3, 4);
PeintEV] p2. = new PointV1(3, 4);
PointVv2 p3 new ,Poin V2(3, 4);

assertEquals pl YPZ) + ** different PointVl @%&?ﬁgs
» A x /* s different t=

el e — 3
d, f ase 2: If equals is explicitly overridden in exp1’s declared type r
~ expl.equals (exp2)
PointV1l pl new PointV1 (3,

PointV1l p2 new PointVI1 (3
PointV2 p3

assertEquals (pl,
assertEquals (
assertEquals 9 5 p3.equals (p2) =~ p3.getClass()==p2.getClass() */




r_lZ‘m{:/l/l 171 =MYTMV((-'*>3
Tt Ul p2 = v Pt Ul )3

Pl Pf«ﬂcls(ﬁ)
L pl == P2
s m’fJQ»«MF?, 72 .
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Short-Circuit Evaluation: @ Test Inputs:

Left Operand opl Right Operand op2 opl && op2 x=0y=10
true true true
true false false
false true false
false false false

System.out.println("Enter x:");

int x = input.nextInt(); Akﬁc
System. out pri nter y:"); ?b
int put.nextIntQ); ﬁ €&o,

if(x '=01&& vy / x > 2) {

System.out.println("y / x is greater than 2");

}
else { /* I(x 1=08& y / x>2) == (x==0 11y / x <=2)*/

System.out.println("Error: Division by Zero");

3
else {
System.out.println("y / x is not greater than 2");

}



—_ Blolae s J}/s('
System.out.println("Enter x:");

int x = input.nextInt(Q); > Q ZZ 4/
System.out.println("Enter y:");
int y = input.nextInt();

1(=0

1 f Oet=—0—8&—y——e>—2) {
System.out.println("y / x is greater than 2");

}
else { /* X 1=08& Yy / x>2)=((X==01ly/ x<=2) *
if(x == 0) {
System.out.println("Error: Division by Zero");
} :Z;'hﬁfr
else { I
System.out.println("y / x is not greater than 2");
}
} -



Short-Circuit Evaluation:(||

Left Operand op1 Right Operand op2 opl || op2

false false false
true false true
false true true

System. out println(" Enter > Gl

AU §
System.out.print —Division by Zero");

else {
System.out.println("y / x is greater than 2");

}

}

}

else { /* ! (x=01ly/ x>2)=(X!'=08 y / x <= 2)
System.out.println("y / x is not greater than 2");

}




Short-Circuit Evaluation: Common Errors Test Inputs:
x=0v=10

Short-Circuit Evaluation is not exploited: crash when x == 0

if iy / 2% 2 & = 1= 0y {
/* do something */

}

else {
/* print error #*/ }

Short-Circuit Evaluation is not exploited: crash when x == 0

if (y/ x <=2 || x==10) {
/* print error #*/

}
else {
/* do something */ }
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Lecture 13 - Oct. 26
Object Equality

Equality for Array-Typed Attributes
Call by Value



Announcements
- ProgTestl final processing: results expected by tmw
- Lab3 to be released on Monday




Testing Default Equality of Points in JUnit
| F == r? returN\ 7(2"4‘0

@Test

PointVl pl = new_PointVI1 (3, 4); PointVl p2
assertFalse (pl p2); assertFalse (p2(=

public void testEqualityOfPointVl() { . Ag@'t"c“'é(r] 3 FZ) 5 7&'(/

/+ assertSam 5‘5,‘/3); JA@L'LL Same (p2, [
assertFalse equals(p2) ); assertFalse

— PPt I public class Object {

P
public boolean equals(Object o)) {
return tfﬁs == oMfj;

I

be

PointV1 5 PointV1
pl > P 3
4 Y«

extends

public class PointV1 {
private int x;
private int y;
public PointV1 (int x, int y) {
this.x = x;
this.y = y;
b
b




Testing_Overridden Equality of Points in JUnit

@Test
public void testEqualityOfPointV2() |

PointV2 pd = new PointV2(3, 4‘)/ PointV2 p4 = new PointV2(3, 4);
assertFalse(p3 == p4)' assertFalse (p4 == p3);

ssertSame(p3, p4); assertSame (p4, Rés */ /* both fail
assertTrue( ;/equals (p4)); assertTrue fequals QBl) H - .
assertEqualg (p3, p4); |assertEquals(p4, 'p3); ' public class Object {

public boolean equals(Object obj) {
return this == obj;

b

extends

public class PointV2 {

private int x;

private int y;

public PointV2 (int x, inty) { ... }

public boolean equals(Object obj) {
if(this == obj) { return true; }
if(obj == null) { return false; }
if(this gotClacs.\=.obi.getllass()) { return false }
Point other = (PointV2) obj;
return this.x == other.x

&& this.y == other.y;




Testing_Equality of Points in JUnit: Default vs. Overridden

@Test
public void testEqualityOfPointViandPointv2() {
PointVl pl = new PointVI (3 4); PointV2 p2 = new P01ntV2(3
— - —
/ % v fox‘:‘ tions s&m)“ omplle because p and p2
VassertFalse (p1 p2),

/* assertSame can take ob

/* assertSame (pl, p2) x Je -
——

assertSame (p2 pl),x + compiles, but

‘% v n o )b iect 4 alle

assertFalse (p1). equals (p2) ); public class Object {

/+ version £L_egquals from

assertFalse@_m'iM ; . public boolean equals(Object ¢Bj) {
- return this == obj;

\
P lf lp)zinﬂéll /‘, extends extends

}

public class PointV2 {
/ private int x; private int y;
" - public PointV2 (int x, inty) { ... }
r public class PointV1 { public boolean equals(Object obj) {
private double x; if(this == obj) { return true; }
private double y; if(objﬂ: null) { return fse; }
etClass() != o¥f. lass()) { return false }

public PointV1 (double x, double y) { if(t)Gd.
this.x = x;
this.y = y;

¥ && this.y == other.y;

return this.x == other.x

bs
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public class PointV2 {
private int x;
private int y;
public PointV2 (int x, inty) { ... }
public boolean equals(Object obj) {
if(this == obj) { return true; }

if(obj == null) { return false; } -
if(this.getClass() != obj.getClass()) eturn false
Point other = (PointV2) obj;

return this.x == other.x
&& this.y == other.y;

/=
< f\d\\ [{“{4[) }

UL:S i {,wj 9?



Exercise: Two Persons are equal if their names and measures are equal

1 l public class Person { ﬂ

2 private String firstName; private String lastName; f c,’ﬁ‘ )

3 private double weight; e double helght {h" A[J U
4 public boolean equaldObjectsobj) { I 3‘

5 i * j ;

6 h e ! j.getClass()) { return false; }
7 Person other D i

8 return \" d’_ W h't X

9 this.weight == other.weight -A

10 && is.helghém==, other. height

11

12

13

14

Q1: At Line 6, will there be a NullPom'rerExcep’rlon if obj == null?

Q2: At Line 6, what if we change it to: 2 M’
if(this.getClass() .@getClass() || obj == null)

will- = APT7
Q3: At Lines 11 & 12 which version of the equals method is called?




Exercise: PersonCollectors are equal

if their arrays of persons are equal

{

persons;

class PersonCollector
private Person(]
private int nop; persons
public PersonCollector() { ... }
public void addPerson(Person p) { ... }
public int getNop() { return this.nop; }
public Person[] getPersons() { ... }

/ * number of

}

public boolean equals (QRigect obj) {
if (this == obj) { return true; }

if(obj == null || this.getClass()
PersonCollector other = (PersonCollector) obj;
boolean equal = false; ! . \:

if(this.nopv7— other.nop)
@ 1< th:Ls nop; I ++) {

equal = true;
als(other persons[i]);

for(int i = 0;
equal =(this.pefsons[1i]
}

}

return equalj;

&y \
©CONOUTAWN =

if (this == obj) { return true; }
if(obj == null || this.getClass() !'= obj.getClass()) { return false; }
Person other = (Person) obj;
return
this.weight == other.weight
&& this.height == other.height
M 11 && this.firstName.equals (other. firstName)
vx7k 12 && this.lastName.equals (other.lastName) ;

!'= obj.getClass())

o7 X

public class Person
private String firstName;
private double weight;
public boolean equals (Object obj) {

Q: At Line 9 of PersonCollectors equals method
which version of the equals method is called?

{ return false; }

private String lastName;
private double height;
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Testing Equality of Person/PersonCollector in JUnit (1)

@Test

public void testPersonCollector () {
Person_&L = new Person("A", "a", 180, )i
Person %: new Person("A", "a", 180, Vit
Person y = new Person(‘.'_B_", "E_", 2_0_0_, 2 l)
Person Bi:_ﬁ.%/
assertFalse (pl == p2); assertTrue (pl.|equals(p2));
assertTrue (p3 == p4); assertTrue(p3.equals (p4))

Person Personr Person
\ [\ N
SEp R SRR
w_|)¢0 w_| |20 w_| 309

h L& h 1LY h [z-1

e
o o

public class Person {
private String firstName; private String lastName;
private double weight; private double height;
’publlc boolean equals (Object obj) {
if (this == obj) { return true; }
if(obj == null || this.getClass() != obj.getClass()) { return false; }
Person other = (Person) obj;

return
this.weight == other.weight
&& this.height == other.height
&& this.firstName.equals (other.firstName)
&& this.lastName.equals (other.lastName) ;




Testing_Equality

of Person/PersonCollector in JUnit (2)

(continued from

PersonCollector
PersonCollector

assertFalse (pcl

testPersonCollector)

= new PersonCollector(); i &f M

new PersonCollector();

assertTrue(pcl.equalsd

PersonCollecto

o)
()
[S—

\

1,

nop 0
persons )
01 12 ol

] mall all mll

PersonCollec
nop

persons

012 «

mll nall all mll

Q: How about assertTrue(pc2.equals(pcl))?

class PersonCollector {
private Person([] persons;
private int nop; /* number of persons */
public PersonCollector() { ... }
public void addPerson(Person p) { ... }
public int getNop() { return this.nop; }
public Person[] getPersons() { ... }

}

public boolean equals (Object obj)
if (this == obj) return true; }

if(obj == null || this.getClass() != obj.getClass()) )&keturn false; }
PersonCollector other = (PersonCollector) obj;

" = false;
Ui twe nop) { Pc, ‘)-y

{

}returnlequal;‘ '}MP z& 0< 0 ‘?



Testing_Equality of Person/PersonCollector in JUnit (3)

»pcl : angerson (pl); |/
assertFalse (pc als (pc2));
EcZ.addPersom é;ﬁ
assertFalse (pcl getPersons() [0] == pc2.getPersons() [0])
assertTrue (pcl.getPersons () [0] .eguals (pc2.getPersons () [01));

assertTru?pcl .equals (pc2));
pcl.ad erson(ESL; L’ M‘ ‘YWL

pc2.addPerson (2_4_)_;

assertTrue (pcl.getPersons () [1] == pc2.getPersons() [1]);
assertTrue (pcl.getPersons () [1] .equals (pc2.getPersons() [1]))
assertTrue (pcl.equals(pc2)) ;

(continued from

public boolean equals (Object obj) {

PersonCollector N

nop

ﬂXZ

persons

0

/ o

1
’.

ull mll mll mll Pp3

2 (D) z

o

if (this == obj) { return true; } Person
if (obj == null || this.getClass() != obj.getClass()) { return false; }
Person other = (Person) obj;
return
this.weight == other.weight PersonCollecfor
&& this.height == other.height nOP
&& this.firstName.equals (other.firstName) Ecz
&& this.lastName.equals (other.lastName) ; — PerSons )
} . " "
public boolean equals (Object obj) {
2 if (this == obj) { return true; } PersonCoIIector
if(obj == null || this.getClass() != obj.getClass()) { return false; }
PersonCollector other = (PersonCollector) obj;
boolean ( false,
if (t)is ﬁ other(no { x 'L
equal = trde; il mll M“
for(int i = 0; equal && 1 < this.nop; 1 ++)
equal = this.persons[i].equals (other.persons[1i]);
} l
§
return equal; F&{M ’y&‘m
}

mill =

| Person
fn | "a"
n | vl
w_| |&0
h 1/.¥

[ Person
1Fn \\BI[

n | b/
w | 300
h |z]|

Person |

_n u(qv

n | 27
w | 8o
h |).&




Testing Equality of Person/PersonCollector in JUnit (4)
(continued from

pcl.addPerson(new Persop("A", "a",[li2) A.75));
——
pc2.addPerson(new Person("A", "a", 6y 1.57));

assertFalse (pcl.getPersons () [2 pcz.gctﬁérsons()[Z]);
assertFalse (pcl.getPersons () [2] .equals (pc2.getPersons() [2]));
assertFalse (pcl.equals (pc2));

Person P

3
iy
3

)
=1 b3 =1 B

public boolean equals (Object obj) {
} Person

if (this == obj) { return true; P3
if(obj == null || this.getClass() != obj.getClass()) { return false; }
Person other = (Person) obj;
return
this.weight == other.weight
&& this.height == other.height

&& this.firstName.equals (other.firstName)
&& this.lastName.equals (other.lastName) ;

public boolean equals (Object obj) {
if(this == obj) { return true; }
if(obj == null || this.getClass()

PersonCollector

!= obj.getClass()) { return false; }

PersonCollector other = (PersonCollector) obj;
boolean equal = false;
if (this.nop == other.nop) {
equal = true;
for(int i = 0; equal && i_< this.nop; i ++) {
equal = this.persons[i]}equals|(other.persons([i]);

}
}

return equal;

PersonCollector

nop 2

persons

PersonCollector

nop 2

persons

01 2

)|:|l| q°° J
il all
Person
Fn
n
w
h



Call by Value: Primitive Argume

class Circle {
int radius;




class Circle {
int radius:
Circle() {}

Circle(int r) {
this.radius =/r;

b 4

void setRadius(Circlé

this.radius ={clradius




Lecture 14 - Oct. 31
Aggregation

Call by Value: Primitive vs. Reference
Aggregations



Announcements

- ProgTest1: Visit office hours to discuss your solution
- Lab3 released (equals & copy constructor)

- WrittenTest2 tomorrow (guide & practice)




Call by Value: Re-Assigning Primitive Parameter

Ml

public class Util {
void reassignInt(int(}}
= 3% 5 ¥
void reassignRef (Point q)
Point np = new Point (6,

{

assertTrue (1

u.reassignInt(i'{__

assertTrue (i == 10);

q = np; }

void changeViaRef (Point Q)
g.moveHorizontally(3);
g.moveVertically(4); } }

ONOOOT PR~ WN —




Call by Value: Re-Assigning Reference Parameter

public class Util {
void reassignInt (int J

{

OOk, wWN =

changeViaRef (Point q)
g.moveHorizontally(3);
g.moveVertically(4); } }

assertTrue (p.getX() == 3);

8
9 assertTrue (p.getY () )i
0

public class Point {

* private int x;
private int y;
public Point(int x, int y) {

this.x = x;
this.y = y;
}
public int getX() { return this.x; }

/ S/ (’ thﬁ'ﬁz‘@ X' public int getY() { return this.y; }

public void moveVertically(int y){ this.y += y; }

V‘Y ,x @Y ﬂm 1’ public void moveHorizontally(int x){ this.x += x; }




Call by Value: Calling Mutator on Reference Parameter

public class Util {
void reassignInt (int 7j) {
J=Jg% L |
void reassignRef (Point q)
Point np = new Point (6,
q = np; }

assertTrue (_z_g getX()
assertTrue (p.getY()

g.moveHorizontally(3) ;
g.moveVertically(4);

O OWO0ONO O W\

public class Point {
private int x;
private int y;
public Point(int x, int y) {
this.x = x;
this.y Vi
}
public int getX() { return this.x; }
public int getY() { return this.y; }
public void moveVertically(int y){ this.y += y; }
public void moveHorizontally(int x){ this.x += x; }




Terminology: Container vs. Containee

Faculty ackie”

name

—

st LI

Faculty |"Jonathan”

name

a—

te

= gy

3‘2—9@ ' ;Z«’
wy B

MWQ [otene/
Course NWAdvanced OOP”
title | —
eecs2 wof
“Software Design”
~ title | +~_~ 9
eecs3311
prof

[oNgner

Student \“Jim"

id = !

CS ?




Aggregation: Design

Design 1: Single Con’ralnee Faculty prof:

Java Implementation

class Course {

w{ﬂ(ﬁe/

Wdea wﬂ'“. ]

) =
Course @@Ug class Faculty {

s

W‘l‘%u

Design 2: Mulh_ple Containees class Student
Course[]¢€ourses;

pm?‘@’ }
/)Cou rseJ

&L@Q_P courses

class Course {

I 010
o
W 45 cﬁ"e{,,,'%@s _



class Course {
String title;
Faculty praf;
Course(String title) {

Aggregation (1)

return this.prof;

@Test

C F “. this.title = title; r}
ourse aculty ..?
| title name TP gL s KT
' pelsH A pef
prOF Fagflttsy getoPro!() {

) A

class Faculty {
String name;
Faculty(String name) {
this.name name;
}
void setName (String name)
this. name

name;
¥
String getName() {
return this.name;
}
}

|
public void testAggregationl() |
Course eecs203) = new Course ("Advanced OQBE)&
= new Course("Software Design");
new Faculty("Jackie");
eeésZOSO.setProf(pr'ofg ; -

oprs3

eecs3311.setProf(prof);
EESRs——— 0 os—
assertTrue (eecs2030.getProf ()

)0X0

eecs3311.getProf());

Course

i

Course

/ox aliasing */

title

L

title

prof JsetNamel("Jeff" )4
assertTrue (eecs2U3 etProf ()

eecs331

prof

rof

tProf());‘/
.efuals ("Jeff"));
Faculty prof2 new Faculty("Jonathan");

eecs3311.setProf(prof2);
assertTrue (eecs2030.getProf ()

assertTrue (eecs2030.getProf () .getName ()

!= eecs3311.getProf());
assertTrue (eecs2030.getProf () .getName () .equals ("Jeff"));

Yap

Faculty

name

- “iekw”

assertTrue (eecs3311.getProf () .getName () .equals ("Jonathan")) 'i;,/;7
} é
"D

M.

P
ghes Al

P
Cﬂ;.)',

agﬁj

ool
4ae®P
Pt

WS,



public class Student {

Aggregation (2)

Student
id

Course
title }

Faculty
name

public Coursel(]

private String id; Coursel[]
public Student (String id) { ... }
public void addCourse(Course c) { ... }
getCsS() { ...}

cs; int noc; /* # of courses */

cs te prof

‘public class Course { private String title; private Faculty prof; }

public class Faculty {
private String name;

(Exen®t)

Coursel] te; int not; /+ # of teaching */

public Faculty(String name) { ... }
public void addTeaching(Course c) { ... }
getTE() { ...}

@Test .

public void testAggregation2() ({ }PubLK:comer
Faculty p = new Faculty("Jackie"); —
Student s = new Student ("Jim");

new Course ("Advanced OOP");
new Course("Software Design");

: g & 7 LoatLmpl

(e 4

s.getCS () [0]

Course eecs2030 =
Course eecs3311
eecs2030.setProf(p
eecs3311.setk
addTeaching eecs2030
.addTeachlng(eecs3311
.addCourse (eecs2030)
.addCourse(eecs3311)

“)

.getProf());

nw n ' @

assertTrue (eecs2030.getProf ()
assertTrue (s.getCS() [0] .getProf ()
s.getCS() [1].getProf());
assertTrue (eecs3311 == s.getCS() [1]);
assertTrue (s.getCS () [1] p.getTE() [1]1);




Runtime Object Structure: Student,

Course, Faculty

Student

Course

<
prof Faculty

1

public class Student {
private String id;
private Coursel[] cs;

}

public class Course {
private String title;
private Faculty prof;

}

public class Faculty {
private String name;
private Coursel[] te;

}

Faculty

name

)

te

)

Faculty Egij"/_} ,~;I fﬁ‘l’:rse__\“ﬁjvanced oop”
name S | EELRARAL-
e | 17 eecs2030 prof

BOW
0 title | N7
P eecs3311 brof

“Software Design”

s~ Si.':denf
i =

w
|cs‘»ﬁ




Dot Notation for Navigating_Classes (1)

Student

public class Student
private String id;
private Course[] (csy

}

{

Course

Faculty

<l
prof

1

public class Course {
private String title;
private Faculty prof;
}

public class Faculty {
private String name;
private Course[] te;

}

/* Name of
* ith course’s instructor
*/ g_
String

/* Get the student’s id. /* Title of it urse

*/ x/  S.4qetktleCI)
String getID() String g itle(int@{

vetusd 455 70l 5 whurd s, ¢S] 4

(1)
tName(int__i_) {

Ri)
s

Fd; Faculty :;Tcéklj”/—} | 1.ic;‘.c;;.‘rse‘_ &V anced OOP”
namej] - e
o = eecs2030 prof s

f2 Faculty “Jonafhan” Course \\S . 0 j
oftware Design cs ~
\>[neme 7 o secs3iTiite T " 9
te g prof




Dot Notation for Navigating_Classes (2)

[

5 *

Student

public class Student {
private String id;
private Course[] cs;

}

/* Get course’s title.
*/
String getTitle() {

vefurd  -this, +eHe 5

¥

Course

Faculty

=
By

public class Course {
private String title;

private Faculty prof;

}

public class Faculty {
private String name;

private Course[I(te;/

} e -

/* Name of instructor
*/
String getName() {

d

/* Title of instructor’s
* ith teaching couyse

*/ ops33l . getlePCOD;
String getTitlg(int.i

et | s GetleO| 4ol ).
b

Faculty

a8\

Faculty | “Jackie” W
“Jonathan” Course

“Advanced

“Software Design”

oopP”




Dot Notation for Navigating_Classes (3)

Student

Course

Faculty

public class Student {
private String id;
private Course[] cs;

}

public class Course {
private String title;
private Faculty prof;
}

/* Name of instructor

*/
String getName() {

by

yvefud thes. ﬁeﬂﬁ

public class Faculty {
private String name;
private Course[] te;

}

/ * Title of instructor’s
* jth teaching_course

w7

String getTitle(int i) {

)3

Faculty

Faculty EEE/ | Course
name| - title | —N_~7
te -1 _~ eecs2030 brof
“Jonathan® Course | “Software Design”
S[hame] 17 o socs331 iHite L T~ 3
te = g prof




Practice Written Test 2

Consider the following call stack where method ma from class A throws a NegValException:

throws an
exception

forwards/
propagates
an exception

4

catches an/
exception §
&

0

In the above call stack, up

Method A.ma causes an error and an
NegValEXceéption object is thrown

Methohooses not to handle the

e#rOr and propagates it
to its caller (i.e., Tester.main).

Method{ester.mgiaethod
chooses to hfs error, so that

this NegValException is not
propagated further.

method call

method call

Your answer must be an integer value.

Answer:

7.

satisfying the catch-or-specify requirement, how many methods opt for the specify option?



Practice Written Test 2 Q2

At a runtime call stack, if a method implements a try-catch block to handle a NegValException that may be thrown from its
callee, then this method's caller is still obliged to either catch or specify that NegValException.

Select one: W{rl:h

O True 6_
\\ 5 :n? ﬁ
W e‘\lh\?“ef

| @ ‘ U;“OEUF "2

(er %/ﬁ ﬂuylrum A vaf (RN Lok
NG )
W \ Ym3(-)

MWC/W% e LN

(‘a\l etk MaA.




Practice Written Test 2 Q3

Recall the assumptions made on the counter example:

¢ The counter's maximum value is 3.
« A correct implementation of the increment method should throw a ValueTooLargeException when the counter's current value reaches the maximum.

Now consider the following console tester:

1 |public class CounterTester2 {

2 public static void main(String[] args) {

3 Counter c = new Counter();

4 println("Current val: " + c.getValue());

5 try { ’

6 c.increment () c.increment () § c.increment ()

7 println("Current val: " + c.getValue());

8 try { ?

9 ; 'c.increment(); u‘

10 println("Error: ValueTooLargeException NOT thrown.");

1 } /+ end of inner try */

12 catch (ValueTooLargeException e) {

13 println("Success: ValueToolargeException thrown.");

14 } /* end of inner catch x*/

15 } /+ end of outer try */

16 catch (ValueTooLargeException e) {

17 println("Error: ValueToolLargeException thrown unexpectedly.");

13 ) }/*/;ne;do;i;untZre;aot;h*/*/ Say the method “increment” is'implemented correctly as explained above.
20 |} /* end of CounterTester2 class */ From the following lines of execution, drag and drop the relevant ones to indicate the corresponding runtime execution path.

Where the execution already terminates, drag and drop "Execution Terminated" to the execution line.

1st line to execute (if any): :l

2nd line to execute (if any):

3rd line to execute (if any):

4th line to execute (if any):

5th line to execute (if any):

6th line to execute (if any):

7th line to execute (if any):

‘ L3 of CounterTester2 || L4 of CounterTester2J| L6 of CounterTester2 H L7 of CounterTester2 H L9 of CounterTester2 H L10 of CounterTester2

l L13 of CounterTesterﬂ| L17 of CounterTester2 || Execution Terminated |




Practice Written Test 2 Q4

Recall the assumptions made on the counter example:

* The counter's maximum value is 3.
« A correct implementation of the increment method should throw a ValueTooLargeException when the counter's current value reaches the maximum.

Now consider the following console tester:

1 |public class CounterTester2 {

2 public static void main(String[] args) {

3 Counter c = new Counter();

4 println("Current val: " + c.getValue());

5 try {

6 c.increment(); c.increment(); c.increment();

7 println("Current val: " + c.getValue());

8 try {

9 c.increment () ;

10 println("Error: ValueToolLargeException NOT thrown.");

1 } /+ end of inner try +/ X Say the increment method is implemented incorrectly as follows:

12 catch (ValueTooLargeException e) { —

13 prlntln("Su'ccess: ValueTooLargeExcepts public void increment() throws ValueTooLargeException {
14 } /% end of inner catch #/ if (value > Counter.MAX_VALUE) {

15 } /+ end of outer try */ X throw new ValueTooLargeException("value is " + value);
16 catch (ValueTooLargeException e) { 3

17 println("Error: ValueTooLargeException olse { value ++; }

18 } /* end of outer catch */ 3

19 } /* end of main method x*/

W[} ¢= end of CountesTesters class +f From the following lines of execution, drag and drop the relevant ones to indicate the corresponding runtime execution path.

Where the execution already terminates, drag and drop "Execution Terminated" to the execution line.

1st line to execute (if any): \:I

2nd line to execute (if any):

3rd line to execute (if any):

4th line to execute (if any):

5th line to execute (if any):

6th line to execute (if any):

7th line to execute (if any):

‘ L3 of CounterTester2 H L4 of CounterTester2 H L6 of CounterTester2 || L7 of CounterTester2 || L9 of CounterTester2 || L10 of CounterTester2

’ L13 of CounterTester2 H L17 of CounterTester2 H Execution Terminated |




Practice Written Test 2

Recall the assumptions made on the counter example:

* The counter's maximum value is 3.

« A correct implementation of the increment method should throw a ValueTooLargeException when the counter's current value reaches the maximum.

Now consider the following console tester:

1 |public class CounterTester2 {

2 public static void main(String[] args) {

3 Counter c = new Counter();

4 println("Current val: " + c.getValue());

5 try {

6 c.increment(); c.increment(); c.increment/();

7 println("Current val: " + c.getValue());

8 try {

9 c.increment () ;

10 println("Error: ValueTooLargeException NOT thrown.");

i } 7+ end of dnner try +/ : Say the increment method is implemented incorrectly as follows:

12 catch (ValueTooLargeException e) { —

13 prlntln("Suf:cess: ValueToolargekxed public void increment() throws ValueTooLargeException {
b } /+ end of inner catch +/ if (value < Counter.MAX_VALUE) {

13 } /+ end of outer try +/ X throw new ValueTooLargeException("value is " + value);
16 catch (ValueTooLargeException e) {

17 println("Error: ValueTooLargeExcepti .

18 } /+ end of outer catch #*/ ;lse { value ++; }

19 } /* end of main method x*/

20 |} /* end of CounterTester2 class */

From the following lines of execution, drag and drop the relevant ones to indicate the corresponding runtime execution path.

Where the execution already terminates, drag and drop "Execution Terminated" to the execution line.

1st line to execute (if any): I:I

2nd line to execute (if any):

3rd line to execute (if any):

4th line to execute (if any):

5th line to execute (if any):

6th line to execute (if any):

7th line to execute (if any):

Q5

| L3 of CounterTester2 H L4 of CounterTester2 H L6 of CounterTester2 H L7 of CounterTester2 || L9 of CounterTester2 || L10 of CounterTester2

| L13 of CounterTester2 H L17 of CounterTester2 H Execution Terminated ‘




Practice Written Test 2 Q6

Consider the following two classes for representing 2D points (where the equals method is overridden in PointV2):

public class PointV1 {

private int x; private int y;

public PointVl(int x, int y) { this.x = x; this.y = y; }
}

public class PointV2 {
private int x; private int y;
public boolean equals (Object obj) {

if (this == obj) { return true; }

if (obj == null) { return false; }

if (this.getClass() != obj.getClass()) { return false; }

PointV2 other = (PointV2) obj;

return this.x == other.x && this.y == other.y; For the following assertions, consider each in isolation and choose all those that will fail.

[J a. assertNotSame(p1, p2);
For the above PointV2 class, assume that there is a constructor, like in PointV1, whii 7] . assertSame(p4, p6);

Let's now assume the following object creations:
[J c. assertEquals(p3, p4);
PointV1 p1 = new PointV1(3, 4);

PointV1 p2 = new PointV1(3, 4); [ d. assertEquals(p2, p5);
PointV2 p3 = new PointV2(3, 4);
PointV2 p4 = new PointV2(3, 4);

PointV1 p5 = p2; [J f. assertEquals(p1, p2);
PointV2 p6 = p4;

[J e. assertSame(p1, p2);

[J g. assertNotSame(p4, p6);
[J h. assertNotEquals(p3, p4);
[J i. assertEquals(p5, p6);

[J j. assertEquals(p6, p5);



Practice Written Test 2

Assume a non-empty integer array ns of length 3 and an integer variable i.
Consider the following fragment of code:

if(® <= 1 & ns[i] % 2 == 1 & i < ns.length) {
System.out.println("Outcome 1");

}
else {
System.out.println("Outcome 2");

}

When executing the above program, which of the following value or values of variable i will result in an ArraylndexOutOfBoundsException?

Oa -2
Ob
Oc O
Od 1

De 2

Of 3
(Jg 4

[ h. None of the listed answers is correct.



Lecture 15 - Nov 2
Composition, Inheritance
Dotted Notation vs. Private Attributes

Compositions
The Student Management Problem



Announcements

- ProgTest1: Visit office hours to discuss your solution

- Lab3 due next Wednesday (equals & copy constructor)
- WrittenTest2 to be released by early Friday

- ProgTest2: guide to be released soon

b gtz




Dot Notation: Private Attributes/Fields

Principle: Private attribute is accessible if
the context objects type matches the context class
(where the method is defined).

I N R B B Ch{S X{
" public clasgA ¢ |
public c qs i

private BGb; - public class B.{
private |nt ai; ¢ 'é 'é

public B getB() { return this.ob; } = pr!va:e A :ab;"
©  public int getAi() { return this.ai; }— o"w 'fP private int Di;
ﬂ&l

& publicint am() {
publi etA

int result;
return this.oa;
i0); \/ )S \
bi:
tB()}bi; x

N result = this.ai; v/
i tA
IS-ob GEEBI); ’)( " public int getBi() {

result =
% N result = this.getB(). getBl() / return this.bi;
| result =|this.ob.getA().ai; L a ‘-P N )
B result = this.ob.getA(). i0); V‘

| | ff result = this.ob.oa.ai;
result = this.ob.oa.getAi();

?}/— return result;



Dot Notation for Navigating_Classes (2)

cs - —| )
Student " Course prof Faculty

[

[Ny

public class Student { public class Course { public class Faculty {
private String id; private String title; priva i name.

private Course[] cs; private Faculty prof; rivate Course|
} } -

/* Title of instructor’s
* ith teaching couyse

x/ 33 . #HP00);
Strinegecget'lllitl indli >’ "27

i | s, GeikelOl et )

/* Get course’s title.
*/
String getTitle() {

/* Name of instructor
*/
String getName() {

vefur %‘\K.ﬁf(? 3

)
el {Ab:§
"Ll; Faculty :;tlmékij"/—} | Course | wadvanced OOP”
name| - Liitle | =K _~
I tre) = eecs2030 prof
f2 ["Faculty ]"Jonathan” Course | “Software Design”
‘>[name[ 47 ¢ gecs331 Hitle L "
te g prof




Composition: No Sharing

public File[] getFiles() {

class Directory {
String name;
File[] files;
int nof; /* num of files x/
Directory(String name) {

return this. files;

class File {
String name;
File(String name) {

this.name = name;

s

this.name = name;
files = new File[100]; } @Test
} —_— public void testComposition() {
void addFile(String fileName) { Directory dl g new Directory("D");
files[nof] = new File(fileName); edl addFile( nf txt" ; —
nof ++;

ai s addFlle("fZ EseE?) -é—
dl.addFile("f3.txt"); é__
assertTrue (

dl.files[0].name.equals ("fl.txt"))

}
}

O©CoO~NOOOThA,WN =

3 4 5 6 Vi 99

[ non [ nan | pun | nun | onun [ nun | onun |




class X § Y it
V(X other )}




@Test
public void testShallowCopyCofistructor () {
Directory dl = new Directofgy("D");

dl.addFile("fl.txt"); dI. .ddF ("f2.txt"); dl.addFile(
Dlrectory@: new D torm

assertTrue dl.fllescggﬁgg.fﬁlggg, /+ violation of ebmposition
gg.files[O].changeName\"fll.txt");

assertFalse[dl.files[0]

"f3

class Directory {

String name;

File[] files;
Directory int nof; /% num of Iipffes */
Directory (Directory other)

/% value copying for primitive type =/

Qnof = other.nof; el/
om— e
/* address copying for re¥erence type */

other.name; i other.files;

.ndme.equals ("fl.txt")) ;

Directory

name S \s 3 4 5
dl.files
files | |
" —
not’ 3
dil. flleSV dl.files[1], dl.files[2]
Flle I File File

name I /_i name I name I
/ / /

“tR, t&t” “f2.txt” “f£3.txt”




Composition: Copy Constructor (Deep Copy)

@Test
public void testDeepCopyConstructor() {

4

class File {
File(File other) {

Directory dl = new Directory ("D
dl. addFile&:fl txt"); dl.a

s ("f2.txt"); dl.addFile("f3.txt'

this.name =
new String (other.name);

Dlrectory(!/)— new Director
assertTrue (dl.files != d2.files);

d2.files([0]

assertTrue(dl.files[O0]

Directory

name

files

-
=

nof

(4]

Directory

name —

files —

nof m
o

dl.files[0]

’

/* composition preserved x/

.changeName ("f11.txt");
.name.equals ("fl.txt")); 1}

{
this.name = new String(name);

files = pew Eilaf100]; }

e

for(int i = O; 11;+

hile et = eVelithe iaslIleE SN

dl.files

o

;ﬁ.ﬂt “l | .

) Fi l€?= new File(src);
this ad8File(nf); } }

ofN voidsaddFile(File f) { ...

99

nutt | nan | nen | nun | onun | nun | nun

d1. flles[lr\d{lesm](

File

File

name I

name I




Exercise: Copy Constructor (Composition?)

@Test class File {

public void testDeepCopyConstructor() { File(File other) {
Directory dl = new Directory("D"); this.name
dl.addrile("fl . txt™ ; dl.addFile("f2.txt"); dl.addFile("£3.txt" new String(other.name);
IDirectory d2 = new Directory(dl)

d2.files[0] .changeName ("f11.txt");

assertTrue (dl.files[0] == d2.files[0]); class Directory {
Directory (String name) {

this.name = new String (name);
files = new File[100]; }
Directory(Directory other) {
this (other.name);
Directory » for(int i = 0; 1 < nof; i ++) {
name P File src = other.files[i];

\_) files
nof =)

Directory

name

(0> '1' '27 4 5 6 7 99

T | nan | nan | onan [ nan | nan | nan |
dl.fil

files ;

-

File File

name I

/ / /

“fl.txt” “f2.txt” “f3.txt”

nof

di.fils[1]




Modelling: Aggregation vs. Composition

KEYBOARDI

CPUI1

MONITORI

/
k /KIi\'B();\RD!

CPU2

7 MONITOR2

o

/ (WORKSTATION)

A

m

KEYBOARDI

CPU3

MONITOR3

(WORKSTATION)

7:5—9

\__/

(NETWORK)

i



Implementation: Aggregation or Composition

author as an aggregation author as a composition

“The Red and the Black” “Life of Rossini”

1830 1823 “The Red and the Black” “Life of Rossini”

341 1830 1823
307

“Stemdhall’ “Stendhall”

“Henri Beyle” “Henri Beyle”
Steadhallie © 1783 1783

“Henri Beyle” 1842 1842
1783

1842

Hyperlinked author page Physical printed copies



Inheritance: Motivating Problem  Nouns -> classes, attributes, accessors

th/&\ﬂ: J Verbs -> mutators

Problem: Astudent management system stores data about
students. There are two kinds of university students: resident
students and'non-resident students. Both kinds of students
have a name and a list of registered courses. Both kinds of
students are restricted to register for no more than 10 courses.

When calculating theftuitionyfor a student, a base-amaunt is first
determined from the list of courses they are currently registered

(each course has an associated fee). For a non-resident Oéf"'ﬂ/f
student, there is_a-discount rate applied to the base amount to f:;'
waive the fee for on-campus-accommodation:~For a resident kand|
student, there is a-premium rate agplied to the base amountto | ,
account for the fee for on-campus accommodation and meals. {Mﬁf

SN N\



Lecture 16 - Nov 7

Inheritance

SMS: Attempts without Inheritance

SMS: Use of extend, super
Visibility: Project, Package, Class



ob?

/ é/
Announcemeiits

- ProgTesfé: guide

- Lab3 due this Wednesday (equals & copy constructor)
- WrittenTest2 results released on Friday

- ProgTest1: Visit office hours to discuss your solution




double tuition = 0;
public class Student { for(inti = 0; i < this.noc; i++){ ba;

private Course[] courses: tuition += this.courses[i].fee;
private int noc;

)
if (Ehis.kind == 1) {

return tuition * this. premiumRate;
RS

private int kind; )
private double premiumRate; else if (this.kind == 2) {
private double discountRate; return tuition * this.discountRate;
ARS }
public Student (int kind){ by

this.kind = kind;
s public void register(Course c){
int MAX = -1;
if (this.kind == 1) { MAX = 6; }
else if (this.kind == 2) { MAX = 4; }

if (this.noc == MAX) { /* Error */ }
Dol 8 = e Mt{l)' else {
this.courses[this.noc] = c;
MM& wd nElJ &J&{(Z)) this.noc ++;

ﬂet hwih (9 ; ¥
dI{:IdlL)




First Design Attempt

public double getTuition(){
double tuition = 0;
for(inti = 0; i < this.noc; i++){
tuition += this.courses[i].fee;
b
A Kg if (this.kind == 1) {

return tuition * this. premiumRate;

public class Student {
private Course[] courses;
private int noc;

private int kingd; .
private doublel premiumRate; 3
private doublej discountRate; else if (this.kind == 2) {

return tuition * this.discountRate;

N
public Studenf (int kind){
this.kind =/kind;

if (this.kind == 1) { MAX = 6; }
else if (this.kind == 2) { MAX =4; }
if (this.noc == MAX) { /* Error */ }

. |
Good deSlgﬂ? © :ﬁié.courses[this.noc] =¢;
Judge by |Cohesion

this.noc ++;




Noss



First Design Attempt

public double getTuition(){

double tuition = 0;

for(inti = 0; i < this.noc; i++){
tuition += this.courses[i].fee;

private int ?c; Wc{(t : o
- | . [ if (this.kind == 1) {
private int(kind; " return tuition * this. premiumRate;

private double premiumRate; 3
private double discountRate; else if (this.kind == 2) {
return tuition * this.discountRate;

public class Student {
private Course[] courses;

public Student (int kind){
this.kind = kind;
%
( _public void register(Course c){
int MAX = -1;
if (this.kind == 1) { MAX = 6; }
. od" i else if (this.kind == 2) { MAX = 4; }
Good design? 7122 (B nor 5= MR = Eeror 17§
Judge by Single Choice Principle this.courses[this.noc] = c;

- Repeated if-conditions this.noc ++;
<A new kind is introduced? ¢
_ An existing kind is obselete? Y\




Testing_Student Classes

(without inheritance)

public class ResidentStudent {
private String name;

private Course[] courses;

J/ *

public ResidentStudent (String name) {
this.name = name;
this.courses = new Course[l0];

}

public void register(Course c) {
this.courses([this.noc] = c;
this.noc ++;

}

?public double getTuition() {

private double premiumRate; assume a

private int noc;

public class NonResidentStudent {
private String name;

private Course[] courses;

private double discountRate; /x*

public NonResidentStudent (String name)
this.name = name;
this.courses = new Course[l0];

}

public void register(Course c) {
this.courses[this.noc] = c;
this.noc ++;

}

public double getTuition() {

private int noc;

assume a

{

\

double tuition = 0; ~ double tuition = 0;
for(int i = 0; i < this.noc; 1 ++) { for(int i = 0; i < this.noc; {
tuition += this.courses[i]. fee; / tuition += this.courses[i].
} }
return tuition * this. premiumRate ; return tuition » this. di
} }
} }
public class StudentTester {
public static void main(String[] args) {
S Course cl = new Course("EECS2030", 500.00); /# title and fee =/
WCourse c2 = new C e ("EECS33»1", 500.00); /» title and fee */

J. Dayis iz

ew ResidentSrudent ("

ResidentStuden j 1
3jim . setPremiumRat

jim register(gl); jim€re isterﬁgzz;
zNonRes_tdentStudent @= new NonResident

jeremy.setDiscountRate (0.75);
jeremy.reglster(ql), jeremy.regis (g2) ;

System.out.println("Jim pays " +{jim Al
System.out.println("Jeremy pays " +{Jjeremy,
} -

Student ("J. Gibbons")
———

o [259
tion()); ,x'o
getTuition());

Jjeremy

Course
title
fee




Student Classes (without inheritance): Maintenance (1)

public class ResidentStudent { public class NonResidentStudent ({

private String name; private String name;

private Course[] courses; private int noc; private Course[] courses; private int noc;

private double premiumRate; /* assume a n private double discountRate; /x* assume a

public ResidentStudent (String name) { public NonResidentStudent (String name) {
this.name = name; this.name = name;
this.courses = new Course[l1l0]; this.courses = new Course[l1l0];

} }

public void register(Course c) | public void register(Course c)
this.courses([this.noc] = €; l/ this.courses|[this.noc] =
this.noc ++ this.noc ++a

} }

public double getTuition() { M‘ﬁl public double getTuition( .}/Mﬁa(d(
double tuition = 0; a double tuition = 0;
for(int i = 0; i1 < this.noc; 1 ++) { for(int i = 0; i < this.noc; 1 ++)

tuition += this.courses[i].fee; tuition += this.courses[i]. fee;

} }
return tuition * this. premiumRate ; return tuition » this. discountRate ;

} }

} }

Maintenance e.g., a new registration constraint:

if(numberOfCourses >= MAX_ALLOWANCE) {
throw new TooManyCoursesException("Too Many Courses”);

by
else{ ... }




Student Classes (without inheritance): Maintenance (2)

public class ResidentStudent { public class NonResidentStudent {
private String name; private String name;
private Course[] courses; private int noc; private Course[] courses; private int noc;
private double premiumRate; /+ assume a private double discountRate; /x* assume a
public ResidentStudent (String name) { public NonResidentStudent (String name) {
this.name = name; this.name = name;
this.courses = new Course[l1l0]; this.courses = new Course[l1l0];

} }

public void register(Course c) | public void register(Course c) {
this.courses[this.noc] = c; this.courses[this.noc] = c;
this.noc ++; this.noc ++;

} }

public double getTuition() { public double getTuition() {
double tuition = 0; double tuition = 0;
for(int i = 0; i < this.noc; 1 ++) { for(int 1 = 0;

tuition += this.courses[i].fee;

} }
return tuition * this. premiumRate ;

} }

} }

Maintenance e.g., a new tuition formula:

i < this.noc; 1 ++) {
tuition += this.courses[i]. fee;

return tuition » this. discountRate ;

/* ... can be premiumRate or discountRate */

return tuition * inflationRate * ...;




‘ class ]'?5, '0{“" AkS }

94’
'l cudents 5

T”J = nev KS(“-),“/
%’Zg% S ue NB(-)3 v

‘ C[&gs Sy/ §6440@4f§[.0]= @ﬁ(‘)'ll/
Studlents (2] = Hew ORSC--) 5

[Stalaits




A Collection of Students (without inheritance)

public class StudentManagementSystem {
private (ResidentStudent|[] rss;
private NonResidentStudent|[] nrss;
private int nors; ' of | d 1t S
private int nonrs; /* number of non-resident students #*/
public void addRS (ResidentStudent rs){ rssl[nors]l=rs; norst+; }
public void addNRS (NonResidentStudent nrs){ nrss[nonrs]l=nrs;nonrs++; }
public void registerAll(Course c) {
for(int i = 0; i < nors; 1 ++) { rss[i].register(c); }
for(int i = 0; i < nonrs; 1 ++) { nrss[i].register(c); }

OvP VIPLOSSLy

Res.S. Res.S. Res.S. Res.S. NonRes.S.] INonRes.S.] [NonRes.S. NonRes.S.
rcs res rcs rcs res res res res

pr pr pr pr dr dr dr dr




Visibility: Classes

CollectionOfStuffs

animal
Cat
Dog
juikuse class Chair
Desk
7
shape Circle
Square

et md%"’

CollectionOfStuffs

animal

furniture

Dog

public class Chair

Desk

Circle

Square




st b
Visibility: Attributes and Methods (DS st o €
/ e 0

A
CollectionOfStuffs

animal [ == ]
[ Dog ]

furniture

extends

( Bubblechair

= ) )
[\RockingChair———] AS ;F: Yo WJ?&&/ +4 QL[’M; M&/.

[Circ|e ]
CLASS @ PACKAGE J| SUBCLASS SUBCLASS
(same pkg) W (different pkg)

N
shape

( square ) Non-S¥BcLass

(across Project)

public

protected

no modifier

private



Student Classes (with inheritance)

class Student

String name; u

Coursel]
int pnumberQfCourses:

decbt gt

registeredCourses;

m oo
oy Tt

Student (String name)
this.name name;
registeredCourses

1L

new Course[l10];

Loags

/ void register(Course c)

¥ reglsteredCourses[numberOfCou

P numberOfCourses ++; w
} /

/ double getTuition() { ﬂ W

,[rp ! double tuition = 0; amt. Ji
for(int i = 0; i < numberOfCourses; 1 ++)} { [dMAQ’
ﬁ AM ' tuition += registeredCourses|[.i].fee; (ﬁd
AO 2

g }
return tuition;
}
a @

/* base amount only */

A‘uy

Hasg)

)
r‘éﬁf’

[

X

Fracat

¢

-,mkf ffﬂl

oV Ak gl
VYlrsreet

‘?ass ResidentStudent ﬁxte
o

ResidentStudent (String name) { |super
/+ register method is inherited X

double ge ition() { lﬂ
doubleés;= super. getTuition()|; ca' 2

return base EremiumRate H

class NonResidentStudent exte!

double discountRate; /* ther

NonResidentStudent (String nane)
/4 register method is inheritlkd */
double getTuition() I
double base super.getTuition()I
return base *

discountRate ;

s Student {
’s a mutator method

{ super (name); }




Lecture 17 - Nov 9
Inheritance

Code Reuse

Static Types & Expectation
Intuition: Polymorphism
Intuition: Dynamic Binding



Announcements
- ProgTest2: postponed to Tuesday, November 15
- Lab3 due today at 2pm




Recall: Student Classes (with inheritance)

class ‘Student
*% AW kt‘l'. X Ve M(’f‘!l StringnTe;J

o0 ot piailede

Coursel]

declaadd 7 abilegs

return tuition;

registeredCourses;

int numberOfCourses;

Student (String name)
this.name = name;
registeredCourses

numberOfCourses ++;

e g W

for(int i = 0; i < numberOfCourses; 1 ++) {
ch;G tuition += registeredCourses[.i].fee;
}

rses[numberOfCours G] !f;///’/

L

St S = ey

o] A

E )

16y Jododl
S. $ot freniihufartc/ 2 &) sX

e

49

/+* base amount only */ Je

tt?.

bl

}

1 ass ResidentStudent

\gdouble premiumRate; /» there’s a mutator meth

extends Student {

ResidentStudent (String name) { super (name); }

/+ register method is inherited x/
double getTuition() {
double base = super.getTuition();
return base *

}

premiumRate ;

= L7 1] 4 fdd
fl‘m‘f% Ff

M,ﬁ?‘

lass NonResidentStudent
b double discountRate;
NonResidentStudent (String name)
/* register method is inherited x/
double getTuition() {

double base = super.getTuition();

return base x

}

discountRate ;

extends Student {
/* there’s a mutator method

{ super (name); }

-



Visualizing Parent and Child Objects

Student(String name)
void register(Course ¢)
double getTuition()

/* new attributes, new methods */

Resid name)
doublg premiumRate
void séfPremiumRate(double r)

ResidentStudent

/* redefined/overMdden methods */

double getTuition()

j 4
int noc /* number of courses */

String

Coursel[] courses /* registered courses (rcs) */

Inheritance

/* new attrtbtm.s new methods */
NonRegida @
doubl

Hirarchy

NonResidentStudent

7= rLlILflnLll/l)VLllIlIlILII methods */
double getTuition()

( Student s = new Student ("Stella");
! ) ResidentStudent rs = new ResidentStudent ("Rachael");
i NonResidentStudent nrs = new NonResidentStudent ("Nancy") ;
You E ' =
ee \ uden
7 “Stella”
At& \ numberOfCourses 0 1 8 9
\ registeredCourses null | null ‘ | null ‘ null |
Runtlh‘ </_‘ ResidentStudent
. \ “Rachael”
O bJ ecf numberOfCourses 0 1 8 9
null ‘ null | | null ‘ null |
Sfruc*ure premiumRate
NonResidentStudent
“Nancy”
numberOfCourses 0 1 8 9
registeredCourses null ‘ null | | null ‘ null |

discountRate

Declaring
Static Types




Testing Student Classes (with _inheritance)

Student(String name) String name
void register(Course ¢) Student Course[] courses /* registered courses (rcs) */
double getTuition() int noc /* number of courses */

AN

/* new attributes, new methods */ /* new a‘trribufes, new lfle{/l()tlﬁ 474
ResidentStudent(String name) ResidentStudent NonResidentStudent | | 0nResidentStudent(String name)

double premiumRate double discountRate

void setPremiumRate(double r) void setDiscountRate(double r)
/* redefined/overridden methods */ /* redefined/overridden methods */
double getTuition() double getTuition()

public class StudentTester {

public static void main(String[] args) {
Course cl = new Course ("EECS2030", 500.00); /=
Course c2 = new Course("E ssrr~, O00.000; /+ t
ResidentStudent jim = newT;ZsidentStudent "J. Davis");
T SetPremiumRate (1.25) ; w——

~

Ny .y

_
jim.register(cl); jim.register(c2); Course
NonResidentStudent jeremy = new NonResidentStudent ("J. Gibbong") o o
jeremy.setDiscountRate (0.75); cl f'fle 2030' CZ 1.|1.le 3311
jeremy.reglstgr(cl); Ijeremy.reglst'elr(CZ); o fee 500 Fee 500
System.out.println("Jim pays " + jim.getTuition());

System.out.println("Jeremy pays " + jeremy.getTuition());
}
}
“—_—
g e o o
L3 \6
Jeremy Fa-7lo.75 o1 9
—— .




Student Classes.(with inheritance): Expectations

8% o

Student(StringMame) String name

void register{Course c) Student Course[] courses /* registered courses (rcs) */

double getTuition() ‘/ int noc /*weflmber of courses */
/* new attributes, Lew méthods */ - / /* new attributes, new methods */
ResidentStudent(Btring Jmrie) ResidentStudent NonResidentStudept |, |\ °nResidentStudent(String name)
doublé premiumk ma X double discountRate
void setPremiumk ate(doule r) 3¢ void setDiscountRate(double r)

/* redefined/overriagen metigds {/ j P S ? “M /* redefined/overridden methods */
double getTuition() \'1 / 7, 'f [y Al 4 dguble getTuition() k /
me‘uﬂzmc /| 7 © ¢ & MmN A4S 77 A
N\
S Y gmmmn N N
SLuden @ =(new AStudent ("Stella");

ResidentStuderdt| rs =(new _MRecwsidentStydent ("Racha€1") ;
onResidentStudent| nrs { new/NonResjdentStudént ("Nancy") ;




@) ewetatat on vS:
Intuition: Polymorphism 1]* &M((JS’) .

Student(String name) String name -
void register(Course c) Student Course[] courses /* registered courses (rcs) */
double getTuition() int nqc /* number of courses */

/* new attributes, new methods */

ResidentStudent(String name)

/* new attributes, new methods */

ResidentStudent NonResidentStudent NonResu'ientStudent(Strmg name)
double premiumRate double discountRate

void setPremiumRate(double r) void setDiscountRate(double r)

/* redefined/overridden methods */ /* redefined/overridden methods */
double getTuition()

double getTuition()

Student s = new Student ("Stella");
esidentStudent(rs/= new ResidentStudent ("Rachael");
rs.sethniumRat (L2505

S
2
3
Og s = rs;¥/+ Is this valid? =/

rs = s;x/* Is this valid? */

Mamt S = S 05 wlil

L otoruts e Aéfiq*‘x/\t
P w5 do & cdpt eb -




Intuition: Polymorphism

Student(String name)
void register(Course c)
double getTuition()

/* new attributes, new methods */
ResidentStudent(String name)
double premiumRate

void setPremiumRate(double r)
/* redefined/overridden methods */
double getTuition()

© P ettormiin

YS-

Course[] courses /* registered courses (rcs) */

String name -
Student

=

ResidentStudent

N

NonResidentStudent

int nqc /* number of courses */

/* new attributes, new methods */
NonResidentStudent(String name)
double discountRate

void setDiscountRate(double r)

/* redefined/overridden methods */
double getTuition()

D 5, «tle maam e C

((25)

|25)

L;&

L vt awdlid 7 SE\J S
doeg ok

3







719: =K prpeiotir dletemmedt Lg ST & to.
ntuition: Dynamic Binding

Student(String name) String name
void register(Course c) Student Course[] courses /* registered courses (rcs) */
@double getTuition() int noc /* number of courses */

/* new attributes, new methods */

ResidentStudent(String name) ResidentStudent NonResidentStudent
double premiumRate

oidse miumBate(double r)
m_Etln‘t_l_s*_"L - - S « 8 =

/* new attributes, new methods */
NonResidentStudent(String name)
double discountRate

void setDiscountRate(double r)

/* redefined/overriddgganethods */
double getTuition()

* redefined/overrid, »
double getTuition( ‘

ourse eecs2030 = new Course("EECS2030"

Student| s;

ResidentStudent rs = new!ResidentStudgnt ("Rachael");
NonResidentStudent nrs = new NonResidpntStudent ("Nancy");
rs.setPremiumRate(1.25); rs.register
CE——
iscountRate(0.75);

eecs2030

Course
title ] 2030]
fee | 100




Student(String name) String name
void register(Course c) Student Course[] courses /* registered courses (rcs) */
double getTuition() int noc /* number of courses */

AN

/* new attributes, new methods */ /* new a.ttributes, new me{hods ¥
ResidentStudent(String name) ResidentStudent NonResidentStudent | |\ °nResidentStudent(String name)
double premiumRate d0}1ble dl§c0untRate

void setPremiumRate(double r) void setDiscountRate(double r)

/* redegimweds bwrn methods */ /* redefined/overridden methods */

doub getuition() double getTuition()

O NOOTR~,WN =

C| 030 = new Course("EECS2030", 100.0); |
Student s; |
ResidentStudent rs = new ResidentStudent ("Rachael"); ‘
|
|
I}

NonResidentStudent nrs = new NonResidentStudent ("Nancy");
rs.setPremiumRate (1.25); rs.register(eecs2030);
nrr‘qetDiscountRate(O .75) ; nis—segrsteriteses’ierl) ;

si=/rs; | System.out.printle( s .getTuition()y; /+ output: 125.0 *7
s = nrs; System.out.println( s .getTuition());/+ output: 75.0 */

e@mt) ¢ S —7 Ko A"l gt

X
3B

= f.hZS gpthrewnal ) [T aLIQCf

\

= (h #he other Tead:
S'.fthVPmﬂm fDX
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Lecture 18 - Nov 14
Inheritance

Rules of Substitutions
Static Types vs. Dynamic Types



Announcements
- ProgTest2: this Tuesday, November 15
- Lab4 released

L)) \zﬁm@




Multi-Level Inheritance Hierarchy: Students

Student

PN

DomesticStudent ForeignStudent

R AN

DomesticResidentStudent DomesticNonResidentStudent ForeignResidentStudent ForeignNonResidentStudent

ow many encodings to check for each method?
ow many arrays to store for SMS?
- For Design 3, where are common attributes/methods stored?




Multi-Level Inheritance Hierarchy: Smartphones

dial /* basic method */
surfWeb /* basic method */

T

surfWeb /* overridden using safari */ . surfWeb /* overridden using firefox */
10S : . N Android
facetime /* new method */ skype /* new method */

SmartPhone

/* cinematic mode */
quickTake sideSync /* new method */

IPhoneSE IPhone13Pro Huawei Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

Reflections:
- For Design 1, how many encodings to check for each method?
- For Design 2, how many arrays to store for SMS?
- For Design 3, where are common attributes/methods stored?




Multi-Level Inheritance Hierarchy: Smartphones

dial /* basic method */
surfWeb /* basic method */

vi

SmartPhone

— h

&J overridden using safari */,
facetime /* new method ;lﬁ ‘ Yp

Android surfWeb /* overridden using firefox */

skype /* new method */

/M \ sideSync /* new method */

IPhoneSE IPhone13Pro Huawei Samsung

o gal matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

Qcinematic mod

Exercise Compare the ranges of expecfafion;) of:
+ IPhonel 3Pro - -
+| HuaweiP50Pro
+ GalaxyS21Plus




Inheritance Forms a Type Hierarchy 56

e

B = m pntest

>0 he mla/;%?a} .
st [

e.q.
Ca L n8)

-




Inheritance Accumulates Code for Reuse o o

A7
- M

Cdlal Dasic method */

o

€ Smartine /* basic method */ We%
R — Pz, A
)‘((y Mlpnfs o
h a Sverridden using safari * o % b /* overridden u§ing firefox */
ime /'yne ethod *
‘o ienode *
uickTake

Android {é"
skype / new method */
one13Pro ei
]
‘\/
/* dual-matrix camera */ . v
zoomage

/ \(l ideSyi 3/ new methbd */

HuaweiP50Pro HuaweiMate40Rro ¢ GalaxyS21 /GalaxySZ1Plus
YW,V 2 TV —
ancestors/ "expectations descendants

@D 371, b, Ul sdeyuc , sefpe , Radwel], fea

< [, 180 gri, fwend , 0kl i

</)| rant- i




Inheritance Accumulates Code for Reuse
I SmartPhone ’ dial /* basic method */
surfWeb /* basic method */

surfWeb /* overridden using safari */ Android surfWeb /* overridden using firefox */
facetime /* new method */ ndret skype /* new method */

\ [t cmematlc mode */
sideSync /* new method */

IPhoneSE { IPhone13Pro l Huawei Samsung
————
/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

4 St |
SmartPhone’spi; @ =®

honel3Pro s5p2; Sp2 =
msung sp3; Sp3 =

ip
Sa



Static Types determine Expectations

Inheritance Herarchy: Students Declare-| |
Student jim;

Student(String name) String name
void register(Course c) Student Course[] courses /* registered courses (rcs) */ e
double getTuition() int noc /* number of courses */ J im.??

/* new attributes, new methods */

. . NonResidentStudent(String name)
ResidentStudent NenResldentStudent double discountRate

void setDiscountRate(double r)
/* redefined/overridden methods */
double getTuition()

/* new attributes, new methods */
ResidentStudent(String name)
double premiumRate

void setPremiumRate(double r)
/* redefined/overridden methods */
double getTuition()

Inheritance Herarchy: Smart Phones Declare.

SmartPhone myPhone;
surfWeb /* basic method */

/ \ myPhone.??

surfWeb /* overridden using safari */ . surfWeb /* overridden using firefox */
10s : " ‘ Android
facetime /* new method */ skype /* new method */
/* cinematic mode */
quickTake sideSync /* new method */
IPhoneSE IPhone13Pro Huawei Samsung
/* dual-matrix camera */
Zoomage
HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus




Static Types determine Expectations

Inheritance Herarchy: Students Declare: Declare:
I Y E Student jim; NRS alan;
Student(String name) String name .
void register(Course c) Student Course[] courses /* registered courses (rcs) */ | .. e
double getTuition() int noc /* number of courses */ jm. ?? alan.??
/* new attributes, new methods */ / \ /* new attributes, new methods */
f‘{esﬁentsmqemg t:i“g name) ResidentStudent NonResidentStudent gg;‘;}:i;ii’;f;?g;:‘et(smng name)
ouble premiumRate
void setII)’remiumRate(double r) void setDiscountRate(double r)
/* redefined/overridden methods */ /*r edeﬁned/o'v.er ridden methods */
double getTuition() double getTuition()
Inheritance Herarchy: Smart Phones
— ____— , Declare: Declare:

—
SmartPhone

—

surfWeb /* overridden using safari */
facetime /* new method */

/* cinematic mode */
quickTake

108

Android

Sma'artPhone pl;

Samsung p2;

.??J?“l," __J@p2%? O’fdr

| surfWeb /*Gverridden using II’EM ” Bb b

/

IPhoneSE IPhone13Pro Huawei

/* dual-matrix camera */
zoomage

N

d' skyy new method */

Samsung
L}

HuaweiP50Pro

HuaweiMate40Pro

GalaxyS21 GalaxyS21Plus

SvED
il

S Pf/nc




TPhonoSE

Rules of Substitutions (1) TPhwe %0

dial /* basic method */
SmartPhone i
surfWeb /* basic method */

ses Qo= (peX
5 @ po=<esX

surfWeb /* overridden using safari */ Android
facetime /* new method */ ndrof

108
/ /* cinematic mode */
quickTake

IPhoneSE ./ IPhone13Pro Huawei
/* dual-matrix camera */
zoomage

surfWeb /* overridden using firefox */
skype /* new method */

\ sideSync /* new method */

Samsung

/N

HuaweiP50Pro HuaweiMate40Pro

GalaxyS21

GalaxyS21Plus

Declarations:
I0S spl;

IPhoneSE sp2;
IPhonel3Pro sp3;

Substitutions:

spl = sp2;V
spl = sp3;

=] (229,

UL Viafr



Rules of Substitutions (2)

SmartPhone dial /* basic method */

surfWeb /* basic method */

surfWeb /* overndden using safari / . surfWeb /* overridden using firefox */
108 Android
facetime /* new method */ / skype /* new method */

/* cinematic mode */
quickTake sideSync /* new method */

IPhoneSE IPhone13Pro Huawei

Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

Declarations: Substitutions:
I0S spl;
SmartPho




Rules of Substitutions (3)

surfWeb /* overridden using safari */ Androld
facetime /* new method */ ndrol

surfWeb /* overridden using firefox */
skype /* new method */

/* cinematic mode */
quickTake sideSync /* new method */

IPhoneSE IPhone13Pro Huawei

Samsung

/* dual-matrix camera */ /
zoomage.

HuaweiP50Pro —! ’ HuaweiMate40Pro GalaxyS21
|

GalaxyS21Plus

—

Declarations: Substitutions:

I0S spl; (SPL'=(Sp2;yX
HuaweiP50Pro sp2; g T




Visualization: Static Type vs. Dynamic Type

Declaration:
Student s;
Substitution:

s =(@new ResidentStudent("Rachael”);

Static Type: Expectation
Dynamic Type: Accumulation of Code

Student(String name) String name
void register(Course c) Student Course[] courses /* registered courses (rcs) */
double getTuition() int noc /* number of courses */

=

/* new attributes, new methods */ /* new attributes, new methods */
ResidentStudent(String name) ResidentStudent NonResidentStudent | | cnResidentStudent(String name)
double premiumRate double discountRate

void setPremiumRate(double r) void setDiscountRate(double r)

/* redefined/overridden methods */ 7 /* redefined/overridden methods */
double getTuition() double getTuition()

ResidentStuden

name “Rachael”
lStudent s

numberOfCourses

registeredCourses

premiumRate



Change of Dynamic Type (1.1)

Student(String name)
void register(Course c) Student
double getTuition()

String name

Course[] courses /* registered courses (rcs) */
int noc /* number of courses */

/ /* new attributes, new methods */

. . NonResidentStudent(String name)
ResidentStudent NonResidentStudent double discountRate
void setDiscountRate(double r)

/* new attributes, new methods */
ResidentStudent(String name)
double premiumRate

void setPremiumRate(double r)
/* redefined/overridden methods */

/* redefined/overridden methods */
double getTuition()

double getTuition() z

= w9 % & ohesteaclint oP of ancs ST-



Change of Dynamic Type (1.2)

Student(String name)

void register(Course c) Student

double getTuition()

/* new attributes, new methods */
ResidentStudent(String name)
double premiumRate

void setPremiumRate(double r)
/* redefined/overridden methods */
double getTuition()

Example 2:
ResidentStudent jeremy = new Student(...);

String name

/

ResidentStudent

AN

NonResidentStudent

Course[] courses /* registered courses (rcs) */
int noc /* number of courses */

/* new attributes, new methods */
NonResidentStudent(String name)
double discountRate

void setDiscountRate(double r)

/* redefined/overridden methods */
double getTuition()




Change of Dynamic Type: Exercise (1)

surfWeb /* overridden using safari */ Androld
facetime /* new method */ ndrol

surfWeb /* overridden using firefox */
skype /* new method */

/* cinematic mode */
quickTake sideSync /* new method */

IPhoneSE IPhone13Pro Huawei

Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

Exercise 1:

Android myPhone = new HuaweiP50Pro(...);
myPhone = new GalaxyS21(...); ./~




[ ] [
]
Change of Dynamic Type: Exercise (2)
~ (4 7—0 -
SmartPhone dial /* basic me'thod */
surfWeb /* basic method */
surfWeb /* overridden using safari */ ; surfWeb /* overridden using firefox */
108 : " 5 Android
facetime /* new method */ skype /* new method */
/* cinematic mode */
quickTake sideSync /* new method */

IPhoneSE IPhone13Pro Huawei Samsung

/* dual-matrix camera */ - /
zoomage -

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus ‘

Exercise 2:

J10S/myPhone = nhew HuaweiP50Pro(...);
myPhone = new GalaxyS21(...);




Change of Dynamic Type (2.1)

Student(String name) String name
void register(Course c) Student Course[] courses /* registered courses (rcs) */
double getTuition() int noc /* number of courses */

/* new attributes, new methods */ ‘

ResidentStudent(String name) | ResidentStudent NonResidentStudent
double premiumRate ‘ ‘

void setPremiuvmiRate(double r) .
/* redefipedoverridderiNnethods */ /* redefiped;
doubl¢€'getTuition()

/* new attributes, new methods */
NonResidentStudent(String name
double discountRate

new Student(...);

NonResidentStudent'nrs

Example 1: 1S — =
O lim@rs; @) . === & E VT'

printIn{jiny,getTuition());

jim = nrs; %
println[jim.getTuition()l);/7)!”{?7"(S

DO g
!
-
X




Change of Dynamic Type (2.2)

Student(String name) String name
void register(Course c) Student Course[] courses /* registered courses (rcs) */
double getTuition() int noc /* number of courses */

/* new attributes, new methods */
ResidentStudent(String name)
double premiumRate

void setPremiumRate(double r)
/* redefined/overridden methods */
double getTuition()

/* new attributes, new methods */
NonResidentStudent NonResi('ientStudent(String name)
double discountRate

void setDiscountRate(double r)

/* redefined/overridden methods */
double getTuition()

ko 7

I (b
7s.getTuition(); " ~
e ST RS e £ o
printin(nrs.getTuition())] M7 Nt lJe5 NG oF—




Type Cast: Motivation

Student(String name)
void register(Course c)
double getTuition()

/* new attributes, new methods */
ResidentStudent(String name)

double premiumRate
void set%remiumRateiaouble r)

/* redefined/overridden methods */
double getTuition()

Student

String name.

L

@tswdent

<"

NonResidentStudent

Course[] caurses /* registered courses (rcs) */
int noc /* number of courses */

/* new attributes, new methods */
NonResidentStudent(String name)
double discountRate

void setDiscountRate(double r)

/* redefined/overridden methods */
double getTuition()




An A+ Challenge: Inferring the DT of a Variable

Your Program

=

aN

7,

o

/j?ﬁe .
last DT of 7
a 0 > ?}fe 04 WM/C

RS,

class MyClass {
main (...)
Student s = ...;

@= new ResidentStudent(...);

7 G st 77

¥




Lecture 19 - Nov 16

Inheritance

Type Casting: Upward vs. Downward
Danger of Casts: ClassCastException



Announcements
- Lab4 released




Recap: Static Types vs. Dynamic Types . JM,,/M(

b i
Mf?( Cliyl = HEW%...);-’@ déﬂﬁ/ )70/‘# [«M‘{M

“¥|Cc2|v2 = new€4l...); TJ 5 L b
@i g vt ety

Exercises on Eclipse: a\

/
+ SMS (variable assignments) _\/N U‘
+ Smart Phones (hierarchy + variable assignments) /




Polymorphism and Dynamic Binding

Polymorphism:
An objects static type may allow multiple possible dynamic types.
= Each dynamic type has its version of method.

Dynamic Binding:
An objects dynamic type determines the version of method being invoked.

Student jim|= new|ResidentStudent(...) sty | s z egz;m;/;eg s 9
L/] im.getTuition(); .
jim = new|NonResidentStudent(.|.); z*f:?,:“m‘:méff'fﬂm R T T : N i e

W jim.getTuition();
kS /

P vedefined/overridden mﬂlll/
doul blgtTt n()

r)
/* redgﬁned/mrrmen methods */

double getTuition

0

“ SmartPhane|sp1 =[new IPhonei2Pro(...);
VT SmartPhone SR__ new GalaxyS21{...);
l\l«g sp1.surfWeb(

SDD\—VDZM DT: &447.92}
SpLisurtweb();

ol anll beaw #€ DT of sp2-




0 (a5t expes
Anatomy of a Type Cast ﬁfz,:ﬁ?ﬁ;{s [;—i fheezlwpm (G -
Student jim = new ResidéntStudent(“Jim”); K.

T: R L d :
S esi Je;ntstudent weillid snbstitutidn ST’F /N Afﬁ; ST: Student

ResidentStudent rs (ResidentStudent) jim

-

e

whose ST i1s ResidentStudent

dyaamfc {y]ﬁ 1
7 v on
pm ~/% ResidentStudent KMIM{SWJ

Student] ji

e
“‘f\’e pr




Type Cast: Named vs. Anonymous

SmartPhone dial /* basic method */
surfWeb /* basic method */

A

surfWeb /* overridden using safari */ Android surfWeb /* overridden using firefox */
facetime /* new method */ © skype /* new method */

10S
/* cinematic mode */ Cﬁt
quickTake / sideSync /* new method */

IPhoneSE IPhone13Pro

Huawei Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

Named Cast: Use intermediate variable to store the cast result. EXercise

= new IPhonel3Pro();

(IPhgngl;Prg) aPhone; 7 A

SmartPhone aPhone = plew IPhonel3Pro();

(IPhonel3Pro) aPhong¢.facetime();

A on%modgcCast Use the cast rdsut directly. 9 ( (Iﬂweg %> &M 'Biﬁt“'e ~

SmartPhone aPhone = new IPhonel3Pro();

[(JzPhonel3pro) aphond)). facetime () ; @tmng) (IM 'Blﬁﬂ >§Qﬁl




oty bk at Shs-

2 v st m("ﬂ .

|Comgllablg Casts:

VT_M.\WMME& G
Andr0|d mehone = new GaIa,xySZlPI s();
= (S t

@

SmartPhone sp|=

4 Expectations

Upwards vs. Downwards S ———
gt 4 ¢ | dial
,\lcﬂ"bk surfWeb

mgt_; _k“, . ST skype X
hone) myPhone; sidesync [ X| X A
facetime | X X X
ui$ quickTake | ¢ N4 X
ﬁAW 6'0“34 L 7?0; zoomage | | X )(

- SmartPhone dial /* basic method */
surfWeb /* basic method */

4 L ™

- ®

Android

/* cinematic mode */
quickTake

IPhoneSE

surfWeb /* overridden using safari */
facetime /* new method */
IPhone13Pro
/* dual-matrix camera */
zoomage

Huawei

\ sideSync /* new method */

Samsung

/N

surfWeb /* overridden using firefox */
skype /* new method */

HuaweiP50Pro HuaweiMate40Pro

GalaxyS21

GalaxyS21Plus




Compilable Type Cast May Fail at Runtime (1)

Student(String name) String name
void register(Course c) Student Course[] courses /* registered courses (rcs) */
double getTuition() int noc /* number of courses */

AN

/* new attributes, new methods */ /* new a.ttributes, new mez.‘hods 4
ResidentStudent(String name) ResidentStudent NonResidentStudent | \\°PResidentStudeni(String name)
double premiumRate doubde dlscountl}ate

void setPremiumRate(double r) void setDiscountKate(double r)

/* redefined/overridden methods */ /* redefined/overridden methods */
double getTuition() double getTuition()

(e

= new NonResidentStudent ("J. Davis" (

2 WResidentStudent) rs = | (ResidentStudent) gjlmz domﬂhl
rs) setPremiumRate (1.5);

o8







Compilable Type Cast May Fail at Runtime (2)

SmartPhone

108 /
TN

surfWeb /* overridden using safari */
facetime /* new method */

/* cinematic mode */
quickTake

dial /* basic method */
surfWeb /* basic method */

St

Android

surfWeb /* overridden using firefox */
skype /* new method */

/ \ sideSync /* new method */

IPhoneSE

IPhone13Pro

Huawei

/* dual-matrix camera */
zoomage

N

Samsung

HuaweiP50Pro

HuaweiMate40Pro

GalaxyS21

1 artPhone aPhone

ew(GalaxyS21P1lu H
2 f'IPhonel3Pro forHeeyeon = | (IPhonel3Pro) éﬁﬁone,
H wnwu? 254

3 l forHeeyeon| quickTake () ;

fwbﬂ \fﬁ.»vt\e’ l‘

QI &2 s
@ (ast o4 " g
welﬂo«

&5
vation BT o S ot t‘co;u,)lﬁ po) @Dtl:v‘(f ol o o ﬁi’(’



Lecture 20 - Nov 21
Inheritance
Type Cast: Compilable vs. Exception-Free

Checking DTs: instanceof Operator
Polymorphic Method Parameters



besy A %ﬁgfl‘ 3

Anmémem‘s o
2

- Llab4 due soon!

@an rogTest3 gpproaching...

1




Exercise: Compilable Type Cast? Fail at Runtime? (1) slide 63

dial /* basic method */
surfWeb /* basic method */

s

surfWeb /* overridden using safari */ ndroi surfWeb /* overridden using firefox */
facetime /* new method */ skype /* new method */

SmartPhone

108
/* cinematic mode */ V I
quickTake sideSync /* new method *f A |/ I /

o=
IPhoneSE IPhone13Pro uawei Samsung | ;‘

e e | / / \ o6 ﬁ;f/rl’?

HuaweiP50Pro GalaxyS21 GalaxyS21Plus }

= V , Aslastiaepta 7 ot (.
« ¢ Compilable? ClassCastException,at r.unju'mé?_\g_’_/—%
ofCn poestedot £ oe 8 ool et L e BT ! selee




Exercise: Compilable Type Cast? Fail at Runtime? (2)

surfWeb /* basic method */

/\

surfWeb /* overridden using safari */ Android surfWeb /* overridden using firefox */
facetime /* new method */ ° skype /* new method */

/* cinematic mode */
qu:ckTake sideSync /* new method */

IPhoneSE Phone13Pro > Huawei < SamsunQ pl

—-— -
(, / - /* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

S SmartPhone dial /* basic method */

SmartPhone myPhone =
/* ST of myPhone is SmartPhone; DT of myPhone is Samsung +*/
IPhonel3Pro ip = - myPhone;

Compilable? ClassCastException at runtime?



Compilable Cast vs. Exception-Free Cast
dial/*bas:;c me'thod v . 4
surfWeb /* basic method.*/ ‘AYW c as.(r

surfWeb /* overridden using safari */ kurfWeb /* overridden using firefox */

facetime gnew method */ pkype /" new method */

10Ss
/* cinematic mode */
quickTake sideSync /* new method */

IPhoneSE IPhone13Pro Huawei m Vl

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus
——

Ang;[oid rnyPhone’= new SaPlZsungg ' M’ &g{f’x'
i Lt ﬁ

SmartPhone

=

Compilable Casts S| @I Exception-Free Casts
-

CIassCas’rExcepfion 1



Exercise: Compilable Cast vs. Exception-Free Cast

class A { }
class B extends A
class C extends B
class D extends A

e N )
iy ey s




Checking Dynamic Types at Runtime (1)

Student(String name)

String name
void register(Course c) Student

Course[] courses /* registered courses (rcs) */

'x dmtble getTlutlon int noc /* number of courses */
M IJ‘LS %po.«gf; ‘;_/L/ NV

/* new attrtbutes, new methods /

/* new attributes, new methods */

. NonResidentStudent(String name)
RemdentStud}/ NonResidentStudent double discountRate
e void setDiscountRate(double r)

/* redefined/overridden methods */
double getTuition()

ResidentStudent(String name)
double premiumRate

void setPremiumRate(double r)
/* redefined/overridden methods */
double getTuition()

"J. Davis

}—2 4 sl e
( ResidentStudent )

RésidentStudent rs =




gﬂ%;ﬁﬁ o MZ::%JM A

ol {TASt‘Maao(> @D “‘“’l do ﬁ*[%

I o ok ,saa/eqwéne
of- Llass
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Checking Dynamic Types at Runtime (2) (eravcze)

dial /* basic method */
SmartPhone
surfWeb /* basic method */

surfWeb /* overridden using safari */ Android
facetime /* new method */ ndrol

surfWeb /* overridden using firefox */
skype /* new method */

Samsung

IPhoneSE IPhone13Pro

/* dual-matrix camera */
zoomage

/* cinematic mode */
quickTake sideSync /* new method */

GalaxyS21 GalaxyS21Plus

HuaweiP50Pro HuaweiMate40Pro

SmartPhone aPhone = new GalaxyS21Plus();
if (aPhone instanceof IPhonel3Pro ) {

IOS forHeeyeon = ( IPhonel3Pro ) aPhone;
forHeeyeon. facetime() ;

aOrwOND =




Use of the instanceof Operator

dial /* basic method */

SmartPhone )
surfWeb /* basic method */
/ \ ,
oS |/ surfWeb /* overridden using safari */ Android \/ surfWeb /* overridden using firefox */
facetime /* new method */ ol skype /* new method */
r* cmematl mode */
sideSync /* new mpethod */
gu:ck
IPhoneSE IPhone1 3Pro Huawei Samsung
/* dual-matrix camera */
zoomage
HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus
=

SmartPhone myPhone = new, Samsung/() ;
pﬁntln(myPhone instanceof Android)

_

myPhone instanceof ??

¢ evaluates to frue if
Samsung can

L\ fulfill expectations on 22.

println(myPhone instanceof Samsung);

println(myPhone instanceof GalaxySZl ‘?

o '}
(+/

println(myPhone instanceof IPhonel3Pro) -

println(myPhone instanceof IOS)?%




Safe Cast via Use of the instanceof Operator

108

/ \ quickTake

/

surfWeb /* overridden using safari */
facetime /* new method */

/* cinematic mode */

IPhoneSE

IPhone13Pro

/* dual-matrix camera */
zoomage

dial /* basic method */

SmartPhone s

urfWeb /* basic method */

Android

Huawei

N

o

surfWeb /* overridden using firefox */
skype /* new method */

/ \ sideSync /* new method */

Samsung

VAN

HuaweiP50Pro

HuaweiMate40Pro

SmartPhone myPhone

/* ST of myPhone is SmartPhone; D

if (myPhone instanceof Samsung) {
Samsung samsung =

(Samsung)

new Samsung (

)i

T of myPhone 1is Samsung +*/

myPhone;

}

if[myPhone instanceof GalaxyS21Plus

GalaxySZ21Plus galaxy =

}

- O OWoONOOTPA,WN —

—_

}

Huawel hw

if(myphone instanceof HuaweiMate40OPro

= (HuaweiMated4OPro) myPhone;

GalaxyS21

GalaxyS21Plus

evaluates to true if
Samsung can
fulfill expectations on

myPhone instanceof ??

??



Static Types, Casts, Polymorphism (1)
(1 s |t crarors

surfWeb /* overridden using safari */ Android
facetime /* new method */ narof

skype /* new method */
/* cinematic mode */
quickTake sideSync /* new method */

IPhoneSE IPhone13Pro Huawei

108 surfWeb /* overridden using firefox */

Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21

GalaxyS21Plus

class SmartPhone {
void dial() {

}

class I0S extends SmartPhone {
void facetime() { ... }

SmartPhone sp = new IPhonel3Pro(); .

ia?.facetime();
f@' .quickTake () ;

AN =

}
class IPhonel3Pro extends IOS {

void quickTake() { ... }
}




Static Types, Casts, Polymor_phism (2)

surfWeb /* overridden using safari */ Android
facetime /* new method */ ndrol

surfWeb /* overridden using firefox */
skype /* new method */

/Gl fegode */
quickTake sideSync /* new method */

e
IPhoneSE IPhone13Pro

Huawei

Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21

GalaxyS21Plus

class SmartPhone {
void dial() {

}

class I0S extends SmartPhone {
void facetime() { ... }

I0S 1ip = new IPhonel3Pro(); .
1pnidial() ;

AW =

v
ip.facetime(); @/7 ST ZQS

ip.quickTake();

}

class IPhonel3Pro extends I0S {
void quickTake() { ... }
}




Static Types, Casts, Polymorphism (3)

surfWeb /* overridden using safari */
108 c " . Android
facetime /* new method */

skype /* new method */
/* cinematic mode */
quickTake sideSync /* new method */

IPhoneSE IPhone13Pro

surfWeb /* overridden using firefox */

Huawei

Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21

GalaxyS21Plus

class SmartPhone {
void dial() {

}

class I0S extends SmartPhone {
void facetime() { ... }

IPhonel3Pro ipé6sp = new IPhonel3Pro(); .
ip6sp.dial(); v

ip6sp.facetime () ; v

ipé6sp.qguickTake () ; v

PO =

}

class IPhonel3Pro extends I0S {
void quickTake() { ... }
}




Static Types, Casts, Polymorphism (4)

T

surfWeb /* overridden using safari */ . surfWeb /* overridden using firefox */
z 5 2 Android
facetime /* new method */

108
skype /* new method */
/* cinematic mode */
quickTake sideSync /* new method */

IPhoneSE IPhone13Pro

Huawei

Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21

GalaxyS21Plus

pd

class SmartPhone {

void dial() { ... } SmartPhope sp =Mew IPhonel3Pro() ;
}

\ "4
{TPhonPY?Pro)/sp sdiald) ; .
class I0S extends SmartPhone { 5 IE £ . .
v6id Fasetimel) 0 .. J (IPhonel3Pro) sp).facetime();

}
class IPhonel3Pro extends IOS {

void quickTake() { ... }
}

- (IPhonel3Pro) sp).quickTake();




Static Types, Casts, Polymorphism (5)

Student(String name) String name
void register(Course c) Student Course[] courses /* registered courses (rcs) */
double getTuition()

int noc /* number of courses */

/ /* new attributes, new methods */

. . NonResidentStudent(String name)
ResidentStudent NonResidentStident double discountRate

void setDiscountRate(double r)
/* redefined/overridden methods */
double getTuition()

/* new attributes, new methods */
ResidentStudent(String name)
double premiumRate

void setPremiumRate(double r)
/* redefined/overridden methods */
double getTuition()

ResidentStudent

2030 = new Course ("EECS2030", 500.0);
|new ResidentStudent ("Jim");

(eecs2030) ; oA (psulbnt. pr
- ce::s: Residenté[tugfe‘nt;.—ﬂ'a FA(Q

(ResidentStudent) .setPremiumRate (1.75);

System.out.println(( (ResidentStudent) s).getTuition());




@ & has an asotited ke h%r

Polymorphi/'&a?ra 'QF"' (M 3 m(,

double premiumRate

uden tManagementSystem {

: ;
void addRS(esidentStudent { cxhes—; c ++; }

void addNRS (NonResidentStude&nt nrs) { ss[c] = nrs; c++; }
void addStudent (Student s) { ss[c] = s; c++; } }

. Static type of ss[0], ss[1],
Couolent

Q. In method addRS, does ss[c] ss[c]{=rs) compile?
N

el S7: ﬁwo/ﬁvf LT RS

der what cncumsfances can the following

hod f:all be valid/compilable? A’
msladdRs(@)] , whet #
fhe */F“

arowN =

, ss[ss.length - 1]?




Lecture 21 - Nov 23

Inheritance

Polymorphic Method Parameters
Polymorphic Method Return Types



Announcements

- Lab4 due soon!

- ProgTest2 results to be released on Thursday
- WT3 and ProgTest3 approaching...




The instanceof Operator mz New B0 T
2 if (0bj instanceof 2?) {
A7 3?7 0bj2 =|(22) obj;
N g i b 29
Qﬁl{@" A d - L1 compiles if B can
SV,\% v ¥ I fulfill expectations of A.
VRN ! 2
KRN et [-Ls: i
5&%{&' P WA"{« | - Compiles if g\-
U

L
S’\ @r ast w.r.t. A.
0\, \fi\ - ClassCasfException if B cannot
= (M(r_ fulfill expectations on ?72.

9’:’“ i ()55— L2:
& ) - Evaluates to true if B can
W ot
,(7," fulfill expectations on ?2.




From last lecture...

Stdent(Stringname) || Swing name

@ & has, an assoteted % 3"%«

Polymor_p}xic/F%f&fﬁ‘%eele{"'é"rté‘7t (‘1”5‘3 e

gtudentManagementSystem {

=mme; C ++; }
void addNRS (NonResidentStude&nt nrs) { ss[c] = nrs; c++; }
void addStudent (Student s) { ss[c] = s; c++; } }

Q. Static type of ss[0], ss[1], ..., ss[ss.length - 1]?

Couolent

ss[c]i=\rs) compile?
ST,{PWO/hf L?ST RS
der what circumstances can the following

hod gall be valid/compilable?

i, et O o ol dr wha{ﬁ—ab(éf o
%*Wzﬂ\t&w;d S@; 1“'31"[’?*




Polymorphic Parameters (2)

class StudentManagementSystem {
Student ss; /#* s§[3},has static type Student =*/ int c;

'claddRSIResidentStudent rs) { ss[c] = rs; c ++; }

0id addNRS (NonResidentStudent nrs) { ss[c] = nrs; c++; }

void addStudent (Student s) { ss[c] = s; c++; } }

abrowonN =

tPl\ . Student sl = new Student () ;
Student s2 new ResidentStudent () ;
Student s3 new NonResidentStudent () ;
{S’- ResidentStudent rs = new ResidentStuden
~ NonResidentStudent nrs = new NonResid
‘5, StudentManagementSystem sms = new StfidentManagementSystem() ;

g SN endfadarsin;| -

sms|. addRS (s2) ;
%% sms|.addRS (s3) ;
(

X

X
sms|.addRS (rs) ;| Vv .S>
sms|. addRS (nrs)

sms.laddStudent

s: udent(String am) String name

oid reg r(Cour udent urse[] courses /* re; (rcs) *
sms.laddStudent : doubie gotuitong e e o e
sms.addStudent s S \

/% new attributes, new methods */ ‘ /* new attributes, new metho d /

ResidentStudent(String name) N
sms.laddStudent - o mRate ) RosidentStudent
sms.laddStudent : aoucgeiiang e geuiton

d hI dscn ntRate

/*d/'d/




o
Casting Arguments .
9 void register(Course c) Student Course] courses /* registered courses (rcs) %/
T | = double getTuition() | int noc /* number of courses */
‘\\
/// \\\
/% new attributes, new methods */ /* new attributes, new methods */
ResidentStudent(String name) i i b i ing name)|
dogble premiumRate double discountRate
voffl setPremiumRate(double r) void setDiscountRate(double r)
edefined/overridden methods %/ /* redefined/overridden methods */
ble getTuition) double getTuition()

Swi$ . add | f
sms.addRS( (R

Student s = new
/* s’ ST: Studen
StudentManageme

ew SnudentManagementF;stem

! -

A OWON =

Student s =

/+ s’ ST: Student; s’ DT: NonResidentStudent +/
StudentManageme

sms.addRS (s) ;

AOON—=

ClassCastException?

> _ porp S
- ng CC( 1

sms.addRS(|(ResidentStudent) nrs "c?ﬁa_il—es?\> n &AfF{P
NonResidentStudent »nrs = new NonResidentStudent(); .(' f&f’t .brp 5

/* ST: NonResidentStudent; DT: NonResidentStudent x/
StudentManagementSystem sms = new StudentManagementSystem() ; ﬂeﬂbﬁ MK&V

sms.addRS (nrs); X
: o oNME o
nor oI s

Student s = new ResidentStudent ("Rachael");
/% s’ ST: Student; s’ DT: ResidentStudent +/
StudentManagemep =

sms.addRS (s); X ,'

AWM=

A OWODN—=



A Polymorphic Collection of Students

rs.setPremiumRate (1.5 .
NonResidentStudent = new NonResidentStudent ("Nancy") ;

nrs.setDiscountRate ( 2
StudentManagementSystem

ms .addStudent (
ms .addStudent (

RO

DO NOOUOTPSWN =

11
12

13
14

Course eecs2030 =
sms.registerAll (eecs2030) ;
for(int i = 0; i < sms.n
/* Dynamic Binding:
* Right version o

System.out.println

= new ResiaentStudent("Rachael");

/* poly OI
S

new Course("EE

= new StudentManagementSystem() ;

Student(String name) String name
oid register(Course ) Student Coursel] courses /* registered courses (res)
double getTuition() intnoc /% number of courses

7% new attributes, new methods %/
i ing name) ) i
double premiumRate
void setPremiumRate(double r)
7+ redefined/overridden methods */
double getTuition()

class StudentMapag,
Student[] studen

2l ‘ T /*new attributes, new methods %/
i )

double discountRate
void sctDiscountRate(double r)

/% vedefined/overridden methods */
double getTuition()

entSystem {

mQrphi M W W

2030", 500.0);

int numOfStudents;

void addStudent (Student, s
students[numOfStuden ‘#

numOfStudents ++;

sw*'“‘ﬂ

Sal; 1 < numberofstudent ;
. register(c)

i ++)

numberOfCourses

numberOfCourses

registeredCourses

“Nancy”

1 8 9

registeredCourses

‘ null l | null | null

nstanceof No&ResMentStudent
nstanceof|ResidentStudent




O©CoOoONOOOP~,WN =

—_ -
N = O

13

—_
N

rs.setPremiymRate (1.5); ¢

nrs.setDiscountRate(0.5);
(aF™S A~ + MM

sms.addStudent { rs * polymorphism =/

sms . addStudent /+ polymorphism #*/
Course eecs2030 = new Course("EECS2030", 500.0);
sms.registerAll (eecs2030);
for(int i = 0; i < sms.numberOfStudents; i ++) {
/* Dynamic Binding:
* Right version of getTuition will be called */

| System.out.println(sms.students[i

\ }

ResidentStudent rs = new ResidentStudent ("Rachael");
NonResidentStudent nrs = new anResidéntStudent("Nancy");

stem sms = new StudentManagementSystem() ;




Polymorphic Return Types

Course eecs2030 = new Course ("EECS2030", 500);
ResidentStudent rs = new ResidentStudent ("Rachael");
rs.setPremiumRate(l1.5); rs.register(eecs2030);

class StudentManagementSystem {

NonResidentStudent nrs = new NonResidentStudent ("Nancy"); Student([] ss; int c;
nrs.setDiscountRate(0.5); nrs.register(eecs2030); void addStudent (Student s)

StudentManagementSystem sms = new StudentManagementSystem();
sms.addStudent (rs); sms.addStudent (nrs) ;

Student s :Zsms.getStude /% dynamic type.Qf s? x/ Student s = null;

if(i <0 || 1 >= ¢) {
throw new IllegalArgumentException("Invali

% %o MJ,
0/ — O J;:;“-r ('
@«‘ ol &4

i deston ot

static return type: Student
print (s instanceof Student && s instanceof ResidentStuden
print (s instanceof NonResidentStudent); /+ false x/

print( s.getTuition ON) ;
B ResidentStudent rs2 5

s = sms.getStudeni(1)

static return type: St?ent
prlnt(s instanceof Stu gnt && « instanceof NonRes.1dentStudent) i/

print (& instanceof RegidentStudent); Lifalse -
print( s.getTuition () );/*Version in ‘NonResidentStuden called:250%
NonResidentStudent nrs2 = sms.getStudent (1); x h

“Rachael” anfe “Nancy”
numberOfCourses 4 1 numberOfCourses 0 1
registeredCourses registeredCourses

premiumRate L discountRate

Course
“EEC52030"

eecs2030




Overridden Methods and Dynamic Binding (1)

boolean equals (Object obj) {

Object return this == obj;
} class A {

2 /*equals not overriddenx/
|
|
|

}
class B extends A {

/*equals not overriddenx/

}
class C extends B {
/*equals not overriddenx/

}

B Object cl = new C();
2 §Object c2 = new C();

println(cl.equals(c2));

L3 calls which version of
equals? [ Object ]




Overridden Methods and Dynamic Binding (2)

boolean equals (Object obj) {

Object return this == obj; class A {
} /*equals not overriddenx*/

A }

class B extends A {
/+equals not overriddenx*/

}
class C extends B {

boolean equals (Object obj) {
/* overridden version %/

}

o
o —
L

1 )
2 §Object c2 = new C()
3 B println(cl.equals (c

A BT

boolean equals (Object obj) { L3 calls which version of

}/ overridden version */ equals ? [ @& ]




Overridden Methods and Dynamic Binding (3)

] boolean equals (Object obj) {
ObJeCt return this == obj; class A {

} /*equals not overriddenx/

A )
| class B extends A {
|

boolean equals (Object obj) {
/* overridden version */
A }

J

A class C extends B {
/*equals not overriddenx/

~—

/* overridden version */

0w

} ' Object cl = new C();

Object c2 = new C();
T OIWM‘;:' 3 B printin(cl.equals(c2));

o L3 calls which version of
equals? [B]

}
{ boolean equals (Object ob)) {




Lecture 22 - Nov 28
Inheritance, Recursion
Type-Checking Rules

Solving Problems Recursively: Fac vs. Fib
Recursions on Strings: Palindrome



Announcements
- Lab5 to be released on Wednesday




Static Types and Anticipated Expectations

e . a
class A { ) m’k L
void[mI0I{ ... } o TN ge ST
\ ’ L i o\

class B extends A }|U B objl ©new AQ); | (B)

= 0bj2 = ne );
@B obj3 =({(B) ©b

1  ts Gy
&vgﬂ&hjﬁu ,;»W mffSTIQ'
\ O R L thaeed

l‘“f,{ 0“('& Z{(CE ?

class C extends A {}




Summary: Type Checking Rules

CODE

CONDITION TO BE TYPE CORRECT

Is y's ST a descendant of x's ST?

Is method m defined in x's ST?
Is y’'s ST a descendant of m’'s parameter’s ST?

Is method m defined in x’'s ST?
Is y's ST a descendant of m's parameter’s ST?
Is ST of m’s return value a descendant of z’s ST?

Is ¢ an ancestor or a descendant of y's ST?

Is ¢ an ancestor or a descendant of y's ST?
| Is c a descendant of x's ST?

Is ¢ an ancestor or a descendant of y's ST?
Is method m defined in x’s ST?
Is ¢ a descendant of m’s parameter’s ST?




Solving_a Problem Recursively

Solve it directly:

Divide it into smaller problems.

"

Assume solutions to smaller problems: M A

Combine solutions to smaller problems:

Y Y A / DU
»

mii) |

1if{i == . /4 { /* Pase case: do £omething directly #*/ }
)élse {

@(jj,/* recursive call with strictly smaller value */

}} Lw‘ﬁ meﬁ



Tracing Recursion via a Stack

e When a method is called, it is activated (and becomes active)
and pushed onto the stack.

e When the body of a method makes a (helper) method call, that
(helper) method is activated (and becomes active) and
pushed onto the stack.

= The stack contains activation records of all active methods.
o Top of stack denotes the | current point of execution |.
o Remaining parts of stack are (temporarily) suspended.

e When entire body of a method is executed, stack is popped .

= The | current point of execution |is returned to the new top
of stack (which was suspended and just became active).

e Execution terminates when the stack becomes empty .

Runtime Stack



Recursive Solution: factorial
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Recursive Solution in Java: factorial

1 ifn=0
n-(n-1)! ifn>1

n! =

int factorial (int n) {
int result;
if(n == 0) { /* base case x/ result =(1; }
else { /* recursive case */
result = n = (factorial (n — 1);

}

return result;

}

Example: factorial(3)

Runtime Stack



Recursive Solution in Java: factorial

ifn=0
n-(n-1)! ifn>1

int factorial (int ¥K) {

int result;

if(n == 0) |{ /* base case */ result
else { /* recursive case */

Facforlal(3)
y/ M') Runtime Stack

Example: f
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Common Errors of Recursion (1)




Common Errors of Recursion (2)




Recursive Solution: Fibonacci Numbers




Recursive Solution in Java: Fibonacci Numbers

int result;
if(n == 1) { /+ base case =/ result =l }
else ifi(n == 2) { /* base case #*/ result =1} }

else { /* recursiv se_ %/

result = fibzin - 1)P+ el (n — 2) ;
}
return result;

i
Example: fib(4) i Mﬂ%

Runtime Stack



public class StringTester ({
public static void main(String[] args) {
String s = "abcd";
System.out.println(s.isEmpty()); /* false */
é?_<§_£gg;acters in index ranqe [0, 0) #*/
S rlng@—ls substring(0, 0)] CO O>
Systen.out .printlnl{El) ; /* BE
/+* Chargcters in index range [0, 4)_
s.substring (0, M—% LO Ll,) LO.;’;]
System Gt pEIACIT{EL) /% "abad"™ %/
/* Characters 1in index range [1, 3) =*/
String t2 = s.substring(l, 3);
System.out .printlalt2); /% "be" %/
Steing €3 = s.subgtring (0, 2) + S-.subsbring(2, 4);
System.out.println(s.equals(t3)); /+ true x/
for(int i = 0; i < s.length(); 1 ++) {
System.out.print(s.charAt(i));

}
System,out .peintin() ;




Recursions on Strings

( /" Palindrome fompae ol
Vﬁlﬁfl( Hateeads ) 7 I C«d lese
= 'S 2% flacecdf ?ME{
- 1\ '/} 1: “‘Q
aracecars
YL\'(A( Y&l‘e tA\/ ) \\raceacaru tz :L?BN
St 41»»4" Ly vt _paluclens

Reversal Number of Occurrences

“abcd”

“abca”



Problem: Palindrome

boolean isPalindrome (String word) {
if (word.length() word.length() == }) {
/* base case */

return true; E\MW gﬁ/‘-ﬁ 0( ﬁ»"
} >

else {
/* recursive case x*/
char firstChar = word.charAt (0);
char lastChar = word.charAt (word.length() - 1);
String middle = word.substring(l, word.length() - 1);
return
firstChar == lastChar
/+* See the API of java.lang.String.substring.

o &
oo (ﬁ“ A

=0 Il

&& | isPalindrome (middle) ;




Lecture 23 - Nov 30
Recursion
Tracing Recursions: Faibonacci

Recursions on Strings: Reverse
Recursions on Arrays



Announcements
- Lab5 to be released by the end of today
- ProgTest3 next Tuesday (based on Lab4)




Recursive Solution: Fibonacci Numbers

] -’




Recursive Solution in Java: Fibonacci Numbers

int fib (int n) {
nt result;
if(n == 1) { /* base case */ result = 1; }
else if(n == 2) { /* base case */ result =

else { /% recursive case +/
%result = fib (n - 1) + fib (n - 2);

return resul? M % l

}

Example: ﬁb(4)

Runtime Stack
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2 ba
Problem: Reverse of a String b H-14) de

W&M
String reverseOf (String {

if (5.1sEmpty()) { /* base case 1 =
return "";

}

else if(s.length() == 1)
return s;

}

{ /» base case 2 x*

else { /* recursive case */

String tail = s.substring(l, s.length());
String reverseOfTail = re?érseOf (tail)

b vecuae, &/

char head = s.charAt (0);
return reverseOfTail + head;

7




Problem: Number of Occurrences

int occurrencesOf’(String(:) char<:) {
if (s.isEmpty()) {

2
Y
v
0] e
iy b bt

STee orcmenes e, o)

/* Recursive Case +*/

char ‘head = s.charAt(0);
String tail =
“if (head == c)

substring(l, s.length()) >

/ereturn
}

else {
2 return

1|+ f/occurrencesOf (tail, c);

0/l+ occurrencesOf (tail, c);

e e o
0 -,J'4»0 U}
S ]



Recursion on an Array: Passing new Sub-Arrays

void m(int[] a) { P L&Q mfeS‘

if (a.length == 09 {7 /A base case */ }

else if(a.length == 1)} { /* base case #*/ }

Sa=@ consider m(al) —> e1aUMP the Lg{é (4%
m(IZDBZII)

Say = {A, B, C}, consider m(a2) P
L>"( ; 7 ) 7S /}’[‘7@1{
0 /

) e

-7 A

P
"'/Av



Recursion on an Array: Passing_Same Array Reference

void m(int[] &, int from, i i : W
iEfrom > to) | // base case */ } - o)
else if[from == tY) { |/x base case A/ }

else { mf a), I, tO0) } 1

(Zv‘(:% | y 0,-1]- %Val |‘;nﬁth IEEEE M(A[,

al }, consider m(a1,© leng 7&»'4 Ho
T B s a7k
L) Mﬂﬂdﬂ

2
Say a2 = {A, B, C}, consider m(a2, Om- 1)
ool

- 7,82 éw“?'
Ve g% mw ol
= m(az Z 2> Vﬁi/;%ﬂbz)

b ’
“ o &




Problem: Are All Numbers Positive? . akxX

boolean allPositive (int
return allP051t1veHelper @ 0, a.length - 1);

: > awswe heber wethod

boolean allPositiveHelper (int[] a, int/from; int (to)/ {
o —— Y ——
if (from > to) /+* base case 1: empty rarfge */

return true"’w lﬁ A((% 'd
) e
else :|.f(from == tO) {,—4‘* base case 2: range of one element #*
return al[from] > 0; Mﬁf. WI
(

} (
else { /+ regussdse CasSE—=

return| a[from] > O . 1PositiveHelpe a, from + 1, E’));’




Tracing Recursion: allPositive

boolean allPositive(int[] a) {
return allPositiveHelper (a,

} 67 ~

boolean_ allPositiveHelper (int[] a, int f?‘m, int t/f {

a”POS|t|Ve( if (fraom > ?o { /% base case 1: empty range */
0

0, a.length — 1);

| }
| &, else if (from == to) { /* base case 2: range of one element #*/
return a[from] > 0;
allPH(a,0 }
else { /% recursive case */
from + 1, to);

return a[from] > 0 && allPositiveHelper (a,

}
}




Tracing Recursion: allPositive

Sa a= ‘ boolean allPositive(int[] a) {
y - 1 return allPositiveHelper (a, 0, a.length - 1);
}
fds 0

i — boolea: allPositiveHelper (int[] a, int , Ant z {
a”POSItlve(d) xlf (?om > to) { /% base case 1: empty range */

return true i2

| )
a. else if (from == to) { /+ base case 2: range of one element */
return a[from] > 0g

allPH(a,0/0) }
" else { /% recurst “@case */

return a[from] > 0 && allPositiveHelper (a, from + 1, to);

>ow‘l




Tracing_Recursion:

allPositive

boolean allPositive(int][]

A

return allPositiveHelper (a, 0, a.length - 1);
2 9
J oL>*?3 2,
{

boolean allPositiveHelper (int[] a, int fpém, int %)

if (from > to) { /+ base case 1: empty range x/

return true; . >
) 3 3
Xelse if(from == to) { /* base case 2: range of one element #*/
return a[from] > 0; 2

} L
. .
else { /+ regursive case_x

return a[from] > 0 && | allPositiveHelper (a, fr.om # A, Eo) i




Tracing_Recursion:

allPositive

Say a = {5,3,-2,9}

allPositive(a)

allPH(a,0,3)

T~

a[0] >0 allPH(a,1,3)

T Lene: et

a[1] > o0

boolean allPositive(int[] a) {

return allPositiveHelper (a, 0, a.length - 1);

}

boolean allPositiveHelper (int[] a, int from, int to) {

if (from > to) { /+ base case 1: empty range x/

return true;

}
else if(from == to) { /* base case 2: range of one element =/

return a[from] > 0;

}

else { /% recursive case */

allPositiveHelper (a, from + 1, to);

return a[from] > 0 &&

}
}

allPH(a,2,3)

o

a[2] > o0 allPH(a,3,3)



Problem: Are Numbers Sorted?

boolean isSorted(int[] @ {
return isSortedHelper (a,( ) a.length - 1);

} "

M!ff
wyf@’d

boolean | isSortedHelper (int[] a, int\from,/ int( to)
1t (from > to) { * base case 1: empty range *

return true;

}

else if (from == to) {
return true;

/* base case 2: range of one element A

-~

}
else {




Tracing Recursion: isSorted

@ boolean isSorted(int[] & { — ,
return isSortedHelper (a, O, a.length = 1)) g
}
{3 (] -l
. boolea isSorgedHelper (int[] a, int m, int to) {
isSorted(®) P esezyeaiep o

if (from > to) { /+ base case 1: empty range =/
| return true;|

else if(from == to) { /+ base case 2: range of one element */

. return true;
isSH(a,0,-1) )
else {
return a[from] <= a[from + 1]

&& 1isSortedHelper (a, from + 1, to);




Tracing Recursion: isSorted i

Say a= boolean is'Sorted(int[] A | 17,
return isSortedHelper (a, 0, a.length — 1);
}

iSSOrted(a) boolean isSortedHelper (int[] a, int from, int to) ({
Xif (from > to) { /* base case 1: empty range x*/
return true;

}

else if(from == to) { /+ base case 2: range of one element */
>return true;
}

isSH(a,0,0)
else {
return a[from] <= a[from + 1]

&& 1isSortedHelper (a, from + 1, to);

returp’true




Tracing Recursion: isSorted

_ S - boolean isSorted(int[] a) { ;
Say d {3’6’6’7} return isSortedHelper (a, 0, a.length - 1);
}

boolean isSortedHelper (int[] a, int from, int to)
if (from > to) { /+ base case 1: empty range =/

return true;

{

} .
else if‘from == to] { /* base case 2: range of one element */
return‘ true;

}
else {
return a[from] <= a[from + 1]

(&&? isSortedHelper (a, from + 1, to);

al \ -
.]<£['2 2g is;btka'@g) A ,\_@ L
O it

. Cal2l<=a[3 zzisSH(a;m’@

)
s T
B —— —



Tracing Recursion: isSorted

Say a= {3,6,5,7} (‘F;- boolean is'Sorted(int[] a) {
return isSortedHelper (a, 0, a.length - 1);
}

boolean isSortedHelper (int[] a, int from, int to)

ISSOI‘ted(a) if (from > to) { /+ base case 1: empty range =/
return true;

{

| t}alse if(from == to) { /* base case 2: range of one element #*/
iSSH(a,O,3) } return true;
else {
/ \ return a[from] <= a[from + 1]
&& 1isSortedHelper (a, from + 1, to);
a[0]<=a[1] isSH(a,1,3)

a[1]<=a[2]  isSH(a,2,3) Caocze -'TV&CQ

/N

a[2]<=a[3] isSH(a,3,3)




Lecture 24 - Dec 5
Wrap-Up

Topics Covered
Exam Review Session
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Annowdn’rs

- already released
-|WrittenTest3 [tobe released by the end of today
- ProqTest3 tomorrow (based on Lab4)

- Makeup Test jon Wednesday (based on Lab2 & Lab3)
- Exam Review (Q&A) on Thursday, December 8?




Exam Info

- When: [7pm to 10pm, Monday, December 12
- Where: TC Sobeys<
- Coverage: Everything (lecture materials & labs) @ betwts

-[Format:|Multiple Choice & Written

_ Restrictions: Ls 1 Seentol

+

+ No sketch paper (Exam booklet includes it)

7
No data sheet b Fe“c‘L (6%

- What you should bring:

.l.
.l.

_ 4ot P

Valid Photo ID (strict)

Water/Snack
o p

/@Zaéﬁ

(© ﬂo(»yqu)}
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