EECS2030 (Sec. E) Fall 2024
Advanced Object-Oriented Programming

Lecture Notes

Instructor: Jackie Wang




Lecture 1 - Sep. 5
Syllabus & Introduction

Professional Engineers: Code of Ethics
OOP Review Question: Attribute Types
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Course Learning Outcomes (CLOs) ,\P’w( o ((2,,{ )

CLO1 | Implement an Application Programming Interface (API).
e (256 5. <. o.
CLo2 @ge implergentatiogl. ’

CLO3| Document the implementation.

CLO4 | Implement aggregations and compositions.

CLObS Implemen@

CLo6 | Use recursion.

CLOT | Implement linked lists.

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

CLO9 | (Informally) analyse the running time of (recursive) algorithms.




OOP Review Question
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Lecture 2 - Sep. 10

Review of OOP

Observe-Model-Execute Process
Java Data Types

NullPointerException
Parameters vs. Arguments
Scope of Variables



Announcements/Reminders

® Priority: |LabOP1| (tutorial videos + PDFs)
e LabOP2 released soon
e Wednesdays lab: in-lab code demo!
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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 %



Entities: .
P12, 3), p2(-1, -2k"...

' .,..BAE"MPS
| jEntities: T4, Torufion

class Person {
b« °Sttihg name;
double weight;
double height;

}

class Potint {
double x;
doublgys**

Attributes:
Changes:

Inquiries:

T ate:

Execute

Person

name

P . o.
“Jim K o name

weight

weight

"

® Entities:

z,) :
(24 Attributes:
Changes:

7

Q)

/Q Template:
40“:,‘2 m\\

-2) Inquiries:



Object Oriented Programming (OOP)
- Templates (compile-time Java classes)

+ attributes (common around instances)

+ methods
* constructors
* accessors/getters
* mutators/setters

+ Eclipse: Refactoring v"\(7

- Instances/Entities (runtime objects) ‘7\6\ \(_7‘

+ 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



Modelling: from Entities to Classes
Identify Critical Nouns & Verbs

Example 1

Points on a two-dimensional plane are identified by their signed
distances from the X- and Y-axises. A point may move

arbitrarily towards any direction on the plane. Given two points,
we are often interested in knowing the distance between them.

Example 2

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.




OO Thinking: Templates vs. Instances \~

Templates ’-PWM
Common L
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Common \plale gptleraht( )
ehaviour Definitions -
(Headers/API) 4p7[:“ dﬂﬁ.?/lk)g?dht(a’o JUQ ' )

Instance-Specific 37"/1 | ﬁE’cBMIL ), 3
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Parameters|vs. Arguments

class Point {

Point(double x, double y) {.. }

double getDlstanceFrom(Pomt other { }

...........................
.........
------
®e

void move(char

¥

dlrectlonl, double unlts‘ {..}

class PointTester {
static void main(String[] args) {
Point'pl = new Point(2.5, -3.6);
Poin = new Point(-4.8, 5.9);

Method Usages double distl = pl.getDistanceFrom(p2) i

double dist2 = p2.getDistanceFrom{p1)}"
pl.move('R’, 7.6);

¥
>




Scope of Variables in a Class

® Class-level variables may be accessed/modified between methods.

[ Assume for now: non-static ]
® Method-level parameters may be accessed within the declared method only.
e Method-level (local) variables may be accessed/modified within the declared method.

class MyClass { M.,J'/We/

int{l; clas?lwl
int|j;

void 1 (int pl) ¢
int@ -0 ﬁ=ﬁ_§ it m?=h=43

} var-
void m2 (int p2) { .
}i“t n; ®=Vls N= P,s V=0l)s

¥




In-Lab Demo - Sep. 11
Helper Methods

Code Smell
Refactoring
Breakpoints & Debugger
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PersonCollector: without a Helper Method

public class PersonCollector {
private Person[] ps;
private final int MAX = 100; /% max # of persons to store
private int nop; /* number of persons */
public PersonCollector() {
this.ps = new Person[MAX];
}
public void addPerson(Person p) {
this.ps[this.nop] = p;

public boolean personExists (String n)
this.nopt+;

boolean found = false;
} for(int i = 0; i < nop; i ++) {
if (ps[i] .getName () .equals(n)) { found = true; } }
return found;
}
public void changeWeightOf (String n, double w) {
for(int i = 0; i < nop; i ++) {
if(ps[i] .getName () .equals(n)) { psl[i].setWeight(w); } }
}
public void changeHeightOf (String n, double h) {
for(int i = 0; i < nop; i ++) {
if(ps[i] .getName () .equals(n)) { psl[i].setHeight(h); } }



PersonCollector: with a Helper Method

public class PersonCollector {
private Person[] ps;
private final int MAX = 100; /% max # of persons to store
private int nop; /* number of persons */
public PersonCollector() {
this.ps = new Person[MAX];
}
public void addPerson(Person p) {
Ehis.polEhag.nopl = B private int indexOf (String n) { /* Helper Methods x/

this.nopt+; int 1 1
1 i, = iy

J for(int 7 = 0; 7 < nop; J ++) {
if(ps[j]l.getName() .equals(n)) { i = 7j; }
}
return i; /+ -1 1if not found; >= 0 if found. =/
}
public boolean personExists(String n) {
return this.indexOf (n) >= 0; }
public void changeWeightOf (String n, double w) ({
int i = indexOf (n); if(i >= 0) { ps[i].setWeight (w); }
}
public void changeHeightOf (String n, double h) {
int i = indexOf (n); if(i >= 0) { ps[i].setHeight(h); }



Lecture 3 - Sep. 12
Review of OOP

Use of this for Attribute Access
Tracing OO Code

Use of Mutators vs. Accessors
Design of Method Parameters
Reference Aliasing



Announcements/Reminders

e LabOP1 due tomorrow (Friday) at 12 noon!
® Priority:.LabOP2 {tutorial videos + PDFs)
e (Yesterdays in-lab demo materials (helper methods)

released.



0d23| memory

Constructors not using this Keyword I
~ - (sequence of bytes)

JIM

public class Person {
/*
* Attributes.

model

* Person instances have the same attribute names. b
* Person instances have specific attribute values. ®
*/
double weight; @Test i &'25 72
double height; public void test_1() { 4}}'
Person(jim = new Person(72, 1.81);
i Person jonathan giyew Person(65, 1.67);
* Constructors assertTrue(jim !=jonathan);
i assertFalse(jim == jonathan); .
public Person() { asserZNotSame!g' , jonathan); == .
asser jim, Jonathan), |
¥ L) k o

public Person(double newWeight, double newHeight) {
weight = newWeight;
height = newHeight;

public staticuroid main
i a_mm :

Person jonathan = new Person(b5, 1.67);
System.out.println(jim);

- Default Constructor? System.out.println(jonathan);

- Parameters vs. Arguments console

- Reference Variables




Constructors not using this Keyword

publ}: class Person { model

* Attributes.

* Person instances have the same attribute names.

* Person instances have specific attribute values.

*/ Q (4
double, weight; N m
doubie ‘height;

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

* Constructors
*/

public Person() { ‘,aﬂ'd’le) Mﬁﬂj
( &,AA

helght

newWe-l-ght 5 Welght
RewHeighs | height



ublic class Person
pubte ¢ model
* Attributes.
* Person instances have the same attribute names.
* Person instances have specific attribute values.
w4
double weight;
double height;

/*
* Constructors
w4

public Person() {

}

lic Person(double newWeight, double newHeight) {
weight = newWeight;
height = newHeight;




Tracing OO Code: Visualizing Objects

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 objects address .

“British”
weight 80
height 1.8




Effects of Creating New Objects [ Tunit

public void test 10 {

. Person(jim = new Person(72, 1.81);
blic class Person l_ J — Ll A2
e }* = i model Person jonathan = new Person(65, 1.67);

* Attributes. assertTrue(jim != jonathan);

* Person instances have the same attribute names. assertFalse(jim.== jonathqn);
* Person instances have specific attribute values. assertNotSame(jim, jonathan);

*/ assertNotEquals(jim, jonathan);
double|weight . .
double height - Variable Shadowing

- Visualizing Objects
/* .
T - Context Object
*/ - this
publie Persont) { - dot notation

}

public Person(double weight, double height) {
thid.weight = wfight; -
.height = hedght;
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Accessors/Getters vs. Mutators/Setters Dersor

public class Person {
/*

A — w.| %2

* Attributes.

J
h. |/ &l

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

—omothe”

double weight; -
double height; -

J [ Person

—‘M
/* Accessors/Getters */ \s{ '?nﬂ

w.| 4€

public double getBMI() {
double brmi = thEweight / ()¢ Kheight * A Cheight);

return bmi; P -
} ‘S‘m' ‘ . @Test
i ;i /

public void test 0L
/* Mutators/Setters */ Person i =l new Pergzn(72 o

public void gainWeightBy(double anpfynt) { Person Tona D e Eors
th.weight = thKé.weight + anglint; J___J'Jlﬂ-ﬁ()\ (65, 1 )
-

h. |4

assertEquals(21.977 &£7im)getBMI(), 0.01);
assertEquals(23.307 'onatﬁan.geEBMI(), 0.0D);

591 .gainWeightB)@;‘},
jbnathan.gainWeightBy(3);

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




Lecture 4 - Sep. 17

Review of OOP

Reference Aliasing & Primitive Arrays



Announcements/Reminders

e LabOP2 due this Friday at 12 noon!

e Labl to be released after LabOP2 is due. ., Jodlp¢(] pss
® Priority: LabOP2 (tutorial videos +|PDF L5

® This Thursday's office hour will be re-scheduled.




Use of Accessors vs. Mutators

class Person {
[voidlsetWeight(double weight) { ... }
double getBMI() {[-}

b yebmv

e Calls to mutator methods cannot be usé¢d as values.

o e.g., System.out.println(jim.setWeight (78.5));
°© e.g., double w = (=
o e.0., st Eiieii Gt iei SN

e Calls to accessor methods should be used as values.
o e.¢g., jim.getBMI () ;/7()0‘.«74(34[ bt lecuid ont O rebue

o e.g.,, System.out.println(jim.getBMIV()) ; _:Vd;’f
°© e.g.,double w = Jjim.getBMI () ; 6 e
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Method Parameters Slide 49

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

e.g.,(Person!(double w, double h) Vs

(Person“String fName, String lName)
e 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(bouble uni£\

Principle 3: An accessor method needs input parameters if
the attributes alone are not sufficient for the intended
computation to complete. <) e I0)

-]
e.g., In Point, double getDistFromOrigin () VS.
double |getDistFrom(Point( other)
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Copying_Primitive Values ST mtl] e = ﬁ}l&ﬂ nl[l nICaK 3
int 11 '
int 12 =
int i3 = 3/4 0 [ 2 :
int[] numbersl = (i1) (i2] G3Y¥; !
int[] numbers?2 = new iﬁt[nJmEersl.’length],
for :|.nt()— 0; 1 < numbersl.length; 1 ++)
¥ l/r{umbers2[ ] = numbersl[i]; —

U

}
bnumbers 1 0) = 4;

¥ Hou »w?] doodians 7.
I

I#Hw 9 2] = nllols
t# 2 (L==) LIl s
Ttd 3 (== = =’O




int 11

1IneE 12

int i3 = 3;

i [] numgérsl = {11,122,

_ niwbers

numbers’? =

O, 1 < numbersl.le




Copying_Primitive vs. Reference Values

int i = 3; @ Primitive
- ) System.out.println(i == Z"' _ i ‘ —
int k = 3; System.out.println(k == 1 == 7); /éf /72 W’:’f
o wheve pl fEls
Reference
Syste\fz.o‘ﬁt.println( -
Moint p3 = new Point (2, 3)@
Systme.out.println(ps3 == | |) p3 ==/2);
Systme.out.println(p3.x == plx && p3.y == pl.y);
Systme.out.println(p3.x == p2.x && p3.y == p2.y);
e % nt
2 P’ ¢ f - / i 7 [
Pl % 1 (05 T
pIE PR () 5 ® i



*[Bsoni )7] = 0 Jagon (3]

Copying_Ref vV : Aliasi :
opying Reference Values: Aliasing ol 1o = al; cw,,;y@é/ ;:d
e rson alan - new Person('Alan'); F[ Ul = ch\c, sl O 90

Porson -matrk —= new Person("Marl

Person tom = new Person("Tom") ; El Czll f‘?M?,

Person jim = new Person("Jim"); \ 2
erson|] personsl = {alan, mark, tom}; P-’% -4

Person[] persons2 = new Person[personsl.length] ;§ P

for(int(¢i = 0, 1 < personsl.length; 1 ++) | .
personsZ(i personsl il }

personsI[0].se gi! ” !a/\
System.out.println getAge )) ; (A==
System.out.println(alan.getAge()); S

e : ( >T07 LA 7 Person Person | Person
stem.ouk. prigb-a(persons .ge e i
ol p: (@ 2 Sl il o name "AM name [* WCW name ‘u
{~4

.setAge(75) age age
———
System.ou prlntln(jlm getAge ( 7.(

7 id!
System.out.println(alan. getAge = 79

System.out. pr1ntln(person€2 0] getAge()); Person

- el @@ T T = 6
72 L = F(UJ A

G Pl = g( 2 Js




In-Lab Demo - Sep. 18
Programming _Pattern
Reference-Typed Arrays

Integer Counter
Breakpoints & Debugger
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Proqrammlnq Pah‘ern —

— \ | public void test() {

Afpubllc class P01ntCollector { ail PointCollector pc = new PointCollector();
private Point[] points; assertEquals(0, pc.getNumberOfPoints());
B private int nop; /* number of points x/ -+
pc.addPoinf(3, 4)
| public PointCollector() { mil asserteEquals(T, pc.getNumberOfPoints());

this.points = new Point[100]; il |
} pc.addPoinf(-3, 4)
|| ul assertEquatst2;—pT. getNumber0fPoints());

public void addPoint(double x, double y) {

| this.points[this.nop] = new Point(x, y); | pc.addPoin{(-3, -4)
this.nop++; assertEqualst(3, pc.getNumberOfPoints());
| | } il
| | il pc.addPoiny(3, -4)
public int getNumberOfPoints() { asserteEquals(4, pc.getNumberOfPoints());
|| return this.nop; all
} Point[] ps = pc.getPointsInQuadrantI();
[ public Point[]l getPointsInQuadrantI() { | assertEquals(1, ps.length);
| Point [1 (bs)= new Point [this.nopl; | assertTrue(ps[0].getX() == 3 && ps[0].getY() == 4);
int — ’

=0
| 1! ef,: i;l fstZ[ff
/* number of points in Quadrant I x/
for(int i = 0; i < this.nop; i++) {
Point p = this.points[il; | |
. if(p.getX() > 0 && p.getY() > 0) {
\ pslcount] = p; count++; ||

OS’ak Point[] glPoints = new Point[count];

= /* ps contains null if count < nop */ &
for(int i = 0; i < count; i++) {

B qlPoints[i] = pslil; | |
}

I
T

return |[g1Points|;




Lecture 5 - Sep. 19
Review of OOP

Ref-Typed Parameters vs. Return Values
Anonymous Objects

Reference to this

Static Variables



Announcements/Reminders

e LabOP2 due tomorrow (Friday) at 12 noon!

e Labl to be released after LabOP2 is due.

e In-Lab demo on the Programming Pattern

e Today's office hour to be re-scheduled

e Mockup Programming Test next Fri (Spm or é6pm)
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X et (nev Rt (s, thrs)
Slide 53

Reference-Typed Return Values

>
X

public class Point { 5'
/* A mutator modifyind the context Point object */
public voidimoveUp (it XX {

% thid.y = tlﬁs(y +% 06 b¢
> PP Pl 28k
/* An accessor returning j newéDajnt objecy */
public Point movedUpBy (¥t )

7 Point@p) = new Point(tkis.x, this.y);

moveUp PL

retytn np; =
Y public class PointTester { en €

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

v 2.€
Pomt@ = new Point(2.5, -3.6); :E L |
7 Up(7.8); / 19|

o m\*\“"” }123;'1‘%5% oatp;rmsxfsfziig o
Il }%74{@ Fl.mmﬂ%( 9




Anonymous Objects Slide 56 - 58

1 |double square(double x) {

1 1 1
double sgr = double square(double x) ({
3 return ; q

u sary } Aﬂgnngt )

return| x » xJ }

1 |Person getP(String n) |
2 Person p = |new Person (n) |; >

3 return p; } /VKWWVMQIS
I ob

—_k

Person getP(String n) {
return new Person(n) ; }

-

(
class Member { \J ExerCise

private Order[] orders;
private int noo;

/* constructor ommitted _x/
public void addOrder(Order] o) {

this.orders[this.poo] = o;
(this.noo++; ,,,,l,um‘i‘ 1
) o el
public void addOrder(String n, double p, double g) {

I -1 5 bnf
U Oy (g)- soa Delarcn, bl k),

his. ovokei 4 EVRKi]:>175;

fh?. 090 S o
i S=2s 2 g, ol Ol C );M/e




WPvad =3¢ g) %ﬂk
Example: Reterence to thijs I 95%#~ Slide 59 - 61
EEN Othey Sousk (= L |

public class Person { " "4”
private String name;
private Person spouse; Ldfe fh&f W Q) drm {Wgé = eléa’
public Person(String name) { \o% o

—5”
this.name = name;

publlc void marry(Person ?thir) { oy -
_P ( WB7 il .(Z Z
a1 %‘M T
0 s Gousk = othars J" n| —
K % { 1
N\ 54“4/

Person jim = new Person("Jim");
Person elsa_ = new Person("Elsa");

¥
2lss—7 A1 L Fhe

4. DA
ﬂ;/é, Y =1 il
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Lecture 6 - Sep. 24

Review of OOP, Exceptions

Static Variables, Common Errors
Caller vs. Callee



Announcements/Reminders

e Labl released

¢ Mockup Programming Test this Fri (5pm or 6pm)

e Guides for WrittenTest1 and ProgTest1 to be released
e Reminder of rules for class attendance checks



Managing Account IDs: Manual Slide 75

public class Account {
private int iqg;
private String owner;
public int getID()vk/return this.id;
public Account (int id, String owner)

this.id = id; &
this.owner = owner}ép gvﬁg

}
}

class AccountTester {

Account accl = new Accountf (1,

Account accZ2 = new Account(&ﬂl"Jere 1
System.out.println(agci)ggﬁID() '=@acc2 GetID());
rd .

}
[ buwolgn ol he wser o AW £ 77?&,?/
) i UN 7.
2. et a M}ﬂbﬁ(ofi Gevol <-P 7@45, ;K ! H’O/f,e




T ok Ad o Rl o, e il S AT Ao bl VA
Declarlnq Global Variables among Objects (net ot

% eath mémw/obﬁf o (untey hes @ oo 0771& (mstoate-spetsie 1)
w oll Mantes ok He swe bo

,pubhc class_Counter {ﬁ public Class CounterTester {
. .-privaté int 1; —~> NeA-otlt Var public static void main(String[] args) {
“[static lint g= ,@’ (MW%) ﬁCounter' cl = new Counter();

t Stota v Counter c2 = new Counter();

. pyblic Counter() { bLAl) System.out.println("cl's local: " + cl.getLocal(); (%
. this.1 = @; System.out.println("c2's local: " + CZ.getLocal(); 0
}“lé l'l'([’ M“"‘ﬁt Vav. ‘AM"{ System.out.println("Global accessed via cl: " + cl. g),
System.out.println("Global accessed via c2: " + c2.9);

public int getlLocal() { System.out.println("Global accessed via Counter: “ + Counter.g);

return this.1;
cl.incrementLocal();
} ® 11

. . -
public void incrementLocal() { @ cZ.incrementlocal(); ‘ : 4 é &' .Z
tM*1 s @ cl.incrementGlobal(Q); 2 =
U

ool oy

public void incrementGlobal(} {
g ++; Counter.g = Counter.g + 1; // Counter.global ++; @

L

@ c2.incrementGlobal();

S
4



Managing Account IDs: Automatic Slides 76 - 77

class Account |
private| |static int| globalCounter =1,
private int id; String owner; @
pubigl;i %chount(Strinq owner) {
is.id = globalCounter|;
globalCounter ++ ; Q?ﬁ
“this.owner = owner; } } ES

class AccountTester {é! C
D Account accl = new A ouﬁt("Jim"),

Account accZ2 = new Accozﬁ'ﬁt("Jeremy");
System.out.println(accl.getiD() != acc2.getID()) ;

| Arpount | Apount
ﬂwl —7 ; ‘I/> A,_@_Z —7 '{d >
iy | > TR W | —T— ":EIPM/




class Account | /
riva static/int globalCounter = -
privatggistatis/int g 9
private'iny id; String owner;
pub%kﬁj%%:Lmt(String'owner){
hls.ig = lobalCounter ;

_— globalCounter M+ ;

this.owner = owner; } }

class AccountTester { 8!
Account accl = new Accdupt ("Jim)) ;
Account acc2 = new Accouht ("Jeremy") ;
System.out.println(accl.getID() !'= acc2.getID());

j pcl 0 2
arel — | Attount Arcl. ,ol 1 Attou £ﬂ7
AS) J




Slides 78 - 79

Misuse of Static Variables oK) L X

public class Client |
& " 0zt [ -5

private Account[] laccountsf
rivate (static ) int numberOfAccounts 4 D‘Aﬁ’
. Geatio) —l( ac/ um‘c ),

public void adﬁquo”nt(Account <)M
accounts[t umberOfAccounts] =

thﬁ&.numberOfAccounts ++;

b bl

public class ClientTester {
Clientf{bill = new Client ("Bill");
O ’ O
Client| steve = new Client ("Steve");

Account faccl = new Account () ;
Acceunt acc2 new Account () ;
addAccount(accl),

/ *
steve.addAccount acc2);

7+




Bonk il = 82 Book O
Use of Static Variables: Common Error/s-js bm,,tms"des 80 - 82

public class Bank {
private string branchName;
public String getBrachName () { return this.branchName; }
private static int nextAccountNumber = O0;
public static String getInfo() {

nextAccoumptNumbert+;

returnt‘his branchName |+ nextAccountNumber;

OO N Ok~ WD —

er?(%ﬂo( l];pg@ Bauk . 4{3’(,@&7() [_@ Lot o{;jj

------- L) E‘”‘l‘ baghllaa K ¢ bonehihe

............ - sppt



]
2
3
4
)
6
7
8
9

public class Bank {

private string branchName; S)ﬁ// V25 "l'
public String getBrachName () { return this.branchName; } (C

private static int nextAccountNumber = 0; “44'7
public static String getInfo() {

nextAccountNumber++;
return-ll:-h-i.—svbfaﬁehﬁaﬁ-rel + nextAccountNumber; S { Z% r;’/

S

public clv Bank {
private”string _branchlName;
public String getBrachName() { return this.branchName; }
private_static int nextAccountNumber =

public[static ftring getInfo() |
nextAccountNumbert++:

return|thi ranchName |+ 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|C1 {—_:705\”;‘ W b/
void Wmi|) | (Ml)
c2 = new C2(
oMm2)(); /» static type of o is C2 x*/

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



Lecture 7 - Sep. 26
Review of OOP, Exceptions

Tracing Method Call Chain via Call Stack
Chronological Order of Method Calls

How Exception Disrupts Execution Flow
Catch-or-Specify Requirement

Example: To Handle or Not to Handle (V1)



Announcements/Reminders

e Labl released

e In-Lab demo: Incremental Development for Labl

e Mockup Programming Test tomorrow (5pm or 6pm)
® Guides for WrittenTest1 and ProgTest1 released
e WrittenTest1 review (Zoom) on Monday, time TBA



Caller vs. Callee

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

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

cj;raosisd% {> { Mha ( MUQ/) Z) E)(e,mp.. /-/Alf(? /\z.er a
C2lo = new C2(); /'ﬁl/er'

: ee A%

(I&) 0,445 {\b/ v CD\\QP‘ U L) C)a% C}{ leée

il (o SIS el MeO V0=@C(1()s
S 5




Visualizing a Call Chain _using da Sfacke';%/m
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What to Do When an Exception is Thrown: Call Stack

CAlEC e
p/‘iﬂ cethod where error/occurred and a ?.{ (
7\77 ( fo exception object [thrown [ M
. v
WAZK@? (top of call stack) 10[[5

throws an ; -1 method call
exception Al /%

cAllee . patth

nod without an exception handller

forwards/

method call

I,
propagates . gnbll_'llf

: > paf _
Eatelias an Method with an exception handl
exception | o o M .27 Mw"? vl
- 73
2 ¢t + ‘A"ﬂ"e",'mlm method call

main method Dfe
(bottom of call stack) n0 Y&

bl

an exception

ollev
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Example: To Handle or Not To Handle?

if(i < 0) { |/* Error */]}
else { /* Do something. */ }

aVersion 1:
Handle it in B.mb
int 1) { Version 2:
oa = new A(); Pass it from B.mb and handle it in Tester.main
(i); /+ Error occurs if i < 0 =/ [Version 3:
Pass it from B.mb, then from Tester.main, then throw it to the
console.

class [Tester]
public static void(String[] args) {

Scanner input = new Scanner (System.in); Ca“
int i = input.nextInt();
(B)ob = new B(); stack

qg b)li); /+* Where can the error be handled? =x/
Pl

\/9 = m
class NegValException extends Exception {

B. b
NegValException (String s) { super(s); }
; btz Mot




Lecture 8 - Oct. 1
Exceptions

CoS Req.: Exec. Flow vs. Call Stack
To Handle or Not to Handle (V2 - V4)
More Examples on Exceptions



Announcements/Reminders

e Written Test 1 tomorrow (Wednesday)

e WrittenTest1 review session recording released

e Labl due this Friday

e Mockup Programming Test grading tests released
e Mockup Programming Test feedback to be released




Catch-or-Specify Requirement: Execution Flows

Normal Flow of Execution Abnormal Flow of Execution

... /* before, ouside try-catch block */
try { . & zd oAy try { A7 altyvs

D @m(...); /* may throw SomeException */ ) 0.m(...); /* may throw SomeException */
@) ... / * rest of try-block */ XN/ *r of try-block */
\ g Vi
catch (SomeException se) {
X.../* qest of catch-block */

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

zcatch (SomeException se) {
@.. / * rest of catch-block */

¥

..ka/ E“e?fter, ouside try-catch block */ ). /* after, ouside try-catch block */

When the exception does not occur When the exception occurs



Il
Catch-or-Specify Requirement: Call Stack v w@f"“”l e

o .eip 7 "”ﬁi
@Y. Origin of Exception: /‘ﬂ i K,-%l.m% i‘a /
l.m)
Q2. Methods subject to CoS Req: '
[I-WII Né\'l.vﬂt (4 }\
Q3. Me’rh?\ds free from CoS Regq: ! J) =t
led Ul
=+l - M/l‘{_-(' \
Q4. Extreme Case 1 (exception handled earliest): i Cir1.Mi+1
Q5 Extreme Case 2 (exception never handled): Cn-2.Mn-2 | vet
é\l.v/\\ 2% [)/l- win ﬁ,{b?ed’ ) Z\OS ygg\ Cn-1.Mn-1

Wt all e ;Vecng ([ Cn.mn
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Version 1:
Handle the Exception in B.mb

class A {
ma (int i) throws NegValException {
if (i < 0)
else { /x Do something.
ol

*/ '}

class B {
mb (int 1) {
A oa = new A();
try { ca.ma(i); 1}
catch (NegValException nve)

bl

class Tester {
public static void main(String][]

int i = input.nextInt();
B ob = new B();
ob.mb(i); /* Error,
Pl

if any,

args)
Scanner input = new Scanner (System.1in);

{

throws an
exception

catches an
exception

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

> method call

S

Method|B.mb [hooses to Handle the error
right away using a try-catch block.

™

{ throw new NegValException("Error."); }

{ /+ Do something. x/ }

} method call
-
Method Tester.main method
need not worry about this error.

would have been handled in B.mb.

WO

a/,oé{m‘é:




Version 2:
Handle the Exception in Tester.main

throws an
exception

forwards/
propagates
an exception

catches an
exception
class A {
ma (int i) throws NegValException {
if(i < 0) { throw new NegValException("Error."); }

else { /* Do something. */ }

b

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

> method call

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

AVA

Method Tester.main method
chooses to handle this error, so that
this NegValException is not
propagated further.

method call

class B {
mb (int i) throws NegValException {
A oa new A();
oa.ma(i);

b

class Tester {

public static void main(String[] args) {
Scanner input new Scanner (System.in);
int 1 input.nextInt();
B ob new B();
try { ob.mb(1i); }
catch (NegValException nve)
}

*/ }

{ /* Do something.




Version 3:
Handle in Neither Classes

on Call Stack

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

q

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

> method call

class A {
ma (int i) throws NegValException {
if(i < 0) { throw new NegValException("Error.");
else { /% Do something. */ }
b}
class B {
mb (int i) throws NegValException {
A oca = new A();
oa.ma(1i);
ol

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

int i = input.nextInt();
B ob = new B();
ob.mb (1) ;

P

throws NegValException {

Mﬁ



Error Handling via Exceptions: Circles (Version 1)

Test Case 1:

public class InvalidRadiusException extends Exception {
public InvalidRadiusException(String s) { User enter

} supertels Test Case 2:

} User enters(-5)

class Circle {
double radius;
Circle() { /+* radius defaults to 0 =/ }
¥void|setRadius (double r) throws InvalidRadiusExceptiorn {
1. £ <
i (%_,;O) {

hrow new InvalidRadiusException("Negative radius.");

@ilse @radius =r; }
}

class CircleCalculatorl {

double getArea() { return radius * radius * 3.14; public static void main(String[] args) {
} I) (1)Circle ¢ = new Circle();

R Drery |
PX5) c.setRadius ( lo Y_-,:(o

(J) double area = c. getArea();

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

Caller? call stack

Callee? A~ ah

x ystem.out.println(e);

}}}@®

: (@:ch(InvalidRadiusException e) {




Error Handling via Exceptions: Circles (Version 2)

public class InvalidRadiusException extends Exception { Te$'|‘ Ca$e° P
public InvalidRadiusException(String s) {

super (s) ; User enterS@ v

} =

Then user enters\

class Circle {
double radius,
Circle() { /% radius defaults to 0 */ }
"®, Badlus (double r) throws InvalidRadiusException {
é 720
throw new InvalidRadiusException("Negative radius.");

} @ lo
else adius = r; }

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

SNE

public class CircleCalculator2 {
public static void main(String[] args) {
@Scanner input = new Scanner(System in);

@ boolean 1nputRad1usI‘@1d = false
e’ whlle@nputRadlusIs alid) A
m@ System. outg intln("Enter a radius:");

}

e
double@c input.nextDouble () ;

ﬂ‘!j Circle ¢ = new Cinele();
(ﬂﬂ c.setRadius'(f) >
| nputRadiusIsValid truey,
ystem.out.print ("Circle with radius " + r);
ystem.out.println(" has area: "+ c.getArea()); }
@catch(InvalidRadiusException e) zimie (Virey aepaiml V) g
}

b}

—




Error Handling via Exceptions: Banks

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

s) ;
}
}

( Bank

noa

accounts

iclass Account {

int id; double balance;
Account () {
oid withdraw(double a)

o

hro

/% balanc

aeraults

I'l balance ; a < 0) {
new Inval1dTransactlonExceptlon("Invalld withdraw."); }

throws InvalidTransactionException {

rd

Test Case:

User enters -5000000

O 1 o b.accounts.lenth - 1
y 4

xlse { balance -= a; class Bank {
) 'Account accounts; int numberOfAccounts;

Account (int id) { }

ar@:«m{ﬁi.mfhaivaw (@)

v01d withdraw (int 1d double 16
throws InvalldTransactlonExceptlon {
@for(lnt i=0; 1« numberOfAccounts, i &) q

1f(ac ofnts|[ id == 0"7
ccounts[1 ﬁ.:é@i E' #

class BankApplication {

pubic static void maln(string[]
@225 b new Bank(),
Account accl
b.addAccount (accl);
Scanner input

end for =/}

VA

ouble a input.nextDouble() ;

ry | M =M

>4 b.withdraw (23, /),

catch
System.out.println(e); } } }

new Account (23);

args)

x:ﬁstem out.println(accl.balance);
(InvalidTransactionException e)

{

new Scanner (System.1in);

}

call stack

ChE

{ BA Ma

/




| double r = ...;
(2) double a = ...;

Bank b = new Bank();
b addAccount (new Account (34) TE

(’b deposit (34, lOO g44 {hxwd
‘)b withdraw (34, /

Circle ¢ = new Clrcle {ﬁwnﬂﬂ

XE setRadius (r); =% '{/k V‘ }I k
ystem.out.println(r.getAreal());

}

(catch(NegativeRadiusException e) {
e.printStackTrace () ;

}
GXatch(InvalidTransactionException e) |

ng.printStackTrace(); a
}

Test Case 1:
a: -SOOOQOO

Test Case 2:
a: 100
r: -5

System.out.println(r + " is not a valid radius value.");

System.out.println(x + " is not a wvalid transaction wvalue.");




Lecture 9 - Oct. 3
TDD with JUnit

Parsing Integers

Error Handling: Console vs. Exceptions
Deriving Test Cases

JUnit Test Method vs. Method Under Test
Regression Testing

JUnit Test: An Exception Not Expected



Announcements/Reminders

e Written Test 1 result to be released Fri or Mon
e Labl due tomorrow (Friday) at noon
e Lab2 to be released tomorrow



More Example: Parsing Strings as Integers

Scanner input = new Scanner (System.in); Test Case: v

@Dhoolean validIinteger = false;
@Ctile (Ovalidinteger) { User Enters: twenty-three

@ Sys-tem. o%;&’f.%ﬁé&ﬁ ( "' ' ' r:"); B User Then Enters: 23
@Strlng userIXput = linput.nextLine(}; b y
@ » ry | 2; g? q/“m&'y’f (i

(eADint [serinteger - Integer.parselnt (userInput); S ,(}FE
(DXvalidInteger = true; A7

@catch(NumberFormatException e) {
System.out.println(userInput + " is not a valid integer.");
/+ validInteger remains false #*/




Error Handling via Console Messages: Circles

A OO =

©O© o0oN®

oOoNOoOO O, WO —

class Cirgle {
double radius;

Circle () { /% radius defau{/! to 0

void setRadlus( r |

ol

*/ '} :2 7,

if

< O )

else"

radius = 1; J
}
double getArea()

}

class CircleCalculator {

public static void main(String|]

/7Circlebc/= new Circle();
-setRadius (1 (

double area = c.getArea();

{ | System.out.println %
(

{ return radius x radius * 3.14; }

args)

System.out.println("Area:

" + area) ]

on Hok 0 tallee  aleod




Error Handling via Console Messages: Banks

context

}

}
}

caller

else { balance -

int id; double balance;
Account (int 1id)
void deposit (double a)
if (EREEC)
else { balance += a;

aj

}

{ this.id = id; /* balance defaults to 0 =/ }

{

{ System.out.println( "Invalid deposit." ); }

void (WiEthdram double a) {

if (a < 0 || balance_—_a < 0) {

call stack

-

System.out. pL;nLLaq'Thvalld withdraw."

1

class Bank {
Account|[] accounts; int numberOfAccounts;
Bank (int id) { ... }
void withdrawFrom(int id, double a) {
for(int i1 = O' i < numberOfAccounts; i ++) {
if (accounts[1i == 1id) {

—-<a )i

class BankApplication ({
pubic static void main(String[] args) {
Scanner input = new Scanner (System.in);
Bank b = new Bank(); Account accl = new Account (23);
b.addAccount (accl);

double a = input.nextDouble();
b.withdrawFrom(23, a);
System.out.println("Transaction Completed.");



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

class CI {

void ml (int x) throws ValueTooSmallException {
afi < Q) 1

throw new ValueTooSmallException|"val " + Xx);

. ar'('f"l oF eneptss

Example 2: Method that calls another which throws the exception

}

void(m2)int x) throws ValueTooSmallException {

cl.ml(x)}

}




Review: Specify-or-Catch Principle

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

class @ {

public static void @ain}(String[] args) {
Scanner input = new Scanner (System.1in);
int x = input.nextInt();
C2)c2 = new c2();

try {

c2 m(x);
}

catch (ValueTooSmallException e) { ...
}
}




2 YILE/VTIT  hagpeed —— Poss (
Coming Up with Test Cases: A Sin‘ciile, Bounded Variable

* yun g St amol - hoppaed=> i~ ¥, plopten CTRRA

N v =D [ASS

> c.increment()

> c.decrement()



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 () throw4 ValueTooLargeException| {
/+ more later! if (value == Counter.MAX VALUE) {
throw new ValueTooLargeException("counter value is " + value);
}
else { value ++; }
}
public void decrement () throws| ValueTooSmallException |{
if (value == Counter.MIN_VALUE) {
throw new ValueTooSmallException("counter value is " + value);




JUnit Test Method vs.o(Me’rhod Under Test
e

@Test \/{'85{:
public void |test() { N
MyClsss o0 = new MyClass(); yet‘”;t{w\

assertEquals(23||o.getValue
} [ e ww(ar test

ppeey fn
m{vaf:{ = IJ«& ek wethd /
A ;-ﬁ () \
AERSTRNER \ feal

e, [ Vel Ui et odepat




p b
- /Nfszed/%mz/af A
when some test fails wie MJ Y. ‘,d
\ 4@xt€nd, maintain /{A g,/(/U}/
(ot \ ac/t

Java Classes

(e.g., Counter)
(’a( A2t ’ i
) orivel \ (re-)runas
ﬁl C/e:ﬁp}y\fm(( l i M&% junit test case
(14
d&l , yiﬁd\ JUnit Test Case « (‘(Cf ‘ 0"\,9‘0\7()
/) Ve' 5 f@l TA (e.g., TestCounter) (’4\ m : w/e ﬂ/&tl}e
ots 7 A Lo B yruts®
4, [
Ql-lx\"\ \N’\/K { when all tests pass N df M
/f/"v ) add more tests 4 ,(«05‘“




JUnit: An Exception Not Expected

1 @Test

2 @ public void testIncAfterCreation() {

3 Counter c¢ = new Counter();

4 assertEquals (Counter.MIN_VALUE, c.getValue());
5

6 . increment ()|;

; ﬁsiﬁfgpals(l, c.getValue());

9 atch (ValueTooLargeException e) {

10 /+ Exception 1s not expected to be thrown. x/
11 | = fail ("ValueToolargeException is not expected.");
12 }

130}

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

}
catch (ValueTooLargeException e) |
10 /+ Exception 1is not expected to be thrown. */

O©CoOoONOOOTAWN =

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

12 }
138}

What if increment is

implemented |correctlyf?

O ot thow VLT
@ et
Expected Behaviour:

Calling c.increment()
when c.value is O should not
trigger a ValueToolLargeException

G)alo( ’LJ (0.
@ Hvow VTLE

wne'kfp
e.g., It throws VTLE when
c.value < Counter MAX_VALUE

Wha’r if increm




Running JUnit Test 1 on Correct Implementation

id incremen?() throws ValueTooLargeException ({
if (value (==)Counter”. MAX VALUE) {

Xthrow new ValueTooLargeException("counter value is " + value);

@Llse {@/alue ++; }
0

1 @l @Test

2 @ public void testIncAfterCreation() {

3 B1) counter ¢ = new Counter();

4

5

6

4

8

9 Kcatch(ValueTooLargeException e) {

10 /* Exception 1s not expected to be thrown. */

11 X faill ("ValueToolargeException is not expected.");




Running JUnit Test 1 on Incorrect Implementation

£ (value g£ Counter7MAX_VALUE) {
Ithrow new ValueTooLargeException("counter value is " + value);

gublic vaid incremen%) throws ValueTooLargeException {

Xelse { value ++; }
}

i @Test

2 @ public void testIncAfterCreation() {

S = new Counter(); © [

4 ssertEquals (Counter.MIN_VALUE, c.getValue());
5 ry { ¢.4==0O

6 ) C. increment (\;

7 assertEquals (1, c.getValue());

8 }

9 catch (ValueTooLargeException e) |

10 /+ Exception 1s not expected to be thrown. #*/
@ fail ("ValueToolLargeException is not expected.");

2l G et e werpread VILE by il e



Lecture 10 - Oct. 8

JUnit Test: Exception Expected vs. Not
Using Loops in JUnit Test Methods



Announcements/Reminders

e ProgTestl tomorrow

e ProgTestl review session materials released
e Written Test 1 results released

e Labl solution released

e Lab2 released



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) OCCUIS
e an unexpected exception (e.g., NullPointerException,
ArrayIndexOutOfBoundException) thrown
o Success if neither assertion failures nor (unexpected)

exceptions occur.

‘ [J] TestCounter.java X .

1 packagertests;

5e @Test
8 }
9}

10

2=import static org.junit.Assert.*;
3 import org.junit.Test;
4 public class TestCounter {

6| public void testQ {
7 //fail("Not yet implemented");

Q: What is the easiest way to making this test pass?



Examples: JUnit Assertions (1)

Consider the following class:

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

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

Then consider these assertions. Do they pass or fail?

Paint p;

assertNull (p) ;

assertTrue (p == null); .
assertFalse(p != null)

it e N o
P = new Po_mt(3

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 ghase assertions. Do they pass or fail?

Circle ¢ = new Circle(3.4); ol e
assertEquals (36.2984} |c.getArea ()|, [0.01); .

‘[ expected] atbal

g\?;uw(ﬁg < atbus] < By);ecm({» E



pallie. vl D000 phes VIE --

1 @ @Test
2 @ public void testIncAfterCreation() {
S Counter ¢ = new C ter()
4 assertE als(CounRyZ MIN VALUE, c.getValue());
5 (V=29 ovp. o JTLE Mhodld ctgur
6 ' zi fhm/q/rz_ﬁ m/aomo %
1 assertEquals(l, c.geglvalue ()
8 ——
9 atch|ValueTooLargeException e} { V-Dﬂ’afp
10 g‘/* Exception 1s not expected to be thrown. */
fail ("ValueTooLargeExce tlog s not expected."); 4/7\96
12 ¥ 'VYL of

L, Yot
ewey

@ No ’l//(E‘ 01.‘0.4:«00( — 27(/}':?(7790/
—> o5t akp % cyemensy



JUnit: An Exception Expected

—_
QOWoOONOOTA~,WN =

—_ .
N —

©oo~NOOCOaOPrWN —

@Test

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

try {f‘ll-v : l M
[gecrement]( /’ Evr?f ’VTSE $

"ValueTooSmallExceptlon is expected.");

c.getValue());
oltuy

atch (ValueTooSmallException e) {
—>/+ Exception is expected to be thrown. x*/

g sl 6o we® & uoXt [ae

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

c.getValue());

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

What if increment is

implemented correctly?

Expected Behaviour:

Calling c.decrement()
when c.value is O should
trigger a ValueTooSmallException

What if increment is

implemented incorrectly?
e.g., It only throws VTSE when
c.value < Counter.MIN_VALUE




Running JUnit Test 2 on Correct Implementation

>» Rublic POid decremey() throws ValueTooSmallException {
@if(va ue == Counter.MIN_VALUE) {

hrow new ValueToo'SmallException("counter value is " + value);

}
Xelse { value —--; }
}

}

@Test

public void testDecFromMinValue () |

(J))Counter ¢ = new Counter(); f.V==
assertEquals (Counter.MIN_VALUE, c.getValue());

L3
OO, ON —

J{‘,’ o(t* Dtry == o o
/\)T (‘ @,c:decrement ();
i X fail ("ValueTooSmallException is expected.");
L et J'Ok;wr” 15 Y—
9 atch (ValueTooSmallException e) S
10 § —»/* Exception is expected to be thrown. */ -_—




Running JUnit Test 2 on Incorrect Implementation

publiccyoid decremenir) throws ValueTooSmallException ({
if (value ®w Counter.MIN_ VALUE) {
X throw new ValueTooSmallException("counter value is " + value);

}

else { value ——; }

0 ——)

% 1A flow) rorma[ N[ no  extpp e o(‘cuh(a/.

@Test

public void testDecFromMinValue() |

) Counter ¢ = new Counter();

(2)assertEquals (Counter.MIN_VALUE, c.getValue());

E’tr Aj=?C7
3 !

rement ()

("ValueTooSmallException is expected.");

O©CoONOOP~,WN =

atch (ValueTooSmallException e) {
10 /+ Exception 1s expected to be thrown. #*/




JUnit: Exception_Sometimes Expected, Somtimes Not

Expected Behaviour:

1 @ @Test

i TE T Caling cincremento

g trcy.i{ncrement(); c.increment (); c.increment(); 3 fimes 1-0 reGCh Cls max Should nIOf
: l%(ValueTooLargeEXception o trigger any ValueToolLargeException.
g } 1 )"ValueTooLargeException was thrown unexpectedly.");

1? _aﬁs;r{:tEquals(Counter.MAX_VALUE c.getValue() Calllng c.incremen’r()

3 | SR oot ot targerrcept ion was Iﬁrgwe‘y expected,’ when c is already at its max should
15 c}:af_ch (ValueToolargeException e) { trigger a ValueToolargeException

13 : /* Do nothing: ValueTooLargeException thrown

18 @}

RoRcioh

AL & exFec{eo( NTLE W;P(RZ‘X



Running JUnit Test 3 on Correct Implementation

X)( throw new ValueTooLargeExceth.on("counter value is " + value) I

-deke { value ++; }
7

1 P RTest

2 @lpublic void testIncFromMaxValue () {

3 9 Counter ¢ = new Counter(); L\ 1/5; 5

4 W7)try | . v \/ ‘

5 e c.lincrement(); c.increment(); c.increment(); ,

6 }

7 atch (ValueTooLargeException e) {

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

9 L

10 assertE als (Counter.MAX VALUE, c.getValue());

11 B X s>

S EREVEE,, | e oot

13 fail ("ValueTooLargeException was NOT thrown as expected.");
14

15 catch (ValueTooLargeExceptlon e) {

6 : ValueTooLargeException thrown as expected. */
17




Running JUnit Test 3 on Incorrect Implementation

ublicovoid<increment ) throws ValueTooLargeException {
(4§if(value ## CounterTMAX VALUE) {

throw new ValueTooLargeException("counter value is " + value);

}

else { value ++; }
}

{
new Counter(); //

(D lc. increment ( ;)f.increment(); c.lincrement () ;

(ValueTooLargeException e) {

faill"ValueTooLargeException was thrown unexpectedly.");
pssertEquals (Counter.MAX VALUE, c.getValue());
try {

c.lncrement () ;

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

atch (ValueTooLargeException e) {

/#* Do nothing: ValueTooLargeException thrown as expected. x/
}

}




Running JUnit Test 3 on Incorrect Implementation

T —
public \a);ncremengg) throws ValueTooLargeException ({
Sif(va PUdE counterTMAX VALUE) {

X)(Kthrow new ValueTooLargeException("counter value is " + value);

}

else { value ++; }

} —————

1 B QTest

2 @public void testIncFromMaxValue (

3 Kl counter ¢ = new Counter() ,,/:vZ

4 tr;(\'v:ﬁo v @ @

5 c.increment ( c 1ncrement l 1ncrement ()

6

7 atch (ValueTooLargeException e) {

8 Xfail ("ValueToolLargeException was thrown unexpectedly.");

9

10 ssertE%?als(Counter.MAX_VALUE, c.getValue());

11 e =2

12 ,cr Acrement () ;

13 fFaili("ValueTooLargeException was NOT thrown as expected.");
14 }

15 catch (ValueTooLargeException e) {

16 /#* Do nothing: ValueTooLargeException thrown as expected. #*/
17 J




Exercise: Console Tester vs. JUnit Test

Q. Can this console tester work like the JUnit test test IncFromMaxValue does?

1 public class CounterTester {
2 public static void main(String[] args) {
3 Counter c¢ = new Counter();
y " . AL
g iilntln( Current val: + c. getValueZ)é OWW ﬂ%/
Yy { Q‘]}W
6 c.increment () ; Ic. increment (); (2 increment () ; 74¢/() -
7 println("Curyrent val: " + c.getValue()); &/ .ﬂaﬁﬂ ( )
8 }
9 catch (Valde LargeException e) | yk'fh
10 printan"Error} ValueTooLargeException thrown unexpectedly.");
11 ;
12 tgy { =
13 c.increment ()|;
14 println("Error: ValueTooLargeException NOT thrown.");
15 } /* end of inner try =*/
16 catch (ValueTooLargeException e) {
17 println("Success: ValueToolLargeException thrown.");
18 }
19 } /* end of main method */

20 } /* end of CounterTester class */

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



Exercise: Combining_catch Blocks?

Q: Can we rewrite test IncFromMaxValue to:

1 QJQ@Test

2 fpublic void testIncFromMaxValue

3 Counter ¢ = new Counter ( IPO(

4 try {

5 c.increment () ; /UTL W"t gxﬁ

6 c.increment () ;

7 c.increment () ;

8 assertEquals (Counter.MAX VALUE, c.getValue());
9 |c.increment () || /\]'ZLE/ Cfé

10 fall("ValueTooLargeExc ion was NOT thrown as expected.");
11§ v

12 catch (ValueTooLargeException e) ,ngs
13

/W[,(;W,ve

Hint: Say Line 12 is executed,
is it clear if that ValueTooLargeException was thrown as expected?




Testing Many Values in a Single Test

Loops can make it effective on generating test cases:

1 @QTest

2 public void testIncDecFromMiddleValues () { 3 '{'fé(

3 Counter ¢ = new Counter(); o | 2 J

4 try {

5 for (int i = ICounter.MIN_VALUEl i <|Ccounter.MAX VALUE| i ++) {

6 jnt currentValue = c.gptVAlue();

i Vlc.increment () 1 - o

8 assertﬁquals(currgntValue c.getValue() )/ 3 2 11 S 'flzf{

9 }

10 for (int i —{cOunter MAX_ VALUE% i >\Counter MIN_ VALUE i--

11 int current = T e(); [
12 LA c-decrement O} 9
13 aSsertEquals (currentValue - 1, c.getValue()

14 }

15 }

16 catch (ValueToolLargeException e) { /
74 véil("ValueTooLargeExceptlon is thrown unexpectedly")

18 }

19 catgh (ValueTooSmallException e) {

20 -.,/;il("ValueTooSmallExceptlon is thrown unexpectedly");

21 }

I\
N

}




Lecture 11 - Oct. 10
Object Equality

equals Method: Default vs. Overridden
Overriding equals Method: Phases 1 - 2
Static Type, Dynamic Type, Type Casting



Announcements/Reminders

Office Hours during Reading Week TBA:

e Help on Lab2

® Go over WrittenTest1 answers

® Questions on course materials, e.g., OOP reviews

Bonus Opportunity: Midterm Course Survey (eClass)
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The equals Method: To Override or Not?

public class

as
P o

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

ave &Mms

public class

private int X; p te inty;
blic cf - public PointvV2 (mt X, inty){..
public class PO'”tV_l { public boolean eguals(Object obi { £
pr!vate double X{ if(this == obj) { return true; } pr “ lJQJ
private double y; if(obj == null) { return false; } ¥* #

public PointV1 (double x, double y) { if(this.getClass() '= obj.getClass()) { return false }
this.x = x; Point other = (PointV2) obj; %JC(
this.y = y; return this.x == other.x d
hs && this.y == other.y;

b



The equals Method: Default Version ¢ ~" (2.3

public class Object {

public boolean equals(Object ¢0j)

return tis == ohJ,;

}} F\

+ @ egues (P
il (//ﬂ( extends
A\

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

String s =
PointVl pl
PointVl p2.
PointV1l p3
System.
System.

outs
ot

@ APointVi
X1Z

] Y

o

.lu;_uu,_u'l . equals null; 7 :

.println(pl.equals (p2)
.println(pZ2.equals (p3)

migs AT
= new PointV1(Z2,
new PointV1(2,

= new PointV1 (4

pr1ntln(p2 == p3)
ﬁ'pl equals(pl

x/

) )I

) ;
) ;

.printtha(pl.equals (s

. —

p2 ﬂlp):in’r;l P3 Plpoin’er

2 X | &
B V1L

Q). 9@

Now. witt?d  plE=g = bupdatan as



The equals Method: Overridden Version Phase 1

public class Object { Pl Pf\/A[S C > s

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

T ‘ P

>
7
public class PointV2 {

private int x;
private int y; ’(
public PointV2 (int x, inty) { ... }

extends

pIuh.u_c_h_Q_o.I_ea.niequa/s(Object obj) {
if(this == obj)| { return true; }
if(obj == null) { return false; }
if(this.getClass() '= obj.getClass()) { return false }

Point other = (PointV2) obj; PointV2

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

Y




The equals Method: Overridden Version Example 1: Trace L7

public class Object { String s = "(2, 3)";
e b PointV2 pl = new PointV2(2,
public boolean equals(Object obj) { PointV2 p2.= new PointV2(2,
return this == obj; PointV2, p3 = new PointV2(4,

hs '7074{'UZ YL" 4 System.

System.

System.

System.out.println(pl.

System.out.println(pl.

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

ﬂl PointV?2

[Pointv2
x|z X |4
yYi Y16

]

if(this.gi'tC/ass() I= obj.getClass()) { return false }
Point other = (PointV2) obj;
return this.x == other.x
&& this.y == other.y;



- W./I//‘
The equals Method: Overridden Version (V”"fu ¢ 73 Pha)se 2

(\7 ;G) 5
public class Object {
eGP
public boolean equals(Object obj) {
/—3@

return this == obj;

L '—C b == ML)i
e n [y O\S--— (AL
Y} g b thes == )
T yetu &l 5
‘f‘( S.Qlié, yOfeunt -pa[(P;
((

public class PointV2 {

‘A private int x;
»v /) < private int y;
{'V% public PointV2 (int x, inty) { ... }
publlc boolean equa/s(Ob ect ob ) { -
: _ ject obj ,H' % ‘/7

VPD V‘ 5 s getClass() = obJ.getCla’ss()) { return false }
- Point other = (PointV2) obj; A
\/Iﬁe o d’\s I’ eturn this.x == other.x _ ” ROIRYE
‘WI'Q l." (5 0/ && this.y == other.y; D\X ) A4 ;(
l




The equals Method: Overridden Version Example 1: Trace L8

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); /+ | KB/
System.out.println(p2 == p3); /+KEzNN~/

System.out.println(pl.equals(pl)); ‘

System.out.println{pl/).equalsfnull)) ;

System.out.println(pl.equals (s / *
/

e)("’ends System.out.println(pl. equals(p2) )
System. .println(p2.equals(p3));

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

bs

"o No NN =

1 PointV 2 /.’l PointV2 ﬂlpoianZ
public class PointV2 { P X P X p3 X
private int X; N v v

private int y; ]
public PointV2 (int x, inty) { ..
publlcﬁ‘aolean Léls(ObJect o)(]) (}’L
2 if(tK feturn true; }

if(96j == null) {[Feturn false] }

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

%:S/._?m/(\‘




—

. | | Jer viow
Static Type, Dynamic Type, Type Casting alouys w@st <
/ Static Type:| a ref variables declared type e sewmp 21

Dynamic Type: type of address currently stored in a ref variable /3)
Type Casting: creating an expression of certain static type ( @

@n%—%’a
)ilsT: &

Pl: (=

class C1 {

publ|c void @) {...

class C2 { ﬂfz \_ '
Object\o3;] 81+ b
publ|c vmd@{ > 1 |ST031,L o
Y :

| L LT . ’ /——; v 02/7
0.0 @J@t& shaes has ewfggjmm : i )”z( A
Akc’A«A‘FMA o Mo3 = 02 [% h o2 (13”
- 7((C2) 03) (),2
OF m| arol 1. ((C2) 03).m20);




Lecture 12 - Oct. 22
Object Equality

Reference Equality vs. Object Equality
JUnit: assertSame vs. assertEquals



Announcements/Reminders

e ProgTest1 results to be released by next Monday
e Lab2 due this Friday
e ProgTest2 on Wednesday, October 30

+ PDF Guide released




Cl ol = new C1();
C2 02 = new C2();
0l.m1();

ol.m2();

02.m1();

02.m2();
Object@

03 =(01)%

03.m1;

03.m2;

((C1) 03).m1();
((C1) 03).m2();

03 = 02;

((C2) 03).m1();
((C2) 03).m2();




The equals Method: Overridden Version Phase 3

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, int y) { . —
public boolean eqguals(Object{obi) {

if(this == obj) { return true;

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

if(this.getClass() .etClass ) { return false }

PointV2 other = (PointV2) obj; PointV2

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

s




The equals Method: Overridden Version Example 1: Trace L9

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); /~* */
System.out. ] .equals (pl)); / %
System. out. [ .equals (null)); / *
System.out.pri .equals(s)); /~*
(p
(p

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

O NOoO O WN =

System. W opahi .equals(p2)); /=
System. . [ .equals (p3)); / *

1 ointV 2 ﬂlPoin’rVZ ﬂlpoinfvz
public class PointV2 { X P X p3 X
private int x; Vi> v v

private int y;

| gublic boolean e]gjuals:Ob:'ect @i\l{

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

if(obj == null) { return false;
if(this.getClass()(=)obi. getuass()) {_}
PointV2 other = (PointV2) obj;

return this.x == other.x Iz

&& this.y == other.y; 41'-,‘)2




>S Yo lav /] %
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. . ST: 04t
The equals Method: Overridden Version

X ~ Phase 4
public class Object { * YM {"I('{X mans %_r@

/ Tt IZ

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

extends

public class PointV2 {

private int x / J

private int y;

public PointV2 (int x, L’ tc""‘"’)’ Ml’

public boolean equa/s ObJect obi) { tf At%fﬁ
if(this == obj) { return true; J‘M OL_

|f(ob] == null) { return false b
ass()) { return false ¥

é\ PointV2
X




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.println(p2 == p3); /*
System.out.println(pl.equals(pl)); /*

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

bs

OO NOOTA~WN =

(
System.out.println .equals (null));
System.out.println (padeequals (sl); /*

ex-l-ends @ System.out.printinf{pljequals(p2y); /*
System.out.printl .equals(p3)); /*

Pointv2) _pointv2 Alpointv2
public class PointV2 { Pl./)@ P2 T p3 oty

private int x;
prlvate |nt Yi ] ;72 Y 2 1= Y

IS ]
If(ObJ = null) { return false, b
tClass() !'= obj.getClass()) { return false
PointV2 Jother = (PointV2) obj;

v

return this.x == other.x F?.
&& this.y == other.y; D{W z j,z



The equals Method: Overridden Version

Example 1: Trace L11

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 boolean equals(Object obj) {
if(this == obj) { return true; }
if(obj == null) { return false; }
|f(th|s getC/ass() = ob] getClass()) { return false }
obj;

e

= other.x
= other.y;

String s =
Pointv2 pl
Pointv2 p2

(2, 3)";
= new PointV2(2,
= new PointV2(2}

PointV2 p3

= new PointV2(4;

System.out
System.out
System.out
System.out
System.out
System.out
System.

sprintiln(pl
«printlin(pl
.println(p2

«println{pl
.println(p2 ==
«PEIRELR Pl
.println(pl

1
u

)

.equals
.equals
.equals

(
( .equals (p
( (n
( (s

(

(

X

ol j'Pointvz

Pz ﬂl PointV2

1= X1z

p3 ﬂl PointV2

X%

b4

Y13 vié




The equals Method: 1 T
! e 2 | PointVl pl = new PointVi(2, 3);
R } ) 3 | PointVl p2 = new PointVI1(2, 3);
TO Overrlde Or Nof? * de ﬂl‘t 4 | PointVl p3 = new PointVI1(4, 6);
hd \l&l 5 System.out.println(pl == p2); /+ false */
B@ 6 6 | System.out.println(p2 == p3); /* false #/
/Ma 7 System.out.println(pl equals (pl)); /* true %/
la( 2 8 System.out.prlntln(pl equals (null)) /* false *
= . S 9 System.out.prlnt .equals(s)); ,/* false x/
pUbIIc class ObJeCt { F P System.out.prlntl ) ; * false </
” System.out.println(p2.equals(p3)); /+ false =/

publlc boolean equals(Object obj) { oJBNAJ&A
return this == obj; Ak

} egd

String s = " (2, 3)";
PointV2 pl = new PointVz|(2,

3N
PointV2 p2 = new PointV2)2, 3)|;
PointV2 p3 = new PointV2(4, 6);

1
2
3
4
5 | System.out.println(pl == p2); /* false */
6 | System.out.println(p2 == p3); /+ false */
F‘ W‘sz System.out.println(pl.equals (pl) ),' /% true #/
: 8 | System.out.println (n
L}P’,I 9 System.out.prl l.equals(s)) /+ false =/
@ System.out.prin ‘222 equals (p2 /* true x*/
(p3)

pl.equals (nul /* false */
11 | System.out.println(p2.equals (p3) /* false */

b

extends

public class PointV2 { XZ l
= : private int x; double y; F - ‘
pupbr|i|‘<’:a¢'::|e.-:1is:tP)?-|ntV1 { public PointV2 (double x, double y) { ... pl PointV1 1 PointV2
private int y; P
public PointV1 (int x, int y) {

boolean equals(Object obj) { X X
if(this == obj) { return true; } v v
B . if(obj == null) { return false; }
th!S'X =X if(this. getCIass() I= Ob] getClass()) { return false }
this.y = y; PointV bi: PointV 1 PointV2
b return|this.x == other.x PZ X Pz

== other.y; v v

bs




, F?¢ 7=>¢
The equals Method: Overridden Version Example 2

PointvVv2 : new {PointVZ S5
Pointv2(p2)= new PointV2(3,
PointV2 p3 = new PointV2 (.4_,_
System.out.println(pl == pl);
System.out.println(pl.equals (p

public class Object {

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

System.out.println 2);
System.out.println @ equél’s
System.out.println(p2 == p3);
System.out.println(p2.equals (p3));

©CoOoONOOPA~rWN—

extends

W o2 Al Pointv2 3 _pointv2

X
public class PointV2 { Y y Y

private int x; Ya

private int y; 4 ] c!x 2

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

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

if(obj == null) { return false; } (B) Two objects are coni'eni's -equal.
afsCoé

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

return this.x == ather _If (A) is true, e B e

- If (B) is true, then (A) is true.
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assertSame vs. assertEquals

2 addvess . yA
assertSame|expl, exp2) 7 Q?K’ = e'xl7

o Passes if expl and exp2 are references to the same object

~ assertTrue(expl == exp2) g)ff;l 21 l&/ oYyl

~ assertFalse(expl = exp2)-> pxs

new PointVli
new PointVli

PointVl al.
PointVl1 B_Z_
PointVl p3 =

(
(

3, 4);
3, 4);
= , / ;
assertSa.t%e-(&l},jlp:f) ;?ﬂ% { —) l l 72-
assertSame (p2, ]_;3=); «ﬁ}{ F _— ﬁ

assertEquals(expl, exp?2)

o n|lexpl == exp?2 |if expl and exp2 are primitive type
int 1 =|10;
int j = IZO; é -Fﬂlqe(- !; -—> - _,}
assertEquals (i, 7); Aé Bl't L J A< |-
I

5 psot e ( T== 3) ,[ml



assertEquals: Reference Comparison or Not ¥ /)

assertEquals(expl, exp?2) F ::?5
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) W/Af/&l

PointVl.pl new PointV1(3, 4); MV*
PointV1 p2 =[new|PointV1(3, 4);
PointV2 3 =|new| PointV2(3, 4);
assertEquals (pl, p2); > W €4
assertEquals (p2, p3); — .

Case 2: If equals is explicitly overridden in exp1’s declared type
~ expl.equals (exp2)
PointV1l pl new PointV1(3, 4);

PointV1l p2 new PointV1(3, 4);
PointV2 p3 new PointV2(3, 4);

assertEquals (p2, p3);

assertEquals (pl, p2); -z e
e, > T
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Lecture 13 - Oct. 24

Short-Circuit Evaluation: && vs. ||
equals: Person vs. PersonCollector



Announcements/Reminders

e Lab2 due tomorrow at noon

® Lab3 to be released tomorrow

e ProgTest2 next Wednesday, October 30
+ PDF Guide released



assertEquals(expl, exp?2)
expl.equals(exp?) |if expl and exp2 are reference type

Case 1: If equals is not explicitly overridden in exp1’s declared type

~ assertSame(expl, exp2) W/Af/&l

PointVl.pl = new PointVl(3, 4); MV*
PointV1 p2 =[new|PointV1(3, 4);
PointV2 3 =|new| PointV2(3, 4);
assertEquals (pl, p2); > W €4
assertEquals (p2, p3); — .

Case 2: If equals is explicitly overridden in exp1’s declared type
~ expl.equals (exp?2]
PointVl pl = new PJintV1(3, 4);

PointV1l p2 = new
PointV2 p3 = new Poi (3, 4);

T
assertEquals i ) W"
assertEquals )i p3); Which wevgnt o&d?
asser;qua RV A egaak mudced ¢



Testing_Default Equality of Points in JUnit

@Test
public void testEqualityOfPointVI() |
PointVli & new intV1(§ 4); PointViip2 = new PointVl (_3_, 4);
assertFalse (pl p2) tFalse (p2 s -
, ’) L-%,‘ g ‘ ~T ) . Z""Pl (

ortSa (L,

.equals (%2) Vs assertf‘alse @ equals(pl));
assertTrue(p .getX() == p2.getX() && p2.getY() == p2.getY¥());

public class Object {

public boolean equal/s(Object obj) {
return this == obj;
b
}

extends

Y14

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 pss F

@Test

public void testEqualityOfPointV2() { . .
PointV2 = new PointV2(3, 4); PointV2 = new PointV2(3, 4);
N G
assertFalse (p3 == p4); assertFalse (p4 == p3);

/* assertSame(p3; p4); assertSame (p4, p3); */ /+* both fail */
assertTrue equals (p4)); assertTrue (p4.equals(p3));
assertEquals (g3, p4); assertEquals (p4, p3);

public class Object {

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

b

bs

extends

public class PointV2 {

private int x;

private int y;
h Poin in X __in

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

?if(obj == null) { return false; }
if(this.getClass() != obi.getClass()) { return false }
PointV2 other = (PointV2) obj;
return this.x == other.x

&& this.y == other.y;




Testing Equality of Points in JUnit: Default vs. Overridden

@Test

public void testEqualltyOfP01ntVlandP01ntv ) q « °

PointVl— new PointVl (3 4); PointV2 @— new PointV2(3, 4);

Ax— CWO_assSe 10 &)not noile because pl and p2 are of different 't

J+| assertFalse (pl == p2) assertFalse (p2 == pl)

/* assertsSan can take ob /pes and fail. +*

/* assertSame (pl 22) & rl SFPZ -h—#f‘

" assertSame (2 pl) _) P?' Fic[_,#.‘,.’

assenm@equals (p2) >; _~, Fxs " public class Object {

assertFa]_se @equals@) ._) ’a;s publiclboolean equals(Object obj) {
} return this == obj;

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

. : public PointV2 (int x, in
publ_lc class PointV1 { publicfboolean equals(Object obj) {

private double x; if(this =

b t t ;

private double y; Sif(ob = obj) { return true .} R/,

public PointV1 (double x, double y) { i thls getClass( 1= [obj.getClass(]) { return false }
this.x = x; L 5 P

I . Poir
this.y = y; return this.x == other.x
- ¥ 8& this.y == other.y;







Short-Circuit Evaluation: &&

Left Operand op1 Right Operand op2 opl && op2

- true
2false
N true

System.out.println("Enter x:");
int X' = input.nextInt();
System.out.println("Enter y:");
int_y = input.nextInt();
ifdx) '= 0|8&(y / x > 2) {
System.out.println("y / x is greater than™2M);

} 42v0o
elde { /* I X 1=08& Y/ x>2)=(Xx=01ly/ x<=2)*
if(x == 0) {
System.out.println("Error: Division by Zero");

}

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

ITes'r Inputs: I

Ix=0y=10}

|x=5,y=10|

8_7[?L £X QZ’FZ
OLul. .= K

@D Luclegl : Ake
JL'(’F a}a’, oP exFZ

4% el €o fa/se_

@Zval expl. . e

T expl .



Short-Circuit Evaluation: || IWI

Left Operand opl Right Operand op2 opl || op2 Ix =0,y = lO’

Afalse
—> false
true
= true

X=5Yy=10

System.out.println("Enter x:"); p.08.
int x = input.nextInt(); E/ l R
System. out.println("Enter y:"); ® A A 4
int v = input.nextInt();

Pif(C==0 11y / x> 2)|{ | ev[FI_a‘(

1f(X == 0) {

System.out.println("Error: Division by Zero"); Slgf 6]&[ Z
: p oe &Y

else { ,
System.out.println("y / x is greater than 2"); La - l == )’P{Uw/f
}

3
else { /* I (x=01ly/ x>2)=(Xx!=08 Yy / x <=
System.out.println("y / x is not greater than 2");

}
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Short-Circuit Evaluation: Common Errors Test Inpufs:
oo

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 */ }




public class PointV2 {
private int x;
private int y;
public PointV2 (int x, inty) { ... }
publlc boolean equa/s(ObJect Ob_]) {
|f( his, = Ob]hj return true; }
if(obj £= null) { return false; } @

if(this.getClass() T=(obj.getdlass()) { return false }
PointV2 other = (Pomﬂl_Z) obj;
return this.x == other.x
&& this.y == other.y;
b

¥

V(@) F(OWeD 1 vetumt ol .-,i
X(B) ‘FOH@ Ji\(@'['wv’l -//\\‘SPSE

ot qefﬁm) 65 == | et o} b7 % ([
Upv7s T et &eq vbarhd




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

public classlPerson {
private String firstName; private String lastName;
private double weight; private double height; 9&]7/2'
public boolean equals (Object obj) {
if (this == obj) { return true; } ‘

if(obj == null || this.getClass() != obj.getClass()) { return false; }
Person other = (Person) obj;

©CooNOOOhWN =

Jowe" )
g Jrcthlowd. eg\/ak ()

return L._,
this.weight == other.weight (,) U

10 && i == eight
11 &&|this. firstNameequalsflother. firstName)

12 & this.lastName@other.lastName) :
}

14 B}

Q1: At Line 6, will there be a NullPointerException if obj == null?

Q2: At Line 6, what if we change it to:
if(this.getClass() !'= obj.getClass() || obj == null)

@3: At Lines 11 & 12 which version of the equals method is called?




Exercise: PersonCollectors are equal if their arrays of persons are equal

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

{

persons;

4 ~ " -
/ * number of

}

1 public boolean equals (Object obj) {

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

3 if(obj == null || this.getClass|()

4 PersonCollector other = (PersonCollector)

5 boolean equal = false;

6 if (this.nop == other.nop) {

7 equal = true;

8 for(int i = 0; 1) && 1_< this.nop;

9 equal = this.persons[i] Jequals|(other.persons(i]);
10 }

}

return equal;

}

persons

{ return this.nop; }

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

L aaz J)

}

7C
IE

{ return false;

!'= obj.getClass())
obj;

yg.,msLJ %m’%( =)

M/"c 7

gl A

1 @ public class Person {

2 private String firstName; private String lastName;
3 private double weight; private double height;

4 public boolean equals (Object obj) {

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

6 if(obj == null || this.getClass() !'= obj.getClass()) { return false; }
7 Person other = (Person) obj;

8 return

9 this.weight == other.weight

10 && this.height == other.height

11 && this.firstName.equals (other. firstName)

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

13



Lecture 14 - Oct. 29

Call by Value

equals: PersonsCollector
Call by Value



Announcements/Reminders

e ProgTestl marks, submissions, grading tests released
¢ ProgTest2 tomorrow during your enrolled lab session
e Lab3 due this Friday at noon



Exercise: PersonCollectors are equal if their arrays of persons are equal

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

{

persons;

4 ~ " -
/ * number of

}

1 public boolean equals (Object obj) {

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

3 if(obj == null || this.getClass|()

4 PersonCollector other = (PersonCollector)

5 boolean equal = false;

6 if (this.nop == other.nop) {

7 equal = true;

8 for(int i = 0; 1) && 1_< this.nop;

9 equal = this.persons[i] Jequals|(other.persons(i]);
10 }

}

return equal;

}

persons

{ return this.nop; }

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

L aaz J)

}

7C
IE

{ return false;

!'= obj.getClass())
obj;

yg.,msLJ %m’%( =)

M/"c 7

gl A

1 @ public class Person {

2 private String firstName; private String lastName;
3 private double weight; private double height;

4 public boolean equals (Object obj) {

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

6 if(obj == null || this.getClass() !'= obj.getClass()) { return false; }
7 Person other = (Person) obj;

8 return

9 this.weight == other.weight

10 && this.height == other.height

11 && this.firstName.equals (other. firstName)

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

13



Testing_Equality of Person/PersonCollec’ror in JUnit (1)

@Test k( z) ‘ l ) ldé
public void testPersonCollector() { vt§

Person =-new Rersoni("A",. “a", 18.0, 1.8):;
Person —-new Person("PZ'l, B, 180

= Tk E P Fi ngAk(,,L@) &

£
assertFalse (p = p2) ”assertTrue (pl.equals (p2))
assertTrue (p3 == p assertTrue (p3.equals (p4));

?

4) ;
L3 ~

@ ,
Person _—A Persan Person
fn] A f ﬁ

n n
n A P2 MhTa PP T2 p4

wl/l w |/ w )oal&j

h 1).& h |/ h [2-(] -

public class Person {
private String firstName prlvate String lastName;
o e : e --uble height;

lf(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 festPersonCollector)

PersonCollector pcl = new PersonCollector();

PersonCollector ector()
assertFalse ( equals(ch))

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)

] mall ll mll

{

[
PersonCollecto 1f(Obj == null | | this. getClass() = obj.getClass () {Xreturn false; }
PersonCollector other = (PersonCollector) Obj,
nop boolean = falsg; a ZS‘
PC2 persons ;f(th:l.s no off TS - TTOT F {m
== cqual rue /rt
for (int i = O equal && 1 < this.nop; 1 ++) {

Kequal = this.persons|[1

}
} L4
return equa ; 7 E

.equals (other.persons[i]);

012 «

mll nall all mll



Testing_Equality of Person/PersonCollector in JUnit (3)

e addPerson(EEJ
assertFalse (pcl. equals (12 2) )]

RcZ.addPerson (p2)

assertFalse (pcl tPersons (
assertTrue ( gj;Persons
assertTrue é-s eq_uals (joei2) )}
pcl.addPerson(p3); 4
pc2.addPerson (p4));
assertTrue (pcl.getPersons(

() [0]

]

? quals(pc2 getPersons

.®

== pc2.getPersons() [0]);
O [0

1))

== pc2.getPersons() [1]);

(continued from

cl

O

) [1
assertTrue (pcl. getPersons () [1].equals (pc2.getPersons() [1]))
assertTrue |pcl.equals pc2)d,
public boolean edguals (Object ob3j) { Person

if (this == obj) |i=—me e

BSTUTIT CTues;

1if(obj == null || this.getClass(
Person other = (Person) obj;
return
this.weight == other.weight
&& this.height == other.height
&& this.firstName.equals (other.firstName)
&& this.lastName.equals (other.lastName) ;

'="0b7F.getClass()) { return false;

(1

}

pc2

}

e PUblic boolean equals (Object

if (this == obj)

PersonCollector other =

boolean e,qua@— fals

if (this.nop other. nop) {

{ return true; }
if(obj == null || this.getClass()
(PersonCollector)

obj) |

!= obj.getClass|())
obj;

-

¥ L

‘;

equal = true;
for(int i = 0; equal && i < this.nop; i ++) {
|equal = this.persons[i].equals (other. persons

}

PersonCoIIectoﬁ .’

{ return false; }

azdal Ycl poreial. -Lyd Pl 1)6)

PersonCollector

nop

persons

¥ J)
wll il P37
w_| 200
nop ¥l p4 h 2]
persons :
o
AR Fi | Person
4 p2
A_. _n u(qv
’h‘ll n "2!2:
w |78
h |).&




Testing Equality of Person/PersonCollector in JUnit (4)

(continued from
I m—

pcl.addPerson(new Person("A", "a", 175, 1.75));
pc2.addPerson(new Person("A", "a", 165, 1.55));
assertFalse (pcl.getPersons() [2] == pcZ.getPersons() [2]);

assertFalse ( .getPers [2] .equals (pc2.getPersons () [2]));
assertFalse (pclfequals (poc2)) ;

4

/\

N

A7
* 3nd ateetan: erson] /o1 [l
n o
% l FB/ z].e |§ iz W
%o £5(2 D
P4 Fc . 4‘3- . gJ (F\ . w i) h |18
h
F pedous[2]) Person ]
public boolean equals (Object obj) { c -1
if (this == obj) { return true; } ' Person P3 rn \‘BII
if(obj == null || this.getClass() != obj.getClass()) { return false; } n
Person other = (Person) obj; w 7”
return
this.weight == other.weight h 2
&& this.height == other.height
&& this.firstName.equals (other.firstName) Pz/werson
&& this.lastName.equals (other.lastName) ; _{:n \IA'I
i public boolean equals (Object obj) { PersonCollector n qarr‘
if(this == obj) { return true; }
if(obj == null || this.getClass() != obj.getClass()) { return false; } W ’m
PersonCollector other = (PersonCollector) obj; h ’%
boolean equal = false;

if (this.nop == othgr.nop)f4

equal = true; qa

for(int i = 0; && i < this.nop; 1 ++) {
equal = this.persons[1i].equals (other.persons([i]);

}

}
®
) L d

L
)
l

2]

%

pc2

PersonCollector
nop Z
persons |
01 2 o
e o [ ]

o

wll

PersonCollector
nop b 4
persons :
012 Ui
wll ll
Person |
fn | /7|
“Lin
w
h




Method Call: Callee vs. Caller

L
| dovoid @Y...){

A co = new A();

Lall b ~el parar aﬁ (llee o VAL
yﬂw\ wmhfﬁ o wetied cal , thee’s A-m wfo;% M/{/hif(
Ak v i AP L)
o gl peiable a5 o s aﬂpé[[ wn



Call by Value: Primitive Argument

class Circle { class CircleUser {

int radius;

void setRadius(int — Circle ©= new Circle();
/this.radius =T, - int arg = 10;

+ g_.setRadius@;

¥




Call by Value: Reference Argument

class Circle {

b

int radius;
Circle() {}
Circle(int r) { (‘AI H

this.radius = r;
) (=2

void setRadius(Circlej 1
this.radius = c.radius;

¥

class CircleUser {

b

—2Circle ¢ = new Circle();
— Circle arg = new Circle(10);
c.setRadius(|arg

),




Call by Value: Re-Assigning Primitive Parameter

public class Util {
void reassignlInt (int
>J=71+t1i}
void réassignRef (Point
Point np = new Point (6,
qg = np; }
void changeViaRef (Point Q)
g.moveHorizontally(3);
g.moveVertically(4); } }

@Test
public void testCallByVal() {
YUtil u = new Util();
inE 12 = LO;
assertTrue (i == 10);
.reassignlInt @ ;
assertTrue (1 == 10);

’
2
3
4
5
W
8




Call by Value: Re-Assigning Reference Parameter

@Test
lic cl i
PUDLEe £RAED T public void testCallByRef 1() {

void reassignInt (int 7) (L{é GEEd B = Taw W)
v d ti Point p = new Point (3,

void reassignRef (Point ,
g (— Point refOfPBefore = p;

Point (hp)= new Point (64 - .
: Ref(
<q - :—f u.reassignRe ,
void changeViaRef ( q
g.moveHorizontally(3);

g.moveVertically(4); } }

assertTrue (p == OfPBefore) ;
assertTrue (p.getX()
assertTrue (p.getY()

)

public class Point {
private int x;
private int y;
public Point (int x, int
this.x = x;
this.y = y;
}
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; }




Call by Value: Calling Mutator on Reference Parameter

@Test
1i 1 1
pUbLe € a8sl Seal it public void testCallByRef 2() {
void reassignInt (int 7j) { . .
= = L ] Util u = new Util(); ,
J J . Yoint p = new _Point (3, 4);

i T
viiiﬁififsagléi ;;?;?1gﬁ . Point |ref fPBeforeI: D
= i .p} ! .changeViaRef ;
4 Pi assertTrue (p ==~ refOfPBefore) ;

void changeY1aRef(P01nt q assertTrue (p.getX() == 6);
g.moveHorizontally (3); assertTrue ( etY() == 8);
g.moveVertically(4); } } iRk ’

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; }
public int getY() { return this.y; }
public void moveVertically(int y){ this.y += y; }
public void moveHorizontally(int x){ this.x += x; }




Call by Value: Invoking the Overridden equals

PointV2 pl new PointV2(3, 4);
PointV2 p2 = new PointV2(3, 4);
lPointva-;f;: new PointV2 (4, 5);
System.out.println(pl == ;i),— /* true */
System.out.println(pl.equals(pl)); /* true */
System.out.println(pl == p2); /* false x*/
System.out.println(pl.equals(p2)); /* true x/
(
(

public class Object {

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

S )

O©OooONOOOOLh~,WND—=

System.out.println(p2 . + false */

System. out. /* false #

extends

2 ﬂlPoin’rVZ Pom’rVZ
P x]=| [P3
public class PointV2 {
private int x; y LL 70’01(02
private int y;
public PointV2 (int x, i {
public boolean equals( ject pobj —
if(this == obj) { return true; dg
if(obj == null) { return false; } \)

if(this.getClass() '= obj.getClass()) { return false } ‘L

PointV2 other = (PointV2) obj; L’{C‘E
return this.x == other.x - 0 \5
&& this.y == other.y; g ‘ K =
(0] .



Lecture 15 - Oct. 31
Aggregation and Composition
Modelling: Aggregation vs. Composition

Dot Notation Exercise
Copy Constructor, Shallow Copy



Announcements/Reminders

e Lab3 due tomororw at noon
e Lab4 to be released tomorrow
e ProgTest2 results & feedback tentatively Monday Nov 11




Terminology: Container vs. Containee

k? name

f1 [ Faculty |’ Jackie” | Course

title | —

=

te

prof

k) name

f2 [Faculty |' Jonathan”

)
1

te

* J. [o%”% Aﬁ%@é&ﬁd : Shaiu a]mg?

¢. e ol

Powngoscti e/ o2

s‘lw?«fé



Aggregation: Design

wsf{'ﬁ/l

Desmnl Single Containee

wole) If"'
i

Course

A s ¢ A"
D padp hes La ag@egam“ a‘j/H‘a i

Faculty

Java [Implementation

class Course {
Faculty prof;

]

class Faculty {

]

Peppanss

Design 2: Multiple Con’ralnees

20

4
o

Student |<> coursg%

Course

class Student {

n

Course[] courses;

class Course {

s




i
elaas Copres | class Faculty {

[ ]
A f ( 1 ) String title; . A
nggregarion (1) p i S
this.name = name;

Course(String title) {
this.title = title;

}
Course Facu“.y } void setName (String name) {
Y void setProf(Faculty prof) { .
‘ flfle name this.prof = prof; }thls.name = name;
} .
prOF Faculty getProf() { String getNcmed] {

return this.name;

}

return this.prof;

@Test I} }
public void testAggregationl() |
Course eecs2030 = new Course ("Advanced OOP");
Course eecs3311 = new Course("Software Design");
Faculty prof = new Faculty("Jackie");
eecs2030.setProf (prof);
eecs3311.setProf(prof);
assertTrue (eecs2030.getProf () == eecs3311.getProf());
/+ aliasing */
prof.setName ("Jeff");
assertTrue (eecs2030.getProf () == eecs3311.getProf());
assertTrue (eecs2030.getProf () .getName () .equals ("Jeff"));

Faculty prof2 = new Faculty("Jonathan");
eecs3311.setProf(prof2);

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




Aggr_egafion (2)_ public class Student {

private String id; Coursel[] cs; int noc; /+ # of courses =/
public Student (String id) { ... }
public void addCourse(Course c) { ... }
sTudenf Facu“.y Course public Course[] getCS() { ... }
id name title )
CS fe PI"Of public class Course { private String title; private Faculty prof; }

public class Faculty {
private String name;

public void testAggregationZ2()

Faculty p = new Faculty("Jackie"); )

Course|[] te; int not; /* #

public Faculty(String name) { ... }
@Test public void addTeaching(Course c¢) { ... }
{ public Coursel] getTE() { ... }

NFf teachinc v/
of teaching */

Student s = new Student ("Jim");

Course eecs2030 = new Course ("Advanced OOP");
Course eecs3311 = new Course("Software Design");
eecs2030.setProf(p);

eecs3311.setProf(p);

.addTeaching(eecs2030) ;

.addTeaching(eecs3311);

.addCourse (eecs2030) ;
.addCourse (eecs3311) ;

w n'c's

assertTrue (eecs2030.getProf() == s.getCS() [0].getProf());
assertTrue (s.getCS() [0] .getProf ()

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




Dot Notation: Private Attributes/Fields class X {

Principle: Prlva’.re ajr’rrlbufe is accessible if fexpl privateAtt
the context objects type matches the context class —‘7( 4
(where the method is defined). S ( X
R e e
d 0/ public class B {
rivate int ai; - )
[ | - L . [ | ] _ prlv‘g;era,
public B getB() { return this.ob; } . - N
| |public int getAi() { return this.ai; [} t)’l(\g 9_12 : LL private.int bi;
£ publicint Iam(){ B\ - @ A0l
| int result; | " public(Ajge
result = this.ai; A H dedDVed o\ retu['{'l This.oa:
result = this.getAi );M{P'd' | Q ) !
~ (Dresult 3 this.ob.bi; %
[ | result ="this.getB().bi; [ |
| result = this.ob.getBi(); | | _B..; |pub|ic int getBi()|{
1 result = this.getB().getBi(); return iS.D1;

@result = this.ob.getA().ai; *(‘

: _ )
R result = this.ob.getA().g&tAi(); | ?‘n Q =
| result = this.ob.oa.ai; ot 0‘0_ 4Ef ()a_L y
result = this.ob.oa.getAi(); d N
return result;




Runtime Object Structure: Student,

Course, Faculty

te

Student (9

<
p,;F Faculty

*
Course (2\

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”




Dot Notation for Navigating Classes (1) *s. aptalewe(1) > Jouethoq

<
Student Course prof Faculty
1

public class public class Course { public class Faculty {

private String id; private String title; private String name;

private Course[] cs; private Faculty prm,%‘ private Course[] te;
|

) N X X

/* Name of ¥

* Get the student’s id. * Title of ith ] .
/ /= Yitle ot it co;tlge J¥ ith course’s instructor

*/ E 3
String getID() {

s - 7l ﬁ(ftlolt)

String getTitl |nt| {

T 4

f1 ["Faculty ] "Jackie” utse | “Advanced OOP”
Glhamel 1-7 hfle N_A
o = eecs2030 -
Software Design”

f\z; FGCUH'Y ;W W
name| — 0 | title | N—"
te -1~ eecs331 l_prof




Dot Notation for Navigating Classes (2) eers23|.

petTetle (o)

Student

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

}

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

Course

Faculty

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

/* Name of instructor

*/
String getName() {

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

}

Faculty

Faculty }g'j/:l s “Advanced 00P"
name| -
oy mo= eecs2030 prof

C _“}Tor;a’rhan" 1.(i.cl)urse ‘\‘S}ftwqre Design”
name| — itle | —
e | 17 eecs3311 rof

o

/* Title of instructor’s
* ith teaching course

String getTitle(int i) {

}th(’&. paP 33&Te( ). ¢e




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;
}

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

}

/ * Title of instructor’s
*x/ * ith teaching course

String getName() { */
String getTitle(int i) {

/* Name of instructor

FLI; Faculty :;df-'kie" »;l Course | “Advanced OOP”
name{ -7 cecs2030H eI\ A

te | prof

f2 Faculty “Jona'l'han” Course \\S . n
oftware Design
‘sfnamel 47 ¢ cecs3i1Hitle I 7 :
te | 4 prof




Composition: No Sharing

public File[] getFiles() {

class Directory {
String name;
File[] files;
int nof; /* num of files x/
Directory(String name) {
this.name = name;
files = new File[100];
}
void addFile(String fileName) {
files[nof] = new File(fileName);
nof ++;

}

return this. files;

s

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

this.name = name;

@Test
public void(ffftComp051tlon() {

Directory(dl/= new Directory("D");
dl.addFile("fl.txt")
dl.addFlle('fZ.txt");
dl.addFile("f3.txt");
assertTrue (

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

}

O©CoONOOOThA,WN =

Directory
e " (99)

name 0 3 4 5 6 7

‘ fﬂes‘) c = { null | null | null | null | null I null | null

nof




1 st

bl

PAU’C @(-ﬁ&)%
T

g uft " 25 g

3 (¥ W‘l M% |

pub ke the X

—pc€



Composition: Copy Constructor (Shallow Copy)

@Test
public void(fﬁstShallowCopyConstructor()

Directory
@l Jagdrs IelV El sExt" )

Directory
assertTrue (dl.files == d2.files);
d2.files[0].changeName ("f11.txt");

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

Directory

0

name I ot )
4 1

T
S

Directory

upr

name \j 0

= new Directory("D");

{

dl.addFjle("f2.txt");
new me;

}

dl.addrFile("f3.txt"

class

String name; A/“k°
File[] files; Mr/
int nof; /#* num of files x*/

Directory other) {
———————

/* val (Gopying for primifjive type x/

—>nof = oé&ken.nof;
POr relel e type */

/* addre Iaopying
—)name = otfrer.name; files = oker. files; }

{

dl.files

files

T

nof Q) i

dl.files([0]

nof
J

1 2 3 4 5 6 i dos 99
nutt | nutt | nun | | pan | nan | nun ]

File

|
| | ]
dl.files[lf\gzles[ZJ(

. File

name I

/

“f2.txt”

/

“f£3.txt”



Lecture 16 - Nov. 5

Composition, Inheritance

Composition: Deep Copy
Design Attempts without Inheritance
Inheritance: Use of extends, super



Announcements/Reminders

¢ Lab4 released (ProgTest3 on November 20)

e Guide & Questions for WrittenTest2 to be released tmw
e In-Lab Demo on Inheritance tomorrow

e ProgTest2 results & feedback tentatively Monday Nov 11




Composition: Copy Constructor (Deep Copy)

@Test
public void testDeepCopvConstructor() {
Directory dl = new Directory("D
dl.addFile("fl.txt");

dl.add

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

assertTrue (dl.files

assertTrue(dl.files[0]

Directory

1*1' name e
T

files

nof

Directory
name —]
files —]
di nof 3A -

dl.files[0]

- V4 nof L' [) <
Ny / n. 4 7 }
. | > P2 tat *@'f
0 1 s 3 4 5 6 99
d1 files
null | null | null null null null null ’

13

");
WD et )

other.

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

dl.addFile("f3.txt’

Flle(Flle other)l{
this.name =
new String(other.name);

Directory(String name)
=P this.name = new Strlng( ame) ;
=»riles = new File[l

this ( otherﬂ

for (int 1 0; 1 < other.

qq '9File|§rc]= othe jles[i
O —prile nf = new|File(sro);

| —>this.addFile(nf);

z‘;} fhe (.0
2: ] void addFile(File f) { ... } F

d1. flles[lf\d{lesm](

N

N,

File

File

name I

name I

“f2.txt”

/

“f3.txt”

olt 4es. [o]@dz ,l‘,gs LOJ st = oll. fssTo]

e b




Exercise: Copy Constructor (Composition?)

@Test

public void testDeepCopyConstructor() {

Directory dl = new Directory("
dl.addFile("fl.txt");

D¥) ;
dl.addrile("f2.txt"); dl.addFile("£3.txt"

Directory d2 = new Directory(dl);
assertTrue(dl.files !=

d2.files[0].

assertTrue (dl.files[0]

Directory

name

files

nof

Directory

name I p—

files f —

nof 3

dl.files[0]

dl files

d2.files);

changeName ("f11.txt");

== d2.files[0]);

class File {
File(File other) {
this.name =
new String(other.name);

d[ -F[/ class Directory {
i i {

Directory(String name)
this.name = new String (name);
files = new File[100]; }
Directory(Directory other) ({
this (other name) ;
for(:l.nt = 0; 1 < other.nof; 1i ++) {
FJ.le sra = other fJ.les[J.],

¢ T

this.addFile (/f) ;
} src

}
void addFile(File f) { ...

}

3 4 5 6 7 - 99

nutl | nun | nen | nen | onun | nen | nun |

di. flles[lf\d{.ZeS[ZJ(

File

Fi

File

name I

name I

name I

“fl.txt”

/

“f2.txt”

/

“f3.txt”



Modelling: Aggregation vs. Composition

KEYBOARDI KEYBOARDI

KEYBOARDI

CPU2 ‘ CPU3

MONITORI MONITOR2 MONITOR3

|

(WORKSTATION) (WORKSTATION) (WORKSTATION)

IR

(NETWORK)




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”

341 307 1830 1823
reference 341 307

“Stendhall” “Stendhall”

“Henri Beyle” “Henri Beyle”
~Stendhall” 1783 1783

“Henri Beyle” 1842 1842
1783

1842

Hyperlinked author page Physical printed copies



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

Problem: A student 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 the tuition for a student, a base amount is first

determined from the list of courses they are currently registered
(each course has an associated fee). For a non-resident
student, there is a discount rate applied to the base amount to
waive the fee for on-campus accommodation. For a resident
student, there is a premium rate applied to the base amount to
account for the fee for on-campus accommodation and meals.




honl 4o (mlch 00 @
First Design Attempt [ w/-

(o)
ot

public class Student {
private Course[] courses;

private int noc; L\
f-/ N

private int kind; ,,‘Z
private double
private double discountRate

public Student (int kind){
this.kind = kind;
b

Stuckat v& = e SﬁAD(P/lfC
Sudet WS = v Sw{a«k(z)s

public double getTuition(){

double tuition = 0;

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

) Lost oAt

if (this.kind == 1) {

return tuition * this. premiumRate;

b
else if (this.kind == 2) {
return tuition * this.discountRate;

by

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 */ }
else {
this.courses[this.noc] = c;
this.noc ++;

b




First Design Attempt

public class Student {
private Course[] courses;
private int noc; 3

if (this.kind == 1) {

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

private int kind; /7 {7 return tuition * this. premiumRate;
private double premiumRate; }

private double discountRate; else if (this.kind == 2) {

return tuition * this.discountRate;

public Student (int kind){w b

this.kind = kind;

Ji

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

7 else if (this.kind == 2) { MAX =4; }
if (this.noc == MAX) { /* Error */ }
. else {
GOOd deSlgﬂ? / this.courses[this.noc] = c;
(] th- . ;
Judge by|Cohesion 1T




First Design Attempt

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

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

bs pi
if (this.kind == 1) {
return tuition * this. premiumRate;
} ”~
else if (this.kind == 2) {
return tuition * this.discountRate;

Yelo o (#rs kmo/==23>§ -] 3

public void register(Course c){
int MAX = -1;
if (this.kind == 1) { MAX =6; }
else if (this.kind == 2) { MAX = 4;
Good design? if (this.noc == MAX) { /* Error */ }

private int kind;
private double premiumRate;
private double discountRate;

public Student (int kind){
this.kind = kind;
b

else {
\ this.courses[this.noc] = C;
- Repeated if-conditions Wd&ﬁ“t‘ this-Hoc -+
_ A new kind is introduced? ‘"

- An existing kind is obselete? 2,

Judge by Single Choice Principle




Testing_Student Classes (without inheritance)

public class ResidentStudent ({
private String name;
private Coursel]

private double premiumRate; /+

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

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

}

return tuition x this. premiumRate ;

}

{

courses; private int noc;

assume a i

{

public class NonResidentStudent {

private String name;

private Course[] courses; private int noc;

/%
public NonResidentStudent (String name) {
this.name = name;
this.courses = new Course[l1l0];
}
public void register(Course c) {
this.courses[this.noc] = c;
this.noc ++;
}
public double getTuition() {
double tuition = 0;
for(int i = 0; i < this.noc; 1 ++) {
tuition += this.courses[i]. fee;

private double discountRate; assume a

}

return tuition x this. discountRate ;

public class StudentTester {

public static void main(String[] args) {
Course cl = new Course ("EECS2030",
Course c¢2 = new Course ("EECS3311",
ResidentStudent jim =
jim.setPremiumRate (1.25);
jim.register(cl); jim.register(c2);

500.00);
500.00);

NonResidentStudent jeremy = new NonResidentStudent ("J. Gibbons")

" + jim.getTuition());
out.println("Jeremy pays " + jeremy.getTuition());

jeremy.setDiscountRate (0.75);
jeremy.register(cl); jeremy.register(c2);
System.out.println("Jim pays

System.

/% title and fee
new ResidentStudent("J. Davis");

9

title and fee x*/

IRes.S. 01
rcs f\;| 1 1---1

%/ jin1 pr

Course

title

cl |

fee

dr Y

1

ANonRes.S.
) res | oL L1 1]
jeremy

L

Course

title

c2

fee




Student Classes (with inheritance)

il | po-bat/supls S5
./A\blce me{/hqi Course[] registeredCourses;

dQPIAPJ ek the
anl;e/ ol

Alc\&"%\g\& > |

int _numberQfColrses.s:
Student (String name) {
this.name = name;
registeredCourses =

}

void register(Course c) |
registeredCourses|[numberOfCourses]

new Course[l10];

Cy
numberOfCourses ++;
}
double getTuition() {
double tuition = 0;
for(int i = 0; i < numberOfCourses; 1 ++) {
tuition += registeredCourses[.i].fee;
}
return tuition; /* base amount only */

—

x—

class |ResidentStudent

extends

Student {

class NonResidentStudent

extends | Student {

double premiumRate;

/+ there’s & mutator meth

double discountRate;

/* there’s a mutator method

ResidentStudent (String name) {|super| name); }
/* register method is inherited *x/
double getTuit] ¥

double base = getTuition();

return premiumRate ;

JaYaWA)

super

base *

NonResidentStudent (String name) { super (name); }
/* register method is inherited x/
double getTuition() {
double base = super.getTuition();
return base * discountRate ;




In-Lab Demo - Nov. 6
Programming with Inheritance
extends, equals

Visualizing Child Objects
Tracing Method Calls in Eclipse



Student Classes (without inheritance)

public class ResidentStudent |
private String name;

private Course[] courses; private int noc;

private /+ assume a nj

public ResidentStudent (Strin
this.name = name;
this.courses = new Course[10]

}

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

}

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

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

name) {

}

return tuition x thi

> =
= |

. premiumRate ; return tuition x this.
}
}
L

public class NonResidentStudent ({
private String name;
private Course[] courses; private int noc;

private /* assume a

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

}

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

}

public double getTuition/(
double tuition = 0;
for(int i = 0; i < thi

tuition += this.cou

ing name) {

/

AKS

—_—



Recall: Student Classes (with inheritance)

class Student {

String name;

Course[] registeredCourses;
int numberOfCourses;

Student (String name) {
this.name = name;
registeredCourses = new Course[l0];

}
Q"{,\ void register(Course c) |

registeredCourses|[numberOfCourses]
numberOfCourses ++;

} |7
double getTuition() {
ﬁ double tuition = 0;

for(int i = 0; i < numberOfCourses; 1 ++) {

ci

tuition += registeredCourses[.i].fee; A

}
qetj( return tuition; /+* base amount only */

class ResidentStudent extends Student { class NonResidentStudent extends Student {
double premiumRate; /+ there’s a mutator meth

double discountRate; /+ there’s a mutator method
ResidentStudent (String name) { super (name); }

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

NonResidentStudent (String name) { super (name); }
/* register method is inherited x/
double getTuition() {

double base = super.getTuition();
return base * premiumRate ; return base x discountRate ;




Lecture 17 - Nov. 7

Inheritance

Implementing a Child Class: Principles
Visibility: Class, Attribute/Method
Static Types: Expectations
Polymorphism: Intuition



Announcements/Reminders

¢ Lab4 released (ProgTest3 on November 20)

e Guide & Questions for WrittenTest2 released

e Materials for In-Lab Demo on Inheritance released
e ProgTest2 results & feedback Monday Nov 11




A Collection of Students (without inheritance)

public class StudentManagementSystem {
private (ResidentStudent|[] rss;
private NonResidentStudent|[] nrss;

private int nors; /x number of resident

private int nonrs; /* number of non-resident ‘ S *,
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; i ++) { rss['] register(c); }
= 0; 1 < nonrs; 1i ++) nrss| reglster(c), }

wf/es)'mol o Y k;o(g aﬁ Endents

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




Recall: Student Classes (with inheritance)
clsatsrsin;tudent { I"\ Wil L Wbss .

name;

M Course|] registeredCourses;
int numberOfCourses; d /
Student (String name) { (l) mﬂﬂﬂt Ye* &\M

this.name = name;

registeredCourses = new Course[l0]; mhe'gfpd Atﬁféﬁfg
)
id ister (C c) |
vo;egil;etgel;ecrlecl;urosuerss[iumberOfCourses] = c; Z) Md ﬂal, ﬂffﬁ%
<.

/] numberOfCourses ++; Méﬁ

—_~—

t;ouble getTuition() { | Ye s
fzﬁiittjlilg? z (<);nu pear(f;fourse ;{’j++) &)w Wh 7h}7&7fp/
}tuition '+=I re.gistere ojurs%s(JLi &;l;/ sts, /{uve aS (TS

O e o b (las5 ls viet sativfieod wieh

K i/ ﬁ%ﬁ‘d g ‘_Zﬁlrb/l’

"N

f NonResidentStudent extends Student | f”M
~R double|premiumRate; here’s a mutator meth oublée discountRate,I %Vrhere’s a mutator method
ResidentStudent (St§ing name) { super (name); } INonResidentStudent (String name) { super (name); }
s register method ds in drin /+ register method is iphefited x*/
double getTuition() |{ [ J |double getTuition()\ { ngf ’uﬂfm Z
= .getTuition(); double base = super.getTuition();
(&return ase x premiumRate ; return base x discountRate ;
}
S ’
} *MSO VIEMP = G /:, }



Visualizing Parent and Child Objects

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

/* new attributes, new methods */
NonResidentStudent(String name)
double discountRate

void setDiscountRate(double r)

TP R
rmleﬁnet[/uverri[h[y" methods */ /* redefined/overridden methods *

Inheritance
Hirarchy

/* new attributes, new methods */
ResidentStu(!cnt(String name) ResidentStudent NonResidentStudent

puble getTuition() double getTuition()

Student s = new Student ("Stella"); DQClaring
ResidentStudent rs = new ResidentStudent ("Rachael"); .
NonResidentStudent nrs = new NonResidentStudent ("\Vancy") ; Sfahc Types

1
“Stella” \
0 1 8 9
null | null ‘ | null ‘ null |
[
Runtime
“Rachael”
numberOfCourses 0 1 8 9
registeredCourse null ‘ null |/ | null ‘ null |

premiumRate

numberOfCourses 8 9
registeredCourses | null ‘ null |

. discountRate



Testing Student Classes (with _inheritance)

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

String name
Student

=

N

Course[] courses /* registered courses (rcs) */
int noc /* number of courses */

/* new attributes, new methods */
ResidentStudent(String name)
double premiumRate

ResidentStudent

NonResidentStudent

/* new attributes, new methods */
NonResidentStudent(String name)
double discountRate

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

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

Res.S.

public class StudentTester { I
public static void main(String[] args) {

Course cl = new Course ("EECS2030", 500.00); /=
Course c2 new Course ("EECS3311", 500.00); /=
ResidentStudent jim new ResidentStudent ("J. Davig");
jim.setPremiumRate (1.25);
jim.register(cl); jim.register(c2);
NonResidentStudent jeremy new NonReside ent "J. Gi
jeremy.setDiscountRate (0.75\; NPr$on '(/\ ‘&‘ t MJO
jeremy.register(cl); jeremy.Megister(c2)
System.out.println("Jim pays " + 1m.getTu1tlon()),
System.out.println("Jeremy pays " +mition());

S")

Course
&1 title ] 2030] &2 title]3311
fee | 500 fee | 500
INonRes.S.
res | ) bl
Jeremy I7ar [o.75 01 9
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Visibility: Classes

CollectionOfStuffs

animal
Cat
Dog
juikuse class Chair
/ Desk
shape Circle
Square

CollectionOfStuffs

animal

furniture

Circle

Square



t
Visibility: Attributes and Methods ﬁ&ﬁd ;‘,,)paéﬁf’f

CollectionOfStuffs

animal

public class Chair {

[ Cat ] - -
— private int(w;

_int X as //ﬂ s
furniture 4 = ()) Péi wfé.
cxtends, TRt A protected int y;

2 | o | LZ J {u(LOIG'
CET— public int z; 7 ol
[ Desk ] ')
& ) 7y
shape [ RockingChair ]
[ Circle ]
[Square ] CLASS PACKAGE SUBCLASS SUBCLASS NON-SUBCLASS
(same pkg) W (different pkg) @ (across Project)

public

protected

no modifier

private
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Student(String name) String name
void register(Course c) Student Course[] courses /* registered courses (rcg) */

q
£1( . .
double getTuition() int noc /* number of courses ¥, b
e plosses

. . qb

* new attributes, new methods */
NonResidentStudent(String name)
double discountRate

W void setDiscountRate(double r)
WF L\‘ /* redefined/overridden methods */

double getTuition()

/*fnew attributes, new methods */
HesidentStudent(String name) I ResidentStudent \ NonResidentStudent
ouble premiumRate
oid setPremiumRate(double r) 7

* redefined/overridden methods */ m
louble getTuition() gt

Student s = new Student ("Stella");
ResidentStudent rs = new ResidentStudg
NonResidentStudent nrs = new NonRes/

----- l"|l- e
1 1 1 ] K] 77 1




Intuition: Polymorphism

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 attributes, new methods */
ResidentStudent(String name) ResidentStudent NonResidentStudent | \\°nResidentStudent(String name)
double premiumRate double discountRate

void setPremiumRate(double r) void setDiscountRate(double r)

/* redefined/overridden methods */ /* redefined/overridden methods */
double getTuition() double getTuition()

OO =

Q

. )g. -
St L Rpame (VS @S &MF?(es, P ) i g

daCS . | ucfe
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Written Test 2

Review Q&A

Call by Value, Caller vs. Callee
assertSame vs. ==

Modelling Diagram of Aggregation
Catch-or-Specify Requirement
Short-Circuit Evaluation



Call by Value: Re-Assigning Reference Parameter

@Test

lic cl 1
PEBESE fhmaa: o | public void testCallByRef 1() {

void reassignInt (int 7 : ;
r 19 ( 7) 2Util u = new Util();
- Point p = new Point (3, 4);

&= J-F df | o
void reassignRef (Point g N> r0int refofpBefore
~?Point [ap)= new Point (6, ] u.reassignRef (p) ;

q-@np; : p : assertTrue (p = refOfPBefore) ;
void changeViaRef (Point q) { assertTrue (p.getX() == 3);

g.moveHorizontally(3); aEsertlEas Dy GEETT) .

g.moveVertically(4); } } )

pi

public class Point {

private int x;

private int y;

public Point (int x, int
this.x = x;
this.y = y;

}

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;

}
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Testing_Equality of Points in JUnit: Default vs. Overridden

@Test
public void testEqualityOfPointVlanWointh() {
/ % ¢ two assertions do not y ] le because p and p2
/+ assertFalse (pl @pé}; assertFalse (p2 == pl);

7
ferent types and fail.

/* assertSame can take objects of
/% assertSame (pl, p2); * ‘% comy
'+ assertSame (p2, pl); + x comp1l

/% vel n o

assertFalse

pl.equals (p2));

assertFalse

equailLs Lron

= D ==

p2.equals (pl));

public class PointV1 {
private double x;
private double y;

public PointV1 (double x, double y) {
this.x = x;
this.y = y;
b
}

POintVl pl = new PointV1(3, 4); PointV2 p2 = new PointV2(3, 4);

public class Object {

THRN

)]

J
LHS pol BHS
Oom[uf:é/e 67?5

FI::: FZ

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

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.getClass() != obj.getClass()) { return false }
PointV2 other = (PointV2) obj;
return this.x == other.x

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

!= obj.getClass())

{ return false;

}

PersonCollector other = (PersonCollector) obj;
boolean equal = false;
if (this.nop == other.nop) {
equal = true;
for (int (D=0 & } < this. agd—i sy u
equal _thistersgn [i]|-equals (pther.persons([i]) ;

;
}

fran T

return equal;

fon

Hes. pesons []. FostAle . |£?_agi

!

Jutf

( cthey . /7&4#5[2]. VNS
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Consider the following call stack where method ma from class A throws a NegValException:

throws an
exception

forwards/
propagates
an exception

catches an
exception

N
524:!:’43'
Methoda ses error and an

NegValException object is thrown

L

Metho:hooses not to handle the
error and propagates it
to its caller (i.e., Tester.main).

YT

LAV

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

this NegValException is not
propagated further.

method call

method call

(RN~ of -

In the above call stack, upon satisfying the catch-or-specify requirement, how many methods opt for the specify option? Your answer must be an integer value.

Answer: 2 .



[orott: 0<=T 2€ €< M-Ia@fh XL "95852 T ﬂg.lmaek Y

Assume a non-empty integer array ns of length 3 and an integer variable i.

Consider the following fragment of code: . o ( Z
if(®@ <= i & ns[i] % 2 == 1 & i < ns.length) { ~> |
System.out.priNtIin("Outcome 1"); ns

. ’—” £ ¢ 7 e --
it ok e =
“omll be g 0<T L< 1% bgh.
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Lecture 18 - Nov. 12
Inheritance
Dynamic Binding: Intuition

Ancestors vs Descendants, Expectation
Variable Substitutions



Announcements/Reminders

e WrittenTest2 tomorrow

e Lab4 due this Friday at noon

e ProgTest3 next Wednesday, November 20
e ProgTest2 results & feedback released
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Intuition: Dynamic Binding

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 attributes, new methods */

ResidentStudent(String name) ResidentStudent NonResidentStudent | \\°PResidentStudent(String name)

double premiumRate double discountRate

void setPremlumRate(double r) void setDiscountRate(double r)
erridden methods */ X /* redefined/overridden methods */

double getTuition( double getTuition()

1&"{ Co e cecs2030 = new Course("EECS2030", 100.0); ‘
‘ Student ’@ VT. |
ResidentStudent rs = new! ResidentStudent ("Rac 1");

2
3
4 |NonResidentStudent nrs = new NonResidentStudentY"Nancy") ;
5
6
7

rs.setPremiumRate (1.25); rs.register(eecs2030); nrs
r(eecsz2030)

nrs.setDjscountRate(0.75); n 31
s = rs;@‘iystem.out.printlnzsh)getTultlon )T = mm RQ 4 (

8®5 oy nrsl@ystem.out.println( s JgetTuition()) |
ﬂdt_s S%-"? fMll eecs2030
Yldl DT' d
S
S’WAMK' Q [ ResS. | o1 9
R rcs /“\#l

pr [1.25

Course
title | 2030]
fee | 100

rs

SERE




[;th? {Af/—d/( St '(L;//Pf

i tim&. : aém iC Tyfg‘



Multi-Level Inheritance Hierarchy: Students

Student

/

DomesticStudent

A

ForeignStudent

:

~

DomesticResidentStudent

DomesticNonResidentStudent

ForeignResidentStudent

ForeignNonResidentStudent

Reflections:
- For Design 1, how many encodings fo check for each method?

@B

- 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 */

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?




Inheritance Forms a Type Hiera
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Inheritance Accumulates Code for Reuse é’”’““"" Greeste
di Vb asic method */

surfWeb /* basic method */

u// \ v v

surfWeb /* overridden using safari surfWeb /* overridden using firefox */
Android
[ facetime /* ewmethd/ skype /* new method */

SmartPhone

/ \%’ e
uawei

IPhone13Pro

/* dual-matrix camera

GalaxyS21 *

ancesforsJ ) expectations ~ ¥ descendants

QD |54, S5, . SH| s St , wabled { <hopy il | | GSz

7eR, , 165, gF gﬁ&_m((’a, {w}\u)eL; -!\a(;ffh? g 0{7al Mfo
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Inheritance Accumulates Code for Reuse <ol :./433 g,..,/;,/o; e

dial /* basic method */
surfWeb /* basic method */

surfWeb /* overridden using safa

SmartPhone -

Android

facetime /* new method */ skype /* new method */

108
/* cinematic mode */
quickTake sideSync /* new method */

IPhoneSE IPhone13Pro Huawei Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

I
SC IRV RN

SmartPhone spl; ‘/spl
IPhonel3Pro sp2; Sp2 =

] _ o, LompTip
Samsung sp3; sp3 = ?; ST ,fmwf






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: Smar’r Phones Declare.

SmartPhone myPhone;
urfWeb/ 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

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

Student

String

.

/* new attributes, new methods */
ResidentStudent(String name) ResidentStudent
double premiumRate

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

="

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

Declare: Declare:
Student jim; NRS alan;

NonResidentStudent

int noc /* number of courses */ J|m77 | alan.?? I

/* new attributes, new methods */

Inheritance Herarchy: Smart Phones

SmartPhone

*ﬁal /* basic method */

surfWeb /* basic method */

/

facetime /* new method */

108
/* cinematic mode */
quickTake

surfWeb /* overridden using safari */

Android

IPhoneSE IPhone13Pro

Huawei

/* dual-matrix camera */
zoomage

/
AN

NonResidentStudent(String name)
double discountRate... WP(SM&U

void setDiscountRate(double r)

/* redefined/overridden methods */ ’t
double getTuition() 0{ R -f
setl,.

Declare: Declare:
SmartPhone pl;| |Samsung p2;

p1.2? p2.22

surfWeb /* overridden using firefox */
skype /* new method */

\s’_deSync /* new method */

Samsung

AN

HuaweiP50Pro

HuaweiMate40Pro

GalaxyS21 GalaxyS21Plus




Lecture 19 - Nov. 14
Inheritance
Polymorphism vs. Dynamic Binding

Type Casts: Named vs. Anonymous
Casts: Compilable vs. ClassCastException



Announcements/Reminders

e WrittenTest2 results to be released by Monday
e Lab4 due tomorrow at noon
e Lab5 to be released tomorrow
e ProgTest3 next Wednesday, November 20
+ Lab4 grading tests
+ Lab4 solution video
e Bonus Opportunity coming: Formal Course Evaluation
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Rules of Substitutions (1)

SmartPhone

L /

108

/* cinematic mode */

quickTake

IPhoneSE

IPhone13Pro

dial /* basic method */
surfWeb /* basic method */

T~

surfWeb /* overridden using safari */
facetime /* new method */

Android

/

Huawei

/* dual-matrix camera */

zoomage /

N

surfWeb /* overridden using firefox */
skype /* new method */

\ sideSync /* new method */

Samsung

iy

M})F/ﬂf
<l gpz’s

HuaweiP50Pro

HuaweiMate40Pro

GalaxyS21

GalaxyS21Plus

ST TRCE
7S Q

Declarations:

|IOS |sp1;

IPhoneSE sp2;
IPhonel3Pro sp3;

Substifutions:

spl @spz;

spl = sp3;

of spl’s
ST Ie5



Rules of Substitutions (2)

dial /* basic method */
SmartPhone
surfWeb /* basic method */

surfWeb /* overridden using safari */

Android surfWeb /* overridden using firefox */
facetime /* new method */ ndrof

skype /* new method */

/* cinematic mode */
quickTake sideSync /* new method */

IPhoneSE IPhone13Pro Huawei

Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

Declarations: Substitutions:

109 sp1; < sp2;

SmartPhone sp?2;




Rules of Substitutions (3)

LurfWeb /* overridden using safari */
facetime /* new method */

surfWeb /* overridden using firefox */
skype /* new method */

IPhoneSE IPhone13Pro

ndroi
/* cinematic mode */
quickTake sideSync /* new method */
uawei

Samsung

/* dual-matrix camera */
. zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21

GalaxyS21Plus

Declarations: Substitutions:

HuaweiP50Prg sp2;

10S|sp1; Llsp2;




Visualization: Static Type vs. Dynamic Type

Student|s;

Substitution:

Declaration V? S—[ Static Type: Expectation

Dynamic Type: Accumulation of Code

L

s = new |[ResidentStudent("Rachael”);

/* new attributes, new methods */
ResidentStudent(String name)
double premiumRate

void setPremiumRate(double r)

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 NonResidentStudent NonResi(.ientStudent(String name)
double discountRate

/* redefined/overridden methods */
double getTuition()

void setDiscountRate(double r)

3 /* redefined/overridden methods */
D l double getTuition()

ResidentStudent

name “Rachael”

numberOfCourses

registeredCourses




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 */

AN

/* new attributes, new methods */
ResidentStudent(String name)

/* new attributes, new methods */
ResidentStudent NonResidentStudent NonResidentStudent(String name)
double premiumRate

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

Example 1: (o7 e etp | J+° ST (Sendlact)

Student jim S new ResidentStudenty...);[ J(Z 7 Aﬁ:;efo’afr
jim =)new NonResidentStudent(...); ert)

o of Jﬁﬂ . K§




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)

/ \ quickTake

/

surfWeb /* overridden using safari */
facetime /* new method */

/* cinematic mode */

IPhoneSE

IPhone13Pro

/* dual-matrix camera */
zoomage

dial /* basic method */

SmartPhone 5

urfWeb /* basic method */

Android

/

Huawei

N

surfWeb /* overridden using firefox */
skype /* new method */

\ sideSync /* new method */

Samsung

[\

HuaweiP50Pro

HuaweiMate40Pro

GalaxyS21

GalaxyS21Plus

Exercise 1:

Android myPhone = new HuaweiP50Pro(...);
myPhone = new (GalaxyS21(...); )




Change of Dynamic Type: Exercise (2)

surfWeb /* overridden using safari */ )
108 : " " Android
facetime /* new method */

skype /* new method */
/* cinematic mode */
quickTake sideSync /* new method */

IPhoneSE IPhone13Pro Huawei

surfWeb /* overridden using firefox */

Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21

GalaxyS21Plus

Exercise 2:

IOS myPhone X new HuaweiP50Pro(...);
myPhone 2 new GalaxyS21(...),




Change of Dynamic Type (2.1)

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

Student

String name

/

/* new attributes, new methods */
ResidentStudent(String name)
double premiumRate

void setPremiumRate(double r)

ResidentStudent

/* redefined/overridden methods */
double getTuition()

Given:

Student jim = new Student(...);
ResidentStudent rs = new ResidentStudent(...);

NonResidentStudent nrs =

jim = rs;
printin{jimi. getTU|t|on());

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()

new NonResidentStudent(...);

Example 1: DT 7‘9/ “ﬁgp: KQ(YD

jim = nrs;,_, oT: NS 7 “’”ﬂf»

printin(jing.getTuition());

NS¢ o).



Change of Dynamic Type (2.2)

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()

Given:
Student jim = new Student(...);

ResidentStudent rs = new ResidentStudent(...);
NonResidentStudent nrs = new NonResidentStudent(...);

Example 2:
rs & jim;

String name

/

ResidentStudent

printin(rs.getTuition());

nrs = jim;

printin(nrs.getTuition());

N

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()




ﬁv

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(...);
jim.getTuition();
jim = new NonReS|dentStudent( ),V,([}

jim.getTuition(); ?Ay V\

SmartPhone|spl|= (---);
SmartPhone Sp2 = new GalaxxSZl(...);

p1 é@‘"—% chonds P "Tﬂe‘Yp ® c‘}z‘
|"I|surfWeb(),

"ot 62

/% new attributes, new methods */
ResidentStudent(String name)
dblpmlmRt

void se

Student (Stng me)

R
naj Stri
void register(Course ¢) ent Cours
m(u /¥ i

double getTuition()

RdtStdt

r)
/ df'd/ rridden methods ¥/

Student

=

ame

e[] cou

number of cor

/ewaly

irses /* reg d es (res) ¥/
/

dbld untRate

double getTuition()

r)
/* redgﬁned/»uerrmen methods

new methods %/
ing name)

¥

| P
o e o




Type Cast: Motivation

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 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()

U | student jim = new ResidentStudent ("J. Davis");
2 | ResidentStudent rs = jim;

3 0 rs.setPremiumRate(1.5);

T LTI RS




An A+ Challenge:

Inferring the DT of a Varialez

MyClass. java

3\

S

N

Your Program

last DT of s N

class MyClass {

main (...)

Students = ...;

s = new ResidentStudent(...);

¥
b

' dpcfaléél/o

7



Anatomy of a Type Cast

Student jim = new ResidentStudent("Jim”);

T: ResidentStudent ) : , :
. * v valid substitution o SiniESut

e A N
ResidentStudent @ ) (ResidentStudent)

e

an alias whose ST is ResidentStudent

ResidentStudent

\

Student jim

pr

25
\z\g S

S



Type Cast: Named vs. Anonymous

surfWeb /* overridden using safari */ Android surfWeb /* overridden using firefox */
facetime /* new method */ © skype /* new method */

IPhoneSE IPhone13Pro Huawei Samsung

/N

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

/* dual-matrix camera */
zoomage

/* cinematic mode */
quickTake sideSync /* new method */

Named Cast: Use intermediate variable to store the cast result. EXercise

SmartPhone aPhong = new IPhonel3Pro();
! n Phone = new IPhonel3Pro();
IOS forHeeyeon = (IPhonel3Pro) aPhone; M - ()i

]
forHeeyeon. facetime () ; (IPhonel3Pro) |aPhone. facetime ()|;

Anonymous Cast: Use the cast result directly.

SmartPhone aPhone = new IPhonel3Pro();

Gl
(l(IPhonel3Pro) aPhoned) . facetime () ; / Xﬁ* *
APk A e o)
ST: 17BFe Pt N




Expectations

Compilable Casts: Upwards vs. Downwards

ZAndroid myPhone = new GalaxyS21Plus();

SmartPhone sp =({(SmartPhone) myPhone;

GalaxyS21Plus ga = (GalaxyS21Plus) myPhone;

sp | myPhone | ga
dial
surfWeb
skype X
sidesync [\/|\ [/
facetime \ /
quickTake / >< X
zoomage |/ |/ \ / \

SmartPhone lial /* basic method */
surfWeb /* basic method */j w gf ”g

surfWeb /* overridden using safari */ . surfWeb /* overridden using firefox */
. . N Android ~—
facetime /* new method */ skype /* new method */

10S
/* cinematic mode */
quickTake sideSync /* new method */

; (
IPhoneSE IPhone13Pro Huawei owﬂw 6 Samsung

w5
/* dual-matrix camera */
zoomage

/ N\

HuaweiP50Pro HuaweiMate40Pro GalaxyS21

GalaxyS21Plus




Compilable Type Cast May Fail

at Runtime (1)

Student(String name)
void register(Course c) Student

double getTuition()

String name

Course[] courses /* registered courses (rcs) */
int noc /* number of courses */

AN

/* new attributes, new methods */
ResidentStudent(String name)

/* new attributes, new methods */

ResidentStudent NonResidentStudent NonResidentStudent(String name)
double premiumRate

void setPremiumRate(double r)

double discountRate

/* redefined/overridden methods */
double getTuition()

‘(ResidentStudent

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

..Davis");

rs.setPremiumRate (1.5%5

Z. VIl NES (ownst

)Zd Nt7mP class [j-gf ETceFI{:aeo/I L

[: v§$ % exrecfe fo
wed g G

—

Alfil e . o, ¥S (&) plun&® NRS

iﬁ




Lecture 20 - Nov. 19
Inheritance
Type Casts: Exercise

Checking Dynamic Types: instanceof
Polymorphic Method Parameters



Announcements/Reminders

e WrittenTest2 results released
® Lab5 released
+ Required study: Abstract Classes & Interfaces
e ProgTest3 tomorrow
+ Not covered: equals method, copy constructors
e Bonus Opportunity coming: Formal Course Evaluation



Compilable Type Cast May Fail at Runtime (2)

SmartPhone

10S
/ \ quickTake

/

surfWeb /* overridden using safari */

facetime /* new method */

/* cinematic mode */

IPhoneSE

IPhone13Pro

SmartPhone aPhone

IPhonel3Pro forHeeyeon = “ aPhone};

3 f forHeeyeon.quickTake () ;

dial /* basic method */
surfWeb /* basic method */

.

Android

/

Huawei

/* dual-matrix camera */
zoomage

N

surfWeb /* overridden using firefox */
skype /* new method */

\ sideSync /* new method */

Samsung

/N

HuaweiP50Pro

HuaweiMate40Pro

GalaxyS21

GalaxyS21Plus

= new GalaxyS21Plus () ;

[[E Whows OT (632 Plas) 7 st ..



Exercise: Compilable Type Cast? Fail at Runtime? (1)

surfWeb /* overridden using safari */ Androld
facetime /* new method */ ndrot

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

SmartPhone myPhone = new Samsung() ;
/+ ST of myPhone is SmartPhone; DT of myPhone 1is Samsung */
GalaxyS21Plus ga = (GalaxyS21Plus) myPhone;

Compilable? ClassCastException at runtime?




Exercise: Compilable Type Cast? Fail at Runtime? (2)

108 surfWeb /* overridden using safari */ Android surfWeb /* overridden using firefox */
facetime /* new method */ skype /* new method */

/* cinematic mode */
quickTake sideSync /* new method */

IPhoneSE IPhone13Pro Huawei Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

SmartPhone myPhone = new Samsung() ;
/* ST of myPhone is SmartPhone; DT of myPhone is Samsung +*/
IPhonel3Pro ip = (IPhonel3Pro) myPhone;

Compilable? ClassCastException at runtime?



Compilable Cast vs. Exception-Free Cast

/

surfWeb /* overridden using safari */ Android surfWeb /* overridden using firefox */
facetime /* new method */ ol skype /* new method */

/* cinematic mode */
quickTake

dial /* basic method */
surfWeb /* basic method */

SmartPhone

IPhoneSE IPhone13Pro Huawei

zoomage

Android myPhone = new Samsung(); (;lA(Q

Compilable Casts @D cException-Free Casts

ClassCastException ‘D



Exercise: Compilable Cast vs. Exception-Free Cast

class A { }
class B extends A

class C extends B
class D extends A

dowawend Cast

SRR



/ S tlag:oule

4

X mmceoﬁ ¥
L, eeptts o Bobt (T o F)

() AN

L T i Pl ok X tan Al [T ]]

the 8‘[17 o{:

X
@) gl o X 75%1:1 oestorclont 4

3) 3 % 0N onrestr oF tie DI 437(

L? _TE i, thet 5 /\éﬁfga&o it

v

) X

lo (LE



Checking Dynamic Types 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 */

/ /* new attributes, new methods */

ResidentStudent(String name) i : NonResidentStudent(String name)
double premiumRate ResidentStudent NonResidentStudent double discountRate

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

/* new attributes, new methods */

-, o 14 L
Student jim = new NonResidentStudent ("J. Davis") i daf'ﬁ [, E

if J(jim instanceof M

ResidentStudent rs = |( ResidentStudent ) jimg .7
rs.setPremiumRate (1.5); [CE

abrow D=

(en 40 DT of o (WRS) Wifill exp of RS 7
Tole + o0 RS wk & thstor 4 KS.



Checking Dynamic Types at Runtime (2)

dial /* basic method */
SmartPhone
surfWeb /* basic method */

surfWeb /* overridden using safari */ Android
facetime /* new method */ ndrol

IPhoneSE IPhone13Pro

aOrwOND =

/* dual-matrix camera */
zoomage

/* cinematic mode */
quickTake

surfWeb /* overridden using firefox */
skype /* new method */

sideSync /* new method */

Samsung

HuaweiP50Pro HuaweiMate40Pro

GalaxyS21

GalaxyS21Plus

SmartPhone aPhone = new GalaxyS21Plus();
if (aPhone instanceof IPhonel3Pro ) {

IOS forHeeyeon = ( IPhonel3Pro ) aPhone;
forHeeyeon. facetime() ;




Use of the instanceof Operator

oS surfWeb /* overridden using safari */ Android surfWeb /* overridden using firefox */
facetime /* new method */ o! skype /* new method */

/* cinematic mode */
- quickTake sideSync /* new method */

IPhoneSE IPhone13Pro Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus ‘

SmartPhone myPhone = new Samsung() ;
println(myPhone instanceof Android);

println(myPhone instanceof Samsung) ; evaluates to true if

println(myPhone instanceof GalaxyS21) ) Samsung can

println(myPhone instanceof IOS); @ ‘FUlﬁ” GXPGCfoIOHS on

L[4
println(myPhone instanceof IPhonel3Pro) ; ‘ i->

myPhone instanceof ??

?

2.



Safe Cast via Use of the instanceof Operator

surfWeb /* overridden using safari */ Android
facetime /* new method */ ndrof

|08 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

SmartPhone myPhone = new Samsung/() ;

/* ST of myPhone is SmartPhone; DT of myPhone 1is Samsung +*/ . 22

if (myPhone instanceof Samsung) { myphone instanceof ??
Samsung samsung = (Samsung) myPhone; evaluafes 1‘0 frue If

}

if (myPhone instanceof GalaxyS21Plus) ({ Samsung can

GalaxyS21Plus galaxy = (GalaxyS21Plus) myPhone; fu|ﬁ|| expec’ra’rions on ??
}

if (myphone instanceof HuaweiMate40OPro) ({
Huawei hw = (HuaweiMate40Pro) myPhone;

- O OWoONOOTPA,WN —

—_




Static Types, Casts, Polymorphism (1)

surfWeb /* overridden using safari */ . surfWeb /* overridden using firefox */
z 5 2 Android
facetime /* new method */

skype /* new method */

/* cinematic mode */
quickTake sideSync /* new method */

IPhoneSE IPhone13Pro Huawei

108

Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

class SmartPhone {
void dial() {

}

class I0S extends SmartPhone {
void facetime() { ... }

SmartPhone sp = new IPhonel3Pro();
sp.dial(); o/

sp.facetime();}(
sp.quickTake();ﬁ(

AN =

}

class IPhonel3Pro extends I0S {
void quickTake() { ... }
}




Static Types, Casts, Polymorphism (2)

T

108 -

surfWeb /* overridden using safari */
facetime /* new method */

* Cil atic mode */
quickTake

Android

surfWeb /* overridden using firefox */
skype /* new method */

IPhoneSE

IPhone13Pro Huawei

/* dual-matrix camera */
zoomage

i \ sideSync /* new method */

Samsung

/N

HuaweiP50Pro HuaweiMate40Pro

GalaxyS21 GalaxyS21Plus

class SmartPhone {
void dial ()

}

class I0S extends SmartPhone {
void facetime() { ... }

}

{

AW =

class IPhonel3Pro extends I0S {
void quickTake() { ... }

}

Ioé/ ip

= new IPhonel3Pro();

ip.dial(); /

ip.facetime();
ip.quickTake(); X




Static Types, Casts, Polymorphism (3)

surfWeb /* overridden using safari */ Android
facetime /* new method */ narof

108 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

class SmartPhone {
void dial() {

}

class I0S extends SmartPhone {
void facetime() { ... }

IPhonel3Pro ip6sp = new IPhonel3Pro();
ipébsp.dial(
ipésp. facetlme ;

PO =

V4
ipésp. qu1ckTake Y U//

}

class IPhonel3Pro extends I0S {
void quickTake() { ... }
}




Static Types, Casts, Polymorphism (4)
oS
//////// \\\\\\\\\ Z:P}

surfWeb /* overridden using safari */ . surfWeb /* overridden using firefox */
: " % Android 5
facetime /* new method */

skype /* new method */ g L/
/* cinematic mode */
quickTake sideSync /* new method */

IPhoneSE IPhone13Pro Huawei

. o 4

ﬁ / \ i3 C’IP)?;Z::) 5/7

HuaweiP50Pro HuaweiMate40Pro GalaxyS21

Samsung

GalaxyS21Plus

class SmartPhone {
void dial() {

}

class I0S extends SmartPhone {
void facetime() { ... }

SmartPhone” sp = new IPhonel3Pro();
) sp)l.dial(); b//
( (IPhonel3Pro) sp).facetime();

A 0N =

}

vV
( (IPhonel3Pro) sp).quickTake(); b///

class IPhonel3Pro extends I0S {
void quickTake() { ... }
}




Static Types, Casts, Polymorphism (5)

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

String name

Course[] courses /* registered courses (rcs) */
int noc /* number of courses */

/* new attributes, new methods */

ResidentStudent NonResidentStudent NonResidentStudent(String name)

double discountRate
void setPremiumRate(double r)

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

/ ResidentStudent
Student s

Course eecs2030 = new Course("EECS2030", 500.0);
Student s = new ResidentStudent ("Jim")
s.reglster(eecs2030) ;

; {we pr
ifks instanceof ResidentStudent:‘I/b

/* new attributes, new methods */
ResidentStudent(String name)
double premiumRate

’

( (ResidentStudent) s).setPremiumRate(l.75);

System.out.println(( (ResidentStudent) s)

o (CE!L

.getTuition());




Polymorphic Parameters (1)

class StudentManagementSystem ({

Student [] ss; /» ss[i] has static_type [} ~/ int c;
voidemddRS (ResidentStudent rs) { ss[c] = rs; c ++; }

d addNRS (NonResidentStudent nrs) { ss[c] = nrs; c++; }
void addStudent (Student s) { ss[c] = s; c++; } }

Q. Static ’rype of ss[0], ss[1], ..., ss[ss.length - 1]?
i 05 Spdeat,
Q. In method addRS does ss[c](= ¥s compile?

s STa#’yrs (RS) 1 a oo s o dant p ST of ssie) (fﬂaﬁ
Q. Under what circumstances can the following
wethod call be valid/compilable?
sms.addRS(o)

arownN =

c&\\



Lecture 21 - Nov. 21
Inheritance

Polymorphic Arrays
Polymorphic Return Values
Type-Checking Rules

Solving Problems Recursively



Announcements/Reminders

e Lab5 released
+ Required study: Abstract Classes & Interfaces
® ProgTest3 grading process to start on Monday
e Exam Review Sessions eClass Polling
e Bonus Opportunity coming: Formal Course Evaluation



The instanceof Operator

A obj = new B();

if (obj instanceof ?7) {
?? obj2 = (??) obj;

b

- L1 compiles if B can
fulfill expectations of A.

N [—

- L3:

- Compiles if
Up or Down cast w.r.t. A.

- ClassCastException if B cannot
fulfill expectations on ?2.

- Evaluates to true if B can
fulfill expectations on ?2.



Polymorphic Parameters (2)

class StudentManagementSystem {
Student [] ss; /* ss[i] has static type Student =*/ int c;
v01d addRS (ResidentStudent rs) { ssl[c]l = rs; c ++; }

addNRS (NonResidentStudent nrs) { ss[c] = nrs; c++; }
foid addStudent (Student s) { ss[c] = s; c++; } }

Student sl = new Student();
Student s2 new ResidentStudent () ;
Student s3 new NonResidentStudent () ;
ResidentStudent rs = new ResidentStudent();
NonResidentStudent nrs = new NonResidentStudent () ;
dentManagementSystem sms = new StudentManagementSystem() ;

JaddRsS sl);x
.JaddRrs|s2); K
.laddRS[s3) ; KX
JaddRS rs);L//
.JaddRS(nrs) ;
Jaaastudent|(
.JaddStudent (
JaddStudent (

(

(

E——
s: qusm g am) Smng ame
register(Cours Student urse[] courses / mg stere d es (res) */
dnhlgl’[nn() to/nmb /

/* new attributes, new methods */ /* new attributes, new metho d /

ResidentStudent(String name) ResidentStudent
mRate

.laddStudent
.laddStudent

r)
rridden methods */
double getTuition() double getTuition()




(3
Casting Arquments ror— rr—
void register(Course c) Student Course[] courses /* registered courses (rcs) */
T =1 | W courses ¥/

double getTuition() J int noc /* number of
ANy

L = /* new attributes, new methods */ /* new attributes, new methods */
void addRS(ResidentStudent rs) i [ ot |
double premiumRate double discountRate
voi mRate(double r) void setDiscountRate(double r)
re erridden me /* redefined/overridden methods %/

sms.addRS( (ResidentStudent) 9) compiles?
Student s = new Student ("Stella"); CldSSCdeEXC@pinﬂ?

/* s’ ST: Student; s’ DIT: Student x/
StudentManagementSystem sms = new StudentManagementSystem() ; YES
sms.addRS(s); X

\
\
\

A OWON =

Stiidént s = new NonResidentStudent ("Nancy"); CIGSSCdeEXCQPfIOn?
/+ s’ ST: Student; s’ DT: NonResidentStudent x+/

StudentManagementSystem sms = new StudentManagementSystem(); YE_C

sms.addRS (s); X

AOON—=

ion?
Stiidént s = new ResidentStudent ("Rachael"); CIGSSCdeEXCGPhOn.

/% s’ ST: Student; s’ DT: ResidentStudent x*/ kl
StudentManagementSystem sms = new StudentManagementSystem() ; 0 CCE,
sms.addRS (s); X

sms.addRS(|(ResidentStudent)(@rs) compiles? I|ol \{ veahe u,mw/
NonResidentStudent nrs = new NonResidentStuds ;S IUB\ @ M’IWM
/* ST: NonResidentStudent; DT: NonResidentStuden x/T-'-

StudentManagementSystem sms = new StudentManagementSystem() ;
sms.addRS (nrs); X

AWM=

A OWODN—=




[ ] [ ]
Student(String name) String name
A Polymorphic Collection of Students EE I —
double getTuition() intnoc /* number of courses %
7% new attributes, new methods %/ | - ‘ /% new attributes, new methods */
i ing name) ) N i id ing name)|
ResidentStudent rs = new ResidentStudent ("Rachael"); O e e sttdouble ) L voidsetDisomuntRatedouble )

/% redefined/overridden methods */ /% vedefined/overridden methods */
double getTuition() double getTuition()

rs.setPremiumRate (1.5);

NonResidentStudent nrs = new NonResidentStudent ("Nancy");
nrs.setDiscountRate(0.5);

StudentManagementSystem sms = new StudentManagementSystem() ;
sms.addStudent ( rs ) /* polymorphism */

sms.addStudent ( nrs ); /* polymorphism #*/

Course eecs2030 = new Course("EECS2030", 500.0); Sq
sms.registerAll (eecs2030); 0 to'],

int numOfStudents;

void addStudent (Student s) { d
students[numOfStudents]es; ”\{ m

numOfStudents ++;

©CoOoONoOOOP~,WN =

10 PBfor(int i = 0; i < sms.numberOfStudents; 1 ++) { ‘9‘0‘], -
11 /* Dynamic Binding: j— ¢ 1 . )
12 * Right version of getTuition wifl l.hecalled x void registerall (Course o) ( (

—_
w

System.out.println(sms.student

i]).|getTuition )| ;

—_
N

for(int i = 0; i < numberOfStudénts; 1 ++) {
students (1] register (c
R

4 5 6 7 99

Student| System 3

| null [ null | null | null [ null | null [ null | null ‘

sms.getStudent (0)

— oTl :
ResidentStudent NonResidentStudent
“Rachael”

rs

sms.getStudent (1)

“Nancy”

numberOfCourses 0 1 8 9

registeredCourses | | null ‘ ‘ null ‘ null ‘ registeredCourses ‘ null ‘ | null | null
premiumRate

nrs

numberOfCourses 0 1 8 9

discountRate

sms.sq[1]linstanceof[NonResidentStu

@t@
sms.sq[1]|linstanceof|ResidentStuden
<-r>

sms.sg[0]|instanceof NonResidentStu
sms.sg[0]|]instanceof ResidentS en
sms.sg[0]|instanceof Student eecs2030

Course
title

“EECS2030"

sms.sq[1]|linstanceof|Student




Polymor

hic Return Types

Student 's =

k-

Course eecs2030 =
ResidentStudent rs =
rs.setPremiumRate (1.5);

NonResidentStudent nrs =
nrs.setDiscountRate(0.5);
StudentManagementSystem sms =
sms.addStudent (rs) ;

static return type:
print (s instanceof Student && s instanceof ResidentStudent);/+tr
print (s instanceof NonResidentStudent);

sms.getStudent(1) i

—_—
static return type:
print (s instanceof Student && s instanceof NonResidentStudent) ;/

print (s instanceof ResidentStudent);

sms.getStudent(0) ;
N !
Student

Student

StudentManagementSystem 2

new Course ("EECS2030",

new ResidentStudent ("Rachael");

rs.register(eecs2030) ;

new NonResidentStudent ("Nancy");
nrs.register(eecs2030);

new StudentManagementSystem() ;

sms.addStudent (nrs) ;

/* dynamic type of s? x/

sms.getStudent (0) ;
/% dynamic type of s? #*/

500) ;

/* false */

X

sms.getStudent (1); x

3

/* false */
print( s.getTuition() ); /+Version in NonResidentStudent called:250+*
NonResidentStudent nrs2 =

4

print( s.getTuition() );/+Version in ResidentStudent called:750+/
ResidentStudent rs2 =

class StudentManagementSystem {

Student[] ss;

void addStudent (Student s)
Student s =
if(i < 0 ||

}
else {
= ss[i];

) "S= 'gsTe];

return s;

}

99

5 =
‘ null ‘ null ‘ null ‘ null ‘ null ‘ null ‘ null ‘ null ‘

ResidentStudent
“Rachael”

numberOfCourses 0 1 8

9

—

sms.getStudent (1)

NonResidentStudent

numberOfCourses

“Nancy”

0

1

registeredCourses

premiumRate L

eecs2030

Course

registeredCourses

discountRate

“EECS2030"

int e

c)

2

{ ss[c] = s; c++;

getStudent (int i) {
null;
i >=
throw new IllegalArgumentException("Invalid

Py

e
s”‘,:,-(etf

{

§6
'7 ,,Wﬂ'd
o

Statit Tyye & vetura vakep
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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?
VIs 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 ¢ 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?




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();

printlin(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 }
I
I

class B extends A {

boolean equals (Object obj) {
/* overridden version */

}
}

class C extends B {
/*equals not overriddenx/

/* overridden version */

}

1 fObject clI = new C();
2 §Object c2 = new C();
3

printin(cl.equals (c2));

L3 calls which version of
equals? [B]

) ) T
oy

}
} boolean equals (Object obj) {




Solving_a Problem Recursively

Given a small problem: Solve it directly:

Given a big problem:

Divide it intfo smaller problems:

Assume solutions to smaller problems:

Combine solutions to smaller problems:

...) { /% base case: do something directly #*/ }

m (j);/+ recursive call with strictly smaller value #*/




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



Lecture 22 - Nov. 26

Recursion

Tracing: Factorial, Fibonacci Sequence
Recursion on Str.: Palindrome, Reversal

Exam Info



Announcements/Reminders

® Lab5 released

+ Required study: Abstract Classes & Interfaces
e Learning resources on Recursion
e Exam Review Sessions eClass Polling



Recursive Solution: factorial

Vel voLasip

- -
— =



Recursive Solution in Java: factorial

1
n-(n-1)I

nl =

int factorial (int n)ié
int result; | o
if (== 0) { /+ base case x/

else { /* recursive case */

result =_n x factorial (n — 1);

}

return regutts

}

factorial(3)

Example:

Runtime Stack



Common Errors of Recursion (1)

int factorial (int n) {

return n * factorial (n - 1);
}
J\acCs)
AN
n¥ Ja(z) /
/z\ ﬂfmgi,
2 * (i) 4
7N
| % Jac (o)
AN



Common Errors of Recursion (2)

int factorial (int n) {
if(n ) { /* base case */ return 1; }

else { /* recursive case */ return n x factorial (n); }

}

N > -IZ:CC() {4/}4” a-/f/

SN e

A3 -/ﬁC(f)

~ o =™ =



Recursive Solution: Fibonacci Numbers




Recursive Solution in Java: Fibonacci Numbers

ifn=1
ifn=2
an_1+Fn_2 ifn>2

int fib (int n) {
int result;
if (n ) { /* base case */ result = 1; }
else if(n == 2) { /* base case */ result = 1; }
else { /% recursive case */
result = fib (n - 1) + fib (n - 2);
}

return result;

Example: fib(4)

Runtime Stack



( e 3

L ° &
Use of String S = “Hell-” S>lel (1 (o]

public class StringTester ({
public staticdwoid main(String[] args) {

String s = "abcd";

System.out.println(s.isEmpty()); /* false */

/* Characters in index range [0, */ _ wi

String t0 = s.substring(0 LO J—) L>5 - g wbg.hm ( Z’ "’>
System.out.println(t0); /* L ’ 3 _J.
/* Characters in index range [0, 4) */ s;
String t1 = s.substring(0, 4); [0 s3

Systez.out.println(tl); / * "abch?",* 747’" A QAS‘ﬁf

/% Characters 1in index range [1 3) x/

String t2 = s.substring(l [_[, ] 7 N/P['ﬁ:” /40700?;

System.out.println(t2); /* "bc" */
String t3 = s 0, 2) + s.substring(2, 4); ‘57;
System.out.println(s.equals(t3)); /* true */ d/,

for(int i = 0; i < s.length(); 1 ++) {
System.out.print (s.‘charAt(i));

I //: “}
} o ff;?/ [T, 3-1]

System.outprintln() ;
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oV (acecap]>

5
Palindrome Y =r Z¢ r;?(acem)

Recursions on Strings

oA “abed”

Bacecdr]’
“laracecaris|

A\ 1/
raceacar

Reversal Number of Occurrences

\\abcdll \\abcall




Problem: Palindrome Jisthe” leeliey,

boolean isPalindrome (String word) {
if (word.length() == 0 || word.length() == 1) {
/* base case */
return true;

}
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. #*/

&& 1sPalindrome (middle) ;

oX. 757( vetelow )
ot 1wl Cvatebar)



Exam Info o1

i [ € 77@01"/‘;4
- When: 10am fo 1pm, Sunday, December 8 ' 7"
. S 4t ot
- Where: TC Sobeys 3. O oAF
- Format: Some Multiple Choice & |Mostly Written 4. ,7
- Coverage: Everything (lecture materials & labs) =7 s

+ slides, iPad notes, code examples

- Restrictions:

+ No data sheet

+ No sketch paper (Exam booklet includes it)
- What you should bring:

+ Valid, Physical Photo ID (strict)

+ Water/Snack



Recursion
Tutorial
triangle

array220
arithmeticArray



Problem on Recursion tps://codingb¢ prob/p19478

We have triangle made of blocks. The topmost row has 1 block, the next row down has 2
blocks, the next row has 3 blocks, and so on. Compute recursively (no loops or
multiplication) the total number of blocks in such a triangle with the given number of rows.

% 4

triangle(0) — O
triangle(l) —» 1
triangle(2) — 3

Hint: Visually, P:ow do the example input triangles look like?
mvalec INWIE] bl (1

2

male ( g >

brzwale § o | NG = 14

W,

(1

=& 4 trmwgb( b

Lottom yay)



Problem on Recursion https://codingbat.com/prok/p173469

Given an array of ints, compute recursively if the array containsl somewherela value
followed in the array by that value times 10. We'll use the convention of considering only
the part of the array that begins at the/given index. In this way, a recursive call can pass
index+1 to|move down the array| The finitial call will pass in index as 0.

T

yﬁhwf‘“ﬁ‘m‘*ﬂz 4

array220([1, 2, 20], 0) - true |, |

C

array220([3, 30], 0) — true d ¢
array220([3], 0) — false ' e A[t]* ﬂ{(f‘.]

Try two versions:

boolean array220(int[] nums, int from)
boolean array220(int[] nums, int from, int to)
Ver. 1 assumes that the ‘to’ index denotes the end of the array.

Ver. 2 does not make such an assumption, though ‘to’ typically is the last index.

Hint: Max value of ‘from’ before an ArrayIndexOutOfBoundsException occurs?

\‘(l ) ;1 >3| ﬁﬂbg?)ocm"‘ss,g)
NUmS = ﬁ ¢ ¥h )
s D1 ] == ums[ol o || hed 220 (s,




Problem on Recursion

Return an array storing the first n numbers in an arithmetic sequence.
int[] arithmeticArray(int start, int diff, int n)
‘start’: the first term in an arithmetic sequence

'diff’: the common difference between terms in an arithmetic sequence
‘n: the first n numbers in an arithmetic sequence

e.g., arithmeticArray(2, 3, 5) returns an array {2, 5, 8, 11, 14}.

Hint: Let this method first create an array of the right size, then
pass its reference to a recursive helper method,
which modifies the array contents recursively.

) ovahwetthvn] @3, (
it buef(2,3 5 0) - B3 70 e angﬁ?"i—"’z Smi==s

ovethete Beva (2, >> L) >a2s *[a«&hmerzcﬁwag)-l( 1,9 %0




Lecture 23 - Nov. 28

Recursion

Recursion on Strings: occurrencesOf
Recursion on Arrays: Call by Value
Recursion on Arrays: allPositive, isSorted



Announcements/Reminders

® Lab5 released

+ Required study: Abstract Classes & Interfaces
e Learning resources on Recursion
e Exam Review Sessions eClass Polling
e A tutorial session on recursion: 4pm on Sunday
e ProgTest3 results to be released on Monday
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Recursions on Strings L

el Palindrome ¥r:==» X2 r;?(aze@

at( bbed’, 'a’)

facecdr|’
“laracecaris|
“raceacar”
Reversal %ft(’yue/ Number of Occurrences
W " ¢ W " /
ywe/;eo[l(abcd 4\"‘M\01»0m"4 ot ( “abca 1 1'd’)

ﬂWM y LW+ orcCbea)
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Problem: Reverse of a String

String reverseOf (String@ {
if(s.isEmpty()) { /+ base case 1 */
return "";

}
else if(s.length()

return s;

== 1) { /» base case 2 x/

}

else { /* recursive case */

taill= s.substring\l} s.length());

String
String reverseOfTail = reverseOf (tail);

char |head|= s.charAt (0);
return reverseOfTail + head;

}
}




11} k,,
Problem: Number of Occurrences ZL{NI:: "I

int occurrencesOf (String s, char(c)) {
if (s isEmpty()) {
/* Base Case #*/
return O;

}
else {
/* Recursive Case */
char = s.charAt (0);
String |tail|= s.substring(l, s.length());

if (head == c)_{
return 1 +| occurrencesOf (tail, (c);

}

else { .
return 0 + occurrencesOf (tail,(c)j , \4)()

OCC (z( r//\




Recursion on an Array: Passing new Sub-Arrays

void m@Ent[] a) {
if (a.length == 0) { /#* base case */ } 4Q

else if(a.length ==_1) { /* base case */_}
else { a4~

int|[] |sub new int[a.length - 1]; <Mb’\> --.

for(int 1 ; 1 < a.length; i ++) { sub[i - 19 = a[il; } 9§

L.) base (ase # I




Recursion on an Array: Passing Same Army Referen
& et %

void m(int[] a, |int from, int’ tol { E/Mﬂf‘
if(from@to) { /* base case W} .ﬁ,qj,,,/c ar
else if (from == to) { /x base case */ } e Luvv
rrofe1, &%) 1 | methec calf
- 3
call L7 W 0-1=-|
Say al = {}, consider m(al, 0,|al.length - 1I) (M +
L bag cose 4 ¢ |
v (/
Say a2 = {A, B, C}, consider|m(a2, 0, a2.length - 1) m ( 42 0 2)
5 L3
R — |
M—~A 1T & C\ m(42 , d5°2)




Problem: Are All Numbers Positive?

Hees yo hl'cfwe% fo Show
bb foy = Tue | ™ 0nt “iekion

o $S
P(?t’ )E /'Alsé’-] ‘lhe"(;o:; Séf/;;éﬁf/:t P

~ 1
a/»j””
ot 2

P




Problem: Are All Numbers Positive?

boolean|allPositive(int[] a) {
return |allPositiveHelper|(a, 0, a.length - 1);

allPositiveHelper (int[](%) int from, in£ c©))
{ /+ base case 1: empty range #/

boolean
if (from > to)
return true;

}
else if (from == to) { /* base case 2: range of one element =/

return al[from] > 0;

}

else { /* recursive case */
allPositiveHelper

(&, igeml ar dby Ee) s

return a[from] > 0 &&

}
}




Tracing_Recursion:

allPositive

Saya =}

allPositive(a)

allPH(a,0,-1)

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 &&
}




Tracing Recursion: allPositive

Say a = {4}

allPositive(a)

allPH(a,0,0)

a[0] >0

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 {
return a[from] > 0 &&

}
}

/+ recursive case */

allPositiveHelper (a, from + 1, to);




Tracing_Recursion:

allPositive

Say a = {4,7,3,9}

allPositive(a)

allPH(a,0,3)

T~

a[0] >0 allPH(a,1,3)

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 &&

}
}

/mmEn SN

a[1] >0

allPH(a,2,3)

o

a[2] > o0 allPH(a,3,3)



Tracing Recursion: allPositive

boolean allPositive(int[] (a) {

return allPositiveHelper (a,
Say a = {53,-2,9} :

boolean allPositiveHelper (int[] a, int from, int to) {

if (from > to) { /+ base case 1: empty range x/

return true;

0, a.length - 1);

allPositive(a)

}
else if (from == to) { /* base case 2: range of one element #*/

| return a[from] > 0;
}

a”PH(aI&3) else { /x recursive e x/
return a[from] > O@ allPositiveHelper (a,(from + 1, to);

S’ / \ } }
@ >0 gZ allPH(a/,3)

ZmmEn SN L

3
@>o 27 allPH(a,2,3)

ot A R g,fbo

a[21>'0 Mvc%td‘

o
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Problem: Are Numbers Sorted?

S
s St ( 2, (Gl

Saya=6@é77l} &ij < a'ﬁ\] &g( [/éjovfeJC&s /, %)



Problem: Are Numbers Sorted?

boolean isSorted(int[] a) {

return isSortedHelper (a, 0, a.length — 1);

a, int from, int to) {

boolean isSortedHelper (int ][]
if (from > to) { /* base case 1: empty range */

return true;

}

else if (from == to) {
return true;

}

else {
return al[from] <= a[from + 1]

&& 1isSortedHelper (a, from + 1, to);

/* base case 2: range of one element x/




Tracing Recursion: isSorted

Say a= {} boolean isSorted(int[] a) {
return isSortedHelper (a, 0, a.length - 1);

}

{

boolean isSortedHelper (int[] a, int from, int to)

ISSOFted(a) 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

Say a= {4} boolean isSorted(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;

}
else if (from == to)

iSSH(a,0,0) } return true;

else {
return a[from] <= a[from + 1]

&& 1isSortedHelper (a, from + 1, to);

{ /* base case 2: range of one element */

return true




Tracing Recursion: isSorted

Say a = {3,6,6,7}

boolean isSorted(int[] a) {
return isSortedHelper (a, 0, a.length - 1);

}
{

boolean isSortedHelper (int[] a, int from, int to)

ISSOrted(a) if (from > to) { /+ base case 1: empty range =/
return true;

}
| else 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[l]<=a[2] isSH(a,2,3)

/N

a[2]<=a[3] isSH(a,3,3)



Tracing Recursion: isSorted

Say a= {3@@7} boolean isSorted(int[] (a) {

return isSortedHelper (a, 0, a.length - 1);
}

. boolean isSortedHelper (int[] a, int from, int to) ({
Issorted(a) 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,0,3) )
else {
/ \ return a[from] <= a[from + 1]
&& ) isSortedHelper (a, from + 1, to);
a[0]<=a[1] isSH(a,1,3)
a[l]<=a[2]

b <= &



Lecture 24 - Dec. 3
Recursion
Tower of Hanoi: Specification, Legend

Tower of Hanoi: Java, Tracing
Tower of Hanoi: Running Time



Announcements/Reminders

e Lab5 due midnight today
+ Required study: Abstract Classes & Interfaces
® ProgTest3 results released
e Extra office hours: 3pm to 5pm on Thursday
e Exam Review Session (Zoom): 3pm on Friday
e Materials for tutorial session on recursion




Tower of Hanoi: Strategy

. Consider 2 disks: A < B

move &

from pl to p3

R
pl ﬂp;.«f//ﬁ”'ﬁ

y
I

y
I

y
I

y
I

y
I

Consider 1 disk: A

(-

. Consider 3 disks: A<B < C

move @» from pl to p3
pl p2 p3

y
I

T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1

&
move T from pl to p3
s
Y
pl p2 p3

y
I

PAD
eLANNING



|
e - _
Tower of Hanoi: Strategy 3 b2 p3 ] move @ from p1 to p3
g | —— .
pl p2 p3 move( ' from pl to p2
i+ an
pl p2 p3 move ) from p3 to p2
= €1
e8P 41 _
pl p2 pP3 move €0 from pl to p3
R P ==
pl p2 p3 move () from p2 to pl
[ ) — =
pl p2 p3 move( ) from p2 to p3
from 1 e
p2 pl p2 p3 move( ) from p1 to p3
to -}
m "




]7\ FZ. rg
Tower of Honoi in Java é& ‘

void towerOfHanoi (String[] disks) {
tohHelper|(disks, 0, disks.length - 1, |1, 3};
) veowrsve helpey wethal : P

void tohHelper(Str:Lng disks, int from, int toysint ori, int des) {
if (from > to) an 3”?( W4

else if (from == tol y 1o wo
print ("move " + dlSkS to] + " from " + ori + "™ to " + des);

}

else { 2 l. >3

int intermediate =6 — ori - des;

(D tohHelper (disks, from, to - 1, ori, |intermediate);
@print("move " + disks[to] + " from " + ori 4+ " to " + des);
@ tohHelper (disks, (rom, to - 1, |intermediate, des);

Stage Stage 2 Stage 3
4 : ]>2. rg P , FZ r; 14 ]>2» gig
A —= 2N 4& ‘ ‘ A = N ‘ ‘ L=\




Tower of I-Ianon Tracin
g M, f

/@E C ' yeﬂ

ta]Cobs, 0, 2, [, [p2)

/ wo(mf? \4\4 2 |
WMPJ/afD

taH (k, 0, lsal, ]72 mweC F'for5 o 0,) LL,V;
@tak#l(ofssg‘g, P),FD-? moe R pl 1o p3

@) move B: ,7, o FZ
@toh] (b, 00, p2+ p2) = wove ) 13 &




Tower of Hanoi: Tracing

Say ds (disks) is {A,B,C}, where A< B< C.

tohH(ds,

0,2
——
{A,B,C}

,p1,P3) =

tohH(ds, 0,1 ,p1,p2) =
——
{A,B}

Move C: pl to p3

tohH(ds, 0,1 ,p2,p3) =

—
{A,B}

tohH(ds, 0,0, p1, p3) = {
e

{A}
Move B: pl to p2

tohH(ds, 0,0, p3, p2) = {
——

{A}

tohH(ds, 0,0, p2, p1) = {
et
(A

Move B: p2 to p3
tohH(ds, 0,0, p1, p3) = {
——

{A}

Move

Move

Move

Move

g il c@ @3

5 23 @ X4

5 @2 te i

g Pl te 3
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Tower of Hanoi: Running Time w* wilolfa<

Runnirig Time as a
void towerOfHanoi(String[] disks) {
tohHelper (disks, 0, disks.length - 1, 1, 3) %) Recurrence Relafion

}

void tohHelper (String[] disks, :Lntlfrom int to,I int ori, int des) {

if(from > to) { }
else if (from == to) {
print ("move " + disks[to] + " from " + ori + " to " + des);

}
U Téﬂ/')

| bt Lt Vel

prlnt( move " + disks[to] 4+ " from " + ori + "

Itonueiper (disks, rrom, to — 1, 1ntermediate, aes)I

’L > —l—}




Final Exam

Review Q&A




Consider a mutator method "'m" defined in class "SomeClass". c/c P 7"7(

Assume that the correct implementation of method “mis such that: ﬂ

o Wh}e{ ‘m’ is invoked for the first time, no exceptions occur. < —> o m — F«
« When "'m" is invoked for the second time, a “SomeExceptoin™ occurs. > sz M PS-;-

public class Tester { /* This is a JUnit tester. */

/* import of JUnit assertions omitted */ { YO P'IZ‘.

QTest [A fh,

public void test() { 71 ert 4 /ZE/
SomeClass obj = new SomeClass(); [ ‘PhM M&- 1

N

catch(SomeException e) {

[ fo mrhu(b] s ,K‘i(_.*/

}

}




QW/DF”A@
public class Tester { /* This is a console tester. */

public static void main(String[] args) {
SomeClass obj = ney SomeClass();

= 0s? 1k o> expeet o prteptin L
- Qr 4 et} ool > taught pul A" paned

try {7'“‘ [a“-»)
C’E e, viot obtureed” - Pmé‘f@( WZ/I Horw/

obj
System.out.printl

}
catch(SomeException e) {

[0
. — et szms £ o e[yPtfPD( L"QEZ

catch(SomeException e) {

V System.out.println("Fail"); ..'04
ol rot oo .

}
3 B publlf: class Teste}' { /* ThvlS is a' JUnit tester. */ public class Tester { /+ This is a JUnit tester. s
% dgport of JUnit assertions omitted */ /* import of JUnit assertions omitted */
Q@Test
public void test() { public void test() {

SomeClass obj = new SomeClass(); SomeClass obj = new SomeClass();

M'Ffl : ﬂcw‘o'ﬂafe[ trgb;.tz(); ’Ho
l' atch(SomeExce‘}gion e) { rgbj.m(); ﬁPWOW
nOJa'ff, }fa11(); b‘{

}
¢ catch(SomeException e) {

(‘Me try { 7
: (7.
obj.m(); r‘“ 7
£2il0); - WMP
} .
catch(SomeException e) { caft::l((s)oTneExceptlon e { MMVW
¥

L }
b }

}




public class Tester { /* This is a console tester. */

public static void main(String[] args) {
‘?f

SomeClass obj = new SomeClass();
try {

atch(SomeException e) { /
[System.out.printIn("Fail"); |

i
try { 4——\\\~___——:;

obj.mQ);
System.out.println("Fail");
}
r catch(SomeException e) {
}
I
i




public class Tester { /* This is a JUnit tester. */
/* import of JUnit assertions omitted */
Q@Test
public void test() {
SomeClass obj = new SomeClass();
try {
obj.m();
}
catqe[%omeException e) {
fail();
}
try {
obj.m(Q);
fail();
}
catch(SomeException e) {

}




public class Tester { /* This is a JUnit tester. */
/* import of JUnit assertions omitted */
@Test
public void test() {

SomeClass obj = new Someflass(); eﬁ'
try { MT SM
obj.m(); 7

try { Z"J ca\ ﬂ od'e,ﬁfﬁ

catch(SomeE;Jce‘l 021 e) { ‘ /

s otow

X

catch(SomeException e) {
fail();

734
Y V public class Tester { /* This is a console tester. */
public static void main(String[] args) {
«ﬁkt
p-=7

SomeClass obj = new SomeCl ss()

try { £ cf’fe
e Tt o
ST A e o

System.out.println("Fail");

l;
| catch(SomeException e) {

System.out.prigtln("Fail");
i,
¥

.,l,amq? or &

} / 7 Amoﬁ'/ 214 ?)

\ ¢ e exmd J\WQZX 0{0( otlar ,

Hp it [,Jo\,{lol naf ,t‘a[ [

(5

MAFPW}W?NP
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Are descendant classes only u‘(seful if they have more expectations
than their ancestor classes? If not, on|page 5|of your written notes
on "Static Types, Expectations, Dynamic Types, and Type Casts",
when you cast (D) oa, it does not work because the "d" attribute is
not declared in class C. But if we suppose that class D simply
didn't have the "od.d" expectation (so only "a" and "c" attributes),
would it still cause a ClassCastException even though D and C -
would have the same expectations?

ol (. A

(® /ij s 57 0\(‘,97

] \dst%CT
"/t
XA

past @7"‘/}7
/4



Given a string and a non-empty substring sub, compute recursively the largest substring
which starts and ends with sub and return its length.

strDist("catcowcat", "cat") — 9
strDist("catcowcat"”, "cow") — 3
strDist("cccatcowcatxx", "cat") — 9
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class Collector {
Al as;int numberOfic; 702
. 1:.3 (8
BHbs—intnumber6{Bs;
Collector() {
= ; = ; 3
void addA(A a) {
as[numberOfAs] = a; numberOfAs++; }
void addB(B b) {
78 bs[numberO0fBs] = b; numberOfBs++; }
void callAll() {
for(int i = 0; i < numberOfAs; i ++)
{ as[il.miQ; }
for(int i = 0; i < numberOfBs; i ++)
{ bs[i].miQ); 1}
}

}
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