EECS2030 (Sec. F) 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) Wfo{ M (‘Qﬂj

CLO1 | Implement an Application Programming Interface (API).

CLO2 bs‘ %plementation.

CLO3| Document the implementation.

CLO4 | Implement aggregations and compositions.

CLO5 | Implement [inheritance.

= S

CLo6 | Uselrecursion.

LCLOT | Implement linked lists.

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

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




Synchronization: Laptop, Github, RemotelLabs

e Cloning Github repositories may not work on a remotelab terminal
e Instead:
+ Develop Java projects on your: laptop. L
+|Incremental commit & push to keep the Github cloud space up to date.
+ To test if the finished project works on Linux, export & transfer an archive file to remotelab.
+ On the remotelab, import the archive file and re-run all JUnit tests.
+ If everyone works, submit the archive file!
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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
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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 %



Observe-Model-Execute Process /A yJee{(‘,ﬁ/

Real World: Entities

Entities:
jim, jonathan, ...

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

:‘& ,ﬂ A},(,{/L’Q 4'

Compile-Time: Classes
(definitions of templates)

4
T U
clasq|erson] te

String name;
double weight; « «
doubbe- héight;

class Potint {
double x;
double y;

)

" Entities:

I:.o...

0'7

A’r’rrlbu’res ;Je(
Changes:

|Inquiries} ™ mc, '(:
Templa’re

T Qe

zwﬁ”‘

Run-Time: Objects
(instantiations of templates)

/

N

Person

name

“Jim”

weight

80

Execute nheight

1.80_/

Person
name “Jonathan”
jonath weight 80
.7 N height 1.80

Point
(—' - o -

p2

y -2

e

Sl

o

Enhhes
Attributes:
Changes:

,(s( t\,2)

Inquiries:
Template:



Object Oriented Programming (OOP)
- Templates (compile-time Java classes)
+ attributes (common around instances)
+ methods
* constructors
* accessors/getters
* mutators/setters

+ Eclipse: Refactoring L3 gl

- Instances/Entities (runtime objects) aL 0
+ instance-specific attribute values J 0» \S v"‘\

+ 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 ( Genp) !
Templates .
Common

Attribute Definitions

( (TYP€5>_

Common
Behaviour Definitions
(Headers/API)

Instance-Specific
Attribute Values

) ' :5
Instance-Specific et | m?kk
Behaviour chrreng i ") V& e \(PA
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Parameters vs. Arguments

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

Template Deﬁ.ﬁj.’rion

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

void move(char dlrectlon double|units) {.::}.

¥

class PointTester { ..
static vaid main(String[] a'rgs) {
. Point = new Point(2.5,:-3.6);
Poin = new Point(—4.8', 5.9); :
Method Usages double distl = p1.getDistanceFrom(p2);

double djs 2 getDlstanceFrom(
p1.




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.

Method-level (local) variables may be accessed/modified within the declared method.

i




In-Lab Demo - Sep. 11
Helper Methods

Code Smell
Refactoring
Breakpoints & Debugger
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Point: without a Helper Method
/(M.ﬂ)

class Point { /* code smells:repetitions! =*/ A ('x_”)’:(. [y_”}
double x; double y;

double getDistanceFromOrigin () ({
return Math.sqrt (Math.pow(this.x - 0, 2) + Math.pow(this.y - 0, 2));

] » (3s4) =
double getDistancesTo (Point pl, Point p2) { /7 3-‘0)+(¢'0j~’

return o —
Math.sqgrt (Math.pow(this.x - pl.x, 2) + Math.pow(y - pl.y, 2))
+

Math.sqgrt (Math.pow(this.x - p2.x, 2) + Math.pow(y - p2.y, 2)); }

double getTriDistances (Point pl, Point p2) {
return
Math.sqgrt (Math.pow(this.x - pl.x, 2) + Math.pow(y - pl.y, 2))
+
Math.sqgrt (Math.pow(this.x - p2.x, 2) + Math.pow(y — p2.y, 2))
+
Math.egrt(Math, pow(pl.x — p2.%; 2) + Math.pow{pl.¥ — P2:%: 2));
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Point: with a Helper Method

public class Point { /* Code Smell Eliminated »*/

private double x; private double y;
double getDistanceFrom(double otherX, double otherY) {
return Math.sqgrt (Math.pow(ohterX - this.x, 2) +
Math.pow(othery — this.y, 2));

}
double getDistanceFromOrigin () {

return this.getDistanceFrom(0, 0);
}
double getDistancesTo (Point pl, Point p2) {
return this.getDistanceFrom(pl.x, pl.y) +
this.getDistanceFrom(p2.x, p2.V);
}
double getTriDistances (Point pl, Point p2) {
return this.getDistanceFrom(pl.x, pl.y) +
this.getDistanceFrom(p2.x, p2.y) +
pl.getDistanceFrom(p2.x, p2.y)



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 L ue tomorrow (Friday)@
Priorit

° < LabOP2 (tutorial videos + PDFs)
e Yesterdays in-lab demo materials (helper methods)
released.




Constructors not using this Keyword @> memory

: (sequence of bytes)
publ}: class Person { model JIV'(
* Attributes.

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

double weight; @Test i 01"2% ’75
double height; public void test_1() { -— [e

Person(jim = new Person(72, 1.81);

i Person jonathan = new Person(65, 1.67);

* Constructors assertTrue(jim !=_jonathan);

4 assertFalse(jim\==)jonathar); .

public Person() { assertNotSame(jim, jonathan);
; assertNotEquals(jim, jonathan);

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

§ public static void main(String r
Person’ jim = new Person({72/ 1°81);
Person jonathan = new| Person(65, 1.67);
System.out.println(jimy;

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

- Parameters vs. Arguments console

- Reference Variables




Constructors not using this Keyword

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

double height;

model

Question

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

* Constructors
74
public Person() {




Tracing OO Code: Visualizing Objects

To visualize an object:

o Draw a

rectangle box |to represent contents of that object:

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

Left column

enumerates names of attributes of the instantiated class.

Right column

fills in values of the corresponding attributes.

o Draw | arrow(s)

for variable(s) that store the object’s address .

»{‘F- Obb \ weight

ﬁ'nationality




Effects of Creating New Objects [

ublic class Person
e rerson.t model

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

4
oublg weight; . .
'.":?joubl height- - Variable Shadowing

- Visualizing Objects
/* ]
* Constructors - Context Object
i - this
- dot notation

public Person() {

e height)

pub]

ic void test 10 { ;[LJEUi

Person(jim = new Person(72, 1.81);|

Person jonathan = new Person(65, 1.67);
assertTrue(jim != jonathan);
assertFalse(jim == jonathan);
assertNotSame(jim, jonathan);
assertNotEquals(jim, jonathan);




Person

Accessors/Getters vs. Mutators/Setters h/->

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

double weight;
double height; Person_
- w.

-

/* Accessors/Getters */
public double getBMI() { (S
double bmi = tp{g,weight / (P& height * t){L height);

return bmi; =%
} \SM IM @Test
public void test_30 {
/* Mutators/Setters */ %3 Person jim = new/Perso 1_81))
public void gainWeightBy(double arrxnt) { Person jonathat = new PersoA(65,(1.67;
th(;.welght = thifs.weight + amgent;
/I"\ assertEquals(21.977, 4 5 ‘L.":_ aetBMI 0.01);

assertEquals(23.307, 3onathan.getBML( , 0.01);

'gainWeightB)@

Jenathan. gatAneigntBy(3)

assertEquals(22.893, jim(getBMI(), 0.01);
assertEquals(24.382, jonathanlgetBMI(), 0.01);



Use of Accessors vs. Mutators Slide 48

o e.g., double w = |Jjim.setWeight (78.5));
o e.g., jim.setWeight (78.5);

e Calls to accessor methods should be used as valtjes.
o e.g., jim.getBMI () ; AMY?'H« )M{ e et va lﬂ;ﬁ,
o e.0.. e EapEvEREE R e E U4
o e.g., double (W)=




Method Parameters Slide 49

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

—_—

e.d.; Person (aouble w, double E_Z_VS

Person (String fName, String lName)

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

f

e.g., In Point, void moveToXAxis ( /|
velup
volid moveUpBy(double m' y

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

e.g., In Point, double getDistEramQrigin () VS.
doubleetDistFr/or-r:\Point othes




Copying_Primitive vs. Reference Values

*true*/
k——J

Primitive

Point pl = new Point 3 Re{:erence
Point pA=)pl; System.out.println#pl == p2|; /rtrue*/

Point p3 = new,Point(2/(3); N

Systme.out.println(p3 == piF1| 13 2);/+falsex/
Systme.out.println(p3.x 5 : § LV == ; /*truex/
Systme.out.println(p3.x
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Copying_Primitive Values

int 11 =

int i2 =

int i3 = 3; 0
int [] F)umbersll= @ é, é;
int[]'numbers2 = new int[numbersl.lengtﬁl;

for(int i = 0; 1 < numbersl.length; 1 ++) {

numbers2([i] = numbersl[i];

}

numbersl1[0] = 4;
System.out.println(numbersl1[0]);
System.out.println(numbers2[0])




Lecture 4 - Sep. 17
Review of OOP

Reference Aliasing & Primitive Arrays
Ref-Typed Parameters vs. Return Values



Announcements/Reminders

e LabOP2 due this Friday at 12 noon!

e Labl to be released after LabOP2 is due. 5 Voot C ] L
o Priorj}y: LabOP2 (tutorial videos +\PDF IR F
e This Thursday's office hour will be re-scheduled.




Copying_Primitive Values

I¢ # (=0

int i1 = 1; & .
_Aint 12 = 2; n2{dl = nilels
int i3 = 3; /]
2 int [] F)umbersll= @ é, é; 2AJ TIL Z=-'-I
At | | numbers? = new int[numbersl.lengthl; =
for(int i = 0; |1 < numbersl.length; i ++) }’IZ(I:]: /1)01"'
‘anumbers2[i] = numbersl[i];
}

Yol .75
umbersl@ = &y “Lci(f ¢ '2

System.out.println(numbersl[0]); WZ(Z]-—- O

System.out.println(numbers2[0]




Copying_Reference Values: Aliasing | D)y pﬂf( pll'

wdss of akby
| Person ...-- Brir-mm;m; . ’ bty | rmt(P/OJ)
rson tom i new Person("Tom") ; llelsoﬂ ] 7.—_ @?l L—? wel

g D An ("2 AN .

on m ne on ("Jim") : i g T2 ".' ?"“}7" ©
R Person[] = n qc l. R pla/p s '«0
Person new Person|[personsl.leng « d
j [ i . length;
' ersonsz[1i] = personsl[i]) k
g cersonsliT0] . setAge (70); e\ ma’ m _‘tg_“j—w
System.out.println(jim.getAge()); ‘w
System.out.println(alan.getlAge()); Person Person Person
System.out.println(persons2[0].getAge()); name M name |’} name “]"Ar
personsl[0] = jim; age 0 age i
persons1[0].setAge(75);

,’
System.out.println(alan.getAge()); JM /\

(7
System.out.println(jim.getAge());

(

(

System.out.println(persons2[0].getAge()); na::rsor:,JZr
Y[ (t==0): |72 [’OJ:'_ YI (od; e || |2
Itﬂz(( [y rzt,]: VI(( FB’MMZ—\) 7T JT 7
lids (‘C::ZYVZ (z] = yl 2] =L
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Person alan = new Person("Alan");
Person mark = new Person("Mark");
Person tom = new Person("Tom");

Person jim = new Person("Jim");
Person|[] personsl = {alan, mark, tom};

Person|[] persons2 = new Person|[personsl.length];

for(int i = 0; i < personsl.length; 1 ++) {
IpersonsZ[i] = personsl[i];l}
personsl[0].setAge(70);
System.out.println(jim.getAge());
System.out. prlntln(alan.getAge());

§ystem.o s PEL (persons2[0] .getAge());
cersons$[0 >= iim;
personsl [-‘5.] . setAde(75),

(7
System.out.println(sim.getAge());

(

(

=i
System.out.println(alan.getAge());
System.out.println(personsZ|0].getAge());

/

VI
“Tvson.
name [*Feny
age i\ |

A




Arrays and Aliasing

All alras ]7&#6

] - Q

Ald/\ L

/re«so«\sl
1t

@

Tevson

name

U Alav/{'

plea == plfed

FITO] =< FZ[:ZJ@

a_ge,

0

o

e

o bxeixp

)

/

Yovcon

neme |* Mak!

age, 0

Tovcon

neme [* T

ag& 0

}mhs-ﬁa

“Tom’

Tevcon

neme

"

a_ge,




Reference-Typed Return Values Slide 53
- /\y.] g2 g ,aé)
public class Point { :
/* A mutator modifying the context Point object */ ’-Kl <2 I 4'?)
ublic void moveUp (intY)
/: P a fwlo!«m t gt Lyort s
4 % rect.
§ ol b P <] FI (2£,-20)
/* An acgegbor returning a new Point object */ z
ublicPoint) movedUpBy(int i) { ?
PoirE= new Point(t%s.x, tﬁ@s(.y); /
np.moveUp(i); ——
return np; P P | = Jent )
) public class PointTester { 4 x \*5
) publ_ic static void main(String[] args) { Y )g 1794

_=2 BqQi = new Point(2.5, -3.6);

, .ovedUpBy(6_.4);3 " e ’_}’;fx’
ref" F

wf}g"hiﬁo‘ 165§

oo



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|;




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

Integer Counter
Breakpoints & Debugger



Proqrammlnq Pattern

_publlc class P01ntCollector {
private Point[] points;
private int nop; /* number of points x/

ﬁo

public PointCollector() {

7

this.points = new Point[100];

pub11c void addP01nt(doub1e x, double y) {

this.points[this.nop] *= new Point(x, y);

this. nopt+;

pablic int getNumberOfPoints() {

}

public P01nt[]|getP01ntsInQuadrantI
Point[] ps*™= n H

24

return this.nop;

v
.

int count = 0;

/\u. oambowe o f oo dndco  dn Niaadeand T \../
TGN ST U T P U I T S T DT QuauTT G e

for(1nt i =0; i < this.nop; i++) {
Point p = this.points[il;

if(p.getX() > @ && p.getY() > @) | |

pslcount] = p; count++;

}
Point[] glPoints = new Point[count];

/* ps. contains null if count < nop */

for(int i = 0; i < count; i++) {
qlPoints[i] = ps[il;

}

return] qlPoints|;

@Test

assertEquals(0,

[’
] pc.addPoint{(-3, (-44;

assertEquals(3, pc. getNumberOfP01nts())

| |Ec.addPoint(3: —4)d
assertEquals(4, pc.getNumberOfPoints());

public void test()
| PointCollector @ = new PointCollector();
pc.getNumberOfPoints());

— /
|pc.addPoint(3, 4); 63.“)'
| assertequals(l, pc.getNumber0fPoints()); '(‘5‘&)
| |pc.addpoint(—3,'4);
| 7 .;etNumberOfPoints())'

=

v

-3 - / (3Tc q

v

D = pc|getPointsInQuadrantI(|);

- a Equals(1, Ps.lengtny;
assertTrue(ps[0].getX() ==

know«a w g of £lp

3 && psl0].getY() == 4);
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Lecture 5 - Sep. 19

Review of OOP

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 Todays office hour to be re-scheduled

e Mockup Programming Test next Fri (5pm or 6pm)

#]th

bl




Anonymous Objects

1

—

Slide 56 - 58

- -
double sg e (double x) {
- 1 |double square(double x) {
deuble S\? 2 return ; }
return sYr; }  ApoamodS
A
Person get étrin‘ ﬁ) i | Lz
” g ] % = 1 | Person gétP(String n) [~
eison p.— HENIESESonl Y o return | new Person (n){; } Oél—e(f 62//?7.#3%;/
=il : ¢ whrlost
o
classlMember I o
private Order[] orders; ExerCIse A wm%)
private int noo; ..,
* constructor ommitted #*/ 3”

this.orders[this.noo]
this.noo++;
}

—O,

M

oooooo

tring wany

double’ p, double )

0¢Dle/ Ol= n&l Qq/er
ASEYZr 3

0, ovd%[wco] = O;

Moo 3

AL Hs. aoua/ofé/ C
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X
Example: Reference to this ©- thes $gus = OW-’/'% Slide 59 - 61
6}50/\ \9‘,’7 _’(PV E"I A

ublic cl on {
pprivate @name; *— ( ?A >
private |Persor spouse; L\j — Tfhffﬁxﬁ /=
ublic Person(String name) { YO ‘-o ”‘4 /}
pthis.npazme = nsatme' i / _ WM(D(
publ; void marry(Person o{her) IDM@’ 4W$€ /: ”"(M
T,’M = Zaz Al e == v
2 ? @ g, G = ofhel, ot o
thz ?7’"'56 = &l 3 MIZ)
} $ ,
/0
, //?
Person jim = new Person("Jim"); T , ]
Person elsa = new Person("Elsa"); v
marry(elsa); L5 e

+hs,. G 5P o - & gl
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Managing Account IDs: Manual

public class Account {
private |int 1d} S }L‘?&A‘N}y

private String owner;

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

}
}

class AccountTester {
Account accl = new Account T d Py ;
Account accZ2 = new Account "Jeremy") ;

System.out.println(accl.qge ) l= asel2.getIP{Y);

}

Slide 75



Declaring Global Variables among Objects

public class_Counter {

private 1n @ Mas‘tzta(g
static int l
l« CW

ol
t public Counte ){ P

’ v this.1 =
k’};;iy oaﬁi;7 0’774 "JZ

b public int getLocal() {
EA return this.1;
l *

d'/kpubhc void incrementLocal() {

thf’ 1 ++;
\f‘:&}c

publlc void incrementGlobal() {
g ++;

}

)794\ to S Var- * Cldﬁkhwe . verdl.

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

Counter cl = new Counter();
Counter c2 = new Counter(); —_—

._;>System.
System.
System.
System.
System.

out.println("cl's local: " +
out.println("c2's local: " +
out.println("Global accessed
out.println("Global accessed
out.println("Global accessed

”’,;Pcl.incrementLocal();

”’637c2.incrementLocal(),

cl.incrementGlobal
> ()

2. 1ncrementGloba1(),

Counter.g = Counter.g + 1,

¢l

c1.getLocal());

c2.getlocal

—
via cl: " +

& L
via c2: " +

via Counter®

l
}ﬁ
// Counter.NJobal ++;

. O
cUp;

C g),

F Counter‘;



Lecture 6 - Sep. 24

Review of OOP, Exceptions

Static Variables: Common Errors
Caller vs. Callee
Tracing Method Call Chain via Call Stack



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: Automatic W& @ Slides 76 - 77

class Account { S R o 3
7
privatel staticint globalC.O)mter =@;

private int (id; String owner; Q Maf ;7[\

public Account(Str:Lng owner) {

¥¥this.id = WlobalCounter|; .r70{'/ 75
9globaléounter @; &kO s@f/.[7
this.owner = owner; } } :

class Accopystdester { [, _—

Accountéccl = new Accojnt ((Jims)

Account accZ = new Account ({Jeremy’

System.out.println(accl.getIDT) = acezZ.getib());: }

w Y TR

U4

|0401&I‘ 1 ” |0/Meq' o "bn}//’

-
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Misuse of Static Variables Slides 78 - 79

public class Client {
private Account[] accounts;

private static int numberQfAccounts = 0;
public void addAccount (Account acc) {

accounts[this.numberQfAccounts] = acc;
this.numberOfAccounts ++;

- new Client ("Bill");

new Client ("Steve");
ey,

Account accl = new Account () ;

Account acc?2 new_Account () ;

bill.addAccount faccl)/

Client|\bill
Clientlsteve

steve.addAccoun



B‘Mk [L‘t = "M &‘\k();
Use of Static Variables: Common Error . b M Slldes 80 - 82

private strlng branchName;
public Stri etBrachName () { return this.branchName; }

private stati é/nt ne;;Acc@uAKNumber = 0;
ic |static trlng getInfo () {
: S — VA

+ nextAccountNumber;

seateC

ygd/ daﬁ C




I’(?C l:

OO NO O, WN —

O©ooNOoOOOaPr~rWN —

public class Bank {
private string branchName;
public String getBrachName() { return this.branchName;
private static int nextAccountNumber = 0;
public static String getInfo() {
nextAccountNumber++;
return this—branchMame + nextAccountNumber;

public clasI {
privatev ng branchName;

public String getBrachName() { return this.branchName;
private static int nextAccountNumber = 0;
public static String getInfo() {

nextAccountNumber++;

return this.branchName + nextAccountNumber;

}

}
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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 i&/
lvoid fn}l {)M{j% 1 taller Clm] Ms-»<\7 e st
[€2]g - new c20); lg [z.m2
Z_mZ(); /+ static type _of dpis C2
}
pallpl
A}M"_‘WY&I‘_ /Lo"' yﬂ?( L-?
] 'thG wil{ )3

Q: Can a method be a caller and a callee simultaneously? \@3’ I
o

(0 Wk tlool & sl a el ch (5% \ A e
wi] 30> c
d'2 2w L0O); omes



Vlsuallzmq a Call Chain using_a Stack
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Lecture 7 - Sep. 26

Review of OOP, Exceptions

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 WrittenTest1l and ProgTest1 released
e WrittenTestl review (Zoom) on Monday, time TBA
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What to Do When an Excep’rlon is Thrown: Call Stack

D =5 vo V'; <
,0/\ : Method where error occurred pnd an ¥

7 @md?ﬂ : exception object thrown
(top of call stack)

throws an
exception

method call

-
Method without an exception hand

forwards/ gmﬁ |\ A

propagates

2ot method call

an exception [ p&ﬂh

Method with an exceptlon handigr

catches an|

method call

main|method
(bottom of call stack)
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Example: To Handle or Not To Handle?

classi{
ma(int 1) { (V4

_'f(}'_ < 0) { /* Error */ }
else { /+ Do something. #*/ }

aVersion 1:
Handle it in B.mb
[wbl(int 1) { Version 2:
@oa = new A(); Pass it from B.mb and handle it in Tester.main
oa.@(i); /4 Error occurs if i < 0 */ [§Version 3:
b} Pass it from B.mb, then from Tester.main, then throw it to the

console.
class [Tester ||

public static void (String[] args) {
Scanner input = new Scanner (System.in); Ca“
int i = input.nextInt();

ob = new B();

ob.(mb‘(i); /+ Where can the error be handled? x/
} —

}

class NegValException extends Exception { 7
NegValException(String s) { super(s); } TB‘W
}




Written Test 1

Review Q&A

Aliasing

Call Stack vs. Catch-or-Specify Req.
NullPointerException
ArrayIndexOutOfBoundsException



g:‘t.

7 Practice Written Test 1

PI ==

Fako
pl.viemt e 00k (p3.viowe) T

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

input parameter.

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

Person p2 .= Person("Mar
Person p3-—ﬂ Person

Person p4 = p2;

pZ = pl;
pl = p4;
p4 = p3;
p3 = pl;

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

L

following list of statements, choose all which are ('_@ 0 .

o
—~lled o
Ok
o

O a.
O b.

Yok ¢
~ 0 d.
above fragment of code and det [ e.

0o
0 h.

. ®

Addresses s ored p1and p2 are the same.

Addresses stored in p1 and p3 are the same.

Addresses stored in p1 and p4 are the same.

Addresses stored in p2 and p3 are the same.
Addresses stored in p2 and p4 are the same.

Addresses stored in p3 and p4 are the sam

O

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

The ‘name’ attribute value of p1is the same as that o
—_—

The "name’ attribute value of p1is the same as that of p

The ‘name" attribute value of p2 is the same as that o

—

S|

p

&

|

fp

The ‘name’ attribute value of p2 is the same as that of p4

—

The "'name" attribute value of p3 is the same as that of p

—

SR



>

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

ol

causes an error and an

throws an

\

exce ption

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

.‘& WA

i

ol ”.mﬂﬁe T T
Method aw?t &

NegValException object is thrown

"m“aork

> method call

forwards/ 4@' A
propagates
an exception

catches an
exception

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

i %G t
this NegValException is n—é%m\
propagated further.

method call

Lot

N——7

optéa

In the above call stack, upon satisfying the catch-or-specify requirement, how many methods opt for

the

@)ption? Your answer must be an integer value.

@



T

—_—

A\

I
fhwwmﬂ‘g"’( X

At a_runtime call stack, if a method implements a try-catch block to handle alNegValI:lxception that may

be thrown from its callee, then this method's caller is still obliged to either catch or specify that

NegValException.

Select one:

foll
True ¢D.Z[»\|<J Ye
Falseuﬁ\\ees)';" N
T

NE 400l
—>w\l°/$x




vl
[‘_O—S y%. &014 é@/@

L. " /}w o
fizi]

-

[t ot

C_o—g veg Buls hér



Awa(}mobxaﬂd Ewdsi{w!;w e “?E]

AI0BE J: O< ew< Lbgth~/
Q«ert‘(y\ INIWC &]7 j
A‘«e«tTmBC i >;



Lecture 8 - Oct. 1

Exceptions

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



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 plock */

.. /* befor uside try-catch block */
| o vt ot ot St
/* may throw SomeException */
rest of try-block */

/* may throw SomeException */

P‘ﬁst of try-block */

atch (SomeException se) {
... /¥ rest of catch-block */

i
... /* after, ouside try-catch block */

atch (SomeException se) {
... /¥ rest of catch-block */

*/* after, ouside try-catch block */

When the exception does not occur When the exception occurs



Catch-or-Specify Requirement: Call Stack Wef"“o‘

J S o
Q1. Origin of Exception: [) m) ' Cl.ml
Y4 C2.m2
Q2. Methods subject to CoS Req:
C3.m3
A ml| ’\"ﬁt-'l “/IL- | L. —_’f“‘f f
Q3. Methods free from CoS Regq: ] | 4o
Cimi | | AQ
[-ff W/I‘tf( ad A/I “4'4 Ciel. e
Q4. Exfreme Case 1 (exception handled earliest): " +LMis1 | T

Cnh-2.Mn-2

Q5 Extreme Case 2 (exception never handled):

A” V\tefkq;‘é M? o Cn-1.Mn-1
( ( how Cn.Mn
gt fz{ mey*ﬂ-t A’e}




Version 1:

Handle the Exception in B.mb

catches an
exception

class A {

ma (int i) throws NegValException {

if(i < 0)

else { /x Do something.

{

A oa =

{ throw new NegValException("Error.");
*/ '}

new A();

try { ca.ma(i); 1}
catch (NegValException nve)

}

class Tester

int 1 =
B ob =
ob.mb(1);
ol

public static void main(String][]
Scanner input =
input.nextInt () ;
new B();

{ /+ Do something.

{

args) |
new Scanner (System.1in);

Ji% EFrOr; 1f any,

throws an
exception

*/

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

method call

right away using a try-catch block.

}

}

would have been handled in B.mb.

< Method B.mb chooses to handle the error
> method call

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




Version 2:
Handle the Exception

in Tester.main

class A {
ma (int 1)
if(i < 0)
else { /% Do
ol

something.

throws NegValException {
{ throw new NegValException("Error.

*/ '}

throws an
exception

forwards
propagates
an exception

catches an
exception

")y; o}

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).
method call

\

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

uL

class B {
mb (int 1)
A oa = new A();
oa.ma(i);

b

throws NegValException {

r[’

class Tester {

public static void main(String|]
new Scanner (System.in);

Scanner Iinput =
int 1 =
B ob = new B();

try { ob.mb(1i); }

catch (NegValException nve)

}

input.nextInt();

args) {

{ /# Do

something.

*/ }




Version 3:

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

[
> method call

Handle in Neither Classes on Call Stack | thowsan

forwards/

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

propagates
an exception

forwards/
propagates
an exception

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. */ }

bl

class B {
mb (int i) throws NegValException {

A oa = new A();
oa.ma(1i);

b3

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

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

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

b
A”‘F{yp

P




Error Handling via Exceptions: Circles (Version 1)

Test Case 1:
public class InvalidRadiusException extends Exception {
public InvalidRadiusException(String s) { User enters @
SUPer{S)/ Test Case 2:

User enfers@

}

caller callee

class Circle {
double radius;

Circle() { /+* radius defaults to 0 =/ }
void segRadius(double r) throws InvalidRadiusException {
if 1922 0) ¢

throw new InvalidRadiusException("Negative radius.");

}
@else { radius = r; }
}

class CircleCalculatorl {

double getArea() { return radius * radius * 3.14; public static void main(String[] args) {
} U Circle ¢ = new Circle();
B@try | -
7
(30, c-wuoé y=+°

() double area = c.getAreal);

Caller? call stack

Callee? \/JJ[M,"“&"

{

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




Error Handling via Exceptions: Circles (Version 2)

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

Test Case:
User enters -5
Then user enters 10

super (s) ;

}

class Circle {
double radius;
Circle() { /% radius defaults to 0 */ }
void setRadius(double r) throws InvalidRadiusException {
if (r < 0) {
throw new InvalidRadiusException("Negative radius.");

}

else { radius = r; } public class CircleCalculator2 {
} public static void main (String[] args) {
double getArea() { return radius * radius * 3.14; } Scanner input = new Scanner(System.in)

boolean inputRadiusIsValid = false; !

while (@inputRadiusIsValid) <=8 »

System.out.println("Enter a radius:"); YIO" 7

double r = input.nextDouble() g

Circle ¢ = new Circle();

try {I(?.setRad%'usgrzlfl\) m Bﬂ'r /DJ',%‘

System.out.print ("Circle with radlus "+ r);
System.out.println(" has area: "+ c. getArea()) }

catch (InvalidRadiusException e) { I pELRiE (VILEy agaj_‘n.’ w)) ;I }

d e olluwepd




Test Case:

Error Handling via Exceptions: Banks Usarentors F50bOBOD

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

super (s) ;
o noa 1 O 1 .o b.accounts.lenth - 1

accounts
Do,

iclass Account -
int id; double bhalance; 4 [{
Account () { /* balance defaults to 0 =*/ }

alanc

void withdraw(double a) {
Al< 0 || balance - a < 0) { aCCI A_ccoun'l-
< “throw new InvalidTransactionException("Invalid withdraw."); }
_ . —
}else { balance -= a; } class( Bank | Id 23
) Account[] accounts; int numberOfAccounts; bal.] 0

Account (int id) { ... } 4
%’i withdraw(int id, double a) 5 /
throws InvalldTransactlonExceptlon
for(int i = 0; i1 < numberOfAccounts; 1 ++) {
if (accounts[i].id == 1id)
)accounts[i} .withdraw "S"{

}

e EJM*/ }class BankApplication {

pubic static void main(String[] args) {
Bank b = new Bank();

Account accl = new Account (23);
B.addaceount (acel) Ca“ s*“ack
Scanner input = new Scanner(System.in); e e

double a = input.nextDouble(

try){ ,554
t‘.c‘\ ; withdraw(23, )()'{M
System.out.println(accl.balance); }

ﬂp tc (InvalidTransactionException e) {
System.out.println(e); } } } l




More Example: Multiple Catch Blocks

%ZZEEZ : B Test Case 1:

try a: -5000000
Bank b = new Bank(); . 23
b.addAccount (new Acgount (34) ITE r

b) b.deposit (34, 100») «rh'o

(i’) .withdraw (34, ; ™ 7/

5117cl-e-c_=-ngw_3cfrcle ~f£1 o) /\)’ZE Test Case 2:
£ setRadius ()7 — w0y a: 100
/ System.out. prlntln(r getArea());

r: -5

atch (NegativeRadiusException e) |
System.out.println(r + " is not a valid radius value.");
e.printStackTrace () ;

é)catch(InvalldTransactlonExceptlon e) |
D System.out.println(r + " is not a valid transaction value.");
e.printStackTrace() ;




More Example: Parsing Strings as Integers

Scanner input = new Scanner (System.1in);
boolean validInteger = false;
while (!validInteger) {

System.out.println("Enter an integer:")

Test Case:
« ”
User Enters: twenty-three

String userInput = input.nextLine();
try { v ' _
int userInteger = Integer.parselnt (userlnput); ,UFE ‘ﬁ//
XvalidInteger = true; ¢I )‘h,,o;d /CE'
) méf
catch (NumberFormatException e) {
@D System.out.println(userInput + " is not a valid integer.");

}

/* validInteger remains false +*




Error Handling via Console Messages: Circles

class Circle f

double radius;
Circle() { /* radius defaults po 0 %/ }
void setRadius (double r) {

if (FEEEON) | System out. prlntln( VI ialvazLL ol el radlus

}else { radius = r; | ﬂo Qg yeg &#ﬁed

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

}

O©CoONOOOTL AWN =

class CircleCalculator {
public static void @main(String[] args)
Circle c = new Circle();

c.setRadius ({

doub = c.getAreal();
System.out.println("Area:

il emwd olegzrC Eyvoy

call stack

T

(. <A
((. o




Error Handling via Console Messages: Banks

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

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

else { balance += a; }

}
void withdraw(double a) ({

call stack

-

if (a < 0 || balance — a < 0) {

}

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

class Bank {
Account|[] accounts; int numberOfAccounts;
Bank (int id) { ... }
void withdrawFrom(int id, double a) {
for(int i = 0; i < numberOfAccounts; 1 ++) {
if (accounts[i].id == 1id) {
accounts([i] .withdraw( a ) ;

}

context| caller |callee

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.");




Lecture 9 - Oct. 3
TDD with JUnit

Deriving Test Cases
JUnit Test Method vs. Method Under Test

Regression Testing
JUnit Test: An Exception Not Expected



Announcements/Reminders

e ProgTestl this Wednesday

® Released:
v Written Test 1 result and answers
v Lab2 instructions

v Lab1l solutions (PDF & video)
v/ ProgTestl Review (PracticeTest1 solution) recording



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

. aym f en)

}

Example 2: Method that calls another which throws the exception
class %{ (‘0"0" ,q[ Sor? :ﬁ W‘"’/l’{ fﬁ%}ffeﬂ,

Gl @&
void (2fint x)
cl.ml(x)}

throws ValueTooSmallException {

}
}




Review: Specify-or-Catch Principle

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

clasleS I lcalté
public static void fnain((String[] args) {

(System. in) ;

Scanner input = new Scanner
int x input.nextInt () ;

o new c2();

try {

E2 . m2 (X))

7

}
catch (ValueTooSmallException e) { ...




Coming Up with Test Cases: A Single, Bour;(ded Variable
&PC{ i QWF{;:"&
' %5

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




JUnit Test Method vs. Method Under Test

@Test fest etred
public void|test[) { an. m.wa!‘/‘) NG

MyClsss 0 = ne (yefa
assertEqualséé, o.getValue());
b (/ ynethod  vgley fest

o faﬁf 1
e%o"ld,e« L[ % wethd /
) bl 7

(" ane ,
it 2t | ieted vl tost |tetial AP
C Jeted i

ée w)




Test-Driven Development (TDD): Regression Testing

atest phe f M;/JFM

fix the Java class under test 'fw

when some test fails

extend, maintain

Java Classes
ﬁ'gj‘es (e.g., Counter) ’
LG (-
f derive |( N (rejrunas JUnit ?// fﬁqf
ot 0‘77“7‘} Junit test case ~ "\ | Framework | —
C 4

J d (
Jog " Gy &

N JUnit Test Case Jﬁ : M
e (e.g., TestCounter) |
W "IQUJE
when all tests pass

- logf{ﬁ‘a«tge




A Default Test Case that Fails ol s

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

wnlsameliee) exceptions occur.

‘ [J] TestCounter.java 2 -

1 package tests;

2=import static org.junit.Assert.*;
3 import org.junit.Test;

4 public class TestCounter {

S5e @Test

6| public void testQ) {

7 //Fail("Not yet implemented");
8 M \Q)\

10 K aséeo{p“‘e( ) 2

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 these assertions. Do they pass or fail?

~

Circle ¢ = new Circle(3.4);
o.01); [N

assertEquals(36.2984,|c.getArea() "
gxrgffm{ bttac]  gloand®
(E)

n
Qx};wo(@%i s,(‘.deeéveao < exféﬁf@(g@ &:



JUnit: An Exception Not Expected

1 @ @Test if i i

2 f public void testIncAfterCreation() { What lf lncremenf 1B

3 Counter c = new Counter(); i ?

4 assertEquals (Counter.MIN_VALUE, c.getValue()); |mplemenf€d COT‘T‘QC'HY.

SH try { v Y12

6 c.increm'e/nt 0N W“/ WE - /pgérffd /\/l 7177(‘

7 assertEquals (1, c.getValue()); "o e‘( ZE M

8 } (Y Wb ts . <'715, '4/7r hgh/V1‘>
9 catch (ValueTooLargeException e) { ol

O Q4= » Exception is not expected to be thrown. x*/ ExpeC‘l‘ed Behaviour'
1 '“J“ fail ("ValueToolargeException is not expected."); =

—_

2 vors AT otl.w@( Calling c.increment()
when c.wvalue is O should not

@Test trigger a ValueToolargeException

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 }

c.value < Counter MAX_VALUE



Running JUnit Test 1 on Correct Implementation

public aoid incremeg;() throws ValueTooLargeException { &JW
if (value == Counter.MAX VALUE) { 75‘,7

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

}
@else {Qalue ++; }
}

o—=>1

@Test
public void testIncAfterCregtion() {
= new Counter();"‘ ==0

als (Counter.MIN VALUE, c.getValue());
Z)try | l:a%ﬂd(’zw [7) ()

c.increment () ;| /
assertEquals (1, c.getValue()); |/

— .
)
DY
$ ~
4
O©COoONOOUTAWN =

catch (ValueTooLargeException e) {
10 /* Exception 1s not expected to be thrown. */

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




Running JUnit Test 1 on Incorrect Implementation

ubli@void incremext () throws ValueTooLargeException {
@if(va ¢ & CountZr.MAX_VALUE) {
hrow new ValueTooLargeException("counter value is " + value);

)(else { value ++; }
}

@Test
public void testIncAfterCreatio&) {
_ LSwll=-z0
!. Counter ¢ = new Counter()|;
a ssertEquals (Counter.MIN_VALUE, c.getValue());

Dery pock=Z9 i€ 4 oy o
@’c . increment ( )! %p“cfs("?ka[

’
X assertEquals (1, c.getValue());

}

O©CoONOOOTPA~,WN =

i1 ("ValueToolLargeException is not expected.");

10 /*yﬂxception is not expected to be thrown. */
Q%

13}




Programming Test 1

Review Q&A

PracticeTest1l Solution



Announcements/Reminders

Released:
e Labl solutions (a walkthrough tutorial video)
® Grading Tests of Labl and PracticeTest1
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Lecture 10 - Oct. 8

JUnit Test: Exception Expected vs. Not
Using Loops in JUnit Test Methods
Default equals Method in Object Classes



Announcements/Reminders

e ProgTestl tomorrow

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

e Labl solution released

e Lab2 released



JUnit: An Exception Expected

—h
COOYDUTAWN =
W >

—_ .
N —

©oo~NOOCOaOPrWN —

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

Cle decrement()

c.getValue());
ey VWE gy bl ctowr

"Val ooSmallExcep ion is expected.");
} !tf nof attur = faxl
catch ValueTooSmallExceptlon e) {

'7* Exception 1is expected to be thrown. #*/

}}%renfo(%?f/?f rb“

@Test
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.alue 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

Coyunter MIN VATIIE) {

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

ubliq)void decrement@) throws ValueTooSmallException {
<;.,:l (zalie

}

Xélse { value —--; }

}
}

ONOOOThA,OWON =

@Test
public void testDecFromMinValue() {

)counter ¢ = new Counter();
g)assertEquals(Counter.MIN VALUE, c.getValue());
Z)trypiaz=0

&) |c.decrement () ;

)< fail ("ValueTooSmallException is expected.");
}

q? atch (ValueTooSmallException e) {

* Exception 1s expected to be thrown. */ —- /?4‘{;
}
}




Running JUnit Test 2 on Incorrect Implementation

blic pOld decrement ( qthrows ValueTooSmallException {
@u & Counter.MIN_VALUE)

x throw new ValueTooSmallExcept:Lon("counter value is " + value);

(‘D;lse @alue —q;-? "
}
}

1 JRTest
2 fpublic void testDecFromMinValue () {
3 Kl)Counter ¢ = new Counter();
4 [@)assertEquals (Counter.MIN_VALUE, c.getValue());
5 I o O
I wJ 6 s decrement()l
M Jo 7 @fall ("ValueTooSmallException is expected.");
f 8
,{25‘{ 9 atch (ValueTooSmallException e) {
) fmbl 10 /* Exception is expected to be thrown. */
‘ 11




JUnit: Exception Sometimes Expected, Somtimes Not

NS OMON Ol

1 BQTest

2 Mpublic void testIncFromMaxValue() {

3 Counter ¢ = new Counter();

4 try {

5 c.increment(); c.increment(); c.increment();

6 }

7 @ | catch (ValueTooLargeException e) {

8 fail ("ValueToolLargeException was thrown unexpectedly.");
9 }

10 assertEquals (Counter.MAX VALUE, c.getValue());

11 Y

12 c.increment () ;

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

15 catch (ValueTooLargeException e) {

16 /+ Do nothing: ValueTooLargeException thrown as expecte

17 }
18 |}

Expected Behaviour:

Calling c.increment()
3 times to reach c's max should not
trigger any ValueToolLargeException.

Calling c.increment()
when c is already at its max should
trigger a ValueToolargeException



Running JUnit Test 3 on Correct Implementation

eme@ throws ValueTooLargeException {
ounterdMAX VALUE) |

) XX @ow new ValueTooLargeException("counter value is " + value);

){lse{}

1 B QTest
2 @public void testIncFromMaxValue() {
3 M) counter ¢ = new Counter();
\ ’ A
4 ¢V == S
5 ] ;l
6
7 (ValueTooLargeException e) {
8 ("ValueTooLargeException was thrown unexpectedly.");
9
10 4 = . , c.getValue());
11 b
12 1Y) c. increment () ; I-H'ﬂw ;\"Lt OS QXW'

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

14
15 @atch (ValueTooLargeException e) {
16 @* Do nothing: ValueToolLargeException fhrown as expected. x*/

55

18 W}




Running JUnit Test 3 on Incorrect Implementation

ublicovoid increment(@;throws ValueTooLargeException ({
@i’(value & Counter MAX VALUE) |

throw new ValueTooLargeExcepti?qA"counter value is " + value);

}
else value ++; W PCFWN
e S

@Test
public void testIncFromMaxValue() {
(Y)counter c_= new Counter();

0
22

.lncrement ()t; Cc.lncrement (); c.increment/();

ail ("ValueToolLargeException was thrown unexpectedly.");

O©Co~NOOOR~WN =

) jtch (ValueTooLargeException e) {

—_
o

asgertEquals (Counter.MAX VALUE, c.getValue());
y
c.lncrement () ;
fail ("ValueToolLargeException was NOT thrown as expected.");

—_
w

& N\—
=4I A
@%%__/
<, ~N
\

<%
S EsR

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

}
18 W}




jlse { value i, }

@Test
public void testIncFromMaxValue() {
) Counter ¢ = new Counter();
ry f{
c.increm?nt(); c.lincrement (); c.increment/();
atch (ValueTooLargeException e) {
fail("ValueTooLargeExiiftion was thrown unexpectedly.");

O©Co~NOOOR~WN =

10 ssertE als (Counter.MAX _VALUE, c.getValue(

W¢ (\ﬂLE 12 . increment ( £A“£E J(d M 'CCGAf 05 e({‘
4“7k 13 Fail?"valueToo argeException was NOT thrown as expected.");

\‘Q [ﬂl‘m
i { / ‘// Q 15 atch (ValueTooLargeException e) {
T { a‘ 16 /#* Do nothing: ValueTooLargeException thrown as expected. #*/
:




Exercise: Console Tester vs. JUnit Test

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

public class CounterTester |
public static void main(String[] args)
Counter c¢c = new Counter();
println("Current wvals " 4+ ¢: getValue()b A, 0/
try { o W 0/‘6 74

c.lincrement () ; |c. increment () .increment () ;

- i w2 ,
println("Current val: + c.detValue()); 7'
} o
catch (ValueTooLargeException e) { & —/f.'/l
rintIMN\"Error: ValueTooLargeException thrown unexpectedly."); W 7é" /

19 - ,Terﬁ%,pp wfv/lh "7’%47‘/0( W?,/ Y’/Uf

— —h
- 0O WoONOOOPAWN =

1 c. 1ncrement 0); g P‘ZP(\
14 *prlntln("Error ValueTooLargeException NOT thrown."); {‘6’7 fﬂo

15 } /* end of inner try +* /

16 catch (ValueTooLargeException e) { 7[/90‘/ .

17 println("Success: ValueTooLargeException thrown.");

18 }

19 } /* end of main method */

20 } /* end of CounterTester class x*/

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 Ppublic void testIncFromMaxValue () {

3 Counter ¢ = new Counter();

4 try { J)
5 C.increment(); fU’,éC k, 7[0 {{)

6 c.increment () ; [(Aﬂ(lfa

7 c.increment () ;

8 unter.MAX_VALUE, c.getValme());
9 c.increment () ;

10 fail ("ValueToolargeException was NOT thrown/ as expected.");
11 }

12 catch (ValueTooLargeException e) @H 16

13

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 W public void testIncDecFromMiddleValues() { o

3 Counter ¢ = new Counter(); / ]% fm
4 try { 7} 2 2

5 for(int@= Counter.MIN VALUE; 1 < Counter.MAX VALUE; i ++) {
6 int currentValue = c.getValue(); >

74 -—%c.increment(); 2 ; f(ZnA’
8 assertEquals (currentValue + 1, c.getValue()); l

9 } v

10 for(int i = Countef\ MAX VALUE; i@Counter.MIN_VALUEE I =

11 int currentValue = c.getValue();

12 —) c.decrement () ;

13 assertEquals (currentValue - 1, c.getValue()); g

14 }

15 }

16 catch (ValueTooLargeException e) {

74 fail ("ValueTooLargeException is thrown unexpectedly");

18 }

19 catch (ValueTooSmallException e) {

20 fail ("ValueTooSmallException is thrown unexpectedly");

21 }

I\
N
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The equals Method: To Override or Not?

public class Object {

public boolean equals(Object obj) {

return thijefz:&o%?-’ yﬁﬂ ?f"d

public class PointV2 {

public class PointV1 {
private double x;
private double y;
public PointV1 (double x, double y) {

this.x = x;

this.y = y;

public boolean equals(Object obj) {
if(this == obj) { return true; }
if(obj == null) { return false; }
if(this.getClass() '= obj.getClass()) { return false }
Point other = (PointV2) obj;
return this.x == other.x

&& this.y == other.y;

b
b

Vomizv amas1Has




Lecture 11 - Oct. 10
Object Equality

equals Method: Default vs. Overridden
Overriding equals Method: Phases 1 - 3
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)




public class Object { [ pString s = "(2, 3)";
L// P PointVl pl new [PointVif(2,

public boolean equals(Object|g¥j) { PointVl p2 = new PointVI1(2,
return tMS =T dmr PointV1l p3 = new PointVl1(4,
System.out.println(pl

System. out.
System.out.println(pl.
System.out.printlm{pl.
System.out.printan(pl.
System.out .print‘fn gl .
System. out.

public class PointV1 {
private int x; L - ﬂl PointV1 "'3 Pl PointV1
private int y;
public PointV1 (int x, int y) { P X1z P = X ¢

I /
this.x = x; y > y é_

w0
. X "ot
O I'plis




The equals Method: Overridden Version Phase 1

public class Object {

public boolean equals(Object obj) {

return this == obj;
b
}

£ 00 e 5 1
public class PointV2 { f/’Flé F&’&M lcééj/'/

private int x;

extends

private int y; Z
public PointV2 (int x, intv) { ... } -9 fhP 'e ?ﬁ/@{.
public boolean equal/s(Object obj) {

if(this == obj) { return true;

if(obj == null) { return false; } %hﬁ PointV2

if(this.getClass() '= obj.getClass()) { return false / ointV

Point other = (PointV2) obj; X

return this.x == other.x VY

&& this.y == other.y; %_3



The equals Method: Overridden Version Example 1: Trace L7

public class Object { String s = "(2, 3)";
PointV2 pl = new PointV2(2, 3);
public boolean equals(Object obj) { PointV2 p2 = new PointV2(2, 3);
return this == obj; PointV2 p3 = new PointV2(4, 6);
) System.out.println(pl == 532)
System.out.println (j ==Ug3)
System.out.printlp . equals
System. . f tln(‘ﬁi.equals
.println(pl.equals
(pl
(p2

bs

eX'l'endS ot . .println .equals
.println .equals

PointV2 ﬂlPoin’rVZ ﬂlpoinfvz

public class { pl 2 p2 X172 p3 X4

private int x;

private ;nt & L[r I 1o ALK Y “L—

public PointV2 (int x, inty) { ... }7( ¢

public bqo uals(Obj X<

\ if(txﬁfi =%'§return§true;| ;JX F ,,R:{ ,JJ&
Lif(obj == nully { return false, } ab\s aloﬂf QA

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

Point other = (PointV2) obj;

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

b

by
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The equals Method: Overridden Version Phase 2
public class Object { ¥ /ﬁ(’[ﬂ(u W/Me[p{(wf

public boolean equals(Object obj) { g o< 7§ == m(( @

return this == obj; > F%} )
e
}7) oS D3 iman

extends

public class PointV2 {
private int x;
private int y;
public PointV2 (int x, inty) { ... }
public boolean equals(Object o&) ?/

if(thic == obi) L return trua- 1

j == null){{ return false; } -< J ” ‘)

nmpunis.getciass( ) r=uouj.getCiassi ) { return false }

Point other = (PointV2) obj; of o 4 < 1 i
return this.x == other.x "I’ (\H”(S — V)M” FointV2
&& this.y == other.y; ;5




The equals Method: Overridden Version Example 1: Trace L8

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

PointV2 pl = new PointV2(2,
PointV2 p2 = new PointV2(2,
PointV2 p3 = new PointVZ2(4,
System.out.println(pl
System.out.println(p2 == p3);
System.out.println equal
System.out.prlntln<§§>equal
System.out.println(fl.equals

exfends System.out.println(pl.equals
System. .println(p2.equals

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

bs

ONG

PointV2 ﬂlPoin’rVZ ﬂlpoinfvz
public class PointV2 { Plﬂ X|2 Pz X]| 2z P3 X|
private int x; Y13 Viz VA FA

private int y;
public PointV2 (int x, inty) { ... } 4 ,/l,/
- public baolear eqg als(ObJect obJ) {
W{E eturn true; }
if(olj == null) { return false; }
h,w(t |s getClass() '= obj.getClass()) { return false }
Point other = (PointV2) obj;

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




7msfmoé]

Static Type, Dynamic Type, Type Casting Al g5 ot ~

/ Static Type:| a ref variables declared type t
”Dynamic Type: type of address currently stored in a ref variable V7 (77
[il{w Type Casting: creating an expression o_F certain _?’rahc type
\/W{M) cassci{ C1 él = [new C1{); o) /@
(m\)_ ) @202 =new C2[);
| public void m1() {..} | ©°1.m1(); n/
0;{“9 I | |o1mz0; }\'su ol dosdt declod-wi——
50 ‘class C2 { . 02.m2(); ST:
1 .. 1 Ob ec
_}public void m2() {..} | ;] g]rio%
| - 03. le Srv'l'\
"""""" 03.m2; :
7 hae m g:(2
OLPC{’ c,a% 0’0% etf ((C1) o3). m1(),,/ X o Wi MW ¢
g\é——f 10)m2()x67 >wt2(, %«a,,,w/
decléve ] Mo( nz. ¢ (o3 =02]| ST o 03 /' '

*%%ﬂmééﬁzﬂ



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¥) {

®
if(this == obj) { pé H i
if(obj == null) £ return false;

if(thisigetClass() '= objlgetClass()) { 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 L9

public class Object { String s =

Pointv2 pl [ (2, 3);

PointV2 p2 new PointV2 (2, 3);

PointV2 p3 = new PointV2(4, 6);

System.out.printin(pl == p2); /+KEKzB+/

System.out.println(p2 == p3); /+ | KKEKEKR+/

System.out.println(pl.equals(pl)); //*-*//

System.out.println/( equals(null) i /IR

System.out.printlnf(pllequals((s) / % -*/

System.out.println(pl.equals (p2) ) /*-/
< < /- -

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

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

bs

extends

oW ooNOOCOTA~rWN =

—_

q {Pointv2]) 5 Pointv2 A[Pointv2
public class PointV2 { P A P X P3 X
private int x; N vy Y

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

)publlcﬁolean qguals(Object 01(1) {
|f(t|¥ = — obfj)X{ return true; }

if(o S—— null) {iiiturn false; } '-/
2 If(tMS o 5 t&ﬁa ) {_}
Pomt er= (P0|ntV2) obj;

return this.x == other.x

&& this.y == other.y;




Lecture 12 - Oct. 22
Object Equality
Reference Equality vs. Object Equality

JUnit: assertSame vs. assertEquals
Logical Op.: Short-Circuit Evaluation



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




The equals Method: Overridden Version Phase 4

plﬂ).llc class Object { m(5 /\Y\')
public boolean equals(Object obj) {
return this == obj;
B’ O

. g o[
Pk ittt H0 ae oF f zzsmj,

A . X = I}lﬁl
iy

extends

g this

public class PointV2 { \:B o'/‘\{ $1 0 J?C?

private int x;

private int y; \)' & .> X ND‘ 7é
public PointV2 (int x c\°'
public boolean equa/sOb ect o_]_) { ‘\ ﬂde Vg_{ a;yl;myé‘

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

If(ObJ == null) { re urn false;
e ge C/ass()) { return false }

PointV2
X
Y




The equals Method: Overridden Version Example 1: Trace L10

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)); /*
System.out.println(pl.equals(null));
System.out.println .equals(s)); /+*
System.out.println .equals&g)); / *
System.out.println(p2.equals(p3)); /+*

public class Object {

public boolean equals(Object obj) {

return this == obj;

b

bs

extends

:e,ioo\lcnmboam—u

pub_lic cla_ss PointV2 { /l- %n¥ sz‘p;()i]% P3 p)‘()mfv2
et T T g PR e ;
ot ol 0 ] Pl el C p2

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

if(this.getClass()-!=_obj.getClass()) { return false|}
Pointv2[otner) = (PointV2) okj;; >
return thfs.x == other.x ?
&& this.y == other.y;

P!

72 12

e Vo




The equals Method: Overridden Version

public class Object {

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

extends

oW ooNOOCOTA~rWN =

—_

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

|pub|ic boolean eguals(Object 96j) { |

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

if(th (g.%t():/arsg_l_ahr .getClass()) { return false }
PointV2(othe PointV2) oﬁj,Yé

return s.xl=—otirer
&& trys y == other.y;

=

String s

PointV2 pl

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

Example 1: Trace L11

25 B);

PointVv2 H2
PointV2 p3

new PointV2(

= new PointV2(4,

2y 3);
6);

c.o.

O
(@)
(@)
O
(@)
O
O

System.
System.
System.
System.
System.
System.
System.

ut
it
ut
ut.println pl
Gt primtin
LIE: «

ut.

.println(pl ==
.println(p2 ==

(
«PEIRELR Pl
(
(p

p1=]

/ *
/ *

p2);
p3);

.equals(pl));
.equals
1.equals

(
(null));
(s));

PointV2 ointV2 ﬂlpoinfvz
X P2— [x P33~ IXTZ
Y Y15 V]é

j{( egualsqn)

Ak

W«lz

othe,
ST; %“(v Z'



_—
String s = "(2, 3)"; V.T.
PointVl pl = new PointV1(2, 3);
PointVl p2 = new PointV1(2, 3);
PointVl p3 = new PointV1(4, 6);
System.out.println(pl == p2); /* false */

The equals Method:
To Override or Not?

1
2
3
4
5
6 | System.out.println(p2 == p3); /* false #/
7 | System.out.println(pl.equals (pl )),‘ /* true */
8 | System.out.println(pl.equals (null /* false */
7 . Q | System.out.println(pl.equals(s)) /* false x/
pUbIIc class ObJeCt { System.out.println @.equals (pé)) /k false «
ISystem.out.println(pZ.equals(p3)) /* ralse *
public boolean|eguals(Object obj) < _
his == obi: 1 St]':‘lng s = "(2, 3)";'
return t — J; 2 fPointV2 pl = new PointV2(2, 3);
hs 3 | Pointvz p2 = new Pointvz(2, 3);
T 4 | PointV2 p3 = new PointV2(4, 6);
. 5 System.out.println(pl == p2); /* false #*/
6 | System.out.println(p2 == p3); /* false x/
7 | System.out.println(pl.equals(pl)); /+ true =/
e)(‘"ends 8 | System.out.println(pl.equals (null)); /* false */
Q | System.out.println(pl.equals(s)); /+*talse i/
. System.out.println(&ﬁ equals (p2)) ; ,,/’
System.out.println(p2.equals(p3)); /* false */

public class PointV2 {

= : private int x; double y; ‘

Pull'itactf?:t'?_mi { public PointV2 (double x, double y) { ... { APointV1 Pointv2
RIS boolean equals(Object obj) { P X pl X

private/int y, if(this == obj) { return true; } v Y

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

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

public PointV1 (int x, int y) {

this.x = x;
PointV1 PointV2

this.y = y; PointV2 other = (PointV2) obj; 2 2
b return this.x == other.x P X P
&& this.y == other.y; v v

bs




>4
The equals Method: Overridden Version FExample 2

= new_ PointV2(3, 42
= new PointV2(3,
PointV2 p3 = new Pointva (4,

public class Object {

public boolean equals(Object obj) {

System.out.println(pl == pl);
return this == obj; Y p (p P )

pl.equals (pl));

System.out.println

¥

) System.out.println(pl == p2),(9/x

(

(
System.out.println(pl.equals (pZ))

(

(

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

©CoOoONOOPA~rWN—

extends

APointv2 Al Pointv2 _f'poinfvz
X P2~ I'x P3~ I'x
public class PointV2 { j Y y y
private int x; — -
private int y; A?a\ = d’ Z’
public PointV2 (int x, inty) { ... } =
public boolean equals(Object obj) { (A) Two objects are reference-equal.
if(this == obj) { return true; } oé ’ e
if(obj == null) { return false; }
if(this.getClass() '= obj.getClass()) { return false } (B) TWO ObJGC"'S i COﬂ'l'en'I'S equal J 5'

PointV2 other = (PointV2) obj;
t this.x == other. . o
| aalthik.y == othbryt @4 If (A) is true, then (B) is true.

\@IF (—B/)-, is_}r_;etfie&;@is true.

(b JZ)
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assertSame vs. assertEquals

-
-

asserJSameaexpl, exp?2) lﬂ@ il

o Passes if expl and exp2 are references to the same object
/m?assertTrue(egpl == exp2)

> assertFalse{expl = exp])

PointVl pl new PointVI1(3, 4);
PointV1 p2 new_ PointVv1(3, 4);

PointV1l p_§
assertSame (pl, p3 ?ﬁ”
assertSame (p2, pP3); 7&, l

assertEquals(expl, exp?2)

o n|expl == exp2 |if expl and exp2 are primitive type
t i = 10; v <
iﬁt J = 20; “MT\ABL ’/\37 Y;\SP.( 1tz \Q
IassertEquals (i, Nk ngk'




assertEquals: Reference Comparison or Not

assertEquals(expl, exp2)

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)

PointVl p]l =

PointVl o2

et )
T YRR V< Aot 15z o erels |C pl==pz) (@
j /)

assertE&uals(pZ, p3)|;

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

PointV1 (o2 new PointV1(3, 4);
PointV2 ©3 new 3, 4);

assertEquals (pl, p2); ol

I assertEquals (p3, p2);
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Short-Circuit Evaluation: &&

Test Inputs:

Left Operand opl Right Operand op2 opl && op2

true true true
true false false
false true false

Xx=0,Vy =
=5,y=lO

false false false

. p %2 ¢
System.out.println("Enter x:");
int x = input:nextlnt(); Q) E\/ﬂ)‘/&fe ]’7

System.out.println("Enter y:");
int y = input.nextInt();

if(x 1=08 y / x> 2) { @ l
System.out.println("y / x is greater than 2"); I P &/4 v '6'*7

3

else { /* I(x 1=08% Yy / x>2) ==(x=0 11y / x <=2) */ +dP-

System.out.println("Error: Division by Zero"); 'H'M a/al %_
}

dseS){/stem.out.println("y / X 1s not greater than 2"); @ 17[ ? Q/ﬁ’ ‘fo
}
L—?é)( p evC/ "7[ g




Short-Circuit Evaluation: ||

Test Inputs:
x=0v=10

Left Operand op1 Right Operand op2 opl || op2
- false false

—

—> false frue |

= true true

2 true rue F 1 %

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

int x = input.nextInt(Q); (D.gﬂ’ua& F

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

Xx=5Yy=10

int y = input.nextInt();

if(x =011y /x>2 { @':prgm,,-{;o-/q/{)

if(x == 0) {
) System.out.println("Error: Division by Zero"); ..H’M .B\,DJ, g,

else {

System.out.println("y / x is greater than 2"); d
} Y P il to tu)
}

else { /* ! (x =01l y/x>2)=xx!=08 y / x <=2) */ ‘HIM 4](7 &/q[

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

} * 4.

J




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



/¢/1fﬂaﬂ\
Short-Circuit Evaluation: && 2"1)

ITes'r Inputs: I

Left Operand opl Right Operand op2 opl && op?2 Ix =0,y = lO’
frue v true v/ virue <= 5 - 10
frue v false v V] |_" Y =
alse v - frue alse >
false . - false false exF] 2L QZ/FZ

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

int x’= input.nextInt(Q); e — @ l . ’T
System.out.println("Enter y:"); ]: aq .
int y = input.nextInt();

if(x 1=08 y / x>2)¥ e ,le 91772

System.out.println("y / x is greater than 2");
3

else { /* 1(X =08 Yy / x>2)=((X=011y/ x<=2)* @ %Fl I F
System.out.println("Error: Division by Zero");

} 4¥7F ptl. 21]72

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



Left Operand opl Right Operand op2  opl ||

false false
- fa/se = tryd
true true

int x = input.nextInt(Q);

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

ey (D J@ skipped

1f(x == 0) {

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

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

}

Test Inputs:

i

Ix=0y=10}
|x=5,y=10'

éxpl |

>
exFZ

O expl @
Ao . 81{72 t
b2 iy

@e_@l..@

9\67[7 Bl
L

| eap

_i_ @



g)bvt éffw’({, E/a /c/&,t/a/(

0,
(//87(7| <L | e’
? A,A(ﬁ/ffé"f 40"’12 (’d7 i Le
Yavﬁ "
oo’ MJIW Tpm :
7 / F'g' 0@




Ltpes®

O _ Nz P2z alil>o

0 N i LA ) (R



Short-Circuit Evaluation: Common Errors Test Inputs:
I x=0,y =10 |

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

if (y 1 X > 2 && k= 0) A

ethlng */ L 7
else {07O :;ﬁw/(” ”Ai[l LECM)AI

/ * pr;~? error */ }

0

Short-Circuit Evaluation is not exploited: crash when x

if (y/L <=2 || F2==10) |
/* print error #*/

}

else {
/* do something */ }




Testing_Default Equality of Points in JUnit

@Test
public void testEqualityOfPointVI() |
BointVl pl = newpPointVI1(3, 4); PointVIl p2 = new PointVI(3, 4);
assertFalse(pl p2),F%ssertFalse(p2 pl);
V" sertSame (pl, p2); assertSame (pZ */
assertFalse

public class Object {

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

extends

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




Testing_Overridden Equality of Points in JUnit

id testEqualityOfPointV2() {
PointV2 |p3|= new_Rreintv2(3, 4); Pointvz[p4|=
. ]
assertFalse (p3 4) ; assertFalse (p4 Gp3);
/* assertSame (3, 047’; assertSame (p4, P3N, _x * both fail +*/

(DassertTrue (p3.|equals|(p4) ) ; assertTrue (p4.le alg(p3));

@assertEquals (p3, p4); assertEquals (p4, p3);

}

new PointV2(3, 4);

public class Object {

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

b

bs

P3 PointV2 4 PointV2 extends
(X |3 P X
= T public class PointV2 {
y L" n private int x;
private int y;
public PointV2 (int x, inty) { ... }

O asretiue (p3. eguis e PE)) T e

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

@ weth ck( P, ) e e ot et




Testing Equality of Points in JUnit: Default vs. Overridden

@Test
p;iic votestEqualityOfPointVl dPointv2() { g‘ i7a 'fééQ
ol
two ASSOEtRIS

PointVl = new PointVIi (3, 4); PointV2 |p2 /= new P01ntV2(3, 4);

*
<

I and p2 are of different

a I S f d : r:iv'x*: L/I/Ie* tFalse (P | == [ )l
) e s lifferent ty and fail. =
e e 45 S £40
g assertSame (p2 pl), * iles, but fails + 7
b U Y [ 2 C T s called # M? %%.D
assertFalséI_ll equals (p2) ) public class Object { % ﬂ i

AAAAAAA oL :_;‘:‘Ao rrom @OL

_ﬁ/\
*
D

)
\
t
(
c
t
t
(

return this == obj;

assertpalse(pg equals(pl)) A o ublic boolean eguals(Object obj % F) = = FZ @

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

public class PointV1l {
private double x;

private double y; if(obj == null) { return false; }
p2 public Pothl (double x, double y) { if(this.getClass() != dbi.getClass()) { return false }
this.x = x; PointV2 other = (PointV2) obj;

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

¥ ¥ && this.y == other.y;



¥
Laerwd

public class PointV2 { -
private int x; private int y; AMLM@ @ &’0( @
public PointV2 (int x, inty) { ... } ugﬁ”é 30’1' MG

public boolean equals(Object obj) {
i is == obj) { return true; }

if(obj == null)|{_return false: } (£&> .

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

PointVZ other = (PointVZ) obj;

return this.x == other.x

&& this.y == othery; A
b )OL\-S—- v
o @ (O @ Y wter Ahes3

é?jg\, «\g/@ 2| | ©) 1 retun 74/59%3




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

1 public class Person®({

2 private String firstName; private String lastName;

3 private double weight; private double height;

4 public boolean eguals (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 +h..§ : . )
9 this.weight == other.weight (zr

10 §& this height == other . height

11 && this.firstNam (other. firstblame)

12 && this.lastNameEother.lastName);

14 O Okert @ Terwon @ Swrig
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)
A//?E ?/ﬂ. p%} < adll.
Q3: 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 [Pe ] persons;
private int nop; /+ number of persons +
public PersonCollector() { ... }
public void addPerson(Person p) { ... }
public int getNop() { return this.nop; }
public Person[] getPersons() { ... }

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

}

1 public boolean equals (Object obj) {

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

3 if(obj == null || this.getClass() != obj.getClass()) { return false; }
4 PersonCollector other = (PersonCollector) obj; qo

5 boolean egual = false; $ 7”

6 if|this.nog == other.nop}] { A{ @’l A

7 ;equal tru-

8 for (int _j = 0; equdl && i < this.nop; i ++) { /wP
9 equal his.persons[i].equals (other.persons[i]);

10 }

11 } 1 public class Person {
12 return equal; 2 pr%vate String fi{stName;.private String’lastName;
13 } 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; }
* fhe ‘b\o &M(’J s_b'e 7 Person other = (Person) obj;
8 return
9 this.weight == other.weight
#;744 10 && this.height == other.height
M M # 4 11 && this.firstName.equals (other. firstName)
12 && this.lastName.equals (other.lastName) ;
13

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

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

}

1 public boolean egEals(Object obj) {

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

3 if(obj == null || this.getClass() != obj.getClass()) { return false; }
4 PersonCollector other = (PersonCollector) obj; qo

5 boolean egual = false; $ 7”

6 i i o_== other.nop] { A( @’l A

7 .

8 ;for int i = 0; equdl && i < this.nop; i ++) { /wP
9 equal his.persons[i].equals (other.persons[i]);

10 }

11 } 1 public class Person {
12 return equal; 2 private String firstName; private String lastName;
13 } 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

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




Testing Equality of Person/PersonCollector in JUnit (1)

@Test

public void testPersonCollector () {
Person pl = Hew Person("A", "é", 180, 1.8)
Person p2 = Wew Person("A", "a", 180, 1.8)
Person }-3_? = n¥w Person("B", "b", 200, 2.1)

person pf - p3i T Doad
assertFalse (pl == p2); assertTrue [pl)l.ecuals (p2)) ;‘
assertTrue (p3_== _p4); assertTrue (pF.equalsipd)) ;

ers Y Person _Person ]
fn f /3( fn

n B
PL P2 Hn B T P4
w T lw w | 200

h 4/ h h |2

public class Person {
private String firstName; private String lastName;
ivate double weight; private double height;
=./public boolean equals(Ohiect.ehij) {
U if (this == obj) {| return true; }
f(obj == null || this.getClaS5s() != obj.getClass()) { return false; }
Person other = (Person) obj;

”

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




Testing_Equality

of Person/PersonCollector in JUnit (2)

(continued from

PersonCollector pcl
PersonCollector pc2

assertFalse (pcl €& pc2);

testPersonCollector)

= new PersonCollector();
new PersonCol]ector();
assertTrue (@c).

PersonCollec

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) { ... }

ﬂ nop 0
persons )
01 2
mal all aull
PersonCollector
nop 0
pc2
persons y
01 2

public int getNop() { return this.nop; }
public Person[] getPersons() { ... }

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

if(obj == null || this.getClass/()
PersonCollector other =

mall

!'= obj.getClass())
(PersonCollector) obj;

boolean equal false; ,

if(this-nﬁother.nop) b Ec . 6,7 o< o -)/Z
equal = -

|for(1nt 1 0} equal &&(%[<l

] mall sl

thls nop; i ++) {]
equal = th¥s. persons| .equals (other.persons[1i]);
}L [ ¢ #thr, B/a ﬁa#/@

return ’equal 0 .e ah/

mll

Xreturn false; }

= v #. vy



Testing_Equality of Person/PersonCollector in JUnit (3)

pcl.addPerson(pl);
asgertFalse ( C ot
oc2' addPersonf(p2));

als (pc2));

assertFalse (pcl.getPersons() [0]
.equals (pc2.getPersons

assertTrue(pcl getPersons () [0]
—-.als(ch)),

pcl addPerson
pc2.addPerson (@

assertTrue (pcl.GetPersons () [1]

s = = l‘kequals (pc2.getPersons () [1]))
assertTrue (pcl.equals (pc?2)

== pc2.getPersons() [0
(

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

1)
) [0

(continued from

1))
PersonCollector
no
cl P n‘
persons

PersonCollector ot

if (this.nop == other.nop)

= (PersonC llector

equal = true;
for(int i = 0;
equal = this.persons|

} X
P2
|

}

equal && 1 < thls nop,
i].

obj;

i ++) {
equals(other persons[i])

l )(
pel

—
ublic boolean e i {
pif(this == obj) { return true; }**; Person
1f(obj == null [] this.getClass() != obj.getClass()) { return false; }
Person other = (Person) obj;
return
this.weight == other.weight
&& this.height == other.height nop 7
&& this.firstName.equals (other.firstName) pc2 =t
&& this.lastName.equals (other.lastName) ; persons )
)_ public boolean equals (Object obj) { PersonCollector
if (this == obj) { return true; }
if(obj == null || this.getClass() != obj.getClass()) { return false; } 01 44

(44 -

3
L sl

| Person
fn | "a”
n_| v’
w | %
h |.¥
erson
fn | "B’
n | 2b/
w_| 200
h |z
Perslon
.n ° A'l
n | 27
w | |&o
h |).%




Testing Equality of Person/PersonCollector in JUnit (4)

pcl.addPerson(new PeyJon/("A", "a", 175

pc2. addPerson (new Arson ("A",. WA \165
assertFalse (pcl.getPersons() [
assertFalse (pﬂ/getPersons % |
assertFalse |pcl .equals (pc2)) ;I

4
% ({, Person pl

Fn | A

£ n \
w 7€)
h

14€

1=5/590%) ;

1 55)%) .1

] == pcZ.getPersons() [2]);

] .equals (pc2.getPersons () [2]));

2
2

public boolean equals (Object obj) {
if (this == obj) { return true; }
if(obj == null || this.getClass() != obj.getClass()) { return false; }
Person other = (Person) obj;
return
this.weight == other.weight

&& this.height == other.height

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

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

Person

(continued from

n u(av

"o

ﬂwr—\
Person p3 fn | “B"

ublic boolean equals (Object obj) { PersonCollector

A 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 i = 0; equal && 1 <‘this.no 1 ++) |
equal his.persons[i].equals (other.persons[i]);

}

N

7:[3@ {J;_j/’wl.ya%' 1.

pcl

pc2

DV IV U

L

| PersonCollec
nop %13
persons )
0.1 2

o

g

wll

mall

nop
persons

0 1(2

y it

| Person

fn | A

wEE]

h |/F]




Method Call: Callee vs. Caller

class|B/{

void(nl...){
@®)co = new A();




Call by Value: Primitive Argument

class Circle { . class CircleUser {
int Fédius;
void setRadius(int@ >Circle ¢ = new Circle();

this.radius = r; int(aLgl= 10:
} c.setRadius qm» ;

),
i 2




Call by Value: Reference Argument

class Circle { class CircleUser {

int radius; _ |
Circle() {} —Circle ¢ = new Circle();

Circle(int r) { i a__xﬁf;ircle(w);

this.radius = r, «gP

/




Call by Value: Re-Assigning Primitive Parameter

public class Util {

void reassignInt (int(j)
i=3+1; )

void reassignRef (Point q)
Point np = new Point (6,
qg = np; }

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

@Test
public void testCallByVal()
Util u = new Util();
inE 2 = LO;
assertTrue (1 == 10);
.reassignlInt 5
assertTrue (i == 10);

ONFgOOr,WN—




Call by Value: Re-Assigning Reference Parameter

public class Util {
oid ] Int (int 7
vjz'l.zrjea_l_ssll.gn} nt (i ji/d(’%,, / 3 —Util u = new Util();.
. = . Point p = new Point (3, 4);
void reassignRef (Point Point refOfPBefare - p; ﬂ’é
Point Inpl= new Point (6, - reassignRef-/
— L4 / Fe
assertTrue (p == "refOfPBefore) ;

void changeViaRef (Point Qq) assertTrue (p.getX() == 3);

g.moveHorizontally(3);
tT . ty
g.moveVertically(4); } } assertTrue (p.getY()

public class Point {

\I{ / private int x;
private int y;
public Point (int x, int

R~ LN
i

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

OFWOPQ public void moveHorizontally(int x){ this.x += x; }




Call by Value: Calling Mutator on Reference Parameter

@Test
1i 1 1
public class Deil i public void testCallByRef 2() {

void reassignInt (int 7j) { TEPT i = pey DEIL0
vgld ;;assi ;kef(Point ) e e = RS SR
: - ; 9 Point refOfPBefore =
Point np = new Point (6 ; _ :
= F5h § /) _ u.changeViaRef(p);
q Pi assertTrue (p == refOfPBefore) ;
assertTrue (p.getX() o)
g.moveHorizontally(3) ] assertTrue b gety() 8) ;
g.moveVertically (4); ' !

4);

pi

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,
PointV2 p2 = new PointV2(3,

PointV2553)= new PointV2(4: >
System.out.println(pl == pl); /+ 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

s

System.out.println(p2 == p3); /* false x»/
System. pZ. ’Q B /+ false =*

O©OooONOOOOTLPh~,WND =

extends
ﬂlpoin’rvz
. . x1>1 B
P ey 2 RS A5 KA K

private int y;

public PointV2 (int x, int y) { ..~

public boolean equals(Object@ L—f
if(this == obj) { return true; } 0
if(obj == null) { return false; }
if(this.getClass() '= obj.getClass()) { return false } \‘}
PointV2 other = (PointV2) obj;

return this.x == other.x &T‘ Ob‘&{

&& this.y == other.y;




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
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Aggregation: Design Wl’”ﬂwg

Design 1: Single Containee

0@ Mg&/ Ma

Course Faculty

% f,.f;"ib“:, 3 UL

Java Implementation

class Course {
Faculty prof;

]

class Faculty {

]

Design 2: Multiple Containees

aC
10/"0{

Student|<> COU,SSE Course

class Student {
Course[] courses;

n

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]);




Runtime Object Structure: Student,

Course, Faculty

Student

Course

<
prof Faculty

1

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

}

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

}

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

}

Faculty

name

)

te

)

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

BOW
0 title | N7
P eecs3311 brof

“Software Design”

s~ Si.':denf
i =

w
|cs‘»ﬁ




Dot Notation: Private Attributes/Fields

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

N

public
public int getAi() { return this.ai; }

gl:ivate B 0" lﬁcx_ /;fvﬁ&‘f?
private.int ai : H,]'[S .U_E X lﬁ’;

return this.ob,

public int am() {

1)

int result;

result = this.ai;

result = this.getAi();

result = this.ob.bi;

result = this.getB().bi;

result = this.ob.getBi();

result = this.getB().getBi();
result = this.ob.getA().ai; l/
result = this.ob.getA().getAi();
result = this.ob.oa.ai; B
result = this.ob.oa.getAi(); c

return result; q

class X {

exp.privateAtt

public class B {
private A oa;

private int bi;

publiCA)getA() {

return this.oa;
h

public int getBi() {
return this.bi;

y




Dot Notation for Navigating_Classes (1)

Student

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

}

/* Get the student’s id.
*/
String getID()

g -

{

Course

<
prof Faculty

1

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

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

}

/ * Title of ith course
*/
String getTitle(int i) {

} #his- (ST ]. 4

/* Name of

*/

f2 Faculty

f1 [TFaculty | “Jackie” ;l Course

S nc;r:e :ﬂ% ;":: N
“Jonathan” Course

7 Rarte :§5_/33'r?|_ g

“Software Design”

* jth course’s instructor

String getName(int i) {




Dot Notation for Navigating Classes (2) #z 5./ .’j_f;”??i‘(.ﬁf/p

Student

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

}

Course

Faculty

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

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

}

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

String getTitle(int() {

\

/* Get course’s title. /* Name of instructor
*/ */
String getTitle() { String getName() {

} s +7ele

/
Fd; Faculty | “Jackie” ﬁ;l fﬁ‘l’:rse__&vanced oopP”
name T | ELRARL
o ..’_j eecs2030 prof

f2 Faculty “Jonafhan” Course \\S .« 0
oftware Design
\>[name] =7 ¢ secs3i e [ ~— J
te | 4 prof




Dot Notation for Navigating_Classes (3) - Lxercise

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;

}

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

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

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 */
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 testComposition() {
Directory dl = new Directory("D");
U41.addFile ("f1.txt");
\L41.addFile ("£2.txt");
dl.addFile("f3.txt");
assE?ET;GE(
dl.files[0].name.equals ("fl.txt"))

}

O©CoO~NOOOThA,WN =

Directory

name 3 4 5 6 7 - 99
files | null | null | null | null | null I null | null |

nof u{

v




Composition: Copy Constructor (Shallow Copy)

@Test
public void testShallowCopyConstructor() {
Directory dil = new Directory("D");

dl.addFile("fl,ext"); dl.addFjile("t2, txt"), di-gedbt e {8 hxn"

Directory — new Dlrectory@ A,ga D‘#eg R ./(/e sh&‘

assertTrue (dl.files == d2.files) /
d2.files[0].changeName ("f11. txt")'
C ljxt")); }

assertFalse(dl.files[0] .ndme.equals
File[] files;
Directory int nof; /* num of .@ */
(AZ name -~ Directory (Directory other) ({

2 W, o /+* value copying for primitive type */
J | files 3
—

class Directory {

String name;

nof = other.nof;

nov % /* address copying
name = other.name;
nof
Directory j l
name ~

0 1 2 3 4 5 6 i 99 w

Ciles ) | | | o | nun | nan [ nen | onun | nun | nan ] Mot ,[r\\Q
[ P nof 3 - /?/ COYY wva
dl.files[0] dl.files[1], dl.files[2] IS‘S('*

)2 o

File File File

| o - )
[, [ .

“£1 Pext” “f2.txt” “f£3.txt”
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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) e.C.

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

@Test

public void testDeepCopyConstructor() {
Directory dl = new Directory("D"); I
dl.addFile("fl.txt"); dI. addi ("f2.txt"); dl.addFile("f3.txt'

Directory d2 = new Dlrectory
assertTrue(dl.files != d2.files)
d2.files[0].changeName("fll.txt")'

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

50 C.

M‘t' files = ne
dp b fw Directory(Directory (other
this (other name)); e 2
= ‘ 9 ”for int i = Q; i <|Jother.noff i ++) {

[ s R s

name dd P File nf = new Eile(Sro); L

files this.addrile(nr)); €-C, ° &

nof } )

of void addFile(File f) { ...
L> t2 f-rf’ |

Directory
/ o [ 1, O [ . . ] "
files —i{ / 7 EEREYIEEE AR AR
‘{dl nof (3)

t L fi di. flles[F%s[Z](

dl.files[0]
File File File

D

name I name I name I

ZF)  Came)  Coody




Exercise: Copy Constructor (Composition?)

@Test class File {
public void testDeepCopyConstructor() { File(File other) {

Directory dl = new Directory("D"); this.nam§ =
dl.addFile("fl.txt"); dl.addFile("f2.txt"); dl.addFile("f3.txt" new String(other.name);

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

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

. : Al i
assertTrue (dl.files[0] == d2.files[0]); e

Directory(String name) {

this.name = new String (name);

files = new File[100]; }
Directory(Directory other) ({

this (other.name);

for(int i = 0; i < other.nof; i ++) {
Directory _;File src = other.files[i];

N ({ ¥ . — _ ——
'd—l//7 name —a ‘70 [ ‘Z % ”H - - N ' o

i this.addFile (#6-
files -—’7[ [ 1 | | = -- ] _I } e le'ST‘C

nof (ol | I )
— D void addFile(File f) { ...

Directory “‘If MQ &9 ’]ﬂ )

name ~— 0 1 2 3 4 5 99

dl.fj les
files - nutl | nun | nen | nen | onun | nen | nun |
dl nof 3 F
dl.filesf0] dl.files[1], dl.files[2] W
S File File File

| o e |
7 I /

“fl.txt” “f2.txt” “f3.txt”




Modelling: Aggregation vs. Composition

KEYBOARDI KEYBOARDI KEYBOARDI é ’

CPU1 ‘ CPU2 ‘ CPU3

MONITORI MONITOR2 MONITOR3

T 1> e

(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.




First Design Attempt

public class Student {
private Course[] co&rses;
private int noc;

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

public Student (int kind){ __
this.kind = kind; (_7°g°>7

} - el
Ysl .YP&X\«S\.

Sadant vl = nod Senolert (1)s
Seaclent VLSl = v18J StAOII’/l{:(O);

public double getTuition(){

double tuition = 0;
for(inti = 0; i < this.noc; i++){
tuition += this.courses[i].fee;
Y kot de.
if (this.kind == 1) {
return tuition * this. premiumRate;
b

o
else if (this.kind == ¥) {
return tuition * this.discountRate;

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 double getTuition(){
double tuition = 0;
for(inti = 0; i < this.noc; i++){
tuition += this.courses[i].fee;
b
if (this.kind == 1) {
return tuition * this. premiumRate;
b
else if (this.kind == 2) {
return tuition * this.discountRate;
b
by

public class Student {
private Course[] courses;

private int noc; ,“10‘04%/’

e
private int kind; /af' 0"“
private double premiumRate;
private double discountRate;

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

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 */ }

. Ise {
Good deSlgﬂ? © :ﬁis.courses[this.noc] =¢;
Judge by COheSion \ this.noc ++;

g



First Design Attempt

public double getTuition(){

double tuition = 0;

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

b

if (this.kind == 1) {
return tuition * this. premiumRate;

¥ o

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

> %@l&i ( s, /C/?o( ==2) S -

public void register(Course c){
int MAX = -1;
if (this.kind == 1) { MAX = 6; }
else if (this.kind ==%){ MAX = 4; }
Good design? if (this.noc == MAX) { /* Error */ ¥
T else {
Judge by Single Choice Principle this.courses[this.noc] = c;

- Repeated if-conditions e‘ﬁ. e
- A new kind is introduced? /

3 T | 7L
- An existing kind is obselete? fﬁld&‘

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

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

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




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)

class Studenty {
String name;
Coursel]

int numberOfCourses;

this.name =

name;

}

numberOfCourses ++;

/faf’{:,"gﬂf o

Student (String name)

registeredCourses =

s

1
'Idouble getTuition() {I

double tuition = 0;
for(int i =

}

return tuition;

{

void register(Course c)

e, et Sy ohss

new Course[l10];

{

registeredCourses|[numberOfCourses]

0; i < numberOfCourses; 1 ++)
tuition += registeredCourses[.i].fee;

/* base amount only =/

¥ nz?:dft ; 7%‘\/41@;401,?%4/

chil pleges.

ik }E'. g o0 lPS P
MM;/Wtb

suyptr tlss
sa»eé::d/c-«)

ci

{ X% 4729/.

X

7

double premiumRate; *x there’s a mutator meth

ResidentStudent (String name) { super (name); }
+ register method is inherited =/
double getTuition(ﬂ {
double basguﬁisuper.getTuition();
return base *

}

premiumRate ;

}

(
class NonResidenbé%udent

* double disco

extends Student {

;ﬁ%Rate;

/* there’s a mutator method

Student

NonRes1i d‘iz/
x _reglsifr

(String name) { super (name); }
method is inherited

Idouble getTuition()I{

*/

}
}

double

return base *

base =

super.getTuition();
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 . d 1ES  #,
private int nonrs; /* number of non-resident students *,
public void addRS (ResidentStudent rs){ rssl[nors]l=rs; norst+; }
public void addNRS (NonResidentStudent nrs){ nrss|[nonrs]l=nrs;nonrs++; }
public void registerAll (Course c)
for[int i = 0; i < nors; i ++) { rss['] register(c); }
for[int 1 = 0; 1 < nonrs; 1 ++) nrss| .register(c); }

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)

(&) mhaetod woshas,

F ve- gl aveo(&,

N wﬂe
e AP 1
o A
YPw) VBKK

class Student {

String name;

Coursel] registefedCourses;
int numberOfCourses;

A ¥

Student (String name) {
this.name =

= name;
registeredCourses =

}

void register(Course c) |

registeredCourses|[numberOfCourses] =

new Course[l10];

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

return tuition; /* base amount only #*/

WheA wietag A new
ﬂLDkSS :

1) it ve-decloe mhain]

Otbrouros

Cy
numberOfCourses ++; WQPS
|&oub1e getTuition() || LZ) ﬁdd[ QM/ V";fdp
double tuition = 0; é
for(int i = 0; i < numberOfCourses; 1 ++) { -&7 i'{ c Q;fs

bl R 7

Lass ResidentStudent
Adouble premiumRateJ

extends Student {

class NonResidentStudent

extends Student

there’s a mutator meth

ResidentStudent (String name) { super (name); }
/* register method is inherited #*/
| double getTuition()|({
double base = super.getTuition();

premiumRate ;

return base *

|double discountRate;l,{ Afrec’s a mutator methoq
NonResidentStudent (String name) { super (name); }
/* register method is inherited */
| double getTuition() { |
double base = super.getTuition();
return base * discountRate ;
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. . . o .
Visualizing Parent and Child Objects
Student(String name) String name
void register(Course ¢) Course[] courses /* registered courses (rcs) */
double getTuition() int noc /* number of courses */ I n h e rifa n c e

[
/* new attributes, new methods */ /* new attributes, new methods */ Hl rarc hy
ResidentStudent(String name) ResidentStudent onResidentStudent(String name)f§ ————————————/-
double premiumRate double discountRate

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

Student s = new Student ("Stella"); DQClaring
ResidentStudent rs = new ResidentStudent ("Rachael");

NonResidentStudent nrs = new NonResidentStudent ("Nancy") ; Sfahc Types

Student

numberOfCourses ”STHEH 1 8 9
registeredCourses null | null ‘ | null ‘ null |

Runtime

Object e .

null null null ‘ null |
Structurg] Lo IP"C
3/’(‘51 \ # {F?t (“M
/‘\k a/(w&% “Nancy”
c‘t nul | nunt | | mg;// \ nz// |




Testing Student Classes (with _inheritance)

Student(String name) String name
void register(Course ¢) Student Course[] courses /* registered courses (rcs) */
double getTuition() int noc /* number of courses */
/* new attributes, new methods */ / /* new attributes, new methods */
ResidentStudent(String name) ResidentStudent NonResidentStudent | | 0nResidentStudent(String name)
double premiumRate double discountRate
void setPremiumRate(double r) void setDiscountRate(double r)
/* redefined/overridden methods */ /* redefined/overridden methods */
double getTuition() double getTuition()
| Res.S. 1 9
publ:l.c. class .St ude.nt Tes.ter { . { rcs =
public static void main(String[] args) { jim
Course cl = new Course ("EECS2030", 500.00); /=% titl fee */
Course c2 = new Course("EECS3311", 500.00); /= fee +/|@

ResidentStudent jim = new ResidentStudent ("J. Davis");

jim.setPremiumRate (1.25);

jim.register(cl); jim.register(c2); Course
NonResidentStudent jeremy = new NonResidentStudent ("J. Gibbons") o

jeremy.setDiscountRate (0.75); cl f'fle 2030' Cz 1.|1.le 3311
jeremy. reglstgr(cl) H Ijeremy. reglst.e'r(CZ) H . fee 500 ee 500
System.out.println("Jim pays " + jim.getTuition());

System.out.println("Jeremy pays "f+,jeremy.getTuition());

) Ed NonR S
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Visibility: Classes

CollectionOfStuffs CollectionOfStuffs

animal animal
Cat

Dog Dog

furniture furniture

lass Chair public class Chair
Desk Desk
7/
shape . .
Circle Circle
|

el
GSE;Y%TI % wiele] visibike Va{



Visibility:

CollectionOfStuffs

Attributes and Methods 'z gabo”

ammal (T ) _ -
= ] privatel int w;
furniture FTﬁm?r————~tJth __!J11t )(’ -
Netorieg ¥ protected int y;
e — public int z;
{UeSK ] }
\\
ﬁz;p.e RockingChair ]
(07 "; (circe )
a x [Square ] CLASS § PACKAGE | SUBCLASS SUBCLASS NON-SUBCLASS
(same pkg) W (different pkg) @ (across Project)

protected

no modifier

private



Student Classes (with inheritance):|Expectations | p1 ko celed 1

t Student(String name) String name Ma'&é/e
M 9 void register(Course ¢) Student Course[] courses /* registered courses (rcs) */
x'(‘k double getTuition() int noc /* number of courses */ %/

* new attributes, new methods */

ey U

/* new attributes, new methods */

o e i ResidentStudent NonResidentStudent | NonResidentStudeni(Siring name) ”o{ me €
ouble premiumRate .
void setPremiumRate(double r) / ’ |& void setDiscountRate(double r) [_>
/* redefined/overridden methods */ c wj /* redefined/overridden methods */ / -
\ double getTuition() L double getTuition() M/? af/&'

g?/’yf
AT EUVE i 1A

-lmmmg g
BN EEVANESSS e/
rs. [[EEEEEEEEE ALY o
1| N I e D DO o O D




Intuition: Polymorphism

Student(String name) String name e

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

double getTuition() int n(Vnumber of courses */

/ /* new attributes, new methods */

ResidentStudent NonResidentStudent NonResu'ientStudent(Strmg name)
double discountRate

void setDiscountRate(double r)

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

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

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

("Stella");

ResidentStudent (rs)= new ResidentStudent ("Rachael");

PremiumRate 1l .25) ;
.'tfcml alid? */
S this valid? =/

¥S

X
-
_\2
)
:
¥



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

!
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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 --
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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



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 */
ResidentStudent(String name)

/* new attributes, new methods */

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()

(Course eecs§‘030 = new Course("EECS2030", 100.0); ‘
S

Studen] 5 | o1l | _|[NoRess]
ResidentStudent rs = new|ResidentStudent| "Rach L} 7

1

2

3

4 |NonResidentStudent nrs = newINonResidentStudenEl("Nancy" nrs res

5 | rs.setPremiumRate (1.25); rs.registerleecsz030); le dr 0.75
6

7

8

nrsy/setDiscountRate(0.75) ﬁL eec52030 MM
gs = rs; 'System out. prlntln o tTuition ( $

=/nrs; System.out.println( s getTu1tlon(), |
Stop-s—potobs

AJ\W/ DA M Re 'rifl(;urzsoeso-
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Multi-Level Inheritance Hierarchy: Students

Student

PN

DomesticStudent ForeignStudent

R AN

DomesticResidentStudent DomesticNonResidentStudent ForeignResidentStudent ForeignNonResidentStudent

Reflections:
- For Design 1, how many encodings fo check for each method?
- For Design 2, how many arrays to store for SMS?
- For Design 3, where are common attributes/methods stored?




Multi-Level Inheritance Hierarchy: Smartphones

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

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 Hierarchy
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Inheritance Accumulates Code for Reuse

d /b sic method */
b /* basic method */

m// \ /

rridden using safari
etime / wmeh d/

/ \./

IPhone13Pro

SmartPhone

/* dual-matrix camera */
zoomage

GalaxyS21 GalaxyS21Plus

ancestors _| expectations descendants

@D |61, 88, A Pl , e Sl s dial —. | G3z|

03her 1 8P | ke, Lot , N Wpl)ela\\ PR

¥ el s st ﬁ‘*"‘@f%‘% }ml clesses




SmartPhone

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

/

surfWeb /* overridden using sa

facetime /* new method */

108
/* cinematic mode */
quickTake

fa

ri */

Android

IPhoneSE

IPhone13Pro

@ $pT % sp

Hu

awei

/* dual-matrix camera */

<

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

St Lp
satzstred

=
sp2 ool sp5

R both alep
“ W STS'

&P dbSteanfs

HuaweiMate40Pro

3 5,72 4}7?

SmartPhone sl|/31;

IPhonel3Pro sb/z;

Samsung sp3;

- = T |

- =
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Static Types determine Expectations

Inheritance Herarchy: Students

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

String name

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

~

N

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

void setPremiumRate(double r)

ResidentStudent

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

NonResidentStudent

Inheritance Herarchy: Smart Phones

v

SmartPhone

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

/

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

108
/* cinematic mode */
quickTake

IPhoneSE IPhone13Pro

=

Android

—

Huawei

/* dual-matrix camera */

zoomage /

<

int noc /* number of courses */

Declare:

Declare:
Studentjim;

/* new attributes, new methods */

NonResidentStudent(String name) A/ / A‘-ffA"e’-é-

double discountRate =
void setDiscountRate(double r) (4 J\WJ a,(
/* redefined/overridden methods */

double getTuition()

SmartPhone myPhone;

myPhonel??

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

\ sideSync /* new method */

Samsung

AN

HuaweiP50Pro

HuaweiMate40Pro

GalaxyS21

GalaxyS21Plus

oll are erls
@ SpP-



Static Types determine Expectations

Inheritance Herarchy: Students

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

void setPremiumRate(double r)

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

Student

String name

.

ResidentStudent

/* redefined/overridden methods */

double getTuition()

o

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

NonResidentStudent

Inheritance Herarchy,:, Smart Phones

SmartPhone

/

facetime /* new method */

/* cinematic mode */
quickTake

IPhoneSE

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

T

surfWeb /* overridden using safari */

Android

/

IPhone13Pro

Huawei

/* dual-matrix camera */
zoomage

N

= ales s

\) Jtv'lX{ef Vr (- ~>

ST of 71

YCerGiss M

B

Declare:

jim.??

Student jim;

Declare:
NRS alan;

aIan!;:Z

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

void setDiscountRate(double r)

V7 /* redefined/overridden methods */
¢/ double getTuition()

Q)f-/ﬁff efhs
@ 0?}’ SPer

Declare:

p1.2?

SmartPhone p1l;

Declare:
Samsung p2;

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

\ sideSync /* new method */

Samsung

HuaweiP50Pro

HuaweiMate40Pro

GalaxyS21

7 el

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



Ll

Rules of Substitutions Mpszf‘ ot )
Aoa=.;
?20b=,.;




Rules of Substitutions (1)

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

STOP 5p / \

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

OP 5? /* cinematic mode */
quickTake sideSync /* new method */

SmartPhone

108

IPhoneSE IPhone13Pro Huawei Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

Declarations: Substitutions:
sp1; sp1(=)sp2;
IPhoneSE|sp2; = sp3;
IPhonel3Pro sp3;




Rules of Substitutions (2)

SmartPhone dial /* basic method */

. surfWeb /* basic method */
CD"‘JE ﬂ'f

=

LurfWeb /* overridden using safari *

facetime /* new method */ '( Android skype /* new method */
v

surfWeb /* overridden using firefox */

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

IPhoneSE IPhone13Pro Huawei

Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

Declarations: Substitutions:

spl@spz;
X

I0S spl;
SmartPhone sp?2;




Rules of Substitutions (3)

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

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

/* cinematic mode */
quickTake

108

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

IPhoneSE IPhone13Pro Huawei

Samsung

[
/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

Declarations:
I0S spl;

Substitutions:
sp1(=sp2;
X

HuaweiP50Pro sp2;




Visualization: Static Type vs. Dynamic Type
sT

Declaration:
Student]|s;

Substitution: vl
S @/new ResidentStudent("Rachael”);

Static Type: Expectation
Dynamic Type: Accumulation of Code

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

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

ResidentStudent NonResidentStudent No"Res“.ie"tStude"t(smng name)
double premiumRate double discountRate
void setPremiumRate(double r) void setDiscountRate(double r)
/* redefined/overridden methods */ /* redefined/overridden methods */
double getTuition() double getTuition()

ResidentStudent

name “Rachael”

numberOfCourses

registeredCourses

premiumRate




Change of Dynamic Type (1.1)

Student(String name)

void register(Course c) Student
double getTuition()

String name

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

/* new attributes, new methods */

/* new attributes, new methods */
ResidentStudent(String name) ResidentStudent NonResidentStudent | \°rResidentStudent(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 L %

Studentjlm = new|ResidentStudent
jim = new NonReS|dentStudenf.(...);




Change of Dynamic Type (1.2)

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 */

/* new attributes, new methods */
ResidentStudent(String name) ResidentStudent NonResidentStudent | \\°PResidentStudent(String name)
double premiumRate dO}lble dl'scountRate
void setPremiumRate(double r) void setDiscountRate(double r)

/* redefined/overridden methods */

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

Example 2:
ResidentStudent Jeremy new Student(...),;

QSW"‘”i Y APS%AM;% 3 5"’:;[{\[ f( ony’3

@3’”“’l XV



Change of Dynamic Type: Exercise (1)

/

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

/* cinematic mode */
quickTake

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

/N

HuaweiP50Pro

HuaweiMate40Pro

GalaxyS21

GalaxyS21Plus

Exercise 1:

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




Change of Dynamic Type: Exercise (2)

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

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

IPhoneSE IPhone13Pro Huawei

108

surfWeb /* overridden using firefox */

Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21

GalaxyS21Plus

Exercise 2:

IOS myPhone = new HuaweiP50Pro(...);
myPhone = new GalaxyS21(...),




Change of Dynamic Type (2.1)

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

String name

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

/ /* new attributes, new methods */

. . NonResidentStudent(String name)
ResidentStudent NonResidentStudent double discountRate

void setDiscountRate(double r)
/* redefined/overridden methods */
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(...);

. 7
Example 1: ,,,W'ﬁ Pl

jim =rs; »
println(jim getTultlong),
jim=nrs; _ k

println(jim.getTuition());



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 S jim;

String name

/

ResidentStudent

printzln(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()




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 de’rermmes the version of method being invoked.

3 At RT, pleof g e

Student|jim|= new ResidentStudent(...);

jim.getTuition();

jim = new NonResidentStudent(...);

jim.getTuition();

SmartPhone spl =

Smar
spi-surfWeb(); VT

spl =(sp2;
|sp1l.surfweb();

new IPhonel3Pro(...);
= new GalaxyS21(...);

m P,a ( 40\{‘60( )

b og of e dbsealont

S o (m"sr,

Student(String name)
void register(Course ¢)
d uble getTuition()

String name
Student Cours e[] courses /* reg d
int noc /* number of cor i

/% new attributes, new methods */ -~ ] /# new atribut
ResidentStudent(String name) R identStudent .
double premiumRate dbld

es (ros) %/

new methods */

untRate

void setPremi
/* redefined/overridden metho ,1 ¥
double getTuition()

o dle/ rzdd

double getTui

on()

r)
ethods

ing name)

¥




Type Cast: Motivation

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()

1 § Student jim = new sidentStudent ("J. Davis");

String name

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

AN

ResidentStudent

2 | ResidentStudent rs = |jim 9 ,&1{«
3 0 rs.setPremiumRate(1.5); ST‘

RS

/* new attributes, new methods */

NonResidentStudent NonResu-lentStudent(Strmg name)
double discountRate

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

14



An A+ Challenge:| Inferring the DT |of a Variable

\Bbw/f 7

A ess7ho
Your Program | |.st DT of s R / 2 2
>

MyClass. java

S

class MyClass {
main (...)
Students = ...;

s = new ResidentStudent(...);

¥
b




Anatomy of a Type Cast

Student jim = new ResidentStudent("Jim”);

T: ResidentStudent ) : , :
. * v valid substitution B Sl

H’esidentStudent@ \:/ (ResidentStudent) jim| ;

B>

e

an alias whose ST is ResidentStudent

=
ResidentStudent
Student jim/

=
a/«’i\/ pr

V\P«J&*S“A



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 aPhone = new IPhonel3Pro();
IOS forHeeyeon = (IPhonel3Pro) aPhone;
forHeeyeon. facetime() ;

SmartPhone aPhone = new IPhonel3Pro();
(IPhonel3Pro) IaPhone. facetime ( )|;

Anonymous Cast: Use the cast result directly.

SmartPhone aPhone = new IPhonel3Pro();
( (IPhonel3Pro) aPhone)l. facetime () ;

#€°
Thoe's SLoom e



Compilable Casts: Upwards vs. Downwards

Expectations

Android myPhone = new GalaxyS21Plus();
Uupné
SmartPhone sp =/ (SmartPhone) myPhone;

/

10S

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

/* cinematic mode */
quickTake

ca

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

.

S*‘Fg

GalaxyS21Plus ga = (GalaxyS21Plus) myPhoneg; A
i o aste (/"

SmartPhone

ST

Android

-

IPhoneSE

IPhone13Pro

Huawei

/* dual-matrix camera */
zoomage

sp | myPhone | ga
dial
surfWeb i
skype A
sidesync | |/ \ /
facetime \/
quickTake >< A
zoomage/ / N/ \

\ sideSync /* new method */

Samsung

/N

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

HuaweiP50Pro

HuaweiMate40Pro

GalaxyS21

GalaxyS21Plus




Compilable Type Cast May Fail at Runtime (1)

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

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

Student

/

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

void setPremiumRate(double r)

ResidentStudent

LA

J’

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

void setDiscountRate(double r)

NonResidentStudent

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

Student jim

new NonResidentStudent ("J. Davis");

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

D7 of jm

2 B ResidentStudent (rs

(Rei}dentStudent)

Jjim;

1? rs.setPremiumRate (1.5

[4

“Ti

YN vA9PIPR 1o B2 (KM (LD NN
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Compilable Type Cast May Fail at Runtime (2)

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

1 §SmartPhone aPhone = new GalaxyS21Plus();
2 W IPhonel3Pro forHeeyeon = (IPhonel3Pro)
3 f forHeeyeon.quickTake () ;

) 722
M;ss[\as@mly{w (O] b82IP eanaf Alfr))



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 /* overri
facetime /* new method */

10s
/* cinematic mode */
quickTake
one

IPhone13Pro

idden using safari */

surfWeb /* overridden using fi

skype /* new method */

/* dual-matrix camera */

ey |
i} l/ ___/
Android myPhone = new Samsu .

DMno ’/‘7[ éywﬂf/pf

ol

v
AR Compilable Casts @D Exception-Free Casts
V

ClassCastxcepfion e



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



Exercise: Compilable Cast vs. Exception-Free Cast

class A { }
class B extends A
class C extends B
class D extends A

e N )
iy ey s
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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 */

/ '\/l /* new attributes, new methods */

. 7 NonResidentStudent(String name)
ResldentStudent tienResidentStodent 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()

Student jim = new NonResidentStudent ("J. Davis");
jim instanceof ResidentStudent

ResidentStudent rs = (

)
rs.setPremiumRate(1l.5); JIM“ L‘vD( /kS'(
w

¥ Lo 0 o o 7 (NRS) Skl erp £ st tye 27
S Mo > e etuns Ade



Checking Dynamic Types at Runtime (2)

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

surfWeb /* overridden using safari */ surfWeb /* overridden using firefox */
108 : " 2
facetime /* new method */

Android

skype /* new method */

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

IPhoneSE IPhone13Pro Huawei Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

SmartPhone aPhone = new GalaxyS21Plus();
if KaPhone instanceof IPhonelBProp

IOS forHeeyeon = ((IPhonel3Pro ) aPhone;
forHeeyeon. facetime() ;

}

aOrwOND =




The instanceof Operator «

D A obj = new B(); NW’”;’@"‘Z’%
q 2 if (obj instanceof { prstonat
L 3 ??o0bj2 =(??) obj; ff/
\'QO/@I . ) tutf?
Oﬁg’o“ - L1 compiles if B can
4‘5@; fulfill expectations of A.
- L3:
@"\4@ eles - Compiles if
Ao e Up or Down cast w.r.t. A.
Al ClassCastException if B cannot
a Pl B. fulfill expectations on ?27.
- L2:

- Evaluates to true if B can
fulfill expectations on ?2.



Use of the instanceof Operator

SmartPhone

108

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

/* cinematic mode */
quickTake

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

T

Android

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

/ \ sideSync /* new method */

IPhoneSE

IPhone13Pro

/* dual-matrix camera */
zoomage

N

Samsung

/N

HuaweiP50Pro

HuaweiMate40Pro

GalaxyS21

GalaxyS21Plus

SmartPhone myPhone = new Samsung ()
println(myPhone instanceof Andr01d l/

println(myPhone instanceof Samsung) ;

println(myPhone instanceof GalaxyS21)

println(myPhone instanceof IOS); K

W/

X

println(myPhone instanceof IPhonel3Pro) ; X

myPhone instanceof ??
evaluates to true if

Samsung can
fulfill expectations on ?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 %/ . 2?2

if (myPhone instanceof Samsung) { myphone instanceof 7
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 */ 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() { ... }

SmartPhone sp = new IPhonel3Pro();
Spsdiadit) ;
sp.facetime(); X

AN =

sp.quickTake(); X

}

class IPhonel3Pro extends I0S {
void quickTake() { ... }
}




Static Types, Casts, Polymorphism (2)

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

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

/* cinematic 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() { ... }

}

I@S)

10

= new IPhonel3Pro();

ipndiall() ; |/ /

ip.facetime ()
ip.quickTake(), )(




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 IPhonf1 3Pro Huawei

Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

class SmartPhone {
void dial() {

}

class I0S extends SmartPhone {
void facetime() { ... }

IPhonel3Pro 1p6sp = new IPhonel3Pro();
ip6sp.dial (

PO =

ipésp. facetlme ,y/i////

ipésp.quickTake () ;

}

class IPhonel3Pro extends I0S {
void quickTake() { ... }
}




Static Types, Casts, Polymorphism (4)

surfWeb /* overridden using safari */

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

w MS{ /
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() { ... }

SmartPhone sp = new IPhonel3Pro();
( (IPhonel3Pro) sp)|l.dialf();

(IPhonel3Pro) sp).facetime();

A 0N =

} ( (IPhonel3Pro) sp).quickTake();

(ﬂo (‘CE).

class IPhonel3Pro extends I0S {
void quickTake() { ... }
}

ales with ST TH2Vo.



Static Types, Casts, Polymorphism (5)

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

AN

/* new attributes, new methods */ /1: mi’{' a'tfjribustes,dnew( lsne{hOds 4 )
ResidentStudent(String name) ; ; onResidentStudent(String name
double premiumRate g ResidentStudent NonResidentStudent d0'ub1e di_scountRate

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

/* redefined/overridden methods */ 7 redeﬁned/o.v.erridden methods */
double getTuition() double getTuition()

/ ResidentStudent
Student s

Course eecs2030 = new Course("EECS2030", 500.0);

Student s = new ResidentStudent ("Jim");
s.register(eecs2030); Pr

if (s instanceof ResidentStugént) {
( (ResidentStudent) s)|\|setPremiumRate(l.75);

System.out.println(( (ResidentStudent) s).getTuition());




e -

Polymorphic Parameters (1) fb
ST Ys

class StudentManagementfystem ({
Student [] ss.-/+ ssfijfias static tyre (D ~/ int c;
ig addRSIResidentStudent|QE}/} ss[c] = rs; c ++; }

d addNRS (NonResidentStudent nrs) { ss[c] = nrs; c++; }
void addStudent (Student s) { ss[c] = s; c++; } }

arownN =

. Static type of ss[0], ss[1], ..., ss[ss.length - 1]?
Stadeat

: v
Q. In ‘I‘P,e’rhod addRS, does ss|C] compile?
velap -
wl A 755 o ST: RS

Q. Under what circumstances can the following

nethod call be valid/compilable?

ms.addRS(0) —> ST of 4. 9 szg%uoée = Lbﬁ{’?c/én;s )
T oY, ]



Polymorphic Parameters (2)

1 fclass StudentManagementSystem {

2 Student [] ss; /* ss[i] has static type Student =*/ int c;
3 ‘ esidentStudend rs) { ssl[c] = rs; c ++; }

4 { ssl[c] = nrs; c++; }
5 { ssle]l = 5; et¥; } }

= new StudeRt();
new ResiddantStudent () ;

Student s3 new NonResfdentStudent () ;

ResidentStudent rs = ¢y ResidentStudent () ;
onResidentStudent nrs new NonResidentStudent() ;
tudentManagementSystenf sms = new StudentManagementSystem() ;

laddRsS

|addRS
laddRsS
laddRsS

—
s: udent(String name) String name

la ddSt Uden t o - dm gg '&(L‘: s e c) Student Ctmje[/] cou::; r/q/wczg rrmd*/ s (res) ¥/
N / \\\
JaddStudent ; — L o s ot

/* new attributes, new methods */ ‘

ResidentStudent(String name) esidentStuden
JaddStudent - o e Residentstudent

r)
rridden methods */ /* redefined/ove

JaddStudent H double zoTuition aMgmaf

d hI dscn ntRate




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



Casting Arguments

void addRS(ResidentStudent rs)

sms.addRS(

/

’
. o
g™ =4

QT .
ol

A OWON =

Student s =

/* s’ ST:

AOON—=

Student s =
/* s’ ST:

AWM=

Student(String name)
void register(Course ¢)

String name
Student

Coursc[] courses /* registered courses (rcs) */
| intnoe /* mumber of courses %/
~

/% new attributes, new methods %/

‘ . h i ing name)
double discountRate
void setDiscountRate(double )

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

double getTuition()

/* new attributes,

ResidentStudent(String name)
double premiumRate
Raty

\
\
\
\

new methods */ \‘

(ResidentStudent) s ompiles?

Student s = new Student ("Stella");
Student; s’
StudentManagementSystem sms =
sms faddRS (s) ; X

new NonResidentStudent ("Nancy") ;
Student; s’
StudentManagementSystem sms =
sms faddRS|(s); X

new ResidentStudent ("Rachael");
Student; s’
StudentManagementSystem sms =
sms faddRS(s); X

ClassCastException?

T&s.

——

RS .
ClassCastException?

Yed

one?
b7 DT o S mad

new StudentManagemeptSystem() ;

A despnt of (st

DT :

Student

*/

DT »

NonResidentStudent
new StudentManagementSystem() ;

* /

Ll o

ClassCastException?

DT »
Dl

ResidentStudent »+/
new StudentManagementSystem() ;

sms.addRS( (ResidentStudent) nrs) compiles?

NonResidentStudent nrs =

new NonResidentStudent () ;

Sl:

y// - 5

A OWODN—=

NonResidentStudent;

StudentManagementSystem sms =
sms faddRS

DT:

%/
new StudentManagementSystem() ;

NonResidentStudent




[ ] [ ]
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 ) t447 voidsetDisomuntRatedouble )

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

rs.setPremiumRate (1.5);

NonResidentStudent nrs = new NonResidentStudent ("Nancy");
nrs.setDiscountRate(0.5);
stem sms = new_StudentManagementSystem() ;
sms JaddStudent ( rs * polymorphism */ S = v
sms.addStudent ( nrs ); /% polymorphism x/ = 5; =
Course éec52030 = new Course("EECS2030", 500.0); vz:tiiitii;ggizgzii]tjs;
sms.registerAll (eecs2030); numOfStudents ++;
for(int i = 0; i < sms.numberOfStudents; i ++) { }

/* Dynamic Binding:

* Right version of getTuition will be called */

class StudentManagementSystem {
tudent (] students;
int numOfStudents;

~ 7 Ly

O©CoNOOOaP~rWOWN =

—_
)

void registerAll (Course c)
for(int i = 0; i < numberOfStudents;

; students[1i] .register(c)
Jiﬂohhf- ﬁﬂuﬂt

4 5 6 7 99
\ | null ‘ null | null ‘ null | null ’ null ‘ null | null ‘

—_ -
w N

System.out.println(sms.students[i]. getTuition () )

SSlol:

—_
N

Student| 1 2 3

sms.getStudent (0)

—

rs

sms.getStudent (1)

ResidentStudent NonResidentStudent

“Rachael”

“Nancy”

0 1 8 9

registeredCourses | | null ‘ ‘ null ‘ null ‘ registeredCourses ‘ null ‘ | null | null
premiumRate

nrs
0 1 8 9 numberOfCourses

numberOfCourses

discountRate

sms.ss[1] instanceof|NonResidentStudent
sms.ss[1] instanceof ResidentStudent@
sms.ss[1] instanceof Student@

sms.ss[0] instanceof NonResidentStu
sms.ss[0] instanceof ResidentStuden
sms.ss[0] instanceof Student

Course

“EECS2030"

eecs2030




Polymorphic Return Types

Course eecs2030 = new Course ("EECS2030", 500);
ResidentStudent rs = new ResidentStudent ("Rachael");
rs.setPremiumRate(l1.5); rs.register(eecs2030);
NonResidentStudent nrs = new NonResidentStudent ("Nancy"); Student([] ss; int c;
nrs.setDiscountRate(0.5); nrs.register(eecs2030); void addStudent (Student s) { ss[c]
StudentManagementSystem sms = new StudentManagementSystem(); Student etStudent (int i) {

sms.addStudent (rs); sms.addStydent (nrs); GEnaE = 11;
Student@ = sms.getStuden ; /* dynamic type of s? x/ ; u'en s = rllu 7
e if(i <0 || 1 >= ¢) {

v static return type:_Student v’ throw new IllegalArgumentException("Invalid
print (s instanceof Student s instanceof ResidentStudent);/*tk }

class StudentManagementSystem {

print (s instanceof NonResidentStudent); /* fal‘se #f else { 9
print  s.getTuition() ';/«Version in ResidentStudent called:750x/ . - EE;
ResidentStudent rsZ = ‘sms.getStudent(0); X = '
s = sms.getStudent(1) ;o /o+ dynamic type of s? %/ }
—_ e return Si
static return type: Student } -

print (s instanceof Student && s instanceof NonResidentStudent);/
print (s instanceof ResidentStudent); /* false x*/

print( s.getTuition() ); /*Version in NonResidentStudent called:250+*
NonResidentStudent nrs2 = sms.getStudent(l); x

StudentManagementSystem 2 3 4 5 6 7 " 99

\ ‘ null ‘ null ‘ null ‘ null ‘ null ‘ null ‘ n::ll ‘ null ‘

sms.getStudent (1)

(—‘ NonResidentStudent
“Nancy”

numberOfCourses numberOfCourses 0 1
registeredCourses . w | U DUl registeredCourses

premiumRate . discountRate

Course

“EECS2030"
eecs2030




Summary: Type Checking Rules

CODE

CONDITION TO BE TYPE CORRECT

Is y's ST a descendant of x's ST?

Is method m defined in x's ST?
Is y’'s ST a descendant of m’'s parameter’s ST?

Is method m defined in x’'s ST?
Is y's ST a descendant of m's parameter’s ST?
Is ST of m’s return value a descendant of z’s ST?

Is ¢ an ancestor or a descendant of y's ST?

Is ¢ an ancestor or a descendant of y's ST?
Is ¢ 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();

printin(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 —
o

1 )
2 §Object c2 = new C()
3 B println(cl.equals (c

A BT

boolean equals (Object obj) { L3 calls which version of

}/ overridden version */ equals ? [ @& ]




Overridden Methods and Dynamic Binding (3)

] boolean equals (Object obj) {
ObJeCt return this == obj; class A {

} /*equals not overriddenx/
A }
|
|

class B extends A {

boolean equals (Object obj) {
/* overridden version */

}
}

class C extends B {
/*equals not overriddenx/

/* overridden version */
} 7 §Object cl1 = new C();
2 | Object c2 = new C();

printlin(cl.equals (c2));

L3 calls which version of
equals? [B]

R M M)
(0 Y)

}
} boolean equals (Object obj) {




Solving_a Problem Recursively

Given a small problem: Solve it directly:

(a2

Given a big problem:

fopasts
(s

Divide it intfo smaller problems:

Assume solutions to smaller problems:

Combine solutions to smaller problems:

if(i == ...) { /% base ca e: do sozethlng irectly =/ }

else MB( ®ea ;&mly gmal 9/ &&
;/* recursive call w1th strig¥ly smaller value x/

} Voallag e el S reoasin




Tracing Recursion via a Stack

e When a method is called, it is activated (and becomes active)
and pushed onto the stack.

e When the body of a method makes a (helper) method call, that
(helper) method is activated (and becomes active) and
pushed onto the stack.

= The stack contains activation records of all active methods.
o Top of stack denotes the | current point of execution |.
o Remaining parts of stack are (temporarily) suspended.

e When entire body of a method is executed, stack is popped .

= The | current point of execution |is returned to the new top
of stack (which was suspended and just became active).

e Execution terminates when the stack becomes empty .

Runtime Stack



Recursive Solution: factorial

g= m__%l gh

(a=pjt) n

5 swedf
b aﬁ&( wo\o\\’."'\

Vi= O

4




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 in Java: factorial

1
n-(n-1)!

nl =

int factorial (int n)~{
int result; [ v
XPXrif (g == 0) /* base case */ |result ]# }
else { /* recursive case #*/ kﬁa‘i" Nﬂ%’fe

- . result = n * | . (N — 1)|; ,,5/
} 74L€2) o
return resaltss

) 2 € Hefr)1|2

| 0
~l//-)c A
Example: Facforia?(3)

Runtime Stack



Common Errors of Recursion (1)

int factorial (int n) {

return n » factorial (n - 1);




Common Errors of Recursion (2)

int factorial (int n) {
if(n ) { /* base case */ return 1; }

else { /* recursive case #*/ return n x factorial (n); }




Recursive Solution: Fibonacci Numbers

21, 34, 55, 89, ..




Recursive Solution in Java: Fibonacci Numbers

ifn=1
ifn=2
L,:h_:|-+ F31_2 if ,7:>'22

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) (O £ib (n - 2)|;
}

return result;

Example: fib(4)

Runtime Stack



Use of String 3"”\7 = SM"AeHo" o | z 3

S~vHle [ (rlo)\

public class StringTester ({
public static v%}d main(String[] args) {
String s = "abcd";
System.out.println(s.isEmpty()); /* false */ g,;\,ql;g-&m (z 1
/* Characters in index range [0, 0) x*/ ’\J
String t0 = s 0, 0); EO, -|J 1 e
System..out .praatiln(El); /f+ "% 2/
/* Characters in index range [0, 4) */ B’Tr}/ [Z‘ —>
String t1 = s.substring(0, 4); \5
System.out .printila{tl): /% "abad™ %/
/* Characters 1in index range [1, 3) =*/ Zj
String t2 = s.substring(l, 3);
System.out .printlalt2); /% "be" %/
String t3 = s.substring (0, 2) + s.substring(2,
System.out.println(s.equals(t3)); /+ true x/
for(int i = 0; i < s.length(); 1 ++) {
System.out.print (s.charAt (i));

}
System,out .peintin() ;




For g gJren steg S,
ﬂz/e/( il T AR L AR 4./&(?7‘/1()—{

S egM (Q.Wbag@,i)*é- ﬂbcﬁfg@, ¢ >)

4. waﬁ( )



Recursions on Strings

Palindrome /
e A

ZL abcd “DGCQC | 7

A\ "
aracecars

A\ 1/
raceacar

Reversal Number of Occurrences

VB ( “a,,) “abca”

wlhabig |
de b




Problem: Palindrome

boolean isPalindrome (String word) {

if (word.length() == | | word.length() ==
/* base case */
return true;

}

else {
/* recursive case */
char firstChar = word.charAt (0);

char lastChar = word.charAt (word.length()

String middle = word.lsubstring(l, word.length()

firstChar == lastChar

Eaturs Jf({;«ﬂ Wit ]st

/+* See the API of java. lang
&& 1sPalindrome (middle)

el 75/ Cracebar)

ing. substrlng

TSV( @r)
d

=2V abeds)
7 (0ed)

er’s‘fé)

) @



Problem: Reverse of a Stri 1
oble everse of a ng Y@bcoD

String reverseOf (String s) {
if (s.isEmpty()) { /x base case 1 */
return "";
}
else if(s.length() == 1)
return s;

}

else { /* recursive case */
String tail = s.substring(l,

String reverseOfTail = reverseOf (tail);
char head = s.charAt(0);

return reverseOfTail + head;

}
}

{ /% base case 2




Exam Info

- When: 10am to 1pm, Sunday, December

8
- Where: TC Sobeys / 2. ‘7\/15‘{'7

- Format: Some Multiple Choice &|Mostly Written

- Coverage: Everything (lecture materials & labs)
+ 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

/. )4‘/0 f7o1
7. 7ff’f/” (

ater

Y



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




Recursions on Strings

Palindrome /
/79‘"{::(//3 7"’”‘0‘4

W '/}
el “abed L i

\ "
aracecars

“raceacar”
Reversal Number of Occurrences
1./
Yal (“dll) 4 \@Qlegu qé" a'
/ 1y
va/(bc + & ‘o [+ oca/weaws(?)ll (b, a’)
de b

‘b’ ou:‘,u«aw,(){E ( “Lmr’, ‘L’)



Problem: Number of Occurrences

int occurrencesOf (String s, char(c) {
if (s.isEmpty()) {
/* Base Case #*/
return O;
}

else {
/+ Recursive Case %/

char head = s.charAt (0) ;.

String tail = s[substrind(l, s.length());

if (head == c) {

return 1 + occurrencesOf (tail, c);
}
else {

return 0 + occurrencesOf (tail, c);

o

|+ otaavreceso-(7l)



Recursion on an Array: Passing new Sub-Arrays

void m(int[] {
if@.1length — 0) { /+ base case */ } él,\;
else if (a.length == 1) { /% base case */ }
else {

int[] sub = new int[a.length - 1];
for(int i = |1|; i < a.length; i ++) { sub[i - 1]
(sub) } }

~ e (all on & §&/?cf}/ swalley A-/«/? + ;,,,éam%

Say al = {}, consider m(al)

L veoched bes oo m<4'(8 1) %ﬁzp

Say a2 = {A, B, C}, consider m(a2) i ETC ] ) talls

» C { > ﬂgf/‘,’(‘f&{'




Recursion on an Array: Passing Same Array Reference

if (EEGmPEe) ( /+ base case /47
else if (from == to) { /* base case

void m(int[] a, |int from, int to] {
g«”
*/ }

else { m(a, | from + 1|, to) } }

yleqgth O _
Say al =@, consider m(al, 0, al.length - 1)

Lyo @% kose cose # |

Say a2 = {A, B, C}, conS|der m(a2 0, a2.length - 1) V’(Ai O Z)

o | VQ(dZ;LsZ)

2
; N
3
s 218 = M (62 3 2002)







_5 15 thert Some /7091%? Wby 7

- Yo A/rﬁfﬂ,(;'
Problem: IAre All Numbers Posn’rlve'} 9 f’{f/—) felsp < 20 Joce s

I o Ffw ¢ 7 ewm A/p[fd
)T+ Tt = W wall 5%
’Xé¢
[oe—o] e

ol 2

All)zs(‘i@f(/MS & :>
H a[oj>o gz dlfs (2,83

w



whot o usey n®

| HEN
Problem: Are All Numbers Positive? Ll ,,p,& j
boolean allPositive

return allPositiveHelper (a, 0, a.length — 1); /

boolean| allPositiveHelper |[(int[] a, int(from, int to) {
if (from > to) { /* base case 1: empty range */
return true;

}

else if (from == to) { /* base case 2: range of one element =/
return al[from] > 0;

}
else { /* recursive case */
return al[from] > 0 && allPositiveHelper (a, from + 1, to);




ron-degeaneg -1 (ALt )>ali +1])

Tracing Recursion: allPositive Mow 25 ach U afzl< arz¢ ]

boolean allPositive(int[] a) {
Say a = 2 ¢ y
/ return allPositiveHelper (a, 0, a.length - 1);
}

a”POSitive(a) boolean allPositiveHelper (int[] a, int from, int to) {
if M { /» base case 1: empty range */

returfi true;

}

| 7 else if(from == to) { /x base case 2: range of one element =/

return a[from] > 0;
allPH(a,0,-1) )

else { /% recursive case */

L7 "ll;w‘e )

}

return a[from] > 0 && allPositiveHelper (a, from + 1, to);




Tracing_Recursion:

allPositive

allPositive(a)

allPH(a(0,0)

a[0] >0

b

,_——;) boolean allPositive(int[] a) {
return allPositiveHelper (a, 0,{a.length - l))

} -

boolean allPositiveHelper (int[] a, int from, int to) {
if (from > to) { /+ base case 1: empty range x/
return true;

}

|else if(from == to)l{ /* base case 2: range of one element */
return a[from] > 0;

}

else { /% recursive case */

return a[from] > 0 && allPositiveHelper (a, from + 1, to);

}
}



Tracing Recursion: allPositive

boolean allPositive(int[](a) {

return allPositiveHelper (a,(0, a.length - 1);
}

Say a = {4,7,3,9}

allPositive(a) return true;

boolean allPositiveHelper (int[] a, int from, int to) {
if (from > to) { /+ base case 1: empty range x/

}
| else if (from == to) { /* base case 2: range of one element #*/

return a[from] > 0;

}
a“PH(a,O,3) else { /+ recursive case x*/

\ return a[from] > 0 && allPositiveHelper (a, from + 1, to);
/ }

a[0] >0 % allPH(a,1,3) }

I 12 3
AT h~lel 1ls (¢

afi] > o0 %( allPH(a,2,3) =T

/ \ AL’A?O

af2] >0 X% @liPh(a, 33y 7

Q




Tracing_Recursion:

allPositive

Say a = {5,3,-2,9}

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)



Problem: Are Numbers Sorted?

e
Ermm
'(ssg\ovfﬁo((a., Q_s 3)
IuEe ( ;
iE1< 001 22 whed (@,7,




Problem: Are Numbers Sorted?

boolean isSorted(int[] a) {
return isSortedHelper (a, |0,

a.length - 1

boolean isSortedHelper (int[] a, int from, int to) {

if (from > to)
return true;

}

else if (from == to) {
return true;

}

else {
return a[from] <= a[from + 1]

&& 1isSortedHelper (a, from + 1, to);

{ /~ base case 1: empty range */

/* 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 = {3,6,5,7} boolean is'Sorted(int[] a) {
return isSortedHelper (a, 0, a.length - 1);
}

. - boolean | isSortedHelper (int[] a, int from, int to) {
| r @
SSO ted(a) if (from > to) { /+ base case 1: empty range =/

return true;

| }
else if(from == to) { /+ base case 2: range of one element */

ISSH(am } return true;
else {
/ \ relftjrn alfrom] <= al[from + 1]
4‘&& isSortedHelper (a, from + 1, to);
a[ <= 1] &Z/ |sSH(a03)

@5/\ o |

2
3[18‘?‘4 e A~
Ol




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 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 S from pl to p3

S S B B S B B — —— [ —— — — I S S S RS S E— — —
Consider 1 disk: A I Consuder 3 dISkS A<B<C
1 =2
move @»  from pl to p3 1 ™V il from pl to p3
AR P SR R SR R
| Il 1
pl p2 p3 pl p2 p3

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 "




ovi. > dof
Tower of Honoi in Java é§ ‘ Tk

void towerOfHanoi(String[] disks) {
tohHelper (disks, |0, disk§.length -1

} VR"’E, o KT /fovbs
void tohHelper(Str:Lng disks, |int from, int to,I int ori, int des) {

if(from > to) _y N fower
else if|from == toh { y?ﬁk m f‘ﬂ
print ("move " + dlSkSStO + " from " + ori + " to " + des);

} 2 rZ'

1nt\1ntermed1ate/— - ori - des;

(D tohHelper (disks, (from, to - 1, ori, intermediate);
@print("move " +|disks[to]|+ " from " + ori 4+ " to " + des);

@ tohHelper (disks, |from, to - i|, intermediate, des);

}

S’rage 1 Mﬁb',"b Stage 2 Stage 3

/ off. |/ 0/05 I/, ort. > 0(05 I/ ori. ‘ 0/05
L BTy A A Lo ;




. : il pl 2 3
Tower of Hanoi: Tracing ol A i i

o an 2 Y“”s
“aa :
| o

‘bah)—l(d$,.0,z, |, p3) <
P p ‘“”m’%

sl P

. b
toht] (5,05, ?lgyz.ﬂ%e[w\toyi I RARA DI 7

@MQ B: Fl to FZ @ %’
& toh s , 000, 3, 2 . Sy &
L) cfbs?)awﬁ[”)?ﬁ?l ‘\‘\_



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




Tower of Hanoi: Running Time

void towerOfHanoi(String[] disks) {
tohHelper (disks, 0, disks.length - 1, 1, 3); 7-
: ¢1)
void tohHelperIString[] disks, int| from, int to, int ori, int desI{
if(from > to) { } 1] ?ﬂ(y
else if (from == to) { O{
print ("move " + disks[to] + " from " + ori + " to " + des);

}

else { ﬂ 7((] ")

int intermediate = 6 — ori — des;

[ 4
tohHelper (disks, from, to - 1, ori, intermediate)
oLipL('move "™ T JisksIftol Ff ™ from " F or7 F ™ to "

tohHelper (disks, from, to - 1, intermedia'te, des) ;

}
}

Ten) = 2.
. 2.(2[t=z)] + 1 >+

;Z\(Z/LZJ TendlD £1) +

T =7 Tn-y "~ "~

=T

Running Time as a
Recurrence Relation
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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 &
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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

[

hits, o\ vpLarsa® fhukz:ﬂ o lome!
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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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