EECS2030 (Sec. B) Fall 2025
Advanced Object-Oriented Programming

Lecture Notes

Instructor: Jackie Wang




Lecture 1 - Sep 3
Syllabus & Introduction

Professional Engineers: Code of Ethics
Software Development Process
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(Informally) prove that recursive algorithms are correct and terminate.

(Informally) analyse the running time of (recursive) algorithms.
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Lecture 2 - Sep 8

OOP Review

Separation of Concerns: Model vs. Tests
OO: Observe-Model-Execute Process
Java Data Types: Primitive



Announcements/Reminders

e First Class (Syllabus) recording & notes posted
e Todays class: notes template posted
e Priorities:
+LabOP1 (tutorial videos + PDFs)
+ Due: This Tuesday (Sep 8)
e LabOP2 to be released this Tuesday (Sep 8)
e Lab this Wednesday (Sep 10): Demo on helper methods?
e Lab next Wednesday (Sep 17):
+ [ 40 min] Mock-up Programming Test O
+ [= 40 min] Q&As (TAs, Jackie)




Junit__tests

Separation of Concerns

{_apare!  Slide 6

i (cumt)

C 1./\Y\M
g 0& use -(Expected vs. Actual Values

- Methods

* calling methods from model

Y tions

AB /}\'4\/\ ,l&/ asser

1"0‘{[ AL !fglf * containing no print statements
JMit = L% Bensole_apps

e

- main method«enizv point of execution)
* reading inputs from'“eyboard
* crlung methods from modal
“ producing outputs to console {arint)
* containing no return statements

- Classes & Methods
- Methods

* constructors
accessors: return statements
mutators: no return statements
containing no print statements

% % %



Jevo

Observe:

-ﬁxecufé

Compile-Time: Classes

(definitions of templates )7 {0‘/

class Person {

Entities: String name; name | “Jim” name | “Jonathan”
jim, jonathan, .. doub ; i onathan | wei 80 /

double height;
: ouble heig —

class Potint {
double x;
double y;

}

3
Entities: [ Jonotlon. @." 7 Entities:
Attributes: wprg ht Lq(jkf Attributes:
Changes: Mg Changes:
Inquiries: % %Dt %e(\g'” Inquiries:
Template: U Template:
Voo U
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Object Oriented Programming (OOP) otfS ds Slide 8
- Templates (compile-time Java classes) «) e
+ attributes (common around instances) Y'/fl
+ methods
* constructors
* accessors/getters
* mutators/setters

+ Eclipse: Refactoring 20
- Instances/Entities (runtime objects) yﬂ( )

+ instance-specific attribute values OL’\' ,/\\( .

+ calling constructor to crea ] S

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

* call accessors or mutators



Stdes 4 ~ 217
Awﬁwed y@&u((‘mjé .'



T a5 *8

2igo/\ Jl\n/\ = 3 A)"g"f CD - @
e JM: < clpis D . @

@ Eal/l.l etwezhf() S €

r wP;?V{
M“ﬁ*‘is” O %@

® - ﬂetwez)&( )



R e EEEE S C LS./ & 25 ot TW
N : In Jwa, each wacobl mast se Jf fc){p/m




Lecture 3 - Sep 10
OOP Review
Java Data Types: Reference

Parameters vs. Arguments
Variable Scopes, Tracing Object Creations



Announcements/Reminders

e First Class (Syllabus) recording & notes posted
e Todays class: notes template posted
e Priorities:
+ LabOP2 (tutorial videos + PDFs)
+ Due: Next Tuesday (Sep 16)
e Labl to be released next Tuesday (Sep 16)
e Lab today (Sep 10): Demo on helper methods
e Lab next Wednesday (Sep 17):
+ [ 40 min] Mock-up Programming Test O
+ [= 40 min] Q&As (TAs, Jackie)
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Parameters |vs. |/Arguments| 2 _5_ —==z- Fgrfw@f%

class Point { - 7
Pomt(double@double < }, i

double getDlstanceFrom(Polnt‘ {
void move(char doubl @ qd &

class PointTester {
static void main(String
Point p1 = new Poin @
Point p2 = new Poing(-4.8)
Method Usages double distl = pl.getDi

oS
\

Template Definition

¥




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.

class MyClass {

inti;
int j;

int[m];

¥

(int

pl)
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void m1)
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void
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int[h]
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class MyCIass {
inti= pls
Int JI— PL ) \/
void m1 (|nt pl) {

intm= p| ;v

b ek

void m2 (int p2) {
int n;



Constructors not using this Keyword memory

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

w7

@Test .

double we1 ht; JUmf
public void test_1() _{ PP~

double hEIth,
%¥|Person jim | new Per‘sork?Z, 1.81);
Person Jonatqanlﬂ new Person 1.0/
assertrrue(jim = j P

/*
= jonathan);
assertFal se(gume==mjonabhany ;
.. e ? g
assertNotSame(jim, jonathan); Ji Ife
assertNotEquaZs(jim, jonathan);

public Person(double

weight = newWeight;
height = newHeight;
—

§. * Constructors

*/
gLf%hblic Person() {

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

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

- Parameters vs. Arguments console
- Reference Variables

'74\-"”70( (sequence of bytes)
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Use of Accessors! vS.[Mutators A Slide 48

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

U

e Calls to mutator methods cannot be used as values.qd
°© e.g., System.out.println (jim.setWeight (78.5)) ;
o e.g.,, double w = [Jim. setWeight(78.5)k vord
o €.g., Jjim.setWeight (78.5)

e Calls to accessor methods S ﬁ(\//d bi\t{sed as values.
o e.g.|jim.getBMI () ; M‘ U< ¢
o e.g.,, System.out.println ((jim.getBMI ()));
o e.g., double w = ;




In-Lab Demo - Sep 10
Helper Methods

Code Smell
Refactoring
Breakpoints & Debugger



ZAW(? Ot
vy + 1T
. %-C}j—f?)

V|

oo Lodo

Aeadd ) YQW Wa& 1

frf
l .

\ 2

J/ pess _y bowe(k

Jdact

S| Jovk m{p

7% Vefre i;;g‘%j




PersonCollector: without a Helper Method

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

} Mg / ,efeaﬂ’o/
public void addPerson(Person p) { - 4 y, //
th:i.s.ps[this.nop] = P public boolean personExists (String 9) {1/ /
this.nop++; boolean found = falgey,)é. ]&‘q("\ Ty 7/
} for(int i = 0; i <’ i ++) /7 /
/ if(ps[i].getName () T€quals (n)) { gfoypd = true; } }
= return found;
0 | D /&j’i /! 7/
=7/ publ:.c void changeWeightOf (S tr:l.r{g n, double w) {
l / 7 ‘ for(int i = 0; i < nop; 1 ++) I{ /
/ i1 if (ps[i].getName() .equals (n)) /{ psl[i].setWeight(w); } }
} /
public void changeHeightOf (String n, double h) {

JIAI'( d for(int i = 0; i < nop; i ++) K

M if(ps[i] .getName () .equals(n)) { psl[i].setHeight(h); } }



PersonCollector: with a Helper Method

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

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

J for(int 7 = 0; 7 < nop; J ++) {
if(ps[j]l.getName() .equals(n)) { i = 7j; }
}
return i; /+ -1 1if not found; >= 0 if found. =/
}
public boolean personExists(String n) {
return this.indexOf (n) >= 0; }
public void changeWeightOf (String n, double w) ({
int i = indexOf (n); if(i >= 0) { ps[i].setWeight (w); }
}
public void changeHeightOf (String n, double h) {
int i = indexOf (n); if(i >= 0) { ps[i].setHeight(h); }
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Lecture 4 - Sep 15
OOP Review

Tracing OOP: New Obj. & Method Calls
Variable Shadowing, Use of this
Reference Aliasing



Announcements/Reminders

e Todays class: notes template posted
e Priorities:
+LabOP2 (tutorial videos + PDFs)
+ Due: This Tuesday (Sep 16)
e Labl to be released this Tuesday (Sep 16)
e Lab last Wednesday (Sep 10): Demo on helper methods
¢ ProgTestO (next Wednesday, Sep 24), Guide released
e Lab this Wednesday (Sep 17):
+ Please go to your enrolled session.
+ [* 40 min] Mock-up Programming Test O
+ [= 40 min] Q&As (TAs, Jackie)




Constructors not using this Keyword
s “ths” e woml

& leviotp f140 Lonfo Xt R p bt @

5”1 (“ﬁ‘c"’ f Question

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

* Constructors
74
public Person() {

public class Person {
/*

* Attributes.

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

double weight;
double height;

model




Tracing OO Code: Visualizing Objects

To visualize an object:

o Draw a

o Draw

rectangle box

Title

Left column

Right column

arrow(s)




% ditfeent OAIP/@.

Effects of Creating New Objects [

public class Person {

model

/*
* Attributes.
* Person instances have the same attribute names.
* Person instances have specific attribute values.
*/
double weight; . .
double height; - Variable Shadowing
- Visualizing Objects
7% .
T - Context Object
*/ - this
public Person() - dot notation

; T2 g
public Person(double weyﬁht, double heﬁth) {
thislweight = weXght D ’l YA
this.height = heﬁﬂbt;

- = -
- - - -
=3 L
e e = =

public void test 10 { JUnit
Person:jim = new Person(72, 1.81);
Person jonathan@i)new Person(65, 1.67);
assertTrue(jim !=_jonathan);

assertFalse(jim jonathan)s

assertNotSame(jim, jonathan); <._\/
assertNotEquals(jim, jonathan);s:

<1 o d
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Accessors/Getters vs. Mu’ra’rors/Se’r’rers \/g Person

public class Person { W.
/*

* Attributes. h /&/

* Person instances have the same attribute names.

* Person instances have specific attribute values.

*/
double weight;
double height; Person I
/* Accessors/Getters */ ..7:4 ’ W. I X @'
public doublelgetBMEC) { J h I I
double bmi = tp( .weight / (ta( .height * tﬂ( .height); e
return bmi; —an J,.A
} J @Test
:7 public void test_3(0) {
* Mitatohsdsecters Person jim = new Person(72) 1.81);

public void gainWeightBy(double ar%unt) {
t\ﬂs.weight = th{E{weight + amdynt;

3 ¥ -~ A U 3 assertEquals(21.977, ﬁi;{getBMI(), 0.01);
v = assertEquals(23.307, ‘jonathan)getBMI(), 0.01);

(:;;DgainWeighth:;;x
jonathan.gainWeig Bj:::)

assertEquals(22.893, jim.getBMI(), 0.01); I

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

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



Copying_Primitive vs. Reference Values Slide 50

int[T = Primitive
int@= System.out.println (1
int k = System.out.println/(

q) Point pl = new fPoinf (2 @ Re{:erence

3);
SllaA S w:l; System.out.. println =>—x2) ; /
é

Point p3 = new Point@
Systme.out.println(p3 =
Sysitme. ot printlin (ps.x
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Copying_Primitive Values

int 11 =
int 12 =
int (3 =
intf[]

int\[ ]/ numbers’2

for(int 1 = 0;

numbers2[i] =

Slide 51

1
numbers f@ =

System.out.println(numbersl[0]
System.out.println(numbers2[0

poubess| —

Y Le§l~>

LT

Z
KT 1213
0 i 2
wl) o2|R)7l

>
151, 42, iShs T3
= int [numbersl. length];
1 < numbersl.length; 1 ++)
numbersl[i]; T Wg(&]
=vis( (2]




Lecture 5 - Sep 17
OOP Review
Exercise: Reference Aliasing & Arrays

Manual Management of Account IDs
Use of Static vs. Non-Static Variables



Announcements/Reminders

e Today’s class: notes template posted
e Priorities:
+ Review LabO
+ Complete Labl
+ Due: Next Tuesday (Sep 30)
® ProgTestO (next Wednesday, Sep 24), Guide released
e Lab this Wednesday (Sep 17):
+ Please go to your enrolled session.
+ [ 40 min] Mock-up Programming Test O
+ [= 40 min] Q&As (TAs, Jackie)




¥ . -1 -
Copying Reference Values: Aliasing Ve”"f‘éj ]75| k;}ﬂ:‘:’_ ]Z”MB 5  Slide 52
Fs 0]‘— a }-’ d_/élrz = M)

0] = 2

Person alan = new Person("Alan"); - L 2')
Person mark = new Person("Mark"); ‘ l — 2\
Person tom = new Person("Tom") ; B o
Person jim = new Persom("Jim"]; 2 I'A ML M
Person[] personsl = {alan, mark, tom}; ﬁc
Person|] persons? = new Person|personsl.length]; L/ J
BepE (leve, ol = 0 i1 <€ parsensl., lemeicihyg L

De(rsons2fi1 = Dersponslfi]: } > - Person' Person‘ ferson ’
personsll0] .setAge(@; | name ‘A-"_“', name \MCJ(W name |Y Z /T
System.out.println(jim.getAge()); age /R' ag o age c,

System.out.println(alan.getAge()); 170 j/"’f /
System.out.pri n(persons2[0] .getAge()); / \
persons1[0] =(jim5' |)__ Person
persons1[0]. setAge(75) hame nJT’;

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

age

( 174
System.out.println(alan.qgetAge());
System.out.println(persons2[0].getAge()); K"

¥ T
oyl = pllo]s

1 720] = plGY 5

2 2 C'L:‘ = Pél '(7,] 3
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Arrays and Aliasing N

/{7860491 /
dld'/\ HL M Jm'l
evso/\,

Al ,_ aths ’@véo-’b Tovson “Tvson
f 05 neme |" neme |" Ma,lé’ neme |* Bt nome |4 Jor
Alan’ ag& 0

0 age, 0

age, age,

el 1T alen
: Z

Q. All alias paths to “Alan”? ,75[ N




Managing Account IDs: Manual Slide 75

private int |id;
private String owner;
public int getID() { return this.id;
public Account(int id, String owner)
e ——
this.id = id; h
. B (
this.owner = owner; QXY
}
}

public class Account { W’, 7

class AccountTester {

Account accl = new Account
Account accZ2 = new Accou "Jeremy") ;
System.out.println(accl.dget]lD() != acc2.getID());




Declaring Global Variables among Objects ©

* fach &aﬁ"@r o JQ(‘E hA‘S s ownt b}?/ C NSt —

¥ Al Doter okptrs she

public class Counter {*
(5 ot

private i

static int
Custatis byl C

public Counte {

hlsl-'/

ublic 1nt getLocal() {
return t L3

} cl cv

public void incrementLocal() {
tb{s.l ++;
} c\

public void incrementGlobal() {

jfai::!++;%%g~ '?Afgbtaw,a

b @
VSRAY)

2 el
?7&4 zw)‘o f

b/ e (

public class CounterTester {

@ ic static void main(String[] args) {

Counter c2 = new Counter();

0

System.out.println("cl's local: " + cl.getLocal());
System.out.println("c2's local: " + c2.getLocal());
System.out.println("Global accessed via cl: " + cl.g); 0
System.out.println("Global accessed via c2: " + c2.g);0
System.out.println("Global accessed via Counter: " 4 Counter‘.g)]

m incrementLocal(); /ﬁlﬁﬁf{a’ O
@)CZ /incrementlLocal(); a g

@ cl.incrementGlobal();
. @cZ.incrementGlobal();

)

@Counter‘.g = Counter.g + 1; // Counter.global ++;
¥

QUPAS«‘/g statd ’VMA!, fes; Cﬂmzw . na:aeaf(mc Ing




Lecture 6 - Sep 22
OOP Review

Use and Misuse of Static Variables
Use of this: Marriage Example
Reference-Typed Return Values
Anonymous Objects



Announcements/Reminders

e Todays class: notes template posted
e Priorities:
+ Review LabO
+ Complete Labl; Due: Next Tuesday (Sep 30)
e ProgTestO (this Wednesday, Sep 24):
+ Guide & Mockup Test released
+ Required: Go to your enrolled session.
+ A physical photo ID is required.
® This Wednesdays class:
+ We'll finish at about 12:30.
+ 20 minutes to be covered in Section Gs recording
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Managifig Account IDs: Automatic 4 ?7-2 Slides 76 - 77
) | . .
class Account { .
NN A
prlvaée‘y static 1ntl. gl L n =@
privdte| 1nt @‘ String owner; /ﬁMP{%
public Account (String owner|) { b 70‘

7 \t%.)éér_clld = globalCounter ; >

hst 7L Z A
gleobalCounter St ; yg T::;/;/e /ﬁ bﬂ”lg/‘ th(W"l wa@)_
Do .

N{,\t ﬁ?‘g%er = owner; } }

class Account Iyer {

Account accl new AccountS"Jim"z ;
Account acc2 new Account ("Jeremy") ;

System.out.println(accl.getID() !'= accl2.getID(O));

~> ~ X
T 7 1/ ’4%{:_2 /(4 2 " g
9. oM [*Tn °¢ ok ) ol ¥




Slides 78 - 79

Misuse of Static Variables

public class Client {

private Account|[] accounts;
private static int pumberQfA

public void adgAdcount (Account aXc Ml
‘numberOfAccounts] 2 Q§¢H

Acc|

accounfc[tﬂas
,Qtyis numberOfAccounts(++4

L |

public class ClientTester {

Client steve = new Client ("Steve");
Account accl = new Account () ;

Account acc?’2 new Account();
"bill.addAccount (accl) ;
/ * */

steve.addAccount (accz) ;
- 5




Use of Static Variables: Common Error

public class Bank
private string

{

branchName;

public String getBrachName ()
private static int nextAdcountNumber =

public static String |getInfo|) {

)( return ti)é.s

OO NO O~ WDND —

>

[rrecfvd s &jP Jgﬂ je% In

nextAccountNumber++;

0;

Slides 80 - 82

{ return this.branchName; '}

branchName|+ nextAccountNumber;
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public class Bank {

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

public clas ¢ k |
privateYstrlng branchName;
public String getBrachName () { return this.branchName;
private static int nextAccountNumber =
public static String getInfo() {
nextAccountNumber++;
return this.branchName + nextAccountNumber;

&
ok {0 VP A& <kath qae he®.

}




Example: Reference to this
Ye: helerence jo ENIS

public cla Person {
private@:sr(ing ‘name;

Slide 59 - 61

1.0, {#%)

private \Person spouse; d'_—mléwse f/%j
public Person(String name)’l { — A.
this.name = name; O elsa 4)7':'6@ A
) zo (%)
publlc void marry(Person other) { %g(
>{ [ Z ﬂ ”79«‘74
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Reference-Typed Return Values

public class Point {
/* A mutator modifying the context Point object */
public void moveUp (double i) {
this.y = this.y + i;
¥

/* An accessor returning a new Point object */
public Point movedUpBy(double i) {
Point np = new Point(this.x, this.y);
np.moveUp(i);
return np;
) public class PointTester {

) public static void main(String[] args) {
Point p1 = new Point(2.5, -3.6);

pl.moveUp(7.8);

Point p2 = pl.movedUpBy(6.4);

System.out.printin(pl == p2);
b
b

N

Y

Slide 53

> X



Anonymous Objects Slide 56 - 58

1 |double square(double x) {

—

double square(double x) {

double sgr = x * Xx;
7 2 return x x x; }

3 return sqr; }
1 | Person getP(String n

g ( g n | 1 | Person getP(String n) {
2 Person p = new Person(n) j

2 return new Person (n) ; }
=) return p; }
class Member EE H
xXercise

private Order[] orders;

private int noo;

/* constructor ommitted #*/

public void addOrder (Order o) {
this.orders[this.noo] = o;
this.noo++;

}
public void addOrder(String n, double p, double q) {



Lecture 7 - Sep 24
OOP Review
Caller vs. Callee

Tracing Chain of Method Calls via a Stack
Catch-or-Specify Requirement



Announcements/Reminders

e Todays class: notes template posted
e Priorities:
+ Review LabO
+ Complete Labl; Due: Next Tuesday (Sep 30)
e Today's class:
+ We'll finish at about 12:30.
+ 20 minutes to be covered in Section Gs recording




A wethal thet s phother snoftrop]
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Caller|vs. [Callee M‘“’A fots (4 wller

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

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

class |C1 |{

void|m|) | (‘0’{9f5 Z){. M,

O = new C2(

@mZ;/*salc e of o 1is C2 x/
il ! LW‘ Zaﬁwp - a”w (2.
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Visualizing a Call Chain using a Stack PXPA‘W’ ’ @
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What to Do When an Exception ,is Thrown: ,Call Stack

throws an
exception

IMethod where error occurred and an

exception object thrown
(top of call stack)

G
(G

m

), 4

forwards/
propagates
an exception
AR

catches an
exception

me

Method|without an exception handler

<

ml

Method|with an exception handler

)

mainlmethod
bottom of call stack)

N
/ri\

R QN BXlpptin otouwty (ravsey e (Bll ffedk 4o @7%7#)

lby w2 | Lot -ov-Sgecr
ﬂpp:)ﬁz)

(0) Whve m erepte
75 thown, Tt JRCTY
= Mo/ po D B e
ethod call | vt cller.

ethod call

o
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Catch-or-Specify Requirement

The “Catch” Solution: A t ry statement that catches and
handles the exception
(without propagating that exception to the method’s caller ).

2)

Circle ¢ = new Circle();

try { | ,fhe F M
c.setRadius (~10) ; ool ¢ © gﬁ}e
N (NegaiziveRaidusException /{\’) : m‘la @ Wﬂw F

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

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

{

main (..

Ei}

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

throws InvalldTransactlofﬁ.jeptlo

40 we heades

HG“Q accounts[1] F%lthd aw (amount) ;




Example: To Handle or Not To Handle?

class A _{
ma(int 1) {

if(i < 0) { /* Error =/ }
else { /+ Do something. #*/ }

i Version 1:
Handle it in B.mb
Version 2:

context

caller |callee

A

|

B

E mb é"ﬂ

Pass it from B.mb and handle it in Tester.main

/+ Error occurs if i < 0 =/ [jVersion 3:

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

console.

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

int i = input.nextInt();
E_ob = new B();
obfmb(fi); /+ Where can the error be handled? «*/

}

class NegValException extends Exception {
NegValException (String s) { super(s); }

}

7egfpf. MG




Lecture 8 - Sep 2
Exceptions

To Handle or Not to Handle: Versions 2, 3
Generalizing Exception Handling



Announcements/Reminders

e Today's class: notes template posted
e Priorities:
+ Complete Lab1l; Due: This Tuesday (Sep 30)
+ Lab2 to be released
¢ ProgTestl
+ guide released
+ PracticeTest1 released
+ In-Person Review Session at 2 PM, Friday, Oct 3 (CLH C)




p—
Version 1: B.mb Catches C ] ey
; E throws an B method call
class A { exception

AQ) {3 . *Method B.mb chooses to handle the error
g - 4 ww, Ma//, catches an < right away using a try-catch block.

void ma(int &) throws NedValException { exception <\
if(i < 0) { / riretiiod call
println("abnormal exec of A.ma"); / .mai %ethod
throw new NegValException("Neg Val: " + i); OT WOTTY about this error.

¥ L
@lse {
i ("norm X .ma");
/ println ormal exec of A.ma Ql In B mb |S Calllng Odmd
. class B { subject to catch-or-specify req?

viorml &R o )m@9 V°id02bflﬂzwll<3{ \f‘e& A i f\ s 0 g;{"gpf‘w

C
FVOD"‘ BWL ® a. ma(a'r ,;’LP <Jﬁ
(\ ”- 0 S ] J7J * println(" Fgm ;"mbhgauing A.ma did not cause NVE."); -Q—Z' In Tesferma"'] |s Ca“lng B mb
Qa »2? M nx.- @

@zi::\ﬁn\{aﬁz;e;mbn 2:?1).1§g A.ma caused NVE."); SUbJeCf 1.0 CGfCh-Of-SPQley req?
F"V\ Tegfw. M0~7/\ } class Tester {
1 3 main(. g </ g Mb
I 88;“&)1— A’B() 0 }JZ
aLho/nGl E{?c OP J.ma obomb(ll;ew CW?S
'Fy“w\ rintln("From Tester.main: After calling B.mb."); &{ e’{wy( /0/1
WQJ
l'ﬁ 4 e " Tom T?Sfa' maA -


http://oa.ma

Version 2: B.mb Specifies,
Tester.main Catches

class A {
A() {3

-3
@ id m;(lnt,e) throws NegValException {
/”:7 if(i%< 0) { v (:

rintln("abnormal exec of A.ma");

“_:7 throw new NegValExcegtiong"Neg Val: " + iz;

G

gt

println("normal exec of A.ma");

Xse'{ ) N <9I_"A/'

class B {
} B() {}
-3
”‘,a’ void mb(int &) throws NegValException {
A oa = new A();
@oa’.ma())f&
)( printin("From B.mb: Calling A.ma did not cause NVE.");
b
} class Tester {
Zainl..
0 int i;2 "3
@B ob = new b();
try { -

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

throws an
exception
Method B.mb chooses not to handle the
—

forwards/ error and propagates it
> method call

method call

propagates to its caller (i.e., Tester.main).
an exception

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

catches an
exception

subJec’r ’ro ca’rch-or-specufy req?

b specr s
Yes. B.wmb s pefw/g

sub ject to ca’rch-or-specufy req?

Q println("Tester.main: Calling B.mb did not cause NVE.");

i

atch(NegValException nve) {
println(“Tester.main: Calling B.mb caused NVE.");

}
}


http://oa.ma

Version 3: B.mb Specifies,
s a ¢ Tester.main Specifies

AQ) {}

void ma(int i) throws NegValException {
if(i < 0) {
println("abnormal exec of A.ma");

throw new NegValException("Neg Val: " + i);
}
else {
println("normal exec of A.ma");
}
}
} class B {

B() {}

void mb(int i) throws NegValException {

A oa = new A();

oa.ma(i);

println("From B.mb: Calling A.ma did not cause NVE.");
}

class Tester {
main(...) throws NegValException {
int i; = =[03%
B ob = new b();
ob.mb(i);

println("Tester.main: Calling B.mb did not cause NVE.");

throws an
exception

forwards/
propagates
an exception

forwards/
propagates
an exception

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).

Q
Q

method call
Method Tester.main method

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

subject to catch-or-specify req?

Yes. B.wb §yPl‘?/>’P§ AN

subject to catch-or-specify req?

Yo, T st A


http://oa.ma
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Catch-or-Specify Requirement: Call Stack C i W
o i [

Q1. Origin of Exception: -+ 'AV;YPC 7 :
—_— N 4"
('(. ml CL é\
Q2. Methods subjeco’g/:c[)p{?a Req: 7l -
- > s ‘ [,
L wethotls (T IDZPS D Pt "
Q3. Methods free from CoS Regq: Wl :
- At Lot s :
T me thotls - 0 gl 200 1 1 mESs=s
Q4. Extreme Case 1 (exception handled earliest): i
[+
. . Cn-2.mn-2
Q5 Extreme Case 2 (exception never handled):
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Lecture 9 -0Oct 1

Exceptions

Execution Flows: Normal vs. Abnormal
Examples: Circle, Bank, ParselInt



Announcements/Reminders

e Today's class: notes template posted
e Priorities:
+ Lab1 solution video to be released
+ Lab2 to be released
¢ ProgTestl
+ guide released
+ PracticeTestl released
+ In-Person Review Session at 2 PM, Friday, Oct 3 (CLH C)




Catch-or-Specify Requirement: Execution Flows (1)
Scenario: Current caller chooses to catch/handle the exception.

Normal Flow of Execution Abnormal Flow of Execution

D.. /* before, ouside try-catch block */ (.. /* before, ouside tr -catgall block */
o ot olLus try { ~ exe '
/ * may throw SomeException */ §j i) 0. m( ), /* may throw SomeException */
.. / * rest of try-block */

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

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

When ’rhe excep’rlon occurs

chssw‘ Y(A‘ o oL L"{\‘{Lﬁﬁ? Z{CQ‘{ w« A




Catch-or-Specify Requirement: Execution Flows (2)

Scenario: Caller chooses to specify/propogage the exception.

Normal Flow of Execution Abnormal Flow of Execution
toller
class C1 { class(CL Y
void m1 throws SomeException { voi throws SomeException {
... /* some code */ @ ... /¥ some code */ ¢
@... /* some code */ .. /% gpme code */ | Z'Z “
@CZ 0 = hew jo(l),o_( L bur C2 0 = new C2(); i L1
D[o-m();] exee i @lo.m0)] exreptt otoam -
‘ (9 . /* some code */ X ... /* some code */
@)... /* some code */ ¥ ... /* some code */
b ¥
} >
) 7 W 0 el £lf

When the excep’rlon does not occur When the excepfion occurs f/,..

toopein ded et chisapt £2 floa of EGC



Error Handling via Exceptions: Circles (Version 2)

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

Test Case:

User entfers -5
Then user enfer{ 10§

e | |

RIV Y

public class CircleCalculator2 {
6ublic static void main(String[] args) {

super (s) ;
}
}

class Circle {
double radius;

Circle() { /* radius defallts to 0 +/ 1}

oid Radius (double /) throws InvalidRadiusException {
'f’ <0 {

throw new InvalidRadiusException("Negative radius.");
1se @

else adius = r; } YO {(‘5 lo
}

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

Scanner input = new Scanner (System,in);
@ boolean inputRadiusIsValid|= false; /'{Me 4

n"’ whllet’1nputRad1usIsValld}/{\9 J& {
System prlntln ("Enter a radius:"); 7[‘ «Dx,

double input.nextDouble () ; OS
(A Cl = new Clrcieéi %
'H ’ setRadlus 1/ /o IKE f‘pd’l

1nputRad1usIsValld = LEVES
gSystem out.print("Circle with radius " + r);
cat

b‘o/\/ It ¢ mo‘(’as :
£

Ziaw £c~ iTDl’aAS

[redd® ot oG -

System.out.println(" has area: "+ c.getArea()); }

(InvalidRadiusException e) @pXHt("Try again!"); }




Error Handling via Exceptions: Circles (Version 1)

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

} supertels Test Case 2:

User enters -5

caller callee

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

c.setRadius (-10);
double area = c.getAreal();
System.out.println("Area: " + area);
}
catch (InvalidRadiusException e) {
System.out.println(e);

Caller?

call stack

Callee? "\~




Error Handling via Exceptions: Banks

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

) 1,0 1 O 1 e b.accounts.lenth -

} accounts a-|\)|
/

class' Account {
int id; double balance;
Account () _{ _/+ balance defaults ¢ 3
void| withdraw(double a) throws InvalidTransactionException { GCC].
i a3 = O balalnce - a < p) { ‘ . . A_ccounf
throw new InvalidTransactionException("Invalid withdraw."); }
else { balance -= a; } class (Bank | — id 23
) ’ Account[] accounts; int numberOfAccounts; bal. 0
Account (int 1d) { ... }
void withdraw(int id, double a) —-—— —\
Al’ throws InvalidTransactionException { 7 -
W for(int 1 = 0; 1 < numberOfAccounts; . e+ { ﬁ(\&: f ( ] /ﬁd
LW“T -fh if (accounts[i].id == 1id) { -~ - ‘AA S (- ’4 '0‘\)
J “/ accounts[i] .withdraw(a)s
gp.‘k' "ﬂfh /) : }/* end o wh class. BankAp_plica.tion '{ _ o I
pubic static void main(String[] args)—i

Bank b = new Bank();

BA- A MA.(’A f.,{&cfs - Account accl = new Account (23);

b.addAccount (accl);
Scanner Iinput = new Scanner(System.in);
double a = input.nextDouble();

Test Case: try

b.withdraw(23, a);

User enfers _5000000 System.out.println(accl.balance); }

catch (InvalidTransactionException e) |
System.out.println(e); } } } l




More Example: Multiple Catch Blocks

Al e Lastomizd e
o6 mlred £ oo ofhg.

@b deposit (34,

qyb addAccount (new Acco

100)5¢M

%QEXéj

))

&/
double =
double (a)= ...; o
try( 5™ "‘iﬂ?
GDBank b = new Bank(); ¢:=:

!

]

@b withdraw (34, &) ; 7 M{
Circle ¢ = new Circle();

><g.setRadius(r);

ystem.out.println(r.getAreal());

}

atch (NegativeRadiusException e) {
System.out.println(r + " is not a va
e.printStackTrace () ;

————

atch (InvalidTransactionException e)

QDe.printStackTrace();
}

G@System.out.println(r + " is not a wvalid transaction wvalue.");

Test Case 1:
a: -5000000
r: 23

Test Case 2:
a: 100
r: -5

"V

1lid radius wvalue.

{




More Example: Parsing Strings as Integers Ll

canner input = new Scanner (System.in); Test Case:
boolean validInteger = false;
hile (!validInteger) { User Enters: twenty-three

System.out.println("Enter an integer:"); fUser Then Enters: 23
String gserlinput = lopub.psxtlhigal);
try { u tﬂ/ﬂ?—W w23 7 'rﬁw‘
. 23 =5
@1nt pserirteger = A,
validInteger = true; o 'r\7
X ; 23 NFE ret fhoq

1 77
catch (NumberFormatFException e)
@System,out.println(nqprﬁﬁpn# + " 18 not a valid irﬁ-@g@r 29
/+ validInteger remains false #*/ Elfgr M
-
\ {‘u/e//lsl,-fh((’e

Tvy 4(747/\

Cater on 141‘79 ‘

(%



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(::Xint x) throws ValueTooSmallException {
1fix < 0) |
|throw new ValueTlTooSmallException("val " + x);|

}
}

Example 2: Method that calls another which throws the exception
class C2 {

c1 cl; v

void int x) throws ValueTooSmallException {

ol X) w“)

lmﬂf. 0”?7""{3‘{

} Gl 7o # e

}




Review: Specify-or-Catch Principle

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

class C3 {
public static void main(String[] args) {
Scanner input = new Scanner (System.1in);

int x ipput.mextint{) ;

e a4 new c2(); ,fﬁw/ /\/ﬁF

try {
|c2.625(x) ;‘/\) D”,o M‘Y

}
eatehy( ValueTooSmallException e) { ...

}
}




A Class for Bound

ed Counters

public class Counter {

private int value;
public Counter () {
this.value

}
public int getValue (

public final static int MAX VALUE =
public final static int (MIN VALUE

Counter.MIN_VALUE;

0;

) |

R w
>/'¥_/> 74, Lo

return value;

/* more later!

/* class Counter =/

public void increment () )throws ValueTooLargeException
if (value == Counter.MAX VALUE) {
throw new ValueTooLargeException("counter value is

}
else {

}

value ++;| }

public void (decrement () throws ValueTooSmallException
if (value == Counter.MIN_VALUE) {
throw new ValueTooSmallException("counter value is
}
else {

}

value ——;| }

n

n

+ value);

+ value);




* VE e VLT ugt ool > if oy eXiptEasoint — el o r25E

Coming Up with Test Cases: A Single, Bounded Variable

& ST o VLT epted — @ o eXpernd exitgption atdund —9/:‘!‘3)’{746
.

S

Boundries: o, 2
Coun’rerjMIN_VALUE| <= c.value <= [CounterMAX_VALUE]| *¥
g
YreE
AL

> c.increment()

> c.decrement()



Lecture 10 - Oct 6
TDD with JUnit
Regression Testing

Example Test 1: VTLE Not Expected
Example Test 2: VTSE Expected



Announcements/Reminders

e Todays class: notes template posted
e Priorities:
+ Lab1 solution video released
+ Lab2 released
¢ ProgTestl
+ guide released
+ PracticeTest1 released
+ Last Friday’s Review session materials posted




JUnit Test Method vs. Method Under Test

Motheol
otest ;TR ] | woked
public void[testl() { i ALEA?

MyClsss(0 = new i ¢
(assertEquals(ZBl/ o{getValue());
\ , :
l/m/ g hool ¥ "M{Pd

(ol )

Tt fest el Ya”
(4p¢t) p

RO Tl wil fosk | Lretawa 34 @
\ (ﬂe’c‘da&;e)




.  swbei]
Test-Driven Development (TDD): Regression Testing
o/,.

-(Ea’ LYWlC 5 fix the Java class under test

L A
— | wil® o Z oy b
Java Classes m
TMW\M(’&LA_& (e.g., Counter) WZ{S d & at
Jorel?” 4l
(re-)run as
Z 5( . junit test case g
£ # M? Ky ' ”
K 5§
f}ﬁ PJQ ﬁ“ JUnit Test Case ' fr( I 'f?s{é f
% 400(\ MQL, (e.g., TestCounter) 4) w() fs '/1'
v ‘76* r -
t I \"ﬂ& ! WVVEC{SI(; wrv‘
‘\{wgﬁ R ld&tgqﬁdw& N N when all tests pass 4
W o'
GRS A\

), %
QX add more tests \/-7 ﬂ{k@hbﬂ iﬂm’






Self Studies

Creating & Running JUnit Test Cases: Slides 12 to 21
Common Assertions in JUnit: Slide 22

Examples on JUnit: Slides 23 - 25




A Default Test Case that Fails d’/J&LL

The result of running a test is considered: A_|¢y;
o Failure if either 7 %‘Pw
e an assertion failure (e.g., caused by fail, assertTrue,
assertEquals) OCCUIS
e an unexpected exception (e.g., NullPointerException,
ArrayIndexOutOfBoundException) thrown
o Success if neither assertion failures nor (unexpected)

exceptions occur.

H__{] TestCounter.java 33 .

1 package tests;

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

3 import org.junit.Test;

4 public class TestCounter {

Se @Test

6| public void testQ {

//Fail("Not yet implemented");

Q: What is the easiest way to making this test pass?
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JUnit: An Exception Not Expected

What if increment is

@Test

public void testIncAfterCreation() {
Counter ¢ = new Counter();
assertEquals(Counter MIN_VALUE, c.getValue());

try {
Cc.lilncrement () ;‘ # Mf ol

assertEquals lue

}
atch (ValueTooLargeException e) { Ex-pec-l-ed Behaviour:

/* Exception 1is not expected to be thrown. */

O©COoONOOOPAWN =

fail ("ValueToolLargeException is not expected.");

2055 e f”f

Calling c.increment()
when c.value is O should not
trigger aNalueTooLargeExcep’rio‘p

@Test

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

try {
c.increment ( ",TLE HPJ
e(assertEquals(l, c. ge va lue

atch (ValueTooLargeException e) {
l/* Exception is not expected to be thrown. x/

fail ("ValueToolargeException is not expected."):

UL Jad e fost e.g., It throws VTLE when
cvalue < Counter. MAX_VALUE




Running JUnit Test 1 on

Correct

Gepecttzn

Al

7pub11c veld 1ncrer$nt() throws ValueTooLargeException {
er.MAX VALUE)

if (value\&=) Coun

{

Implementation * -~ A
viet ollr

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

}

else { value ++;

@Test
Rssgc) public void testIncAfterCreation() {
*ng Y assertEquals(Counter MIN VALUE c.getValue()
£ *
ge try {
Rcﬁ(ﬁ @ (o3 1ncrement§2

/”JY' @ assertEquals @,

s Hm fhw vrce P quozﬂ»c/

Cis qetvalue(

{
{ed cpatch (ValueTooLargeException e) {
19 W /* Exception 1s not expected to be thrown. */

fail ("ValueTooLargeException is not expected.");

A




| .  bmerz
Running JUnit Test 1 on Incorrect Implementation ™/ vt
,u,'.;o' 1 WF —
V= oleAwre
6ublic goidencremeré() throws ValueTooLargeException ({

ue @ Countef MAX VALUE) { ,Z'fﬁ”

if (va

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

;lse { value ++; 1} J”\ITLE— W/PCMIX.

X 1

L‘J’"e {Eé 2 fpublic void testIncAfterCreation

{J\E 4 Counter c = new Counter();' [1/=-='0
P {/ 4 assertEquals(Counter.MIN VALUE, c.getValue());
\ T ot s £y « e myﬁwl\mg o )

/Pﬁ‘; (/./'Y 6 | @) c.increment();~5 YNE thouwr!

ﬂ (k ; XassertEquals (1, c.getValue());

.|’ }

,PMQ & P m(«‘z 9 catch (ValueTooLargeException e) {

P l‘A 10 /* Exception 1s not expected to be thrown. */

/9 11 fail ("ValueTooLargeException is not expected.");

120 7 U

130 wl € fos  rapd

\



JUnit: An Exception Expected

@Test What if decrement is

public void testDecFromMinValue() {

Counter c¢ = new Counter(); implemen’red COT‘T‘QC‘HY?

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

\c.decrement () I",

Xfail ("ValueTooSmalts cﬁm

} .
catch (ValueTooSmallException e) | ExpeCfed BthVlour:

I* bxception 1s expected to be throuln. */

—_
QOWoOONOOTA~,WN =

[y
—_

Calling c.decrement()

—
N

when c.value is O should

@Test trigger a ValueTooSmallException

public void testDecFromMinValue() {
Counter ¢ = new Counter()
assertEquals ( Counter VALUE, c.getValue());

PR |,J ;{ﬁ (T 5 nd thou

fall, “V@lueTooSma lExceptlon s expected ")

e (AP
catch ( ValueTooSmallException e)
X}

/* Exception 1is expec;aj toﬁ thrown A

What if decrement is

©oo~NOOCOaOPrWN —

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




—

Running JUnit Test 2 on| Correct|Implementation é[@m
VI'E

ublic void decremept () throws ValueTooSmallException {
% o (7} olCurs

(‘.1/::-2

if (value == Counter.MIN VALUE) {
throw new ValueTooSmall]Exception("counter value is " + value);

}

Xelse { value ——; } '\'/UE' 7% 22.7”%/

Q 1 JRTest
0939 2 fpublic void testDecFromMinValue () {
k»\Q. Y S ®Counter c = new Counter();' (‘.‘\/==—0
A 4 §@hssertEquals (Counter.MIN VALUE, c.getValue());
¢ 5 Ery | W] d
i A\ (-pi"? 6 ®|c.decrement §) ['4 w‘rc th & E’K/?Pt(?
’(S 'Sls(f ; X} fail ("ValueTooSmallException is expected.");
/
(VAY w\"y/" (:WA°9 atch (ValueTooSmallException e) |
?:LYE 10 /x Exception 1is expected to be thrown. =/
11 } 3
> 12 | )




Running JUnit Test 2 on Incorrect Implementation

gz}aodvfM

[.v=="0

ub11c voi decremeqa throws ValueTooSmallException ({
1f Vé%ue Counter MIN VALUE)

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

}
else gglalue ey

0 -\

@Test
public void testDecFromMinValue ()

ounter c¢ = new Counter(); ' t'V =(7
ssertEquals(Counter MIN_VALUE, c.getValue());

@3" { ~ VUL nd thow

c.decrement (

@fall ("ValueTooSmallExceptlon is expected.");

} &
atch (ValueTooSmallException e) { '%;?(
/* Exception 1is expected to be thrown. */

1}7’J‘F ocasrg
/p Tm‘M




JUnit: Exception_Sometimes Expected, Somtimes Not

OO N O WM =

@Test
public void testIncFromMaxValue () {

Counter ¢ = new Counter();
try {
c.increment (); c.increment(); c.increment();
}
catch (ValueTooLargeException e) {
fail ("ValueToolLargeException was thrown unexpectedly.");
}
assertEquals (Counter.MAX VALUE, c.getValue());
try |
c.increment () ;
fail ("ValueToolLargeException was NOT thrown as expected.");

}

catch (ValueTooLargeException e) {

PR T S rres Ty Ton rya Bvrmant S nan  +RA N~ o
Do nothinc ValuelTooLargekxception tnrown as

ing: vadldl 1

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



Lecture 11 - Oct 8

TDD with JUnit

Example Test 3:

Some Exceptions Expected, Some Not
Console Tester vs. JUnit Test
Using a for-Loop for



Announcements/Reminders

e Todays class: notes template posted
e I need to invigilate Section Gs ProgTestl at 1 PM.
+ We'll finish of %30 PM
+ Please study the last 20 minutes of
Section Gs Thursday lecture recording.




Running JUnit Test 3 on Correct Implementation

bl:l.c J%d 1ncreme£t throws ValueTooLargeException ({
value == Countér.MAX VALUE) {

row new ValueTooLargeExceptiop("counter value is " + value);

elsx (@/alue ++; “ MCP Lduﬂbd/

0—>1

@Test
public void testIncFromMaxValue () {

f:;nt{:er c = newﬁ;o%;’eer(y);t'.ﬁ;']/:;a wcdg
v ) Rl (N

c.increment ()|; .increment () c.increm
T

atch (ValueTooLargeException e) {
fail ("ValueToolargeException was thrown unexpectedly.");

}

Co~NOOOhr~wWND =

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

11l try | s, YTL W]
49' 12 ®(* increment ()5 VTE fh
z( L 13 xfall("ValueTooLargeException was NOT thrown as expected.");

14 }

_ 15 catch (ValueToolLargeException e) |

(I\ 16 ®/* Do nothing: ValueTooLargeException thrown as expected. */
17

18 ‘ [.‘5""«




Running JUnit Test 3 on Incorrect Implementation

ublic éOld(lncremeg throws ValueTooLargeException ({
élf( ue #p Counter.MAX VALUE) {

@ throw new ValueTooLargeExceth.on("counter value is " + value);

Xelse { value ++; } mw\/\/a( MMNf

@Test
public void testIncFromMaxValue ()
G)Counter c = new Counter( l("l/
try ~ & fh-wh’l
c.lincrement(); c.increment(); c.increment/();
}
catch (ValueTooLargeException e) |
fafl("ValueTooLargeException was thrown unexpectedly.");

r
~ s
Co~NOOOhr~wWND =

af@/\ 10 sertEquals (C unter MAX_ VALUE gef Va
G G | AR fal
d 12 ent
Y 13 alueTooLargeExceptlon was NOT thrown as expected.");

7\ F
15 atch (ValueTooLargeException e) {
16 /#* Do nothing: ValueTooLargeException thrown as expected. #*/
17




Running JUnit Test 3 on Incorrect Implementation

'ncremen?() throws ValueTooLargeException ({
(value Counter.MAX_ VALUE) {

XXthrow new g@TooLargeExceth.on("counter value is " + value);

}

else value ++; }
0->

@Test
public void testIncFromMaxValue()

vV
(Dcounter ¢ = nswr_Founter() l C’\/ ’l/{':'%
f==2 (.

1
2
3
4 try {
l/,,gojle“r 5 @c increment )|© increment ( |® 1ncrement() '
'eha\ﬂo\‘/ 6 }
L 7 atch (ValueTooLargeException e) {
8 fail ("ValueToolLargeException was thrown unexpectedly.");
9 lLLb 3 >
5\1\ Vl . 10 assertEquals(Counter.MAX VALUE, c.getValue());
11
’re« DK ‘ 12 c.increment (); 7 ’U‘(LE @ W
S 13 fail ("ValueToolargeException was NOT thrown as expected.");

{0 140 )
XA 15 catch (ValueTooLargeException e) {
X{\L ?/ W, 16 /% Dol nothing: ValueTooLargeException thrown as expected. #/

H 7t‘ﬁf[.




Exercise: Console Tester vs. JUnit Test

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

1 public class CounterTester {

2 public static void main(String[] args) { :fi
3 Counter c¢ = new Counter(); m( /1956 rﬂﬂex

4 prlntln("Current val roay) C-9etValue()); A

S try(\.{»‘/z-ro f L‘\’A‘A ’ Z_)
3 'c.increment() Ci 1ncrement(), c.lincrement () ; '0“) - ‘
4 println("Current val: " + c.getValue());

8 }

9 catch (ValueTooLargeException e) {

10 prlntln ("Error: ValueTooLargeException thrown unexpectedly. ) ;

1 _..L«» Lon{omMP WTtH ezec < EXCOpI ANea)
(try tv==0 !,_7,“1 n& m ﬂf}' %Afrf

IJ(L 3 C. 1ncrement
14 (prlntln("Error ValueTooLargeException NOT thrown.");
}

z /* end of inner try x/

X 16 catch (ValueTooLargeException e) {
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:

@Test
public void testIncFromMaxValue() {
Counter ¢ = new Counter();
Ty {
c.lincrement () ;
c.lincrement () ;
c.increment () ;

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

10 fail ("ValueToolargeException was NOT thrown a %gected .
i } 4% (7

12 catch (ValueTooLargeException e) { 4q\? ?

©CoOoONOOCOTPR~,rWN —

VUL bowes +omt V] = |1

Hint: Say Line 12 is executed, (JTILE Lousts A—W’ VZ —| T45¢
is it clear if that ValueTooLargeException was thrown as expected?




M : 0-, 77 et ;/\
LR 5'4;:7'4'»

. . _ . M
Loops can make it effective on generating test cases: w)rc/ Ve "if”_/o

Testing Many Values in a Single Test

1 @QTest

2 public void testIncDecFromMiddleValues() |

3 Counter ¢ = new Counter();' o f; 05 l ? Z
4 try { /

5 for(int i = Counter.MIN VALUE; 1 < Counter. X VALUE; 1 ++) {
6 int currentValue = c.getValue(); [\,1/ Je e 7;1(*.

7 c.increment () ;

8 assertEquals (currentValue + 1, c.getValue()); by

9 ) = 108X L—VW “A(
10 for(mt i = Counter.MAX VALUE; 1 Counter.MIN_VALUE; 1 —-)
11 int currentValue = c‘g%lue(),

12 c.decrement () ; ./

13 assertEquals (currentValue - 1, gc.,getValue());

14 }

15 }

16 catch (ValueToolLargeException e

17

18 }

19 catch (ValueTooSmallException e) {

20

21 }

I\
N




Method Call: Callee vs. Caller

. B
void @Y...){
A,@ (A)co = new AQ);

\®(-) ;

(l/alnde ’YM’(




Call by Value: Primitive Argument

class CircleUser {

class Circle {
int radius;
oid setRadius(int(p) { (DCircle c = new Circle();

int arg = 10;
2

— this.radius =(r;
)
)y

c.setRadius(arg);

8/7 [7(/0,@
@ @ vao“!as | /o




Call by Value: Reference Argument

class Circle { class CircleUser {
int radius; (DC I Cleh
Circle Ircie C = new CLIrcie( ),
Circlegi)n{t}r) { @Circle arg = new Circle(10);

this.radius =r; Ul (isetRadius
) o

void setRadius(Circle(c){ y Lo
this.radius = c.radius;




Lecture 12 - Oct 20
Object Equality
Call by Value: Prim. vs. Ref. Types

Equality: == vs. equals
Default Version of equals in Object Class



Announcements/Reminders

e Today's class: notes template posted
® ProgTestO, ProgTest1 grading process:
+ TAs are due to return results to me Tuesday afternoon.

+ I will take one day or two to finalize the results.
e WrittenTestl next Wednesday (October 29)
+ Some practice questions on eClass
+ Lecture 12 and Lecture 13 this week are covered.
+ Zoom Review Session: 4 PM on Saturday, October 25
e Lab3 to be released (and deadline shifted accordingly)



Call by Value: Re-Assigning Primitive Parameter

public class Util {
void reassignlInt (int @ {

@Test
QD. T public void testCallByVal() {
J_—J 7 %Util u = new Util();

void reassignRef (Point Q) Bek B =
Point np = new Point (6,
q = np; }

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




¥ oy B, 4 Gy F P, B el p g x mf
Call by Value: Re-Assigning Reference Parameter  swal/

@Test
blic class Util
i L public void testCallByRef 1()
void reassignInt (int 7) : ;
Util u = new Util();
oint p = new Point(3, 4);
oint refQOfPBefore g@

j=3+1; } i/
void reassignRef (Point @
6

' = Poi - .
eiit UB neW SerHoioy u.rea551gnRef

)
void changeViaRef (Point q)

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

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

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

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




Call by Value: Calling Mutator on Reference Parameter

@Test
public void testCallByRef 2() {
Gkkll u = new Util();

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

4);

eViaRke
g%&ue(p == refOfPBefore);
assertTrue (p.getX() o)
assertTrue (p.getY() 8);

SQOWwoo~NOOCOTPh~,OWN =

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; }
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Object Equall’ry First Example

' class P0|ntV1 {
private int x;
private int y;
public PointV1(int x, inty) {

Ql:

Does PointTester compile, given
that equals is

not declared in PointV1?

this.x = x;
this.y = y; Yes M o] &
) Q2: /7%\4‘/ //gde/ A 9@/
g — 2 o] . Where does equals come from?
g s
class PointTestér { E’P c/\

... main(...) { ‘2("* 'ff(’ 1\7
PointV1 pl = new PoirtV1(3, 4); gﬂ“’ et
PointV1 p2 = new PointV1(3, 4 4 & 4{9]7 M

9 [system.out.printin(pi.equals(p2)):

} \z.’z )-7 L—’? -=9L
(==Y =l
}@,‘,mtl«\ Y ’f\&s Iﬁ’j



The equals Method: To Override or Not?

|
public class|Object { l

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

public clas

private int x; private int y;
public PointV2 (i v){..} Mé”
_ ’ public booleanlequa/s Object obj) { OVE/ /T
private double x; d if(this == obj) { return true; } VPaIW
prlva!te d_ouble Yy, if(obj == null) { return false; } ,‘,3/5’6/[
public PointV1 (double x, double if(this.getClass() != obj.getClass()) { return false }

this.x = x; J\( Z\_, OKSEC( R‘vg PointV2 other = (PointV2) obj;

) this.y = y; W\ I return this.x == other.x
) Ny,‘; 0 1% ol && this.y == other.y;



X whewud Lo bt os
The equals Method: Default Version

public class Object { String s = "(2, 3)"; . ,
PeoiniVI el new PointV1(2, 3);
PointV1 p2 new PointV1 (2, 73);
PointVl p3 = new PointV1(4;, 6):
System.out.println(pl == p2);

O B System.out.println(p2 == p3)
System. out.
System.out.println(pl
System.out.println(pl
System.out.println(pl.
System.out.println(p2

public boolean equals(Object obj) {

return this == obj;

b

ar~rwND-—=

>

.
14

- O O

public class PointV1 {

private int x; ﬂl PointV1 Pl PointV1
private int y; ? ) X |2z

public PointV1 (int x, int y) { X l'L

::FJ<:)Q b A 2 AL-
] N (ENEAL) ?l !Zg:/rf;)’t, an oé.tcgqﬁw,WZ‘«M
VG VI 7% TtV

L e egaak we (] Mm e onf xw




Lecture 13 - Oct 22
Object Equality

Deciding the Version of equals Method
Short-Circuit Evaluation



Announcements/Reminders

e Today's class: notes template posted
e WrittenTestl next Wednesday (October 29)

+ Some practice questions on eClass

+ Past review session materials released

+ Lecture 12 and Lecture 13 this week are covered.

+ Zoom Review Session: 4 PM on Saturday, October 25

* We can focus on revisiting parts of the covered topics.

e Lab3 released




Method Call When Multiple Versions are Available

0 ”‘fm 1 >/ defaft WOSB

o s (Xequals(y) | Gdus:
N&'Si,ﬁis | —— 2. W&V# Ve, fa{
Principle: '{ o Uo W ,,;o\ff’ol' (F % ousN7?

+ Trace the dynamic type of object “pointed to” by reference variable x
at the point of executing this line of method call.

+ Is the equals method overridden in this dynamic type?
* Yes -> Invoke the overridden version.
* No -> Invoke the default version (inherited from Object).

) /ua)f()
~ (}W\aﬂ A 74 thev 049 _[‘,,Jf DLJPCO

les
i L /«Tﬁ 30«400’4‘55 has 4 MV/O//M
{’gJ&[S , mVde flat Ve,




\’_53
Q —~ V(2

§ o

The equals Method: Default Version

public class Object { String s = "(2, 3)";
oo F’ s Poin 7 ol = ne Poin
t/INJ'?'“C boolean equals(Object gbiiX | PointVl p2 = new|PointVI(Z,l 3);

return ths == dijyxX mlf

> d 7l ng)/

>

System.out.println/( == p3)
System.out.printin equals (

PointV1l p3 = new|PointV1(4, 6);
System.out.printIn(pl == pZ) c

@mo O~ wWON =

System.out.println(pl.equals (nul
System.out.println(pl.equals(s));
icl System.out.println(pl.equals(p2));
extends \ System.put.println(p2.equals (p3)) ;
(VA ry [N
9\44\M7C A N S O S o
public class PointV1 { e R .. L7 Y908 I
private int x; 1 / tPaintV1 2. f.’l PointV 1 3 PointV1].-*
private int Y; « B BEAEEE .Y Sy edfedecPeollecccce *Weeoee
public PointV1 (int x, int y) { B> X1Z '9 X7 P2 X1
this.x = x; Y12 Y 2_ Ci) Y é I
this.y = y; . _= --
} LT = '7l pl

b
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Call by Value: Invoking the

Overridden equals

public class Object {

public boolean equals(Object obj) {

return this == obj;

b

s

O©OooONOOOOTLPh~,WND =

extends

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

puhlir Pnint\VV/2 (inf X, int \’/) { »

puboole qua/s(Objec
i ::<cbj)i reTuTnbGueY
if = nul¥ { ret false; }

if(thTs.getClass() '=Qbj.getClass()) { return false }
PointV2 other = (PointV2)(0bj
return this.x == other.x
&& this.y == other.y;

PointV2 pl

Sustem.

Jout.printlin
.out.println
out.println
out.println
out.println
out.println

= new PointV2(3,
PointV2 p2 = new PointV2(3,
PointV2 p3 = new PointV2(4,
System
System
System.
System.
System.

4) ;
4) ;
S);
pl); /+
equals (pl));
== p2); /+ false x/
equals (p2)); /* true =*/

true */
/* true */

(p1
pd.
pl

02

(
(
(p1.
(
(

o3) : /* false */
3N); /+* false +*

.equals
[

72
£




Test Inputs:
Left Operand op1 Right Operand op2 opl && op2 Xx=0,y=10
" true true true | '

true false ake]” X=51Yy=10

false

System.out.println("Enter x:");
int x = 1nput nextInt();

else { /* I(x '=08&& y /
if(x == 0) {
System.out.println( Hrror: Division b)SZer'o");

}

else { Z.2. I)[\ DVI ﬁll‘/v 'Q'Z,

z 2
System.out.println("y"/ x is not greater than 2"); le 0‘1

}

} ’-—7 N&/A” ZXF TS
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ﬁ,«wﬁllﬂg WA?'LM * 2 (S

Z—) L1 L0 el % F
Contiie €0 wal. 7{1/7(

7. K't L 1=0 pa o T
L él&F e &ial. 0{*\ IZHQ



Test Inputs:
Left Operand op1  Right Operand op2 opl || op2 <=0 y = 10
-

%g o Xx=5Yy=10
Ctrue/

true

System.out.println("Enter x:");
int x = input.nextInt(); T ” lo /0 S22

. OF/ Il 0}72
Iyt nextntOy r 1 dp V) Tul: L& K

iffx =q 11y /x>2 { lo/€ >2

o BT od>t | 2/ (1 el opl 75 T

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

else §k' e’ﬁl of- op
' S;[/stem.out.pr'intln("y / X is greater than 2"); (F oVBfﬁ“ V?KA’g "’p ” 7‘@
} 2.2 If eul opl 7 T

}

else { /¥ 1(x=01ly/ x>2)=(xX!1=08& Yy / x <=2) */ l A&—
System.out.println("y / x is not greater than 2"); &6‘ . 0]7-2 5 k ({g l\

} YFN[f % the weal Ml(qt
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Short-Circuit Evaluation: Common Errors Test Inputs:
x=0v=10

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

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

}

else {
/* print error #*/ }

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

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

}
else {
/* do something */ }




Oct 25

Written Test 1 Q&A
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Running JUnit Test 1 on Correct Implementation
'

public void increment () throws ValueTooLargeException {
if (value == Counter.MAX VALUE) {
throw new ValueTooLargeException("counter value is " + value);

}

else { value ++; }

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

catch (ValueTooLargeException e) {

%
©OooNOoOOOTPA~,WN =

/* Exception is not expected to be thrown. */

ekD () > tl 11 fail ("ValueTooLargeException is not expected.");
: 120

el (L. D@ B0




Lecture 14 - Oct 27

Object Equality

Overridden equals: Phases 1, 2, 3
Static vs. Dynamic Types, Type Casting



Announcements/Reminders

e Today's class: notes template posted
e ProgTestO and ProgTestl marks and feedback released
e WrittenTest1l this Wednesday (October 29)
+ Some practice questions on eClass
+ Past review session materials released
+ Lecture 12 and Lecture 13 this week are covered.
e Lab3 released




The equals Method: Overridden Version I} Phase 1

2
public class Object { / \/l’/s CP)

|, e
i:;.ublic boolean equals(Object obj) { ;‘7/ 3 ﬂ?

return this == obj; ﬁa-
b

) Mﬂ?)Z A
extends P W‘Mgp\ {0

public class PointV2 {

private int x; (l‘ 0o>

private int y;

public PointV2 (int x, int ) { ~J}

publie.boolean eguals(Object'obi) { )7
if(this)== obj) { return truej }
if(Ob == null) { return false; } m
if(this.getClass() '= obj.getClass()) { return false }
PointV2 other = (PointV2) obj; PointV2
return this.x == other.x

&& this.y == other.y; X
} Y




The equals Method: Overridden Version

Example 1: Trace L7

public class Object {

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

extends

—_
- O ©

public class PointV2 {
private int x;
private int y;
publlc PointV2 (int x, int y) { .
oolean equals(Object Ob_]

] 2 return Erue

) { return false; }

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

QO)O‘I-P(JJI\)—L

String s
Pointv2 pl
Pointv2 p2

= Wy 21 %%

= new PointV2(2,
new PointV2(2,
PointV2 p3 = new PointV?(
System.out.println(pl
System.out.
System.out.
System.out.
System.out.
System.out.
System.out.

1 ;ﬁpom’rvz

3) ;
3)i
6)'

8 \yj))l
equals pl));
.equals (null));
.equals(s));
.equals(p2));
.equals (p3));

p




The equals Method: Overridden Version Phase 2

public class Object {

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

extends

@i plec nt/ | 01>‘~-N”>Jl .
Ls AJVE. gsen Seint {i ks == W’l)f.

pub_lictcla_si Pointv2 { R p mto -Fhe : YM P s :
g:;x:tg ::t ;‘: Of_ e \Mk e\se{ .......................

public PointV2 (int x, inty) { ... }
public boolean equals(Object @ { me A J\ake 3
if(this == obj) { return true S

r=—ob7. g
P0|ntV2 other = (P0|ntV2) obj; PointV2
return this.x == other.x X
&& this.y == other.y;

Y




The equals Method: Overridden Version Example 1: Trace L8

public class Object { String s = "(2, 3)";
PointV2 pl = new PointV2(2,
public boolean equals(Object obj) { PointVZ pZ = new PointVZ(Z,
return this == obj; PointV2 p3 = new PointV2(4,
) System.out.println(pl == pZ); /+*
T System.out. ‘
System.out.println(gX.edquals (pl)); ‘ ‘
System.out .println .equals (rg&; ) ;
System.out.println lpi equalss ;. /R
extends System.out.println(pl.equals(p2)); /~| I/

.out.println(p2.equals(p3)); /NN~

p3 ﬂl PointV2
X

X
Yy Y

public class PointV2 {
private int x;
private int y;
public PointV2 (int x, inty) { ... }
public Bgalean eguals(Objec
if(this == obj) {‘return true;
T if(obi == null) { return false:
if(this.getClass() '= obj.getClass()) { return fal
PointV2 other = (PointV2) obj;
return this.x == other.x
&& this.y == other.y;
b

by
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The equals Method: Overridden Version Phase 3

public class Object {

i:;.ublic boolean equals(Object obj) { 7 A
return this == obj;
} his

b

/)!sg

extends

public class PointV2 {
private int x;
private int y; o N
public PointV2 (int x; |nt y){.:3}
blic boolean equa/s(ObJect Ob_]) {
j) {-return true;:}

F return false; }

f ob] getClass()) { return false }
P0|ntV2 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 = "(2, 3)";

eeh 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);
S System.out.printin(pl == p2); /+KEKzB+/
S System.out.println(p2 == p3); /+ KGN
System.out.println(pl.equals(pl));

System.out.println(pl . equals (null
System.out.printlrf(pl.equals(s

extends System. out . print ] iipd—ecpiads-pH;
.out.println(p2.equals(p3)}\;

ﬁ
PointV2 PointV?2
p1: Ei p2 X

Y Yy

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

Y

return false

PointV2 other = (P0|ntV2) obj;
return this.x == other.x
&& this.y == other.y;
b

by



public class Object {

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

public class PointV2 {
private int X
private inty;
public PointV2 (int x,

public boolean equa/s Object Ob_]) 1 &/\ WB '-Wv?f?

i

e 7

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

if(obj == null) { return false; } m-§ %_
if(this.getClass() !'= obj.getClass()) { return false } (
PointV2 other = (PointV2) obj;

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

b
b

aL

T &&

a«L‘ Y,

-

PointV2

X

b4




Lecture 15 - Oct 29
Object Equality
Overridden equals: Phase 4

Short-Circuit, Logical Implication
JUnit: assertSame vs assertEquals



Announcements/Reminders

® Todays class: notes template posted
e ProgTestO and ProgTestl marks and feedback released
® Lab3 released




The equals Method: Overridden Version Phase 4

public class Object {

public boolean equals(Object obj) { 7"?7!{112
return this == obj;

L~

private int X]

private int y;

public PointV2 (int x, i

public boolean equa/s{Object bj) { 0[: %
if(this == obj) { return true; }
i®obj == null) { return false; } y;
if(this.getClass() != obj.getClass()) { return false } . (ol (.

oin other = (Poin o_]I ( . PointV2

return IS.X == er.xX
&& this.y == pther.y: ] X




The equals Method: Overridden Version o7 Example 1: Trace L10

public class Object {

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

.equals (pl));

.equals ( null&f - *

.equals (;s9.) /)
extends . out. .equals (p2))]; /*-/
' L /-

.equals (p3)

public class PointV2 {

private int x;

private int y;

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

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

|f(ob1 Ses nuII) { return false; }

(PomtVZ) obj;

other.x
othery;

return this'x
&& this.y
b

by



The equals Method: Overridden Version Example 1: Trace L11

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

PointV2 pl = new PointV2(2, 3);
PointV2 p2 = new PointV2(2, 3);
PointV2 p3 = new PointV2(4, 6);
System.out.println(pl == p2);
System.out.println == p3);
System.out.println
System.out.println

(p2
(pl
(pl1
System.out.println(pl.
(pl
(p2

public boolean equals(Object obj) {

return this == obj;

b

bs

System.out.println
System. .println

extends

oW ooNOOCOTA~rWN =

—_

_pointv2 Alpointv2 lPointV2
public class PointV2 { pl X p2 X p3 X
private int x; N vy Y

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;




The equals Method: | oot @ = wa, S
1 L 2 | PointVl pl = new P01ntVl( 3);
R 3 | PointVl p2 = new PointV1(2, 3);
TO Overrlde or Nof? 4 | PointVl p3 = new PointVl(4, 6);
hd 5 | System.out.println(pl == p2); /* false #/
6 | System.out.println(p2 == p3); /* false #/
7 | System.out.println(pl.equals(pl )),‘ /* true */
8 S,-’yétém--out prlntln( l.equals(nu /% false #
" . 9 | System. out. pr’i’ntln( .equals(s)) /* false */
public class Object { System.out.println .equals (p2)) /% false */
System.out.println(p2.equals(p3)); /* false */

public boolean equals(Object obj) {

- ! String s = " (2, 3.n: -
return this == obj; PointV2 pl = new |PointV2(2 3);Q/’
} PointV2 p2 = new Poin o i
S Y PointV2 p3 = new PointV2(4, 6);

System.out.println(pl == p2); /* false #*/
/* false */

Y; /* true */
ull)); /* false */
)); /* false #/
2)); /* true */
3)); /* false x*/

System.out.println(p = p3);
Sustem.out. println(pl.equals
(pl.equals

. (p1)

NM é.-" System. o p.r.lntln (n
F&L IJ Q | System.out. pr_mt‘l.n( .equals (s
4"! ra‘ @ System.out.println @equals (p
7 (p

extends

System.out.println(p2.equals

public class PointV2 {
= : private int x; double y; - ‘
puplz-lil\‘,:aizis:tp)?-mtvj. { public PointV2 (double x, double y) { ... Pl PlPom’rVI 1 ()lpoim‘VZ
private int y; P
public PointV1 (int x, int y) {

boolean equals(Object obj) { X X
if(this == obj) { return true; } v Y
if(obj == null) { return false; }
if(this.getClass() !'= obj.getClass()) { return false }

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




public class PointV2 {
private int x;
private int y;
public PointV2 (int x, inty) { ... }
public boolean equals(Object obj) {

return false; }

) { return false }

return this.x == otherx ; 0; Idrﬁl

&& this.y == otherys. ... '7 ﬂSk

b
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The equals Method: Overridden Version

Example 2

PointV2 pl
PointV2 p2 =
PointV2 p3 =
System.

System.

¥

Y System.
System.
System.
System.

public class Object {

public boolean equals(Object obj) {

return this == obj;

extends

4);

4);
5);

pl)

= new PointV2(3,
new PointV2(3,
n’e; PointV2 (4

printlin(pl

OUE
out
out
out
out
out

.print
.println(p2 =
.println(p2

.egEals (p2))
== p3);
.equals (p3));

/-
.prlnté@?ol .equals (p1)); /+ IR/
Wo5se sk p2 / - */

/+ -/
/% - */
/+

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; }

B) Two objects are com‘en’rs-equal.

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

&& this.y == other.y;

of

@0

TF (A)7s Frue Then (B) s Trud °°

1f (B) is true, then (A) is truel
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assertSame vs. assertEquals $s :P: exfl == exp?
Loy olrts | AL expl [= expl
assertSame(e p/l\p_ )V pail of F r

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

PointVl pl = new PointVI1(3, 4);
PointVl p2'= %9w P01ntV1(3 4) ;

PointV1l pj(:>pl S
assertSame (pl, p3E

assertSame (p2, p3);

assertEquals(expl, exp 2)

o n|expl == exp2 |if expl and exp2 are primitive type
int i - ;
e R
assertEquals(l, b0

?—

/,'}’
LT



gsset Guals C exp) 2
L sssetTue C 27({7, ezlmls (expz)>

) Aﬁseft%u&kC evq;l exFZ)
L assethme( exy} nga[g( exFZ 30

qeseh - g

@ Assaffgaals (437(}725 exFD m,]s 1.

L§ £8%6rt T C 2. (,1435< PY ] ))
Ex]? (J 4/&1/);” Z

exfz 3 a7



assertEquals: Reference Comparison or Not

assertEquals(expl, exp2)

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

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

V

0igl B

Case 2: | G- u 1s is explicitly overridden in exp1’s declared type
€¥ phest 3

* p3. & ()
L overiddler ver.

(pLy p2 >
(22{ p3fet| CEE 1> 11. J4'st ' d:4F. 7F.
2123 »2)

~ expl.equals (exp2)

new PointV1(3,

= new Poir¥V1(3, 4);

= new PointV2 (34"




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

private Person(]
private int nop;

public Person|]
}

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;

5 boolean equal = false;

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

7 equal = true;

8 for(int i = 0; equal && i < this.nop; 1 ++) {

9 equal = this.persons[i].equals (other.persons([1i]);

1

1? }} public class Person

12 return equal; private String firstName; private String lastName;
13 private double weight; private double height;

class PersonCollector

{
persons;

, g
/ * numoer or persons

public PersonCollector() { ... }
public void addPerson(Person p) {
public int getNop() { return this.nop;

getPersons() { ... }

©o~NOOGOA~WN =

}

}

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

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) ;






Lecture 16 - Nov 3

Inheritance

Design Principles: Cohesion, SCP
SMS: Design Attempt 1
SMS: Design Attempt 2



Announcements/Reminders

® Todays class: notes template posted
e WrittenTest1l marks and feedback released
¢ ProgTest2 this Wednesday (November 5)
+ Guide released
+ PracticeTest2 released
+ Lab3 solution released
e Tracing Exercises: assertEquals and Person, PersonCollector




Inheritance: Motivating Problem  Nouns -> classes, attributes, accessors
0”"‘(1‘;AWM' Verbs -> mutators

blem: Afstudent management system stores data about
students. T@‘ﬂ’@ are two kinds of university(students: resident
students and non-resident students. Both kinds of students
have a‘lname 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.
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First|Design Attempt

public class'S
private []
privat )
57 btts > F 1
private kind;
private double premiumRate;

private double discountRate;

|
public Student (int kind

this.kind = kind;
b

Tottéon ()

Jonolent @- W Smdm (z>7

S~
= e

i

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



First Design Attempt

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

private int kind; /

public double getTuition(){

private double premiumRate;
private double(discountRate;

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

Ji

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

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 ++;



First Design Attempt

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;

Good design?
Judge by Single Choice Principle

- Repeated if-conditions ‘(»ﬂ&cj ,\D('J

A new kind is introduced® 1,
- An existing kind is obselete?

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;

ok RCkad :23) 9 - - -

public void register(Course c){

int MAX = -1;

M. 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 ++;



Testing_Student Classes (without-inheritan¢e) " 7% vare

vl

public class |Resident5tudenq {

pkivate String name;
rivate Coursel]

courses; private int no¢;

J/ *
ublic ResidentStudent (Strlfky.pame) {

assume a

P
private Idouble premiumRatq;
P

public class

NonResidentStudent | {

1vate String name;

public NonResidentStudent (Strlng.ﬂﬁme) {

obeces

MSM.

oo
bu-nooaoocooon-o‘o\-4...

jim.setPremiumRate (1.25);
jim.register(cl); jim.register(c2);

Jjeremy.setDiscountRate (0.75); Cﬁ‘l

jeremy.register(cl); jeremy.regispei(c2);
System.out.println("Jim pays " +
System.out.println("Jeremy pays

w7

) -O.

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

getTuition());
getTuition());(-b

el

a0°

this.name = name; "-.,.. Ehls.name = name;
this.courses = new Course[l0]; St ee fthis.courses = new Coursq[l0]; .

] LT eriiiesesuasitaiiuaiaasissiiesesessiin

public void register(Course c) J.publiié void register(Course c)
this.courses([this.noc] = c; Leectt this.courses[this.noc] = c; .-:::::::::
this.noc ++; oo’ this.noc ++; .._“...n"""

} } PR B —

selbie—deulsd lj et ’ ¢ st geclulcIontl 1 .
double tuiticm = 07— Ll T dousie uitibm—es -
for(int i = 0; i < this.noc; i ++).o¢°° for(int i = 0; i < this.noc; i ++)){|

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

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

} }

}
public class StudentTester {

public static void main(String[] args)._{
Course cl = new Course ("EECS2030", |500.00); /+ title and fee x/
Course c2 = new Course ("EECS3311", |500.00); /« title and fee x/
ResidentStudent (Jim = new ResidentsStudent ("g. Davis™y;




Student Classes (w]i’r?o%jé inheritance): Maintenance (1)
ol &10S 4

public class ResidentStudent { public class NonResidentStudent ({
private String name; private String name;
private Course[] courses; private int noc; private Course[] courses; private int noc;
private double premiumRate; /+ assume a private double discountRate; /x* assume a
public ResidentStudent (String name) { public NonResidentStudent (String name) {
this.name = name; veesssccssscsssccesccae ....th:.s..name...—"rgame,
this. courses.r--n'éw Cou‘rse[lO] \/ this.courses = new"@ours,e[lO]
} ‘...0' ®e

) e V74 Z
bubiic void register (Course c) Chﬁ‘lﬂf] public void register(Course c) { 'lk"y(

t':his.courses[this.noc] = c;

this.courses[this.noc] = c;

thi.s.noc ++; this.noc ++; .°

} LT } - F\

public doublé® 'get.T.uu:lon { public double geth‘l,z.t.i@rrt)‘ -———>
double tuition = 0; Tttececsectiiieiiecsecc i o doubste it ioN = 0; # /“6
for(int i = 0; i1 < this.noc; 1 ++) { for(int i = 0; i < this.noc; 1 ++) { A

tuition += this.courses[i]. fee; tuition += this.courses[i]. fee; ,4’

} ) 4o malcp
return tuition * this. premiumRate ; return tuition » this. discountRate ;

e
X \>— ez 6. :[07 f‘f
Maintenance e.g., a new registration constraint: e

if(numberQfCourses >=[MAX_ALLOWANCE) { 7 ole?
throw new TooManyCoursesException("Too Many Courses”); SCV

by
else{ ... }




Student Classes (without inheritance): Maintenance (2)

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

} }

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

} }

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

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

} }
return tuition * this. premiumRate ;

} }

} }

Maintenance e.g., a new tuition formula:

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

return tuition » this. discountRate ;

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

return tuition * inflationRate * ...;




A Collection of Students|(without inheritance)| _ wrebted

s = - e oy
- G c—

public class StudentManagqunesyétem_?’" )
private (RésidentStudent¥) rss;, <

private NonResidentStudent[]? nrss;

private iInt
private int
public void
public void
ppb&ip void

ifijjint i=
S £Sriint 1 =

nors; / * numper oOIL

nonrs; /* number of non-resident students =,

addRS (ResidentStudent) rs) { rss[nors]l=rs; nors++; }
addNRS (NonResident Student nrs){ nrss|[nonrs]=nrs; nonrs++;
registerAll (Course c) {

0; 1 < nors; 1 ++) Q@ rssl[i).register(c); }

0; 1 < nonrs; 1 ++) { nrss[i].register(c); }

Res.S. Res.S. Res.S. Res.S. NonRes.S.] INonRes.S.] [NonRes.S. NonRes.S.

rcs rcs

rcs rcs rcs rcs rcs rcs

pr pr

P1 pr dr dr dr dr




Student Classes (with inheritance)

letsss | Student | {
String name;
Course[] registeredCourses;

int numberOfCourses;
Student (String name) {
this.name = name;
registeredCourses =

}
void register(Course c) |

new Course[l10];

registeredCourses|[numberOfCourses] = c;
numberOfCourses ++;
}
double getTuition() {
double tuition = 0;
for(int i = 0; i < numberOfCourses; 1 ++) {

tuition += registeredCourses[.i].fee;

}
return, tyition;, [+ base amount only =/

i

—

double premiumRate;

/+* register method 1is
double getTuition() {
double base =

return base x premi

class ResidentStudggf.'

ResidentStudent (String name)

super.

extends Student |{

/+ there’s a mutator meth

{ super (name); }
inherited =/

getTuition();
umRate ;

class NonResidentStudent

double discountRate;

NonResidentStudent (String name)
/* register method 1is inherited #*/

double getTuition() {
double base =

return base *

/* there’s a mutator method

super.getTuition();
discountRate ;

extends Student| {

{ super (name); }




Lecture 17 - Nov 5

Inheritance

Modifiers in Java
Static Types and Expectations



Announcements/Reminders

® Todays class: notes template posted
e Lab4 to be released
® Tracing Exercises: assertEquals and Person, PersonCollector




Student Classes (with inheritance)
_,«h_ vS. s Studont

" extendhs
/ N 02/# 5 Y _IZ’_
K E """ phil ool ot /s

I

apm {or meth a mufda method
ResidentStudent (String name) { super (name); } NonR,es identStudent (String name) { guper(name); }
rregister method Jso Jpherd tEd x i rewister merhod is jpherited
double getTuition() { ’VZ double getTuitiopn /us

double base =|supex.yetTuition(); l‘\? double base = @-- ition(); , é
return base * premiumRate ; [ ' El return base * : dﬂ r
) | ‘

] TR TE dut






e
A



Visualizing Parent and Child Objects 17 s

Student @= new!Student ("Stella®™);

ResidentStudent (rs/ = new |ResidentStudent ("Rachael")§}
= new|NonResidentStudent ("Nancy")|;

NonResidentStudent Qrs/ =
g ? noC
“Stella” l
— <2 | «Csm
P

0 1 8 9

EEAEETEER
7 X
L ( ﬁ] (WS (ot

AR

(Jf

nrs) 3 N.a.ncy
O ' -I numberOfCourses 0 1 8 9
null | null ‘ ‘ null I null ‘

discountRate



Testing Student Classes (with _inheritance)

Student(String name) String name

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

AN

. % M o o %
/* 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)
ined/overridden methods */ /* redefined/overridden methods */

double getTuition() double getTuition()

Res.S. 01 9
public class StudentTester { ~ rcs
public static void main(String[] args) { @
Course cl = new Course ("EECS2030", 500.00); it 1 Fe Pr 1.25
Course c2 = new Course("EECS3311", 500.00); /+ title and fee x/
ResidentStudent jim = new ResidentStudent ("J. Davis");
jim.setPremiumRate (1.25);

jeremy.register(cl); jeremy.regis CZ

_
jim.register(cl); jim.register(c2); Course
NonResidentStudent jeremy = new NonResidentStudent ("J. Gibbons") o o
jeremy.setDiscountRate (0.75); Qz_ Rg c 1 tlfle 2030' fltle 3311

)¢

System.out.printIn("Jim pays " + uition() ) ; Fee 500 Fee 500

System.out.println("Jeremy pays " +
}

ra

v

AR

L rcs ° ¢
Jeremy dr [0.75 01 9
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Visibility: Classes L(,,,\cﬁ(’[ )

CollectionOfStuffs CollectionOfStuffs

animal animal
Cat

Dog Dog

furniture class Chair WIS cIass Chair

Desk Desk

shape

Circle N
AN

Square

« U © Y&



Visibility: Attributes and Methods

CollectionOfStuffs

public class Chair {

animal [Cat ]
o ) private int w
— 0 oint x; ~ yﬂk"f‘b bl
: |_protected| inty;

extends

(EC——
(oes — )
~
N
shape [ RockingChair ]
[ Circle ]
[ S ] CLASS PACKAGE SUBCLASS SUBCLASS NON-SUBCLASS
quare
(same pkg) W (different pkg) @ (across Project)

public

protected

no modifier

private






¥ eath chdd class mmarts exp

Student Classes (with ml-fnrl’rance) Expectations| <+

’gmrg [dloser/

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

Student

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

/* new attributes, new methods */

ResidentStudent(String name) ResidentStudent
double premiumRate
void setPremiumRate(double r)

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

Student @= new Student ("Stelld");

ResidentStudent @= new Resid

NonResidentStudent @

/* new attributes, new methods */

NonResidentStudent NonResn('ientStudent(Strmg name)
double discountRate
void setDiscountRate(double r)

#M { /* redefined/overridden methods */
double getTuition()
v é § .

ntStudent ("Rachael") ;

(- U} noce §xos. Fooo R rad. BgotT.f pr | secPR J dr § setDR |

&) e BN S
] & e

s (S | E I I N I I | |




Intuition: Polymorphism

Student(String name) String name

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

double getTuition() int noc /* number of courses */

/ /* new attributes, new methods */

ResidentStudent NonResidentStudent NonResu'ientStudent(Strmg name)
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()

= new Student ("Stella");
ResidentStudent —

new ResidentStudent ("Rachael");
ressetPremiumRate(l.25);

s rs; /+ Is this valid? =/
@ rs ¥ s; /+ Is this valid? */

Beame ¥S =8  Lmpibs, S |t | iy
Y] Y Bl
7. Taeputd +he aav ﬂscdmeaf.

S~ oD =

b
\

O pipsh S\twlﬂt % o rs /#? T

w 128




Intuition: Dynamic Binding

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

Student

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

=

ResidentStudent

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

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

<"

NonResidentStudent

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

void setDiscountRate(double r)

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

(Cc/‘pse eecs2030 = new Course("EECS2030",

NonResidentStud

100.0);

| o)
Residen Student@= new | ResidentStudent ("Rachael");
en

= new NonResidentStudent ("Nancy") ;

rs.setPremiumRate (1. H
nrs.setDiscountRate(0.75); n

stem. out.println

JEgister(ee
etTuition

getTuition (

rs.register(eecsz2030) ;

0 g 4Pl P

or: RS

))W

S‘M‘M{, '/%; 7 d” eecs2030

Course
title
fee
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Multi-Level Inheritance Hierarchy: Students

Student

PN

DomesticStudent ForeignStudent

R AN

DomesticResidentStudent DomesticNonResidentStudent ForeignResidentStudent ForeignNonResidentStudent

Reflections: kfno( ok W"M[a PS
- For|Design 1,\how many encodings to check for each method?
- For|Design 2}"how many arrays to store for SMS?
- For|[Design 3, wher% are common attributes/methods stored?




Multi-Level Inheritance I-lierarch_y: Smartphones

d bagic method */

SmartPhone
l@ basic method */

Wm

IOS \l surfWeb I overridden using safari */ T urfWeb * overridden using firefox */
| facetime |* new method */ skype new method */

* cingmatic mode */
qu:ck ke sitleSync [* new method *

ﬁhoneSE IPhone1 3Pro\ Samsung

/* dual-matri; -
/| zoomage

y HuaweiP50Pro i GalaxyS21 GalaxyS21Plus
[

A
|

N

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?




Lecture 18 - Nov 10
Inheritance
Ancestors, Descendants, Expectations

Rules of Substitutions
Polymorphism vs. Dynamic Binding



A/%/&f
Anno«Kmenfs/ Reminders

J Toéay's class: notes template posted
e/Lab4 |released
e WrittenTest2 guide and example questions to be released




Multi-Level Inheritance Hierarchy: Smartphones

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

rfW b /* overridden using firefox */

'... kyp /Qewm ethod */

c /* new method */

GalaxyS21Plus




Inheritance Forms a Type Hierarchy @alesks o 4 e
= O R’ aamaube

T ] e 0t ==

Dat? o {2 T e [att fretleds 7‘;’
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x 12 ep(d) » erp o
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Inheritance Accumulates Code for Reuse

SmartPhone

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

108
/* cinematic mode */
quickTake

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

T

Android

~

IPhoneSE

IPhone13Pro

Huawei

/* dual-matrix camera */
zoomage

<

\ sideSync /* new method */

Samsung

:

N

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

HuaweiP50Pro

HuaweiMate40Pro

GalaxyS21

GalaxyS21Plus

ancestors

expectations

descendants

&M ,&cu. > g‘", W

|

S

oIl chses
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Inheritance Accumulates Code for Reuse

dial /* basic method */

SmartPhone Y :
surfWeb /* basic method */ 4?1 z 6 \ %

T Ty aﬁegjﬂ

surfWeb /* overridden using safa surfWeb /* overridden using firefox */

Android

facetime /* new method */ skype /* new method */ z r;

10s
L]
L]
L]
/* cinematic mode */ * ﬂ s
quickTake S sideSync /* new method *
[ ]
IPhoneSE IPhone13Pro Huawe] Samsun
! Vv
L]
L]
/* dual-matrix camera */ . 4] @ 8 7
zoomage °

H iP50P! y H iMate40P GalaxyS21 GalaxyS21PI / é’
uuuuuuu .. uaweiMate40Pro alaxy: alaxy us -;S d 6 m' f
. A
o,[ ?7/ S 87

%) A‘ﬁ?&‘r on

SmartPhone|spl;|. spl &7, 471 1S
IPhonel3Pro|sp?’; sp2'©®7?; 3 e
Samsung |sp3}|Y sp3 = ?; I (&) %

n ST _4(-——\. ! Spl 5 5 ST must soe
SFLEC‘% At lecse 2c lage the eZp 3




Rules of Substitutions (1)

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

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

N
IPhoneSE IPhone13Pro Huawei Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

Declarations:
I0S spl;

IPhoneSE sp2;
IPhonel3Pro sp3;



Rules of Substitutions (2)

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

surfWeb /* overridden using safari */ i surfWeb /* overridden using firefox */
108 : " " Android
facetime /* new method */ skype /* new method */

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

IPhoneSE IPhone13Pro Huawei

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

(sp1=fsp2

J‘aﬁl ri Mﬂ{e-

SmartPhone

amsung

Declarations:

martPhone|sp2;




Visualization: Static Type vs. Dynamic Type

lf\ ~la n-|-
veLiUlil G\l

ion: S[ «;L\" A Static Type: Expectation
VfStudent s, “0, (- V} P“ Dynamic Type: Accumulation of Code

Substitution: /\l ol R eq; of # 3T of $C§w/a\{')
@@new ResidentStudent(“Rachael”):

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

/* new attributes, new methods */

ResidentStudent NonResidentStudent NonResn(.ientStudent(Strmg name)
double discountRate

void setDiscountRate(double r)

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

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

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

ResidentStudent

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 1:

Student jim (=) new ResidentStudent(...);
jimZ: new NonResidentStudenty(...);




Change of Dynamic Type (1.2)

Student(String name) String name

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

/ /* new attributes, new methods */

. . 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()

Example 2:




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 */

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

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

Given: 4
e £

Qf Student jim = new Student(.. ),‘ vl 7 0{3‘

@} ResidentStudent rs = new ReS|dentStudent( );
NonResidentStudent nfs = new NonResidentStudent(...);

Q(g_mple 1: . Qo S r$9/7 S8
jinTi= d“ g
I-|d"§tln(]|m qetTU|t|0n())

@nrs; | p1 & ﬂ?%'wo'( XK

Prmtln(Jlm getTU't'OnO) & it Idﬂg)

IR
\Q




Change of Dynamic Type (2.2)

Student(String name) String name

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

AN

/* new attributes, new methods */ /* new a.ttributes, new mel.‘hods 4
ResidentStudent(String name) ResidentStudent NonResidentStudent | |\ ClResidentStudent(String name)
double premiumRate double discountRate

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

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

Given:
Student jim = new Student(...);

ResidentStudent rs = new ResidentStudent(...);
NonResidentStudent nrs = new NonResidentStudent(...);

rs(=)im; 1
printin(rs.getTuition()); ¢ &

nrs = jim; Z ’( (_ KS)

I
printin(nrs.getTuition()); % 3



Polymorphism and Dynamic Binding

“MJ [Polymorphism:

An objects static type may allow multiple possible dynamic types.
= Each dynamic type has its version of method.

Dynamic Binding: 1.,

e ®
o e0®
....""Oocoooooooo""...

An objects dynamlc type determines the version of method being invoked.

e
Student jim = new ResidentStudent(...); AT | susen Cork s st )
! double getTuition() i /* number of cor /

- - - e gef 7m(uoc U
im.getTuition();

J.. g d - /*ewrtbt , new methods */ r | /* new attributes, new methods */
jim = new NonResidentStudent(...); RedenStudentSing am) R onttunt : it ]
i oo b void se 0 : X )*
jim.getTuition(); Gt il s ;n;ﬁif;zif,”:;f;;’g”""'"M‘ 4

SmartPhone new IPhone13Pro( Q5

SmartPhone = new 521( )}
spl.surfWeb();

sp1(=)sp2; 5};2/‘\? (]
spl.surfWeb




Lecture 19 - Nov 12
Inheritance
Type Casts: Motivation, Syntax, Visual

Compilable Casts: Upward vs. Downward
Casts at Runtime: ClassCastException



Announcements/Reminders

e Todays class: notes template posted

e Lab4 released

e WrittenTest2 guide and example questions released
® Notes on Type Casting



Type Cast: Motivation

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

/* new attributes, new methods */

ResidentStudent NonResidentStudent NonResu-lentStudent(Strmg name)
double discountRate

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

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

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

\/
Student jim = new ResidentStudent ("J. Davis");

T

L JRELT(S) v
bt ™~ RS I forodot ¢ 25




An A+ Challenge: Inferring the DT of a Variable

i
A"fﬁ""a Your Program | ,st D?JF s s

S

class MyClass {
ain (...)
Student s = ...;

s = new ResidentStudent(...);




Anatomy of a Type Cast

Student jim = new

ST: ResidentStudent

ResidentStudentl(“Jim”);

ST: Student

valid substitution

ResidentStudent@

(o)

(ResidentStudent) W ;

e

an alias whose ST is ResidentStudent

%5 %
ST
Student|jim

ol K. ethC/s)V/
ResidentStudent] | ju. spf Fetro)x
;

pr

QJ" ‘[L(,e



Type Cast: Named vs. Anonymous

dial /* basic method */

SmartPhone
m surfWeb /* basic method */

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

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

10S

\ /* cinematic mode */
GutelTatie— sideSync /* new method */

IPhone13Pro Huawei

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus ‘ﬂ

Samsung

Named Cast: Use intermediate variable to store the cast result. EXGT‘C ISe

SmartPhone jaPhg = n IPhonel3Pro() ;
IOS forHeeyeon (IPhonel3Pro) aPhone;
forHeeyeon. facetime();

’ B
Anonymous Cast: Use the cast result directly. ws_
SmartPhgne aPhone = new IPhonel3Pro(); AS '(’-F'. (m;p -’[Z‘\efrlﬁec >>

(IPhonel3Pro) aPhone)wsfacetimel();
LI |




Compilable Casts

plreb-1-8T.

Upwards vs. Downwards

Jomp ALl Mff
L mﬂ/

“Android myPhone = new-GalaxyS21PlusO); drsit

artPhone)sp )=

—

GalaxyS21Plus ga =

(SmartPhone) myPhone;

\prad

(GalaxyS21Plus) myPhone;

SmartPhone

10S

surfWeb /* overridden using 3&fari */
facetime /* new method */

/* cinematic mode */
quickTake

IPhoneSE

IPhone13Pro

obwtved

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

(e

0‘

/* dual-matrix camera */
zoomage

Expectations

sp ) myPhone | ga
dial ——
surfWeb (| ¥
skype R -
sideSync
facetime
quickTake / X
zoomage | |/ N/ \

sideSync /* new methoa\"/

Samsung

HuaweiP50Pro

HuaweiMate40Pro GalaxyS21

GalaxyS21Plus




b o7 of =
Compilable Type Cast May Fail at Runtime (1) ; g ’id’;/fs;;’g

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

double getTuition() int noc /* number of courses */

/* new attributes, new methods */ /* new a.ttributes, new mel.‘hods 4
ResidentStudent(String name) ResidentStudent NonResidentStudent || \°PResidentStudent(String name)
double premiumRate double discountRate

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

Student jim = ney NonReside udent ("J. Davis"); / s
ResidentStudent] = ||(ResidentStudent Jjim; éhfrﬁpg ( d/
3 —

AWE G pst

rs.setPremiumRate (1.5

[/

(CC

N\ -

o R (1) for 1y o‘v ol (4
TP (CT DR SERDAN
\F/PV/[ o{/\l gaW"( Jut Jb{dM = a{?TNL ki Cles(nst lanop.

s n ¢ __M
bt 4 @@)’\/ () | am.jt $I«F§Iu§§1)7. of ng@




Compilable Type Cast May Fail at Runtime (2)

lial /* basic method */
S' SmartPhone ,
. 'surfWeb /* basic method */

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

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

IPhoneSE IPhone13Pro Huawei Samsung

/* dual-matrix camera */ \ r?_ 7
zoomage -

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

1 | SmartPhone aPhone(:>new GalaxyS2lpPlus();
2 | IPhonel3Pro forHeeyeon = (IPhonel3Pro) aPhone;

3 f forHeeyeon.quickTake () ;




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?



ANbstxs of JM{‘? has < 9'7764-:/:/-
t vs. Exception-Free

ast
T P "

Compilable Cas

]
o
.. g
L]

surfWeb /* overridden using safari */ '. E
e facgtime /* new method */ . l " c c ¢
..
L] L]
L] ° .. {4
/* cinematic mode */ ° '
quickTake °® * sideSync /* new metQg * 1
[ ] L
Lo "\ *of h7s D7
\PhoneSE IPhone13/ro °® Huawei V Samsung - (r
Je® ‘U % % P , /l/
[J
° L] -— .. ( / 7
L] L]
/3%dual-mapfix camera */ °
° zoomage .
L]
°. HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus I

‘
4

S
Android myPhone = new Samsung();

Compilable Casts @D cException-Free Casts

ClassCastxcepfion e



Exercise: Compilable Cast vs. Exception-Free Cast

class A { }

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




Lecture 20 - Nov 17
Inheritance
instanceof vs. Compilable Cast

instanceof vs. ClassCastException Freedom
Call by Value and Inheritance



Announcements/Reminders

e Today’s class: notes template posted

e Lab4 due soon

e WrittenTest2 guide and example questions
+ In-person review session: 3 PM on Tuesday @ R N203
+ Notes on Type Casting

® Online Course Evaluation
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The instanceof Operator

xx no & ¢ Vdﬂ'ﬂp{b

< wwoaree Ap exl. Q)

L o o7 w1 4//%/
677(

o :
MR:«%'GM&L3

* T ofF obst UT can LIfl] 2pX(72)

l A o*bj = new B();
if (obj instanceof ??) {

3 77 obj2 —77(77) obij;
}AW”W % Sx*

r/
7 |

- L1 compiles if B can
fulfill expectations of A.

" < —Q&Complles if
&Jbg (_ Up or Down cast w.r.t. A.
5’ 7, - ClassCastException if B cannot

qp‘v U’" FFulfill expectations on ?72.
- L2:

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



The instanceof Operator
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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 */

, 4 ,
(/ v /* new attributes, new methods */

. . NonResidentStudent(String name)
ResidentStudent NonResidentStudent double discountRate

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

void setPremiumRate(double r) i‘)’lr void setDiscountRate(double r)
/* redefined/overridden methods */

double getTuition()

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

Student jim = new NopResidentStudent ("J. Davis");

if (Jimp instanceof ‘@%ﬁ)
ResidentStudent rs = ((ResidehtStuden?d )

rs.setPremiumRate (1. S)J




Checking Dynamic Types at Runtime (2)

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

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

EZQ(TEE

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

Samsung

IPhoneSE IPhone13Pro

/* dual-matrix camera */
zoomage

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

HuaweiP50Pro HuaweiMate40Pro GalaxyS21

GalaxyS21Plus

SmartPhone aPhone = new GalaxyS21Plus();
if (aPhone instanceof IPhonel3Pro ) {

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

aOrwOND =




Use of the instanceof Operator

oS surfWeb /* overridden using safari */ Android surfWeb /* overridden using firefox */
facetime /* new method */ ol skype /* new method */
/* cinematic mode */
quickTake sideSync /* new method */
IPhoneSE IPhone13Pro m Huawei Samsung
HuaweiMate40Pro GalaxyS21 GalaxyS21Plus ‘

e myPhone = new Samsung() ;
instanceof Android) ;

instanceof Samsung

println myPhone instanceof ??

evaluates to true if
Samsung can
fulfill expectations on ?2.

) ;

)

instanceof GalaxyS21

4




Safe Cast via Use of the instanceof Operator

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

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

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

108 Android

IPhoneSE IPhone13Pro Huawei Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

SmartPhone myPhone = new Samsung()-

/A4 ST _of myPhone 1S _ShaslReRe, u; myPhone 1is Samsung */

if (myPhone instanceof Samsung) ‘1 ) /
one; ~7 no ECE'

Samsung samsung = (Samsung) myP

myPhone instanceof ??
evaluates to true if

}
if (myPhone instanceof |GalaxyS21Plus) -&-? rﬁkp Samsung can
GalaxyS2lPlus galaxy = (GalaxyS21Plus) myPhone; fulfill expec’ra’rions on ??.

-
f (myphone instanceof HuaweiMate40Pro)—H Mlsp
(Huawel hw = (HuaweiMated4OPro) myPhone;
}



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(); .

sp.dial() A/ [ ]

sp.facetime(); K .
sp.quickTake () ;X .

AN =

}

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




Static Types, Casts, Polymorphism (2)
SmartPhone hid ot

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

surfWeb /* overridden using firefox */

Android

skype /* new method */

108
/* 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() { ... }

I0S 1ip,~ new IPhonel3Pro();
o} dial(); [ ]

ip| facetime() ; .
ip.quickTake();X .

AW =

}

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

) S“




Static Types, Casts, Polymorphism (3)

SmartPhone diall basic method */

surfWeb /* basic method */

/\

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

Android

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

/* cinematic mode */
guickTake sideSync /* new method */

IPhoneSE

IPhone13Pro Huawei

/* dual-matrix camera */
zoomage

Samsung

/N

HuaweiP50Pro HuaweiMate40Pro

GalaxyS21

GalaxyS21Plus

class SmartPhone {

void dial()
}

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

}

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

}

{

PO =

PPRONENSRPEON 1p06Sp
Toosp) dial O M /i
ip6sp.facetimey/
ipébspl quickTake ()

= new IPhonel3Pro();




Static Types, Casts, Polymorphism (4)

surfWeb /* overridden using safari */
108 c " . Android
facetime /* new method */

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

IPhoneSE IPhone13Pro Huawei

surfWeb /* overridden using firefox */

Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21

GalaxyS21Plus

class SmartPhone {
void dial() {

}

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

SmartPhone sp = new IPhonel3Pro(); .
(IPhonel3Pro) sp)|.dial (}{ ‘/.

(IPhonel3Pro) sp).facetime(); .
(IPhonel3Pro) sp).quickTakeY); .

B GO R \ O R

}

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




Static Types, Casts, Polymorphism (5)

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()

Course eegfs2030 = new Course("EECS2030", 500.0);
Student /s = new ResidentStudent ("Jim") ;

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

/

ResidentStudent

3
(CE #r/;@pd

L d

g
eclC

if

s.regisfer (eecs2030) ;
@i stanceof IResidentStudent\) {

/* new attributes, new methods */

NonResidentStudent NonResic-lentStudent(String name)
double discountRate

void setDiscountRate(double r)

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

fNF ResidentStudent
)S'rudem‘ S /

pr

S)|.setPremiumRate (1.75);

esiden uden
System.out.println((

}

(ResidentStudent) s).getTuition());
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Polymorphic Parameters (1)

ST of ath elevert s #he oay/

{

1 ss; /* [i] has atic type () ~/ int c;
***void adalS/\ResidentStuden fEsiel=—%s; c ++; }
void addNRS (NonResidentStudent nrs) { ss[c] = nrs; c++; }

void addStudent (Student s) { ss[c] = s; c++; } }
, .S’ra'rlc type of ss[O] ss[1], ..., ss[ss.length - 1]?
: p 5 2
ANGQ  at ds G0

(N 4

Inj;ne’rlej mﬁ% does ss[C] =@compile?
I S g{ v’““kK (_‘& uF)

Q:-Under- what. circumstances can the following
method call be valid/compilable?

g Wy @.ad:dRS_@

o ST RS Lﬁ’fh

Jodet




Student [] ss; %ss[i] hafltatic type Student =%/ int c;
**void addRS (Resi

entStudent { ss[c] = rs; c ++; }

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

Student sl = new Student();

Student s2 new ResidentStudent () ;

Student s3 new NonResidentStudent () ;
ResidentStudent rs = new ResidentStudent()
NonResidentStudent nrs = new NonResidentStudent (

StudentMan mentSystem sms ew StudentMana r?fntSystem
S_@ms.addRs X @ ogs ST ﬁmle«t mnmfﬁﬁr A

sms.
sms.

.addrS\rsj) ; S 774«4“ JT f°J7 cﬁ

sms
sms.
S
sSmsh.
sSms.
sSms.

Smsh.

n‘rg' addStua nt

T % ccibodie s

addRS (nrs) ,X

Student(String am) name
addStudent s e ) | Student m"nji N
addStudent 4

/ ~
/* new attributes, new methods */ /* new attributes, new methods %/
ResidentStudent(String name) ResidentStudent i name)
double premiumRate d m discountRate

void setP

r) )
/* redefined/overridden methods %/ /* d/'d/ rridden methods */
dou hlg(ll nQ) do blgtTut n()

4. irr
oy o
ZSPI{T '
a dstedinf

w1l &MM.



Lecture 21 - Nov 19
Inheritance
Casting Method Arguments

Polymorphic Arrays and Return Types
Recursion: Resources



Announcements/Reminders

e Today's class: notes template posted

e Lab4 solution released

e ProgTest3 guide and example questions released
® Online Course Evaluation




INERR SR AWK =

AWM=

A OWODN—=

[
Castina Arguments rmm— pro—
void register(Course ¢) Student Coursc[] courses /* registered courses (res) */
LAY MY e e

void addRS(ResidentStudent rs)

double getTuition() J int noc /* number of courses
AN

/ .
new a attributes, new methods */ /* new attributes, new methods */
iS5 v { ; - o e
ul um| untRate
voi ate(double r)
5 Ala ods */

te(d uble r)
den methods ¥/

X abmwml aac-f J'-; J <3
¥ S7 of ot &gp: KS.

ClassCastExc 'rlon?

g}égz}

uble getTuition()

sms. addRS( (ReS|dentStudent)" compiles?

new Student ("Stella"); .'

/% s’ ST: Student; s’ DT: Student x/»' SST' M’f
StudentManagementSystem sms = new‘StudentManagementSystem() c.r W .; E /

°®
cmc_:J_HNDQ-IS:...%..............

Student s = new NonResidentStudent ("Nancy");

/% s’ ST: Student; s’ DT: NonResidentStudent x*/

StudentManagementSystem sms = new StudentManagementSystem(); g, DT Qé CA/ZS‘
DS (U,

v ClassCas’rExcephon? fyx’(‘/;g/

Student s = new ResidéntStudent ("Rachael");
/+ s’ ST: Student; s’ DT: ResidentStudent »*/ Alo.

StudentManagementSystem sms = new StudentManagementSystem() ; [CE f g/

SN GRSls) ; X
sms.addRS( |(ResidentStudent) Ars) compiles?

NonResidentStudent nrs = new NonResidentStudent();
/* ST: NonResidentStudent; DT: NonResidentStudent x/
StudentManagementSystem sms = new StudentManagementSystem() ;

sms.addRS (nrs); X



P

elmirts m prvn) oy hove drfferent. o

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

Polymorphic Collection|of Students

O©CoOoONOOOP~,WN =

—_ L
A WODN=O

String name

Coursel] courses /* registered courses (res) %
int noc /* number of courses ¥

T /*newattributes, new methods %/
i ing nam

/% new attriutes, new methods %/ |
" ing namo) ) .

double premiumRate

void setPremiumRate(double )

/% redefined/overridden methods */

double getTuition()

ResidentStudent (rs = new ResidentStudent ("Rachael") ;
rs.setPremiumRate (1.5);

double discountRate
void sctDiscountRate(double r)

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

NonResidentStudent nrs = new NonResidentStudent ("Nancy") ;
nrs.setDiscountRate(0.5);

StudentManagementSystem sms = new StudentManagementSystem() ;
sms.addstudent (J#8)); /+ polymorphism =/
sms.addStudent ( nrs ); /+ polymorphism */ -

class StudentManagementSystem {

[1 students;

int numOfStudents;

Course eecs2030 = new Course("EECS2030", 500.0); -L void ;ddsmden;f;tudde”t S)_( .

sms.registerAll]l (eecs2030) Q-? H iz;oigiiézzlgs +ilj encel = o
for(int i = 0; i < sms.numberOfStudents; i ++) {| 7_,77
* Dynamic Binding: -_— €

- void registerAll (Course c) {

* Right version of getTuition will be called */
System.out.println(sms.students

. getTuition() );
————

Sy 1 2 3 4 5 6 7 99
sms.ss
sms. getstuden:(/)

Student|

| null ‘ null | null ‘ null | null ’ null ‘ null l null ‘

sms

sms.getStudent (1)

4

NonResidentStudent

“Rachael” (—'

“Nancy”
nrs
4 1 8 9 numberOfCourses 0 1 8 9
registeredCourses | | null ‘ ‘ null ‘ null ‘ registeredCourses ‘ null ‘ | null | null

numberOfCourses

for(int 7 —(03 i < numberOfStudents; i ++)

Istuc(entslljl.reglster(c)
0 - D[: RS
1 - oT: 4IRS

{

e, premiumRate discountRate 5
1‘15 oT: RS @
instancgg¥NonResidentStudent p— instanceof|NonResidentStudent
nstanc ResidentStudent Q v instanceof|ResidentStudent @
§ms.ss|Ufinstanceo uden q’ eeci2030  [———NR8S Y instanceof|Student (-D




01Y estoncnt olss F Jfoley

Polymorphic Return Types ctatit tpe of vetu el
L 'OT of vetura wibe ten &

StudentManagementSystem {
dent[] ss; int c;

Course eecs2030 = new Course ("EECS2030", 500);
ResidentStudent rs = new ResidentStudent ("Rachael");
rs.setPremiumRate(l1.5); rs.register(eecs2030);
NonResidentStudent nrs = new NonResidentStudent ("Nancy") ;
nrs.setDiscountRate(0.5); nrs.register(eecs2030); ®id addStudent (Student s) { ss[c] = s; ct++; }
StudentManagementSystem sms = new StudentManagementSystem(); getStudent (int

sms.addStudent (rs); sms.addS ent (nrs) ;
g P s Y Gtudend) s = nui1;
P ;i /# dynamic type of s? *x/

i 0 || i>=c
throw new IllegalArgumentException("Invalid

}

else| { 0@
ERR=IO] - sstel: PT £S
return(5) L-> (1]
b} -

static return type: Student
print {s instanceof Student && s instanceof ResidentStudent); /+try
print (s instanceof NonResidentStudent); /* false */

print( s.getTuition() );/+Version in ResidentStudent called:750+/
ResidentStudent rsZn@ms. getStudent (0); x

s)= sms.getStude ; /% dynamic type of s? %/

'a sStatic return type: Student
rint (s instanceof Student && s instanceof NonResidentStudent);/

print (s instanceof Residentfipu¥lent); /* false */
print( s.getTuition() );/¥Version in NonResidentStudent callﬁd:ZZO*

NonResidentStudent nrs2 = Isms.getstudent (1)I;$a sr‘ RT(

StudentManagementSystem 2 3 4 5 6 7 " 99

‘T‘ null ‘ null ‘ null ‘ null ‘ null ‘ null ‘ n::ll ‘ null ‘

sms.geyent (1)

ResidentStudent NonResidentStudent

“Rachael” “Nancy”

numberOfCourses 4 1 "R numberOfCourses 0 1
registeredCourses registeredCourses

premiumRate 5 discountRate

Course

“EECS2030"
eecs2030




Overridden Methods and Dynamic Binding (1)

i

boolean equals (Object obj) {

-

}

return this == obj;

class A {
/*equals not overriddenx/

}
class B extends A {

/*equals not overriddenx/

}
class C extends B {
/*equals not overriddenx/

}

Object cl = new C();
Object = new C();

(print [i{(el)equals (c2));
L3 calls which version of
’ g1 (0)

equals?




Overridden Methods and Dynamic Binding (2)

boolean equals (Object obj) {

Object return this == obj; class A {
} /*equals not overriddenx*/

}

class B extends A {
/+equals not overriddenx*/

}

et

A class C extends B {
boolean equals (Object obj) {
A /* overridden version */

}

);
i Object c2 = new C();

‘/ println(cl.equals(c2));
boolean equals (Object obj L3 calls which version of
C /* overridden version */ o

) equals:

}
s
Object clI = new C(




Overridden Methods and Dynamic Binding (3)

] boolean equals (Object obj) {
ObJeCt return this == obj; class A {

} /*equals not overriddenx/

A )
| class B extends A {

boolean equals (Object obj) {
/* overridden version */
A }

}
A class C extends B {
/*equals not overriddenx/

/* overridden version */

) 1/ Object cl = new C();
T 2 §Object c2 = new C();
3

printin(cl.equals (c2));

L3 calls which version of

C equals? E

}
boolean equals (Object obj) {
B
}
Y,




Oy letzn

Summary: [Type Checking Pul S

CODE

CONDITION TO BE TYPE CORRECT

Is y's ST a descendant of x's ST?

Is method m defined in x’'s ST?

S Is y’'s ST a descendant of m’'s parameter’s ST?
Is method m defined in x’'s ST?
z = x.m(y) 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?
(C) y Is ¢ an ancestor or a descendant of y's ST?
£ = (e Is ¢ an ancestor or a descendant of y's ST?

Is ¢ a descendant of x's ST?

’ls C an ancestor or a descendant of y's ST?
“Is method m defined in x’s ST?
Is C a descendant of m's parameter’s ST?
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Lecture 22 - Nov 24

Recursion

Recursion: Base vs. Recursive Cases
Tracing Recursion: Stack vs. Tree
Examples: fac, fib, isPalindrome



Announcements/Reminders

e Todays class: notes template posted
® ProgTest2 results and feedback released
e Lab5 released (deadline: Dec 2; grace period until Dec 9)
+ Required background study: abstract classes & interfaces



Solving_a Problem Recursively

Given a small problem:

Solve it directly:

Y(,g.r‘s Given a big problem:

Divide it intfo smaller problems:

'72/.1

‘ Assume solutions to smaller problems: @
Jovo: meke rebusi l‘al!g ;A\/;“;‘/‘SP R_J 1

Y \7

Combine solutions to/smaller problems: H

1ﬁ V / "' C W ﬂ '

(i == ..4) A“/* base case: do something directly =*/ }
‘% e

if
else (g'rt / [,1,'

m Vi recﬁxcsivé call with strictly smaller value */
}




Tracing Recursion via a Stack

e When a method is called, it is activated (and becomes active)
and pushed onto the stack.

e When the body of a method makes a (helper) method call, that
(helper) method is activated (and becomes active) and
pushed onto the stack.

= The stack contains activation records of all active methods.
o Top of stack denotes the | current point of execution |.
o Remaining parts of stack are (temporarily) suspended.

e When entire body of a method is executed, stack is popped .

= The | current point of execution |is returned to the new top
of stack (which was suspended and just became active).

e Execution terminates when the stack becomes empty .

Runtime Stack



Ul = e 2% 2 x)

Recursive Solution: factorial




Recursive Solution in Java: factorial

n!:1

n-

int factorial (int 7.
int result;
if(n == 0)

(n-1)!

B (N — 1) ;

/ﬁjeSUIt = n x fﬁp&)

v

dreturn resyult:

}

Example:

9’1

2{1 o

{ /* base case */ result =<i) }

else { /* recursive case */

2*7’9?72’"51@

factorial(3)

Runtime Stack
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Common Errors of Recursion (1)

int factorial (int n) {

return n * I, (N — 1) ;




Common Errors of Recursion (2)

int factorial (int n) {
Xif(n == 0) { /* base case */ return 1; 4

else { /* recursive case #*/ return n x| factorial (n)/ }

s k 7_%32 ’MI;M [0‘(
/TSN (¢

T
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Recursive Solution: Fibonacci Numbers
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Recursive Solution in Java: Fibonacci Numbers

ifn=1
ifn=2
an_1+Fn_2 ifn>2

int fib (int n) {
int result;
if (n ) { /* base case */ result = 1; }
else if(n == 2) { /* base case */ result = 1; }
else { /% recursive case */
result = fib (n - 1) + fib (n - 2);
}

return result;

Example: fib(4) |L’refl:

0 tyel m\llf stotlc Runtime Stack
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Use of String S~ Cabeof ST T c1¢ | o

public class StringTester ({
public static void main(String[], args) {
string ()= "abcd";  yo chet
System.out.println(s.isEmpty()); /+ false x*/

/* Characters 1in index range [0 0) */ é?zp
String t0 = s..substrlng 1» ,0{‘[ é {M&gﬁlry (Z’ -l->

System.out.println(t0); */ (,\)
/* Characters in index range [0, 4) */ -’O

String tl = s.substring(0, 4); = (0,3
Systemolt . printinltl); /% "abad™ %/ 1 Yeﬂ”ﬂ A {.,{é{tyf

/* Characters in index range [1, 3) */ y m(‘/,{d'/ Md{‘fﬂj

String t2 = s.substring(l, 3); => ZI,z:]

System.out .println(t2); /p,gbc" */ 2,3 q{;

String t3 = s.substring(0 + s.substring(2, 4);

System.out.println(s.equals(t3)); /* true =*/

for(int i = 0; i < s.lepgth(); 1 ++) {
System.out.print (s.charAt(i));

. wdlotes : T L% - =

} 0
System,out .peintin() ;

5[21.




Seze of wmtenel

szee: Lz, al 3
23 35 4

[0, b1
Grﬁ/\ peb  0~b
q0: |Ta.bl| b-a +]




Recursions on Strings

Palindrome to

Y]o r/MPq/
A5 Zasffef

Reversal Number of Occurrences

“abcd”

“abca”



Lecture 23 - Nov 26

Recursion

Examples: reverseOf, occurrencesOf
Recursion on Arrays: Creating Sub-Arrays
Recursion on Arrays: Call by Value



Announcements/Reminders

e Todays class: notes template posted
® Lab5 released (deadline: Dec 2; grace period until Dec 9)
+ Required background study: abstract classes & interfaces



Recursions on Strings

Palindrome to
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Number of Occurrences
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Reversal
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Problem: Palindrome

if (word.length() == 0 || ord.length()
/* base e */
returnﬁl/

}

else {
/* recursive case x*/
char firstChar = word.charAt«{(0) ;
char lastChar = word.charAti(wordelength()m=mis);
String middle = word.substring(l, word.length() - 1)i;

return Q [ l . Wd- M[}"Z]

firstChar == lastChar

boolean isPalindrome (Strlli word) {

/* See the API oOf java. lang String.sub¥tring. */|
isPalindrome (middle)

L RC mede ~£ Just & last ohed math.




if(s.isEmpty())] { /» base case 1 */
return "";

14 al
v / NS
Stri \%4 Of (Stri ) A
rin reverse r:l.ng 5 y(hﬁ_{_ a
/- \\
7 N

] = o 1

else if(|s.length() == 1) { /+ base case 2|« B
return s; Y@?

\ =

else { /* recursive case */ C
String tail = s.substring(l, s.length())})

String reverseOfTail = rey;[arseOf (tail); c!)
char head = s.charAt (0); / KC
return reverseOfTail head; ’

hog,d
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Problem: Number of Occurrences v Am

int occurrencesOf (String s, char c)

if (s.isEmpty()) {

/* Basertage */
retur
}

else {
/* Recursive Case +*/ b/
char head = s.charAt (0));
String tail = s.substringca z
if (head == c¢) {

return 1 + occurrencesOf (tail, c);
}
else {

return 0 + occurrencesOf (tail, c);




Recursion on an Array: Passing new Sub-Arrays

void m(int[] a) {
if (a.length == 0) { /» base case */ } 62 g o
else if(a.length == 1) { /% base case */ } f7) (ﬁ)
sul, ~ - -

else {

int[] sub = new int[a.length - 1];
[for(int i = |1|; i < a.length; i ++) { sub[i - 1] e 1 )
m(suby |

b W{hz o |
%{ Say al = {}, consider m(al) M( A E

. L b o # 1
ool |
ay a2 = {A, B, C}, consider m(a2
Say a2 = {A, B, C} (a2) il )

I~ N
\_~




‘2\46-4075*
Recursion on an Array: Passing_ Same Array Reference /~
yengl of ke

' -bums}?m‘ =

void m(int [] @ int from, int to) ;VJ/ )

if (from > to) { /* base case */ }or,;rzeo
Ve tn/

else if (|from' == to) { /[x base%se +/ '} & -»‘»é_.od-t-l ‘o

@ |from + 1|, to) } }L":;“'n”?, e~

v s ol ¥ all 7 velbp ¢ pasieg 4 ref of ‘2! somd
Say al = {}, consider ml:q,@length 1) —> m (_A\J,IO, -(D
1%

4 2 X
al. /hsl/'ﬁ ==0 Lt Wt s ot rns %
Say a2 = {Z, é, é}, consider m Q, a2.length - 1) é»'rf)/' yan o/\
Q2. ,ba(/fh == <z woleces € /00/4' &t

0 l 2 Ly ompty sub-a
A7 nFe ¢ Py %




>

Say a2 = {A, B, C}, consider m(a2, 0, a2.length - 1)
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Lecture 24 - Dec 1

Recursion

Recursion on Arrays: allPositive, isSorted

Course Wrap-Up
Assigned Readings: Tower of Hanoi



Announcements/Reminders

e Todays class: notes template posted
® Lab5 released (deadline: Dec 2; grace period until Dec 9)
+ Required background study: abstract classes & interfaces
® Review session survey active now!
e Exam guide, example questions to be released
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Problem: Are|All [Numbers Positive? e %
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| e
Problem: Are All Numbers Posn’rlvg.ﬂm d a5 % sl

I Vv 7oy
boolean |allPositivel(int[] (a)) {
return allPositiveHelper (a, 0, a. length B ; ﬂ
J » rfwa- Vopurs iR G Afwmyf to 9 -? 4

boolean |allPositiveHelper|(int[]| a/ int from, int to)

if (from > to) { /* base case 1:’empty range */

return true;

}

else if(from == to)
return al[from] > 0;

}

else { /»TECUrsiye case */
return _al[from] > 0)&& |allPositiveHelper|(a, iciconn a0 Ji

) A

}

range of one element */

{ /* base case 2:

)

0
Ql /\,7|-_
K%



Tracing_Recursion:

allPositive

Saya =}

allPositive(a)

allPH(a,0,-1)

boolean allPositive(int[] a) {

return allPositiveHelper (a, 0, a.length - 1);

}
boolean allPositiveHelper (int[] a, int from, int to) {

if (from > to) { /+ base case 1: empty range x/

return true;

}
else if (from == to) { /* base case 2: range of one element #*/

return a[from] > 0;

}

else { /% recursive case */

allPositiveHelper (a, from + 1, to);

return a[from] > 0 &&
}




Tracing Recursion: allPositive

Say a = {4}

allPositive(a)

allPH(a,0,0)

a[0] >0

boolean allPositive(int[] a) {

return allPositiveHelper (a, 0, a.length - 1);

}

boolean allPositiveHelper (int[] a, int from, int to) {

if (from > to) { /+ base case 1: empty range x/

return true;

}
else if (from == to) { /* base case 2: range of one element #*/

return a[from] > 0;

}
else {
return a[from] > 0 &&

}
}

/+ recursive case */

allPositiveHelper (a, from + 1, to);




Tracing_Recursion:

allPositive

Say a = {4,7,3,9}

allPositive(a)

allPH(a,0,3)

T~

a[0] >0 allPH(a,1,3)

boolean allPositive(int[] a) {

return allPositiveHelper (a, 0, a.length - 1);

}

boolean allPositiveHelper (int[] a, int from, int to) {

if (from > to) { /+ base case 1: empty range x/

return true;

}
else if(from == to) { /* base case 2: range of one element =/

return a[from] > 0;

}

else { /% recursive case */

allPositiveHelper (a, from + 1, to);

return a[from] > 0 &&

}
}

/mmEn SN

a[1] >0

allPH(a,2,3)

o

a[2] > o0 allPH(a,3,3)



Tracing Recursion: allPositive

boolean (allPositive(int[] a) {

! 3 return allPositiveHelper (a, 0, a.length = 1); 3
_ ’ ’ z ¥
Sayla = .3,@ h )
(7]
.9 Yboolean _allP@sitiveHelper (int[] a, int from, int to) {
. _> if (from > ?o) { /% base case 1: empty range */
allPositive(a) X return true;
}
| .e else J.f(from == to) { /* base case 2: range of one element #*/
l/ X return a[from] > 0;
} 2 3
aIIPH(a 0 3) else { /+ recarsn/e e +/
\sl - - — return al[from] > O allPositiveHelper (a) from + 1, to);
) — ——
a[0] >0 £ allPH(adB)
S >0
AT —

Tenl /7

\w AL
= | a11>0 ¥% a||PH(a@,§b 4 [
6%

AT /
e v
/ Z“’ ™I
a[2] > o0 aIIPH(a,3,3)




Sorting Orders of Arrays decreasing/descending

increasing/ascending
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Problem: Are Numbers Sorted? y Jo b

v

3¢

Say a = {3,6,5,7}
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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

{ /~ base case 1: empty range */

/* base case 2: range of one element




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 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)



Exam Info

- When: 9am to 12pm, Tuesday, December 16 ( a5

- Where: TM Tait
- Format:{ Some Multiple Choice & Mostly

Written

- Coverage: Everything (lecture materials & labs) _ olfontoons

+ slides, iPad notes, code examples
+ resources on recursion

- Restrictions:
+ No data sheet

-

L fl?u,édaﬂw/
L) ’ﬁ/ﬁC/:%
b J/tfl//{/&f/?’(

+ No sketch paper (Exam booklet includes it)

- What you should bring:
+ Valid, Physical Photo ID (strict)
+ Water/Snack
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