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

Lecture Notes

Instructor: Jackie Wang




Lecture 1 - Sep 4
Syllabus & Introduction

Professional Engineers: Code of Ethics
Software Development Process



Course Learning Outcomes (CLOs)

hecplos

CLO1 || Implement an Application Programming Interfac
CLO2| Test the im lementation.jdﬂ: 0y x, -
| SN j .
CLO3| Document the implementatio [ 13 ao
[- ¢
CLO4 | Implement regations/aneT rions. o
: pees /P“d' geofs L W\YM 17“
CLO5 | Implement inheritance. P («Mf{'lzf X 0‘ wA,/'j(‘
- /O . . > 7‘/
CLO6 | Use| recursion. /\/7)2‘(7\ - 5 b /
CLO7 | Implement linked/lists. > / 0,
CLo8| (Informally)|prove Mve algorithms are correct and terminate.
CL0O9 | (Informally) analyse the running time ¢f (recursive) algorithms.




Software Development:|Compile Time|vs. Run Time

write lines of code




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
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g 0& use -(Expected vs. Actual Values

- Methods

* calling methods from model

Y tions
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- main method«enizv point of execution)
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* crlung methods from modal
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- Classes & Methods
- Methods

* constructors
accessors: return statements
mutators: no return statements
containing no print statements
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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
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Lecture 3 - Sep 11
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 yesterday (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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class Point { - ’ /
Point(double@’doubl@ {/5 /

/
/
double getDistanceFron}(ﬁoint:
void mmle(char

Template Definition
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Point p2 = new Point
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Scope of Variables in a Class

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

C

tnt i)
nt j;

void

i

void_
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int

int

ml|(int

m,

n,

pl

¢

—_—

m2 [(int

——

p2

) 1

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

intiz

lntJ,-dfzr
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Constructors not using this Keyword memory
- , 0;(,23 (sequence of bytes)

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

model

3

*y % .
double weight; @Test . o, 72
double h&ight; public void test_ A LLAN VIR

Person(jim =
i Person jonathan =
ks * Constructors assertTrue(jim Jororthors

*/ assertFalse(jim E’onathan); *
th assertNotSame(jim, jonathan); :
assertNotEquals(jim, jonathan);

= newlWeight;
newHeight;

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); 1

- Parameters vs. Arguments console

- Reference Variables
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Use of !Accessors

VS.

Mutators

class Person {

bLQl.d_s.eﬂALEJgh.tddouble weight) { ..

double @etBMI()| { ..

b

e Calls to mutator methods cannot be used as values.

°© e.g., System.out.println (jim.setWeight (78.5));
o e.g., double w
o e.g., Jim.setWeight(78.5);

diilE=sme (/5.5) ;

e Calls to accessor methods should be used as values.
o e.g., jim.getBMI () ;
o e.g., System.out.println (GiNGSEEMINEN ;

Jim.getBMI () ;

o e.g., double w

Slide 48




Lecture 4 - Sep 16
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 released today (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

e “thz" f(eam d
4 dorofe g, (Lontekd “SJT

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

model

*/ o
~double weight; Quesflon
/ ] .

g 7FobLe hetants - What if names of parameter & attribute are the same?

g - implicit “this”

* Constructors

*/

. 8 offs
plubllc Per'son()/lz[_e '@ad%/fdlf WLP;

}




Tracing OO Code: Visualizing Objects

&y :ﬁ aijfff

To visualize an object:

o Draw a

o Draw

rectangle box

Title

to represent contents /of that object:

indicates the name of class from which fhe object is instantiated.

Left column

Right column

arrow(s)

enumerates names of attributeg of the instantiated class.

fills in values of the correspohding attributes.

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




Effects of Creating New Objects [ Tunit

public void test_10Q {

[Person jim = new Person(72, 1.81);l
Person jonathan ="new Perison(654 (1.677;
assertTrue(jim !'=_j
assertFalse(jim
assertNotSame(jim,
assertNotEquals(jim, jonathan);

publ}: class Person { model
* Attributes.
* Person instances have the same attribute names.
* Person instances have specific attribute values.
double gpight;

¥

double Yieight: ' J - Variable Shadowing = m—
. uUICZT - visuaizing Objects fy(TBe 1 <74 € ow) %’i‘g/l (’@)@
- Context Object U 9 = @ T

* Constructors

*/ - this led_1s

public Person() { - dot notation 1)) JQCI&VPS A VE-L\, VYov. %
: 12 /-8 ot st od /il o oo /:%_m

public Person(double wé*bht, double hgxbhf) { \j

this.weight = we¥ght; T2
@4M 0[;

this.height = helht;
. | ¥
o 7w




Accessors/Getters vs. Mutators/Setters [ Person

public class Person {

~m W.
; J =
/* Attributes. \—/ h. /J'/

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

*/
double weight;
double height; Person I
-
/* Accessors/Getters */ jM W. X
public doublegetBMI() { h
7 double bmi = th{s\weight / (th .height * tr)G .Height); 1
return bmi; A A
} :r I @Test

3 public void test.30). {
Person jim = Per -
Person jonathan = new Persor(65, :.67);

/* Mutators/Setters */
public void gainWeightBy(double arrx:mt) {
tﬁ(s.weight = thi6weight + amgfint;

(™ I 3 assertEquals(21.977, @getBM;(), 0.01);
assertEquals(23.307,( jonathan getBMI(D, 0.01);

oot Egucls( X Y. loal) | %ﬂiﬂ*ééﬁ’ﬂ&i@éy@
b 24

AWTMQ

}
}

Z 0 assertEquals(22.893,(1'1'.m,betBNm, 0.017;
( X - ~ 0, > assertkquals(24.382, jonathari.getBMI(), 0.01);
3




Copying_Primitive vs. Reference Values Slide 50

Y Primitive

af’s stored T

b
System.out.println(1
System.out.println(k

Reference

Bl pZ(fygﬁ;

Point p3 = new Point((2) (3)}
Systme.out.println(pjl4;-ﬁl | 1 )p3 P2} ;
Systme.out.println(p3.x == pl.x && p3.y == pl.y);
Systme.out.println(p3.x == p2.x && p3.y == p2.y);




Copying_Primitive Values

rEf v
"Ll ¢

numbersl = {11, 12, 1.5}

M AV"‘ 8{
pré
ot O .

numbers2’ new 1nt[numbers§>lenqth]

for (int 1 =@ . < numbersl.length; 1 ++}

numbers2[i] = numbersl[i];

i

n umbersl@) .

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

3
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Lecture 5 - Sep 18
OOP Review
Exercise: Reference Aliasing & Arrays

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



Announcements/Reminders

e Todays class: notes template posted
e Priorities:
+ Review LabO
+ Complete Labl
+ Due: Next Tuesday (Sep 30)
® ProgTestO (next Wednesday, Sep 24), Guide released
e Mock-up Programming Test O to be released




* Bl ] 75| = 1080 Porien (3]
Copying_Reference Values: Aliasing [pzlTol = 4k 2= fn; Slide 52
' N ps1O] = mads ?

Person alan = new Person("Alan");

Person mark = new Person("Mark") ; Vé\ Z 9'_ (
Person tom = new Person("Tom") ;

/ 4

v |

Person Jim = new Dnrqnnal".T'lm",\.: 2.‘/ é{ﬁ \ b

Person|] personsl = {alan, mark, tom}; 5 % M6 ad

Person[] persons2 = new Person[lpersonsl.length]; \ / /

‘,
for(int i = 0; 1 < personsl.length; 1 ++) { ’4 -
, ; Person Person Person /

) persons2[i] = personsl[i]; } 3 <7l '%, 1 <
Ipersonsl [0] .setAgel(70); ngme name C e

System.out.println(jim.getAge()); age age (7 age 17

System.out.println(alan.getAge()); =7
System.out.println(persons2[0] .getAge()); 4/"’
personsl[0] = jim; b_ Person
personsl[0].setAge(75)); Y77
System.out.println(jim.getAge()); fome A
System.out.println(alan.qgetAge()); dge )0,
System.out.println(persons2[0] .getAge()); )( Z(—
/K
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Arrays and Aliasing

“Tevson
Al ?Pae 41119 wone |
Alan’ ag& O

/

&6’0481
olea 7# M

.

neme
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Q. All alias paths to "Alan™?

age, age,
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Managing Account IDs: Manual

public class Account {
private int iqg;
private String owner;
public int getID() { return this.id; }
public Account GG String owner) {

this.id = id; L ]751 )7&"““9”" W‘lol .@'

this.owner = owner;

) Teﬁv"“ua dw&\

class AccountTester {

}

Account accl = new Account wTim™) :
Account accZ2 = new Accoug@ "Jeremy") ;

Systenm. ol printlinliacel

tED()y 1= ace2.getIbDi{));

Slide 75



Declaring Global Variables among Objects
e-speeefic yoke)
( MA/VC‘V.)

X Doach bumtar aéj?lf s 7S own &}7 ( instn
¥ Q| Downter obppets shoe & g uarpap

public class |Counter| {3 ot public class CounterTester {
private(int 17> ﬂw"f e ublic static void main(‘S)«r-ing[] args) {
tatic int(a . ‘Va;t{,ﬂh{?) @ ounter cl = new Counter();
Counter c2 = new Counter();

M

ot yovialle

publil:ci§0$nt? { System.out.println("cl's local: " + cl.getLocal()zio

= . System.out.println("c2's local: " + c2.getlLocal ;

(4 H ]

} M,g-mf vé m M‘s\tﬂt System.out.println("Global accessed via cl: " + cl.gg;o o
7”' System. ;

out.println("Global accessed via c2: " + c2.
out.println("Global accessed via Counter: " +| Counter.g]

public int getlLocal() { System.

} Cl cz @ cl.incrementLocal(); G)
2. tlocal(); M —~ Z
public void incrementLocal() { @ <o LNCroment=ocg AN X
thRs\ 1 ++; . p——
2 ) @cl.lncr‘ementGlobal(); @
Poclee
@cZ.incrementGlobal(); x l
public void incrementGlobal() { — —l
g ++; _ @CQ.HDEL.Q.@LQ.HDL&I‘_..G_-I-_L. // Counter.global ++;
i -, N %> }
th - } [
ki Bl B

tce«v@ ot Varables « Llaghlsvo | itk

v



Lecture 6 - Sep 23
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.




At Swmg wlstr = "Td "+ 7oA 5 st

o o s r
anagirtg Account IDs: Automatic .. 75! Slides 76 - 77
| -
class Account {
privaZe static int globalCounter —@ 0 fe(s
priva :|.nt String owne (; YA"'\
publ:l.c Account sString owner| 12

o\ th‘Lﬁ 1d = JollobaiCountery; @

A
okt A5

-? globalCounter ++ ; Ove g& )
Koy - . u Q "
m\tr;(n{ Wrer = owner; } }
class AccountTester { v 0 v
Account accl ¥ pew Account("Jimy; /4(’00,,1.4‘(

AEEounE Sets new Account ("Jeremy") ;
é acc2.getID()); }

System.out.println(accl.getID()

g’é* X




Misuse of Static Variables Slides 78 - 79

public class Client {
private Account|[] accounts; (Dééhf
private static int numberOfAccounis
ublic void addAccount (Account a¥d) Al
;;J}],accounts [this.numberOfAccounts] = &N
thjs\. iumberOfAccounts ++; aof,

oy Ll

public class ClientTester {
Client bill b/n w Client ("Bill");
Client steve new Client ("Steve");

Account accl = new Account () ;

_Account accZ2 = new Account () ;

.addAccount (accl) ;

[ %

stevé JaddAccount (acc?2) ;

- |




Use of Static Variables: Common Error Slides 80 - 82

public class Bank {

private string branchName;
public String getBrachName() { return this.branchName; }

private static int nextAccountNumber = 0;

publiclllEEEEEEEE Y ) |
nextAccountNumber++;

return this.branchName + nextAccountNumber;

OO NO O~ WDND —

Learphalee Y adlls
[ le ot brvot: |Yiofl-eeti. var| uspd 0 [SREC atort

&FM ()44‘39; EanL 3667,47[5 ar: Maéj(’ff

@ 0b/(> @ L DI’IA]L‘.M)?




)
/ public class Bank {
2 private string branchName;

public String getBrachName () { return this.branchName; }
private static int nextAccountNumber =
public static String getInfo() {
nextAccountNumber++; wif
return &his—brancehMame + nextAccquntNumber;
No-§afiC Var-

O oOoONOOLPA~,W

U
[ b =
public clas
privatevylng branchName; ﬁ waf 4

public String getBrachName () { return this.branchName; }
private static int nextAccountNumber = 0; L‘M 4m@
public static String getInfo() { Le

nextAccountNumber++; 410\‘ 4
aste®

return this.branchName + nextAccountNumber;

O oO~NOOTLHA WM




Example: Reference to this Slide 59 - 61

public class—Person | ofhe,
private g::.ljng Vhame; usP
privage ersoWﬁ,] ‘# ,thl’j 4’2;,45? =z

public Person(String na e){{ {

this.name = name; l/ UFm'éFMSP::"d[

}
public void marry(Person other) {

i((D thrs . P = R >%
@,me/.srw«so: +h7s >

QIX{ /¥ < Ewve ¥/

Person jim = new Person("}Jim");
Person elsa = new Person("Elsa");
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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
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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 25
OOP Review

Caller vs. Callee

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

To Handle or Not to Handle: V1



Announcements/Reminders

e Today's class: notes template posted
e Priorities:
+ Review LabO
+ Complete Labl; Due: Next Tuesday (Sep 30)




method fhot falk avothes wethen ¥ Looh wothool toll defiws & talley-ralty

Caller

VS.

Callee

vethool Fhats called % troftty ot yolatad,

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

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

q /* static type of o is C2 x/ /10[{91/ Z\I M(

(ol :|(oym2

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

(Ble 1) Moke((

GaDo collee . glass (37 (allee

wd m( 53 (1 0= (i0)s 0.mly3






Visualizing a Call Chain using a
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What to Do When an Exception_is Thrown: Call Stack

e

(‘77 4Y(>(‘ Method where

error{occurred and an

exception object thrown
(top of call stack)

throws an

exception

forwards/

"2
(AQ);W ’e;\ Method

ithout an exception handler |

propagates

an exception (V'\(

catches an ¢ ‘ ‘
cept|on

Method |with an exception handler

el i )

Ad rd /_l—_e}gd =i

L

method

(bo om of call stack)
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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 30

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)




Version 1: B.mb Catches

class A {
A() {}
s | Togty oo
void mié ;ﬁ throws NegValException {
if (7=

1ntlng abnormal exec of A.ma");

hrow new NegValException(“Neg Val:

i)

Aelse {
@println("normal exec of A.ma");
}

class B {
B() {

void mb(int 0{
A @A st
oa. ma(dﬂ
k’@’ wed: 4‘/;2/ rintln "Fr m B.mb:
Mlzf B.wmb

towmal m
E. ML l'a/

lcatch(NegValException nve) {
@ println("From B.mb: Calling A.ma caused NVE.");

H
B ob_= new B();

(3 b.m_l/b(i’) ; g’4

class Tester {
main(.

pliormal EXFC o Jva >
BML l‘al«a 4. m4

Bt (] e C

catches an
exception

printin("From Tester.main: After calling B.mb.");

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

> method call

™
) method call

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

il

Ppo

Method Tester.main method

need not worry about this error.

subJec’r ’ro ca’rch-or-specufy req?
e ' s celle 4
s;7€z~7/>?f /’f :

sub ject to ca’rch-or-spemfy req?

Mo < s el
B cafches fhof

TESfe/ oM - Affe ch rag Bl
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Version 2: B.mb Specifies,
wss 4 ¢ Tester.main Catches

AQ() {3
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);

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

}
} class Tester {

main(. >
int 1, /S

B ob = new b().

Ly L

ob.mb(1i);

prlntln( 'Tester.main: Calling B.mb did not cause NVE.");
3 %7 catch(NegValExceptlon nve) {

prlntln( 'Tester.main: Calling B.mb caused NVE.");

throws an
exception

forwards/
propagates
an exception

catches 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).

ATAWA

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

> method call

subjec’r ’ro ca’rch-or-specufy req?

Y

K)-wc spetefies o

sub ject to ca’rch-or-spemfy req?

Te

B. imb f}?ﬂ'?/ﬂ' 7t
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Method A.ma causes an error and an

ve rSion 3 : B.m b S 'peCi ﬁ es,_ NegValException object is thrown
class A { Tes.l-e r. m ai n S P eCi ﬁ es e < Method B.mb chooses not to handle the

A() {} error and propagates it

;'?J;\;Z':tse/s to its caller (i.e., Tester.main).
. : < : ti
void ma(int i) throws NegValException { an exception > method call
if(i < 0) { forwards/ Method Tester.main method
println("abnormal exec of A.ma"); propagates Ch(t)r?-ses not to handle the error, so that
] ’ ] an exception is NegVa_IExceptlon is propagated
throw new NegValException('Neg Val: " + i); further (i.e., thrown to console).
}
else {
println("normal exec of A.ma"); 1 .
} Q1. In B.mb, is calling oa.ma
} 3 .
. class B { subject to catch-or-specify req?
B() {}

void mb(int i) ‘throws NegValException { \{G{ /\‘ ' MQ SfPC//)Pf /’f

A oa = new A();

oa.ma(i);
println("From B.mb: Calling A.ma did not cause NVE.");
. Q2. In Testermain, is calling B.mb
class Tester { . R
main(...) ‘throws NegValException { SUbJGCf to Cai'Ch-or-SpeCIfy req?
int 1i;

B ob = new b();

ob.mb(i); - -
println("Tester.main: Calling B.mb did not cause NVE."); \(‘Gg = E. ML ?Pﬁ/)(r /{.


http://oa.ma

Catch-or-Specify Requirement: Call Stack | %

Z\ 7T 4""]& vl?ﬁ—/_*{fp é/ 'FM

; -2
Q1. Origin of Exception: é\ v — Cl.ml A
7.
&.Ml 3

C2.m2
Q2. Methods subject to C S Re

1 wethlls (7| wef‘f M ) CW“’ C3m3

Q3. Methods free from CoS Req —=
- {{{ /[\W‘X *
Vl’ L me ﬁ ( _______

@5 Extreme Case 2 (exception never handled): Cn-2.Mn-2

(i ’V[\w.vv/l»/\ @” 4]7?0727 ' ;
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Lecture 9 - Oct 2

Exceptions

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



Announcements/Reminders

e Today's class: notes template posted
e Priorities:
+ Lab1l solution video released
+ Lab2 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

@©.. /* before, ouside try-catch block */ @©.. /* before, ouside tay—catch block */

@lo.m(...)} /* may throw SomeException o0.m(...)} /* may throw SomeException */
(2)... / * rest of try-block */ X... / * rest of try-block */

g ¥

.. /* rest of catch-block */ ®).. /* rest of catch-block */

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

xﬁtch (SomeException se) { atch (SomeException se) {

When the exception occurs

d .
) \,—.MM’* o LRV'(’/’A v ok VP.S{ o{- Ho& bflmf spd
S e SR pted 0boane d.



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

Scenario: Caller chooses to specify/propogage the exception.

Normal Flow of Execution Abnormal Flow of Execution

class C1 {
void m1 throws SomeException {

... /* some code */ ... /* some code */

... /* some code */ . /* some code */

C2 o0 = new C2(); @ ocw""’( C7 o0 = new C2()

o.M}~ eyt 2 om0 ity thn oy gl
® ... /* some code */ .. /* some code */

(5{ /* some code */ .. /* some code */

s

o .
When the exception does not occur When the exception occurs



Error Handling via Exceptions: Circles (Version 2)

public class InvalidRadiusException extends Exception { Te$'|‘ Case:
public InvalidRadiusException(String s) {
super (s) ; User enters

} } The

class Circle { W‘
double radius; -fw “[,
Circle{) { /x radius dequllts to 0 #/ '} QtK
oid setRadius (double # throws InvalidR iusEchd

f{Rhs (r < 0) ¢ /o

}

else @adlus = r,l M(‘a::‘rolﬁqa“*

double getArea() { return rag ius x radius = 3.14; }

public class (CircleCalculator2 {
public static void main (String[] args) {
IScanner input = new Scanner (System.1in);

@boolean inputRadiusIsValid = false;

Q) hi ! nputRad%sIsValld) {

|B (I) ystem out.println("Enter a radius:");

>

double@z _7_nput nextDouble fh'o,/

'qn(_.) Circ 1rcleg RE #M
/Y /0-\-» 1Rt ‘Q

1nputRad1 usIsValid = true;

iy & YaD‘iﬂS:
¥

T (N4
Eﬁ&a vaolfas'-
lom 7T .~

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

catch (TnvalidRadiuskException e) @print("Try again!"); }

CC‘L"""







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;
Grrcle (x_radius defaults to 0 x/ }
void|setRadiug(double r) throws InvalidRadiusException {
if (£ < 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 .. b.accounts.lenth - 1

} accounts a-|\)|
/

class(Account) {
int 1d; double balance;
Account ) { /+ balapnce defaults to 0 */ }
void(withdraw(double a) throws InvalidTransactionException { aCC].
i Ga = O balalnce - a < Q) { ‘ . . A_ccoun.l.
throw new InvalidTransactionException("Invalid withdraw."); }
else { balance -= a; } class (ESnkN — id 23
)} Account[] _accounts; int numberOfAccounts; bal. 0 ngf
Account (int id) { ... }
void(withdraw(int id, double a)
throws InvalidTransactionException {
| for(int i = 0; i1 < numberOfAccounts; 1 ++) {
h if (accpounts[i].id == 1id) {
A‘m" accounts([i] .withdraw(a) ;
L ‘,d‘ rGw } r—
EN' y,r \ /% end for «/ } class‘ BankAp-pllca.thI’l .{ _
pubic static void main(String[] args) {

Bank b = new Bank () ;

EQ.MCW‘ 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 &

Lustounized eXeepfrons Lve

wveletod % Lach ot

Ol double - - - ii) Test Case 1:
double a =_-.;
try{ a: -5000000

Bank b = new Bank(); . 23
b.addAccount (new Accountéaf)); £ 4#“””1 r
b.deposit (34, 100); ﬁﬁ# z ne

-
b.withdraw(34,%2); ~> (11
Circle ¢ = new gircle();

7 g ~>
.setRadius () ;"> W& {%

7L3ystem.out.println(r.getArea());
}

,fh“"‘m Test Case 2:
a: 100
r: -5

tch (NegativeRadiusException e) {

L, 1%
Lot blecks

(an o
Qvrer d//ﬁ

— M/ov &

ystem.out.println(r + " is not a valid radius value.");
e.printStackTrace () ;

}

atch (InvalidTransactionException e)

System.out.println(r + " is not a valid transaction value.");
e.printStackTrace () ;

}




More Example: Parsing Strings as Integers | fLhe— Zw

vl

Test Case:

User Enters: fwenty-three

System.out.println("Enter an integer:"); f§User Then Enters:
G?String userInput = input.nextLine();
: / v mregbs
try | R L NEE ot }:m, i/’ 'fﬁ
| (afnt userIlnteger = Integer.parseIntfa:::%zgg;ﬁ; v 5'
XvalidInteger = true; “tdgq-?.fé.dor’ /{/U{' 'VA/70{

} Gitar on mf7& 1
catch (NumberFormatException e) 23
System.out.println(userInput + " is not a valid integer.");

/+ validInteger remains false #*/




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 mI (int x) throws ValueTooSmallException {
afilz = 0) |
throw new ValueTooSmallException("val " + Xx);

}
}
}

Example 2: Method that calls another which throws the exception

class C2 {
@zl @ilh
void m2 (int x)
el sml (33) 7
}
}

throws ValueTooSmallException {




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 input.nextInt () ;
& B2 new c2();
try {

E2 . M2 (%) 3
}

catch (ValueTooSmallException e) { ...




A Class for Bounded Counters it

private int value;
public Counter () {

}
return value;

/* more later!

/

public class Counter { v
publiec final statie int VALUE =13 0 [ 2 '>
public final static int(MINYVALUE =|[0;

this.value = Counter.MIN_ VALUE;

public int getValue () {

/* class Counter =/
public void|increment ()| throws ValueTooLargeException
if (value == Counter.MAX VALUE) {
throw new ValueTooLargeException("counter value is
}
else { value ++; }
}

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

}

{

" + value);

¢

" + value);




Coming Up with Test Cases: A Single, Bounded Variable

NJ{J L > c.increment()

> c.decrement()



Lecture 10 - Oct 7
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




¥ VLL o VIIE nd e177€n’fd
Coming Up with Test Cases: A Single, Bounded Variable

%€ NTCC expeial Jor w0, ATIE Expavd Av deC

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

J[ C\ I I I I I I I I I I |
/ﬂJ L > c.increment()

¥ > c.decrement()




JUnit Test Method vs. Method, Under Test
L (J0a) 70 o M’

@Test J(pzl 2/

public void[test() { e f"’”;, gt
MyClsss o0 = new MyClass(); 7 )7 R
assertEquaIs(23|, Ié.getVaIue()‘ :

) / { 105t

/’ N
T ptd e S

ogfh T &
S NS 7

- -L|Jwet 1Pst metha

Qb o andler 25> | e
T Ceflce) |00




Test-Driven|Development (TDD): Regression Testing

BAC(M{C' fix the Java class under test
[ ——— b‘ del’%ﬁ when some test fails
___|{_ w\o(;el extend, maintain
”«0 {; Java Classes
wz;,rd\ (e.g., Counter)
(g" 443’ . 0 » 1uo (re-)run as
= 47:I\ GQC derive 03 £ junit test case g
U ”'(F( A JUnit Test Case
4 ‘z"‘ Ie{? ) (e.g., TestCounter)
ol
1 7 W {
7\

when all tests pass

add more tests

/ZT/PO/.

| f.?sf’ﬂfﬂf,;/

pw€ 7
Ly wd "

m/de ﬁ..,? lé v M{‘ﬂﬁg‘(
¢ M “M'Z
Frajrg:vivtork ;F /{A/M 1
os fa
@L fewe Ce ¥
5 4”&;: 14 of 1
. @\Aﬁ 4
¢ L;'M”’?;wa/y






Self Studies

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

Examples on JUnit: Slides 23 - 25




L
A Default Test Case that Fails k‘/y e 725t

The result of running a test is considered: W
jﬁ t A, ,Ay, ,olrf/bf'a/f’

o Failure if either
e an assertion failure (e.g., caused by fa11 assertTrue,
assertEquals) OCCUIS V,@ [() q&‘\cl (”
e an unexpected exception (e.g., NullPointerException,
ArrayIndexOutOfBoundException) thrown
o Success if neither assertion failures nor (unexpected)

exceptions occur.

() TestCounterjava 2% .
1 package tests;

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

P 4 public class TestCounter {
Jd" S5e @Test

p‘ﬂ“ﬁ 6| public void test() {
Yp&‘d);k\f // fail("Not yet implemented™);

f 1

¢ 93

it 10

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

@Test

public void testIncAfterCreation() {
Counter c = new Counter();
assertEquals(Counter MIN_VALUE, c.getValue());
try { —» ey or mof ey nol ) YT

c.increment (

assertEq'uals(l, C. ge?g%‘s;(y’g 'fblOW'l C&(VP&) 'f?;t W{S

What if increment is

—

©CoOoONOOOP~,WN—

catch (ValueTooLargeException e) |
10 /+ Exception 1s not expected to be thrown. x/
fail ("ValueToolargeException is not expected.");
Calling clincrement()
when c.value is O should ot

@Test trigger a ValueToolLargeException

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

1
2
3
4
g ; "CV 1{ncrement ()7 I/\'? IVTLE -f'h)OUJA (T”MVPC{)
7
8

XassertEquals (1, c.getValue());

9 atch (ValueTooLargeException e) {

10 /+ Exception 1is not expected to be thrown. */ ¢

11 fail ("ValueToolargeException is not expected."); 7&,
i e.g., It throws VTLE when 1
130} 1l.

c.value < CounterMAX_VALUE



Running JUnit Test 1 on Correct Implementation Ipwiev

/
public void ipcrement () throws ValueTooLargeException { I/‘LE ).er

@it (vAue —=Counter.MAX VALUE) { +hron .
Xthrow new ValueTooLargeException("counter value is " + value);

}

else { value ++;

@Test
public void testIncAfterCreation() {

Counter ¢ = new Counter();l Lv==0
ssertEquals (Counter.MIN VALUE, c.getValue());

try { e, 12
c.increment () ,/\-) Aﬂﬂé ‘fha"A
assertEquals (L c.getValue());

}
thh (ValueTooLargeException e)

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

fail ("ValueTooLargeException is not expected.");

=

V5




Running JUnit Test 1 on Incorrect Implementation

public void<incremen§() throws ValueTooLargeException { émﬁaﬂ
%f(va?ue © Counter”. MAX_VALUE) { 7

throw new ValueTooLargeException("counter valye is " + value); /U/"ZE M
ﬂ

} wexfpzrpd , Ao

Xelse { value ++; }

i @Test
,\PA 2 @ public void testIncAfterCreation() {
& ( 3B counter ¢ = new Counter();| (- ==°
J(EQ 7 4 M2)assertEquals (Counter.MIN_VALUE, c. getValue() ¥
. 5] try {
M {/’A\ ‘MQ 6l @ c. 1ncrementg)/\;'vn£ fhw Mﬂ??ft(?dl
A\ 4
8
9

L o XassertEquals( , c.getValue()
y\a‘) @LY catch (ValueToolargeException e) {
\H\ 0 /* Exception 1s not expected to be thrown. */
N‘(LQ 11 @fail ("ValueTooLargeException is not expected.");
12




JUnit: An Exception Expected

—_
QOWoOONOOTA~,WN =

—_ .
N —

©oo~NOOCOaOPrWN —

@Test
public void testDecFromMinValue() {

Counter ¢ = new Counter();

assertEquals(Counter MIN _VALUE, c.getValue());

try | /7 ’Vf N(/l Wv{’[‘f’)

c.decrement ()

)(fall ("ValueTooSmallExceptlon is expected.");

}

catch (ValiueTooSmallFException o)

b/ﬂ<EXception is expected to be thrown. #*/

} ORG5 .

@Test
public void testDecFromMinValue () {

Counter c¢ = new Counter();

assertEquals (Counter.MIN_ VALUE .getValue());

try, /\P 'VTIEVI/ f"m &VPCF)

c.decrement (
fail (“ValueTooSmallExceptlon is expected L

}
atch (ValueTooSmallException e) ‘L,B(l'
/* Exception 1s expected to be thrown */

What if decrement is
implemented |correctly?

e.g., It only ThrowsV when 4\’2(

c.value < Counter-MIN_VALUE



Running JUnit Test 2 on Correct Implementation PYATIZ
VRE #noun

ublic_void decrementé) throws ValueTooSmallException {
Qi;if(value == Counter.MIN VALUE) {
Qhrow new ValueTooSma]lException("counter value is " + value);

poect bepatour!

else { value ——; }

}

catch (ValueTooSmallException e) |
@/* Exception 1s expected to be thrown. */

P9

pﬁkd 1 JRTest
{st Y 2 fpublic void testDecFromMinValue() {_
3 §Dcounter ¢ = new Counter();l [.1/"""'0
Counter MIN VALUE, cC. ;
‘/k fl/\ | 451 2) :;e:{:‘tEquals( E L c getValZe())
hﬂd/\ 6 éc.decrement () ;Y /][f\.f #Nﬂ
K 7 X fail ("ValueTooSmallException is expected.");
8
9
U
1
2

— —




Running JUnit Test 2 on Incorrect Implementation

ublic goid<jecreme () throws ValueTooSmallException ({
d%if(value My Counter.MIN VALUE) {
){throw new ValueTooSmallException("counter value is " + value);

}

else {"value —-;

public void testDecFromMinValue() | 0
(DCounter ¢ = new Counter(); | LY==
ssertEquals (Counter.MIN VALUE, c.getValue());

try { o (o]
c.decrement () ; 72 I|/ﬂ\E @ ‘th,

fail ("ValueTooSmallException is expected."):;

[Wﬁoo

T

atch (ValueTooSmallException e)
/* Exception 1is expected to be thrown. */

ATIE. Hhoury




JUnit: Exception_Sometimes Expected, Somtimes Not

Expected Behaviour:

1 @Test
S T o Calling c.increment()
o jncrement(),-) c.increnent ) c.increnent () 3 times to reach cs max should not
(Y T —— trigger any ValueTooLargeException.
g } fail ("ValueToolLargeException was thrown unexpectedly.");
1? ::;e:{’:tEquals(Coziz;.t?er.MAX_VALUE, c.getValue()); Calllng c.incremen’r()
13 ggiiTf\e/:iZ;T(;?LargeException was NOT thrown as expected."); when c is already at its max should
1; cateh (ValueTooLargeException e) trigger a ValueToolargeException

/#+ Do nothing: ValueTooLargeException thrown as




Lecture 11 - Oct 9
TDD with JUnit

Example Test 3:
Some Exceptions Expected, Some Not
Console Tester vs. JUnit Test
Using a for-Loop for
Call by Value: Principle, Circle Examples



Announcements/Reminders

e Today’s class: notes template posted
e Office Hour during Reading Week to be announced




Running JUnit Test 3 on Correct Implementation

(value ter. MAX VALUE) |

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

gubllc voig ent () throws ValueTooLargeException ({
€

<}Else { value ++; } L') W'fce é&hv

@Test
public void testIncFromMaxValue ()
Counter c = new Counter()

try { t\’“ @

c.increment () . increment ()|;

}
atch (ValueTooLargeException e) {

fail ("ValueToolargeException was t@wn unexpectedly.");

=

~.( ( C%Z} assertEquals (Counter.MAX_VALUE, c.ge
,X‘Y{ ery |

O ©Ooo~NOOOThWN =

alue());

@c. increment () ; \) ’VTLE ‘['hN/]

: VZ¢ \Lfail("ValueTooLargeException was NOT thrown as expected.");

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

J

255



Running JUnit Test 3 on Incorrect Implementation

ublic iozl.d 1ncrement% throws ValueTooLargeException ({
if (value #ww Counter.MAX VALUE) {

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

} .}anm%

else { value ++;
}

@Test
public void testIncFromMaxValue() {
U)Counter ¢ = new Counter(); L.V ==0

try ~>

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

}

catch (ValueTooLargeException e) {
(" fall("ValueTooLarquxceptlon was thrown unexpectedly.");

e K :
( 9 ol ves 2L
-\ & 7 10 W\ dssert (Counter.MAX VALUE, c.getValue());

oK
~\
AR
S
RNOOTPh~OWN =

11 ry {
,\e 12 c.lncrement () ;
0'\( V\ 13 fail ("ValueToolLargeException was NOT thrown as expected.");
14
% 15 atch (ValueTooLargeException e) {

17

qﬂ ] 16 /#* Do nothing: ValueTooLargeException thrown as expected. x/
18




Running JUnit Test 3 on Incorrect Implementation

[9. bl:l. §@ncrem throws ValueTooLargeException ({
‘e, f(val Count MAX VALUE) {

Xn:hrow new ValueTooLargeException("counter value is " + value);

}

else { value ++; }
} 0o-|

@Test
public void testIncFromMaxValue
ounter 1/—=O £1/ _ 5

c.increment () ;| c. 1ncrement c.increment () ; ,

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

Co~NOOOhr~wWND =

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

@cy i{ncrement (); D ’WLE Vg ‘f“"‘o“"/l 5

*WJ gg, 13 fail ("ValueToolargeException was NOT thrown as expected,™);
fO " 140 4\ [
A Xatch (ValueTooLargeException e) { a? 4

01 #a’le z 16 /#* Do nothing: ValueTooLargeException thrown as expected. #*/
: 17
Q{Y 3 [q 18 )




Exercise: Console Tester vs. JUnit Test i fch/ 7 (mosod !

public class Counterltit.gy[-\ ;AM
public static void |main|String[] args)
Counter c¢c = new Counter();
println("Current val: " + ¢ XetValue() ) ; Q‘.\( l\/AI;e @ ma%>§
CV try IA;WE thow)
; C.increment(); c.increment(); %W WE (. —-)

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

}
catch (ValueToolLargeException e) {
\/println("Error ,ValueTooLargeException thrown unexpectedly.");

J _20 i
tcycl{zlcrement( f\p:“’\(ldlglﬁfud:ﬂdrf m m #N

println("Error: ValueTooLargeException NOT thrown.");
/* end of inner try x/
catch (ValueTooLargeException e) {
| println("Success: ValueTooLargeException thrown.");
}
} /+ end of main method */
} /+ end of CounterTester class #*/

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



Exercise: Combining_catch Blocks?

Q: Can we rewrite test IncFromMaxValue to:

@Test
public void testIncFromMaxValue() {
Counter ¢ = new Counter();
Ty {
c.increment () ;
c.increment () ;
c.increment () ;
assertEquals (Counter.MAX VALUE, c.getValue());

©CoOoONOOCOTPR~,rWN —

Yifc.increment();
10 fail ("ValueToolargeException was NOT thrown as expected.");
11 }
12 catch (ValueTooLargeException e) i
13 Q}}

Hint: Say Line 12 is executed, Jou P2 exptdy] >
is it clear if that ValueTooLargeException was thrown as expected?




, what o

Testing Many Values in a|Single Test MA s O

©CoOoONOCOPrWN —

NN = = b e
N O0CO0WoOoO~NOOOR~rWN—=O

M&X 2 /OO'O
Loops can make it effective on generating test cases:

@Test
public void testIncDecFromMiddleValues() | _
Counter ¢ = new Counter(); 5; LZ C? I 22
try { o
for (int J = Counter MIN VALUE; 1 < Counter.MAX_VALUE;)i ++) |
int currentValue = c.getValue(); >
c.increment () ; %'e e A.#'f['/ 6’4C
assertEquals (currentValue + 1, |c.getValue());
}
.for(int i = Counter.MAX VALUE; 1i(>)Counter.MIN VALUE; 1 —-)
int currentValue = c.getValue();
c.decrement () ;
assertEquals (currentValue - 1, c.getValue());
}
}
catch (ValueTooLargeException e) {
fail ("ValueToolLargekException is thrown unexpectedlv");
}
catch (ValueTooSmallException e) {
fail ("ValueTooSmallException is thrown unexpectedly");
}
}




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 21
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



Call by Value: Re-Assigning m'f ive Parameter

@Test
public void testCallByVal() {
DUutil u = new Util();

void reassignInt ( 1nt(ﬁ“ -,
= 3% % & )
void reassignRef (Point q)
Point np = new Point (6,
q = np; }
void changeViaRef (Point Q)
g.moveHorizontally(3);
g.moveVertically(4); } }

€9assertTrue(1 == 10);
. reassignInt(i));
assertTrue (i == 10);

Pr
© .
public class Util { D 4
2
3
4
5
6
-
8




Call by Value: Re-Assigning Reference Parameter . .. 7

1i 1 i1
P camm el 2 lpublic void testCallByRef 1()
void reassignInt (int 7) ; 2 MEil o = new TEadi() s f(’;flp

= 1 .

4 Point p = new Point (3,

—

5 Point refOfPBefore = p;‘-~
b u.reassignRef @;

g

d : : 7 ssertTrue(p == refOfPBefore);
void changeViaRef (Point Qq) 8 assertTrue(p i) — S
g.moveHorizontally(3); 9 r@ e 7

g.moveVertically(4); } } 10

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

}

E Z] 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; }

i
f\
—
b=
5
5
—
c&é.‘e-{
Gv‘w-e-h



Call by Value: Calling Mutator on Reference Parameter

1 f @Test
bli Al Ut
pubiic class ULl {_ , 2 fpublic void testCallByRef 2() {
void reassignInt (int 7) { 3 @Util i = few TELI[
i = 7 + 1; : A
= . : : : 4 BR)Point p = new Point (3, 4);
void reassignRef (Point q) { 5 85 boint refofPBefore — -
Point np = new Point(6, 8);Q o — !
L =:_ el
= i ) ] 7 g fOfPBefore) ;
void changeVJ.aRef(Pomqt-(q) { 8 a'ésertTrue(p ot ;
.moveHorizontally(_}:),z' 9 °.assertTrue(p getY ()
.moveVertically(4); % } 10 " '
= " os public class Point {
—~— (Kfﬂ'( private int x;
P7 ’ private int y;
/X. \i public Point (int x, int y) {
this.x = x;
‘g % this.y Vi
! }
public int getX() { return this.x; }
,V' public int getY() { return this.y; }
t.L' public void moveVertically(int y){ this.y += y; }

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

g
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Object Equality: First Example

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

class PointTester {
.. main(...) {

PointV1 pl = new PointV1(3, 4),
PointV1 p2 = new PointV1(3
System out. prlntln(D equals(

Ql:

Does PointTester compile, given
that equals is

not declared in PointV1?

\ES.
Qa:

Where does equals come from?

L ?7!;’ oot
V4 v &

public boolean equals(Object ¢63) {
return (this == ohj);

@ PP

}011 { don "’“’F s~



The equals Method: To Override or Not?

public class Object { /Qéq(
2,

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

private int x; private int y;

- >’ public PointV2 (int x, inty) { ... }/
; q/ P ’ public boolean equals(Object obj) {
private double X, R[
le
7

! ’ i if(this == obj) { return true; }
private double y; 0[’ tyk L if(obj == null) { return false; }
public PointV1 (double x, do tl

this.x = x;
this.y = y; )ﬂv/\ 0
b

15 o€

S

Y% { . if(this.getClass() != obj.getClass()) { return false }
‘S{’C PointV2 other = (PointV2) obj;

d ' return this.x == other.x

E && this.y == other.y;
s
b




The equals Method: Default Version

public class Object { String

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

b

;

O OWooONOOOTPRWN—

— —

extends

public class PointV1 {

S:

PointV1l pl
PointVl p2
PointV1l p3
System.
System.
System.
System.
System.
System.
System.

out
out
out
out
out
out
out

private int x; Plpoini‘Vl
private int y; pl

public PointV1 (int x, int y) { X

this.x = x; y

this.y = y;

"2 1M

= new PointV1(2,
= new PointV1(2,
= new PointV1 (4,
.println(pl ==

<println(p2
«printin(pl
.println(pl
«prinptln{pl
printlin(pl
.println(p2

PZ Pl PointV1

X

Y

m ol?/ JP#"E Mﬁ ofda& m’/\ﬁk

4 N

PlPoin’er

X
Y




Lecture 13 - Oct 23
Object Equality

Call by Value: Array Indexing
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




Call by Value: Array Indexinq RygSystem sys = new RygSystem();
L e Student s1 = new Student(“alan”);

. class Student { Student s2 = new Student(“mark”);
. String[] courses; int noc; sys.add(s1); sys.add(s2);

I i ' ' s/registerigdin ¢
| _void register(String courkegg Sy ste Z‘z’ é.%gisteﬁsé%%z%%)%tem()
¥ | sys.registerAll("EECS2030");

class RegSystem {

Student[] ss; int nos; &
id ister(Stud @i : )

_s.register(course); .-~ .« . «
} 42 f‘hls (‘L‘I 66.; gz

void registerAll(String course)
for(inti =0; i< nos;i++){ qu\t
this.register(this.ss[i]} course); el

st
c.lw o, o




Method Call When Multiple Versions are Available

0054t 7 =) et vy
At S Xlequals(y) | " 4% 2% .,
| i T e 2. vy war;
PrmcuEI egﬂ Lf{/\g (7 exnfr).

+ 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).

d}man«?c ﬁff’ 74 J\ome[[css overvicles 6?/4/5 ,

&N'Q(:lass ): e Lil| 7> VeSS,
. NKQ/ ”ﬁm o dd. o Somellss

o
Aoeg ﬂ_g_} oJeth?J egda
; 1‘} el cal] e phiault vasoA,




A = ved %Mtfvl()s
S e i1 =T

B>

i
/\[{0\\ . ¢

X = o Yot ) vl

X, Egdafs (.--). )j@

N—




public class Object { I

i).;Jblic boolean equals(Object c)ﬁjq' {
return thfs == ogj; Al
yopl o pi ol

PointV1l p3

>

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

extends System.

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

pl

Y

\E

System. out.
System. out.

printin/(

<Printin @

.println(ﬁj.
.print1n{pl).
.printin (gl .
.println(pZ2.







Call by Value: Invoking the Overridden equals

PointV2 pl = new Pln v2(3

Pein-Wa pi = new #7’

PointV2 p3 = new P01ntV2(4, 5);
System.out.println(pl == pl); /* true =*/
System.out.println(pl.equals(pl)); /* true */
System.out.println(pl == p2); /+ false x/
(

public class Object {

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

b

bs
System.out.println pl. equals (p2)); /+* true */

System. 2 p3); + false =/
); /* false «

OO NO AW =

extends

private int x;
private int y;
public PointV2 (in

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

iff I){reunfalse ¥
if(this.getClass() l—@@s()) { return false }
obj;



Left Operand opl Right Operand op2 opl && op2

4 l ( true false

false
false

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

System.out.printl nW
int y = input.nextIat();

if@sl= 0 &&|&)/§)>122 { ) 7., 1'10 0{7, eul. % T
“System.out.println(" X_1s greater then2");
b T @ -0 (k9 Ls tel op? & decle

else { /* Ix '=08&& Yy / x> 2) == (X ==

if(x = 0) { e ~('m( rPJ:A/(‘ qc &L

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

ilse{ | | 1.1. 'Z# op g(a[, ﬁ,'/f
. System.out.println("y / x is not greater than 2"); l/) ék Gl. o‘c OPZ

'(V R
; f"Q "P"\‘\ YfM’F J Z% 7




o
Short-Circuit Evaluation:(|| Af' i

Left Operand opl Right Operand op2 opl he "’}/

false false = false
false

true her )

true 4n00S
System.out.println("Enter x:"); ﬁj P .//\{ -
int x = input.nextInt(Q); v

System.out.println("Enter y:"); / éllhd/ﬁff b & R.

int y = input.nextInt();
ifx =0 11y /x>2 { 7l i
if(x == @) { i

System.out.println("Error: Division by Zero"); L> &Iﬁl 2 A a/ecﬁ/@
}
else { he ‘f‘fnﬁ [ verlt £ U/

System.out.println("y / x is greater than 2"); l [
} 9
, 11, < wopl-em t= T

else { /* ! (x=01ly/ x>2)=X!1=08 Yy / x<=2) */ l’)ék’( RIGl
System.out.println("y / x is not greater than 2"); V

} r&df' ot I =

@
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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 */ }




Lecture 14 - Oct 28
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

public class Object {

public boolean equals(Object obj) {

return this == obj;
b
}

extends

public class PointV2 {
private int x;
private int y; .
public PointV2 (int x, int yv)y{...}
public-boglean equa/s(ObJect Ob_]) {
E:this == obj) { return true; }
if(ob] == null) { return false; }

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

&& this.y == other.y;

Phase

PointV2
X
Y




public class Object { String s =

PointV2 pl = new PointV2(2,
public boolean equals(Object obj) { PointV2 p2 = new PointV2(2
return this == obj; PointV2 p3 = new PointV2(
) System.out.println(pl,= / *
T System.out.prlntlné p3) ; {7
System.out.println equals (pl));
System.out.println(pl.equals(null));
System.out.println(pl.equals(s)); /~ | IR+
e)('l'ends System.out.println(pl.equals(p2)); /*-//
.out.println(p2.equals (p3)); /#* - */

A 7§
PointV2 ﬂl PointV2 PointV2
P1—=2X P2~ I'x

ﬁd b Y (7 Y
£
if(this.getClass() != obj.getClass()) { return fals? ¥

public class PointV2 {

P AL
public pointV2 (int x, int y) {‘/ b Yl A
p;gilequa/s(ObJec { ‘e k'e

{ re

if(obj == nofl) { return false,

0L\
4 P4 = p3s R )
PointV2 other = (PointV2) obj;

e O @ﬁ/ﬂw 2y

< P




e 472
The equals Method: Overridden Version @ f Z f ) Phase 2

—?,J <
public class Object { 3 ﬂ’f Fhﬁe é i

public boolean equals(Object obj) {

, return this == obj; (ﬁ(v_él"'ﬂtd.l’){
: bt == a3

. Y&fMﬂl T 3
e(get /e Hs Tz aqllx)

retwa s

extends

public class PointV2 { ‘I
private int x; 3
private int y;
public PointV2 fint x, inty) { ... }

pu oole equals(Object obj) {
*Ifithlj { return true; }
f(obj == nuII) { return false; }
|f(th|s getClass() != obj.getClass()) { return false }

PointV2 other = (PointV2) obj; PointV2

return this.x == other.x

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

¥ Yy
b




The equals Method: Overridden Version Example 1: Trace L8

public class Object { Skring &5 = "(2; 3}%;

PointV2 pl = new PointV2A2,

PointV2 p2 = new PointV2(2,

PointV2 p3 = new PointV2(4,
System.out.println(pl )
System.out.println(p2 == p3); /+ | KKEKEKR+/
System.out.println(pl.equals(pl)); /x-*/
System.out.println(pl).equals (null)); /x- */
System.out.printin(pl.equals(s)); /~* | IR~/
System. .println(pl.equals (p2) /+
System. .println(p2.equals (p3) J # -x/

public boolean equals(Object obj) {

return this == obj;
b
}

extends

oW ooNOOCOTA~rWN =

)
)7

—_

PointV2 ﬂlPoin’rVZ ﬂlpoinfvz
public class PointV2 { Plﬂ X Pz X p3 X
private int x; N vy Y

private int y;
publie-PointV2 (int x, int y) {

publif_boolean Pﬂlla/Q(Oh'iP(‘f@% . 7&"? ‘f '1.4”
iszhis == Ob]l) Mreturn true] ’}/\(, ]7, n JM /Ml'
[§

o’

if(ob] == null) { return false; '(
if(this.getClass() != obj.getClass()) { return false }

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

} M“



wey b e uime typl - Aoterm@Es fhp VOSan of ey Ll

3 ﬂ&Sfaﬁc Type, Dynamic Type, Type Casting wv | ST | o7

(: Static Typed: 4 ref variable’s declared type ol | €] m| ezt
> Dynamic Typet type of address currently stored in a ref variable °% [£2 | w2, W

JPC’ Type Casting: creating an expres‘s/lon of certain static ’?'pe o> ﬂ"r_p_rf W

J ldassci< el = new),

dgmf‘“ I I 02 = new[C));

2 | public void m1() {.. } 01 m1();

ﬂ‘i: o85> §7:0 1.m2(); X — :{mz 7%

o E /I[Z]ml() not o 1

Z ﬁ‘;’f‘\'mclass C2{ ” ,(())zbrEIZE ;( Z’.LT /,:?7

{W‘t ol ct|o 0) [l ol —~ —@—
Wﬂ\{' « public void m2() {.. } | o3 =01;~, ,:( |
'Pha } O ml K 1 P | §

“’;p, Y S : ;% Yo o

y D»"ﬁf} ((CY) 03) () 1/

J( Q ‘((Cl) 03}.
I “04 03 = 02;
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The equals Method: Overridden Version o Phase 3

public class Object {

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

extends

laes (
ck-fef[/( ()

/\i —

public class PointV2 { ..’
private int x; |
private int y; . .o
public PointV2 (mt x,inty){..}
public boolean equa/s(ObJect obl-) {

if(this == ob],l { return true; }

if(obj == nuH) = null) { return false; 3
if(this.getClass getClass( b_] getC/assg )) { return false }
PointV2 other = (P ; dﬁ\ PointV2
return this.x == othe. o e( *
&& this.y == other.y; pub X

Y




The equals Method: Overridden Version

Example 1: Trace L9

public class Object {

public boolean equals(Object obj) {

return this == obj;
b
}

extends

oW ooNOOCOTA~rWN =

—_

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

String

s =

Pointv2 pl
Pointv2 p2
PointV2 p3

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

out
out
It
out
out
out
out

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

wprintilni(pil
.println
M oyabtioh=ilia

.println(
.println\(pliequals
.println( .equals

.println(p2.equals(p3));

(p2
(p1.

PointV2

p3 ﬂl PointV2

X

o
—
N X \

Y Y

o7




Lecture 15 - Oct 30
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
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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 4

Inheritance

Design Principles: Cohesion, SCP
SMS: Design Attempt 1

SMS: Design Attempt 2
Implementing Inheritance in Java



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
Verbs -> mutators

Problem: Astudent management system stores data about
students. There are two.kindsof university students: resident
students and non-resident students. Both kinds of students
have a'name and a list of registered courses. Both kinds of
students are restricted to register for no more than 10 courses.
When(calculating the tuition for a student, a‘base amount is first

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

public class Stu

privat

private in

22
privat

i

private double premiumRate;
private double discountRate;

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

b

i, .

et @D = vo0 fuglvett (3)3

X

@/\a

ot ko (

A

i

08|

il 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;

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

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

if (this.kind == 1) {

private int kind; return tuition * this. premiumRate;
private double| premiumRate; }

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

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

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

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

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;
b

Good design?
Judge by Single Choice Principle

- Repeated if-conditions yﬂd :
A new kind is introduced?| \7 'ﬂ«

- An existing kind is obselete?

public double getTuition(){

-else if (this.kind == 2) {

| }ILBISE zpdfrao‘ ::3){_ I 3

public void register(Course ¢){

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

return tuition * this.discountRate;

int MAX = -1,
if (this.kind == 1) { MAX = 6; }

"I+ else if (this.kind == 2) { MAX = 4: }

if (this.noc == MAX) { /* Error */{,

else {

this.courses[this.noc] = c;

ﬂl this.noc ++;
)



Testing_Student Classes (without inheritance)

public class ResidentStudent ({
private SEFIfg name; Leee®
private (Coursel] course ,“prlva;e'inf.noc,
private double premlumRatq,‘ /x assume a I

public Re51dentStudéﬁt (Strlng name) {
this.name = name;
this.courses = new Course[l0];

}

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

}

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

tuition += this.courses[1i]

}

return tuition * this. premiumRate ;

i ++) {
. fee;

}

publlc Glase *® cwNShReSident Student | T

e
prlvate String name; Jesec®®
private (Coursel] cou{seg‘ prlvate 1nt mees

private doublg! dlscountRateA /* assume a

public NonRe31dentStuaent Strlng name) |
this.name = name;
this.courses = new Course[l0];

}

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

}

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

tuition += this.courses[1i]

i ++) {
. fee;

}

return tuition x this. discountRate ;

public class StudentTester {

public static void main(String[] args) {
Course cl = new Course ("EECS2030", 500.00);
Course c2 = new Course ("EECS3311", 500.00);
ResidentStudent | jim =

/+ title and

new ResidentStudent ("J. Davis");

*/
*/

fee

title and fee

I r(I::es.s.’_‘\;'.QJ-I —

of

ot at?S?

B

Course

jim.setPremiumRate(1.25) ; Course
dim.register(cl): Jdim.register(c2).: title
NonResidentStudent jeremy = new NonResidentStudent ("J. Gibbons") cl ——
jeremy.setDiscountRate (0.75) ; fee
jeremy.register(cl); jeremy.register(c2);

System.out.println("Jim pays " + jim.getTuition()); fl% INonRes.S.
System.out.println("Jeremy pays " + jeremy.getTuition()); i rcs P

Jeremy

¥

0.7k

dr

title

c2

fee



Student Classes (without inheritance): Maintenance (1)

public class ResidentStudent { public class NonResidentStudent {

private String name; private String name;

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

private double premiumRate; /+ assume a n private double discountRate; /x assume_ak

public ResidentStudent (String name) { public NonResidentStudent (String namej {
this.name = name; this.name== name;
this.courses = new Course[l1l0]; this.courses = new Course[l0];

} 1

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

this.noc ++;
} }
public double getTuition() { public double getTuition() {

double tuition = 0; double tuition = 0;

for(int i = 0; i1 < this.noc; 1 ++) { for(int i = 0; i < this.noc; 1 ++) {

tuition += this.courses[1i]. fee; tuition += this.courses[1i]. fee;

} }

return tuition * this. premiumRate ;
} }
} }

Maintenance e.g., a new registration constraint:

this.noc ++;

return tuition » this. discountRate ;

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

by

else{ ... }




Student Classes (without inheritance): Maintenance (2)

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

} }

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

} }

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

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

} }
return tuition * this. premiumRate ;

} }

} }

Maintenance e.g., a new tuition formula:

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

return tuition » this. discountRate ;

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

return tuition * inflationRate * ...;




A Collection of Students (without inheritance)

public class StudentManagemen

private |ResidentStudent||]
private |NonResidentStudent [

private int nors; /* number

private int nonrs;

y

number of

nrssy

resident
non-resident

public void addRS (ResidentStudent rs) {

E;yséeﬁgi\~__;> #l ove S

rgs

T, PRl T
oL ULETTE S

= e B9
o L UC

rss[nors]

K ST -
1IeNCS

# koot

o Sty

=rs; nors++;

public void addNRS (NonResidentStudent nrs){ nrss[nonrs]=nrs;nonrs++; }
public void reglsterAll(Course c)

‘!!ijnt i=

for(lnt i=

1 < nNoOrs;
1 < nonrs;
—

i ++)
i ++)

012 99

rs’ ‘>I AREEE [,
Res.S. Res.S. Res.S. Res.S.

rcs rcs rcs rcs

pr pr pr pr

{ rss[i]
nrss|

nrss

.register(c);
i] .register(c);

}

01 2 99
e O [ ] ’I

NonRes.S.] [NonRes.S.|] [NonRes.S. NonRes.S.
rcs rcs rcs rcs
dr dr dr dr




class Student /[-’\_>‘ 4‘4

String name;

Coursel]
int numberOfCourses;

Student (String name) {

registeredCourses;

letiP o
vt’ﬁ 20l

%MKS

this.name = name;

registeredCourses = new Course[l0];

-
void register(Course c) |

numberOfCourses ++;

1
double getTuition() |

registeredCourses [ numberOfCourses]

7”%%4

= c;

—_l—

for(lnt i=0;

i< numberOfCourses

1 ++)

o —

lg

ResidentStudent

class

double *premiumRate; /*
ResidentStadent "(String
/+ register method is 1inl

Idouble getTuitio
double base =( supe

}

getTultlon(),

return base * EremiumRate;

there”’

name) name)

“”””‘id [ er"‘

class

NonRes%dQQt§tudent extends Student

NonResidentStudent (String name) ({

/+ register method is 1“@ ltﬂa f '

IS

|double getTuiti
double base - supen). getTuition ()

return hgs® - 1scountRate ;

oot

name);

}

}

*
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Lecture 17 - Nov 6

Inheritance

Modifiers in Java
Static Types and Expectations
Polymorphism, Dynamic Binding



Announcements/Reminders

e Todays class: notes template posted
® Lab4 selution released
® Tracing Exercises: assertEquals and Person, PersonCollector
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;MW

Visualizing Parent and Child Objects 3% ”/7”{,,5

Student s = new Student{"Stella");

ResidentStudent rs = new ResidentStudent ("Rachael");
NonResidentStudent nrs = new NonResidentStudent ("Nancy");

[—— -
6] %ic

name
numberOfCourses 0] 0 1 8 9
null ‘ null ‘ ’ null ’ null ‘ é

registeredCourses

ResidentStudent

“Rachael” ¢£5‘ ’?S W.C\ C S

name
ogisteredCourse nal | nen | | nan | nan | ‘
premiumRate
name “Nancy”
nee numberOfCourses 0 1 8 9
registeredCourses null | null ‘ ‘ null ‘ 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 | |\ °nResidentStudent(String name)
double premiumRate double discountRate

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

Res.S. 01 9
public class StudentTester { res P

public static void main(String[] args) {
Course cl = new Course ("EECS2030", 500.00); /=
Course c2 = new Course("EECS3311", 500.00); /* title
ResidentStudent  jim = new ResidentStudent ("J. Davis");
jim.setPremiumRate (1.25);

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

Course

NonResidentStudent jeremy = new NonResidentStudent ("J. Gibbons") o o
jeremy.setDiscountRate (0.75); c l f'fle 2030} CZ 1.“.'2 3311
jeremy. reglstgr(cl) v Ijeremy. reglst‘e'r (E2); - fee 500 Fee 500
System.out.println("Jim pays " + gim.getTuition());

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

$ot - d o ps 4
: 2l ARS N;“’_ INonRes.S. —
res| —

Lﬁf) jeremy =—To75] ' 0 1 3
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Visibility: Classes

CollectionOfStuffs

animal
Cat
Dog
juikuse [-class Chair
Desk 7
shape Circle v 2
Square

CollectionOfStuffs

animal

furniture

Dog

public class Chair

Desk

Circle

Square




Visibility: Attributes and Methods

CollectionOfStuffs

T ] public class Chair {
(o ] private int w;
— oint x;
C“a"\_,,,_.ends ? protected int y;
(Ceusbiechar ) public int z;
[ Desk ] }
\\
shape [ RockingChair ]
[ Circle ]
(o ) CLASS § PACKAGE | SUBCLASS SUBCLASS NON-SUBCLASS
(same pkg) W (different pkg) @ (across Project)

public

protected

no modifier

private



aspare: all Hases 7 sa-e pecleadl. 5 Aetemiwd Ly
Student Classes (with inheritance):| Expectations | st ty#s

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

AN

/* new attributes, new methods */ /* new attributes, new methods */

ResidentStudent(String name) ResidentStudent NonResidentStudent | \onResidentStudent(String name)
double premiumRate double discountRate

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

/* redefined/overridden methods */ °° \[\ d -t ) Bles e
. °® e’KF( 'l'M M double getTuition()
L)

double getTuition()

Student) s = new Studept ("Stella");
ResidentStuydent rs =+-new ResidentStudent ("Rachael");

NonResidentStudent  -nrs = new NonResidentStudent ("Nancy");

Il name [ s Fnoc [reg Joett Jor ) seter Jar [ setor |




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 11
Inheritance

Ancestors, Descendants, Expectations
Rules of Substitutions



e
Anélcemenfs/ Reminders

Today's class: notes template posted
o/Lab4 [released
® Tracing Exercises: assertEquals and Person, PersonCollector




SmartPhone

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

surfWeb /* overridden using safa

facetime /* new method */

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

v
/ \ sideSync /* new method */

IPhone13Pro

/* cinematje mode */
uickTdke
>

Hu

e 5 O

o
/* dual-matrix eanmerg®/

[ ]
H ua'weiMate40Pro GalaxyS21
L[]

GalaxyS21Plus

Exercise Co.inpar.'é'-the ranges q':F expectations of:  ...- R

o
ot

+ IPhone f‘BF{ro %"[ 6_]2“2:(;4(), vl lob , A"ﬁ* ‘

+ HuaweiP50Pros 7oui; ..

+ GalaxyS21Plus gdﬂ,d,\c,ﬁkvpﬁ, (wf;hlel, . 0(70\‘;

/p},\l) & YL«MQ



Inheritance Forms a Type Hierarchy w}

hnfestsrs o {)

(> A acamabtes alf
stts/mths. Aw Fs oets

2 ez;;(%]) 7 o o

M/ Itestor Css
despuolons o4
(1 e'q?(é) mheted &
All of A o‘osrm/mff
<) QZF(Q) r“ﬁ
A‘vy dletenokia € ¢la'ss




Inheritance Accumulates Code for Reuse

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

T

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

SmartPhone

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

IPhoneSE IPhone13Pro Huawei (Y4 Samsung

/* dual-matrix camera */
comea / \ » / \

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

ancestors expectations descendants

@D |68].)..0..¥ A

\YZ Al tlases
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7[ S ¢ s
Rules of Substitutions (1) A5t 2 A?SE”;(‘; X
= 4 7
\ 5.
Q& 57 T~ C

surfWeb /* overridden using safari */ surfWeb /* overridden using firefox */ <P

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

T Z
* cinematié mode */ / \ Lz; S [ ﬁ;‘ 7&6//‘1\‘?/!/
e __QuickTake sideSync /* new method */ 'f e
GhoneSE) IPhone13% Huawei Samsun g & ,c S_Pl /‘.
deﬁho{wﬁ /* dual-matrix 23?,:':9; / \ / \ ST.

\fs 7
& W S( HuaweiP50Pro HuaweiMate40Pro \ GalaxyS21 GalaxyS21Plus

Declarations: Substitutions:
I0S spl; spl=isp2;
IPhoneSE sp2; spl| =(sp3);
IPhonel3Pro sp3;




Rules of Substitutions (2)

Y —
SmartPhone dial /* basic method */
surfWeb /* basic method */

/ ‘

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

/* cinematic mode */
quickTake

IPhoneSE

Android

/

IPhone13Pro Huawei

/* dual-matrix camera */
zoomage

N

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

\ sideSync /* new method */

Samsung

/N

HuaweiP50Pro

HuaweiMate40Pro

GalaxyS21

GalaxyS21Plus

Declarations:

I0S spl;
SmartPhone sp2;

bstitutions:




Visualization: Static Type vs. Dynamic Type

7 o Aeg. Static Type: Expectation
52 ;ﬁ{) Dynamic Type: Accumulation of Code
W

s(Snew ResidentStident(*Rachael); &, RS zar A4/

Student(String name) String name 7 ige e . Op
void register(Course c) Student

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

int noc /* number of courses */

" §' {1 (Sl

/* new attributes, new methods */

/* new attributes, new methods */
ResidentStudent(String name) ResidentStudent NonResidentStudent | [0 ResidentStudent(String name)
double premiumRate double discountRate
void setPremiumRate(double r) void setDiscountRate(double r)

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

ResidentStudent

name “Rachael”

numberOfCourses

registeredCourses

premiumRate




Change of Dynamic Type (1.1)

Student(String name)

void register(Course c) Student
double getTuition()

String name

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

/* new attributes, new methods */

/* new attributes, new methods */
ResidentStudent(String name) ResidentStudent NonResidentStudent | \°rResidentStudent(String name)
double premiumRate double discountRate
void setPremiumRate(double r) void setDiscountRate(double r)

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

Example 1:

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




Change of Dynamic Type (1.2)

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

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

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

Example 2:
ResidentStudent jeremy ew Student(...);

W]ﬁk) F ,M'M y S’(

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

AN

ResidentStudent

/* new attributes, new methods */

NonResidentStudent NonResu.lentStudent(Strlng name)
double discountRate

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



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)
double getTuition()

Student

/

String name

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

AN

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

ResidentStudent
double premiumRate

void setPremiumRate(double r)

NonResidentStudent

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

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

Given:
(Dl Student jim =

NonResidentStudent nrs =

Example 1:

1lim = rs;

println(jim. getTU|t|on())
jimr@ nrs; | ol & T e
printin(jim.getTuition(}); "F

o
new Student(...); lOT j\ﬂM‘g"‘(

@} ResidentStudent rs = new ResidentStudent(...);
new NonResidentStugd

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




Change of Dynamic Type (2.2)

Student(String name) String name

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

AN

/* new attributes, new methods */ /* 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(...);

-Exanl 2: ot My?/e - 1 f()
rs(=)jim,
'println

printin(nrs.getTuition());



Lecture 19 - Nov 13
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



_T V=MNT())

Polymorphism|and Dynamic Binding
Polymorphism: Tz st 74'//;// e e}'p(Z)

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

Dynamic Binding:
An objects dynamic type determines the version of method being invoked.

Student jim = new ResidentStudent(...); ST | s oo st
jim.getTuition(); - N

jim = new NonResidentStudent(...); MGG e | s S
jim.getTuition(); i e P,

SmartPhone spl = new IPhonel3Pro(...);
SmartPhone sp2 = new GalaxyS21(...); T —
spl.surfWeb(); A\

spl = sp2; — 1 [-
spl.surfWeb(),;




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 1 S
void setPremiumRate(double r) void setDiscountRate(double r)

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

Student jim = new Re51dentStudentg"J Dawis™)
2 | ResidentStudent rs x

3 B rs.setPremiumRate (




An A+ Challenge: Inferring the DT of a Variable

MyClass.javaL

S Your Program [liast DT of s
S

s N >

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

g = new |ResidentStudeng|§ er);
} st VT o %

¥




Anatomy of a Type Cast

Student jim = new ResidentStudent("Jim”);

ST: ResidentStudent valid substitution ST: Student
=
H’eSIdentStudent rs @/l (Res:.dentStudent) Jim | ;
\ ‘ an alias whose ST is ResidentStudent
{: —an. 2l X

.d.__
ResidentStudent

\Vf
SfuM Ys. sz. v
¢ Y¥S
YW‘J‘%&

Jo pr
=




Type Cast: Named vs. Anonymous

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

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

10S
/* cinematic mode */
quickTake sideSync /* new method */

IPhoneSE IPhone13Pro Huawei Samsung

mgm /* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

4§t Ndined Cast: Use intermediate variable to store the cast result. Exercise

Smaztfhons aiiofe ;pzz;eﬁ::gelzizg;;f SmartPhone aPhone = new IPhonel3Pro();
105 _forfceyeon = (IPhonel3Pro) aPhone; :
(IPhonel3Pro) aPhone.facetime();

forHeeyeon \facetime () ;

Anonymous Cast: Use the cast result directly. 4«, 'z£ Cm;}l) (AHIMP -&l’é e ))

SmartPhone aPhone = new IPhonel3Pro();
(IPhonel3Pro) aPhone) . facetime(); sr Sr




. stetit er M;w/aa%ﬂ W’}/ Expectations
Compilable Cas’rslk Upwards vs. Downwards — S — @2:

v %dﬁ JW ﬂ 2idl -

Android myPhone = ) surfWeb |

Smcvow giElons J |

SmartPhone sp = (SmartPhone) myPhone; _*# W(m{ sideSync /
“

Vg4 v facetime \ /
GaIaxySZlPIus (GalaxyS21Plus) myPhone: quickTake X
MYM a zoomage \/ \
dial /* basic me-.thod */
surfWeb /* basic method */
— AC e:t; y]?}mp.
Ytk

surfWeb /* overridden usié safari */ surfWeb /* overridden using firefox */

facetime /* new method Android skype /* new methog */

N

108
/ \ /* cinematic mode */ ﬁ ues"bo \ / \ wé t-as‘(
quickTake &7" sideSync /* new m ethojﬁ s

IPhoneSE IPhone13Pro Huawei Samsung

/* dual-matrix camera */
zoomage
7
HuaweiP50Pro HuaweiMate40Pro GalaxyS21
0N




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

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

void setPremiumRate(double r)

|  ResidentStudent

: . . ./
Compilable Type Cast May Fail at Runtime (1)/_4./ 75 1 S|

ass¢

String name
Course[] courses /* pgistered courses (rcs) */
int noc /* numberfof courses */

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

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

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

(llR)
i
hea e

DTA"m!
Ar/—},/af
1420



Compilable Type Cast May Fail at Runtime (2)

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

SmartPhone

/ &

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

7N

/* cineraétic mode */
quickTake C’lg-‘/\ sideSync /* new method */

IPhoneSE IPhone13Pro ele e e e e e oo de oo ohuawgi

19t

1 B SmartPhone

zoomage

I \;\"%%: . ﬂ,B Ly (L

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 *e GalaxyS21Plus

aPhone = new GalaxyS21Plus();

2 | IPhonel3Pro forHeeyeon =' (IPhonel3Pro) aPhone;

3 § 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?



Compilable Cast vs. Exception-Free Cast

[

SmartPhone )

/ \ quickTake

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

/* cinematic mode */

IPhoneSE

IPhone13Pro

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

Huawei

/* dual-matrix camera */
zoomage

AN

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

sideSync /* new method */

HuaweiP50Pro

GalaxyS21 "

GalaxyS21Plus ‘

B Exception-Free Casts

CIassCas’rExcep’rion



Exercise: Compilable Cast vs. Exception-Free Cast

class A { }

class B extends A
class C extends B
class D extends A
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Lecture 20 - Nov 18

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 insfanceof Operator .@obj C new‘
@ if (Ob] mstanceof {
§ ?? obj2 = (??) obj;
b
{AQ fulfill expectations of A.
(f" YP‘("( w;&l - L3:

W‘JM{ - Compiles if

,{; Up or Down cast w.r.t. A.
.{‘m(S - ClassCastException if B cannot
F’(P fulfill expectations on ?2.

-~Evaluates to true if B can

fulfill expec’ra’rlons on ?2. il
J I AN Y I )y




Checking Dynamic Types at Runtime (1)

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

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

I \
1 /* 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()

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

ResidentStudent rs = |(JResidentStudent] é‘[lg/
rs.setPremiumRate(1.5); .

v DT ARS nef
destnphat of

.. tast 3¢
¥ jm's T ulBll ho 9‘({7(.@) {‘7?



Checking Dynamic Types at Runtime (2)

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

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

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

Samsung

IPhoneSE IPhone13Pro

/* dual-matrix camera */
zoomage

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

HuaweiP50Pro HuaweiMate40Pro GalaxyS21

GalaxyS21Plus

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

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

aOrwOND =

Loarrsh
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Use of the instanceof Operator

dial /* basic method */
SmartPhone )
e surfWeb /* basic method */

.

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

Android

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

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

IPhoneSE IPhong13Pro Huawei

Samsung

t Qﬁd /* dual-matrix camera */ / \
zoomage

/N

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus ‘

SmartPhone ylho

print InfmyPhone | )
(nyPhone] Instanceos Yamsung); (<] /
(ny2hond fnstanceot dataxys2i); (L)
1y71one\ nstanceot Jros); [/
iy 2hone Jystanceoé iphonei3pro); (1)
—

amsung () ;
Android) ;

£ ne
stanceotf

println

println

println

printlin

myPhone instanceof ??
evaluates to true if
Samsung can

fulfill expectations on ?2.



Safe Cast via Use of the instanceof Operator

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

|08 surfWeb /* overridden using firefox */

skype /* new method */

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

IPhoneSE IPhone13Pro Huawei

Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

SmartPhone myPhone = new Samsung/() ;

ST of myPhone 1is SmartPhon )T of myPhone is Samsung =/ . 22
if (myPhone instanceof Samsung@j myphone instanceof 9

Samsung samsung = (Samsung) myPhone; 7o CCE/ evaluates to true if
@ Samsung can

}

if (myPhone instanceof Ga.l

XGalixyS2lP us galaxy = (GalaxyS21Plus)~myPhone; Fulfill expec’ra’rions on ?2.
Q9 b

if (myphone instanceof HuaweiMate4OPro) {
Huaweili hw iMated40Pro) myPhone;

- O OWoONOOOTA~,WN =

—_




Static Types, Casts, Polymorphism (1)
( rﬂ;V /' basic me;hod !

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

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

IPhoneSE IPhone13Pro

surfWeb /* overridden using firefox */

Huawei

Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21

GalaxyS21Plus

class SmartPhone {
void dial() {

}

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

SmartPhone sp = new IPhonel3Pro(); .

1ial )iV IR

AN =

Jfacetime(); X .
O

JquickTake () ;
}

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




Static Types, Casts, Polymorphism (2)

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

T

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

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() { ... }

IOS| ip = new IPhonel3Pro(); .
1p.dial();\/ .

ip.facetime();

AW =

v B
ip.quickTake(); X [
}

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




Static Types, Casts, Polymorphism (3)

|"surfWeb /* overridden using safari */ Android
wAfacetime /* new method */ narol

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

/* cinematic mode */
uickTake sideSync /* new method */

IPhoneSE IPhone13Pro Huawei Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

108

class SmartPhone {
void dial() {

}

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

IPhonel3Pro ipé6sp = new IPhonel3Pro(); .

ipéspldial () ;l/ .

ip6sp) facetime () ;/
ipb6spl quickTake () ;

PO =

}

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




Static Types, Casts, Polymorphism (4)
/l SmartPhone \lﬁ;@mg’;‘ilod "

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() { ... }

SmartPhonel sp = new IPhonel3Pro(); .
(IPhonel3Pro) sp) .dial(); ‘/.

(IPhonel3Pro) sp) .facetime () ;l/.
(IPhonel3Pro) sp) .quickTake() K/ .

A 0N =

}

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




Static Types, Casts, Polymorphism (5)

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

AN

/* new attributes, new methods */ /1: mi’{' afg‘ ibustes,dnew(lsnethdS ¥ )
ResidentStudent(String name) ; ; onResidentStudent(String name
double premiumRate g ResidentStudent NonResidentStudent d0'ub1e di_scountRate

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

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

/ ResidentStudent
Student s

Course eecs2030 = négw Cdurse ("EECS2030", 500.0);

Student s = new ResidentStudent ("Jim") ;
s.register(eecs20p0) ; Pr

if (s instanceof ResidentStudent) {
( (ResidentStudent) 's).setPremiumRate(l.75);

System.out.println(( (ResidentStudent) s).getTuition());
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Polymorphic Parameters (1)

each elamert of Ay hes ST Pudait.
1 J cllass StudentManagementSystem {
2 Student|[] ss; /* #s[i] has _static tyre (D ~/ int c;
3 voiq.-addRS(ResidentStudentS;;) G c ++; )
4 vaid addNRS (NonResidentStu t nrs) { ss[c]l = nrs; c++; }
5 J .void addStudent (Student s) { ss[c] = s; ct+; } }
Q. S’ra'rlc type of ss[0], ss[1], ..., ss[ss.length - 1]?
0*? \,/
6 0“ L‘d ST: Sonolof.
C Q. In%e’rno addRS does ss[cC] —@compilky?/

Q.. Under whaf circumstances can the following |
ol
me*hod call be valld/compulable? &N\ﬂ'b’\ (Mf"

3. addRS(o) ~ Wik Wi Lis 4 v



abrowonN =

Student sl
Student s2

sms.
sms.
sms.
sms.
sms.
sms.
sms.
sms.
sms.
.addStudent

class StudentManagementSys

Student [] ss; 4;/53&2
void addRS(Re51dentStudent TS

fg;statlc type Student */ ink &

void addNRS(anRe

Gtudents)

= new Stﬁdent(),
neW°Re51dentStudent

Student s3 = new NonRe51dentStudent(
ResidentStudent rs
anResidentSfudent nrs
StudentManagementSystem sms

addRs{s1)%Y @ cell b

addrs (52) ix @
addRS (s3) ix @

addrs (rs) ;V/ @

addrRS (nrs); @ (C.b.V: 7Y

addStudent (s1)
addStudent (s2) g
addStudent (s3)y;
addStudent (rs)
(

tudent nrs)

\%

ntSystem();

new Re51dentStudent
new NonRes'

man name
d (L Student sef] courses
S
/ N

/newttbt newmlhd /




Lecture 21 - Nov 20
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




Casting Arguments ("

'V VS..oCKS)\S\)

void addRS(Residen!:Studenli_rs)

ShzsF
188%

Student(String name) Strin
void register(Course ¢) Student

double getTuition() J im noc

me
recl] courses /*reg te ml
/% mumber of co

new atributes

ew attributes, new methods */

es (res) ¥/

.......

l(Slrmg name)

, new methods */ \‘

/
y

te(d uble r)

lden methods ¥/

uble getTuition()

&) compiles?

¥

fm{-sms addRS(
1

Student s = new Student("Stella"l:
/% s’ ST: Student; s’ DT: Stuydent =/

ClassCastException?

YES.

StudentManagementSystem smﬁx= new StudentManagementSystem() ;
smsmTitRe TS, X

<! DU Rt wt dbstorks,

ClassCas’rExcephon? of lzsf

Tr:s" ™
,(/IZS (ot W 44

ClassC'A’s’rExc {lﬁg

Student s new NonResidentStudent ("Nancy") ;

/% s’ ST: Student; s’ DT: NonResidentStudent x*/
StudentManagementSystem sms = new StudentManagementSystem();
Jo e e

Student s = new ResidentStudent ("Rachael");
/% s’ ST: Student; s’ DT: ResidentStudent +/
StudentManagementSystem sms

SOl ;X

new NonResident
DT:

NonResidentStudent nrs udent () ;
/* ST: NonResidentStudent; T: NonResidernftStudent
StudentManagementSysfem,sms = new Stud anagem

sms.addRS (nrs); X YH\? msWt?.

“/

A OWODN—=




[ of cbmentp: Louplort. DE of obmodfs

[ ] [ ]
Student(Sting name) Swingname i
double g;ﬂhiﬁono ﬁl néc /* number of courses ¥ i
u void registor(Course ¢) Student Courscl] courses /* registered courses (rex) ¥
/% new attributes, new methods ¥/ [ — \\7/"newurniburr:’nzwmelhnds*/
i ing name) ) N i id ing name)|
1 P ResidentStudent rs = new ResidentStudent ("Rachael"); Vol sprembamasae(daue ) L ‘ voidsetDisomuntRatedouble )
. /* redefined/overridden methods %/ /* redefined/overridden methods */
2 Brs.setPremiumRate(1.5); Phisian- iy ot secriont
3 @ NonResidentStudent nrs = new NonResidentStudent ("Nancy"); elovients heve Comp &T: M‘ft
4 BMnrs.setDiscountRate(0.5);
5 StudentM. £s £ _ StudentM. £s £ O classfStygeient ManagementSystem {
udentManagementSystem sms = new StudentManagementSystem();Q Eroaendg | students;
6 Wsms.addstudent (J£8)) 7 /+ polymorphism */ int numOfStudents; f
7 B sms.addStudent ( nrs ); /* polymorphism */ )
8 M Course eecs2030 = new Course ("EECS2030", 500.0); void addStudent {Student] s) {
. students[numOfStudents] = s;
9 N sms.registerAll (eecs2030) ; Z— nhumOfStudents ++;
10 Bfor(int i = 0; i < sms.numberOfStudents; 1 ++) { }

void registerAll )(Course c) |
for(int i = 0; i < numberOfStudents; 1
students[i].register(c) Tgup (1

' ST dwdad. 'f}_t

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

L
/* Dynamic Binding: (9] Ks
* Right version of getTuition will be called */ \ ”ﬂ

) {
System.out.println (lsms.students[i]l. getTuition() );

:

}

x
)
l

v
A4

}

Student|

”
4
p

sms.getStudent (0)
“Nancy”

» i numberOfCourses 0 1 8 9 numberOfCourses 0 1 8 9
X{Hm ‘(_‘907 registeredCourses | | null ‘ ‘ null ‘ null ‘ registeredCourses ‘ null ‘ | null | null
\ (_ premiumRate discountRate -
@ A @
sms.ss[0]|instanceof NonResidentStu% . . \instanceofNonResidentStud

sms.ss[0]|instanceof ResidentStuden e instanceof|ResidentStudent
sms.ss[0]|instanceof Studen Jlinstanceof|Student

[+

sms.getStudent (1)

v

NonResidentStudent

ResidentStudent (—’
“Rachael”

nrs

(

title “EECS2030"

fee |=lil0)

eecs2030




Polymorphic Return Types = ST of vetum vale

.
L Dk of retwm vekes
ResidentStudent rs = new ResidentStudent ("Rachael"); °

rs.setPremiumRate(1.5); rs.register(eecs2030); o’ class StudentManagementSystem {
NonResidentStudent nrs = new NonResidentStudent ("Nancy"); ©° Student([] ss; int c;
nrs.setDiscountRate(0.5); nrs.register(eecs2030); ., i dddStudent (Student s) é ss[c]

e d& conbe.
nf

StudentManagementSystem sms = new StudentManagementSystem() ; ‘e getStudent (int [) i
a Ladent (nrs) ;
' 'u:ﬂzmamu; ; '+ dynamic type of s? */ Student s = null;
Rs ,-J&' iE(i <0 || 1>=¢) {
Vr static return type: Student throw new IllegalArgumentException ("Invalid

print (s instanceof Student && s instanceof ResidentStudent);/+tr
print (s instanceof NonResidentStudent); /* false */
print( s.getTuition() );/+Version in ResidentStudent called:750+/

ResjdentStudent rs2 S. getStudent(O), X

é sms getStudenﬂ_ ;i /* dynapic type of s? x/

“&« / return ISk
stat:.c return type: Student ht }

prlnt(s instanceof Student && s instanceof NonResidentStudent);/

print (s instanceof ResidentStudent); /* false x*/
print( s.getTuition () ),/*Ver51on in NonResidentStudent called:250+*

NonResidentStudent nrs2 Isms getStudent (1) r? ST\F',M

StudentManagementSystem 2 3 4 5 6 7 - 99

1
ss ‘ vk ‘ null ‘ null ‘ null ‘ null ‘ null ‘ null ‘ null ‘ null ‘
c 2

sms.getStudent (0) Ems.gegst"dM

(_’ ResidentStudent I NonResidentStudent

name “Rachael” “Nancy”

Is

numberOfCourses [ 0o 1 s 9 g numberOfCourses 0 1 g 9

registeredCourses -umm registeredCourses null| .. | null | null

premiumRate L discountRate

Course
title “EECS2030"
fee DD

eecs2030




Summary: Type Checking Rules

CONDITION TO BE TYPE CORRECT

Is v’'s ST a descendant of x's ST?

Is method m defined in x's ST?
Is y’'s ST a descendant of m’'s parameter’s ST?

Is method m defined in x’'s ST?
Is y's ST a descendant of m's parameter’s ST?
Is ST of m’s return value a descendant of z’s ST?

Is ¢ an ancestor or a descendant of y's ST?

Is ¢ an ancestor or a descendant of y's ST?
Is ¢ a descendant of x's ST?

Is ¢ an ancestor or a descendant of y's ST?
Is method m defined in x’s ST?
Is C a descendant of m's parameter’s ST?




Overridden Methods and Dynamic Binding (1)

Object return this == obj;

boolean equals (Object orj) {

class A {
/*equals not overriddenx/
T /

}
class B extends A {

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

L3 calls which version of
equals?

B :

2 j = ;
1\ pEIAtLR (@. equals (c2));
C




Overridden Methods and Dynamic Binding (2)

boolean equals (Object obj) {

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

A }

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

}
A class C extends B {
boolean equals (Object obj) {

A /* overridden version */

}

}
s
Object cI =

—

B“( DMtP(tO/ 2 j Object

println )) i

w

v

boolean equals (Object obj) { | L3 calls which version of
/* overridden version */ n
\ equals*

J7




Overridden Methods and Dynamic Binding (3)

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

} /*equals not overriddenx/

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

A i

A }

J

class C extends B {

/*equals not overriddenx/
}
boolean equals (Object obj) {
/* overridden version */

1
2 Object c2 = new C();
3

printin .equals (c2));

L3 calls which version of

} Object cI
C equals? -




Lecture 22 - Nov 25

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:

bpsl

Solve it directly:

20

Given a big problem:

G

Divide it intfo smaller problems:

Assume solutions to smaller problems:

Combine solutions to smaller problems:

v
K $P>

|

!

i |
N sE

Y dﬂtéyﬂ

/+* base case: do something directly */ }

rsive call with strictly smaller value x/




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



. . | Q! = Hx3x2]=2
Recursive Solution: factorial




Recursive Solution in Java: factorial

n!:1

n-(n-1)!

int factorial (int
int result;

Iz?ﬁl_o

if(n == 0) { /* base case =/ result

i

else { /* recursive case */

result = n = factorial (n — 1);
) > ¥ o) 2
return mﬁ-j’?@ﬁ L
} 1 ¥ L

Example: factorial(3)

Runtime Stack



’M_L«’/\Z}‘ Kepavsae Ue thpecls

Cl) 057‘4 & Lol stack
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Common Errors of Recursion (1)

int factorial (int n) {

>return n » factorial (n - 1);

’0/46 \-.éc/-.— )



Common Errors of Recursion (2)

int factorial (int n) {
if(n == 0) { /* base case */ return 1; }

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

—
—

Soc(3 )
Y?O/»sfl’i / \/%c(;/
(H cﬂf AN ,,,W(’
A 5“ ol 3 Kk fees) v

¢ 7\],/(' {

}



Recursive Solution: Fibonacci Numbers

/I 2 3 S 4 & 4 s I




Recursive Solution in Java: Fibonacci Numbers

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

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

return result;

Example: fib(4)

Runtime Stack



( Z

0 3
Use of String & -M/;ry(“uu,_j'> 2 %\ép S~altle |4

public class StringTester ({ . (3 2> — 6:-‘775/
public static ypid main(String[] args) { e

o7
String s = "abcd"; ?T{?/VfM.
System.out.println(s.isEmpty()); /+ false x*/ e -
/* Characters 1in index range [0, 0) =*/ a“wv/m' C -J

String t0 = s.substring(0, 0 '__9(0,-]] /& N
System.out .println(t0); /#* */ \ -0 Wbtz ( - —)
/* Characters in index range [0, 4) */ L, )90 S' $ A 7 L‘J
String t1 = s.substring(0, 4); 0~-3 = é

System.out .printila{tl): /% "abad™ %/

/* Characters 1in index range [1, 3) =*/ )'eﬁﬂm A g’ﬁ/ﬂ'y

String t2 = s.substring(l /=7
W

, 3);
L 2,3 o caoleg Ohevartes
String t3 = s.pgubstring(0 )N+ slsubstring(z, 4)|
System.out.printin(s.equals(tJ)); * true * & (,ﬁ/m' 'Z' ﬁ,

for(int i = 0; i < s.length(); 1 ++) { ]
System.out.print (s.charAt (i)); J"

g [ B

System,out .peintin() ;
el T\

3
§z§;Qm,Qu;,Qrin;ln§;ﬂ;, *
b 2




Cl, 31— /. 2,3 swe:2

CIS 3) —2 /»Z
(0, /0] —» stze |
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Recursions on Strings > Tst 2 |ose
PalindW oS %wl

Reversal Number of Occurrences

“abcd” “abca”




Lecture 23 - Nov 27

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 > Tst 2 |ose
Palindrpfne/ Novs seme

S PLLS
Yld1(7ﬁ f"A ﬂcecc
mtlf ’E‘»’ Bcarns
ﬁ \ ‘RT p; HJ
d l;? q e
Reversal Number of Occurrences

f 0* 5 “@."

Y@V(_ abcd;B .
O[.\CL \0)

~L \'0((123&” @ oc(:U:Cb > '&'>
'b’ oct (“heb"s ‘L)



Problem: Palindrome

boolean isPalindrome (String word) { v
| | word.length() ==@ {

if (word.length() =
|/+ base case /|
return true;

}

else {
/* recursive case x*/
char firstChar = word.charAt (0);
char IlastChar = word.charAt(wopg:length() = by
String middle = word.substring(%) word. length() — 1);

e csEera: — GasiOias % d(H == 2]

/* See the API of java.land.String.substrdag. JV
2 yofavn1 7s wi

&&) isPalindrome (middle) ;




String reverseOf (String(s)

return "";

}
else if(s.length() £= 1)/ { [ base case

return/s; ~7
\ 1_..)

else { /+ recursive case AV

String |[tail = s.substring(l, s.length());
String reverseOfTail = reverseOf (tail);

char head = s.charAt(0);
return reverseOfTail + |head;

\

iE(s.isEmpty()) [ /+ base casp 1 */ Ck







Problem: Number of Occurrences occ( @@

int occurrencesOf (String s, char g) {

if (s.isEmpty()) { I ,

/* Base Lase +*/
return @
}

else {
/% Recursive Case %/
char head = s.charAt(0);

—— g(l, s.length());
1f (head == c¢) {

return 1 + occurrencesOf (tail, c);

}

else {
return 0 + occurrencesOf (tail, c);

} —

}

o hood == £ 7 1+ oec el )
OCC (fatl 5C



Recursion on an Array: Passing new Sub-Arrays

void m(int[] a) {
if(a.length —— 0) { /» base case */ } a"\-y
else if(a.length == 1) { /* base case */ }
else { 4%1\9
int[] sub = new int[a.length - 1];
for(int i = |1|; i < a.length; i ++) { sub[i - 1]
m(sub) } }
( 2
Say al = {}, consider m(al
val={} (a1) n’l( A lele
Ly bese 0o # | { —

Say a2 = {A, B, C}, consider m(a2

gv0 P
2, uP 4

>
v
X
>
— o

{ g Jo’ﬁvm
%L’(dywﬁwm AL



‘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)

Q>
MCAZ,,'OJ,,I?I) ,
A e ﬂ%ﬂ;ﬂ: 3

ﬁﬁ\\s Wl< Az 5 Z Z >
CR’A g Ly {Mé—ﬁ"‘/qf
o> feplh T
“ﬁw m (42,242

SE\C

T L<0 m;fb oo

(45 7}: o /,,;7.4! ( >

o




Lecture 24 - Dec 2

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




wresal Py ety
Problem: Are|All Numbers Posn’rlvel? L 0% f;

- o Wit1e?
Say a = \t}x' o = Tme ,\ﬂg’afm
-Y @ e%‘ 13?;0 “/P hw Nf(np‘:& fJ‘M'
exstant 7| FWFA,}/ 37( ng FAI‘,,) o ;o/le

o T

AT (8, o)

ATIN
alo] >0 8¢ allt (4 ,1,3
U >0

@



Problem: Are All bl)\zlumbers Positive?
pAblC

boolean jallPositiveg(int[] a) {|/
return allPositiveHelper (a,g
}

boolean |allPositiveHelper
if (from > to) { /* base case 1:
return true;

empty range x*/

}

else if range of one element */

from == to)| { /* base case 2:

return al[from] > 0;

}

else { /* regursive case %
return al[from] > 0 && |allPositiveHelper|(a,|from + 1, to);

A plITC 8, Al 8.



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 Recursnon° allPositive

boolean ‘@llPositive (int[] (a)

return allPositiveHelper (a, 0, a.length - 1);
: 3@ 3

(7]
boolean allPositiveHelper (int[] a, int from, int to) {

N Iif (from > to) { /% base case 1: empty raffge */
e X return true,
} . . .
else if (from == to) { /* base case 2: range of one element #*/
Y return a[from] > 0;
}
else { /* reaerive case */ :1 _'5

return (@[ from]) > 0 @ allPositiveHeleer (a, (from + 1, (to);

-—
~-r

a1l >0 %2 aWF et
_@/ﬂ;c

a[2] > 0 i allBHﬁ,’J‘,/




decreasing/descending || increasing/ascending

ali] (value)/A\

Sorting Orders_of Arrays
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Problem: Are Numbers Sorted?
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Problem: Are Numbers Sorted?

boolean isSorted(int[] a) {

return isSortedHelper (a, 0, a.length — 1);

a, int from, int to) {

boolean isSortedHelper (int ][]
if (from > to) { /* base case 1: empty range */

return true;

}

else if (from == to) {
return true;

}

else {
return al[from] <= a[from + 1]

&& 1isSortedHelper (a, from + 1, to);

/* base case 2: range of one element x/




Tracing Recursion: isSorted

Say a= {} boolean isSorted(int[] a) {
return isSortedHelper (a, 0, a.length - 1);

}

{

boolean isSortedHelper (int[] a, int from, int to)

ISSOFted(a) if (from > to) { /+ base case 1: empty range =/

return true;

else if (from == to)

}
| { /* base case 2: range of one element */
return true;

isSH(a,0,-1) )

else {
return a[from] <= a[from + 1]

&& 1isSortedHelper (a, from + 1, to);




Tracing Recursion: isSorted

Say a= {4} boolean isSorted(int[] a) {
return isSortedHelper (a, 0, a.length - 1);

}

boolean isSortedHelper (int[] a, int from, int to) ({

ISSOI‘ted(a) if (from > to) { /+ base case 1: empty range =/
return true;

}
else if (from == to)

iSSH(a,0,0) } return true;

else {
return a[from] <= a[from + 1]

&& 1isSortedHelper (a, from + 1, to);

{ /* base case 2: range of one element */

return true




Tracing Recursion: isSorted

Say a = {3,6,6,7}

boolean isSorted(int[] a) {
return isSortedHelper (a, 0, a.length - 1);

}
{

boolean isSortedHelper (int[] a, int from, int to)

ISSOrted(a) if (from > to) { /+ base case 1: empty range =/
return true;

}
| else if(from == to) { /+ base case 2: range of one element */
iSSH(a,O,3) } return true;
else {
/ \ return a[from] <= a[from + 1]
&& 1isSortedHelper (a, from + 1, to);
a[0]<=a[1] isSH(a,1,3)
\}
a[l]<=a[2] isSH(a,2,3)

/N

a[2]<=a[3] isSH(a,3,3)



Tracing Recursion: isSorted

Say a = {3,6,5,7}

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 (TM Tait) 5 /4
- Format: Some Multiple Choice & Mostly Wri’r’ren'\ﬁé ey Lt
- Coverage: Everything (lecture materials & labs) £ “ﬁ
+ slides, iPad notes, code examples
+ resources on recursion
- Even problems that look challenging at first are built on the
same foundational techniques you've learned and practiced in
lectures and labs. A solid, reflective grasp of the basics will
take you farther than memorizin exam les.
- Restrictions: y P € k""w
+ No data sheet + No sketch paper (E)Zam bookle’r includes it)
- What you should bring:
+ Valid, Physical Photo ID (strict) + Water/Snack
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