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Review: Student Classes (with inheritance

e —
Coursel[] registeredCourses;
int numberOfCourses;
Student (String name) {
this.name = name;
egisteredCourses = new Course[l0];

}

void register(Course c) |
registeredCourses[numberOfCours;;;—:_};
numberOfCourses ++;
| S—
double getTuition()
Tdouble—turtTomn O~
for(int i = 0; i < numberOfCourses; ++)
tuition += registeredCourses|[.i].fee
}

return tuition; /+* base amount only x*

class NonResidentStudent extends Student {

double premiumRate; /+ therd’s a mutator meth double discountRate; /+ there’s a mutator methoaq

ResidentStudent (String name)| { super (name); } NonResidentStudent (String name) { super (name); }
eg i sbese—re iss inherjfed x/ /#* register method is inherited */
double getTuition() {
JgetTuition(); double base = super.getTuition();
return base * prémiumRate ; return base x discountRate ;
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Review: s and Expectations

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

Student

String name

int numberOfCourses

double getTuition()

~

NonResidentStudent

Course[] registeredCourses

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

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

Student s = new Student ("Stella");
= new ResidentStudent ("Rachael");
ent ,. = new NonResidentStudent ("Nancy");

name @IS NOC

regulngetT

| pr | setPR || dr | setDR
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Review: Visualizing Parent and Child Objects

=
—

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

Student

/* new attributes, new methods */
Resi ; ing name) ResidentStudent
ouble premiumRat < —
setPremiu

ate(double r)

String name
Course[] registeredCourse]
int numberOfCourses

<

‘ NonResidentStudent /|

j /* new attributes, new methods */
) NonResidentStudent(String name)

‘ double discountRate

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

double getTuition()

I~voidseiDiscountRate(double r)
/* redefined/overridden methods */

Inheritance
Hirarchy

/

rd
S 4 /7p§ Runtime
| Object

Structure

d/

("Rachael");

Declaring
Static Types

rs

—

numberOfCourses
registeredCourse

ResidentStuden

name

numberOfCourses 0

regi

NonResidentStud.
_ —

L~ name

nrs
numberOfCourses
registeredCour

“Stella”

0 1 8 9
null | null ‘ | null | null ‘
“Rachael”

0 1 8 9
null | null ‘ | null ‘ null |
“Nancy”

0 1 8 9
null | null l | null ‘ null |
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AMA&ﬁQW%’

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

double getTuition()

/* new attributes, new methods */ /* new a.ttribustes, new gnefhods ¥4
Resident. ame) : NonResidentStudent NonResidentStudent(String name)
in 2 niumRate ResidentStudent onRes Stude O el b ol ca

void s€ i double r) void setDiscountRate(double r)

/* redefined/overridden methods */ /* redefined/overridden methods */

double getTuition() double getTuition()

ST

\—

dent ("St .

)= new ResidentStudept ("Rachael");
=

* Is this valid? x*/

rs =| «* Is this valid? *///—\
Mo Ag ﬂwlb{ &Mr [Yfpcfafb/lS or | VS|
Beete 18 = gs z Q. S
( \ .
&M\/\ ASWM Kma woc
LS 8 net,
il \J\é‘wq\k. o D
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Intuition: o> rrting U dech o

A

O NOoOOOThWN =

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

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

tring name

Student Course[] registeredCourses

int numberOfCourses

=

Student(String name,
void register(Courg{

z}//ﬂ& wy ffp

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

LK)

denth ): new ("Rachael" H
NonResidentStuden "Nancy"

rs.setPr
nrs, setD

" [aEoNaNoWal ]
Coursel"LLoS oWat

VAN |
7 \L0U -

rs. reglster (eecs2030) ;

emijmumRate L.
‘jc/;untRate ;N ”1°fpr(eeCi2030)
ntln(ls .getTuition ; /* output

~NSystem.out.println : /+ outpu

VT,S |

eecs2030
1 9 | _Course ¥ [
Dd e o o
cre Atitle J2030] Lres
fee [s00] OT9[ar 01
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Multi-Level Inheritance Hierarchy of Smartphones

< IPhoneXSMax/
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B dial /* basic method */
SmartPhone e — .
surfWeb /* basic method */

W@AJJM

facetime /* new method */
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[surfWeb ? overridden using safari */ (’ fo— surfWeb /* overridden using firefox */
~—— =

skype /* new method */
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sideSync //hew method */

Huawei Samsung
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Inheritance Forms a Type Hierarchy
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Static Types determine Ex

ectations

Inheritance Herarch

Student(String name)
void register(Coursg
double getTuition()

—

String name.

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

void setPremiumRate(double r)

ResidentStudent

Course[] registeredCourses
int numberOfCourses

NonResidentStudent

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

Inhe

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

Smart Phones

jtance Herarchy:

[ R
ml/? Zn(‘ X =

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

quickTake /* new\ymethod */

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

I‘ Android

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

{SmartPhone myPhone;

{myPhone.??
—————

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

IPhoneXSMax IPhone11Pro ‘

Huawei

zoomage /* new method */

sideSyng)/* new method */

Samsung

HuaweiP30Pro

HuaweiMate20Pro

GalaxyS10

GalaxyS10Plus
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Rules of Substitutions (1)

SmiaitPhorie dial /* basic method */

—
surfWeb /* basic method * {\/ ( S—(I\/z

/ \ MeMNf ’f '

surfWeb /* overridden using safari */

—

Pyl = 92
S

108

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

/ \ quickTake /* new method */ / \ sideSync /* new method */

thhoneXSMax IPhone11Pro Huawei Samsung

zoomage /* new method */ / \ / \

HuaweiP30Pro HuaweiMate20Pro GalaxyS10 GalaxyS10Plus

facetime /* new method */ Androld

Declarations:
I0S spl;

IPhoneXSMax sp2;
IPhoneProll sp3;
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Rules of Subsi'li'ui'lons (2)

108

sul
< acetime /},

quickTake /*

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

\

»overridden using safari */

ew method */

new method */

Android

IPhoneXSMax

IPhone11Pro

zoomage /*

Huawei

new method */

/
J

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

sideSync /* new method */

Samsung

/N

HuaweiP30Pro

HuaweiMate20Pro

GalaxyS10

GalaxyS10Plus

Declarations:

fifu’rions:



Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User


Rules of Substitutions (3)

SmartPhone

108

surfWeb /* overridden using safari */

/ \ quickTake /* new method */

cetime /* hew method */
<\_—

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

T

Android

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

IPhoneXSMax

IPhone11Pro

Huawei

zoomage /* new method */ /

/
J

\ sideSync /* new method */

Samsung

/N

HuaweiP30Pro

HuaweiMate20Pro

GalaxyS10 GalaxyS10Plus

Declarations:

IOS spl;

uaweiP30Pro sp

2,
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Visualization: Static Type vs. Dynamic Type

D fen:
Students;) ——
S| 7@
Substitution:
S =@m‘ﬂachael”);

“Rachael”

numberOfCourses

registeredCourses

premiumRate
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Change of Dynamic Type (1.1)

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

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

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

ResidentStudent

Course[] registeredCourses

int numberOfCourses

NonResidentStudent

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

void setDiscountRate(double r)

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



Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User


Change of Dynamic Type (1.2)

- |

Student(String name) String name
void register(Course ¢) Student Coursef[] registeredCourses
double getTuition() int numberOfCourses

/* new attributes, new methods */

. i 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()

e S I
new Student(:
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