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

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



Announcements/Reminders

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

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

STOP 5p / \

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

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

SmartPhone

108

IPhoneSE IPhone13Pro Huawei Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

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




Rules of Substitutions (2)

SmartPhone dial /* basic method */

. surfWeb /* basic method */
CD"‘JE ﬂ‘r

=

LurfWeb /* overridden using safari *

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

surfWeb /* overridden using firefox */

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

IPhoneSE IPhone13Pro Huawei

Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

Declarations: Substitutions:

spl@spz;
X

I0S spl;
SmartPhone sp?2;




Rules of Substitutions (3)

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

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

/* cinematic mode */
quickTake

108

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

IPhoneSE IPhone13Pro Huawei

Samsung

[
/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

Declarations:
I0S spl;

Substitutions:
sp1(=sp2;
X

HuaweiP50Pro sp2;




Visualization: Static Type vs. Dynamic Type
sT

Declaration:
Student]|s;

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

Static Type: Expectation
Dynamic Type: Accumulation of Code

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

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

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

ResidentStudent

name “Rachael”

numberOfCourses

registeredCourses

premiumRate




Change of Dynamic Type (1.1)

Student(String name)

void register(Course c) Student
double getTuition()

String name

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

/* new attributes, new methods */

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

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

Example L %

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




Change of Dynamic Type (1.2)

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

String name

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

/* new attributes, new methods */

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

/* redefined/overridden methods */

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

Example 2:
ResidentStudent Jeremy new Student(...),;
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Change of Dynamic Type: Exercise (1)

/

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

/* cinematic mode */
quickTake

IPhoneSE IPhone13Pro

/* dual-matrix camera */
zoomage

dial /* basic method */

SmartPhone 5

urfWeb /* basic method */

Android

/

Huawei

N

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

\ sideSync /* new method */

Samsung

/N

HuaweiP50Pro

HuaweiMate40Pro

GalaxyS21

GalaxyS21Plus

Exercise 1:

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




Change of Dynamic Type: Exercise (2)

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

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

IPhoneSE IPhone13Pro Huawei

108

surfWeb /* overridden using firefox */

Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21

GalaxyS21Plus

Exercise 2:

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




Change of Dynamic Type (2.1)

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

String name

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

/ /* new attributes, new methods */

. . NonResidentStudent(String name)
ResidentStudent NonResidentStudent double discountRate

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

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

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

Given:

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

. 7
Example 1: ,,,W'ﬁ Pl

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

println(jim.getTuition());



Change of Dynamic Type (2.2)

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

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

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

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

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

Example 2:
rs S jim;

String name

/

ResidentStudent

printzln(rs.getTuition());

nrs = jim;

printin(nrs.getTuition());

N

NonResidentStudent

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

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

void setDiscountRate(double r)

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




Polymorphism and Dynamic Binding

Polymorphism:

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

Dynamic Binding:

An objects dynamic type de’rermmes the version of method being invoked.

7 At RT, pleof g e

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

jim.getTuition();

jim = new NonResidentStudent(...);

jim.getTuition();

SmartPhone spl =

Smar
spi-surfWeb(); VT

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

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

m P,a ( 40\{‘60( )

b og of e dbswalont

s o (m"sr,

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

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

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

es (ros) %/

new methods */

untRate

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

o dle/ rzdd

double getTui

on()

r)
ethods

ing name)

¥




Type Cast: Motivation

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

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

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

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

String name

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

AN

ResidentStudent

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

RS

/* new attributes, new methods */

NonResidentStudent NonResu-lentStudent(Strmg name)
double discountRate

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

14



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

\Bbw/f &

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

MyClass. java

S

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

s = new ResidentStudent(...);

¥
b




Anatomy of a Type Cast

Student jim = new ResidentStudent("Jim”);

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

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

B>

e

an alias whose ST is ResidentStudent

=
ResidentStudent
Student jim/

=
a/«’i\/ pr
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Type Cast: Named vs. Anonymous

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

IPhoneSE IPhone13Pro Huawei Samsung

/N

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

/* dual-matrix camera */
zoomage

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

Named Cast: Use intermediate variable to store the cast result. EXercise

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

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

Anonymous Cast: Use the cast result directly.

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

£°
Thoe's S e



Compilable Casts: Upwards vs. Downwards

Expectations

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

/

10S

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

/* cinematic mode */
quickTake

ca

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

.

S*‘Fg

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

SmartPhone

ST

Android

-

IPhoneSE

IPhone13Pro

Huawei

/* dual-matrix camera */
zoomage

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

\ sideSync /* new method */

Samsung

/N

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

HuaweiP50Pro

HuaweiMate40Pro

GalaxyS21

GalaxyS21Plus




Compilable Type Cast May Fail at Runtime (1)

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

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

Student

/

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

void setPremiumRate(double r)

ResidentStudent

LA

J’

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

void setDiscountRate(double r)

NonResidentStudent

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

Student jim

new NonResidentStudent ("J. Davis");

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

D7 of jm

2 B ResidentStudent (rs

(Rei}dentStudent)

Jjim;

1? rs.setPremiumRate (1.5
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Compilable Type Cast May Fail at Runtime (2)

surfWeb /* overridden using safari */ . surfWeb /* overridden using firefox */
10S . " . Android
facetime /* new method */ skype /* new method */

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

IPhoneSE IPhone13Pro Huawei Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

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

) 1722
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Exercise: Compilable Type Cast? Fail at Runtime? (1)

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

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

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

IPhoneSE IPhone13Pro Huawei

Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

SmartPhone myPhone = new Samsung() ;
/+ ST of myPhone is SmartPhone; DT of myPhone 1is Samsung */
GalaxyS21Plus ga = (GalaxyS21Plus) myPhone;

Compilable? ClassCastException at runtime?




Exercise: Compilable Type Cast? Fail at Runtime? (2)

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

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

IPhoneSE IPhone13Pro Huawei Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

SmartPhone myPhone = new Samsung() ;
/* ST of myPhone is SmartPhone; DT of myPhone is Samsung +*/
IPhonel3Pro ip = (IPhonel3Pro) myPhone;

Compilable? ClassCastException at runtime?



Compilable Cast vs. Exception-Free Cast

surfWeb /* overri
facetime /* new method */

10s
/* cinematic mode */
quickTake
one

IPhone13Pro

idden using safari */

surfWeb /* overridden using fi

skype /* new method */

/* dual-matrix camera */

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

DMno ’/‘7[ éywﬂf/pf

ol

v
AR Compilable Casts @D Exception-Free Casts
V

ClassCastxcepfion e



