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)

SmartPhone

L /

108

/* cinematic mode */

quickTake

IPhoneSE

IPhone13Pro

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

T~

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

Android

/

Huawei

/* dual-matrix camera */

zoomage /

N

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

\ sideSync /* new method */

Samsung

iy

M})F/ﬂf
<l gpz’s

HuaweiP50Pro

HuaweiMate40Pro

GalaxyS21

GalaxyS21Plus

ST TRCE
7S Q

Declarations:

|IOS |sp1;

IPhoneSE sp2;
IPhonel3Pro sp3;

Substifutions:

spl @spz;

spl = sp3;

of spl’s
ST Ie5



Rules of Substitutions (2)

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

surfWeb /* overridden using safari */

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

skype /* new method */

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

IPhoneSE IPhone13Pro Huawei

Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

Declarations: Substitutions:

109 sp1; < sp2;

SmartPhone sp?2;




Rules of Substitutions (3)

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

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

IPhoneSE IPhone13Pro

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

Samsung

/* dual-matrix camera */
. zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21

GalaxyS21Plus

Declarations: Substitutions:

HuaweiP50Prg sp2;

10S|sp1; Llsp2;




Visualization: Static Type vs. Dynamic Type

Student|s;

Substitution:

Declaration V? S—[ Static Type: Expectation

Dynamic Type: Accumulation of Code

L

s = new |[ResidentStudent("Rachael”);

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

void setPremiumRate(double r)

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 NonResi(.ientStudent(String name)
double discountRate

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

void setDiscountRate(double r)

3 /* redefined/overridden methods */
D l double getTuition()

ResidentStudent

name “Rachael”

numberOfCourses

registeredCourses




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 */

AN

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

/* new attributes, new methods */
ResidentStudent NonResidentStudent NonResidentStudent(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: (o7 e etp | J+° ST (Sendlact)

Student jim S new ResidentStudenty...);[ J(Z 7 Aﬁ:;efo’afr
jim =)new NonResidentStudent(...); ert)

o of Jﬁﬂ . K§




Change of Dynamic Type (1.2)

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()

Example 2:
ResidentStudent jeremy = new Student(...);

String name

/

ResidentStudent

AN

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()




Change of Dynamic Type: Exercise (1)

/ \ quickTake

/

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

/* cinematic mode */

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

[\

HuaweiP50Pro

HuaweiMate40Pro

GalaxyS21

GalaxyS21Plus

Exercise 1:

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




Change of Dynamic Type: Exercise (2)

surfWeb /* overridden using safari */ )
108 : " " 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

Exercise 2:

IOS myPhone X new HuaweiP50Pro(...);
myPhone 2 new GalaxyS21(...),




Change of Dynamic Type (2.1)

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

Student

String name

/

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

void setPremiumRate(double r)

ResidentStudent

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

Given:

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

NonResidentStudent nrs =

jim = rs;
printin{jimi. getTU|t|on());

AN

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()

new NonResidentStudent(...);

Example 1: DT 7‘9/ “ﬁgp: KQ(YD

jim = nrs;,_, oT: NS 7 “’”ﬂf»

printin(jing.getTuition());

NS¢ o).



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 & jim;

String name

/

ResidentStudent

printin(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()




ﬁv

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 determines the version of method being invoked.

Student jim = new ResidentStudent(...);
jim.getTuition();
jim = new NonReS|dentStudent( ),V,([}

jim.getTuition(); ?Ay V\

SmartPhone|spl|= (---);
SmartPhone Sp2 = new GalaxxSZl(...);

p1 é@‘"—% chonds P "Tﬂe‘Yp ® c‘}z‘
|"I|surfWeb(),

"ot 62

/% new attributes, new methods */
ResidentStudent(String name)
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void se

Student (Stng me)
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double getTuition()
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Type Cast: Motivation

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 NonResidentStident 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()

U | student jim = new ResidentStudent ("J. Davis");
2 | ResidentStudent rs = jim;

3 0 rs.setPremiumRate(1.5);

T LTI RS




An A+ Challenge:

Inferring the DT of a Varialez

MyClass. java

3\

S

N

Your Program

last DT of s N

class MyClass {

main (...)

Students = ...;

s = new ResidentStudent(...);

¥
b

' dpcfaléél/o
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Anatomy of a Type Cast

Student jim = new ResidentStudent("Jim”);

T: ResidentStudent ) : , :
. * v valid substitution o SiniESut

e A N
ResidentStudent @ ) (ResidentStudent)

e

an alias whose ST is ResidentStudent

ResidentStudent

\

Student jim

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 aPhong = new IPhonel3Pro();
! n Phone = new IPhonel3Pro();
IOS forHeeyeon = (IPhonel3Pro) aPhone; M - ()i

]
forHeeyeon. facetime () ; (IPhonel3Pro) |aPhone. facetime ()|;

Anonymous Cast: Use the cast result directly.

SmartPhone aPhone = new IPhonel3Pro();

Gl
(l(IPhonel3Pro) aPhoned) . facetime () ; / Xﬁ* *
APk A e o)
ST: 17BFe Pt N




Expectations

Compilable Casts: Upwards vs. Downwards

ZAndroid myPhone = new GalaxyS21Plus();

SmartPhone sp =({(SmartPhone) myPhone;

GalaxyS21Plus ga = (GalaxyS21Plus) myPhone;

sp | myPhone | ga
dial
surfWeb
skype X
sidesync [\/|\ [/
facetime \ /
quickTake / >< X
zoomage |/ |/ \ / \

SmartPhone lial /* basic method */
surfWeb /* basic method */j w gf ”g

surfWeb /* overridden using safari */ . surfWeb /* overridden using firefox */
. . N Android ~—
facetime /* new method */ skype /* new method */

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

; (
IPhoneSE IPhone13Pro Huawei owﬂw 6 Samsung

w5
/* dual-matrix camera */
zoomage

/ N\

HuaweiP50Pro HuaweiMate40Pro GalaxyS21

GalaxyS21Plus




Compilable Type Cast May Fail

at Runtime (1)

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

double getTuition()

String name

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

AN

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

/* new attributes, new methods */

ResidentStudent NonResidentStudent NonResidentStudent(String name)
double premiumRate

void setPremiumRate(double r)

double discountRate

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

‘(ResidentStudent

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

..Davis");

rs.setPremiumRate (1.5%5
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