Lecture 18 - Nov 14
Inheritance

Rules of Substitutions
Static Types vs. Dynamic Types



Announcements
- ProgTest2: this Tuesday, November 15
- Lab4 released
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Multi-Level Inheritance Hierarchy: Students

Student

PN

DomesticStudent ForeignStudent

A AN

DomesticResidentStudent DomesticNonResidentStudent ForeignResidentStudent ForeignNonResidentStudent

ow many encodings to check for each method?
ow many arrays to store for SMS?
- For Design 3, where are common attributes/methods stored?




Multi-Level Inheritance Hierarchy: Smartphones

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

T

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

SmartPhone

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

IPhoneSE IPhone13Pro Huawei Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

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?




Multi-Level Inheritance Hierarchy: Smartphones

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

vi

SmartPhone

—v

/* overridden using safari */.
facetime /* new method/ ( Yp

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

Android

/*,cinematic mod
\(q% sideSync /* new method */

IPhoneSE IPhone13Pro Huawei Samsung

s el )
> gual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

Exercise Compare the ranges of expecfafion;) of:
+ IPhonel 3Pro - -
+| HuaweiP50Pro
+ GalaxyS21Plus




Inheritance Forms a Type Hierarchy 56
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Inheritance Accumulates Code for Reuse o o
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Inheritance Accumulates Code for Reuse
| ZZL":’,CL:’:iizzsi”;‘i;’wd ,

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

\ /* cinematic mode */
Pr— ST sideSync /* new method */
IPhoneSE { IPhone13Pro l Huawei Samsung
————
/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus
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Static Types determine Expectations

Inheritance Herarchy: Students Peclare-| |
Student jim;

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

N

/* new attributes, new methods */ /* new a'ttributes, new me{hads 4
ResidentStudent(String name) ResidentStudent NonResidentStudent | |\ CnResidentStudent(String name)
double premiumRate double discountRate

void setPremiumRate(double r)

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

Inheritance Herarchy: Smart Phones

Declare:
SmartPhons ial *basic method SmartPhone myPhone;
surfWeb /* basic method */

/ \ myPhone.??

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




Static Types determine Expectations

Inheritance Herarchy: Students

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

void setPremiumRate(double r)

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

Student

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

=

ResidentStudent

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

.

honResidentsStident double discountRate

double getTuition()

Inheritance Herarchy: Smart Phones

—
SmartPhone

|

108

Declare: Declare:
Student jim; NRS alan;
jim.?? alan.??

/* new attributes, new methods */

NonResidentStudent(String name)

void setDiscountRate(double r)

/* redefined/overridden methods */

Declare: Declare:

Sma'artPhone pl;

Samsung p2;

.??J?“l," __J@p2%? O’fdr

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

/* cinematic mode */
quickTake

IPhoneSE

IPhone13Pro Huawei

/* dual-matrix camera */
zoomage

AN

Android

skyy new method */

Samsung
L}

| surfWeb />Gverridden using fire:

4D -

HuaweiP50Pro

HuaweiMate40Pro

GalaxyS21

GalaxyS21Plus
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Rules of Substitutions (1) TPhwe %0

SmartPhone

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

108
/ /* cinematic mode */
quickTake

TPhonoSE

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

T

ses Qo= (peX

Android

/

IPhoneSE ./ IPhone13Prt£|

Huawei

/* dual-matrix camera */
zoomage

<

5 @ po=<esX

=] (229,

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

AL ViefeOr
sideSync /* new method */

Samsung

/N

HuaweiP50Pro

HuaweiMate40Pro

GalaxyS21

GalaxyS21Plus

Declarations:
I0S spl;

IPhoneSE sp2;
IPhonel3Pro sp3;

Substitutions:

spl = sp2;V
spl = sp3;




Rules of Substitutions (2)

SmartPhone dial /* basic method */

surfWeb /* basic method */

surfWeb /* overndden 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

Declarations: Substitutions:
I0S spl;
SmartPho




Rules of Substitutions (3)
e

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

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
Sa—

—

Declarations: Substitutions:

I0S spl; (SPL'=(Sp2;yX
HuaweiP50Pro sp2; g T




Visualization: Static Type vs. Dynamic Type

Declaration:
Student s;
Substitution:

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 */

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

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

double discountRate

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

ResidentStuden

name “Rachael”
lStudent s

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 */

AN

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

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

/* new attributes, new methods */

ResidentStudent NonResidentStudent NonResu.lentStudent(Strmg name)
double discountRate

void setDiscountRate(double r)
/* redefined/overridden methods */
double getTuition() 2

= w9 % & ohesteaclint oP of ancs ST-



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:

String name

/

ResidentStudent

N

NonResidentStudent

Coursel[] 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()

ResidentStudent jeremy = new Student(...);



Change of Dynamic Type: Exercise (1)

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

|0S 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

Exercise 1:

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




[ ] [
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Change of Dynamic Type: Exercise (2)
~ (4 7—0 -
SmartPhone dial /* basic me'thod */
surfWeb /* basic method */
surfWeb /* overridden using safari */ . surfWeb /* overridden using firefox */
108 . " % 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 ‘

Exercise 2:

J10S/myPhone = nhew HuaweiP50Pro(...);
myPhone = new GalaxyS21(...);




Change of Dynamic Type (2.1)

Student(String name) String name

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

Z N

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

ResidentStudent(String name) (" ResidentStudent NonResidentStudent | \\°PResidentStudent(String name

double premiumRate ‘ ‘ double discountRate Id
void setPremivmiRate(double r)

/* redefipedoverridderNnethods */ /* redefjpets

doublé'getTuition()

new Student(...);

NonResidentStudent'nrs

Example 1: 1S — s ﬂ'
0 im@s; @) —_—

printIn{jiny,getTuition());

jim = nrs; %
println[jim.getTuition()l);/7)!”{?7"(S

DO g
!
-
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Change of Dynamic Type (2.2)

Student(String name) String name

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

double getTuition() int noc /* number of courses */
/* new attributes, new methods */ ¢ —/' )< /* new attributes, new methods */
ResidentStudent(String name) ResidentStude NonResidentStudent | |\ °"ResidentStudeni(String name)
double premiumRate double discountRate
void setPremiumRate(double r)
/* redefined/overridden methods */

void setDiscountRate(double r)

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

double getTuition()

uh?t“ a7 50
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PR gefution): ch o S + ;Z. bt (R
printin(nrs.getTuition())] M7 Nt lJe5 NG oF—




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 NonResidentStudent(...);
jim.getTuition();

SmartPhone sp = new IPhonel3Pro(...);
sp.surfWeb();

sp = new GalaxyS21(...);

sp.getTuition();

Student(String name)

/* new attributes, new methods */

double premiumRate
void s i

ResidentStudent(String name) ResidentStudent

ame
void register(Course ¢) Student
double getTuition() in

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

/% new attributes, new methods %/

N
=

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

double discountRate
oid it

ng name)

v
/% redefined/overrid
double getTuition()

)
iden methods */




Type Cast: Motivation

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()

Student

String name.

L

@jﬁStudent

o~

NonResidentStudent

14

Course[] caurses /* 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()




An A+ Challenge: Inferring the DT of a Variable

Your Program

=

aN

7,

o

/j?ﬁe .
last DT of 7
a 0 > ?}fe 04 WM/C

RS,

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

@= new ResidentStudent(...);
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