Multi-Level Inheritance Hierarchy: Smartphones

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

T

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

SmartPhone

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

IPhoneSE IPhone13Pro Huawei Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

Exercise Compare the ranges of expectations of:
+ IPhonel 3Pro
+ HuaweiP50Pro
+ GalaxyS21Plus




Inheritance Forms a Type Hierarchy
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Inheritance Accumulates Code for Reuse

SmartPhone

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

108
/* cinematic mode */
quickTake

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

T

Android

~

IPhoneSE

IPhone13Pro

Huawei

/* dual-matrix camera */
zoomage

<

\ sideSync /* new method */

Samsung

:

N

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

HuaweiP50Pro

HuaweiMate40Pro

GalaxyS21

GalaxyS21Plus

ancestors

expectations

descendants




Inheritance Accumulates Code for Reuse

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

T

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

SmartPhone

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

Android

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

IPhoneSE IPhone13Pro Huawei Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus
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SmartPhone spl; spl
IPhonel3Pro sp2; Sp2
Samsung sp3; sp3
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Rules of Substitutions

A oa = ..;
?0b = ..;
oa = ob;




Rules of Substitutions (1)

108

/

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

/ \ quickTake

/* cinematic mode */

IPhoneSE

IPhone13Pro

/* dual-matrix camera */
zoomage

dial /* basic method */

SmartPhone B

urfWeb /* basic method */

Android

/

Huawei

N

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

\ sideSync /* new method */

Samsung

/N

HuaweiP50Pro

HuaweiMate40Pro

GalaxyS21

GalaxyS21Plus

Declarations:

I0S spl;
IPhoneSE sp2;
IPhonel3Pro sp3;

Substitutions:

spl
spl

= sp2;
= sSp3;




Rules of Substitutions (2)

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

/

108

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

/* cinematic mode */
quickTake

IPhoneSE

T

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;

Substitutions:

spl = sp2;




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 */ / /* new attributes, new methods */
ResidentStudent(String name) ResidentStudent NonResidentStudent | |\ °PResidentStudent(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 | \°PResidentStudent(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) 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

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()




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()

/* 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 1:
jim = rs;

String name

/

ResidentStudent

printin(jim.getTuition());

jim = nrs;

printin(jim.getTuition());

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 (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()




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 spl
SmartPhone sp2
spl.surfWeb();
spl = sp2;
spl.surfWeb();

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

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

e
String name
Student Course[] courses /* registered courses
int noc /* number of courses %/
-~
* new attri

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

— / -
ResidentStudent

double premiumRate
void setPremi )

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




