Lecture 18 - Nov 10
Inheritance
Ancestors, Descendants, Expectations

Rules of Substitutions
Polymorphism vs. Dynamic Binding
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Multi-Level Inheritance Hierarchy: Smartphones

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

rfW b /* overridden using firefox */

'... kyp /Qewm ethod */

c /* new method */

GalaxyS21Plus
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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
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Inheritance Accumulates Code for Reuse

dial /* basic method */

SmartPhone Y :
surfWeb /* basic method */ 4?1 z 6 \ %

T Ty aﬁegjﬂ

surfWeb /* overridden using safa surfWeb /* overridden using firefox */

Android

facetime /* new method */ skype /* new method */ z r;

10s
L]
L]
L]
/* cinematic mode */ * ﬂ s
quickTake S sideSync /* new method *
[ ]
IPhoneSE IPhone13Pro Huawe] Samsun
! Vv
L]
L]
/* dual-matrix camera */ . 4] @ 8 7
zoomage °
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IPhonel3Pro|sp?’; sp2'©®7?; 3 e
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Rules of Substitutions (1)

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

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

N
IPhoneSE IPhone13Pro Huawei Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

Declarations:
I0S spl;

IPhoneSE sp2;
IPhonel3Pro sp3;



Rules of Substitutions (2)

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

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

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

IPhoneSE IPhone13Pro Huawei

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

(sp1=fsp2

J‘aﬁl ri Mﬂ{e-

SmartPhone

amsung

Declarations:

martPhone|sp2;




Visualization: Static Type vs. Dynamic Type

lf\ ~la n-|-
veLiUlil G\l

ion: S[ «;L\" A Static Type: Expectation
VfStudent s, “0, (- V} P“ Dynamic Type: Accumulation of Code

Substitution: /\l ol R eq; of # 3T of $C§w/a\{')
@@new ResidentStudent(“Rachael”):

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 NonResn(.ientStudent(Strmg name)
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()

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 1:

Student jim (=) new ResidentStudent(...);
jimZ: new NonResidentStudenty(...);




Change of Dynamic Type (1.2)

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 */

. . 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()

Example 2:




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 */

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

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

Given: 4
e £

Qf Student jim = new Student(.. ),‘ vl 7 0{3‘

@} ResidentStudent rs = new ReS|dentStudent( );
NonResidentStudent nfs = new NonResidentStudent(...);

Q(g_mple 1: . Qo S r$9/7 S8
jinTi= d“ g
I-|d"§tln(]|m qetTU|t|0n())
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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 */

AN

/* new attributes, new methods */ /* new a.ttributes, new mel.‘hods 4
ResidentStudent(String name) ResidentStudent NonResidentStudent | |\ ClResidentStudent(String name)
double premiumRate double discountRate

void setPremiumRate(double r) void setDiscountRate(double r)

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

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

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

rs(=)im; 1
printin(rs.getTuition()); ¢ &

nrs = jim; Z ’( (_ KS)

I
printin(nrs.getTuition()); % 3



Polymorphism and Dynamic Binding

“MJ [Polymorphism:

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

Dynamic Binding: 1.,

e ®
o e0®
....""Oocoooooooo""...

An objects dynamlc type determines the version of method being invoked.

e
Student jim = new ResidentStudent(...); AT | susen Cork s st )
! double getTuition() i /* number of cor /

- - - e gef 7m(uoc U
im.getTuition();

J.. g d - /*ewrtbt , new methods */ r | /* new attributes, new methods */
jim = new NonResidentStudent(...); RedenStudentSing am) R onttunt : it ]
i oo b void se 0 : X )*
jim.getTuition(); Gt il s ;n;ﬁif;zif,”:;f;;’g”""'"M‘ 4

SmartPhone new IPhone13Pro( Q5

SmartPhone = new 521( )}
spl.surfWeb();

sp1(=)sp2; 5};2/‘\? (]
spl.surfWeb




