Lecture 5
Part H

Inheritance -
Static Types and Rules of Substitutions



Static Types determine Expectations
Inheritance Herarchy: Students

l/S (String name) String name ,!/

void register(Course c) Student Course[] courses /* registered courses (rcs) */
double getTuition() int nog¢ /* prumber of courses */

v .}‘ JS

S

/* new attributes, new methods */ {\;‘ nel;v a_t:tirib:tstfs,dner:( g:e{hods L4 ) S
ResidentStudent(String name) P P onResidentStudent(Strjng name \ 4 K

! ResidentStudent NonResidentStudent | " " ©. "o ” /? 4
double premiumRate
void setPremiumRate(double r) void setDiscountRate(double r)¢./
/* redefined/overridden methods */ /* redefined/overridden methods */

double getTuition() double getTuition() f
. /‘ Ko gaén

Inheritance Herarchy: Smart Phones , Mg wacr
——— ‘ _qz. Declare: - Declaré:
Commrone > [flrtscreosy | . |smartehone p1;
v : 2 =

° Samsun gp 2;
P !

/ \ [ da D 1 22

108 surfl/l./eb /**overridden us:;ng safari */ Android surfWeb /* overndc3 gi E ; i

facetime /* new method */ skype / new method ™/ Vl

/* cinematic mode */
quickTake

IPhoneSE IPhone13Pro Huawei

ideSync /* new method */ ﬁ Y] /§

Samsung

. LV y
/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus




Rules of Substitutions (1)

4
\
surfWeb /* overridden using firefox */ J A& (4
P ne et %

Androtd s w method * S ;
— / \sideSync /* new method */ fl‘ qu:i}(r&
4

sp\-

Declarations: Substitutions:

I10S spl; spl = sp2t ol 8Tt
IPhoneSE sp2; spl = sp3! 5}77 W'u/i’

. |l e
IPhonel3Pro sp3; D\im! “32—74—’%/ 7 o q;#ijT




Rules of Substitutions (2) No. +/ ST oP ir @mﬂw)

(e €
dialy/* basic method */ M GT ( C
pmartbhons surfiWeb /* basic method */ 4 = “T ’

surfWeb /* overridden using safari */ i surfWeb /* overridden using firefox */
10S : " " Android
facetime /* new method */ skype /* new method */
/* cinematic mode */
quickTake sideSync /* new method */
IPhoneSE IPhone13Pro Huaw Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro

N /N

HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

Declarations: Substitutions:
I0S spl; \ spl = sp2;
/2

SmartPhone sp2;
D bn @g20 bbitrece Av gpl




Rules of Substitutions (3)

SmartPhone

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

e S b * . . . ,,
10S Android surfWeb /* overridden using firefox */
< a [ ewmethod / 5 skype /* new method */
/ #Iﬁl( d/ \ by e metiod
IPhoneSE IPhone13Pro Samsung
/* dual-matrix cdmera */
zoomage P
v
HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

Declarations:
I0S spl;

HuaweiP50Pro sp2;
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Lecture 5
Part I
Inheritance -

Dynamic Types,
Polymorphism, Dynamic Binding



Visualization: Static Type vs. Dynamic Type

Declaration
veclararioln

() ! .
n: gwt Static Type: Expectation
[Student]s; Mp‘%&,

Dynamic Type: Accumulation of Code
Substitution: 7

L t
s@new ResidentStudent(“Rachael”); 2 S[: ot
. - 4

jvtudent(Strmg name) S R . )

L
String name
oid 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 | | cnResidentStudent(String name) 5
double premiumRate double discountRate
void setPremiumRate(double r) void setDiscountRate(double r)
/* redefined/overridden methods */ /* redefined/overridden methods */
double getTuition() double getTuition() 4 wo 0

name

¢ ] ResidentStudent avﬂ‘tftif ST'- Wdam‘/( ) l
“Rachadl”

numberOfCourses 6Bt7‘-‘t&( )

registeredCourses

| @ praweanRore




Change of Dynamic Type (1.1)

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()

Example 1:
Student jim|=

String name

Student

AN

wit j i

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

ResidentStudent NonResidentStudent

V

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

void setDiscountRate(double r)

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

new ResidentStudent(...

im =

new NonResidentStudent(...);




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 */

AN

. /* new attributes, new methods */

. . NonResidentStudent(String name)
ResidentStudent NonResidentStudent double discountRate
void setDiscountRate(double r)
/* redefined/overridden methods */
double getTuition()

/* new attributes, new methods */
Res1dentStudent(Str1ng name)

ReS|dentStudent jeremylE) newt Student( ),

R JZMC WP i
L BT



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 */ )
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 = 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(...);

Example 1: A 66( ' Y
i ~
O FmOrs,

printin




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 */

< . NonResidentStudent(String name)
ResidentStudent honResidentStudent 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(...

Example 2 /7

rs = jimH<s S T pm "'.S S| ‘7[:/«")0:” 4.’7.7,

printin(rs.getTuition());
qT- nrs = jim; DF the GT OF S 7

printin(nrs.getTuition());
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Lecture 5
Part ]

Inheritance -
Type Casting: Motivation, Syntax, Rules



- =
Type Cast: Motivation Tut, fren that g DT & Kes. M

Student(String name) String name

void register(Course c) Course[] courses /* registered courses (rcs) */
/* new attributes, new methods */

double getTuition() int noc /* number of courses */
. ' . NonResidentStudent(String name)
ResidentStudent : 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()

8T of gim (Redlent) mmet A7

exp. of JTof 1 (Rerkad)




An A+ Challenge: Inferring the DT of a Variable

MyClass.java)l
© W,m‘e Your Program |.st DT of s !
N
(77 %
class MyClass { plﬂle 2
main (...) 774

Students = ...;

M

3 %
:C,. m new ResidentStudent(...); ov'{?“t:

¥
b




Anatomy of a Type Cast

Student jim = new ResidentStudent("Jim");

ST: ResidentStudent ) : ) ST: Student
) e § valid substitution t”t W ./
ResidentStudent @ @ (ResidentStudent) Sjim

V -

B>

anfalias fjwhose ST is ResidentStudent

gE.W' N bpecietsl, v

ResidentStudent] LJ™ ((Ee&&d),";ﬂl Ys..

Student jim / o
S,

. JAL AN pr wtev( )
Vﬂs@y \gtgmu
Zr L




Type Cast: Named vs. Anonymouds

( CIWwBPm) 2P, zetine
PhencBB0 v

dial /* basic method */
SmartPhone — )
surfWeb /* basic method */

surfWeb /* overridden using safari */

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

skype /* new method */

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

IPhoneSE IPhone13Pro Huawei

L]

- 7*
,
ef("t /
/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

Samsung

se intermediate variable to store the cast result.

SmartPhone aPhone = new IPhonel3Pro();
IOS = (IPhonel3Pro) aPh‘ciry

forHeeyeon. facetime() ;

Exercise

SmartPhone aPhone = new IPhonel3Pro(); fhzr lﬁl{ ‘%{
(IPhonel3Pro) aPhone .facetime(); }

thar xt iy



Expectations ,,

Compilable Casts: Upwards vs. Downwards 5 myphone
W/ z{ dial v .
Android|myPhone|= new GalaxyS21Plus(); surfWeb |/ | v
ST : $T: byek Skype [ |/ |
SmartPhone= (SmartPhone) myPhone g sideSync | | X v
T facetime |X | X X

GalaxyS21Plus ga =|(GalaxyS21Plus) meh'o_n quickTake | | X X
.[ , & > Doay W?d zoomage | X' | x X

SmartPhone ic.methad
su ‘eb /* basic method Vi

/\'\

surfWeb /* overridden using safari */
< " " Android
facetime /* new method */ skype”)

surfWelyp/* overridden using firefox */

* new method */

10S
/* cinematic mode */
quickTake o s:deSync /* new method */

Samsung

IPhoneSE IPhone13Pro Huawei 4{

/* dual-matrix camera *é %
zoomage

GalaxyS21Plus

HuaweiP50Pro HuaweiMate40Pro GalaxyS21




Kaatime
Compilable Type Cast May Fallm‘ Rurjume (1) & 7 Lo DT of

Student(String name) String name @
- 7C -

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

L

/* new attributes, new methods */ /* new attributes, new methods
ResidentStudent(String name) : : NonResidentStudent(String name)
doubl iumRat ¢ ResideniStudant double discountRate

ouble premiumRate
void setPremiumRate(double r) void setDiscountRate(double r)
/* redefined/overridden methods */ /* redefined/overridden methods */

double getTuition() double getTuition()

_éuﬂ?{"&tla’\ deﬂbd’”,?. @ RHS ' ST watddes Hhe - tgst E/
74
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Compilable Type Cast May Fail at Runtime (2)

dial /* basic method */

SmartPhone
surfWeb /* basic method */ EM(Q

T '“W‘*F”% 27

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

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

IPhoneSE IPhone13Pro ° Huawei Samsung

Jl
’//' Me d /* dual-matrix ;:s;n,:l:gz / \ / \
a6t

ﬁ HuaweiP50Pro HuaweiMate40Pro GalaxyS21 Galaxy821 Plus

SmartPhone aPhone = new GalaxyS21Plus() ; v/
IPhonel3Pro forHeeyeone (IPhonel3Pro) aPhone;




Exercise: Compilable Type Cast? Fail at Runtime? (1)
— :f;;;::iicb:;giz:;od *,
_— oo

facetime /* new method */ Android skype /* new method */

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

IPhoneSE IPhone13Pro Huawei —9 p

N
/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 L4

108

GalaxyS21Plus

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




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?



|
lial /* basic method */

urfWeb /* basic method *% - - M
M’y W Mte
ST ‘ ,gp.off‘f
.
safari *) leb /* overridden usip§ firefox *
facetime /* iew method */ e /* ne ethod *
*
/* cinematic mode */ y .
quickTake A daSiac * nall mathod *

IPhone13Pro ‘ uawei 3 974
" 1

TmEiy s

i = Aay“ bt ths

Android myPhone = new Samsung(); ((A) 2 7577651
(vt papgior classer of DT o

w.vv‘t' W

Compilable Casts S|. @D Exception-Free Casts

ClassCastException (D




class A { } o’ Qtorece to YA ed.

class B extends A {

class C extends B { } ’_D 0( @((Q) b) \/'Valﬂ WPM Flaw 'P

class D extends A { }

' U}A«pt’&tm ( 0{) f_?é_t_L_L N f— 5 mr«df&)?
@ v O ( an M ’ﬂ“’ °F i
ST B ("Cdadanmf ;

DX stV T rewher cnsnesty
vior o eenlont qﬁ- b3 ST € st tfe

g 2t o
dntottr of 65 D[



Lecture 5
Part K

Inheritance -
Checking Dynamic Type via instanceof



% %
Checking Dynamic Types at Runtime (1) = ﬁ%&f@ 2

Student(String name)

/ String name ‘ ! WA ?
void register(Course c) Student J

double getTuition()

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

/* new attributes, new methods */

- /* new attributes, new methods */
ResidentStudent(String name) ResidentStudent NonResMentStudent NonResidentStudent(Sringaime)
double premiumRate double discountRate

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

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

%r gi.ﬂﬁ éf":ﬁﬁ

[t 17T o \SM jﬁdl

Ho expetttin
PV@JJMEM& %

2 s P 2 T o7 4 T 4 dogtod

0/-‘ H&fcdﬁ#ﬁlh«t& ¢

esidentStudent rs = 1 ReSldentbtudent)
rs.setPremiumRate (1. 5‘-



Checking Dynamic Types at Runtime (2)

SmartPhone

/

108

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

/* cinematic mode */
quickTake

.

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

Android

IPhoneSE

IPhone13Pro

aOrwOND =

/* dual-matrix camera */
zoomage

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

\ sideSync /* new method */

Samsung

/N

HuaweiP50Pro

HuaweiMate40Pro

GalaxyS21

GalaxyS21Plus

SmartPhone aPhbne = new GalaxyS21Plus () ;

if
=2

daPhone instanceof | IPhonel3Pro

S forHeeyeon =

(G , 2 Phone;

forHeeyeon. facetime () ;

}

)

[Nl DIl 0’-\ Ao

Ml

e BGS 7

BW% :’{'l‘{ [t & fé‘df&ff%}?f{oﬂ

) ap



] Al
The instanceof Operator D A obj =[new BY); & by
2 if (obj instanceof@2)| {

4 & 7

3 /?? obj2 = (2?) obj; L
} L7 < h YIIM ( VAA =
- L1 compiles if B ccn : 5’
fulfill expectations of A. ZA
/ -L3: or ?7
Cﬁ\ VT ;” - Compiles if
&3 ‘7'2 Up or Down cast w.r.t. A.
A eq - ClassCastException if B cannot
fulfill expectations on ?2.
VT:f/ - L2:
- - Evaluates fo true if B can

fulfill expectations on ?2.



Use of the instanceof Operator ,;J’ 1

dial /* basic method */ 'j E
SmartPhone p
s‘l?Web /* basic method */

surfWeb /* overridden using safari */ Androi surfWeb /* overridden using firefox */ 9‘
facetime /* new method */ oid skype /* new method */ Q
bz -
/* cinematic mode */ 1
quickTake € 2

IPhoneSE IPhone13Pro

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21Plus

Phone = new Samsun
one 1instanceo
/4 true r: Samsung 1S a descendant of Zndroid
println(myPhone instanceof Samsung) ;j

/& true °; Samsung is a descendant of Sgmsung
println(myPhone instanceof GalaxyS21) ;i

/4 false ° Samsung is not a descendant of GalaxyS21
printlin(myPhone instanceof IOS);

/# false °: Samsung is not a descendant of IOS x/
println(myPhone instanceof IPhonel3Pro);

/#+ false ° Samsung 1is not a descendant of IPhonel3Pro x/

myPhone instanceof ??
evaluates to true if
Samsung can

fulfill expectations on ?2.




Safe Cast via Use of the instanceof Operator

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

|08 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 1s SmartPhone; DT of myPhone 1s Samsung x/ . 2?2
if (myPhone instanceof Samsung) { myphone instanceof 7
Samsung samsung = (Samsung) myPhone; evaluafes 1‘0 frue If

}
if (myPhone instanceof GalaxyS21Plus) ({ Samsung can

GalaxyS21Plus galaxy = (GalaxyS21Plus) myPhone; fu|ﬁ|| expec’ra’rions on ??
}

if (myphone instanceof HuaweiMate40OPro)
Huawei hw = (HuaweiMate40Pro) myPhone;

- O OWoONOOTPA,WN —
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