Lecture 20 - Nov. 19
Inheritance
Type Casts: Exercise

Checking Dynamic Types: instanceof
Polymorphic Method Parameters



Announcements/Reminders

e WrittenTest2 results released
® Lab5 released
+ Required study: Abstract Classes & Interfaces
e ProgTest3 tomorrow
+ Not covered: equals method, copy constructors
e Bonus Opportunity coming: Formal Course Evaluation



Exercise: Compilable Cast vs. Exception-Free Cast

class A { }
class B extends A
class C extends B
class D extends A
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Checking Dynamic Types at Runtime (1)

Student(String name) String name

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

/ '\/l /* new attributes, new methods */

. 7 NonResidentStudent(String name)
ResldentStudent tienResidentStodent 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()

Student jim = new NonResidentStudent ("J. Davis");
jim instanceof ResidentStudent

ResidentStudent rs = (

)
rs.setPremiumRate(1l.5); JIM“ L‘vD( /kS'(
w
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Checking Dynamic Types at Runtime (2)

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

surfWeb /* overridden using safari */ surfWeb /* overridden using firefox */
108 : " 2
facetime /* new method */

Android

skype /* new method */

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

IPhoneSE IPhone13Pro Huawei Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

SmartPhone aPhone = new GalaxyS21Plus();
if KaPhone instanceof IPhonelBProp

IOS forHeeyeon = ((IPhonel3Pro ) aPhone;
forHeeyeon. facetime() ;

}

aOrwOND =




The instanceof Operator «

D A obj = new B(); NW’”;’@"‘Z’%
q 2 if (obj instanceof { prstonat
L 3 ??o0bj2 =(??) obj; ff/
\'QO/@I . ) tutf?
Oﬁg’o“ - L1 compiles if B can
4‘5@; fulfill expectations of A.
- L3:
@"\4@ eles - Compiles if
Ao e Up or Down cast w.r.t. A.
Al ClassCastException if B cannot
a Pl B. fulfill expectations on ?27.
- L2:

- Evaluates to true if B can
fulfill expectations on ?2.



Use of the instanceof Operator

SmartPhone

108

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

/* cinematic mode */
quickTake

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

T

Android

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

/ \ sideSync /* new method */

IPhoneSE

IPhone13Pro

/* dual-matrix camera */
zoomage

N

Samsung

/N

HuaweiP50Pro

HuaweiMate40Pro

GalaxyS21

GalaxyS21Plus

SmartPhone myPhone = new Samsung ()
println(myPhone instanceof Andr01d l/

println(myPhone instanceof Samsung) ;

println(myPhone instanceof GalaxyS21)

println(myPhone instanceof IOS); K

W/

X

println(myPhone instanceof 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 is SmartPhone; DT of myPhone 1is Samsung %/ . 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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Static Types, Casts, Polymorphism (1)

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

108 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

class SmartPhone {
void dial() {

}

class I0S extends SmartPhone {
void facetime() { ... }

SmartPhone sp = new IPhonel3Pro();
Spsdiadit) ;
sp.facetime(); X

AN =

sp.quickTake(); X

}

class IPhonel3Pro extends I0S {
void quickTake() { ... }
}




Static Types, Casts, Polymorphism (2)

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

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

/* cinematic mode */
quickTake

Android

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

IPhoneSE

IPhone13Pro Huawei

/* dual-matrix camera */
zoomage

i \ sideSync /* new method */

Samsung

/N

HuaweiP50Pro HuaweiMate40Pro

GalaxyS21 GalaxyS21Plus

class SmartPhone {

void dial()
}

class I0S extends SmartPhone {
void facetime() { ... }

}

{

AW =

class IPhonel3Pro extends I0S {
void quickTake() { ... }

}

I@S)

10

= new IPhonel3Pro();

ipndiall() ; |/ /

ip.facetime ()
ip.quickTake(), )(




Static Types, Casts, Polymorphism (3)

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

108 surfWeb /* overridden using firefox */

skype /* new method */

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

IPhoneSE IPhonf1 3Pro Huawei

Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

class SmartPhone {
void dial() {

}

class I0S extends SmartPhone {
void facetime() { ... }

IPhonel3Pro 1p6sp = new IPhonel3Pro();
ip6sp.dial (

PO =

ipésp. facetlme ,y/i////

ipésp.quickTake () ;

}

class IPhonel3Pro extends I0S {
void quickTake() { ... }
}




Static Types, Casts, Polymorphism (4)

surfWeb /* overridden using safari */

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

w MS{ /
sideSync /* new method */

IPhoneSE IPhone13Pro Huawei

Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21

GalaxyS21Plus

class SmartPhone {
void dial() {

}

class I0S extends SmartPhone {
void facetime() { ... }

SmartPhone sp = new IPhonel3Pro();
( (IPhonel3Pro) sp)|l.dialf();

(IPhonel3Pro) sp).facetime();

A 0N =

} ( (IPhonel3Pro) sp).quickTake();

(ﬂo (‘CE).

class IPhonel3Pro extends I0S {
void quickTake() { ... }
}

ales with ST TH2Vo.



Static Types, Casts, Polymorphism (5)

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

AN

/* new attributes, new methods */ /1: mi’{' a'tfjribustes,dnew( lsne{hOds 4 )
ResidentStudent(String name) ; ; onResidentStudent(String name
double premiumRate g ResidentStudent NonResidentStudent d0'ub1e di_scountRate

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

/* redefined/overridden methods */ 7 redeﬁned/o.v.erridden methods */
double getTuition() double getTuition()

/ ResidentStudent
Student s

Course eecs2030 = new Course("EECS2030", 500.0);

Student s = new ResidentStudent ("Jim");
s.register(eecs2030); Pr

if (s instanceof ResidentStugént) {
( (ResidentStudent) s)|\|setPremiumRate(l.75);

System.out.println(( (ResidentStudent) s).getTuition());




e -

Polymorphic Parameters (1) fb
ST Ys

class StudentManagementfystem ({
Student [] ss.-/+ ssfijfias static tyre (D ~/ int c;
ig addRSIResidentStudent|QE}/} ss[c] = rs; c ++; }

d addNRS (NonResidentStudent nrs) { ss[c] = nrs; c++; }
void addStudent (Student s) { ss[c] = s; c++; } }

arownN =

. Static type of ss[0], ss[1], ..., ss[ss.length - 1]?
Stadeat

: v
Q. In ‘I‘P,e’rhod addRS, does ss|C] compile?
velap -
wl A 755 o ST: RS

Q. Under what circumstances can the following

nethod call be valid/compilable?

ms.addRS(0) —> ST of 4. 9 szg%uoée = Lbﬁ{’?c/én;s )
T oY, ]



Polymorphic Parameters (2)

1 fclass StudentManagementSystem {

2 Student [] ss; /* ss[i] has static type Student =*/ int c;
3 ‘ esidentStudend rs) { ssl[c] = rs; c ++; }

4 { ssl[c] = nrs; c++; }
5 { ssle]l = 5; et¥; } }

= new StudeRt();
new ResiddantStudent () ;

Student s3 new NonResfdentStudent () ;

ResidentStudent rs = ¢y ResidentStudent () ;
onResidentStudent nrs new NonResidentStudent() ;
tudentManagementSystenf sms = new StudentManagementSystem() ;

laddRsS

|addRS
laddRsS
laddRsS

—
s: udent(String name) String name

la ddSt Uden t o - dm gg '&(L‘: s e c) Student Ctmje[/] cou::; r/q/wczg rrmd*/ s (res) ¥/
N / \\\
JaddStudent ; — L o s ot

/* new attributes, new methods */ ‘

ResidentStudent(String name) esidentStuden
JaddStudent - o e Residentstudent

r)
rridden methods */ /* redefined/ove

JaddStudent H double zoTuition aMgmaf

d hI dscn ntRate




Casting Arguments ————

AOON—= AOON—=

AWM=

A OWODN—=

void register(Course ¢) Student Coursc[] courses /* regs
double getTuition() | int noc /% number of cor
ANy

void addRS(ResidentStudent rs) e

/% redefine
double getTuition()

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

co
"
v
/
/ .

new methods */ /% new attributes, new methods %/
(String name) i | A i ing name)

ate double discountRate

a Y

fen methods *

sms.addRS( (ResidentStudent) s) compiles?

Student s = new Student ("Stella"); CldSSCGSfEXCGPﬂOﬂ?
/* s’ ST: Student; s’ DIT: Student x/
StudentManagementSystem sms = new StudentManagementSystem() ;
sms.addRS(s); X

Student s = new NonResidentStudent ("Nancy"); CIGSSCdeEXCQPfIOn?
/% s’ ST: Student; s’ DT: NonResidentStudent =/
StudentManagementSystem sms = new StudentManagementSystem();
sms.addRS (s); X

Student s = new ResidentStudent ("Rachael"); CIGSSCGSfEXCQPfIOn?
/+ s’ ST: Student; s’ DT: ResidentStudent +/

StudentManagementSystem sms = new StudentManagementSystem() ;

sms.addRS (s); X

sms.addRS( (ResidentStudent) nrs) compiles?

NonResidentStudent nrs = new NonResidentStudent () ;
/* ST: NonResidentStudent,; DT: NonResidentStudent =*/

StudentManagementSystem sms = new StudentManagementSystem() ;
sms.addRS (nrs); X




