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Static Types, Casts, Polymorphism (1)
Vet [t
e

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

/* cinematic mode */
uickTake sideSync /* new method */

IPhoneSE IPhone13Pro

Huawei

Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21

class SmartPhone {

void dial() { ... SmartPhone  sp
} ° sdiallyy &

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

.quickTake() ;
}

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




Static Types, Casts, Polymorphism (2)

surfWeb /* overridden using safari */

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

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() { ... }

IOS 1ip = new IPhonel3Pro(); .
ip.dial(); B

ip.facetime(); .
B . quickTake () ; [ ]

AW =

}

class IPhonel3Pro extends I0S {
void 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 IPhone13Pro Huawei

Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

class SmartPhone {
void dial() {

}

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

IPhonel3Pro ip6sp = new IPhonel3Pro(); .
ipé6sp.dial(); .

ipbsp.facetime () ; .
ipésp.quickTake () ;

PO =

}

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




\J
& rtPhone dial /* basic method */
surfWeb /* basic method */

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

" cine ic mode */
sideSync /* new method */
IPhoneSE IPhone1 3Pro M Samsung
5 /* dual-matrix camera */
ﬂ zoomage

HuaweiP50Pro Huaw Mate40Pro GalaxyS21

class SmartPhone {
void dial() { ...}

} (IPhonel3Pro)

class I0S extends SmartPhone { oh 13p
void facetime() { ... } Lrioned drnc)

}

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

}

(IPhonel3Pro)

GalaxyS21Plus

new IPhonel3Pro();

saeliara 140 v

. facetime () ;

.quickTake();

v’

v

v




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 */

i TN

/* new attributes, new methods */ g /* new attributes, new methods */

}i{esibdlentStm?entgt:ing name) ResidentStudent lig:lﬁ:s&cilsecl(l)tf:tllgz?:(Strlng name)
ouble premiumRate A S
void setPremiumRate(double r) void setDiscountRate(double r)

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

NonResidentStudent

Student s

DO 00) 3

M V;( & \éﬂkl\fq%\{f@% (Kgé/y ResidentStudent

iirse eecs2030 = new Course("EECS2030",

ydent s = new ResidentStudent ("Jim") ;
cgister(eecs2030);

(ResidentStudent)

System.out.println/(

= ); MIH ST
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Polymorphic Parameters (1)

Sott thpe & elwents o avey)

lass StudentManagementSystem

1
2
3
4
5 §- void addStudent (Student s)
Q. S

Static type of ss[0], ss[1], .

ST
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] Gs) /x ss[i] h/ Jtlc f{))e Stydent x/ int c;
© void ada S Res.ldentStudent_@
- void addNRS(NonResidentStudent nrs)

N C ++; } F{NM
{lss[c] = nrs ++ 9
{|sslc] = sgTTF; P 1’

, ss[ss.length - 1]?

ol > T & cbopt 4 Lo doiaudett & Goudot

I thod addRS, does|ss[c](=)rsicompile?
(%Mdn m\; ,povs aﬂw(& " 9 omPI: T R
» ROYENS T Bl sitractin vl JEW
Q. Under whaf curcumsfances can the following
method call be valid/compilable? P ST?
Sm3 addRS(Q) _~ 42075 of RS Q)=

(0. 4



Polymorphic Parameters (2)

1 fclass StudentManagementSystem {
Student [] ss; /* ss[i] has static type Student =*/ int c;
cAb‘d 3 ] S(ResidentStudent@ { ss[c] = rs; c ++; }
void addNRS (NonResidentStudent nrs) { ss[c] = nrs; c++; }

}

{ ss[c] = s5; c++; }

Student El =
Student s2 = new ResidentStuderN
Student s3

new| StudentManagementSys

sms.addRS
sms.addRS(s2); @
sms.addRS(s3); @
(r @

.

zjn();

sms.addRS (rs) ;
sms.addRS (nrs) ;
sms.addStudent (sl

s: udent(String name) String name
oid register(Course c) Student Coursef] courses /* registered courses (rcs) ¥/
sms. double getTuition intnoc /* number of courses */

—
/// \\\
‘ /% new attributes, new methods %/

sms.addStudent (s3) ;
sms.addStudent (rsy;
sms.addStudent

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

name)

ResidentStudent

d hI dscn ntRate

r) r)
re rridden methods %/ /’ d/' ed/overridden methods */
- \/ double getTuition() dblgtTut n()




t NME (7
I
C a sh n Ar umen t S p— —
void register(Course ¢) Student Coursc[] courses /* registered courses (res) */
4 - int ses
AN
d .

double getTuition() | int noc./* number of courses */
void add R§(ResidentStudent ﬁ.ﬂ

J /* new a'tlriblltes, new meghmis L4
s\{ new Student ("Stella"); ldSSCOSfEXCprlOH? g\
/%®s’ ST: Student; s’ DT: Student x4 La Y
StudentManagementSystem sms = ng \P 'DT Op S
sms . addRS @ 2 &‘ / 4\

l(Slrmg name)

new attributes, new methods %/ \‘

te(d uble r)
den methods ¥/

SYIEFY
J82E

Sl new NonResidentStudent ("Nancy") ;

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

new ResidentStudent ("Rachael");
/+ s’ ST: Student; s’ DT: ResidentStudent x/
StudentManagementSystem sms =
sms.addRS (s); X

NonResidentStudent nrs new NonResident

,9 /% ST: NonResidentStudent,; DT: NonReside
StudentManagementSystem sms =
sms.addRS (nrs); X



sl  addSuolent G 55 > M”bﬁ'wi‘? S=73

tudents

Studeat(String name) |
oid register(Course. ..)
double getTuition()

String name
Coursel] courses /* registered courses (rcs)
int noc /* number of courses ¥

Student

A Polymorphic Collection of

/ —

7% new attributes, new methods */

,’ﬁ new attributes, new methods */

....... )
1 @ ResidentStudent (i's)= new ResidentStudent ("Racg#facl"); vt SR v - ~ ‘/‘.,{:I”QZ'LMJ!‘R.'..(MH
/% redefined/overridden methods */ /* redefined/overridden methods */
2 rs.setPremiumRate ( it H double getTuition() double getTuition()
3 @ NonResidentStuden = new NonResiden udent ("Nancy") ;
4 BMnrs.setDiscountRate (0. 5) ;
5 StudentM. £ _ T udentM £s £ O c s dentManagementSystem {
udentManageme stem sms = udentManagementSystem() ; stidengl] students;
6 Msms.addStudent ( ; ymorphism %/ 'ﬂ; % : LmOfStudent s; ’-\-)&* M w
7 Bsms.addStudent ( nrs ) ; * polymorphism */ w ST
8 M Course eecs2030 = new Course ("EECS2030", 500.0); M eidiaddocudent (CEUdCnt {
K students[numOfStudentslf = s;
9 W sms.registerdll (eecs2030) ; 2 mOfStudents ++;
10 flfor(int i = 0; i < sms.numberOfStudents; 1 ++) { .4‘ 5 PM
11 /* Dynamic Binding: m “[ [)’ . R
; i . . . |]_ registerAll (Course c) {
12 * Right version of getTu$on will be called *Z e TE T = i < numberOfStudents, B & i
13 System.out.println (sms.lstudentsl i]l. getTuition() ); Istudent [1]| registed(
14 @) e—— . } ‘ ﬁ
e
}
) £0.8T §
Student| agementSystem 0 a 2 3 4 5 6
sms.ss = O
ss P | null ‘ null | null ‘ null | null ’ null ‘ null | null ‘
sms [ - \
ﬁ““m p \/Z\' sms.getStudent (1) W J I
T‘, 6/ esidentStuden (‘ ~ NonResidentStuden 5
ame “RACNEEL" “Nancy”
° numberOfCourses 0 1 8 g S numberOfCourses 0 1 dMﬂ m
registeredCourses | I null ‘ ‘ null ‘ null ‘ registeredCourses ‘ null l u | null | null

®

discountRate

m oP de:

sms.ss[0]linstanceof NonResidentStu P~ sms.ss[1]linstanceof|NonResidentStudent
sms.ss[0]linstanceof ResidentStuden v wmesz2050- || STS-SS[1]}instanceof|ResidentStudent
sms.ss[0]linstanceof Studen cecs2030  [——T5Ss sms.ss[1]jinstanceof|Student
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e ? & RT om
Polymﬁwic Return Type

Course eecs3030 = new Course("EECS2030", 500);
ResidentStuflent rs = new ResidentStudent ("Rachael");
rs.setPremiimRate(l1.5); rs.register(eecs2030);
NonResidentfStudent nrs = new NonResidentStudent ("Nancy");
nrs.setDisdountRate(0.5); nrs.register(eecs2030);
StudentManggementSystem sms = new StudentManagementSystem() ;
sms.addStud®nt (rs) ; sms.addStudent (nrs) ;
Student( s k=) I sms.getotuaenttor 1 ;  /+ dynamic type of s? +/
sy rerep———

static, return type: Student H

aof Student && s instanceof Resid Student);/*t:A
); /*x falsewk/

<

°

Re€identStudent rs2(=) sms.getStu&ent(O) -=a
s (=) sms.getStudent (= cyprc YPe of s? */
-— \

static return type: Student q:
print (s instanceof Student && s instanceof NonResidentStudent);/

print (s instanceof ResidentStudent); /* false x*/
print( s.getTuition() ); /*Version in NonResidentStudent called:250+*

NonResidentStudent nrs2 = sms.getStudent(l); x

StudentManagementSystem 2 3 4 5 6 7 " 99

ss \ ‘ null ‘ null ‘ null ‘ null ‘ null ‘ null ‘ n::ll ‘ null ‘
c 2

sms.getStudent (0) sms.getStudent (1) ﬂ ’S:

. (—‘ NonResidentStudent |

“Rachael” “Nancy”

nrs

numberOfCourses |51 [ 8 9 numberOfCourses [I1 0o 1 8 9
registeredCourses null | w. | null | null registeredCourses null| .. | null | null

premiumRate L discountRate 0.5

Course
title “EECS2030"
fee DD

eecs2030
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Summary: Type Checking Rules

Ly

L
= 4wm¢ aled 7
L fompie TP ? %M((>(Z{>'V

CODE

CONDITION TO BE TYPE CORRECT

Is y's ST a descendant of x's ST?

Is method m defined in x’'s ST?
Is y’'s ST a descendant of m’'s parameter’s ST?

Is method m defined in x’'s ST?
Is y’'s ST a descendant of m's parameter’s ST?
Is ST of m’s return value a descendant of z’'s ST?

Is ¢ an ancestor or a descendant of y's ST?

Is ¢ an ancestor or a descendant of y's ST?
Is c a descendant of x’s ST?

Is ¢ an ancestor or a descendant of y's ST?
Is method m defined in x’s ST?

| Is C a descendant of m's parameter’s ST?




Overridden Methods and Dynamic Binding (1)

boolean equals (Object obj) {
return this == obj;

) m— Y
= m =
-/ - —

class A {
/*equals not overriddenx/

}
class B extends A {

/*equals not overriddenx/
}
class C extends B {
/*equals not overriddenx/

Object cI
Object c2

println(cl.equals(c2));

L3 calls which version of
equals? [ Object ]



Overridden Methods and Dynamic Binding (2)

boolean equals (Object obj) {

Object return this == obj; class A {
} /*equals not overriddenx*/

}

class B extends A {
/+equals not overriddenx*/

et

}

A class C extends B {

boolean equals (Object obj) {
A /* overridden version */

Object c1 = [new CT1]

println(cl)equals (c2));

@ boolean equals (Object obj) {/ L3 calls which version of

}/ overridden version */ equals? [C]

) ) )
oy)




Overridden Methods and Dynamic Binding (3)

boolean equals (Object obj) {

Object return this == obj; class A {
} /*equals not overriddenx/
}
class B extends A {
boolean equals (Object obj) {
/* overridden version */

}
}

do@" N&%yg gﬁk Bclass C extends B {

/*equals not overriddenx/

boolean equals (Object obj) {

:
: )
T
|
O

} Object cI
Object c2

n E} equals (c2));

L3 calls which version of
VT"; [-O7 C equals? [B]




