Lecture 21 - Nov. 21
Inheritance

Polymorphic Arrays
Polymorphic Return Values
Type-Checking Rules

Solving Problems Recursively



Announcements/Reminders

e Lab5 released
+ Required study: Abstract Classes & Interfaces
® ProgTest3 grading process to start on Monday
e Exam Review Sessions eClass Polling
e Bonus Opportunity coming: Formal Course Evaluation



The instanceof Operator

A obj = new B();

if (obj instanceof ?7) {
?? obj2 = (??) obj;

b

- L1 compiles if B can
fulfill expectations of A.

N [—

- L3:

- Compiles if
Up or Down cast w.r.t. A.

- ClassCastException if B cannot
fulfill expectations on ?2.

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



Polymorphic Parameters (2)

class StudentManagementSystem {
Student [] ss; /* ss[i] has static type Student =*/ int c;
v01d addRS (ResidentStudent rs) { ssl[c]l = rs; c ++; }

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

Student sl = new Student();
Student s2 new ResidentStudent () ;
Student s3 new NonResidentStudent () ;
ResidentStudent rs = new ResidentStudent();
NonResidentStudent nrs = new NonResidentStudent () ;
dentManagementSystem sms = new StudentManagementSystem() ;
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.JaddRS(nrs) ;
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/* new attributes, new methods */ /* new attributes, new metho d /

ResidentStudent(String name) ResidentStudent
mRate

.laddStudent
.laddStudent

r)
rridden methods */
double getTuition() double getTuition()




(3
Casting Arquments ror— rr—
void register(Course c) Student Course[] courses /* registered courses (rcs) */
T =1 | W courses ¥/

double getTuition() J int noc /* number of
ANy

L = /* new attributes, new methods */ /* new attributes, new methods */
void addRS(ResidentStudent rs) i [ ot |
double premiumRate double discountRate
voi mRate(double r) void setDiscountRate(double r)
re erridden me /* redefined/overridden methods %/

sms.addRS( (ResidentStudent) 9) compiles?
Student s = new Student ("Stella"); CldSSCdeEXC@pinﬂ?

/* s’ ST: Student; s’ DIT: Student x/
StudentManagementSystem sms = new StudentManagementSystem() ; YES
sms.addRS(s); X

\
\
\
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Stiidént s = new NonResidentStudent ("Nancy"); CIGSSCdeEXCQPfIOn?
/+ s’ ST: Student; s’ DT: NonResidentStudent x+/

StudentManagementSystem sms = new StudentManagementSystem(); YE_C

sms.addRS (s); X

AOON—=

ion?
Stiidént s = new ResidentStudent ("Rachael"); CIGSSCdeEXCGPhOn.

/% s’ ST: Student; s’ DT: ResidentStudent x*/ kl
StudentManagementSystem sms = new StudentManagementSystem() ; 0 CCE,
sms.addRS (s); X

sms.addRS(|(ResidentStudent)(@rs) compiles? I|ol \{ veahe u,mw/
NonResidentStudent nrs = new NonResidentStuds ;S IUB\ @ M’IWM
/* ST: NonResidentStudent; DT: NonResidentStuden x/T-'-

StudentManagementSystem sms = new StudentManagementSystem() ;
sms.addRS (nrs); X
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[ ] [ ]
Student(String name) String name
A Polymorphic Collection of Students EE I —
double getTuition() intnoc /* number of courses %
7% new attributes, new methods %/ | - ‘ /% new attributes, new methods */
i ing name) ) N i id ing name)|
ResidentStudent rs = new ResidentStudent ("Rachael"); O e e sttdouble ) L voidsetDisomuntRatedouble )

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

rs.setPremiumRate (1.5);

NonResidentStudent nrs = new NonResidentStudent ("Nancy");
nrs.setDiscountRate(0.5);

StudentManagementSystem sms = new StudentManagementSystem() ;
sms.addStudent ( rs ) /* polymorphism */

sms.addStudent ( nrs ); /* polymorphism #*/

Course eecs2030 = new Course("EECS2030", 500.0); Sq
sms.registerAll (eecs2030); 0 to'],

int numOfStudents;

void addStudent (Student s) { d
students[numOfStudents]es; ”\{ m

numOfStudents ++;
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10 PBfor(int i = 0; i < sms.numberOfStudents; 1 ++) { ‘9‘0‘], -
11 /* Dynamic Binding: j— ¢ 1 . )
12 * Right version of getTuition wifl l.hecalled x void registerall (Course o) ( (
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System.out.println(sms.student

i]).|getTuition )| ;
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for(int i = 0; i < numberOfStudénts; 1 ++) {
students (1] register (c
R
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— oTl :
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registeredCourses | | null ‘ ‘ null ‘ null ‘ registeredCourses ‘ null ‘ | null | null
premiumRate

nrs
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sms.sg[0]|instanceof Student eecs2030
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sms.sq[1]|linstanceof|Student




Polymor

hic Return Types

Student 's =

k-

Course eecs2030 =
ResidentStudent rs =
rs.setPremiumRate (1.5);

NonResidentStudent nrs =
nrs.setDiscountRate(0.5);
StudentManagementSystem sms =
sms.addStudent (rs) ;

static return type:
print (s instanceof Student && s instanceof ResidentStudent);/+tr
print (s instanceof NonResidentStudent);

sms.getStudent(1) i

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

print (s instanceof ResidentStudent);

sms.getStudent(0) ;
N !
Student

Student

StudentManagementSystem 2

new Course ("EECS2030",

new ResidentStudent ("Rachael");

rs.register(eecs2030) ;

new NonResidentStudent ("Nancy");
nrs.register(eecs2030);

new StudentManagementSystem() ;

sms.addStudent (nrs) ;

/* dynamic type of s? x/

sms.getStudent (0) ;
/% dynamic type of s? #*/

500) ;

/* false */

X

sms.getStudent (1); x

3

/* false */
print( s.getTuition() ); /+Version in NonResidentStudent called:250+*
NonResidentStudent nrs2 =

4

print( s.getTuition() );/+Version in ResidentStudent called:750+/
ResidentStudent rs2 =

class StudentManagementSystem {

Student[] ss;

void addStudent (Student s)
Student s =
if(i < 0 ||

}
else {
= ss[i];

) "S= 'gsTe];

return s;

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

getStudent (int i) {
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i >=
throw new IllegalArgumentException("Invalid
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Summary: Type Checking Rules

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?
VIs 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 ¢ 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 ¢ a descendant of m’s parameter’s ST?




Overridden Methods and Dynamic Binding (1)

boolean equals (Object obj) {

Object return this == obj;
} class A {

2 /*equals not overriddenx/
|
|
|

}
class B extends A {

/*equals not overriddenx/

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

}

B Object cl = new C();
2 §Object c2 = new C();

printlin(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*/

A }

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

}
class C extends B {

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

}

o
o —
L

1 )
2 §Object c2 = new C()
3 B println(cl.equals (c

A BT

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

}/ overridden version */ equals ? [ @& ]




Overridden Methods and Dynamic Binding (3)

] boolean equals (Object obj) {
ObJeCt return this == obj; class A {

} /*equals not overriddenx/
A }
I
I

class B extends A {

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

}
}

class C extends B {
/*equals not overriddenx/

/* overridden version */

}

1 fObject clI = new C();
2 §Object c2 = new C();
3

printin(cl.equals (c2));

L3 calls which version of
equals? [B]

) ) T
oy

}
} boolean equals (Object obj) {




Solving_a Problem Recursively

Given a small problem: Solve it directly:

Given a big problem:

Divide it intfo smaller problems:

Assume solutions to smaller problems:

Combine solutions to smaller problems:

...) { /% base case: do something directly #*/ }

m (j);/+ recursive call with strictly smaller value #*/




