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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()
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(String name) i | A i ing name)

ate double discountRate
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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




A Polymorphic Collection of Students

Student(String name)
oid register(Course ¢)
double getTuition()

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

L Student

1 B ResidentStudent rs = new ResidentStudent ("Rachael");

2 Brs.setPremiumRate(1.5);

3 @ NonResidentStudent nrs = new NonResidentStudent ("Nancy");

4 BMnrs.setDiscountRate(0.5);

5 B StudentManagementSystem sms = new StudentManagementSystem() ;
6 W sms.addStudent ( rs ); /* polymorphism =/

7 M sms.addStudent ( nrs ); /* polymorphism */

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

9 M sms.registerAll (eecs2030);

10 Bfor(int i = 0; i < sms.numberOfStudents; 1 ++) {
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—_

/* Dynamic Binding:

—_
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Student| 0 1 2

System.out.printin(sms.students[i]. getTuition() );

* Right version of getTuition will be called */

3

4 5

void registerAll

7% new attributes, new methods */
i ing name)

double discountRate
void sctDiscountRate(double r)

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

double premiumRate

void setPremiumRate(double r)
/% redefined/overridden methods */
double getTuition()

‘ T /*newattributes, new methods %/
i ing nam

=

class StudentManagementSystem {
Student[]
int numOfStudents;

students;

void addStudent (Student s) {

students[numOfStudents] =
numOfStudents ++;

}

Si

(Course c) {
for(int i = 0; i < numberOfStudents;
students[i] .register(c)

i +4+)
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sms.ss[0] instanceof NonResidentStudent
sms.ss[0] instanceof ResidentStudent (
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sms.ss[0] instanceof Student eecs2030
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Polymorphic Return Types

Course eecs2030 = new Course ("EECS2030", 500);
ResidentStudent rs = new ResidentStudent ("Rachael");
rs.setPremiumRate(l1.5); rs.register(eecs2030);
NonResidentStudent nrs = new NonResidentStudent ("Nancy") ;
nrs.setDiscountRate(0.5); nrs.register(eecs2030);
StudentManagementSystem sms = new StudentManagementSystem() ;
sms.addStudent (rs); sms.addStudent (nrs);
Student s = sms.getStudent(0) ; /* dynamic type of s? %/
P

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

print (s instanceof NonResidentStudent);
print( s.getTuition() );/*Version in ResidentStudent called:750%*/
ResidentStudent rs2 = sms.getStudent(0); X

s = sms.getStudent(1) ; /% dynamic type of s? %/

—_—
static return type: Student
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

class StudentManagementSystem {
Student[] ss; int c;
void addStudent (Student s) { ss[c]

Student getStudent (int i) {
Student s = null;
if(i <0 || 1 >= ¢) {
throw new IllegalArgumentException("Invalid
}
else {
s = ss[i];
}
return s;

}

99

\ ‘ null ‘ null ‘ null ‘ null ‘ null ‘ null ‘ n::ll ‘ null ‘

sms.getStudent (1)

ResidentStudent
“Rachael”

numberOfCourses 0 1 8 9 numberOfCourses 0

(—‘ NonResidentStudent
“Nancy”

registeredCourses . w | U DUl registeredCourses

premiumRate 3.5 discountRate

Course
“EEC52030"

eecs2030




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?
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 ¢ 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) {
return this == obj;

class A {
/*equals not overriddenx/

}

class B extends A {

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

}

Object cl = new C();
Object c2 = new C();

println(cl.equals(c2));

L3 calls which version of

equals? -




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 —
o

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 class B extends A {

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

}

I

class C extends B {
/*equals not overriddenx/

/* overridden version */

1 §Object cl1 = new C();
2 §Object c2 = new C();
3

printin(cl.equals (c2));

L3 calls which version of

equals? -

}
{ } boolean equals (Object obj) {
B




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:




Tracing Recursion via a Stack

e When a method is called, it is activated (and becomes active)
and pushed onto the stack.

e When the body of a method makes a (helper) method call, that
(helper) method is activated (and becomes active) and
pushed onto the stack.

= The stack contains activation records of all active methods.
o Top of stack denotes the | current point of execution |.
o Remaining parts of stack are (temporarily) suspended.

e When entire body of a method is executed, stack is popped .

= The | current point of execution |is returned to the new top
of stack (which was suspended and just became active).

e Execution terminates when the stack becomes empty .

Runtime Stack



Recursive Solution: factorial

fn=0

3-2-1 ifn>1




Recursive Solution in Java: factorial

1 ifn=0
n-(n-1)! ifn>1

nl =

int RSN (int n)
int result;
if(n == 0) { /* base case x*/ result
else { /* recursive case */
result = n = factorial (n — 1);

}

return result;

}

Example: factorial(3)

Runtime Stack



Common Errors of Recursion (1)

int factorial (int n) {

return n » factorial (n - 1);

}




Common Errors of Recursion (2)

int factorial (int n) {
if(n ) { /* base case */ return 1; }

else { /* recursive case #*/ return n x factorial (n); }

}




