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Inheritance: Motivating Problem
(Nouns > classes, attributes, accessors

(@? > mutators
Problem: Alstudent management szsteﬂstores data about

students. There are two kinds of university students: resident
students and non-resident students. Both kinds of students
have a name and a list of registered courses. Both kinds of
students are restricted to register for no more than 10 courses.
When calculating the tuition for a student, a base amount is first
determined from the list of courses they are currently registered
(each course has an lated fee). For a non-resident
student, there is a discount rate applied to the base amount to
waive the fee for on-Camplie accommodation. For a resident

. P . \
student, there is a ,@%ﬁ@@;pphed to the base amount to

account for the fee for on-campus accommodation and meals.
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First Design Attempt

Course[] courses;

int noc;

int kind;

double premiumRate;

double discountRate;

Student (int kind){
this.kind = kind;

b

double getTuition{){
double tuition = 0;
for(inti =0; i < noc; i++){
tuition += courses[i].fee;

t
if (this.kind == 1) &

return tuition * premiumRate;
3 Ll il i e i

eIs£ if (this.kind 1==| 2) {
return tuition=:-¢ .

double registel(Course c){

MAX;
thls .Kind == 1) { MAX = GJ

— MAX) { /* EF

courses[noc] = ¢;
noc++;
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) . double getTuition(){
First Design Attempt HohBlakukticn & 0;

for(inti =0; i < noc; i++){
class Student { tuition += courses[i].fee;

Course[] courses; Q, b
int noc; £ if (this.kind == 1) {
int kind; / Z o ¢ return tuition * premiumRate;

s }
[‘Tg:g'e promilimKate; | else if (this.kind == 2) {

Student (int kind){ return tuition * discountRate;

this.kind = kind;
b

ouble register(Course c){

int MAX;

if (this.kind == 1) { MAX =6; }
else if (this.kind == 2) { MAX = 4; }

Good design? /,4\ if (noc == MAX) { /* Error */ }
4‘% else {
Judge by uoheswn 4ot courses[noc] = ¢;

mh \'43 i
A |
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First Design Attempt Houble Ttk = 0;
for(inti = 0; i < noc; i++){
tuition += courses[i].fee;

s

class Student {
Course[] courses;
intnoc; [/: K
int kind; 2: ~KS
double premiumRate;
double dis (%ate
Kin

if (this.kind == 1) {
return tuition * premiumRate;

b
else if (this.kind == 2) {
return tuition * discountRate;

e T-L.(.-fhfs.k(:,,dg - |- -S

double register(Course c){
int MAX;

Student (int Kine
this.kind = kind;

¥

AP 4 if (this.kind == 1) { MAX = 6; }
Good design?® ' else if (this.kind == 2) { MAX = 4; }
. . T, (o if (noc == MAX) { /™ Error ¥/ ¥
Judge MChmce Principl else { ‘)
— Repeafed if-conditions e courses[noc] = c;
- A new kind is introduc WYY ~ noctt dce?p (ﬂ{?fh' %)

- An existing kind is obeselefe? N, ’

\

{3
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Testing Student Classes (without inheritance)

String name;

}

numberOfC

}

ResidentStudent (String name) ({
this.name =

void register(Course c) {
registeredCourses|[numberOfCourses] = c; registere

le getTuition() {
double tuition = 0;
for(int 1 =

return tuition * |premiumRate ;

String name;

}

0; 1 < numberOfCourses; 1
tuition += registeredCourses[i].fee;

Ty

}

double getTuition/()
double tuition = 0;
for(int i = 0;

eturn tuition

class ResidentStudent #{ class’ NonResidentStudent {

Course[] registeredCourses; Course[] registeredCourses;
int numberOfCourses; int numberOfCourses;

double premiumRate; /* there’s a mutator me double discountRate; /+ there’
NonResidentStudent (String name)

name; this.name =
registeredCourses = new Course[l0]; registeredCourses

void register(Course c) {
€5 [ numberOfCours
fCourses ++;

{

+) { “ i < numberOfCourses;
tuition += registeredCourses|[1

discountRate ;

For me
a mutator me

new Course[l1l0];

. fee;

i ++)

static vg

class StudentTester {
A main (String[] args) {

),

new Course ("EECS203Q0Y, 500.00); /x

tit
Course ("EEC ¥, 500.00); /x tit

new ResidentStudent (" Dayls

System.out.prin

System.out.println("Jeremy pays " + Jerem get1u1tlon()),

—

jerewy . registe

"Jim rays U Tu7f’7nnl\

"Course

title] 33//]
$vo]
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Student Classes (without inheritance): Maintenance (1)

class ResidentStudent {

String name;
registeredCourses;
int numberOfCourses;

Coursel]

double premiumRate; /+ there’s a mutator

ResidentStudent (String name) {
this.name = name;

registeredCourses = new Course[l0];

}
void register(Course c) {
registeredCourses|[numberOfCourses] =

cy
numh®SroOfCourses ++;
}
dojyible getTuition() {
double tuition = 0;
for(int 1 = 0; 1 < numberOfCourses; 1 ++)

tuition += registeredCourses[i].fee;

}
return tuition *

}

premiumRate ;

e

class NonResidentStudent ({
String name;
Course[] registeredCourses;
int numberOfCourses;

double discountRate; /*

there’s a mutator
NonResidentStudent (String name) {
this.name = name;

registeredCourses = new Course[l0];

}
void register(Course c) {
registeredCourses|[numberOfCourses] =

Ci
numberOfCourses ++;
}
double getTuition() |
double tuition = 0;
for(int i = 0; 1 < numberQfCourses; 1 ++)

tuition += registeredCoukses|[i].fee;

}
return tuition x*

}

discountRate ;

me

{

Maintenance: e.g., a new registration constrdint

| if(numberOfCourses >= MAX_ALLOWANCE) {
- throw new IllegalArgumentException(“Too Many Courses”);

|}

Lelse {...}

|
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Student Classes (without inheritance): Maintenance (2)

class ResidentStudent {
String name;
Course|[] registeredCourses;
int numberOfCourses;

double premiumRate; /+ there’s a

ResidentStudent (String name) {
this.name = name;
registeredCourses = new Course[l0];
}
void register(Course c) {
registeredCourses|[numberOfCourses] = c;
numberOfCourses ++;
}
double getTuition() {
double tuition = 0;
for(int i = 0; 1 < numberOfCourses; i ++)
tuition += registeredCourses[i].fee;
}

return tuition *

}

premiumRate ;

mutator me

{

class NonResidentStudent ({
String name;
Course[] registeredCourses;
int numberOfCourses;
double discountRate; /+ there’s

NonResidentStudent (String name) {
this.name = name;

registeredCourses = new Course[l0];

}
void register(Course c) {
registeredCourses|[numberOfCourses] = c;
numberOfCourses ++;
}
double getTuition() |
double tuition = 0;
for(int i = 0; i < numberOfCourses; 1 ++)
tuition += registeredCourses|[i].fee;
}
return tuition x

}

discountRate ;

a mutator me

Maintenance: e.g., a new formula for tuition

/* ... can be premiumRate or discountRate */

return tuition * inflationRate * ...;
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A Collection of Students (without inheritance)

System {

class-StuderrtMamagen
Resgident Stndent [ ] <SS
' _NonResidentStuden:|
int-Tors; /* number oOF resident students =/
int nonrs; /* number of non-resident students x/

void addRS ((REsFgentstident rs) { rss[norsl=rs; nors++; }

void addNRS D 1:5) { nrss[nonrs]=nrs;nonrs++; }
. M
void registerAll (Course c) {
for(int i1 = 0; 1 € mers; 1 #+) [(\gss[ilRregisteri{c); 7
for (int 1 === aonrs; 1 ++) {Cnrssl[i] Jregister(c); }
;)
012 99 012
rssS /1111 i Bl it | nr FATEN bl Il |
Res.S Res. Res.S. Res.S. NonRe NonRes.5.\|NonRes. NonRes.¥/.
rcs res rcs | rcs res rcs res| | res
T Pr pr gr d
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Student Classes (with _inheritance)

{

class Student
String name;
registeredCourses;

numherz0fCourse

this.name = name;
registeredCourses = new Course|

—————

~oitd—cccistoriConree
registeredCourses|[numberOfCourses
numberOfCourses ++;

T —

double getTuition() {

double tuition = 0;

for(int 1 = 0; i < numberOfCourses; 1 ++)

tuition += registeredCourses|.i] . fee;

/*Ybase amount only */

b5 Bl g Mo 47

class |(NonResidentStudent

double @iscountRat®y /+ there’s
(ﬁanResidentStud t (Sfring name)

netl is’ inherited

ouble Da W Stpey.Qetluition
return( basey\x digcountRate=?
~

extends Student {

ah@a
super (name)f; }

extends Student

/* there’s a iLator meth

class Residen
doubl@

ResidentStudent
J* register method is inherited */ 4

d?:ulflegﬂiiosiger : l;yet Tuition(); ‘;::Amt[ﬁﬂp)

premiumRate,

(String name)

base
- -/ .
returfa base & ~premiumRa ;
‘\

} }
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Visualizing Parent and Child Objects

[;tudegt&g)= new Student ("Stella");
(rg)

jResidentStudent = new ResidentStudent ("Rachael");
] s .
ngnRe51dentbLudent rg) = new NonResidentStudent ("Nancy") ;
— .
(‘ 7 Student
pame “Stella”
° numberOfCourses 0 1 8 9
registeredCourses null ‘ null ‘ ’ null ’ null ‘
(—’ ResidentStudent
name “Rachael”
i numberOfCourses 0 1 8 9
registeredCourses ‘ null | null ‘ ‘ null | null ‘
premiumRate
</_’ NonResidentStudent
name “Nancy”
nrs
numberOfCourses 0 1 8 9
registeredCourses null | null ‘ ‘ null ‘ null ‘

discountRate


Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User


Testing Student Classes (with inheritance)

/* new attributes, new methods */

Student(String name) String name
void register(Course ¢) Student Course[] registeredCourses
double getTuition() int numberOfCourses

AN

ResidentStudent(String name) ResidentStudent NonResidentStudent

double premiumRate
void setPremiumRate(double r)

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

void setDiscountRate(double r)

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

Course
Course

class StudentTester {
static void main(String[] args) {

ResidentStudent jim = new ResidentStudent ("J. Da
jim.setPremiumRate (1.25);

jim.register(cl); jim.register(c2);
NonResidentStudent) jeremy = new NonResidentStudent ("J. Gibbons")

cl = new Course ("EECS2030", 500.00); /%

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

Res.S. o1

c2 = new Course ("EECS3311", 500.00); /#* t

res| 4+,1.0:-

pr [1.25

jeremy.setDiscountRate (0.75);
jeremy.register(cl); jeremy.register(c2); Course Course
System.out.println("Jim pays " + jim.getTuition()); - =
System.out.println("Jeremy pays " + jeremy.getTuition()); f'fle 20301 flfle 3311
} cl c2
) fee | 500 fee | 500

|NonRe&S. -
res| 1> -

jer.

dr |o.75 01
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Student Classes (with inheritance): Expecfafions
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Intuition: Polymorphism

Student(String name) String name _
void register(Course c) Student Course[] regist registeredCourses
double getTuition() int numberOfCourses

AN

/* new aﬂrlbute\, new methods /4 N

/* new attributes, new methods */
" . NonResidentStudent(String name)
NonResidentStudent
ResidentStudent ohitesidontatidan double discountRate
A void setDiscountRate(double r)
-~ /* redefined/overridden methods */
double getTuition()

Tridden methods */
double getTuition()

1 Student ("Stella");
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