Lecture 5
Part A

Inheritance -
Student Management System:
First-Design (without inheritance)



- — ot v V- e
Inheritance: Motivating Problem | Nouns -> classes, attributes, accessors
Verbs -> mutators

Problem: A student management system stores data about
students. There are two kinds of university students: resident
students ahd non-resident students. Both kinds of students
have a name and-alistof 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 asggegiated fee). For a non-resident
student, there is a discountrate applied to the base amountio
waive the fee for on-camnus accommodation. ForaTesident
student, there is a premiumirate applied to the base amount to
account for the fee for on-campus accommodation and meals.




First Design Attempt public double getTuition(){

double tuition =

public class Student { for(inti = 0; i < this.noc; i++){
private Course[] courses; , tuition += this.courses[i].fee;
private int noc; if (this.kind ==/1) 7

o . Vv J
return tuition * this. premiumRate;
L ]

private int kind; : )

! e wﬂa €, else if (this.kind == 2) { /
private double discountRate; return fyujtion * this.discountRate;

V4
public Student (int kind)<{
this.kind = kind;
s public double register(Course c){
intMMAX/= -1;
if (this.kind == 1) {VMAX =6; }
else if (this.kind == 2) { MAX = 4; }

R Gt 6= vy Sudo (s | asiposc==ged (S
NBS: Cuadent n6 = v J‘MA/M‘(Z); L ' - ;

this.noc ++;

¥



First Design Attempt

public double getTuition(){
double tuition = 0;
for(inti = 0; i < this.noc; i++){
tuition += this.courses[i].fee;
b
if (this.kind == 1) {
return tuition * this. premiumRate;
b
else if (this.kind == 2) {
return tuition * this.discountRate;

public class Student {

private Course[] courses;
private int noc;

v private int kind;
private double premiumRate

private double discountRate;

public Student (int kind){ ¥, v
this.kind = kind;

v

int MAX = -1;
= if (this.kind == 1) { MAX = 6; }
%,' Stno‘BRt —_— A else if (this.kind == 2) { MAX = 4; }
2 if (this.noc == MAX) { /* Error */ }

Good design? else {

th!s.courses[this.noc] = C;
Judge by Cohesion T
LT a

Al &



First Design Attempt

public double getTuition(){
double tuition = 0;
for(inti = 0; i < this.noc; i++){

tuition += this.courses[i].fee;

public class Student {
private Course[] courses;
private int noc;

private int kind;
private double premiumRate;
private double discountRate;

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

}élﬁf (fh@.k?d::_}>{ .

public double register(Course c){
int MAX = -1;
Eehisiend SRV

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

200
GOOd d€$|gﬂ? /Meafﬁ, ‘»‘ & if (this.noc == MAX) { /* Error */ }

else {
Judge by Single Choice Principle on'f A this.courses[this.noc] = c;

- Repeated if-conditions s‘(;,,ﬂh ( of WA 3 this.noc ++;
A new kind is introduced? o]t

_= An existing kind is obselete? Yace %

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




Lecture 5
Part B

Inheritance -
Student Management System:
Second-Design (without inheritance)



Testing Student Classes (without inheritance) Ghesor v

public class ResidentStudent { public class W {

private String name; private String name;

o
private Course[] courses; private int noc; private Coursel[] courses; privgte int noc; \a
“ private double premiumRate; /+ assume a I private double discountRate; *

assume a
B — A
public ResidentStudent (String name) { public NonResidentStudent (String name) {

this.name = name; this . name = name; d Fm@
this.courses = new Course[10]; this.courses =

= new Coursel[l0];
} }

public void register(Course c) {

public void register(Course c) { —,’ m-'
this.courses([this.noc] = c; this.courses[this.noc] (o4
this.noc ++;

this.noc ++;

| | e
oublic double getTuition() { public double getTuition() {
»  double tuition = 0; o4

ouble tuition = 0;

for(int i = 0; i < this.noc; 1 ++) [{ or(int i = 0; 1 < this.noc; i ++) ({ t{
tuition += this.courses[i]. fee; tuition += this.courses[i]. fee;

} }

return tuition * this. premiumRate ; return tuition x this. discountRate ;

} } %’
} } (wo * 0'
public class StudentTester {

in )1
public static void main(Strin Res.S.

Course cl = new Course ("EECS2030%, 200.00)§ /« title and fee +/ (. rcs —~
Course c2 = new Course ("EECS /% title and fee x*/ J'm

= LprCl£26) *
2 a2 J. Davis™]; — —L 4
jim.setPremiumRate (1.25);

B registerg.g_l_) - Hn_ register(c2) ;

NonResidentStudent jeremy = new NonResidentStudent ("J. Gibbons")
jeremy.setDiscountRate (0 .'752 7

zeremi./.register(il_) ; Jjeremy.regigie=N (3&;
System.out.println("Jim pays " &\ jimigetTuition());
System.out.println("Jeremy pays " H jeremy) getTuition());

Jeremy
}




Student Classes (without inheritance): Maintenance (1)

public class ResidentStudent { public class NonResidentStudent ({

private String name; private String name;

private Course[] courses; private int noc; private Course[] courses; private int noc;

private double premiumRate; /+ assume a private double discountRate; /x assume a

public ResidentStudent (String name) { public NonResidentStudent (String name) {
this.name = name; this.name = name;
this.courses = new Course[l1l0]; this.courses = new Course[l1l0];

} }

public void register(Course c) | ublic void register(Course c) {
this.courses[this.noc] = c; 4 this.courses[this.noc] = c;

} this.noc ++; #{# "I‘ws} this.noc ++; '—,#M.?Mﬁ{

public double getTuition() { public double getTuition() {

double tuition = 0; ‘e double tuition = 0;

for(int i = 0; i < this.noc; 1 ++) § for(int i = 0; i < this. noc, 1 ++) {3
tuition += this.courses[i]. fee; tuition += this.courses[i]. fee;

} }

return tuition * this. premiumRate ; return tuition » this. discountRate ;

} }
} }

Maintenance e.g., a new registration constraint:

if(numberOfCourses >= MAX_ALLOWANCE) {
throw new TooManyCoursesException("Too Many Courses”);

by
else{ ... }




Student Classes (without inheritance): Maintenance (2)

public class ResidentStudent ({
private String name;

public class NonResidentStudent ({
private String name;
private Course[] courses; private int noc; private Coursel]

courses; private int noc;
private double premiumRate; /+ assume a

private double discountRate; /* assume a
public ResidentStudent (String name) {
this.name = name;
this.courses = new Course[l1l0];
} }
public void register(Course c) {
this.courses[this.noc] = c¢;
this.noc ++;
} }
public double getTuition() {
double tuition = 0;

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

this.courses = new Course[1l0];

public void register(Course c) {
this.courses[this.noc] = c;
this.noc ++;

public double getTuition() {

double tuition = 0;
for(int i = 0; i1 < this.noc; 1 ++) { for(int i = 0; i < this.noc; 1 ++) {
tuition += this.courses[1i]. fee; tuition += this.courses[i]. fee;
h |

}

return tuition » this. discountRate ;

} Y TV ) Y% Ty

return tuition.* this. premiumRate ;

Maintenance e.g., a new tuition formula:

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

return tuition




A Collection of Students (without inheritance)

public class StudentManagementSystem { ;!!gg
private (ResidentStudent|[] rss;

private NonResidentStudent|[] nrss; a{
private int nors; /* number of resident students */ ﬁﬂf[

private int nonrs; /* number of non-resident stude l I'
public void addRS (ResidentStudent rs){ rssl[nors]l=rs; norst+; }

public void addNRS (NonResidentStudent nrs){ nrss[nonrs]=nrs;nonrs++;
public void registerAll(Course c) {

for(int i = 0; i < nors; 1 ++) { rss[i].register(c); }

for(int i = 0; i < nonrs; 1 ++) { nrss[i].register(c); }

1 2 99 012 99 Qc‘F
lIlI - — Il nrss I II $

Res.S. Res.S. Res.S. Res.S. NonRes.S.] INonRes.S.] [NonRes.S. NonRes.S.
rcs res rcs rcs res res res res

pr pr pr pr dr dr dr dr




Lecture 5
Part C

Inheritance -
Visibility: Project, Package, (Sub-)Classes



Visibility:

Attributes and Methods

CollectionOfStuffs

animal

= ] public class Chair {
o ] private w;

furniture

extends

int x;

protected int y;
public int z;

\axtends
[ -

= )
~
N
shape [ RockingChair ]
[ (Circle ]
[ S CLAsSS PACKAGE SUBCLASS SUBCLASS NON-SUBCLASS
quare ]
(same pkg) W (different pkg) @ (across Project)

public

protected

no modifier

private



Lecture 5
Part D

Inheritance -
Student Management System:
Third-Design (with inheritance)



class Student
registeredCourses;

String name;

{

Student Classes (with inheritance)
(W

Coursel]
int numberOfCourses;
name)

Student (String

new Course[l10];

}

D
ROV

this.name name;
registeredCourses =
void register(Lourse c) A
registeredCourses|[numberOfCourses] = Cill
-
i ++)

numberOfCourses ++;

oK
L\':‘

1 < numberOfCourses;

A for (int 1

}
aouBIe getTuition() {
double tuition = 0;
= 0;
tuition += registeredCourses[.i].fee;

uition; /* base amount only x/

\ ' WEW ietum :

i
BRI ]
extends Student |
-~ SLe d u or
[uper (nare)|

class NonResidentStudent
Rate * there’s a mutatg
{]l super (name

}

[

class ResidentXtudent
UINRGLE, /N
(String nfme)

D16
d is inherited™*

aoupile
ResidentStuden?

/* register meth
etTuitio
double base ={superjgetTuition();
ek §

double
return base * premiumRate ;
»

L

44 (

double d
NonResidentStudent (String name)
/* register method 1is inherited #*/
double getTuition

‘ double base =etTuition();‘

return base » discountRate ; M
}\/—\/\—/—\




Visualizing Parent and Child Objects

Student s = new Studend ("Stella");

ResidentStudent rs = new ResidentStudent ("Rachael");
NonResidentStudent nrs = new NonResidentStudent ("Nancy");

Student

(_. name —> “Stella”

numberOfCourses 0 1 8 9
registeredCourses ——{ null ‘ null ‘ ’ null ’ null ‘

— o M ~> thid asoee s at last a8 won Atﬁzéoa'
e K% Ho®e aF #s Spawvent

0 1 8 9
registeredCourses null | null ‘ ‘ null | null ‘
premiumRate ’ l Wt W.
— ﬂ"“m'l

name

“Nancy”

numberOfCourses 0] 0 1 8 9

registeredCourses null | null ‘ ‘ null I null ‘

I aiscountrkate I



Testing Student Classes (with _inheritance)

Student(String name) tring name

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

N Cakamid)

. % M o o %
/* new attributes, new methofls */ /* new attributes, new methods */

ResidentStudent(String naspe) ResidentStudent NonResidentStudent | |\ °nResidentStudent(String name)

double premiumRate — double discountRate

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

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

public class StudentTester {
public static void main(String[] args) {
Course cl = new Course ("EECS2030", 500.00); /=
Course c2 = new Course("EECS3311", 500.00); /+ title and
ResidentStudent jim = new ResidentStudent ("J. Davis");

jim.setPremiumRate (1.25); —
jim.register(cl); jim.register(c2); Course Course
NonResidentStudent jeremy = new NonResidentStudent ("J. Gibbons") o o
jeremy.setDiscountRate (0.75); c 1 f'fle 2030' CZ 1.|1.le 331 1
jeremy. reglstgr(cl) v Ijeremy. reglst'elr(CZ) ; o fee 500 Fee 500
System.out.println("Jim pays " + jim.getTuition());

System.out.println("Jeremy pays " + jeremy.getTuition());

: |NonRes.S.
rcs /_\ e 0 o

Jeremy o107 ‘0 1 9
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Lecture 5
Part E

Inheritance -
Static Types, Code Reuse, Expectations



Recall: Student Classes (with inheritance)

class Student {
String name;
Coursel]

}

}

for(int i = 0;

}

return tuition;

registeredCourses;
int numberOfCourses;

Student (String name)
this.name = name;
registeredCourses

void register(Course c) |

registeredCourses|[numberOfCourses]
numberOfCourses ++;

ouble getTuition/()
double tuition = 0;

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

/* base amount only =/

{

new Course[l10];

= c;

i ++) {

class ResidentStuglent extends Student {

X

ResidentStudent| (String name) {(super (name) ;
/* register metqld is inherited */
double getTuition() {

ouble base = suBer.getTuitionsz;

return base * premiumRate ;

/* there’s a mutator meth

}

class NonResidentStudent
double discountRate;
NonResidentStudent
/% register method
double getTuition() {

-a;double base = super.getTuition();
CE——
return base *

xtends Student
there’s a mutator method

ing name) {( super (name); }
inherited */

discountRate ;

}




Recall: Visualizing Parent and Child Objects

tudent(String name)

String name I/
v (V4 c/void register(Course ¢) Course[] courses /* registered courses (rcs),*/ (/ ‘/
/ jiouble getTuition() v / /

int noc /* number of courses */s

/* new attributes, new methods */
ResidentStudent(String pame)
double premiumRate
void setPremiumRate(doubl r)l/
/* redefined/overriddengnethods */
double getTuiti

ResidentStudent

4 new attributes, new methods */

NonResidentStudent" ’onReSIfientStudent(Strlng name)
W/Jouble discountRate

&/ Void setDiscountRate(double r)

Inheritance

Hirarchy

‘/* redefined/overridden methods */

double

get'l‘uitions )

Student) s,= new Student ("Stella");
ResidentStudent rs°= new ResidentStudent ("Rachael");
NonResidentStudent nrs.= new NonResidentStudent ("Nancy") ;

Runtime
Object
Structure

(4

v, i
datw‘x@ ,{"'e4
B R s

o

Student
name “Stella”
numberOfCourses 0 1 8 9
registeredCourses null | null ‘ | null ‘ null |
ResidentStudent Ww
name Rachael”
numberOfCourses 0 1 8 9
registeredCourses null ‘ null | | null ‘ null |
name “Nancy”
numberOfCourses 0 1 8 9
registeredCourses null ‘ null | | null ‘ null |

Declaring
Static Types




Student Classes (with inheritance): Expectations

Student(String name)

* registered courses (rcs) */
int noc /* number of courses */

void register(Course c¢) Student
double geﬂﬂl'ﬂonu

p) /
v

i Student(String name) ResidentStudent
EremiumRate

oid'setPremiumRate(double r)
* redefined/overridden methods */
double getTuition()

- %
NonResidentStudentfnrs)

N

/* new attributes, new methods */

: NonResidentStudent(String name)
NonResldentStudant double discountRate

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

= new NonResidentStudent ("Nancy") ;

|| paric §/rés § noc Jrég BgetT § pf | setPR § dr § setDR |

= [€3 KA Fa kd Fa (2 I KO O

[@)] P2 F2 Fd Fa Fa Fl A I K
arsyy 1 1# 1717 111 11 7



Lecture 5
Part F
Inheritance -

Intuition:
Polymorphism & Dynamic Binding



Recall: Student Classes (with_inheritance): Expectations

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

AN

/* new attributes, new methods */ /* new attributes, new methods */
ResidentStudent(String name) ResidentStudent NonResidentStudent | |\ °nResidentStudent(String name)
double premiumRate double discountRate

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

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

Student s = new Student ("Stella");

ResidentStudent rs = new ResidentStudent ("Rachael");
NonResidentStudent nrs = new NonResidentStudent ("Nancy");

|| name § rcs fnoc Jreg JoetT § pr J setPR J dr J setDR |

s 1Tt l e

R S ——— —— i ———

PO ———

2 e .
7T

LS I I I e




Intuition: Polzmgrphlsm

{ '\\ Student(String name) String name

V01d register(Course c) Y| Course[] courses /* registered courses (rcs) */
ta le g tTumon() > int noc /* number of courses */
/* new att Pibutes, ne meth \ /* new attributes, new methods */

ResidentStudent(String name)
double premiumRate
void setPremi umRate(double r)

NonResidentStudent(String name)
double discountRate

L4
/* redefined/overridden methods */

double getTumon()

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

Joes
(e e 1 S

o
mAM =% 1 bl (poprk) i o PR

0&8% Couwvses vioC

J a\uw% ;’2@“’@@ Al P

+o rt’—xs?a
tt?




Student(String name)
void register(Course c)
double getTuition()

y\

String name

Course[] courses /* registered courses (rcs) */
int noc /* number of courses */

Student

=

<

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

ResidentStudent
double premiumRate

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

LG Gl double discountRate

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

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

V]
%T?ourse new Course("EECS2p30", 1‘0’0.0);
2 | Student ; V?'“ﬁﬁ, Mﬂ the m W ‘u'c‘t ‘
3 | ResidentStudent Residenft Student ("Rachael");
4 | NonResidentStuden @ new NonResidentStudent ("Nancy") ;
5 | rs.setPremiumRate (1. ); rs.register(gecsz030); O ’f:
6 | nrs.setDiscountRate(0.75); nrs.register(gecs2030);
7 etluition());/* output: 125.0 */ \ﬂ)
8

A

output: 75.0 */l
|




Lecture 5
Part G

Inheritance -
Type Hierarchy Formed by Inheritance



Multi-Level Inheritance Hierarchy: Students

A d==1){--- § wot f hwvas
e!ce-qtdcm(uz){---i ' y \ clax:g;‘?

eké PP(‘CW( Vv - PKSC] 2ls

. DomesticStudent " Vum [J aZ;

\/ll/

DomesticResidentStudent DomesticNonResidentStudent ForeignResidentStudent ForeignNonResidentStudent

Reflections: oL
- For Desig'fl 1, how many encodings to check for each method?
- For De(s/,igri 2, how many arrays to store for SMS?
~For De{ign 3, where are common attributes/methods stored?




rEa ASbab>t > 0>
Multi-Level Inheritapte Hierarchy: Smartphones

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

Jwe chs
M" \ W(%?IPMI;(E &

surfWeb /* overridden using safari */ Endecid surfWeb /* ovdrridden using [firgfox */
facetime /* new method */ HSF skype /* new method */

SmartPhone

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

IPhoneSE IPhone13Pro Huawei Samsung

/* dual-matrix camera */
zoomage

HuaweiP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

Reflections:
- For Design 1, how many encodings to check for each method?
- For Design 2, how many arrays to store for SMS?
- For Design 3, where are common attributes/methods stored?
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Inheritance Accumulates Code for Reuse

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

> Do hetel

surfWeb /* overridden safari */
ing s Android surfWeb /* overridden using firefox */

facetime /* ewmethd/ skype /* new method */

inematic mode */
XV 4 q ka sideSync /* new method */
uawei

IPhoneSE IPhone13Pro =

o,
M /* dual-matrix camera */
zoomage

Huawei iP50Pro HuaweiMate40Pro GalaxyS21 GalaxyS21Plus

\ancestors expectations descendants

@D (87, S, 44, {P adeﬁfac, clape 5 saduth okl | A4Szl
178f0, T8, 0P |guaile , faetse, sodneb chol | TPRRo
SV sndwob , ool b tlags




