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class Person {
int age;
String nationality;

double(weléht | o

Jiouble hetght; Z"‘ 7""’”

@ %, [Str‘lng nl double w, double h) {

= age = ’ ¢ /
Lt s.nationality =«; N £71 /J‘

this.weight =G Do
this.height = kg V34 / WY /
o5 L

double{g H
doub \t@s.wei ht]/ s.height * s.height
[} return bm1, 327\/, 57 C/:Sf—kej ,‘ﬁqu J; @
void gmnWelghtBy(double units) { LM‘J p = _ﬂl B - /
the 1gﬁt = tzﬁi\welqb)ynt units; A L /(L’ /]
o\ ¢ (-
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System.
System.
System.
System.
System.

out.println@ﬁEE;jEéigl" teaches 2030");
out.println("EthanHunt is "+ethanHunt.name);
out.println("EthanHunt is "+spy.name);

out.println("TomCruise is "+tom.name);
out.println("Jackie is "+prof.name);
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class! Circle {
doul adius;
ircle()J{ * fradius defaults to 0
tRadiu
if (r < 0)
else {
}

double getArea()

void

radiu

return radius x radius = 3.14; }

oille, o @\//267
7

Circle c = new Circle();

CmSetRadius (-) ;<
c.getAreal);
ut.println("Area:

class 'rcleCalculatgg({;’
public static voi 1 String[] args)
—

double area =

System. " + area);
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class Ci {
doublel radius’;
Circled)4 * radius defaults to 0 +* }

voidl setRadius (double r) {
if (2 < 0) { Systeém.out.println( "Invalid radius.
else { radius = r; }

}

double getArea() {

")}

return radius x radius = 3.14; }

A)

class Q@gcleCalculat
vol\Jnain

String/[]

public static

_ s e ol

net

" C.getAreal();
System.out.printIn("Area:

}

+ area);
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int
Account (int id) { this.id = id; + balance defaults t 0 = }
void deposit (double a) {

| if (a < 0) { System.out.println( "Invalid deposit." ); } |
else { balance += a; }
/JZLL

(ZW\L&F MEA /'ZMI‘C H

|
class @Applicati < i 4m(£ Mk\/’—_.
pubic 3tatic voz String[] args) { hdl&‘ul
Scannern input = new Scanner (System.in); —

= new Bank(); Account accl = new Account (23); O
accl) ; Li?
/@%w semkle(); & TN fr‘/é MA@L
‘uit Eﬂm, 3 /\Q}\ /
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class Circle {
ciouLl(—" radius;

else { radius = r; } 9@,&,@, (]—

double getArea() { return radius » radius *» 3.14; }

}

A0Sy
class {

éfu(t/
static void main(String[] args) { }IP 14

= new Circle();
s 78 K ylorma|
W—=>double area = c.getAreal(); V')QlecO(
System.urintln("Area: " +area ; ‘fh ’
prorol

0

publi
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class ézfcle

2

double radius;
Clrcle " 1 le f t " }
‘setRadlusi ble /) throws InvalidRadiusException {

N S ) ke (27 é; fo

L// throw /%valldRadluﬁE—beptléky"Negative radius."); i/z

f S —
<lse { radius = r; }
}_———
double getArea() { return radius *» radius * 3.14; }

public class CircleCalculator2 {
public static void main(String[] args) {

(22<? ( Scanner input = new Scanner(System.in);
- ean 1nutRad1usIsVahd false;
e )
U garac /o whiledy {

System out. prlntln( Enter a radius:");

—>double r = Lnu:..mxt@kﬂ_eq;'f/a

Circle c = new Circle();

emen) -

in utRadlusIsVal
ystem.out.print("Circle with radius " + r);
System.out.println(" has area: "+ c.getArea());

(ba ¢

Uy eatos €

{f r from the user is negative */

s "+ & + " is invalid, try again!™;

;«L;fQ

‘1nput 4Lse(),
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class Account {
int id; double balance;

Hhow$ AP Co™

AT 50 Yo Lipe

AL
%Afm"f%éyo

ﬁ&ow/ no)

AAE (e 2.

-

Account (int id) { ... } KLKXL 43ﬂCE}E
void withdraw(int id, double a)

throws InvalidT ionExceptlon {

for(int i = 0; 1 < numberOfAccounts; 1 ++) {

if(accounts[i].id == 1id) {

rggbounts[i].withdraw(a)k

} ~

Q[Q u-l»\CLowQ ﬁéo)%
ol v AT/ T( %

Account () | *+ balance defaults to 0 =« } ~p > ,{
void withdraw(double a) throws InvalidTransactionException { Cﬂ(O
if (a < 0 || balance - a < 0) {
throw new InvalidTransactionException("Invalid withdraw."); }
else { balance -= a; }
) € N —
}
L |clasd Bank } R
Account] accounts; int numberOfAccounts;

/4.43/

class B lication {
pubic static void main(String[]
Bank b = new Bank();
Account accl = new Account (23);
b.addAccount (accl) ;
Scanner input =

System.out.println(accl.balance);

catch
System.out.println(e); } } }

args)

double a = input.nextDouble(); ,QTC(’
tr { g
(b.withdr & NAS 3

}

(InvalidTransactionException e)

{

new Scanner (System.1in);

J
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class A {
@nt 1) throws NegValException ({
if(i < 0) {"throw new NegValException("Error."); }
else { /+ Do something. =*/ } ’V’”
5 il

. yP -
new A é}
oa.ma(i);’} {i/e w i7

NegValException nve) { /* Do something. =%/ }

class -{
public static void main(String[] args) {
Scanner input = new Scanner (System.in);
int i = input.nextInt();

B ob = new B();
ob.mb(i); /* Error, if any, would have been handled in B.mb.

b}

*/
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class A {
ma(int i) (Ehrows NegValException {
if(i < 0) { throw new NegValException("Error."); }
else { /# Do something. =/ }

b}

class B {
e ) (o

,/)0 @EAoa=new A(); g(?l\ < L
/c; 1 - e

417 oa.ma(1i); o A hﬂ?Q /j

1)

classb {
public static void main(String[] args

Scanner input = new Scanner (System.1in);
int 1 = input.nextInt();
B ob = new B();

( oo @Bl ; )

(NegvalException nve) { /* Do something. =*/ }
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class A {

ma(int 1)
if(i < 0) { oW e w—a alPxception("Error."); }

else { /+ Do something. =/ }

b}

class B {
mb(int i) throws NegValException ({

3 {VA oa = new A();
,&&W‘j‘oa.ma(i);

R

b}

class Tester {
public static void main(String[] argsm {

T Scanner input = new Scanner (System.in);
int i = input.nextInt();

{\;C

7 B ob = new B();
»“1 '
(=

01,\ ob.mb (i) ;
}
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public class CounterTesterl {

public static void i i rgs) { V7
System. out pr1nt1n( Init val: " ,
— _

1 NOT thrown a <pected. “

"ValueTooSmallExcept
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public class CounterTester2 { 7""‘%‘
public static void main(String[] args) { ﬂ

Counter c = new Counter();
stem. out.println("Current val: “@, ﬂéy]f
Gry 74/( of VICE

. . Z
_,_& TR TS s tep) 5’9 b
'MOVWC}_

cr‘ement() ; € /€
valueTocotargeException e) { Z, Aéba /;VCQ/

em out.println("ValueTooLargeException was thr'own unexpectedly. ;\1
System.out.println

"Current val: " %
ry {

-C.increment();
SSystem.out.pr‘intln( 'ValueToolLargeException was NOT thrown as expected.");

atch (YalueToolargeExceptign e) {
System.out.println(’ ValueTooLar?eException thrown as expected.");

- aL O(?Gﬂ/ﬂl@ ()

¥
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public class( CounterTester3 {

public static v01djiafﬁ(5tr1ng[] args) {
Scanner 1nput new Scanner(System.in);
String cmd = null;
Counter c = ne

if (cmd.equals((ﬁnc 5; {

c.increment(); "
} else if (cmd. equals
c.decrement();
} else if (cmd.equals
System. out.println(c.
} else {
userWantsToContinue
System. out.println("By,

catch:X%alueTooLarge

input.close();

, \"dec\",

or \"val\":");
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@Test

public void@lncAfter‘Cr‘eationg) {

Counter c =
assertTrue

“try {

2

w%i,
Counter.MIN_VALUE c.getValue());

> Ve

[ 1ncr‘ement(),
assertEquals C. getValue(Q));

;-—: X 1u

eTooLargeExceptu'@_a{,—
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@Te

publiDecFr'omMinValue() {
/*

* This test automates what's done in CounterTesterl
*/

Counter ¢ = new Counter();

assertEquals(Counter .MIN_VALUE, c.getValue());
try { rasel : VICE  #howm
pose 2 VESTY mot Fheowir

alueTooSmallExceptio

was NOT thrown as expected.");

>
.decrement() ;/

an exception */
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} catchfvalueTootargeException e) {
ValueToo argeException was thrown unexpectedly.");

-—4
"Counter reaches max"\~Counter.MAX_VALUB, c.getValue());
. dpcrenent )]
fail 0
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@Test
public void t
Counter c =

estIncFromMaxValue() {
new Counter ()

¥$Fﬁ- 3>4f75(' <¢%né> epﬁmégé%;>

r.MAX _VALUE, c.get}ial
Va= Ce}t mo/

A

eTooLargeExceptlon w NOT thfown as expected.

a. Va1l U
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@Test

public void testIncDecFromMiddleValues() {
Counter‘@ne/\LCou\nté_r@ Cgy/(C) = =—O 5 l

try { 7

[For(int i = Count V/ i Z

tch(ValueToolLargeException e) {
fail("ValueToolLargeException is thrown unexpectedly");

.atch(ﬂa_lueTooSmallException e) {
fail("ValueTooSmallException is thrown unexpectedly");
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boolean equals (Object other) {
return (this == other);

l

class PointV1 {

double x; double y;

PointVl(double x, double y) { this.x = x; this.y = y;
}

PointVl pl = new PointV1l(2, 3);

PointVl p2 = new PointV1(2, 3);
’System.out.println(_pl == p2); + false
’System.out.printljﬂ pl.equals (p2) ); + false
L
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class PointvV2 {

double x;

double y;

public boolean eqguals (Object obj) |
if((Ehis) == ©bj) ( return true; }
if (obj
if (this.getClass() != obj.getClass()) { return false; )}
Point other = (PointV2) obj;
return this.x == other.x && this.y == other.y; } }

== null) { return false; )}

String

S:

PointVv2(pl

System.

System.
System.
System.

System.

out

out
out
out

out

"(2’ 3)"'.
= new PointV2(2, 3); PointV2 (p2 = new PointV2(2,

.println-_-); /* true =*
.println(pl.equals (null)); + false =
.println(pl.equals(s)); + false
.println(pl == p2); + false +
.println(pl. equals (p2)); + true

3) i
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class PointvVa2 |

double x; double y;
| public boolean equals (Object obj) {
if (this == obj) { return true; )
@f(obj == null) | return false;
if (this.getClass() != obj.getClass()) { return false; )}
Point other = (PointV2) obj;

return this.x == other.x && this.y == other.y; } }

String s = " (2, 3)";

PointV2(pl) =mew PointV2(2, 3); PointV2 p2 = new PointV2(2, 3);
|System.out.println(pl. equals (pl)); + true |
Syst:em.out.println(pl.equals-); « false
System.out.println(pl.equals(5)); + false =
System.out.println(pl == p2); + false
System.out.println(pl. equals (p2)); + true

L ]
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Poi

class PointvV2 |{
double x; double y;

if (this == obj)
if (obj

return true; )}
{ return false; }

== null)

return this.x == other.x && this.y

other.y; } }

|System.
|

out

.println(pl. equals (p2));

PointV2 p2 = new PointV2(2,

3);
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£his.x
QT Stri s = "(2, 3)";
é(jointvz pl)= new PointV2(2, 3);@p2 -

|System.out.println(pl. equals (pl));
System.out.println (plequ s (null)); + false +

System.out.println (Rl .equals
System.out.println(pl == p2);

System.out.println ﬂ);

L
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class PointvV2 { PZ
\
boolean equal obj) {
if (this.get(Cla = obj.getClass()) { return false; )}
PointV2= obi;
/ " — ,@\/ 1 === M
return t X == == @ this.y @} }
= &L
X ==

M’z/( Vist  fomDr [0

s &T D%mf
wL?CL\ wea§ X pavst

al ek o((*%eﬁ( A\
& H( C‘E‘aﬂJz)
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—_——— — = — — = - - — —p e mws ct s s s s = mms s e s s s e e s = me = — —g = == =

String I=ZTstlNs
A

me; String lastName; double weight; double heightj




public void addPerson(Person p) { ...
}

Redefine/Override the equals method in PersonCollector.

K N
| boolean (equals )::\‘ Jeci AQ {

S - T TS0 N
— 7 LSLUIR R ESe

BTN GE=2

boo ean }."' Fayse;”

if (this.nop ==|otHer.nop) {
forts @@n’ i
' equagl/ = (
return equal;

}

Six

Jo 2 ekl b)z—j



MQOIMSOI(% 4@17 7o
Lecie [



— Todnl -
%QD Uoe e@m'& aethal GMMFZPS

( atlsden poioedl ™ Lo T 1D
@ /Sm poble ad  peclo
»oll rot LQMWM n b Bt T
ot }\as»\é\oJeO
v RGey Aoy (Nggt 0D Lweo( oA
Opibate velugs® w2 il

~ bt g ok Hoday |



%&mlg et 7 U%ect clss

Loe T efdals rot, oubolos (0 /. egwa[s overcclden

boolean equals (Object other) {
return (this (== other);
}

Tl I Olasee{: @ | Obet
le%hs 75 el | @%Vé Gy ol

1 i

Tl Toull)2




lean. (Object other)

return (this == other);

(e 1)

class {
double @ double @

@BtV double x, double y) { this.x = x;
}

this.y = y; }

class PointVv2 {
double (x; double y;

| public boolean ‘equals (Object obj) |
if (this == obj) { return true; }

return this{x == other.Xx && this.y == other.y;

}

}

if (obj == null) { return false; }
@z;zythis.getClass() != obj.getClass () \Jl return false;
0int other = ({POLIhtV2) obj;

(G 2)
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@Test —
'estEqualityOfPointVl() { b°°lean-_(0b3e°t other) {
”u = new POlntV1(3, 4); return (this == other);
intVi(3, 4);7 | b
;s — aset/-e(p| [=
: _ w '{70,
assertSame(pl, p2); // fail =]
[asser‘tSame(pZ, pl); // fail / >
// default version of_equals Pl

\// from Obje

J
assertFalselfol)
[ assertFalse(ps. ’ ; Yl / /__M
3
// Compare contents of pl and p2 explicitly é/ '2

// this is what a overridden equals would do
[asser‘tTr'ue(pl.x == p2.x && == p2.Y);
}

\§1 as ointVJ/

doubTe x; double y;
PointVl(double x, double y) { this.x = x; this.y = y; }
}
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@Test

public void testEqualityOfPointV2() { ,/’7 ’
hﬁ = new PointV2(3, 4); ' ZZ‘ &

4 = new P01nt%12(3, 4);

sertFals ;
e(p¥F =="p3);

[assertSame(p?;, pd); // fail
assertSame(p4, p4); // fail ’
// overridden version of equals
// from Poi > ZA(

[ assertT

3?‘ P " .
gisertEquals(p3, p4); P}.eé&a[g ([74;)

ssertEquals(p4, p3);

double x; double y;

| public_boolea (Object .o.bg) {
le{-é:— =) return true;
i == null) return, false; }
tClass() '= @gigetclass()) { return false; }

. ‘.,'




st Somp a2, A_Q;gﬁ%@glg (3

= following two lines

// do not compile because }(Eifi)
es _are different -y

assertFalse(p pl);
// On the other hands ¢ assertSame can take

/ objects of di fiiigt ypes and fail.
assertSamdfgi) p2 ?compiles, but fails
p1);

ssertSame(p2, // compiles, but fails

// pl.equals(p2) (ii:l

// calls the version of equals from Object

// False because pl != p2
- assertFalse‘Ei.equals(éz));—-fii%ﬂjzlji:iﬂlzgl
// p2.equals(pl)

// calls the version of equals from PointV2
// False b2&2§sg p2.getClass() != pl.getClass()

assertFals Zequals@l)); /- ‘
} ®J:[; F’z,dCC) ! F!&CU
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double HéTﬁﬁE

return

this.firstName = firstName;
this.lastName =
this. welght

booleabject obj) {
if(this == ob return true; }

if(obj == null Il this.getClass() != obj.getCls
return false; }
Person other = (Person) obj;

publlc Person(String firstName, String lastName, double weight, double height) {

lastName;

3

public PersonCollector()
persons = new Person(10];

~

public void addPerson(Person p) {

persons[nop] =
this.weight == other. we1ght nop ++;
this height == e i }
public bgo He \ s/JObject obj) {
— f(t—k return true; }

I'l this.getClass() != obj.getClassQ)) {

return false; }
° PersonCollector other = (PersonCollector) obj;

i++) {

er- persons[i]);




Tes&% Batort_ 2. ToeonLollector

@Test . & =
public void testPersonCollector() { .
Person = new Person("A", "a", 180, 1.8); Person = rson ("A™, "a", 180/ .8);
Person = new Person("B", "b", 200, 2.1); Person =(p3;
assertFalse (pl == p2); assertTrue (pl.equals(p2));
assertTrue (p3 == p4); assertTrue(p3.equals (p4));

new PersonCollector()}PersonCollecto ew PelrsonCdllector()
); assertTrue (pcl.equals (pc2)); 3

T 1=C
—>pcl.addPerson(pl) ; Z
assertFalse (pcl.equals (pc2)) ; | —

—>oc2. addPerson (p2) ;

\ (ltr

cl addPerson; pc2.addPersor{ p4 "é’/
assertTrue (pcl .ersons@ S c2.persons@) ;

~—assertTrue (pcl.persons(l) fequals)pc2.persons( ?) )
—>assertTrue @\' equals (pc2));

pcl.addPerson (new Person("A", "a", .75) ) ; C

7 pc2.addPerson (new Person(" " ra" 1 55 [ 4’
?assertFalse (pcl .person@ 02 person :
assertFalse (pcl.persons[2]. equals c2.persons [ 21)); ( - e (

assertFalse (pcl.equals (pc2
\—/_

2.

}
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P e~
|c1ass (@M@ !l Comparabl el LE lo ee \( } é
Ut ¢ ynstructor,: mutator similar te Aien = war

@Overrl ‘?L/VL e ” Zor. &n/mf[aéw)
it Sy | - 7 2

L/

Test ’%7‘4&1\70/—80/

public void testComparableEmployees_1 (
efD{ fl/J‘/ >

CEmployeel alan = new CEmployeel ; >k
CEmployeel mark = new CEmployeel ; > == 0 Ay

CEmployeel _& = new CEmployeel
Calan.setSalary(4500.34);
mark.setSalary(3450.67);
om.setSalary(3450.67);
CEmployeel@es = {alan, m_ar—k, tom};

/+ When comparing employees,

*+ thelr salaries are 1rrelevant.

CEmployeel([] expected = ’ ; .
assertArrayEquals (expected ; 9 [ WA )G*/\
} o < a

MC Mav/C




¢ bt i

Tl @M/me g/m_ &a/(eyy

I
| class CEmployee2 implements Comparable <CEmployee2>
- T

’ 4 L d L7

@Override

public int compareTo (CEmplo ot S|
int salaryDiff =|Double compaze this) salary,
int idDiff = this.id - other N —=—

( if (salaryDiff !'= 0\) { retur alazylef

—_—

{

other.salary);
— e ——

Mav

L5

else { return idDiff; } } }
——
é{/ @Test
7 public void testComparableEmployees_2() {
Lle ot #
2 W<
Al
plen
il

CEmployee2 alan
CEmployee2 mark
CEmployee2 tom =

alan.setSalary
mark.setSalar

= new CEmployee2(2);

new CEmployeeZ2(3);
mployee2 (1) ;

/ A)&M < mav[C

tom.setSalary(3450.6773

CEmployee2[] es = {alan, mark, tom};

| Arrays.sort (es);
CEmployee2[] expected = téigg, tom, mark};
assertArrayEquals (expected, es);
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obn. porpael (mak) 5 —|

| class ‘CEEloieéa :melements Comparable <CEmplo¥ee2>

)else if (this. salary@other salary) {

1

}

-->else { sal
f§>return this.ig - 8ther.id;

attr nstr

ibutes

@Overrlde \
—>pub11c :.n&/acomparel"o CEmployee?2

-.-..... ry > other salary)
>retur

>
>

F

retur
o)

/* equal salaries */

} kﬂawé.ﬁ/.— ﬁ&whfb/
S

{l

)&\, V4 Jhlav

L; OCCN BSN//Br ™
the  Joveed e

S pnsithed 2
“Ju a[(@v 7,

V
S
=

|

}

setSalary
setSalary

> CEmployeel

. L. .—ﬁ\/ P [

r = A\ 7
@Test ///\ wovk > tom
public void testComparableEmplzf?es_Z {

new CEmployeel (
new CEmployeel
Employeel

CEmployee2 alan
CEmployee2 mark
CEmployeeZ tom
alan.setSalar

mark, tom};

rrays.sort (es);
expected =
assertArrayEquals (expected, es);

tom, mark};
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ArrayedMap

entries
noe

noe

m.entries

BETRRY | null |

m.entries[0] /" m.entr

0 1 2
[ , [ |
J.es[Wrie é \h\—/\

Entry

(A81$ SQW&M@

~ 314?4@ﬂmW§4;’&R/

Entry

Entry

Entry
key

value

Entry

Entry

ENTRY

(SEARCH) KEY

1
25
3
14
6
39
7
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public clas tegerKey) {
privatel int
- >public IntegerKey ( 1nt<:) { thls k =

@Override
-éEbublic int(hashCodeb) { retur

@Override
publlc boolean equals (Object obj)
llf(thls == obj) { return true; }

if(obj == null) { return false; }
if (this.getClass() !'= obj. getClass()) { return false; }
IntegerKey other = (IntegerKey)

QCQOWONOOOOPRAWN =

—

@




Eéﬁn O‘/@N‘wue/\ )J(ﬁfl’\ _[-;cht@/\ ”é / P i

@Test z

public void testCustomizedHashFunction() {
—> IntegerKey ikl = new IntegerKey@);

/*x 1 % 11 == 1 %/
—~> assertTrue (ikl.hashCode () == Q; _(.é/ k oo ( |

—=>IntegerKey = new IntegerKey ; /% 39 % 11 == 6 #/
> IntegerKey i k39 2 new IntegerKey(39);
IntegerKey ik6 = new IntegerKey@; /*x 6 % 11 == 6 */
A
(4 —_
ZIC
-d 2 —

QassertTrue (i @ 1.hashCode () i}@hashCode 0));

public class IntegerKey {
private int k;
public IntegerKey(int k) { this.k = k; }

@Overrj
publithnt hashCod;() { returé:;:;i;;> }
i de
QOolean equals (Object obj) {
is == obj) { return true; }

if(obj == null) { return false; }
10 if (this.getClass() != obj.getClass()) { return false; }
11 Intege

I = erKey) obj;
13 b}

?assertFalse (1k39_1.equals (1k6));

O©COONOOOAWN =
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\

@Test

public void testHashTable() {

5>Hashtable<ﬁhtegerﬁ%§&|Strigg} t e =
—7 IntegerKe new IntegerKey ;
—IntegerKe new IntegerKe ;
—~pssertTrue ( s(k2));L//

k2 .hashCode () ) ; b//

Ck3.L)

new Hashtable<ﬂzz}

Tk ks =

- |

Q

private int k;

1
2
3
4 @Override
5=y public in
T @override
ublic boolea
if(this == obj
if(obj == null)

bo)

public class IntegerKey {

public IntegerKey(int

if (this.getClass ()

10

11 Integesk=] gerkey)
12 e i ey

13

SIEW
LZ
k

) this.k = k;

= BAO 7D

{ return\k % 11;) }

{

ject obj) {

eturn true; }

{ return false; }

!= obj.getClass()) { return false; }
obj;
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@Test

public void testDefaultHashFunction() {
IntegerKey

new IntegerKey(39);

IntegerKey Nk39_2)= new IntegerKey(39) ;

assertTrue (1k3971.equals (1k39_2));

assertTrue (1k39 _1.hashCode() != 1k39 2.hashCode()); }
@Test
public void testHashTable() {

Hashtable<IntegerKey, String> t e = new Hashtable<>();

IntegerKey = new IntegerKey 3%Y;

IntegerKey \k2 new IntegerKey 9V
—£>assertTrue(k
—>assertTrue(k].

table.put ’@) ) 7

| “assertTrue
L

l

L public class@tfger@{
@Aﬁ(AC{' }w& (] - private int k;
9public IntegerKey(int k) { this.k = k; }
-—?/* hashCode () inherited from Object NOT overridden. */
h(.\ (kl) f ACCLZ> ; -( k{%@é(&) @Override
public boolean(equalQ(Object obj) |
f if (this == obj) { return true; }
a if (obj == null) { return false; }
if (this.getClass() != obj.getClass()) { return false;

kz %q IntegerKey othse atggerKey) obj;
return th'
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1| finduax (int[] Al (Fz
2
| + 1 [
ii@D Z—,‘é; C %@1
6 é
7 re rn currentMax é (d/D

ve/\‘EMa @
%ﬁﬁ@@ Ohge ¥

I+ al)
©Tt L@@ ’ 7 Lf
7‘22 Gy acd



/return currentMax; }

1 | findMax (int[] a, int n)
2 currentMax,> al0]; o
@ for (int [T = 1} (7 <)
4 if (

5 currentMax = al[i];
6 i ++ )}

7

{

{

"W+ ]
}) L2 -D
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@ if there are: EXMF)Q: ;@

o Areal constan

o An integer constan.>1 "Wﬂ &%ﬁf /Vme —Fm) ¢ 0 C')
such that:
@ for n > ng dIOOSQ C =

Running Time
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1 containsDuplicate (int/[] a, 1nt§@ {
2 t=>for (1nt@— 0; i < n;
3 |=> for (int V)
4 if (@ = jfes @
5 —Sreturn true;
6 7 ++; OC) >
7 i ++;U(l) . TXV\)
8 return false; } A ]
L *k -~ 1lp
@ | % f o oloes
_ T 1o < /‘”’é]e AP
(L W W 4
IO~ L"Aj (VO‘F C
e & /J;’{ -

1



‘/uﬁWMMﬁ% 4kwyﬁtm Uﬂefjémml (2)

sumMaxAndCrossProducts (int[] a, int n) {
int max = a[0];

{jfor(int i1 =1; 1 < n;) |
N

-&(}Dl\)—L
N

if (al[i] > max) { max = al[i]; }
}
—int sum = max;
for (int 7 = 0; 7 < n; 7 ++) {
827’ for (int k = 0; kK < n; k ++) {
9 sum += al[j] * alk]l; } }
\@CLL.)return sum; }

~N @O
SN

U(@i D e



/VZ{'B(MMM% Qﬁw\}?b(cc Ulvyex%nol ©)

triangularSum (int[] a, int n) {
+>int sum = 0; QO)

or (int 0; 1 <o i ++)
| for (int (:) j <(ny J ++)
[sum += al (:(l

—> return sum; } 0(,)
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String([] insertAt (String[] a
—> String[] result = new Strlng n+ 171;

—>for (int j = 0; j <= j ++){ result[j] = aljl; } OCVI)

, int W, String ¥, int X

=S result[i] = e; Q) wwsw%e ="
_ )int i+ 1, j<=n-1; j++){result[j]=a[js—}]; }
e REY " —
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Lelocton Lot - [ode

2 4o OF

selectionSor (in []

a, int ¥Y)

@, &‘./7%J

1
2 |—for (int (@ 1 <= @; i ++)
alnt minIndex —01
9 —lfor (1nt=@ j <= ;7 ++)
6 if ( minIndex = 7j; }
6 p_= a[l] 7 Lo]
7 ' ' x ;] acj = A
8 [minIndex] = temp; all] = 5
T | merbop Ton 7 ® 7 |vileder ot Lb ot Lo~ dByoclopomes?
J 0 1 2 > | aud | |
i
_ < T d
1 2 3 3 4] 2 il
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>

Trgaioh ot - [ode =l Tal Z
1 | insertionSort(int[] a, int X?(d mse/, st C5>
2 t—>for (int i =(1) 1 < n; i ++)
3 int curre =@; 3 s :
4 int j-= _%ﬁ* s 1
5 s |while (Ii> 0 (¢&|(@[j - 11/> current)
6 alfl = ali—2T13 ’“—’/g%
7 : / ©
8

L |twvet | 7 48| 4 at /8 | o oter ZB

AR B, U @Q/ f_ >
<y/i 7
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ONO OV WN =

S . (int[] a, int n)
—=> for (int 1 <= (n\_;@; i ++)
int mlnIndeX = 1i; OC‘)
for (i ' ,
if (aljl] < alminIndex]) { minIndex = j; ‘ 1
int temp—= alil; ¢
ali] = alminIndex];
~ alminIndex] = temp;) 71-2 [\J
Sy
n 0 ( m X
TPLBr7NS Q// N
J;f-s-egﬁ-xeﬁ-s-ort(int[] a, int n) /'2774\’ @é/lB
[ for (int 1 = 1; 1 < n; 1 ++) PGC/I 77;24.&1
int current = al[il;
int 7 = 1;
while (7 > 0 && a[7j — 1] > current)
aljl = alj - 11;
Jj ==
__  aljl = current;

ONO OB WND =
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/+ manipulate par */

class pli;;>{ class g:ﬁent {
» -

void par

a2 )

T

Le?«% v—ﬁrmzewe @ 4 T vidus| 0 @
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class Supplier { class Client {
void ml1( T par) { Supplier s = new Supplier(); rES
/+ manipulate par #*/ T arg = ...;
} s.ml ( arg

il LB«%@ I 7'5 C/@

d KVCIP {
A;i @@ CbSS ‘(’&' 1‘L
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void reassignRef (Point q) {
Point np = new Point (6, 8);
g = np; }

void changeViaRef (Point q) {
g.moveHorizontally(3);
g.moveVertically(4); } }

NP WN =

class Point {

int x;

int y;

Point (int x, int y) {
this.x = x;
this.y = y;

}

void moveVertically(int y) {
this.y += y;

}

void moveHorizontally(int x) {
this.x += x;

}
‘ N

()
T

@Test
public void testCallByVal() {

UtiDu = new Util();
= int K GQE!
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S

public class Util {

void reassignInt (int 7j) {
g+ 1; }
Q;oid.reassignRef(Point:@

’Point‘ﬁ? = new Point (6, 8);

aCGHnp; )

void changeViaRef (Point q)
g.moveHorizontally(3);
g.moveVertically(4); } }

{

{

CoOoONOOOGOPA~,WN =

class Point {

int x;

int y;

Point (int x,
this.x = x;
this.y Vi

}

void moveVertically(int y) {
this.y += y;

> }

void moveHorizontally(int x) {
this.x += x;

}

}

pu!lic void testCallByRef_ 1() {
Util = new Util();
—>Poin©: new W);
re = p;

int re

int y) |

s rue (p fPBefore) ;
assertTrue (p.x==3 && p.y==4);
}
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1 insertionSo&int[] a, inté;zip)
2 for (in L@ i < n; 1 ++)
~ —> —>int &
4 |—> —>int
5 | = while “%7) > (0)
6 Té al
7 s e R
N/ _@’9
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@Test

"public void testCallByVal() {
> Util u = new Util();

> int 2 ;

public class@i :

id xeassignln

void reasgggnRef(Point q) |
Point np = new Point (6, 8);
g = np; }

void changeViaRef (Point q) {

g.moveHorizontally(3);

g.moveVertically(4); } } L

| E—

NS OWN —




Z‘&II }o% [I/O\LA@ . QEDQWEAOQ% Cl) Clia:: P;oint {

int (yV;
Point (int x, int y) {

this.x = x;
this.y Vi
—7_ « )
7 [ _tem
Y\F ..)( ye / zp’{# void moveVertically(int y) {

; this.y += y;

@ }
C _i\ void moveHorizontally(int x) {

this.x += x;
— }
7ﬂ I
public class f;)
void rea351gn int j
J S j o+ 1; N
v01d rea551gnRef @

Qr)= fiew)Point (6

5
=
==
=
\§
—

@Test
public void testCallByRef_ 1() {
L S Util u = new Utll();
\>Point p

%lnt

ChangeViaRef (Point q) {
g.moveHorizontally(3);
g.moveVertically(4); } }

mr—h
O©CQoONOOOP,WN —
)

}
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class Point {

int x;

int y;

Point (int x, int y) {
this.x = x;
this.y = y;

}
—>void moveVertically (int /%{
.y += %
) ? & 3
void moveHorizontally(int ) {
this.x += X;

T 3

public class Utll {
void reassignInt (int 7j) {
j=3+1;
void reassignRef (@ )
Point np = new Point (6,

g = np; }

} —

oveHorjlzontall é&;
moveVertically HE I

void changeViaRef (Point(g)

8);

{

1

AN =
I

cooo‘\lﬁ

est

public void testCallByRef_ 2() {
Util u = new Utll(),

—>Point p [ (@?(:P;
Point ;

}
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clasleourse

Q@Q«@%’f@/\ ay

m class@l-ty
= String (ame;)
2 title) aculty( ing name) {

7 "
Course(Sg : { this.name = name;
this.title = title; : !
}

( ‘ . .
[void setProf(Faculty { EOld. setName (String name)

this.prof = prof; this.name = name;
}

culty -e' Prp £ () |
retUrn ‘!E . prof;
’ PeCoY0

ERLS

n this.name;

[ ring getName () {
}

N7 _—

?@

@Test
public void

te

Aggreqgatshni()y (|

o ourse ("Advanced O0P")
= new Course (" tware De31gn

aculty ("Jackie");
.

el “Je#"

—_— et (

setName ("Jeff");
assertTrue (eecs2030. getProf

\_/—

assertTrue (eecs2030.getProf

prof2 = new Faculty("Jonathan");
eecs3311). setProf(prof2) ;

SertTrue (eecs2030.getProf () '= eecs3311.getProf()); fnoﬂiz

Gt o
assertTrue (eecs2030.getProf () .getName () .equals ("Jeff"));

ssertTrue (eecs3311.getProf () .getName () .equals ("Jonathan"))




Agaeqoron (2>
K

class@EEudent

ArrayList<Course> getCS()

String((id; ArrayLlst<Course>(cs> /* courses */
SN Student (8tring 1id) this. 1 ety s = new ArrayList<>(); }
void addCourse ( Course c) {(cs.add }

{ return cs;

}

}

F
class(é?grse){ String title;Jq#'

bl - @ class (Facult
-(RM /\-{D(" String rrayLlst<Course>@ /% teaching =/
—-%}Faculty ing name) { this.na = name; te = new ArrayList<>(); }
void addTeachlng (Course c) | Ladd(c); )
ArrayLlst<Course> getTE() { return te; }
}
[~
@Test ems’)o% == 7 17 {'2\79’&( U
it S

d

public void testAggregation2() {

new

Faculty("Jackie");

Faculty p =
~+3|Student s = new

Student ("Jim") ;
= new Course("Advanced OOP");
= new Course("Software Design")

ourse eecs2030
ourse eecs3311
YetProf(p);

Q@ﬂ@
v. addTeacHing (&ecs3311
ddCourse (eecs2030) ;

addCourse(eecs33ll)
\ -

eecs2030. getPro¥7

-— -

2e(S 20
q. CS (?EC@
ﬁ5i55<

assertTrue ( .get(0) .getProf());
assertTrue(s.getCS().get(O).getProf() == s5.getCS().get (l).getProf(|)
assertTrue (eecs3311 == s.getCS() .get(l));
assertTrue(s.getCS() .get (l) == p.getTE().get(l));

O
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Faculty

Cz;?*ALdg%éfffqu>‘9"EkiJV

class Stucdenty {
String id;
ArrayList<Geudgase> CS;

}

}

cla &Q?

String

£
urse
, 2;

Faculty(érof)

V
class(fé%&lty {

String Game;
ArrayList<Course> te;
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class File
Stringgnhame;
Fil tri name) |

this. name name;

}

©CoNoOOOTR~rWN —

I/

vl\
&ohybsfﬂ@_

this. name
files = new F1

Atk
void addEile (String fiteName)
files[\nof)] new File(fileName) ;

nof ++;

}
}

@Test
public void testComposition()

=» Directory dl new Directory
—Xdj. addFile (YEL. txt)

i>dl.addFile(’

| ¥y o

pamnN

{
(@Ea;

~
7l St
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ﬂ,myow = Ap% fanctiictor ( Shallow A,%D

N—— ' - ' ' .
copyling fof primitivq type =/
thexnop; 2.l = 0?( ) VIOF

lress (?<'>;>3,/’,1'17<7§’§<’>1' reference typ
theg(:bame; ile m

— void addFile (String fileName)
files[nof] = new File(fileName);
nof ++;

}

) £
@Test Wt wj"yu
void testShallpwCopyConstructor
“4=>pirectory d
1>dl.addrile

—>D1rectory @)

- sertTr A:\ (dl.files == d2.files);

2 file changeName "£11.£xt");
>assertFalse (@dw-tdedesifiQl) . name . equals @flmtxt"));

— a:

(4
/+ violation of composition A

)




Phs == dfs -
JorgoSital' - Lo, foncbuntor C Jeep Arﬁ o?f/'/jfo_’(*-o// Abs ery:

"N
= B &
. N C&)/fa 004&‘4[&/””{045
= AT
class Directory ({
¢ Y A?)”/ Dlrectory
[IL‘L_ ] igje
| o0k
(_ﬂm _rz 174 ‘_‘f;,“(«f/%e
cl i
77, File(File other) {
this.na =
b new 8tring(other.namg)
}
}

@Test

void testDeepCopyConstructor ()
T™>Directory dl_= new Directory QD' ;
e-f)dl.addFileﬁ"fl.txt"2E dngng;;e$££;TE;Z;); dl.addFile "f3.txt":>
: = =

;7 /+ composition preserved x/

(dl.files T=

sertTrue
3&322files¢Q].changeName .
assé?iiru§(dl.files[0].name.

als (\£1)txt")); 1}
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class File {

File other)
this. name
new String(other

151 ¢ e

ame) ;

oL)

class Directory {

Directory (String name) {
this.name new String (name) ;
files = new File[100]; }

->D1rectory(D1rectopyGﬁ?%?ﬁ {

0) 1 )< nof; 1{++)
obﬁeroflles[ %] ;

for int 1
Flle

@Test

void testDeepCopyConstructor ()

[Directopr§D==new Directory
dl.addFi

. [ le("fl.txt"); dl.addFile(
Director = (hew DirectoryC;

assertTrue (dl.files != d2.files);
d2.files[0].changeName ("£f11.txt");
assertTrue(dl.files[0].

"f2.txt"); dl.addFile("f3.txt"
/+ composition preserved x/

name.equals ("fl.txt")); }
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Problem: A student management system stores d

stud Th e ﬂ—mrmmm sity studen eside
tudents ang . :4',::= h-kinds of students
have a iame and a st o aqistéred courses.Both kinds of
students are restrictedtoregister ¥or no more than 10 courses.
Whenycalculating the tuition fera student, a base amount is first
determinegfromthe list of courses they are currently registered

(each course has an ' fee). For a non-resident
student, there is a’discount rate-applied to the base amount to

waive the fee for on-campus accommodation. For a resident
student, there is@ premium rate applied to the base amount to
account for the fee for on-ca s accommodation and meals.
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class ResidentStudent {
String mey

Course[] wegisteredCour

ResidentStudent=(String name) {
this.name = name;
registeredCourses = new Course[l0];

}

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

}

uble getTuition() |
double tuition = 0;
for(int i = 0; 1 < numberOfCourses
tuition += registeredCourses[i].

}
\wfition *
}

class

i ++)
ee;

{

String
Coursel] FEgi
int

eredCoursgs;

QumberOfCourseg

double_ etscountRate /* there’s a mutator me

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

registeredCourses = new Course[l0];

}

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

getTuition()
double tuition = 0;

{

tuition += registeredCourses|[1i]

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

Ci

[ ]

\—g

class Studentfester {

static vqg main(String|

Course\cl/ = new Course
Coursel(c2 new
ResidentStuden ji

et

I

'i> NonResidentStudent( jeremy

jeremy.setDiscountRate
——Eﬁeremy.register clY; jer
System.out.printIn("Jim pays "

iy,
System.out.println("Jeremy pays " ¢
} ©)

, 500.00);
', 500.00
tuden

/| title and fee =*

and fee *
a ;
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class ResidentStudent

String name;
Course[] registeredCourses;
int numberOfCourses;

double premiumRate;
ResidentStudent (String name) {

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

}
void register(Course c) |

registeredCourses|[numberOfCourses] = c;
numberOfCourses ++;
}
double getTuition() {
double tuition = 0;
i ++)

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

}

return tuition » premiumRate ;

/+ there’s a mutator me

Wrsteonce -
/. ﬂuavae o Vet ]@lrc .

2 Clwga ol ol 1alodaden.

class NonResidentStudent ({

String name;
Course[] registeredCourses;
int numberOfCourses;

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

registeredCourses = new Course[l0];

}

void register (Course c) |

registeredCourses[numberOfCourses] = c;
numberOfCourses ++;
}
double getTuition() {
double tuition = 0;
1 ++)

for(int i = 0; i < numberOfCourses;
tuition += registeredCourses|i].fee;

}

return tuition * discountRate ;

/* there’s a mutator m

{
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—>intT0T5; /+* number of resident students */

—>int nonrs; /* number of non-resident students x/
“9V0iR5 (ResidentStudent rs){ rss[nors]=rs; nors++; }
ﬁvo:Ld (gnrs { nrss[nonrs]l=nrs; nonrs++

@g;sterAll (Course C

for(int i = 0; l<nors, 1++ lﬁgis_t@_r@
(int i = 0; 1 < nonrs; 1 ++) .register(c);

/
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LA

this.name = name; 62
registeredCourses = new Course[l0]; x%;

= c;

numberOfCourses ++;

T
} [:}é i
double getTuition() { ﬁLL
double tuition = 0;
for(int 1 = 0; 1 < numberOfCourses; 1 ++) {
tuition += registeredCourses|i].fee;
}

return tuition; /#* base amount only #*/

\

as§< Re51dent5tude extends Student {
double premiumRate;

class NonReside
/* there’s a mutator method double /* there’s a mutator method|
ResidentStudent (String name) { super (name); } NonResidentStudent (String name)
/% register method is inherited */ /* register method is inherited
double getTuition() { double getTuition() {
double base = super.getTuition(); double base =
return base x premiumRate ;

return base *
}

dent extends Student {
[ scountRat

{ super (name); }
*/

super.getTuition();
discountRate ;
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= new ResidentStudent ("Rachael");
Grs) = new NonResidentStudent ("Nancy") ;

v

ete?® 7 gﬁo/ﬂ'/f Nl
rS T >
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Str 20 ‘; Y —_— N\
Student Course[1¥&zistere
/* new attributes, new methods */ > /* new a.ttributes, new m e{hods ¥/
ResidentStudent(String name) esidentStuden NonResidentStudent | \°nResid {(String name)
double remivmRate doubl a
void se iunrR tDiscountRate(do

uble r) void er)

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

reqg | getT pr setPR

Q& o
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!

}

this.name = name;
registeredCourses

double

for(int 1 = 0;

}

Void register(Course c) |
registeredCourses|[numberOfCourdes] = c;
numberOfCourses ++;

le tuition = 0;

T\\\EEEEID tuition; /* base amount onl

-

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

1

clagéilﬂgééggptStude?§7
P —
double premi ; /* there’s a mutator method

ResidentStudent

Student {

(String name) { super (name); }

/% register method is inherited x/

double getTuitio
double base =

return base x

ion();

- ——
clas@%y Student |
double discountRate,; /+~ the®Te’s a mutator method
NonResidentStudent (String name) { super (name); }
/* register method is inherited */
double getTuition() {

double base = super.getTuition();

return base l1scountRateYy
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Student(String name)

void register(Course c) Student

double getTuition()

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

double premiumRate

ResidentStudent

i)

void setPremiumRate(double r)

NonResidentStudent

ﬁé

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

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

void setDiscountRate(double r)

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

("Stella");

/}hbh
/, new ResidentStudent ("Rachael");

®= new NonResidentStudent ("Nancy") ;

\

M/

CtatlC

e
4y it

“Stella”
[ 1 8 9
null | null | | null ‘ null ‘
“Rachael”
0 1 8 9
nutl | nun | IEYEEYE
premiumRate
(—' NonResidentStudent
“Nancy”
nrs
numberOfCourses 0 1 8 9
registeredCourses null I null ‘ ‘ null ‘ null |

discountRate
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Student
= 7,\\\ /* new a.ﬂributes, new mefhods *
NonResidentStudent(String name)

double discountRate

esidentStudent > NonResidentStudent

V4 void setDiscountRate(double r)

R
* rede . W / /* redefined/overridden methods */
double getTuition() 6 7 double getTuition()

f;—r

Stude s))= new Student ("Stella");
ResddentStudent rs = new ResidentStudent ("Rachael");
NonResidentStudent nrs = new NonResidentStudent ("Nancy") ;

— N
rTame Qcy\ﬁr{)ci/‘/reg) @GetD 4f(pr/| setPR || dr | setDR
s 7 = X
£s. v v X
nrs. v X
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Student(String name)

void register(Course c) Student
double getTuition()

/* new a”r,[)u[eg, new ”l(’ﬂll}d\ */ e - /* new attributes, new methods */
ResidentStud esi NonResidentStudent Nochsu.icntStudcnt(Strmg name)
doubléyy double discountRate
void setPremiu void setDiscountRate(double r)
/* redefined/overridden methods */ /* redefined/overridden methods */
double gcl'l‘uilion!) double getTuition()

'

ella");
esidentStudent "Rachael" 0/ F

_— / (ﬂ;ﬁ &;wf’
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Student(String name)
void regi

doubl guition)

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

ResidentSticW
e

Student

String name

int numberOfCourses

/
NonResidentStudent

<‘ "

void setDiscountRate(dowble r)
/* redffined/overridden mgthods */

tho/@f/f
KS (S
B

Course[] registeredCourses

NpnResidentStudent(String name)
ouble discountRate

rs.setPremiumRate (1.25);

S = nrs,)

nes ““*DiscountRate(O.75)§Sgr 5 eecs2030) ;
= rs}_)’ System.out.print n( output:

System.out .printlnqs).getTuition

P =

new attributes, new methods */

output:

vS
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g Q-gial [Ybasic function */
SmartPhone SurfWeb J basic function */
108 surfWeb /* redefined using safari */ Ahdroid ( surfWeb /* redefined using firefox */
’—/ facetime /* )ew method */ i’iyﬁﬂ new method */
4hone69 < IPhone6sPlus >th DTouch /* thod < SW /H'rc
ree ouc new metho:
—
et =L S
sideSync /* new metho SNeE BEdgeP ) %yf%@ HTC HTCOneM9

ARSIV expctotoaS | cbamtantS
d ’ﬂ«o@ SP
A,
4P B3, S, A
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Student(String na c
void register(Cou .‘i:\

ResidentStudent(String name)f =

double premiumRate (.
void setPremiumRatetdouble NNN————

/* redefined/overridden methods */

double getTuition()

aéh”& Zud

o

ass

~——

/—“—_"‘\\\\

NonResidentStudent

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

);ioub]c discountRate

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

double getTuition()

Student s =

ResidentStudent rs =
NonResidentStudent nrs =

new Student ("Stella");
new ResidentStudent ("Rachael");
new NonResidentStudent ("Nancy") ;

||name \rcs |noc lreg lgetT||pr lsetPRlldr IsetDR|

S. v X
rs. v v X
nrs. v X v
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class Student {...}
class ResidentStudent extends Student {...}
class NonResidentStudent extends Student {...}

class StudentTesterl {
public static void main(String[] args)
Student jim new Student ("J. Davis")
ResidentStudent rs new ResidentStudent ("J. Davis")
jim = rs; /*x legal x/

rs jim; /* illegal

{

4

*/

NonResidentStudnet nrs
Fim nrs; /* legal =/
nrs jim; /% illegal

*/

4

new NonResidentStudent ("J. Davis")

’

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

String name
Student

AN

Course[] registeredCourses
int numberOfCourses

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

void setPr Rate(double r)

ResidentStudent NonResidentStudent

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

void setDiscountRate(double r)

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

/* redefined/overridden methods */
double getTuition()
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class SmartPhoneTestl {
public static void main(String[] args) {

> ST:[TeS

IOS presentForHeeyeon; S7.qf »%%2é4?

presentForHeeyeon = 1p; /* legal */
presentForHeeyeon = ss; /* illegal */ éf///

dial /* basic function */
} I SmartPhone surfWeb /* basic function */
7
10s urfWeb /* redefined using safari */ Android surfWeb /* redefined using firefox */
cetime /* new method */ / ‘\skype Ve method !
IPhoneés IPhone6sPlus |ihr0eDTouch /* new method */ Samsung HTC
sideSync /* new method */ | GalaxyS6EdgePlus GalaxyS6Edge HTCOneA9 | ‘ HTCOneM9 ‘




W JZWL«[% {)

class Student {...}
class ResidentStudent extends Student {...}
class NonResidentStudent extends Student {...}

class StudentTester2 {
public static void main(String[] args) {
Course eecs2030 = new Course("EECS2030", 500.0);
Student jim = new Student ("J. Davis");
ResidentStudent rs = new ResidentStudent ("J. Davis");
rs.setPremiumRate (1.5);
| jim = rs ;
| System.out.println( jim.getTuition() ); /* 750.0 x/
NonResidentStudnet nrs = new NonResidentStudent ("J. Davis");
nrs.setDiscountRate(0.5);

| jim = nrs ;

‘ System.out.println( jim.getTuition() ); /» 250.0 x/

| Gtgonk,

LIRS

dv | 0.€
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class SmartPhoneTest2 {
public static void main(String[] args) {

m myPhone; ()j_}\/P
D

D) £1¢ one w dJ ;/7743774{3
X TR O S TACS °fyf/ff«o + LPhorelsflles

/* version of surfWeb Iin IPhoneé6sPlus x*/

‘ —
€IoY .} new TPhone6sPlgs

on

J Samsu;@= new GalaxySé6Edge () ;
3@/Phone ="ss; > 177 .,,/’ M/yyﬁ/ap s /’7&?

myPhone. surfWeb (); /* version of surfWeb in GalaxyS6Edge */
} g_(_ of m;/f%a/l?
/'7

}

@vna«’(ﬂloﬂe( vy Vhovp
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Student(String name)
void register(Course ¢) Student
double getTuition()

String name
Course[] registeredCourses

int numberOfCourses
/* new attributes, new methods */

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

. . NonResidentStudent(String name)
P ————- ResidentStudent NonResidentStudent A AR R

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

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

-

1
2
3

fhy o, 5
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tPho ne
E eeyeon ______
—#6THeeyeon.fatetime() ;

L_% 0/14\ e e ST /MP
Yiow & / oy L < SHerS

b—d/
{SmartPhone aPhone = new IP lus();
(kIPhoneGsPl ) aPhone)).facetime();

bl D

—

SmartPhone aPhone = new IPhoneé6sPlus() ;
2 (IPhone6sPlus) aPhone. facetime () ;
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surfWeb /* redefined using safari */

@anl’hone >

di asic function */

facetime /* new method */

/N

IPhone6s

IPhone6sPlus

threeDTouch /* newinethod */

sideSync /* new method ‘« GalaxyS6EdgePlus

N\

ulfWeb /* redefined using firefox */
kY|  new method */
4

‘ GalaxyS6Edge

SN &abx&é{;ldgé?h@é 5
Cmat Phove D myPhove

&A\f%%@ﬂeﬂ,@ @ (ﬁa}m%@é%?hs) myWovte F

Up mtvo{ Cﬁ%’ﬁ

Vmwam( %5 (7\3

HTCOneA9 HTCOneM9

EAPELATING

sPhte - T ¢
i ( J\Az;fxeja
3}7 :
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ok
J‘wf\F Web
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Ve

—

( SmanPhony

surfWeb /* redefined using safari */

facetime /* new method */

IPhone6s

IPhone6sPlus

@‘ new method */§
MyP}IOW? . oéal

threeDTouch /* new method */

Samsung

~0ig#/" basic function */
q surfWepd JJ} basic function */

skype /)new method */

HTC

—

— === \ / \
Z \
alaxyS6EdgePlus ') GalaxyS6Edge HTCOneA9 HTCOneM9
L\‘_-d/

-

>

b

©

Vownw&w{ /0\?4‘(’ 7
o

(@

QT+ @&&Y

surfWeb /* redefined using firefox */
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martPhone

e 7

surfWeb /* redefined using safari */

facetime /* new method */

IPhone6s

IPhone6sPlus

threeDTouch /* new met /

unctio
surfWeb//* basic function */

S eb /* rédefined using firefox */

S| new hethod */
Samsung HTC
GalaxyS6Edge HTCOneA9 HTCOneM9

sideSync /* new méthod */ | GalaxyS6EdgePlus
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SmartPhone

surfWeb /* redefined using safari */
facetime /* new method */

/N

IPhone6s

IPhone6sPlus | hreeDTouch /* new method */

////// D)
y 7, / | J ‘ =
ﬁ'éiﬁi(!ff!?‘!%?(; '

=X
—%
)

dial /* basic function */ } Z
surfWeb /* basic function */ l
7
Android
g

<.
v

RN

surfWeb /* redefined using firefox */
skype /* new method */
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AN

HTCOneA9

HTCOneM9
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Student(String name)
void register(Course c)
double getTuition()

String name

Course[] registeredCourses
int numberOfCourses

/* new attributes, new methods */

/* new attributes, new methods */
ResidentStudent(String name) NonResidentStudent NonResidentStudent(String name)
double premiumRate < double discountRate
void setPremiumRate(double r) void setDiscountRate(double r)

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

double getTuition()
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dial /* basic function */
SmartPhone surfWeb /* basic function */

Type [t

surfWeb /* redefined using firefox */
e ) new method */ skype /* new method */

;= N

IPhoneés IPhoneésPlus) \nreeDTouch /* new method */ Samsung HTC

/\b"e A !: g{, sideSync /* new method */ | GalaxyS6EdgePlus GalaxyS6Edge HTCOneA9 HTCOneM9

iartPhone aPhone
forHeeyeon. etime

108 surfWeb /* redefined using safari */ Android

PhoneésPlus (

SR
A‘W(MP. /a\ce—fffa?() ‘T

new IPhoneé6sPlus|();
'ﬁ) facetime () ;
—

martPhon aPho w IPhoneé6sPlus|() ;
IPhoneGsPlus )| Phon;%me(

\(-/
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dial /* basic function */
SmartPhone surfWeb /* basic function */

surfWeb /* redefined using firefox */
skype /* new method */

surfWeb /* redefined using safari */

facetime /* new method */

IPhoneés IPhone6sPlus |in0eDTouch /* new method */ Samsung TC

H
‘ync /* new method */ ﬂ GalaxyS6Edge HTCOneA9 HTCOneM9
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10S surfWeb /* redefined using safari */ Android ‘\¥kﬁw f /* redefine " dd / ing firefox */
facetime /* new method */ M — ype /" new me

/N

IPhoneés IPhone6sPlus |i4eeDTouch /* new method */ Samsung HTC >

sideSync /*\new metHo. GalaxyS6EdgePlus QGalaxyssEdge\ HTCOngA9 HTCOneM9
— A
———

)
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1

(

108 surfWeb /* redefined using safari */

facetime /* new method */

>

Z A
IPhone6s (@ IPhoneGsPI hreeNTouch /* new methéd */
et

[ iC function */
surfWeb /* basic function

AndroiV su

* redefined using firefox */

e /* new */

/

sideSync /* new methqd|*/ | GalaxyS6EdgePlus

GalaxyS6Edge

HTCOneA9
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lial /* basic function */
urfWeb /* basic function */

—
10s surfWeb /* redefined USing safari */ syirfWeb /* redefined using firefox */
/C,/<:etime /* new method */ jpe /* new method */
T IPhoneés IPhone6sPIus | ¢ -cepTouch /* new method */ (

sideSync /* new met
(o) e - 0 orp>;

wprloble ANNNNE
evl- &MPIMUQ |
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class A { }

class B extends A {
class C extends B { }
class D extends A {

¥EY
:
E
W
X
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Student(String name)

void register(Course ¢)

double getTuition()

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

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

AN

ResidentStudent

Student Course[] registeredCourses

String name

int numberOfCourses

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

void setDiscountRate(double r)

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

’

’ ResidentStudent rs = ( ResidentStudent ) jim; ‘

IPhoneés IPhone6sPlus

threeDTouch /* new method */

1 ’Student jim = new NonResidentStudent ("J. Davis");
2 |if (jim instanceof ResidentStudent ) ({
3
4 rs.setPremiumRate (1.5);
511
SmartPhone cﬁal " basic /uncrl_on 7/

surfWeb /* basic function */

surfWeb /* redefined using safari */
facetime /* new method */

surfWeb /* redefined using firefox */
skype /* new method */

sideSync /* new method */ | GalaxyS6EdgePlus

’ GalaxyS6Edge ‘ ’ HTCOneA9 ‘ ‘ HTCOneM9 ‘

1 ’SmartPhone aPhone = new GalaxyS6EdgePlus(); |
2 |if (aPhone instanceof IPhone6sPlus ) { |
3 IOS forHeeyeon = ( IPhone6sPlus ) aPhone;
4
5

forHeeyeon.facetime() ;
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/+ tru

pprintin(myPhone instanceof &
a de

s

dial /* basic function */
SmartPhone surfWeb /* basic function */

rfWeb /* redefined using safari */
‘acetime /* new method */

surfWeb /* redefined using firefox */
skype /* new method */

)

IPhone6s < IPhone6sPlus ¢ eaDTouch /* new method */ HTC
T— /
- /‘ \
sideSync /* new metho GalaxyS6EdgePI GalaxyS6Edge HTCOneA9 HTCOneM9

Samsung 1S

SmartPhoneéZPZgzﬁ= new ' Samsung (
prin myPhone”in A i d)

/ * se

/ ls

Samsuhqg 1s

Sams ung is

not

A —_— —_
priWinstanceof

prj yPhone instanceo (@) ’

10t

yPhone 1nstanceof Phone6sP

J

Samsung 1s

not

of IPhoneé6sPlus */

a
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SmartPhone

dial /* basic function */
surfWeb /* basic function */

10 surfWeb /* redefined using safari */

facetime /* new method */

Ve

surfWeb /* redefined using firefox */
skype /* new method */

Android

HTCOneM9

IPhone6s IPhone6sPlus | ihreeDTouch /* new method */ HTC
sideSync /* new method */ | GalaxyS6EdgePlus GalaxyS6Edge HTCOneA9
1 SmartPhone myPhone = new Samsung/() ;
2 | /x ST of myPhone j ~ DT of myPhone is Samsung */
3 N
4 4~ Samsung samsung = ( myPhone;
5 (7
6 |if (myPhone instanceof GalaxyS6EdgePlus) {
7 GalaxyS6EdgePlus galaxy = (GalaxyS6EdgePlus) myPhone;
8 |}
9 |if (myphone instanceof HTC) ({
10 HTC htc = (HTC) myPhone;
11 |}
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VDS — Y@n +/ int c;

= Student nr = nrs; c++; }

=S C++;k} } SV‘/
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7
A>

tatic type Student =%/ int c;

1 |class StudentManagementSystem |
2 | Sstudent []
3 void (addRS (
4
5

{ sslc] = rs; c ++; }
void addNRS (No nrs) { ss[c] = nrs; c++; }
void addStudent { ss[c] = s; c++; } }

@me)sl = new Student () ;
Studéent( s2 = new ResidentStudent () ;
‘Student \s3 = new NonResidentStudent () ;

ResidentStudent = new ResidentStudent () ;
Non identStude nrs = new NonResidentStudent () ;

StudentManagementSystem sms = new StudentManagementSystem() ;
4 X
4

sms.a!!!!lsi) ;X @

=2y = &
sms.addRS (s3); X ;> SS }
Z

sms.addRS(rs) ;




1 %sidentStudent s new ResidentStudent("Rachael" ; S/ S
. —_—
2 | Sesetpr 1.5); V ,(/KS < f@
3 L rs/= new NonResidentStudent ("Nancy") ;
D —
4 | nrs.setDiscountRate(0.5);
5 | StudentManagement new StudentManagementSystem() ;
6 addStudent ( norphism x/ class StudentManagementSystem {
7 {sms)addStudent ( ; /#* polyn */ Student[] students;
8 | Course eecs2030 hew Course("EECS2030" 500.0) ; int numOfStudents;
9 sms.registerAll (eecs2030); , void addStudent (Student s) {
10 |for(int i = 0; 1 < sms.numberOfStudents; i ++) { students[numOfStudents] — s;
11 /# Dynamic Binding: numOfStudents ++;
12 * version of getTuition will be called */ }
13 | System.out.println(sms.students[i]. getTuition() ); void registerall (Course c) {
14 ‘ } for(int i = 0; i < numberOfStudents; i ++) {
students[1i] .register(c)
}
}
,(’,\, 3
entM ementS 1 2 3 4 5 6 7 99
Sms.ss
S \ ‘ null I null I null I null | null l null [ null I null I
[
sms.getStudent (0)
ResidentStuden I~ NonResidentStudent
me “Rachael” “Nancy"”
e numberOfCourses 0 1 8 9 numberOfCourses 0 1 8 9
registeredCourses | lnulll Inul/‘nulll registeredCourses Inull| " ‘null|null|

discountRate 0.5

(—’ Course

eecs2030

“EECS2030”
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1 |clas entManagementSystgm {

2 tude. [ @ /* ss[i] has static type Student =*/ int c;
3 void addRS (ResidentStudent rs) { ss[c]l = rs; c ++; }

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

0 s e AR D"

Q. Tn addRS: o 45Tc] = 13 ﬂovn/l})c
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1 ’class StudentManagementSystem {

2 | Stu ~ ,/ 1s_static type Student */ int c;

3 void( @ { sslc] = rs; c ++; }

4 void addN: nResrae t nrs) { ss(c] = nrs; c++; }

5 void 1) {sfs\[c] = s; ct++; } }
NI

Student sl1I = new Student () @\C@

St s2 = new ResidentStu t();

([ Student/ s3 = new NonResidentStudent() ;
ResidentStudent rs = new ResidentStudent () ;

nrs = new NonResidentStudent () ;
ana ementSys em sms = new StudentManagementSystem() ;

: r£=3%3
smsddRS s); ‘ RS St

.addRS (nrs) ; ®
ems)addstudent Q1) ;]

v
sms.addStudent (s2) ; ‘
sms.addStudent (s3) ; .
sms.addStudent (rs); @
sms.addStudent (nrs) ; ‘
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4 77 ST: Stude DT: Student (SR .
tudentManageren B
Y Y g @ '

SST. Sudent RLS@I

= new géRes.ldentStudent22Nancy") 1
: Student; s : Non tStudent +/

StudentManagementSystem sms = new StudentManagej

sms.addRS (s); X JY/IQ id
y RS) = re

new es.1dentStudent "Rachael") ; EV
ST: Student; entStudent */

tudentManagementSystem sms = new StudentManagemen/tisstem

ms.addRS (s); x J.}\qg AY)HRS( >m\

I 75 o7, @ > Ao (CE

—
H= new NonResidentStudent () ;
: NonResidéntStudent; DT: NonResidentStudent x/

|
2
3 | StudentManagementSystem sms = new StudentManagementSystem();
4 | sms.addRS(nrs); x /{/g

V5. 00078 ( FeladSudo ) @) Lol 2
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Ll last ot 2
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1 | ResidentStudent\rs new ResidentStudent ("Rachael"); ——ﬁ /(.I/ZS\ S @QM& &‘5‘[ S
2 | rs.setPremiumRate(1l.5); K
3 | NonResidentStudent(nrs)= new NonResidentStudent ("Nancy") ;
4 | nrs.setDiscountRate (¥.5);
5 stem sms = new StudentManagementSystem() ;
) / bolyvmo I
6 ‘ * polymorp hism +*/ class StudentManagementSystem {
7 r' /% polymorphism */ Student[] students;
8 | Course eecs2030 = new Course ("EECS2030", 500.0); int numOfStudents;
9 | sms.registerAll (eecs2030); i maeieend o .
- . ) ) void a tudent tudent s
10 | for(int 1 = O,‘ 1 < sms.numberOfStudents; 1 ++) { students | numOfStudents] = 3
11 /#* Dynamic Binding: numOfStudents ++;
12 * Right version of getTuition will be called */ }
12 I System.out.println(sms.students[i]. getTuition() ); void registerall (Course c) {
}

for(int i = 0; 1 < numberOfStudents; 1 ++) {

students[i].register(c)
ST(SE"J et 87 S:C.Aol@"f X

3
l\ 2 3 4 5 6 7 99
sSms.ss
uIl null I null I null | null l null l null I null I

sms. getstudent(O) sms . getStudent (1)

e \ e P7/<//<9
/ esidentStudent NonR

sms 2

dentStuden ‘\

numberOfCourses

registeredCourses

A—;.\fm\»A _-‘-‘_" : ‘;:‘_
ZS f\w @‘(@'ﬂ
._.},

203
AN S - ‘\

discountRate

Course
= — L SR +— | titte “EECS2030"
\ 4Wls S '31"#' G (A‘ q !ﬂﬂnﬂ[}% | fee P
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Course eecs2030 = new Course ("EECS2030", 500);
ResidentStudent rs = new ResidentStudent ("Rachael");
rs.setPremiumRate(1.5); rs.register(eecs2030);

NonResidentStudent nrs = new NonResidentStudent ("Nancy");
nrs.setDiscountRate(0.5); nrs.register(eecs2030);

if (4 0 |1

throw new egal Xoeption("Invalid

{
) Dr: Z an _SD
$=SEI> "
’ g retur Z> ‘
7| e g

ent) ; /xtruex

i >= ¢)

anceof ResidentSt

/+ false */
(—

’

7 iVersion Ifi ResidentStudent called:750x/

udent rs ='sms.getStudent(O); X
sms.getStuden @‘D ; /* dynamic type of
¥
pr e
print 7n NonResidentStudent calle *
NonResidée udent nrs2 = sms.getStudent(1l); x

T e
V,——

N ~ A.)
numberOfCourses |IE 1 “' 8 9

~ registeredCourses \ registeredCourses », mmu
S premiumRate iz \

"‘“"i'y

“EECS2030"

Course

eecs2030
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fs oolea@bject ok

return this <= obj;

class<%/}

/+equals not overriddenx/

'_\
}
class( B Jextends A {
/*equals not overriddenx/

}

class extends B {
/+eqlials not overriddenx*/

}

1 \ngect ¢l = new C();
2 |Obje c2/)= new C()
3

L0

é////,println(éﬁ)eggals c2));

7 L3 calls which version of
gl o7

o] equals? [ Object ]
gz

S N A N 2 Y
— — —




Oueldlon Wethog % Wrowee %ndw;éf (2)

e

Object

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

}

e

(—}ZM%

T ‘F ( . j@(‘(/afc[)

QM @ <

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

lass<ij>xtends B {
boolean equals (Object\obj)

/ - = PP | o A N /
/* overridden versioh */

}
ot G
Yiike

L3 calls which version of
equals? [C]
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boolean equals (Object obj)
return this == obj;

class A {
/*equals not overriddenx/
}
class B extends A {
Qﬁboolean equals (Object obj)
/* overridden version +*/
}

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

}

{

Object cl1 = new C()
Object c2 new C()

.

4
— .
4

1
2
3

println@cl)equals(@%));

L3 calls which version of
equals? [B]
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public ak-as clasd

bt HLaSs Extend: @lygon/{
@B; S¥eel, double s , double s#da3z) {
ey douwnld(5) 7 2 <
1 ; [ [1] = side2; sides[2] = side3;

double s = getPerimeter()

double area = Math.sqrt(
\ s x (s - sides[0]) x (g/- sides[l]) x (s - sides[2]))
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Polygon (double[] sides) { this.sides = sides; }
void grow() {

for(int i = 0; i < sides.length; 1 ++) { sides[i]

}

L - double getPerimeter() {
ol K

double perimeter = 0;
/ for(int i = 0; i < sides.length; i ++) {

}
abstract double getAreal();

TN perimeter += sides[i];
olygon p; ! .
t ter;
p & ectangle 4)) /% polymorphism return perimeter

Sys%'m—out prlntln (

.out.pri ln
System.out. prlntln@

o T

Y; /x 12.0 */
getArea()); /+ 6.0 =/

Tl z
e EY I

& |

go8 |~ 27| 3| | ¢




Ipublic abstract class Polygon {
double[] sides;

Blpwoghe bllectan o g

Polygon (double[ ]
void grow() {
for(int i = 0;
}
double getPerimeter() {
double perimeter = 0;
for(int i = 0;
perimeter += sides[i];
}
return perimeter;

}

sides)

co Collector(), )

abstract double getAreal();

{ this.sides =

i < sides.length;

i < sides.length;

sides; }

i ++) { sides[i] ++;

i ++) |

I LS %

/* polymorp
; /* polymorphism x

System.out.
col[growAll ) ;

rlntln(col.

System.out.println(

col.polygons[0].
System.out.println(col.polygons[1l].

publi lass PolygonCollector {
] polygons;
int numberOfPolygons;

PolygonCollector() olygons
void addPolygon Roly o) |
polygons[numberO l¢gons] =

_
void(growAll() {
for(;pt 1 —~O

= new Polygon[10]; }

17

o gons grow (
PtaE 9 grin

}

‘. getPerimeter ()); K+ 14.0)x/
. gg££g£;metgg 0)); 12.0 W
Ticde
getPerimeter ()) * 18.0 % JQQ J
getPerimeter ()); x ¥5.0 »/
1N

RerOfPolygons ++;

oW( ) ( 7@%@_:

<%ﬂé %}%>

pltan

P




lymoge Resnin_ Usles of Tohygors
VT ZeC ) Y

Pol nConstructor o;ﬁ,
double ]
System.
System.
System.
System.

recSides
—_—— e

p.g tPerlmeter())'

System.out. prlntln(p % getArea () Fé:;ju-;
PoTygon

double[] triSides = @ G D

System. 1nstanceof ) ;
System. instanceof Rectangle);
System. instanceof Triangle);
System.out.println(p.getPerimeter()); /+ 12.0
System.out.println(pfgetAreal()); /+ 6.0 =/
con.grow( p);

)

out
out
out

.println(p
.println(p
.println(p

System.out.println(p.getPerimeter());

triSides);
—_—

T T

System.out.println(ptgetArea()); /+ 9.921 =/
Ipublic abstract class Polygon {
double[] sides;
Polygon (double[] sides) { this.sides = sides; }
void grow() {
for(int i = 0; 1 < sides.length; 1 ++) { sides[i] ++; }
}
double getPerimeter() {
double perimeter = 0;
for(int i = 0; 1 < sides.length; 1 ++) {

perimeter += sides[i];
}
return perimeter;
}
abstract double' getAreal() ;

(52&55[0],

new Triangle

else if (sides.length == 4)| {

{

sides|

sides]|

11,

sides[2]);

11)7

P new Rectangle(sides[0],
—\—_
}

return p;

) |
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A
a-V3 a)

%, - sin30° @
) .

We consider the same point repented differently as:
e r=2a, 1y =230° [ polar system |
e x=2a-c0s30°=a-\/3, y=2a-sin30° = a [cartesian system ]




Tt p

} }
public doubl return } public doubl
public double { return } public double

} }

this.y = this.phi = phi;

— - -
public class | G y i i ATSSE imglementi ﬁbint){
doubl ; .
Idouble%; | )
CartesiahPoint (double x, double y) ic P rPoint (double r, double phi) {
this.x = x; this.r = r;

{ return }
return }

double@a_i;.
double X = A * Math.sgr

(G
7

X @ 7% polymorphism */
" + p . get Y () + " ) " ) ,.
Math.toRadians (30)); /

(a : \/gr a)

A

2a - sin30°

"' " + p. getY() + ")");

2a - c0s30° =

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

%;/* recursive call with strictly smaller value */
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int fib (int ®) {
int result; 7
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public class StringTester {
public static void main(String[] args) {

String s ="abcd"
System.out.println(s.isEmpty()); /* false */
/* Characters 1in index range [0, 0) */
String t0 = s.substring (0, 0);
System.out.println(t0); /+ "" x/

/* Characters 1in index range @b, 4) */
String tl1 = s.substring @p,
System.out.println(tl); 7 "abcd" x/
/* Characters 1in index range [1, 3) #*/
String t2 = s.substring(l, 3);
System.out.println(t2); /* "bc" x/

String t3 = s.substring(0, 2) + s.substring(2,

System.out.println(s. equals(t3)); /* true #*/
for(int 1 = 0; 1 < s. length( i ++) |
System.out.print( G)
s

}
System.out.println();

4) ;
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boolean isPalindrome (String word) ({
if (word.length() == | | word.length() == 1) {
/* base case */
return true;
}
else {
/* recursive case */
char firstChar = word.charAt (0);
char lastChar = word.charAt (word.length() - 1);
String middle word.substring (1, word.length() - 1);
return
firstChar == lastChar
/* See the API of java.lang.String.substring. #*/

&& 1sPalindrome (middle);
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else {
/% Recursive Case */ _Q oct ’@>
char head = s.charAt (0); /
_String tail = s.substring(l, s.length()); /£ 2
if (head G2 @) { 1T
returnr' + occurrencesOf (tail, <) 1:7
—

}

else { \ i;;?
return| 0 J+ occurrencesOf (tai{z c);

} =

}
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=1 f (a. length == O) { /* base case */ }
S ‘\sffg_length == 1) { /% base case */ }

new int[a.length - 1];
1|; 1 < a.length; 1 ++) { sub[0] = a[i - 1]; }
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void m e, i i ) 1

KRif (From > to se case %/ }

K*élse if (from ==~to) /* base case */ '}
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looolean binarySearch(int[] sorted, int key) {
return binarySearchHelper (sorted, 0, sorted.length - 1, key); |

}

Jooolean inarySearchHelper (¥/nt[] sorted, int from, int to, int key|]
if (from 2 € case 1: empty range x/
return falts —‘\
else if@ { /* base case 2: range of one element x*/
return sortedffrom] == key; }
else
int s / 2;
int sorted[middle];
it
return binarySearchHelper (sorted, _L_CQm, middle - 1, key); |

}
—else if (Qek?middleValue) {

return binarySearchHelp (sorted, middle + 1, to, key);

}

else { return true; }
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void towerOfHanoi (String[] disks)
@elper (disks/{ 0 )@“I’s}s/len_gtm
}

void [‘M@(String[] disks, int (from,) int in@ int@

1= if (from > to) { }
1> else if (from == to) {

print ("move " + disks([to] + " from " + pl + " to " + p2);
}

“£o frch 7G 1
Telse Wm/ﬁ 749“‘ ﬂ/fw-"‘—’p

=) O 2k (P2
ﬁ[tohHelper l(disks, ge) 4 1ntermed1at

—1

print ("move " + disksfKto) + * from "o+ pl + " to " +@
tohHelper;(d_iys_S,, [1ntermed1ate),
. g -

)

}

Say disks = {A,B,C}.
Consider towerOfHoni(disks) which calls:
tohHelper(disks, 0, disks.length - 1, 1, 3)
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void towerOfHanoi (String[] disks) {
tohHelper (disks, 0, disks.length - 1, 1, 3);

}

void‘tohHelperlString[] disks, int from, int to, int ori, int des) {

if (from >tqQ) {
else if =® {

print ("move ™ "+ disks[to] + " from " + ori + " to " + des);
} N
else { /=—~'
int lintermediate = 6‘; or’v_,_’_fit?s" -,
'> tohHelper (disks, from, !\to = 1" ori)\intermediiate);
‘9pr1nt("move " + disks[to] + " from " + ori + " to " + des);

= tohHelper (disks, from,(to = 1, dntermediabe,({deg);
}
}

@ @“
v/ \l
Say@kg= L{AB.C}. l Q) C
Consider towerOfHonl(dlsks hich call
tohHeIper , disks.length - @@)
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Say ds (disks) i ,BlC}, wh
w's(mswsﬂigyivvﬂﬁ7

W

8.0)
2

ere A<B<C.

{ﬁe A: pl to p3\)

-

tohH(ds, 0,0, p2, p1) ={ Move A: p2 to pl
——

{A}

Move B: p2 to p3

tohH(ds, 0,0, p1, p3) ={ Move A: pl to p3
——

{A}

tohH(dsW 21@
——
{A}

Move B: pl to p2

tohH(ds- 0, 0 (o3} p2)
—— -
A
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void towerOfHanoi (String[] disks) {

tohHelper (disks, 0, disks.length - 1, 1, 3);
}

void( tohHelperx/Stri isks, int from, int to, int ori, int des) {
if (from > to Y/ r:fk
!else if (from == tof) {

print ("move " + disks[to] + " from

ori + " to " + des);
7%‘ 7”/ "MS

7l " e " + dlSkS[ ] from "+ ori + " to " + des);

/
ohHelper |disks, frointermediate, des) ;
} n-l ﬁ/
} _ _ =
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boolean binarySearch(int[] sorted, int key) {

return binarySearchHelper (sorted, 0, sorted.length - 1, key);
}

boolean binarySearchHelper (int[] sorted, int from, int to, int key]
if (from > to) { /+ hase case 1: empty range #*/
return false; }

| else if (frop—== { * base case 2: range of one element */
L return (sorted[ from)) ==)key; }

~else { N— >

int_middle = (from + to) 1 Ca’c

leValue = sorted| mlddle
if (key <) middleValue) { A
retur binarySearchHelper (sorted, \from, middle - 1,\ key) ;

'l;else if (key > middleValue) {
}

return binarySearchHelper (sorted, middle + 1, to, key);

else { return true;

N } \ﬁvw[a(’?
)
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ng .




/,\c:«vecmegs %% : IOIPDS
[ l/ L/

1 |boolean s lPositi@int a) { return allPosH 0@ (lenqth - D,i }
-%rbo ean (allPosH Jint[] a, 1nt int to) — |
3 (From > to) { return true; ’
4 @lf from == { return a

5 else[{ return al[from] > O@@%ﬁw j !
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|
1 iboolean allPositive(int[] a) { return allPosH (a, 0, a.length - 1);| }
2 |boolean allPosH (int[] a, int from, int to) { |
3 (from > to) { return true; }
4 ’ else if (from == to) { return al[from] > 0; }
5 | else { return a[from] > 0 && allPosH (a, from + 1, to); } } |
| |

e Via mathematical induction, prove that al1PosH is correct:
Base Cases
e |n an empty array, there is no non-positive number .". result is frue. [L3]
e In an array of size 1, the only one elements determines the result. [L4]
Inductive Cases

e Inductive Hypothesis: |al1rosH (a, from + 1, to) |returns true if
a[from + 1], a[from + 2], ..., a[to] are all positive; false otherwise.
e allPosH (a, from, to) should return frue if: 1) a[from] is positive;

and | 2) a[from + 1], a[from + 2], ..., a[to] are all positive.

e By LH. , resultis a[from]>0 A|allPosH(a, from + 1, to) | [L5]
e lallpositive (a) | IS correct by invoking
allposH(a, 0, a.length - 1) |, €xamining the entire array.  [L1]
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/* Assumption: L and

private List<Intege

both already sorted.

*/
st<IntegerX L List<Integer{§9 {

_List<Integer> mergée

if (L.isEmpty () | |IR.isEmp€y())
else {
int (4 0;
int 0;
whilsdd < L.size()
lf( .get (i) <= R. qet 7))

rrayList<>();
T ———
{ merge.addAll(L);

&& 7 < R.size(

(else { merge.add(R. get

@

}

}

return merge;

add(L get (1))
J ++;

/+ If i >= L.size(), then this for loop is skipped. */
for(int k = i; k < L.size(); k ++) { merge.add(L.get(k)); }
/* If j >= R.size (), then this for loop is skipped. x/
for(int k = j; k < R.size(); k ++) { merge.add(R.get(k)); }

merge.addAll (R);

}

public List<Integer> (sor
List<Integer> sortedL
—if (list.size() ==_0
else if(list.size()
sortedList new ArrgyList<>();
iﬁ>sortedList.add(list.get(O));

r

ortedList

} N4

return sortedList;

} -

List<Integer>(Eij;}

—}
else {
int (middl / 2;
List<Integer> llst subLlst

orcediert - (sop (Jeft)
List<Integer> dRight = i
sortedList = (merge |(sortedLeft,

new ArrayList<>(); }

/ .
sortedRight) ;
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