Lecture 3
Part A

Object Equality -
To Override or Not to Override



The equals Method: To Override or Not?

public class] Object
v

public boolean equals(Objecl@bj &
"M

retuen this |;=_|ob'; e
’(’(x J yg//Z/&A[PS ladbless
W of ths ool 2

public class PointV2 {
private int x; private int y;

public class PointV1 {
private double x;
private double y;
public PointV1 (double x, double y) {
this.x = x;

this.y = y; dﬂ“,sm

}b

b
if(obj == null) { return false; } :
if(this.getClass() '= obj.getClass()) { return false
Point other = (Point) obj;
return this.x == other.x
&& this.y == other.y;




Lecture 3
Part B

Object Equality -
Version 1: Default equals method



The equals Method: Default Version

public class ObJect

retuen t

A
I'T &
\\aﬂé\ex ’re%s rZ

public class PointV1 {
private int x;
private int y;

public PointV1 (int x, int y) {

this.x = x;
this.y = y;
b
¥

publlc boXean eqtals( Object difj) {

— —

- QWO NOCOTPA~,WN =

— "(2’ 3)";

PointVl‘bl

PointVl p2’
PointV1l @3 =

System. out

System. out.
System. out.
System. out.
System.out.
System. out.
System. out.

v
PointV 1

X172
B

= new PointV1(2,

= new POinthﬁZ’
= new PointVI(4
.prlntln(pl == p2),

Pttt al"

2 PointV1

X|Z
- =
/"-) "(24‘3>l,

+ false */

false */
/* true x/

N W, /*x false x/
* false =/
/% false */
/* false */

Qdamnt

PointV1




Lecture 3
Part C

Object Equality -
Version 2: Overridden equals method



Ttz ]7| - @) Kl (-);

The equals Method: Overridden Version L

.3&&!4[) [:Z :

v\ ol - qete () th’
d ? o JeQ’rends| V‘QMMS m:t/
AA (

public class PointV2 { ., 7
private int X; 4&*‘%‘&@ s @
private int y) 7l g

e. -
public PointVZ (int x, ink v\ \ ) a/\
M l B?b" boolear. equalstObiecthobilfi{ |:lj£ffpl A
] f(this == obj)\ return trde;
{ i{ ~pif(obii=="null) {\return false; } ”hﬁt W?ﬂ lZfF M

if(thisfgetClass() |! = objerCiassr)) { return false }

%, Point(ther = ( Pointi)ob; Ao/lfﬂt Ject o

return this.x == other.x

/]
b- e this.y == other.y; DOY:



The equals Method: Overridden Version

Example 1

public class Object { 1 @string s = _"(2, 3 ";
2 BPointVv2 pl/=|new PointV2(2, 3)j
public boolean equals(Object obj) { 3 §PointV2 p2°= new PointVZ(2, 3);
retuen this == obj; 4 WPointv2 E = new PointV2(4, 6);
S 5 B System.out.printAn(pl == p2); /* false */
S 6 B System.out.printlh(p2 == p3); /* false */
7 BSystem.out.println{plliequals(pl)) ; /* true x*/
8 fl System.out.printlh(pl.équals(null)); /+ false =
9 f System.out.printlh(pl.equal ); /* false x/
ex‘l’ends 10 System.out.prlntli( i /x true */
11 f System. out. ; /+ false */

public class PointV2 {
private int x;
private int y;
publlc PointV2 (|nt X, inty) {. %4
an Aguals(Objec

1 J. getClass()) «return false }

—IPoint thgr = (PointWobj;
” return THISHG == Otherx’
&& this:y- yo= othery,

y - _J

Z

é




The equals Method: N R
1 i 2 | PointVl pl = new PointV1(2, 3);
R 3 | PointVl p2 = new PointVI1(2, 3);
TO Overrlde or Nof? 4 | PointVl p3 = new PointVI1(4, 6);
hd 5 System.out.println(pl == p2); /+ false */
6 | System.out.println(p2 == p3); /* false #/
7 System.out.println(pl equals (pl )),‘ /* true */
8 System.out.println(pl equals(nu /* false *
= - 9 | System.out.println equals(s)
public class Object { 10 | System.out.printl g als(2 + false *l
11 || System.out.println(p equals (p3 alse x/
public boolean _equails 1 [String
A . i s =
retuen thlse ob s leciene = -
+ ?' 3 | PointV2 p2 = new o:Lnt 3
} 4 fPointV2 p3 = new Po_mtVZ 4,
5 System.out.prlntln(pl == p2), /x false */
6 | System.out.println(p2 == p3); /* false x/
7 | System.out.println(pl. equals (p1)); /* true */
ex*"ends 8 | System.out.println(pl.equals(null)); /* false =/
9 | System.out.printl equals(s)); /# false +/
*d 10 System.out.printl@)
ﬁm 11 | System.out.println(pZ.equals(p3)); /+ false =*/

public class PointV2 {
public class PointV1 { pnvate '"t r G
private int x

. - . jou Pom’er 1 Poi
private| Inty; b?f‘()tlﬁfsn equals(Object ob]) { . PLl=

. . . . ob return true;
pul:Illc PointV1 (int x, int y) { if(obj = nuljlg % return false; }}
this.x = x;

" if(this. getCIass() I= obj.getClass()) { return false )
this.y = y; Point other = ( ) obj; ! n1'V1 Poin
) : : > | P2 [x
} "V —

ss Ry A
Ueﬁev




The equals Method: Overridden Version Example 2

= new Pojrv*‘,’,”(’i‘ 4) ;

= TeW POINtVZ o, oL,
PointV2 p3 = new PointV2 (4, D);
System.out.println(pl == pl); /* true =*/

System.out.println(pl).equals (pl)); /+ true */

public class Object {

public boolean equals(Object obj) {
retuen this == obj;
i
b

System.out.println(ﬁ == p2); /+/ false */

System.out.println .equals (p2)); /* true *,

System. .println(pZ == pJ3); /* rfalse *x/
.println(p2.equals (p3)); /* false +*

©CoOoONOOPA~rWN—

extends

APoint m
p2—/ xas)i p3— x4

o b

public class PointV2 {
private int x;
private int y;

public P0|ntV2 (intx,inty) {...}

' IS(OBJeCt 0DJ) R
if(this == Ob' { return true; }
if(obj == null) {m }
if(this.getClass() = obj.getClass()) { return false}}
Point other = (Point) obj;
eturn this.x == other.x
&& this.y == other.y;

(A) Two objects are reference-equal.
(B) Two objects are contents-equal.

- If (A) is true, then (B) is true.
If (B) is true, then (A) is true.
X 218085047 e =.'.(’ )




Lecture 3
Part D

Object Equality -
assertSame vs. assertEquals in JUnit



assertEquals: Reference Comparlson or Not

assertEquals(expl, exp?2
° w equals(exp2) if expl and exp2 are reference type

DIMPA} o\
Case 1: If equals is not explicitly overridden in exp1’s W type ¢ —the d/wM(‘

~ assertSame(expl, exp2) Dyl == expT C -hd ¢ )

PointVl pl new PointV1 (3, 4);

PointVl new Point_l_ y 4) 3 s T

Fointv2 p?‘ Nisdru R adinlaaty
ointV2 p J7'7_tv,'2 i &

assertEggi g x /# ++ different PointVl objects */

assertEquals (p2 p3) : X /* *r different #94pesfustl oL jccts =+

PointVl pl = new PointVI1 (3,
PointV1l p2 = new PointVI1 (3,
PointV2 p3 = new PointV2(3,

X /% b1 .equals (p2

p2.equals (p3

p3.equals (p2




Lecture 3
Part E

Object Equality -
Asserting Reference vs. Object Equality



Testing_Default Equality of Points in JUnit

@Test
public void testEqualityOfPointVI1() {
PointVl (pl)= new PointVIi(3, 4); PointVl @= new PointV1(3, 4);
=Dl

4
—

) ; &~
sertSame (pI& p2 I assertSame (p22=pl); F /% I

/x dSSert.
\/assertw

ssertFalse (pl == p2); assertFalse (p2 ==

&,
L

public class Object {

} public boolean eqguals(Object obj)

retuen this == obj;

extends

public class PointV1 {
private int x;
private int y;
public PointV1 (int x, int y) {
this.x = x;
this.y = y;
b
b




Testing_Overridden Equality of Points in JUnit
.

@Test
public void testEqual%éZOfPointVZ() {

PointVZ2 = new PointV2(_§L 4_)‘,/ Pointv2@= new PointV2(3, 1);
p3 == p4);pa§sertFalse(p4 == p3);

(assertFalse (

- - o= y o /) =
ape (p3=<p4d),; assertSame (p4dr=pr

/ % g gert

uals : :
—QZ ‘-}x public class Object {

public boolean equals(Object obj) {

retuen this == obj;

b

bs

gt

public class PointV2 {
private int x;
private int y;
public PointV2 (int x, inty) { ... }
rpublic boolean eguals(Object obj) {
if(this == obj) turn true; }

if(obj == null) turn false; }
if(this.getClass(\!=Jobi.getClass()) MUrn false }
»Point other = (Poi bj;

return this,x == other.x
&& this.y" == other.y;




Testing Equality of Points in JUnit: Default vs. Overridden

@Test

public voi LestEquahu OTE _u‘*VlandP01nt { ;
P01ntVl@ new w P01ntV2 = new PointVZd 37 61,
Q€ S¢ : S LLLuJ Foile betause pl ame p2 _gre=0rf different types

; assertFalse (p2 == pl);

/* assertSame can 2 f; A
zx assertSame (pl
# assertSame (p2

/ *

s and fail. *

on o4

public class Object {‘/

/

/+ version ofequals ILi

assertFalse (p2. equals(pl))A o A publlc boolean equals(Object obj) {
retuen this == obj;

}

public class PointV2 {
private int x; private int y;

. . lic PointV2 (int X, intv) { 3

ez i B e public boolean equals(Object obj) {
DI CEN DB if(this == obj) { return true; }

private double y; if(Qbj =5 null) { returpfalse; }
p2 public Pothl (double x, double y) { b if(tpdg’getClass() = 36J.getClass()) - return false
this.x = x; Point other = (Point) obj;

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

bs




Lecture 3
Part F

Object Equality -
Short-Circuit Effect of && and | |



I . @ _ ot
Short-Circuit Evaluation: && IOﬂ JW‘"C
Left Operand opl Right Operand op2 opl && op2

true true true
s, false false

Test Inputs:

x=0.y {10
x LDy =(10

‘ false true false |
false false

SyStCi)B. ut.println("Enter x:");

aFl 474 oPZ
int(X)= input.nextInt(); Zao
e U 8, el :ﬁe% @ b

if(x '=0 8 y /(x)> 2) ,
}x System.out.println("y / x is greater than 2"); g{Vo/ P 3 ﬁ M

else { /* I(x =08 Yy / x>2)=((X==011y/ x<=2)* no'l' Mm Nlmf
2 ifxE>0 { "-’2 1 4
> System.out.println("Error: Division by Zero"); . & afpg

3 /= S %
else { ]: 'LTO = 2

—>Systep, OUT. n2"); S 'l’- 2
- y @ 0 (=0| &2 o) > 2 mfaléaw 7




J\A/l[‘ffo/l

eg
Short-Circuit Evaluation: || 0[(3

Right Operand op2 opl || op2
false false

Test Inputs:
Xx=0vy=10

Left Operand op1l

-@y-

—‘OFI Il o|>2
1&0}7] 3 knowa

System. gut println("Enter x:");
1nt®— input.nextInt(Q);

System.out.println("Enter y:");
int(y/= "1nput.nextInt(Q);

=0l b >2

gifix=0(l)y / x>2){
M=k b le B,
System.out.println("Error: Division by Zero");
} ==
' else { f-—o I D/_C' >2 & dﬂ ﬁ mffa,

System.out.println(fy./ix is greatevzthan 2™");

}

what oFZ
"/ WZ S aalqufm M

3
Qelse { /* I (x =011y /x>2)=(x!=08&y/ x <=2) */
| System.out.println("y / x is not greater than 2");

}



Short-Circuit Evaluation: Common Errors %

opl Z% op2 ] Biokiotin Ot wittid
pFl | 0’72 2 Fon leﬂ- to nght

Short-Circuit Evaluation is not exploited: crash when x == 0

W Test Inputs:

if (y/ x> 2 && x != 0) {
/% do something x/

} L /o >2 =&
else ({ > 4
/* print error =*/ } dﬁﬁ&bﬁ :

if (y/ x <=2 || x == 0) {
/* print error #*/

) Ly lo/o0 <=2 ||

else { E
/* do something =/ }




Lecture 3
Part G

Object Equality -
Exercises on the equals method



Exercise: Two Persons are equal if their names and measures are equal
| ( |
7 %2

1 @ public class Person { a VE é/
2 private String firstName; private String lastName; Y“ p J
3 private double weig'hj; private double height; M% ‘41@0 .

4 public boolean egmals (Object obj) { /

5 5153 i { return true; } {

6 it j == null| || this.getClass() != obj.lgetClass()|) { return false; }
T sgeriitramtamat) (DTSN OD 7; L

8 return htajo WWA‘A 7 QMM ng

9 this.weightl== otKdr.weight L; T

10 && this.heightN== other.height WM[( VP"\ n Me
11 && fthis. firstName} equals (other. firstName) ’ ( ( ')_

12 && q‘gals(Bther.lastName); Fei“ms M ]

), }

14 }

> eﬁd # ﬁ onalell -
Q1: At Line 6, will there be a NullPointerException if obj == null?

P i
Q2: At Line 6, what if we change it to: wﬁ#’ 7"” ,‘;]uk ]

if(th_i"jﬁgiﬂm()ﬁ@ﬁ&_{&dll obj ==“ﬁull)
Dolutin ot wutie 7% Lot R

Q3: At Lines 11 & 12 which version of the equals method is called?




Exercise: PersonCollectors are equal if their arrays of persons are equal

©CoONOOTHA,WN =

—_
WN = O

class PersonCollector ({
private Person[] persons;
private int nop; /* n
public PersonCollector() { ... }
public void addPerson(Person p) {
public int getNop ()
public Person[] getPersons() {

}

umber

or persons

{ return this.nop;

}

Q: At Line 9 of PersonCollectors equals method
which version of the equals method is called?

public boolean equals (Object obj7)

if (this == obj) { return true; }
if(obj == null || this.getClass()
PersonCollector other =

boolean equal = false;

if (this.nop == other.nop)
equal = true;
for (int jiestcemGokid

i . @

{

!'= obj.getClass())
(PersonCollector)

PT. feson.

{ < this.nop;
equals (other.persons([1i]);

1

}
return equalj;
L]

O©CoONOOOHAWN

: |- ei‘mls,,fiw
0159& Ll

{ return false; ||}
obj;

b e v |

oot
private String firstName; private String lastName
rivate double weight; private double height;
public boolean equals (Object obj) {
if (this == obj) { return true; }
if(obj == null || this.getClass()
Person other = (Person) obj;
return
this.
&& this
&& this
&& this.

!'= obj.getClass()) { return false;

weight ==
.height ==
.firstName.equals (other.firstName)

other.weight
other.height

lastName.equals (other.lastName) ;




Lecture 3
Part H

Object Equality -
Equality of Array-Typed Attribute



Testing Equality of Person/PersonCollector in JUnit (1)

@Test
public void testPersonCollector {
Person pl = new Person CA" 'ay 180, 1.8);

Person p2 new Person("A", "a',

180, ;

1.8); 7¢ - H{
Person p3 = new Person("B", !bl, 200, 2.1); W
Personé p3; T . - (D"{J\
assertFalse(gl == E21 assertTrue .equals (p2) )L 9
assertTrue (p3 == pd) ; assertTrue‘ é%iequals @4’) P
erson_P | Person YD‘
T‘.W {7 1%

/ Hn a” : In | “5 8
w_| 300

public class Person {
private String firstName; private String lastName;
P ; private double height;

@ ’getClasE Xreturn false;

(
\l/f(’ de(

is.weight == other.weight

508 i;
g a ﬁl [ this.height == o T.xeight
& this. firstNamefequalsfother. firstName)

this. lastNam¢gf.equal other.lastName) ;




Testing Equality of Person/PersonCollector in JUnit (2)

(continued from

)

PersonCollectoripcl = new PersonCollector();
PersonCollector pc2 = new PersonColl oFE() ; .
assertFalse (pcl == pc2); assertTrue equals (pc2));

HPersonCollector
nop (
persons

{

pcl

nop
persons

012 «

pc2

mll nall all mll

(Q: How about assertTrue(pc2.equals(pcl))?

class PersonCollector {
private Person|] persons;
private int nop; /
public PersonCollector() { ... }

public void addPerson(Person p) { ... }
public int getNop() { return this.nop; }
public Person[] getPersons() { ... }

* number of persons x/

iretean 1s (Object obj) {
1f t == 0, X}eturn true; }
NC == null | | this.getClass() !'= obj.getClass()) ?K;eturn false;
'ersonCollector other = (PersonCollector) obj;
boolean ecyal = false,.o —
|/ if (this. == _other .dew) { " % Q——d
—>equal true; -
6 ovet
)Qequal = thls persons| equals (other. persons
) Eﬁ , ad‘fa/( tp
return e Zi 'Q?,




Testing_Equality of Person/PersonCollector in JUnit (3)
(continued from )

‘pcl .addPerson(pl) ; fa,‘?
assertFalse (pc]). equals (c2)); ‘3
pc2.addPerson(p2) ; -
assertFalse (pcl.getPersons () [0] pc2.getPersons() KON ;
assertTrue(pcl. getPersons() [0] equals (pc2.getPersons () [0])) ;
assertTrue equals (pc2))

| pcl.addPerson(p3); ?&M %ﬂdg

| pc2.addPerson (p4) ;
assertTrue (pcl.getPersons(
assertTrue (pcl.getPersons(
assertTrue (pcl. equals als (pc2));

4 n
public boolean equals (ObjJect obj) Person

if (this == obj) { return true; }
if (obj == null || this.getClass() != obj.getClass()) { return false; } ‘
Person other = (Person) obj; m“ M“ Ml
return

this.weight == other.weight perSOﬂC0[|€C1'OT‘I

&& th::l.s:he'ight == other:height ’ nop gl@z L4-

&& this.firstName.equals (other. firstName) nca
&& this.lastName.equals (other.lastName) ; [— persons )

PersonCollector
nop
persons

= pc2.getPersons() [11); cl

als (pc2.getPersons () [1]))

) [1
) [1

3
il 23

public boolean equals (Object obj) { PersonCollector

if (this == obj)ﬂXreturn true; }
if(obj == null || this.getClass() != obj.qetClass()))&{Xreturn false; }

e PersonCollector other = (PersonCollector) obj;
*bool eqy al =
if(tﬁz nop == oth_er.nop) {
—>» equal = true;
= for(int i = 0; equal &&
equal = this. persons[l] (other.persons[i]);
—— — —_—

D g L5 o vesr




Testing Equality of Person/PersonCollector in JUnit (4)

%addPerson(new PPr.qnn("A", Ma s .75 1S5
— —

c2.addPerson(new Person("A", "a",

assertFalse(pcl.getPersons() [2]

des. 1.55)

== pc2.getPersons () [2]

= (continued from
) i

)i
)

assertFalse (pcl.getPersons() [2] .equals (pc2.getPersons () [2]));
assertFalse (pcl.equals (pc2));
erson
o A7
rson pl n ﬁﬂ.
| fn |4 ni a4
. w | &
A o1 R h
$O”1, w L&
h |[-
Person
public boolean equals (Object obj) { o inr
if (this == obj) { return true; } Person P3 n n’, p4
if (obj == null || this.getClass() != obj.getClass()) { return false; } n | Vo
Person other = (Person) obj; w '80
return
this.weight == other.weight h I-&.
&& this.height == other.height
&& this.firstName.equals (other.firstName) Pz/\
&& this.lastName.equals (other.lastName) ; iserson I
! public bopfiean equals (Object obj) { PersonCollector Fn | “B/
if (tbas == ofj/v{" Xeturn true; } n ~\LY
if (obhl,== null || this.getClass() != obj.getClass()) ¥\return false; }
PersonCdSllector other = (PersonCollector) obj; W 7"‘0
boolean equal = false; h 2 |

if (this.nop == other.nop) {
equal = true;

equal && 2 < tHSs nop; 1 ++)

_ -

returr@ @‘M
}

for t 1 = 0;
this.persons[i] .equals (other.persons[i]);
) o
}

gl

T

T
‘ 0

~ ﬁrsonCollec‘rori \
7
nop Z_P
pcl d
PEE\ [personsy |
0 1\

wll

PersonCollector
nop

Ei [\persons

Y 4

Fn

n |*4
w

h |/




