Poll Everywhere

PollEv.com/javabear text javabear to 22333

What will happen if we run:
c.pet();

Cat ¢ = new AngryCat();

Ahjl‘z Cat

P

}

P

b

ublic class Cat {

privgte int happiness; this .resPonJ ()/

public Cat() { happiness = 10; }

public void pet() { happiness += 2; respond(); }

protected void respond() { System.out.prAnt("Purrr."); }
dynamic
dispatcn for

ublic class AngryCat extends Cat { new metho

A0verride call

protected void respond() { System.out.print("Hiss!"); }

Compiler error (Line2)  (A)

Prints "Purrr." (B)

Prints "Hiss!" @

Prints "Hiss!Purrr" (D)



Exam Reminders

Prelim 1 is Tonight!

Early Exam: 5:30-7:00, Statler 196
Main Exam: 7:30-9:00, Statler 185

Bring your Cornell ID Card and a couple writing utensils (pencils, erasers, pens)
Exam is closed-book

More information and review materials linked on website / Ed

You've learned a lot so far! Time to show it off!
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Type Hierarchies and Single Inheritance

Interfaces and inheritance let us build deep, complex type hierarchies

s . . .
ctudent  Cornellian  Employee Java's single-inheritance rule:

A W& V\< A Every* class has exactly one parent
| * / !

| class (i.e., immediate superclass).

I A S

N 1

1 / . ‘
Undergrad  PhDStudent Faculty x choose wisely, 14is locks you inle
? ? 1 riqid relationship
4 an implemeal asy Aumber
CS2110Student CSFaculty A €4¥ss ¢ 4 4

of inlecfaces

T R _ interfaces  Simply peomise exisfeace
Inheritance izati of beYaviors

I Realization - often F(d‘er iviterfoces o inhectfance
Class (regulartext) Interface (italic text) anless there's 5;3,,;4?,-44.,}- code re4vse
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Today's Learning Outcomes

21. Explain exceptions and their relationship to specifications and
defensive programming.

22. Write code that throws, propagates, and handles exceptions.

46. Explain the concept of immutability and its relation to the final
keyword in Java.

47. Contrast the == operator and the equals() method, and determine
the appropriate one for a given scenario.
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Part 1: Exception Handling



Exceptional Behavior

Sometimes, a program may encounter a situation that prevents it from
proceeding with its normal control flow.

~"pad valyes" . divide b7 o, inval:d atlay :nJe.x/ call wmethod on nall

- "bag data" : missing file, impropecly formatied Sile / text input
=~ "bhad execution state™ | ran out of Mmemory opace  on Sfﬂck/heqP

What should we do?

~ procead as Motmnd] 7 provilly weh, fome post-contitions vio't be wmet

- alert the client 10 550 Lihet ‘Hrey Suggest

CS 2110 Lecture 11: Additional Java Features September 29, 2026



Exception Handling in Java

An exception is an object that signals that a program has encountered an
atypical circumstance.

Java has special language features and syntax for working with exceptions.

3 +¢'7/ [catch b‘%[‘,ﬁ

(clieat)
u\e‘\'ec',' and
[F05555[7) havdle

exceptions

[ throw  statem ents
(imP]emeaier)

PfoJ'ﬂte— QXcep'}iOnS
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The throw Statement

When you detect a situation that your code is unable to handle, use a
throw statement to generate an exception.

throw new <consiruo-l-or call {5 Throwable .sub-l.,pe>j

throw statements stop normal control flow and propagate down the
runtime stack until they are caught (by try/cte Llock)

Kinda like alfernative to return, we 'lf“McJM}cl)’ leave metho]
- N (A4}

— peogram ccashes  iF excepw‘iOn PfOpa;deg ovk  of  main()

ient’ iev + met
since ex(eptions gffect clients Vie (conttact)  of elquJ

tvey Should e documeanted v Specs.
CS 2110
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Poll Everywhere

PollEv.com/javabear

static void f(iht x) { g /‘ f”°P“J"+€.
System.out.print(g(x + h(x)));

¥ evaluate bcfvfe

Q 9 call
static int g(int x) {
System.out.print("A"); => 4heown
if (x > 5) { throw new IllegalStateException(); }
System.out.print("B");
return x + 1;

b

3
static int h(int x) {
System.out.print("C"); -
if (x > 5) { throw new IllegalStateException(); }
System.out.print("D"); ~» SK.p
return x + 2;

text javabear to 22333

What is printed whenwe call £(3)?

A (A)

ACD (B)
CDA (C)
CDAB9 (D)



2 Coding Demo: Custom Exceptions £
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The Throwable Hierarchy

Ofver Ex ccp“o"’ Subclasses

bes:des RoabmeExceptions,
clieat May Kuow howv Jo Hm&le)

Throwable

I
U5‘1°“7 cra5\q Error Exception Q.xp]ic':ll7 cgnfronf'
Leir X
FroJqu / \ % possibiliy
AssertionError VirtualMachineError RuntimeException IOException i)v
]
/\\ C‘]CckeJ“
o_xce,ml;o,,s

NullPointerException ClassCastException .-+ ArithmeticException

"uncwerued" >
exception

Try;t\" to l’l"ld't *‘185&
Would e cumbsrgome
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Checked Exceptions and throws Clauses

If a method has the possibility of propagating (i.e., either throwing itself or
passing along from its own call) a checked exception, it must disclose this
in a throws clause attached to the method signature.

gtatic int Find Local Max (iat[] a)  theows No Local May Exception {?

Peoger lisclosnte of exceptions is a peoperty  chewxed statically by

Comp”er

- Good informations) dool  for  clignt
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try/catch Blocks

New syntax: tey ]
/| code twet  could Pfopt\)d‘le exception
3 carew ( { Exceplion Type>  (Excephion wriable NameS) ¢
,/ code }o \M"Jle Cl(ep}:vq

If code to wandle C((ep}-'vq

}

when an  exception Fropa,qiej into Yy bluk) its dynamic "de 5
matcue d against catey  parameters,

- Eqter First (ané only {-';rsf) M(\“‘c‘ﬁny block

catch  lolocks  Stop  evcgption Propdﬁﬂ'ion
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Poll Everywhere

PollEv.com/javabear

text javabear to 22333

Suppose angry () throws aNullPointerException (a subtype of
RuntimeException). What will be printed when we run causeAnger()?

7~

static void causeAnger() {
try {

angry();
}

catch (RuntimeException e) { matches

this A @
System.out.print("A");

throw new IllegalStateException(); —

| Fomcs B (B)
¥ nre)e out of
’ meﬂ\od
throw new Ille tateException(); AB
} catch (I alStateExc ion e) {

cout.print(*“c");

(C)

AC

(D)



Exceptions and Specifications

Subtle interplay between these (frequent source of misconceptions)
1. Undefined Behavior may or may not result in an exception.

_ -4 . : N $ feor
~ Jefeagive progracming  dves fuea  pre- gonditios yiolabeas into Assertion Ercors

— doa't turow eyeephions  yourself thet aren't documented in Specs

2. Exceptions are not undefined behavior.

~included ' specs )
oFfec  Waljernative post-comdition” for mettod

—wwst cestore class imvariont Lefoce twrowing

Since exceptions are part of specs, we write unit tests that check for them:
% Jhere's Some subtlety to  duig Syatay

JUnit's assertThrows () method sk we'll redurn Yo laber in e course
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Part 2: Immutability and final



Immutability

A class is mutable if modifications can be made to its objects' state after
their construction. Otherwise, the class is immutable.

/Vlvn-}-,\,:liiy 0‘)8'15 door o bsz

— clasg invarlant €7 be iavalidated

(\aier) istues N concurrent tode

Prefer immutability whefe  possible

j‘Nn clasyes don'} have mec\q-ni5m5 }o n‘“\,ely eaforce l"‘lllqui'lb-'lf"/

Left up to  implemenier Yo euforce with go0d  disciplie

and detailed specs
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&2, Coding Demo: The Point Class &
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The final Keyword

Recall: final methods cannot be overridden in subclasses.
New. final  Fields cinnot be fe‘USiyﬂeJ afier ther
‘pitialization  (in the  clas$ L0754 cnctol )

-FroPeH‘y i 514-}:54117 ew{"arce& !97' the Cal\olp;lel‘

- velps ovo:d Vgecidenial muiation”
— Y \,,e,lf) oP'Hmize

— wark variables a6

qt Cuatime

7o~4r Zode
(I.,.'}e”;;r I3 3‘77(5}5 if)

final vihevever ‘9055;9'6

Cinal does nof Fv.lly euforce immutability,

£ fue vadable car't be I'gqss:’ch to 1efcre~ce 4q veu 9"Jec{',
3

(eaen ‘
fhe oinfe of the oﬂ’?wml oblect (an C"‘“’e)
Lecture 11: Additional Java Features
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Poll Everywhere

PollEv.com/javabear text javabear to 22333

4 N

) woc
public class Point { 'reF ex‘oos ure A

ivate final int ds; i
private final int[] coords What will happen when we (try to)

. . f?
sl PesmE s, e ) compile and run this code”

coords = new int[]1{x, y}; Compiler Error
} p (A)

public int[] coords() { return coords; } Runtime Error (B)

public static void main(String[] args) {

Point p = new Point(1,3); Runs, coords={1,3} (C)
p.coords() [0] = 2;

; i} resssign ntl] eference,
¥ bc:: can 5};'l,l wpdde entries Runs, COOI‘dS={2, 3} @




Part 3: The Object Class



The super-est Class

The Object classis the top of Java's type hierarchy.

 Objectisthe default superclass of any class whose declaration does
notinclude an extends clause.
* Thus, everyJava objectis an Object.

The Object class contains a few basic methods that are defined for every
reference type.

Today: toString() : allows every object to be printed
equals() : allows any pair of objects to be compared

(more coming soon...)
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2 Coding Demo: Overriding Object Methods £
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Java's Two Notions of Equality

== : Compares the values of the expressions on both sides

" \ _Kpe
Foc cefereace ’rvpesj "eaLu,qI:}y of cefereace ; do 1he pce s5iovg
hold ceterences o the same obdect W Memory

equals() :Allows objects to define a way to compare their states

-~ Aay obiect ghould be able +o determine i€ it comglecs ihself
e,ath" }o omothner obiect Cferhnpl At g diffeceatr memely address)

specg rcct;,'-fc ceri'qin F:.,Perf-.‘es,'

re\:lexw;*’l/) symmc’rry/ +rq»5:+:v:+7 (ectv»:dvlente f‘e‘o“on>
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A Good equals () Template

r@Override /"Je Mmuif e avle do

public boolean equals(Object obj) {t¢Mpoce to any *‘/Pe

if ((obj == null) || (this.getClass() != obj.getClass())) {
—————

return false;

return (this.x == other.x) && (this.y == other.y);
b

.

// replace this to a cast of your object type
Point other = (Point) obj; & 38"' cofrect Nyiew" of oby
// compare all fields (== for primitive types, equals() for reference types)

¥ Never use ingtavceot in  equils() defraition,
twis can violtte  symmetry peoperty M Specs.
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g

& Coding Demo: record Classes

/Vloée“nj an jmmuteble Hype as a  cecord  can

saqve v -FraM WI‘H':"hj a loi‘ O'F llbof\efr‘ﬂ*ﬂ“ code.
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