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4 Commentsindprogramlay-out

1 Running Java: compilation, loading, and execution

Beforea Java programcanbe executedt mustbe compiledandloaded. The compilerchecksthat
the Java programis legal: thatthe programconformsto the syntax(grammar)for Java programs,
thatoperatorgsuchas+) areappliedto the correcttype of operandgsuchas5 andx), etc. If so,the
compilergenerateso-calledclassfiles Executionthenstartsby loadingthe needectlassfiles.
Thus running a Java programinvolves three stages:compilation (checksthat the programis
well-formed),loading (loadsandinitializes classes)andexecution(runsthe programcode).

2 Namesand resenved names

A legal name(of a variable,method field, parameterclass,or interface)muststartwith aletteror
dollarsign($) orunderscoré¢ ), andcontinuewith zeroor morelettersor dollar signsor underscores
or digits (0-9). Do not usedollar signsin classnames.Javais casesensitve: uppercaselettersare
distinguishedrom lower caseletters.A legalnamecannotbe oneof thefollowing reservechames

abstract bool ean break byte case catch char class const continue

default do double el se extends false final finally float for goto if
inplenents inport instanceof int interface |ong native new null

package private protected public return short static strictfp super switch
synchroni zed this throw throws transient true try void volatile while

3 Javanaming corventions

The following namingcorventionsare often followed in Java programs althoughnot enforcedby
thecompiler:

e If anameis composeddf severalwords,theneachword (exceptpossiblythefirst one)begins
with anuppercaseetter Examplesset Layout , addLayout Conponent .

o Namesof variables fields,andmethodsbegin with a lower caseletter. Examples:vehi cl e,
current Vehi cl e.

o Namexf classesndinterfacesegin with anuppercasdetter Examplesiayout , Fl owLayout .

e Namedconstantgthatis, fi nal variablesandfields)arewrittenentirelyin uppercasgandthe
partsof compositenamesareseparatethy underscores). Examples CENTER, MAX_VALUE.

e A packagenameis asequencef dot-separatebwercasenamesExample;j ava. awt . event .

4 Commentsand program lay-out

Commenthave no effect on the executionof the program,but may be insertedanywhereto help
humansunderstandhe program.Therearetwo forms: one-linecommentsanddelimitedcomments.

Program lay-out hasno effect on the computers executionof the program,but is usedto help
humansunderstandhe structureof the program.

assignment32
conditional 32
logical, 30
methodcall, 36-39
objectcreation,32
typecast,29, 40
expressiorstatement41
extendedsignature/
extends-clausel6, 50

field, 8, 18
access34
declaration]18
final, 18
static,18

field-declaation, 18

field-desc-modifiel50

field-description50

field-modifier 18

final
class,16
field, 18
method,20
parameter20
variable,8

final , seefinal

finally, 48

fl oat (basetype),6,40

Fl oat class,6

floating-point
division, 30
literal, 6
overflow, 30
remainder30

for statement44
formal parameter20

formal-list, 20

hexadecimaintegerliteral, 6

i f statement42

i f-el se statement42

I'I'l egal Moni t or St at eExcepti on,52, 56
immediatesuperclassl 6
implements-claus&0

i nport, 60

index into array 12

| ndexQut Of BoundsExcepti on, 52
initialization

Index 65

of non-statidfields, 18

of staticfields, 18
initializer, 22

block, 22

of arraytype, 12

of field, 18

of variable,8
initializer-blodck, 22
innerclass 14, 24, 32
innerobject,26
instance 18
instancanember14
i nstanceof, 29, 32
int (basetype),6, 40
integer

division, 30

literal, 6

overflow, 30

remainder30
I nt eger class,6
interface,50-51

declaration50

nestedf0

public,50, 60
interface-declaation, 50
interface-modifier50
i nterrupt method(Thr ead), 58
i nt errupt ed method(Thr ead), 58
interruptedstatus 54, 58
I nterrupt edException, 52
invocationof method seemethodcall
| OException, 52
i sl nterrupted method(Thr ead), 58

Javaprogram,60
j oi n method(Thr ead), 58
Joining(threadstate) 54,55
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6 Types

5 Types

A typeis a setof valuesandoperation®on them.A typeis eitherabasetype or areferenceype.

5.1 Basetypes

A basetypeis eitherbool ean, or oneof the numerictypeschar, byt e, short,int,long, float,
anddoubl e. Thebasetypes,exampleliterals,sizein bits, andvaluerangeareshavn below:

Type Kind Exampleliterals Size| Range

bool ean | logical fal se,true 1

char integer 0, A, L 16| \u0000 ... \ uFFFF (unsigned)
byte integer 0,1,-1,117,... 8 | max= 127

short integer 0,1,-1,117,... 16 | max= 32767

int integer 0,1,-1,117,... 32 | max= 2147483647

| ong integer oL, 1L, - 1L, 117L, ... 64 | max= 9223372036854775807
float floating-point| - 1. 0f , 0. 499f , 3E8f,... | 32| +£10-%8...+ 10, sigdig6—7
doubl e | floating-point| - 1. 0, 0. 499, 3E8, ... 64 | +£107398  +10°%08 sigdig15-16

The integer typesare exact within their range. They usesignedtwo’s complementepresentation
(exceptfor char ), sowhenthemostpositve numberin atypeis max thenthemostnegative number
is —max— 1. Thefloating-pointtypesareinexactandfollow |EEE754, with thenumberof significant
digitsindicatedby sigdigabove. For specialcharacteescapesequenceseepagelO.
Integerliterals(of typebyt e, char, short , i nt, orl ong) maybewrittenin threedifferentbases:

Base| Distinction | Exampleintegerliterals
Decimal 10 | Noleading0 | 1234567890, 127, - 127
Octal 8 | Leading0 01234567,0177,-0177
Hexadecimal| 16 | LeadingOx | OXABCDEF0123, Ox7F, - Ox7F

For all basetypestherearecorrespondinglassegreferencaypes),namelyBool ean andChar act er
aswell asByt e, Short, I nt eger, Long, Fl oat, Doubl e, wherethelastsix have the commonsuper
classNunber .

5.2 Referencetypes

A refeencetypeis aclasstype,aninterfacetype,or anarraytype. A classtypeis definedby aclass
declaration(Section9.1); an interfacetype is definedby an interface declaration(Section13.1);
arraytypesarediscussedn Section5.3 below.

A valueof referencetypeis eithernul | or areferenceto anobjector array The specialvalue
nul | denotesno object’. Theliteral nul | , denotingthenul | value,canhave ary referenceype.

5.3 Array types

An arraytypehastheformt[], wheret is ary type.An arraytypet [] is areferencaype.Hencea
valueof arraytypet[] is eithernul | , or is areferenceo anarraywhoseelementypeis precisely
t (whent is abasetype),oris asubtypeoft (whent is areferenceype).

19 Index

! (logical nggation),29
%(remainder)29

& (bitwiseand),29, 30

& (logical strictand),29, 30
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abstract

class,16

method,20
abstract, seeabstract
accessnodifiers,18
accessible

class,16

member18
actualparameter36
actual-list, 36
ambiguousnethodcall, 21, 38,39
anorymouslocal class,24
applicablemethod,38
argument,36
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ArithmeticException, 30,52
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accessl2
assignmento element,12
creation,12
element12
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index, 12
initializer, 12
type,6, 12
Arrayl ndexQut Of BoundsException, 12,52

ArraySt oreException, 12,52
ASCII characteencoding,10
assignment

compound29, 32

expression32

operators32

statement41

to arrayelement,12
associatie, 28,29

basetype,6
block-statement41

bool ean (basetype),6 , 40
Bool ean class,6

br eak statement46

byt e (basetype),6 , 40
Byt e class,6

call-by-value,36
case, 42
casesensitve, 4
cast,seetypecast
catch, 48
catchinganexception,48
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Character class6
char At method(String), 10
checledexception,52
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abstract16
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8 \Variables,parametes,fields,andscope

6 Variables, parameters,fields,and scope

A variableis declarednsidea method,constructoror initializer block, or moregenerally insidea
block statemen(seeSectionl2.2). Thevariablecanbeusedonly in thatblock statemenfor method
or constructoror initializer block), andonly afterits declaration.

A parameteris a specialkind of variable: it is declaredin the parametetist of a methodor
constructorandis given a valuewhenthe methodor constructoris called. The parametecanbe
usedonly in thatmethodor constructorandonly afterits declaration.

A field is declarednsideaclass but notinsidea methodor constructowor initializer block of the
class.lt canbeusedarywherethe class alsotextually beforeits declaration.

6.1 Valuesbound to variables, parameters,or fields

A variable,parametepr field of basetypealwaysholdsa value of thattype, suchasthe boolean
fal se, theinteger117,or thefloating-pointnumberl.7. A variable,parameteor field of refeence
typet eitherhasthe specialvaluenul | , or holdsa referenceo anobjector array If it is anobject,
thentheclassof thatobjectmustbet orasubclas®ft .

6.2 Variable declarations

The purposeof avariableis to hold a valueduringthe executionof a block statemenfor methodor
constructoror initializer block). A variable-declaation hasoneof theforms

variable-modifiertype varnamel varname?2 ... ;
variable-modifiertype varnamel= initializerl, ... ;

The variable-modifiermay be fi nal , or absent. If a variableis declaredfi nal , thenit mustbe
initialized or assignedtmostonceatruntime(exactly onceif it is everused):it is anamedconstant
However, if the variablehasreferenceype, thenthe objector arraypointedto by the variablemay
still be modified. A variableinitializer maybeary expressionpr anarrayinitializer (Section8.3).
Executionof the variabledeclarationwill resene spacefor the variable,thenevaluatethe ini-
tializer, if any, andstoretheresultingvaluein thevariable. Unlike afield, a variableis not givena
defaultvaluewhendeclaredput the compilerchecksthatit hasbeengivenavaluebeforeit is used.

6.3 Scopeof variables, parametersand fields

Thescopeof anameis thatpartof the programin whichthenameis visible. Thescopeof avariable
extendsfrom just afterits declarationto the end of the innermostenclosingblock statement.The
scopeof a methodor constructoparameters the entiremethodor constructobody. For a control
variablex declaredn af or statement

for (int x =...; ...; ...) body

thescopeis theentiref or statementincludingthe headerandthebody.

Within thescopeof avariableor parametex, onecannotredeclarec. However, onemaydeclare
avariablex within the scopeof afield x, thusshadowinghefield. Hencethe scopeof afield x is
theentireclassexceptwhereshadevedby avariableor parameteof the samename(andexceptfor
initializers precedinghefield’s declarationseeSection9.1).

Packages 61

Example 73 Thevessehierarchyasa package

The packagevessel belowv containspart of the vesselhierarchy (Example16). The fields in

classesTank andBarrel arefinal, sothey cannotbe modified after objectcreation. They are
pr ot ect ed, sothey areaccessiblén subclassedeclaredoutsidethevessel packageasshownin

file Usevessel s. j ava below (whichis in theanorymousdefaultpackagenotthevessel package).

Thefile vessel / Vessel . j ava

package vessel;
public abstract class Vessel {
private double contents;
public abstract double capacity();
public final void fill(double anpunt)
{ contents = Math.min(contents + anount, capacity()); }
public final double getContents() { return contents; }

Thefile vessel / Tank. j ava

package vessel;
public class Tank extends Vessel {
protected final double Iength, width, height;
public Tank(double |, double w, double h) { Iength =1; width = w, height = h; }
public double capacity() { return length * width * height; }
public String toString()

{ return "tank (I,wh) = (" + length + ", " + width +", " + height +")"; }

Thefilevessel / Barrel . java

package vessel;
public class Barrel extends Vessel {
protected final double radius, height;
public Barrel (double r, double h) { radius =r; height = h; }
public double capacity() { return height * Math.Pl * radius * radius; }

public String toString() { return "barrel (r, h) = (" +radius +", " + height +")"; }

Thefile Usevessel s. j ava

Subclas<ube of classTank mayaccesghefield | engt h becausehatfield is declaredr ot ect ed
in Tank above. Themai n methodis unmodifiedfrom Examplel7.

i mport vessel.*;
class Cube extends Tank {
public Cube(double side) { super(side, side, side); }
public String toString() { return "cube (s) = (" + length +")"; }
}
class Usevessels {
public static void main(String[] args) { ... }
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10 Strings

7 Strings

A stringis anobjectof thepredefineatlassSt ri ng. A stringliteral is asequencef charactersvithin
doublequotes:" New Yor k", "B52", andsoon. Internally, a charactelis storedasa numberusing
the Unicodecharacterencoding,whosecharactercodes0—127 coincidewith the ASCII character
encoding.Stringliteralsandcharactefiteralsmayusecharacteescapesequences

Escapeode Meaning

\b backspace

\t horizontaltab

\n newline

\ f form feed(pagebreak)

\r carriagereturn

\" thedoublequotecharacter

\’ thesinglequotecharacter

\\ thebackslasttharacter

\ ddd thecharactewhosecharactercodeis thethree-digitoctalnumberddd
\ udddd thecharactewhosecharactercodeis the four-digit hexadecimahumberdddd

Eachcharacteescapesequenceepresents singlecharacterFor example,theletter A hascode65
(decimal) whichis written 101in octaland0041in hexadecimalsothestringliteral" A\ 101\ u0041"
is thesameas" AAA".

If s1 ands2 areexpression®f typeSt ri ng then:

e sl.length() of typeint isthelengthof s1, thatis, thenumberof charactersn s1.

e sl.equal s(s2) of typebool eanistrue if s1 ands2 containthe samesequencef charac-
ters,f al se otherwise.

e sl.charAt (i) of typechar isthecharacteatpositioni in s1, countingfrom O. If theindex
i islessthanO or greaterthansl. | engt h() , thenthe exception
Stringl ndexCQut Of BoundsExcept i on is thrown.

e sl. concat (s2) oftypeString isanew stringconsistingof thecharactersf s1 followedby
thecharactersf s2.

e sl.toString() oftypeStringisjustsl itself.

e sl + visthesameassl. concat (I nteger.toString(v)) whenv hastypei nt, andsimi-
larly for the otherbasetypes(Section5.1).

e sl + visthesameassl. concat (v.toString()) whenv hasreferencetype andv is not
nul | ; andthe sameass1. concat ("nul | ") whenv is nul | . In particulay s1 + s2 is the
sameassl. concat (s2) whens2 is notnul | . Any classC will inherita defaultt oSt ri ng
methodfrom classOhj ect (which producesstringsof the form C@65734), but classC may
override (redefine)it by declaringa methodpubl i ¢ String toString() to producemore
usefulstrings.

e sl. conpareTo(s2) returnsanegativeinteger, zero,or apositiveinteger, accordingass1 pre-
cedesequalspr follows s2 in the usuallexicographicalrderingbasedon the Unicodechar
acterencoding.If s1 ors2 isnul | , thenthe exceptionNul | Poi nt er Except i on is thrown.

e moreSt ri ng methodsaredescribedn the Java classlibrary Stringsection;seeSection18.

Threads,concurentexecution andsyndironization 59

Example 71 Producerandconsumergommunicatingzia a monitor

A Buffer hasroomfor oneinteger, andhasa methodput for storinginto the buffer (if empty)and
amethodget for readingfrom the buffer (if non-empty)it is amonitor (page56). A threadcalling
get mustobtainthe lock on the buffer. If it findsthatthe buffer is empty it callswai t to (release
thelock and)wait until somethinghasbeenputinto the buffer. If anotherthreadcallsput andthus
noti fy, thenthe gettingthreadwill startcompetingfor the buffer lock again,andif it getsit, will
continueexecuting. Herewe have useda synchr oni zed statementn the methodbody (insteadof
makingthe methodsynchr oni zed, asis normalfor a monitor) to emphasizehat synchronization,
wai t andnot i fy all work onthebuffer objectt hi s:

class Buffer {
private int contents;
private bool ean enpty = true;
public int get() {
synchroni zed (this) {
while (enmpty)
try { this.wait(); } catch (InterruptedException x) {};
enpty = true;
this.notify();
return contents;
bl
public void put(int v) {
synchroni zed (this) {
while (!enpty)
try { this.wait(); } catch (InterruptedException x) {};
enpty = fal se;
contents = v;
this.notify();
bl

Example 72 Graphicanimationusingthe Runnabldnterface

ClassAnimatedCamasbelow is a subclas®f Carvas,andso cannotbe a subclasf Threadalso.
Insteadit declaresar un methodandimplementshe Runnableinterface. The constructorcreatesa
Threadobjectu from the AnimatedCamasobjectt hi s, andthenstartsthe thread. The new thread
executegher un method which repeatediysleepsandrepaintsthuscreatingananimation.

class Ani mat edCanvas extends Canvas inplenents Runnable {
Ani mat edCanvas() { Thread u = new Thread(this); u.start(); }

public void run() { /1 from Runnabl e
for (;;) { // forever sleep and repaint
try { Thread.sleep(100); } catch (InterruptedException e) { }

repaint();

public void paint(Gaphics g) { ... } /'l from Canvas
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12 Arrays

8 Arrays

An array is a collection of variables,calledelements An array hasa givenlength ¢ anda given
elementypet . Theelementsareindexedby theintegers0,1,...,¢ — 1. Thevalueof anexpression
of arraytypeu[ ] is eithernul | , or areferenceo anarraywhoseelementypet is a subtypeof u. If
u is abasetype,thent mustequalu.

8.1 Array creationand access
A new arrayof length/ with elementypet is createdallocatedusinganarray creationexpression

new t[¢]

where/ is anexpressiorof typei nt . If typet is abasetype,thenall elementof thenew arrayare
initialized to 0 (whent isbyte, char, short,int,orl ong) or 0.0(whent isfl oat ordoubl e) or
fal se (whent isbool ean). If t is areferencdype,thenall elementsareinitializedtonul | .

If a hastypeu[] andis areferenceao anarraywith length? andelementypet then:

e a.l engt h isthelength of a, thatis, thenumberof elementsn a.

e thearray accessa[i | denoteslementnumberi of a, countingfrom O; it hastypeu. The
integerexpression is calledthearrayindex. If thevalueofi islessthanO or greatemr equal
toa. | engt h, thentheexceptionAr r ayl ndexQut Of BoundsExcept i on is thrown.

e whent is areferencetype, thenevery array elementassignment[i] = e checksthatthe
valueof e isnul | or areferenceao anobjectwhoseclassC is a subtypeof the elementtype
t. If thisis notthe casethenthe exceptionAr r ay St or eExcept i on is thrown. This checkis
madebeforeevery arrayelementassignmenat runtime,but only for referenceypes.

8.2 Multi-dimensional arrays
Thetypesof multi-dimensionabrraysarewrittent [][],t[][]1[] . etc. A rectangulan-dimensional
arrayof sizef; x £2 x --- x £y is createdallocated)usingthe arraycreationexpression

new t[ &) [£2] ... [ 4n]
A multi-dimensionahrraya of typet [ ] [] isin factaone-dimensionarrayof arrays;its component
arrayshave typet[] . Hencea multi-dimensionakrray neednot be rectangulgrandone neednot

createall the dimensionsat once. To createthe first k dimensionsof size /1 x £, x --- x £, of an
n-dimensionahrray leave the (n— k) lastbracletsempty:

new t[&] [£2].. . [4d[].. (]

To acces@nelementof ann-dimensionakrraya, usen index expressionsa[ i1] [i2] . . . [in] -

8.3 Array initializers

A variableor field of arraytype maybeinitialized at declarationusinganexisting arrayor anarray
initializer. An arrayinitializer is acomma-separatdi$t of expressiongnclosedn braceq ... }.
Array initializerscanbeusedonly in connectiorwith initialized variableor field declarationsMulti-
dimensionahrrayscanhave nestednitializers.
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Example 69 Mutual exclusion

A Printerthreadforever printsa (- ) followedby a (/). If we createandrun two concurreniprinter

threadsusingnew Printer().start() andnew Printer().start(),thenonlyoneofthethreads
canhold the lock on objectnut ex at atime, so no othersymbolscanbe printedbetween(-) and

(/) in oneiteration of the f or loop. Thusthe programmustprint-/-/-/-/-/-/-/ andsoon.

However, if the synchronizations removed,it mayprint--//--/-/-//--// andsoon. (Thecall

pause(n) pauseghe threadfor 200 ms, whereaspause( 100, 300) pausesetweenl00 and 300

ms. This is doneonly to make theinherentnon-determinag of unsynchronized¢oncurreng more

easilyobsenable).

class Printer extends Thread {
static Qoject nutex = new Object();
public void run() {
for (1) {
synchroni zed (nmutex) {

System out. print ("
Util.pause(100, 300);
Systemout. print("/");

}
Util.pause(200);

Phi

Example 70 Synchronizednethodsn anobject

The bankobjectbelon hastwo accounts.Money is repeatedlybeingtransferredrom oneaccount
to the otherby clerks. Clearly thetotal amountof money shouldremainconstaniat 30 euro). This
holdstruewhenthetransfemethodis declaredsynchronizedbecaus@nly oneclerk canaccesshe
accountsat ary onetime. If the synchronizeddeclarations removed, the sumwill differ from 30
mostof thetime, becaus®neclerkis likely to overwritethe other's depositsandwithdrawals.

class Bank {
private int accountl = 10, account2 = 20;
synchroni zed public void transfer(int amount) {
int newl = accountl - anount;
Util.pause(10);
accountl = newl; account2 = account2 + anount;
Systemout.printIn("Sumis " + (accountl+account2));

}}

class Oerk extends Thread {
private Bank bank;
public O erk(Bank bank) { this.bank = bank; }
public void run() {

for (;;) { /'l Forever
bank. transfer(Uil.randon(-10, 10)); Il transfer noney
Uil.pause(200, 300); Il then take a break

Py

Bank bank = new Bank();
new O erk(bank).start(); new C erk(bank).start();
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14 Classes

9 Classes

9.1 Classdeclarationsand classbodies

A class-declaation of classC hastheform

class-modifies cl ass C extends-clausemplements-clause
classbody

A declarationof classC introducesa new referencetype C. The classbodymay containdeclara-
tions of fields, constructorsmethods nestedclassesnestednterfaces,andinitializer blocks. The
declarationsn a classmayappeain ary order:

{
field-declaations
constructordeclamations
method-declaations
class-declaations
interface-declaations
initializer-blocks

}

A field, method nestectlass,or nestednterfaceis calleda memberof theclass.A membemaybe
declaredst at i ¢. A non-staticmembetis alsocalleda virtual membeyor aninstancemember

Thescopeof amemberis theentireclassbody, exceptwhereshadevedby a variableor param-
eteror field of anestedclassor interface.However, the scopeof a staticfield doesnotincludestatic
initializers precedingts declarationbut doesincludeall non-staticinitializers), andthe scopeof a
non-statidield doesnot includenon-statidnitializersprecedingts declaration.

By static codewe denoteexpressionsand statementin staticfield initializers, staticinitializer
blocks,andstaticmethods By non-staticcodewe denoteexpressionsindstatements constructors,
non-staticfield initializers, non-staticnitializer blocks,andnon-staticmethods.Non-staticcodeis
executedinside a current object which canbe referredto ast hi s; seeSection11.9. Staticcode
cannotreferto non-staticomemberortot hi s, only to staticmembers.

9.2 Top-level classesnestedclassesmember classesand local classes

A top-level classis aclassdeclaredutsideary otherclassor interfacedeclaration A nestecclassis
aclassdeclarednsideanotherclassor interface. Therearetwo kindsof nestectlassesalocal class
is declarednside a methodor constructoror initializer block; a memberclassis not. A non-static
memberclass,or alocal classin anon-statiomemberis calledaninner class becauseary objectof
theinnerclasswill containareferencedo anobjectof theenclosingclass.

For moreon nestecclassesseeSection9.11.

9.3 Classmodifiers

For a top-level class,the class-modifies may be a list of publ i ¢, andat mostone of abst ract
andfinal . For a memberclass,the class-modifies may be a list of st ati ¢, andat mostone of
abstract andfinal , andat mostoneof pri vat e, prot ect ed andpubl i ¢c. For alocal class,the
class-modifiesis alist of atmostoneof abst ract andfi nal .
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Example 68 Multiple threads

The mainprogramcreatesa new thread bindsit to u, andstartsit. Now two threadsareexecuting
concurrently: one executesmai n, and anotherexecutesr un. While the mai n methodis blocked
waiting for keyboardinput, thenew threadkeepsincrementing . Thenew threadexecutesi el d()
to make surethatthe otherthreadis allowedto run (whennotblocked).

class Incrementer extends Thread {

public int i;
public void run() {
for (;;) { /'l Forever
i ++; I increnment i
yield();

}}

class ThreadDeno {
public static void main(String[] args) throws |CException {

Incrementer u = new | ncrenmenter();

u.start();

System out. println("Repeatedly press Enter to get the current value of i:");

for (55) {
Systemin.read(); /1 Vit for keyboard input
Systemout.printin(u.i);

PH}

The statesand statetransitions of a thread

A threads transitionfrom one stateto anothermay be causedby a methodcall performedby the
threaditself (shavnin thet ypew i t er font), by amethodcall possiblyperformedoy anothetthread
(shovnin thesl ant ed font); andby timeoutsandotheractions(shavn in thedefault font):

o.notify() o.notifyAll ()

interrupt()

Waiting for o

timeout

got lock

ono attempting to lock o

o.wait()

scheduled

Enabled "9839&

timeout
interrupt()

start ()

dies

Created Sleeping

timeout
interrupt()

u died u.join()
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16 Classes

9.4 The classmodifierspubl i ¢, fi nal ,andabst r act

If atop-level classCis declaredhubl i ¢, thenit is accessibl@utsideits packageseeSectionl7.

If aclassCis declared i nal , thenonecannotdeclaresubclassesf C, andhencecannotover
ride any methodsdeclaredn C. This is usefulfor preventingroguesubclassefrom violating data
representatiomvariants.

If aclassCis declaredabst ract , thenit cannotbeinstantiatedbut non-abstracsubclassesf C
canbeinstantiated An abstractlassmaydeclareconstructorandhave i lizers,to beexecuted
when instantiatingconcretesubclasses.An abstractclassmay declareabstractand non-abstract
methods;a non-abstractlasscannotdeclareabstractmethods.A classcannotbe bothabst ract
andf i nal , becauseo objectscouldbe createdf thatclass.

9.5 Subclassessuperclassesglasshierarchy, inheritance and overriding

A classC maybedeclaredasa subclasof classB by anextends-clausef theform

class Cextends B{ ... }

In this case Cis a subclasgandhencesubtype seeSection5.4) of B andits superclassesClassC
inheritsall methodsandfields (even private ones,althoughthey arenot accessiblen classC), but
notthe constructorsfrom B.

ClassB is calledthe immediatesupeclassof C. A classcanhave at mostoneimmediatesu-
perclass. The predefinedclassbj ect is a superclas®f all other classes;classCbj ect hasno
superclass.Hencethe classedorm a classhierarchy in which every classis a descendanbf its
immediatesuperclassexceptCbj ect whichis atthetop.

A constructoiin subclas€ may; asits veryfirst action,explicitly call aconstructoiin theimme-
diatesuperclas8, usingthe syntax

super ( actual-lis) ;

A superclassonstructorcall super (. .. ) mayappeawonly atthevery beginning of a constructor

If aconstructor( . . . ) in subclas€ doesnotexplicitly call super (. ..) asits firstaction,then
it implicitly callstheamgumentlessiefault constructoB() in superclas$ asits first action,asif by
super () . In this caseB musthave a non-privateagumentlesgonstructoB() . Cornversely if there
is no agumentlessonstructoB() in B, thenC(...) in C mustusesuper(...) to explicitly call
someotherconstructoiin B.

Thedeclaratiorof C mayoverride (redeclareary non-finalmethodminheritedfrom B by declar
ing a new methodmwith the samesignature. The overriddenB-methodm can be referredto as
super . minsideC's constructorspon-staticmethodsandinitializers of non-staticfields. The over
riding methodmin C:

e mustbeatleastasaccessibl¢Section9.7) asthe overriddenmethodin B;

e musthave the samereturntypeasthe overriddenmethodin B;

e mustbestaticif andonly if the overriddenmethodin B is static;

e eitherhasnothrows-clauseor hasathrows-clausg¢hatcoversno moreexceptionclasseshan
thethrows-clausdif ary) of the overriddenmethodin B.

However, the declarationof a classC cannotredeclarea field f inheritedfrom B, only declarean
additionalfield of the samename;seeSection9.6. The overriddenB-field canbe referredto as
super . f insideC's constructorsnon-stationethodsandnon-statianitializers.

Exceptions 53

Example 67 Declaringa checledexceptionclass
Thisis theclassof exceptionghrown by methodadayno4 (Example61). Notethet oSt ri ng method
whichis usedwhenprinting anuncaughexceptionon theconsole:

cl ass WeekdayException extends Exception {
private String wday;

public WeekdayException(String wday)
{ this.wday = wday; }

public String toString()
{ return "lllegal weekday " + wday; }
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18 Classes

9.6 Field declarationsin classes

The purposeof afield is to hold a valueinsidean object(if non-static)or a class(if static). A field
mustbedeclaredn aclassdeclaration A field-declaation hasoneof theforms:

field-modifies type fieldnamel fieldname2 ... ;
field-modifies type fieldnamel= initializerl, ... ;

Thefield-modifiesis alist of themodifiersst at i ¢ andf i nal , andat mostoneof theaccessnodi-
fierspri vat e, prot ect ed, andpubl i c (seeSection9.7).

If afieldf in classCis declaredst at i ¢, thenf is associateabith theclassCandcanbereferred
to independentlyof any objectsof classC. Thefield canbereferredto asC. f oro. f whereo is an
expressiorof typeC, or, in thedeclaratiorof C, asf . If afield f in classCis notdeclaredst ati c,
thenf is associatedvith anobject(instance)f classC, andevery instancehasits own copy of the
field. Thefield canbereferredto aso. f whereo is anexpressiorof typeC, or, in non-staticcodein
thedeclaratiorof C, asf .

If afieldf in classCis declared i nal , thenthefield cannotbe modifiedafterinitialization. If
f hasreferenceype andpointsto anobjector array thenthe objects fields or the array’s elements
may still be modified. The initialization musthappeneitherin the declarationor in an initializer
block (Section9.10),or (if thefield is non-static)preciselyoncein every constructoiin classC.

A field initializer may be ary expression,or an array initializer (Section8.3). A staticfield
initializer canreferonly to staticmembersf C, andcanthrow no checled exceptiongSectionl14).

A field is givena defaultinitial valuedependingnits declaredypet . If t is a basetypethen
thefield is initialized to O (whent is byt e, char, short,int, orl ong) or 0.0(whent isfl oat or
doubl e) orf al se (whent isbool ean). If t is areferenceype,thenthefield is initializedto nul | .

Staticfields areinitialized whenthe classis loaded. First all staticfields aregiventheir default
initial valuesthenthestaticinitializer blocks(Section9.10)andstaticfield initializersareexecuted,
in orderof appearanci theclassdeclaration.

Non-staticfields areini ed whena constructoiis calledto createanobject(instance)of the
class,atwhichtime all staticfieldshave beeninitialized already;seeSection9.9.

If a classC declaresa non-staticfield f , and C is a subclasof a classB that hasa non-static
field f, thenevery objectof classC hastwo fieldsbothcalledf : oneis theB-field f declaredn the
superclas®, andoneis the C-field f declaredn Citself. Whatfield is referredto by afield access
o.f is determinedy thetypeof 0; seeSection11.8.

9.7 Member accessnodifiers: pri vat e, prot ect ed, publ i c

A member(field or methodor nestedclassor interface)is alwaysaccessiblén the classin which
it is declaredexceptwhereshadeved by a variableor parameteor afield (of a nestedclass). The
accessnodifiespri vat e, prot ect ed andpubl i ¢ determinevhereelsethe membelis accessible.

If a memberis declaredpri vat e in top-level classC or a nestedclasswithin C, thenit is ac-
cessiblein C andits nestedclassesput not in their subclassesutsideC, nor in otherclasses.If a
membelin classCis declaredr ot ect ed, thenit is accessiblén all classesn thesamepackagdsee
Sectionl7)asC, andin subclassesf C, but notin non-subclassds otherpackageslf amemberin
classCis notdeclaredpri vat e, prot ect ed, or publ i ¢, thenit haspadage accessor defaultac-
cessandis accessibl®nly in classewvithin thesamepackageasC, notin classesn otherpackages.
If amemberin classC is declaredpubl i ¢, thenit is accessiblen all classesincluding classesn
otherpackagesThus,in orderof increasingaccessibilitywe have pri vat e accesspackageaccess,
prot ect ed accessandpubl i ¢ access.

Interfaces 51

Example 64 Threeinterfacedeclarations
import java.aw.*;

interface Colored { Color getColor(); }
interface Drawable { void draw( Graphics g); }
interface Col oredDrawabl e extends Col ored, Drawable {}

Example 65 Classesmplementingnterfaces
Note thatthe methodgget Col or anddr aw mustbe public becauséhey areimplicitly publicin the
aboveinterfaces.

class Col oredPoi nt extends Point inplenments Col ored {
Col or c;
Col oredPoint(int x, int y, Color c) { super(x, y); this.c =c¢; }
public Color getColor() { returnc; }

class Col or edDr awabl ePoint extends Col oredPoi nt inplenents Col oredDr awabl e {
Col or c;
Col or edDr awabl ePoi nt (int x, int y, Color c¢) { super(x, y, ¢); }
public void drawm(Graphics g) { g.fillRect(x, vy, 1, 1); }

class Col oredRect angl e i npl ements Col or edDr awabl e {
int x1, x2, y1, y2; /] (x1, yl1) upper left, (x2, y2) lower right corner
Col or c;

Col oredRectangl e(int x1, int y1, int x2, int y2, Color c)

{ this.x1 = x1; this.yl = y1; this.x2 = x2; this.y2 = y2; this.c =¢; }
public Color getColor() { returnc; }

public void draw(Graphics g) { g.drawRect(x1, yl, x2-x1, y2-yl); }

Example 66 Usinginterfacesastypes

static void printcolors(Colored[] cs) {
for (int i=0; i<cs.length; i++)
Systemout. printIn(cs[i].getColor().toString());

static void draw( G aphics g, Col oredDrawabl e[] cs) {
for (int i=0; i<cs.length; i++) {
g.setColor(cs[i].getColor());
cs[i].draw(g);
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20 Classes

9.8 Method declarations

A methodmustbedeclarednsideaclass.A method-declation declaringmethodmhastheform:

method-modifies returntype n{ formal-list) throws-clause
method-body

Theformal-listis acomma-separatdist of formal parameterdeclarations eachof theform

parametermodifier type parametername

The parametermodifiermay bef i nal , meaningthatthe parameteicannotbe modifiedinsidethe
method,or absentThetypeis ary type. The parameternamés ary legalname.A formal parameter
is similar to aninitialized variable;its scopeis the method-body

Themethodnamemtogethemith thelistt 4, ..., t , of declarechbarametetypesin theformal-list
determinghe methodsignatuentt 1, ..., t n). Thereturntypeis not partof themethodsignature.

A classmay declaremore than one methodwith the samemethodnameprovided they have
differentmethodsignaturesThisis calledoverloadingof the methodname

The method-bodys a blodk-statemen{Section12.2),andthus may containstatementaswell
asdeclaration®f variablesandlocal classes.

In particular themethod-bodynaycontainr et ur n statementsif thereturntypesvoi d, thenthe
methoddoesnotreturnavalue,andnor et ur n statemenin themethod-bodganhave anexpression
amgument.If thereturntypeis notvoi d, thenthemethodmustreturnavalue:it mustnotbepossible
for executionto reachthe end of method-bodyvithout executingar et ur n statement.Moreover,
everyr et ur n statemeniusthave anexpressiorargumentwhosetypeis asubtypeof thereturntype

Themethod-modifieyis alist of themodifiersst ati c, fi nal , abstract, synchroni zed (Sec-
tion 15.2),andat mostoneof theaccessnodifierspri vat e, pr ot ect ed, or publ i ¢ (Section9.7).

If amethodmin classCis declaredst at i ¢, thenmis associatedvith theclassC; it canbereferred
without any objectof classC. The methodmaybecalledasC. n{...) oraso.n(...) whereo is
an expressiorwhosetype is a subtypeof C, or, inside methods constructorsfield initializers and
initializer blocksin C, simplyasn{(. . . ) . A staticmethodcanreferonly to staticfieldsandmethods
of theclass.

If amethodmin classCis notdeclaredst at i ¢, thenmis associatedvith anobject(instance)f
classC. Outsidethe class themethodmustbecalledaso. n{. .. ) whereo is anobjectof classC or
asubclassor, insidenon-stationethodsnon-statidield initializersandnon-statianitializer blocks
in C, simplyasn{(...). A non-staticmethodcanreferto all fieldsandmethodsof classC, whether
they arestaticor not.

If amethodmin classCis declared i nal , thenthe methodcannotbe overridden(redefined)n
subclassesf C.

If amethodmin classCis declaredhbst r act , thenclassC mustitself beabstrac{andsocannot
beinstantiated) An abstracmethoddeclaratiorhasthis form, withouta methodbody:

abstract method-modifies returntype n( formal-list) throws-clausg

Thethrows-clausef a methodor constructohastheform
throws E1, E2,

whereEl, E2, ...arethe namesof exceptiontypescovering all the checled exceptionsthat the
methodor constructomay throw. More precisely for every exceptione thatexecutionmay throw,
eithere is an unchecled exception(seeSection14), or it is a checled exceptionwhoseclassis a
subtypeof oneof E1, E2, ....
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Example 61 Throwing anexceptionto indicatefailure
Insteadof returningthe boguserrorvalue- 1 asin methodwdayno3 above, throw an exceptionof
classWeekdayExcept i on (Example67). Notethet hr ows clausgSectior9.8)in themethodheader:

static int wdayno4(String wday) throws WeekdayException {
for (int i=0; i < wdays.length; i++)
if (wday.equal s(wdays[i]))
return i+1;
t hrow new WeekdayExcepti on(wday);

Example 62 A try-cat ch block

Thisexamplecallsthemethodwdayno4 (Example6l)insideat ry- cat ch blockthathandlesxcep-
tions of class\WeekdayExcept i on (Example67) andits superclas&xcepti on. Thesecondcat ch

clausewill beexecutedfor example)if thearrayaccessr gs[ 0] fails becaus¢hereis nocommand
line agument(sinceAr r ayl ndexQut Of BoundsExcept i on is a subclasof Excepti on). If anex-

ceptionis handlediit is boundto the variablex, andprintedby animplicit call (Section7) to the
exceptionst oSt ri ng-method:

public static void main(String[] args) {
try {
Systemout.printin(args[0] + " is weekday nunber " + wdayno4(args[0]));
} catch (WeekdayException x) {
Systemout. println("Wekday problem " + X);
} catch (Exception x) {
Systemout.println("Qher problem " + x);

Example63 Atry-finally block

This methodattemptso readthreelinesfrom afile, eachcontaininga singlefloating-pointnumber
Regardlessvhetherarything goeswrongduringreading(prematureendof file, ill-formed number),
thefinal Iy clausewill closethe readersheforethe methodreturns. It would do so evenif the
ret ur n statementvereinsidethet ry block:

static double[] readRecord(String filenane) throws |CException {
Reader freader new Fi | eReader (fil enanme);
Buf f er edReader breader = new Buf f er edReader (freader);
doubl e[] res = new doubl e[ 3];
try {
res[0] = new Doubl e(breader.readLi ne()). doubl eVal ue();
res[1] = new Doubl e(breader.readLi ne()). doubl eVal ue();
res[2] = new Doubl e(breader.readLi ne()). doubl eVal ue();
} finally {
breader. cl ose();
freader.close();

}

return res;
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22 Classes

9.9 Constructor declarations

Thepurposeof aconstructoiin classCis to createandinitialize new objects(instancespf theclass.
A constructordeclaration in classC hastheform:

constructormodifies C( formal-list) throws-clause
constructorbody

Theconstructormodifiesis alist of atmostoneof pri vat e, pr ot ect ed, andpubl i ¢ (Section9.7);
aconstructorcannotbeabst ract , fi nal , orst ati c. Thereturntype of aconstructomeednotand
cannotbespecified:by definition,a constructoiin classC returnsanobjectof classC.

Constructorsnaybe overloadedn the sameway asmethodsthe constructorsignatue (alist of
theparametetypesin formal-list) is usedto distinguishconstructorsn thesameclass.A constructor
may call anotheroverloadedconstructotin the sameclassusingthe syntax:

t hi s( actual-list)

but a constructomay not call itself, directly or indirectly. A callt hi s(...) toanotherconstructor
if presentmustbetheveryfirst actionof a constructorprecedingary declarationstatementetc.
Theconstructorbodyis a blodk-statemen{Section12.2)andso may containstatementsswell
asdeclaration®f variablesandlocal classesTheconstructorbodymaycontainr et ur n statements,
but nor et ur n statementantake anexpressiorargument.
A classwhich doesnotexplicitly declareaconstructorimplicitly declarespublic,agumentless
defaultconstructorwhoseonly (implicit) actionis to call the superclassonstructorSection9.5):

public Q) { super(); }

The throws-clauseof the constructorspecifiesthe checled exceptionsthat may be thrown by the
constructorin the samemannerasfor methodsseeSection9.8.

Whena constructoiis called(Section11.6)to createan object,the following happensfirst an
objectof the classis createdn the memory thenthe non-statidields aregivendefaultinitial values
accordingto their type, thensomesuperclasgonstructoiis called (explicitly or implicitly) exactly
once thenthe non-statidield initializersandnon-statidnitializer blocksareexecutedonce,in order
of appearancin the classdeclarationandfinally the constructoibodyis executed.

9.10 Initializer blocks,field initializers and initializers

In additionto field initializers (Section9.6), a classmay containzero or more initializer-blocks.
Initializer blocks aretypically usedonly whenfield initializers or constructorgdo not sufiice. We
usethe terminitializer to denotefield initializers aswell asinitializer blocks. A static initializer
block hastheform

static blok-statement
The staticinitializer blocksandfield initializers of staticfields areexecutedjn orderof appearance
in the classdeclarationwhentheclassis loaded.A non-staticinitializer blodk hastheform
block-statement
Non-staticinitializer blocksareexecutedvhenan objectis created seeSection9.9 above.
An initializer is not allowedto throw a checled exception(Section14). If executionof a static

initializer throws an (unchecled) exceptionduring classloading, thenthat exceptionis discarded
andtheexceptionExcept i onl nl nitializerError isthrowninstead.
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Example 57 Usingr et ur n to terminatealoop early
This methodbehaesthe sameaswdayno2 in Example54:

static int wdayno3(String wday) {
for (int i=0; i < wdays.length; i++)
if (wday.equal s(wdays[i]))
return i+1;
return -1; /1 Here used to mean ‘not found’

Example 58 Usingbr eak to terminatealoop early

doubl e prod = 1.0;
for (int i=0; i<xs.length; i++) {

prod *= xs[i];
if (prod == 0.0)
break;

Example 59 Usingcont i nue to starta new iteration
Thismethoddecidesvhethemuery is asubstringof t ar get . Whenamismatchbetweerthestrings
is found,cont i nue startsthe next iterationof the outerf or loop, thusincrementing :

static bool ean substringl(String query, String target) {
next posi tion:
for (int j=0; j<=target.length()-query.length(); j++) {
for (int k=0; k<query.length(); k++)
if (target.charAt(j+k) !'= query.charAt(k))
continue nextposition;
return true;

}

return fal se;

Example 60 Usingbr eak to exit alabelledstatemenblock

This methodbehaesassubst ri ngl from Example59. It usesbr eak to exit the entire statement
block labelledt hi sposi ti on, thusskippingthefirstr et ur n statemenandstartinga new iteration
of theouterf or loop:

static bool ean substring2(String query, String target) {
for (int j=0; j<=target.length()-query.length(); j++)
thi sposition: {
for (int k=0; k<query.length(); k+t)
if (target.charAt(j+k) != query.charAt(k))
break thisposition;
return true;

}

return fal se;
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24 Classes

9.11 Nestedclassesmember classeslocal classesand inner classes

A non-staticnestecdclass thatis, a non-staticmemberclassNMC or alocal classNLC in a non-static
memberis calledaninner class An objectof aninnerclassalwayscontainsareferenceo anobject
of the enclosingclassC, calledthe enclosingobject Thatobjectcanbereferredto asC.thi s (see
Example33), soa non-staticmemberx of the enclosingobjectcanbereferredto asC. this. x. A
non-staticnestedclasscannotitself have staticmembers.More precisely all staticfields mustalso
befinal, andmethodsandnestectlassesn a non-statimestedclassmustbe non-static.

A staticnestedtlass thatis, astaticmemberclassSMC or alocal classin astaticmembeyhasno
enclosingobjectandcannotreferto non-statiomemberof theenclosingclassC. Thisis thestandard
restrictionon staticmemberf aclass;seeSection9.1. A staticnestectlassmay have staticaswell
asnon-statiomembers.

If alocal classrefersto variablesor formal parameterén the enclosingmethodor constructoror
initializer, thenthosevariablesor parametersnustbefinal.

9.12 Anonymousclasses

An anonymouglassis a specialkind of local class;henceit mustbe declaredinside a methodor
constructoror initializer. An anorymousclasscanbe declaredandaninstancecreatedusingthe
specialexpressiorsyntax

new C( actual-list)
classbody

whereC is a classname. This createsan anorymoussubclasf classC, with the given classbody
(Section9.1). Moreover, it createsan objectof thatanorymoussubclasdy calling the appropriate
C constructowith the amgumentsin actual-list, asif by super (actual-lisf) . An anorymousclass
cannotdeclareits own constructors.

Whenl is aninterfacename the similar expressiorsyntax

new | ()
classbody

createsan anorymouslocal class,with the given classbody(Section9.1), that mustimplementthe
interfacel , andalsocreatesanobjectof thatanorymousclass.
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Example 53 Nested or loops
This programprintsafour-line triangleof asteriskg*):

for (int i=1; i<=4; i++) {
for (int j=1, j<=i; j+4)
Systemout. print("*");
System out. printin();
}

Example 54 Array searchusingwhi | e loop
This methodbehaesthe sameaswdaynol in Example51:

static int wdayno2(String wday) {
int i=0;
while (i < wdays.length & ! wday. equal s(wdays[i]))
i ++;
/1 Now i >= wdays.length or wday equal to wdays[i]
if (i < wdays.!ength)
return i+1;
el se
return -1; /1 Here used to nean ‘not found’

static final String[] wdays =
{ "Mnday", "Tuesday", "Wednesday", "Thursday", "Friday", "Saturday", "Sunday" };

Example 55 Infinite loop becaus®f misplacedsemicolon
Herea misplacedsemicolon(; ) createsanemptyloop body statementwheretheincrement ++ is
not partof theloop. Henceit will notterminateput loop forever:

int i=0;
while (i<10);
i ++;

Example 56 Usingdo- whi | e (butwhi | e is usuallypreferable)
Throw adie andcomputesumuntil 5 or 6 comesup:

static int waitsun() {
int sum= 0, eyes;

do {
eyes = (int)(1 + 6 * Math.random());
sum += eyes;

} while (eyes < 5);

return sum
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26 Classesandobjectsin thecomputer

10 Classesand objectsin the computer

What is a class?

Conceptuallya classrepresents concept,a templatefor creatinginstancegobjects). In the com-
puter aclassis a chunkof memory setasideonce,whenthe classis loadedat runtime. A classhas
thefollowing parts:

o thenameof theclass;
e roomfor all the staticmembersf theclass.

We candraw aclassasabox. The headercl ass SPoi nt givesthe classname,andthe box itself
containsthe staticmemberf theclass:

cl ass SPoi nt

al l points D

What is an object?

Conceptuallyanobjectis a concreteénstanceof a concept(a class).In thecomputeyranobjectis a
chunkof memory setasideby anobjectcreationexpressiomew (. . . ) ; seeSection11.6. Every
evaluationof anobjectcreationexpressiomew (. . .) createsdistinctobject,with its own chunk
of computermemory An objecthasthefollowing parts:

e theclassC of theobject;this is the classC usedwhencreatingthe object;
e roomfor all thenon-statiomemberf the object.

We candrav anobjectasabox. Theheader._ SPoi nt givestheobjects class(underlined) andthe
remainderof thebox containghe non-statiomemberof the object:

SPoi nt

Inner objects

WhenN Cis aninnerclass(anon-stationemberclass,or alocal classin non-staticcode)in a class
C, thenanobjectof classN Cis aninner object In additionto the object’s classandthe non-static
fields,aninnerobjectwill alwayscontaina referenceo anenclosingobject which is anobjectof
theinnermostenclosingclassC. TheouterobjectreferenceeanbewrittenC. t hi s in Javaprograms.
An objectof astaticnestectlass,ontheotherhand,containsnoreferenceo anenclosingobject.

Statements 43

Example 49 Block statements

All methodbodiesandconstructobodiesareblock statementsin methodsumfrom Example2, the
truebranch of thesecond f statements a block statementMethodm in Example4 containstwo
block statementsgachof which containsa (local) declaratiorof variablex.

Example 50 Singlei f - el se statement
This methodbehaesthe sameasabsol ut e in Example40:

static doubl e absol ute(double x) {
if (x >=0)
return x;
el se
return -x;

Example51 A sequencefi f - el se statements
We cannotusea switch here becausa switchcanwork only on integertypes(includingchar ):

static int wdaynol(String wday) {

if (wday. equal s("Monday")) return 1;
else if (wday.equal s("Tuesday")) return 2;
else if (wday.equal s("Wednesday")) return 3;
else if (wday.equal s("Thursday")) return 4;
else if (wday.equal s("Friday")) return 5;
else if (wday.equal s("Saturday")) return 6;
else if (wday.equal s("Sunday")) return 7;
el se return -1; /!l Here used to nean ‘not found

Example 52 swi t ch statement
Below we couldhave usedasequencefi f - el se statementyutaswi t ch is bothfasterandclearer:

static String findCountry(int prefix) {
switch (prefix) {
case 1: return "North Anerica";
case 44: return "Geat Britain";
case 45: return "Denmark";
case 299: return "Geenland";
case 46: return "Sweden";
case 7: return "Russia";
case 972: return "lsrael";
defaul t: return "Unknown";

}
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28 Expressions

11 Expressions

The mainpurposeof anexpressions to computea value (suchas117) by evaluation. In addition,
evaluationmay changethe computers state the valueof variables fields, andarrayelementsthe
contentsof files, etc. More precisely evaluationof anexpressioreither:

e terminateshormally, producinga value,or
e terminatesabnormallyby throwing anexception,or
e doesnotterminateatall (for instancepecausét callsa methodthatdoesnotterminate).

Expressiongrebuilt from literals (anorymousconstants)yariablesfields,operatorsmethodcalls,
arrayaccessegonditionalexpressionsthe new operatorandsoon; seethetableopposite.

One mustdistinguishthe (compile-time)type of an expressionfrom the (runtime) classof an
object An expressiorhasatype (Section5) inferredby the compiler Whenthisis areferenceype
t, andthe valueof the expressionis anobjecto, thenthe classof objecto will be a subtypeof t,
but not necessarilyequalto t . For instancethe expression( Nunber) (new | nt eger (2)) hastype
Nunber , but its valueis anobjectwhoseclassis | nt eger , asubclas®f Nunber .

Table of expressionforms

Thetableopposite(page29) shavs the form, meaningassociatiity, operandargument)typesand
resulttypesfor Java expressionsThe expressionsiregroupedaccordingo precedencasindicated
by the horizontallines, from high precedenceo low precedence.Higherprecedencdorms are
evaluatecbeforelowerprecedencéorms. Parenthesesmaybeusedio emphasizer forceaparticular
orderof evaluation.

Whenanoperator(suchas+) is left associatie, thenasequencel + e2 + e3 of operatorss
evaluatedasif parenthesizelel + e2) + e3. Whenanoperator(suchas=) is right associatie,
thenasequencel = e2 = e3 of operatorss evaluatedasif parenthesizedl = (e2 = e3).

Thetablealsoshowvstherequiredoperandypesandresulttypes.Thekind integerstanddor any
of char, byt e, short,int, orl ong; andnumericstandgor integeror f | oat or doubl e.

For anoperatomwith oneintegeror numericoperandthe promotiontypeis doubl e if theoperand
hastypedoubl e;it isfl oat if theoperanchastypef| oat ; it is| ong if theoperanchastypel ong;
otherwiseit isi nt (thatis, if theoperanchastypebyt e, char, short orint).

For anoperatomwith two integeror numericoperandgexceptthe shift operators Section11.3),
the promotiontypeis doubl e if ary operanchastypedoubl e; otherwisejt isf | oat if any operand
hastypef | oat ; otherwisejt is| ong if any operanchastypel ong; otherwiset isi nt .

Beforethe operationis performedtheoperand(sarepromotedthatis, corvertedto the promo-
tion type by awideningtype cornversion(page40).

If theresulttypeis givenasnumericalso, it equalsthe promotiontype. For example,10 / 3
hastypei nt, wheread0 / 3.0 hastypedoubl e, andc + (byte) 1 hastypei nt whenc hastype
char.
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12 Statements

A statemenimay changethe computers state the value of variablesfields, array elementsthe
contentf files, etc. More precisely executionof a statemeneither

e terminatesrormally (meaningexecutionwill continuewith the next statementif ary), or
e terminatesabnormallyby throwing anexception,or

e exits by executingar et ur n statementif insidea methodor constructor)pr

e exits aswitchor loop by executinga br eak statemen(if insidea switchor loop), or

e exits the currentiterationof aloop andstartsa new iterationby executinga cont i nue state-
ment(if insidealoop), or

e doesnotterminateatall — for instanceby executingwhi | e (true) {}.

12.1 Expressionstatement
An expressionstatements anexpressionfollowedby a semicolon:

expression;

It is executedby evaluatingthe expressionandignoringits value. The only forms of expressiorthat
maybelegally usedin thisway areassignmengxpressiongSectionl1.4),incremeni@anddecrement
expressiongSectionl1.1),methodcall expressiongSectionl11.10),andobjectcreationexpressions
(Sectionl11.6).

For example,anassignmenstatement x=e; is anassignmenéxpression x=e followedby
asemicolon.

Similarly, amethodcall statemenis amethodcall expressiorfollowedby semicolon.Thevalue
returnedby themethod,if ary, is discardedthe methodis executedonly for its sideeffect.

12.2 Block statement

A block-statemenis a sequenceof zero or more statementsor variable-declaations or class-
declamations in ary order enclosedn braces:

{

statements
class-declaations
variable-declaations

12.3 The empty statement

The emptystatementonsistsof a semicolononly. It is equivalentto the block statemenf } that
containsno statementsr declarationsandhasno effectatall:

It is a commonmistale to add an extra semicolonafter the headerof afor or whi | e loop, thus
introducinganemptyloop body; seeExample55.
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30 Expressions

11.1 Arithmetic operators

The valueof the postincremenéexpressiorx++ is thatof x, andits effectis to incrementx by one;
andsimilarly for postdecremerx- - .

Thevalueof the preincremengxpressiont+x is thatof x+1, andits effectis to incrementx by
one;andsimilarly for predecrement- x.

Integer division e1/ e2 truncatesthatis, roundstowards0, so 10/ 3 is 3, and(-10)/ 3 is —3.
Theintegerremaindex% equalsx- (x/ y) *y wheny is non-zerojt hasthe samesignasx. Integer
division or remaindeiby zerothrows the exceptionAri t hmet i cExcepti on. Integeroverflov does
not throw an exception,but wrapsaround. Thus,in thei nt type, the expression2147483647+1
evaluatedo —2147483648andthe expression 2147483648- 1 evaluatego 2147483647.

The floating-pointremainderx% roughly equalsx- (((i nt)(x/y))*y wheny is non-zero.
Floating-pointdivision by zero,andfloating-pointoverflow, do not throw exceptions,but produce
specialvaluessuchasl nf i ni ty or NaN, meaningnot anumber’.

11.2 Logical operators

The operators= and! = requirethe operandypesto be compatible:onemustbe a subtypeof the
other Two valuesof basetype areequal(by ==) if they representhe samevalueafter corversion
to their commonsupertype.For instance 10 and 10.0areequal. Two valuesof referencetype are
equal(by ==) if botharenul | , or botharereferenceso the sameobjector array createcby thesame
executionof the new-operator Hencedo not use== or ! = to comparestrings: two stringss1 and
s2 may consistof the samesequencef charactergandthereforeequalby s1. equal s(s2) ), yetbe
distinctobjects(andthereforeunequaby s1==s2); seeExample5.

Thelogicaloperator&& and| | performshort-cutevaluation if el evaluategot r ue in el&&e2,
thene? is evaluatedto obtainthe value of the expression;otherwisee? is ignoredandthe value of
the expressionis f al se. Corversely if el evaluatesto f al se in el] | e2, thene2 is evaluatedto
obtainthevalueof the expressionptherwisee? is ignoredandthevalueof theexpressionstr ue.

By contrastthe operatorsk (logical strictand)and” (logical strict exclusive-or)and| (logical
strict or) alwaysevaluateboth operandsregardlessof the value of the left-handoperand.Usually
theshort-cutoperator& and| | arepreferable.

11.3 Bitwise operators and shift operators

Theoperators- (bitwisecomplementand& (bitwiseand)and” (bitwiseexclusive-or)and| (bitwise
or) may be usedon operandf integertype. The operatorsvork in parallelon all bits of thetwo’s
complementepresentatioof theoperandsThus~n equals( - n) - 1 andalsoequalg - 1) *n.

The shift operators<< and>> and>>> shift the bits of the two’s complementepresentationf
thefirst agument. The two operandsare promoted(page28) separatelyandthe resulttypeis the
promotiontype(i nt orl ong) of thefirst agument.Thusthe shift operations alwaysperformedon
a 32-bit (i nt ) or a64-bit (I ong) value. In the former case the lengthof the shift is betweer0 and
31asdetermineddy the5 leastsignificantbits of the secondargument;in the lattercase thelength
of theshift is betweerD and63 asdeterminedy the 6 leastsignificantbits of the secondargument.

Theleft shift n<<s equals*2* 2*. . . *2 wherethereares multiplications.Thesignedright shift
n>>s of anon-ngativen equals/ 2/ 2/ . . . | 2 wherethereares divisions;thesignedright shift of a
negativen equals-( ( ~n) >>s) . Theunsignedight shift n>>>s of anon-ngativen equalsi>>s; the
signedright shift of anegative n equaly n>>s) +( 2<<~s) if n hastypei nt, and( n>>s) +( 2L<<~s)
if it hastypel ong.
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Example 47 Calling overloadednethods

Herewe call the overloadedmethodsndeclaredn Example22. Thecall m( 10, 20) hascall sig-
naturen(int, int) andthuscallsthe methodwith signaturex(i nt, doubl e), because¢hatis the
mostspecificapplicable Hencethefirst two lines call the methodwith signaturen(i nt, doubl e),
andthelasttwo call the methodwith signaturer( doubl e, doubl e) .

System out. println(n(10, 20)); [/ Prints 31.0
Systemout. println(nm(10, 20.0)); [/ Prints 31.0
System out. println(n(10.0, 20)); [/ Prints 33.0
System out. println(n(10.0, 20.0)); /] Prints 33.0

Example 48 Calling overriddenandoverloadedmethods
Herewe usetheclasse<1 andC2 from Example24. Thetargettypeof c1. ml(i) is classCl which
hasa non-staticmethodwith signaturem(int), sothe call is to a non-staticmethod;the tamget
objecthasclassC2, sothe calledmethodis miL(i nt) in C2; andquitesimilarly for c2. mi(i). The
targettypefor c1. mi(d) is the classCl which hasa staticmethodwith signaturem(doubl e), so
the call is to a staticmethod,andthe objectboundto c1 doesnot matter Similarly for c2. m(d)
whosetagettypeis C2, soit callsni( doubl €) in C2 which overridesnl( doubl €) in CL.
Thecallcl. n2(i) hastargettypeCl andcallsn2(i nt) . However,acallc2. n2(i) whosetarget
classis C2 would beambiguousandillegal: the applicableextendedsignaturesren?( C1, i nt) and
m2( C2, doubl e) , noneof whichis morespecificthanthe other

int i =17;

double d = 17.0;

C2 ¢2 = new C2(); [l Type C2, object class C2
Cl cl = c2; [/ Type Cl, object class Cl
cl.ml(i); c2.mi(i); cl.ml(d); c2.mi(d); [/ Prints 21i 21i 11d 21d
cl.m@(i); [l Prints 12i
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32 Expressions

11.4 Assignmentexpression

In theassignmenéxpressiorx = e, thetypeof e mustbea subtypeof thetypeof x. Thetypeof the
expressioris the sameasthetype of x. Theassignmenis executedby evaluatingexpressiore and
storingits valuein variablex, afterawideningcorversion(Section11.11)if necessaryWhene is a
compile-timeconstanbf typebyt e, char, short ori nt, andx hastypebyt e, char orshort,thena
narraving corversionis doneautomaticallyprovidedthevalueof e is within therangerepresentable
in x (Section5.1). Thevalueof theexpressiorx = e is thatof x aftertheassignment.
Theassignmentperatoiis right associatie, sothemultipleassignment = y = e hasthesame
meaningasx = (y = e), thatis, evaluatethe expressiore, assignits valueto y, andthento x.
Whene hasreferenceype (objecttypeor arraytype),thenonly areferenceo theobjector array
is storedin x. Thustheassignment = e doesnotcopy theobjector array;seeExample38.
Whenx ande havethesametype,thecompoundassignmemnt += eisequialenttox = x + e;
however, x is evaluatedonly once,soin a[ i ++] += e thevariablei isincrementonly once.When
thetype of x is t, differentfrom thetype of e, thenx += e is equivalenttox = (t)(x + €),in
which theintermediateesult(x + €) is corvertedto typet (Sectionl1.11);againx is evaluated
only once.Theothercompoundassignmentperators =, * =, andsoon, aresimilar.
Sincethe valueof the expressiornx += e is thatof x afterthe assignmentandthe assignment
operatorsassociateo the right, onecanwrite ps[i] = sum += e to firstincrementsumby e and
thenstoretheresultin ps[i ] ; seeExample27.

11.5 Conditional expression

Theconditionalexpressionel ? e2 : e3islegalif el hastypebool ean, ande2 ande3 bothhave
numerictypes,or bothhave typebool ean, or bothhave compatiblereferencaypes.Theconditional
expressions evaluatedoy first evaluatingel. If el evaluategot r ue, thene? is evaluatedptherwise
e3 is evaluated.Theresultingvalueis the valueof the conditionalexpression.

11.6 Object creation expression

Theobjectcreationexpression

new C( actual-lisf)

createsa new objectof classC, by calling that constructorin classC whosesignaturematcheghe
amgumentsn actual-list

Theactual-listis evaluatedrom left to right to obtainalist of agumentvalues.Theseargument
valuesareboundto the constructors parametersanobjectof theclassis createdn thememory the
non-staticfields are given default initial valuesaccordingto their type, a superclasgonstructoris
called(explicitly or implicitly), all non-staticfield initializers andinitializer blocksareexecutedin
orderof appearanceandfinally the constructobodyis executedto initialize the object. The value
of the constructorcall expressions thenewly createdbject,whoseclassis C.

WhenCis aninnerclassin classD, ando evaluateso anobjectof classD, thenonemaycreatea
C-objectinsideo usingthesyntaxo. new C( actual-lis) ; seeExample33.

11.7 Instancetestexpression

Theinstanceteste instanceof t isevaluatedby evaluatinge to avaluev. If v is notnul I andis
areferenceo anobjectof classC, whereCis asubtypeof t , theresultis t r ue; otherwisef al se.

Expressions 37

Example 45 Calling non-overloadednon-overriddenmethods

This programusesthe SPoi nt classfrom Examplel4. The staticmethodgjet Si ze andget Poi nt

may be calledby prefixingthemwith the classnameSPoi nt or anexpressiorof type SPoi nt , such
asq. They may be calledbeforeary objectshave beencreated.The non-staticmethodget | ndex

mustbe calledwith an object,asin r. get | ndex() ; thenthe methodis executedwith the current
objectreference hi s boundtor .

public static void main(String[] args) {

System out. println("Nunber of points created: " + SPoint.getSize());
SPoint p = new SPoint(12, 123
SPoint g = new SPoi nt (200, 10
SPoint r = new SPoint(99, 12);
SPoint s p;
q = null;
System out. println("Nunber of points created: " + SPoint.getSize());
System out. println("Nunber of points created: " + g.getSize());
Systemout.printIn("r is point number " + r.getlndex());
for (int i=0; i<SPoint.getSize(); i++)

System out. println("SPoint number " + i + " is " + SPoint.getPoint(i));

)s
)E

Example 46 Parametepassingcopiesreferencesnot objectsandarrays

In themethodcall m(p, d, a) below, theobjectreferenceheldin p is copiedto parametepp of m
sop andpp referto the sameobject,the integerheldin d is copiedto dd, andthe arrayreference
heldin a is copiedto aa. At theendof methodm the stateof the computememoryis this:

| | in: .
nm nmn : Point

Whenmethodmreturns,its parametergp, dd andaa arediscarded.The variablesp, d anda are
unmodified but the objectandthe arraypointedto by p anda have beenmodified.

public static void main(String[] args) {
Point p = new Point (10, 20);
int[] a =newint[5];

int d=28;

Systemout.printin("p is " + p); [/ Prints: pis (10, 20)
Systemout.printin("a[3] is " + a[3]); [/ Prints: a[3] is 0
np, d, a);

Systemout.printin("p is " + p); [/ Prints: pis (18, 28)
Systemout.printin("d is " +d); [l Prints: dis 8
Systemout.printin("a[3] is " + a[3]); [l Prints: a[3] is 22

}

static void m(Point pp, int dd, int[] aa) {
pp. nove(dd, dd);
dd = 117;
aa[3] = 22;
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34 Expressions

11.8 Field accesexpression
A field accessnusthave oneof thesethreeforms

f
Cf
o.f

whereCis aclassando anexpressiorof referenceype.

A classmayhave severalfieldsof thesamenamef ; seeSectior9.6,Examplel9,andExample42
opposite.

A field acces$ mustreferto a staticor non-statidield declaredn or inheritedby a classwhose
declaratiorencloseshefield accesexpression(notshadevedby afield in anestedenclosingclass,
or by avariableor parameteof the samename).Theclassdeclaringthefield is thetargetclassTC.

A field acces<C. f mustreferto a staticfield in classC or a superclas®f C. Thatclassis the
tamgetclassTC.

A field acces®. f , whereexpressioro hastypeC, mustreferto astaticor non-statidield in class
Corasuperclassf C. Thatclassis thetamgetclassTC. To evaluatethefield accessthe expressior
is evaluatedto obtainanobject. If thefield is static,thenthe objectis ignored,andthevalueof o. f
istheTCfieldf . If thefield is non-staticthenthevalueof o mustbenonnul |, andthevalueof o.
is foundasthevalueof the TC-field f in objecto.

It is informative to contrasinon-statidield accesandnon-statiomethodcall (Section11.10):

e In anon-staticfield acces®. f, thefield referredto is determineddy the (compile-time)type
of theobjectexpressior.

e In anon-stationethodcall 0. n{ . . . ) , themethodcalledis determinedy the (runtime)class
of thetargetobject:the objectto which o evaluates.

11.9 The current objectreferencet hi s

The namet hi s may be usedin non-staticcodeto refer to the currentobject(Section9.1). When
non-staticcodein a given objectis executed,the objectreferencet hi s refersto the objectasa
whole. Hencewhenf is afield andmis a method(declaredn theinnermostenclosingclass)then
t hi s. f meanghesameasf (whenf hasnotbeenshadevedby avariableor parameteof thesame
name)andt hi s. n(...) meanghesameasn(...).

WhenC is aninnerclassin anenclosingclassD, theninsideC the notationD. t hi s refersto the
D objectenclosingtheinner C object. SeeExample28 whereTLC. t hi s. nf refersto field nf of the
enclosingeclassTLC.
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Example 42 Fieldaccess

Here we illustrate static and non-staticfield accessn the classesB, C and D from Example19.
Note thatthe field referredto by an expressionof form o. vf oro. sf is determinedby the type of
expressiorp, notthe classof the objectto which o evaluates:

public static void main(String[] args) {
C cl = new C(100); /1 cl has type C, object has class C
B bl = cl; /1 bl has type B; object has class C
print(Csf, B.sf); [/ Prints 102 121
print(cl.sf, bl.sf); Il Prints 102 121
print(cl.vf, bl.vf); /1 Prints 100 120
C c2 = new ((200); Il ¢2 has type C; object has class C
B b2 = c2; Il b2 has type B; object has class C
print(c2.sf, b2.sf); Il Prints 202 221
print(c2.vf, b2.vf); Il Prints 200 220
print(cl.sf, bl.sf); [l Prints 202 221
print(cl.vf, bl.vf); /1 Prints 100 120

D d3 = new D(300); /1 d3 has type D; object has class D
Cc3 = d3; Il ¢3 has type C, object has class D
B b3 = d3; /1 b3 has type B; object has class D

; Il Prints 304 304 361
; /1 Prints 304 304 361

print(D.sf, C.sf, B.sf);
)
)s /1 Prints 300 340 360

A v

u:::%.m?ow.m?cw.ﬂ
print(d3.vf, c3.vf, b3.vf

}

static void print(int x, int y) { Systemout.printIn(x+" "+y); }

static void print(int x, inty, int z) { Systemout.println(x+" "+y+" "+z); }

Example 43 Usingt hi s whenreferringto shadevedfields
A commonuseof t hi s is to referto fields (t hi s. x andt hi s.y) that have beenshadeved by
parametergx andy), especiallyin constructorsseethePoi nt class(Examplel3):

class Point {

int x, vy,

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

Example 44 Usingt hi s to passthe currentobjectto a method

In theSPoi nt class(Examplel4),thecurrentobjectreference hi s is usedin theconstructoto add
thenewly createdbbjectto thevectoral | poi nt s, andit is usedin the methodget | ndex to look up
thecurrentobjectin thevector:

class SPoint {
static Vector allpoints = new Vector();
int x, vy,
SPoint(int x, int y) { allpoints.addEl enent(this); this.x = x; this.y =vy,; }
int getindex() { return allpoints.indexOf(this); }
}



