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4 Commentgnd programlay-out

1 Running Java: compilation, loading, and execution

Beforea Jara programcanbe executed,t 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.
Thusrunning a Java programinvolves three stages:compilation (checksthat the programis
well-formed),loading (loadsandinitializes classes)andexecution(runsthe programcode).

2 Namesand reservednames

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

abstract bool ean break byte case catch char class const continue

default do double else extends false final finally float for goto if

i npl enents inport instanceof int interface |ong native new null

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

3 Java naming corventions

The following namingconventionsare oftenfollowed in Java programs althoughnot enforcedby
thecompiler:

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

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

Namef classesndinterfacesegin with anuppercasdetter Examplesiayout , Fl owLayout .

Namedconstantgthatis, f i nal variablesandfields)arewrittenentirelyin uppercasgandthe
partsof compositenamesareseparatedy underscores). Examples:CENTER, MAX_VALUE.

A packaganames asequencef dot-separatetbwercasenamesExample;j ava. awt . event .

4 Commentsand program lay-out

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

Program lay-out hasno effect on the computers executionof the program,but is usedto help
humansunderstandhe structureof the program.
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Example1l Comments

class Comment {
[l This is a one-line coment; it extends to the end of the |ine
[* This is a delimted coment,
extendi ng over several lines
*|
int /* This is a delinmited comrent, extending over part of a line */ x = 117,

}

Example 2 Programlay-outstyle

class Layout { Il Cass declaration
int a;

Layout (int a)

{ this.a = a; } /1 One-line constructor body
int sun(int b) { Il Milti-line nethod body
if (a>0) Il 1f statenment
return a + b; Il Single statenent
else if (a<0) { Il Nested if-else, block statenent

int res = -a + b;
return res * 117;

} else { /] a == Il Terminal else, block statenent
int sum= 0;
for (int i=0; i<10; i++) /'l For |oop
sum+= (b - i) * (b - i);
return sum
}
}
static bool ean checkdate(int nth, int day) {
int |ength;
switch (nth) { Il Switch statenent
case 2: Il Single case
length = 28; break;
case 4. case 6. case 9. case 1l: Il Miltiple case

l ength = 30; break;

case 1. case 3. case 5. case 7. case 8. case 10: case 12:
| ength = 31; break;

defaul t:
return false;

}
return (day >= 1) && (day <= length);
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5 Types

A typeis asetof valuesandoperationnthem. A typeis eitherabasetypeor areferenceaype.

5.1 Basetypes

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

Type Kind Exampleliterals Size | Range

bool ean | logical fal se,true 1

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

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

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

| ong integer oL, 1L,-1L, 117L, ... 64 | max=9223372036854775807
f1 oat floating-point| - 1. 0f , 0. 499f , 3E8f, ... | 32| +10 °8...+10°%, sigdig6—7
doubl e | floating-point| - 1. 0, 0. 499, 3ES, ... 64 | £107%98 . +10°°8 sigdig15-16

The integer typesare exact within their range. They usesignedtwo’s complementepresentation
(exceptfor char ), sowhenthemostpositive numbern atypeis max thenthemostnegatve number
is —max— 1. Thefloating-pointtypesareinexactandfollow IEEE754, with thenumberof significant
digitsindicatedby sigdigabove. For specialcharacteescapeequenceseepagell.
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 | Leading0x | 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 thecommonsuper
classNumber .

5.2 Referencetypes

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

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

5.3 Array types

An arraytypehastheformt [ ], wheret is any type. An arraytypet [ ] is areferencdype.Hencea
valueof arraytypet [] is eithernul | , or is areferencdo anarraywhoseelementypeis precisely
t (whent is abasetype),oris asubtypeoft (whent is areferencdype).
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5.4 Subtypesand compatibility

A typet 1 may be a subtypeof atypet 2, in which caset 2 is a supertypeof t 1. Intuitively this
meanghatany valuevl of typet 1 canbeusedwhereavalueof typet 2 is expected.Whent 1 and
t 2 arereferenceypes,t 1 mustprovide at leastthe functionality (methodsandfields) provided by
t 2. In particular any valuevl of typet 1 maybeboundto avariableor field or parametek?2 of type
t 2, e.g.by theassignmenk2 = v1 or by parametepassing.We alsosaythattypest 1 andt 2 are
compatible Thefollowing rulesdeterminevhenatypet 1 is a subtypeof atypet 2:

e Everytypeis asubtypeof itself.
e If t 1 isasubtypeoft2 andt 2 is asubtypeoft 3, thent 1 is asubtypeoft 3.

char isasubtypeofint, | ong, fl oat, anddoubl e.
byt e is asubtypeof short,int,long, fl oat,anddoubl e.

short isasubtypeofint,|ong,float,anddoubl e.

I nt is subtypeof | ong, f| oat , anddoubl e.

| ong is asubtypeof f | oat anddoubl e.
fl oat is asubtypeof doubl e.

Lett 1 andt 2 bereferenceypes.

e If t 1 andt 2 areclassesthent 1 isasubtypeoft 2 if t 1 isasubclas®oft 2.
e If t 1 andt 2 areinterfacesthent 1 is asubtypeoft 2 if t 1 is asubinterficeoft 2.

e If tlisaclassandt 2 is aninterface thent 1 is asubtypeof t 2 providedthatt 1 (is asubclass
of aclassthat)implements 2 orimplementsa subinterficeof t 2.

e Arraytypet 1[] isasubtypeof arraytypet 2[] if typet 1 is a subtypeof typet 2.
e Any referencdypet , includingary arraytype,is alsoa subtypeof predefinedtlasstj ect .

No basetypeis a subtypeof areferencdype,andno referencdypeis a subtypeof abasetype.

5.5 Signaturesand subsumption

A signatue hasform n{t 1, ..., t ) wheremis the nameof a methodor constructorand(t 4, ...,
t n) is alist of types;seeExample22. Whenthe methodis declaredn classT, notinheritedfrom a
superclasghenits extendedsignatueis mT,t 1, ..., t n); it is usedin methodcalls (Section11.10.

We saythatasignaturesigs = mt 1, ..., t ,) subsumesignaturesig; = m(uy, ..., Up) if eachu; is
asubtypeoft . We alsosaythatsig, is more specificthansig;. Notethatthe methodnamemandthe
numbem of typesmustbethe samein thetwo signaturesSinceeverytypet ; is a subtypeof itself,
every signaturesubsumegtself. In a collectionof signaturegsheremay be onewhich is subsumed
by all others;suchassignaturds calledthe mostspecificsignature Examples:

e m(doubl e, doubl e) subsumegselfandn{ doubl e, i nt) andn{i nt, doubl €) andn{int,int)
e m(doubl e, i nt) subsumegselfandn(int,int)

e n(int, doubl e) subsumesselfandn(int,int)

e m(doubl e, i nt) doesnotsubsumer(i nt, doubl e) , northeotherway round

e thecollectionn(doubl e, int),nm(int,int) hasthemostspecificsignaturen(int,int)

e thecollectionn{ doubl e, i nt),m(i nt, doubl e) hasno mostspecificsignature
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6 Variables,parameters,fields,and scope

A variableis declarednsidea method,constructoror initializer block, or moregenerally insidea
block statemen{seeSection12.2). Thevariablecanbeusedonly in thatblock statemenfor method
or constructoror initializer block), andonly afterits declaration.

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

A fieldis declarednsidea class but notinsidea methodor constructoor initializer block of the
class.It canbeusedarnywheretheclass,alsotextually beforeits declaration.

6.1 Valuesbound to variables, parameters,or fields

A variable,parametepor field of basetypealwaysholdsa value of thattype, suchasthe boolean
fal se, theinteger117,or thefloating-pointhumberl.7. A variable,parameteor field of refelence
typet eitherhasthespecialvaluenul | , or holdsareferenceo anobjector array If it is anobject,
thenthe classof thatobjectmustbet or asubclas®ft .

6.2 Variable declarations

The purposeof avariableis to hold a valueduringthe executionof a block statemen{or methodor
constructoor initializer block). A variable-declaation hasoneof theforms

variable-modifiertype varnamel varname2 ... ;
variable-modifiertype varnamel= initializerl, ... ;

The variable-modifiermay be fi nal , or absent. If a variableis declaredfi nal , thenit mustbe
initialized or assignedt mostonceatruntime(exactly onceif it is everused):it isanamedconstant
However, if the variablehasreferencaype,thenthe objector arraypointedto by the variablemay
still bemodified. A variableinitializer maybeary expressionpr anarrayinitializer (Section8.3).
Executionof the variabledeclarationwill resene spacefor the variable,then evaluatethe ini-
tializer, if any, andstorethe resultingvaluein the variable. Unlike a field, a variableis not givena
defaultvaluewhendeclaredput the compilerchecksthatit hasbeengivenavaluebeforeit is used.

6.3 Scopeof variables, parametersand fields

Thescopeof anameis thatpartof theprogramin whichthenameis visible. Thescopeof avariable
extendsfrom just afterits declarationto the endof the innermostenclosingblock statement.The
scopeof a methodor constructomparameters the entiremethodor constructobody. For a control
variablex declaredn af or statement

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

thescopes theentiref or statementincludingthe headermandthe body.

Within thescopeof avariableor parametek, onecannotredeclare. However, onemaydeclare
avariablex within the scopeof afield x, thusshadowinghe field. Hencethe scopeof afield x is
theentireclassgxceptwhereshadevedby avariableor parameteof the samename(andexceptfor
initializersprecedinghefield’s declarationseeSection9.1).
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Example 3 Variabledeclarations

public static void main(String[] args) {
int a, b, ¢
int x =1,y =2, z =3
int ratio = z/x;
final double Pl = 3.141592653589
bool ean found = fal se;
final int maxyz;
if (z>y) maxyz = z; else maxyz =vy;

}

Example 4 Scopeof fields, parametersandvariables

class Scope {

ce I

void mi(int x) { Il declaration of paranmeter x (#1)
co [l x #1 in scope
} I
e I
void n2(int v2) { [/
. Il x #5 in scope
} I
e I
void nB(int v3) { [/

ce Il x #5 in scope

int x; [l declaration of variable x (#2)

. Il x #2 in scope
} I
I

void mi(int v4) { [/
[l x #5 in scope

{ I
int Xx; [l declaration of variable x (#3)
ce Il x #3 in scope
} I
ce Il x #5 in scope
{ I
int x; /1 declaration of variable x (#4)
ce [l x #4 in scope
} I
ce Il x #5 in scope
} I
e I
int x; [l declaration of field x (#5)

Il x #5 in scope
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7 Strings

A stringis anobjectof thepredefineatlassSt r i ng. A stringliteral is asequencef charactersvithin
doublequotes:" New Yor k", "B52", andsoon. Internally, a characteiis storedasa numberusing
the Unicodecharacterencoding,whosecharactercodes0-127 coincidewith the ASCII character
encoding.Stringliteralsandcharactetiteralsmay usecharacteescapesequences

Escapeode Meaning

\b backspace

\t horizontaltab

\n newline

\ f form feed(pagebreak)

\r carriagereturn

\" thedoublequotecharacter

\’ thesinglequotecharacter

\\ thebackslastcharacter

\ ddd thecharactewhosecharactecodeis thethree-digitoctalnumberddd
\ udddd the charactewhosecharactercodeis the four-digit hexadecimahumberdddd

Eachcharacteescapeequenceepresenta singlecharacterFor exampletheletter A hascode65
(decimal) whichis written101in octaland0041in hexadecimalsothestringliteral" A\ 101\ u0041"

isthesameas" AAA" .

If s1 ands2 areexpression®f typeSt ri ng then:

sl.length() of typei nt isthelengthof s1, thatis, thenumberof characteren s1.

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

sl.charAt (i) of typechar isthecharacteatpositioni in sl, countingfrom O. If theindex
i islessthanO or greaterthansl. | engt h() , thentheexception
Stringl ndexQut Of BoundsExcept i on is thrown.

sl. concat (s2) oftypeStri ng is anew stringconsistingof thecharactersf s1 followedby
thecharacteref s2.

sl.toString() oftypeStringisjustsl itself.

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

sl + v isthesameassl. concat (v.toString()) whenv hasreferencelype andv is not
nul | ; andthe sameassl. concat ("nul I ") whenv isnul|l. In particular s1 + s2 is the
sameassl. concat (s2) whens2 is notnul I . Any classC will inherita defaultt oString
methodfrom classbj ect (which producesstringsof the form C@65734), but classC may
override (redefine)it by declaringa methodpublic String toString() to producemore
usefulstrings.

sl. conmpar eTo(s2) returnsanegative integer, zero,or apositive integer, accordingass1 pre-
cedesgqualspr follows s2 in the usuallexicographicalorderingbasedon the Unicodechar
acterencoding.f s1 ors2 isnul | , thentheexceptionNul | Poi nt er Excepti on is thrown.

moreSt ri ng methodsaredescribedn the Java classlibrary Stringsection seeSectionl18.


http://java.sun.com/j2se/1.3/docs/api/java/lang/String.html
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Example5 Equalityof strings

String s1 = "abc";

String s2 = sl +""; /1 New object, but contains sane text as sl
String s3 = si; /1 Sane object as sl

String s4 = sl.toString(); // Same object as sl

/1 The following statenents print false, true, true, true, true:

Systemout.printin("sl and s2 identical objects: " + (sl == s2));
Systemout.println("sl and s3 identical objects: " + (sl == s3));
Systemout.printIn("sl and s4 identical objects: " + (sl == s4));
Systemout.printin("sl and s2 contain sanme text: " + (sl. equals(s 1))
Systemout.printin("sl and s3 contain same text: " + (sl.equals(s3)));

Example 6 Concatenatall commandine arguments

public static void main(String[] args) {
String res = "";
for (int i=0; i<args.length; i++)
res += args[i];
Systemout. println(res);

}

Example 7 Countthe numberof e’sin astring

static int ecount(String s) {
int ecount = 0;
for (int i=0; i<s.length(); i++)
if (s.charAt(i) =="¢")
ecount ++;
return ecount;

}

Example 8 Determinewhetherstringsoccurin lexicographicallyincreasingorder

static boolean sorted(String[] a) {
for (int i=1; i<a.length; i++)
if (a[i-1].conpareTo(ali]) > 0)
return fal se;
return true;

}

Example 9 Usingaclassthatdeclaresat oSt ri ng method

The classPoi nt (Example13) declaresat oSt ri ng methodwhich returnsa string of the point
coordinates. Below the operator(+) calls thet oSt ri ng methodimplicitly to format the Poi nt
objects:

Poi nt pl = new Point (10, 20);
Poi nt p2 = new Point (30, 40);

Systemout.printin("pl is " + pl); Il Prints: plis (10, 20)
Systemout.printin("p2 is " + p2); Il Prints: p2 is (30, 40)
p2. move(7, 7);

Systemout.printin("p2 is " + p2); Il Prints: p2is (37, 47)
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8 Arrays

An array is a collectionof variables,calledelements An array hasa givenlength/ anda given
elementypet . Theelementareindexedby theintegers0, 1,...,¢£ — 1. Thevalueof anexpression
of arraytypeu[ ] is eithernul | , or areferencdo anarraywhoseelementypet is asubtypeof 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 O (whent is byt e, char,short,int,orlong)or0.0(whent isfl oat ordoubl e) or
fal se (whent isbool ean). If t is areferencaype,thenall elementsareinitializedtonul | .

If a hastypeu[] andis areferencdo anarraywith length/ andelementypet then:

e a. |l engthisthelength/ 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 greateror equal
toa. | engt h, thenthe exceptionAr r ayl ndexQut Of BoundsExcept i on is thrown.

e whent is areferencetype, thenevery array elementassignment[i] = e checksthatthe
valueof e isnul | or areferenceo anobjectwhoseclassC is a subtypeof the elementtype
t. If thisis notthe case thenthe exceptionArraySt or eExcepti on is thrown. This checkis
madebeforeevery arrayelementassignmenat runtime,but only for referencdypes.

8.2 Multi-dimensional arrays

Thetypesof multi-dimensionablrraysarewrittent [ ][] ,t[][][], etc. A rectangulan-dimensional
arrayof sizefy x £3 x - -- x £ is createdallocatedusingthe arraycreationexpression

new t[41][42] ... [ 4n)

A multi-dimensionabrraya of typet [ ][] isin factaone-dimensionarrayof arrays;ts component
arrayshave typet[]. Hencea multi-dimensionakrray neednot be rectangularand one neednot
createall the dimensionsat once. To createthe first k dimensionsof size#1 x £2 x --- x {i of an
n-dimensionahrray leave the (n — k) lastbracletsempty:

new t[ 2[4 .. [&d[]...[]

To accessnelemenbof ann-dimensionahrraya, usen index expressionsal i1] [i2] . . . [in] -

8.3 Array initializers

A variableor field of arraytype maybeinitialized atdeclarationusinganexisting arrayor anarray
initializer. An arrayinitializer is acomma-separatdibt of expressiongnclosedn brace§ ... }.
Array initializerscanbeusedonly in connectiorwith initialized variableor field declarationsMulti-
dimensionahkrrayscanhave nestednitializers.
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Example 10 Creatingandusingone-dimensionarrays

/! Roll a die, count frequencies
int[] freq = newint[6]; [l all initialized to 0
for (int i=0; i<1000; i++) {
int die = (int)(1 + 6 * Math.random));
fregidie-1] +=1
}
for (int c=1;, c<=6; c++)
Systemout.printin(c + " came up " + freg[c-1] + " tines");

[l Create an array of the strings "A0", "Al", ..., "Al9"
String[] number = new String[20]; [/ all initialized to null
for (int i=0; i<nunber.length; i++)
nunber[i] = "A" +i;
for (int i=0; i<nunber.length; i++)
Systemout. println(nunber[i]);

/1 Throws ArrayStoreException: Double is not a subtype of Integer

Nunmber[] a = new Integer[10]; Il Length 10, elenment type Integer
Doubl e d = new Doubl e( 3. 14); /'l Type Double, class Double
Integer i = new I nteger(117); Il Type Integer, class Integer
Number n = i; Il Type Nunmber, class |nteger

n

a[0] =i; Il OK, Integer is subtype of Integer
a[l] = n; Il OK, Integer is subtype of Integer
a[2] = d; /1 NO, Double not subtype of Integer

Example 11 Usinganinitialized array
Methodcheckdat e below behaesthe sameascheckdat e in Example2.

static int[] days = { 31, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31 };

static bool ean checkdate(int nth, int day)
{ return (mh >=1) & (nth <= 12) && (day >= 1) && (day <= days[mth-1]); }

Example 12 Multi-dimensionalarrays

[l Create a lower triangular array of the form
/1 0.0
/1 0.00.0
[/ 0.00.00.0
final int SIZE = 3;
doubl e[][] a = new doubl e[ SI ZE] [];
for (int i=0; i<SIZE, i++)

a[i] = new doubl e[i+1];

Il Use a nested array initializer to create an array simlar to the above
double[][] b={ { 0.0}, { 0.0, 0.0}, { 0.0, 0.0, 0.0} };
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9 Classes

9.1 Classdeclarationsand classbodies

A class-declaation of classC hastheform

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

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

{

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

}

A field, method nestedclass,or nestednterfaceis calleda memberof the class.A membemaybe
declaredst at i c. A non-stationembeis alsocalleda virtual membeyor aninstancemember

The scopeof amembeiis the entireclassbody, exceptwhereshadeved by a variableor param-
eteror field of a nestedclassor interface.However, the scopeof a staticfield doesnotincludestatic
initializers precedingts declaration(but doesincludeall non-staticnitializers), andthe scopeof a
non-statidield doesnotincludenon-statidnitializers precedingts declaration.

By static codewe denoteexpressionsandstatementsn staticfield initializers, staticinitializer
blocks,andstaticmethods By non-staticcodewe denotesxpressiongndstatements constructors,
non-staticfield initializers, non-staticinitializer blocks,andnon-staticmethods.Non-staticcodeis
executedinside a currentobject which canbe referredto ast hi s; seeSection11.9 Staticcode
cannotreferto non-statiomemberortot hi s, only to staticmembers.

9.2 Top-level classesnestedclassesmember classesand local classes

A top-levelclassis aclassdeclaredutsideary otherclassor interfacedeclaration A nestectlassis
aclassdeclarednsideanotherclassor interface. Therearetwo kindsof nestedclassesalocal class
is declarednside a methodor constructoror initializer block; a memberclassis not. A non-static
memberclass,or alocal classin anon-statianemberis calledaninner class becauseny objectof
theinnerclasswill containareferenceo anobjectof theenclosingclass.

For moreon nestedclassesseeSection9.1 1.

9.3 Classmodifiers

For a top-level class,the class-modifies may be a list of publ i ¢, andat mostone of abst r act
andfinal . For a memberclass,the class-modifies may be a list of st ati ¢, andat mostone of
abstract andfi nal , andat mostoneof pri vat e, prot ect ed andpubl i ¢c. For alocal class,the
class-modifiesis alist of at mostoneof abst ract andfi nal .
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Example 13 Classdeclaration
ThePoi nt classis declaredo have two non-statidieldsx andy, oneconstructorandtwo non-static
methodslt is usedin Example38.

class Point {
int x, vy;

Point(int x, int y) { this.x = x; this.y =vy; }
void move(int dx, int dy) { x += dx; y += dy; }

public String toString() { return "(" +x +", " +y +")": }
}

Example 14 Classwith staticandnon-statiomembers

The SPoi nt classdeclaresa staticfield al | poi nt s andtwo non-staticfieldsx andy. Thuseach
SPoi nt objecthasits own x andy fields, but all objectssharethe sameal | poi nts field in the
SPoi nt class.

The constructorinsertsthe new object(t hi s) in thejava. util. Vector objectal | points.
Thenon-statianethodget | ndex returnsthepoint’sindex in thevector The staticmethodget Si ze
returnsthe numberof SPoi nt s createdsofar. The staticmethodget Poi nt returnsthei "th SPoi nt
in thevector Theclassis usedin Example45.

cl ass SPoint {
static Vector allpoints = new Vector();
int x, v;

SPoint(int x, int y) { allpoints.addEl enent(this); this.x = x; this.y =vy; }
void move(int dx, int dy) { x += dx; y += dy; }

public String toString() { return "(" +x +", " +y +")"; }

int getlndex() { return allpoints.indexCf(this); }

static int getSize() { return allpoints.size(); }

static SPoint getPoint(int i) { return (SPoint)allpoints.elenentAt(i); }

Example 15 Top-level, membeyandlocal classes

class TLC { Il top-level class TLC
static class SMC{ ... } [l static menber class
class N\MC{ ... } [l non-static member (inner) class
void nm) { [l non-static method in TLC
class NLC { ... } Il local class in nmethod
}

}
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9.4 The classmodifiers publ i c,fi nal ,andabst r act

If atop-level classCis declarecbubl i ¢, thenit is accessibl®utsideits packageseeSectionl?.

If aclassCis declared i nal , thenonecannotdeclaresubclassesf C, andhencecannotover-
ride ary methodsdeclaredn C. Thisis usefulfor preventingroguesubclassefrom violating data
representatiomvariants.

If aclassCis declaredabst ract , thenit cannotbeinstantiatedbut non-abstracsubclassesf C
canbeinstantiated An abstractlassmaydeclareconstructorandhave initializers, to be executed
when instantiatingconcretesubclasses.An abstractclassmay declareabstractand non-abstract
methods;a non-abstractlasscannotdeclareabstractmethods.A classcannotbe bothabst r act
andf i nal , becauseno objectscouldbe createdf thatclass.

9.5 Subclassessuperclassesclasshierarchy, inheritance and overriding

A classC maybedeclaredasa subclasf classB by anextends-clausef the form

class C extends B{ ... }

In this caseC is 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 predefinedclassCbj ect is a superclas®f all other classes;classj ect hasno
superclass.Hencethe classedorm a classhierarchy in which every classis a descendanof its
immediatesuperclassexceptj ect whichis atthetop.

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

super (actual-list) ;

A superclassonstructorcall super (. ..) mayappeamonly atthevery beginningof a constructor

If aconstructol( . . .) in subclas<€ doesnotexplicitly call super (.. .) asitsfirstaction,then
it implicitly callstheamgumentlesslefault constructoB() in superclas8 asits first action,asif by
super () . In this caseB musthave a non-privateargumentlesgonstructoB( ) . Corversely if there
is no argumentlesonstructoB() in B, thenC(...) in C mustusesuper(...) to explicitly call
someotherconstructoiin B.

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

mustbeatleastasaccessibl¢Section9.7) asthe overriddenmethodin B;

musthave the samereturntypeasthe overriddenmethodin B;

mustbestaticif andonly if theoverriddenmethodin B is static;

eitherhasno throws-clauseor hasa throws-clausé¢hatcoversno moreexceptionclasseshan
thethrows-claus€if any) 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-statiomethodsandnon-statianitializers.
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Example 16 Abstractclassessubclassesndoverriding
Theabstractlassvessel modelsthenotionof avesselfor holdingliquids): it hasafield cont ent s
representingts actual contents,it hasan abstractmethodcapaci ty for computingits maximal
capacity andit hasa methodfor filling in more,but only up to its capacity(the excesswill belost).
Theabstractlasshassubclasse$ank (arectangulavessel)Cube (acubicvesselsubclas®f Tank)
andBarrel (acylindric vessel).

The subclassesnplementthecapaci t y method,they inheritthecont ent s field andthefi | |
methodfrom the superclassandthey overridethet oSt ri ng method(inheritedfrom classQbj ect )
to print eachvessebbjectappropriately:

abstract class Vessel {
doubl e contents;
abstract double capacity();
void fill(double amount) { contents = Math.mi n(contents + anount, capacity()); }
}
class Tank extends Vessel {
doubl e Iength, width, height;
Tank(doubl e | ength, double width, double height)
{ this.length = length; this.width = width; this.height = height; }
doubl e capacity() { return length * width * height; }
public String toString()
{ return "tank (" + length +", " + width +", " + height +")"; }
}
class Cube extends Tank {
Cube(doubl e side) { super(side, side, side); }
public String toString() { return "cube (" + length +")"; }
}
class Barrel extends Vessel {
doubl e radius, height;
Barrel (doubl e radius, double height) { this.radius = radius; this.height = height; }
doubl e capacity() { return height * Math.Pl * radius * radius; }
public String toString() { return "barrel (" + radius + ", " + height + ")"; }

}

Example 17 Usingthevessehierarchyfrom Examplel6
Thecallvs[i].capacity() islegalonly becaus¢he methodcapaci ty, althoughabstractjs de-
claredin classVessel (Examplel6):

public static void main(String[] args) {
Vessel vl = new Barrel (3, 10);
Vessel v2 = new Tank(10, 20, 12);
Vessel v3 = new Cube(4);
Vessel [] vs = { v1, v2, v3};
vl.fill(90); vi.fill(10); v2.fill(100); v3.fill(80);
doubl e sum = 0;
for (int i=0; i<vs.length; i++)
sum += vs[i].capacity();
Systemout. printin("Total capacity is " + sum;
for (int i=0; i<vs.length; i++)
Systemout. println("vessel number " + i +": " + vs[i]);
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9.6 Field declarationsin classes

Thepurposeof afield is to hold a valueinsideanobject(if non-static)or a class(if static). A field
mustbe declaredn 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-
fiersprivate, prot ect ed, andpubl i ¢ (seeSection9.7).

If afieldf in classCisdeclaredst at i ¢, thenf is associateavith the classCandcanbereferred
to independentlyf arny objectsof classC. Thefield canbereferredto asC. f oro. f whereo is an
expressiornof typeC, or, in thedeclaratiorof C, asf . If afieldf in classCis notdeclaredst ati c,
thenf is associatedvith anobject(instance)of classC, andevery instancehasits own copy of the
field. Thefield canbereferredto aso. f whereo is anexpressiorof typeC, or, in non-staticcodein
thedeclaratiorof C, asf .

If afield f in classCis declared i nal , thenthefield cannotbe modifiedafterinitialization. If
f hasreferencdype andpointsto anobjector array thenthe objects fieldsor 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)reciselyoncein every constructotin classC.

A field initializer may be ary expression,or an array initializer (Section8.3). A staticfield
initializer canreferonly to staticmembersf C, andcanthrow no checled exceptiongSection14).

A field is givena defaultinitial valuedependingon its declaredypet . If t is abasetypethen
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 areferencaype,thenthefield is initializedto nul | .

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

Non-staticfields areinitialized whena constructotis calledto createanobject(instance)f the
class,atwhichtime all staticfieldshave beeninitialized already;seeSection9.9.

If aclassC declaresa non-staticfield f, andC is a subclasf 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 a field access
o.f is determinedy thetypeof 0; seeSection11.8

9.7 Member accessnodifiers: pri vat e, prot ect ed, public

A member(field or methodor nestedclassor interface)is alwaysaccessiblen the classin which
it is declaredgxceptwhereshadaved by a variableor parametepr a field (of a nestedclass).The
accessnodifiespri vat e, pr ot 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 nestedclassesbut not in their subclassesutsideC, norin otherclasses.If a
memberlin classCis declaredr ot ect ed, thenit is accessiblén all classesn thesamepackagdsee
Sectionl7) asC, andin subclassesf C, but notin non-subclasses otherpackageslf amembelin
classCis notdeclaredori vat e, prot ect ed, or publ i ¢, thenit haspadkage accessor defaultac-
cessandis accessibl®nly in classesvithin thesamepackageasC, notin classesn otherpackages.
If a memberin classC is declaredpubl i ¢, thenit is accessiblen all classesjncluding classesn
otherpackagesThus,in orderof increasingaccessibilitywe have pri vat e accesspackageaccess,
prot ect ed accessandpubl i ¢c access.
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Example 18 Field declarations
TheSPoi nt class(Examplel4) declaresa staticfield al | poi nt s andtwo non-staticfieldsx andy.
Example27 declaresa staticfield ps of arraytypedoubl e[ ] . Its field initializer allocatesa six-
elementarrayandbindsit to ps, andthentheinitializer block (Section9.10 storessomenumbers
into thearray
TheBarrel classin Example73 declareswo non-staticfieldsr adi us andhei ght . Thefields
arefinal, andthereforemustbeinitialized (which is donein the constructor).

Example 19 Severalfieldswith thesamename

An objectof classC belowv hastwo non-staticfields calledvf : onedeclaredn the superclass, and
onedeclaredn Citself. Similarly, anobjectof classD hasthreenon-staticfields calledvf . ClassB
andclassC eachhave a staticfield calledsf . ClassD doesnot declarea staticfield sf, soin classD
thenamesf refersto thestaticfield sf in thesuperclas§. Example42 usestheseclasses.

class B /] one non-static field vf, one static sf
{ int vf; staticint sf; B(int i) { vf =1i; sf =i+l; } }

class C extends B /] two non-static fields vf, one static sf
{ int vf; static int sf; Clint i) { super(i+20); vf =1i; sf =i+2; } }
class D extends C [l three non-static fields vf

{ int vf; D(int i) { super(i+40); vf =1i; sf =i+4; } }

Example 20 Memberaccessnodifiers

The vesselhierarchyin Examplel6 is unsatisctory becauseverybodycanreadand modify the
fields of a vesselobject. Example73 presentsanimproved versionof the hierarchyin which (1)

the content s field in Vessel is madeprivateto prevent modification, (2) a newv public method
get Cont ent s permitsreadingthefield, and(3) thefieldsof Tank andBar r el aredeclaredprotected
to permitaccesgrom subclassedeclaredn otherpackages.

Sincethe field contents in Vessel is private, it is not accessiblan the subclassegTank,
Barrel, ...), but the subclassestill inherit the field. Thusevery vesselsubclasobjecthasroom
for storingthefield, but canchangeandaccesst only by usingthemethodd i | | andget Cont ent s
inheritedfrom theabstracsuperclass.

Example 21 A privatemembelis accessiblén the enclosingtop-level class
A privatemembelis accessibl@verywherensidethe enclosingtop-level class(andonly there):

class Access {
private static int x;
static class Sl {

private static int y = x; Il access private x fromenclosing class
}
static void m) {

int z=98l.y; Il access private y fromnested class

}
}
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9.8 Method declarations

A methodmustbedeclarednsideaclass.A method-declation declaringmethodmhastheform:

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

Theformal-listis acomma-separatddt of formal parameterdeclamations eachof theform

parametermodifier type parametername

The parametermodifiermay befi nal , meaningthat the parametecannotbe modifiedinsidethe
method,or absentThetypeis ary type. The parameternames ary legalname.A formal parameter
is similar to aninitialized variable;its scopes the method-body

Themethodnamemtogethemwith thelistt 4, ..., t , of declarecpbarametetypesin theformal-list
determinghemethodsignatuentt 1, ..., t ). Thereturntypes not partof the methodsignature.

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

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

In particular themethod-bodynaycontainr et ur n statementsif thereturntypeasvoi d, thenthe
methoddoesnotreturnavalue,andnor et ur n statemenin themethod-bodganhave anexpression
argument.If thereturntypes notvoi d, thenthemethodmustreturnavalue:it mustnotbe possible
for executionto reachthe end of method-bodywithout executingar et ur n statement.Moreover,
everyr et ur n statemenimusthave anexpressiorargumentwhosetypeis asubtypeof thereturntype

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

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

If amethodmin classCis notdeclaredst at i ¢, thenmis associatedavith anobject(instance)of
classC. Outsidethe classthe methodmustbecalledaso. n{ . ..) whereo is anobjectof classC or
asubclassor, insidenon-statiomethodsnon-statidield initializersandnon-statidnitializer 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 declaredabst r act , thenclassC mustitself be abstrac{andsocannot
beinstantiated) An abstracimethoddeclaratiorhasthis form, without a methodbody:

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

Thethrows-claus®f amethodor 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 anunchecled exception(seeSection14), or it is a checled exceptionwhoseclassis a
subtypeof oneof E1, E2, ....
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Example 22 Methodoverloadingandsignatures
This classdeclaresfour overloadedmethodsm whose signatures(Section5.5) are n{int) and
m(bool ean) andn(int, double) andnm(doubl e, double). Someof the overloadedmethods
are static, othersnon-static. The overloadedmethodsmay have differentreturntypes,as shavn
here.Example47 explainsthe methodcalls.

It would belegal to declareanadditionalmethodwith signaturen{ doubl e, int), butthenthe
methodcall m( 10, 20) would becomeambiguousandillegal. Namely thereis nowayto determine
whetherto call (i nt, doubl €) orm(double, int).

class Overloading {
double m(int i) { returni; }
bool ean n(bool ean b) { return !b; }
static double m(int x, double y) { returnx +y + 1; }
static double m(double x, double y) { returnx +y + 3; }

public static void main(String[] args) {

Systemout. println(n{10, 20)); [l Prints 31.0
Systemout. println(n{10, 20.0)); Il Prints 31.0
Systemout. println(n{10.0, 20)); [l Prints 33.0
Systemout. println(n{10.0, 20.0)); Il Prints 33.0
}
}

Example 23 Methodoverriding

In the vessehierarchy(Examplel6), the classedank andBarr el overridethe methodt oSt ri ng
inheritedfrom the universalsuperclas€bj ect , andclassCube overridest oSt ri ng inheritedfrom
classTank.

Example 24 Methodoverridingandoverloading

TheclassCl declareghe overloadednethodml with signaturesi( doubl e) andmi(i nt), andthe
methodn? with signaturer2(i nt) . Thesubclas<2 hidesCl’s methodmil( doubl €) andoverloads
n? by declaringanadditionalvariant. Callsto thesemethodsareshovn in Example48.

class ClL {
static void mi(double d) { Systemout.printlin("11d"); }
void mi(int i) { Systemout.printin("11i"); }
void n2(int i) { Systemout.printin("12i"); }

}

class C2 extends Cl {
static void ml(double d) { Systemout.println("21d"); }
void mi(int i) { Systemout.printin("21i"); }
voi d n2(double d) { Systemout.println("22d"); }

}
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9.9 Constructor declarations

Thepurposeof aconstructoin 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 , final , orstati c. Thereturntypeof aconstructomeednotand
cannotbe specified:by definition,a constructoiin classC returnsanobjectof classC.

Constructorsnaybeoverloadedn thesameway asmethodstheconstructorsignatue (alist of
theparametetypesin formal-list) is usedto distinguishconstructorsn thesameclass.A constructor
may call anotheroverloadedconstructoiin the sameclassusingthe syntax:

t hi s( actual-lisf)

but a constructomaynot call itself, directly or indirectly. A callt hi s(...) toanotherconstructoy
if presentmustbethevery first actionof a constructorprecedingary declarationstatementetc.
The constructorbodyis a blodk-statemen(Section12.2 andsomay containstatementsswell
asdeclaration®f variablesandlocal classesTheconstructorbodymaycontainr et ur n statements,
but nor et ur n statementantake anexpressiorargument.
A classwhichdoesnotexplicitly declareaconstructorimplicitly declarespublic,agumentless
defaultconstructorwhoseonly (implicit) actionis to call the superclassonstructo(Section9.5):

public C() { 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 theclassis createdn thememory thenthe non-statidields aregivendefaultinitial values
accordingto their type, thensomesuperclasgsonstructoris called (explicitly or implicitly) exactly
once thenthenon-statidield initializersandnon-statianitializer blocksareexecutedonce,in order
of appearanca the classdeclarationandfinally the constructobodyis executed.

9.10 Initializer blocks, field initializers and initializers

In additionto field initializers (Section9.6), a classmay containzero or more initializer-blocks
Initializer blocksaretypically usedonly whenfield initializers or constructorsio 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 areexecuted,n orderof appearance
in the classdeclarationwhenthe classis loaded.A non-staticinitializer block hastheform
block-statement
Non-staticinitializer blocksareexecutedwvhenan objectis created seeSection9.9 above.
An initializer is not allowed to throw a checled exception(Sectionl4). If executionof a static

initializer throws an (unchecled) exceptionduring classloading, thenthat exceptionis discarded
andtheexceptionExceptionlnlnitializerError isthrowninstead.
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Example 25 Constructoioverloading;calling anotherconstructor

We addanew constructoto thePoi nt clasg Examplel3), thusoverloadingts constructorsTheold
constructohassignaturePoi nt (i nt, int) andthenew onePoi nt ( Poi nt) . Thenew constructor
createsacopy of thepointp by calling the old constructomusingthesyntaxt hi s(p. x, p.Yy).

class Point {
int x, v;

Point(int x, int y) /'l overl oaded constructor
{ this.x = x; this.y =y, }

Poi nt (Poi nt p) /'l overloaded constructor
{ this(p.x, p.y); } Il calls the first constructor

voi d move(int dx, int dy)
{ x +=dx; y +=dy; }

public String toString()
{ return "(" +x +", " +y+")";}

}

Example 26 Calling asuperclassonstructor
The constructoiin the Col or edPoi nt subclasgExample65) callsits superclasgonstructorusing
thesyntaxsuper (x, Y).

Example 27 Fieldinitializersandinitializer blocks
Below, thestaticfield initializer allocatesanarrayandbindsit to field ps. Thestaticinitializer block
fills the arraywith anincreasingsequencef pseudo-randomumbersthenscalethemsothatthe
lastnumberis 1.0 (this is usefulfor generatingolls of arandomloadeddie). This cannotbe done
usingthefield initializer alone.

Onecould deletethe two occurrence®f st at i ¢ to obtainanotherexample,with a non-static
field ps, anon-statidfield initializer, anda non-statidnitializer block. However, it is morecommon
for non-statidiieldsto beinitialized in the constructor®f the class(noneis shavn here).

class InitializerExanple {
static double[] ps = new doubl e[ 6];

static { Il static initializer block
doubl e sum = 0;
for (int i=0; i<ps.length; i++) [/ fill with increasing nunbers
ps[i] = sum += Math.randon();
for (int i=0; i<ps.length; i++4) Il scale so last ps elenent is 1.0
ps[i] /= sum
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9.11 Nestedclassesmember classeslocal classesand inner classes

A non-staticnestedclass,thatis, a non-statiomemberclassNMC or alocal classNLC in a non-static
memberis calledaninner class An objectof aninnerclassalwayscontainsareferencedo anobject
of the enclosingclassC, calledthe enclosingobject Thatobjectcanbereferredto asC. t hi s (see
Example33), soa non-staticmemberx of the enclosingobjectcanbereferredto asC. t his. x. A
non-staticnestedclasscannotitself have staticmembers . More precisely all staticfields mustalso
befinal, andmethodsandnestedclassesn a non-statimestedclassmustbe non-static.

A staticnestedtlassthatis, astaticmemberclassSMC or alocal classin astaticmembeyrhasno
enclosingobjectandcannotreferto non-statianemberof theenclosingclassC. Thisis thestandard
restrictionon staticmemberof aclass;seeSection9.1. A staticnestedclassmayhave staticaswell
asnon-statiaonembers.

If alocalclassrefersto variablesor formal parameter the enclosingmethodor constructoior
initializer, thenthosevariablesor parametersnustbefinal.

9.12 Anonymousclasses

An anonymouglassis a specialkind of local class;henceit mustbe declarednside a methodor
constructoror initializer. An anorymousclasscanbe declaredandan instancecreatedusingthe
specialexpressiorsyntax

new C( actual-list)
classbody

whereC is a classname. This createsan anorymoussubclasf classC, with the given classbody
(Section9.1). Moreover, it createsanobjectof thatanorymoussubclassy calling the appropriate
C constructomwith the algumentsin actual-list, asif by super ( actual-lis§ . An anorymousclass
cannotdeclareits own constructors.

Whenl is aninterfacename the similar expressiorsyntax

new | ()
classbody

createsan anorymouslocal class,with the given classbodySection9.1), thatmustimplementthe
interfacel , andalsocreatesanobjectof thatanorymousclass.
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Example 28 Memberclassesndlocal classes

class TLC { [l top-level class

static int sf;

int nf;

static class SMC { [l static menber class
static int ssf = sf + TLC sf; /1 can have static nenbers
int snf = sf + TLC. sf; /] cannot use non-static TLC nenbers

}

class NMC { /1 non-static nmenber class
int nnfl = sf + nf; /1 can use non-static TLC nenbers
int nnf2 = TLC. sf + TLC.this.nf; /] cannot have static nenbers

}

void nm) { /1 non-static nethod in TLC
class NLC { /1 local class in method

int mfinal int p) { return sf+nf+p; } [l can use non-static TLC nenbers

I

Example 29 An enumeratiorasalocal class
Methodsuf f i xes returnsan objectof thelocal classSuf f i xEnuner at i on which implementshe
Enuner at i on interfaceto enumeratéhe non-emptysuffixesof thestrings:

cl ass Local I nnerd assExanpl e {
public static void main(String[] args) {
Enuneration seq = suffixes(args[0]);
whi | e (seq. hasMoreEl ements())
Systemout. println(seq. nextEl enent());

}

static Enumeration suffixes(final String s) {
class SuffixEnumeration inplements Enumeration {
int startindex=0;
public bool ean hashoreEl ements() { return startindex < s.length(); }
public Cbject nextElement() { return s.substring(startindex++); }

}

return new SuffixEnuneration();

I

Example 30 Enumeratiorasananorymouslocal class
Alternatively, we may useananorymouslocal classin methodsuf f i xes:

static Enumeration suffixes(final String s) {
return
new Enumeration() {
int startindex=0;
public bool ean hashoreEl ements() { return startindex < s.length(); }
public Cbject nextElement() { return s.substring(startindex++); }

b
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10 Classesand objectsin the computer

What is a class?

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

e thenameof theclass;
e roomfor all thestaticmembersf theclass.

We candraw a classasabox. The headercl ass SPoi nt givesthe classname,andthe box itself
containgthe staticmembersf theclass:

cl ass SPoi nt

al | points [:}

What is an object?

Conceptuallyanobjectis a concretenstanceof a concept(a class).In the computeyan objectis a
chunkof memory setasideby anobjectcreationexpressiomew (. .. ) ; seeSectionll1.6 Every
evaluationof anobjectcreationexpressiomew C( . ..) createsdistinctobject,with its own chunk
of computememory An objecthasthe following parts:

e theclassC of theobject;thisis the classC usedwhencreatingthe object;
e roomfor all thenon-stationemberf the object.

We candrav anobjectasabox. Theheader_ SPoi nt givestheobjects class(underlined) andthe
remaindeiof thebox containghe non-stationemberf the object:

SPoi nt
X 12
y 123

Inner objects

WhenN Cis aninnerclass(a non-staticnemberclass,or alocal classin non-staticcode)in aclass
C, thenanobjectof classNI Cis aninner object In additionto the object’s classandthe non-static
fields,aninnerobjectwill alwayscontainareferenceo anenclosingobject which is anobjectof
theinnermosenclosingclassC. TheouterobjectreferencecanbewrittenC. t hi s in Javaprograms.
An objectof astaticnestectlass,ontheotherhand,containsnoreferenceo anenclosingobject.
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Example 31 Objectsandclasses

Thisis the computermemoryatthe endof themai n methodin Example45, usingthe SPoi nt class
from Examplel4. Thevariablesp ands referto the sameobject,variableq is nul | , andvariabler
refersto theright-mostobject.No variablerefersto the middle object.

cl ass SPoi nt

al | points E

: SPoi nt : SPoi nt : SPoi nt

S y 123 y 10 y 12

.I

Example 32 Objectswith multiple fields of the samename

This is the computermemoryat the endof the mai n methodin Example42, usingthe classegrom
Examplel9. Theclasse® andCeachhave asinglestaticfield sf ; classD hasnone.Thetwo objects
of classC eachhave two non-staticfieldsvf (calledB/ vf andC fv in thefigure), andthe classD
objecthasthreenon-statidieldsvf .

class B class C class D

sf 361 sf 304

. D
. g o
i : C e
. %7 w2 %7 cs o
ot N a/t N o
o aw o/t

cl

Example 33 Innerobjects
Example28 declaresa classTLC with non-staticnember(inner) classNMC and staticmemberclass

SMC. If we createa TLC-object,two NMC-objects,anda SMC object:

TLC 00 = new TL(();
TLC. NMC i 01 = 00.new NMZX(), i02 = 00.new NM();
TLC. SMC sio = new TLC SM();

thenthe computermemorywill containtheseobjects(the classesarenotshavn):

<::gj4 . TLC : NMC : NMC . SMC

TLC. 1~ TLC. [
ot | {his this| ] st ||
00 iol i 02 sio
nnf 1 nnf 1

nnf 2 nnf 2
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11 EXxpressions

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

e terminateshormally, producingavalue,or
¢ terminatesabnormallyby throwing anexception,or
e doesnotterminateatall (for instancepecausdt callsa methodthatdoesnotterminate).

Expressionsrebuilt from literals (anorymousconstants)yariablesfields,operatorsmethodcalls,
arrayaccesseg;onditionalexpressionsthenew operatoyandsoon; seethetableopposite.

One mustdistinguishthe (compile-time)type of an expressionfrom the (runtime) classof an
object An expressiorhasatype (Section5) inferredby the compiler Whenthisis areferencaype
t , andthe value of 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) shavstheform, meaningassociatiity, operandargument)typesand
resulttypesfor JavaexpressionsThe expressionsregroupedaccordingto precedencasindicated
by the horizontallines, from high precedencéo low precedence.Higherprecedencdorms are
evaluatedbeforelowerprecedencéorms. Parenthesesiaybeusedo emphasizer forceaparticular
orderof evaluation.

Whenan operator(suchas+) is left associatre, thenasequencel + e2 + e3 of operatorgs
evaluatedasif parenthesizeflel + e2) + e3. Whenanoperator(suchas=) is right associatie,
thenasequencel = e2 = e3 of operatorss evaluatedasif parenthesizedl = (e2 = e3).

Thetablealsoshonvstherequiredoperandypesandresulttypes. Thekind integerstandgor any
of char, byte, short,int, orl ong; andnumericstandgor integeror f | oat ordoubl e.

For anoperatowith oneintegeror numericoperandthe promotiontypeis doubl e if theoperand
hastypedoubl e; it isfl oat if theoperandhastypef | oat; it is| ong if theoperandhastypel ong;
otherwiseit isi nt (thatis, if theoperandhastypebyt e, char, short orint).

For anoperatomwith two integeror numericoperandgexceptthe shift operatorsSection11.3),
thepromotiontypeis doubl e if any operandhastypedoubl e; otherwisejt isf| oat if any operand
hastypef | oat ; otherwisejt is| ong if any operanchastypel ong; otherwiseit isi nt .

Beforethe operationis performedthe operand(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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Expression Meaning Associatvity Argument(s) Result
al...] arrayaccesgSection8.1) t[],integer t

o.f field acces¢Section11.9 object

o.n...) methodcall (Section11.10 object

X++ postincrement numeric numeric
X- postdecrement numeric numeric
+4X preincrement numeric numeric
- X predecrement numeric numeric
- X negation(minussign) right numeric numeric
~e bitwise complement right integer i nt/l ong
le logical negation right boolean boolean
new tf[...] arraycreation(Section8.1) type t[]

new C(...) objectcreation(Section11.6) class C

(t)e typecast(Section11.1]) type,ary t

el * e2 multiplication left numeric numeric
el /| e2 division left numeric numeric
el %e2 remainder left numeric numeric
el + e2 addition left numeric numeric
el + e2 stringconcatenation left String,ary String
el + e2 stringconcatenation left ary, String String
el - e2 subtraction left numeric numeric
el << e2 left shift (Section11.3 left integer i nt/l ong
el >> e2 signedright shift left integer i nt/l ong
el >>> e2 unsignedight shift left integer int/l ong
el < e2 lessthan none numeric boolean
el <= e2 lessthanor equalto none numeric boolean
el >= e2 greaterthanor equalto none numeric boolean
el > e2 greaterthan none numeric boolean
e instanceof t instancaest(Sectionll.?) none ary, ref. type boolean
el == e2 equal left compatible boolean
el 1= g2 notequal left compatible boolean
el & e2 bitwiseand left integer i nt/l ong
el & e2 logical strictand left boolean boolean
el N e2 bitwise exclusive-or left integer i nt/l ong
el N e2 logical strict exclusive-or left boolean boolean
el | e2 bitwise or left integer i nt/l ong
el | e2 logical strictor left boolean boolean
el && e2 logicaland(Section11.2 left boolean boolean
el || e2|| logical or (Section11.2) left boolean boolean
el ? e2 . e3 conditional(Section11.9 right booleanany, ary ary

X = e assignmen(Sectionl1.4) right e subtypeof x type of x
X += e compoundassignment right compatible typeof x
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11.1 Arithmetic operators

Thevalueof the postincremenexpressiornx++ is thatof x, andits effectis to incrementx by one;
andsimilarly for postdecremen- - .

The valueof the preincremenexpressiont+x is thatof x+1, andits effectis to incrementx by
one;andsimilarly for predecrement- x.

Integer division el/ e2 truncatesthatis, roundstowardsO, 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 cExcept i on. Integeroverflow does
not throw an exception,but wrapsaround. Thus,in thei nt type, the expression2147483647+1
evaluatedo —2147483648andthe expression 2147483648- 1 evaluatedo 2147483647.

The floating-pointremainderx% roughly equalsx- (((int)(x/y))*y wheny is non-zero.
Floating-pointdivision by zero,andfloating-pointoverflon, 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 conversion
to their commonsupertype.For instance 10 and10.0areequal. Two valuesof referenceaype are
equal(by ==) if botharenul | , or botharereferences$o thesameobjector array createdy 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); seeExampleb.

Thelogical operator®& and| | performshort-cutevaluation if el evaluatedot r ue in e1&&e2,
thene2 is evaluatedto obtainthe valueof the expressionotherwisee? is ignoredandthe valueof
the expressionis f al se. Corversely if el evaluatesto fal se in el| | e2, thene2 is evaluatedto
obtainthe valueof the expressionptherwisee? is ignoredandthe valueof the expressionstr 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 operand®f integertype. The operatoravork in parallelon all bits of thetwo’s
complementepresentationf theoperandsThus~n equalq - n) - 1 andalsoequalq - 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 amument.Thusthe shift operations alwaysperformedon
a 32-bit (i nt) or a 64-bit (I ong) value. In theformer case the lengthof the shift is between0 and
31 asdeterminedy the5 leastsignificantbits of the secondargument;in thelatter case 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-n@ativen equals/ 2/ 2/ . . ./ 2 wherethereares divisions;thesignedright shift of a
negativen equals-( (~n) >>s) . Theunsignedight shift n>>>s of anon-ngative n equalsn>>s; the
signedright shift of anegative n equalg n>>s) +( 2<<~s) if n hastypei nt , and( n>>s) +( 2L<<~s)
if it hastypel ong.
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Example 34 Arithmetic operators

public static void main(String[] args) {
int max = 2147483647;

int mn = -2147483648;
println(mx+1); Il Prints -2147483648
println(mn-1); Il Prints 2147483647
println(-mn); Il Prints -2147483648
print( 10/3); println(  10/(-3)); Il Prints 3 -3
print((-10)/3); printIn((-10)/(-3)); Il Prints -3 3
print( 109); println( 109%-3)); Il Prints 1 1
print((-10)9%3); printIn((-10)%-3)); Il Prints -1 -1

}

static void print(int i) { Systemout.print(i +" "); }

static void printIn(int i) { Systemout.printin(i +" "); }

Example 35 Logical operators
Dueto short-cutevaluationof &&, thisexpressiorfrom Examplel1doesnotevaluatethearrayaccess

days[ nt h- 1] unlessl < nth < 12,sotheindex is never out of bounds:
(mh >=1) & (nth <= 12) && (day >= 1) && (day <= days[nth-1]);
This methodreturnst r ue if y is aleapyeat namely if y is a multiple of 4 but not of 100, or is a

multiple of 400:

static bool ean | eapyear(int y)

{ returny %4 == 08&% Yy %100 '=0 || y %400 == 0; }

Example 36 Bitwise operatorsandshift operators

class Bitw se {
public static void main(String[] args) throws Exception {

int a = 0x3; /1 Bit pattern 0011
int b = 0x5; Il Bit pattern 0101
printlnd(a); Il Prints 0011
printlnd(b); Il Prints 0101
println4d(-~a); Il Prints 1100
printlnd(~b); Il Prints 1010
printlnd(a & b); Il Prints 0001
printlnd(a * b); Il Prints 0110
printind(a | b); Il Prints 0111
}
static void printIn4d(int n) {
for (int i=3; i>=0; i--)

Systemout.print(n >> i & 1);
Systemout. println();
}
}
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11.4 Assignmentexpression

In theassignmengxpressiorx = e, thetypeof e mustbeasubtypeof thetypeof x. Thetypeof the
expressions the sameasthetype of x. Theassignmenis executedby evaluatingexpressiore and
storingits valuein variablex, afterawideningcorversion(Section11.1]) if necessarywWhene is a
compile-timeconstanof 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 isthatof x aftertheassignment.
Theassignmenbperatoiis right associatie, sothemultipleassignment = y = e hasthesame
meaningasx = (y = e), thatis, evaluatethe expressiore, assignits valueto y, andthento x.
Whene hasreferencdype (objecttypeor arraytype),thenonly areferenceo the objector array
is storedin x. Thustheassignment = e doesnotcopy the objector array;seeExample38.
Whenx ande havethesametype,thecompoundassignment += eisequvalenttox = x + e;
however, x is evaluatedonly once,soin a[ i ++] += e thevariablei isincrementonly once.When
thetypeof x ist, differentfrom thetypeof e, thenx += e is equvalenttox = (t)(x + €),in
which the intermediataesult(x + e) is corvertedto typet (Sectionll1.1]); againx is evaluated
only once.Theothercompoundassignmenbperators =, *=, andsoon, aresimilar.
Sincethe valueof the expressionx += e is thatof x afterthe assignmentandthe assignment
operatorsassociateo theright, onecanwrite ps[i] = sum += e to first incrementsumby e and
thenstoretheresultin ps[i ] ; seeExample27.

11.5 Conditional expression

Theconditionalexpressionel ? e2 : e3islegalif el hastypebool ean, ande2 ande3 bothhave
numerictypes,or bothhavetypebool ean, or bothhave compatiblereferenceaypes.Theconditional
expressions evaluatedoy first evaluatingel. If el evaluategot r ue, thene2 is evaluatedptherwise
e3 is evaluated.Theresultingvalueis the valueof the conditionalexpression.

11.6 Obiject creationexpression

Theobjectcreationexpression

new C( actual-list)

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

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

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

11.7 Instancetestexpression

Theinstanceteste i nstanceof t is evaluatedby evaluatinge to avaluev. If visnotnul | andis
areferencdo anobjectof classC, whereCis asubtypeof t , theresultist r ue; otherwisef al se.
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Example 37 Assignmentwidening,narraving, andtruncatingcompoundassignment
Theassignmend = 12 performsawideningof 12fromi nt to doubl e. Theassignments = 123
andb2 = 123+1 performan implicit narraving from i nt to byt e, becausehe right-handsides
are compile-timeconstants. The assignmenb2 = b1+l would be illegal becauseh1+1 is not a
compile-timeconstant.Theassignmenb2 = 123+5 would beillegal becausealthoughl23+5 is a
compile-timeconstantjts valueis notrepresentablasabyt e (whoserangeis —128.127).

doubl e d;

d = 12; /1 wi dening conversion fromint to double

byte bl = 123, b2; {1 narrowing conversion fromint to byte

h2 = 123 + 1; Il legal: 123+1 is a conpile-time constant

b2 = (byte)(bl + 1); /] legal: (byte)(bl + 1) has type byte

int x =0;

X += 1.5; [l equivalent to: x = (int)(x + 1.5); thus adds 1 to x

Example 38 Assignmentloesnot copy objects
This exampleusesthe Poi nt classfrom Examplel3. Assignment(andparametepassing)opies
only thereferencenotthe object:

Poi nt pl = new Point (10, 20);

Systemout.printin("pl is " + pl); Il prints: plis (10, 20)

Point p2 = p1,; Il pl and p2 refer to same object
p2.move(8, 8);

Systemout.printin("p2 is " + p2); Il prints: p2 is (18, 28)
Systemout.printin("pl is " + pl); Il prints: plis (18, 28)

Example 39 Compoundassignmenbperators
Computethe productof all elementsf arrayxs:

static double nultiply(double[] xs) {
doubl e prod = 1.0;
for (int i=0; i<xs.length; i++)
prod *= xs[i]; Il equivalent to: prod = prod * xs[i]
return prod,

}

Example 40 Theconditionalexpression
Returnthe absolutevalueof x (alwaysnon-neative):

static doubl e absol ute(doubl e x)
{ return (x >=0?x: -x); }

Example 41 Objectcreationandinstanceest

Nunber nl = new I nteger(17);

Nurmber n2 = new Doubl e(3. 14);

/1 The following statenents print: false, true, false, true
Systemout.printIn("nl is a Double: " + (nl instanceof Double));
Systemout.printin("n2 is a Double: + (n2 instanceof Double));
Systemout.printin("null is a Double: " + (null instanceof Double));
Systemout.printin("n2 is a Nunber: + (n2 instanceof Nunber));
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11.8 Field accesexpression

A field accesanusthave oneof thesethreeforms

f
Cf
o.f

whereCis aclassando anexpressiorof referencaype.

A classnayhave severalfieldsof thesamenamef ; seeSection9.6, Examplel9, andExample42
opposite.

A field acces$ mustreferto a staticor non-statidield declaredn or inheritedby a classwhose
declaratiorencloseghefield accesexpressionnotshadevedby afield in a nestecenclosingclass,
or by avariableor parametepf the samename).The classdeclaringthefield is thetargetclassTC.

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

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

It is informative to contrastnon-statidield accesandnon-stationethodcall (Section11.10):

¢ In anon-staticfield acces®. f, thefield referredto is determinedy the (compile-time)type
of theobjectexpressiorp.

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 referto the currentobject(Section9.1). When
non-staticcodein a given objectis executed,the objectreferencet hi s refersto the objectasa
whole. Hence whenf is afield andmis a method(declaredn theinnermostenclosingclass),then
t hi s. f meanghesameasf (whenf hasnotbeenshadevedby avariableor parameteof thesame
name)andthis. n(...) meanghesameasn{...).

WhenCis 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
enclosingclassTLC.
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Example 42 Field access

Here we illustrate static and non-staticfield accessn the classesB, C and D from Example19.
Notethatthe field referredto by an expressionof form o. vf or o. sf is determineddy the type of
expressiorp, notthe classof theobjectto which o evaluates:

public static void main(String[] args) {

C cl = new C(100); /1 ¢l has type C object has class C
B bl = cl; /1 bl has type B; object has class C
print(C sf, B.sf); Il Prints 102 121
print(cl.sf, bl.sf); [l Prints 102 121
print(cl.vf, bl.vf); [l Prints 100 120
C c2 = new C(200); /1 c2 has type C object has class C
B b2 = c2; /1 b2 has type B; object has class C

print(c2.sf, b2.sf); [l 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); Il Prints 100 120

D d3 = new D(300); /1 d3 has type D; object has class D
C c3 = d3; /1 ¢3 has type C object has class D
B b3 = d3; /1 b3 has type B; object has class D
print(D.sf, C.sf, B.sf); /] Prints 304 304 361

print(d3.sf, c3.sf, b3.sf); [l Prints 304 304 361

print(d3.vf, c3.vf, b3.vf); /] Prints 300 340 360

}
static void print(int x, int y) { Systemout.printin(x+" "+y); }
static void print(int x, int y, 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 beenshadaved 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 createdobjectto thevectoral | poi nt s, andit is usedin the methodget | ndex to look up
the currentobjectin thevector:

cl ass 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 getlndex() { return allpoints.indexCf(this); }
-}
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11.10 Method call expression

A methodcall expressionpr methodinvocation musthave oneof thesefour forms:

m actual-lis)

super . n{ actual-list
C. m actual-lisf)

0. m actual-lisf)

wheremis amethodname Cis aclassname ando is anexpressiorof referencaype. Theactual-list
is apossiblyemptycomma-separatdibt of expressionsgalledtheargumentsr actualparametes.
Thecall signatueis csig=nt 1, ..., tn) where(t 1, ..., t y) is thelist of typesof the n aguments
in theactual-list

Determiningwhatmethodis actuallycalledby a methodcall is moderatelycomplicatedbecause
(1) methodnamesmay be overloaded gachversionof the methodhaving a distinct signature;(2)
methodanaybeoverridden thatis, re-implementean subclasses3) non-stationethodsarecalled
by dynamicdispatchgivenatarmgetobject;and(4) amethodcall in anestedclassmay call amethod
declaredn someenclosingclass.

Section11.10.1describesagumentevaluationandparametepassingassuminghe simplecase
whereit is clearwhich methodmis beingcalled. Section11.10.2thendescribeow to determine
which methodis beingcalledin thegenerakase.

11.10.1 Method call: parameter passing

Herewe considerthe evaluationof a methodcall n{ actual-lisy whenit is clearwhich methodmis
called,andfocusonthe parametepassingnechanism.

Thecall is evaluatedby evaluatingthe expressionsn the actual-listfrom left to right to obtain
theamgumentvalues.Theseargumentvaluesarethenboundto the correspondingparameterin the
methods formal-list, in orderof appearanceA wideningcorversion(seeSection11.11) occursif
thetype of anargumentexpressioris a subtypeof the methods correspondingparametetype.

Java usescall-by-valueto bind agumentvaluesto formal parametersso the formal parameter
holdsa copy of the agumentvalue. Thusif the methodchangeghe value of a formal parameter
this changedoesnot affect the agument.For an argumentof referenceype, the parameteholdsa
copy of the objector arrayreferenceandhencethe parameterefersto the sameobjector arrayas
theactualargumentexpression.Thusif the methodchangeghatobjector array thechangewill be
visible afterthe methodreturns(seeExample46).

A non-statiomethodmustbe calledwith atargetobject,for exampleaso. n{ actual-list) , where
the target objectis the valueof o, or asn{ actual-list) wherethe target objectis the currentobject
reference hi s. In eithercaseduringexecutionof themethodbody; t hi s will beboundto thetarget
object.

A staticmethodis not calledwith atamgetobject,andit isillegalto usetheidentifiert hi s inside
themethodbody:.

Whenthe agumentvalueshave beenboundto the formal parametersthenthe methodbody is
executed.Thevalueof themethodcall expressions thevaluereturnedoy themethodf itsreturntype
is nonvoi d; otherwisethe methodcall expressionhasno value. When the methodreturns,all
parameterandlocal variablesn themethodarediscarded.
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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
asqg. They may be calledbeforeary objectshave beencreated.The non-staticmethodget | ndex

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

public static void main(String[] args) {
Systemout. println("Nunber of points created: " + SPoint.getSize());

SPoint p = new SPoint(12, 123);
SPoi nt g = new SPoi nt (200, 10);
SPoint r = new SPoint (99, 12);
SPoint s = p;

q = null;

Systemout. println("Nunber of points created: " + SPoint.getSize());
Systemout. println("Number of points created: " + g.getSize());
Systemout.printin("r is point nunber " + r.getlndex());
for (int i=0: i<SPoint.getSize(); i++)
Systemout. println("SPoint number " + i + " is " + SPoint.getPoint(i));
}

Example 46 Parametepassingcopiesreferencesnot objectsandarrays

In themethodcallm(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 computermemoryis this:

Inm I'n main:

///m . Poi nt
pp \&://H
dd | 117 d 8 o 1 2 3 4 X 18

aa —\ajjooozzo y |28

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=8;

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

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

}

static void mPoint pp, int dd, int[] aa) {
pp. move(dd, dd);
dd = 117;
aa[ 3] = 22;

}
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11.10.2 Method call: determining which methodis called

In general,methodsmay be overloadedas well as overridden. The overloadingis resoled at
compile-timeby finding the mostspecificapplicableand accessiblenethodsignaturefor the call.
Overriding (for non-staticmethods)s handledat run-timeby searchinghe classhierarchystarting
with the classof the objecton which the methodis called.

At compile-time: determine the targettype and signature

Find thetargettypeTC: If the methodcall hastheform n{ actual-lisf) thenthetargettypeTCis the
innermostenclosingclasscontaininga methodcalledmthatis visible (not shadeved by a method
min anestedclass). If the methodcall hasthe form super . n{ actual-lisy) thenthetargettype TC
is the superclas®f theinnermostenclosingclass.If the methodcall hasthe form C. n{ actual-list)
thenTCis C. If themethodcall hastheform o. n{ actual-lis) thenTCis thetype of theexpressioro.

Find the target signatue tsig: A methodin classTC is applicableif its signaturesubsumes
the call signaturecsig Whethera methodis accessiblas determinedoy its accessnodifiers;see
Section9.7. Considerthe collectionof methodsn TC thatareboth applicableandaccessibleThe
callisillegal (methodunknown) if thereis nosuchmethod.Thecallis illegal (ambiguous)f thereis
morethanonemethodwhoseextendedsignaturen(T, uy, ..., Up) iS mostspecific thatis, onewhose
extendedsignaturds subsumedby all the others.Thusif thecall is legal thereis a exactly onemost
specificextendedsignaturefrom thatwe obtainthetargetsignaturesig= m(us, ..., Up).

Determinewhetherthe called methods static If the methodcall hasthe form C. n{ actual-list)
thenthe calledmethodmustbestatic. If the methodcall hastheform n{ actual-lis) oro. n{ actual-
list) or super. n{ actual-list) thenwe usethe target type TC and the signaturetsig to determine
whetherthe calledmethodis staticor non-static.

At run-time: determine the targetobject (if non-static) and executethe method

If themethods static If themethodis staticthenno targetobjectis neededthe methodto call is the
methodwith signaturesigin classTC. However, whenmis staticin a methodcall 0. n{ actual-lisj)
the expressiorn mustbe evaluatedanyway, but its valueis ignored.

If the methods non-static,determinethetarget object If the methodis non-staticthenatarget
objectis neededasit will be boundto the objectreference hi s during executionof the called
method. In the caseof n( actual-lisy) , the target objectis t hi s (if TC is the innermostclassen-
closingthe methodcall), or TC. t hi s (if TC is an outer classcontainingthe methodcall). In the
caseo. n( actual-list) , theexpressiorn mustevaluateto anonsul | objectreferenceptherwisethe
exceptionNul | Poi nt er Except i on is thrown; thatobjectis the target object. To determinewhich
methodto call, the classhierarchyis searchedstartingwith the classRTC of the target object. If
a methodwith signaturetsig is not found in classRTC, thenthe immediatesuperclas®of RTC is
searchedandsoon. This proceduras calleddynamicdispata.

Evaluateandbind thearguments SeeSection11.10.1
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Example 47 Calling overloadednethods

Herewe call the overloadedmethodsmdeclaredn Example22. Thecall n{ 10, 20) hascall sig-
naturen(i nt, int) andthuscallsthemethodwith signaturex(int, doubl e), becaus¢hatis the
mostspecificapplicable Hencethefirst two lines call the methodwith signaturen(i nt, doubl e),
andthelasttwo call the methodwith signaturen{ doubl e, doubl e) .

Systemout. println
Systemout. println
Systemout. println
Systemout. println

m( 10, 20)); [l Prints 31.

m 10, 20.0)); [l Prints 31.

m(10.0, 20)); [l Prints 33.
0

0
0
0
m10.0, 20.0)); [l Prints 33.0

—~ A~

Example 48 Calling overriddenandoverloadedmnethods
Herewe usetheclasse<1 andC2 from Example24. Thetargettypeof c1. mi(i) isclassCl which
hasa non-staticmethodwith signaturen(int), sothe call is to a non-staticmethod;the target
objecthasclassC2, sothe calledmethodis mL(i nt) in C2; andquitesimilarly for c2. mi(i). The
tamgettypefor c1. mi(d) is theclassCl which hasa staticmethodwith signatureril( doubl e), so
thecall is to a staticmethod,andthe objectboundto c1 doesnot matter Similarly for c2. ml(d)
whosetargettypeis C2, soit callsni( doubl e) in C2 which overridesmi( doubl €) in C1.
Thecallcl. n2(i) hastargettypeCl andcallsn2(i nt). However,acallc2. n2(i) whosetarget
classis C2 would beambiguousandillegal: the applicableextendedsignaturesren?( C1, i nt) and
n2( C2, doubl e) , noneof whichis morespecificthanthe other

int i =17;

double d = 17.0;

C2 c2 = new C2(); Il Type C2, object class C2
Cl cl = c2; [l Type Cl, object class Cl
cl.ml(i); c2.mi(i); cl.ml(d); c2.ml(d); [l Prints 21i 21i 11d 21d

cl.n2(i); [l Prints 12i
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11.11 Type castexpressionand type corversion

A typecorversioncorvertsavaluefrom onetypeto another A wideningcorversioncorvertsfrom a
typeto asupertype A narrowing corversioncorvertsfrom atypeto anothertype. Thisrequiresan
explicit typecast(exceptin anassignment = e or initialization wheree is acompile-timeinteger
constantseeSectionl1.4).

Type castbetweenbasetypes

Whene is anexpressiorof basetypeandt is abasetype,thenatypecastof e tot is doneusingthe
expression

(t)e

This expression,whenlegal, hastypet. The legal type castsbetweenbasetypesare shovn by
thetablebelow, whereC marksa narraving corversionwhich requiresa type cast(t) e, W marks
a wideningcorversionthat preseresthe value,and WL marksa widening corversionwhich may
causealossof precision:

Totype
Fromtype | char | byte | short |int |long | float | double
char W C C W | W W W
byt e cC | wW W | W | W W W
short C C W W | W W w
I nt C C C W W WL W
| ong C C C C w WL WL
f1 oat C C C C C w w
doubl e C C C C C C W

A narroving integerconversiondiscardghose(mostsignificant)bits which cannotberepresenteth

thesmallerintegertype. Conversionfrom anintegertypeto afloating-pointtype(f | oat or doubl e)

produces floating-pointapproximatiorof the integervalue. Corversionfrom a floating-pointtype
to anintegertype discardshe fractionalpart of the number;thatis, it roundstowardszero. When
converting a too-lamge floating-pointnumberto al ong ori nt, theresultis the bestapproximation
(thatis, thetype’s largestpositive or the largestnegative representablaumber);conversionto byt e

orshort orchar isdoneby cornvertingtoi nt andthento therequestedype. Thebaseypebool ean

cannotbe castto any othertype. A type castbetweerbasetypesnever fails at runtime.

Type castbetweenreferencetypes

Whene is anexpressiorof referencdaypeandt is areferenceaype (classor interfaceor arraytype),
thenatypecastof e tot is doneusingthe expression

(t)e

Thisexpressiorhastypet . It is evaluatedoy evaluatinge toavaluev. If visnul | orisareferenceo
anobjector arraywhoseclassis asubtypeof t , thenthetype castsucceedsvith resultv; otherwise
the exceptionC assCast Except i on is thrown. The type castis illegal whenit cannotpossibly
succeedtruntime;for instancewhene hastypeDoubl e andt is Bool ean: noneof theseclassess
a subtypeof the other
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12 Statements

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

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

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

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

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

e doesnotterminateatall — for instancepy executingwhi l e (true) {}.

12.1 Expressionstatement

An expressionstatements anexpressionfollowed by a semicolon:

expression;

It is executedby evaluatingthe expressionandignoringits value. The only forms of expressiornthat
maybelegally usedin thisway areassignmenéxpressiongSectionl1.4), incrementanddecrement
expressiongSectionl1.1), methodcall expressiongSectionl1.10, andobjectcreationexpressions
(Sectionl1.6).

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

Similarly, amethodcall statements a methodcall expressiorfollowedby semicolon.Thevalue
returnedby the method,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 equialentto the block statemen{ } that
containsno statementsr declarationsandhasno effectatall:

It is a commonmistalke to add an extra semicolonafter the headerof afor or whi | e loop, thus
introducinganemptyloop body; seeExample55.
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12.4 Choicestatements
12.4.1 Thei f statement

Anif statemenhastheform:
i f (condition
truebranch
The conditionmusthave typebool ean, andtruebrand is a statementlf the conditionevaluatego
t r ue, thenthetruebrand is executed ptherwisenot.

12.4.2 Thei f - el se statement

Anif - el se statemenhastheform:
i f (condition
truebranc

el se
falseband

Theconditionmusthave typeboolean andtruebranch andfalseband arestatementslf thecondi-
tion evaluatedot r ue, thenthetruebrand is executedptherwisethefalsebiand is executed.

12.4.3 Thesw t ch statement

A swi t ch statemenhastheform:

switch (expression {
case constantl brandl
case constant2 brand?2

defaul t: brandn

}

The expressionmusthave typei nt, short, char, or byt e. Eachconstantmustbe a compile-time
constantexpressiongconsistingonly of literals,fi nal variablesfi nal fieldsdeclaredwith explicit
field initializers, and operators. No two constantsmay have the samevalue. The type of each
constantmustbe a subtypeof thetype of expression

Eachbrand is precededoy one or more case clausesandis a possiblyempty sequencef
statementgysuallyterminatedoy br eak orr et ur n (if insideamethodor constructor)r cont i nue
(insidealoop). Thedef aul t clausemaybeleft out.

Theswi t ch statements executedasfollows: The expressionis evaluatedo obtainavaluev. If
v equalsoneof the constantsthenthe correspondindpranch is executed.If v doesnot equalary of
theconstantsthenthebrand following def aul t is executedjf thereisnodef aul t clausenothing
is executed.If abrand is not exited by br eak or ret urn or conti nue, thenexecutioncontinues
with the next brand in the switchregardlessof thecase clausesuntil a branch exits or the switch
ends.
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Example 49 Block statements

All methodbodiesandconstructobodiesareblock statementsin methodsumfrom Example2, the
truebrand 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;

Example 51 A sequencefif-el se statements
We cannotusea switchhere becausea switchcanwork only onintegertypes(includingchar):

static int wdaynol(String wday) {

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

Example52 swi t ch statement
Below we couldhaveusedasequencefi f - el se statementdyutaswi 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 "G eenland";
case 46: return "Sweden";
case 7: return "Russia";
case 972: return "lsrael";
default: return "Unknown";

}
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12.5 Loop statements
12.5.1 Thef or statement

A for statemenhastheform
for (initialization; condition step
body

wherethe initialization is a variable-declaation (Section6.2) or an expression conditionis an
expressionof type bool ean, stepis an expression and bodyis a statement More generally the
initialization and stepmay also be comma-separatelists of expressions the expressionsn each
suchlist are evaluatedfrom left to right. Theinitialization, conditionandstepmay be empty An
emptyconditionis equivalenttotrue. Thus for (;;) body meansforeverexecutebody.

Thef or statemenis executedasfollows:

1. Theinitialization is executed
2. Theconditionis evaluatedIf it isf al se, theloop terminates.
3. Ifitistrue,then

(a) Thebodyis executed

(b) Thestepis executed
(c) Executioncontinuesat?2.

12.5.2 Thewhi | e statement

A whi | e statemenhastheform
whi | e (condition
body

wheretheconditionis anexpressiorof typebool ean, andbodyis astatementThewhi | e statement
is executedasfollows:

1. Theconditionis evaluated If it isf al se, theloop terminates.
2. Ifitistrue, then

(a) Thebodyis executed
(b) Executioncontinuesat 1.

12.5.3 Thedo- whi | e statement

A do-whi | e statemenhastheform

do
body
whi | e (condition ;

wheretheconditionis anexpressiorof typebool ean, andbodyis a statementThebodyis executed
atleastonce,becausehedo- whi | e statemenis executedasfollows:

1. Thebodyis executed.

2. Theconditionis evaluatedIf it isf al se, theloop terminates.

3. If itistrue, thenexecutioncontinuesat 1.
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Example 53 Nested or loops
This programprintsafour-line triangleof asteriskg* ):

for (int j=1; j<=i; j++
Systemout.print("*")
Systemout. println();

for (int i=l; i<=4; i++) {
)

}

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 ++:
Il Now i >= wdays.length or wday equal to wdays[i]
if (i < wdays.length)
return i+1;
el se
return -1; Il Here used to mean ‘not found’

}

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

Example 55 Infinite loop becaus®f misplacedsemicolon
Herea misplacedsemicolon(; ) createsanemptyloop body statementwheretheincrement ++ is
not partof theloop. Henceit will notterminate put 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 waitsum) {
int sum= 0, eyes;

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

} while (eyes < 5);

return sum
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12.6 Labelled statementsreturns, exits and exceptions
12.6.1 Ther et ur n statement

Thesimplestform of ar et ur n statementywithoutanexpressiorargument,s:

return;

Thatform of r et ur n statemeninustoccurinsidethebodyof amethodwhosereturntypes voi d, or
insidethe body of aconstructorExecutionof ther et ur n statemenéxits themethodor constructor
andcontinuesxecutionat the placefrom whichit wascalled.

Alternatively, ar et ur n statemenmay have anexpressiorargument:

return expression

That form of r et urn statemenmustoccurinside the body of a method(not constructor)whose
returntypes asupertypef thetypeof theexpression Ther et ur n statemenis executedasfollows:
Firstthe expressionis evaluatedo somevaluev. Thenit exits the method,andcontinuesexecution
atthemethodcall expressiorthatcalledthe method;the valueof thatexpressiorwill bev.

12.6.2 The labelled statement

A labelledstatemenhastheform
label : statement

wherelabelis anidentifier Thescopeof labelis statementwhereit canbe usedin connectiorwith
break (Section12.6.3 andconti nue (Section12.6.9. It is illegal to re-usethe samelabel inside
statementunlessinsidealocal classin statement

12.6.3 The br eak statement

A br eak statemenis legal only insidea switchor loop, andhasoneof theforms

br eak;
break label

Executingbr eak exits the innermostenclosingswitch or loop, and continuesexecutionafter that
switch or loop. Executingbr eak label exits that enclosingstatementvhich haslabel label, and
continuesexecutionafter that statement.Sucha statementnustexist in the innermostenclosing
methodor constructoor initializer block.

12.6.4 Theconti nue statement

A conti nue statements legalonly insidealoop,andhasoneof theforms

conti nue;
conti nue label

Executingcont i nue terminateshecurrentiterationof theinnermostenclosingoop, andcontinues
theexecutionatthestep(in f or loops;seeSectionl2.5.]), or thecondition(in whi | e anddo- whi | e
loops;seeSectionsl2.5.2and12.5.3. Executingcont i nue labelterminateghe currentiterationof
thatenclosingloop which haslabel label, and continueshe executionat the stepor the condition
Theremustbesuchaloopin theinnermostenclosingmethodor constructoror initializer block.
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Example 57 Usingr et ur n to terminatealoop early
This methodbehaesthe sameaswdayno?2 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; /! Here used to nean ‘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)
br eak;

Example 59 Usingcont i nue to starta new iteration
Thismethoddecidesvhetherquery is asubstringof t ar get . Whenamismatchbetweerthestrings
is found,cont i nue startsthe next iterationof theouterf 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++)
t hi sposition: {
for (int k=0; k<query.length(); k++)
if (target.charAt(j+k) !'= query.charAt(k))
break thisposition;
return true;

}

return false;

}
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12.6.5 Thet hr owstatement

At hr ow statemenhastheform
t hr ow expression

wherethe type of expressionmustbe a subtypeof classThr owabl e (Sectionl14). Thet hr ow state-
mentis executedasfollows: The expressionis evaluatedto obtainan exceptionobjectv. If it is
nul |, thenthe exceptionNul | Poi nt er Except i on is thrown. Otherwise the exceptionobjectv is
thrown. In ary case the enclosingblock statements terminatedabnormally;seeSection14. The
thrown exceptionmaybe caughtin adynamicallyenclosing r y- cat ch statemen{Section12.6.9.
If the exceptionis not caught,thenthe entire programexecutionwill be aborted,andinformation
from the exceptionwill be printedon the console(for example,at the commandorompt,or in the
Java Consoleinsideawebbrowser).

12.6.6 Thetry-catch-finally statement

A try- cat ch statements usedto catch(particular)exceptionsthronvn by the executionof a block
of code.It hasthefollowing form:

try

body
catch (E1 x1) catchbody
catch (E2 x2) catdhbody

finally finallybody

whereEl, E2, ...arenamesof exceptiontypes,the x1, x2, ...arevariablenames,andthe body
thecat chbody; andthefinallybodyareblodk-statement§Section12.2. Therecanbe zeroor more
cat ch blocks,andthefinal | y clausemay be absentbut at leastonecat ch or final |y clause
mustbe present.

We saythatEi matchesexceptiontypeE if E is asubtypeof Ei (possiblyequalto Ei ).

Thetry-catch-final | y statemenis executedby executingthebody: If the executionof body
terminateshormally, or exits by r et ur n or br eak orcont i nue (wheninsideamethodor constructor
or switchor loop), thenthecat ch blocksareignored. If bodyterminatesabnormallyby throwing
exceptione of classE, thenthe first matchingEi (if ary) is located,variablexi is boundto e, and
the correspondingatchbody is executed. If thereis no matchingEi , thenthe entiret ry- cat ch
statementerminatesabnormallywith exceptione.

If afinally clauseis presentthenthe finallybodywill be executedregardlesswhetherthe
executionof body terminatednormally, regardlesswhetherbody exited by executingret urn or
break or conti nue (wheninsidea methodor constructoror switch or loop), regardlesswhether
ary exceptionthrown by bodywas caughtby the cat ch blocks, andregardlesswvhetherary new
exceptionwasthrown duringthe executionof acat ch body.
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Example 61 Throwing anexceptionto indicatefailure
Insteadof returningthe boguserrorvalue- 1 asin methodwdayno3 above, thronv an exceptionof
classweekdayExcept i on (Example67). Notethet hr ows clausgSection9.8) 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 blockthathandlesexcep-
tionsof class\WeekdayExcept i on (Example67) andits superclas&xcepti on. Thesecondcat ch

clausewill beexecutedfor example)if thearrayaccesar gs[ 0] failsbecausehereis nocommand
line agument(sinceAr r ayl ndexQut Of BoundsExcept i on is a subclasof Except i on). If anex-

ceptionis handled,it is boundto the variablex, and printed by animplicit call (Section?) to the
exceptionst oSt ri ng-method:

public static void main(String[] args) {
try {
Systemout.printin(args[0] + " is weekday number " + wdaynod4(args[0]));
} catch (WeekdayException x) {
Systemout. println("Wekday problem " + Xx);
} catch (Exception x) {
Systemout.printIn("Cther problem " + Xx);
}
}

Example63 Atry-finally block

This methodattemptdgo readthreelinesfrom afile, eachcontaininga singlefloating-pointnumber
Regardlessvhetheranything goeswrongduringreading(prematureendof file, ill-formed number),
thefinal |y 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 enane);
Buf f er edReader breader = new BufferedReader (freader);
doubl e[] res = new doubl e[ 3];

try {
res[0] = new Doubl e(breader.readLine()).doubl eVal ue();
res[ 1] = new Doubl e(breader. readLi ne()). doubl eVal ue();
res[2] = new Doubl e(breader.readLine()).doubl eVal ue();
} finally {

breader. cl ose();
freader.close();

}

return res;
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13 Interfaces

13.1 Interface declarations

An interfacedescribedields andmethodsput doesnotimplementthem. An interface-declaation
may containfield descriptionsmethoddescriptionsclassdeclarationsandinterfacedeclarations.
Thedeclarationsn aninterfacemayappeain ary order:

interface-modifies i nterface | extends-clausg
field-descriptions
method-descriptions
class-declaations
interface-declaations

}

An interfacemay be declaredat top-level or insidea classor interface,but not inside a methodor

constructoror initializer. At top-level, theinterface-modifies may bepubl i ¢, or absent.A public

interfaceis accessiblalsooutsideits package.Insidea classor interface,the interface-modifies

maybest at i ¢ (alwaysimplicitly understood)andatmostoneof publ i ¢, pr ot ect ed, orpri vate.
Theextends-clausenaybe absenbr have theform

extends 11, 12,

wherel 1, | 2, ...areinterfacenames.If the extends-clausés presenttheninterfacel describesll
thosemembergdescribedoy 1 1, 12, ..., andinterfacel is a subinterfacgandhencesubtype)of
11,12, .... Interfacel candescribeadditionalfields and methods but cannotoverrideinherited
memberdescriptions.

A field-descriptionn aninterfacedeclaresa namedconstantandmusthave theform

field-desc-modifiex type f = initializer;

wherefield-desc-modifiexis alist of stati ¢, fi nal , andpubl i ¢; all of which areunderstoodand
neednot be givenexplicitly. Thefield initializer mustbe an expressionnvolving only literals and
operatorsandstaticmemberof classeandinterfaces.

A method-descriptiofor methodmmusthave theform:

method-desc-modifierreturntype n{ formal-list) throws-clausge
wheremethod-desc-modifiers alist of abst ract andpubl i ¢, both of which areunderstoodand

neednot begivenexplicitly.
A class-declaationinsideaninterfaceis alwaysimplicitly st ati ¢ andpubl i c.

13.2 Classedmplementing interfaces

A classC maybedeclaredo implementoneor moreinterfacesby animplements-clause

class Cinplenments 11, 12,
classbody

In this case,C is a subtype(seeSection5.4) of | 1, | 2, andsoon. The compilerwill checkthatC
declaresall the methodsdescribedoy | 1, | 2, ..., with exactly the prescribedsignaturesandreturn
types. A classmayimplementarny numberof interfaces.Fields,classesandinterfacesdeclaredn
11,12,... canbeusedin classC.
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Example 64 Threeinterfacedeclarations
inport java.awt.*;

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

Example 65 Classesmplementingnterfaces
Notethatthe methodsget Col or anddr aw mustbe public becausehey areimplicitly publicin the
aboveinterfaces.

cl ass Col oredPoi nt extends Point inplenents Colored {
Col or c;
Col oredPoint (int x, int y, Color c) { super(x, y); this.c =c¢; }
public Color getColor() { returnc; }

}

cl ass Col oredDr awabl ePoint extends Col oredPoi nt inplenents Col oredDrawabl e {
Col or c;
Col or edDr awabl ePoint (int x, int y, Color c) { super(x, vy, ¢); }
public void draw(Gaphics g) { g.fillRect(x, vy, 1, 1); }

}

class Col oredRectangl e inplements Col oredDrawabl e {
int x1, x2, yl, y2; Il (x1, y1) upper left, (x2, y2) lower right corner
Col or c;

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

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

public void draw Gaphics g) { g¢.drawRect(x1, yl1, 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 oredDrawable[] cs) {
for (int i=0; i<cs.length; i++) {
g.setColor(cs[i].getColor());
cs[i].drawm(g);
}
}
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14 Exceptions

An exceptionis an objectof an exceptiontype: a subclasf classThr owabl e. An exceptionis
usedto signalanddescribean abnormalsituationduring programexecution. The evaluationof an
expressionor the executionof a statemenimay terminateabnormallyby throwing an exception,
eitherby executingat hr ow statemen{Section12.6.9 or by executinga primitive operation,such
asassignmento anarrayelementthatmaythrow anexception.

A thrown exception may be caughtin a dynamically enclosingt ry- cat ch statementSec-
tion 12.6.9. A caughtexceptionmay be re-thravn by at hr ow statement.If the exceptionis not
caught,thenthe entireprogramexecutionwill be abortedandinformationfrom the exceptionwill
be printedon the console(for example,atthecommandorompt,or in the Java Consolensideaweb
browser).Whatis printedon the consoleis determinedy the exceptionst oSt ri ng method.

Checked and unchecked exceptiontypes

Therearetwo kinds of exceptiontypes: cheded (thosethat mustbe declaredn the throws-clause
of a methodor constructor;Section9.8) andundeded (thosethat neednot). If the executionof
a methodbody canthrow a checled exceptionof classE, thenclassE or a supertypeof E mustbe
declaredn thethrows-clausef the method.

Someof the mostimportantpredefinedxceptiontypes,andtheir statugchecled or unchecled)
areshowvn below.

Thr owabl e

Error unchecked

ExceptionlninitializerError |

Qut O Menor yErr or |

St ackOver f | owEr r or |

Exception checked

I nt errupt edException |

| CExcept i on |
Runt i meException unchecked

ArithneticException |

ArrayStoreException |

Cl assCast Excepti on |

I'l'| egal Moni tor St at eExcepti on |

| ndexQut O BoundsException |

Arrayl ndexQut Of BoundsExcept i on |

Stringl ndexQut O BoundsExcept i on |

Nul | Poi nt er Except i on |
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Example 67 Declaringa checledexceptionclass
Thisis theclassof exceptionghrown by methodmayno4 (Example61). Notethet oSt ri ng method
whichis usedwhenprinting anuncaughexceptionon the console:

cl ass WeekdayException extends Exception {
private String wday;

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

public String toString()
{ return "Illegal weekday " + wday; }
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15 Threads,concurrent execution,and synchronization

15.1 Threadsand concurrent execution

The precedingchaptersdescribesequentiaprogramexecution,in which expressionsare evaluated
andstatementareexecutedneaftertheother:we have considereanly asinglethreadof execution,
wherea threadis anindependensequentiahctiity. A Java programmay executeseveral threads
concurrently that is, potentially overlappingin time. For instance,one part of a programmay
continuecomputingwhile anotherpartis blockedwaiting for input; seeExample68.

Threadsare createdand manipulatedusingthe Thr ead classandthe Runnabl e interface,both
of which arepartof the Java classlibrary package ava. | ang.

To programanew thread onemustimplementthemethodoubl i ¢ voi d run() describedythe
Runnabl e interface.Onecando this by declaringa subclasdJ of classThr ead (which implements
Runnabl e). To createa new thread,createan objectu of classU, andto permitit to run, execute
u.start(). Thisenablegshenew thread sothatit canexecuteconcurrentlywith the currentthread;
seeExample68.

Alternatively, declarea classC thatimplementsRunnabl e, createanobjecto of thatclass create
athreadobjectu = new Thread(o) from o, andexecuteu. start () ; seeExample72.

Threadscancommunicatevith eachotheronly via sharedstate namely by usingandassigning
staticfields, non-staticfields, andarray elements.By the designof Java, threadscannotuselocal
variablesandmethodparameter§or communication.

Statesand statetransitions of a thr ead

A threadis alive if it hasbeenstartedandhasnotdied. A threaddiesby exiting its run() method,

eitherby returningor by throwing anexception.A livethreadis in oneof the statesEnabled(ready

to run), Running(actuallyexecuting),Sleeping(waiting for atimeout),Joining(waiting for another

threadto die), Locking (trying to getthelock on objecto), or Waiting (for notificationon objecto).
The statetransitionsof athreadcanbe summarizedy this tableandthefigure opposite:

| From state | Tostate | Reasonfor the transition \

Enabled Running | thesystemscheduleshethreadfor execution

Running Enabled | thesystempreemptghethreadandschedulesnother

Enabled | thethreadexecutegi el d()

Waiting | thethreadexecutes. wai t (), thusreleasinghelock ono

Locking | thethreadattemptgo executesynchroni zed (o) { ... }
Sleeping| thethreadexecutess| eep()

Joining | thethreadexecutesu. j oi n()

Running | thethreadwasinterrupted;setstheinterruptedstatusof thethread
Dead thethreadexitedr un() by returningor by throwing anexception
Sleeping Enabled | thesleepingperiodexpired

Enabled | thethreadwasinterruptedthrows| nt er r upt edExcepti on whenrun
Joining Enabled | thethreadu beingjoineddied,or thejoin timedout

Enabled | thethreadwasinterruptedthrows| nt er r upt edExcepti on whenrun
Waiting Locking | anotherthreadexecutedob. notify() oro.notifyAll()

Locking | thewait for thelock ono timedout

Locking | thethreadwasinterruptedthrows| nt er r upt edExcepti on whenrun
Locking Enabled | thelock ono becamevailableandwasgivento this thread
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Example 68 Multiple threads

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

class Incrementer extends Thread {

public int i;
public void run() {
for (;;) { [l Forever
i ++; /1 i ncrement
yield();
}
b}

class ThreadDeno {
public static void main(String[] args) throws | OException {
Incrementer u = new Incrementer();

u.start();
Systemout. println("Repeatedly press Enter to get the current value of i:");
for (;3) {
Systemin.read(); /1 Wit for keyboard input
Systemout.printin(u.i);
I

The statesand statetransitions of a thread

A threads transitionfrom one stateto anothermay be causedoy a methodcall performedby the
threaditself (shavnin thet ypewr i t er font), by amethodcall possiblyperformedoy anothethread
(shavnin thesl ant ed font); andby timeoutsandotheractions(shovn in thedefault font):

o.notify() o.noti fyAll ()

got lock
ono

scheduled

interrupt() p

start()

Sleeping

timeout

u.join()

u died
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15.2 Locksandthe synchr oni zed statement

Whenmultiple concurrenthreadsaccesshe samefieldsor arrayelementsthereis considerableisk
of creatinganinconsistenstate;seeExample70. To avoid this, threadsamay synchronizeéheaccess
to sharedstate,suchasobjectsandarrays.A singlelock is associateavith every object,array and
class.A lock canbeheldby atmostonethreadat atime.

A threadmay explicitly askfor the lock on an object or array by executinga synchronized
statementwhich hasthis form:

synchroni zed (expression
blodk-statement

The expressionmust have referencetype. The expressionmustevaluateto a nonnul | reference
0; otherwisea Nul | Poi nt er Excepti on is thrown. After the evaluationof the expr essi on, the
threadbecomed.ocking onobjecto; seethefigure onpage55. Whenthethreadobtainsthelock on
objecto (if ever),thethreadbecome£nabled andmaybecomeRunningsothe block-statemenis
executed Whenthe blodk-statementerminatesr is exited by r et ur n or br eak or cont i nue or by
throwing anexception,thenthelock ono is released.

A synchroni zed non-statianethoddeclarationSection9.8) is ashorthandor amethodwhose
bodyhastheform:

synchroni zed (this)
method-body

Thatis, the threadwill executethe methodbody only whenit hasobtainedthe lock on the current
object.It will holdthelock until it leavesthe methodbody, andreleasat atthattime.

A synchroni zed staticmethoddeclarationSection9.8) in classC is a shorthandor a method
whosebody hastheform:

synchroni zed (C. class)
method-body

Thatis, the threadwill executethe methodbody only whenit hasobtainedthe lock on the object
C. cl ass, whichis theuniqueobjectof classC ass associatedavith theclassC. It will holdthelock
until it leavesthe methodbody, andreleaset atthattime.

Constructorandinitializerscannotbesynchr oni zed.

Mutual exclusionis ensurednly if all threadsaccessing sharedobjectlock it beforeuse. For
instancejf we addanunsynchronizedanethodr oguet r ansf er to a bankobject(Example70), we
cannolongerbesurethatathreadcalling the synchronizednethodt r ansf er hasexclusive access
to thebankobject: any numberof threadscould be executingr oguet r ansf er atthesametime.

A monitoris anobjectwhosefieldsareprivateandaremanipulatednly by synchronizedneth-
odsof theobject,sothatall field accesss subjectto synchronizationseeExample7 1.

If athreadu needgo wait for someconditionto becometrue,or for aresourceo becomeavail-
able,it mayreleasats lock onobjecto by callingo. wai t () . Thethreadmustown thelock on object
0, otherwiseexceptionl | | egal Moni t or St at eExcept i on is thrown. Thethreadu will beaddedo
asetof threadswvaiting for notificationon objecto. This notificationmustcomefrom anotheithread
which hasobtainedthelock on o andwhich executes. noti fy() oro. notifyAll (). Thenotify-
ing threaddoesnotlosethelock ono. After beingnotified,u mustobtainthelock ono againbefore
it canproceed.Thuswhenthecall towai t returnsthreadu will own thelock ono justasbeforethe
call; seeExample71.

For detailedrulesgoverningthebehaiour of unsynchronizedavathreadsseethe Java LanguageSpecification
Chapterl?.


http://java.sun.com/docs/books/jls/
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Example 69 Mutual exclusion

A Printerthreadforever printsa (- ) followedby a (/). If we createandruntwo concurrenfrinter

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

(/) in oneiterationof the f or loop. Thusthe programmustprint-/-/-/-/-/-/-/ andso on.

However, if the synchronizations removed,it mayprint--//--/-/-//--1/ andsoon. (Thecall

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

ms. This is doneonly to make the inherentnon-determinag of unsynchronizeag¢oncurreng more
easilyobsenable).

class Printer extends Thread {
static Qbject mutex = new Qbject();
public void run() {
for (;5) {
synchroni zed (mutex) {
Systemout.print("-");
Uil.pause(100,300);
Systemout.print("/");
}
Util.pause(200);
bl

Example 70 Synchronizednethodsn anobject

The bankobjectbelov hastwo accounts.Money is repeatediybeingtransferredrom oneaccount
to the otherby clerks. Clearly the total amountof money shouldremainconstani{at 30 euro). This

holdstruewhenthetransfermethodis declaredgsynchronizedbecaus@nly oneclerk canaccesshe

accountsat any onetime. If the synchronizeddeclarations removed, the sumwill differ from 30

mostof thetime, becaus@neclerkis likely to overwritethe others depositsandwithdrawals.

cl ass Bank {
private int accountl = 10, account2 = 20;
synchroni zed public void transfer(int anount) {
int newl = accountl - anount;
Uil.pause(10);
accountl = newl; account2 = account2 + anount;
Systemout.printIn("Sumis " + (account l+account2))

I

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

for (;;) { /1 Forever
bank. transfer(Uil.randon(-10, 10)); Il transfer noney
Uil.pause(200, 300); {1l then take a break
I

. Bank bank = new Bank();
. new O erk(bank).start(); new O erk(bank).start();
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15.3 Operationson threads

The currentthread,whosestateis Running,may call thesemethodsamongothers.FurtherThr ead
methodsaredescribedn the Threadsectionof the Java classlibrary; seeSection18.

e Thread. yi el d() changeshestateof thecurrentthreadirom Runningto Enabledandthereby
allows the systemto scheduleanotherEnabledthread f any.

e Thread. sl eep(n) sleepsfor n milliseconds:the currentthreadbecomesSleeping,and af-
ter n millisecondsbecomesEnabled. May throw | nt err upt edExcepti on if the threadis
interruptedwhile sleeping.

e Thread. current Thread() returnsthecurrentthreadobject.

e Thread. interrupted() returnsandclearstheinterruptedstatusof the currentthread:t r ue
if it hasbeeninterruptedsincethelastcall to Thread. i nt errupt ed() ; otherwisef al se.

Letu beathread(anobjectof asubclas®f Thread).Then

e u.start() changeghe stateof u to Enabled,sothatits r un methodwill be calledwhena
processobecomesvailable.

e U.interrupt() interruptsthethreadu: if u is Runningor Enabledor Locking, thenits in-
terruptedstatusis setto t r ue. If u is Sleepingor Joiningit will becomeEnabled.andif it is
Waiting it will becomelocking; in thesecaseau will throw | nt er r upt edExcept i on when
andif it becomedRunning.

e U.islnterrupted() returnstheinterruptedstatusof u (anddoesnot clearit).

e U.join() waitsfor threadu to die; maythrow I nt er r upt edExcept i on if the currentthread
is interruptedwhile waiting.

e U.join(n) worksasu. j oi n() buttimesoutandreturnsafteratmostn milliseconds.There
is no indicationwhetherthe call returnedbecaus®f atimeoutor becausel died.

Operations on locked objects

A threadwhich ownsthelock on anobjecto may call the following methodsjnheritedby o from
classOoj ect in theJavaclasslibrary; seeSection18.

e 0.wait() releasedhe lock on o, changests own stateto Waiting, and addsitself to the
setof threadswaiting for notificationabouto. Whennotified (if ever), the threadmustob-
tain the lock on o, sowhenthecall to wai t returns,it againhasthe lock ono. May throw
I nt errupt edExcept i on if thethreadis interruptedwhile waiting.

e 0.wait(n) worksaso. wait () exceptthatthethreadwill changestateto Lockingaftern mil-
lisecondsyegardlessvhethertherehasbeena notificationon o or not. Thereis no indication
whetherthe statechangenvascausedy atimeoutor becaus®f a notification.

e 0.notify() choosesnarbitrarythreadamongthethreadsvaiting for notificationabouto (if
ary), andchangests stateto Locking. The chosenthreadcannotactuallygetthe lock on o
until the currentthreadhasreleasedt.

e 0.notifyAll () worksaso.notify(), exceptthatit changeshe stateto Locking for all
threadswaiting for notificationabouto.


http://java.sun.com/j2se/1.3/docs/api/java/lang/Object.html
http://java.sun.com/j2se/1.3/docs/api/java/lang/Thread.html
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Example 71 Producersindconsumergommunicatingzia a monitor

A Buffer hasroomfor oneinteger, andhasa methodput for storinginto the buffer (if empty)and
amethodget for readingfrom the buffer (if non-empty)ijt is amonitor (page56). A threadcalling
get mustobtainthelock on the buffer. If it finds thatthe 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 statemenin the methodbody (insteadof
makingthe methodsynchr oni zed, asis normalfor a monitor) to emphasizehatsynchronization,
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 (enpty)
try { this.wait(); } catch (InterruptedException x) {};

enpty = true;
this.notify();
return contents;

'}

public void put(int v) {

synchroni zed (this) {
while (lenpty)
try { this.wait(); } catch (InterruptedException x) {};

enpty = fal se;
contents = v;
this.notify();

}}

}

Example 72 Graphicanimationusingthe Runnablanterface

ClassAnimatedCamasbelow is a subclasof Carvas,andso cannotbe a subclasof Threadalso.
Insteadit declaresar un methodandimplementghe Runnablenterface. The constructorcreatesa
Threadobjectu from the AnimatedCawmasobjectt hi s, andthenstartsthe thread. The new thread
executegher un methodwhich repeatedlysleepsandrepaintsthuscreatingananimation.

cl ass Ani mat edCanvas extends Canvas inplements Runnable {
Ani mat edCanvas() { Thread u = new Thread(this); u.start(); }

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

;ébaint();
}
}

public void paint(Gaphics g) { ... } /1 from Canvas



60 Padkages

16 Compilation, sourcefile names,classnames,and classfiles

A Javaprogramconsistof oneor moresourcefiles(with filenamesuffix . j ava). A sourcefile may
containoneor moreclassor interfacedeclarations A sourcefile cancontainonly onedeclaration
of a public classor interface,which mustthenhave the samenameasthefile (minusthefilename
suffix). A sourcefile sour ce. j ava is compiledto Java classfiles (with filenamesuffix . cl ass) by
aJaracompilet suchasj i kes orj avac:

j i kes source.java

This createsone classfile for eachclassor interfacedeclaredin the sourcefile source. j ava. A
classor interfaceC declaredn atop-level declaratiorproducesa classfile calledC. cl ass. A nested
classor interfaceD declarednside classC producesa classfile calledC$D. cl ass. A local classD
declarednsidea methodin classC producesa classfile calledC$1$D. cl ass or similar.

A Java classC which declareghe methodpubl i ¢ static void main(String[] args) can
be executedusingthe Java runtimesystem ava by typing acommandine of theform

java C argl arg2 ...

Thiswill executethebodyof methodnai n with thecommandine agumentsargl, arg2, ... bound
to thearrayelementsar gs[ 0] , args[ 1], ... of typeStri ng insidethe methodmai n. The program
in Example6 concatenateall thecommandine arguments.

17 Packages

Javasourcefilesmaybeorganizedn padkages Everysourcefile belongingto package mustbegin
with thepackage declaration

package p;

and mustbe storedin a subdirectorycalledp. A classdeclaredn a sourcefile with no package
declarationbelongsto the anorymousdefaultpadkage. A sourcefile not belongingto packagep
may refer to classC from packagep by usingthe qualifiednamep. C, in which the classnameis
prefixed by the packagename.To usethe unqualifiedclassnamewithout the packagenameprefix,
the sourcefile mustbegin with ani npor t declarationpossiblyfollowing apackage declaration):

i nport p.C
Alternatively, it maybegin with ani nport declaratiorof theform:
i nport p.*;

afterwhichall accessiblelassandinterfacenamedrom package canbeusedunqualified.TheJava
classlibrary packagg ava. | ang is implicitly importedinto all sourcefiles. Henceall j ava. | ang
classessuchassSt ri ng andMat h, canbereferredto unqualified without the packagename.

Packagenamesmay be composite. For example,the Java classlibrary package ava. uti |
containsthe classVect or , whichis declaredn file j ava/ uti |/ Vect or. j ava. Thequalifiedname
of thatclassis| ava. uti | . Vect or ; to avoid the packageprefix, useoneof thesedeclarations:

I nport java.util.Vector;
i nport java.util.*;



Packages 61

Example 73 Thevessehierarchyasapackage

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

classesTank andBarrel arefinal, sothey cannotbe modified after objectcreation. They are
prot ect ed, sothey areaccessiblen subclassedeclaredoutsidethevessel packageasshownin

file Usevessel s. | ava below (whichisin theanorymousdefaultpackagenotthevessel package).

Thefile vessel / Vessel . j ava

package vessel;
public abstract class Vessel {
private doubl e contents;
publ i c abstract double capacity();
public final void fill(double amunt)
{ contents = Math.mn(contents + amunt, 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) { length =1; width =w height =h; }
public double capacity() { return length * width * height; }
public String toString()
{ return "tank (I,w,h) = (" + 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 +")"; }

}

The file Usevessel s. j ava

Subclas€ube of classTank mayaccesshefield | engt h becauséhatfield is declaredpr ot ect ed
in Tank above. Themai n methodis unmodifiedfrom Examplel7.

i nport vessel.*;
cl ass Cube extends Tank {
public Cube(doubl e side) { super(side, side, side); }
public String toString() { return "cube (s) = (" + length + ")"; }
}
class Usevessels {
public static void main(String[] args) { ... }

}
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Notational conventionsin this document

Symbol| Meaning

valueof ary type

variableor parameteor field or arrayelement
expression

type (basetypeor referenceaype)
expressiorof typestring

method

field

class

exceptiontype

interface

expressioror valueof arraytype
expressioror valueof objecttype
sig signatureof methodor constructor
package

expressioror valueof threadtype
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Subjectsnot coveredin this document

Input andoutput; Garbagecollectionandfinalization;Reflection;Detailsof IEEE754 floating-point
numbers.
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I (logical negation),29
%(remainder)29

& (bitwiseand),29, 30

& (logical strictand),29, 30

&& (logicaland),29, 30

* (multiplication),29

+ (addition),29

+ (stringconcatenation)10, 29
++ (increment) 29

+= (compoundassignment)29

- (minussign), 29

- (subtraction)29

- - (decrement)29

| (division), 29

< (lessthan),29

<< (left shift), 29, 30

<= (lessthanor equalto), 29

= (assignment)29

== (equalto), 29, 30

> (greaterthan),29

>= (greaterthanor equalto), 29
>> (signedright shift), 29, 30
>>> (unsignedight shift), 29, 30
?. (conditionalexpression)29, 32
N (bitwise exclusive-or),29, 30
A (logical strict exclusive-or),29, 30
| (bitwiseor), 29, 30

| (logicalstrictor), 29, 30

| | (logicalor), 29, 30

~ (bitwisecomplement)29, 30

abstract

class,16

method,20
abstract, seeabstract
accessnodifiers,18
accessible

class,16

membey18
actualparameter36
actual-list, 36
ambiguousnethodcall, 21, 38, 39
anorymouslocal class,24
applicablemethod,38
agument,36
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arithmeticoperators30
ArithneticException, 30,52
array 12-13
accessl?2
assignmento element,12
creation,12
element,12
elementype,12
index, 12
initializer, 12
type,6, 12
Arrayl ndexQut Of BoundsException, 12,52

ArraySt or eException, 12,52
ASCII characteencoding,10
assignment

compound?9, 32

expression32

operators32

statement41

to arrayelement,12
associatre, 28, 29

basetype,6
blok-statement4 1

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
char (basetype),6, 40
Char act er class6
char At method(String), 10
checledexception,52
class,14-25

abstract16

anorymouslocal, 24

declaration14
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file, 4, 60

final, 16

hierarchy 16

inner, 14, 24,32

libraries,62

loading,4, 22, 26

local, 14, 24, 60

membey14

nestedl4, 24, 60

of anobject,26, 28, 32

public, 16, 60

top-level, 14
C ass class,56
class-declaation, 14, 50
class-modifier14
classbody14
( assCast Exception, 40,52
comment4
conpar eTo method(Stri ng), 10
compatibletypes,7
compilation,4
compile-timeconstant42
compoundassignment?9, 32
concat method(String), 10
concurreng, 54-59
conditionalexpression32
constant

compile-time 42
constructor

call, 32

declaration2?

default, 16, 22

signature/ , 22
constructordeclaration, 22
constructormodifier, 22
conti nue statement46
corversion,40

narraving, 40

widening,40
coreAPI, 62
Createdthreadstate),55
currentobject,14

current Thr ead method(Thr ead), 58

Dead(threadstate) 55
decimalintegerliteral, 6
declaration

of class,14

of constructor22
of field, 18
of formal parameter20
of interface,50
of method,20
of variable,8
default
access]8
constructorl6, 22
initial value
of arrayelement,12
of field, 18
packagef0
def aul t
clausen switch,42
division
by zero,30
floating-point,30
integer, 30
do- whi | e statement44
doubl e (basetype),6, 40
Doubl e class,6
dynamicdispatch 38

element

of array 12

type,12
el se, 42
emptystatement41
Enabledthreadstate) 54, 55
enclosingobject,24, 26
Enuner at i on interface,25
equal s method(String), 10
Error,52
escapesequencel 0
Exception, 52
exception,52-53

catching48

checled,52

in staticinitializer, 22

throwing, 48

unchecled,52

ExceptionlinlnitializerError,22,52

execution,4

expression28-40
aritmetic,30
arrayaccess]?
arraycreation,12



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

field,8, 18
access34
declaration18
final, 18
static,18

field-declaation, 18

field-desc-modifier50

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

f or statement44

formal parameter20

formal-list, 20

hexadecimalntegerliteral, 6

i f statement42
i f-else statement4?2

I'I'l egal Moni tor St at eException, 52, 56

immediatesuperclassl 6
implements-claus&0

I nport, 60

index into array 12

| ndexQut O BoundsException, 52

initialization
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of non-statidields, 18

of staticfields, 18
initializer, 22

block, 22

of arraytype, 12

of field, 18

of variable,8
initializer-block, 22
innerclass,14, 24, 32
innerobject,26
instance18
instancemembey 14
i nst anceof , 29, 32
i nt (basetype),6, 40
integer

division, 30

literal, 6

overflow, 30

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

declaration50

nested60

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
| CException, 52
i sl nterrupted method(Thr ead), 58

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

label, 46
labelledstatement46
lay-outof program 4
left associatre, 28
| engt h
field (array),12
method(St ri ng), 10
literal
basetype,6
floating-point,6
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integer, 6
string, 10
loadingof class,22, 26
localclass,14, 24, 60
lock, 56
Locking (threadstate),54, 55
logical operators30
| ong (basetype),6, 40
Long class,6

member14
instance 14
static,14
virtual, 14
memberclass,14
non-static24
static,24
method,20
abstract20
body, 20
call, 36-39
ambiguous21, 38, 39
signature 36
statement41
declaration20
final, 20
invocation,seemethodcall
non-static20
overloading,20
overriding,16
signature/ , 20
static,20
method-declaation, 20
method-descriptiofb0
method-modifier20
monitor, 56
morespecificsignature/
mostspecificsignature /

name4

resened,4
namedconstant3, 50
narraving corversion,40
nestedclass, 14, 24, 60
nestednterface,60
new

arraycreation, 12, 29

objectcreation 24, 29, 32

non-static
code,14
field, 18
initializer block, 22
memberclass,24
method,20

noti fy method(Chj ect ), 58

notifyAl I method(Chj ect), 58

null,6,8
and+ with string, 10

Nul | Poi nt er Exception, 10, 38, 48, 52,

56
Number class,6
numerictype, 6

object,18, 26-27
creationexpression 32
enclosing26
initialization, 22
inner, 26

vj ect class,7,10, 16,58

octalintegerliteral, 6

Qut Of Menor yError, 52

overflow
floating-point,30
integer, 30

overloading
of constructors2?2
of methods20
overridingamethod,16

packagep0-61
accessls
default, 60
parameter8
actual,36
final, 20
formal, 20
parametermodifier, 20
Poi nt class(example),15
postdecremeng9, 30
postincrement?9, 30
precedence]8
predecrement9, 30
preincrement?9, 30
privat e membey18
programlay-out,4
promotiontype, 28



Index 67

prot ect ed member18, 61 statement41-49
public assignment41

class,16, 50, 60 block, 41

interface,50, 60 br eak, 46

member18 continue, 46

do-while, 44

referenceype,6 empty 41
remainder for,44

floating-point,30 if,42

integer, 30 I f-else, 42
resenedname 4 labelled,46
return statement46 methodcall, 41
returntype 20 return, 46

voi d, 20 switch, 42
right associatre, 28, 32 synchroni zed, 56
Runnabl e interface,54, 59 t hrow, 48
Running(threadstate),54, 55 try-catch-finally,48
Runt i meException, 52 whil e, 44

static

scopegd class,50

of fleld, 8,14 Code,14

of label,46 field, 18

of member14 initializer block, 22

of parameter8, 20 membey 14

of variable,8 memberclass,24
shadeving afield, 8 method 20
sharedstate 54 static, seestatic
shift operators30 string,10, 10-11
short (basetype),6, 40 comparison0, 30
Short class6 concatenationl0, 29
short-cutevaluation,30 literal, 10
signature,/ St ri ngl ndexQut Of BoundsExcept i on, 10, 52

extended,/

morespecific,7 subclass]16

mostspecific,7 subinterfice,50

of constructor22 subsumption?

of method 20 subtype,?

of methodcall, 36 super

subsumption? superclassonstructorcall, 16
sl eep method(Thr ead), 58 superclassnemberaccess]6
Sleeping(threadstate) 54, 55 superclassl.6
sourcefile, 60 supertypey
SPoi nt class(example),15 swi t ch statement42
StackOverfl owError, 52 synchronization56—59
start method(Thr ead), 58 synchr oni zed method 56
state,28, 41 synchroni zed statement56

of thread 54, 55
stateshared54 this
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constructorcall, 22
currentobjectreference34
thread,54 , 54-59
communication54
state 54, 55
Thread class,54, 58
t hr ow statement48
Thr owabl e class 48, 52
throwing anexception,48
t hrows, 20
throws-clausg20
top-level class,14
toString method,10, 11, 15, 52
try-catch-finally statement48
type,6-7
array 6,12
basef
corversion,40
numeric,6
referencef
typecast
expression29, 40
for basetypes,40
for referencdypes,40

unchecledexception,52
Unicodecharacteencoding,10

value,8
variable,8

final, 8
variable-declaation, 8
variable-modifier 8
virtual membey14
voi d returntype20

wai t method(Qbj ect ), 58
Waiting (threadstate),54, 55
whi | e statement44
wideningcorversion,40

yi el d method(Thr ead), 58
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