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4 Commentsandprogramlay-out

1 Running Java: compilation, loading, and execution

Beforea Java programcanbeexecuted,it mustbecompiledandloaded.Thecompilerchecksthat
the Java programis legal: that the programconformsto the syntax(grammar)for Java programs,
thatoperators(suchas+) areappliedto thecorrecttypeof operands(suchas5 andx), etc. If so,the
compilergeneratesso-calledclassfiles. Executionthenstartsby loadingtheneededclassfiles.

Thus running a Java programinvolves threestages:compilation(checksthat the programis
well-formed),loading(loadsandinitializesclasses),andexecution(runstheprogramcode).

2 Namesand reservednames

A legal name(of a variable,method,field, parameter, class,or interface)muststartwith a letteror
dollarsign($) or underscore(_), andcontinuewith zeroor morelettersor dollarsignsor underscores
or digits (0–9). Do not usedollar signsin classnames.Java is casesensitive: uppercaselettersare
distinguishedfrom lowercaseletters.A legalnamecannotbeoneof thefollowing reservednames:

abstract boolean break byte case catch char class const continue
default do double else extends false final finally float for goto if
implements import instanceof int interface long native new null
package private protected public return short static strictfp super switch
synchronized this throw throws transient true try void volatile while

3 Java naming conventions

The following namingconventionsareoften followed in Java programs,althoughnot enforcedby
thecompiler:

� If anameis composedof severalwords,theneachword (exceptpossiblythefirst one)begins
with anuppercaseletter. Examples:setLayout, addLayoutComponent.

� Namesof variables,fields,andmethodsbegin with a lower caseletter. Examples:vehicle,
currentVehicle.

� Namesof classesandinterfacesbeginwith anuppercaseletter. Examples:Layout, FlowLayout.

� Namedconstants(thatis,final variablesandfields)arewrittenentirelyin uppercase(andthe
partsof compositenamesareseparatedby underscores_). Examples:CENTER, MAX_VALUE.

� A packagenameisasequenceof dot-separatedlowercasenames.Example:java.awt.event.

4 Commentsand program lay-out

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

Programlay-out hasno effect on thecomputer’s executionof the program,but is usedto help
humansunderstandthestructureof theprogram.
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Example1 Comments

class Comment {
// This is a one-line comment; it extends to the end of the line
/* This is a delimited comment,

extending over several lines
*/
int /* This is a delimited comment, extending over part of a line */ x = 117;

}

Example2 Programlay-outstyle

class Layout { // Class declaration
int a;

Layout(int a)
{ this.a = a; } // One-line constructor body

int sum(int b) { // Multi-line method body
if (a > 0) // If statement
return a + b; // Single statement

else if (a < 0) { // Nested if-else, block statement
int res = -a + b;
return res * 117;

} else { // a == 0 // Terminal else, block statement
int sum = 0;
for (int i=0; i<10; i++) // For loop

sum += (b - i) * (b - i);
return sum;

}
}

static boolean checkdate(int mth, int day) {
int length;
switch (mth) { // Switch statement
case 2: // Single case
length = 28; break;

case 4: case 6: case 9: case 11: // Multiple case
length = 30; break;

case 1: case 3: case 5: case 7: case 8: case 10: case 12:
length = 31; break;

default:
return false;

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

}
}
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5 Types

A typeis asetof valuesandoperationson them.A typeis eitherabasetypeor a referencetype.

5.1 Basetypes

A basetypeis eitherboolean, or oneof thenumerictypeschar, byte, short, int, long, float,
anddouble. Thebasetypes,exampleliterals,sizein bits,andvaluerangeareshown below:

Type Kind Exampleliterals Size Range
boolean logical false, true 1
char integer ’ ’, ’0’, ’A’, . . . 16 \u0000 . . . \uFFFF (unsigned)
byte integer 0, 1, -1, 117, . . . 8 max � 127
short integer 0, 1, -1, 117, . . . 16 max � 32767
int integer 0, 1, -1, 117, . . . 32 max � 2147483647
long integer 0L, 1L, -1L, 117L, . . . 64 max � 9223372036854775807
float floating-point -1.0f, 0.499f, 3E8f, . . . 32 � 10� 38 ����� � 1038, sigdig6–7
double floating-point -1.0, 0.499, 3E8, . . . 64 � 10� 308 ����� � 10308, sigdig15–16

The integer typesareexact within their range. They usesignedtwo’s complementrepresentation
(exceptfor char), sowhenthemostpositivenumberin atypeis max, thenthemostnegativenumber
is � max� 1. Thefloating-pointtypesareinexactandfollow IEEE754, with thenumberof significant
digits indicatedby sigdigabove. For specialcharacterescapesequences,seepage10.

Integerliterals(of typebyte, char, short, int, or long) maybewrittenin threedifferentbases:

Base Distinction Exampleintegerliterals
Decimal 10 No leading0 1234567890, 127, -127
Octal 8 Leading0 01234567, 0177, -0177
Hexadecimal 16 Leading0x 0xABCDEF0123, 0x7F, -0x7F

Forall basetypestherearecorrespondingclasses(referencetypes),namelyBoolean andCharacter
aswell asByte, Short, Integer, Long, Float, Double, wherethelastsix havethecommonsuper-
classNumber.

5.2 Referencetypes

A referencetypeis aclasstype,aninterfacetype,or anarraytype.A classtypeis definedby aclass
declaration(Section9.1); an interfacetype is definedby an interfacedeclaration(Section13.1);
arraytypesarediscussedin Section5.3below.

A valueof referencetype is eithernull or a referenceto anobjector array. Thespecialvalue
null denotes‘no object’. Theliteral null, denotingthenull value,canhaveany referencetype.

5.3 Array types

An array typehastheform t[], wheret is any type.An arraytypet[] is a referencetype.Hencea
valueof arraytypet[] is eithernull, or is a referenceto anarraywhoseelementtypeis precisely
t (whent is abasetype),or is asubtypeof t (whent is a referencetype).
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5.4 Subtypesand compatibility

A type t1 may be a subtypeof a type t2, in which caset2 is a supertypeof t1. Intuitively this
meansthatany valuev1 of typet1 canbeusedwherea valueof typet2 is expected.Whent1 and
t2 arereferencetypes,t1 mustprovide at leastthe functionality (methodsandfields)providedby
t2. In particular, any valuev1 of typet1 maybeboundto avariableor field or parameterx2 of type
t2, e.g.by theassignmentx2 = v1 or by parameterpassing.We alsosaythat typest1 andt2 are
compatible. Thefollowing rulesdeterminewhena typet1 is a subtypeof a typet2:

� Every typeis asubtypeof itself.

� If t1 is asubtypeof t2 andt2 is asubtypeof t3, thent1 is asubtypeof t3.

� char is a subtypeof int, long, float, anddouble.

� byte is a subtypeof short, int, long, float, anddouble.

� short is asubtypeof int, long, float, anddouble.

� int is subtypeof long, float, anddouble.

� long is a subtypeof float anddouble.

� float is asubtypeof double.

Let t1 andt2 bereferencetypes.

� If t1 andt2 areclasses,thent1 is a subtypeof t2 if t1 is a subclassof t2.

� If t1 andt2 areinterfaces,thent1 is asubtypeof t2 if t1 is asubinterfaceof t2.

� If t1 is aclassandt2 is aninterface,thent1 is asubtypeof t2 providedthatt1 (is asubclass
of aclassthat)implementst2 or implementsasubinterfaceof t2.

� Array typet1[] is asubtypeof arraytypet2[] if typet1 is asubtypeof typet2.

� Any referencetypet, includingany arraytype,is alsoasubtypeof predefinedclassObject.

No basetypeis asubtypeof a referencetype,andno referencetypeis asubtypeof abasetype.

5.5 Signaturesand subsumption

A signature hasform m(t1, . . . , tn) wherem is the nameof a methodor constructor, and(t1, . . . ,
tn) is a list of types;seeExample22. Whenthemethodis declaredin classT, not inheritedfrom a
superclass,thenits extendedsignature is m(T,t1, . . . , tn); it is usedin methodcalls(Section11.10).

Wesaythatasignaturesig1 � m(t1, . . . , tn) subsumessignaturesig2 � m(u1, . . . , un) if eachui is
asubtypeof ti . Wealsosaythatsig2 is morespecificthansig1. Notethatthemethodnamem andthe
numbern of typesmustbethesamein thetwo signatures.Sinceevery typeti is a subtypeof itself,
every signaturesubsumesitself. In a collectionof signaturestheremaybeonewhich is subsumed
by all others;suchassignatureis calledthemostspecificsignature.Examples:

� m(double,double) subsumesitself andm(double,int) andm(int,double) andm(int,int)

� m(double,int) subsumesitself andm(int,int)

� m(int,double) subsumesitself andm(int,int)

� m(double,int) doesnotsubsumem(int,double), nor theotherway round

� thecollectionm(double,int), m(int,int) hasthemostspecificsignaturem(int,int)

� thecollectionm(double,int), m(int,double) hasnomostspecificsignature
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6 Variables,parameters,fields,and scope

A variable is declaredinsidea method,constructoror initializer block, or moregenerally, insidea
blockstatement(seeSection12.2). Thevariablecanbeusedonly in thatblockstatement(or method
or constructoror initializer block),andonly afterits declaration.

A parameteris a specialkind of variable: it is declaredin the parameterlist of a methodor
constructor, andis givena valuewhenthe methodor constructoris called. The parametercanbe
usedonly in thatmethodor constructor, andonly afterits declaration.

A field is declaredinsideaclass,but not insideamethodor constructoror initializer blockof the
class.It canbeusedanywheretheclass,alsotextually beforeits declaration.

6.1 Valuesbound to variables,parameters,or fields

A variable,parameteror field of basetypealwaysholdsa valueof that type, suchasthe boolean
false, theinteger117,or thefloating-pointnumber1.7. A variable,parameteror field of reference
typet eitherhasthespecialvaluenull, or holdsa referenceto anobjector array. If it is anobject,
thentheclassof thatobjectmustbet or asubclassof t.

6.2 Variable declarations

Thepurposeof avariableis to hold avalueduringtheexecutionof ablock statement(or methodor
constructoror initializer block). A variable-declaration hasoneof theforms

variable-modifier type varname1, varname2, ... ;
variable-modifier type varname1= initializer1, ... ;

The variable-modifiermay be final, or absent. If a variableis declaredfinal, thenit mustbe
initializedor assignedatmostonceatruntime(exactlyonceif it is everused):it is anamedconstant.
However, if thevariablehasreferencetype,thentheobjector arraypointedto by thevariablemay
still bemodified.A variableinitializer maybeany expression,or anarrayinitializer (Section8.3).

Executionof the variabledeclarationwill reserve spacefor the variable,thenevaluatethe ini-
tializer, if any, andstoretheresultingvaluein thevariable.Unlike a field, a variableis not givena
default valuewhendeclared,but thecompilerchecksthatit hasbeengivenavaluebeforeit is used.

6.3 Scopeof variables,parametersand fields

Thescopeof anameis thatpartof theprogramin whichthenameis visible. Thescopeof avariable
extendsfrom just after its declarationto theendof the inner-mostenclosingblock statement.The
scopeof a methodor constructorparameteris theentiremethodor constructorbody. For a control
variablex declaredin afor statement

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

thescopeis theentirefor statement,includingtheheaderandthebody.
Within thescopeof avariableor parameterx, onecannotredeclarex. However, onemaydeclare

a variablex within thescopeof a field x, thusshadowingthefield. Hencethescopeof a field x is
theentireclass,exceptwhereshadowedby avariableor parameterof thesamename(andexceptfor
initializersprecedingthefield’sdeclaration;seeSection9.1).
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Example3 Variabledeclarations

public static void main(String[] args) {
int a, b, c;
int x = 1, y = 2, z = 3;
int ratio = z/x;
final double PI = 3.141592653589;
boolean found = false;
final int maxyz;
if (z > y) maxyz = z; else maxyz = y;

}

Example4 Scopeof fields,parameters,andvariables

class Scope {
... //
void m1(int x) { // declaration of parameter x (#1)

... // x #1 in scope
} //
... //
void m2(int v2) { //

... // x #5 in scope
} //
... //
void m3(int v3) { //

... // x #5 in scope
int x; // declaration of variable x (#2)
... // x #2 in scope

} //
... //
void m4(int v4) { //

... // x #5 in scope
{ //
int x; // declaration of variable x (#3)
... // x #3 in scope

} //
... // x #5 in scope
{ //
int x; // declaration of variable x (#4)
... // x #4 in scope

} //
... // x #5 in scope

} //
... //
int x; // declaration of field x (#5)
... // x #5 in scope

}
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7 Strings

A string is anobjectof thepredefinedclassString. A stringliteral is asequenceof characterswithin
doublequotes:"New York", "B52", andsoon. Internally, a characteris storedasa numberusing
the Unicodecharacterencoding,whosecharactercodes0–127coincidewith the ASCII character
encoding.Stringliteralsandcharacterliteralsmayusecharacterescapesequences:

Escapecode Meaning
\b backspace
\t horizontaltab
\n newline
\f form feed(pagebreak)
\r carriagereturn
\" thedoublequotecharacter
\’ thesinglequotecharacter
\\ thebackslashcharacter
\ddd thecharacterwhosecharactercodeis thethree-digitoctalnumberddd
\udddd thecharacterwhosecharactercodeis thefour-digit hexadecimalnumberdddd

Eachcharacterescapesequencerepresentsa singlecharacter. For example,theletterA hascode65
(decimal),whichis written101in octaland0041in hexadecimal,sothestringliteral"A\101\u0041"
is thesameas"AAA".

If s1 ands2 areexpressionsof typeString then:

� s1.length() of typeint is thelengthof s1, thatis, thenumberof charactersin s1.

� s1.equals(s2) of typeboolean is true if s1 ands2 containthesamesequenceof charac-
ters,false otherwise.

� s1.charAt(i) of typechar is thecharacteratpositioni in s1, countingfrom 0. If theindex
i is lessthan0 or greaterthans1.length(), thentheexception
StringIndexOutOfBoundsException is thrown.

� s1.concat(s2) of typeString is anew stringconsistingof thecharactersof s1 followedby
thecharactersof s2.

� s1.toString() of typeString is justs1 itself.

� s1 + v is thesameass1.concat(Integer.toString(v)) whenv hastypeint, andsimi-
larly for theotherbasetypes(Section5.1).

� s1 + v is the sameass1.concat(v.toString()) whenv hasreferencetype andv is not
null; andthe sameass1.concat("null") whenv is null. In particular, s1 + s2 is the
sameass1.concat(s2) whens2 is not null. Any classC will inherit a default toString
methodfrom classObject (which producesstringsof the form C@265734), but classC may
override(redefine)it by declaringa methodpublic String toString() to producemore
usefulstrings.

� s1.compareTo(s2) returnsanegativeinteger, zero,or apositiveinteger, accordingass1 pre-
cedes,equals,or followss2 in theusuallexicographicalorderingbasedon theUnicodechar-
acterencoding.If s1 or s2 is null, thentheexceptionNullPointerException is thrown.

� moreString methodsaredescribedin theJavaclasslibrary Stringsection; seeSection18.

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 = s1 + ""; // New object, but contains same text as s1
String s3 = s1; // Same object as s1
String s4 = s1.toString(); // Same object as s1
// The following statements print false, true, true, true, true:
System.out.println("s1 and s2 identical objects: " + (s1 == s2));
System.out.println("s1 and s3 identical objects: " + (s1 == s3));
System.out.println("s1 and s4 identical objects: " + (s1 == s4));
System.out.println("s1 and s2 contain same text: " + (s1.equals(s2)));
System.out.println("s1 and s3 contain same text: " + (s1.equals(s3)));

Example6 Concatenateall commandline arguments

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

res += args[i];
System.out.println(res);

}

Example7 Countthenumberof e’s in astring

static int ecount(String s) {
int ecount = 0;
for (int i=0; i<s.length(); i++)

if (s.charAt(i) == ’e’)
ecount++;

return ecount;
}

Example8 Determinewhetherstringsoccurin lexicographicallyincreasingorder

static boolean sorted(String[] a) {
for (int i=1; i<a.length; i++)

if (a[i-1].compareTo(a[i]) > 0)
return false;

return true;
}

Example9 UsingaclassthatdeclaresatoString method
The classPoint (Example13) declaresa toString methodwhich returnsa string of the point
coordinates. Below the operator(+) calls the toString methodimplicitly to format the Point
objects:

Point p1 = new Point(10, 20);
Point p2 = new Point(30, 40);
System.out.println("p1 is " + p1); // Prints: p1 is (10, 20)
System.out.println("p2 is " + p2); // Prints: p2 is (30, 40)
p2.move(7, 7);
System.out.println("p2 is " + p2); // Prints: p2 is (37, 47)
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8 Arrays

An array is a collectionof variables,calledelements. An arrayhasa given length 	 anda given
elementtypet. Theelementsareindexedby theintegers0 
 1 
 ����� 
�	�� 1. Thevalueof anexpression
of arraytypeu[] is eithernull, or a referenceto anarraywhoseelementtypet is asubtypeof u. If
u is abasetype,thent mustequalu.

8.1 Array creationand access

A new arrayof length	 with elementtypet is created(allocated)usinganarraycreationexpression:

new t[ 	 ]
where	 is anexpressionof typeint. If typet is a basetype,thenall elementsof thenew arrayare
initialized to 0 (whent is byte, char, short, int, or long) or 0.0(whent is float or double) or
false (whent is boolean). If t is a referencetype,thenall elementsareinitialized to null.

If a hastypeu[] andis a referenceto anarraywith length 	 andelementtypet then:

� a.length is thelength 	 of a, thatis, thenumberof elementsin a.

� the array accessa[i] denoteselementnumberi of a, countingfrom 0; it hastype u. The
integerexpressioni is calledthearrayindex. If thevalueof i is lessthan0 or greateror equal
to a.length, thentheexceptionArrayIndexOutOfBoundsException is thrown.

� whent is a referencetype, thenevery arrayelementassignmenta[i] = e checksthat the
valueof e is null or a referenceto anobjectwhoseclassC is a subtypeof theelementtype
t. If this is not thecase,thentheexceptionArrayStoreException is thrown. This checkis
madebeforeeveryarrayelementassignmentat runtime,but only for referencetypes.

8.2 Multi-dimensional arrays

Thetypesof multi-dimensionalarraysarewrittent[][], t[][][], etc.A rectangularn-dimensional
arrayof size 	 1  	 2 ������� 	 n is created(allocated)usingthearraycreationexpression

new t[ 	 1][ 	 2]...[ 	 n]

A multi-dimensionalarraya of typet[][] is in factaone-dimensionalarrayof arrays;itscomponent
arrayshave typet[]. Hencea multi-dimensionalarrayneednot be rectangular, andoneneednot
createall the dimensionsat once. To createthe first k dimensionsof size 	 1  	 2 ������� 	 k of an
n-dimensionalarray, leave the � n � k � lastbracketsempty:

new t[ 	 1][ 	 2]...[ 	 k][]...[]

To accessanelementof ann-dimensionalarraya, usen index expressions:a[i1][i2]...[in].

8.3 Array initializers

A variableor field of arraytypemaybeinitializedatdeclaration,usinganexistingarrayor anarray
initializer. An arrayinitializer is acomma-separatedlist of expressionsenclosedin braces{ ... }.
Array initializerscanbeusedonly in connectionwith initializedvariableor field declarations.Multi-
dimensionalarrayscanhavenestedinitializers.
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Example10 Creatingandusingone-dimensionalarrays

// Roll a die, count frequencies
int[] freq = new int[6]; // all initialized to 0
for (int i=0; i<1000; i++) {

int die = (int)(1 + 6 * Math.random());
freq[die-1] += 1;

}
for (int c=1; c<=6; c++)

System.out.println(c + " came up " + freq[c-1] + " times");

// Create an array of the strings "A0", "A1", ..., "A19"
String[] number = new String[20]; // all initialized to null
for (int i=0; i<number.length; i++)

number[i] = "A" + i;
for (int i=0; i<number.length; i++)

System.out.println(number[i]);

// Throws ArrayStoreException: Double is not a subtype of Integer
Number[] a = new Integer[10]; // Length 10, element type Integer
Double d = new Double(3.14); // Type Double, class Double
Integer i = new Integer(117); // Type Integer, class Integer
Number n = i; // Type Number, class Integer
a[0] = i; // OK, Integer is subtype of Integer
a[1] = n; // OK, Integer is subtype of Integer
a[2] = d; // NO, Double not subtype of Integer

Example11 Usinganinitializedarray
Methodcheckdate below behavesthesameascheckdate in Example2.

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

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

Example12 Multi-dimensionalarrays

// Create a lower triangular array of the form
// 0.0
// 0.0 0.0
// 0.0 0.0 0.0

final int SIZE = 3;
double[][] a = new double[SIZE][];
for (int i=0; i<SIZE; i++)

a[i] = new double[i+1];

// Use a nested array initializer to create an array similar 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-declarationof classC hastheform

class-modifiers class C extends-clauseimplements-clause
classbody

A declarationof classC introducesa new referencetype C. The classbodymay containdeclara-
tionsof fields,constructors,methods,nestedclasses,nestedinterfaces,andinitializer blocks. The
declarationsin aclassmayappearin any order:

{
field-declarations
constructor-declarations
method-declarations
class-declarations
interface-declarations
initializer-blocks

}

A field, method,nestedclass,or nestedinterfaceis calledamemberof theclass.A membermaybe
declaredstatic. A non-staticmemberis alsocalledavirtual member, or an instancemember.

Thescopeof a memberis theentireclassbody, exceptwhereshadowedby a variableor param-
eteror field of anestedclassor interface.However, thescopeof astaticfield doesnot includestatic
initializersprecedingits declaration(but doesincludeall non-staticinitializers),andthescopeof a
non-staticfield doesnot includenon-staticinitializersprecedingits declaration.

By static codewe denoteexpressionsandstatementsin staticfield initializers,staticinitializer
blocks,andstaticmethods.By non-staticcodewedenoteexpressionsandstatementsin constructors,
non-staticfield initializers,non-staticinitializer blocks,andnon-staticmethods.Non-staticcodeis
executedinsidea current object, which canbe referredto asthis; seeSection11.9. Staticcode
cannotreferto non-staticmembersor to this, only to staticmembers.

9.2 Top-level classes,nestedclasses,memberclassesand local classes

A top-levelclassis aclassdeclaredoutsideany otherclassor interfacedeclaration.A nestedclassis
aclassdeclaredinsideanotherclassor interface.Therearetwo kindsof nestedclasses:a local class
is declaredinsidea methodor constructoror initializer block; a memberclassis not. A non-static
memberclass,or a localclassin anon-staticmember, is calledaninnerclass, becauseany objectof
theinnerclasswill containa referenceto anobjectof theenclosingclass.

For moreonnestedclasses,seeSection9.11.

9.3 Classmodifiers

For a top-level class,the class-modifiers may be a list of public, andat mostoneof abstract
andfinal. For a memberclass,the class-modifiers may be a list of static, andat mostoneof
abstract andfinal, andat mostoneof private, protected andpublic. For a local class,the
class-modifiers is a list of at mostoneof abstract andfinal.
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Example13 Classdeclaration
ThePoint classis declaredto havetwo non-staticfieldsx andy, oneconstructor, andtwo non-static
methods.It is usedin Example38.

class Point {
int x, y;

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

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

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

Example14 Classwith staticandnon-staticmembers
The SPoint classdeclaresa staticfield allpoints andtwo non-staticfields x andy. Thuseach
SPoint object hasits own x andy fields, but all objectssharethe sameallpoints field in the
SPoint class.

The constructorinsertsthe new object (this) in the java.util.Vector objectallpoints.
Thenon-staticmethodgetIndex returnsthepoint’s index in thevector. ThestaticmethodgetSize
returnsthenumberof SPoints createdsofar. ThestaticmethodgetPoint returnsthei’ th SPoint
in thevector. Theclassis usedin Example45.

class SPoint {
static Vector allpoints = new Vector();
int x, y;

SPoint(int x, int y) { allpoints.addElement(this); this.x = x; this.y = y; }
void move(int dx, int dy) { x += dx; y += dy; }
public String toString() { return "(" + x + ", " + y + ")"; }
int getIndex() { return allpoints.indexOf(this); }
static int getSize() { return allpoints.size(); }
static SPoint getPoint(int i) { return (SPoint)allpoints.elementAt(i); }

}

Example15 Top-level, member, andlocal classes

class TLC { // top-level class TLC
static class SMC { ... } // static member class

class NMC { ... } // non-static member (inner) class

void nm() { // non-static method in TLC
class NLC { ... } // local class in method

}
}
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9.4 The classmodifiers public, final, and abstract

If a top-level classC is declaredpublic, thenit is accessibleoutsideits package;seeSection17.
If a classC is declaredfinal, thenonecannotdeclaresubclassesof C, andhencecannotover-

ride any methodsdeclaredin C. This is usefulfor preventingroguesubclassesfrom violating data
representationinvariants.

If aclassC is declaredabstract, thenit cannotbeinstantiated,but non-abstractsubclassesof C
canbeinstantiated.An abstractclassmaydeclareconstructorsandhave initializers,to beexecuted
when instantiatingconcretesubclasses.An abstractclassmay declareabstractand non-abstract
methods;a non-abstractclasscannotdeclareabstractmethods.A classcannotbe bothabstract
andfinal, becausenoobjectscouldbecreatedof thatclass.

9.5 Subclasses,superclasses,classhierarchy, inheritance and overriding

A classC maybedeclaredasasubclassof classB by anextends-clauseof theform

class C extends B { ... }

In this case,C is a subclass(andhencesubtype,seeSection5.4) of B andits superclasses.ClassC
inheritsall methodsandfields (even privateones,althoughthey arenot accessiblein classC), but
not theconstructors,from B.

ClassB is called the immediatesuperclassof C. A classcanhave at mostoneimmediatesu-
perclass. The predefinedclassObject is a superclassof all other classes;classObject hasno
superclass.Hencethe classesform a classhierarchy in which every classis a descendantof its
immediatesuperclass,exceptObject which is at thetop.

A constructorin subclassC may, asits veryfirst action,explicitly call aconstructorin theimme-
diatesuperclassB, usingthesyntax

super(actual-list);

A superclassconstructorcall super(...) mayappearonly at theverybeginningof aconstructor.
If aconstructorC(...) in subclassC doesnotexplicitly call super(...) asits first action,then

it implicitly callstheargumentlessdefault constructorB() in superclassB asits first action,asif by
super(). In this caseB musthave a non-privateargumentlessconstructorB(). Conversely, if there
is no argumentlessconstructorB() in B, thenC(...) in C mustusesuper(...) to explicitly call
someotherconstructorin B.

Thedeclarationof C mayoverride(redeclare)any non-finalmethodm inheritedfrom B by declar-
ing a new methodm with the samesignature. The overriddenB-methodm can be referredto as
super.m insideC’s constructors,non-staticmethods,andinitializersof non-staticfields. Theover-
riding methodm in C:

� mustbeat leastasaccessible(Section9.7) astheoverriddenmethodin B;

� musthave thesamereturntypeastheoverriddenmethodin B;

� mustbestaticif andonly if theoverriddenmethodin B is static;

� eitherhasno throws-clause, or hasa throws-clausethatcoversnomoreexceptionclassesthan
the throws-clause(if any) of theoverriddenmethodin 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 constructors,non-staticmethods,andnon-staticinitializers.
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Example16 Abstractclasses,subclasses,andoverriding
TheabstractclassVessel modelsthenotionof avessel(for holdingliquids): it hasafieldcontents
representingits actualcontents,it hasan abstractmethodcapacity for computingits maximal
capacity, andit hasa methodfor filling in more,but only up to its capacity(theexcesswill belost).
TheabstractclasshassubclassesTank (arectangularvessel),Cube (acubicvessel,subclassof Tank)
andBarrel (acylindric vessel).

Thesubclassesimplementthecapacity method,they inherit thecontents field andthefill
methodfrom thesuperclass,andthey overridethetoString method(inheritedfrom classObject)
to print eachvesselobjectappropriately:

abstract class Vessel {
double contents;
abstract double capacity();
void fill(double amount) { contents = Math.min(contents + amount, capacity()); }

}
class Tank extends Vessel {

double length, width, height;
Tank(double length, double width, double height)
{ this.length = length; this.width = width; this.height = height; }
double capacity() { return length * width * height; }
public String toString()
{ return "tank (" + length + ", " + width + ", " + height + ")"; }

}
class Cube extends Tank {

Cube(double side) { super(side, side, side); }
public String toString() { return "cube (" + length + ")"; }

}
class Barrel extends Vessel {

double radius, height;
Barrel(double radius, double height) { this.radius = radius; this.height = height; }
double capacity() { return height * Math.PI * radius * radius; }
public String toString() { return "barrel (" + radius + ", " + height + ")"; }

}

Example17 Usingthevesselhierarchyfrom Example16
Thecall vs[i].capacity() is legal only becausethemethodcapacity, althoughabstract,is de-
claredin classVessel (Example16):

public static void main(String[] args) {
Vessel v1 = new Barrel(3, 10);
Vessel v2 = new Tank(10, 20, 12);
Vessel v3 = new Cube(4);
Vessel[] vs = { v1, v2, v3 };
v1.fill(90); v1.fill(10); v2.fill(100); v3.fill(80);
double sum = 0;
for (int i=0; i<vs.length; i++)

sum += vs[i].capacity();
System.out.println("Total capacity is " + sum);
for (int i=0; i<vs.length; i++)

System.out.println("vessel number " + i + ": " + vs[i]);
}
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9.6 Field declarationsin classes

Thepurposeof a field is to hold a valueinsideanobject(if non-static)or a class(if static).A field
mustbedeclaredin a classdeclaration.A field-declarationhasoneof theforms:

field-modifiers type fieldname1, fieldname2, ... ;
field-modifiers type fieldname1= initializer1, ... ;

Thefield-modifiers is a list of themodifiersstatic andfinal, andat mostoneof theaccessmodi-
fiersprivate, protected, andpublic (seeSection9.7).

If afield f in classC is declaredstatic, thenf is associatedwith theclassC andcanbereferred
to independentlyof any objectsof classC. Thefield canbereferredto asC.f or o.f whereo is an
expressionof typeC, or, in thedeclarationof C, asf. If a field f in classC is not declaredstatic,
thenf is associatedwith anobject(instance)of classC, andevery instancehasits own copy of the
field. Thefield canbereferredto aso.f whereo is anexpressionof typeC, or, in non-staticcodein
thedeclarationof C, asf.

If a field f in classC is declaredfinal, thenthefield cannotbemodifiedafter initialization. If
f hasreferencetypeandpointsto anobjector array, thentheobject’s fieldsor thearray’s elements
may still be modified. The initialization musthappeneither in the declarationor in an initializer
block (Section9.10), or (if thefield is non-static)preciselyoncein everyconstructorin classC.

A field initializer may be any expression,or an array initializer (Section8.3). A static field
initializer canreferonly to staticmembersof C, andcanthrow no checkedexceptions(Section14).

A field is givena defaultinitial valuedependingon its declaredtypet. If t is a basetype,then
thefield is initialized to 0 (whent is byte, char, short, int, or long) or 0.0 (whent is float or
double) or false (whent is boolean). If t is a referencetype,thenthefield is initialized to null.

Staticfieldsareinitialized whentheclassis loaded.First all staticfieldsaregiventheir default
initial values,thenthestaticinitializer blocks(Section9.10) andstaticfield initializersareexecuted,
in orderof appearancein theclassdeclaration.

Non-staticfieldsareinitialized whena constructoris calledto createanobject(instance)of the
class,at which timeall staticfieldshavebeeninitializedalready;seeSection9.9.

If a classC declaresa non-staticfield f, andC is a subclassof a classB that hasa non-static
field f, thenevery objectof classC hastwo fieldsbothcalledf: oneis theB-field f declaredin the
superclassB, andoneis theC-field f declaredin C itself. Whatfield is referredto by a field access
o.f is determinedby thetypeof o; seeSection11.8.

9.7 Member accessmodifiers: private, protected, public

A member(field or methodor nestedclassor interface)is alwaysaccessiblein theclassin which
it is declared,exceptwhereshadowedby a variableor parameteror a field (of a nestedclass).The
accessmodifiersprivate, protected andpublic determinewhereelsethememberis accessible.

If a memberis declaredprivate in top-level classC or a nestedclasswithin C, thenit is ac-
cessiblein C andits nestedclasses,but not in their subclassesoutsideC, nor in otherclasses.If a
memberin classC is declaredprotected, thenit is accessiblein all classesin thesamepackage(see
Section17) asC, andin subclassesof C, but not in non-subclassesin otherpackages.If amemberin
classC is not declaredprivate, protected, or public, thenit haspackage access, or defaultac-
cess, andis accessibleonly in classeswithin thesamepackageasC, not in classesin otherpackages.
If a memberin classC is declaredpublic, thenit is accessiblein all classes,including classesin
otherpackages.Thus,in orderof increasingaccessibility, wehaveprivate access,packageaccess,
protected access,andpublic access.
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Example18 Field declarations
TheSPoint class(Example14) declaresa staticfield allpoints andtwo non-staticfieldsx andy.

Example27 declaresa staticfield ps of arraytypedouble[]. Its field initializer allocatesa six-
elementarrayandbindsit to ps, andthenthe initializer block (Section9.10) storessomenumbers
into thearray.

TheBarrel classin Example73 declarestwo non-staticfieldsradius andheight. Thefields
arefinal, andthereforemustbeinitialized (which is donein theconstructor).

Example19 Severalfieldswith thesamename
An objectof classC below hastwo non-staticfieldscalledvf: onedeclaredin thesuperclassB, and
onedeclaredin C itself. Similarly, anobjectof classD hasthreenon-staticfieldscalledvf. ClassB
andclassC eachhavea staticfield calledsf. ClassD doesnot declarea staticfield sf, soin classD
thenamesf refersto thestaticfield sf in thesuperclassC. Example42usestheseclasses.

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

class C extends B // two non-static fields vf, one static sf
{ int vf; static int sf; C(int i) { super(i+20); vf = i; sf = i+2; } }

class D extends C // three non-static fields vf
{ int vf; D(int i) { super(i+40); vf = i; sf = i+4; } }

Example20 Memberaccessmodifiers
The vesselhierarchyin Example16 is unsatisfactorybecauseeverybodycanreadandmodify the
fields of a vesselobject. Example73 presentsan improved versionof the hierarchyin which (1)
the contents field in Vessel is madeprivate to prevent modification,(2) a new public method
getContents permitsreadingthefield,and(3) thefieldsof Tank andBarrel aredeclaredprotected
to permitaccessfrom subclassesdeclaredin otherpackages.

Since the field contents in Vessel is private, it is not accessiblein the subclasses(Tank,
Barrel, . . . ), but the subclassesstill inherit the field. Thusevery vesselsubclassobjecthasroom
for storingthefield, but canchangeandaccessit only by usingthemethodsfill andgetContents
inheritedfrom theabstractsuperclass.

Example21 A privatememberis accessiblein theenclosingtop-level class
A privatememberis accessibleeverywhereinsidetheenclosingtop-level class(andonly there):

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

private static int y = x; // access private x from enclosing class
}
static void m() {

int z = SI.y; // access private y from nested class
}

}
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9.8 Method declarations

A methodmustbedeclaredinsideaclass.A method-declaration declaringmethodm hastheform:

method-modifiers returntypem(formal-list) throws-clause
method-body

The formal-list is acomma-separatedlist of formal parameterdeclarations, eachof theform

parameter-modifier type parametername

The parameter-modifiermaybefinal, meaningthat the parametercannotbe modifiedinsidethe
method,or absent.Thetypeis any type.Theparameternameis any legalname.A formalparameter
is similar to aninitialized variable;its scopeis themethod-body.

Themethodnamem togetherwith thelist t1, . . . , tn of declaredparametertypesin theformal-list
determinethemethodsignaturem(t1, . . . , tn). Thereturntypeis notpartof themethodsignature.

A classmay declaremore than one methodwith the samemethodname, provided they have
differentmethodsignatures.This is calledoverloadingof themethodname.

Themethod-bodyis a block-statement(Section12.2), andthusmaycontainstatementsaswell
asdeclarationsof variablesandlocal classes.

In particular, themethod-bodymaycontainreturn statements.If thereturntypeisvoid, thenthe
methoddoesnotreturnavalue,andnoreturn statementin themethod-bodycanhaveanexpression
argument.If thereturntypeis notvoid, thenthemethodmustreturnavalue:it mustnotbepossible
for executionto reachthe endof method-bodywithout executinga return statement.Moreover,
everyreturn statementmusthaveanexpressionargumentwhosetypeis asubtypeof thereturntype.

Themethod-modifiers is a list of themodifiersstatic, final, abstract, synchronized (Sec-
tion 15.2), andat mostoneof theaccessmodifiersprivate, protected, or public (Section9.7).

If amethodm in classC is declaredstatic, thenm is associatedwith theclassC; it canbereferred
without any objectof classC. ThemethodmaybecalledasC.m(...) or aso.m(...) whereo is
an expressionwhosetype is a subtypeof C, or, insidemethods,constructors,field initializers and
initializer blocksin C, simplyasm(...). A staticmethodcanreferonly to staticfieldsandmethods
of theclass.

If a methodm in classC is not declaredstatic, thenm is associatedwith anobject(instance)of
classC. Outsidetheclass,themethodmustbecalledaso.m(...) whereo is anobjectof classC or
asubclass,or, insidenon-staticmethods,non-staticfield initializersandnon-staticinitializer blocks
in C, simply asm(...). A non-staticmethodcanreferto all fieldsandmethodsof classC, whether
they arestaticor not.

If a methodm in classC is declaredfinal, thenthemethodcannotbeoverridden(redefined)in
subclassesof C.

If amethodm in classC is declaredabstract, thenclassC mustitself beabstract(andsocannot
beinstantiated).An abstractmethoddeclarationhasthis form, withouta methodbody:

abstract method-modifiers returntypem(formal-list) throws-clause;

The throws-clauseof amethodor constructorhastheform

throws E1, E2, ...

whereE1, E2, . . .are the namesof exceptiontypescovering all the checked exceptionsthat the
methodor constructormaythrow. More precisely, for every exceptione thatexecutionmaythrow,
eithere is an unchecked exception(seeSection14), or it is a checked exceptionwhoseclassis a
subtypeof oneof E1, E2, . . . .
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Example22 Methodoverloadingandsignatures
This classdeclaresfour overloadedmethodsm whosesignatures(Section5.5) are m(int) and
m(boolean) andm(int, double) andm(double, double). Someof the overloadedmethods
are static, othersnon-static. The overloadedmethodsmay have different return types,asshown
here.Example47 explainsthemethodcalls.

It would belegal to declareanadditionalmethodwith signaturem(double, int), but thenthe
methodcall m(10, 20) wouldbecomeambiguousandillegal. Namely, thereis nowayto determine
whetherto call m(int, double) or m(double, int).

class Overloading {
double m(int i) { return i; }
boolean m(boolean b) { return !b; }
static double m(int x, double y) { return x + y + 1; }
static double m(double x, double y) { return x + y + 3; }

public static void main(String[] args) {
System.out.println(m(10, 20)); // Prints 31.0
System.out.println(m(10, 20.0)); // Prints 31.0
System.out.println(m(10.0, 20)); // Prints 33.0
System.out.println(m(10.0, 20.0)); // Prints 33.0

}
}

Example23 Methodoverriding
In thevesselhierarchy(Example16), theclassesTank andBarrel overridethemethodtoString
inheritedfrom theuniversalsuperclassObject, andclassCube overridestoString inheritedfrom
classTank.

Example24 Methodoverridingandoverloading
TheclassC1 declarestheoverloadedmethodm1 with signaturesm1(double) andm1(int), andthe
methodm2 with signaturem2(int). ThesubclassC2 hidesC1’s methodm1(double) andoverloads
m2 by declaringanadditionalvariant.Callsto thesemethodsareshown in Example48.

class C1 {
static void m1(double d) { System.out.println("11d"); }
void m1(int i) { System.out.println("11i"); }
void m2(int i) { System.out.println("12i"); }

}

class C2 extends C1 {
static void m1(double d) { System.out.println("21d"); }
void m1(int i) { System.out.println("21i"); }
void m2(double d) { System.out.println("22d"); }

}
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9.9 Constructor declarations

Thepurposeof aconstructorin classC is to createandinitialize new objects(instances)of theclass.
A constructor-declaration in classC hastheform:

constructor-modifiers C(formal-list) throws-clause
constructor-body

Theconstructor-modifiers is alist of atmostoneof private, protected, andpublic (Section9.7);
aconstructorcannotbeabstract, final, or static. Thereturntypeof aconstructorneednotand
cannotbespecified:by definition,aconstructorin classC returnsanobjectof classC.

Constructorsmaybeoverloadedin thesamewayasmethods:theconstructorsignature (a list of
theparametertypesin formal-list) is usedto distinguishconstructorsin thesameclass.A constructor
maycall anotheroverloadedconstructorin thesameclassusingthesyntax:

this(actual-list)

but aconstructormaynot call itself, directlyor indirectly. A call this(...) to anotherconstructor,
if present,mustbetheveryfirst actionof aconstructor, precedingany declaration,statement,etc.

Theconstructor-bodyis a block-statement(Section12.2) andsomaycontainstatementsaswell
asdeclarationsof variablesandlocalclasses.Theconstructor-bodymaycontainreturn statements,
but noreturn statementcantakeanexpressionargument.

A classwhichdoesnotexplicitly declareaconstructor, implicitly declaresapublic,argumentless
defaultconstructorwhoseonly (implicit) actionis to call thesuperclassconstructor(Section9.5):

public C() { super(); }

The throws-clauseof the constructorspecifiesthe checked exceptionsthat may be thrown by the
constructor, in thesamemannerasfor methods;seeSection9.8.

Whena constructoris called(Section11.6) to createanobject,the following happens:first an
objectof theclassis createdin thememory, thenthenon-staticfieldsaregivendefault initial values
accordingto their type,thensomesuperclassconstructoris called(explicitly or implicitly) exactly
once,thenthenon-staticfield initializersandnon-staticinitializer blocksareexecutedonce,in order
of appearancein theclassdeclaration,andfinally theconstructorbodyis executed.

9.10 Initializer blocks,field initializers and initializers

In addition to field initializers (Section9.6), a classmay containzero or more initializer-blocks.
Initializer blocksaretypically usedonly whenfield initializers or constructorsdo not suffice. We
usethe term initializer to denotefield initializers aswell as initializer blocks. A static initializer
block hastheform

static block-statement

Thestaticinitializer blocksandfield initializersof staticfieldsareexecuted,in orderof appearance
in theclassdeclaration,whentheclassis loaded.A non-staticinitializer block hastheform

block-statement

Non-staticinitializer blocksareexecutedwhenanobjectis created;seeSection9.9above.
An initializer is not allowedto throw a checkedexception(Section14). If executionof a static

initializer throws an (unchecked) exceptionduring classloading, then that exceptionis discarded
andtheexceptionExceptionInInitializerError is thrown instead.
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Example25 Constructoroverloading;callinganotherconstructor
Weaddanew constructorto thePoint class(Example13), thusoverloadingitsconstructors.Theold
constructorhassignaturePoint(int, int) andthenew onePoint(Point). Thenew constructor
createsacopy of thepointp by calling theold constructorusingthesyntaxthis(p.x, p.y).

class Point {
int x, y;

Point(int x, int y) // overloaded constructor
{ this.x = x; this.y = y; }

Point(Point p) // overloaded constructor
{ this(p.x, p.y); } // calls the first constructor

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

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

}

Example26 Callingasuperclassconstructor
Theconstructorin theColoredPoint subclass(Example65) calls its superclassconstructorusing
thesyntaxsuper(x, y).

Example27 Field initializersandinitializer blocks
Below, thestaticfield initializer allocatesanarrayandbindsit to field ps. Thestaticinitializer block
fills thearraywith an increasingsequenceof pseudo-randomnumbers,thenscalethemso that the
lastnumberis 1.0 (this is usefulfor generatingrolls of a randomloadeddie). This cannotbedone
usingthefield initializer alone.

Onecould deletethe two occurrencesof static to obtainanotherexample,with a non-static
field ps, anon-staticfield initializer, andanon-staticinitializer block. However, it is morecommon
for non-staticfieldsto beinitialized in theconstructorsof theclass(noneis shown here).

class InitializerExample {
static double[] ps = new double[6];

static { // static initializer block
double sum = 0;
for (int i=0; i<ps.length; i++) // fill with increasing numbers
ps[i] = sum += Math.random();

for (int i=0; i<ps.length; i++) // scale so last ps element is 1.0
ps[i] /= sum;

}
...

}
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9.11 Nestedclasses,memberclasses,local classes,and inner classes

A non-staticnestedclass,that is, a non-staticmemberclassNMC or a local classNLC in a non-static
member, is calledaninnerclass. An objectof aninnerclassalwayscontainsareferenceto anobject
of theenclosingclassC, calledtheenclosingobject. Thatobjectcanbereferredto asC.this (see
Example33), soa non-staticmemberx of theenclosingobjectcanbereferredto asC.this.x. A
non-staticnestedclasscannotitself have staticmembers.More precisely, all staticfieldsmustalso
befinal, andmethodsandnestedclassesin a non-staticnestedclassmustbenon-static.

A staticnestedclass,thatis, astaticmemberclassSMC or a localclassin astaticmember, hasno
enclosingobjectandcannotreferto non-staticmembersof theenclosingclassC. This is thestandard
restrictiononstaticmembersof aclass;seeSection9.1. A staticnestedclassmayhavestaticaswell
asnon-staticmembers.

If a localclassrefersto variablesor formalparametersin theenclosingmethodor constructoror
initializer, thenthosevariablesor parametersmustbefinal.

9.12 Anonymousclasses

An anonymousclassis a specialkind of local class;henceit mustbe declaredinsidea methodor
constructoror initializer. An anonymousclasscanbe declared,andan instancecreated,usingthe
specialexpressionsyntax

new C(actual-list)
classbody

whereC is a classname.This createsananonymoussubclassof classC, with thegivenclassbody
(Section9.1). Moreover, it createsanobjectof thatanonymoussubclassby calling theappropriate
C constructorwith the argumentsin actual-list, asif by super(actual-list). An anonymousclass
cannotdeclareits own constructors.

WhenI is aninterfacename,thesimilarexpressionsyntax

new I()
classbody

createsananonymouslocal class,with thegivenclassbody(Section9.1), thatmustimplementthe
interfaceI, andalsocreatesanobjectof thatanonymousclass.
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Example28 Memberclassesandlocal classes

class TLC { // top-level class
static int sf;
int nf;
static class SMC { // static member class

static int ssf = sf + TLC.sf; // can have static members
int snf = sf + TLC.sf; // cannot use non-static TLC members

}
class NMC { // non-static member class

int nnf1 = sf + nf; // can use non-static TLC members
int nnf2 = TLC.sf + TLC.this.nf; // cannot have static members

}
void nm() { // non-static method in TLC

class NLC { // local class in method
int m(final int p) { return sf+nf+p; } // can use non-static TLC members

} } }

Example29 An enumerationasa local class
Methodsuffixes returnsanobjectof the local classSuffixEnumeration which implementsthe
Enumeration interfaceto enumeratethenon-emptysuffixesof thestrings:

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

Enumeration seq = suffixes(args[0]);
while (seq.hasMoreElements())

System.out.println(seq.nextElement());
}

static Enumeration suffixes(final String s) {
class SuffixEnumeration implements Enumeration {
int startindex=0;
public boolean hasMoreElements() { return startindex < s.length(); }
public Object nextElement() { return s.substring(startindex++); }

}
return new SuffixEnumeration();

} }

Example30 Enumerationasananonymouslocal class
Alternatively, wemayuseananonymouslocal classin methodsuffixes:

static Enumeration suffixes(final String s) {
return

new Enumeration() {
int startindex=0;
public boolean hasMoreElements() { return startindex < s.length(); }
public Object nextElement() { return s.substring(startindex++); }

};
}
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10 Classesand objectsin the computer

What is a class?

Conceptually, a classrepresentsa concept,a templatefor creatinginstances(objects).In thecom-
puter, a classis a chunkof memory, setasideonce,whentheclassis loadedat runtime.A classhas
thefollowing parts:

� thenameof theclass;

� roomfor all thestaticmembersof theclass.

We candraw a classasa box. Theheaderclass SPoint givestheclassname,andthebox itself
containsthestaticmembersof theclass:

class SPoint

allpoints

What is an object?

Conceptually, anobjectis a concreteinstanceof a concept(a class).In thecomputer, anobjectis a
chunkof memory, setasideby anobjectcreationexpressionnew C(...); seeSection11.6. Every
evaluationof anobjectcreationexpressionnew C(...) createsadistinctobject,with its own chunk
of computermemory. An objecthasthefollowing parts:

� theclassC of theobject;this is theclassC usedwhencreatingtheobject;

� roomfor all thenon-staticmembersof theobject.

Wecandraw anobjectasabox. Theheader: SPoint givestheobject’sclass(underlined),andthe
remainderof thebox containsthenon-staticmembersof theobject:

x

y

12

123

: SPoint

Inner objects

WhenNIC is aninnerclass(a non-staticmemberclass,or a local classin non-staticcode)in a class
C, thenanobjectof classNIC is an inner object. In additionto theobject’s classandthenon-static
fields,an innerobjectwill alwayscontaina referenceto anenclosingobject, which is anobjectof
theinnermostenclosingclassC. TheouterobjectreferencecanbewrittenC.this in Javaprograms.

An objectof astaticnestedclass,ontheotherhand,containsnoreferenceto anenclosingobject.
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Example31 Objectsandclasses
This is thecomputermemoryat theendof themain methodin Example45, usingtheSPoint class
from Example14. Thevariablesp ands referto thesameobject,variableq is null, andvariabler
refersto theright-mostobject.No variablerefersto themiddleobject.

x

y

12

123

: SPoint

x

y

200

: SPoint

10

x

y 12

: SPoint

99

(vector)

class SPoint
p

q

r

s

allpoints

Example32 Objectswith multiplefieldsof thesamename
This is thecomputermemoryat theendof themain methodin Example42, usingtheclassesfrom
Example19. TheclassesB andC eachhaveasinglestaticfield sf; classD hasnone.Thetwo objects
of classC eachhave two non-staticfieldsvf (calledB/vf andC/fv in the figure),andthe classD
objecthasthreenon-staticfieldsvf.

b1

c1

b2

c2

361 304

300

b3

c3

d3
120

: C

B/vf

C/vf 100

: C

B/vf

C/vf

220

200

class B

sf

class C

sf

class D

: D

B/vf

C/vf 340

360

D/vf

Example33 Innerobjects
Example28 declaresa classTLC with non-staticmember(inner)classNMC andstaticmemberclass
SMC. If wecreateaTLC-object,two NMC-objects,andaSMC object:

TLC oo = new TLC();
TLC.NMC io1 = oo.new NMC(), io2 = oo.new NMC();
TLC.SMC sio = new TLC.SMC();

thenthecomputermemorywill containtheseobjects(theclassesarenotshown):

snfthis
TLC.

this
TLC.

nf

oo io1 io2 sio

: SMC

nnf1

nnf2

: NMC

nnf1

nnf2

: NMC: TLC
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11 Expressions

Themainpurposeof anexpressionis to computea value(suchas117) by evaluation.In addition,
evaluationmaychangethecomputer’s state: thevalueof variables,fields,andarrayelements,the
contentsof files,etc.Moreprecisely, evaluationof anexpressioneither:

� terminatesnormally, producingavalue,or

� terminatesabnormallyby throwing anexception,or

� doesnot terminateat all (for instance,becauseit callsamethodthatdoesnot terminate).

Expressionsarebuilt from literals (anonymousconstants),variables,fields,operators,methodcalls,
arrayaccesses,conditionalexpressions,thenew operator, andsoon;seethetableopposite.

Onemustdistinguishthe (compile-time)typeof an expressionfrom the (runtime)classof an
object. An expressionhasa type(Section5) inferredby thecompiler. Whenthis is a referencetype
t, andthe valueof theexpressionis anobjecto, thentheclassof objecto will be a subtypeof t,
but not necessarilyequalto t. For instance,theexpression(Number)(new Integer(2)) hastype
Number, but its valueis anobjectwhoseclassis Integer, asubclassof Number.

Tableof expressionforms

Thetableopposite(page29) shows theform, meaning,associativity, operand(argument)typesand
resulttypesfor Javaexpressions.Theexpressionsaregroupedaccordingto precedenceasindicated
by the horizontal lines, from high precedenceto low precedence.Higher-precedenceforms are
evaluatedbeforelowerprecedenceforms.Parenthesesmaybeusedto emphasizeor forceaparticular
orderof evaluation.

Whenanoperator(suchas+) is left associative, thena sequencee1 + e2 + e3 of operatorsis
evaluatedasif parenthesized(e1 + e2) + e3. Whenanoperator(suchas=) is right associative,
thena sequencee1 = e2 = e3 of operatorsis evaluatedasif parenthesizede1 = (e2 = e3).

Thetablealsoshowstherequiredoperandtypesandresulttypes.Thekind integerstandsfor any
of char, byte, short, int, or long; andnumericstandsfor integeror float or double.

For anoperatorwith oneintegeror numericoperand,thepromotiontypeis double if theoperand
hastypedouble; it is float if theoperandhastypefloat; it is long if theoperandhastypelong;
otherwiseit is int (thatis, if theoperandhastypebyte, char, short or int).

For anoperatorwith two integeror numericoperands(excepttheshift operators;Section11.3),
thepromotiontypeis double if any operandhastypedouble; otherwise,it is float if any operand
hastypefloat; otherwise,it is long if any operandhastypelong; otherwiseit is int.

Beforetheoperationis performed,theoperand(s)arepromoted,thatis, convertedto thepromo-
tion typeby awideningtypeconversion(page40).

If the result type is givenasnumericalso,it equalsthe promotiontype. For example,10 / 3
hastypeint, whereas10 / 3.0 hastypedouble, andc + (byte)1 hastypeint whenc hastype
char.
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Tableof expressionforms

Expression Meaning Associativity Argument(s) Result
a[...] arrayaccess(Section8.1) t[], integer t
o.f field access(Section11.8) object
o.m(...) methodcall (Section11.10) object
x++ postincrement numeric numeric
x-- postdecrement numeric numeric
++x preincrement numeric numeric
--x predecrement numeric numeric
-x negation(minussign) right numeric numeric
~e bitwisecomplement right integer int/long
!e logicalnegation right boolean boolean
new t[...] arraycreation(Section8.1) type t[]
new C(...) objectcreation(Section11.6) class C
(t)e typecast(Section11.11) type,any t
e1 * e2 multiplication left numeric numeric
e1 / e2 division left numeric numeric
e1 % e2 remainder left numeric numeric
e1 + e2 addition left numeric numeric
e1 + e2 stringconcatenation left String,any String
e1 + e2 stringconcatenation left any, String String
e1 - e2 subtraction left numeric numeric
e1 << e2 left shift (Section11.3) left integer int/long
e1 >> e2 signedright shift left integer int/long
e1 >>> e2 unsignedright shift left integer int/long
e1 < e2 lessthan none numeric boolean
e1 <= e2 lessthanor equalto none numeric boolean
e1 >= e2 greaterthanor equalto none numeric boolean
e1 > e2 greaterthan none numeric boolean
e instanceof t instancetest(Section11.7) none any, ref. type boolean
e1 == e2 equal left compatible boolean
e1 != e2 notequal left compatible boolean
e1 & e2 bitwiseand left integer int/long
e1 & e2 logical strict and left boolean boolean
e1 ^ e2 bitwiseexclusive-or left integer int/long
e1 ^ e2 logical strict exclusive-or left boolean boolean
e1 | e2 bitwiseor left integer int/long
e1 | e2 logical strict or left boolean boolean
e1 && e2 logicaland(Section11.2) left boolean boolean
e1 || e2|| logicalor (Section11.2) left boolean boolean
e1 ? e2 : e3 conditional(Section11.5) right boolean,any, any any
x = e assignment(Section11.4) right e subtypeof x typeof x
x += e compoundassignment right compatible typeof x
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11.1 Arithmetic operators

Thevalueof thepostincrementexpressionx++ is thatof x, andits effect is to incrementx by one;
andsimilarly for postdecrementx--.

Thevalueof thepreincrementexpression++x is thatof x+1, andits effect is to incrementx by
one;andsimilarly for predecrement--x.

Integer division e1/e2 truncates,that is, roundstowards0, so 10/3 is 3, and(-10)/3 is � 3.
Theintegerremainderx%y equalsx-(x/y)*y wheny is non-zero;it hasthesamesignasx. Integer
division or remainderby zerothrows theexceptionArithmeticException. Integeroverflow does
not throw an exception,but wrapsaround. Thus, in the int type, the expression2147483647+1
evaluatesto � 2147483648,andtheexpression-2147483648-1 evaluatesto 2147483647.

The floating-point remainderx%y roughly equalsx-(((int)(x/y))*y when y is non-zero.
Floating-pointdivision by zero,andfloating-pointoverflow, do not throw exceptions,but produce
specialvaluessuchasInfinity or NaN, meaning‘not anumber’.

11.2 Logical operators

Theoperators== and!= requiretheoperandtypesto becompatible:onemustbea subtypeof the
other. Two valuesof basetypeareequal(by ==) if they representthesamevalueafter conversion
to their commonsupertype.For instance,10 and10.0areequal. Two valuesof referencetypeare
equal(by ==) if botharenull, or botharereferencesto thesameobjector array, createdby thesame
executionof the new-operator. Hencedo not use== or != to comparestrings: two stringss1 and
s2 mayconsistof thesamesequenceof characters(andthereforeequalby s1.equals(s2)), yetbe
distinctobjects(andthereforeunequalby s1==s2); seeExample5.

Thelogicaloperators&& and|| performshort-cutevaluation: if e1 evaluatesto true in e1&&e2,
thene2 is evaluatedto obtainthevalueof theexpression;otherwisee2 is ignoredandthevalueof
the expressionis false. Conversely, if e1 evaluatesto false in e1||e2, thene2 is evaluatedto
obtainthevalueof theexpression;otherwisee2 is ignoredandthevalueof theexpressionis true.

By contrast,theoperators& (logical strict and)and^ (logical strict exclusive-or)and| (logical
strict or) alwaysevaluateboth operands,regardlessof the valueof the left-handoperand.Usually
theshort-cutoperators&& and|| arepreferable.

11.3 Bitwise operatorsand shift operators

Theoperators~ (bitwisecomplement)and& (bitwiseand)and^ (bitwiseexclusive-or)and| (bitwise
or) maybeusedon operandsof integertype. Theoperatorswork in parallelon all bits of thetwo’s
complementrepresentationof theoperands.Thus~n equals(-n)-1 andalsoequals(-1)^n.

Theshift operators<< and>> and>>> shift thebits of the two’s complementrepresentationof
thefirst argument.The two operandsarepromoted(page28) separately, andthe resulttype is the
promotiontype(int or long) of thefirst argument.Thustheshift operationis alwaysperformedon
a 32-bit (int) or a 64-bit (long) value. In theformercase,the lengthof theshift is between0 and
31 asdeterminedby the5 leastsignificantbits of thesecondargument;in thelattercase,thelength
of theshift is between0 and63 asdeterminedby the6 leastsignificantbits of thesecondargument.

Theleft shift n<<s equalsn*2*2*...*2 wherethereares multiplications.Thesignedright shift
n>>s of anon-negativen equalsn/2/2/.../2 wherethereares divisions;thesignedright shift of a
negativen equals~((~n)>>s). Theunsignedright shift n>>>s of anon-negativen equalsn>>s; the
signedright shift of anegativen equals(n>>s)+(2<<~s) if n hastypeint, and(n>>s)+(2L<<~s)
if it hastypelong.
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Example34 Arithmeticoperators

public static void main(String[] args) {
int max = 2147483647;
int min = -2147483648;
println(max+1); // Prints -2147483648
println(min-1); // Prints 2147483647
println(-min); // Prints -2147483648
print( 10/3); println( 10/(-3)); // Prints 3 -3
print((-10)/3); println((-10)/(-3)); // Prints -3 3
print( 10%3); println( 10%(-3)); // Prints 1 1
print((-10)%3); println((-10)%(-3)); // Prints -1 -1

}
static void print(int i) { System.out.print(i + " "); }
static void println(int i) { System.out.println(i + " "); }

Example35 Logicaloperators
Dueto short-cutevaluationof &&, thisexpressionfrom Example11doesnotevaluatethearrayaccess
days[mth-1] unless1 � mth � 12,sotheindex is neverout of bounds:

(mth >= 1) && (mth <= 12) && (day >= 1) && (day <= days[mth-1]);

This methodreturnstrue if y is a leapyear, namely, if y is a multiple of 4 but not of 100,or is a
multipleof 400:

static boolean leapyear(int y)
{ return y % 4 == 0 && y % 100 != 0 || y % 400 == 0; }

Example36 Bitwiseoperatorsandshift operators

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

int a = 0x3; // Bit pattern 0011
int b = 0x5; // Bit pattern 0101
println4(a); // Prints 0011
println4(b); // Prints 0101
println4(~a); // Prints 1100
println4(~b); // Prints 1010
println4(a & b); // Prints 0001
println4(a ^ b); // Prints 0110
println4(a | b); // Prints 0111

}
static void println4(int n) {

for (int i=3; i>=0; i--)
System.out.print(n >> i & 1);

System.out.println();
}

}
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11.4 Assignmentexpression

In theassignmentexpressionx = e, thetypeof e mustbeasubtypeof thetypeof x. Thetypeof the
expressionis thesameasthetypeof x. Theassignmentis executedby evaluatingexpressione and
storingits valuein variablex, afterawideningconversion(Section11.11) if necessary. Whene is a
compile-timeconstantof typebyte, char, short orint, andx hastypebyte, char orshort, thena
narrowing conversionis doneautomatically, providedthevalueof e is within therangerepresentable
in x (Section5.1). Thevalueof theexpressionx = e is thatof x aftertheassignment.

Theassignmentoperatoris right associative,sothemultipleassignmentx = y = e hasthesame
meaningasx = (y = e), thatis, evaluatetheexpressione, assignits valueto y, andthento x.

Whene hasreferencetype(objecttypeor arraytype),thenonly areferenceto theobjector array
is storedin x. Thustheassignmentx = e doesnotcopy theobjector array;seeExample38.

Whenx ande havethesametype,thecompoundassignmentx += e is equivalenttox = x + e;
however, x is evaluatedonly once,soin a[i++] += e thevariablei is incrementonly once.When
the type of x is t, differentfrom the type of e, thenx += e is equivalentto x = (t)(x + e), in
which the intermediateresult(x + e) is convertedto typet (Section11.11); againx is evaluated
only once.Theothercompoundassignmentoperators-=, *=, andsoon,aresimilar.

Sincethe valueof theexpressionx += e is thatof x after theassignment,andtheassignment
operatorsassociateto the right, onecanwrite ps[i] = sum += e to first incrementsum by e and
thenstoretheresultin ps[i]; seeExample27.

11.5 Conditional expression

Theconditionalexpressione1 ? e2 : e3 is legal if e1 hastypeboolean, ande2 ande3 bothhave
numerictypes,or bothhavetypeboolean, or bothhavecompatiblereferencetypes.Theconditional
expressionis evaluatedby first evaluatinge1. If e1 evaluatestotrue, thene2 is evaluated;otherwise
e3 is evaluated.Theresultingvalueis thevalueof theconditionalexpression.

11.6 Object creationexpression

Theobjectcreationexpression

new C(actual-list)

createsa new objectof classC, by calling that constructorin classC whosesignaturematchesthe
argumentsin actual-list.

Theactual-list is evaluatedfrom left to right to obtaina list of argumentvalues.Theseargument
valuesareboundto theconstructor’sparameters,anobjectof theclassis createdin thememory, the
non-staticfields aregivendefault initial valuesaccordingto their type, a superclassconstructoris
called(explicitly or implicitly), all non-staticfield initializersandinitializer blocksareexecutedin
orderof appearance,andfinally theconstructorbodyis executedto initialize theobject. Thevalue
of theconstructorcall expressionis thenewly createdobject,whoseclassis C.

WhenC is aninnerclassin classD, ando evaluatesto anobjectof classD, thenonemaycreatea
C-objectinsideo usingthesyntaxo.new C(actual-list); seeExample33.

11.7 Instancetestexpression

The instanceteste instanceof t is evaluatedby evaluatinge to a valuev. If v is notnull andis
a referenceto anobjectof classC, whereC is asubtypeof t, theresultis true; otherwisefalse.
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Example37 Assignment:widening,narrowing, andtruncatingcompoundassignment
Theassignmentd = 12 performsawideningof 12 from int to double. Theassignmentsb = 123
andb2 = 123+1 performan implicit narrowing from int to byte, becausethe right-handsides
are compile-timeconstants.The assignmentb2 = b1+1 would be illegal becauseb1+1 is not a
compile-timeconstant.Theassignmentb2 = 123+5 would beillegalbecause,although123+5 is a
compile-timeconstant,its valueis not representableasabyte (whoserangeis � 128��� 127).

double d;
d = 12; // widening conversion from int to double
byte b1 = 123, b2; // narrowing conversion from int to byte
b2 = 123 + 1; // legal: 123+1 is a compile-time constant
b2 = (byte)(b1 + 1); // legal: (byte)(b1 + 1) has type byte
int x = 0;
x += 1.5; // equivalent to: x = (int)(x + 1.5); thus adds 1 to x

Example38 Assignmentdoesnotcopy objects
This exampleusesthePoint classfrom Example13. Assignment(andparameterpassing)copies
only thereference,not theobject:

Point p1 = new Point(10, 20);
System.out.println("p1 is " + p1); // prints: p1 is (10, 20)
Point p2 = p1; // p1 and p2 refer to same object
p2.move(8, 8);
System.out.println("p2 is " + p2); // prints: p2 is (18, 28)
System.out.println("p1 is " + p1); // prints: p1 is (18, 28)

Example39 Compoundassignmentoperators
Computetheproductof all elementsof arrayxs:

static double multiply(double[] xs) {
double prod = 1.0;
for (int i=0; i<xs.length; i++)

prod *= xs[i]; // equivalent to: prod = prod * xs[i]
return prod;

}

Example40 Theconditionalexpression
Returntheabsolutevalueof x (alwaysnon-negative):

static double absolute(double x)
{ return (x >= 0 ? x : -x); }

Example41 Objectcreationandinstancetest

Number n1 = new Integer(17);
Number n2 = new Double(3.14);
// The following statements print: false, true, false, true
System.out.println("n1 is a Double: " + (n1 instanceof Double));
System.out.println("n2 is a Double: " + (n2 instanceof Double));
System.out.println("null is a Double: " + (null instanceof Double));
System.out.println("n2 is a Number: " + (n2 instanceof Number));
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11.8 Field accessexpression

A fieldaccessmusthaveoneof thesethreeforms

f
C.f
o.f

whereC is a classando anexpressionof referencetype.
A classmayhaveseveralfieldsof thesamenamef; seeSection9.6, Example19, andExample42

opposite.
A field accessf mustreferto astaticor non-staticfield declaredin or inheritedby aclasswhose

declarationenclosesthefield accessexpression(notshadowedby afield in anestedenclosingclass,
or by a variableor parameterof thesamename).Theclassdeclaringthefield is thetargetclassTC.

A field accessC.f mustrefer to a staticfield in classC or a superclassof C. That classis the
targetclassTC.

A field accesso.f, whereexpressiono hastypeC, mustreferto astaticor non-staticfield in class
C or asuperclassof C. Thatclassis thetargetclassTC. To evaluatethefield access,theexpressiono
is evaluatedto obtainanobject.If thefield is static,thentheobjectis ignored,andthevalueof o.f
is theTC-field f. If thefield is non-static,thenthevalueof o mustbenon-null, andthevalueof o.f
is foundasthevalueof theTC-field f in objecto.

It is informative to contrastnon-staticfield accessandnon-staticmethodcall (Section11.10):

� In a non-staticfield accesso.f, thefield referredto is determinedby the(compile-time)type
of theobjectexpressiono.

� In a non-staticmethodcall o.m(...), themethodcalledis determinedby the(runtime)class
of thetargetobject:theobjectto whicho evaluates.

11.9 The curr ent object referencethis

The namethis maybe usedin non-staticcodeto refer to thecurrentobject(Section9.1). When
non-staticcodein a given object is executed,the object referencethis refersto the object asa
whole. Hence,whenf is a field andm is a method(declaredin theinnermostenclosingclass),then
this.f meansthesameasf (whenf hasnotbeenshadowedby avariableor parameterof thesame
name),andthis.m(...) meansthesameasm(...).

WhenC is aninnerclassin anenclosingclassD, theninsideC thenotationD.this refersto the
D objectenclosingtheinnerC object.SeeExample28 whereTLC.this.nf refersto field nf of the
enclosingclassTLC.
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Example42 Field access
Here we illustrate static and non-staticfield accessin the classesB, C and D from Example19.
Note that thefield referredto by anexpressionof form o.vf or o.sf is determinedby the typeof
expressiono, not theclassof theobjectto whicho evaluates:

public static void main(String[] args) {
C c1 = new C(100); // c1 has type C; object has class C
B b1 = c1; // b1 has type B; object has class C
print(C.sf, B.sf); // Prints 102 121
print(c1.sf, b1.sf); // Prints 102 121
print(c1.vf, b1.vf); // Prints 100 120
C c2 = new C(200); // c2 has type C; object has class C
B b2 = c2; // b2 has type B; object has class C
print(c2.sf, b2.sf); // Prints 202 221
print(c2.vf, b2.vf); // Prints 200 220
print(c1.sf, b1.sf); // Prints 202 221
print(c1.vf, b1.vf); // Prints 100 120
D d3 = new D(300); // d3 has type D; object has class D
C c3 = d3; // c3 has type C; object has class D
B b3 = d3; // 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); // Prints 304 304 361
print(d3.vf, c3.vf, b3.vf); // Prints 300 340 360

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

Example43 Usingthis whenreferringto shadowedfields
A commonuseof this is to refer to fields (this.x and this.y) that have beenshadowed by
parameters(x andy), especiallyin constructors;seethePoint class(Example13):

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

... }

Example44 Usingthis to passthecurrentobjectto amethod
In theSPoint class(Example14), thecurrentobjectreferencethis is usedin theconstructorto add
thenewly createdobjectto thevectorallpoints, andit is usedin themethodgetIndex to look up
thecurrentobjectin thevector:

class SPoint {
static Vector allpoints = new Vector();
int x, y;
SPoint(int x, int y) { allpoints.addElement(this); this.x = x; this.y = y; }
int getIndex() { return allpoints.indexOf(this); }

... }



36 Expressions

11.10 Method call expression

A methodcall expression,or methodinvocation, musthaveoneof thesefour forms:

m(actual-list)
super.m(actual-list)
C.m(actual-list)
o.m(actual-list)

wherem is amethodname,C is aclassname,ando is anexpressionof referencetype.Theactual-list
is apossiblyemptycomma-separatedlist of expressions,calledtheargumentsor actualparameters.
Thecall signature is csig � m(t1, . . . , tn) where(t1, . . . , tn) is thelist of typesof then arguments
in theactual-list.

Determiningwhatmethodis actuallycalledby amethodcall is moderatelycomplicatedbecause
(1) methodnamesmay be overloaded,eachversionof the methodhaving a distinct signature;(2)
methodsmaybeoverridden,thatis, re-implementedin subclasses;(3) non-staticmethodsarecalled
by dynamicdispatch,givenatargetobject;and(4) amethodcall in anestedclassmaycall amethod
declaredin someenclosingclass.

Section11.10.1describesargumentevaluationandparameterpassing,assumingthesimplecase
whereit is clearwhich methodm is beingcalled. Section11.10.2thendescribeshow to determine
whichmethodis beingcalledin thegeneralcase.

11.10.1 Method call: parameter passing

Herewe considertheevaluationof a methodcall m(actual-list) whenit is clearwhich methodm is
called,andfocuson theparameterpassingmechanism.

Thecall is evaluatedby evaluatingtheexpressionsin theactual-list from left to right to obtain
theargumentvalues.Theseargumentvaluesarethenboundto thecorrespondingparametersin the
method’s formal-list, in orderof appearance.A wideningconversion(seeSection11.11) occursif
thetypeof anargumentexpressionis asubtypeof themethod’scorrespondingparametertype.

Java usescall-by-valueto bind argumentvaluesto formal parameters,so the formal parameter
holdsa copy of the argumentvalue. Thusif the methodchangesthe valueof a formal parameter,
this changedoesnot affect theargument.For anargumentof referencetype,theparameterholdsa
copy of theobjector arrayreference,andhencetheparameterrefersto thesameobjector arrayas
theactualargumentexpression.Thusif themethodchangesthatobjector array, thechangeswill be
visible afterthemethodreturns(seeExample46).

A non-staticmethodmustbecalledwith a targetobject,for exampleaso.m(actual-list), where
the targetobjectis thevalueof o, or asm(actual-list) wherethe targetobjectis thecurrentobject
referencethis. In eithercase,duringexecutionof themethodbody, this will beboundto thetarget
object.

A staticmethodis notcalledwith atargetobject,andit is illegal to usetheidentifierthis inside
themethodbody.

Whentheargumentvalueshave beenboundto the formal parameters,thenthemethodbody is
executed.Thevalueof themethodcall expressionis thevaluereturnedby themethodif its returntype
is non-void; otherwisethe methodcall expressionhasno value. When the methodreturns,all
parametersandlocal variablesin themethodarediscarded.
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Example45 Callingnon-overloaded,non-overriddenmethods
This programusestheSPoint classfrom Example14. ThestaticmethodsgetSize andgetPoint
maybecalledby prefixingthemwith theclassnameSPoint or anexpressionof typeSPoint, such
asq. They maybecalledbeforeany objectshave beencreated.Thenon-staticmethodgetIndex
mustbe calledwith an object,asin r.getIndex(); thenthe methodis executedwith the current
objectreferencethis boundto r.

public static void main(String[] args) {
System.out.println("Number of points created: " + SPoint.getSize());
SPoint p = new SPoint(12, 123);
SPoint q = new SPoint(200, 10);
SPoint r = new SPoint(99, 12);
SPoint s = p;
q = null;
System.out.println("Number of points created: " + SPoint.getSize());
System.out.println("Number of points created: " + q.getSize());
System.out.println("r is point number " + r.getIndex());
for (int i=0; i<SPoint.getSize(); i++)

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

Example46 Parameterpassingcopiesreferences,not objectsandarrays
In themethodcall m(p, d, a) below, theobjectreferenceheldin p is copiedto parameterpp of m,
sop andpp refer to the sameobject,the integerheld in d is copiedto dd, andthe arrayreference
heldin a is copiedto aa. At theendof methodm, thestateof thecomputermemoryis this:

8117

0 0 0 22 0

0 1 2 3 4

a

ddd

pp p

aa

In m: In main:

x

y 28

: Point

18

Whenmethodm returns,its parameterspp, dd andaa arediscarded.The variablesp, d anda are
unmodified,but theobjectandthearraypointedto by p anda havebeenmodified.

public static void main(String[] args) {
Point p = new Point(10, 20);
int[] a = new int[5];
int d = 8;
System.out.println("p is " + p); // Prints: p is (10, 20)
System.out.println("a[3] is " + a[3]); // Prints: a[3] is 0
m(p, d, a);
System.out.println("p is " + p); // Prints: p is (18, 28)
System.out.println("d is " + d); // Prints: d is 8
System.out.println("a[3] is " + a[3]); // Prints: a[3] is 22

}
static void m(Point 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 method is called

In general,methodsmay be overloadedas well as overridden. The overloadingis resolved at
compile-timeby finding the mostspecificapplicableandaccessiblemethodsignaturefor the call.
Overriding(for non-staticmethods)is handledat run-timeby searchingtheclasshierarchystarting
with theclassof theobjecton which themethodis called.

At compile-time: determine the target type and signature

Find thetarget typeTC: If themethodcall hastheform m(actual-list) thenthetarget typeTC is the
innermostenclosingclasscontaininga methodcalledm that is visible (not shadowedby a method
m in a nestedclass). If themethodcall hasthe form super.m(actual-list) thenthe target typeTC
is thesuperclassof theinnermostenclosingclass.If themethodcall hastheform C.m(actual-list)
thenTC is C. If themethodcall hastheform o.m(actual-list) thenTC is thetypeof theexpressiono.

Find the target signature tsig: A methodin classTC is applicable if its signaturesubsumes
the call signaturecsig. Whethera methodis accessibleis determinedby its accessmodifiers;see
Section9.7. Considerthecollectionof methodsin TC thatarebothapplicableandaccessible.The
call is illegal(methodunknown) if thereis nosuchmethod.Thecall is illegal(ambiguous)if thereis
morethanonemethodwhoseextendedsignaturem(T, u1, . . . , un) is mostspecific,thatis, onewhose
extendedsignatureis subsumedby all theothers.Thusif thecall is legal thereis aexactlyonemost
specificextendedsignature;from thatweobtainthetargetsignaturetsig � m(u1, . . . , un).

Determinewhetherthecalledmethodis static: If themethodcall hastheform C.m(actual-list)
thenthecalledmethodmustbestatic.If themethodcall hastheform m(actual-list) or o.m(actual-
list) or super.m(actual-list) then we usethe target type TC and the signaturetsig to determine
whetherthecalledmethodis staticor non-static.

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

If themethodis static: If themethodis staticthennotargetobjectis needed:themethodto call is the
methodwith signaturetsig in classTC. However, whenm is staticin a methodcall o.m(actual-list)
theexpressiono mustbeevaluatedanyway, but its valueis ignored.

If themethodis non-static,determinethetarget object: If themethodis non-static,thena target
object is needed,as it will be boundto the object referencethis during executionof the called
method. In the caseof m(actual-list), the target object is this (if TC is the innermostclassen-
closing the methodcall), or TC.this (if TC is an outerclasscontainingthe methodcall). In the
caseo.m(actual-list), theexpressiono mustevaluateto a non-null objectreference,otherwisethe
exceptionNullPointerException is thrown; thatobjectis the targetobject. To determinewhich
methodto call, the classhierarchyis searched,startingwith the classRTC of the target object. If
a methodwith signaturetsig is not found in classRTC, then the immediatesuperclassof RTC is
searched,andsoon. Thisprocedureis calleddynamicdispatch.

Evaluateandbind thearguments: SeeSection11.10.1.
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Example47 Callingoverloadedmethods
Herewe call theoverloadedmethodsm declaredin Example22. Thecall m(10, 20) hascall sig-
naturem(int, int) andthuscallsthemethodwith signaturem(int, double), becausethatis the
mostspecificapplicable.Hencethefirst two linescall themethodwith signaturem(int, double),
andthelasttwo call themethodwith signaturem(double, double).

System.out.println(m(10, 20)); // Prints 31.0
System.out.println(m(10, 20.0)); // Prints 31.0
System.out.println(m(10.0, 20)); // Prints 33.0
System.out.println(m(10.0, 20.0)); // Prints 33.0

Example48 Callingoverriddenandoverloadedmethods
HereweusetheclassesC1 andC2 from Example24. Thetargettypeof c1.m1(i) is classC1 which
hasa non-staticmethodwith signaturem1(int), so the call is to a non-staticmethod;the target
objecthasclassC2, sothecalledmethodis m1(int) in C2; andquitesimilarly for c2.m1(i). The
target type for c1.m1(d) is theclassC1 which hasa staticmethodwith signaturem1(double), so
thecall is to a staticmethod,andtheobjectboundto c1 doesnot matter. Similarly for c2.m1(d)
whosetargettypeis C2, soit callsm1(double) in C2 whichoverridesm1(double) in C1.

Thecall c1.m2(i) hastargettypeC1 andcallsm2(int). However, acallc2.m2(i) whosetarget
classis C2 wouldbeambiguousandillegal: theapplicableextendedsignaturesarem2(C1,int) and
m2(C2,double), noneof which is morespecificthantheother.

int i = 17;
double d = 17.0;
C2 c2 = new C2(); // Type C2, object class C2
C1 c1 = c2; // Type C1, object class C1
c1.m1(i); c2.m1(i); c1.m1(d); c2.m1(d); // Prints 21i 21i 11d 21d
c1.m2(i); // Prints 12i
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11.11 Typecastexpressionand type conversion

A typeconversionconvertsavaluefrom onetypeto another. A wideningconversionconvertsfrom a
typeto a supertype.A narrowingconversionconvertsfrom a typeto anothertype. This requiresan
explicit typecast(exceptin anassignmentx = e or initialization wheree is a compile-timeinteger
constant;seeSection11.4).

Typecastbetweenbasetypes

Whene is anexpressionof basetypeandt is abasetype,thena typecastof e to t is doneusingthe
expression

(t)e

This expression,when legal, hastype t. The legal type castsbetweenbasetypesare shown by
thetablebelow, whereC marksa narrowing conversionwhich requiresa typecast(t)e, W marks
a wideningconversionthat preservesthe value,andWL marksa wideningconversionwhich may
causea lossof precision:

To type
Fromtype char byte short int long float double
char W C C W W W W
byte C W W W W W W
short C C W W W W W
int C C C W W WL W
long C C C C W WL WL
float C C C C C W W
double C C C C C C W

A narrowing integerconversiondiscardsthose(mostsignificant)bitswhichcannotberepresentedin
thesmallerintegertype.Conversionfrom anintegertypeto afloating-pointtype(float or double)
producesa floating-pointapproximationof theintegervalue.Conversionfrom a floating-pointtype
to an integer typediscardsthe fractionalpartof thenumber;that is, it roundstowardszero. When
convertinga too-largefloating-pointnumberto a long or int, the resultis thebestapproximation
(thatis, thetype’s largestpositiveor thelargestnegativerepresentablenumber);conversionto byte
orshort orchar is doneby convertingtoint andthento therequestedtype.Thebasetypeboolean
cannotbecastto any othertype.A typecastbetweenbasetypesnever fails at runtime.

Typecastbetweenreferencetypes

Whene is anexpressionof referencetypeandt is a referencetype(classor interfaceor arraytype),
thena typecastof e to t is doneusingtheexpression

(t)e

Thisexpressionhastypet. It is evaluatedbyevaluatinge to avaluev. If v isnull or is areferenceto
anobjector arraywhoseclassis asubtypeof t, thenthetypecastsucceedswith resultv; otherwise
the exceptionClassCastException is thrown. The type cast is illegal when it cannotpossibly
succeedat runtime;for instance,whene hastypeDouble andt is Boolean: noneof theseclassesis
asubtypeof theother.
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12 Statements

A statementmay changethe computer’s state: the valueof variables,fields, array elements,the
contentsof files,etc.Moreprecisely, executionof astatementeither

� terminatesnormally(meaningexecutionwill continuewith thenext statement,if any), or

� terminatesabnormallyby throwing anexception,or

� exits by executingareturn statement(if insideamethodor constructor),or

� exits aswitchor loopby executingabreak statement(if insideaswitchor loop),or

� exits thecurrentiterationof a loop andstartsa new iterationby executinga continue state-
ment(if insidea loop),or

� doesnot terminateat all — for instance,by executingwhile (true) {}.

12.1 Expressionstatement

An expressionstatementis anexpressionfollowedby a semicolon:

expression;

It is executedby evaluatingtheexpressionandignoringits value.Theonly formsof expressionthat
maybelegally usedin thiswayareassignmentexpressions(Section11.4), incrementanddecrement
expressions(Section11.1), methodcall expressions(Section11.10), andobjectcreationexpressions
(Section11.6).

For example,anassignmentstatement x=e; is anassignmentexpression x=e followedby
asemicolon.

Similarly, amethodcall statementis amethodcall expressionfollowedby semicolon.Thevalue
returnedby themethod,if any, is discarded;themethodis executedonly for its sideeffect.

12.2 Block statement

A block-statementis a sequenceof zero or more statementsor variable-declarations or class-
declarations, in any order, enclosedin braces:

{
statements
class-declarations
variable-declarations

}

12.3 The empty statement

Theemptystatementconsistsof a semicolononly. It is equivalentto theblock statement{ } that
containsno statementsor declarations,andhasnoeffectat all:

;

It is a commonmistake to addan extra semicolonafter the headerof a for or while loop, thus
introducinganemptyloopbody;seeExample55.
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12.4 Choicestatements

12.4.1 The if statement

An if statementhastheform:

if (condition)
truebranch

Theconditionmusthave typeboolean, andtruebranch is a statement.If theconditionevaluatesto
true, thenthetruebranch is executed,otherwisenot.

12.4.2 The if-else statement

An if-else statementhastheform:

if (condition)
truebranch

else
falsebranch

Theconditionmusthavetypeboolean, andtruebranch andfalsebranch arestatements.If thecondi-
tion evaluatesto true, thenthe truebranch is executed;otherwisethe falsebranch is executed.

12.4.3 The switch statement

A switch statementhastheform:

switch (expression) {
case constant1: branch1
case constant2: branch2
...
default: branchn
}

Theexpressionmusthave typeint, short, char, or byte. Eachconstantmustbea compile-time
constantexpression,consistingonly of literals,final variables,final fieldsdeclaredwith explicit
field initializers, and operators. No two constantsmay have the samevalue. The type of each
constantmustbeasubtypeof thetypeof expression.

Eachbranch is precededby oneor morecase clauses,and is a possiblyempty sequenceof
statements,usuallyterminatedby break or return (if insideamethodor constructor)or continue
(insidea loop). Thedefault clausemaybeleft out.

Theswitch statementis executedasfollows: Theexpressionis evaluatedto obtainavaluev. If
v equalsoneof theconstants, thenthecorrespondingbranch is executed.If v doesnot equalany of
theconstants, thenthebranch followingdefault is executed;if thereis nodefault clause,nothing
is executed.If a branch is not exited by break or return or continue, thenexecutioncontinues
with thenext branch in theswitchregardlessof thecase clauses,until a branch exits or theswitch
ends.
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Example49 Block statements
All methodbodiesandconstructorbodiesareblockstatements.In methodsum from Example2, the
truebranch of thesecondif statementis a block statement.Methodm4 in Example4 containstwo
blockstatements,eachof which containsa (local) declarationof variablex.

Example50 Singleif-else statement
Thismethodbehavesthesameasabsolute in Example40:

static double absolute(double x) {
if (x >= 0)

return x;
else

return -x;
}

Example51 A sequenceof if-else statements
Wecannotuseaswitchhere,becauseaswitchcanwork only on integertypes(includingchar):

static int wdayno1(String wday) {
if (wday.equals("Monday")) return 1;
else if (wday.equals("Tuesday")) return 2;
else if (wday.equals("Wednesday")) return 3;
else if (wday.equals("Thursday")) return 4;
else if (wday.equals("Friday")) return 5;
else if (wday.equals("Saturday")) return 6;
else if (wday.equals("Sunday")) return 7;
else return -1; // Here used to mean ‘not found’

}

Example52 switch statement
Below wecouldhaveusedasequenceof if-else statements,butaswitch is bothfasterandclearer:

static String findCountry(int prefix) {
switch (prefix) {
case 1: return "North America";
case 44: return "Great Britain";
case 45: return "Denmark";
case 299: return "Greenland";
case 46: return "Sweden";
case 7: return "Russia";
case 972: return "Israel";
default: return "Unknown";
}

}
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12.5 Loop statements

12.5.1 The for statement

A for statementhastheform

for (initialization; condition; step)
body

wherethe initialization is a variable-declaration (Section6.2) or an expression, condition is an
expressionof type boolean, step is an expression, andbody is a statement. More generally, the
initialization andstepmay alsobe comma-separatedlists of expressions; the expressionsin each
suchlist areevaluatedfrom left to right. The initialization, conditionandstepmaybe empty. An
emptyconditionis equivalentto true. Thus for (;;) body means‘foreverexecutebody’.

Thefor statementis executedasfollows:

1. The initialization is executed

2. Theconditionis evaluated.If it is false, theloop terminates.

3. If it is true, then

(a) Thebodyis executed
(b) Thestepis executed
(c) Executioncontinuesat2.

12.5.2 The while statement

A while statementhastheform

while (condition)
body

wheretheconditionis anexpressionof typeboolean, andbodyis astatement.Thewhile statement
is executedasfollows:

1. Theconditionis evaluated.If it is false, theloop terminates.

2. If it is true, then

(a) Thebodyis executed
(b) Executioncontinuesat1.

12.5.3 The do-while statement

A do-while statementhastheform

do
body

while (condition);

wheretheconditionis anexpressionof typeboolean, andbodyis astatement.Thebodyis executed
at leastonce,becausethedo-while statementis executedasfollows:

1. Thebodyis executed.

2. Theconditionis evaluated.If it is false, theloop terminates.

3. If it is true, thenexecutioncontinuesat 1.



Statements 45

Example53 Nestedfor loops
Thisprogramprintsa four-line triangleof asterisks(*):

for (int i=1; i<=4; i++) {
for (int j=1; j<=i; j++)

System.out.print("*");
System.out.println();

}

Example54 Array searchusingwhile loop
Thismethodbehavesthesameaswdayno1 in Example51:

static int wdayno2(String wday) {
int i=0;
while (i < wdays.length && ! wday.equals(wdays[i]))

i++;
// Now i >= wdays.length or wday equal to wdays[i]
if (i < wdays.length)

return i+1;
else

return -1; // Here used to mean ‘not found’
}

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

Example55 Infinite loopbecauseof misplacedsemicolon
Herea misplacedsemicolon(;) createsanemptyloop bodystatement,wheretheincrementi++ is
notpartof theloop. Henceit will not terminate,but loop forever:

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

i++;

Example56 Usingdo-while (but while 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 statements,returns,exits and exceptions

12.6.1 The return statement

Thesimplestform of areturn statement,withoutanexpressionargument,is:

return;

Thatform of return statementmustoccurinsidethebodyof amethodwhosereturntypeis void, or
insidethebodyof aconstructor. Executionof thereturn statementexits themethodor constructor,
andcontinuesexecutionat theplacefrom which it wascalled.

Alternatively, areturn statementmayhaveanexpressionargument:

return expression;

That form of return statementmustoccur inside the body of a method(not constructor)whose
returntypeis asupertypeof thetypeof theexpression. Thereturn statementis executedasfollows:
First theexpressionis evaluatedto somevaluev. Thenit exits themethod,andcontinuesexecution
at themethodcall expressionthatcalledthemethod;thevalueof thatexpressionwill bev.

12.6.2 The labelledstatement

A labelledstatementhastheform

label : statement

wherelabel is anidentifier. Thescopeof label is statement, whereit canbeusedin connectionwith
break (Section12.6.3) andcontinue (Section12.6.4). It is illegal to re-usethesamelabel inside
statement, unlessinsidea local classin statement.

12.6.3 The break statement

A break statementis legalonly insidea switchor loop,andhasoneof theforms

break;
break label;

Executingbreak exits the inner-mostenclosingswitch or loop, andcontinuesexecutionafter that
switch or loop. Executingbreak label exits that enclosingstatementwhich haslabel label, and
continuesexecutionafter that statement.Sucha statementmustexist in the inner-mostenclosing
methodor constructoror initializer block.

12.6.4 The continue statement

A continue statementis legalonly insidea loop,andhasoneof theforms

continue;
continue label;

Executingcontinue terminatesthecurrentiterationof theinner-mostenclosingloop,andcontinues
theexecutionatthestep(in for loops;seeSection12.5.1), or thecondition(in while anddo-while
loops;seeSections12.5.2and12.5.3). Executingcontinue label terminatesthecurrentiterationof
thatenclosingloop which haslabel label, andcontinuestheexecutionat thestepor thecondition.
Theremustbesucha loop in theinner-mostenclosingmethodor constructoror initializer block.
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Example57 Usingreturn to terminatea loopearly
Thismethodbehavesthesameaswdayno2 in Example54:

static int wdayno3(String wday) {
for (int i=0; i < wdays.length; i++)

if (wday.equals(wdays[i]))
return i+1;

return -1; // Here used to mean ‘not found’
}

Example58 Usingbreak to terminatea loopearly

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

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

break;
}

Example59 Usingcontinue to startanew iteration
Thismethoddecideswhetherquery is asubstringof target. Whenamismatchbetweenthestrings
is found,continue startsthenext iterationof theouterfor loop, thusincrementingj:

static boolean substring1(String query, String target) {
nextposition:

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 false;
}

Example60 Usingbreak to exit a labelledstatementblock
This methodbehavesassubstring1 from Example59. It usesbreak to exit theentirestatement
block labelledthisposition, thusskippingthefirst return statementandstartinga new iteration
of theouterfor loop:

static boolean substring2(String query, String target) {
for (int j=0; j<=target.length()-query.length(); j++)

thisposition: {
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 The throw statement

A throw statementhastheform

throw expression;

wherethetypeof expressionmustbea subtypeof classThrowable (Section14). Thethrow state-
ment is executedasfollows: The expressionis evaluatedto obtainan exceptionobjectv. If it is
null, thentheexceptionNullPointerException is thrown. Otherwise,theexceptionobjectv is
thrown. In any case,theenclosingblock statementis terminatedabnormally;seeSection14. The
thrown exceptionmaybecaughtin adynamicallyenclosingtry-catch statement(Section12.6.6).
If the exceptionis not caught,thenthe entireprogramexecutionwill be aborted,andinformation
from theexceptionwill beprintedon theconsole(for example,at thecommandprompt,or in the
JavaConsoleinsideawebbrowser).

12.6.6 The try-catch-finally statement

A try-catch statementis usedto catch(particular)exceptionsthrown by theexecutionof a block
of code.It hasthefollowing form:

try
body

catch (E1 x1) catchbody1
catch (E2 x2) catchbody2
...
finally finallybody

whereE1, E2, . . .arenamesof exceptiontypes,the x1, x2, . . .arevariablenames,and the body,
thecatchbodyi andthefinallybodyareblock-statements(Section12.2). Therecanbezeroor more
catch blocks,andthe finally clausemay be absent,but at leastonecatch or finally clause
mustbepresent.

We saythatEi matchesexceptiontypeE if E is asubtypeof Ei (possiblyequalto Ei).
Thetry-catch-finally statementis executedby executingthebody. If theexecutionof body

terminatesnormally, or exits by return or break or continue (wheninsideamethodor constructor
or switchor loop), thenthecatch blocksareignored. If bodyterminatesabnormallyby throwing
exceptione of classE, thenthefirst matchingEi (if any) is located,variablexi is boundto e, and
the correspondingcatchbodyi is executed. If thereis no matchingEi, then the entiretry-catch
statementterminatesabnormallywith exceptione.

If a finally clauseis present,then the finallybodywill be executedregardlesswhetherthe
executionof body terminatednormally, regardlesswhetherbody exited by executingreturn or
break or continue (when insidea methodor constructoror switch or loop), regardlesswhether
any exceptionthrown by bodywascaughtby the catch blocks,andregardlesswhetherany new
exceptionwasthrown duringtheexecutionof acatch body.
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Example61 Throwing anexceptionto indicatefailure
Insteadof returningthe boguserror value-1 asin methodwdayno3 above, throw an exceptionof
classWeekdayException (Example67). Notethethrows clause(Section9.8) in themethodheader:

static int wdayno4(String wday) throws WeekdayException {
for (int i=0; i < wdays.length; i++)

if (wday.equals(wdays[i]))
return i+1;

throw new WeekdayException(wday);
}

Example62 A try-catch block
Thisexamplecallsthemethodwdayno4 (Example61) insideatry-catch blockthathandlesexcep-
tionsof classWeekdayException (Example67) andits superclassException. Thesecondcatch
clausewill beexecuted(for example)if thearrayaccessargs[0] failsbecausethereis nocommand
line argument(sinceArrayIndexOutOfBoundsException is a subclassof Exception). If an ex-
ceptionis handled,it is boundto the variablex, andprintedby an implicit call (Section7) to the
exception’stoString-method:

public static void main(String[] args) {
try {

System.out.println(args[0] + " is weekday number " + wdayno4(args[0]));
} catch (WeekdayException x) {

System.out.println("Weekday problem: " + x);
} catch (Exception x) {

System.out.println("Other problem: " + x);
}

}

Example63 A try-finally block
Thismethodattemptsto readthreelinesfrom afile, eachcontainingasinglefloating-pointnumber.
Regardlesswhetheranythinggoeswrongduringreading(prematureendof file, ill-formed number),
the finally clausewill closethe readersbeforethe methodreturns. It would do so even if the
return statementwereinsidethetry block:

static double[] readRecord(String filename) throws IOException {
Reader freader = new FileReader(filename);
BufferedReader breader = new BufferedReader(freader);
double[] res = new double[3];
try {

res[0] = new Double(breader.readLine()).doubleValue();
res[1] = new Double(breader.readLine()).doubleValue();
res[2] = new Double(breader.readLine()).doubleValue();

} finally {
breader.close();
freader.close();

}
return res;

}
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13 Interfaces

13.1 Interface declarations

An interfacedescribesfieldsandmethods,but doesnot implementthem. An interface-declaration
may containfield descriptions,methoddescriptions,classdeclarations,andinterfacedeclarations.
Thedeclarationsin aninterfacemayappearin any order:

interface-modifiers interface I extends-clause{
field-descriptions
method-descriptions
class-declarations
interface-declarations

}

An interfacemaybedeclaredat top-level or insidea classor interface,but not insidea methodor
constructoror initializer. At top-level, the interface-modifiers maybepublic, or absent.A public
interfaceis accessiblealsooutsideits package.Insidea classor interface,the interface-modifiers
maybestatic (alwaysimplicitly understood),andatmostoneof public, protected, or private.

Theextends-clausemaybeabsentor have theform

extends I1, I2, ...

whereI1, I2, . . .areinterfacenames.If theextends-clauseis present,theninterfaceI describesall
thosemembersdescribedby I1, I2, . . . , andinterfaceI is a subinterface(andhencesubtype)of
I1, I2, . . . . InterfaceI candescribeadditionalfields andmethods,but cannotoverrideinherited
memberdescriptions.

A field-descriptionin aninterfacedeclaresanamedconstant,andmusthave theform

field-desc-modifiers type f = initializer;

wherefield-desc-modifiers is a list of static, final, andpublic; all of which areunderstoodand
neednot begivenexplicitly. Thefield initializer mustbeanexpressioninvolving only literalsand
operators,andstaticmembersof classesandinterfaces.

A method-descriptionfor methodm musthave theform:

method-desc-modifiers returntypem(formal-list) throws-clause;

wheremethod-desc-modifiers is a list of abstract andpublic, bothof which areunderstoodand
neednotbegivenexplicitly.

A class-declaration insideaninterfaceis alwaysimplicitly static andpublic.

13.2 Classesimplementing interfaces

A classC maybedeclaredto implementoneor moreinterfacesby an implements-clause:

class C implements I1, I2, ...
classbody

In this case,C is a subtype(seeSection5.4) of I1, I2, andsoon. The compilerwill checkthatC
declaresall themethodsdescribedby I1, I2, . . . , with exactly theprescribedsignaturesandreturn
types.A classmayimplementany numberof interfaces.Fields,classes,andinterfacesdeclaredin
I1, I2, . . . canbeusedin classC.



Interfaces 51

Example64 Threeinterfacedeclarations

import java.awt.*;

interface Colored { Color getColor(); }
interface Drawable { void draw(Graphics g); }
interface ColoredDrawable extends Colored, Drawable {}

Example65 Classesimplementinginterfaces
NotethatthemethodsgetColor anddraw mustbepublic becausethey areimplicitly public in the
above interfaces.

class ColoredPoint extends Point implements Colored {
Color c;
ColoredPoint(int x, int y, Color c) { super(x, y); this.c = c; }
public Color getColor() { return c; }

}

class ColoredDrawablePoint extends ColoredPoint implements ColoredDrawable {
Color c;
ColoredDrawablePoint(int x, int y, Color c) { super(x, y, c); }
public void draw(Graphics g) { g.fillRect(x, y, 1, 1); }

}

class ColoredRectangle implements ColoredDrawable {
int x1, x2, y1, y2; // (x1, y1) upper left, (x2, y2) lower right corner
Color c;

ColoredRectangle(int x1, int y1, int x2, int y2, Color c)
{ this.x1 = x1; this.y1 = y1; this.x2 = x2; this.y2 = y2; this.c = c; }
public Color getColor() { return c; }
public void draw(Graphics g) { g.drawRect(x1, y1, x2-x1, y2-y1); }

}

Example66 Usinginterfacesastypes

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

System.out.println(cs[i].getColor().toString());
}

static void draw(Graphics g, ColoredDrawable[] cs) {
for (int i=0; i<cs.length; i++) {

g.setColor(cs[i].getColor());
cs[i].draw(g);

}
}
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14 Exceptions

An exceptionis an objectof an exceptiontype: a subclassof classThrowable. An exceptionis
usedto signalanddescribeanabnormalsituationduringprogramexecution.Theevaluationof an
expressionor the executionof a statementmay terminateabnormallyby throwing an exception,
eitherby executinga throw statement(Section12.6.5) or by executinga primitive operation,such
asassignmentto anarrayelement,thatmaythrow anexception.

A thrown exception may be caughtin a dynamically enclosingtry-catch statement(Sec-
tion 12.6.6). A caughtexceptionmay be re-thrown by a throw statement.If the exceptionis not
caught,thentheentireprogramexecutionwill beaborted,andinformationfrom theexceptionwill
beprintedontheconsole(for example,at thecommandprompt,or in theJavaConsoleinsideaweb
browser).Whatis printedon theconsoleis determinedby theexception’stoString method.

Checked and unchecked exceptiontypes

Therearetwo kindsof exceptiontypes:checked (thosethatmustbedeclaredin the throws-clause
of a methodor constructor;Section9.8) andunchecked (thosethat neednot). If the executionof
a methodbodycanthrow a checkedexceptionof classE, thenclassE or a supertypeof E mustbe
declaredin thethrows-clauseof themethod.

Someof themostimportantpredefinedexceptiontypes,andtheirstatus(checkedor unchecked)
areshown below.

Throwable
Error unchecked

ExceptionInInitializerError |
OutOfMemoryError |
StackOverflowError |

Exception checked
InterruptedException |
IOException |
RuntimeException unchecked

ArithmeticException |
ArrayStoreException |
ClassCastException |
IllegalMonitorStateException |
IndexOutOfBoundsException |

ArrayIndexOutOfBoundsException |
StringIndexOutOfBoundsException |

NullPointerException |
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Example67 Declaringacheckedexceptionclass
Thisis theclassof exceptionsthrownbymethodwdayno4 (Example61). NotethetoStringmethod
which is usedwhenprintinganuncaughtexceptionon theconsole:

class 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 Thr eads,concurrent execution,and synchronization

15.1 Thr eadsand concurrent execution

Theprecedingchaptersdescribesequentialprogramexecution,in which expressionsareevaluated
andstatementsareexecutedoneaftertheother:wehaveconsideredonly asinglethreadof execution,
wherea thread is an independentsequentialactivity. A Java programmayexecuteseveral threads
concurrently, that is, potentially overlappingin time. For instance,one part of a programmay
continuecomputingwhile anotherpartis blockedwaiting for input; seeExample68.

ThreadsarecreatedandmanipulatedusingtheThread classandtheRunnable interface,both
of whicharepartof theJavaclasslibrary packagejava.lang.

Toprogramanew thread,onemustimplementthemethodpublic void run() describedby the
Runnable interface.Onecando this by declaringa subclassU of classThread (which implements
Runnable). To createa new thread,createan objectu of classU, andto permit it to run, execute
u.start(). Thisenablesthenew thread,sothatit canexecuteconcurrentlywith thecurrentthread;
seeExample68.

Alternatively, declareaclassC thatimplementsRunnable, createanobjecto of thatclass,create
a threadobjectu = new Thread(o) from o, andexecuteu.start(); seeExample72.

Threadscancommunicatewith eachotheronly via sharedstate,namely, by usingandassigning
staticfields,non-staticfields,andarrayelements.By the designof Java, threadscannotuselocal
variablesandmethodparametersfor communication.

Statesand statetransitions of a thread

A threadis alive if it hasbeenstartedandhasnot died. A threaddiesby exiting its run() method,
eitherby returningor by throwing anexception.A live threadis in oneof thestatesEnabled(ready
to run),Running(actuallyexecuting),Sleeping(waiting for a timeout),Joining(waiting for another
threadto die),Locking (trying to getthelock on objecto), or Waiting (for notificationonobjecto).

Thestatetransitionsof a threadcanbesummarizedby this tableandthefigureopposite:

From state To state Reasonfor the transition

Enabled Running thesystemschedulesthethreadfor execution
Running Enabled thesystempreemptsthethreadandschedulesanother

Enabled thethreadexecutesyield()
Waiting thethreadexecuteso.wait(), thusreleasingthelock ono
Locking thethreadattemptsto executesynchronized (o) { ... }
Sleeping thethreadexecutessleep()
Joining thethreadexecutesu.join()
Running thethreadwasinterrupted;setstheinterruptedstatusof thethread
Dead thethreadexitedrun() by returningor by throwing anexception

Sleeping Enabled thesleepingperiodexpired
Enabled thethreadwasinterrupted;throwsInterruptedException whenrun

Joining Enabled thethreadu beingjoineddied,or thejoin timedout
Enabled thethreadwasinterrupted;throwsInterruptedException whenrun

Waiting Locking anotherthreadexecutedo.notify() or o.notifyAll()
Locking thewait for thelock ono timedout
Locking thethreadwasinterrupted;throwsInterruptedException whenrun

Locking Enabled thelock ono becameavailableandwasgivento this thread
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Example68 Multiple threads
Themainprogramcreatesa new thread,bindsit to u, andstartsit. Now two threadsareexecuting
concurrently: oneexecutesmain, andanotherexecutesrun. While the main methodis blocked
waiting for keyboardinput, thenew threadkeepsincrementingi. Thenew threadexecutesyield()
to makesurethattheotherthreadis allowedto run (whennotblocked).

class Incrementer extends Thread {
public int i;
public void run() {

for (;;) { // Forever
i++; // increment i
yield();

}
} }

class ThreadDemo {
public static void main(String[] args) throws IOException {

Incrementer u = new Incrementer();
u.start();
System.out.println("Repeatedly press Enter to get the current value of i:");
for (;;) {
System.in.read(); // Wait for keyboard input
System.out.println(u.i);

} } }

The statesand statetransitions of a thread

A thread’s transitionfrom onestateto anothermay be causedby a methodcall performedby the
threaditself (shown in thetypewriter font), by amethodcall possiblyperformedby anotherthread
(shown in theslanted font); andby timeoutsandotheractions(shown in thedefault font):

Enabled Running

Locking o Waiting for o

interrupt()

timeout

o.notifyAll()o.notify()

Sleeping DeadCreated

Joining u

got lock
on o attempting to lock o o.wait()

scheduled

preempted

yield()

u.join()

sleep()
interrupt()

timeout

timeout

interrupt()u died

start() dies
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15.2 Locks and the synchronized statement

Whenmultipleconcurrentthreadsaccessthesamefieldsor arrayelements,thereis considerablerisk
of creatinganinconsistentstate;seeExample70. To avoid this, threadsmaysynchronizetheaccess
to sharedstate,suchasobjectsandarrays.A singlelock is associatedwith every object,array, and
class.A lock canbeheldby at mostonethreadat a time.

A threadmay explicitly ask for the lock on an object or array by executinga synchronized
statement,whichhasthis form:

synchronized (expression)
block-statement

The expressionmusthave referencetype. The expressionmustevaluateto a non-null reference
o; otherwisea NullPointerException is thrown. After the evaluationof the expression, the
threadbecomesLockingonobjecto; seethefigureonpage55. Whenthethreadobtainsthelock on
objecto (if ever), thethreadbecomesEnabled,andmaybecomeRunningsotheblock-statementis
executed.Whentheblock-statementterminatesor is exited by return or break or continue or by
throwing anexception,thenthelock ono is released.

A synchronized non-staticmethoddeclaration(Section9.8) is ashorthandfor amethodwhose
bodyhastheform:

synchronized (this)
method-body

That is, the threadwill executethemethodbodyonly whenit hasobtainedthe lock on thecurrent
object.It will hold thelock until it leavesthemethodbody, andreleaseit at thattime.

A synchronized staticmethoddeclaration(Section9.8) in classC is a shorthandfor a method
whosebodyhastheform:

synchronized (C.class)
method-body

That is, the threadwill executethe methodbody only whenit hasobtainedthe lock on the object
C.class, which is theuniqueobjectof classClass associatedwith theclassC. It will hold thelock
until it leavesthemethodbody, andreleaseit at thattime.

Constructorsandinitializerscannotbesynchronized.
Mutual exclusionis ensuredonly if all threadsaccessinga sharedobjectlock it beforeuse.For

instance,if we addanunsynchronizedmethodroguetransfer to a bankobject(Example70), we
canno longerbesurethata threadcalling thesynchronizedmethodtransfer hasexclusiveaccess
to thebankobject:any numberof threadscouldbeexecutingroguetransfer at thesametime.

A monitor is anobjectwhosefieldsareprivateandaremanipulatedonly by synchronizedmeth-
odsof theobject,sothatall field accessis subjectto synchronization;seeExample71.

If a threadu needsto wait for someconditionto becometrue,or for a resourceto becomeavail-
able,it mayreleaseits lock onobjecto by callingo.wait(). Thethreadmustown thelock onobject
o, otherwiseexceptionIllegalMonitorStateException is thrown. Thethreadu will beaddedto
asetof threadswaiting for notificationonobjecto. Thisnotificationmustcomefrom anotherthread
which hasobtainedthelock ono andwhich executeso.notify() or o.notifyAll(). Thenotify-
ing threaddoesnot losethelock ono. After beingnotified,u mustobtainthelock ono againbefore
it canproceed.Thuswhenthecall to wait returns,threadu will own thelock ono justasbeforethe
call; seeExample71.

Fordetailedrulesgoverningthebehaviourof unsynchronizedJavathreads,seetheJavaLanguageSpecification,
Chapter17.

http://java.sun.com/docs/books/jls/
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Example69 Mutual exclusion
A Printerthreadforever printsa (-) followedby a (/). If we createandrun two concurrentprinter
threadsusingnew Printer().start() andnew Printer().start(), thenonlyoneof thethreads
canhold the lock on objectmutex at a time, so no othersymbolscanbe printedbetween(-) and
(/) in one iteration of the for loop. Thus the programmust print -/-/-/-/-/-/-/ and so on.
However, if thesynchronizationis removed,it mayprint --//--/-/-//--// andsoon. (Thecall
pause(n) pausesthe threadfor 200 ms, whereaspause(100,300) pausesbetween100 and300
ms. This is doneonly to make the inherentnon-determinacy of unsynchronizedconcurrency more
easilyobservable).

class Printer extends Thread {
static Object mutex = new Object();
public void run() {

for (;;) {
synchronized (mutex) {

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

}
Util.pause(200);

} } }

Example70 Synchronizedmethodsin anobject
Thebankobjectbelow hastwo accounts.Money is repeatedlybeingtransferredfrom oneaccount
to theotherby clerks.Clearlythetotal amountof money shouldremainconstant(at 30 euro).This
holdstruewhenthetransfermethodis declaredsynchronized,becauseonly oneclerkcanaccessthe
accountsat any onetime. If thesynchronizeddeclarationis removed, the sumwill differ from 30
mostof thetime,becauseoneclerk is likely to overwritetheother’sdepositsandwithdrawals.

class Bank {
private int account1 = 10, account2 = 20;
synchronized public void transfer(int amount) {

int new1 = account1 - amount;
Util.pause(10);
account1 = new1; account2 = account2 + amount;
System.out.println("Sum is " + (account1+account2));

} }

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

for (;;) { // Forever
bank.transfer(Util.random(-10, 10)); // transfer money
Util.pause(200, 300); // then take a break

} } }

... Bank bank = new Bank();

... new Clerk(bank).start(); new Clerk(bank).start();
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15.3 Operationson thr eads

Thecurrentthread,whosestateis Running,maycall thesemethodsamongothers.FurtherThread
methodsaredescribedin theThreadsectionof theJavaclasslibrary; seeSection18.

� Thread.yield() changesthestateof thecurrentthreadfromRunningto Enabled,andthereby
allows thesystemto scheduleanotherEnabledthread,if any.

� Thread.sleep(n) sleepsfor n milliseconds: the currentthreadbecomesSleeping,andaf-
ter n millisecondsbecomesEnabled. May throw InterruptedException if the threadis
interruptedwhile sleeping.

� Thread.currentThread() returnsthecurrentthreadobject.

� Thread.interrupted() returnsandclearsthe interruptedstatusof thecurrentthread:true
if it hasbeeninterruptedsincethelastcall to Thread.interrupted(); otherwisefalse.

Let u bea thread(anobjectof asubclassof Thread).Then

� u.start() changesthe stateof u to Enabled,so that its run methodwill be calledwhena
processorbecomesavailable.

� u.interrupt() interruptsthe threadu: if u is Runningor Enabledor Locking, thenits in-
terruptedstatusis setto true. If u is Sleepingor Joiningit will becomeEnabled,andif it is
Waiting it will becomeLocking; in thesecasesu will throw InterruptedException when
andif it becomesRunning.

� u.isInterrupted() returnstheinterruptedstatusof u (anddoesnotclearit).

� u.join() waitsfor threadu to die; maythrow InterruptedException if thecurrentthread
is interruptedwhile waiting.

� u.join(n) worksasu.join() but timesout andreturnsafterat mostn milliseconds.There
is no indicationwhetherthecall returnedbecauseof a timeoutor becauseu died.

Operationson locked objects

A threadwhich ownsthe lock on anobjecto maycall the following methods,inheritedby o from
classObject in theJavaclasslibrary; seeSection18.

� o.wait() releasesthe lock on o, changesits own stateto Waiting, and addsitself to the
setof threadswaiting for notificationabouto. Whennotified (if ever), the threadmustob-
tain the lock on o, so whenthe call to wait returns,it againhasthe lock on o. May throw
InterruptedException if thethreadis interruptedwhile waiting.

� o.wait(n) worksaso.wait() exceptthatthethreadwill changestateto Lockingaftern mil-
liseconds,regardlesswhethertherehasbeena notificationono or not. Thereis no indication
whetherthestatechangewascausedby a timeoutor becauseof anotification.

� o.notify() choosesanarbitrarythreadamongthethreadswaiting for notificationabouto (if
any), andchangesits stateto Locking. The chosenthreadcannotactuallyget the lock on o
until thecurrentthreadhasreleasedit.

� o.notifyAll() works aso.notify(), except that it changesthe 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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Example71 Producersandconsumerscommunicatingvia amonitor
A Buffer hasroomfor oneinteger, andhasa methodput for storinginto thebuffer (if empty)and
a methodget for readingfrom thebuffer (if non-empty);it is a monitor(page56). A threadcalling
get mustobtainthe lock on thebuffer. If it finds that thebuffer is empty, it callswait to (release
thelock and)wait until somethinghasbeenput into thebuffer. If anotherthreadcallsput andthus
notify, thenthegettingthreadwill startcompetingfor thebuffer lock again,andif it getsit, will
continueexecuting.Herewe have useda synchronized statementin themethodbody(insteadof
makingthemethodsynchronized, asis normalfor a monitor) to emphasizethatsynchronization,
wait andnotify all work on thebuffer objectthis:

class Buffer {
private int contents;
private boolean empty = true;
public int get() {

synchronized (this) {
while (empty)

try { this.wait(); } catch (InterruptedException x) {};
empty = true;
this.notify();
return contents;

} }
public void put(int v) {

synchronized (this) {
while (!empty)

try { this.wait(); } catch (InterruptedException x) {};
empty = false;
contents = v;
this.notify();

} }
}

Example72 GraphicanimationusingtheRunnableinterface
ClassAnimatedCanvasbelow is a subclassof Canvas,andsocannotbea subclassof Threadalso.
Insteadit declaresa run methodandimplementstheRunnableinterface.Theconstructorcreatesa
Threadobjectu from theAnimatedCanvasobjectthis, andthenstartsthethread.Thenew thread
executestherun method,which repeatedlysleepsandrepaints,thuscreatingananimation.

class AnimatedCanvas extends Canvas implements Runnable {
AnimatedCanvas() { Thread u = new Thread(this); u.start(); }

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

}
}

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

}
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16 Compilation, sourcefile names,classnames,and classfiles

A Javaprogramconsistsof oneor moresourcefiles(with filenamesuffix .java). A sourcefile may
containoneor moreclassor interfacedeclarations.A sourcefile cancontainonly onedeclaration
of a public classor interface,which mustthenhave thesamenameasthefile (minusthefilename
suffix). A sourcefile source.java is compiledto Java classfiles (with filenamesuffix .class) by
aJavacompiler, suchasjikes or javac:

jikes source.java

This createsoneclassfile for eachclassor interfacedeclaredin the sourcefile source.java. A
classor interfaceC declaredin atop-level declarationproducesaclassfile calledC.class. A nested
classor interfaceD declaredinsideclassC producesa classfile calledC$D.class. A local classD
declaredinsideamethodin classC producesa classfile calledC$1$D.class or similar.

A Java classC which declaresthemethodpublic static void main(String[] args) can
beexecutedusingtheJava runtimesystemjava by typing acommandline of theform

java C arg1 arg2 ...

Thiswill executethebodyof methodmain with thecommandline argumentsarg1, arg2, . . . bound
to thearrayelementsargs[0], args[1], . . . of typeString insidethemethodmain. Theprogram
in Example6 concatenatesall thecommandline arguments.

17 Packages

Javasourcefilesmaybeorganizedin packages. Everysourcefile belongingto packagep mustbegin
with thepackage declaration

package p;

andmustbe storedin a subdirectorycalledp. A classdeclaredin a sourcefile with no package
declarationbelongsto the anonymousdefaultpackage. A sourcefile not belongingto packagep
may refer to classC from packagep by usingthe qualifiednamep.C, in which the classnameis
prefixedby thepackagename.To usetheunqualifiedclassnamewithout thepackagenameprefix,
thesourcefile mustbegin with animport declaration(possiblyfollowing apackage declaration):

import p.C;

Alternatively, it maybegin with animport declarationof theform:

import p.*;

afterwhichall accessibleclassandinterfacenamesfrompackagep canbeusedunqualified.TheJava
classlibrary packagejava.lang is implicitly importedinto all sourcefiles. Henceall java.lang
classes,suchasString andMath, canbereferredto unqualified,without thepackagename.

Packagenamesmay be composite. For example, the Java classlibrary packagejava.util
containstheclassVector, which is declaredin file java/util/Vector.java. Thequalifiedname
of thatclassis java.util.Vector; to avoid thepackageprefix,useoneof thesedeclarations:

import java.util.Vector;
import java.util.*;
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Example73 Thevesselhierarchyasapackage
The packagevessel below containspart of the vesselhierarchy(Example16). The fields in
classesTank andBarrel arefinal, so they cannotbe modifiedafter object creation. They are
protected, sothey areaccessiblein subclassesdeclaredoutsidethevessel package,asshown in
file Usevessels.java below (whichis in theanonymousdefaultpackage,notthevessel package).

The file vessel/Vessel.java

package vessel;
public abstract class Vessel {

private double contents;
public abstract double capacity();
public final void fill(double amount)
{ contents = Math.min(contents + amount, capacity()); }
public final double getContents() { return contents; }

}

The file vessel/Tank.java

package vessel;
public class Tank extends Vessel {

protected final double length, width, height;
public Tank(double l, double w, double h) { length = l; width = w; height = h; }
public double capacity() { return length * width * height; }
public String toString()
{ return "tank (l,w,h) = (" + length + ", " + width + ", " + height + ")"; }

}

The file vessel/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.PI * radius * radius; }
public String toString() { return "barrel (r, h) = (" + radius + ", " + height + ")"; }

}

The file Usevessels.java

SubclassCube of classTank mayaccessthefield length becausethatfield is declaredprotected
in Tank above. Themain methodis unmodifiedfrom Example17.

import vessel.*;
class Cube extends Tank {

public Cube(double side) { super(side, side, side); }
public String toString() { return "cube (s) = (" + length + ")"; }

}
class Usevessels {

public static void main(String[] args) { ... }
}
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Notational conventionsin this document
Symbol Meaning
v valueof any type
x variableor parameteror field or arrayelement
e expression
t type(basetypeor referencetype)
s expressionof typestring
m method
f field
C class
E exceptiontype
I interface
a expressionor valueof arraytype
o expressionor valueof objecttype
sig signatureof methodor constructor
p package
u expressionor valueof threadtype

Subjectsnot covered in this document

Input andoutput;Garbagecollectionandfinalization;Reflection;Detailsof IEEE754 floating-point
numbers.
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� The Java classlibraries (or Java Core API) aredescribedin two volumes: Chan,Lee, and
Kramer: TheJavaClassLibraries,SecondEdition, Volume1: java.io, java.lang, java.math,
java.net, java.text, java.util, Addison-Wesley 1998 (2050 pages);and Chanand Lee: The
JavaClassLibraries,SecondEdition,Volume2: java.applet,java.awt,java.beans, Addison-
Wesley 1997(1682pages),plus a supplement:Chan,Lee,andKramer: TheJava ClassLi-
braries: 1.2Supplement, Addison-Wesley 1999(1157pages).

Classlibrary version1.3 canbe browsedat http://java.sun.com/j2se/1.3/docs/api/
or downloadedathttp://java.sun.com/j2se/1.3/docs.html (22MB).

http://java.sun.com/j2se/1.3/docs.html
http://java.sun.com/j2se/1.3/docs/api/
http://java.sun.com/docs/books/jls/
http://java.sun.com/j2se/
http://java.sun.com/docs/
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19 Index
! (logicalnegation),29
% (remainder),29
& (bitwiseand),29, 30
& (logical strict and),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
>>> (unsignedright shift), 29, 30
?: (conditionalexpression),29 , 32
^ (bitwiseexclusive-or),29, 30
^ (logical strict exclusive-or),29, 30
| (bitwiseor), 29, 30
| (logical strict or), 29, 30
|| (logicalor), 29, 30
~ (bitwisecomplement),29, 30

abstract
class,16
method,20

abstract, seeabstract
accessmodifiers,18
accessible

class,16
member, 18

actualparameter, 36
actual-list, 36
ambiguousmethodcall, 21 , 38, 39
anonymouslocal class,24
applicablemethod,38
argument,36

arithmeticoperators,30
ArithmeticException, 30 , 52
array, 12–13

access,12
assignmentto element,12
creation,12
element,12
elementtype,12
index, 12
initializer, 12
type,6 , 12

ArrayIndexOutOfBoundsException, 12, 52

ArrayStoreException, 12 , 52
ASCII characterencoding,10
assignment

compound,29 , 32
expression,32
operators,32
statement,41
to arrayelement,12

associative,28, 29

basetype,6
block-statement, 41
boolean (basetype),6 , 40
Boolean class,6
break statement,46
byte (basetype),6 , 40
Byte class,6

call-by-value,36
case, 42
casesensitive,4
cast,seetypecast
catch, 48
catchinganexception,48
char (basetype),6 , 40
Character class,6
charAt method(String), 10
checkedexception,52
class,14–25

abstract,16
anonymouslocal,24
declaration,14
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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
member, 14
nested,14 , 24 , 60
of anobject,26 , 28 , 32
public,16 , 60
top-level, 14

Class class,56
class-declaration, 14 , 50
class-modifier, 14
classbody, 14
ClassCastException, 40 , 52
comment,4
compareTo method(String), 10
compatibletypes,7
compilation,4
compile-timeconstant,42
compoundassignment,29 , 32
concat method(String), 10
concurrency, 54–59
conditionalexpression,32
constant

compile-time,42
constructor

call, 32
declaration,22
default,16 , 22
signature,7 , 22

constructor-declaration, 22
constructor-modifier, 22
continue statement,46
conversion,40

narrowing, 40
widening,40

coreAPI, 62
Created(threadstate),55
currentobject,14
currentThread method(Thread), 58

Dead(threadstate),55
decimalintegerliteral, 6
declaration

of class,14

of constructor, 22
of field, 18
of formal parameter, 20
of interface,50
of method,20
of variable,8

default
access,18
constructor, 16 , 22
initial value

of arrayelement,12
of field, 18

package,60
default

clausein switch,42
division

by zero,30
floating-point,30
integer, 30

do-while statement,44
double (basetype),6 , 40
Double class,6
dynamicdispatch,38

element
of array, 12
type,12

else, 42
emptystatement,41
Enabled(threadstate),54, 55
enclosingobject,24 , 26
Enumeration interface,25
equals method(String), 10
Error, 52
escapesequence,10
Exception, 52
exception,52–53

catching,48
checked,52
in staticinitializer, 22
throwing, 48
unchecked,52

ExceptionInInitializerError, 22 , 52
execution,4
expression,28–40

aritmetic,30
arrayaccess,12
arraycreation,12
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assignment,32
conditional,32
logical,30
methodcall, 36–39
objectcreation,32
typecast,29 , 40

expressionstatement,41
extendedsignature,7
extends-clause, 16 , 50

field, 8 , 18
access,34
declaration,18
final, 18
static,18

field-declaration, 18
field-desc-modifier, 50
field-description, 50
field-modifier, 18
final

class,16
field, 18
method,20
parameter, 20
variable,8

final, seefinal
finally, 48
float (basetype),6 , 40
Float class,6
floating-point

division,30
literal, 6
overflow, 30
remainder, 30

for statement,44
formal parameter, 20
formal-list, 20

hexadecimalintegerliteral, 6

if statement,42
if-else statement,42
IllegalMonitorStateException, 52 , 56
immediatesuperclass,16
implements-clause, 50
import, 60
index into array, 12
IndexOutOfBoundsException, 52
initialization

of non-staticfields,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
instance,18
instancemember, 14
instanceof, 29 , 32
int (basetype),6 , 40
integer

division,30
literal, 6
overflow, 30
remainder, 30

Integer class,6
interface,50–51

declaration,50
nested,60
public,50 , 60

interface-declaration, 50
interface-modifier, 50
interrupt method(Thread), 58
interrupted method(Thread), 58
interruptedstatus,54 , 58
InterruptedException, 52
invocationof method,seemethodcall
IOException, 52
isInterrupted method(Thread), 58

Javaprogram,60
join method(Thread), 58
Joining(threadstate),54, 55

label, 46
labelledstatement,46
lay-outof program,4
left associative,28
length

field (array),12
method(String), 10

literal
basetype,6
floating-point,6
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integer, 6
string,10

loadingof class,22 , 26
local class,14 , 24 , 60
lock, 56
Locking (threadstate),54, 55
logicaloperators,30
long (basetype),6 , 40
Long class,6

member, 14
instance,14
static,14
virtual, 14

memberclass,14
non-static,24
static,24

method,20
abstract,20
body, 20
call, 36–39

ambiguous,21 , 38, 39
signature,36
statement,41

declaration,20
final, 20
invocation,seemethodcall
non-static,20
overloading,20
overriding,16
signature,7 , 20
static,20

method-declaration, 20
method-description, 50
method-modifier, 20
monitor, 56
morespecificsignature,7
mostspecificsignature,7

name,4
reserved,4

namedconstant,8 , 50
narrowing conversion,40
nestedclass,14 , 24 , 60
nestedinterface,60
new

arraycreation,12 , 29
objectcreation,24 , 29 , 32

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

notify method(Object), 58
notifyAll method(Object), 58
null, 6 , 8

and+ with string,10
NullPointerException, 10 , 38 , 48 , 52 ,

56
Number class,6
numerictype,6

object,18 , 26–27
creationexpression,32
enclosing,26
initialization,22
inner, 26

Object class,7 , 10 , 16 , 58
octalintegerliteral, 6
OutOfMemoryError, 52
overflow

floating-point,30
integer, 30

overloading
of constructors,22
of methods,20

overridingamethod,16

package,60–61
access,18
default,60

parameter, 8
actual,36
final, 20
formal,20

parameter-modifier, 20
Point class(example),15
postdecrement,29, 30
postincrement,29, 30
precedence,28
predecrement,29, 30
preincrement,29, 30
private member, 18
programlay-out,4
promotiontype,28
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protected member, 18 , 61
public

class,16 , 50 , 60
interface,50 , 60
member, 18

referencetype,6
remainder

floating-point,30
integer, 30

reservedname,4
return statement,46
returntype,20

void, 20
right associative,28 , 32
Runnable interface,54 , 59
Running(threadstate),54, 55
RuntimeException, 52

scope,8
of field, 8 , 14
of label,46
of member, 14
of parameter, 8 , 20
of variable,8

shadowing afield, 8
sharedstate,54
shift operators,30
short (basetype),6 , 40
Short class,6
short-cutevaluation,30
signature,7

extended,7
morespecific,7
mostspecific,7
of constructor, 22
of method,20
of methodcall, 36
subsumption,7

sleep method(Thread), 58
Sleeping(threadstate),54, 55
sourcefile, 60
SPoint class(example),15
StackOverflowError, 52
start method(Thread), 58
state,28 , 41

of thread,54, 55
stateshared,54

statement,41–49
assignment,41
block,41
break, 46
continue, 46
do-while, 44
empty, 41
for, 44
if, 42
if-else, 42
labelled,46
methodcall, 41
return, 46
switch, 42
synchronized, 56
throw, 48
try-catch-finally, 48
while, 44

static
class,50
code,14
field, 18
initializer block,22
member, 14
memberclass,24
method,20

static, seestatic
string,10 , 10–11

comparison,10 , 30
concatenation,10 , 29
literal, 10

StringIndexOutOfBoundsException,10, 52

subclass,16
subinterface,50
subsumption,7
subtype,7
super

superclassconstructorcall, 16
superclassmemberaccess,16

superclass,16
supertype,7
switch statement,42
synchronization,56–59
synchronized method,56
synchronized statement,56

this
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constructorcall, 22
currentobjectreference,34

thread,54 , 54–59
communication,54
state,54, 55

Thread class,54 , 58
throw statement,48
Throwable class,48 , 52
throwing anexception,48
throws, 20
throws-clause, 20
top-level class,14
toString method,10, 11 , 15 , 52
try-catch-finally statement,48
type,6–7

array, 6 , 12
base,6
conversion,40
numeric,6
reference,6

typecast
expression,29 , 40
for basetypes,40
for referencetypes,40

uncheckedexception,52
Unicodecharacterencoding,10

value,8
variable,8

final, 8
variable-declaration, 8
variable-modifier, 8
virtual member, 14
void returntype,20

wait method(Object), 58
Waiting (threadstate),54, 55
while statement,44
wideningconversion,40

yield method(Thread), 58
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