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 1 1 Introduction
 
 JavaScript is a compact, platform-indpendent, object-based scripting language.
 
 1.1 Versions and Implementations JavaScript version 1.0 was implemented in Netscape Navigator 2.0 and Netscape LiveWire 1.0. This specification describes JavaScript version 1.1, which was implemented in Netscape Navigator 3.0. This specification describes the language, and not the specific features of any particular implementation. Although JavaScript was originally implemented as a scripting language supplement to HTML in Netscape Navigator and LiveWire, this specification does not prescribe any particular application; the language itself is flexible and apt for many applications.
 
 1.2 Grammar Notation Terminal symbols are shown in fixed width font in the productions of the lexical and syntactic grammars, and throughout this specification whenever the text is directly referring to such a terminal symbol. These are to appear in a program exactly as written.
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 Grammar Notation
 
 Nonterminal symbols are shown in italic fixed width font. The definition of a nonterminal is introduced by the name of the nonterminal followed by a colon. One or more alternative right-hand sides for the nonterminal then follow on succeeding lines. For example, the syntactic definition: IfThenStatement: if ( Expression ) Statement
 
 states that the nonterminal IfThenStatement represents the token if, followed by a left parenthesis token, followed by an Expression, followed by a right parenthesis token, followed by a Statement. As another example, the syntactic definition: ArgumentList: Argument ArgumentList , Argument
 
 states that an ArgumentList may represent either a single Argument or an ArgumentList, followed by a comma, followed by an Argument. This definition of ArgumentList is recursive, that is to say, it is defined in terms of itself. The result is that an ArgumentList may contain any positive number of arguments. Such recursive definitions of nonterminals are common. The subscripted suffix opt, which may appear after a terminal or nonterminal, indicates an optional symbol. The alternative containing the optional symbol actually specifies two right-hand sides, one that omits the optional element and one that includes it. So, for example: ReturnStatement: return Expressionopt
 
 is an abbreviation for: ReturnStatement: return return Expression
 
 When the words "one of" follow the colon in a grammar definition, they signify that each of the terminal symbols or tokens on the following line or lines is an alternative definition. For example: OctalDigit: one of 0 1 2 3 4 5 6 7
 
 which is a convenient abbreviation for: ZeroToThree: 0 1
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 Example Programs
 
 2 3 4 5 6 7
 
 The right-hand side of a lexical production may indicate that certain expansions are not permitted by using the phrase "but not" and then naming the excluded expansions, as in the productions for Identifier: Identifier: IdentifierName, but not a Keyword or BooleanLiteral or NullLiteral
 
 Finally, a few nonterminal symbols are described by a descriptive phrase where it would be impractical to list all the alternatives, for example: RawInputCharacter: any ASCII character
 
 1.3 Example Programs The example programs given in the text are ready to be executed by a JavaScript system. Since this specification does not describe any specific mechanism for JavaScript to display output, examples suppose a simple println function that displays values to the user. In Netscape Navigator, this function would be defined as follows: function println(x) { document.write(x, "
") }
 
 This function is intended for illustrative and pedagogical purposes only, and is not part of the language specification.
 
 1.4 References Bobrow, Daniel G., Linda G. Demichiel, Richard P. Gabriel, Sonya E. Keene, Gregor Kiczales, and David A. Moon. Common Lisp Object System Specification, X3J13 Document 88-002R, June 1988; appears as Chapter 28 of Steele, Guy. Common Lisp: The Language, 2nd ed. Digital Press, 1990, ISBN 1-55558-041-6, 770-864.
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 IEEE Standard for Binary Floating-Point Arithmetic. ANSI/IEEE Std. 754-1985. Available from Global Engineering Documents, 15 Inverness Way East, Englewood, Colorado 80112-5704 USA; 800-854-7179. Kernighan, Brian W., and Dennis M. Ritchie. The C Programming Language, 2nd ed. Prentice Hall, Englewood Cliffs, New Jersey, 1988, ISBN 0-13-110362-8. Gosling, James, Bill Joy, and Guy Steele. The Java Language Specification. Addison Wesley Publishing Company, 1996 Cardelli, et. al. Modula-3 Report (revised). Digital Equipment Corporation, 1989, Palo Alto, California Agesen, et. al. The Self 3.0 Programmer’s Reference Manual. Sun Microsystems, 1993, Mountain View, California. Stroustrup, Bjarne. The C++ Progamming Language, 2nd ed. Addison-Wesley, Reading, Massachusetts, 1991, reprinted with corrections January 1994, ISBN 0201-53992-6.
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 Chapter
 
 2 2 Lexical Structure
 
 This chapter describes the lexical structure of JavaScript by specifying the language’s lexical grammar.
 
 2.1 ASCII JavaScript programs are written using ASCII, the American Standard Code for Information Interchange (defined by ANSI standard X3.4).
 
 2.2 Lexical Translations This chapter describes the translation of a raw ASCII character stream into a sequence of JavaScript tokens, using the following two lexical translations, which are applied in turn: 1.
 
 A translation of the ASCII character stream into a stream of input characters and line terminators.
 
 2.
 
 A translation of the stream of input characters and line terminators into a sequence of JavaScript input elements which, after white space and comments are discarded, comprise the tokens that are the terminal symbols of the syntactic grammar for JavaScript.
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 Line Terminators
 
 In these lexical translations JavaScript chooses the longest possible translation at each step, even if the result does not ultimately make a correct JavaScript program, while another lexical translation would.
 
 2.3 Line Terminators JavaScript divides the sequence of input characters into lines by recognizing line terminators. This definition of lines determines the line numbers produced by a JavaScript compiler or other system component. It also specifies the termination of a single-line comment. Lines are terminated by the ASCII characters CR, or LF, or CR LF. A CR immediately followed by LF is counted as one line terminator, not two. RawInputCharacter: LineTerminator InputCharacter LineTerminator: the ASCII LF character, also known as "newline" the ASCII CR character, also known as "return" the ASCII CR character followed by the ASCII LF character InputCharacter: Any ASCII character, but not CR and not LF
 
 The result of this step is a sequence of line terminators and input characters, which are the terminal symbols for the second step in the tokenization process.
 
 2.4 Input Elements and Tokens The input characters and line terminators that result from input line recognition are reduced to a sequence of input elements. The input elements that are not white space or comments are JavaScript tokens. This process is specified by the following grammar: InputElements: InputElementopt InputElements InputElement InputElement: WhiteSpace Comment
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 Input Elements and Tokens
 
 Token
 
 WhiteSpace: the ASCII SP character, also known as "space" the ASCII HT character, also known as "horizontal tab" the ASCII FF character, also known as "form feed" LineTerminator Token: Keyword Identifier Literal Separator Operator
 
 White space and comments can serve to separate tokens that, if adjacent, might be tokenized in another manner. For example, the characters - and = in the input can form the operator token -= only if there is no intervening white space or comment.
 
 2.4.1 White Space White space is defined as the ASCII space, horizontal tab, and form feed characters, as well as line terminators.
 
 2.4.2 Semicolons The ASCII Semicolon character (;) separates multiple statements on a single line. Unlike Java, a semicolon is not required to terminate a statement. This is equivalent to compile-time error-correction in which JavaScript inserts semicolons as neccessary. Complete lexcical specification of semicolons TBD.
 
 2.4.3 Comments JavaScript has two kinds of comments: A traditional comment: all the text from /* to */ is ignored (as in C): /* text */
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 Input Elements and Tokens
 
 A single-line comment: all the text from // to the end of the line is ignored (as in C++): // text
 
 These comments are formally specified by the following lexical grammar: Comment: TraditionalComment SingleLineComment TraditionalComment: /* CommentTextopt */ CommentText: CommentCharacter CommentText CommentCharacter CommentCharacter: NotStarSlash / NotStar * NotSlash LineTerminator NotStar InputCharacter, but not * NotSlash InputCharacter, but not / NotStarSlash InputCharacter, but not * and not / SingleLineComment: // CharactersInLineopt LineTerminator CharactersInLine: InputCharacter CharactersInLine InputCharacter
 
 The grammar implies all of the following properties: • Multi-line comments cannot be nested • /* and */ have no special meaning in // comments. • // has no special meaning in either single-line or multi-line comments As a result, these are legal comments: /* this comment // ends here: */ // This // just /* fine */ as far as JavaScript // is concerned
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 But this causes a compile-time warning: /* this comment /* causes a compile-time warning
 
 2.5 Keywords The following sequences of ASCII letters are reserved for use as keywords, and are not legal identifiers: Keyword: one of
 
 abstract boolean break byte case catch char class const continue default do double
 
 else extends false final finally float for function goto if implements import in
 
 instanceof int interface long native new null package private protected public return short static
 
 super switch synchronized this throw throws transient true try var void while with
 
 The above list includes all keywords used and reserved for future use. The following table lists keywords currently used in JavaScript: break continue delete else false for function if in
 
 new null return this true var void while with
 
 Chapter 2, Lexical Structure 19
 
 Identifiers
 
 While true and false might appear to be keywords, they are technically Boolean literals; while null might appear to be a keyword, it is technically an object reference.
 
 2.6 Identifiers An identifier is an unlimited length sequence of ASCII letters and digits, the first of which must be a letter. The letters include uppercase and lowercase ASCII letters (a-z and A-Z) and the ASCII underscore (_) and dollar sign ($). The digits include the ASCII digits 0-9. Identifier: IdentifierName, but not a Keyword or BooleanLiteral or NullLiteral IdentifierName: JavaScriptLetter GraphicCharacter JavaScriptLetter: any uppercase or lowercase ASCII letter (a-z, A-Z) any digit (0-9) _ $ GraphicCharacter: any symbol in the set: ~‘!@#%^&*()-+={[}]|\:”’.?/
 
 Examples of legal identifiers are Number_hits temp99 _name $6million
 
 2.7 Literals A literal is the source code representation of a value of a primitive type: Literal: IntegerLiteral FloatingPointLiteral BooleanLiteral StringLiteral NullLiteral
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 2.7.1 Integer Literals Integer literals may be expressed in decimal (base 10), hexadecimal (base 16), or octal (base 8): IntegerLiteral: DecimalLiteral HexLiteral OctalLiteral
 
 A decimal literal consists of a digit from 1 to 9, optionally followed by one or more digits from 0 to 9, and represents a positive integer: DecimalLiteral: 0 NonZeroDigit Digitsopt Digits: Digit Digits Digit Digit: 0 NonZeroDigit NonZeroDigit: one of 1 2 3 4 5 6 7 8 9
 
 A hexadecimal literal consists of a leading 0x or 0X followed by one or more hexadecimal digits and can represent a positive, zero, or negative integer. Hexadecimal digits with values 10 through 15 are represented by the letters a through f or A through F, respectively; each letter used as a hexadecimal digit may be uppercase or lowercase. HexLiteral: 0x HexDigit 0X HexDigit HexLiteral HexDigit HexDigit: one of 0 1 2 3 4 5 6 7 8 9 a b c d e f A B C D E F
 
 An octal literal consists of a digit 0 followed by one or more of the digits 0 through 7 and can represent a positive, zero, or negative integer. OctalLiteral: 0 OctalDigit OctalLiteral OctalDigit OctalDigit: one of 0 1 2 3 4 5 6 7
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 Literals
 
 The largest positive hexadecimal and octal literals of type int are 0x7fffffff and 017777777777, respectively, which equal 2147483647. The most negative hexadecimal and octal literals of type int are 0x80000000 and 020000000000 respectively, each of which represents the decimal value -2147483648. The hexadecimal and octal literals 0xffffffff and 037777777777, respectively, represent the decimal value -1. Examples of integer literals: 0 2 0372 0xDeadBeef 1996 0x00FF00FF
 
 2.7.2 Floating-Point Literals A floating-point literal has the following parts: a whole-number part, a decimal point, a fractional part, an exponent, and a type suffix. The exponent, if present, is indicated by a letter e or E followed by an optionally signed integer. At least one digit, in either the whole number or the fraction part, and either a decimal point, an exponent, or a float type suffix are required. All other parts are optional. FloatingPointLiteral: Digits . Digitsopt ExponentPartopt . Digits ExponentPartopt Digits ExponentPart Digits ExponentPartopt ExponentPart: ExponentIndicator SignedInteger ExponentIndicator: one of e E SignedInteger: Signopt Digits Sign: one of + -
 
 The largest positive finite number is 1.79769313486231570e+308. Numbers greater than this are represented by the literals +Infinity (for positive numbers) and -Infinty (for negative numbers).
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 Literals
 
 The constant NaN represents a value that is Not-a-Number. Examples of floating-point literals are: 1e1 2. .3 0.0 3.14 1e-9
 
 2.7.3 Boolean Literals The boolean type has two values: true and false. BooleanLiteral: true false
 
 2.7.4 String Literals A string literal is zero or more characters, enclosed in single (’) or double (")quotes. StringLiteral: " StringCharactersDQopt " ’ StringCharactersSQopt ’ StringCharactersDQ: StringCharacterDQ StringCharactersDQ StringCharacterDQ StringCharactersSQ: StringCharacterSQ StringCharactersSQ StringCharacterSQ StringCharacterDQ: InputCharacter, but not " or \ EscapeSequence StringCharacterSQ InputCharacter, but not ’ or \ EscapeSequence
 
 The escape sequences are described in section 2.7.5 Escape Sequences for String Literals.
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 Literals
 
 It is a compile-time error for a line terminator to appear after the opening " and before the closing matching ". A long string literal can always be broken up into shorter pieces and written as a (possibly parenthesized) expression using the string concatenation operator +. Examples of string literals: "" "\"" ‘This is a string’ "This is a " + "two-line string"
 
 // The empty string // A string containing " alone // A string containing 16 characters // Actually a string-valued expression // containing two string literals
 
 2.7.5 Escape Sequences for String Literals The string escape sequences allow for the representation of some nongraphic characters as well as the single quote, double quote, and backslash characters in string literals. EscapeSequence: \ b (backspace BS) \ t (horizontal tab HT ) \ n (linefeed LF ) \ f (form feed FF ) \ r (carriage return CR ) \ " (double quote " ) \ ' (single quote ' ) \ \ (backslash \ ) OctalEscape: \ OctalDigit \ OctalDigit OctalDigit \ ZeroToThree OctalDigit OctalDigit OctalDigit: one of 0 1 2 3 4 5 6 7 HexEscape: \ xHexDigit HexDigit \ XHexDigit HexDigit HexDigit: one of 0 1 2 3 4 5 6 7 8 9 a b c d e f A B C D E F
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 Separators
 
 2.7.6 The Null Literal The null object reference has one value, denoted by the literal null. NullLiteral:
 
 null
 
 2.8 Separators The following characters are used in JavaScript as separators (punctuators): Separator: one of ( ) { } [ ] , .
 
 2.9 Operators The following tokens are used in JavaScript as operators: Operator: one of = > < ! ~ ? : == = != && || ++ -+ - * / & | ^ % > >>> += -= *= /= &= |= ^= %= = >>>=
 
 Chapter 2, Lexical Structure 25
 
 Operators
 
 26 JavaScript Reference Specification
 
 Chapter
 
 3 3 Types, Values, and Variables
 
 JavaScript is a dynamically-typed language, which means that the datatypes of variables are not declared, and the datatypes of variables and expressions are determined at run time.
 
 3.1 Types There are two kinds of types in JavaScript: primitive types and reference types. There are, correspondingly, two kinds of data values that can be stored in variables, passed as arguments, returned by methods, and operated on: primitive values and reference values. Type: PrimitiveType ReferenceType
 
 JavaScript’s primitive data types are boolean and number; its reference types are string, object (including the null object), and function. Strings have primitive equality and relational operator semantics. The boolean type has the truth values true and false. A number can be either an integer or floating-point; JavaScript does not explicitly distinguish between them. Integers are 32-bit signed two's-complement integers and floating-point numbers are 64-bit IEEE 754 floating-point numbers.
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 Types
 
 An object in JavaScript is a container that associates names and indexes with data of arbitrary type. These associations are called properties. Properties with function values are called the object’s methods.
 
 3.1.1 Type Names The typeof operator returns a string indicating the type of its operand. The string returned is one of • “undefined” • “object” • “function” • “number” • “boolean” • “string” For more information on typeof, see 4.17.3 The typeof operator.
 
 3.1.2 Type Conversion As summarized in Table 3.1, JavaScript performs automatic type conversion at run-time. Conversions are performed as neccessary. More information TBD.
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 From type
 
 To type function
 
 object
 
 number
 
 boolean
 
 string
 
 undefined
 
 error
 
 null
 
 error
 
 false
 
 “undefined”
 
 function
 
 N/C
 
 Function object error
 
 error
 
 decompile
 
 object (not null) (null)
 
 Function object N/C error
 
 valueof 0
 
 valueof/true false
 
 toString/valueOf/default* “null”
 
 number (zero) (nonzero) (NaN) (+Infinity) (-Infinity)
 
 error error error error error
 
 null Number Number Number Number
 
 N/C
 
 false true false true true
 
 “0” default* “NaN” “+Infinity” “-Infinity”
 
 Boolean (false) (true)
 
 error error
 
 boolean boolean
 
 0 1
 
 N/C
 
 “false” “true”
 
 error error
 
 String String
 
 error false number (if true string is numeric literal) else error
 
 string (empty) (nonempty)
 
 N/C
 
 Key: N/C - No conversion neccessary. decompile - a string containing the function’s canonical source toString - the result of the toString method valueOf - The valueof function is tried, and if it returns a value, that value is used. *default: object - [object name] where name is constructor function name number - Numeric value parsed from string, if possible; see Number.toString() Explanation of key TBD.
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 Types
 
 3.1.3 The toString method Every object has a toString method that is used to convert the object to a string value: boolean, and number types are converted to their string equivalents. Functions are decompiled, that is, a string is returned that is the function definition. Objects return a string that is “[object Object]”.
 
 Examples For example, function f() { return 42 } function Car(make, model, year) { this.make = make this.model = model this.year = year } objnull = null o = new Car("Ford", "Mustang", 1969) posInfinity = 10*1e308 d = new Date() n0 = 0 n1 = 123 println(true.toString()) println(false.toString()) println(f.toString()) println(objnull) println(d.toString) println(Math.toString) println(o.toString()) println(n0.toString()) println(n1.toString()) println(posInfinity.toString())
 
 This script returns the following: true false function f() { return 42 } null function toString() { [native code] } function toString() { [native code] }
 
 30
 
 JavaScript Reference Specification
 
 Primitive Types and Values
 
 [object Object] 0 123 Infinity
 
 3.1.4 The valueOf Method Every object has a valueOf method that returns the primitive value associated with the object, if any. If there is no primitive value, valueOf returns the object itself. For Number and Boolean objects, valueOf returns the primitive numeric or Boolean value of the object, respectively.
 
 3.2 Primitive Types and Values A primitive type is predefined by the JavaScript language: PrimitiveType: number boolean undefined
 
 Datatypes are not declared, and a variable can change type as different values are assigned to it. A number can be either an integer or a floating-point number.
 
 3.2.1 Numeric Types and Values JavaScript numbers are signed 64-bit IEEE 754 floating-point values, as specified in IEEE Standard for Binary Floating-Point Arithmetic, ANSI/IEEE Standard 7541985 (IEEE, New York). The IEEE 754 standard includes not only positive and negative sign-magnitude numbers, but also positive and negative infinities, and a special Not-a-Number (hereafter abbreviated NaN). The NaN value is used to represent the result of certain operations such as dividing zero by zero. The largest positive finite number is 1.79769313486231570e+308. The smallest positive finite nonzero number is 4.94065645841246544e-324.
 
 Chapter 3, Types, Values, and Variables 31
 
 Primitive Types and Values
 
 Except for NaN, numeric values are ordered; arranged from smallest to largest, they are negative infinity, negative finite values, negative zero, positive zero, positive finite values, and positive infinity. NaN is unordered, so the numerical comparison operators = return false if either or both of their operands are NaN . The numerical equality operator == returns false if either operand is NaN, and the inequality operator != returns true if either operand is NaN . In particular, x==x is false if and only if x is NaN, and (x=y) will be false if x or y is NaN.JavaScript provides a number of operators that act on numeric values. These operators treat their operands as 64-bit floating-point values.
 
 3.2.2 Numeric Operations JavaScript provides a number of operators that act on numeric values: • The comparison operators, which result in a value of type boolean: • The numerical comparison operators = • The numerical equality operators == and != • The unary minus operator • The multiplicative operators *, /, and % • The additive operators + and • The modulus operator % • The increment operator ++, both prefix and postfix • The decrement operator --, both prefix and postfix • The conditional operator ? : Other useful methods and constants are defined for the Math object. Numeric operators behave as specified by IEEE 754. In particular, JavaScript requires support of IEEE 754 denormalized floating-point numbers and gradual underflow, which make it easier to prove desirable properties of particular numerical algorithms.
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 JavaScript requires that floating-point arithmetic behave as if every floatingpoint operator rounded its floating-point result to the result precision. Inexact results must be rounded to the representable value nearest to the infinitely precise result; if the two nearest representable values are equally near, the one with its least significant bit zero is chosen. This is the IEEE 754 standard’s default rounding mode known as round to nearest. An operation that overflows produces a signed infinity, an operation that underflows produces a signed zero, and an operation that has no mathematically definite result produces NaN. All numeric operations with NaN as an operand produce NaN as a result. Since NaN is unordered, a numeric comparison operation involving one or two NaNs returns false and any != comparison involving NaN returns true, including x!=x when x is NaN. The following example illustrates: // an example of overflow: d = 1e308 println("overflow produces infinity: ") println(d + "*10==" + d*10) println("") // an example of gradual underflow: d = 1e-305 * Math.PI println("gradual underflow: ") println(d) for (i = 0; i < 4; i++) println(d /= 100000) println("") // an example of NaN: d = 0.0/0.0 println("0.0/0.0 is Not-a-Number: ", d) println("") // an example of inexact results and rounding: println("inexact results with floating point arithmetic:") for (i = 0; i < 100; i++) { z = 1.0/i if (z*i != 1.0) println(i) }
 
 This example produces the following output: overflow produces infinity: 1e308*10==Infinity gradual underflow: 3.141592653589793e-305
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 3.1415926535898e-310 3.141592653e-315 3.142e-320 0 0.0/0.0 is Not-a-Number: NaN inexact results with floating point arithmetic: 49 98
 
 This example demonstrates, among other things, that gradual underflow can result in a gradual loss of precision. Note that when i is zero, z is NaN, and z*i is NaN.
 
 3.2.2.1 Bitwise integer operations The bitwise operators treat their operands as signed 32-bit integer values: • The signed and unsigned shift operators , and >>> • The bitwise complement operator ~ • The integer bitwise operators &, |, and ^ JavaScript uses round toward zero when converting a floating-point value to an integer, which acts, in this case, as though the number were truncated, discarding the mantissa bits. Round toward zero chooses the value closest to and no greater in magnitude than the infinitely precise result.
 
 3.2.3 Boolean Types and Values The boolean type represents a logical quantity with two possible values, the literals true and false.
 
 3.2.4 Boolean Operations JavaScript's Boolean operators treat their operands as Boolean values and return a Boolean value: • The logical operator !
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 • The logical-or and logical-and operators && and || • The conditional operator ? : Boolean expressions control the control flow in: • The if statement • The while statement • The for statement When they do so, they determine which subexpression is chosen to be evaluated in the conditional ? : operator . Only Boolean expressions can be used in the control flow statements and as the first operand of the conditional operator ? :. A number is converted to a Boolean value following the C language convention that zero is false and any nonzero value is true, An object is converted to a Boolean, following the C language convention that the null object is false and any object other than null is true.
 
 3.2.5 The Undefined Type Any variable that has not been assigned a value is automatically of type undefined.
 
 3.3 Reference Types and Values JavaScript’s reference types are objects, strings, and functions. ReferenceType Object String Function
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 3.3.1 Object Types and Operations An object is a dynamically created reference with members that can be primitive values, objects, or functions. The reference values are pointers to these objects, and a special null reference, which refers to no object. An object is created with the new operator operating on a constructor, either one of the built-in constructors (Array, Date, Math, and String) or a user-defined constructor function (see 5.3 Constructor Functions).
 
 3.3.1.1 The Null Object The null object is a special object that references no object. It is named by the null literal.
 
 3.3.1.2 The Delete Operator The delete operator removes a property definition, frees the memory associated with it, and returns undefined.
 
 3.3.1.3 The Void Operator The operator void returns undefined after evaluating its operand.
 
 3.3.2 String Types and Operations A string is a special object created in one of two ways: either by using a string literal or by the use of the new operator with the String constructor. Every string has a length property that is an integer equal to the number of characters in the string. Strings also have a number of built-in methods, as described in 7.7 String Object. The following operators are defined for strings: • The concatentation (+) operator that concatentates two strings together. If given a String operand and a floating-point operand, it will convert the floating-point operand to a string representing its value in decimal form, and then produce a new string that is the concatenation of the two strings.
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 • Relational and equality operators (==, >, =, >; they are syntactically left-associative (they group leftto- right). The left-hand operand of a shift operator is the value to be shifted; the right-hand operand specifies the shift distance. ShiftExpression: AdditiveExpression ShiftExpression > AdditiveExpression ShiftExpression >>> AdditiveExpression
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 The type of each of the operands of a shift operator must be convertible to a primitive integral type or a run-time error occurs. At run time, shift operations are performed on the two’s complement integer representation of the value of the left operand. The value of n>s is n right-shifted s bit positions with sign-extension. For non-negative values of n, this is equivalent to truncating integer division, as computed by the integer division operator /, by two to the power s. The value of n>>>s is n right-shifted s bit positions with zero-extension. If n is positive, the result is the same as that of n>>s; if n is negative, the result is equal to that of the expression (n>>s)+(2s)+(2L					    
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