-- --

IEEE P1003.2 Draft 11.2 - September 1991

Copyright � 1991 by the Institute of Electrical and Electronics Engineers, Inc. 345 East 47th Street New York, NY 10017, USA All rights reserved as an unpublished work.

This is an unapproved and unpublished IEEE Standards Draft, subject to change. The publication, distribution, or copying of this draft, as well as all derivative works based on this draft, is expressly prohibited except as set forth below.

Permission is hereby granted for IEEE Standards Committee participants to reproduce this document for purposes of IEEE standardization activities only, and subject to the restrictions contained herein.

Permission is hereby also granted for member bodies and technical committees of ISO and IEC to reproduce this document for purposes of developing a national position, subject to the restrictions contained herein.

Permission is hereby also granted to the preceding entities to make limited copies of this document in an electronic form only for the stated activities.

The following restrictions apply to reproducing or transmitting the document in any form: 1) all copies or portions thereof must identify the document’s IEEE project number and draft number, and must be accompanied by this entire notice in a prominent location; 2) no portion of this document may be redistributed in any modified or abridged form without the prior approval of the IEEE Standards Department.

Other entities seeking permission to reproduce this document, or any portion thereof, for standardization or other activities, must contact the IEEE Standards Department for the appropriate license.

Use of information contained in this unapproved draft is at your own risk.

IEEE Standards Department Copyright and Permissions 445 Hoes Lane, P.O. Box 1331 Piscataway, NJ 08855-1331, USA +1 (908) 562-3800 +1 (908) 562-1571 [FAX]

-- --

3043 The unset special built-in shall conform to the utility argument syntax guide- 3044 lines described in 2.10.2. 3045 Exit Status 3046 0 All name s were successfully unset. 3047 >0 At least one name could not be unset.

3048 3.14.14.1 unset Rationale. (This subclause is not a part of P1003.2) 3049 Note that 3050 VARIABLE= 3051 is not equivalent to an unset of VARIABLE;in the example, VARIABLEis set to "" . 3052 Also, the ‘‘variables’’ that can be unset should not be misinterpreted to include 3053 the special parameters (see 3.5.2). 3054 Consideration was given to omitting the - f option in favor of an unfunction util- 3055 ity, but decided to retain existing practice. 3056 The - v option was introduced because System V historically used one name space 1 3057 for both variables and functions. When unset is used without options, System V 1 3058 historically unset either a function or a variable and there was no confusion about 1 3059 which one was intended. A portable POSIX. 2 application can use unset without 1 3060 an option to unset a variable, but not a function; the - f option must be used. 1 3061 Examples : 3062 Unset the VISUAL variable: 3063 unset -v VISUAL 1 3064 Unset the functions foo and bar : 3065 unset - f foo bar

Copyright � 1991 IEEE. All rights reserved. This is an unapproved IEEE Standards Draft, subject to change.

3.14 Special Built-in Utilities 261

P1003.2/D11.2

Section 4: Execution Environm ent Utilities

1 The Execution Environment Utilities are the utilities that shall be implemented 2 in all conforming POSIX. 2 systems.

3 4.1 awk — Pattern scanning and processing language

4 4.1.1 Synopsis

5 awk [- F ERE ] [- v assignment ] ... program [argument ... ]

6 awk [- F ERE ] - f progfile ... [- v assignment ] ... [argument ... ]

7 4.1.2 Description

8 The awk utility shall execute programs written in the awk programming 9 language, which is specialized for textual data manipulation. An awk program is 10 a sequence of patterns and corresponding actions. When input is read that 11 matches a pattern, the action associated with that pattern shall be carried out.

12 Input shall be interpreted as a sequence of records. By default, a record is a line, 13 but this can be changed by using the RS built-in variable. Each record of input 14 shall be matched in turn against each pattern in the program. For each pattern 15 matched, the associated action shall be executed.

16 The awk utility shall interpret each input record as a sequence of fields where, by 17 default, a field is a string of non- <blank> characters. This default white space 18 field delimiter can be changed by using the FS built-in variable or the - F ERE . 19 The awk utility shall denote the first field in a record $1 , the second $2 , and so 20 forth. The symbol $0 shall refer to the entire record; setting any other field shall 21 cause the reevaluation of $0 . Assigning to $0 shall reset the values of all other 1 22 fields and the NF built-in variable. 1

Copyright � 1991 IEEE. All rights reserved. This is an unapproved IEEE Standards Draft, subject to change.

23 4.1.3 Options

24 The awk utility shall conform to the utility argument syntax guidelines described 25 in 2.10.2.

26 The following options shall be supported by the implementation:

27 - F ERE Define the input field separator to be the extended regular 28 expression ERE , before any input is read (see 4.1.7.4).

29 - f progfile Specifies the pathname of the file progfile containing an awk pro- 30 gram. If multiple instances of this option are specified, the con- 31 catenation of the files specified as progfile in the order specified 32 shall be the awk program. The awk program can alternatively be 33 specified in the command line as a single argument.

34 - v assignment 35 The assignment argument shall be in the same form as an assign- 36 ment operand. The specified variable assignment shall occur 37 prior to executing the awk program, including the actions associ- 38 ated with BEGIN patterns (if any). Multiple occurrences of this 39 option can be specified.

40 4.1.4 Operands

41 The following operands shall be supported by the implementation:

42 program If no - f option is specified, the first operand to awk shall be the 43 text of the awk program. The application shall supply the pro- 44 gram operand as a single argument to awk. If the text does not 45 end in a <newline> character, awk shall interpret the text as if it 46 did.

47 argument Either of the following two types of argument s can be intermixed:

48 file A pathname of a file that contains the input to be read, 49 which is matched against the set of patterns in the pro- 50 gram. If no file operands are specified, or if a file 51 operand is - , the standard input shall be used.

52 assignment 53 An operand that begins with an underscore or alpha- 54 betic character from the portable character set (see 55 Table 2-3 in 2.4), followed by a sequence of underscores, 56 digits, and alphabetics from the portable character set, 57 followed by the = character shall specify a variable 58 assignment rather than a pathname. The characters 59 before the = shall represent the name of an awk vari- 60 able; if that name is an awk reserved word (see 4.1.7.7) 61 the behavior is undefined. The characters following the 62 equals-sign shall be interpreted as if they appeared in 63 the awk program preceded and followed by a double-

Copyright � 1991 IEEE. All rights reserved. This is an unapproved IEEE Standards Draft, subject to change.

64 quote (") character, as a STRING token (see 4.1.7.7), 65 except that if the last character is an unescaped 66 backslash, it shall be interpreted as a literal backslash 67 rather than as the first character of the sequence ‘‘\" ’’. 68 The variable shall be assigned the value of that STRING 69 token. If that value is considered a numeric string (see 70 4.1.7.2), the variable shall also be assigned its numeric 71 value. Each such variable assignment shall occur just 72 prior to the processing of the following file, if any. Thus, 73 an assignment before the first file argument shall be 74 executed after the BEGIN actions (if any), while an 75 assignment after the last file argument shall occur 76 before the ENDactions (if any). If there are no file argu- 77 ments, assignments shall be executed before processing 78 the standard input.

79 4.1.5 External Influences

80 4.1.5.1 Standard Input

81 The standard input shall be used only if no file operands are specified, or if a file 82 operand is - . See Input Files.

83 4.1.5.2 Input Files

84 Input files to the awk program from any of the following sources: 1

85 — Any file operands or their equivalents, achieved by modifying the awk vari- 1 86 ables ARGVand ARGC 1

87 — Standard input in the absence of any file operands 1

88 — Arguments to the getline function 1

89 shall be text files. Whether the variable RS is set to a value other than <new- 1 90 line> or not, for these files, the implementation shall support records terminated 1 91 with the specified separator up to {LINE _MAX} bytes and may support longer 1 92 records. 1

93 If - f progfile is specified, the file(s) named by progfile shall be text file(s) contain- 94 ing an awk program.

95 4.1.5.3 Environment Variables

96 The following environment variables shall affect the execution of awk:

97 LANG This variable shall determine the locale to use for the 98 locale categories when both LC_ALL and the correspond- 99 ing environment variable (beginning with LC_) do not 100 specify a locale. See 2.6.

Copyright � 1991 IEEE. All rights reserved. This is an unapproved IEEE Standards Draft, subject to change.

101 LC_ALL This variable shall determine the locale to be used to over- 102 ride any values for locale categories specified by the set- 103 tings of LANG or any environment variables beginning 104 with LC_.

105 LC_CTYPE This variable shall determine the locale for the interpreta- 106 tion of sequences of bytes of text data as characters (e.g., 107 single- versus multibyte characters in arguments and 108 input files), the behavior of character classes within regu- 109 lar expressions, the identification of characters as letters, 110 and the mapping of upper- and lowercase characters for 111 the toupper and tolower functions.

112 LC_COLLATE This variable shall determine the locale for the behavior of 113 ranges, equivalence classes, and multicharacter collating 114 elements within regular expressions and in comparisons 115 of string values.

116 LC_MESSAGES This variable shall determine the language in which mes- 117 sages should be written.

118 LC_NUMERIC This variable shall determine the radix character used 119 when interpreting numeric input, performing conversions 120 between numeric and string values, and formatting 121 numeric output.

122 PATH This variable shall define the search path when looking 123 for commands executed by system( expr) , or input and 124 output pipes. See 2.6.

125 In addition, all environment variables shall be visible via the awk variable 126 ENVIRON.

127 4.1.5.4 Asynchronous Events

128 Default.

129 4.1.6 External Effects

130 4.1.6.1 Standard Output

131 The nature of the output files depends on the awk program.

132 4.1.6.2 Standard Error

133 Used only for diagnostic messages.

Copyright � 1991 IEEE. All rights reserved. This is an unapproved IEEE Standards Draft, subject to change.

134 4.1.6.3 Output Files

135 The nature of the output files depends on the awk program.

136 4.1.7 Extended Description

137 4.1.7.1 Overall Program Structure

138 An awk program is composed of pairs of the form:

139 pattern { action }

140 Either the pattern or the action (including the enclosing brace characters) can be 141 omitted.

142 A missing pattern shall match any record of input, and a missing action shall be 143 equivalent to an action that writes the matched record of input to standard out- 144 put.

145 Execution of the awk program shall start by first executing the actions associated 146 with all BEGIN patterns in the order they occur in the program. Then each file 147 operand (or standard input if no files were specified) shall be processed in turn by 148 reading data from the file until a record separator is seen (<newline> by default), 1 149 splitting the current record into fields using the current value of FS according to 1 150 the rules in 4.1.7.4, evaluating each pattern in the program in the order of 1 151 occurrence, and executing the action associated with each pattern that matches 152 the current record. The action for a matching pattern shall be executed before 153 evaluating subsequent patterns. Last, the actions associated with all END pat- 154 terns shall be executed in the order they occur in the program.

155 4.1.7.2 Expressions

156 Expressions describe computations used in patterns and actions. In Table 4-1, 157 valid expression operations are given in groups from highest precedence first to 158 lowest precedence last, with equal-precedence operators grouped between horizon- 159 tal lines. In expression evaluation, higher precedence operators shall be 160 evaluated before lower precedence operators. In this table expr, expr1 , expr2 , and 161 expr3 represent any expression, while lvalue represents any entity that can be 162 assigned to (i.e., on the left side of an assignment operator). The precise syntax of 163 expressions is given in the grammar in 4.1.7.7.

164 Each expression shall have either a string value, a numeric value, or both. 165 Except as stated for specific contexts, the value of an expression shall be impli- 166 citly converted to the type needed for the context in which it is used. A string 167 value shall be converted to a numeric value by the equivalent of the following 168 calls to functions defined by the C Standard {7}:

169 setlocale(LC _NUMERIC, ""); 170 numeric_value = atof(string_value );

171 A numeric value that is exactly equal to the value of an integer (see 2.9.2.1) shall

Copyright � 1991 IEEE. All rights reserved. This is an unapproved IEEE Standards Draft, subject to change.

172 Table 4-1 - awk Expressions in Decreasing Precedence

173 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 174 Semantic Type of Syntax Name 175 Definition Result

Assoc iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 176 ( expr ) Grouping C Standard {7} type of expr n/a iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 177 $expr Field reference 4.1.7.2 string n/a iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 178 ++ lvalue Pre-increment C Standard {7} numeric n/a 179 - - lvalue Pre-decrement C Standard {7} numeric n/a 180 lvalue ++ Post-increment C Standard {7} numeric n/a 181 lvalue - - Post-decrement C Standard {7} numeric n/a iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 182 4.1.7.2 expr ^ expr Exponentiation numeric right iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 183 ! expr Logical not C Standard {7} numeric n/a 184 + expr Unary plus C Standard {7} numeric n/a 185 - expr Unary minus C Standard {7} numeric n/a iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 186 expr * expr Multiplication C Standard {7} numeric left 187 expr / expr Division C Standard {7} numeric left 188 4.1.7.2 expr % expr Modulus numeric left iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 189 expr + expr Addition C Standard {7} numeric left 190 expr - expr Subtraction C Standard {7} numeric left iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 191 4.1.7.2 expr expr String concatenation string left iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 192 4.1.7.2 expr < expr Less than numeric none 193 4.1.7.2 expr <= expr Less than or equal to numeric none 194 4.1.7.2 expr != expr Not equal to numeric none 195 4.1.7.2 expr == expr Equal to numeric none 196 4.1.7.2 expr > expr Greater than numeric none 197 4.1.7.2 expr >= expr Greater than or equal to numeric none iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 198 4.1.7.4 expr ~ expr ERE match numeric none 199 4.1.7.4 expr !~ expr ERE nonmatch numeric none iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 200 4.1.7.2 expr in array Array membership numeric left 201 4.1.7.2

( index ) in Multidimension array numeric left 202 array membership

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 203 expr && expr Logical AND C Standard {7} numeric left 1 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 204 expr || expr Logical OR C Standard {7} numeric left 1 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 205 expr1 ? expr2 Conditional expression C Standard {7} type of selected right 1 206 : expr3 expr2 or expr3 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 207 4.1.7.2 lvalue ^= expr Exponentiation numeric right 208 assignment 209 4.1.7.2 lvalue %= expr Modulus assignment numeric right 210 lvalue *= expr Multiplication C Standard {7} numeric right 211 assignment 212 lvalue /= expr Division assignment C Standard {7} numeric right 213 lvalue += expr Addition assignment C Standard {7} numeric right 214 lvalue - = expr Subtraction assignment C Standard {7} numeric right 215 lvalue = expr Assignment C Standard {7} type of expr right iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii cc c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c

cc c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c

cc c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c

cc c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c

cc c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c

cc c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c

Copyright � 1991 IEEE. All rights reserved. This is an unapproved IEEE Standards Draft, subject to change.

268 4 Execution Environment Utilities

216 be converted to a string by the equivalent of a call to the sprintf function (see 217 4.1.7.6.2) with the string "%d" as the fmt argument and the numeric value being 218 converted as the first and only expr argument. Any other numeric value shall be 219 converted to a string by the equivalent of a call to the sprintf function with the 220 value of the variable CONVFMTas the fmt argument and the numeric value being 221 converted as the first and only expr argument. The result of the conversion is 1 222 unspecified if the value of CONVFMTis not a floating-point format specification. 1 223 This standard specifies no explicit conversions between numbers and strings. An 224 application can force an expression to be treated as a number by adding zero to it, 225 or can force it to be treated as a string by concatenating the null string (" ") to it.

226 A string value shall be considered to be a numeric string in the following case:

227 (1) Any leading and trailing <blank> s shall be ignored.

228 (2) If the first unignored character is a + or - , it shall be ignored.

229 (3) If the remaining unignored characters would be lexically recognized as a 230 NUMBERtoken (as described by the lexical conventions in 4.1.7.7), the 231 string shall be considered a numeric string .

232 If a - character is ignored in the above steps, the numeric value of the numeric 233 string shall be the negation of the numeric value of the recognized NUMBERtoken. 234 Otherwise the numeric value of the numeric string shall be the numeric value of 235 the recognized NUMBERtoken. Whether or not a string is a numeric string shall be 236 relevant only in contexts where that term is used in this clause.

237 When an expression is used in a Boolean context (the first subexpression of a con- 238 ditional expression, an expression operated on by logical NOT, logical AND, or logi- 239 cal OR, the second expression of a for statement, the expression of an if state- 240 ment, or the expression of a while statement), if it has a numeric value, a value 241 of zero shall be treated as false and any other value shall be treated as true. Oth- 242 erwise, a string value of the null string shall be treated as false and any other 243 value shall be treated as true.

244 All arithmetic shall follow the semantics of floating point arithmetic as specified 245 by the C Standard {7};see 2.9.2.

246 The value of the expression

247 expr1 ^ expr2

248 shall be equivalent to the value returned by the C Standard {7}function call

249 pow( expr1 , expr2 )

250 The expression

251 lvalue ^= expr

252 shall be equivalent to the C Standard {7}expression

253 lvalue = pow( lvalue , expr)

254 except that lvalue shall be evaluated only once. The value of the expression

Copyright � 1991 IEEE. All rights reserved. This is an unapproved IEEE Standards Draft, subject to change.

255 expr1 %expr2

256 shall be equivalent to the value returned by the C Standard {7}function call

257 fmod( expr1 , expr2 )

258 The expression

259 lvalue %=expr

260 shall be equivalent to the C Standard {7}expression

261 lvalue = fmod( lvalue , expr)

262 except that lvalue shall be evaluated only once.

263 Variables and fields shall be set by the assignment statement:

264 lvalue = expression

265 and the type of expression shall determine the resulting variable type. The 266 assignment includes the arithmetic assignments (+=, -= , *=, /= , %=, ^= , ++, 267 -- ) all of which produce a numeric result. The left-hand side of an assignment 268 and the target of increment and decrement operators can be one of a variable, an 269 array with index, or a field selector.

270 The awk language shall supply arrays that are used for storing numbers or 271 strings. Arrays need not be declared. They shall initially be empty, and their 272 sizes shall change dynamically. The subscripts, or element identifiers, are 273 strings, providing a type of associative array capability. An array name followed 274 by a subscript within square brackets can be used as an lvalue and thus as an 275 expression, as described in the grammar (see 4.1.7.7). Unsubscripted array 276 names can be used in only the following contexts:

277 — A parameter in a function definition or function call.

278 — The NAMEtoken following any use of the keyword in as specified in the 279 grammar (see 4.1.7.7). If the name used in this context is not an array 280 name, the behavior is undefined.

281 A valid array index shall consist of one or more comma-separated expressions, 282 similar to the way in which multidimensional arrays are indexed in some pro- 283 gramming languages. Because awk arrays are really one dimensional, such a 284 comma-separated list shall be converted to a single string by concatenating the 285 string values of the separate expressions, each separated from the other by the 286 value of the SUBSEP variable. Thus, the following two index operations shall be 287 equivalent:

288 var [expr1 , expr2 , ..., exprn ] 289 var [expr1 SUBSEP expr2 SUBSEP ... SUBSEP exprn ]

290 A multidimensioned index used with the in operator shall be parenthesized. The 291 in operator, which tests for the existence of a particular array element, shall not 292 cause that element to exist. Any other reference to a nonexistent array element 293 shall automatically create it.

Copyright � 1991 IEEE. All rights reserved. This is an unapproved IEEE Standards Draft, subject to change.

294 Comparisons (with the <, <=, != , ==, >, and >= operators) shall be made numeri- 295 cally if both operands are numeric or if one is numeric and the other has a string 296 value that is a numeric string. Otherwise, operands shall be converted to strings 1 297 as required and a string comparison shall be made using the locale-specific colla- 298 tion sequence. The value of the comparison expression shall be 1 if the relation is 299 true, or 0 if the relation is false.

300 4.1.7.3 Variables and Special Variables

301 Variables can be used in an awk program by referencing them. With the excep- 302 tion of function parameters (see 4.1.7.6.2), they are not explicitly declared. Unini- 303 tialized scalar variables and array elements have both a numeric value of zero 304 and a string value of the empty string.

305 Field variables shall be designated by a $ followed by a number or numerical 306 expression. The effect of the field number expression evaluating to anything other 307 than a nonnegative integer is unspecified; uninitialized variables or string values 308 need not be converted to numeric values in this context. New field variables can 309 be created by assigning a value to them. References to nonexistent fields (i.e., 310 fields after $NF), shall produce the null string. However, assigning to a nonex- 311 istent field [e.g., $(NF+2) = 5] shall increase the value of NF, create any intervening 312 fields with the null string as their values, and cause the value of $0 to be recom- 313 puted, with the fields being separated by the value of OFS. Each field variable 314 shall have a string value when created. If the string, with any occurrence of the 315 decimal-point character from the current locale changed to a <period> , would be 316 considered a numeric string (see 4.1.7.2), the field variable shall also have the 317 numeric value of the numeric string .

318 The implementation shall support the following other special variables that are 319 set by awk:

320 ARGC The number of elements in the ARGVarray.

321 ARGV An array of command line arguments, excluding options and the 322 program argument, numbered from zero to ARGC-1.

323 The arguments in ARGVcan be modified or added to; ARGCcan be 324 altered. As each input file ends, awk shall treat the next nonnull 325 element of ARGV,up through the current value of ARGC-1, as the 326 name of the next input file. Thus, setting an element of ARGVto 327 null means that it shall not be treated as an input file. The name 328 ’-’ shall indicate the standard input. If an argument matches 329 the format of an assignment operand, this argument shall be 330 treated as an assignment rather than a file argument.

331 CONVFMT The printf format for converting numbers to strings (except for 332 output statements, where OFMTis used); "%.6g" by default.

333 ENVIRON The variable ENVIRON is an array representing the value of the 334 environment, as described in POSIX .1 {8}2.7. The indices of the 335 array shall be strings consisting of the names of the environment 336 variables, and the value of each array element shall be a string

Copyright � 1991 IEEE. All rights reserved. This is an unapproved IEEE Standards Draft, subject to change.

337 consisting of the value of that variable. If the value of an environ- 338 ment variable is considered a numeric string (see 4.1.7.2), the 339 array element shall also have its numeric value.

340 In all cases where the behavior of awk is affected by environment 341 variables [including the environment of any command(s) that awk 342 executes via the system function or via pipeline redirections with 343 the print statement, the printf statement, or the getline 344 function], the environment used shall be the environment at the 345 time awk began executing; it is implementation defined whether 1 346 any modification of ENVIRONaffects this environment. 1

347 FILENAME A pathname of the current input file. Inside a BEGIN action the 348 value is undefined. Inside an ENDaction the value is the name of 349 the last input file processed.

350 FNR The ordinal number of the current record in the current file. 351 Inside a BEGIN action the value is zero. Inside an ENDaction the 352 value is the number of the last record processed in the last file 353 processed.

354 FS Input field separator regular expression; <space> by default.

355 NF The number of fields in the current record. Inside a BEGIN action, 356 the use of NF is undefined unless a getline function without a 357 var argument is executed previously. Inside an END action, NF 358 shall retain the value it had for the last record read, unless a sub- 359 sequent, redirected, getline function without a var argument is 360 performed prior to entering the ENDaction.

361 NR The ordinal number of the current record from the start of input. 362 Inside a BEGIN action the value is zero. Inside an ENDaction the 363 value is the number of the last record processed.

364 OFMT The printf format for converting numbers to strings in output 365 statements (see 4.1.7.6.1); "%.6g" by default. The result of the 2 366 conversion is unspecified if the value of OFMTis not a floating- 2 367 point format specification. 2

368 OFS The print statement output field separation; <space> by 369 default.

370 ORS The print statement output record separator; <newline> by 371 default.

372 RLENGTH The length of the string matched by the match function.

373 RS The first character of the string value of RS is the input record 374 separator; <newline> by default. If RS contains more than one 375 character, the results are unspecified. If RS is null, then records 376 are separated by sequences of one or more blank lines, leading or 377 trailing blank lines do not result in empty records at the begin- 378 ning or end of the input, and <newline> is always a field separa- 379 tor, no matter what the value of FS is.

Copyright � 1991 IEEE. All rights reserved. This is an unapproved IEEE Standards Draft, subject to change.

380 RSTART The starting position of the string matched by the match func- 381 tion, numbering from 1. This is always equivalent to the return 382 value of the match function.

383 SUBSEP The subscript separator string for multidimensional arrays; the 384 default value is implementation defined.

385 4.1.7.4 Regular Expressions

386 The awk utility shall make use of the extended regular expression notation (see 387 2.8.4) except that it shall allow the use of C-language conventions for escaping 388 special characters within the ERE s, as specified in Table 2-15 and Table 4-2; these 1 389 escape sequences shall be recognized both inside and outside bracket expressions. 1 390 Note that records need not be separated by <newline> s and string constants can 1 391 contain <newline> s, so even the \n sequence is valid in awk ERE s. Using a slash 1 392 character within the regular expression requires the escaping shown in Table 4-2. 1

393 A regular expression can be matched against a specific field or string by using one 394 of the two regular expression matching operators, ~ and ! ~. These operators shall 395 interpret their right-hand operand as a regular expression and their left-hand 396 operand as a string. If the regular expression matches the string, the ~ expres- 397 sion shall evaluate to a value of 1, and the ! ~ expression shall evaluate to a value 398 of 0. (The regular expression matching operation is as defined in 2.8.1.2, where a 399 match occurs on any part of the string unless the regular expression is limited 400 with the circumflex or dollar-sign special characters.) If the regular expression 401 does not match the string, the ~ expression shall evaluate to a value of 0, and the 402 ! ~ expression shall evaluate to a value of 1. If the right-hand operand is any 403 expression other than the lexical token ERE, the string value of the expression 404 shall be interpreted as an extended regular expression, including the escape con- 405 ventions described above. Note that these same escape conventions also shall be 406 applied in the determining the value of a string literal (the lexical token STRING), 407 and thus shall be applied a second time when a string literal is used in this con- 408 text.

409 When an ERE token appears as an expression in any context other than as the 410 right-hand of the ~ or ! ~ operator or as one of the built-in function arguments 411 described below, the value of the resulting expression shall be the equivalent of

412 $0 ~ / ere/

413 The ERE argument to the gsub , match , sub functions, and the fs argument to the 414 split function (see 4.1.7.6.2) shall be interpreted as extended regular expres- 415 sions. These can be either ERE tokens or arbitrary expressions, and shall be inter- 416 preted in the same manner as the right-hand side of the ~ or ! ~ operator.

417 An extended regular expression can be used to separate fields by using the 418 - F ERE option or by assigning a string containing the expression to the built-in 419 variable FS. The default value of the FS variable shall be a single <space> char- 420 acter. The following describes FS behavior:

Copyright � 1991 IEEE. All rights reserved. This is an unapproved IEEE Standards Draft, subject to change.

421 (1) If FS is a single character:

422 (a) If FS is <space> , skip leading and trailing <blank> s; fields shall be 423 delimited by sets of one or more <blank> s.

424 (b) Otherwise, if FS is any other character c, fields shall be delimited by 425 each single occurrence of c.

426 (2) Otherwise, the string value of FS shall be considered to be an extended 427 regular expression. Each occurrence of a sequence matching the 428 extended regular expression shall delimit fields.

429 Except in the gsub , match , split , and sub built-in functions, regular expression 430 matching shall be based on input records; i.e., record separator characters (the 431 first character of the value of the variable RS, <newline> by default) cannot be 432 embedded in the expression, and no expression shall match the record separator 433 character. If the record separator is not <newline> , <newline> characters 434 embedded in the expression can be matched. In those four built-in functions, reg- 435 ular expression matching shall be based on text strings; i.e., any character 436 (including <newline> and the record separator) can be embedded in the pattern 437 and an appropriate pattern shall match any character. However, in all awk regu- 438 lar expression matching, the use of one or more NUL characters in the pattern, 439 input record, or text string produces undefined results.

440 4.1.7.5 Patterns

441 A pattern is any valid expression , a range specified by two expressions separated 442 by comma, or one of the two special patterns BEGIN or END.

443 4.1.7.5.1 Special Patterns

444 The awk utility shall recognize two special patterns, BEGIN and END. Each BEGIN 445 pattern shall be matched once and its associated action executed before the first 446 record of input is read [except possibly by use of the getline function (see 447 4.1.7.6.2) in a prior BEGIN action] and before command line assignment is done. 448 Each ENDpattern shall be matched once and its associated action executed after 449 the last record of input has been read. These two patterns shall have associated 450 actions.

451 BEGIN and END shall not combine with other patterns. Multiple BEGIN and END 452 patterns shall be allowed. The actions associated with the BEGIN patterns shall 453 be executed in the order specified in the program, as are the ENDactions. An END 454 pattern can precede a BEGIN pattern in a program.

455 If an awk program consists of only actions with the pattern BEGIN, and the BEGIN 456 action contains no getline function, awk shall exit without reading its input 457 when the last statement in the last BEGIN action is executed. If an awk program 458 consists of only actions with the pattern END or only actions with the patterns 459 BEGIN and END,the input shall be read before the statements in the ENDaction(s) 460 are executed.

Copyright � 1991 IEEE. All rights reserved. This is an unapproved IEEE Standards Draft, subject to change.

461 4.1.7.5.2 Expression Patterns

462 An expression pattern shall be evaluated as if it were an expression in a Boolean 1 463 context. If the result is true, the pattern shall be considered to match, and the 1 464 associated action (if any) shall be executed. If the result is false, the action shall 1 465 not be executed. 1

466 4.1.7.5.3 Pattern Ranges

467 A pattern range consists of two expressions separated by a comma; in this case, 468 the action shall be performed for all records between a match of the first expres- 469 sion and the following match of the second expression, inclusive. At this point, 470 the pattern range can be repeated starting at input records subsequent to the end 471 of the matched range.

472 4.1.7.6 Actions

473 An action is a sequence of statements as shown in the grammar in 4.1.7.7. Any 474 single statement can be replaced by a statement list enclosed in braces. The 475 statements in a statement list shall be separated by <newline> s or semicolons, 476 and shall be executed sequentially in the order that they appear.

477 The expression acting as the conditional in an if statement shall be evaluated 478 and if it is nonzero or nonnull, the following statement shall be executed; other- 479 wise, if else is present, the statement following the else shall be executed.

480 The if , while , do ... while , for , break , and continue statements are based 481 on the C Standard {7} (see 2.9.2), except that the Boolean expressions shall be 482 treated as described in 4.1.7.2, and except in the case of

483 for ( variable in array )

484 which shall iterate, assigning each index of array to variable in an unspecified 485 order. The results of adding new elements to array within such a for loop are 486 undefined. If a break or continue statement occurs outside of a loop, the 487 behavior is undefined.

488 The delete statement shall remove an individual array element. Thus, the fol- 489 lowing code shall delete an entire array:

490 for (index in array) 491 delete array[index]

492 The next statement shall cause all further processing of the current input record 493 to be abandoned. The behavior is undefined if a next statement appears or is 494 invoked in a BEGIN or ENDaction.

495 The exit statement shall invoke all ENDactions in the order in which they occur 496 in the program source and then terminate the program without reading further 497 input. An exit statement inside an END action shall terminate the program 498 without further execution of ENDactions. If an expression is specified in an exit 499 statement, its numeric value shall be the exit status of awk, unless subsequent 500 errors are encountered or a subsequent exit statement with an expression is

Copyright � 1991 IEEE. All rights reserved. This is an unapproved IEEE Standards Draft, subject to change.

501 executed.

502 4.1.7.6.1 Output Statements

503 Both print and printf statements shall write to standard output by default. 504 The output shall be written to the location specified by output_redirection if one is 505 supplied, as follows:

506 > expression 507 >> expression 508 | expression

509 In all cases, the expression shall be evaluated to produce a string that is used as a 510 full pathname to write into (for > or >>) or as a command to be executed (for |). 511 Using the first two forms, if the file of that name is not currently open, it shall be 512 opened, creating it if necessary, and using the first form, truncating the file. The 513 output then shall be appended to the file. As long as the file remains open, subse- 514 quent calls in which expression evaluates to the same string value simply shall 515 append output to the file. The file remains open until the close function (see 516 4.1.7.6.2). is called with an expression that evaluates to the same string value.

517 The third form shall write output onto a stream piped to the input of a command. 518 The stream shall be created if no stream is currently open with the value of 519 expression as its command name. The stream created shall be equivalent to one 520 created by a call to the popen () function (see B.3.2) with the value of expression as 521 the command argument and a value of "w" as the mode argument. As long as the 522 stream remains open, subsequent calls in which expression evaluates to the same 523 string value shall write output to the existing stream. The stream shall remain 524 open until the close function (see 4.1.7.6.2) is called with an expression that 525 evaluates to the same string value. At that time, the stream shall be closed as if 526 by a call to the pclose () function (see B.3.2).

527 As described in detail by the grammar in 4.1.7.7, these output statements shall 528 take a comma-separated list of expression s referred in the grammar by the non- 529 terminal symbols expr_list , print_expr_list , or print_expr_list_opt . 530 This list is referred to here as the expression list , and each member is referred to 531 as an expression argument .

532 The print statement shall write the value of each expression argument onto the 533 indicated output stream separated by the current output field separator (see vari- 534 able OFS above), and terminated by the output record separator (see variable ORS 535 above). All expression arguments shall be taken as strings, being converted if 536 necessary; this conversion shall be as described in 4.1.7.2, with the exception that 1 537 the printf format in OFMTshall be used instead of the value in CONVFMT.An 1 538 empty expression list shall stand for the whole input record ($0 ).

539 The printf statement shall produce output based on a notation similar to the 540 File Format Notation used to describe file formats in this standard (see 2.12). 541 Output shall be produced as specified with the first expression argument as the 542 string <format> and subsequent expression arguments as the strings <arg1> 543 through <argn> , with the following exceptions:

Copyright � 1991 IEEE. All rights reserved. This is an unapproved IEEE Standards Draft, subject to change.

544 (1) The format shall be an actual character string rather than a graphical 545 representation. Therefore, it cannot contain empty character positions. 546 The <space> character in the format string, in any context other than a 547 flag of a conversion specification, shall be treated as an ordinary charac- 548 ter that is copied to the output.

549 (2) If the character set contains a D character and that character appears in 550 the format string, it shall be treated as an ordinary character that is 551 copied to the output.

552 (3) The escape sequences beginning with a backslash character shall be 553 treated as sequences of ordinary characters that are copied to the output. 554 (Note that these same sequences shall be interpreted lexically by awk 555 when they appear in literal strings, but they shall not be treated spe- 556 cially by the printf statement).

557 (4) A field width or precision can be specified as the * character instead of a 558 digit string. In this case the next argument from the expression list shall 559 be fetched and its numeric value taken as the field width or precision.

560 (5) The implementation shall not precede or follow output from the d or u 561 conversion specifications with <blank> s not specified by the format 562 string.

563 (6) The implementation shall not precede output from the o conversion 564 specification with leading zeroes not specified by the format string.

565 (7) For the c conversion specification: if the argument has a numeric value, 566 the character whose encoding is that value shall be output. If the value 567 is zero or is not the encoding of any character in the character set, the 568 behavior is undefined. If the argument does not have a numeric value, 569 the first character of the string value shall be output; if the string does 570 not contain any characters the behavior is undefined.

571 (8) For each conversion specification that consumes an argument, the next 572 expression argument shall be evaluated. With the exception of the c 573 conversion, the value shall be converted (according to the rules specified 574 in 4.1.7.2) to the appropriate type for the conversion specification.

575 (9) If there are insufficient expression arguments to satisfy all the conver- 576 sion specifications in the format string, the behavior is undefined.

577 (10) If any character sequence in the format string begins with a % character, 578 but does not form a valid conversion specification, the behavior is 579 unspecified.

580 Both print and printf can output at least {LINE _MAX}bytes.

581 4.1.7.6.2 Functions

582 The awk language has a variety of built-in functions: arithmetic, string, 583 input/output, and general.

Copyright � 1991 IEEE. All rights reserved. This is an unapproved IEEE Standards Draft, subject to change.

584 4.1.7.6.2.1 Arithmetic Functions

585 The arithmetic functions, except for int , shall be based on the C Standard {7};see 586 2.9.2. The behavior is undefined in cases where the C Standard {7}specifies that 587 an error be returned or that the behavior is undefined.

588 atan2 (y, x) Return arctangent of y/x.

589 cos (x) Return cosine of x, where x is in radians.

590 sin (x) Return sine of x, where x is in radians.

591 exp (x) Return the exponential function of x.

592 log (x) Return the natural logarithm of x.

593 sqrt (x) Return the square root of x.

594 int (x) Truncate its argument to an integer. It shall be truncated 595 toward 0 when x > 0.

596 rand() Return a random number n, such that 0 £ n < 1.

597 srand( [expr ]) Set the seed value for rand to expr or use the time of day 598 if expr is omitted. The previous seed value shall be 599 returned.

600 4.1.7.6.2.2 String Functions

601 The string functions are:

602 gsub( ere, repl [, in]) 603 Behave like sub (see below), except that it shall replace 604 all occurrences of the regular expression (like the ed util- 605 ity global substitute) in $0 or in the in argument, when 606 specified.

607 index( s, t) Return the position, in characters, numbering from 1, in 608 string s where string t first occurs, or zero if it does not 609 occur at all.

610 length( [s]) Return the length, in characters, of its argument taken as 611 a string, or of the whole record, $0 , if there is no argu- 612 ment.

613 match( s, ere) Return the position, in characters, numbering from 1, in 614 string s where the extended regular expression ERE 615 occurs, or zero if it does not occur at all. RSTART shall be 616 set to the starting position (which is the same as the 617 returned value), zero if no match is found; RLENGTH shall 618 be set to the length of the matched string, - 1 if no match 619 is found.

620 split( s, a[, fs]) Split the string s into array elements a [1], a [2], ... , a [n], 621 and returns n. The separation shall be done with the 622 extended regular expression fs or with the field separator

Copyright � 1991 IEEE. All rights reserved. This is an unapproved IEEE Standards Draft, subject to change.

623 FS if fs is not given. Each array element shall have a 624 string value when created. If the string assigned to any 625 array element, with any occurrence of the decimal-point 626 character from the current locale changed to a <period> , 627 would be considered a numeric string (see 4.1.7.2), the 628 array element shall also have the numeric value of the 629 numeric string . The effect of a null string as the value of 630 fs is unspecified.

631 sprintf( fmt, expr, expr, ...) 632 Format the expressions according to the printf format 633 given by fmt and return the resulting string.

634 sub( ere, repl [, in]) 635 Substitute the string repl in place of the first instance of 636 the extended regular expression ERE in string in and 637 return the number of substitutions. An ampersand (&) 638 appearing in the string repl shall be replaced by the string 639 from in that matches the regular expression. An amper- 640 sand preceded by a backslash within repl shall be inter- 641 preted as a literal ampersand character. If in is specified 642 and it is not an lvalue (see 4.1.7.2), the behavior is 643 undefined. If in is omitted, awk shall substitute in the 644 current record ($0 ).

645 substr( s, m[, n]) 646 Return the at most n-character substring of s that begins 647 at position m, numbering from 1. If n is missing, the 648 length of the substring shall be limited by the length of 649 the string s.

650 tolower( s) Return a string based on the string s. Each character in s 651 that is an uppercase letter specified to have a tolower 652 mapping by the LC_CTYPE category of the current locale 653 shall be replaced in the returned string by the lowercase 654 letter specified by the mapping. Other characters in s 655 shall be unchanged in the returned string.

656 toupper( s) Return a string based on the string s. Each character in s 657 that is a lowercase letter specified to have a toupper 658 mapping by the LC_CTYPE category of the current locale 659 shall be replaced in the returned string by the uppercase 660 letter specified by the mapping. Other characters in s 661 shall be unchanged in the returned string.

662 All of the preceding functions that take ERE as a parameter expect a pattern or a 663 string valued expression that is a regular expression as defined in 4.1.7.4.

Copyright � 1991 IEEE. All rights reserved. This is an unapproved IEEE Standards Draft, subject to change.

664 4.1.7.6.2.3 Input/Output and General Functions

665 The input/output and general functions are:

666 close( expression ) Close the file or pipe opened by a print or printf state- 667 ment or a call to getline with the same string-valued 668 expression . The limit on the number of open expression 669 arguments is implementation defined. If the close was 670 successful, the function shall return zero; otherwise, it 671 shall return nonzero.

672 expression | getline [var ] 673 Read a record of input from a stream piped from the out- 674 put of a command. The stream shall be created if no 675 stream is currently open with the value of expression as 676 its command name. The stream created shall be 677 equivalent to one created by a call to the popen () function 678 with the value of expression as the command argument 679 and a value of "r" as the mode argument. As long as the 680 stream remains open, subsequent calls in which expres- 681 sion evaluates to the same string value shall read subse- 682 quent records from the file. The stream shall remain open 683 until the close function is called with an expression that 684 evaluates to the same string value. At that time, the 685 stream shall be closed as if by a call to the pclose () func- 686 tion. If var is missing, $0 and NF shall be set; otherwise, 687 var shall be set.

688 getline Set $0 to the next input record from the current input file. 689 This form of getline shall set the NF, NR, and FNR vari- 690 ables.

691 getline var Set variable var to the next input record from the current 692 input file. This form of getline shall set the FNR and NR 693 variables.

694 getline [var ] < expression 695 Read the next record of input from a named file. The 696 expression shall be evaluated to produce a string that is 697 used as a full pathname. If the file of that name is not 698 currently open, it shall be opened. As long as the stream 699 remains open, subsequent calls in which expression evalu- 700 ates to the same string value shall read subsequent 701 records from the file. The file shall remain open until the 702 close function is called with an expression that evaluates 703 to the same string value. If var is missing, $0 and NF 704 shall be set; otherwise, var shall be set.

705 system( expression ) 706 Execute the command given by expression in a manner 707 equivalent to the system () function [see B.3.1] and return

Copyright � 1991 IEEE. All rights reserved. This is an unapproved IEEE Standards Draft, subject to change.