-- --

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of Electrical and Electronics Engineers, Inc. 345 East 47th Street New York, NY 10017, USA All rights reserved as an unpublished work.

This is an unapproved and unpublished IEEE Standards Draft, subject to change.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]

-- --

708 the exit status of the command.

709 All forms of getline shall return 1 for successful input, zero for end of file, and 710 - 1 for an error.

711 4.1.7.6.2.4 User-Defined Functions

712 The awk language also shall provide user-defined functions. Such functions can 713 be defined as:

714 function name ( args , ...) { statements }

715 A function can be referred to anywhere in an awk program; in particular, its use 716 can precede its definition. The scope of a function shall be global.

717 Function arguments can be either scalars or arrays; the behavior is undefined if 718 an array name is passed as an argument that the function uses as a scalar, or if a 719 scalar expression is passed as an argument that the function uses as an array. 720 Function arguments shall be passed by value if scalar and by reference if array 721 name. Argument names shall be local to the function; all other variable names 722 shall be global. The same name shall not be used as both an argument name and 723 as the name of a function or a special awk variable. The same name shall not be 724 used both as a variable name with global scope and as the name of a function. 725 The same name shall not be used within the same scope both as a scalar variable 726 and as an array.

727 The number of parameters in the function definition need not match the number 728 of parameters in the function call. Excess formal parameters can be used as local 729 variables. If fewer arguments are supplied in a function call than are in the func- 1 730 tion definition, the extra parameters that are used in the function body as scalars 1 731 shall be initialized with a string value of the null string and a numeric value of 1 732 zero, and the extra parameters that are used in the function body as arrays shall 1 733 be initialized as empty arrays. If more arguments are supplied in a function call 1 734 than are in the function definition, the behavior is undefined.

735 When invoking a function, no white space can be placed between the function 736 name and the opening parenthesis. The implementation shall permit function 1 737 calls to be nested, and for recursive calls to be made upon functions. Upon return 1 738 from any nested or recursive function call, the values of all of the calling 739 function’s parameters shall be unchanged, except for array parameters passed by 740 reference. The return statement can be used to return a value. If a return 741 statement appears outside of a function definition, the behavior is undefined.

742 In the function definition, <newline> s shall be optional before the opening brace 743 and after the closing brace. Function definitions can appear anywhere in the pro- 744 gram where a pattern-action pair is allowed.

745 4.1.7.7 awk Grammar

746 The grammar in this subclause and the lexical conventions in the following sub- 747 clause shall together describe the syntax for awk programs. The general conven- 748 tions for this style of grammar are described in 2.1.2. A valid program can be

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

749 represented as the nonterminal symbol program in the grammar. Any discrepan- 750 cies found between this grammar and other descriptions in this clause shall be 751 resolved in favor of this grammar.

752 %token NAMENUMBERSTRING ERE NEWLINE 753 %token FUNC_NAME / * name followed by ’(’ without white space */

754 / * Keywords */ 755 %token Begin End 756 / * ’BEGIN’ ’END’ */

757 %token Break Continue Delete Do Else 758 / * ’break’ ’continue’ ’delete’ ’do’ ’else’ */

759 %token Exit For Function If In 760 / * ’exit’ ’for’ ’function’ ’if’ ’in’ */

761 %token Next Print Printf Return While 762 / * ’next’ ’print’ ’printf’ ’return’ ’while’ */

763 / * Reserved function names */ 764 %token BUILTIN_FUNC_NAME / * one token for the following: 765 * atan2 cos sin exp log sqrt int rand srand 766 * gsub index length match split sprintf sub substr 767 * tolower toupper close system 768 */ 769 %token GETLINE / * Syntactically different from other built-ins */

770 / * Two-character tokens */ 771 %token ADD_ASSIGN SUB_ASSIGN MUL_ASSIGN DIV_ASSIGN MOD_ASSIGNPOW_ASSIGN 772 / * ’+=’ ’-=’ ’ *=’ ’/=’ ’%=’ ’^=’ */

773 %token OR AND NO_MATCHEQ LE GE NE INCR DECR APPEND 774 / * ’ ||’ ’&&’ ’! ~’ ’==’ ’<=’ ’>=’ ’!=’ ’++’ ’--’ ’>>’ */

775 / * One-character tokens */ 776 %token ’{’ ’}’ ’(’ ’)’ ’[’ ’]’ ’,’ ’;’ 777 %token ’+’ ’-’ ’ *’ ’%’ ’^’ ’!’ ’>’ ’<’ ’ |’ ’?’ ’:’ ’ ~’ ’$’ ’=’

778 %start program 779 %%

780 program: 781 item_list 782 | actionless_item_list 783 ;

784 item_list: 785 newline_opt 786 | actionless_item_list item terminator 787 | item_list item terminator 788 | item_list action terminator 789 ;

790 actionless_item_list: 791 item_list pattern terminator 792 | actionless_item_list pattern terminator 793 ;

794 item: 795 pattern action

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

282 4 Execution Environment Utilities

796 | Function NAME’(’ param_list_opt ’)’ newline_opt action 797 | Function FUNC_NAME’(’ param_list_opt ’)’ newline_opt action 798 ;

799 param_list_opt: 800 / * empty */ 801 | param_list 802 ;

803 param_list: 804 NAME 805 | param_list ’,’ NAME 806 ;

807 pattern: 808 Begin 809 | End 810 | expr 811 | expr ’,’ newline_opt expr 812 ;

813 action: 814 ’{’ newline_opt ’}’ 815 | ’{’ newline_opt terminated_statement_list ’}’ 816 | ’{’ newline_opt unterminated_statement_list ’}’ 817 ;

818 terminator: 819 ’;’ 820 | NEWLINE 821 | terminator NEWLINE ’;’ 2 822 ;

823 terminated_statement_list: 824 terminated_statement 825 | terminated_statement_list terminated_statement 826 ;

827 unterminated_statement_list: 828 unterminated_statement 829 | terminated_statement_list unterminated_statement 830 ;

831 terminated_statement: 832 action newline_opt 833 | If ’(’ expr ’)’ newline_opt terminated_statement 834 Else newline_opt terminated_statement 835 | While ’(’ expr ’)’ newline_opt terminated_statement 836 | For ’(’ simple_statement_opt ’;’ expr_opt ’;’ simple_statement_opt ’)’ 837 newline_opt terminated_statement 838 | For ’(’ NAMEIn NAME’)’ newline_opt terminated_statement 839 | ’;’ newline_opt 840 | terminatable_statement NEWLINE newline_opt 841 | terminatable_statement ’;’ newline_opt 842 ;

843 unterminated_statement: 844 terminatable_statement 845 | If ’(’ expr ’)’ newline_opt unterminated_statement 846 | If ’(’ expr ’)’ newline_opt terminated_statement 847 Else newline_opt unterminated_statement

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

4.1 awk — Pattern scanning and processing language 283

848 | While ’(’ expr ’)’ newline_opt unterminated_statement 849 | For ’(’ simple_statement_opt ’;’ expr_opt ’;’ simple_statement_opt ’)’ 850 newline_opt unterminated_statement 851 | For ’(’ NAMEIn NAME’)’ newline_opt unterminated_statement 852 ;

853 terminatable_statement: 854 simple_statement 855 | Break 856 | Continue 857 | Next 858 | Exit expr_opt 859 | Return expr_opt 860 | Do newline_opt terminated_statement While ’(’ expr ’)’ 861 ;

862 simple_statement_opt: 863 / * empty */ 864 | simple_statement 865 ;

866 simple_statement: 867 Delete NAME’[’ expr_list ’]’ 868 | expr 869 | print_statement 870 ;

871 print_statement: 872 simple_print_statement 873 | simple_print_statement output_redirection 874 ;

875 simple_print_statement: 876 Print print_expr_list_opt 877 | Print ’(’ multiple_expr_list ’)’ 878 | Printf print_expr_list 879 | Printf ’(’ multiple_expr_list ’)’ 880 ;

881 output_redirection: 882 ’>’ expr 883 | APPEND expr 884 | ’ |’ expr 885 ;

886 expr_list_opt: 887 / * empty */ 888 | expr_list 889 ;

890 expr_list: 891 expr 892 | multiple_expr_list 893 ;

894 multiple_expr_list: 895 expr ’,’ newline_opt expr 896 | multiple_expr_list ’,’ newline_opt expr 897 ;

898 expr_opt: 899 / * empty */

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

284 4 Execution Environment Utilities

900 | expr 901 ;

902 expr: 903 unary_expr 904 | non_unary_expr 905 ;

906 unary_expr: 907 ’+’ expr 908 | ’-’ expr 909 | unary_expr ’^’ expr 910 | unary_expr ’ *’ expr 911 | unary_expr ’/’ expr 912 | unary_expr ’%’ expr 913 | unary_expr ’+’ expr 914 | unary_expr ’-’ expr 915 | unary_expr non_unary_expr 916 | unary_expr ’<’ expr 917 | unary_expr LE expr 918 | unary_expr NE expr 919 | unary_expr EQ expr 920 | unary_expr ’>’ expr 921 | unary_expr GE expr 922 | unary_expr ’ ~’ expr 923 | unary_expr NO_MATCHexpr 924 | unary_expr In NAME 925 | unary_expr AND newline_opt expr 926 | unary_expr OR newline_opt expr 927 | unary_expr ’?’ expr ’:’ expr 928 | unary_input_function 929 ;

930 non_unary_expr: 931 ’(’ expr ’)’ 932 | ’!’ expr 933 | non_unary_expr ’^’ expr 934 | non_unary_expr ’ *’ expr 935 | non_unary_expr ’/’ expr 936 | non_unary_expr ’%’ expr 937 | non_unary_expr ’+’ expr 938 | non_unary_expr ’-’ expr 939 | non_unary_expr non_unary_expr 940 | non_unary_expr ’<’ expr 941 | non_unary_expr LE expr 942 | non_unary_expr NE expr 943 | non_unary_expr EQ expr 944 | non_unary_expr ’>’ expr 945 | non_unary_expr GE expr 946 | non_unary_expr ’ ~’ expr 947 | non_unary_expr NO_MATCHexpr 948 | non_unary_expr In NAME 949 | ’(’ multiple_expr_list ’)’ In NAME 950 | non_unary_expr AND newline_opt expr 951 | non_unary_expr OR newline_opt expr 952 | non_unary_expr ’?’ expr ’:’ expr 953 | NUMBER 954 | STRING

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

4.1 awk — Pattern scanning and processing language 285

955 | lvalue 956 | ERE 957 | lvalue INCR 958 | lvalue DECR 959 | INCR lvalue 960 | DECR lvalue 961 | lvalue POW_ASSIGN expr 962 | lvalue MOD_ASSIGNexpr 963 | lvalue MUL_ASSIGN expr 964 | lvalue DIV_ASSIGN expr 965 | lvalue ADD_ASSIGN expr 966 | lvalue SUB_ASSIGN expr 967 | lvalue ’=’ expr 968 | FUNC_NAME’(’ expr_list_opt ’)’ / * no white space allowed */ 969 | BUILTIN_FUNC_NAME’(’ expr_list_opt ’)’ 970 | BUILTIN_FUNC_NAME 971 | non_unary_input_function 972 ;

973 print_expr_list_opt: 974 / * empty */ 975 | print_expr_list 976 ;

977 print_expr_list: 978 print_expr 979 | print_expr_list ’,’ newline_opt print_expr 980 ;

981 print_expr: 982 unary_print_expr 983 | non_unary_print_expr 984 ;

985 unary_print_expr: 986 ’+’ print_expr 987 | ’-’ print_expr 988 | unary_print_expr ’^’ print_expr 989 | unary_print_expr ’ *’ print_expr 990 | unary_print_expr ’/’ print_expr 991 | unary_print_expr ’%’ print_expr 992 | unary_print_expr ’+’ print_expr 993 | unary_print_expr ’-’ print_expr 994 | unary_print_expr non_unary_print_expr 995 | unary_print_expr ’ ~’ print_expr 996 | unary_print_expr NO_MATCHprint_expr 997 | unary_print_expr In NAME 998 | unary_print_expr AND newline_opt print_expr 999 | unary_print_expr OR newline_opt print_expr 1000 | unary_print_expr ’?’ print_expr ’:’ print_expr 1001 ;

1002 non_unary_print_expr: 1003 ’(’ expr ’)’ 1004 | ’!’ print_expr 1005 | non_unary_print_expr ’^’ print_expr 1006 | non_unary_print_expr ’ *’ print_expr 1007 | non_unary_print_expr ’/’ print_expr 1008 | non_unary_print_expr ’%’ print_expr

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

286 4 Execution Environment Utilities

1009 | non_unary_print_expr ’+’ print_expr 1010 | non_unary_print_expr ’-’ print_expr 1011 | non_unary_print_expr non_unary_print_expr 1012 | non_unary_print_expr ’ ~’ print_expr 1013 | non_unary_print_expr NO_MATCHprint_expr 1014 | non_unary_print_expr In NAME 1015 | ’(’ multiple_expr_list ’)’ In NAME 1016 | non_unary_print_expr AND newline_opt print_expr 1017 | non_unary_print_expr OR newline_opt print_expr 1018 | non_unary_print_expr ’?’ print_expr ’:’ print_expr 1019 | NUMBER 1020 | STRING 1021 | lvalue 1022 | ERE 1023 | lvalue INCR 1024 | lvalue DECR 1025 | INCR lvalue 1026 | DECR lvalue 1027 | lvalue POW_ASSIGN print_expr 1028 | lvalue MOD_ASSIGNprint_expr 1029 | lvalue MUL_ASSIGN print_expr 1030 | lvalue DIV_ASSIGN print_expr 1031 | lvalue ADD_ASSIGN print_expr 1032 | lvalue SUB_ASSIGN print_expr 1033 | lvalue ’=’ print_expr 1034 | FUNC_NAME’(’ expr_list_opt ’)’ / * no white space allowed */ 1035 | BUILTIN_FUNC_NAME’(’ expr_list_opt ’)’ 1036 | BUILTIN_FUNC_NAME 1037 ;

1038 lvalue: 1039 NAME 1040 | NAME’[’ expr_list ’]’ 1041 | ’$’ expr 1042 ;

1043 non_unary_input_function: 1044 simple_get 1045 | simple_get ’<’ expr 1046 | non_unary_expr ’ |’ simple_get 1047 ;

1048 unary_input_function: 1049 unary_expr ’ |’ simple_get 1050 ;

1051 simple_get: 1052 GETLINE 1053 | GETLINE lvalue 1054 ;

1055 newline_opt: 1056 / * empty */ 1057 | newline_opt NEWLINE 1058 ;

1059 This grammar has several ambiguities that shall be resolved as follows:

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

4.1 awk — Pattern scanning and processing language 287

1060 — Operator precedence and associativity shall be as described in Table 4-1.

1061 — In case of ambiguity, an else shall be associated with the most immedi- 1062 ately preceding if that would satisfy the grammar.

1063 4.1.7.8 awk Lexical Conventions

1064 The lexical conventions for awk programs, with respect to the preceding grammar, 1065 shall be as follows:

1066 (1) Except as noted, awk shall recognize the longest possible token or delim- 1067 iter beginning at a given point.

1068 (2) A comment shall consist of any characters beginning with the number 1069 sign character and terminated by, but excluding the next occurrence of, a 1070 <newline> character. Comments shall have no effect, except to delimit 1071 lexical tokens.

1072 (3) The character <newline> shall be recognized as the token NEWLINE.

1073 (4) A backslash character immediately followed by a <newline> character 1 1074 shall have no effect. 1

1075 (5) The token STRING shall represent a string constant. A string constant 1076 shall begin with the character ". Within a string constant, a backslash 1077 character shall be considered to begin an escape sequence as specified in 1078 Table 2-15 (see 2.12). In addition, the escape sequences in Table 4-2 1079 shall be recognized. A <newline> character shall not occur within a 1080 string constant. A string constant shall be terminated by the first unes- 1081 caped occurrence of the character " after the one that begins the string 1082 constant. The value of the string shall be the sequence of all unescaped 1083 characters and values of escape sequences between, but not including, 1084 the two delimiting " characters.

1085 (6) The token ERE represents an extended regular expression constant. An 1086 ERE constant shall begin with the slash character. Within an ERE con- 1087 stant, a <backslash> character shall be considered to begin an escape 1088 sequence as specified in Table 2-15 (see 2.12). In addition, the escape 1 1089 sequences in Table 4-2 shall be recognized. A <newline> character shall 1090 not occur within an ERE constant. An ERE constant shall be terminated 1091 by the first unescaped occurrence of the slash character after the one that 1092 begins the string constant. The extended regular expression represented 1093 by the ERE constant shall be the sequence of all unescaped characters 1094 and values of escape sequences between, but not including, the two del- 1095 imiting slash characters.

1096 (7) A <blank> shall have no effect, except to delimit lexical tokens or within 1097 STRING or ERE tokens.

1098 (8) The token NUMBERshall represent a numeric constant. Its form and 1099 numeric value shall be equivalent to the either of the tokens floating- 1100 constant or integer-constant as specified by the C Standard {7}, 1101 with the following exceptions:

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

288 4 Execution Environment Utilities

1102 Table 4-2 - awk Escape Sequences 1103 hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

1104 Escape 1105 Sequence

Description Meaning iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 1106 <backslash> <quotation-mark> <quotation-mark> character \" 1107 <backslash> <slash> <slash> character \/ 1108 <backslash> followed by the long- 1 1109 est sequence of one, two, or three 1 1110 octal-digit characters (01234567). If 1 1111 all of the digits are 0, (i.e., represen- 1 1112 tation of the NUL character), the 1 1113 behavior is undefined. 1

The character whose encoding is represented by the one-, two-, or threedigit octal integer. If the size of a byte on the system is greater than nine bits, the valid escape sequence used to represent a byte is implementation defined. Multibyte 1114 characters require multiple, concatenated 1 1115 escape sequences of this type, including 1 1116 the leading \ for each byte. 1

\ ddd

1117 <backslash> followed by any char- 1118 acter not described in this table or in 1119 Table 2-15

\ c Undefined

1120 hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

1121 (a) An integer constant cannot begin with 0x or include the hexade- 1122 cimal digits a, b, c, d, e, f , A, B, C, D, E, or F.

1123 (b) The value of an integer constant beginning with 0 shall be taken in 1124 decimal rather than octal.

1125 (c) An integer constant cannot include a suffix (u, U, l , or L).

1126 (d) A floating constant cannot include a suffix (f , F, l , or L).

1127 If the value is too large or too small to be representable (see 2.9.2.1), the 1128 behavior is undefined.

1129 (9) A sequence of underscores, digits, and alphabetics from the portable 1130 character set (see 2.4), beginning with an underscore or alphabetic, shall 1131 be considered a word.

1132 (10) The following words are keywords that shall be recognized as individual 1133 tokens; the name of the token is the same as the keyword:

1134 BEGIN delete for in printf 1135 END do function next return 1136 break else getline print while 1137 continue exit if

1138 (11) The following words are names of built-in functions and shall be recog- 1139 nized as the token BUILTIN_ FUNC_NAME:

1140 atan2 index match sprintf substr 1141 close int rand sqrt system

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

4.1 awk — Pattern scanning and processing language 289

1142 cos length sin srand tolower 1143 exp log split sub toupper 1144 gsub

1145 The above-listed keywords and names of built-in functions are considered 1146 reserved words.

1147 (12) The token NAMEshall consist of a word that is not a keyword or a name of 1148 a built-in function and is not followed immediately (without any delim- 1149 iters) by the ( character.

1150 (13) The token FUNC_NAMEshall consist of a word that is not a keyword or a 1151 name of a built-in function, followed immediately (without any delim- 1152 iters) by the ( character. The ( character shall not be included as part of 1153 the token.

1154 (14) The following two-character sequences shall be recognized as the named 1155 tokens:

1156 Token Name Sequence Token Name Sequence

hhhhhhhhhhhhh hhhhhhhhhh hhhhhhhhhhhhh hhhhhhhhhh

1157 ADD_ASSIGN += NO_MATCH ! ~ 1158 SUB_ASSIGN -= EQ == 1159 MUL_ASSIGN *= LE <= 1160 DIV_ASSIGN /= GE >= 1161 MOD_ASSIGN %= NE != 1162 POW_ASSIGN ^= INCR ++ 1163 OR || DECR - - 1164 AND && APPEND >>

1165 (15) The following single characters shall be recognized as tokens whose 1166 names are the character:

1167 <newline> { } ( ) [ ] , ; + - * % ^ ! > < | ? : ~ $ =

1168 There is a lexical ambiguity between the token ERE and the tokens / and 1169 DIV_ASSIGN. When an input sequence begins with a slash character in any syn- 1170 tactic context where the token / or DIV_ASSIGN could appear as the next token in 1171 a valid program, the longer of those two tokens that can be recognized shall be 1172 recognized. In any other syntactic context where the token ERE could appear as 1173 the next token in a valid program, the token ERE shall be recognized.

1174 4.1.8 Exit Status

1175 The awk utility shall exit with one of the following values:

1176 0 All input files were processed successfully.

1177 >0 An error occurred.

1178 The exit status can be altered within the program by using an exit expression.

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

290 4 Execution Environment Utilities

1179 4.1.9 Consequences of Errors 1180 If any file operand is specified and the named file cannot be accessed, awk shall 1181 write a diagnostic message to standard error and terminate without any further 1182 action. 1183 If the program specified by either the program operand or the progfile operand(s) 1184 is not a valid awk program (as specified in 4.1.7), the behavior is undefined.

1185 4.1.10 Rationale. (This subclause is not a part of P1003.2) 1186 Examples, Usage 1187 The awk program specified in the command line is most easily specified within 1188 single-quotes (e.g., ’ program ’ ) for applications using sh , because awk programs 1189 commonly contain characters that are special to the shell, including double- 1190 quotes. In the cases where an awk program contains single-quote characters, it is 1191 usually easiest to specify most of the program as strings within single-quotes con- 1192 catenated by the shell with quoted single-quote characters. For example, 1193 awk ’/’\’’/ { print "quote:", $0 }’ 1194 prints all lines from the standard input containing a single-quote character, 1195 prefixed with quote: . 1196 The following are examples of simple awk programs: 1197 (1) Write to the standard output all input lines for which field 3 is greater 1198 than 5. 1199 $3 > 5 1200 (2) Write every tenth line. 1201 (NR % 10) == 0 1202 (3) Write any line with a substring matching the regular expression. 1203 /(G |D)(2[0-9][[:alpha:]]*)/ 1204 (4) Write any line in which the second field matches the regular expression 1205 and the fourth field does not. 1206 $2 ~ /xyz/ && $4 !~ /xyz/ 1207 (5) Write any line in which the second field contains a backslash. 1208 $2 ~ /\\/ 1209 (6) Write any line in which the second field contains a backslash. Note that 1210 backslash escapes are interpreted twice, once in lexical processing of the 1211 string and once in processing the regular expression. 1212 $2 ~ "\\\\" 1213 (7) Write the second to the last and the last field in each line. Separate the 1214 fields by a colon.

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

4.1 awk — Pattern scanning and processing language 291

1215 {OFS=":";print $(NF -1), $NF} 1216 (8) Write the line number and number of fields in each line. The three 1217 strings representing the line number, the colon and the number of fields 1218 are concatenated and that string is written to standard output. 1219 {print NR ":" NF} 1220 (9) Write lines longer than 72 characters. 1221 {length($0) > 72} 1222 (10) Write first two fields in opposite order separated by the OFS: 1223 { print $2, $1 } 1224 (11) Same, with input fields separated by comma and/or <space> s and 1225 <tab> s: 1226 BEGIN { FS = ",[ \t]*|[ \t]+" } 1227 { print $2, $1 } 1228 (12) Add up first column, print sum and average. 1229 {s += $1 } 1230 END {print "sum is ", s, " average is", s/NR } 1231 (13) Write fields in reverse order, one per line (many lines out for each line 1232 in): 1233 { for (i = NF; i > 0; --i) print $i } 1234 (14) Write all lines between occurrences of the strings start and stop : 1235 /start/, /stop/ 1236 (15) Write all lines whose first field is different from the previous one: 1237 $1 != prev { print; prev = $1 } 1238 (16) Simulate echo: 1239 BEGIN { 1240 for (i = 1; i < ARGC; ++i) 1241 printf "%s%s", ARGV[i], i==ARGC-1?"\n":"" 1242 } 1243 (17) Write the path prefixes contained in the PATH environment variable, one 1244 per line: 1245 BEGIN { 1246 n = split (ENVIRON["PATH "], path, ":") 1247 for (i = 1; i <= n; ++i) 1248 print path[i] 1249 } 1250 (18) If there is a file named ‘‘input’’ containing page headers of the form: 1251 Page # 1252 and a file named ‘‘program’’ that contains:

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

292 4 Execution Environment Utilities

1253 /Page/{ $2 = n++; } 1254 { print } 1255 then the command line: 1256 awk - f program n=5 input 1257 will print the file ‘‘input,’’ filling in page numbers starting at 5. 1258 The index , length , match , and substr should not be confused with similar 1259 functions in the C Standard {7};the awk versions deal with characters, while the 1260 C Standard {7}deals with bytes. 1261 To forestall any possible confusion, where strings are used as the name of a file or 1 1262 pipeline, the strings must be textually identical. The terminology ‘‘same string 1 1263 value’’ implies that ‘‘equivalent strings,’’ even those that differ only by <space> s, 1 1264 represent different files. 1 1265 History of Decisions Made 1266 This description is based on the new awk, ‘‘nawk ,’’ (see The AWK Programming 1267 Language {B21}), which introduced a number of new features to the historical 1268 awk: 1269 (1) New keywords: delete , do , function , return 1270 (2) New built-in functions: atan2 , cos , sin , rand , srand , gsub , sub , 1271 match , close , system 1272 (3) New predefined variables: FNR, ARGC,ARGV,RSTART,RLENGTH,SUBSEP 1273 (4) New expression operators: ?: ,^ 1274 (5) The FS variable and the third argument to split are now treated as 1275 extended regular expressions. 1276 (6) The operator precedence has changed to more closely match C. Two 1277 examples of code that operate differently are: 1278 while ( n /= 10 > 1) ... 1279 if (!"wk" ~ /bwk/) ... 1280 Several features have been added based on newer implementations of awk: 1281 (1) Multiple instances of - f progfile are permitted. 1282 (2) New option: - v assignment 1283 (3) New predefined variable: ENVIRON 1284 (4) New built-in functions: toupper , tolower 1285 (5) More formatting capabilities added to printf to match the 1286 C Standard {7}. 1287 Regular expressions have been extended somewhat from traditional implementa- 1288 tions to make them a pure superset of Extended Regular Expressions as defined 1289 by this standard (see 2.8.4). The main extensions are internationalization

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

4.1 awk — Pattern scanning and processing language 293

1290 features and interval expressions. Traditional implementations of awk have long 1291 supported <backslash> escape sequences as an extension to regular expressions, 1292 and this extension has been retained despite inconsistency with other utilities. 1293 The number of escape sequences recognized in both regular expressions and 1294 strings has varied (generally increasing with time) among implementations. The 1295 set specified by the standard includes most sequences known to be supported by 1296 popular implementations and by the C Standard {7}. One sequence that is not 1297 supported is hexadecimal value escapes beginning with "\x" . This would allow 1298 values expressed in more than 9 bits to be used within awk as in the 1299 C Standard {7}. However, because this syntax has a nondeterministic length, it 1300 does not permit the subsequent character to be a hexadecimal digit. This limita- 1301 tion can be worked around in the C language by the use of lexical string concate- 1302 nation. In the awk language, concatenation could also be a solution for strings, 1303 but not for regular expressions (either lexical ERE tokens or strings used dynami- 1304 cally as regular expressions). Because of this limitation, the feature has not been 1305 added to POSIX. 2.

1306 When a string variable is used in a context where an ERE normally appears 1 1307 (where the lexical token ERE is used in the grammar) the string does not contain 1 1308 the literal slashes. 1

1309 Some versions of awk allow the form:

1310 func name ( args , ...) { statements }

1311 This has been deprecated by the language’s authors, who have asked that it not 1312 be included in the standard.

1313 Traditional implementations of awk produce an error if a next statement is exe- 1314 cuted in a BEGIN action, and cause awk to terminate if a next statement is exe- 1315 cuted in an ENDaction. This behavior has not been documented, and it was not 1316 believed that it was necessary to standardize it.

1317 The specification of conversions between string and numeric values is much more 1318 detailed than in the documentation of traditional implementations or in The AWK 1319 Programming Language {B21}. Although most of the behavior is designed to be 1320 intuitive, the details are necessary to ensure compatible behavior from different 1321 implementations. This is especially important in relational expressions, since the 1322 types of the operands determine whether a string or numeric comparison is per- 1323 formed. From the perspective of an application writer, it is usually sufficient to 1324 expect intuitive behavior and to force conversions (by adding zero or concatenat- 1325 ing a null string) when the type of an expression does not obviously match what is 1326 needed. The intent has been to specify existing practice in almost all cases. The 1327 one exception is that, in traditional implementations, variables and constants 1328 maintain both string and numeric values after their original value is converted by 1329 any use. This means that referencing a variable or constant can have unexpected 1330 side effects. For example, with traditional implementations the following pro- 1331 gram:

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

294 4 Execution Environment Utilities

1332 { 1333 a = "+2" 1334 b = 2 1335 if (NR % 2) 1336 c = a + b 1337 if (a == b) 1338 print "numeric comparison" 1339 else 1340 print "string comparison" 1341 }

1342 would perform a numeric comparison (and output numeric comparison ) for 1343 each odd-numbered line, but perform a string comparison (and output string 1344 comparison ) for each even-numbered line. POSIX. 2 ensures that comparisons 1 1345 will be numeric if necessary. With traditional implementations, the following pro- 1 1346 gram:

1347 BEGIN { 1348 OFMT = "%e" 1349 print 3.14 1350 OFMT = "%f" 1351 print 3.14 1352 }

1353 would output 3.140000e+00 twice, because in the second print statement the 1354 constant 3.14 would have a string value from the previous conversion. The stan- 1355 dard requires that the output of the second print statement be 3.140000 . The 1356 behavior of traditional implementations was seen as too unintuitive and 1357 unpredictable.

1358 However, a further modification was made in Draft 11. It was pointed out that 1359 with the Draft 10 rules, the following script would print nothing:

1360 BEGIN { 1361 y[1.5] = 1 1362 OFMT = "%e" 1363 print y[1.5] 1364 }

1365 Therefore, a new variable, CONVFMT,was introduced. The OFMTvariable is now 1366 restricted to affecting output conversions of numbers to strings and CONVFMTis 1367 used for internal conversions, such as comparisons or array indexing. The default 1368 value is the same as that for OFMT,so unless a program changes CONVFMT(which 1369 no historical program would do), it will receive the historical behavior associated 1370 with internal string conversions.

1371 The POSIX awk lexical and syntactic conventions are specified more formally than 1372 in other sources. Again the intent has been to specify existing practice. One con- 1373 vention that may not be obvious from the formal grammar as in other verbal 1374 descriptions is where <newline> s are acceptable. There are several obvious 1375 placements such as terminating a statement, and a backslash can be used to 1376 escape <newline> s between any lexical tokens. In addition, <newline> s 1377 without backslashes can follow a comma, an open brace, logical AND operator

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

4.1 awk — Pattern scanning and processing language 295

1378 (&&), logical OR operator (||), the do keyword, the else keyword, and the closing 1379 parenthesis of an if , for , or while statement. For example:

1380 { print $1, 1381 $2 }

1382 The requirement that awk add a trailing <newline> to the program argument 1383 text is to simplify the grammar, making it match a text file in form. There is no 1384 way for an application or test suite to determine whether a literal <newline> is 1385 added or whether awk simply acts as if it did.

1386 Because the concatenation operation is represented by adjacent expressions 1387 rather than an explicit operator, it is often necessary to use parentheses to 1388 enforce the proper evaluation precedence.

1389 The overall awk syntax has always been based on the C language, with a few 1390 features from the shell command language and other sources. Because of this, it 1391 is not completely compatible with any other language, which has caused confusion 1392 for some users. It is not the intent of this standard to address such issues. The 1393 standard has made a few relatively minor changes toward making the language 1394 more compatible with the C language as specified by the C Standard {7};most of 1395 these changes are based on similar changes in recent implementations, as 1396 described above. There remain several C language conventions that are not in 1397 awk . One of the notable ones is the comma operator, which is commonly used to 1398 specify multiple expressions in the C language for statement. Also, there are 1399 various places where awk is more restrictive than the C language regarding the 1400 type of expression that can be used in a given context. These limitations are due 1401 to the different features that the awk language does provide.

1402 This standard requires several changes from traditional implementations in order 1403 to support internationalization. Probably the most subtle of these is the use of 1404 the decimal-point character, defined by the LC_NUMERIC category of the locale, in 1405 representations of floating point numbers. This locale-specific character is used in 1406 recognizing numeric input, in converting between strings and numeric values, 1407 and in formatting output. However, regardless of locale, the period character (the 1408 decimal-point character of the POSIX Locale) is the decimal-point character recog- 1409 nized in processing awk programs (including assignments in command-line argu- 1410 ments). This is essentially the same convention as the one used in the 1411 C Standard {7}. The difference is that the C language includes the setlocale () 1412 function, which permits an application to modify its locale. Because of this capa- 1413 bility, a C application begins executing with its locale set to the C locale, and only 1414 executes in the environment-specified locale after an explicit call to setlocale (). 1415 However, adding such an elaborate new feature to the awk language was seen as 1416 inappropriate for POSIX. 2. It is possible to explicitly execute an awk program in 1417 any desired locale by setting the environment in the shell.

1418 The behavior in the case of invalid awk programs (including lexical, syntactic, and 1419 semantic errors) is undefined because it was considered overly limiting on imple- 1420 mentations to specify. In most cases such errors can be expected to produce a 1421 diagnostic and a nonzero exit status. However, some implementations may 1422 choose to extend the language in ways that make use of certain invalid constructs.

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

296 4 Execution Environment Utilities

1423 Other invalid constructs might be deemed worthy of a warning but otherwise 1424 cause some reasonable behavior. Still other constructs may be very difficult to 1425 detect in some implementations. Also, different implementations might detect a 1426 given error during an initial parsing of the program (before reading any input 1427 files) while others might detect it when executing the program after reading some 1428 input. Implementors should be aware that diagnosing errors as early as possible 1429 and producing useful diagnostics can ease debugging of applications, and thus 1430 make an implementation more usable.

1431 The unspecified behavior from using multicharacter RS values is to allow possible 1432 future extensions based on regular expressions used for record separators. His- 1433 torical implementations take the first character of the string and ignore the oth- 1434 ers.

1435 The undefined behavior resulting from NUL s in regular expressions allows future 1436 extensions for the GNU gawk program to process binary data.

1437 Unspecified behavior when split(string,array,<null>) is used is to allow a 1438 proposed future extension that would split up a string into an array of individual 1439 characters.

1440 4.2 basename — Return nondirectory portion of pathname

1441 4.2.1 Synopsis

1442 basename string [suffix ]

1443 4.2.2 Description

1444 The string operand shall be treated as a pathname, as defined in 2.2.2.102. The 1445 string string shall be converted to the filename corresponding to the last path- 1446 name component in string and then the suffix string suffix , if present, shall be 1447 removed. This shall be done by performing actions equivalent to the following 1448 steps in order:

1449 (1) If string is // , it is implementation defined whether steps (2) through (5) 1450 are skipped or processed.

1451 (2) If string consists entirely of slash characters, string shall be set to a sin- 1452 gle slash character. In this case, skip steps (3) through (5).

1453 (3) If there are any trailing slash characters in string , they shall be removed.

1454 (4) If there are any slash characters remaining in string , the prefix of string 1455 up to and including the last slash character in string shall be removed.

1456 (5) If the suffix operand is present, is not identical to the characters remain- 1457 ing in string , and is identical to a suffix of the characters remaining in 1458 string , the suffix suffix shall be removed from string . Otherwise, string

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

4.2 basename — Return nondirectory portion of pathname 297

1459 shall not be modified by this step. It shall not be considered an error if 1460 suffix is not found in string . 1461 The resulting string shall be written to standard output.

1462 4.2.3 Options 1463 None.

1464 4.2.4 Operands 1465 The following operands shall be supported by the implementation: 1466 string A string. 1467 suffix A string.

1468 4.2.5 External Influences

1469 4.2.5.1 Standard Input 1470 None.

1471 4.2.5.2 Input Files 1472 None.

1473 4.2.5.3 Environment Variables 1474 The following environment variables shall affect the execution of basename : 1475 LANG This variable shall determine the locale to use for the 1476 locale categories when both LC_ALL and the correspond- 1477 ing environment variable (beginning with LC_) do not 1478 specify a locale. See 2.6. 1479 LC_ALL This variable shall determine the locale to be used to over- 1480 ride any values for locale categories specified by the set- 1481 tings of LANG or any environment variables beginning 1482 with LC_. 1483 LC_CTYPE This variable shall determine the locale for the interpreta- 1484 tion of sequences of bytes of text data as characters (e.g., 1485 single- versus multibyte characters in arguments). 1486 LC_MESSAGES This variable shall determine the language in which mes- 1487 sages should be written.

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

298 4 Execution Environment Utilities

1488 4.2.5.4 Asynchronous Events 1489 Default.

1490 4.2.6 External Effects 1491 4.2.6.1 Standard Output 1492 The basename utility shall write a line to the standard output in the following 1493 format: 1494 "%s\n" , <resulting string> 1495 4.2.6.2 Standard Error 1496 Used only for diagnostic messages. 1497 4.2.6.3 Output Files 1498 None.

1499 4.2.7 Extended Description 1500 None.

1501 4.2.8 Exit Status 1502 The basename utility shall exit with one of the following values: 1503 0 Successful completion. 1504 >0 An error occurred.

1505 4.2.9 Consequences of Errors 1506 Default.

1507 4.2.10 Rationale. (This subclause is not a part of P1003.2) 1508 Examples, Usage 1509 If the string string is a valid pathname, 1510 $(basename "string") 1511 produces a filename that could be used to open the file named by string in the 1512 directory returned by

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

4.2 basename — Return nondirectory portion of pathname 299

1513 $(dirname "string")

1514 If the string string is not a valid pathname, the same algorithm is used, but the 1515 result need not be a valid filename. The basename utility is not expected to make 1516 any judgements about the validity of string as a pathname; it just follows the 1517 specified algorithm to produce a result string.

1518 The following shell script compiles /usr/src/cmd/cat.c and moves the output 1519 to a file named cat in the current directory when invoked with the argument 1520 /usr/src/cmd/cat or with the argument /usr/src/cmd/cat.c :

1521 c89 $(dirname "$1")/$(basename "$1" .c).c 1522 mv a.out $(basename "$1" .c)

1523 History of Decisions Made

1524 The POSIX .1 {8} definition of pathname allows trailing slashes on a pathname 1525 naming a directory. Some historical implementations have not allowed trailing 1526 slashes and thus treated pathnames of this form in other ways. Existing imple- 1527 mentations also differ in their handling of suffix when suffix matches the entire 1528 string left after removing the directory part of string .

1529 The behaviors of basename and dirname in this standard have been coordinated 1530 so that when string is a valid pathname

1531 $(basename "string")

1532 would be a valid filename for the file in the directory

1533 $(dirname "string")

1534 This would not work for the versions of these utilities in earlier drafts due to the 1535 way it specified handling of trailing slashes.

1536 Since the definition of pathname in 2.2.2.102 specifies implementation-defined 1537 behavior for pathnames starting with two slash characters, Draft 11 has been 1538 changed to specify similar implementation-defined behavior for the basename 1539 and dirname utilities. On implementations where the pathname // is always 1540 treated the same as the pathname / , the functionality required by Draft 10 meets 1541 all of the Draft 11 requirements.

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

300 4 Execution Environment Utilities