-- --

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of Electrical and Electronics Engineers, Inc. 345 East 47th Street New York, NY 10017, USA All rights reserved as an unpublished work.

This is an unapproved and unpublished IEEE Standards Draft, subject to change.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

-- --

386 A.2 lex — Generate programs for lexical tasks

387 A.2.1 Synopsis

388 lex [- t ] [ - n | - v ] [file ... ]

389 Obsolescent Version :

390 lex - c [- t ] [ - n | - v ] [file ... ]

391 A.2.2 Description

392 The lex utility shall generate C programs to be used in lexical processing of char- 393 acter input, and that can be used as an interface to yacc (see A.3). The C pro- 394 grams shall be generated from lex source code and conform to the C Standard {7}. 395 Usually, the lex utility writes the program it generates to the file lex.yy.c ; the 396 state of this file is unspecified if lex exits with a nonzero exit status. See A.2.7 397 for a complete description of the lex input language.

398 A.2.3 Options

399 The lex utility shall conform to the utility argument syntax guidelines described 400 in 2.10.2.

401 The following options shall be supported by the implementation:

402 - c (Obsolescent.) Indicate C-language action (default option).

403 - n Suppress the summary of statistics usually written with the - v 404 option. If no table sizes are specified in the lex source code and 405 the - v option is not specified, then - n is implied.

406 - t Write the resulting program to standard output instead of 407 lex.yy.c .

408 - v Write a summary of lex statistics to the standard output. (See 409 the discussion of lex table sizes in A.2.7.1.) If the - t option is 410 specified and - n is not specified, this report shall be written to 411 standard error. If table sizes are specified in the lex source code, 412 and if the - n option is not specified, the - v option may be 413 enabled.

414 A.2.4 Operands

415 The following operand shall be supported by the implementation:

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

416 file A pathname of an input file. If more than one such file is 417 specified, all files shall be concatenated to produce a single lex 418 program. If no file operands are specified, or if a file operand is - , 419 the standard input shall be used.

420 A.2.5 External Influences

421 A.2.5.1 Standard Input

422 The standard input shall be used if no file operands are specified, or if a file 423 operand is - . See Input Files.

424 A.2.5.2 Input Files

425 The input files shall be text files containing lex source code, as described in 426 A.2.7.

427 A.2.5.3 Environment Variables

428 The following environment variables shall affect the execution of lex :

429 LANG This variable shall determine the locale to use for the 430 locale categories when both LC_ALL and the correspond- 431 ing environment variable (beginning with LC_) do not 432 specify a locale. See 2.6.

433 LC_ALL This variable shall determine the locale to be used to over- 434 ride any values for locale categories specified by the set- 435 tings of LANG or any environment variables beginning 436 with LC_.

437 LC_COLLATE This variable shall determine the locale for the behavior of 438 ranges, equivalence classes, and multicharacter collating 439 elements within regular expressions. If this variable is 440 not set to the POSIX Locale, the results are unspecified.

441 LC_CTYPE This variable shall determine the locale for the interpreta- 442 tion of sequences of bytes of text data as characters (e.g., 443 single- versus multibyte characters in arguments and 444 input files) and the behavior of character classes within 445 extended regular expressions. If this variable is not set to 446 the POSIX Locale, the results are unspecified.

447 LC_MESSAGES This variable shall determine the language in which mes- 448 sages should be written.

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

449 A.2.5.4 Asynchronous Events

450 Default.

451 A.2.6 External Effects

452 A.2.6.1 Standard Output

453 If the - t option is specified, the text file of C source code output of lex shall be 454 written to standard output.

455 If the - t option is not specified:

456 (1) Implementation-defined informational, error, and warning messages con- 457 cerning the contents of lex source code input shall be written to either 458 the standard output or standard error.

459 (2) If the - v option is specified and the - n option is not specified, lex statis- 460 tics shall also be written to either the standard output or standard error, 461 in an implementation-defined format. These statistics may also be gen- 462 erated if table sizes are specified with a %operator in the Definitions sec- 463 tion (see A.2.7), as long as the - n option is not specified.

464 A.2.6.2 Standard Error

465 If the - t option is specified, implementation-defined informational, error, and 466 warning messages concerning the contents of lex source code input shall be writ- 467 ten to the standard error.

468 If the - t option is not specified:

469 (1) Implementation-defined informational, error, and warning messages con- 470 cerning the contents of lex source code input shall be written to either 471 the standard output or standard error.

472 (2) If the - v option is specified and the - n option is not specified, lex statis- 473 tics shall also be written to either the standard output or standard error, 474 in an implementation-defined format. These statistics may also be gen- 475 erated if table sizes are specified with a %operator in the Definitions sec- 476 tion (see A.2.7), as long as the - n option is not specified.

477 A.2.6.3 Output Files

478 A text file containing C source code shall be written to lex.yy.c , or to the stan- 479 dard output if the - t option is present.

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

480 A.2.7 Extended Description

481 Each input file contains lex source code, which is a table of regular expressions 482 with corresponding actions in the form of C program fragments.

483 When lex.yy.c is compiled and linked with the lex library (using the - l l 484 operand with c89 ), the resulting program reads character input from the stan- 485 dard input and partitions it into strings that match the given expressions.

486 When an expression is matched, these actions shall occur:

487 — The input string that was matched is left in yytext as a null-terminated 488 string; yytext is either an external character array or a pointer to a charac- 489 ter string. As explained in A.2.7.1, the type can be explicitly selected using 490 the %array or %pointer declarations, but the default is implementation 491 defined.

492 — The external int yyleng is set to the length of the matching string.

493 — The expression’s corresponding program fragment, or action, is executed.

494 During pattern matching, lex shall search the set of patterns for the single long- 1 495 est possible match. Among rules that match the same number of characters, the 1 496 rule given first shall be chosen.

497 The general format of lex source is:

498 Definitions 499 %% 500 Rules 501 %% 502 User Subroutines

503 The first %%is required to mark the beginning of the rules (regular expressions 504 and actions); the second %%is required only if user subroutines follow.

505 Any line in the Definitions section beginning with a <blank> shall be assumed to 506 be a C program fragment and shall be copied to the external definition area of the 507 lex.yy.c file. Similarly, anything in the Definitions section included between 508 delimiter lines containing only %{ and %} shall also be copied unchanged to the 509 external definition area of the lex.yy.c file.

510 Any such input (beginning with a <blank> or within %{ and %} delimiter lines) 511 appearing at the beginning of the Rules section before any rules are specified 512 shall be written to lex.yy.c after the declarations of variables for the yylex() 513 function and before the first line of code in yylex(). Thus, user variables local to 514 yylex() can be declared here, as well as application code to execute upon entry to 515 yylex().

516 The action taken by lex when encountering any input beginning with a <blank> 517 or within %{ and %} delimiter lines appearing in the Rules section but coming 518 after one or more rules is undefined. The presence of such input may result in an 519 erroneous definition of the yylex() function.

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

520 A.2.7.1 lex Definitions

521 Definitions appear before the first %%delimiter. Any line in this section not con- 522 tained between %{ and %} lines and not beginning with a <blank> shall be 523 assumed to define a lex substitution string. The format of these lines is:

524 name substitute

525 If a name does not meet the requirements for identifiers in the C Standard {7},the 526 result is undefined. The string substitute shall replace the string {name }when it 527 is used in a rule. The name string shall be recognized in this context only when 528 the braces are provided and when it does not appear within a bracket expression 529 or within double-quotes.

530 In the Definitions section, any line beginning with a % (percent-sign) character 531 and followed by an alphanumeric word beginning with either s or S shall define a 532 set of start conditions. Any line beginning with a %followed by a word beginning 533 with either x or X shall define a set of exclusive start conditions. When the gen- 534 erated scanner is in a %s state, patterns with no state specified shall be also 535 active; in a %x state, such patterns shall not be active. The rest of the line, after 536 the first word, shall be considered to be one or more <blank> -separated names of 537 start conditions. Start condition names shall be constructed in the same way as 538 definition names. Start conditions can be used to restrict the matching of regular 539 expressions to one or more states as described in the section A.2.7.4.

540 Implementations shall accept either of the following two mutually exclusive 541 declarations in the Definitions section:

542 %array Declare the type of yytext to be a null-terminated character array.

543 %pointer Declare the type of yytext to be a pointer to a null-terminated 544 character string.

545 The default type of yytext is implementation defined. If an application refers to 546 yytext outside of the scanner source file (i.e., via an extern ), the application shall 547 include the appropriate %array or %pointer declaration in the scanner source 548 file.

549 Implementations shall accept declarations in the Definitions section for setting 550 certain internal table sizes. The declarations are shown in Table A-1. In the 551 table, n represents a positive decimal integer, preceded by one or more <blank> s. 552 The exact meaning of these table size numbers is implementation defined. The 553 implementation shall document how these numbers affect the lex utility and how 554 they are related to any output that may be generated by the implementation 555 should space limitations be encountered during the execution of lex . It shall be 556 possible to determine from this output which of the table size values needs to be 557 modified to permit lex to successfully generate tables for the input language. 558 The values in the column Minimum Value represent the lowest values conforming 559 implementations shall provide.

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

560 Table A-1 - lex Table Size Declarations 561 hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

562 Minimum Declaration Description 563 Value iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

564 Number of positions

%p n 2500 565 Number of states

%n n 500 566 Number of transitions

%a n 2000 567 Number of parse tree nodes

%e n 1000 568 Number of packed character classes

%k n 1000 569 Size of the output array

%o n 3000

570 hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

571 A.2.7.2 lex Rules

572 The rules in lex source files are a table in which the left column contains regular 573 expressions and the right column contains actions (C program fragments) to be 574 executed when the expressions are recognized.

575 ERE action 576 ERE action 577 ...

578 The extended regular expression (ERE ) portion of a rule shall be separated from 579 action by one or more <blank> s. A regular expression containing <blank> s shall 580 be recognized under the following conditions: the entire expression appears 581 within double-quotes; or, the <blank> s appear within double-quotes or square 582 brackets; or, each <blank> is preceded by a backslash character.

583 A.2.7.3 lex User Subroutines

584 Anything in the user subroutines section shall be copied to lex.yy.c following 1 585 yylex(). 1

586 A.2.7.4 lex Regular Expressions

587 The lex utility shall support the set of extended regular expressions (see 2.8.4), 588 with the following additions and exceptions to the syntax:

589 ". . . " Any string enclosed in double-quotes shall represent the charac- 1 590 ters within the double-quotes as themselves, except that 1 591 backslash escapes (which appear in Table A-2) shall be recog- 1 592 nized. Any backslash-escape sequence shall be terminated by the 1 593 closing quote. For example, "\01""1" represents a single string: 1 594 the octal value 1 followed by the character 1. 1

595 <state >r 1 596 <state1 , state2 , ...>r 1 597 The regular expression r shall be matched only when the program 1

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

598 is in one of the start conditions indicated by state , state1 , etc.; see 1 599 A.2.7.5. (As an exception to the typographical conventions of the 600 rest of this standard, in this case <state > does not represent a 601 metavariable, but the literal angle-bracket characters surround- 602 ing a symbol.) The start condition shall be recognized as such 1 603 only at the beginning of a regular expression. 1

604 r/x The regular expression r shall be matched only if it is followed by 605 an occurrence of regular expression x. The token returned in 606 yytext shall only match r. If the trailing portion of r matches the 607 beginning of x, the result is unspecified. The r expression cannot 608 include further trailing context or the $ (match-end-of-line) opera- 609 tor; x cannot include the ^ (match-beginning-of-line) operator, nor 610 trailing context, nor the $ operator. That is, only one occurrence 611 of trailing context is allowed in a lex regular expression, and the 612 ^ operator only can be used at the beginning of such an expres- 613 sion.

614 {name } When name is one of the substitution symbols from the 615 Definitions section (see A.2.7.1), the string, including the enclos- 616 ing braces, shall be replaced by the substitute value. The substi- 617 tute value shall be treated in the extended regular expression as 618 if it were enclosed in parentheses. No substitution shall occur if 619 {name } occurs within a bracket expression or within double- 620 quotes.

621 Within an ERE , a backslash character shall be considered to begin an escape 622 sequence as specified in Table 2-15 (see 2.12). In addition, the escape sequences 623 in Table A-2 shall be recognized.

624 A literal <newline> character cannot occur within an ERE ; the escape sequence 1 625 \n can be used to represent a <newline> . A <newline> shall not be matched by 2 626 a period operator. 2

627 The order of precedence given to extended regular expressions for lex differs from 2 628 that specified in Table 2-13. The order of precedence for lex shall be as shown in 629 Table A-3, from high to low.

630 NOTE: The escaped characters entry is not meant to imply that these are operators, but they are 2 631 included in the table to show their relationships to the true operators. The start condition, trailing 2 632 context, and anchoring notations have been omitted from the table because of the placement restric- 2 633 tions described in this subclause; they can only appear at the beginning or ending of an ERE. 2

634 The ERE anchoring operators (^ and $) do not appear in Table A-3. With lex reg- 2 635 ular expressions, these operators are restricted in their use: the ^ operator can 2 636 only be used at the beginning of an entire regular expression, and the $ operator 2 637 only at the end. The operators apply to the entire regular expression. Thus, for 2 638 example, the pattern (^abc) |(def$) is undefined; it can instead be written as 2 639 two separate rules, one with the regular expression ^abc and one with def$ , 2 640 which share a common action via the special | action (see below). If the pattern 2 641 were written ^abc |def$ , it would match either of abc or def on a line by itself. 2 642 Note also that $ is a form of trailing context (it is equivalent to /\n ) and as such 2

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

643 Table A-2 - lex Escape Sequences 644 hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

645 Escape 646 Sequence

Description Meaning iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

647 <backslash> followed by the longest 1 648 sequence of one, two, or three octal-digit 1 649 characters (01234567). If all of the 1 650 digits are 0, (i.e., representation of the 1 651 NUL character), the behavior is 1 652 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- 653 defined. Multibyte characters require 1 654 multiple, concatenated escape 1 655 sequences of this type, including the 1 656 leading \ for each byte. 1

\ digits

657 <backslash> followed by the longest 1 658 sequence of hexadecimal-digit charac- 1 659 ters (01234567abcdef ABCDEF ). If all of 1 660 the digits are 0, (i.e., representation of 1 661 the NUL character), the behavior is 1 662 undefined. 1

The character whose encoding is represented by the hexadecimal integer.

\x digits

663 <backslash> followed by any charac- 664 ter not described in this table or in 665 Table 2-15

\ c The character c, unchanged.

666 hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

667 Table A-3 - lex ERE Precedence 668 hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

669 collation-related bracket symbols [= =] [: :] [. .] 670 escaped characters \<special character > 1 671 bracket expression [ ] 1 672 quoting ". . . " 1 673 grouping ( ) 1 674 definition {name } 1 675 single-character RE duplication * + ? 1 676 concatenation 1 677 interval expression {m ,n } 2 678 alternation | 2 679 hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

680 cannot be used with regular expressions containing another instance of the opera- 2 681 tor (see the preceding discussion of trailing context). 2

682 The additional regular expressions trailing-context operator / can be used as an 1 683 ordinary character if presented within double-quotes, "/" ; preceded by a 1 684 backslash, \/ ; or within a bracket expression, [/] . The start-condition < and > 1 685 operators shall be special only in a start condition at the beginning of a regular 1

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

A.2 lex — Generate programs for lexical tasks 743

686 expression; elsewhere in the regular expression they shall be treated as ordinary 1 687 characters. 1

688 A.2.7.5 lex Actions

689 The action to be taken when an ERE is matched can be a C program fragment or 690 the special actions described below; the program fragment can contain one or 691 more C statements, and can also include special actions. The empty C statement 692 ; shall be a valid action; any string in the lex.yy.c input that matches the pat- 693 tern portion of such a rule is effectively ignored or skipped. However, the absence 694 of an action shall not be valid, and the action lex takes in such a condition is 695 undefined.

696 The specification for an action, including C statements and/or special actions, can 697 extend across several lines if enclosed in braces:

698 ERE <blank(s)> { program statement

699 program statement }

700 The default action when a string in the input to a lex.yy.c program is not 701 matched by any expression shall be to copy the string to the output. Because the 702 default behavior of a program generated by lex is to read the input and copy it to 703 the output, a minimal lex source program that has just %%shall generate a C 704 program that simply copies the input to the output unchanged.

705 Four special actions shall be available: ‘‘|’’,‘‘ECHO;’’,‘‘REJECT; ’’,and ‘‘BEGIN’’: 1

706 | The action | means that the action for the next rule is the action 707 for this rule. Unlike the other three actions, | cannot be enclosed 708 in braces or be semicolon-terminated; it shall be specified alone, 709 with no other actions.

710 ECHO; Write the contents of the string yytext on the output. 1

711 REJECT; Usually only a single expression is matched by a given string in 1 712 the input. REJECT means ‘‘continue to the next expression that 713 matches the current input,’’ and causes whatever rule was the 714 second choice after the current rule to be executed for the same 715 input. Thus, multiple rules can be matched and executed for one 716 input string or overlapping input strings. For example, given the 717 regular expressions xyz and xy and the input xyz , usually only 718 the regular expression xyz would match. The next attempted 719 match would start after z. If the last action in the xyz rule is 720 REJECT, both this rule and the xy rule would be executed. The 721 REJECT action may be implemented in such a fashion that flow of 722 control does not continue after it, as if it were equivalent to a 723 goto to another part of yylex(). The use of REJECT may result in 724 somewhat larger and slower scanners.

725 BEGIN The

726 BEGIN newstate ;

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

727 action switches the state (start condition) to newstate . If the 728 string newstate has not been declared previously as a start condi- 729 tion in the Definitions section, the results are unspecified. The 730 initial state is indicated by the digit 0 or the token INITIAL.

731 The functions or macros described below are accessible to user code included in 732 the lex input. It is unspecified whether they appear in the C code output of lex , 733 or are accessible only through the - l l operand to c89 (the lex library).

734 int yylex (void) Performs lexical analysis on the input; this is the pri- 735 mary function generated by the lex utility. The func- 736 tion shall return zero when the end of input is reached; 737 otherwise it shall return nonzero values (tokens) deter- 738 mined by the actions that are selected.

739 int yymore (void) When called, indicates that when the next input string 740 is recognized, it is to be appended to the current value 741 of yytext rather than replacing it; the value in yyleng 742 shall be adjusted accordingly.

743 int yyless ( int n) Retains n initial characters in yytext, NUL -terminated, 744 and treats the remaining characters as if they had not 745 been read; the value in yyleng shall be adjusted accord- 746 ingly.

747 int input (void) Returns the next character from the input, or zero on 748 end of file. It shall obtain input from the stream 749 pointer yyin, although possibly via an intermediate 750 buffer. Thus, once scanning has begun, the effect of 751 altering the value of yyin is undefined. The character 752 read is removed from the input stream of the scanner 753 without any processing by the scanner.

754 int unput(int c) Returns the character c to the input; yytext and yyleng 755 are undefined until the next expression is matched. 756 The result of unput ting more characters than have 757 been input is unspecified.

758 The following functions appear only in the lex library accessible through the 759 - l l operand; they can therefore be redefined by a portable application:

760 int yywrap(void) Called by yylex() at end of file; the default yywrap () 761 always shall return 1. If the application requires 762 yylex() to continue processing with another source of 763 input, then the application can include a function 764 yywrap (), which associates another file with the exter- 765 nal variable FILE *yyin and shall return a value of 766 zero.

767 int main(int argc, char *argv[ ]) 768 Calls yylex() to perform lexical analysis, then exits. 769 The user code can contain main () to perform 770 application-specific operations, calling yylex() as

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

771 applicable. 772 Except for input (), unput (), and main (), all external and static names generated 773 by lex shall begin with the prefix yy or YY.

774 A.2.8 Exit Status

775 The lex utility shall exit with one of the following values: 776 0 Successful completion. 777 >0 An error occurred.

778 A.2.9 Consequences of Errors

779 Default.

780 A.2.10 Rationale. (This subclause is not a part of P1003.2)

781 Examples, Usage

782 The following is an example of a lex program that implements a rudimentary 783 scanner for a Pascal-like syntax: 784 %{ 785 /* need this for the call to atof() below */ 786 #include <math.h> 787 /* need this for printf(), fopen(), and stdin below */ 788 #include <stdio.h> 789 %}

790 DIGIT [0-9] 791 ID [a-z][a-z0-9]*

792 %% 793 {DIGIT }+ { 794 printf("An integer: %s (%d)\n", yytext, 795 atoi(yytext)); 796 } 797 {DIGIT }+"."{DIGIT }* { 798 printf("A float: %s (%g)\n", yytext, 799 atof(yytext)); 800 } 801 if |then |begin |end |procedure |function { 802 printf("A keyword: %s\n", yytext); 803 } 804 {ID } printf("An identifier: %s\n", yytext); 805 "+" |"-" |"*" |"/" printf("An operator: %s\n", yytext); 806 "{"[^}\n]*"}" /* eat up one-line comments */

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

746 A C Language Development Utilities Option

807 [ \t\n]+ /* eat up white space */

808 . printf("Unrecognized character: %s\n", yytext);

809 %%

810 int main(int argc, char *argv[ ]) 811 { 812 ++argv, --argc; /* skip over program name */ 813 if (argc > 0) 814 yyin = fopen(argv[0], "r"); 815 else 816 yyin = stdin;

817 yylex(); 818 }

819 The following examples have been included to clarify the differences between lex 820 regular expressions and regular expressions appearing elsewhere in this docu- 821 ment. For regular expressions of the form r/x, the string matching r is always 822 returned; confusion may arise when the beginning of x matches the trailing por- 823 tion of r. For example, given the regular expression a*b/cc and the input 824 aaabcc , yytext would contain the string aaab on this match. But given the regu- 825 lar expression x*/xy and the input xxxy , the token xxx , not xx , is returned by 826 some implementations because xxx matches x*.

827 In the rule ab */bc , the b* at the end of r will extend r’s match into the beginning 828 of the trailing context, so the result is unspecified. If this rule were ab/bc , how- 829 ever, the rule matches the text ab when it is followed by the text bc . In this 830 latter case, the matching of r cannot extend into the beginning of x, so the result 831 is specified.

832 Unlike the general ERE rules, embedded anchoring is not allowed by most histori- 2 833 cal lex implementations. An example of embedded anchoring would be for pat- 2 834 terns such as (^ | )foo( |$) to match foo when it exists as a complete word. 2 835 This functionality can be obtained using existing lex features: 2

836 ^foo/[ \n] | 2 837 " foo"/[ \n] /* found foo as a separate word */ 2

838 The precedence of regular expressions in lex does not match that of extended reg- 839 ular expressions in Section 2 because of historical practice. In System V lex and 840 its predecessors, a regular expression of the form ab{3} matches ababab ; an 841 ERE , such as used by egrep , would match abbb . Changing this precedence for 842 uniformity with egrep would have been desirable, but too many applications 843 would break in nonobvious ways.

844 Conforming applications are warned that in the Rules section, an ERE without an 845 action is not acceptable, but need not be detected as erroneous by lex . This may 846 result in compilation or run-time errors.

847 The purpose of input () is to take characters off the input stream and discard them 848 as far as the lexical analysis is concerned. A common use is to discard the body of 849 a comment once the beginning of a comment is recognized.

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

850 History of Decisions Made

851 Even though the - c option and references to the C language are retained in this 852 description, lex may be generalized to other languages, as was done at one time 853 for EFL , Extended FORTRAN Language. Since the lex input specification is 854 essentially language independent, versions of this utility could be written to pro- 855 duce Ada, Modula-2, or Pascal code, and there are known historical implementa- 856 tions that do so.

857 The current description of lex bypasses the issue of dealing with international- 858 ized regular expressions in the lex source code or generated lexical analyzer. If it 859 follows the model used by awk, (the source code is assumed to be presented in the 860 POSIX Locale, but input and output are in the locale specified by the environment 861 variables), then the tables in the lexical analyzer produced by lex would inter- 862 pret regular expressions specified in the lex source in terms of the environment 863 variables specified when lex was executed. The desired effect would be to have 864 the lexical analyzer interpret the regular expressions given in the lex source 865 according to the environment specified when the lexical analyzer is executed, but 866 this is not possible with the current lex technology.

867 Major international vendors believe that only limited internationalization is 868 required for the POSIX. 2 lex . The theoretically desirable goal of runtime- 869 selectable locales is not feasible in the near future. Furthermore, the very nature 870 of the lexical analyzers produced by lex must be closely tied to the lexical 871 requirements of the input language being described, which will frequently be 872 locale-specific anyway. (For example, writing an analyzer that is used for French 873 text will not automatically be useful for processing other languages.) The text in 874 the Environment Variable subclause allows locale-specific regular expression han- 875 dling, but mandates only something similar to that provided in historical imple- 876 mentations.

877 The description of octal- and hexadecimal-digit escape sequences agrees with the 1 878 C Standard {7}use of escape sequences. See the rationale for ed for a discussion 1 879 of bytes larger than nine bits being represented by octal values. Hexadecimal 1 880 values can represent larger bytes and multibyte characters directly, using as 1 881 many digits as required. 1

882 There is no detailed output format specification. The observed behavior of lex 883 under four different historical implementations was that none of these implemen- 884 tations consistently reported the line numbers for error and warning messages. 885 Furthermore, there was a desire that lex be allowed to output additional diag- 886 nostic messages. Leaving message formats unspecified sidesteps these formatting 887 questions and also avoids problems with internationalization.

888 Although the %x specifier for exclusive start conditions is not existing practice, 889 it is believed to be a minor change to historical implementations, and greatly 890 enhances the usability of lex programs since it permits an application to obtain 891 the expected functionality with fewer statements.

892 The %array and %pointer declarations were added as a compromise between 893 historical systems. The System V-based lex has copied the matched text to a

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

894 yytext array. The flex program, supported in BSD and GNU systems, uses a 895 pointer. In the latter case, significant performance improvements are available 896 for some scanners. Most existing programs should require no change in porting 897 from one system to another because the string being referenced is null-terminated 898 in both cases. (The method used by flex in its case is to null-terminate the token 899 in-place by remembering the character that used to come right after the token and 900 replacing it before continuing on to the next scan.) Multifile programs with exter- 901 nal references to yytext outside the scanner source file should continue to operate 902 on their existing systems, but would require one of the new declarations to be con- 903 sidered strictly portable.

904 The description of regular expressions avoids unnecessary duplication of regular 905 expression details. Specifically, the | operator and {m,n } interval expression are 906 not listed in A.2.7.4 because their meanings within a lex regular expression are 907 the same as that for extended regular expressions.

908 The reason for the undefined condition associated with text beginning with a 909 <blank> or within %{ and %} delimiter lines appearing in the Rules section is 910 historical practice. Both BSD and System V lex copy the indented (or enclosed) 911 input in the Rules section (except at the beginning) to unreachable areas of the 912 yylex() function (the code is written directly after a break statement). In some 913 cases, the System V lex generates an error message or a syntax error, depending 914 on the form of indented input.

915 The intention in breaking the list of functions into those that may appear in 916 lex.yy.c versus those that only appear in libl.a is that only those functions in 917 libl.a can be reliably redefined by a portable application.

918 The descriptions of Standard Output and Standard Error are somewhat compli- 919 cated because historical lex implementations chose to issue diagnostic messages 920 to standard output (unless - t was given). POSIX. 2 allows this behavior, but 921 leaves an opening for the more expected behavior of using standard error for diag- 922 nostics. Also, the System V behavior of writing the statistics when any table sizes 923 are given is allowed, while BSD-derived systems can avoid it. The programmer 924 can always precisely obtain the desired results by using either the - t or - n 925 options.

926 The Operands subclause does not mention the use of - as a synonym for standard 927 input; not all historical implementations support such usage for any of the file 928 operands.

929 The description of the Translation Table was deleted from earlier drafts because 930 of its relatively low usage in historical applications.

931 The change to the definition of the input () function that allows buffering of input 932 presents the opportunity for major performance gains in some applications.

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

933 A.3 yacc — Yet another compiler compiler

934 A.3.1 Synopsis

935 yacc [- dltv ] [- b file_prefix ] [- p sym_prefix ] grammar

936 A.3.2 Description

937 The yacc utility shall read a description of a context-free grammar in file and 938 write C source code, conforming to the C Standard {7},to a code file, and option- 939 ally header information into a header file, in the current directory. The C code 940 shall define a function and related routines and macros for an automaton that 941 executes a parsing algorithm meeting the requirements in A.3.7.8.

942 The form and meaning of the grammar is described in A.3.7.

943 The C source code and header file shall be produced in a form suitable as input for 944 the C compiler (see c89 in A.1).

945 A.3.3 Options

946 The yacc utility shall conform to the utility argument syntax guidelines 947 described in 2.10.2.

948 The following options shall be supported by the implementation:

949 - b file_prefix 950 Use file_prefix instead of y as the prefix for all output filenames. 951 The code file y.tab.c , the header file y.tab.h (created when - d 952 is specified), and the description file y.output (created when - v 953 is specified), shall be changed to file_prefix .tab.c , 954 file_prefix .tab.h , and file_prefix .output , respectively.

955 - d Write the header file; by default only the code file is written.

956 - l Produce a code file that does not contain any #line constructs. If 957 this option is not present, it is unspecified whether the code file or 958 header file contains #line directives.

959 - p sym_prefix 960 Use sym_prefix instead of yy as the prefix for all external names 2 961 produced by yacc . The names affected shall include the func- 2 962 tions yyparse (), yylex(), and yyerror (), and the variables yylval , 963 yychar , and yydebug . (In the remainder of this clause, the six 964 symbols cited are referenced using their default names only as a 965 notational convenience.) Local names may also be affected by the 2 966 - p option; however, the - p option shall not affect yacc -generated 2 967 #define symbols. 2

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