-- --

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of Electrical and Electronics Engineers, Inc. 345 East 47th Street New York, NY 10017, USA All rights reserved as an unpublished work.

This is an unapproved and unpublished IEEE Standards Draft, subject to change.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

-- --

1367 A.3.7.2 Conflicts

1368 The parser produced for an input grammar may contain states in which conflicts 1369 occur. The conflicts occur because the grammar is not LALR(1). An ambiguous 1370 grammar always contains at least one LALR(1) conflict. The yacc utility shall 1371 resolve all conflicts, using either default rules or user-specified precedence rules.

1372 Conflicts are either ‘‘shift/reduce conflicts’’ or ‘‘reduce/reduce conflicts.’’ A 1373 shift/reduce conflict is where, for a given state and lookahead symbol, both a shift 1374 action and a reduce action are possible. A reduce/reduce conflict is where, for a 1375 given state and lookahead symbol, reductions by two different rules are possible.

1376 The rules below describe how to specify what actions to take when a conflict 1377 occurs. Not all shift/reduce conflicts can be successfully resolved this way because 1378 the conflict may be due to something other than ambiguity, so incautious use of 1379 these facilities can cause the language accepted by the parser to be much different 1380 than was intended. The description file shall contain sufficient information to 1381 understand the cause of the conflict. Where ambiguity is the reason either the 1382 default or explicit rules should be adequate to produce a working parser.

1383 The declared precedences and associativities (see A.3.7.1.2) are used to resolve 1384 parsing conflicts as follows:

1385 (1) A precedence and associativity is associated with each grammar rule; it 1386 is the precedence and associativity of the last token or literal in the body 1387 of the rule. If the %prec keyword is used, it overrides this default. Some 1388 grammar rules might not have both precedence and associativity.

1389 (2) If there is a shift/reduce conflict, and both the grammar rule and the 1390 input symbol have precedence and associativity associated with them, 1391 then the conflict is resolved in favor of the action (shift or reduce) associ- 1392 ated with the higher precedence. If the precedences are the same, then 1393 the associativity is used; left associative implies reduce, right associative 1394 implies shift, and nonassociative implies an error in the string being 1395 parsed.

1396 (3) When there is a shift/reduce conflict that cannot be resolved by rule (2), 1397 the shift is done. Conflicts resolved this way are counted in the diagnos- 1398 tic output described in A.3.7.3.

1399 (4) When there is a reduce/reduce conflict, a reduction is done by the gram- 1400 mar rule that occurs earlier in the input sequence. Conflicts resolved 1401 this way are counted in the diagnostic output described in A.3.7.3.

1402 Conflicts resolved by precedence or associativity shall not be counted in the 1403 shift/reduce and reduce/reduce conflicts reported by yacc on either standard error 1404 or in the description file.

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

A.3 yacc — Yet another compiler compiler 761

1405 A.3.7.3 Error Handling

1406 The token error shall be reserved for error handling. The name error can be 1407 used in grammar rules. It indicates places where the parser can recover from a 1408 syntax error. The default value of error shall be 256. Its value can be changed 1409 using a %token declaration. The lexical analyzer should not return the value of 1410 error .

1411 The parser shall detect a syntax error when it is in a state where the action asso- 1412 ciated with the lookahead symbol is error . A semantic action can cause the 1413 parser to initiate error handling by executing the macro YYERROR. When YYER- 1414 ROR is executed, the semantic action shall pass control back to the parser. YYER- 1415 ROR cannot be used outside of semantic actions.

1416 When the parser detects a syntax error, it normally calls yyerror with the char- 1417 acter string "syntax error" as its argument. The call shall not be made if the 1418 parser is still recovering from a previous error when the error is detected. The 1419 parser is considered to be recovering from a previous error until the parser has 1420 shifted over at least three normal input symbols since the last error was detected 1421 or a semantic action has executed the macro yyerrok . The parser shall not call 1422 yyerror when YYERROR is executed.

1423 The macro function YYRECOVERING () shall return 1 if a syntax error has been 1424 detected and the parser has not yet fully recovered from it. Otherwise, zero shall 1425 be returned.

1426 When a syntax error is detected by the parser, the parser shall check if a previous 1427 syntax error has been detected. If a previous error was detected, and if no normal 1428 input symbols have been shifted since the preceding error was detected, the 1429 parser checks if the lookahead symbol is an endmarker (see A.3.7.4). If it is, the 1430 parser shall return with a nonzero value. Otherwise, the lookahead symbol shall 1431 be discarded and normal parsing shall resume.

1432 When YYERROR is executed or when the parser detects a syntax error and no pre- 1433 vious error has been detected, or at least one normal input symbol has been 1434 shifted since the previous error was detected, the parser shall pop back one state 1435 at a time until the parse stack is empty or the current state allows a shift over 1436 error . If the parser empties the parse stack, it shall return with a nonzero 1437 value. Otherwise, it shall shift over error and then resume normal parsing. If 1438 the parser reads a lookahead symbol before the error was detected, that symbol 1439 shall still be the lookahead symbol when parsing is resumed.

1440 The macro yyerrok in a semantic action shall cause the parser to act as if it has 1441 fully recovered from any previous errors. The macro yyclearin shall cause the 1442 parser to discard the current lookahead token. If the current lookahead token has 1443 not yet been read, yyclearin shall have no effect.

1444 The macro YYACCEPT shall cause the parser to return with the value zero. The 1445 macro YYABORT shall cause the parser to return with a nonzero value.

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

762 A C Language Development Utilities Option

1446 A.3.7.4 Interface to the Lexical Analyzer

1447 The yylex() function is an integer-valued function that returns a token number 1448 representing the kind of token read. If there is a value associated with the token 1449 returned by yylex() (see the discussion of tag above), it shall be assigned to the 1450 external variable yylval .

1451 If the parser and yylex() do not agree on these token numbers, reliable communi- 1452 cation between them cannot occur. For (one character) literals, the token is sim- 1453 ply the numeric value of the character in the current character set. The numbers 1454 for other tokens can either be chosen by yacc , or chosen by the user. In either 1455 case, the #define construct of C is used to allow yylex() to return these numbers 1456 symbolically. The #define statements are put into the code file, and the header 1457 file if that file is requested. The set of characters permitted by yacc in an 1458 identifier is larger than that permitted by C. Token names found to contain such 1459 characters shall not be included in the #define declarations.

1460 If the token numbers are chosen by yacc , the tokens other than literals shall be 1461 assigned numbers greater than 256, although no order is implied. A token can be 1 1462 explicitly assigned a number by following its first appearance in the declarations 1463 section with a number. Names and literals not defined this way retain their 1464 default definition. All assigned token numbers shall be unique and distinct from 1465 the token numbers used for literals. If duplicate token numbers cause conflicts in 1466 parser generation, yacc shall report an error; otherwise, it is unspecified whether 1467 the token assignment is accepted or an error is reported.

1468 The end of the input is marked by a special token called the endmarker , which 1469 has a token number that is zero or negative. (These values are invalid for any 1470 other token.) All lexical analyzers shall return zero or negative as a token 1471 number upon reaching the end of their input. If the tokens up to, but excluding, 1472 the endmarker form a structure that matches the start symbol, the parser shall 1473 accept the input. If the endmarker is seen in any other context, it shall be con- 1474 sidered an error.

1475 A.3.7.5 Completing the Program

1476 In addition to yyparse () and yylex(), the functions yyerror () and main () are 1477 required to make a complete program. The application can supply main () and 1478 yyerror (), or those routines can be obtained from the yacc library.

1479 A.3.7.6 yacc Library

1480 The following functions appear only in the yacc library accessible through the 1481 - l y operand to c89 ; they can therefore be redefined by a portable application:

1482 int main(void) 1 1483 This function shall call yyparse () and exit with an unspecified 1484 value. Other actions within this function are unspecified.

1485 int yyerror(const char *s) 1 1486 This function shall write the NUL -terminated argument to

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

A.3 yacc — Yet another compiler compiler 763

1487 standard error, followed by a <newline> .

1488 The order of the - l y and - l l operands given to c89 is significant; the applica- 1489 tion shall either provide its own main () function or ensure that - l y precedes 1490 - l l .

1491 A.3.7.7 Debugging the Parser

1492 The parser generated by yacc shall have diagnostic facilities in it that can be 1493 optionally enabled at either compile time or at run time (if enabled at compile 1494 time). The compilation of the runtime debugging code is under the control of 1495 YYDEBUG , a preprocessor symbol. If YYDEBUG has a nonzero value, the debug- 1496 ging code shall be included. If its value is zero, the code shall not be included.

1497 In parsers where the debugging code has been included, the external int yyde- 1498 bug can be used to turn debugging on (with a nonzero value) and off (zero value) 1499 at run time. The initial value of yydebug shall be zero.

1500 When - t is specified, the code file shall be built such that, if YYDEBUG is not 1501 already defined at compilation time (using the c89 -D YYDEBUGoption, for exam- 1502 ple), YYDEBUG shall be set explicitly to 1. When - t is not specified, the code file 1503 shall be built such that, if YYDEBUG is not already defined, it shall be set expli- 1504 citly to zero.

1505 The format of the debugging output is unspecified but includes at least enough 1506 information to determine the shift and reduce actions, and the input symbols. It 1507 also provides information about error recovery.

1508 A.3.7.8 Algorithms

1509 The parser constructed by yacc implements an LALR(1) parsing algorithm as 1510 documented in the literature. It is unspecified whether the parser is table-driven 1511 or direct-coded.

1512 A parser generated by yacc shall never request an input symbol from yylex() 1513 while in a state where the only actions other than the error action are reductions 1514 by a single rule.

1515 The literature of parsing theory defines these concepts.

1516 A.3.7.9 Limits

1517 The yacc utility may have several internal tables. The minimum maximums for 1518 these tables are shown in Table A-4. The exact meaning of these values is imple- 1519 mentation defined. The implementation shall define the relationship between 1520 these values and between them and any error messages that the implementation 1521 may generate should it run out of space for any internal structure. An implemen- 1522 tation may combine groups of these resources into a single pool as long as the 1523 total available to the user does not fall below the sum of the sizes specified by this 1524 subclause.

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

764 A C Language Development Utilities Option

1525 Table A-4 - yacc Internal Limits 1526 hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

1527 Minimum Limit 1528 Maximum

Description iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 1529 {NTERMS } 126 Number of tokens. 1530 {NNONTERM } 200 Number of nonterminals. 1531 {NPROD } 300 Number of rules. 1532 {NSTATES } 600 Number of states. 1533 Length of rules. The total length, in names (tokens and nontermi- 1534 nals), of all the rules of the grammar. The left-hand side is counted 1535 for each rule, even if it is not explicitly repeated, as specified in 1536 A.3.7.1.3.

{MEMSIZE } 5200

1537 Number of actions. ‘‘Actions’’here (and in the description file) refer 1538 to parser actions (shift, reduce, etc.) not to semantic actions defined 1539 in A.3.7.1.3.

{ACTSIZE} 4000

1540 hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

1541 A.3.8 Exit Status

1542 The yacc utility shall exit with one of the following values:

1543 0 Successful completion.

1544 >0 An error occurred.

1545 A.3.9 Consequences of Errors

1546 If any errors are encountered, the run is aborted and yacc exits with a nonzero 1547 status. Partial code files and header files files may be produced. The summary 1548 information in the description file shall always be produced if the - v flag is 1549 present.

1550 A.3.10 Rationale. (This subclause is not a part of P1003.2)

1551 The references in the Bibliography may be helpful in constructing the parser gen- 1552 erator. The Pennello-DeRemer {B26} paper (along with the works it references) 2 1553 describe a technique to generate parsers that conform to this standard. Work in 1554 this area continues to be done, so implementors should consult current literature 1555 before doing any new implementations. The original paper by Knuth {B27}is the 1 1556 theoretical basis for this kind of parser, but the tables it generates are impracti- 1557 cally large for reasonable grammars, and should not be used. The ‘‘equivalent to’’ 1558 wording is intentional to assure that the best tables that are LALR(1) can be gen- 1559 erated.

1560 There has been confusion between the class of grammars, the algorithms needed 1561 to generate parsers, and the algorithms needed to parse the languages. They are 1562 all reasonably orthogonal. In particular, a parser generator that accepts the full 1563 range of LR(1) grammars need not generate a table any more complex than one 1564 that accepts SLR(1) (a relatively weak class of LR grammars) for a grammar that

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

A.3 yacc — Yet another compiler compiler 765

1565 happens to be SLR(1). Such an implementation need not recognize the case, 1566 either; table compression can yield the SLR(1) table (or one even smaller than 1567 that) without recognizing that the grammar is SLR(1). The speed of a LR(1) 1568 parser for any class is dependent more upon the table representation and 1569 compression (or the code generation if a direct parser is generated) than upon the 1570 class of grammar that the table generator handles.

1571 The speed of the parser generator is somewhat dependent upon the class of gram- 1572 mar it handles. However, the original Knuth {B27} algorithms for constructing 2 1573 LR parsers was judged by its author to be impractically slow at that time. 2 1574 Although full LR is more complex than LALR(1), as computer speeds and algo- 1575 rithms improve, the difference (in terms of acceptable wall-clock execution time) is 2 1576 becoming less significant. 2

1577 Potential authors are cautioned that the Penello-DeRemer paper previously cited 2 1578 identifies a bug (an oversimplification of the computation of LALR(1) lookahead 2 1579 sets) in some of the LALR(1) algorithm statements that preceded it to publication. 2 1580 They should take the time to seek out that paper, as well as current relevant 2 1581 work, particularly Aho’s {B22}.

1582 Examples, Usage

1583 Access to the yacc library is obtained with library search operands to c89 . To 1584 use the yacc library main (),

1585 c89 y.tab.c -l y

1586 Both the lex library and the yacc library contain main (). To access the yacc 1587 main (),

1588 c89 y.tab.c lex.yy.c -l y -l l

1589 This ensures that the yacc library is searched first, so that its main () is used.

1590 The historical yacc libraries have contained two simple functions that are nor- 1591 mally coded by the application programmer. These library functions are similar 1592 to the following code:

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

766 A C Language Development Utilities Option

1593 #include <locale.h> 1 1594 int main(void) 1 1595 { 1596 extern int yyparse();

1597 setlocale(LC _ALL, "");

1598 /* If the following parser is one created by lex, the 1599 application must be careful to ensure that LC_CTYPE 1600 and LC_COLLATE are set to the POSIX Locale. */ 1601 (void) yyparse(); 1602 return (0); 1603 }

1604 #include <stdio.h>

1605 int yyerror(const char *msg) 1 1606 { 1607 (void) fprintf(stderr, "%s\n", msg); 1608 return (0); 1609 }

1610 Historical implementations experience name conflicts on the names yacc.tmp , 1611 yacc.acts , yacc.debug , y.tab.c , y.tab.h , and y.output if more than one 1612 copy of yacc is running in a single directory at one time. The - b option was 1613 added to overcome this problem. The related problem of allowing multiple yacc 1614 parsers to be placed in the same file was addressed by adding a - p option to over- 1615 ride the previously hardcoded yy variable prefix. (The - p option name was 1616 selected from a historical implementation.) Implementations will also have to be 1617 cognizant of 2.11.6.3, which requires that any temporary files used by yacc also 1618 be named to avoid collisions.

1619 The description of the - p option specifies the minimal set of function and variable 1620 names that cause conflict when multiple parsers are linked together. YYSTYPE 1621 does not need to be changed. Instead, the programmer can use - b to give the 1622 header files for different parsers different names, and then the file with the 1623 yylex() for a given parser can include the header for that parser. Names such as 1624 yyclearerr don’t need to be changed because they are used only in the actions; they 1625 do not have linkage. It is possible that an implementation will have other names, 1626 either internal ones for implementing things such as yyclearerr , or providing non- 1627 standard features, that it wants to change with - p.

1628 The - b option was added to provide a portable method for permitting yacc to 1629 work on multiple separate parsers in the same directory. If a directory contains 1630 more than one yacc grammar, and both grammars are constructed at the same 1631 time (by, say, a parallel make program), conflict results. While the solution is not 1632 historical practice, it corrects a known deficiency in historical implementations. 1633 Corresponding changes were made to all sections that referenced the filenames 1634 y.tab.c (now ‘‘the code file’’), y.tab.h (now ‘‘the header file’’), and y.output 1635 (now ‘‘the description file’’).

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

A.3 yacc — Yet another compiler compiler 767

1636 The grammar for yacc input is based on System V documentation. The textual 1637 description shows there that the ; is required at the end of the rule. The gram- 1 1638 mar and the implementation do not require this. (The use of C_IDENTIFIER 1639 causes a reduce to occur in the right place.)

1640 Also, in that implementation, the constructs such as %token can be terminated by 1 1641 a semicolon, but this is not permitted by the grammar. The keywords such as 1642 %token can also appear in uppercase, which is again not discussed. In most 1643 places where %is used, \ can be substituted, and there are alternate spellings for 1644 some of the symbols (e.g. %LEFT can be %<or even \< ).

1645 Multibyte characters should be recognized by the lexical analyzer and returned as 2 1646 tokens. They should not be returned as multibyte character literals. The token 2 1647 error that is used for error recovery is normally assigned the value 256 in the 2 1648 historical implementation. Thus, the token value 256, which used in many multi- 2 1649 byte character sets, is not available for use as the value of a user-defined token. 2

1650 Historically, <tag> can contain any characters except >, including white space, in 1651 the implementation. However, since the tag must reference a Standard C union 1652 member, in practice conforming implementations need only support the set of 1653 characters for Standard C identifiers in this context.

1654 Some historical implementations are known to accept actions that are terminated 1655 by a period. Historical implementations often allow $ in names. A conforming 1656 implementation need support neither of these behaviors.

1657 Unary operators that are the same token as a binary operator in general need 1658 their precedence adjusted. This is handled by the %prec advisory symbol associ- 1659 ated with the particular grammar rule defining that unary operator. See A. 1660 Applications are not required to use this operator for unary operators, but the 1661 grammars that do not require it are rare.

1662 Deciding when to use %prec illustrates the difficulty in specifying the behavior of 1663 yacc . There may be situations in which the grammar is not strictly speaking in 1664 error, and yet yacc cannot interpret it unambiguously. The resolution of ambi- 1665 guities in the grammar can in many instances be resolved by providing additional 1666 information, such as using %type or %union declarations. It is often easier and it 1667 usually yields a smaller parser to take this alternative when it is appropriate.

1668 The size and execution time of a program produced without the runtime debug- 1669 ging code is usually smaller and slightly faster in historical implementations.

1670 There is a fair amount of material in this that appears tutorial in nature; some of 1671 it has been moved to the Rationale in Draft 9 to simplify the specification. It is 1672 hard to avoid because of the need to define terms at least informally. The alterna- 1673 tive is to bring in one of the parser generator texts and use its terminology 1674 directly, but since there is some variation in that terminology, it was felt that 1675 informal definitions of the terms so that someone who understood the concepts 1676 would be sure to understand the terms would make the standard stand alone 1677 from any specific text.

1678 Statistics messages from several historical implementations include the following 1679 types of information:

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

768 A C Language Development Utilities Option

1680 n/512 terminals, n/300 nonterminals 1681 n/600 grammar rules, n/1500 states 1682 n shift/reduce, n reduce/reduce conflicts reported 1683 n/350 working sets used 1684 memory: states,etc. n/15000, parser n/15000 1685 n/600 distinct lookahead sets 1686 n extra closures 1687 n shift entries, n exceptions 1688 n goto entries 1689 n entries saved by goto default 1690 Optimizer space used: input n/15000, output n/15000 1691 n table entries, n zero 1692 maximum spread: n, maximum offset: n

1693 The report of internal tables in the description file is left implementation defined 2 1694 because all aspects of these limits are also implementation defined. Some imple- 2 1695 mentations may use dynamic allocation techniques and have no specific limit 2 1696 values to report. 2

1697 History of Decisions Made

1698 The format of the y.output file is not given because specification of the format 1699 was not seen to enhance application portability. The listing is primarily intended 1700 to help human users understand and debug the parser; use of y.output by a 1701 portable application script is far-fetched. Furthermore, implementations have not 1702 produced consistent output and no clear winner was apparent. The format 1703 selected by the implementation should be human-readable, in addition to the 1704 requirement that it be a text file.

1705 Standard error reports are not specifically described because they are seldom of 1706 use to portable applications and there was no reason to restrict implementations.

1707 Some implementations recognize ={ as equivalent to {, because it appears in his- 1708 torical documentation. This construction was recognized and documented as 1709 obsolete as long ago as 1978, in the original paper Yacc: Yet Another Compiler- 1710 Compiler by Stephen C. Johnson. POSIX. 2 chose to leave it as obsolete and omit 1711 it.

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

A.3 yacc — Yet another compiler compiler 769

P1003.2/D11.2

Annex B (norm ative)

C Language Bindings Option

1 This annex describes the C language bindings to the language-independent ser- 2 vices described in Section 7.

3 The interfaces described in this annex may be provided by the conforming system; 4 however, any system claiming conformance to the Language-Independent System 5 Services C Language Bindings Option shall provide all of the interfaces described 6 here.

7 B.0.1 C Language Bindings Option Rationale. (This subclause is not a part of

8 P1003.2)

9 In this version of POSIX. 2, the language-independent descriptions in Section 7 10 have not been developed. The language-independent syntax is being created in 11 parallel by the POSIX. 1 working group. Therefore, the C language bindings 12 described in this annex are actually the full functional specifications. It is the 13 intention of the POSIX. 2 working group to rectify this situation in a revision to 14 this standard, by moving the majority of the functional specifications back into 15 Section 7, leaving Annex B with only brief descriptions of the C bindings to those 16 services.

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

Annex B C Language Bindings Option 771

17 B.1 C Language Definitions

18 B.1.1 POSIX Symbols

19 Certain symbols in this annex are defined in headers. Some of those headers 20 could also define symbols other than those defined by this standard, potentially 21 conflicting with symbols used by the application. Also, this standard defines sym- 22 bols that other standards do not permit to appear in those headers without some 23 control on the visibility of those symbols.

24 Symbols called feature test macros are used to control the visibility of symbols 25 that might be included in a header. Implementations, future versions of this 26 standard, and other standards may define additional feature test macros. The 27 #define s for feature test macros shall appear in the application source code 28 before any #include of a header where a symbol should be visible to some, but 29 not all, applications. If the definition of the macro does not precede the 30 #include , the result is undefined.

31 Feature test macros shall begin with the underscore character (_) and an upper- 1 32 case letter, or with two underscore characters. 1

33 Implementations may add symbols to the headers shown in Table B-1, provided 1 34 the identifiers for those symbols begin with the corresponding reserved prefixes in 1 35 Table B-1. Similarly, implementations may add symbols to the headers in 1 36 Table B-1 that end in the string indicated as a reserved suffix as long as the 1 37 reserved suffix is in that part of the name considered significant by the implemen- 1 38 tation. This shall be in addition to any reservations made in the C Standard {7}. 1

39 After the last inclusion of a given header, an application may use any of the sym- 1 40 bol classes reserved in Table B-1 for its own purposes, as long as the requirements 1 41 in the note to Table B-1 are satisfied, noting that the symbol declared in the 1 42 header may become inaccessible. 1

43 Future revisions of this standard, and other POSIX standards, are likely to use 1 44 symbols in these same reserved spaces. 1

45 In addition, implementations may add members to a structure or union without 1 46 controlling the visibility of those members with a feature test macro, as long as a 1 47 user-defined macro with the same name cannot interfere with the correct 1 48 interpretation of the program. 1

49 A conforming POSIX. 2 application shall define the feature test macro in Table B-2. 50 When an application includes a header and the _POSIX _C_SOURCE feature test 51 macro is defined to be the value 1 or 2, the effect shall be the same as if 52 _POSIX _SOURCE was defined as described in POSIX .1 {8}.

53 In addition, when the application includes any of the headers defined in this stan- 1 54 dard, and _POSIX _C_SOURCE is defined to be the value 2: 1

55 (1) All symbols defined in POSIX. 2 to appear when the header is included 56 shall be made visible. 1

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

57 Table B-1 - POSIX. 2 Reserved Header Symbols 1 58 hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

59 Reserved Reserved 1 Header Key 60 Prefix Suffix 1 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 61 <fnmatch.h> 2 FNM_ 1 62 <glob.h> 1 gl_ 1 63 2 GLOB_ 1 64 <limits.h> 1 _MAX 1 65 <regex.h> 1 re_ 1 66 1 rm_ 1 67 2 REG_ 1 68 <wordexp.h> 1 we_ 1 69 2 WRDE_ 1

70 hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

71 NOTE: The Key values are: 1

72 (1) Prefixes and suffixes of symbols that shall not be declared or #define d by the application. 1

73 (2) Prefixes and suffixes of symbols that shall be preceded in the application with a #undef of 1 74 that symbol before any other use. 1

75 Table B-2 - _POSIX _C_SOURCE 76 hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

77 Name Description

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 78 Enable POSIX .1 {8}and POSIX. 2 symbols; see text.

_POSIX _C_SOURCE

79 hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

80 (2) Symbols that are explicitly permitted, but not required, by POSIX. 2 to 81 appear in the header (including those in reserved name spaces) may be 82 made visible. 83 (3) Additional symbols shall not be made visible, unless controlled by 84 another feature test macro. 85 The effect of defining the _POSIX _C_SOURCE macro to any other value is 86 unspecified. 87 If there are no feature test macros present in a program, only the set of symbols 88 defined by the C Standard {7} shall be present. For each feature test macro 89 present, only the symbols specified by that feature test macro plus those of the 90 C Standard {7}shall be defined when the header is included.

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

B.1 C Language Definitions 773

91 B.1.1.1 POSIX Symbols Rationale. (This subclause is not a part of P1003.2)

92 When the application defines the _POSIX _C_SOURCE feature test macro with 1 93 value 2, it must be aware that all of the name space from POSIX .1 {8}and POSIX. 2 1 94 has been reserved. This does not imply that a POSIX. 2 implementation must sup- 95 port POSIX .1 {8},just that the application must not conflict with an implementa- 96 tion that does. The application can check _POSIX _VERSION and 1 97 _POSIX 2_C_VERSION at compile time to see which standards are supported, if 1 98 that is necessary. This is primarily an issue for the headers <stdio.h> , 99 <limits.h> , <locale.h> , and <unistd.h> , since other POSIX .1 {8} names 100 appear in other headers not mentioned in POSIX. 2.

101 It is expected that C bindings to future POSIX standards and revisions will define 102 new values for _POSIX _C_SOURCE , with each new value reserving the name 1 103 space for that new standard or revision, plus all earlier POSIX standards. Using a 104 single feature test macro for all standards rather than a separate macro for each 105 standard furthers the goal of eventually combining all of the C bindings into one 106 standard, which will be included in an international standard that refers to a 107 language-independent ISO/IEC 9945-1 {8}.

108 B.1.2 Headers and Function Prototypes

109 Implementations shall declare function prototypes for all functions. Each func- 110 tion prototype shall appear in the header included in the synopsis of the function.

111 B.1.3 Error Numbers

112 Some of the functions in this annex use the variable errno to report errors. Such 113 usage is documented in Errors in each specification. The usage of errno and the 114 meanings of the symbolic names shall be as defined in POSIX .1 {8}B.1.3.

115 B.1.4 C Language Definitions Rationale. (This subclause is not a part of P1003.2)

116 This clause clarifies the interface to the C Standard {7}. The description was 117 taken from POSIX. 1, with one important modification. Since POSIX .1 {8}and the 1 118 C Standard {7} were being developed and approved at about the same time, 1 119 POSIX .1 {8}allowed ‘‘Common Usage C’’implementations to give system vendors 1 120 time to develop Standard C interfaces. Since Standard C compilers are now com- 1 121 monly available, POSIX. 2 does not explicitly describe the binding to Common 1 122 Usage C. However, such a binding would be straightforward, as long as the rules 123 for Common Usage C in POSIX. 1 are followed.

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

124 B.2 C Numerical Limits

125 The following subclauses list the names of macros that C language applications 126 can use to obtain minimum and current values for limits defined in 2.13.1.

127 B.2.0.1 C Numerical Limits Rationale. (This subclause is not a part of P1003.2)

128 This subclause was added in Draft 9 to give C applications access to limits at com- 129 pile time. Applications can use the values from the macros without resorting to 130 sysconf (). The descriptions very closely follow the descriptions of macros and lim- 131 its in POSIX .1 {8}.

132 This definition of the limits is specific to the C language. Other language bind- 133 ings might use different interfaces or names to provide equivalent information to 134 the application.

135 Note that there are no C bindings or interfaces that change based on the macros 136 in Table B-5. These macro only advertise the availability of the associated utili- 137 ties.

138 B.2.1 C Macros for Symbolic Limits

139 The macros in Table B-3 shall be defined in the header <limits.h> . They 140 specify values for the symbolic limits defined in 2.13.1.

141 Table B-3 - C Macros for Symbolic Limits 142 hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

143 Minimum Allowed Minimum for this Symbolic Limit 144 by POSIX.2 Implementation iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

145 {BC_BASE _MAX} _POSIX 2_BC_BASE _MAX BC_BASE _MAX 146 {BC_DIM_MAX} _POSIX 2_BC_DIM_MAX BC_DIM_MAX 147 {BC_SCALE _MAX} _POSIX 2_BC_SCALE _MAX BC_SCALE _MAX 148 {BC_STRING _MAX} _POSIX 2_BC_STRING _MAX BC_STRING _MAX 149 {COLL_WEIGHTS _MAX} _POSIX 2_COLL _WEIGHTS _MAX COLL _WEIGHTS _MAX 150 {EXPR_NEST _MAX} _POSIX 2_EXPR _NEST _MAX EXPR _NEST _MAX 151 {LINE_MAX} _POSIX 2_LINE _MAX LINE _MAX 152 {RE_DUP _MAX} _POSIX 2_RE_DUP _MAX RE_DUP _MAX

153 hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

154 The names in the first column of Table B-3 are symbolic limits as defined in 155 2.13.1. The names in the second column are C macros that define the smallest 156 values permitted for the symbolic limits on any POSIX. 2 implementation; they 157 shall be defined as constant expressions with the most restrictive values specified 158 in 2.13.1. The names in the third column are C macros that define less restrictive 159 values provided by the implementation; each shall be defined as a constant that

160 — is not smaller than the associated macro in column 2, and

161 — is not larger than the smallest value that will be returned by sysconf () 162 when the application is executed.

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

163 B.2.1.1 C Macros for Symbolic Limits Rationale. (This subclause is not a part of

164 P1003.2)

165 The macros in column 3 of Table B-3 are required to be constant expressions.

166 If the C binding is to be used with POSIX. 2 implementations over which the imple- 167 mentor of the binding has no control, the column-3 values must be the same as 168 column-2. If the implementation of the C binding is intended to be used with a 169 POSIX. 2 implementation that always supports a larger value than one in column 170 2, that implementation of the binding may use the larger value for the column-3 171 macro. If an application compiled with that binding is then used with a different 172 POSIX. 2 implementation, it is the user’s fault that the application is being run in 173 an environment in which it was not intended.

174 The application can assume, for example, that the stream created by 175 popen("mailx user","w") will accept lines of length {LINE _MAX}, even if this 176 is larger than {_POSIX 2_LINE _MAX}. However, if the application is creating a 177 data file that might be processed on another implementation, it should use the 178 values in column 2.

179 B.2.2 Compile-Time Symbolic Constants for Portability Specifications

180 The macros in Table B-4 shall be defined in the header <unistd.h> . These mac- 181 ros can be used by the application, at compile time, to determine which optional 182 facilities are present and what actions shall be taken by the implementation.

183 Table B-4 - C Compile-Time Symbolic Constants 184 hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

185 Macro Name Description

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

186 The integer value 199???L. This value indicates the version of the inter- 1 187 faces in this annex that are provided by the implementation. It will 1 188 change with each published version of this standard to indicate the 4-digit 1 189 year and 2-digit month that the standard was approved by the IEEE Stan- 1 190 dards Board. 1

_POSIX 2_C_VERSION

191 hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

192 B.2.2.1 Compile-Time Symbolic Constants for Portability Specifications 193 Rationale. (This subclause is not a part of P1003.2)

194 The symbolic constant _POSIX 2_C_VERSION is analogous to _POSIX _VERSION , 195 defined in POSIX .1 {8}. It indicates the version of the C interfaces that are sup- 196 plied by the compiler and runtime library. 1

197 The version of the utilities is given by the {POSIX 2_VERSION } limit (see 2.13.1), 198 whose value can be obtained at runtime using sysconf () (see B.10.2). 1

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

199 B.2.3 Execution-Time Symbolic Constants for Portability Specifications

200 The macros in Table B-5 can be used by the application at execution time to deter- 201 mine which optional facilities are present. If a macro is defined to have the value 202 - 1 in the header <unistd.h> , the implementation shall never provide that 203 feature when the application runs under that implementation. If a macro is 204 defined to have a value other than - 1, the implementation shall always provide 205 that feature. If the macro is undefined, then the sysconf () function (see B.10.2) 206 can be used to determine if the feature is provided for a particular invocation of 207 the application.

208 Table B-5 - C Execution-Time Symbolic Constants 209 hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

210 Macro Name Description

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

211 The system supports the C Language Development Utilities Option (see 212 Annex A)

_POSIX 2_C_DEV

213 The system supports the FORTRAN Development Utilities Option (see 214 Annex C)

_POSIX 2_FORT _DEV

215 The system supports the FORTRAN Runtime Utilities Option (see Annex C)

_POSIX 2_FORT _RUN 216 The system supports the creation of locales as described in 4.35.

_POSIX 2_LOCALEDEF 217 The system supports the Software Development Utilities Option (see Sec- 218 tion 6)

_POSIX 2_SW_DEV

219 hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

220 B.2.4 POSIX. 1 C Numerical Limits

221 The macros specified in POSIX .1 {8} to provide compile-time values for the 222 configurable variables in Table 7-1 (see 7.8.2) shall also be visible in a POSIX. 2 223 system. Other macros required by POSIX .1 {8}2.9 (Numerical Limits) and 2.10 224 (Symbolic Constants) may also be visible in a POSIX. 2 system.

225 B.2.4.1 POSIX. 1 C Numerical Limits Rationale. (This subclause is not a part of

226 P1003.2)

227 Subclause 7.8.2 requires that certain POSIX .1 {8}configurable variables be visible 228 in POSIX. 2. Subclause B.2.4 ensures that POSIX. 2 C applications can obtain these 229 variables using the same macros as POSIX .1 {8}C applications. It also allows an 230 implementation to make all of the POSIX .1 {8} macros available even if 231 _POSIX _SOURCE is not set. It also allows an implementation to make all of the 1 232 POSIX .1 {8}symbols available even if it does not support all of POSIX .1 {8}. 1

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

233 B.3 C Binding for Shell Command Interface

234 B.3.0.1 C Binding for Shell Command Interface Rationale. (This subclause is

235 not a part of P1003.2)

236 The system () and popen () functions should not be used by programs that have set 237 user (or group) ID privileges, as defined in POSIX .1 {8}. The fork () and exec family 238 of functions [except execlp () and execvp()], also defined in POSIX .1 {8},should be 239 used instead. This prevents any unforeseen manipulation of the user’s environ- 240 ment that could cause execution of commands not anticipated by the calling 241 program.

242 If the original and ‘‘popen ()ed’’ processes both intend to read or write or read and 243 write a common file, and either will be using FILE -type C functions [fread (), 244 fwrite (), etc.], the rules in POSIX .1 {8}8.2.3 must be observed.

245 B.3.1 C Binding for Execute Command

246 Function: system ()

247 B.3.1.1 Synopsis

248 #include <stdlib.h>

249 int system(const char *command );

250 B.3.1.2 Description

251 This standard requires the system () function as described in the C Standard {7}.

252 The system () function shall execute the command specified by the string pointed 253 to by command . The environment of the executed command shall be as if a child 254 process were created using the POSIX .1 {8}fork () function, and the child process 255 invoked the sh utility (see 4.56) using the POSIX .1 {8}execl() function as follows:

256 execl(< shell path >, "sh", "-c", command , (char *)0);

257 where <shell path> is an unspecified pathname for the sh utility.

258 The system () function shall ignore the SIGINT and SIGQUIT signals, and block the 259 SIGCHLD signal, while waiting for the command to terminate. If this might cause 260 the application to miss a signal that would have killed it, then the application 261 should examine the return value from system () and take whatever action is 262 appropriate to the application if the command terminated due to receipt of a sig- 263 nal.

264 The system () function shall not affect the termination status of any child of the 265 calling processes other than the process(es) it itself creates.

266 The system () function shall not return until the child process has terminated.

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

267 B.3.1.3 Returns

268 If command is NULL , the system () function shall return nonzero.

269 If command is not NULL , the system () function shall return the termination 270 status of the command language interpreter in the format specified by the wait- 271 pid () function in POSIX .1 {8}. The termination status of the command language 272 interpreter is as specified for the sh utility, except that if some error prevents the 273 command language interpreter from executing after the child process is created, 274 the return value from system () shall be as if the command language interpreter 275 had terminated using exit (127) or _exit (127). If a child process cannot be created, 276 or if the termination status for the command language interpreter cannot be 277 obtained, system () shall return - 1 and set errno to indicate the error.

278 B.3.1.4 Errors

279 The system () function may set errno values as described by fork () in POSIX .1 {8}.

280 B.3.1.5 Rationale. (This subclause is not a part of P1003.2)

281 The C Standard {7} specifies that when command is NULL , system () returns 282 nonzero if there is a command interpreter available and zero if one is not avail- 283 able. At first reading, it might appear that POSIX. 2 conflicts with this, since it 284 requires system (NULL ) to always return nonzero. There is no conflict, however. 285 A POSIX. 2 implementation must always have a command interpreter available, 286 and is nonconforming if none is present. It is therefore permissible for the sys- 287 tem () function on a POSIX. 2 system to implement the behavior specified by the 288 C Standard {7}as long as it is understood that the implementation is not POSIX. 2 289 conforming if system (NULL ) returns zero. 1

290 Note that, while system () must ignore SIGINT and SIGQUIT and block SIGCHLD 291 while waiting for the child to terminate, the handling of signals in the executed 292 command is as specified by fork () and exec. For example, if SIGINT is being 293 caught or is set to SIG_DFL when system () is called, then the child will be started 294 with SIGINT handling set to SIG_DFL.

295 Ignoring SIGINT and SIGQUIT in the parent process prevents coordination prob- 296 lems (two processes reading from the same terminal, for example) when the exe- 297 cuted command ignores or catches one of the signals. It is also usually the correct 298 action when the user has given a command to the application to be executed syn- 299 chronously (as in the ‘‘!’’command in many interactive applications). In either 300 case, the signal should be delivered only to the child process, not to the applica- 301 tion itself. There is one situation where ignoring the signals might have less than 302 the desired effect. This is when the application uses system () to perform some 303 task invisible to the user. If the user typed the interrupt character (^C for exam- 304 ple) while system () is being used in this way, one would expect the application to 305 be killed, but only the executed command will be killed. Applications that use 306 system () in this way should carefully check the return status from system () to see 307 if the executed command was successful, and should take appropriate action 308 when the command fails.

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

B.3 C Binding for Shell Command Interface 779

309 Blocking SIGCHLD while waiting for the child to terminate prevents the applica- 310 tion from catching the signal and obtaining status from system ()’s child process 311 before system () can get the status itself.

312 Examples, Usage

313 The context in which the utility is ultimately executed may differ from that in 314 which the system () function was called. For example, file descriptors that have 315 the FD_CLOEXEC flag set will be closed, and the process ID and parent process ID 316 will be different. Also, if the executed utility changes its environment variables or 317 its current working directory, that change will not be reflected in the caller’s 318 context.

319 Earlier drafts of this standard required, or allowed, system () to return with errno 320 [EINTR ] if it was interrupted with a signal. This error return was removed, and a 321 requirement that system () not return until the child has terminated was added. 322 This means that if a waitpid () call in system () exits with errno [EINTR ], system () 323 must re-issue the waitpid (). This change was made for two reasons:

324 (1) There is no way for an application to clean up if system () returns 325 [EINTR ], short of calling wait (), and that could have the undesirable 326 effect of returning status of children other than the one started by sys- 327 tem ().

328 (2) While it might require a change in some historical implementations, 329 those implementations already have to be changed because they use 330 wait () instead of waitpid ().

331 Note that if the application is catching SIGCHLD signals, it will receive such a sig- 1 332 nal before a successful system () call returns. 1

333 History of Decisions Made

334 The C Standard {7} requires that a call to system () with a NULL will return a 335 nonzero value, indicating the presence of a command language interpreter avail- 336 able to the system. It was explicitly decided that when command is NULL , sys- 337 tem () should not be required to check to make sure that the command language 338 interpreter actually exists with the correct mode, that there are enough processes 339 to execute it, etc. The call system (NULL ) could, theoretically, check for such prob- 340 lems as too many existing child processes, and return zero. However, it would be 341 inappropriate to return zero due to such a (presumably) transient condition. If 342 some condition exists that is not under the control of this application and that 343 would cause any system () call to fail, that system has been rendered nonconfor- 344 mant.

345 Modified in Draft 6 to reflect the availability of the waitpid () function in 346 POSIX .1 {8}. To conform to this standard, system () must use waitpid (), or some 347 similar function, instead of wait ().

348 Figure B-1 illustrates how system () might be implemented on a POSIX .1 {8}imple- 349 mentation.

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