-- --

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of Electrical and Electronics Engineers, Inc. 345 East 47th Street New York, NY 10017, USA All rights reserved as an unpublished work.

This is an unapproved and unpublished IEEE Standards Draft, subject to change.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

-- --

1531 presumably). The implementation must ensure that all effects specified by 1532 POSIX. 2 resulting from the invocation of the regular built-in or function (interac- 1533 tion with the environment, variables, traps, etc.) are identical to those resulting 1534 from the invocation of an executable file.

1535 Example : Consider three versions of the ls utility:

1536 — The application includes a shell function named ls .

1537 — The user writes her own utility named ls and puts it in /hsa/bin .

1538 — The example implementation provides ls as a regular shell built-in that 1539 will be invoked (either by the shell or directly by exec) when the path 1540 search reaches the directory /posix/bin .

1541 If PATH=/posix/bin , various invocations yield different versions of ls :

1542 Invocation Version of ls

hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh hhhhhhhhhhhhhhhh

1543 ls (from within application script) (1) function 1544 command ls (from within application script) (3) built-in 1545 ls (from within makefile called by application) (3) built-in 1546 system("ls") (3) built-in 1547 PATH="/hsa/bin:$ PATH" ls (2) user’s version

1548 After the execve() failure described, the shell normally executes the file as a shell 1549 script. Some implementations, however, attempt to detect whether the file is 1550 actually a script and not an executable from some other architecture. The method 1551 used by the KornShell is allowed by the text that indicates nontext files may be 1552 bypassed.

1553 3.9.2 Pipelines

1554 A pipeline is a sequence of one or more commands separated by the control opera- 1555 tor |. The standard output of all but the last command shall be connected to the 1556 standard input of the next command.

1557 The format for a pipeline is:

1558 [! ] command1 [ | command2 ...]

1559 The standard output of command1 shall be connected to the standard input of 1560 command2 . The standard input, standard output, or both of a command shall be 1561 considered to be assigned by the pipeline before any redirection specified by 1562 redirection operators that are part of the command (see 3.7).

1563 If the pipeline is not in the background (see 3.9.3.1), the shell shall wait for the 1564 last command specified in the pipeline to complete, and may also wait for all com- 1565 mands to complete.

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

3.9 Shell Commands 221

1566 Exit Status

1567 If the reserved word ! does not precede the pipeline, the exit status shall be the 1568 exit status of the last command specified in the pipeline. Otherwise, the exit 1569 status is the logical NOT of the exit status of the last command. That is, if the 1570 last command returns zero, the exit status shall be 1; if the last command returns 1571 greater than zero, the exit status is zero.

1572 3.9.2.1 Pipelines Rationale. (This subclause is not a part of P1003.2)

1573 Because pipeline assignment of standard input or standard output or both takes 1574 place before redirection, it can be modified by redirection. For example:

1575 $ command1 2>&1 | command2

1576 sends both the standard output and standard error of command1 to the standard 1577 input of command2 .

1578 The reserved word ! was added to allow more flexible testing using AND and OR 1579 lists.

1580 It was suggested that it would be better to return a nonzero value if any command 1581 in the pipeline terminates with nonzero status (perhaps the bitwise OR of all 1582 return values). However, the choice of the last-specified command semantics are 1583 historical practice and would cause application breakage if changed. An example 1584 of historical (and POSIX. 2) behavior:

1585 $ sleep 5 | (exit 4) 1586 $ echo $? 1587 4 1588 $ (exit 4) | sleep 5 1 1589 $ echo $? 1 1590 0 1

1591 3.9.3 Lists

1592 An AND-OR-list is a sequence of one or more pipelines separated by the operators

1593 && ||

1594 A list is a sequence of one or more AND-OR-lists separated by the operators

1595 ; &

1596 and optionally terminated by

1597 ; & <newline>

1598 The operators &&and || shall have equal precedence and shall be evaluated from 1599 beginning to end.

1600 A ; or <newline> terminator shall cause the preceding AND-OR-list to be exe- 1601 cuted sequentially; an & shall cause asynchronous execution of the preceding 1602 AND-OR-list.

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

222 3 Shell Command Language

1603 The term compound-list is derived from the grammar in 3.10; it is equivalent to a 1604 sequence of lists, separated by <newline> s, that can be preceded or followed by 1605 an arbitrary number of <newline> s.

1606 3.9.3.0.1 Lists Rationale. (This subclause is not a part of P1003.2)

1607 The equal precedence of &&and || is historical practice. The developers of the 1608 standard evaluated the model used more frequently in high level programming 1609 languages, such as C, to allow the shell logical operators to be used for complex 1610 expressions in an unambiguous way, but could not in the end allow existing 1611 scripts to break in the subtle way unequal precedence might cause. Some argu- 1612 ments were posed concerning the { } or ( ) groupings that are required histori- 1613 cally. There are some disadvantages to these groupings:

1614 — The ( ) can be expensive, as they spawn other processes on some systems. 1615 This performance concern is primarily an implementation issue.

1616 — The { } braces are not operators (they are reserved words) and require a 1617 trailing space after each {, and a semicolon before each }. Most program- 1618 mers (and certainly interactive users) have avoided braces as grouping con- 1619 structs because of the irritating syntax required. Braces were not changed 1620 to operators because that would generate compatibility issues even greater 1621 than the precedence question; braces appear outside the context of a key- 1622 word in many shell scripts.

1623 An example reiterates the precedence of the lists as they associate from beginning 1 1624 to end. Both of the following commands write solely bar to standard output: 1

1625 false && echo foo || echo bar 1 1626 true || echo foo && echo bar 1

1627 The following is an example that illustrates <newline> s in compound-lists:

1628 while 1629 # a couple of newlines

1630 # a list 1631 date && who || ls; cat file 1632 # a couple of newlines

1633 # another list 1634 wc file > output & true

1635 do 1636 # 2 lists 1637 ls 1638 cat file 1639 done

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

3.9 Shell Commands 223

1640 3.9.3.1 Asynchronous Lists

1641 If a command is terminated by the control operator ampersand (&), the shell shall 1642 execute the command asynchronously in a subshell. This means that the shell 1643 shall not wait for the command to finish before executing the next command.

1644 The format for running a command in background is:

1645 command1 & [command2 &...]

1646 The standard input for an asynchronous list, before any explicit redirections are 1647 performed, shall be considered to be assigned to a file that has the same proper- 1648 ties as /dev/null . If it is an interactive shell, this need not happen. In all 1649 cases, explicit redirection of standard input shall override this activity.

1650 When an element of an asynchronous list (the portion of the list ended by an 1 1651 ampersand, such as command1 , above) is started by the shell, the process ID of 1 1652 the last command in the asynchronous list element shall become known in the 1 1653 current shell execution environment; see 3.12. This process ID shall remain 1654 known until:

1655 — The command terminates and the application waits for the process ID, or

1656 — Another asynchronous list is invoked before $! (corresponding to the previ- 1 1657 ous asynchronous list) is expanded in the current execution environment. 1

1658 The implementation need not retain more than the {CHILD _MAX} most recent 1 1659 entries in its list of known process IDs in the current shell execution environment. 1

1660 Exit Status

1661 The exit status of an asynchronous list shall be zero.

1662 3.9.3.1.1 Asynchronous Lists Rationale. (This subclause is not a part of P1003.2)

1663 The grammar treats a construct such as 1

1664 foo & bar & bam & 1

1665 as one ‘‘asynchronous list,’’ but since the status of each element is tracked by the 1 1666 shell, the term ‘‘element of an asynchronous list’’ was introduced to identify just 1 1667 one of the foo , bar , bam portions of the overall list. 1

1668 Unless the implementation has an internal limit, such as {CHILD _MAX}, on the 1 1669 retained process IDs, it would require unbounded memory for the following exam- 1 1670 ple: 1

1671 while true 1 1672 do foo & echo $! 1 1673 done 1

1674 The treatment of the signals SIGINT and SIGQUIT with asynchronous lists is 1675 described in 3.11.

1676 Since the connection of the input to the equivalent of /dev/null is considered to 1677 occur before redirections, the following script would produce no output:

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

224 3 Shell Command Language

1678 exec < /etc/passwd 1679 cat <&0 & 1680 wait

1681 3.9.3.2 Sequential Lists 1682 Commands that are separated by a semicolon (; ) shall be executed sequentially. 1683 The format for executing commands sequentially is: 1684 command1 [; command2 ] ... 1685 Each command shall be expanded and executed in the order specified. 1686 Exit Status 1687 The exit status of a sequential list shall be the exit status of the last command in 1688 the list.

1689 3.9.3.3 AND Lists 1690 The control operator &&shall denote an AND list. The format is: 1691 command1 [ && command2 ] ... 1692 First command1 is executed. If its exit status is zero, command2 is executed, and 1693 so on until a command has a nonzero exit status or there are no more commands 1694 left to execute. The commands shall be expanded only if they are executed. 1695 Exit Status 1696 The exit status of an AND list shall be the exit status of the last command that is 1697 executed in the list.

1698 3.9.3.4 OR Lists 1699 The control operator || shall denote an OR List. The format is: 1700 command1 [ || command2 ] ... 1701 First, command1 is executed. If its exit status is nonzero, command2 is executed, 1702 and so on until a command has a zero exit status or there are no more commands 1703 left to execute. 1704 Exit Status 1705 The exit status of an OR list shall be the exit status of the last command that is 1706 executed in the list.

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

3.9 Shell Commands 225

1707 3.9.4 Compound Commands

1708 The shell has several programming constructs that are compound commands , 1709 which provide control flow for commands. Each of these compound commands has 1710 a reserved word or control operator at the beginning, and a corresponding termi- 1711 nator reserved word or operator at the end. In addition, each can be followed by 1712 redirections on the same line as the terminator. Each redirection shall apply to 1713 all the commands within the compound command that do not explicitly override 1714 that redirection.

1715 3.9.4.1 Grouping Commands

1716 The format for grouping commands is as follows:

1717 ( compound-list ) Execute compound-list in a subshell environment; see 1718 3.12. Variable assignments and built-in commands 1719 that affect the environment shall not remain in effect 1720 after the list finishes.

1721 { compound-list ;} Execute compound-list in the current process environ- 1722 ment.

1723 Exit Status

1724 The exit status of a grouping command shall be the exit status of list .

1725 3.9.4.1.1 Grouping Commands Rationale. (This subclause is not a part of P1003.2)

1726 The semicolon shown in { compound-list ;} is an example of a control operator 1727 delimiting the } reserved word. Other delimiters are possible, as shown in 3.10; 1728 <newline> is frequently used.

1729 A proposal was made to use the <do-done> construct in all cases where command 1730 grouping performed in the current process environment is performed, identifying 1731 it as a construct for the grouping commands, as well as for shell functions. This 1732 was not included because the shell already has a grouping construct for this pur- 1733 pose ({ }), and changing it would have been counter-productive.

1734 3.9.4.2 for Loop

1735 The for loop shall execute a sequence of commands for each member in a list of 1736 items . The for loop requires that the reserved words do and done be used to del- 1737 imit the sequence of commands.

1738 The format for the for loop is as follows.

1739 for name [ in word ... ] 1740 do 1741 compound-list 1742 done

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

226 3 Shell Command Language

1743 First, the list of words following in shall be expanded to generate a list of items. 1744 Then, the variable name shall be set to each item, in turn, and the compound-list 1745 executed each time. If no items result from the expansion, the compound-list 1746 shall not be executed. Omitting

1747 in word ...

1748 is equivalent to

1749 in "$@"

1750 Exit Status

1751 The exit status of a for command shall be the exit status of the last command 1752 that executes. If there are no items, the exit status shall be zero.

1753 3.9.4.2.1 for Loop Rationale. (This subclause is not a part of P1003.2)

1754 The format is shown with generous usage of <newline> s. See the grammar in 1755 3.10 for a precise description of where <newline> s and semicolons can be inter- 1756 changed.

1757 Some historical implementations support { and } as substitutes for do and done . 1758 The working group chose to omit them, even as an obsolescent feature. (Note that 1759 these substitutes were only for the for command; the while and until com- 1 1760 mands could not use them historically, because they are followed by compound- 1 1761 lists that may contain {. . . } grouping commands themselves 1

1762 The reserved word pair do ... done was selected rather than do ... od (which 1763 would have matched the spirit of if ... fi and case ... esac ) because od is a 1764 commonly-used utility name and this would have been an unacceptable choice.

1765 3.9.4.3 case Conditional Construct

1766 The conditional construct case shall execute the compound-list corresponding to 1767 the first one of several patterns (see 3.13) that is matched by the string resulting 1768 from the tilde expansion, parameter expansion, command substitution, and arith- 1769 metic expansion and quote removal of the given word. The reserved word in 1770 shall denote the beginning of the patterns to be matched. Multiple patterns with 1771 the same compound-list are delimited by the | symbol. The control operator ) ter- 1772 minates a list of patterns corresponding to a given action. The compound-list for 1773 each list of patterns is terminated with ;; . The case construct terminates with 1774 the reserved word esac (case reversed).

1775 The format for the case construct is as follows.

1776 case word in 1777 [(] pattern1 ) compound-list ;; 2 1778 [(] pattern2 |pattern3 ) compound-list ;; 2 1779 ... 1780 esac

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

3.9 Shell Commands 227

1781 The ;; is optional for the last compound-list .

1782 Each pattern in a pattern list shall be expanded and compared against the expan- 1783 sion of word . After the first match, no more patterns shall be expanded, and the 1784 compound-list shall be executed. The order of expansion and comparing of pat- 1785 terns in a multiple pattern list is unspecified.

1786 Exit Status

1787 The exit status of case is zero if no patterns are matched. Otherwise, the exit 1788 status shall be the exit status of the last command executed in the compound-list .

1789 3.9.4.3.1 case Conditional Construct Rationale. (This subclause is not a part of 1790 P1003.2)

1791 An optional open-parenthesis before pattern was added to allow numerous histori- 2 1792 cal KornShell scripts to conform. At one time, using the leading parenthesis was 2 1793 required if the case statement were to be embedded within a $( ) command sub- 2 1794 stitution; this is no longer the case with the POSIX shell. Nevertheless, many 2 1795 existing scripts use the open-parenthesis, if only because it makes matching- 2 1796 parenthesis searching easier in vi and other editors. This is a relatively simple 2 1797 implementation change that is fully upward compatible for all scripts. 2

1798 Consideration was given to requiring break inside the compound-list to prevent 1799 falling through to the next pattern action list. This was rejected as being nonex- 1800 isting practice. An interesting undocumented feature of the KornShell is that 1801 using ;& instead of ;; as a terminator causes the exact opposite behavior—the 1802 flow of control continues with the next compound-list .

1803 The pattern "*", given as the last pattern in a case construct, is equivalent to 1804 the default case in a C-language switch statement

1805 The grammar shows that reserved words can be used as patterns, even if one is 1806 the first word on a line. Obviously, the reserved word esac cannot be used in this 1807 manner.

1808 3.9.4.4 if Conditional Construct

1809 The if command shall execute a compound-list and use its exit status to deter- 1810 mine whether to execute another compound-list .

1811 The format for the if construct is as follows.

1812 if compound-list 1813 then 1814 compound-list 1815 [elif compound-list 1816 then 1817 compound-list ] ... 1818 [else 1819 compound-list ] 1820 fi

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

228 3 Shell Command Language

1821 The if compound-list is executed; if its exit status is zero, the then compound- 1822 list is executed and the command shall complete. Otherwise, each elif 1823 compound-list is executed, in turn, and if its exit status is zero, the then 1824 compound-list is executed and the command shall complete. Otherwise, the else 1825 compound-list is executed.

1826 Exit Status

1827 The exit status of the if command shall be the exit status of the then or else 1828 compound-list that was executed, or zero, if none was executed.

1829 3.9.4.4.1 if Conditional Construct Rationale. (This subclause is not a part of 1830 P1003.2)

1831 The precise format for the command syntax is described in 3.10.

1832 3.9.4.5 while Loop

1833 The while loop continuously shall execute one compound-list as long as another 1834 compound-list has a zero exit status.

1835 The format of the while loop is as follows

1836 while compound-list-1 1837 do 1838 compound-list-2 1839 done

1840 The compound-list-1 shall be executed, and if it has a nonzero exit status, the 1841 while command shall complete. Otherwise, the compound-list-2 shall be exe- 1842 cuted, and the process shall repeat.

1843 Exit Status

1844 The exit status of the while loop shall be the exit status of the last compound- 1845 list-2 executed, or zero if none was executed.

1846 3.9.4.5.1 while Loop Rationale. (This subclause is not a part of P1003.2)

1847 The precise format for the command syntax is described in 3.10.

1848 3.9.4.6 until Loop

1849 The until loop continuously shall execute one compound-list as long as another 1850 compound-list has a nonzero exit status.

1851 The format of the until loop is as follows

1852 until compound-list-1 1853 do 1854 compound-list-2 1855 done

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

3.9 Shell Commands 229

1856 The compound-list-1 shall be executed, and if it has a zero exit status, the until 1857 command shall complete. Otherwise, the compound-list-2 shall be executed, and 1858 the process shall repeat.

1859 Exit Status

1860 The exit status of the until loop shall be the exit status of the last compound- 1861 list-2 executed, or zero if none was executed.

1862 3.9.4.6.1 until Loop Rationale. (This subclause is not a part of P1003.2)

1863 The precise format for the command syntax is described in 3.10.

1864 3.9.5 Function Definition Command

1865 A function is a user-defined name that is used as a simple command to call a com- 1866 pound command with new positional parameters. A function is defined with a 1867 function definition command .

1868 The format of a function definition command is as follows:

1869 fname () compound-command [io-redirect ... ]

1870 The function is named fname ; it shall be a name (see 3.1.5). An implementation 1 1871 may allow other characters in a function name as an extension. The implementa- 1 1872 tion shall maintain separate namespaces for functions and variables.

1873 The argument compound-command represents a compound command, as 1874 described in 3.9.4.

1875 When the function is declared, none of the expansions in 3.6 shall be performed 1876 on the text in compound-command or io-redirect ; all expansions shall be per- 1877 formed as normal each time the function is called. Similarly, the optional io- 1878 redirect redirections and any variable assignments within compound-command 1879 shall be performed during the execution of the function itself, not the function 1880 definition. See 3.8.1 for the consequences of failures of these operations on 1881 interactive and noninteractive shells.

1882 When a function is executed, it shall have the syntax-error and variable- 1883 assignment properties described for special built-in utilities, in the enumerated 1884 list at the beginning of 3.14.

1885 The compound-command shall be executed whenever the function name is 1886 specified as the name of a simple command (see 3.9.1.1). The operands to the 1887 command temporarily shall become the positional parameters during the execu- 1888 tion of the compound-command ; the special parameter # shall also be changed to 1889 reflect the number of operands. The special parameter 0 shall be unchanged. 1890 When the function completes, the values of the positional parameters and the spe- 1891 cial parameter # shall be restored to the values they had before the function was 1892 executed. If the special built-in return is executed in the compound-command , 1893 the function shall complete and execution shall resume with the next command 1894 after the function call.

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

230 3 Shell Command Language

1895 Exit Status

1896 The exit status of a function definition shall be zero if the function was declared 1897 successfully; otherwise, it shall be greater than zero. The exit status of a function 1898 invocation shall be the exit status of the last command executed by the function.

1899 3.9.5.1 Function Definition Command Rationale (This subclause is not a part of 1900 P1003.2)

1901 The description of functions in Draft 8 was based on the notion that functions 1902 should behave like miniature shell scripts; that is, except for sharing variables, 1903 most elements of an execution environment should behave as if it were a new exe- 1904 cution environment, and changes to these should be local to the function. For 1905 example, traps and options should be reset on entry to the function, and any 1906 changes to them don’t affect the traps or options of the caller. There were 1907 numerous objections to this basic idea, and the opponents asserted that functions 1908 were intended to be a convenient mechanism for grouping commonly executed 1909 commands that were to be executed in the current execution environment, similar 1910 to the execution of the dot special built-in.

1911 Opponents also pointed out that the functions described in Draft 8 did not scope 1912 everything a new shell script would anyway, such as the current working direc- 1913 tory, or umask, but instead picked a few select properties. The basic argument 1914 was that if one wanted scoping of the execution environment, the mechanism 1915 already exists: put the commands in a new shell script and call it. All traditional 1916 shells that implemented functions, other than the KornShell, have implemented 1917 functions that operate in the current execution environment. Because of this, 1918 Draft 9 removed any local scoping of traps or options. Local variables within a 1919 function were considered and included in Draft 9 (controlled by the special built- 1920 in local ), but were removed because they do not fit the simple model developed 1921 for the scoping of functions and there was some opposition to adding yet another 1922 new special built-in from outside existing practice. Implementations should 1923 reserve the identifier local (as well as typeset , as used in the KornShell) in 1924 case this local variable mechanism is adopted in a future version of POSIX. 2.

1925 A separate issue from the execution environment of a function is the availability 1926 of that function to child shells. A few objectors, including the author of the origi- 1927 nal Version 7 UNIX system shell, maintained that just as a variable can be shared 1928 with child shells by exporting it, so should a function—and so this capability has 1929 been added to the standard. In previous drafts, the export command therefore 1930 had a - f flag for exporting functions. Functions that were exported were to be 1931 put into the environment as name ( )= value pairs, and upon invocation, the shell 1932 would scan the environment for these, and automatically define these functions. 1933 This facility received a lot of balloting opposition and was removed from Draft 11. 1934 Some of the arguments against exportable functions were:

1935 — There was little existing practice. The Ninth Edition shell provided them, 1936 but there was controversy over how well it worked.

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

3.9 Shell Commands 231

1937 — There are numerous security problems associated with functions appearing 1938 in a script’s environment and overriding standard utilities or the 1939 application’s own utilities.

1940 — There was controversy over requiring make to import functions, where it 1941 has historically used an exec function for many of its command line execu- 1942 tions.

1943 — Functions can be big and the environment is of a limited size. (The 1944 counter-argument was that functions are no different than variables in 1945 terms of size: there can be big ones, and there can be small ones—and just 1946 as one does not export huge variables, one does not export huge functions. 1947 However, this insight might be lost on the average shell-function writer, 1948 who typically writes much larger functions than variables.)

1949 As far as can be determined, the functions in POSIX. 2 match those in System V. 1950 The KornShell has two methods of defining functions:

1951 function fname { compound-list }

1952 and

1953 fname () { compound-list }

1954 The latter uses the same definition as POSIX. 2, but differs in semantics, as 1955 described previously. A future edition of the KornShell is planned to align the 1956 latter syntax with POSIX and keep the former as-is.

1957 The name space for functions is limited to that of a name because of historical 1 1958 practice. Complications in defining the syntactic rules for the function definition 1 1959 command and in dealing with known extensions such as the KornShell’s @() 1 1960 prevented the name space from being widened to a word , as requested by some 1 1961 balloters. Using functions to support synonyms such as the C-shell’s !! and %is 1 1962 thus disallowed to portable applications, but acceptable as an extension. For 1 1963 interactive users, the aliasing facilities in the UPE should be adequate for this 1 1964 purpose. It is recognized that the name space for utilities in the file system is 1 1965 wider than that currently supported for functions, if the portable filename charac- 1 1966 ter set guidelines are ignored, but it did not seem useful to mandate extensions in 1 1967 systems for so little benefit to portable applications. 1

1968 The () in the function definition command consists of two operators. Therefore, 1969 intermixing <blank> s with the fname , ( , and ) is allowed, but unnecessary.

1970 An example of how a function definition can be used wherever a simple command 1971 is allowed:

1972 # If variable i is equal to "yes", 1973 # define function foo to be ls -l 1974 # 1975 [ X$i = Xyes ] && foo() { 1976 ls -l 1977 }

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

232 3 Shell Command Language

1978 3.10 Shell Grammar

1979 The following grammar describes the Shell Command Language. Any discrepan- 1980 cies found between this grammar and the preceding description shall be resolved 1981 in favor of this clause.

1982 3.10.1 Shell Grammar Lexical Conventions

1983 The input language to the shell must be first recognized at the character level. 1984 The resulting tokens shall be classified by their immediate context according to 1985 the following rules (applied in order). These rules are used to determine what a 1986 ‘‘token’’that is subject to parsing at the token level is. The rules for token recog- 1987 nition in 3.3 shall apply.

1988 (1) A <newline> shall be returned as the token identifier NEWLINE.

1989 (2) If the token is an operator, the token identifier for that operator shall 1990 result.

1991 (3) If the string consists solely of digits and the delimiter character is one of 1992 < or >, the token identifier IO_ NUMBERshall be returned.

1993 (4) Otherwise, the token identifier TOKENshall result.

1994 Further distinction on TOKENis context-dependent. It may be that the same TOKEN 1995 yields WORD,a NAME,an ASSIGNMENT,or one of the reserved words below, depen- 1996 dent upon the context. Some of the productions in the grammar below are anno- 1997 tated with a rule number from the following list. When a TOKENis seen where one 1998 of those annotated productions could be used to reduce the symbol, the applicable 1999 rule shall be applied to convert the token identifier type of the TOKENto a token 2000 identifier acceptable at that point in the grammar. The reduction shall then 2001 proceed based upon the token identifier type yielded by the rule applied. When 2002 more than one rule applies, the highest numbered rule shall apply (which in turn 2003 may refer to another rule). [Note that except in rule (7), the presence of an = in 2004 the token has no effect.]

2005 The WORDtokens shall have the word expansion rules applied to them immedi- 2006 ately before the associated command is executed, not at the time the command is 2007 parsed.

2008 3.10.2 Shell Grammar Rules

2009 (1) [Command Name] 2010 When the TOKENis exactly a reserved word, the token identifier for that 2011 reserved word shall result. Otherwise, the token WORDshall be returned. 1 2012 Also, if the parser is in any state where only a reserved word could be the 1 2013 next correct token, proceed as above. 1 2014 NOTE: Because at this point quote marks are retained in the token, quoted strings can- 2015 not be recognized as reserved words. This rule also implies that reserved words will not 2016 be recognized except in certain positions in the input, such as after a <newline> or

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

3.10 Shell Grammar 233

2017 semicolon; the grammar presumes that if the reserved word is intended, it will be prop- 2018 erly delimited by the user, and does not attempt to reflect that requirement directly. Also 2019 note that line joining is done before tokenization, as described in 3.2.1, so escaped new- 2020 lines are already removed at this point.

2021 NOTE: Rule (1) is not directly referenced in the grammar, but is referred to by other 1 2022 rules, or applies globally. 1

2023 (2) [Redirection to/from filename] 2024 The expansions specified in 3.7 shall occur. As specified there, exactly 2025 one field can result (or the result is unspecified), and there are additional 1 2026 requirements on pathname expansion.

2027 (3) [Redirection from here-document] 2028 Quote removal [3.7.4]. shall be applied to the word to determine the del- 1 2029 imiter that will be used to find the end of the here-document that begins 1 2030 after the next <newline> . 1

2031 (4) [Case statement termination] 2032 When the TOKENis exactly the reserved word Esac , the token identifier 2033 for Esac shall result. Otherwise, the token WORDshall be returned.

2034 (5) [NAMEin for ] 2035 When the TOKENmeets the requirements for a name [3.1.5], the token 2036 identifier NAMEshall result. Otherwise, the token WORDshall be returned.

2037 (6) [Third word of for and case ] 2038 When the TOKENis exactly the reserved word In , the token identifier for 2039 In shall result. Otherwise, the token WORDshall be returned.

2040 (7) [Assignment preceding command name] 1

2041 (a) [When the first word] 2042 If the TOKEN does not contain the character =, rule (1) shall be 2043 applied. Otherwise, apply (7)(b).

2044 (b) [Not the first word] 2045 If the TOKENcontains the equals-sign character:

2046 — If it begins with =, the token WORDshall be returned.

2047 — If all the characters preceding = form a valid name [3.1.5], the 2048 token ASSIGNMENT_WORDshall be returned. (Quoted characters 2049 cannot participate in forming a valid name.)

2050 — Otherwise, it is unspecified whether it is ASSIGNMENT_WORDor 2051 WORDthat is returned.

2052 Assignment to the NAMEshall occur as specified in 3.9.1.

2053 (8) [NAMEin function] 2054 When the TOKENis exactly a reserved word, the token identifier for that 2055 reserved word shall result. Otherwise, when the TOKEN meets the 2056 requirements for a name [3.1.5], the token identifier NAMEshall result. 2057 Otherwise, rule (7) shall apply.

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

234 3 Shell Command Language

2058 (9) [Body of function] 2059 Word expansion and assignment shall never occur, even when required 2060 by the rules above, when this rule is being parsed. Each TOKENthat 2061 might either be expanded or have assignment applied to it shall instead 2062 be returned as a single WORDconsisting only of characters that are exactly 2063 the token described in 3.3.

2064 / * ------------------------------------------------------- 2065 The grammar symbols 2066 ------------------------------------------------------- */ 2067 %token WORD 2068 %token ASSIGNMENT_WORD 2069 %token NAME 2070 %token NEWLINE 2071 %token IO_NUMBER 2072 / * The following are the operators mentioned above. */ 2073 %token AND_IF OR_IF DSEMI 2074 / * ’&&’ ’ ||’ ’;;’ */ 2075 %token DLESS DGREATLESSAND GREATANDLESSGREAT DLESSDASH 2076 / * ’<<’ ’>>’ ’<&’ ’>&’ ’<>’ ’<<-’ */ 2077 %token CLOBBER 2078 / * ’> |’ */ 2079 / * The following are the reserved words */ 2080 %token If Then Else Elif Fi Do Done 2081 / * ’if’ ’then’ ’else’ ’elif’ ’fi’ ’do’ ’done’ */ 2082 %token Case Esac While Until For 2083 / * ’case’ ’esac’ ’while’ ’until’ ’for’ */ 2084 / * These are reserved words, not operator tokens, and are 2085 recognized when reserved words are recognized. */ 2086 %token Lbrace Rbrace Bang 2087 / * ’{’ ’}’ ’!’ */ 2088 %token In 2089 / * ’in’ */ 2090 / * ------------------------------------------------------- 2091 The Grammar 2092 ------------------------------------------------------- */ 2093 %start complete_command 2094 %%

2095 complete_command : list separator 2096 | list 1 2097 ; 2098 list : list separator_op and_or 2099 | and_or 2100 ; 2101 and_or : pipeline

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

3.10 Shell Grammar 235

2102 | and_or AND_IF linebreak pipeline 2103 | and_or OR_IF linebreak pipeline 2104 ;

2105 pipeline : pipe_sequence 2106 | Bang pipe_sequence 2107 ;

2108 pipe_sequence : command 2109 | pipe_sequence ’ |’ linebreak command 2110 ;

2111 command : simple_command 2112 | compound_command 2113 | compound_command redirect_list 2114 | function_definition 2115 ;

2116 compound_command : brace_group 2117 | subshell 2118 | for_clause 2119 | case_clause 2120 | if_clause 2121 | while_clause 2122 | until_clause 2123 ;

2124 subshell : ’(’ compound_list ’)’ 2125 ;

2126 compound_list : term 2127 | newline_list term 2128 | term separator 2129 | newline_list term separator 2130 ;

2131 term : term separator and_or 2132 | and_or 2133 ;

2134 for_clause : For name do_group 2135 | For name In wordlist sequential_sep do_group 2136 ;

2137 name : NAME / * Apply rule (5) */ 2 2138 ;

2139 in : In / * Apply rule (6) */ 2140 ;

2141 wordlist : wordlist WORD 2142 | WORD 2143 ;

2144 case_clause : Case WORDIn linebreak case_list Esac 2145 | Case WORDIn linebreak Esac 2146 ;

2147 case_list : case_list case_item 2148 | case_item 2149 ;

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

236 3 Shell Command Language

2150 case_item : pattern ’)’ linebreak DSEMI linebreak 2151 | pattern ’)’ compound_list DSEMI linebreak 2152 | ’(’ pattern ’)’ linebreak DSEMI linebreak 2 2153 | ’(’ pattern ’)’ compound_list DSEMI linebreak 2 2154 ;

2155 pattern : WORD / * Apply rule (4) */ 2156 | pattern ’ |’ WORD / * Do not apply rule (4) */ 1 2157 ;

2158 if_clause : If compound_list Then compound_list else_part Fi 2159 | If compound_list Then compound_list Fi 2160 ;

2161 else_part : Elif compound_list Then else_part 2162 | Else compound_list 2163 ;

2164 while_clause : While compound_list do_group 2165 ;

2166 until_clause : Until compound_list do_group 2167 ;

2168 function_definition : fname ’(’ ’)’ linebreak function_body 2169 ;

2170 function_body : compound_command / * Apply rule (9) */ 2171 | compound_command redirect_list / * Apply rule (9) */ 2172 ;

2173 fname : NAME / * Apply rule (8) */ 2 2174 ;

2175 brace_group : Lbrace compound_list Rbrace 2176 ;

2177 do_group : Do compound_list Done 2178 ;

2179 simple_command : cmd_prefix cmd_word cmd_suffix 2180 | cmd_prefix cmd_word 2181 | cmd_prefix 2182 | cmd_name cmd_suffix 2183 | cmd_name 2184 ;

2185 cmd_name : WORD / * Apply rule (7)(a) */ 2186 ;

2187 cmd_word : WORD / * Apply rule (7)(b) */ 2188 ;

2189 cmd_prefix : io_redirect 2190 | cmd_prefix io_redirect 2191 | ASSIGNMENT_WORD 2192 | cmd_prefix ASSIGNMENT_WORD 2193 ;

2194 cmd_suffix : io_redirect 2195 | cmd_suffix io_redirect 2196 | WORD

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

3.10 Shell Grammar 237

2197 | cmd_suffix WORD 2198 ;

2199 redirect_list : io_redirect 2200 | redirect_list io_redirect 2201 ;

2202 io_redirect : io_file 2203 | IO_NUMBERio_file 2204 | io_here 2205 | IO_NUMBERio_here 2206 ;

2207 io_file : ’<’ filename 2208 | LESSAND filename 2209 | ’>’ filename 2210 | GREATAND filename 2211 | DGREAT filename 2212 | LESSGREAT filename 2213 | CLOBBER filename 2214 ;

2215 filename : WORD / * Apply rule (2) */ 2216 ;

2217 io_here : DLESS here_end 2218 | DLESSDASHhere_end 2219 ;

2220 here_end : WORD / * Apply rule (3) */ 2221 ;

2222 newline_list : NEWLINE 2223 | newline_list NEWLINE 2224 ;

2225 linebreak : newline_list 2226 | / * empty */ 2227 ;

2228 separator_op : ’&’ 2229 | ’;’ 2230 ;

2231 separator : separator_op linebreak 2232 | newline_list 2233 ;

2234 sequential_sep : ’;’ linebreak 2235 | newline_list 2236 ;

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

238 3 Shell Command Language

2237 3.10.3 Shell Grammar Rationale. (This subclause is not a part of P1003.2)

2238 There are several subtle aspects of this grammar where conventional usage 2239 implies rules about the grammar that in fact are not true.

2240 For compound_list , only the forms that end in a separator allow a reserved 2241 word to be recognized, so usually only a separator can be used where a com- 1 2242 pound list precedes a reserved word (such as Then , Else , Do, and Rbrace . Expli- 2243 citly requiring a separator would disallow such valid (if rare) statements as:

2244 if (false) then (echo x) else (echo y) fi

2245 See the NOTE under special grammar rule (1).

2246 Concerning the third sentence of rule (1) (‘‘Also,if the parser ...’’): 1

2247 — This sentence applies rather narrowly: when a compound list is terminated 1 2248 by some clear delimiter (such as the closing fi of an inner if_clause ) 1 2249 then it would apply; where the compound list might continue (as in after a 1 2250 ;), rule (7a) [and consequently the first sentence of rule (1)] would apply. In 1 2251 many instances the two conditions are identical, but this part of rule (1) 1 2252 does not give license to treating a WORDas a reserved words unless it is in a 1 2253 place where a reserved word must appear. 1

2254 — The statement is equivalent to requiring that when the LR(1) lookahead set 2 2255 contains exactly a reserved word, it must be recognized if it is present. 2 2256 (Here ‘‘LR(1)’’refers to the theoretical concepts, not to any real parser gen- 2 2257 erator.) 2

2258 For example, in the construct below, and when the parser is at the point 2 2259 marked with ^, the only next legal token is then (this follows directly from 2 2260 the grammar rules). 2

2261 if if....fi then .... fi 2 2262 ^ 2

2263 At that point, the then must be recognized as a reserved word. 2

2264 (Depending on the actual parser generator actually used, ‘‘extra’’ reserved 2 2265 words may be in some lookahead sets. It does not really matter if they are 2 2266 recognized, or even if any possible reserved word is recognized in that state, 2 2267 because if it is recognized and is not in the (theoretical) LR(1) lookahead 2 2268 set, an error will ultimately be detected. In the example above, if some 2 2269 other reserved word (e.g., while ) is also recognized, an error will occur 2 2270 later. 2

2271 This is approximately equivalent to saying that reserved words are recog- 2 2272 nized after other reserved words (because it is after a reserved word that 2 2273 this condition will occur), but avoids the ‘‘except for. ..’’list that would be 2 2274 required for case , for , etc. (Reserved words are of course recognized any- 2 2275 where a simple_command can appear, as well. Other rules take care of 2 2276 the special cases of nonrecognition, such as rule (4) for case statements.) 2

2277 Note that the body of here-documents are handled by Token Recognition (see 3.3) 2278 and do not appear in the grammar directly. (However, the here-document I/O

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

3.10 Shell Grammar 239

2279 redirection operator is handled as part of the grammar.)

2280 The start symbol of the grammar (complete_command ) represents either input 2281 from the command line or a shell script. It is repeatedly applied by the inter- 2282 preter to its input, and represents a single ‘‘chunk’’ of that input as seen by the 2283 interpreter. 1

2284 The processing of here-documents is handled as part of token recognition (see 3.3) 2285 rather than as part of the grammar.

2286 3.11 Signals and Error Handling

2287 When a command is in an asynchronous list, the shell shall prevent SIGQUIT and 2288 SIGINT signals from the keyboard from interrupting the command. Otherwise, 2289 signals shall have the values inherited by the shell from its parent (see also 2290 3.14.13).

2291 When a signal for which a trap has been set is received while the shell is waiting 1 2292 for the completion of a utility executing a foreground command, the trap associ- 1 2293 ated with that signal shall not be executed until after the foreground command 1 2294 has completed. When the shell is waiting, by means of the wait utility, for asyn- 1 2295 chronous commands to complete, the reception of a signal for which a trap has 1 2296 been set shall cause the wait utility to return immediately with an exit status 1 2297 >128, immediately after which the trap associated with that signal shall be taken. 1

2298 If multiple signals are pending for the shell for which there are associated trap 2299 actions (see 3.14.13), the order of execution of trap actions is unspecified.

2300 3.12 Shell Execution Environment

2301 A shell execution environment consists of the following:

2302 — Open files inherited upon invocation of the shell, plus open files controlled 2303 by exec .

2304 — Working Directory as set by cd (see 4.5).

2305 — File Creation Mask set by umask (see 4.67).

2306 — Current traps set by trap (see 3.14.13).

2307 — Shell parameters that are set by variable assignment (see set in 3.14.11) 2308 or from the POSIX .1 {8}environment inherited by the shell when it begins 2309 (see export in 3.14.8).

2310 — Shell functions (see 3.9.5.)

2311 — Options turned on at invocation or by set .

2312 — Process IDs of the last commands in asynchronous lists known to this shell 1 2313 environment; see 3.9.3.1. 1

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

240 3 Shell Command Language