-- --

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of Electrical and Electronics Engineers, Inc. 345 East 47th Street New York, NY 10017, USA All rights reserved as an unpublished work.

This is an unapproved and unpublished IEEE Standards Draft, subject to change.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

-- --

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