-- --

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of Electrical and Electronics Engineers, Inc. 345 East 47th Street New York, NY 10017, USA All rights reserved as an unpublished work.

This is an unapproved and unpublished IEEE Standards Draft, subject to change.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

-- --

P1003.2 Draft 11.2 ISO /IEC CD 9945-2.2

STANDARDS P ROJ ECT

Draft Standard for Inform ation Technology — P ortable Operating System Interface (P OSIX ) P art 2:

Shell and Utilities

Sponsor Technical Committee on Operating Systems and Application Environments of the IEEE Computer Society

Work Item Number: JTC 1.22.21.2

Abstract: ISO/IEC 9945-2: 199x (IEEE Std 1003.2-199x) is part of the POSIX series of standards for applications and user interfaces to open systems. It defines the applications interface to a shell command language and a set of utility programs for complex data manipulation.

Keywords: API, application portability, data processing, open systems, operating system, portable application, POSIX , shell and utilities

P 1003.2 / D11.2 Septem ber 1991

Copyright � 1991 by the Institute of Electrical and Electronics Engineers, Inc. 345 East 47th Street New York, NY 10017, USA All rights reserved.

This is an unapproved IEEE Standards Draft, subject to change. Permission is hereby granted for IEEE Standards Committee participants to reproduce this document for purposes of IEEE standardization activities. Permission is also granted for member bodies and technical committees of ISO and IEC to reproduce this document for purposes of developing a national position.

Other entities seeking permission to reproduce this document for standardization or other activities, or to reproduce portions of this document for these or other uses, 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] September 1991 SH XXXXX

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

1 Editor’s Notes

2 The IEEE ballot for Draft 11.2 is due at the IEEE Standards Office on 2 3 21 October 1991 . You are also asked to e-mail any balloting com- 2 4 ments to me: hlj @posix.com . Please read the balloting instruc- 2 5 tions in Annex G. 2

6 This document is also registered as ISO/IEC CD 9945-2.2. The international bal- 2 7 loting period is unrelated to the IEEE balloting. Member bodies, please consult 2 8 any accompanying materials from SC22. Also, please read the remainder of these 2 9 Editor Notes to see explanations of stylistic differences between a draft and the 2 10 final standard (copyright notices, inline rationale, etc.). 2

11 The IEEE balloting will be on hiatus during the international balloting period, 2 12 which is probably scheduled to complete at the May 1992 WG15 meeting. This is 2 13 in accordance with the WG15 Synchronization Plan, which calls for coordinated 2 14 balloting to result in the approval of an IEEE /ANSI standard that is identical to 2 15 the ISO/IEC Draft International Standard (DIS). There will be a final recircula- 2 16 tion of a full draft (12) to the IEEE balloting group before it is sent to the Stan- 2 17 dards Board. 2

18 This section will not appear in the final document. It is used for editorial com- 2 19 ments concerning this draft. Draft 11.2 is the fifth recirculation of the balloting 2 20 process that began in December 1988 with Draft 8. Please consult Annex G and 21 the cover letter for the ballot that accompanied this draft for information on how 22 the recirculation is accomplished.

23 This draft uses small numbers in the right margin in lieu of change bars. ‘‘2’’ 2 24 denotes changes from Draft 11.1 to Draft 11.2. ‘‘1’’denotes changes from Draft 11 2 25 to Draft 11.1. All diff-marks prior to Draft 11.1 have been removed. Trivial infor- 1 26 mative (i.e., non-normative) changes and purely editorial changes such as gram- 27 mar, spelling, or cross references are not diff-marked.

28 There are two versions of Draft 11.2 in circulation. The full printed version was 2 29 sent for SC22 balloting and is also available from the IEEE for a duplication fee 2 30 [call (800) 678-IEEE or +1 (908) 981-1393 outside the US]. The version sent to the 2 31 IEEE balloting group consists (mostly) of pages containing normative changes. 1 32 This was done to focus balloting group attention on the changes being balloted 1 33 and to reduce costs and administrative time. The changes-only version contains a 1 34 few handwritten pointers in the margins to show context where it would not be 1 35 obvious; numbers near the normal page numbers show what the corresponding 1 36 Draft 11 page number would be. 1

37 The following minor global changes have been made without diff-marks:

38 — Instances of the verbs ‘‘print,’’ ‘‘report,’’ ‘‘display,’’ ‘‘issue,’’ and ‘‘list’’ are 39 being changed to ‘‘write’’ as part of a general cleanup related to the UPE , 40 where ‘‘write’’ and ‘‘display’’ have precise meanings. This is probably not 41 completed and will continue throughout ballot resolution and the final edit- 42 ing process.

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

43 ISO and IEEE have tightened up the requirements for the use of ‘‘shall.’’ We have 44 been directed that all sentences that are currently declarative must be changed to 45 use the ‘‘shall’’ form if they pose a requirement: ‘‘The status is zero’’ ‘‘The 46 status shall be zero.’’ One specific instance of this was changing ‘‘The following 47 options/operands are available’’ to ‘‘The following options/operands shall be sup- 48 ported by the implementation.’’ Another: ‘‘The foo utility follows the utility 49 argument syntax standard described in 2.11.2’’ to ‘‘The foo utility shall conform 50 to the utility argument syntax guidelines described in 2.10.2.’’ It is a tedious pro- 51 cess to do all these translations and they are not complete. They will completed 52 on a draft-by-draft basis. In the meantime, please assume that all declarative 53 sentences mean to use ‘‘shall’’ and treat them as either implementation or appli- 54 cation requirements unless they specifically say ‘‘may,’’‘‘should,’’ or ‘‘can.’’

55 The rationale text for all the sections has been temporarily moved from Annex E 56 and interspersed with the appropriate sections. The rationale sections are 57 identified with the phrase ‘‘(This subclause is not a part of P1003.2) ’’in the heading. This 58 colocation of rationale with its accompanying text was done to encourage the 59 Technical Reviewers to maintain the rationale text, as well as provide explana- 60 tions to the reviewers and balloters. Not all of the Rationale sections have con- 61 tents as of this draft. The empty sections may be partially distracting, but we feel 62 it is imperative to keep them there to encourage the Technical Reviewers to pro- 63 vide rationale as needed.

64 Please report typographical errors to:

65 Hal Jespersen 66 POSIX Software Group 67 447 Lakeview Way 68 Redwood City, CA 94062 69 +1 (415) 364-3410 70 FAX: +1 (415) 364-4498 71 Email: hlj @Posix. COM

72 (Electronic mail is preferred.)

73 The copying and distribution of IEEE balloting drafts is accomplished by the Stan- 74 dards Office. To report problems with reproduction of your copy, contact: 2

75 Anna Kaczmarek 2 76 IEEE Standards Office 77 P.O. Box 1331 78 445 Hoes Lane 79 Piscataway, NJ 08855-1331

80 +1 (908) 562-3811 2 81 FAX: +1 (908) 562-1571

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

82 Additional copies of this draft are available for a duplication and mailing fee. 2 83 Contact: 2

84 IEEE Publications 2 85 1 (800) 678-IEEE 2 86 +1 (908) 981-1393 [outside US] 2

87 This draft is available in various electronic forms to assist the review process. 2 88 Our thanks to Andrew Hume of AT&T Bell Laboratories for providing online 2 89 access facilities. Note that this is a limited experiment in providing online access; 2 90 future ballots may provide other forms, such as diskettes or a bulletin board 2 91 arrangement, but the instructions shown here are the only methods currently 2 92 available. Please also observe the additional copyright restrictions that are 2 93 described in the online files. 2

94 Assuming you have access to the Internet, the scenario is approximately 2

95 ftp research.att.com # research’s IP address is 192.20.225.2 2 96 <login as netlib; password is your email address> 2 97 cd posix/p1003.2/d11.2 2 98 get toc index 2 99 binary 2 100 get p11-20.Z 2

101 The draft is available in several forms. The table of contents can be found in toc , 2 102 pages containing a particular section are stored under the section number, sets of 2 103 pages are stored in files with names of the form pn- m, and the entire draft is 2 104 stored in all . By default, files are ASCII. A .ps suffix indicates PostScript. A .Z 2 105 suffix indicates a compress ’ed file. The file index contains a general description 2 106 of the files available. 2

107 These files are also available via electronic mail by sending a message like 2

108 send 3.4 3.5 9.2 from posix/p1003.2/d11.2 2

109 to netlib @research.att.com . If you use email, you should not ask for the 2 110 compressed version. For a more complete introduction to this form of netlib , send 2 111 the message 2

112 send help 2

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

113 POSIX. 2 Change History 114 This section is provided to track major changes between drafts. Since it was first 115 added in Draft 11, earlier entries omit some degree of detail. 116 Draft 11.2 [September 1991] Sixth IEEE ballot (fifth recirculation; only 2 117 changed pages distributed). Second ISO/IEC CD 9945-2 registra- 2 118 tion (full draft distributed). 2 119 — Equivalence classes as starting/ending points of regular 2 120 expression bracket expression range expression have been 2 121 made unspecified. 2 122 — The LC_COLLATE substitute keyword has been deleted. 2 123 — cksum (4.9): Modifications to the algorithm. 2 124 — cp (4.13): Restoration of the 2 125 — stty (4.59): Addition of the tostop operand. 2 126 — lex (A.2): Further clarification of ERE differences. 2 127 — Miscellaneous clarifications to various utilities. 2 128 Draft 11.1 [June 1991] Fifth IEEE ballot (fourth recirculation; only changed 1 129 pages distributed). 1 130 — Modification of the definition of byte and clarifications of 1 131 octal/hexadecimal byte representations throughout the utili- 1 132 ties. 1 133 — Clarifications to the locale definition source file description in 1 134 2.5; addition of a yacc grammar. 1 135 — Removal of pax - e character translation option. 1 136 — Miscellaneous clarifications to various utilities. 1 137 — Reconciliation of feature test macros and headers in Annex B 1 138 with POSIX. 1. 1 139 Draft 11 [February 1991] Fourth IEEE ballot (third recirculation). 140 — Changes in 2.3 to the treatment of regular built-ins in regards 141 to their exec-able versions. 142 — Changes to 2.4 (character names and charmap syntax) and 2.5 143 (localedef input format) as a result of international ballot- 144 ing. Addition of the {POSIX 2_LOCALEDEF }symbol. 145 — Changes to the shell quoting rules, arithmetic expression syn- 146 tax, command search order, error descriptions, and exportable 147 functions. 148 — Movement of the command utility from special built-in status 149 to be a utility in Section 4.

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

150 — cp (4.13): Significant clarifications and interface changes.

151 — date (4.15): Added field descriptor modifiers to handle alter- 152 nate calendar forms when supported by the locale and imple- 153 mentation.

154 — pax (4.48): Significant interface changes, including interna- 155 tional character set translations.

156 — test (4.62): Deprecated some functionality due to incon- 157 sistent behavior in existing implementations that cause porta- 158 bility problems in existing applications.

159 — make (6.2): Addition of the . POSIX special target, return of 160 some rules to strict existing practice.

161 — Miscellaneous clarifications to various utilities.

162 — The FORTRAN section now has two options associated with it: 163 Development Utilities (fort77 ) and Runtime Utilities (asa ).

164 — Addition of full example profiles and charmaps from Denmark 165 in Annex F.

166 Draft 10 [July 1990] Third IEEE ballot (second recirculation).

167 — This draft primarily has been one of clarification and 168 amplification. In resolving ballot objections, large portions of 169 the draft have been rewritten, affecting all sections, but com- 170 paratively few changes in [intended] functionality have 171 occurred.

172 — New shell command language features (see Section 3):

173 — Utility name changes:

174 Draft 9 Draft 10 hhhhhhhhh hhhhhhhhh 175 create pathchk 176 hexdump od 177 sendto mailx

178 — A few of the utilities and global sections now have a more for- 179 mal description, using a yacc -like grammar.

180 — Considerably more detail has been added to the internationali- 181 zation features of the standard: global changes to clauses 2.4 182 and 2.5; new detail to the LC_* variables in each utility sec- 183 tion; specification of LC_MESSAGES (replacing 184 LC_RESPONSE ).

185 — Due to some ISO requirements, Sections 1 and 2 have been 186 reorganized yet again, causing many cross reference number 187 changes. The Related Standards annex has been turned into 188 simply a Bibliography. The Non-Specified Language Com- 189 pilers annex has been replaced by a Sample National Profile

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

190 annex.

191 Draft 9 [August 1989] Second IEEE ballot (first recirculation). Also 192 registered as ISO/IEC CD 9945-2.1. A few minor corrections to 193 some sections. :-)

194 Draft 8 [December 1988] First IEEE ballot. Also submitted to ISO/IEC 195 JTC 1/SC22 for review and comment.

196 Draft 7 [September 1988] ‘‘Mock ballot’’ conducted by working group 197 members only.

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

198 POSIX. 2 Technical Reviewers

199 The individuals denoted in Table i are the Technical Reviewers for this draft. 200 During balloting they are the subject matter experts who coordinate the resolu- 201 tion process for specific sections, as shown.

202 Table i — POSIX. 2 Technical Reviewers

203 hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh 204 Section Description Reviewer iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

205 1 General Jespersen 206 2.4,2.5 Definitions (Locales) Leijonhufvud 1 207 2 (rest) Definitions (Various) Jespersen 208 3 Command Language Jespersen 209 Execution Environment Utilities: cp, rm 2

4 Bostic 210 Execution Environment Utilities: (the rest) 2

4 Jespersen 211 6 Software Development Utilities Jespersen 212 7 Language-Independent Bindings Jespersen 2 213 A C Development Utilities Jespersen 214 B C Bindings Jespersen 2 215 C FORTRAN Development and Runtime Utilities Jespersen 216 D-G Various Jespersen 217 hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

218 Also, our special thanks to Donn Terry for writing or improving all the yacc - 219 based grammars used in Draft 10.

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

220 POSIX. 2 Proposed Schedule

221 This section will not appear in the final document. It is used to provide editorial 222 notes regarding the proposed POSIX. 2 schedule. In the schedule, the UPE stands 223 for ‘‘User Portability Extension.’’

224 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

225 Date Milestone (End of Meeting) Draft iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 226 Sep 7-11, 1987 Utility format frozen; 3 227 Nashua, NH 10% of utilities described. iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 228 Dec 7-14, 87 50% of utilities described; 4 229 San Diego, CA shell update; substantial 230 progress in Sections 2, 3, 4, 8. iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 231 Mar 14-18, 1988 Utility selection frozen; 5 232 Washington, DC 75% described. iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 233 Jul 11-15, 1988 100% utilities described; 6 234 Denver, CO functional freeze; produce ‘‘mock 235 ballot’’ and POSIX FIPS draft 7 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 236 [Sep-Oct 1988] [Mock ballot] 7 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 237 Oct 24-28, 1988 Resolve mock ballot objections; 7 238 Honolulu, HI produce first real ballot (draft 8) 239 UPE planning begins iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 240 [Jan-Feb 1989] [First ballot] 8 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 241 Jan 9-11, 1989 Begin UPE definitions; 8 242 Ft. Lauderdale, FL Technical Reviewer coordination 243 of first ballot responses iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 244 [Feb-Apr 1989] [Ballot resolution] 8 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 245 Apr 24-28, 1989 Working Group concurrence with 9 246 Minneapolis, MN ballot resolution; produce Draft 9 247 for recirculation; UPE work iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 248 Jul 10-14, 1989 UPE work 249 San Jose, CA iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 250 [Oct 1989] [First Recirculation] 9 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 251 [Nov-Feb 1990] [Ballot resolution] 9 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 252 [Aug-Sep 1990] [Second Recirculation] 10 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 253 [Mar 1991] [Third Recirculation] 11 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 254 [Jun 1991] [Fourth Recirculation] 11.1 1 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 255 [Sep 1991] [Fifth Recirculation] 11.2 1 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 256 [mid-1992] [IEEE Standard Board Approves??] 12 2 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 257 [Jul 1990 - Apr 1992] [Ballot .2a UPE supplement] 1 258 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c

c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c

c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c

c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c

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

IEEE Standards documents are developed within the Technical Committees of the IEEE Societies and the Standards Coordinating Committees of the IEEE Standards Board. Members of the committees serve voluntarily and without compensation. They are not necessarily members of the Institute. The standards developed within IEEE represent a consensus of the broad expertise on the subject within the Institute as well as those activities outside of IEEE that have expressed an interest in participating in the development of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE Standard does not imply that there are no other ways to produce, test, measure, purchase, market, or provide other goods and services related to the scope of the IEEE Standard. Furthermore, the viewpoint expressed at the time a standard is approved and issued is subject to change brought about through developments in the state of the art and comments received from users of the standard. Every IEEE Standard is subjected to review at least every five years for revision or reaffirmation. When a document is more than five years old and has not been reaffirmed, it is reasonable to conclude that its contents, although still of some value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that they have the latest edition of any IEEE Standard.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership affiliation with IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to specific applications. When the need for interpretations is brought to the attention of the IEEE , the Institute will initiate action to prepare appropriate responses. Since IEEE Standards represent a consensus of all concerned interests, it is important to ensure that any interpretation has also received the concurrence of a balance of interests. For this reason, the IEEE and the members of its technical committees are not able to provide an instant response to interpretation requests except in those cases where the matter has previously received formal consideration.

Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE Standards Board 445 Hoes Lane P.O. Box 1331 Piscataway, NJ 08855-1331 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii IEEE Standards documents are adopted by the Institute of Electrical and Electronics Engineers without regard to whether their adoption may involve patents on articles, materials, or processes. Such adoption does not assume any liability to any patent owner, nor does it assume any obligation whatever to parties adopting the standards documents. iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii cc c c c c c

cc c c c c c

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

Contents

PAGE

Introduction . . . . . . . . . . . . . . . . . . . . . . viii Organization of the Standard . . . . . . . . . . . . . . . viii Base Documents . . . . . . . . . . . . . . . . . . . ix Related Standards Activities . . . . . . . . . . . . . . . x

Section 1: General . . . . . . . . . . . . . . . . . . . . 1 1.1 Scope . . . . . . . . . . . . . . . . . . . . . 1 1.2 Normative References . . . . . . . . . . . . . . . . 12 1.3 Conformance . . . . . . . . . . . . . . . . . . . 12

Section 2: Terminology and General Requirements . . . . . . . . 19 2.1 Conventions . . . . . . . . . . . . . . . . . . . 19 2.2 Definitions . . . . . . . . . . . . . . . . . . . 23 2.3 Built-in Utilities . . . . . . . . . . . . . . . . . 51 2.4 Character Set . . . . . . . . . . . . . . . . . . 54 2.5 Locale . . . . . . . . . . . . . . . . . . . . . 61 2.6 Environment Variables . . . . . . . . . . . . . . . 103 2.7 Required Files . . . . . . . . . . . . . . . . . . 109 2.8 Regular Expression Notation . . . . . . . . . . . . . 110 2.9 Dependencies on Other Standards . . . . . . . . . . . 138 2.10 Utility Conventions . . . . . . . . . . . . . . . . 147 2.11 Utility Description Defaults . . . . . . . . . . . . . 156 2.12 File Format Notation . . . . . . . . . . . . . . . . 168 2.13 Configuration Values . . . . . . . . . . . . . . . . 173

Section 3: Shell Command Language . . . . . . . . . . . . . 181 3.1 Shell Definitions . . . . . . . . . . . . . . . . . 183 3.2 Quoting . . . . . . . . . . . . . . . . . . . . 185 3.3 Token Recognition . . . . . . . . . . . . . . . . . 188 3.4 Reserved Words . . . . . . . . . . . . . . . . . . 190 3.5 Parameters and Variables . . . . . . . . . . . . . . 192 3.6 Word Expansions . . . . . . . . . . . . . . . . . 195 3.7 Redirection . . . . . . . . . . . . . . . . . . . 209 3.8 Exit Status and Errors . . . . . . . . . . . . . . . 214 3.9 Shell Commands . . . . . . . . . . . . . . . . . 216 3.10 Shell Grammar . . . . . . . . . . . . . . . . . . 233 3.11 Signals and Error Handling . . . . . . . . . . . . . 240 3.12 Shell Execution Environment . . . . . . . . . . . . . 240 3.13 Pattern Matching Notation . . . . . . . . . . . . . . 242 3.14 Special Built-in Utilities . . . . . . . . . . . . . . . 246

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

PAGE

Section 4: Execution Environment Utilities . . . . . . . . . . . 263 4.1 awk — Pattern scanning and processing language . . . . . . 263 4.2 basename — Return nondirectory portion of pathname . . . . 297 4.3 bc — Arbitrary-precision arithmetic language . . . . . . . 301 4.4 cat — Concatenate and print files . . . . . . . . . . . 318 4.5 cd — Change working directory . . . . . . . . . . . . 322 4.6 chgrp — Change file group ownership . . . . . . . . . . 326 4.7 chmod — Change file modes . . . . . . . . . . . . . 329 4.8 chown — Change file ownership . . . . . . . . . . . . 337 4.9 cksum — Write file checksums and sizes . . . . . . . . . 341 4.10 cmp — Compare two files . . . . . . . . . . . . . . 347 4.11 comm— Select or reject lines common to two files . . . . . . 350 4.12 command — Execute a simple command . . . . . . . . . 354 4.13 cp — Copy files . . . . . . . . . . . . . . . . . . 359 4.14 cut — Cut out selected fields of each line of a file . . . . . . 368 4.15 date — Write the date and time . . . . . . . . . . . . 373 4.16 dd — Convert and copy a file . . . . . . . . . . . . . 379 4.17 diff — Compare two files . . . . . . . . . . . . . . 388 4.18 dirname — Return directory portion of pathname . . . . . . 395 4.19 echo — Write arguments to standard output . . . . . . . . 399 4.20 ed — Edit text . . . . . . . . . . . . . . . . . . 402 4.21 env — Set environment for command invocation . . . . . . 419 4.22 expr — Evaluate arguments as an expression . . . . . . . 423 4.23 false — Return false value . . . . . . . . . . . . . 428 4.24 find — Find files . . . . . . . . . . . . . . . . . 430 4.25 fold — Fold lines . . . . . . . . . . . . . . . . . 438 4.26 getconf — Get configuration values . . . . . . . . . . 442 4.27 getopts — Parse utility options . . . . . . . . . . . . 447 4.28 grep — File pattern searcher . . . . . . . . . . . . . 452 4.29 head — Copy the first part of files . . . . . . . . . . . 459 4.30 id — Return user identity . . . . . . . . . . . . . . 462 4.31 join — Relational database operator . . . . . . . . . . 466 4.32 kill — Terminate or signal processes . . . . . . . . . . 471 4.33 ln — Link files . . . . . . . . . . . . . . . . . . 476 4.34 locale — Get locale-specific information . . . . . . . . . 480 4.35 localedef — Define locale environment . . . . . . . . . 486 4.36 logger — Log messages . . . . . . . . . . . . . . . 491 4.37 logname — Return user’s login name . . . . . . . . . . 494 4.38 lp — Send files to a printer . . . . . . . . . . . . . . 496 4.39 ls — List directory contents . . . . . . . . . . . . . 502 4.40 mailx — Process messages . . . . . . . . . . . . . . 510 4.41 mkdir — Make directories . . . . . . . . . . . . . . 514 4.42 mkfifo — Make FIFO special files . . . . . . . . . . . 518 4.43 mv — Move files . . . . . . . . . . . . . . . . . . 521 4.44 nohup — Invoke a utility immune to hangups . . . . . . . 526 4.45 od — Dump files in various formats . . . . . . . . . . . 530 4.46 paste — Merge corresponding or subsequent lines of files . . . 538

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

PAGE

4.47 pathchk — Check pathnames . . . . . . . . . . . . . 543 4.48 pax — Portable archive interchange . . . . . . . . . . . 548 4.49 pr — Print files . . . . . . . . . . . . . . . . . . 562 4.50 printf — Write formatted output . . . . . . . . . . . 568 4.51 pwd — Return working directory name . . . . . . . . . . 574 4.52 read — Read a line from standard input . . . . . . . . . 576 4.53 rm — Remove directory entries . . . . . . . . . . . . 579 4.54 rmdir — Remove directories . . . . . . . . . . . . . 584 4.55 sed — Stream editor . . . . . . . . . . . . . . . . 587 4.56 sh — Shell, the standard command language interpreter . . . 597 4.57 sleep — Suspend execution for an interval . . . . . . . . 603 4.58 sort — Sort, merge, or sequence check text files . . . . . . 605 4.59 stty — Set the options for a terminal . . . . . . . . . . 613 4.60 tail — Copy the last part of a file . . . . . . . . . . . 623 4.61 tee — Duplicate standard input . . . . . . . . . . . . 628 4.62 test — Evaluate expression . . . . . . . . . . . . . 631 4.63 touch — Change file access and modification times . . . . . 640 4.64 tr — Translate characters . . . . . . . . . . . . . . 645 4.65 true — Return true value . . . . . . . . . . . . . . 652 4.66 tty — Return user’s terminal name . . . . . . . . . . . 654 4.67 umask — Get or set the file mode creation mask . . . . . . . 657 4.68 uname — Return system name . . . . . . . . . . . . . 662 4.69 uniq — Report or filter out repeated lines in a file . . . . . . 665 4.70 wait — Await process completion . . . . . . . . . . . 669 4.71 wc — Word, line, and byte count . . . . . . . . . . . . 674 4.72 xargs — Construct argument list(s) and invoke utility . . . . 678

Section 5: User Portability Utilities Option . . . . . . . . . . . 685

Section 6: Software Development Utilities Option . . . . . . . . . 687 6.1 ar — Create and maintain library archives . . . . . . . . 687 6.2 make — Maintain, update, and regenerate groups of programs . . 695 6.3 strip — Remove unnecessary information from executable files . 716

Section 7: Language-Independent System Services . . . . . . . . 719 7.1 Shell Command Interface . . . . . . . . . . . . . . 720 7.2 Access Environment Variables . . . . . . . . . . . . . 720 7.3 Regular Expression Matching . . . . . . . . . . . . . 721 7.4 Pattern Matching . . . . . . . . . . . . . . . . . 721 7.5 Command Option Parsing . . . . . . . . . . . . . . 721 7.6 Generate Pathnames Matching a Pattern . . . . . . . . . 722 7.7 Perform Word Expansions . . . . . . . . . . . . . . 722 7.8 Get POSIX Configurable Variables . . . . . . . . . . . 722 7.9 Locale Control . . . . . . . . . . . . . . . . . . 723

Annex A (normative) C Language Development Utilities Option . . . . 725 A.1 c89 — Compile Standard C programs . . . . . . . . . . 726

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

PAGE

A.2 lex — Generate programs for lexical tasks . . . . . . . . 736 A.3 yacc — Yet another compiler compiler . . . . . . . . . . 750

Annex B (normative) C Language Bindings Option . . . . . . . . 771 B.1 C Language Definitions . . . . . . . . . . . . . . . 772 B.1.1 POSIX Symbols . . . . . . . . . . . . . . . . 772 B.1.2 Headers and Function Prototypes . . . . . . . . . 774 B.1.3 Error Numbers . . . . . . . . . . . . . . . . 774 B.2 C Numerical Limits . . . . . . . . . . . . . . . . 775 B.2.1 C Macros for Symbolic Limits . . . . . . . . . . . 775 B.2.2 Compile-Time Symbolic Constants for Portability

Specifications . . . . . . . . . . . . . . . . 776 B.2.3 Execution-Time Symbolic Constants for Portability

Specifications . . . . . . . . . . . . . . . . 777 B.2.4 POSIX. 1 C Numerical Limits . . . . . . . . . . . 777 B.3 C Binding for Shell Command Interface . . . . . . . . . 778 B.3.1 C Binding for Execute Command . . . . . . . . . . 778 B.3.2 C Binding for Pipe Communications with Programs . . . 782 B.4 C Binding for Access Environment Variables . . . . . . . . 786 B.5 C Binding for Regular Expression Matching . . . . . . . . 786 B.6 C Binding for Match Filename or Pathname . . . . . . . . 794 B.7 C Binding for Command Option Parsing . . . . . . . . . 796 B.8 C Binding for Generate Pathnames Matching a Pattern . . . . 799 B.9 C Binding for Perform Word Expansions . . . . . . . . . 804 B.10 C Binding for Get POSIX Configurable Variables . . . . . . 809 B.11 C Binding for Locale Control . . . . . . . . . . . . . 812

Annex C (normative) FORTRAN Development and Runtime Utilities Options . . . . . . . . . . . . . . . . . . . . . . . 813 C.1 asa — Interpret carriage-control characters . . . . . . . . 813 C.2 fort77 — FORTRAN compiler . . . . . . . . . . . . . 817

Annex D (informative) Bibliography . . . . . . . . . . . . . 825

Annex E (informative) Rationale and Notes . . . . . . . . . . . 829 E.1 General . . . . . . . . . . . . . . . . . . . . 829 E.2 Terminology and General Requirements . . . . . . . . . 830 E.3 Shell Command Language . . . . . . . . . . . . . . 831 E.4 Execution Environment Utilities . . . . . . . . . . . . 832 E.5 User Portability Utilities Option . . . . . . . . . . . . 843 E.6 Software Development Utilities Option . . . . . . . . . . 843 E.7 Language-Independent System Services . . . . . . . . . 844 E.8 C Language Development Utilities Option . . . . . . . . . 844 E.9 C Language Bindings Option . . . . . . . . . . . . . 845 E.10 FORTRAN Development and Runtime Utilities Options . . . . 846

Annex F (informative) Sample National Profile . . . . . . . . . 847

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

PAGE

Annex G (informative) Balloting Instructions . . . . . . . . . . 919

Identifier Index . . . . . . . . . . . . . . . . . . . . . 929

Alphabetic Topical Index . . . . . . . . . . . . . . . . . . 933

FIGURES

Figure B-1 - Sample system () Implementation . . . . . . . . . 781 Figure B-2 - Sample pclose () Implementation . . . . . . . . . 785 Figure B-3 - Example Regular Expression Matching . . . . . . . 791 Figure B-4 - Argument Processing with getopt () . . . . . . . . 798

TABLES

Table 2-1 - Typographical Conventions . . . . . . . . . . . . 19 Table 2-2 - Regular Built-in Utilities . . . . . . . . . . . . 51 Table 2-3 - Character Set and Symbolic Names . . . . . . . . . 54 Table 2-4 - Control Character Set . . . . . . . . . . . . . 56 Table 2-5 - LC_CTYPE Category Definition in the POSIX Locale . . . 68 Table 2-6 - Valid Character Class Combinations . . . . . . . . 71 Table 2-7 - LC_COLLATE Category Definition in the POSIX Locale . . 74 Table 2-8 - LC_MONETARY Category Definition in the POSIX Locale . 84 Table 2-9 - LC_NUMERIC Category Definition in the POSIX Locale . 88 Table 2-10 - LC_TIME Category Definition in the POSIX Locale . . . 89 Table 2-11 - LC_MESSAGES Category Definition in the POSIX Locale . 92 Table 2-12 - BRE Precedence . . . . . . . . . . . . . . . 117 Table 2-13 - ERE Precedence . . . . . . . . . . . . . . . 120 Table 2-14 - C Standard Operators and Functions . . . . . . . . 146 Table 2-15 - Escape Sequences . . . . . . . . . . . . . . 169 Table 2-16 - Utility Limit Minimum Values . . . . . . . . . . 173 Table 2-17 - Symbolic Utility Limits . . . . . . . . . . . . . 174 Table 2-18 - Optional Facility Configuration Values . . . . . . . 179 Table 4-1 - awk Expressions in Decreasing Precedence . . . . . . 268 Table 4-2 - awk Escape Sequences . . . . . . . . . . . . . 289 Table 4-3 - bc Operators . . . . . . . . . . . . . . . . 307 Table 4-4 - ASCII to EBCDIC Conversion . . . . . . . . . . . 385 Table 4-5 - ASCII to IBM EBCDIC Conversion . . . . . . . . . 386 Table 4-6 - dirname Examples . . . . . . . . . . . . . . 398 Table 4-7 - expr Expressions . . . . . . . . . . . . . . . 425 Table 4-8 - od Named Characters . . . . . . . . . . . . . 534 Table 4-9 - stty Control Character Names . . . . . . . . . . 617

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

Table 4-10 - stty Circumflex Control Characters . . . . . . . . 618 Table 7-1 - POSIX.1 Numeric-Valued Configurable Variables . . . . 723 Table A-1 - lex Table Size Declarations . . . . . . . . . . . 741 Table A-2 - lex Escape Sequences . . . . . . . . . . . . . 743 Table A-3 - lex ERE Precedence . . . . . . . . . . . . . 743 Table A-4 - yacc Internal Limits . . . . . . . . . . . . . 765 Table B-1 - POSIX.2 Reserved Header Symbols . . . . . . . . . 773 Table B-2 - _POSIX_C_SOURCE . . . . . . . . . . . . . . 773 Table B-3 - C Macros for Symbolic Limits . . . . . . . . . . . 775 Table B-4 - C Compile-Time Symbolic Constants . . . . . . . . 776 Table B-5 - C Execution-Time Symbolic Constants . . . . . . . . 777 Table B-6 - Structure Type regex_t . . . . . . . . . . . . . 787 Table B-7 - Structure Type regmatch_t . . . . . . . . . . . 787 Table B-8 - regcomp () cflags Argument . . . . . . . . . . . 787 Table B-9 - regexec () eflags Argument . . . . . . . . . . . 787 Table B-10 - regcomp (), regexec () Return Values . . . . . . . 790 Table B-11 - fnmatch () flags Argument . . . . . . . . . . . 794 Table B-12 - Structure Type glob_t . . . . . . . . . . . . . 800 Table B-13 - glob () flags Argument . . . . . . . . . . . . . 800 Table B-14 - glob () Error Return Values . . . . . . . . . . . 802 Table B-15 - Structure Type wordexp_t . . . . . . . . . . . 804 Table B-16 - wordexp () flags Argument . . . . . . . . . . . 805 Table B-17 - wordexp () Return Values . . . . . . . . . . . 806 Table B-18 - confstr () name Values . . . . . . . . . . . . 809 Table B-19 - C Bindings for Numeric-Valued Configurable Variables . 811

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

Introduction

(This Introduction is not a normative part of P1003.2 Information technology — Portable Operating System Interface (POSIX ) — Part 2: Shell and Utilities, but is included for information only.)

1 The purpose of this standard is to define a standard interface and environment 2 for application programs that require the services of a ‘‘shell’’command language 3 interpreter and a set of common utility programs. It is intended for systems 4 implementors and application software developers, and is complementary to 5 ISO/IEC 9945-1: 1990 {8}(first in a family of ‘‘POSIX ’’standards), which specifies 6 operating system interfaces and source code level functions, based on the UNIX^{1)} 7 system documentation. This standard, or ‘‘POSIX. 2,’’is based upon documentation 8 and the knowledge of existing programs that assume an interface and architec- 9 ture similar to that described by POSIX. 1. (See 1.1 for a full description of the 10 relationship between the standards.)

11 The majority of this standard describes the functions of utilities that can interface 12 with application programs. The standard also provides high-level language inter- 13 faces that the application uses to access these utilities and other useful, related 14 services. These language-independent service interfaces are temporarily 15 described in terms of their C language bindings. The C language assumed is that 16 defined by the C Standard: ANSI /X3.159-1989 Programming Language C Stan- 17 dard produced by Technical Committee X3J11 of the Accredited Standards Com- 18 mittee X3 — Information Processing Systems.

19 Organization of the Standard

20 The standard is divided into ten parts:

21 — General, including a statement of scope, normative references, and confor- 22 mance requirements. (Section 1).

23 — Definitions, general requirements, and the environment available to appli- 24 cations. (Section 2).

25 — The shell command interpreter language. (Section 3).

26 — Descriptions of the utilities in the required ‘‘Execution Environment Utili- 27 ties.’’ (Section 4).

28 — Descriptions of the utilities required for user portability on asynchronous 29 terminals. (Section 5 [to be provided in a future revision]).

30 — Descriptions of the utilities in the optional ‘‘Software Development Utili- 31 ties.’’ (Section 6).

hhhhhhhhhhhhhhhh 32 1) UNIX is a registered trademark of UNIX System Laboratories in the USA and other countries.

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

33 — Language-independent interfaces for high-level programming language 34 access to shell and related services. (Section 7).

35 — Descriptions of the utilities in the optional ‘‘CLanguage Development Utili- 36 ties.’’ (Normative Annex A).

37 — C language bindings to the interfaces in Section 6. (Normative Annex B).

38 — Descriptions of the utilities in the optional ‘‘FORTRAN Development and 39 Runtime Utilities.’’ (Normative Annex C).

40 This introduction, the foreword, any footnotes, NOTES accompanying the text, and 41 the informative annexes are not considered part of the standard. Annexes D 42 through G are informative. 43 Base Documents

44 Many of the interfaces and utilities of this standard were adapted from materials 45 in machine-readable forms donated by the following organizations:

46 — AT&T: the System V Interface Definition (SVID ) {B24},^{2)} Issue 2, Volume 2. 47 Copyright � 1986, AT&T; reprinted with permission.

48 — The X/Open Company, Ltd.: the X/Open Portability Guide {B30} {B31}, 49 Issues II and III , Volume 1. Copyright � 1989, X/Open Company, Ltd; 50 reprinted with permission.

51 — University of California, The UNIX User’s Reference Manual {B28}, 4.3 52 Berkeley Software Distribution, Virtual VAX-11 Version, 1986. Copyright 53 � 1980, 1983, The Regents of the University of California; reprinted with 54 permission.^{3)}

55 Significant reference use was also made of the following books:

56 — Bolsky, Morris I., Korn, David G., The KornShell Command and Program- 57 ming Language {B25},Prentice Hall, Englewood Cliffs, New Jersey (1988).

58 — Aho, Alfred V., Kernighan, Brian W., Weinberger, Peter J., The AWK Pro- 59 gramming Language {B21}, Addison-Wesley, Reading, Massachusetts 60 (1988).

61 Many other proposals for functions and utilities were received from the various 62 working group members, who are listed in the Acknowledgements section of this 63 standard.

hhhhhhhhhhhhhhhh 64 2) The number in braces corresponds to those of the references in 1.2 (or the bibliographic entry in 65 Annex D if the number is preceded by the letter B). 66 3) The IEEE is grateful to AT&T, UniForum, and the Regents of the University of California for 67 permission to use their machine-readable materials.

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

68 Related Standards Activities

69 Activities to extend this standard to address additional requirements are in pro- 70 gress, and similar efforts can be anticipated in the future.

71 The following areas are under active consideration at this time, or are expected to 72 become active in the near future:^{4)}

73 (1) Language-independent service descriptions of POSIX .1 {8}

74 (2) C, Ada, and FORTRAN Language bindings to (1)

75 (3) Verification testing methods

76 (4) Realtime facilities

77 (5) Secure/Trusted System considerations

78 (6) Network interface facilities

79 (7) System Administration

80 (8) Graphical User Interfaces

81 (9) Profiles describing application- or user-specific combinations of Open Sys- 82 tems standards for: supercomputing, multiprocessor, and batch exten- 83 sions; transaction processing; realtime systems; and multiuser systems 84 based on historical models

85 (10) An overall guide to POSIX -based or related Open Systems standards and 86 profiles

87 Extensions are approved as ‘‘amendments’’ or ‘‘revisions’’ to this document, follow- 88 ing the IEEE and ISO/IEC Procedures.

89 Approved amendments are published separately until the full document is 90 reprinted and such amendments are incorporated in their proper positions.

91 If you have interest in participating in the TCOS working groups addressing these 92 issues, please send your name, address, and phone number to the Secretary, IEEE 93 Standards Board, Institute of Electrical and Electronics Engineers, Inc., P.O. Box 94 1331, 445 Hoes Lane, Piscataway, NJ 08855-1331, and ask to have this forwarded 95 to the chairperson of the appropriate TCOS working group. If you have interest in 96 participating in this work at the international level, contact your ISO/IEC national 97 body.

hhhhhhhhhhhhhhhh 98 4) A Standards Status Report that lists all current IEEE Computer Society standards projects is 99 available from the IEEE Computer Society, 1730 Massachusetts Avenue NW, Washington, DC 100 20036-1903; Telephone: +1 202 371-0101; FAX: +1 202 728-9614. Working drafts of POSIX 101 standards under development are also available from this office.

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

102 P1003.2 was prepared by the 1003.2 working group, sponsored by the Technical 103 Committee on Operating Systems and Application Environments of the IEEE 104 Computer Society. At the time this standard was approved, the membership of 105 the 1003.2 working group was as follows:

106 Technical Committee on Operating Systems 107 and Application Environments (TCOS)

108 Chair: Jehan-Franc ,ois Pâ ris

109 TCOS Standards Subcommittee

110 Chair: Jim Isaak 111 Vice Chairs: Ralph Barker 112 David Dodge 113 Robert Bismuth 114 Hal Jespersen 115 Lorraine Kevra 116 Treasurer: Quin Hahn 117 Secretary: Shane McCarron

118 1003.2 Working Group Officials

119 Chair: Hal Jespersen 120 Vice Chair: Donald W. Cragun 121 Editors: Hal Jespersen (1986, 1988-1991) 122 Maggie Lee (1987-1988) 123 Secretaries: Helene Armitage (1988-1990) 124 Dave Grindeland (1991) 125 Robert J. Makowski (1987-1988)

126 Technical Reviewers

127 Helene Armitage Ken Faubel Gary Miller 128 Keith Bostic Greger Leijonhufvud Marc Teitelbaum 129 John Caywood Bob Lenk Donn Terry 130 Donald Cragun Mark Levine Teoman Topcubasi 131 David Decot Shane McCarron David Willcox

132 Working Group

133 Helene Armitage Quin Hahn Jim Oldroyd 134 Brian Baird Michael J. Hannah Mark Parenti 135 John R. Barr Marjorie E. Harris John Peace 136 Philippe Bertrand David F. Hinnant Jon Penner 137 Robert Bismuth Leon M. Holmes Gerald Powell 138 Jim Blondeau Ron Holt John Quarterman 139 James C. Bohem Randall Howard Joe Ramus 140 Kathy Bohrer Steven A. James Mike Ressler 141 Keith Bostic Steve Jennings Grover Righter 142 Phyllis Eve Bregman Hal Jespersen Andrew K. Roach 143 Peter Brouwer Ronald S. Karr Marco P. Roodzant 144 F. Lee Brown, Jr. Lorraine C. Kevra Seth Rosenthal 145 Jonathan Brown Martin Kirk Maude Sawyer

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

Related Standards Activities xi

146 James A. Capps Brad Kline Norman K. Scherer 147 Bill Carpenter Hiromichi Kogure Glen Seeds 148 Steve Carter David Korn Jim Selkaitis 149 John Caywood Rick Kuhn Karen Sheaffer 150 Bob Claeson Mike Lambert Del Shoemaker 151 Mark Colburn Maggie Lee James Soddy 152 Donald W. Cragun Perry Lee Daniel Steinberg 153 Dave Decot Greger Leijonhufvud Scott A. Sutter 154 Terence S. Dowling Bob Lenk Ravi Tavakley 155 Stephen Dum Mark Levine Marc Teitelbaum 156 Dominic Dunlop Gary Lindgren Donn Terry 157 Mike Edmonds John Lomas Jack Thompson 158 Ron Elliott Craig Lund Teoman Topcubasi 159 Richard W. Elwood Rod MacDonald Eugene Tsuno 160 Hirsaki Eto Dan Magenheimer Geraldine Vitovitch 161 Fran Fadden Robert J. Makowski Carl vonLoewenfeldt 162 Ken Faubel Shane P. McCarron Mike Wallace 163 Martin C. Fong Jim McGinness Alan Weaver 164 Terance Fong John McGrory Larry Wehr 165 Glenn Fowler Stuart McKaig Bruce Weiner 166 Gary A. Gaudet Sunil Mehta N. Ray Wilkes 167 Al Gettier Bill Middlecamp David Willcox 168 Timothy D. Gill Gary W. Miller Neil Winton 169 Gregory Goddard Jim Moe David Woodend 170 Loretta Goudie Yasushi Nakahara Morten With 171 Dave Grindeland Martha Nalebuff Ken Witte 172 John Lawrence Gregg Sonya D. Neufer John Wu 173 Jerry Gross Landon Noll Peggy Younger 174 Douglas A. Gwyn Robin T. O’Neill Hilary Zaloom

175 The following persons were members of the 1003.2 Balloting Group that approved 176 the standard for submission to the IEEE Standards Board:

177 Derek Kaufman X/Open Institutional Representative 178 Shane McCarron UNIX International Institutional Representative 179 Peter Collinson USENIX Association Institutional Representative

180 Scott Anderson Carol J. Harkness Jim R. Oldroyd 181 Helene Armitage Craig Harmer Craig Partridge 182 David Athersych Dale Harris Rob Peglar 183 Geoff Baldwin Myron Hecht John C. Penney 184 Jerome E. Banasik Morris J. Herbert Rand S. Phares 185 Steven E. Barber David F. Hinnant P. J. Plauger 186 Robert M. Barned Lee A. Hollaar Gerald Powell 187 David R. Bernstein Ronald Holt Jr. Scott E. Preece 188 Kabekode V. S. Bhat Randall Howard James M. Purtilo 189 Robert Bismuth Jim Isaak J. S. Quarterman 190 Jim Blondran Richard James Wendy Rauch-Hindin 191 Robert Borochoff Hal Jespersen Brad Rhoades 192 Keith Bostic Greg Jones Christopher J. Riddick 193 James P. Bound Michael J. Karels Andrew K. Roach 194 Joseph Boykin Lorraine C. Kevra Arnold Robbins 195 Kevin Brady Alan W. Kiecker R. Hughes Rowlands 196 Phyllis Eve Bregman Jeff Kimmel Robert Sarr

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

xii Introduction

197 A. Winsor Brown M. J. Kirk Norman Schneidewind 198 F. Lee Brown Jr. Kenneth C. Klingman Wolfgang Schwabl 199 Luis-Felipe Cabrera Joshua W. Knight Richard Scott 200 Nicholas A. Camillone David Korn Glen Seeds 201 Andres Caravallo Takahiko Kuki Dan Shia 202 Steven L. Carter Robin B. Lake Roger Shimada 203 John Caywood Mike Lambert Mukesh Singhal 204 Kilnam Chon Doris Lebovits Richard Sniderman 205 Chan F. Chong Maggie Lee Steven Sommars 206 Robert L. Claeson Greger Leijonhufvud Bryan W. Sparks 207 Mark Colburn Robert M. Lenk Richard Stallman 208 Kenneth N. Cole David Lennert Daniel Steinberg 209 Richard Cornelius Mark E. Levine Douglas H. Steves 210 William M. Corwin Kevin Lewis Peter Sugar 211 Mike R. Cossey Kin F. Li Scott A. Sutter 212 William Cox James P. Lonjers Ravi Tavakley 213 Donald W. Cragun Joseph F. P. Luhukay Donn Terry 214 Terence Dowling Paul Lustgarten Gary F. Tom 215 Stephen A. Dum Ron Mabe A. T. Twigger 216 John D. Earls Robert J. Makowski Mark-Rene Uchida 217 Ron Elliott Roger J. Martin L. David Umbaugh 218 Richard W. Elwood Joberto S. B. Martins Michael W. Vannier 219 David Emery Yoshihiro Matsumoto M. B. Wagner 220 Philip H. Enslow Shane McCarron John W. Walz 221 Ken Faubel Martin J. McGowan III Alan G. Weaver 222 Terence Fong Marshall Kirk McKusick Larry Wehr 223 Ed Frankenberry Robert W. McWhirter Bruce Weiner 224 John A. Gertwagen Doug Michels Brian Weis 225 Al Gettier Gary W. Miller Peter J. Weyman 226 Michel Gien James M. Moe Andrew E. Wheeler 227 Gregory W. Goddard J. W. Moore David Willcox 228 Robert C. Groman Anita Mundkur Jeff Wubik 229 Judy Guist Martha Nalebuff Oren Yuen 230 Gregory Guthrie Fred Noz Jason Zions 231 Michael J. Hannah Alan F. Nugent

232 When the IEEE Standards Board approved this standard on <date to be pro- 233 vided> , it had the following membership:

234 (to be pasted in by IEEE )

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

Related Standards Activities xiii

P1003.2/D11.2

Inform ation technology — P ortable Operating System Interface (P OSIX ) — P art 2: Shell and Utilities

Section 1: General

1 1.1 Scope

2 This standard defines a standard source code level interface to command interpre- 3 tation, or ‘‘shell,’’services and common utility programs for application programs. 4 These services and programs are complementary to those specified by ISO/IEC 5 9945-1: 1990 {8},hereinafter referred to as ‘‘POSIX .1 {8}.’’

6 The standard has been designed to be used by both application programmers and 7 system implementors. However, it is intended to be a reference document and not 8 a tutorial on the use of the services, the utilities, or the interrelationships 9 between the utilities.

10 The emphasis of this standard is on the shell and utility functionality required by 11 application programs (including ‘‘shell scripts’’) and not on the direct interactive 12 use of the shell command language or the utilities by humans.

13 Portions of this standard comprise optional language bindings to system service 14 interfaces. See, for example, the C Language Bindings Option in Annex B. This 15 standard is intended to describe language interfaces and utilities in sufficient 16 detail so that an application developer can understand the required interfaces 17 without access to the source code of existing implementations on which they may 18 be based. Therefore, it does not attempt to describe the source programming 19 language or internal design of the utilities; they should be considered ‘‘black 20 boxes’’ that exhibit the described functionality.

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

1.1 Scope 1