IEEE P1003.2a Draft 8 - December 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of Electrical and Electronics Engineers, Inc. 345 East 47th Street New York, NY 10017, USA All rights reserved as an unpublished work.

This is an unapproved and unpublished IEEE Standards Draft, subject to change.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

P1003.2a Draft 8 ISO /IEC CD Amd. 1 to CD 9945-2

STANDARDS P ROJ ECT

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

Shell and Utilities — Amendm ent 1: User P ortability Extension (UP E)

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 (corresponding to the merger of IEEE Std 1003.2-199x and IEEE Std 1003.2a-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. When the User Portability Utilities Option is included, the standard also defines a common environment for general purpose time-sharing users on character-oriented display terminals.

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

P 1003.2a / D8 December 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] December 1991 SH XXXXX

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

1 Editor’s Notes

2 This section will not appear in the final document. It is used for editorial com- 3 ments concerning this draft.

4 The IEEE ballot for Draft 8 is due at the IEEE Standards Office on 8 5 24 January 1992 . Please read the balloting instructions in Annex F. 8

6 This is the third IEEE recirculation draft of the UPE. 8

7 This document is also registered as ISO/IEC CD Amendment 1 to CD 9945-2. The 8 8 international balloting period is unrelated to the IEEE balloting. Member bodies, 8 9 please consult any accompanying materials from SC22. Also, please read the 8 10 remainder of these Editor Notes to see explanations of stylistic differences 8 11 between a draft and the final standard (copyright notices, inline rationale, etc.). 8

12 The IEEE balloting will be on hiatus during the international balloting period, 8 13 which is probably scheduled to complete at the May 1992 WG15 meeting. This is 8 14 in accordance with the WG15 Synchronization Plan, which calls for coordinated 8 15 balloting to result in the approval of an IEEE /ANSI standard that is identical to 8 16 the ISO/IEC Draft International Standard (DIS) or Draft Amendment (DAM). 8 17 There will be a final recirculation of a full draft (9) to the IEEE balloting group 8 18 before it is sent to the Standards Board. 8

19 Draft 8 contains diff marks (‘‘8’’)in the right margin denoting changes from Draft 8 20 7 to Draft 8; 7 marks denote changes from Draft 6 to Draft 7. All diff marks from 8 21 previous drafts have been removed to focus balloting group attention on the 8 22 remaining issues to be considered in the recirculation. Editorial changes such as 7 23 typos, grammatical errors or changes, changes in cross references, and removal of 24 editorial notes are not diff-marked. Please note that it is not always feasible to 25 get the diff marks exactly right; they will sometimes start or end a line too soon.

26 We have been directed that all sentences that are currently declarative must be 27 changed to use the ‘‘shall’’form if they pose a requirement: ‘‘The status is zero’’ 28 ‘‘The status shall be zero.’’ It is a tedious process to do all these translations and 29 they are not complete. They will completed on a draft-by-draft basis. In the 30 meantime, please assume that all declarative sentences mean to use ‘‘shall’’ and 31 treat them as either implementation or application requirements unless they 32 specifically say ‘‘may,’’‘‘should,’’ or ‘‘can.’’

33 This draft makes assumptions about the organization and content of POSIX. 2 8 34 Draft 11.2 (also known as ISO/IEC CD 9945-2.2, JTC 1 SC22 N1063), which is being 8 35 balloted by a slightly different group of people. If you are not in the POSIX. 2 bal- 8 36 loting group (i.e., if you did not receive Draft 11.2), you can purchase the draft by 8 37 contacting:

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

38 IEEE Publications 8 39 P.O. Box 1331 40 445 Hoes Lane 41 Piscataway, NJ 08855-1331

42 1 (800) 678-IEEE 8 43 +1 (908) 562-3800 (outside US) 8

44 (Or see the online access instructions below.) 8

45 Since portions of this standard are meant to be modifications of the base POSIX. 2 46 standard, the draft headings in Sections 1 through 4 have been set up to match 47 the affected clauses and still go into the table of contents. There are therefore 48 gaps in the clause numbers.

49 Please report typographical errors to:

50 Hal Jespersen 51 POSIX Software Group 52 447 Lakeview Way 53 Redwood City, CA 94062 54 +1 (415) 364-3410 55 FAX: +1 (415) 364-4498 56 Email: hlj @Posix. COM

57 (Electronic mail is preferred.)

58 The copying and distribution of IEEE balloting drafts is accomplished by the Stan- 59 dards Office. To report problems with reproduction of your copy, contact: 7

60 Anna Kaczmarek 7 61 IEEE Standards Office 62 P.O. Box 1331 63 445 Hoes Lane 64 Piscataway, NJ 08855-1331

65 +1 (908) 562-3811 7 66 FAX: +1 (908) 562-1571

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

67 This draft and the current P1003.2 draft are available in various electronic forms 8 68 to assist the review process. Our thanks to Andrew Hume of AT&T Bell Labora- 8 69 tories for providing online access facilities. Note that this is a limited experiment 8 70 in providing online access; future ballots may provide other forms, such as 8 71 diskettes or a bulletin board arrangement, but the instructions shown here are 8 72 the only methods currently available. Please also observe the additional copy- 8 73 right restrictions that are described in the online files. 8

74 Assuming you have access to the Internet, the scenario is approximately 8

75 ftp research.att.com # research’s IP address is 192.20.225.2 8 76 <login as netlib; password is your email address> 8 77 cd posix/p1003.2a/d8 8 78 get toc index 8 79 binary 8 80 get p11-20.Z 8

81 The draft is available in several forms. The table of contents can be found in toc , 8 82 pages containing a particular section are stored under the section number, sets of 8 83 pages are stored in files with names of the form pn- m, and the entire draft is 8 84 stored in all . By default, files are ASCII. A .ps suffix indicates PostScript. A .Z 8 85 suffix indicates a compress ’ed file. The file index contains a general description 8 86 of the files available. 8

87 These files are also available via electronic mail by sending a message like 8

88 send 4.55 5.6 from posix/p1003.2a/d8 8

89 to netlib @research.att.com . If you use email, you should not ask for the 8 90 compressed version. For a more complete introduction to this form of netlib , send 8 91 the message 8

92 send help 8

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

93 POSIX. 2a Change History

94 This section is provided to track major changes between drafts. Since it was first 95 added in Draft 6, earlier entries omit some degree of detail.

96 Draft 8 [November 1991] Fourth IEEE ballot (third recirculation). First 8 97 circulation as an ISO/IEC Proposed Draft Amendment: CD 8 98 Amendment 1 to CD 9945-2. 8

99 — sh (4.55): emacs command-line editing mode removed. 8

100 — at (5.2): Numerous clarifications to the timespec operands. 8

101 — ex (5.10): Addition of tilde resubstitute command; 8 102 clarification of startup sequence and - s option; explanation of 8 103 control-Q effects (changes also affect vi ). 8

104 — fc (5.12): Clarification of command history numbering and 8 105 editing multiple commands. 8

106 — mesg (5.17): Modified algorithm for terminal selection. 8

107 — more (5.18): Changed - p pattern to - p command ; disal- 8 108 lowed data modification when used as a filter; moved standard 8 109 output description to standard error. 8

110 — patch (5.22): Removed - p, Prereq: feature. 8

111 — time (5.29): Modified to allow the KornShell practice that 8 112 times a pipeline. 8

113 — Miscellaneous clarifications and corrections to various utili- 8 114 ties. 8

115 Draft 7 [July 1991] Third IEEE ballot (second recirculation). 7

116 — Changes to text in Sections 2 through 5 that clarify which 7 117 features are being added to support the UPUO (and are thus 7 118 optional for POSIX. 2-only systems). 7

119 — General cleanup of the defaults values and usage of TERM , 7 120 COLUMNS , and LINES . 7

121 — Clarifications to Section 2 and the nice and renice utilities 7 122 on the nature of ‘‘system scheduling priority’’ (versus other 7 123 scheduling policies on the system) and how privileges are 7 124 involved. 7

125 — Clarifications to various uses of the term ‘‘nonprintable’’; the 7 126 POSIX. 2 term ‘‘printable’’ does not include any white-space 7 127 characters other than <space> , causing some synchronization 7 128 problems. 7

129 — Modifications to the uuencode algorithm to address differ- 7 130 ences between ISO/IEC 646 {1} and other, incompatible, code 7 131 sets. 7

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

132 — Modifications to the descriptions of the mailx mailbox for- 7 133 mats. 7

134 — Numerous clarifications and minor modifications to ex , more , 7 135 and vi , mostly concerning screen movements. 7

136 — Miscellaneous clarifications and minor modifications to other 7 137 utilities. 7

138 Draft 6 [March 1991] Second IEEE ballot (first recirculation).

139 — The compress , lint89 , passwd , uncompress , and zcat util- 140 ities were removed due to balloting opposition. See the 141 rationale in clause E.4.

142 — The {POSIX 2_CHAR _TERM }option was added.

143 — An asynchronous job notification option has been added to the 144 set built-in. This is done through both set -o notify and 145 set -b .

146 — Global shell variables RANDOM , SECONDS , and _ have been 147 removed.

148 — The nice and renice utilities have changed from the use of 149 ‘‘nice value’’ to ‘‘system scheduling priority.’’ They have also 150 removed the {MAX_NICE }, and {MIN _NICE }and related limits. 151 The renice utility has major interface changes to conform to 152 the utility syntax guidelines

153 — The mailx and patch utilities have had major clarifications 154 applied.

155 — The tags features of ex , more , and vi have been marked as 156 belonging to the Software Development Option.

157 — The df and du were changed to use consistent, historical 512- 158 byte reporting units and given a - k option to report in kilo- 159 bytes.

160 — The file utility has extra defined strings and an explanation 161 of /etc/magic in the rationale.

162 — The man utility added keyword searching and paging abilities.

163 — The nm and ps utilities have had major interface changes and 164 clarifications.

165 — The uuencode and uudecode utilities have had clarifications 166 added in the processing of octets versus bytes.

167 — The unalias utility now has the a option added for removing 168 all aliases.

169 — Miscellaneous clarifications and minor technical changes have 170 been made to various utilities.

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

171 — Instances of the verb ‘‘print’’ were changed to ‘‘write’’as part of 172 a general cleanup.

173 Draft 5 [June 1990] First IEEE ballot.

174 — Mostly clarifications and cleanups from the mock ballot.

175 — The pshar utility was removed.

176 — The ps utility was given a standardized method of producing 177 custom output.

178 Draft 4 [February 1990] ‘‘Mock ballot’’ conducted by working group 179 members only. During this ballot, numerous changes were made 180 to ensure that the interfaces closely adhered to the existing prac- 181 tice of the Base Documents, with the exceptions noted in the 182 POSIX. 2a PAR (and in the Scope).

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

183 POSIX. 2a Technical Reviewers

184 The individuals denoted in Table i are the Technical Reviewers for this draft. 185 During balloting they are the subject matter experts who coordinate the resolu- 186 tion process for specific sections, as shown.

187 Table i — POSIX. 2a Technical Reviewers

188 hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh 189 Section Topic Reviewer iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

190 1 Revisions to General Jespersen 191 2 Revisions to Terminology and General Requirements Jespersen 192 3 Revisions to Shell Command Language Jespersen 7 193 Revisions to Execution Environment Utilities 7

4 Jespersen 194 User Portability Utilities Option: patch 8

5 Bostic 195 User Portability Utilities Option: the rest 7

5 Jespersen 196 Front matter and Annexes Jespersen 197 hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

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

198 P1003.2a Proposed Schedule

199 This section will not appear in the final document. It is used to provide editorial 200 notes regarding the proposed P1003.2a schedule.

201 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

202 Date Milestone (End of Meeting) Draft iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 203 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

204 Oct 24-28, 1988 UPE planning begins. - 205 Honolulu, HI iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 206 Jan 9-11, 1989 Begin UPE command selections and - 207 Ft. Lauderdale, FL initial definitions. iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 208 Apr 24-28, 1989 Select and define UPE utilities; PAR 0 209 Minneapolis, MN approved by Sponsor Executive Committee iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 210 Jul 10-14, 1989 Refine utility descriptions; resolve 1 211 San Jose, CA version control contents. iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 212 Oct 16-20, 1989 Refine utility descriptions; freeze utility 2 213 Brussels, Belgium selections; address internationalization issues. iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 214 Jan 8-12, 1990 Prepare Working Group Mock Ballot. 3 215 New Orleans, LA iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 216 [Feb 1990 - Apr 1990] Working Group Mock Ballot. 4 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 217 Apr 23 - 27, 1990 Resolve Working Group Mock Ballot. 4 218 Salt Lake City, UT iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 219 [Jul 1990 - Feb 1991] [Ballot Draft 5] 5 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 220 [Mar 1991 - Jun 1991] [Ballot Draft 6] 6 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 221 [Jul 1991 - Oct 1991] [Ballot Draft 7] 7 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 222 [Jan 1992] [Ballot Draft 8] 8 8 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 223 [Jan 1992 - May 1992] [WG15 Balloting of PDAM 9945-2.1] 8 8 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii cc 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

cc 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

cc 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

cc 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 . . . . . . . . . . . . . . . . . . . . . . iv

Section 1: Revisions to General . . . . . . . . . . . . . . . 1 1.1 Scope . . . . . . . . . . . . . . . . . . . . . 1

Section 2: Revisions to Terminology and General Requirements . . . . 5 2.2.1 Terminology . . . . . . . . . . . . . . . . 5 2.2.2 General Terms . . . . . . . . . . . . . . . 6 2.3 Built-in Utilities . . . . . . . . . . . . . . . . . . 9 2.6 Environment Variables . . . . . . . . . . . . . . . 10 2.13.2 Symbolic Constants for Portability Specifications . . . 12 2.14 Terminal Characteristics . . . . . . . . . . . . . . . 13

Section 3: Revisions to Shell Command Language . . . . . . . . . 17 3.1 Shell Definitions . . . . . . . . . . . . . . . . . . 17 3.3.1 Alias Substitution . . . . . . . . . . . . . . 17 3.5.3 Variables . . . . . . . . . . . . . . . . . 19 3.12 Shell Execution Environment . . . . . . . . . . . . . 21 3.14.11 set — Set/unset options and positional parameters . . 22

Section 4: Revisions to Execution Environment Utilities . . . . . . . 27 4.12 command — Execute a simple command . . . . . . . . . 27 4.32 kill — Terminate or signal processes . . . . . . . . . . 30 4.40 mailx — Process messages . . . . . . . . . . . . . . 31 4.52 read — Read a line from standard input . . . . . . . . . 57 4.56 sh — Shell, the standard command language interpreter . . . . 58 4.70 wait — Await Process Completion . . . . . . . . . . . 70

Section 5: User Portability Utilities Option . . . . . . . . . . . 73 5.1 alias — Define or display aliases . . . . . . . . . . . 74 5.2 at — Execute commands at a later time . . . . . . . . . 77 5.3 batch — Execute commands when the system load permits . . . 87 5.4 bg — Run jobs in the background . . . . . . . . . . . . 90 5.5 crontab — Schedule periodic background work . . . . . . . 93 5.6 csplit — Split files based on context . . . . . . . . . . 97 5.7 ctags — Create a tags file . . . . . . . . . . . . . . 101 5.8 df — Report free disk space . . . . . . . . . . . . . . 107 5.9 du — Estimate file space usage . . . . . . . . . . . . 111 5.10 ex — Text editor . . . . . . . . . . . . . . . . . 115 5.11 expand — Convert tabs to spaces . . . . . . . . . . . . 150 5.12 fc — Process command history list . . . . . . . . . . . 153

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

PAGE

5.13 fg — Run jobs in the foreground . . . . . . . . . . . . 160 5.14 file — Determine file type . . . . . . . . . . . . . . 163 5.15 jobs — Display status of jobs in the current session . . . . . 168 5.16 man — Display system documentation . . . . . . . . . . 173 5.17 mesg — Permit or deny messages . . . . . . . . . . . . 177 5.18 more — Display files on a page-by-page basis . . . . . . . . 180 5.19 newgrp — Change to a new group . . . . . . . . . . . 193 5.20 nice — Invoke a utility with an altered system scheduling

priority . . . . . . . . . . . . . . . . . . . . . 196 5.21 nm — Write the name list of an object file . . . . . . . . . 202 5.22 patch — Apply changes to files . . . . . . . . . . . . 206 5.23 ps — Report process status . . . . . . . . . . . . . . 213 5.24 renice — Set system scheduling priorities of running processes . 221 5.25 split — Split files into pieces . . . . . . . . . . . . . 226 5.26 strings — Find printable strings in files . . . . . . . . . 230 5.27 tabs — Set terminal tabs . . . . . . . . . . . . . . 234 5.28 talk — Talk to another user . . . . . . . . . . . . . 238 5.29 time — Time a simple command . . . . . . . . . . . . 243 5.30 tput — Change terminal characteristics . . . . . . . . . 247 5.31 unalias — Remove alias definitions . . . . . . . . . . 251 5.32 unexpand — Convert spaces to tabs . . . . . . . . . . . 254 5.33 uudecode — Decode a binary file . . . . . . . . . . . . 257 5.34 uuencode — Encode a binary file . . . . . . . . . . . . 260 5.35 vi — Screen-oriented (visual) display editor . . . . . . . . 264 5.36 who — Display who is on the system . . . . . . . . . . . 299 5.37 write — Write to another user . . . . . . . . . . . . 303

Annex E (informative) Rationale and Notes . . . . . . . . . . . 307 E.4 Excluded Utilities . . . . . . . . . . . . . . . . . 307

Annex F (informative) Balloting Instructions . . . . . . . . . . 311

Identifier Index . . . . . . . . . . . . . . . . . . . . . 321

Alphabetic Topical Index . . . . . . . . . . . . . . . . . . 323

TABLES

Table 2-100 - Job Control Job ID Formats . . . . . . . . . . . 7 Table 2-101 - Control Character Names . . . . . . . . . . . 14 Table 5-100 - file Output Strings . . . . . . . . . . . . . 165 Table 5-101 - ps Variable Names and Default Headers . . . . . . 217

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 P1003.2a Information technology — Portable Operating System Interface (POSIX) — Part 2: Shell and Utilities — Amendment 1: User Portability Extension (UPE), but is included for information only.)

1 Editor’s Note: This Introduction consists of material that will eventually be 2 integrated into the base POSIX. 2 standard’s Introduction (and the portion of Annex 3 B that contains general rationale about the standard). The Introduction contains 4 text that was previously held in either the Foreword or Scope. As this portion of 5 the standard is for information only (nonnormative), specific details of the integra- 6 tion with POSIX. 2 are left as an editorial exercise.

7 The purpose of this document is to supplement the work begun in P1003.2, Shell 8 and Utility Application Interface for Computer Operating System Environment, 9 to promote the ‘‘portability’’ of users and programmers between conforming sys- 10 tems. The original POSIX. 2 sought to define a standard interface and environ- 11 ment for application programs that require the services of a ‘‘shell’’ command 12 language interpreter and a set of common utility programs. This supplement 13 extends the list of utilities, and features of previously-defined utilities, to provide 14 a common interactive environment. It is intended for end users, program develop- 15 ers, systems implementors, and application software developers and is comple- 16 mentary to ISO/IEC 9945-1: 1990 (first in a family of ‘‘POSIX ’’standards), which 17 specifies operating system interfaces and source code level functions, based on the 18 UNIX^{1)} system documentation; POSIX. 2 and POSIX. 2a are based upon documenta- 19 tion and the knowledge of existing programs that assume an interface and archi- 20 tecture similar to that described by POSIX .1 {8}.^{2)}

21 This document consists of a series of additions to the POSIX. 2 base standard. 22 Some are completely new utilities, others are added features or behaviors that are 23 appropriate for the interactive nature of the scope of work. For the immediate 24 future, this document must be considered as a standalone work; it is not intended 25 to be a series of changes that immediately overthrow the base POSIX. 2 standard. 26 The intent of the working group is that POSIX. 2 and POSIX. 2a exist as separate 27 IEEE documents, separately specifiable by the marketplace (although a system 28 cannot claim conformance only to POSIX. 2a). However, these two documents may 29 eventually be accepted by ISO/IEC JTC 1 as international standards and it is 30 intended that, in that timeframe (1992 or 1993), POSIX. 2 and POSIX. 2a be com- 31 bined into a single integrated IS 9945-2 (although every portion marked as an 32 optional facility, such as the UPE itself, would remain optional).

hhhhhhhhhhhhhhhh 33 1) UNIX is a registered trademark of UNIX System Laboratories in the USA and other countries.

34 2) The number in braces corresponds to those of the references in 1.2 (or the bibliographic entry in 35 Annex A if the number is preceded by the letter B). The normative references clause and 36 bibliography annex appear in POSIX. 2, Draft 11.1.

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

37 The developers of this standard established the following goals for their work:

38 Extend/supplement the shell services and common utilities of POSIX. 2 for the 39 Portable Operating System Interface for Computer Environments (ISO/IEC 9945- 40 1: 1990) and similar systems. Provide extensions to those services and additional 41 utilities to support terminal users in a consistent manner across all conforming 42 systems. The extension, to be packaged as a supplement to the POSIX. 2 standard, 43 is limited by three constraints:

44 (1) The users in this context are limited to the group of individuals who are 45 familiar with the style of interaction characteristic of historically derived 46 systems based on one of the UNIX operating systems. Typical users 47 would include program developers, engineers, or general purpose time- 48 sharing users.

49 (2) The environment to be supported is a multi-user time-sharing system 50 supporting character-oriented display terminals. Alternatively, it is a 51 collection of single-user systems interconnected via local area networks 52 or telephone lines, but with similar user interfaces. The standard does 53 not include support tailored for bit-mapped or graphics display terminals, 54 although it is expected that such terminals could emulate the character 55 orientation required by this environment. When facilities require cursor 56 addressability from the terminal hardware, these shall be specifically 57 identified in the standard.

58 (3) The facilities to be provided are based on the historical models of the fol- 59 lowing documents: the System V Interface Definition {B24};the BSD User 60 Manual {B28}; the X/Open Portability Guide {B31}; and, documentation 61 for the KornShell {B25}. Emphasis will be placed on standardizing exist- 62 ing practice for existing users, with changes or additions limited to 63 correcting deficiencies in the following areas:

64 (a) Support for international character sets and other localization 65 requirements, such as date formats, collation sequences, etc.

66 (b) Reconciliation of differences between the historical implementations

67 (c) Elimination of system or device dependencies

68 (d) Corrections of features that could reduce system or user 69 security/integrity

70 The extended facilities shall be designed to be cognizant of international charac- 71 ter sets and other localization requirements, such as date formats, collation 72 sequences, etc.

73 The extended facilities to be provided may include:

74 (1) Enhancements to utilities already defined in POSIX. 2 to facilitate interac- 75 tive use

76 (2) Utilities for editing and displaying files on full-screen character-oriented 77 display terminals

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

78 (3) Utilities for querying and managing the user’s environment

79 (4) Utilities for interacting with other users on the system or local network

80 (5) Utilities for scheduling and controlling the user’s background, or periodi- 81 cally running, work

82 (6) Utilities to enhance the interactive program development activities, com- 83 plementary to those tools used for software installation in the original 84 project

85 (7) Other user portability utilities and features within the general limita- 86 tions described by this Introduction

87 The following areas were considered to be outside the scope of this standard:

88 (1) Operating system administrative utilities (privileged processes, system 89 processes, daemons, etc.)

90 (2) Commands required for the installation, configuration, or maintenance of 91 operating systems or file systems

92 (3) Networking commands

93 (4) Graphics programs or interfaces

94 (5) Text formatting programs or languages

95 (6) Database programs or interfaces (e.g., SQL, etc.)

96 General Rationale. (This subclause is not a part of P1003.2a)

97 This section summarizes the deliberations of the IEEE P1003.2 working group, 98 the committee charged by the IEEE Computer Society’s Technical Committee on 99 Operating Systems and Operational Environments with devising an interface 100 standard for supplementing the original POSIX. 2 standard for user portability.

101 The rationale annex is being published along with the standard to assist in the 102 process of review. It contains historical information concerning the contents of 103 the standard and why features were included or discarded by the working group. 104 It also contains notes of interest to application programmers on recommended 105 programming practices, emphasizing the consequences of some aspects of the 106 standard that may not be immediately apparent.

107 The purpose of the original project was to extend the services of the POSIX .1 {8} 108 standard that were available to the portable applications program. The extended 109 services consisted of a shell command language and a collection of utility pro- 110 grams (tools) that could be called from applications for complex data and file 111 manipulation; both were to be based on the same historical models as the 112 POSIX .1 {8}standard.

113 Draft 2 concluded the scope statement with: ‘‘This supplement requires a fully 114 conforming POSIX. 2 base.’’ The sentence was removed because when the revised 115 material is integrated into the base standard, it should be perfectly obvious that it 116 is not meant to be a stand alone system, but merely a series of extensions to the 117 base.

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

118 The list of areas outside the scope of this standard is identical to that in the Intro- 119 duction to POSIX. 2, with the exception of the item:

120 (4) Terminal control or user-interface programs (e.g., visual shells, visual edi- 121 tors, window managers, command history mechanisms, etc.).

122 This is, of course, the entire purpose of this supplement.

123 Just as this standard relies on the knowledge of architecture, history, and 124 definitions from the POSIX .1 {8},this supplement relies on the entirety of POSIX. 2. 125 The reader is referred to the Rationale and Notes and Bibliography annexes of 126 POSIX .1 {8}and POSIX. 2 for background material about UNIX systems in general 127 and POSIX specifically, which will not be duplicated here.

128 There was periodic debate in the working group about how various of the stan- 129 dard utilities could be implemented, given the set of features provided by 130 POSIX .1 {8},the presumed base operating system. For example, the nice utility 131 is not necessarily supported by a nice () system call or function because one does 132 not exist in POSIX .1 {8}. Thus, nice cannot be a Strictly Conforming POSIX Shell 133 Application; at most it could be a Conforming POSIX Shell Application with Exten- 134 sions. However, there is no requirement stated in this standard that the stan- 135 dard utilities have to be strictly conforming programs themselves. The base stan- 136 dard expressed a goal that: ‘‘This interface should be implementable on conform- 137 ing POSIX .1 {8} systems.’’ Most, if not all, of the standard utilities in the base 138 standard met that goal, but the expanded scope for this supplement made that 139 more difficult to achieve. A few of the utilities have some requirements for admin- 140 istrative support that were outside the scope of POSIX .1 {8}: crontab , df , nice , 141 ps , renice , and who are examples. It is anticipated that the emerging POSIX 142 System Administration work will provide standard underpinnings for such ser- 143 vices, but until they are approved, common historical implementation extensions 144 will have to be relied upon.

145 There was a number of differences in philosophy used in preparing the utilities in 146 this supplement from those in the base standard:

147 — It was assumed that a human was the audience for the output of utilities. 148 Unlike a shell script, the primary audience of the base standard, the 149 human is not so concerned about exactness of format. Therefore, in many 150 cases, the UPE merely suggests the form of the output, rather than using 151 the printf ()-like form of the base standard. This has the benefit of allowing 152 multiple historical implementations to conform without change. There are 153 exceptions to this general philosophy, however. In some cases, such as df , 154 it was felt that users were confused by the historical differences in output. 155 A compromise ‘‘portable’’ output format that could be provided by all sys- 156 tems in an upward-compatible manner was provided. That this output 157 could then be parsed by a shell script is a serendipitous side effect. (As 158 explained in the original base standard, df is a utility that produces output 159 requiring human judgment for its interpretation; shell scripts should prob- 160 ably avoid using df to make decisions about allocating new files.)

161 — Since the idea of the UPE was to form a common environment for system 162 users of existing technology terminals, and not blaze new trails in user

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

163 interfaces, the working group chose to limit changes to command names 164 and syntax. While the application orientation of the base standard caused 165 various name and option changes for consistency and historical harmoniza- 166 tion, this standard chose to leave many of the unusual quirks intact so that 167 users would continue to feel comfortable at their terminals. It is for this 168 reason that the UPE has comparatively fewer obsolescent features than the 169 base standard does.

170 Related Standards Activities

171 Activities to extend this standard to address additional requirements are in pro- 172 gress, and similar efforts can be anticipated in the future.

173 The following areas are under active consideration at this time, or are expected to 174 become active in the near future:^{3)}

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

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

177 (3) Verification testing methods

178 (4) Realtime facilities

179 (5) Secure/Trusted System considerations

180 (6) Network interface facilities

181 (7) System Administration

182 (8) Graphical User Interfaces

183 (9) Profiles describing application- or user-specific combinations of Open Sys- 184 tems standards for: supercomputing, multiprocessor, and batch exten- 185 sions; transaction processing; realtime systems; and multiuser systems 186 based on historical models

187 (10) An overall guide to POSIX -based or related Open Systems standards and 188 profiles

189 Extensions are approved as ‘‘amendments’’ or ‘‘revisions’’ to this document, follow- 190 ing the IEEE and ISO/IEC Procedures.

191 Approved amendments are published separately until the full document is 192 reprinted and such amendments are incorporated in their proper positions.

193 If you have interest in participating in the TCOS working groups addressing these 194 issues, please send your name, address, and phone number to the Secretary, IEEE 195 Standards Board, Institute of Electrical and Electronics Engineers, Inc., P.O. Box

hhhhhhhhhhhhhhhh 196 3) A Standards Status Report that lists all current IEEE Computer Society standards projects is 197 available from the IEEE Computer Society, 1730 Massachusetts Avenue NW, Washington, DC 198 20036-1903; Telephone: +1 202 371-0101; FAX: +1 202 728-9614. Working drafts of POSIX 199 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.

200 1331, 445 Hoes Lane, Piscataway, NJ 08855-1331, and ask to have this forwarded 201 to the chairperson of the appropriate TCOS working group. If you have interest in 202 participating in this work at the international level, contact your ISO/IEC national 203 body. 204 P1003.2a was prepared by the 1003.2a working group, sponsored by the Technical 205 Committee on Operating Systems and Application Environments of the IEEE 206 Computer Society. At the time this standard was approved, the membership of 207 the 1003.2a working group was as follows:

208 Technical Committee on Operating Systems 209 and Application Environments (TCOS)

210 Chair: Jehan-Franc ,ois Pâ ris

211 TCOS Standards Subcommittee

212 Chair: Jim Isaak 213 Vice Chairs: Ralph Barker 214 Robert Bismuth 215 Hal Jespersen 216 Lorraine Kevra 217 Pete Meier 218 Treasurer: Quin Hahn 219 Secretary: Shane McCarron

220 1003.2a Working Group Officials

221 Chair: Hal Jespersen 222 Vice Chair: Donald W. Cragun 223 Editor: Hal Jespersen 224 Secretaries: Helene Armitage (1988-1990) 225 Dave Grindeland (1991)

226 Technical Reviewers

227 Helene Armitage Dave Grindeland Gary Miller 228 Keith Bostic Hal Jespersen Scott Sutter 229 Donald W. Cragun

230 Working Group

231 Helene Armitage Dave Grindeland Daniel Nissen 232 Stephen R. Bartels Jerry Gross Landon Curt Noll 233 Charles C. Bennett, Jr. Brian Hackworth Jim Oldroyd 234 Philippe Bertrand Michael J. Hannah John Peace 235 Ron Bird Marjorie E. Harris Per Pedersen 236 Robert Bismuth Hiroki Higuchi Garth Perry 237 John Bissell David F. Hinnant Pat Philip 238 Jim Blondeau Gail Holmes Rob Pike 239 James C. Bohem Ron Holt John Quarterman 240 Kathy Bohrer Randall Howard Joe Ramus 241 Keith Bostic Akitaka Iwata Mike Ressler 242 Phyllis Eve Bregman Hal Jespersen Andrew K. Roach

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

243 Peter Brouwer Mike Karels Mark Roseman 244 F. Lee Brown, Jr. Ronald S. Karr Piyanai Saowarattitada 245 Jonathan Brown Martin Kirk Mike Schultz 246 Steve Carter Will Kling Glen Seeds 247 Tim Carter Hiromichi Kogure Karen Sheaffer 248 Michael W. Cavins David Korn Harry Singh 249 John Caywood Rick Kuhn James Soddy 250 Gerald Charlwood Mike Lambert Carolyn Surprenant 251 Mark Colburn Maggie Lee Scott A. Sutter 252 Donald W. Cragun Greger Leijonhufvud Ravi Tavakley 253 Claudia DeBlauu Bob Lenk Marc Teitelbaum 254 Dave Decot Mark Levine Donn Terry 255 Mark Doran Dan Magenheimer Teoman Topcubasi 256 Stan Douglas Robert J. Makowski Eugene Tsuno 257 Edna Edelman Shane P. McCarron Yarko Tymcuerak 258 Mike Edmonds John McGrory Geraldine Vitovitch 259 Ron Elliott Stuart McKaig Mike Wallace 260 Richard W. Elwood T. Ted McMillan Alan Weaver 261 Hirsaki Eto Sunil Mehta Larry Wehr 262 Ken Faubel Francoise Miane N. Ray Wilkes 263 Glenn Fowler Bill Middlecamp David Willcox 264 Curtis Galloway Gary W. Miller David Williams 265 Gary A. Gaudet Carlos E. Montero-Luque Neil Winton 266 Al Gettier Yasushi Nakahara Morten With 267 Timothy D. Gill Martha Nalebuff John Wu 268 Gregory Goddard Parul S. Nanavati Jim Young 269 Loretta Goudie Sonya D. Neufer

270 The following persons were members of the 1003.2a Balloting Group that 271 approved the standard for submission to the IEEE Standards Board:

272 Richard Alexander SHARE Institutional Representative 273 Ralph Barker UniForum Institutional Representative 274 Michael Lambert X/Open Institutional Representative 275 John Quarterman Usenix Institutional Representative

276 Gary M. Allen Karl Heubaum Landon Curt Noll 277 Helene Armitage David F. Hinnant Fred Noz 278 Charles R. Arnold Rand Hoven John Peace 279 David Athersych Randall Howard Pat Philip 280 Randall Atkinson Irene Hu Chris Phillips 281 Ted P. Baker Hai Huang Dave Plauger 282 Timothy Baker Richard Hughes-Rowlands Scott E. Preece 283 Ralph Barker William Hullsiek Joseph Ramus 284 John Barr Aron K. Insinga Carol Raye 285 Andy Bihain Jim Isaak Christopher J. Riddick 286 Robert Bismuth Richard James Andrew K. Roach 287 Nawaf Bitar Hal Jespersen Arnold Robbins 288 George Bittner Lowell Johnson Seth Rosenthal 289 James Bohem Michael Jones Piyanai Saowarattitada 290 Kathryn Bohrer Mike Kamrad John Sauter 291 Keith Bostic Michael J. Karels Richard Schaaf 292 Sven Brehmer Michael Kearney Lorne H. Schachter 293 David Brower Judy S. Kerner Carl Schmiedekamp

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

x Introduction

294 Gretchen Brown Lorraine C. Kevra Richard Scott 295 John Carmichael Sandeep Khanna Leonard Seagren 296 Steven Carter Paul J. King Glen Seeds 297 Jerry Cashin M. J. Kirk Richard Seibel 298 John Caywood David Kirshen Dan Shia 299 Siddhartha Chatterjee Philip Klimbal Jacob Slonim 300 Andy Cheese Kenneth Klingman Charles Smith 301 Janice Chelini Joshua Knight Michael Struerwalt 302 Kilnam Chon Robert Knighter Keith Stuck 303 Robert L. Claeson Ronnie Kon Scott Sutter 304 William M. Corwin Richard Kuhn Ravi Tavakley 305 Mike Cossey Robin B. Lake Donn S. Terry 306 William Cox Doris Lebovits Gary F. Tom 307 Donald Cragun Maggie Lee Barry Traylor 308 Ana Maria DeAlvare Robert Lenk Mark-Rene Uchida 309 Virgil Decker David Lennert L. David Umbaugh 310 Steven Deller Donald Lewine Steven M. Valentine 311 Terence Dowling Kevin Lewis Michael W. Vannier 312 Stephen A. Dum F. C. Lim Dalibor Vrsalovic 313 John D. Earls Warren E. Loper Stephen Walli 314 Edna B. Edelman Joseph F. P. Luhukay Tom Watson 315 Philip H. Enslow Robert Makowski Alan Weaver 316 Kester Fong William Mar Mary Weeks 317 Sheila Frankel Roger Martin Larry Wehr 318 James Gibson Marshall McKusick Bruce Weiner 319 Michel Gien Robert McWhirter Andrew Wheeler, Jr. 320 Tom Griest Gary W. Miller Nicholas Ray Wilkes 321 Dave Grindeland James Moe David Willcox 322 Robert C. Groman Carlos Enrique Montero-Luque David Williams 323 Judy Guist James W. Moore John R. Williams 324 Gregory Guthrie Anita Mundkur David Wong 325 Mark Guzzi Narendran Nachiappan James Young 326 Charles Hammons Martha Nalebuff Oren Yuen 327 Carol J. Harkness Barry Needham Janusz Zalewski 328 Myron Hecht Daniel Nissen John Zolnowsky 329 Hans H. Heilborn

330 When the IEEE Standards Board approved this standard on <date to be provided> 331 it had the following membership:

332 (to be pasted in by IEEE )

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

P1003.2a/D8

Inform ation technology — P ortable Operating System Interface (P OSIX ) — P art 2: Shell and Utilities — Amendm ent 1: User P ortability Extension (UP E)

Section 1: Revisions to General

1 � 1.1 Scope. Modify the contents of clause 1.1, Scope, as shown below.

2 1.1 Scope

3 This standard defines a standard source code level interface to command interpre- 4 tation, or ‘‘shell,’’services and common utility programs for application programs. 5 These services and programs are complementary to those specified by ISO/IEC 6 9945-1: 1990 {8},hereinafter referred to as ‘‘POSIX .1 {8}.’’ When the User Porta- 7 bility Utilities Option is included, this standard has additional scope. The list of 8 utilities and features is extended to provide a common interactive environment for 9 system users and program developers.

10 The standard has been designed to be used by both application programmers and 11 system implementors. When the User Portability Utilities Option is included, it 12 is also to be used by system users and program developers. However, it is 13 intended to be a reference document and not a tutorial on the use of the services, 14 the utilities, or the interrelationships between the utilities.

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

1.1 Scope 1