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International Standard ISO/IEC 9945-4:2003(E)

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission)
form the specialized system for worldwide standardization. National bodies that are members of ISO or IEC
participate in the development of International Standards through technical committees established by the
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Abstract

This standard is simultaneously ISO/IEC 9945:2003, IEEE Std 1003.1-2001, and forms the core of the Single UNIX Specification,
Version 3.

The IEEE Std 1003.1, 2003 Edition includes IEEE Std 1003.1-2001/Cor 1-2002 incorporated into IEEE Std 1003.1-2001 (base
document). The Corrigendum addresses problems discovered since the approval of IEEE Std 1003.1-2001. These changes are mainly
due to resolving integration issues raised by the merger of the base documents that were incorporated into IEEE Std 1003.1-2001,
which is the single common revision to IEEE Std 1003.1™-1996, IEEE Std 1003.2™-1992, ISO/I1EC 9945-1:1996, ISO/IEC 9945-2: 1993,
and the Base Specifications of The Open Group Single UNIX™ Specification, Version 2.

This standard defines a standard operating system interface and environment, including a command interpreter (or “‘shell””), and
common utility programs to support applications portability at the source code level. This standard is intended to be used by both
applications developers and system implementors and comprises four major components (each in an associated volume):

« General terms, concepts, and interfaces common to all volumes of this standard, including utility conventions and C-language
header definitions, are included in the Base Definitions volume.

« Definitions for system service functions and subroutines, language-specific system services for the C programming language,
function issues, ir@ing portability, error handling, and error recovery, are included in the System Interfaces volume.

« Definitions for a al'd source code-level interface to command interpretation services (a ‘‘shell’”) and common utility
programs for applic rograms are included in the Shell and Utilities volume.

« Extended rationale that™did not fit well into the rest of the document structure, which contains historical information concerning
the contents of this stan nd why features were included or discarded by the standard developers, is included in the
Rationale (Informative) vol

The following areas are outside the{sc@pe of this standard:
« Graphics interfaces
« Database management system inten%
« Record 170 considerations GO
/ *

« Object or binary code portability /

This standard describes the external characteristics an(@ilities that are of importance to applications developers, rather than the
internal construction techniques employed to achieve theSe capabilities. Special emphasis is placed on those functions and facilities
that are needed in a wide variety of commercial applicatig

« System configuration and resource availability

Keywords

application program interface (API), argument, asynchronous, ic segular expression (BRE), batch job, batch system, built-in
utility, byte, child, command language interpreter, CPU, extende lar expression (ERE), FIFO, file access control mechanism,
input/output (170), job control, network, portable operating system face (POSIX™), parent, shell, stream, string, synchronous,

system, thread, X/Open System Interface (XSI)
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IEEE

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating Committees of the IEEE
Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards through a consensus development process,
approved by the American National Standards Institute, which brings together volunteers representing varied viewpoints and
interests to achieve the final product. Volunteers are not necessarily members of the Institute and serve without compensation.
While the IEEE administers the process and establishes rules to promote fairness in the consensus development process, the IEEE
does not independently evaluate, test, or verify the accuracy of any of the information contained in its standards.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property, or other damage, of any
nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly resulting from the publication,
use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly disclaims any
express or implied warranty, including any implied warranty of merchantability or fitness for a specific purpose, or that the use
of the material contained herein is free from patent infringement. IEEE Standards documents are supplied “AS IS™.

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 ard services related to the scope of the IEEE Standard. Furthermore, the viewpoint expressed at the time a
standard is approve issued is subject to change brought about through developments in the state of the art and comments
received from users hg standard. Every IEEE Standard is subjected to review at least every five years for revision or
reaffirmation. When a ent is more than five years old and has not been reaffirmed, it is reasonable to conclude that its
contents, although still ome value, do not wholly reflect the present state of the art. Users are cautioned to check to determine
that they have the latest editioyny IEEE Standard.

In publishing and making this ment available, the IEEE is not suggesting or rendering professional or other services for, or on
behalf of, any person or entity. he IEEE undertaking to perform any duty owed by any other person or entity to another. Any
person utilizing this, and any ot EE Standards document, should rely upon the advice of a competent professional in
determining the exercise of reasonab in any given circumstances.

Interpretations: Occasionally questions arise regarding the meaning of portions of standards as they relate to specific
applications. When the need for interpret is brought to the attention of the IEEE, the Institute will initiate action to prepare
appropriate responses. Since IEEE Standard@ sent a consensus of concerned interests, it is important to ensure that any
interpretation has also received the concurrencegdf a Ralance of interests. For this reason, IEEE and the members of its societies and
Standards Coordinating Committees are not ablw&rovide an instant response to interpretation requests except in those cases
where the matter has previously received formal co eration.

Comments for revision of IEEE Standards are welcon‘@om any interested party, regardless of membership affiliation with the
IEEE.! Suggestions for changes in documents should be ja&he form of a proposed change of text, together with appropriate
supporting comments. Comments on standards and requ interpretations should be addressed to:

Secretary, IEEE-SA Standards Board, 445 Hoes Lane, P.O. B El, Piscataway, NJ 08855-1331, U.S.A.
*
P

Attention is called to the possibility that implementation of this st d may require use of subject matter covered by patent
rights. By publication of this standard, no position is taken with res the existence or validity of any patent rights in
connection therewith. The IEEE shall not be responsible for identifyin nts for which a license may be required by an IEEE

Standard or for conducting inquiries into the legal validity or scope of thoéseytents that are brought to its attention.

A patent holder has filed a statement of assurance that it will grant licens these rights without compensation or under

reasonable rates and non-discriminatory, reasonable terms and conditions to licants desiring to obtain such licenses. The
IEEE makes no representation as to the reasonableness of rates and/or terms and itions of the license agreements offered by
patent holders. Further information may be obtained from the IEEE Standards De nt.

Authorization to photocopy portions of any individual standard for internal or persona%( ranted in the U.S. by the Institute of
Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to the Co@g t Clearance Center.? Permission to
photocopy portions of any individual standard for educational classroom use can also be obtal through the Copyright Clearance
Center. To arrange for payment of the licensing fee, please contact:

Copyright Clearance Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923, U.S. ﬁ +1 978 750 8400

Amendments, corrigenda, and interpretations for this standard, or information about the IEEE standard lopment process, may
be found at http://standards.ieee.org.

Full catalog and ordering information on all IEEE publications is available from the IEEE Onliré log & Store at
http://shop.ieee.org/store.

1. For this standard, please send comments via the Austin Group as requested on page iii.

2. Please refer to the special provisions for this standard on page iii concerning permissions from both copyright holders and arrangements to cover photocopying and
reproduction across the world, as well as by commercial organizations wishing to license the material for use in product documentation.
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The Open Group

The Open Group, a vendor and technology-neutral consortium, is committed to delivering greater business efficiency by bringing
together buyers and suppliers of information technology to lower the time, cost, and risks associated with integrating new
technology across the enterprise.

The Open Group’s mission is to offer all organizations concerned with open information infrastructures a forum to share knowledge,
integrate open initiatives, and certify approved products and processes in a manner in which they continue to trust our impartiality.

In the global eCommerce world of today, no single economic entity can achieve independence while still ensuring interoperability.
The assurance that products will interoperate with each other across differing systems and platforms is essential to the success of
eCommerce and business workflow. The Open Group, with its proven testing and certification program, is the international
guarantor of interoperability in the new century.

The Open Group provides opportunities to exchange information and shape the future of IT. The Open Group’s members include
some of the largest and most influential organizations in the world. The flexible structure of The Open Groups membership allows
for almost any organization, no matter what their size, to join and have a voice in shaping the future of the IT world.

More information is available on The Open Group web site at http://www.opengroup.org.

The Open Group ha; 15 years’ experience in developing and operating certification programs and has extensive experience
developing and facilit; Lndustry adoption of test suites used to validate conformance to an open standard or specification. The
Open Group portfolio suites includes the Westwood family of tests for this standard and the associated certification program
for Version 3 of the Sin@JNIX Specification, as well tests for CDE, CORBA, Motif, Linux, LDAP, POSIX.1, POSIX.2, POSIX
Realtime, Sockets, UNIX, XP, NFS, XTI, and X11. The Open Group test tools are essential for proper development and
maintenance of standards-ba oducts, ensuring conformance of products to industry-standard APIs, applications portability,
and interoperability. In-depth identifies defects at the earliest possible point in the development cycle, saving costs in
development and quality assuranc

More information is available at http: opengroup.org/testing.

The Open Group publishes a wide range’q nical documentation, the main part of which is focused on development of Technical
and Product Standards and Guides, but w/| Iso includes white papers, technical studies, branding and testing documentation,
and business titles. Full details and a catalog afe ilable at http://www.opengroup.org/pubs.

As with all live documents, Technical Standards r?ﬂ)ecifications require revision to align with new developments and associated
international standards. To distinguish between specifications which are fully backwards compatible and those which are
not:

« A new Version indicates there is no change to the inti e information contained in the previous publication of that title, but
additions/extensions are included. As such, it replaces evious publication.

« A new Issue indicates there is substantive change to the défiggye information contained in the previous publication of that title,
and there may also be additions/extensions. As such, both p S ?nd new documents are maintained as current publications.

Readers should note that Corrigenda may apply to an/ blication. Corrigenda information is published at
http://www.opengroup.org/corrigenda.

Full catalog and ordering information on all Open Group publications is%able at http://www.opengroup.org/pubs.
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Structure of the Standard

This standard was originally developed by the Austin Group, a joint working group of members
of the IEEE, members of The Open Group, and members of ISO/IEC Joint Technical
Committee 1, as one of the four volumes of IEEE Std 1003.1-2001. The standard was approved by
ISO and/&(: and published in four parts, correlating to the original volumes.

A mappi@ithe parts to the volumes is shown below:

At}

ISO/IEC 99
Part

IEEE Std 1003.1

Description

9945-1

Includes general terms, concepts, and interfaces
common to all parts of ISO/IEC 9945, including utility
conventions and C-language header definitions.

9945-2

Includes definitions for system service functions and
subroutines, language-specific system services for the C
programming language, function issues, including
portability, error handling, and error recovery.

9945-3

Shell and Utilitie

cludes definitions for a standard source code-level
m@face to command interpretation services (a ‘‘shell’’)

mmon utility programs for application programs.

9945-4

Rationale

Incl extended rationale that did not fit well into the

rest of
informati
and why fe

ocument structure, containing historical
oncerning the contents of ISO/IEC 9945
s were included or discarded by the

standard develgpgrs.

All four parts comprise the entire standard, and intended to be used together to
accommodate significant internal referencing among

required to support all four parts.

O

. POSIX-conforming systems

©
‘e
o
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Introduction

Note: This introduction is not part of IEEE Std 1003.1-2001, Standard for Information Technology —
Portable Operating System Interface (POSIX).

This standard has been jointly developed by the IEEE and The Open Group. It is simultaneously
an IEEE Standard, an ISO/IEC Standard, and an Open Group Technical Standard.

The Au Group

This sta was developed, and is maintained, by a joint working group of members of the
IEEE Portali§¥Applications Standards Committee, members of The Open Group, and members
of ISO/IEC Jop Technical Committee 1. This joint working group is known as the Austin
Group.® The A% Group arose out of discussions amongst the parties which started in early
1998, leading to argmyjtial meeting and formation of the group in September 1998. The purpose of
the Austin Group ?been to revise, combine, and update the following standards: ISO/IEC
9945-1, ISO/IEC 994 EE Std 1003.1, IEEE Std 1003.2, and the Base Specifications of The
Open Group Single UN ecification.

After two initial meetings, @reement was signed in July 1999 between The Open Group and
the Institute of Electrical and €legtronics Engineers (IEEE), Inc., to formalize the project with the
first draft of the revised spec@tions being made available at the same time. Under this
agreement, The Open Group an agreed to share joint copyright of the resulting work. The
Open Group has provided the chairehd secretariat for the Austin Group.

The base document for the revision he Open Group’s Base volumes of its Single UNIX
Specification, Version 2. These were seleo@a since they were a superset of the existing POSIX.1
and POSIX.2 specifications and had some or@'rzational aspects that would benefit the audience
for the new revision. @

The approach to specification development ha&een one of “write once, adopt everywhere”,
with the deliverables being a set of specifications@,t carry the IEEE POSIX designation, The
Open Group’s Technical Standard designation, Qn ISO/IEC designation. This set of
specifications forms the core of the Single UNIX Speci |c@>n, Version 3.

This unique development has combined both the i@wtry—led efforts and the formal
standardization activities into a single initiative, and includ ide spectrum of participants.
The Austin Group continues as the maintenance body for this ent.

Anyone wishing to participate in the Austin Group should conta@ﬂe chair with their request.
There are no fees for participation or membership. You may participéle as an observer or as a
contributor. You do not have to attend face-to-face meetings articipate; electronic
participation is most welcome. For more information on the AUStin @coup and how to
participate, see http://www.opengroup.org/austin. &Z

§

3. The Austin Group is named after the location of the inaugural meeting held at the IBM facility in Austin, Texas in September
1998.
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Background

The developers of this standard represent a cross section of hardware manufacturers, vendors of
operating systems and other software development tools, software designers, consultants,
academics, authors, applications programmers, and others.

Conceptually, this standard describes a set of fundamental services needed for the efficient
construction of application programs. Access to these services has been provided by defining an
interface, using the C programming language, a command interpreter, and common utility
programs that establish standard semantics and syntax. Since this interface enables application
writers tQ write portable applications—it was developed with that goal in mind—it has been
designatg®\POSIX,* an acronym for Portable Operating System Interface.

Althoug jginated to refer to the original IEEE Std 1003.1-1988, the name POSIX more correctly
refers to a ily of related standards: IEEE Std 1003.n and the parts of ISO/IEC 9945. In earlier
editions of the standard, the term POSIX was used as a synonym for IEEE Std 1003.1-1988.
A preferred t POSIX.1, emerged. This maintained the advantages of readability of the
symbol “POSIX ™ thout being ambiguous with the POSIX family of standards.

Audience

The intended audience%@is standard is all persons concerned with an industry-wide standard
operating system based on @NIX system. This includes at least four groups of people:

1. Persons buying hardware

ﬁq software systems
Persons managing compani ?at are deciding on future corporate computing directions

géstems, and especially
Persons developing applications \MQ& portability is an objective

Purpose L

Several principles guided the development of %ndard
« Application-Oriented

The basic goal was to promote portability of ap@; ation programs across UNIX system

2
3. Persons implementing operati
4

environments by developing a clear, consistent, an biguous standard for the interface

specification of a portable operating system based on NIX system documentation. This
standard codifies the common, existing definition of the system.
« Interface, Not Implementation /é

This standard defines an interface, not an implementation. NQrs jnction is made between
library functions and system calls; both are referred to as fuén s. No details of the
implementation of any function are given (although historica,lz;rractice is sometimes
indicated in the RATIONALE section). Symbolic names are given @onstants (such as
signals and error numbers) rather than numbers.

4. The name POSIX was suggested by Richard Stallman. It is expected to be pronounced pahz-icks, as in positive, not poh-six, or
other variations. The pronunciation has been published in an attempt to promulgate a standardized way of referring to a
standard operating system interface.
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« Source, Not Object, Portability

This standard has been written so that a program written and translated for execution on one
conforming implementation may also be translated for execution on another conforming
implementation. This standard does not guarantee that executable (object or binary) code
will execute under a different conforming implementation than that for which it was
translated, even if the underlying hardware is identical.

« The C Language

The system interfaces and header definitions are written in terms of the standard C language
as s?i\fied in the ISO C standard.

« No ruser, No System Administration

There v( o intention to specify all aspects of an operating system. System administration
facilities anghfainctions are excluded from this standard, and functions usable only by the
superuser ot been included. Still, an implementation of the standard interface may also
implement fe s not in this standard. This standard is also not concerned with hardware
constraints or s maintenance.

¢ Minimal Interface,@mally Defined

In keeping with the ical design principles of the UNIX system, the mandatory core
facilities of this standard e been kept as minimal as possible. Additional capabilities have
been added as optional ex eg@%ns.

« Broadly Implementable Q

The developers of this standard ‘engleavored to make all specified functions implementable
across a wide range of existing an ntial systems, including:

1. All of the current major system at are ultimately derived from the original UNIX
system code (Version 7 or later) 7

Compatible systems that are not derive%om the original UNIX system code

Emulations hosted on entirely different opgraging systems

2

3

4. Networked systems @

. 2.

S,

No direct references to this goal appear in this standard, bu/ e results of it are mentioned

Distributed systems

6. Systems running on a broad range of hardware

in the Rationale (Informative) volume. O/

« Minimal Changes to Historical Implementations 6
When the original version of IEEE Std 1003.1 was published, there‘v%e known historical
implementations that did not have to change. However, there was a b nsensus on a set
of functions, types, definitions, and concepts that formed an interface t as common to

most historical implementations.

The adoption of the 1988 and 1990 IEEE system interface standards, the 1992 IEEE shell and
utilities standard, the various Open Group (formerly X/Open) specifications, and the
subsequent revisions and addenda to all of them have consolidated this consensus, and this
revision reflects the significantly increased level of consensus arrived at since the original
versions. The earlier standards and their modifications specified a number of areas where
consensus had not been reached before, and these are now reflected in this revision. The
authors of the original versions tried, as much as possible, to follow the principles below
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when creating new specifications:

1. By standardizing an interface like one in an historical implementation; for example,
directories

2. By specifying an interface that is readily implementable in terms of, and backwards-
compatible with, historical implementations, such as the extended tar format defined in
the pax utility

3. By specifying an interface that, when added to an historical implementation, will not
conflict with it; for example, the sigaction () function

Thisz)vision tries to minimize the number of changes required to implementations which
confopry to the earlier versions of the approved standards to bring them into conformance
with t rrent standard. Specifically, the scope of this work excluded doing any ‘“‘new”
work, bdrather collecting into a single document what had been spread across a number of
documents@ﬁ presenting it in what had been proven in practice to be a more effective way.
Some chang o prior conforming implementations were unavoidable, primarily as a
consequence o lving conflicts found in prior revisions, or which became apparent when
bringing the vari i

However, since it ré
“Common Usage C”,
similarly affected.

ces the 1999 version of the ISO C standard, and no longer supports
are a number of unavoidable changes. Applications portability is

/

*
This standard is specificallyf@ua codification of a particular vendor’s product.

It should be noted that imple ations will have different kinds of extensions. Some will
reflect “historical usage” and will preserved for execution of pre-existing applications.
These functions should be consid@!\“obsolescent” and the standard functions used for
new applications. Some extensions@l represent functions beyond the scope of this
standard. These need to be used with ul management to be able to adapt to future
extensions of this standard and/or port l%\ lementations that provide these services in a
different manner.

« Minimal Changes to Existing Application Code

A goal of this standard was to minimize addition rk for the developers of applications.
However, because every known historical imple tion will have to change at least
slightly to conform, some applications will have to cha

This Standard 6/

This standard defines the Portable Operating System InterfacQPOSlX) requirements and
consists of the following volumes:

« Base Definitions .}

« Shell and Utilities ((\L

« System Interfaces 0
« Rationale (Informative) (this volume)
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This Volume

This volume is being published to assist in the process of review. It contains historical
information concerning the contents of this standard and why features were included or
discarded by the standard developers. It also contains notes of interest to application
programmers on recommended programming practices, emphasizing the consequences of some
aspects of this standard that may not be immediately apparent.

This volume is organized in parallel to the normative volumes of this standard, with a separate
part for each of the three normative volumes.

Within%volume, the following terms are used:

base sta d
The ions of this standard that are not optional, equivalent to the definitions of classic
POSIX.$and POSIX.2.

POSIX.0
Although th m is not used in the normative text of this standard, it is used in this
volume to refe EE Std 1003.0-1995.

POSIX.1b
Although this term”@hot used in the normative text of this standard, it is used in this
volume to refer to th ents of the POSIX Realtime Extension amendment. (This was
earlier referred to as PO }during the standard development process.)

POSIX.1c @

Although this term is not usqgelin the normative text of this standard, it is used in this
volume to refer to the POSIX Threaels Extension amendment. (This was earlier referred to as
POSIX.4a during the standard d ent process.)

standard developers .
The individuals and companies in t velopment organizations responsible for this
standard: the IEEE P1003.1 working grom he Open Group Base working group, advised
by the hundreds of individual technical exp' who balloted the draft standards within the
Austin  Group, and the member bodiegm and technical experts of ISO/IEC
JTC1/SC22/WG15. @

XSl extension
The portions of this standard addressing the exten@p,added for support of the Single

UNIX Specification. @
/
Q
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