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Foreword

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 respective organization to deal with particular fields of technical activity. ISO and IEC
technical committees collaborate in fields of mutual interest. Other international organizations, governmental
and non-governmental, in liaison with ISO and IEC, also take part in the work.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types of
document should be noted. This document was drafted in accordance with the editorial rules of the ISO/IEC
Directives, Part 2 (see www.iso.org/directives or www.iec.ch/members experts/refdocs).

IEEE Standards documents are developed within IEEE Societies and subcommittees of IEEE Standards
Association (IEEE SA) Board of Governors. IEEE develops its standards through an accredited consensus
development process, which brings together volunteers representing varied viewpoints and interests to
achieve the final product. IEEE standards are documents developed by volunteers with scientific, academic,
and industry-based expertise in technical working groups. Volunteers are not necessarily members of IEEE or
IEEE SA and participate without compensation from IEEE. While IEEE administers the process and establishes
rules to promote fairness in the consensus development process, IEEE does not independently evaluate, test,
or verify the accuracy of any of the information or the soundness of any judgments contained in its standards.

ISO and IEC draw attention to the possibility that the implementation of this document may involve the use of
(a) patent(s). ISO and IEC take no position concerning the evidence, validity or applicability of any claimed
patent rights in respect thereof. As of the date of publication of this document, ISO and IEC had received notice
of (a) patent(s) which may be required to implement this document. However, implementers are cautioned
that this may not represent the latest information, which may be obtained from the patent database available
at www.iso.org/patents and https://patents.iec.ch. ISO and IEC shall not be held responsible for identifying
any or all such patent rights.

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and expressions
related to conformity assessment, as well as information about ISO's adherence to the World Trade
Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/iso/foreword.html.
In the IEC, see www.iec.ch /understanding-standards.

ISO/IEC/IEEE 9945 was prepared by the Microprocessor Committee of the IEEE Computer Society (as IEEE
Std 1003.1-2024) and The Open Group (as The Open Group Technical Standard Base Specifications, Issue 8)
and drafted in accordance with its editorial rules. It was adopted, under the “fast-track procedure” defined in
the Partner Standards Development Organization cooperation agreement between ISO and IEEE, by Joint
Technical Committee ISO/IECJTC 1, Information technology, Subcommittee SC 22, Programming languages,
their environments and system software interfaces.

This second edition cancels and replaces the first edition (ISO/IEC/IEEE 9945:2009), which has been
technically revised. It also incorporates the Technical Corrigenda ISO/IEC/IEEE 9945:2009/Cor. 1:2013 and
ISO/IEC/IEEE 9945:2009/Cor. 2:2017.

The main changes are as follows:

— Change history is described in the Rationale (Informative) volume of POSIX.1-2024 and in the CHANGE
HISTORY section of reference pages.
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Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html and www.iec.ch/national-
committees.
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Abstract: POSIX.1-2024 is simultaneously IEEE Std 1003.1™-2024 and The Open Group
Standard Base Specifications, Issue 8.

POSIX.1-2024 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. POSIX.1-2024 is intended to be used by both application developers and
system implementors and comprises four major components (each in an associated volume):

e 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.

o 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, are included in the System Interfaces volume.

e Definitions for a standard source code-level interface to command interpretation services
(a “shell”) and common utility programs for application programs are included in the Shell
and Utilities volume.

o Extended rationale that did not fit well into the rest of the document structure, which
contains historical information concerning the contents of POSIX.1-2024 and why features
were included or discarded by the standard developers, is included in the Rationale
(Informative) volume.

The Institute of Electrical and Electronics Engineers, Inc.
3 Park Avenue, New York, NY 10016-5997, USA

The Open Group
Apex Plaza, Forbury Road, Reading, Berkshire RG1 1AX, UK

Copyright © 2024 by The Institute of Electrical and Electronics Engineers, Inc. and The Open Group
All rights reserved.
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IEEE is a registered trademark in the U.S. Patent & Trademark Office and POSIX is a trademark owned by The Institute of Electrical and
Electronics Engineers, Incorporated.

This release of this standard is dedicated to the memory of J6rg Schilling and Donn Terry.

This standard has been prepared by the Austin Group. Feedback relating to the material contained within this standard may be submitted
by using the Austin Group web site at www.opengroup.org/austin/defectform.html.

IEEE prohibits discrimination, harassment, and bullying.

For more information, visit https.//www.ieee.org/about/corporate/qgovernance/p9-26.html.

No part of this publication may be reproduced in any form, in an electronic retrieval system or otherwise, without the prior written permission
of the publisher. Permission to reproduce all or any part of this standard must be with the consent of both copyright holders and may be
subject to a license fee. Both copyright holders will need to be satisfied that the other has granted permission. Requests should be sent by
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The following areas are outside the scope of POSIX.1-2024:

e Graphics interfaces

o Database management system interfaces

e Record I/O considerations

e Object or binary code portability

e System configuration and resource availability

POSIX.1-2024 describes the external characteristics and facilities that are of importance to
application 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 applications.

Keywords: application program interface (API), argument, asynchronous, basic regular expression
(BRE), built-in utility, byte, child, command language interpreter, CPU, extended regular expression
(ERE), FIFO, file access control mechanism, IEEE 1003.1™ input/output (I/O), job control,
network, parent, portable operating system interface (POSIX™), shell, stream, string, synchronous,
system, thread, X/Open System Interface (XSI)

The Open Group

The Open Group is a global consortium that enables the achievement of business objectives through
technology standards and open standards by fostering a culture of collaboration, inclusivity, and mutual
respect among our diverse membership of more than 900 organizations. Our membership includes customers,
systems and solutions suppliers, tools vendors, integrators, academics, and consultants across multiple
industries.

The mission of The Open Group is to drive the creation of Boundaryless Information Flow™ achieved by:

. Working with customers to capture, understand, and address current and emerging requirements,
establish policies, and share best practices

. Working with suppliers, consortia, and standards bodies to develop consensus and facilitate
interoperability, to evolve and integrate specifications and open source technologies

. Offering a comprehensive set of services to enhance the operational efficiency of consortia
. Developing and operating the industry’s premier certification service and encouraging procurement

of certified products

Further information on The Open Group is available at https://www.opengroup.org.

The Open Group publishes a wide range of technical documentation, most of which is focused on
development of Standards and Guides, but which also includes white papers, technical studies, certification
and testing documentation, and business titles. Full details and a catalog are available at
https://www.opengroup.org/library.
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE Standards documents are made available for use subject to important notices and legal disclaimers.
These notices and disclaimers, or a reference to this page (https://standards.ieee.org/ipr/disclaimers.html),
appear in all IEEE standards and may be found under the heading “Important Notices and Disclaimers
Concerning IEEE Standards Documents.”

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents are developed within IEEE Societies and subcommittees of IEEE Standards
Association (IEEE SA) Board of Governors. IEEE develops its standards through an accredited consensus
development process, which brings together volunteers representing varied viewpoints and interests to
achieve the final product. IEEE standards are documents developed by volunteers with scientific, academic,
and industry-based expertise in technical working groups. Volunteers involved in technical working groups
are not necessarily members of IEEE or IEEE SA and participate without compensation from IEEE. While
IEEE administers the process and establishes rules to promote fairness in the consensus development process,
IEEE does not independently evaluate, test, or verify the accuracy of any of the information or the soundness
of any judgments contained in its standards.

IEEE makes no warranties or representations concerning its standards, and expressly disclaims all warranties,
express or implied, concerning all standards, including but not limited to the warranties of merchantability,
fitness for a particular purpose and non-infringement IEEE Standards documents do not guarantee safety,
security, health, or environmental protection, or compliance with law, or guarantee against interference with
or from other devices or networks. In addition, IEEE does not warrant or represent that the use of the material
contained in its standards is free from patent infringement. IEEE Standards documents are supplied “AS IS”
and “WITH ALL FAULTS.”

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.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity, nor is [EEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing any IEEE Standards document should rely upon their
own independent judgment in the exercise of reasonable care in any given circumstances or, as appropriate,
seek the advice of a competent professional in determining the appropriateness of a given IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: THE
NEED TO PROCURE SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR
BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE UPON
ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.

v Copyright © 2024 IEEE and The Open Group. All rights reserved.

© IEEE 2024 - All rights reserved


https://standards.iteh.ai/catalog/standards/iso/e7c28218-84fb-48c8-bce9-2e5ac628df58/iso-iec-ieee-9945-2026
https://standards.iteh.ai/catalog/standards/iso/e7c28218-84fb-48c8-bce9-2e5ac628df58/iso-iec-ieee-9945-2026

ISO/IEC/IEEE 9945:2026(en)

IEEE Std 1003.1™-2024 (Revision of IEEE Std 1003.1-2017)
IEEE Standard for Information Technology—Portable Operating System Interface (POSIX®)
The Open Group Standard, Base Specifications, Issue 8

Translations

The IEEE consensus balloting process involves the review of documents in English only. In the event that an
IEEE standard is translated, only the English language version published by IEEE is the approved IEEE
standard.

Use by artificial intelligence systems

In no event shall material in this document be used for the purpose of creating, training, enhancing,
developing, maintaining, or contributing to any artificial intelligence systems without the express, written
consent of IEEE SA and The Open Group in advance. “Artificial intelligence” refers to any software,
application, or other system that uses artificial intelligence, machine learning, or similar technologies, to
analyze, train, process, or generate content. Requests for consent can be submitted by email to austin-group-
permissions@opengroup.org.

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE SA Standards Board
Operations Manual is not, and shall not be considered or inferred to be, the official position of IEEE or any
of its committees and shall not be considered to be, or be relied upon as, a formal position of IEEE or IEEE
SA. At lectures, symposia, seminars, or educational courses, an individual presenting information on IEEE
standards shall make it clear that the presenter’s views should be considered the personal views of that
individual rather than the formal position of IEEE, IEEE SA, the Standards Committee, or the Working
Group. Statements made by volunteers may not represent the formal position of their employer(s) or
affiliation(s). News releases about IEEE standards issued by entities other than IEEE SA should be
considered the view of the entity issuing the release rather than the formal position of IEEE or IEEE SA.

Comments on standards

Feedback relating to the material contained within this standard may be submitted by using the Austin Group
web site at http:// www.opengroup.org/austin/defectform.html.

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with the
provisions of any IEEE Standards document does not constitute compliance to any applicable regulatory
requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not
in compliance with applicable laws, and these documents may not be construed as doing so.

Data privacy

Users of IEEE Standards documents should evaluate the standards for considerations of data privacy and data
ownership in the context of assessing and using the standards in compliance with applicable laws and
regulations.

Copyright © 2024 IEEE and The Open Group. All rights reserved. v
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Copyrights

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws.
They are made available by IEEE and are adopted for a wide variety of both public and private uses. These
include both use by reference, in laws and regulations, and use in private self-regulation, standardization, and
the promotion of engineering practices and methods. By making these documents available for use and
adoption by public authorities and private users, neither IEEE nor its licensors waive any rights in copyright
to the documents.

Photocopies

Subject to payment of the appropriate licensing fees, IEEE will grant users a limited, non-exclusive license
to photocopy portions of any individual standard for company or organizational internal use or individual,
non-commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance
Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400;
https://www.copyright.com/. Permission to photocopy portions of any individual standard for educational
classroom use can also be obtained through the Copyright Clearance Center.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every 10 years. When a document is more than 10 years
old and has not undergone a revision process, 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.

In order to determine whether a given document is the current edition and whether it has been amended
through the issuance of amendments, corrigenda, or errata, visit IEEE Xplore or contact IEEE.! For more
information about the IEEE SA or IEEE’s standards development process, visit the IEEE SA Website.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE SA Website.? Search for standard number
and year of approval to access the web page of the published standard. Errata links are located under the
Additional Resources Details section. Errata are also available in IEEE Xplore. Users are encouraged to
periodically check for errata.

! Available at: https:/ieecexplore.ieee.org/browse/standards/collection/ieee.
2 Available at: https://standards.ieee.org/standard/index.html.
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Patents

IEEE standards are developed in compliance with the IEEE SA Patent Policy.?

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to the
existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant has
filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE
SA Website at https://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate
whether the Submitter is willing or unwilling to grant licenses under patent rights without compensation or
under reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair
discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that
determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely their
own responsibility. Further information may be obtained from the IEEE Standards Association.

IMPORTANT NOTICE

Technologies, application of technologies, and recommended procedures in various industries evolve over
time. The IEEE standards development process allows participants to review developments in industries,
technologies, and practices, and to determine what, if any, updates should be made to the IEEE standard.
During this evolution, the technologies and recommendations in IEEE standards may be implemented in
ways not foreseen during the standard’s development. IEEE standards development activities consider
research and information presented to the standards development group in developing any safety
recommendations. Other information about safety practices, changes in technology or technology
implementation, or impact by peripheral systems also may be pertinent to safety considerations during
implementation of the standard. Implementers and users of IEEE Standards documents are responsible for
determining and complying with all appropriate safety, security, environmental, health, data privacy, and
interference protection practices and all applicable laws and regulations.

3 Available at: https://standards.ieee.org/about/sasb/patcom/materials.html.
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Introduction

This introduction is not part of IEEE Std 1003.1™-2024, IEEE Standard for Information Technology—Portable
Operating System Interface (POSIX™)—Base Specifications, Issue 8.

This draft standard was developed, and is maintained, by a joint working group of members of the IEEE
Microprocessor Standards Committee, members of The Open Group, and members of ISO/IEC Joint
Technical Committee 1. This joint working group is known as the Austin Group.*

The Austin Group arose out of discussions amongst the parties which started in early 1998, leading to an
initial meeting and formation of the group in September 1998. The purpose of the Austin Group is to develop
and maintain the core open systems interfaces that are the POSIX 1003.1 (and former 1003.2) standards,
ISO/IEC 9945, and the core of the Single UNIX® Specification.

The approach to specification development has been one of “write once, adopt everywhere”, with the
deliverables being a set of specifications that carry the IEEE POSIX designation, The Open Group Standard
designation, and an ISO/IEC designation.

This unique development has combined both the industry-led efforts and the formal standardization activities
into a single initiative, and included a wide spectrum of participants. The Austin Group continues as the
maintenance body for this document.

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

Background

The developers of POSIX.1-2024 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, POSIX.1-2024 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 developers to write portable applications — it
was developed with that goal in mind — it has been designated POSIX,’ an acronym for Portable Operating
System Interface.

Although originated to refer to the original IEEE Std 1003.1-1988, the name POSIX more correctly refers to
a family of related standards: IEEE Std 1003.n and the parts of ISO/IEC 9945. In earlier editions of the IEEE
Standard, the term POSIX was used as a synonym for IEEE Std 1003.1-1988. A preferred term, POSIX.1,
emerged. This maintained the advantages of readability of the symbol “POSIX” without being ambiguous
with the POSIX family of standards.

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

5 The name POSIX was suggested by Richard Stallman. It is expected to be pronounced with the first two syllables 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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