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Abstract: This standard is a simplified version and a subset of the IEEE Std 1788TM-2015 for Interval Arithmetic 
and includes those operations and features of the latter that in the the editors’ view are most commonly used in 
practice. IEEE Std 1788.1-2017 specifies interval arithmetic operations based on intervals whose endpoints are 
IEEE Std 754TM-2008 binary64 floating-point numbers and a decoration system for exception-free computations 
and propagation of properties of the computed results.

A program built on top of an implementation of IEEE Std 1788.1-2017 should compile and run, and give identical 
output within round off, using an implementation of IEEE Std 1788-2015, or any superset of the former.

Compared to IEEE Std 1788-2015, this standard aims to be minimalistic, yet to cover much of the functionality 
needed for interval computations. As such, it is more accessible and will be much easier to implement, and thus 
will speed up production of implementations.
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These notices
and disclaimers, or a reference to this page, appear in all standards and may be found under the heading
“Important Notices and Disclaimers Concerning IEEE Standards Documents.” They can also be obtained
on request from IEEE or viewed at http://standards.ieee.org/IPR/disclaimers.html.

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

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use,
are developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a consen-
sus development process, approved by the American National Standards Institute (“ANSI”), which brings
together volunteers representing varied viewpoints and interests to achieve the final product. IEEE Stan-
dards are documents developed through scientific, academic, and industry-based technical working groups.
Volunteers in IEEE working groups are not necessarily members of the Institute 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 Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure
against interference with or from other devices or networks. Implementers and users of IEEE Standards
documents are responsible for determining and complying with all appropriate safety, security, environmental,
health, and interference protection practices and all applicable laws and regulations.

IEEE does not warrant or represent the accuracy or content of the material contained in its standards,
and expressly disclaims all warranties (express, implied and statutory) not included in this or any other
document relating to the standard, including, but not limited to, the warranties of: merchantability; fitness
for a particular purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness of
material. In addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort.
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 IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon
his or her 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: PROCURE-
MENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS
INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CON-
TRACT, 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.

Translations

The IEEE consensus development process involves the review of documents in English only. In the event
that an IEEE standard is translated, only the English version published by IEEE should be considered the
approved IEEE standard.
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Official statements

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board Oper-
ations Manual 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. At lectures, symposia,
seminars, or educational courses, an individual presenting information on IEEE standards shall make it clear
that his or her views should be considered the personal views of that individual rather than the formal
position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless
of membership affiliation with IEEE. However, IEEE does not provide consulting information or advice
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a
proposed change of text, together with appropriate supporting comments. Since IEEE standards represent a
consensus of concerned interests, it is important that any responses to comments and questions also receive
the concurrence of a balance of interests. For this reason, IEEE and the members of its societies and Standards
Coordinating Committees are not able to provide an instant response to comments or questions except in
those cases where the matter has previously been addressed. For the same reason, IEEE does not respond
to interpretation requests. Any person who would like to participate in revisions to an IEEE standard is
welcome to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

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 imply 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.

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, IEEE does not waive any rights in copyright to the
documents.

Photocopies

Subject to payment of the appropriate fee, 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. 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,
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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 ten years. When a document is more than ten 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 at http://ieeexplore.ieee.
org/ or contact IEEE at the address listed previously. For more information about the IEEE-SA or IEEE’s
standards development process, visit the IEEE-SA Website at http://standards.ieee.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL:
http://standards.ieee.org/findstds/errata/index.html. Users are encouraged to check this URL for
errata periodically.

Patents

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 http://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 re-
sponsible 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.

v
Copyright c© 2018 IEEE. All rights reserved.Curre

ntly
 in

 p
re

vie
w, c

lic
k b

uy f
ull v

er
sio

n

http://ieeexplore.ieee.org/
http://ieeexplore.ieee.org/
http://standards.ieee.org
http://standards.ieee.org/findstds/errata/index.html
http://standards.ieee.org/about/sasb/patcom/patents.html
https://www.stdhive.com/standards/ieee-17881-2017-pdf/


Participants

At the time this IEEE standard was completed, the Interval Standard Working Group had the following
membership:

Nathalie Revol, Chair
R. Baker Kearfott, Vice Chair

Guillaume Melquiond, Secretary
J. Wolff Von Gudenberg, Web Master

George Corliss, Vote Tabulator
Ned Nedialkov, Technical Editor

John Pryce, Technical Editor
Christian Keil, Deputy Technical Editor

Michel Hack, Vincent Lefevre, Ian McIntosh, Dmitry Nadezhin,
and J. Wolff Von Gudenberg, Assistant Technical Editors

Alexandru Amaricai
Ayman Bakr
Ahmed Belhani
Gerd Bohlender
Gilles Chabert
George Corliss
Rudnei Dias da Cunha
Hend Dawood
William Edmonson
Bo Einarsson
Alan Eliasen
Hossam Fahmy
Richard Fateman
Scott Ferson
Haitham Gad
Kathy Gerber
Alexandre Goldsztejn
Frederic Goualard
Michael Groszkiewicz
Mohamed Guerfel
Michel Hack
Robert Hanek
Behnam Hashemi
Oliver Heimlich
Timothy Hickey
Werner Hofschuster
Chenyi Hu
Trevor Jackson-III

Malgorzata Jankowska
Ralph Kearfott
Christian Keil
Michel Kieffer
Vladik Kreinovich
Ulrich Kulisch
Dorina Lanza
Vincent Lefevre
David Lester
Dominique Lohez
Wolfram Luther
Amin Maher
Svetoslav Markov
Guenter Mayer
R. Ian Mcintosh
Guillaume Melquiond
Jean-Pierre Merlet
Jean-Michel Muller
Humberto Munoz
Jose Antonio Munoz
Dmitry Nadezhin
Kaori Nagatou
Mitsuhiro Nakao
Ned Nedialkov
Markus Neher
Diep Nguyen
Michael Nooner
Shinichi Oishi
Sylvain Pion

Evgenija Popova
John Pryce
Tarek Raissi
Nacim Ramdani
Andreas Rauh
Nathalie Revol
Michael Schulte
Kyarash Shahriari
Stefan Siegel
Iwona Skalna
Mark Stadtherr
James Stine
Pipop Thienprapasith
Warwick Tucker
Alfredo Vaccaro
Maarten van Emden
Erik-Jan van Kampen
Van Snyder
Josep Vehi
Julio Villalba-Moreno
J. Wolff Von Gudenberg
G. William Walster
Yan Wang
Lee Winter
Pierre-Alain Yvars
Sergei Zhilin
Mohamed Zidan
Dan Zuras

vi
Copyright c© 2018 IEEE. All rights reserved.Curre

ntly
 in

 p
re

vie
w, c

lic
k b

uy f
ull v

er
sio

n

https://www.stdhive.com/standards/ieee-17881-2017-pdf/


The following members of the individual balloting committee voted on this standard. Balloters may have
voted for approval, disapproval, or abstention.

Demetrio Bucaneg Jr.
Juan Carreon
Keith Chow
George Corliss
Hossam Fahmy
Andrew Fieldsend
Eric W Gray
Randall Groves
Michel Hack
Werner Hoelzl

Chenyi Hu
Noriyuki Ikeuchi
Malgorzata Jankowska
Piotr Karocki
Ralph Kearfott
Vladik Kreinovich
Vincent Lefevre
Jean-Michel Muller
Dmitry Nadezhin

Ned Nedialkov
John Pryce
Nathalie Revol
Iwona Skalna
James Stine
Eugene Stoudenmire
Walter Struppler
Gerald Stueve
Jian Yu
Oren Yuen

When the IEEE-SA Standards Board approved this standard on 6 December 2017, it had the following mem-
bership:

Jean-Philippe Faure, Chair
Gary Hoffman, Vice Chair
John D. Kulick, Past Chair

Konstantinos Karachalios, Secretary

Chuck Adams
Masayuki Ariyoshi
Ted Burse
Stephen Dukes
Doug Edwards
J. Travis Griffith
Michael Janezic

Thomas Koshy
Joseph L. Koepfinger∗

Kevin Lu
Daleep Mohla
Damir Novosel
Ronald C. Petersen
Annette D. Reilly
Robby Robson

Dorothy Stanley
Adrian Stephens
Mehmet Ulema
Phil Wennblom
Howard Wolfman
Yu Yuan

∗Member Emeritus

vii
Copyright c© 2018 IEEE. All rights reserved.Curre

ntly
 in

 p
re

vie
w, c

lic
k b

uy f
ull v

er
sio

n

https://www.stdhive.com/standards/ieee-17881-2017-pdf/


Introduction

This introduction is not part of IEEE Std 1788.1TM-2017, IEEE Standard for Interval Arithmetic
(Simplified).

This standard is a simplified version of the (full) IEEE Std 1788-2015 for Interval Arithmetic. As such, IEEE
Std 1788.1-2017 features

a) set-based intervals,

b) the inf-sup interval type based on the IEEE Std 754-2008 binary64 floating-point format,

c) the decoration system, and

d) simplified I/O.

The full standard extends this standard with extra features, aimed at current applications of interval com-
putation and at anticipated future developments, such as the following.

– Finite-precision intervals of different kinds are supported, e.g. one can build a system where interval
endpoints are numbers from an arbitrary-precision floating-point system such as MPFR.

– Besides the model in IEEE Std 1788.1-2017, where a mathematical interval is any closed connected subset
of the real numbers, other foundational models are supported in a controlled way by the concept of flavors.
For instance a flavor may support half-open and open real intervals; or Kaucher/modal intervals like [4,3]
as well as [3,4].

IEEE Std 1788.1-2017 satisfies all General Requirements of IEEE Std 1788-2015 and can be considered a
flavor of that standard.

– The set of required operations is extended by operations useful in specialized applications, such as reverse-
mode functions for constraint programming, and two-output division used in the interval Newton root-
finding method.

This document consists of two parts. Part 1 contains general requirements: overview, scope and purpose of
this standard and various definitions and abbreviations. Part 2 is the actual standard, presented in four levels.
Level 1 summarizes the theory of set-based intervals including decorations; Level 2 is about representing Level
1 entities in finite precision and the corresponding operations; Level 3 represents Level 2 entities, and Level
4 specifies interchange encodings. Annex A lists the features of IEEE Std 1788-2015 that are not required in
IEEE Std 1788.1-2017.
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IEEE Std 1788.1TM-2017
IEEE Standard for Interval Arithmatic (Simplified)

IEEE Standard for Interval Arithmetic
(Simplified)

PART 1

General Requirements

1. Overview

1.1 Scope

This standard is a simplified version and a subset of the IEEE Std 1788TM-2015 for Interval Arithmetic
and includes those operations and features of the latter that in the the editors’ view are most commonly
used in practice. IEEE Std 1788.1-2017 specifies interval arithmetic operations based on intervals whose
endpoints are IEEE Std 754TM-2008 binary64 floating-point numbers and a decoration system for exception-
free computations and propagation of properties of the computed results.

A program built on top of an implementation of IEEE Std 1788.1-2017 should compile and run, and give
identical output within round off, using an implementation of IEEE Std 1788-2015, or any superset of the
former.

1.2 Purpose

Compared to IEEE Std 1788-2015, this standard aims to be minimalistic, yet to cover much of the function-
ality needed for interval computations. As such, it is more accessible and will be much easier to implement,
and thus will speed up production of implementations.

1.3 Word usage

In this document three words are used to differentiate between different levels of requirements and optionality,
as follows:

– may indicates a course of action permissible within the limits of the standard with no implied preference
(“may” means “is permitted to”);

– shall indicates mandatory requirements strictly to be followed to conform to the standard and from which
no deviation is permitted (“shall” means “is required to”);

– should indicates that among several possibilities, one is recommended as particularly suitable, without
mentioning or excluding others; or that a certain course of action is preferred but not necessarily required;
or that (in the negative form) a certain course of action is deprecated but not prohibited (“should” means
“is recommended to”).

Further:

– optional indicates features that may be omitted, but if provided shall be provided exactly as specified;

– can is used for statements of possibility and capability (“can” means “is able to”);

– might indicates the possibility of a situation that could occur, with no implication of the likelihood of
that situation (“might” means “could possibly”);
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