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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. In the field of information technology, ISO and IEC have
established a joint technical committee, ISO/IEC JTC 1.

administers” the _process and
establishes rules to promote fairness in the consensus developmen RrOCess thelEEE

Intermational Standards adopted by

ional bo tion as an International Standard

requires approval by at least 75 % of the nationg| bodjes<castin
covered by patent rights. By publication of this( standard, o “posifion is taken with respect to the existence or
validity of any patent rights in connegtion therewith. IEE \ esponsible for identifying essential patents or

Q ired, gondugting inquiries into the legal validity or scope of
ing terms or conditions provided in connection with

C 5 and Licensing Declaration Form, if any, or in any
licensing agreements ar‘ eas npon disctimi tory Users of this standard are expressly adwsed that
{ ||b 3

determination of the vakd
responsibility. Further inforv

ISO/IEC/IEEE 60559 wa icrgprocessor Standards Committee of the IEEE Computer Society
of the IEEE (as IEEf 41-2008) as adopted by Joint Technical Committee ISO/IEC JTC 1, Information

technology, Subco onnection of information technology equipment in parallel with its approval
by the ISO/IEC derhe “fast-track procedure” defined in the Partner Standards Development
Organization coe eement between ISO and IEEE. IEEE is responsible for the maintenance of this

document with parti 'an and input from ISO/IEC national bodies.

This first edition, published ag’ISO/IEC/IEEE 60559, replaces the second edition of IEC 60559.
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IEEE Introduction

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 or the soundness of any judgments 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 merchantabilit fitness for a specific
purpose, or that the use of the material contained herein is free from patent infringement, JEEE Standards documents
are supplied “AS IS”.

In pubhshmg and making this document available, the
services for, or on behalf of, any person or en it

action to prepare appropriate
important to ensure that p

response to interpyetati sept i S i i i ion.
A statement, Wr' 2 is ed imaeCordance with the IEEE-SA Standards Board Operations Manual
shall not be considered the wfficial pesiti

relied upon as, a
individual prese

¢/1EEE. At lectures, symposia, seminars, or educational courses, an
andards shall make it clear that his or her views should be considered the

personal views of that idiv the formal position, explanation, or interpretation of the IEEE
Comments fqr revis dards are welcome from any interested party, regardless of membership affiliation
with ons for ¢hanges in documents should be in the form of a proposed change of text, together with

Secretary, IEEE-SA Standards Board
445 Hoes Lane

Piscataway, NJ 08854

USA

Authorization to photocopy portions of any individual standard for internal or personal use is granted by The Institute
of Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright Clearance Center.
To arrange for payment of licensing fee, 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.
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This introduction is not part of IEEE Std 754-2008, IEEE Standard for Floating-Point Arithmetic.

This standard is a product of the Floating-Point Working Group of, and sponsored by, the Microprocessor
Standards Committee of the IEEE Computer Society.

This standard provides a discipline for performing floating-point computation that yields results
independent of whether the processing is done in hardware, software, or a combination of the two. For
operations specified in the normative part of this standard, numerical results and exceptions are uniquely
determined by the values of the input data, the operation, and the destination, all under user control.

This standard defines a family of commercially feasible ways for systems to perform binary and decimal
floating-point arithmetic. Among the desiderata that guided the formulation of this ste

d) Provide direct support for

— execution-time diagnosis of gnomalies

f)

controls de #s a guide to providing the programmer with the ability to portably control
expressions and_exceptions. It is also hoped that designers will be guided by this standard to provide

Copyright © IEEE 2008. All rights reserved \Y
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Notice to users

Laws and regulations

Users of these documents should consult all applicable laws and regulations. Compliance with the
provisions of this standard 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

This document is copyrighted by the IEEE. It is made available for a wide variety of both public and private

copyright to this document.

Updating of IEEE documents

For more information about the IEEE Standa

rds_Assvdgiation ox the IEEE standards development process,
.g.
Errata, if any,

reading/ieee/updatesterrata/i \ eéncouraged to check that URL for errata periodically.

Errata

sessed at the following URL: http://standards.ieee.org/reading/ieee/interp/
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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 with respect to the existence
or validity of any patent rights in connection therewith. A patent holder or patent applicant has filed a
statement of assurance that it will grant licenses under these 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. Other Essential Patent Claims may exist for
which a statement 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 for 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.
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INFORMATION TECHNOLOGY —
MICROPROCESSOR SYSTEMS —

Floating-Point arithmetic

This IEEE document is made available for use subject to importgiit novices™s egal Hisclimers. These notices

and dtsclatmers appear in all publtcatmns contammg this dgcume : d under the heading

. They can also be

1. Overview

1.1 Scope

This standard specifies
and extended functions
for data interc
specified.

1.2 Purpose

1.3 Inclusions

This standard specifies:
— Formats for binary and decimal floating-point data, for computation and data interchange.

— Addition, subtraction, multiplication, division, fused multiply add, square root, compare, and other
operations.

— Conversions between integer and floating-point formats.

— Conversions between different floating-point formats.

— Conversions between floating-point formats and external representations as character sequences.
— Floating-point exceptions and their handling, including data that are not numbers (NaNs).

1
Copyright © 2008 IEEE. All rights reserved.
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1.4 Exclusions

This standard does not specify:
— Formats of integers.
— Interpretation of the sign and significand fields of NaNs.

1.5 Programming environment considerations

This standard specifies floating-point arithmetic in two radices, 2 and 10. A programming environment may
conform to this standard in one radix or in both.

This standard does not define all aspects of a conforming programming environment. Such behavior should
be defined by a programming language definition supporting this standard, if available, and otherwise by a
particular implementation. Some programming language specifications might permit some behaviors to be
defined by the implementation.

Because this standard requires facilities that are not currently avatlable s ramming languages,
the standards for such languages might not be able to fully conform™ \standard 1t they are no longer
being revised. If the language can be extended by a fuAction_libra class ‘or package to provide a
conforming environment, then that extension should d ned behaviors that would

Implementation-defined behavior is defined\ by aci tion of a specific programming
environment conforming to this standard. i S aviors not specified by this standard
nor by any relevant programming languagg ing language extension.

implementation of a specific programming

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™).

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

— see followed by a number is a cross-reference to the clause or subclause of this standard identified
by that number

— NOTE introduces text that is informative (that is, is not a requirement of this standard).

2
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2. Definitions, abbreviations, and acronyms

2.1 Definitions
For the purposes of this standard, the following terms and definitions apply.

2.1.1 applicable attribute: The value of an attribute governing a particular instance of execution of a
computational operation of this standard. Languages specify how the applicable attribute is determined.

2.1.2 arithmetic format: A floating-point format that can be used to represent floating-point operands or
results for the operations of this standard.

2.1.3 attribute: An implicit parameter to operations of this standard, which a user might statically set in a
programming language by specifying a constant value. The term attribute might refer to the parameter (as in
“rounding-direction attribute”) or its value (as in “roundTowardZero attribute”).

2.1.4 basic format: One of five floating-point representations, three binary and two “decimal, whose
encodings are specified by this standard, and which can be used for arithmetig’

formats is implemented in any conforming implementation.

2.1.5 biased exponent: The sum of the exponent and a constant
exponent’s range nonnegative.

2.1.6 binary floating-point number: A floating-point number wi

2.1.7 block: A language-defined syntactic unit for which a
might provide means for users to specify attributes for blg i ven as large as an entire
program and as small as a single operation.

2.1.12 correc ing
point number, as\dét;

2.1.15 denormalized niwber: See: subnormal number.

2.1.16 destination: The location for the result of an operation upon one or more operands. A destination
might be either explicitly designated by the user or implicitly supplied by the system (for example,
intermediate results in subexpressions or arguments for procedures). Some languages place the results of
intermediate calculations in destinations beyond the user’s control; nonetheless, this standard defines the
result of an operation in terms of that destination’s format and the operands’ values.

2.1.17 dynamic mode: An optional method of dynamically setting attributes by means of operations of this
standard to set, test, save, and restore them.

2.1.18 exception: An event that occurs when an operation on some particular operands has no outcome
suitable for every reasonable application. That operation might signal one or more exceptions by invoking
the default or, if explicitly requested, a language-defined alternate handling. Note that event, exception, and
signal are defined in diverse ways in different programming environments.

3
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