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Abstract: This standard specifies interchange and arithmetic formats and methods for binary and
decimal floating-point arithmetic in computer programming environments. This standard specifies
exception conditions and their default handling. An implementation of a floating-point system
conforming to this standard may be realized entirely in software, entirely in hardware, or in any
combination of software and hardware. For operations specified in the normative part of this
standard, numerical results and exceptions are uniquely determined by the values of the input
data, sequence of operations, and destination formats, all under user control.
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Introduction

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 deciral
floating-point arithmetic. Among the desiderata that guided the formulation of this standard were:

a) Facilitate movement of existing programs from diverse computers to those that adi.>re w this
standard as well as among those that adhere to this standard.

b) Enhance the capabilities and safety available to users and programmers who,2!thcugh not expert
in numerical methods, might well be attempting to produce numerically sophi. ‘icateu programs.

c) Encourage experts to develop and distribute robust and efficient numer '~al programs that are
portable, by way of minor editing and recompilation, onto any ccvipuc t that conforms to this
standard and possesses adequate capacity. Together with language con.=ol< it should be possible to
write programs that produce identical results on all conforming s ystems.

d) Provide direct support for
— execution-time diagnosis of anomalies
— smoother handling of exceptions
— interval arithmetic at a reasonable cost.
e) Provide for development of
— standard elementary functions such as exp and cos
— high precision (multiword) arithmeatic
— coupled numerical and symbolic2alg =biaic computation.
f) Enable rather than preclude furtl er.efinements and extensions.

In programming environments, this ' tancard is also intended to form the basis for a dialog between the
numerical community and progranu. g language designers. It is hoped that language-defined methods for
the control of expression ev: lusden and exceptions might be defined in coming years, so that it will be
possible to write prograras tio* produce identical results on all conforming systems. However, it is
recognized that utility ~=d s. fety in languages are sometimes antagonists, as are efficiency and portability.

Therefore, it is hoped 1« language designers will look on the full set of operation, precision, and exception
controls descrioed here us a guide to providing the programmer with the ability to portably control
expressions a.d exceptions. It is also hoped that designers will be guided by this standard to provide
extensions 1. a cumpletely portable way.
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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 {riva‘e
uses. These include both use, by reference, in laws and regulations, and use in private seif-raqula ‘on,
standardization, and the promotion of engineering practices and methods. By making th.: doc:raent
available for use and adoption by public authorities and private users, the IEEE does not waive any rights in
copyright to this document.

Updating of IEEE documents

Users of IEEE standards should be aware that these documents may be su, erse 'ed 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 timc ccsists of the current edition of the
document together with any amendments, corrigenda, or errata then in ¢, =ct. In order to determine whether
a given document is the current edition and whether it has [een amended through the issuance of
amendments, corrigenda, or errata, please visit the «IELS *sadards Association Web site at
http://ieeexplore.ieee.org/xpl/standards.jsp, or contact the IEE." at e address listed previously.

For more information about the IEEE Standards Associa.'on or the IEEE standards development process,
visit the IEEE-SA Web site at http://standards.ieee.org.

Errata

Errata, if any, for this and all other sianda s c¢i n be accessed at the following URL: http://standards.ieee.org/
reading/icee/updates/errata/index.htm!. Urers are encouraged to check that URL for errata periodically.

Interpretations

Current interpretations cai. be accessed at the following URL: http://standards.ieee.org/reading/ieee/interp/
index.html.
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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 1.on-
discriminatory. Users of this standard are expressly advised that determination of the validity of any | aten
rights, and the risk of infringement of such rights, is entirely their own responsibility. Further informat.»a
may be obtained from the IEEE Standards Association.
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IMPORTANT NOTICE: This standard is not intended to assure safety, security, health, or environmental
protection in all circumstances. Implementers of the standard are responsible for determining appropriate safety,
security, environmental, and health practices or regulatory requirements.

This IEEE document is made available for use subject to important notices and legal disclaimers. These notices
and disclaimers appear in all publications containing this document and may be found under the heading
“Important Notice” or “Important Notices and Disclaimers Concerning IEEE Documents”. They can also be
obtained on request from IEEE or viewed at http://standards.ieee.org/IPR/disclaimers.html.

1. Overview

1.1 Scope

This standard specifies formats and methods for floating-point arithmetic in computer systems—standard
and extended functions with single, double, extended, and extendable precision—and recommends formats
for data interchange. Exception conditions are defined and standard handling of these conditions is
specified.

1.2 Purpose

This standard provides a method for computation with floating-point numbers that will yield the same result
whether the processing is done in hardware, software, or a combination of the two. The results of the
computation will be identical, independent of implementation, given the same input data. Errors, and error
conditions, in the mathematical processing will be reported in a consistent manner regardless of
implementation.

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).
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