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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 docum
IEC Dired

ISO and
use of (a]

etHe-beneted: deet was-drafted-accords o diteriatrates-of the SO/
tives, Part 2 (see www.iso.org/directives or www.iec.ch/members_experts/refdocs).

EC draw attention to the possibility that the implementation of this document.may infolve the
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 IEL had not

received
are cauti
database

hotice of (a) patent(s) which may be required to implement this document,'However, implementers
bned that this may not represent the latest information, which may be‘gbtained from the patent
available at www.iso.org/patents and https://patents.iec.ch. ISO“and IEC shall notfl be held

responsi

le for identifying any or all such patent rights.

Any trade name used in this document is information given for the’conivenience of users and|does not

constitute an endorsement.

Forane
related

lanation of the voluntary nature of standards, the meaning of ISO specific terms and expressions
conformity assessment, as well as informatiow,about ISO's adherence to the World Trade

Organization (WTO) principles in the Technical Barriers to drade (TBT) see www.iso.org/iso/forewjord.html.

In the IE(, see www.iec.ch/understanding-standards.

This dodument was prepared by Joint Technical“€Committee ISO/IEC JTC 1, Information tdchnology,

Subcom

ittee SC 22, Programming languages, theirénvironments and system software interfaces.

This second edition cancels and replaces the*first edition (ISO/IEC TS 18661-5:2016), which has been

technica
The main
— The s

— Conf
form|

Alist of afll parts in thellSO/IEC 18661 series can be found on the ISO website.

Any feed
body. A
www.iec

y revised.
changes are as follows:
pecification has been updated to extend ISO/IEC 9899:2024.

prmance macros have.been added to allow conformance to each of the four feature sets (efyaluation
ats, optimization(controls, reproducibility, and alternate exception handling) independently.

back of ‘questions on this document should be directed to the user’s national dtandards
copiplete listing of these bodies can be found at www.iso.org/members.hfml and
ch/national-committees.
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Introduction

The IEEE 754-1985 standard for binary floating-point arithmetic was motivated by an expanding diversity
in floating-point data representation and arithmetic, which made writing reliable programs, debugging
and moving programs between systems exceedingly difficult. Now the great majority of systems provide
data formats and arithmetic operations according to IEEE 754. Corresponding versions of IEEE 754 and
ISO/IEC 60559 have equivalent content.

Support for IEEE 754-1985 was added in ISO/IEC 9899:1999 (also referred to as C99), and ISO/IEC 9899:2018
is still based on IEEE 754-1985. However, IEEE 754 underwent a major revision in 2008 and a minor revision
in 2019, which added several new features.

The pur

support for the new features introduced into IEEE 754 since 1985. Most of the ISO/IEC 1866 S
been incdrporated into ISO/IEC 9899:2024 (also referred to as C23 because major work on thisrev
completed in 2023), which supports all required and most recommended features in IEEE254-201

IEEE 754|defines alternatives for certain attributes of floating-point semantics, and ditns to providg

program

to a given block of code. The program specification of attributes is constant (fixed at translation {

dynamic

The rFENV
IEEE 754

IEEE 754

— prefe

se of the ISO/IEC 18661 series (first published 2014 through 2016) has been to specify.€

ing languages, a means by which a program can specify which of the altéernative seman

(changeable at execution time).

| RounD and FENV_DEC_ROUND pragmas in C23 provide the rounding direction attributes re

also recommends other attributes that are not supported\in C23, including:

rredWidth: evaluation formats for floating-point op€rations;

—  valug
resu

— reproducibility: support for getting floatidg-point result values and exceptions that ar

repr
— alter

To suppl
means of]
similar in
in C since

-changing optimizations: allow/disallow program transformations that can affect float
t values;

ducible on other systems;
hate exception handling: methods-of handling floating-point exceptions.

ement the [EEE 754 support.in C23, this document provides these recommended attr

form to the floating-point pragmas (FENV_ACCESS, FP_CONTRACT, CX LIMITED RANGE) thatl}
1999.

language
eries has
jsion was
D.

, through

fics apply
ime), not

quired by

ing-point

e exactly

butes by

standard pragmas. The pragma parameters represent the alternative semantics. The pragmas are

ave been
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Programming languages, their environments, and system
software interfaces — Floating-point extensions for C —

Part 5:
Supplementary attributes

1 Scope

This doc
attribute
referred

2 Nor
The follo
indispen
the latest
ISO/IEC 9

ISO/IEC 4

3 Terms and definitions

For the
ISO/IEC 6

ISO and I
— IS0
— IECH

4 Con

An imple
any or all

lment specifies extensions to programming language C to include pragmas/correspd
5 specified and recommended in ISO/IEC 60559 but not supported in ISO/IEC 9899:2
fo as C23).

mative references

wing documents, in whole or in part, are normatively referénced in this document
able for its application. For dated references, only the edition cited applies. For undated rg
edition of the referenced document (including any amendments) applies.

899:2024, Information technology — Programming languages — C

0559:2020, Information technology — Microprotessor Systems — Floating-Point arithmetid

purposes of this document, thes;terms and definitions given in ISO/IEC 9899:2
0559:2020 apply.

F.C maintain terminological databases for use in standardization at the following address

nline browsing platform:available at https://www.iso.org/obp

lectropedia: available at https://www.electropedia.org/

formance

mentation that meets the requirements for a conforming implementation of C23 may cd
of thé&four feature sets in this document. The implementation conforms to the feature se

a) it de

nding to
D24 (also

and are
ferences,

024 and

PS:

fines  sTDC IEC 60559 BFP  Or  STDC IEC 60559 DFP  or both, indicating sup

nform to
s if
port for

ISO/IEC 60559 binary or decimal floating-point arithmetic, as specified in C23, Annex F;

and one or more of the following are true:

b) it defines sTDC IEC 60559 ATTRIB EVALUATION FORMAT  to 202401L and provides the features for
evaluation formats as specified in this document (Clause 7);

c) it defines  sTpC TEC 60559 ATTRIB OPTIMIZATION

optimization as specified in this document (Clause 8);

to 2024011 and provides the features for

d) it defines  sTDC IEC 60559 ATTRIB REPRODUCIBLE _ to 202401L and provides the features for
reproducibility as specified in this document (Clause 9);

© ISO/IEC 2025 - All rights reserved
1
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e) it defines sTDC IEC 60559 ATTRIB ALTERNATE EXCEPTION HANDLING  to 202401L and provides the
features for alternate exception handling as specified in this document (Clause 10).

5 Cstandard conformance

5.1 Freestanding implementations

C23, Clau

se 4 allows freestanding implementations to conform to this document.

5.2 Predefined macros

The impl
in this do

ST

ST

ST

ST

5.3 St4
The ident

implementation defines the relevant feature macros (5.2) and

ST

is defined

6 Star

C23 prov
behavior
standard

#prg
#pra
#pra
#prg
#pral
#prg
#pra
#prg
#pra

bmentation defines one or more of the following macros to indicate conformance to the spe
cument for support of the corresponding attributes specified and recommended in ISO/IH

C_IEC_ 60559 ATTRIB EVALUATION FORMAT _The integer constant 202401L.
DC_IEC 60559 ATTRIB OPTIMIZATION The integer constant 2024011.
pC_TEC_ 60559 ATTRIB REPRODUCIBLE _ The integer constant 2024011.

C _IEC_ 60559 ATTRIB ALTERNATE EXCEPTION HANDLING _ The integerconstant 2024011.

ndard headers

ifiers specified in this document are defined or declared by'the associated header if and ¢

C_WANT IEC 60559 ATTRIB EXT

| as a macro at the point in the source file whete the header is first included.

dard pragmas

ides standard pragmas (C23, 6.10:8] for specifying certain attributes pertaining to float
within a compound statement,opfile. This document extends this practice by introducing 3
pragmas to support attributes recommended by ISO/IEC 60559:

gma STDC FP_FLT EVAL ‘METHOD width

gma STDC FP_DEC_EVAL' METHOD width

gma STDC FP ALLOW“VALUE CHANGING OPTIMIZATION on-off-switch
gma STDC FP_ALLOW ASSOCIATIVE LAW on-off-switch

gma STDC FROALLOW DISTRIBUTIVE LAW on-off-switch

gma STDCSFP ALLOW MULTIPLY BY RECIPROCAL On-off-switch

gma STRE/FP ALLOW ZERO SUBNORMAL on-off-switch

gma (STPC FP_ALLOW CONTRACT FMA on-off-switch

ifie STDC FP_ALLOW CONTRACT OPERATION CONVERSION on-off-switch

cification
C 60559.

nly if the

ing-point
dditional

#pra
#pra
#pra

ia o1 DT rriz—u_u_.uvvik,uulr\z-x\,l UTIl uﬁ[a VVl.l‘:Lh
gma STDC FP_REPRODUCIBLE 0n-off-switch
gma STDC FENV_EXCEPT action except-list

width: specified with the pragmas (7.2, 7.3)

on-off-switch: specified in C23, 6.10.8

action, except-list: specified with the pragma (10.1)

© ISO/IEC 2025 - All rights reserved
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7 Evaluation formats

7.1 General

This clau

se applies to implementations that define:

__STDC_IEC 60559 ATTRIB EVALUATION FORMAT

C23 gives implementations the flexibility to evaluate operations to the format of the wider operand or to
a still wider evaluation format. The values of the macros rrT rvar meTHOD (€23, 5.3.5.3.3 and H.3) and
peEC_EVAL METHOD (C23, 5.3.5.3.4 and H.3) characterize these evaluation methods. Though C23 does not
provide means for the user to control the evaluation method, some implementations provide such controls

(7.2 and
mas, like
Kpression

specifier
ma whose

br binary
Arameter

d in C23,
5.3.5.3.3
d by the
b of width

as extendions. I5O/1EC 60559 recommends an attribute for this purpose. The tollowing subclause
7.3) specify pragmas in <math.h> to control the evaluation method. These evaluation method prag
the rENV|ROUND (C23, 7.6.3) and rEnv DEC ROUND (C23, 7.6.4) pragmas, affect translation-time e
evaluation and constants.
NOTE As specified in C23, 6.7.2, the value of the initializer for an object declared with_storage-clas
constexplr is constrained to be exactly representable in the target type. Thus, an evaluation method prag]
scope inclfides the declaration can affect the validity of the declaration.
7.2 Evaluation method pragma
Synopsis

#defline  STDC WANT IEC 60559 ATTRIB EXT

#indlude <math.h>

#prajgma STDC FP_FLT EVAL METHOD Wwidth
Constraints
The width parameter shall be -1, 0, bEFaULT, or another value supported by the implementation.
Description
The rp_rLT EVAL METHOD pragma sets the-evaluation method for standard floating types and f
interchanjge and extended floating types’ to the evaluation method represented by width. The p|
width is gdn expression in one of the forms:

0

decimal-constant

- de¢imal-constant

DEFAULT
where thle value of the expression is a possible value of the rFLT EVAL METHOD macro, as specifie
5.3.5.3.3 pnd H.3{Ah expression represents the evaluation method corresponding to its value (C23
and H.3)|and-DEFaunT designates the implementation’s default evaluation method (characterizg
FLT EVAL| METHOD macro). The width parameter may be -1, 0, or bperFauLT. Which, if any, other value$
are Supp '\ri‘nr‘ 1c 1mh]nmnnfa1’1nn I‘D‘FIY\D(‘I T]'\n pr’)n‘m’) chall accur either outcide eviernal doclad

ations or

oS o O o T et et e oo T e A Te r ot ottt

preceding all exp11c1t declarations and statements inside a compound statement. When outside external
declarations, the pragma takes effect from its occurrence until another rp FLT EVAL METHOD pragma is
encountered, or until the end of the translation unit. When inside a compound statement, the pragma takes
effect from its occurrence until another rp_rFLT EVAL METHOD pragma is encountered (including within
a nested compound statement), or until the end of the compound statement; at the end of a compound
t the state for the pragma is restored to its condition just before the compound statement.

statemen

© ISO/IEC 2025 - All rights reserved
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7.3 Evaluation method pragma for decimal floating types

Synopsis
#define  STDC WANT IEC 60559 ATTRIB EXT
#include <math.h>
#pragma STDC FP_DEC EVAL METHOD Width
Constraints
The widtfrparameter sha

Descrip

The rp D
types to

0
deci

- deq
DEFA

where th
5.3.5.3.4
and H.3)
DEC_EVAL
are supp
precedin
declarati
encounte
effect frq
a nested

statemen|t the state for the pragma is restoréd to its condition just before the compound statement]

7.4 Eff

The <f10
H.3) chay
condition
pragmas

The <mat
similar t
effective
of any ev

ion

C_EVAL METHOD pragma sets the evaluation method for decimal interchange and‘extende

al-constant

'imal-constant
ULT

e value of the expression is a possible value of the pEc EVal'vMETHOD macro, as specifig
hnd H.3. An expression represents the evaluation method corresponding to its value (C23
and pEraULT designates the implementation’s defaultievaluation method (characterizg
| METHOD macro). The width parameter may be -1, 1,£0r beravnT. Which, if any, other value
brted is implementation-defined. The pragma shall occur either outside external declay
b all explicit declarations and statements insidé a compound statement. When outside
bns, the pragma takes effect from its occurtence until another rp DEC EVAL METHOD 4
red, or until the end of the translation unit. When inside a compound statement, the prag
m its occurrence until another rFp pEE EVAL METHOD pragma is encountered (includin
compound statement), or until the_end of the compound statement; at the end of a c

ective evaluation method macros

bt .h> macros FLT EVAI( METHOD (C23, 5.3.5.3.3 and H.3) and pec_evar meTHOD (C23, 5.3.
acterize the default,evaluation method. Their values are constant expressions, suitable
al expression inclision preprocessing directives. They are not affected by the evaluatio
so it is possible-they do not reflect the effective evaluation method.

h.h> header"defines macros FLT EVAIL METHOD EFFECTIVE and DEC_EVAIL METHOD EFFECTIV

the <frodt.h> macros FLT EVAI, METHOD and DEC_EVAL_ METHOD, except that they charact
evaluation method at the point in the program where the macro is used. Thus, they reflect
hluation method pragmas (7.2, 7.3) that are in effect. These macros shall not be used in cg

i floating

e evaluation method represented by width. The parameter width is an expressiorr in one of fhe forms:

d in C23,
5.3.5.3.4
d by the
b of width
ations or
external
ragma is
ma takes
g within
bmpound

.3.4 and
for use in
n method

E that are
erize the
the state
nditional

expressid

n\inclusion preprocessing directives.

7.5 Evaluation type macros

The <math.nh> types with an t suffix (e.g. f1oat t) (C23, 7.12.1 and H.11), which are defined to match
evaluation formats, reflect the evaluation method where no evaluation method pragma is in effect. For each
of these types, there is a type-like macro in <math.h> with the same name which expands to a designation for
the type whose range and precision are used for evaluating operations and constants of the corresponding
standard, binary, or decimal floating type. The macro reflects the actual evaluation method, which can be
determined by an evaluation method pragma. Use of #undef to remove the macro definition will ensure that
the actual type is referred to (as though no evaluation method pragma was in effect).

© ISO/IEC 2025 - All rights reserved
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7.6 Evaluation formats for <tgmath.n>

The evaluation methods in C23 apply to floating-point operators, but not to math functions. Hence, they do
not apply to the ISO/IEC 60559 operations that are provided as library functions. This subclause specifies
a macro the user can define to cause the generic macros in <tgmath.h> to be evaluated like floating-point
operators.

Except for functions that round result to a narrower type, if the macro
_ STDC_TGMATH OPERATOR EVALUATION

is defined at the pomt inthe program where <tgmath h> is first 1ncluded the format ofthe generic parameters
of the fun effective
evaluation method (see C23, 5.3.5.3.3, 5.3.5. 3 4 and H.3) applied to the types of the arguments fgr generic
parameté¢rs. The semantic type of the expanded type-generic macro is as determined by the rul¢s in C23,
7.27 and H.13 and is unchanged by the evaluation method. Neither the arguments for generi¢ paramjeters nor
the resulf are narrowed to their semantic types. Thus, (if the macro  sTpc TGMATH OPERATOR EVAIJUATION
is appropfriately defined) the evaluation method affects the operations provided by type-generic macros and
floating-rlroint operators in the same way. See 7.6, EXAMPLE.

The macfo  sTpc TGMATH OPERATOR EVALUATION  does not alter the conversion of classificatipn macro
arguments to their semantic types (as specified in €23, 7.12.4).

EXAMPLE The following code uses wide evaluation to avoid overflow and inderflow.

#deffine  STDC WANT IEC 60559 ATTRIB_ EXT
#deffine STDC TGMATH OPERATOR EVALUATION
#incflude <tgmath.h>

{
ffpragma STDC FLT EVAL METHOD 1 /* to double/ A}
float x, vy, z;

7 = sgrt(x * x +y * vy);

Because |of the evaluation method pragma, the sum of squares, whose semantic type is float} is eval-
uated wjth the range and precision of dg@ble, hence does not overflow or underflow. The|expand-
ed <tgmgth.h> macro sqrt acquires the semantic type of its argument: f1oat. However, because the macro
__STDC_TGMATH OPERATOR EVALUATION %\is defined before the inclusion of <tgmath.h>, the sqrt macr¢ behaves
like an oprator with respect to the evaluation method and does not narrow its argument to its semantic typ¢. Without
the definition of the macro  STDC _FGMATH OPERATOR EVALUATION ,the sqrt macro would expand to sprtf, and
its evaludted argument would be converted to f1oat, which can overflow or underflow.

8 Optimization controls

8.1 Geperal

This claupe applies to implementations that define:

STPCNTEC 60559 ATTRIB OPTIMIZATION

[SO/IEC 60559 recommends attributes to allow and disallow value-changing optimizations, individually and
collectively. C23, Annex F disallows value-changing optimizations, except for contractions (which can be
controlled as a group with the rp_conTracT pragma). This clause provides pragmas to allow or disallow
certain value-changing optimizations, including those mentioned in ISO/IEC 60559.

The pragmas in this clause can be used to allow the implementation to do certain floating-point optimizations
that are generally disallowed because the optimization can change values of floating-point expressions.
These pragmas apply to all floating types. It is unspecified whether optimizations allowed by these pragmas
occur consistently, or at all. These pragmas (among other standard pragmas) apply to user code. They do not
apply to code for operators or library functions that is placed inline by the implementation.

© ISO/IEC 2025 - All rights reserved
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Some of the pragmas allow optimizations based on identities of real number arithmetic that are not valid
for floating-point arithmetic (C23, 5.2.2.4 and F.9.3). Optimizations based on identities that are valid for
the implementation’s floating-point arithmetic are always allowed. Optimizations based on identities
derived from identities whose use is allowed (either by a standard pragma or by virtue of being valid for the
implementation’s floating-point arithmetic) may also be done.

These pragmas do not affect the requirements on volatile or atomic variables.

Each pragma shall occur either outside external declarations or preceding all explicit declarations and
statements inside a compound statement. When outside external declarations, the pragma takes effect, on
each optimization it controls, from its occurrence until another pragma that affects the same optimization
is encountered or untll the end of the translatlon un1t When 1n51de a compound statement, the pragma

: 6 s : < : . affects the
nd of the
compoun(d statement; at the end of a compound statement the state for allowing each optlmlzatlon dontrolled
by the prhgma is restored to its condition just before the compound statement.

8.2 The rp ArLLOW VALUE CHANGING OPTIMIZATION pragma
Synopsis

#defline _ STDC_WANT_IEC_60559 ATTRIB EXT__
#indlude <math.h>
#prajgma STDC FP_ALLOW VALUE CHANGING OPTIMIZATION ON-off-§Witch

Descriptiion

This pragma is equivalent to all the optimization pragmas-specified below, with the same value|of on-off-
switch (of, OFF, Or DEFAULT).

NOTE The FP ALLOW VALUE CHANGING OPTIMIZATZEION pragma does not affect the evaluation | methods.

Neverthelpss, an evaluation method characterized by anegative value of width (C23, 5.3.5.3.3, 5.3.5.3.4 anfl H.3) can
allow for indeterminable evaluation formats, hence unspecified result values.

8.3 The rp arrow ASSOCIATIVE LAw pragma
Synopsis

#defline  STDC_WANT IEC 60359 ATTRIB EXT
#incflude <math.h>
#prapma STDC FP_ALLOWCASSOCIATIVE LAW on-off-switch

Description

This pragma allows©r disallows optimizations based on the associative laws for addition and multjplication

x+(y+z)=(x+y)+z

xx(px2) =(xxy)xz

where on-off-switch is one of
on - allow application of the associative laws
orF — do not allow application of the associative laws
DEFAULT - “off”

[t should be noted that this pragma allows optimizations based on similar mathematical identities involving
subtraction and division. For example, for ISO/IEC 60559 floating-point arithmetic, since the identity

x-y=x+(y)

© ISO/IEC 2025 - All rights reserved
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is valid (C23, F.9.2), this pragma also allows optimizations based on

x+(y-2)=x+y)-z

Similarly, if the states for this pragma and the Fp_ArLLOW MULTIPLY BY RECIPROCAL pragma (8.5) are both
“on”, then optimizations based on the following are allowed:

xx(y/z)=kxxy)/z

It should also be noted that for ISO/IEC 60559 floating-point arithmetic, since the commutative laws

Xty

Xxy

are valid,
laws, suc

xX+@+y)=(x+y)+z

8.4 Th
Synopsis

#defline  STDC_WANT IEC 60559 ATTRIB EXT
#indlude <math.h>
#prajgma STDC FP_ALLOW DISTRIBUTIVE LAW on-off-switch

Descriptiion

This prag
x % ()
x % ()
(x +)
(x - )
where on
ON — ¢
OFF

DEFA

8.5 Th rp-ATTow MULTIPLY BY RECIPROCAL pragma

Synopsis

=y+Xx

V<X

the pragma allows optimizations based on identities derived from the associative and-cen]
h as

le FP ALLOW DISTRIBUTIVE LAW pragma

r+2)=(xxy)+(xx2)

r-2)=(xxy) - (xx2)

)/ z=(x/2)+(y/2)

)/ z=(x/2)-(y/2)

Loff-switch is one of

hllow application of thedistributive laws

do not allow application of the distributive laws

1.7 — “off”

#define  STDC_WANT IEC 60559 ATTRIB EXT
#include <math.h>
#pragma STDC FP_ALLOW MULTIPLY BY RECIPROCAL on-off-switch

Description

mutative

ma allows or disallows optimizations based on the distributive laws for multiplication andl division

This pragma allows or disallows optimizations based on the mathematical equivalence of division and
multiplication by the reciprocal of the denominator

x/y=xx(1/y)

© ISO/IEC 2025 - All rights reserved
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-off-switch is one of

oN - allow multiply by reciprocal

ofrF - do not allow multiply by reciprocal

DEFAULT — “off”

8.6 Th

€ FP_ALLOW ZERO SUBNORMAL pragma

Synopsis

PR RV 2 €1 - = )

#def

#indlude <math.h>
#prajgma STDC FP_ALLOW ZERO SUBNORMAL on-off-switch

Description

This pra
switch is

ON —

orF 4 do not allow replacement of subnormals with zero

DEFA

Within the scope of this pragma, the floating-point operations affected by the pragma are all float

operator
semantic

. [l
TITe SRR~ LA P95 e S \SAvEwRw)

bma allows or disallows replacement of subnormal operands and results/by zero, whe
bne of

llow replacement of subnormals with zero

T - “off”

5, implicit conversions (including the conversion ofé@ value represented in a format wide
type to its semantic type, as done by classificatiofimacros), and invocations of applicable

re on-off-

ing-point
 than its
functions

Whether

tions not
he site of

act (with

in <math fn>, <stdio.h>, <stdlib.h>, and <wchar.h> forswhich macro replacement has not been suppressed
(C23, 7.1.44). Thus, subnormal operands and results of affected operations may be replaced by zero,
the replafement raises the “inexact” and “underflow’ floating-point exceptions is unspecified. Fund
affected by the pragma behave as though no rp*ATT0W zERO SUBNORMAL pragma were in effect at {
the call.
8.7 The rp arrow coNTRACT FMA pragma
Synopsis
#defline _ STDC WANT IRC 60559 ATTRIB EXT
#indlude <math.h>
#prajgma STDC FP_ALLOW CONTRACT FMA on-off-switch
Description
This pragma allows or disallows contraction (C23, 6.5.1) of floating-point multiply and add or subti
the resulf of the multiply)
x*y ¥z
x*y-z
x+y*z
x-y*z
where on-off-switch is one of

on - allow contraction for floating-point multiply-add

orF — do not allow contraction for floating-point multiply-add

© ISO/IEC 2025 - All rights reserved
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DEFAULT - implementation defined whether “on” or “off”

NOTE

ISO/IEC 60559 uses the term “synthesize” instead of “contract”.

8.8 The rp AL1.0W CONTRACT OPERATION CONVERSION pragma

Synopsis

#define  STDC WANT IEC 60559 ATTRIB EXT

#inc

lude <math.h>

#pragma STDC FP_ALLOW CONTRACT OPERATION CONVERSION on-off-switch

Descrip

This prag
the resul

ON — 4
OFF
DEFA

Within th
operator
semantic
in <math|
(C23, 7.1,
affected
effect at

EXAMPLE

#def
#inc]
#pra
floa
doub
fl
f2

the multi
and prec
accordin
code, the

on

 of the operation), where on-off-switch is one of
hllow contraction for floating-point operation-conversion
do not allow contraction for floating-point operation-conversion

T — implementation defined whether “on” or “oft”

ma allows or disallows contraction (C23, 6.5.1) of a floating-point operation and a(conversion (of

e scope of this pragma, the floating-point operations affected by the pragma are all floatling-point
5, implicit conversions (including the conversion of a value represented in a format widef than its
type to its semantic type, as done by classification macros)-and invocations of applicable functions
h>, <stdio.h>, <stdlib.h>, and <wchar.h> for which macro replacement has not been suppressed
4). Thus, an affected operation may be contracted with a conversion of its result. Fundtions not

py the pragma behave as though no Fp ALLOW CONTRACT OPERATION CONVERSION pragma were in

he site of the call.
For the code sequence

ine STDC WANT IEC 60559 ATTRIB EXTN\~

lude <math.h>

pma STDC FP ALLOW CONTRACT OPERATION CONVERSION ON
t £1, f2;

le d1, d2;

dl * dz;
sqgrt (dl) ;

ply (operation) and assignment (conversion) can be evaluated with just one rounding (to
sion of float). Ifthe on-off-switch for the pragma were orr, then the multiply would be

8.9 Thr pP( ADLOW CONTRACT pragma

Synopsis

#define  STDC WANT IEC 60559 ATTRIB EXT
#include <math.h>
#pragma STDC FP_ALLOW CONTRACT On-off-switch

Description

the range

rounded

b to the evaluafion method and the assignment would entail a second rounding. With the given
sqrt functioincan be replaced by fsqrt, avoiding the need for a separate operation to convert the
double rgsult of sqf#to float.

This pragma allows or disallows contraction (C23, 6.5.1) for floating-point operations, where on-off-switch

is one of

on - allow contraction for floating-point operations

© ISO/IEC 2025 - All rights reserved
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orF — do not allow contraction for floating-point operations

DEFAULT - implementation defined whether “on” or “off”

The optimizations controlled by this pragma include those controlled by the rp_arrLow conTrRAacT FMa and
FP_ALLOW CONTRACT OPERATION CONVERSION pragmas.

This pragma is equivalent to the rp_conTracT pragma (€23, 7.12.3), also in <math.h>: the two pragmas may
be used interchangeably, provided the implementation defines STbc WANT TEC 60559 ATTRIB EXT .

9 Reproducibility

9.1 Geperal

This claupe applies to implementations that define

ISO/IEC

exceptiof

used by

reproduc

This claufse provides a pragma to support the ISO/IEC 60559 attribute for reproducible results
requirenjents for programs to have reproducible results. Where the state of the pragma is “on”,

point nu

and that
limited s

STPC IEC 60559 ATTRIB REPRODUCIBLE

STPC_IEC 60559 ATTRIB REPRODUCIBLE

the program. Such code must use only those features of the language and library tha

bt of features as described below (9.3).

0559 recommends an attribute to facilitate writing programs whose,floating-point repults and
flags will be reproducible on any implementation that supports the Janguage and library features

[ support

ible results. These features include ones with a well-defined binding to reproducible fgatures of
ISO/IEC 60559, so that no unspecified or implementation-defined behavigyis admitted.

ind gives
floating-

merical results and exception flags are reproducible‘(given the same inputs, including relevant
environnjent variables) on implementations that define

bupport the language and library featuresmsed by the source code, provided the source cdde uses a

An implementation that defines  sT¢“IEC 60559 ATTRIB REPRODUCIBLE _ also defines either

_ STDC |IEC 60559 BFP _ Or _ STDG~IEC 60559 DFP_, or both. If the implementation

_ STDC_

{=c 60559 BFP it supports reproducible results for code using (binary) types £1oat and

defines
ouble. If

the implémentation defines sTpc (GEc 60559 DFP_, it supports reproducible results for code using types

_Decimal32, Decimal64,and Decimall2sg. [fthe implementation defines sTpc IEC 60559 TYPES |
supportgreproducible results for code using its interchange floating types (C23, H.2.2). [f the implen
provideg a set of correctly-rounded math functions (C23, 7.33.9), then it supports reproducible r¢g

code usi

9.2 Thle rp rREPREOYCIBLE pragma
Synopsis

#deflin STDC WANT TEC 60550 ATTRIR Ry

ng correctly rounded math functions from that set.

|, thenit
entation
sults for

#include <math.h>
#pragma STDC FP_REPRODUCIBLE oh-off-switch

© ISO/IEC 2025 - All rights reserved
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Description

This pragma enables or disables support for reproducible results. The pragma shall occur either outside
external declarations or preceding all explicit declarations and statements inside a compound state-
ment. When outside external declarations, the pragma takes effect from its occurrence until another
FP_REPRODUCIBLE pragma is encountered, or until the end of the translation unit. When inside a compound
statement, the pragma takes effect from its occurrence until another Fp REPRODUCTBLE pragma is encountered
(including within a nested compound statement), or until the end of the compound statement; at the end of a
compound statement the state for the pragma is restored to its condition just before the compound statement.

If the stafe of the pragmais "on”, then the effects of the following are Iimplied:

#pragma STDC FENV_ACCESS ON

#praga STDC FP_ALLOW VALUE CHANGING OPTIMIZATION OFF
and if qrpc IEC 60559 BFP is defined

#pragma STDC FP_FLT EVAL METHOD 0
and if qrpc 1EC 60559 DFP__ is defined

#pragma STDC FP_DEC EVAL METHOD 1

If the rp|REPRODUCTIBLE pragma appears with the on-off-switch orEinder the effect of a Fp REPHODUCTIRLE
pragma with on-off-switch o, then the states of the FEnv _accegS\pragma, the value-changing optjmization
pragmas| and the evaluation method pragmas (even an €valuation method pragma whose dtate was
explicitly] changed under the effect of the pragma with o#<gff-switch on) revert to their states prjor to the
FP_REPROPUCIBLE pragma with on-off-switch on. The re\REPRODUCIBLE pragma with on-off-switch ofr has no
effect if if occurs where the state of the pragma is “off*,

The defaylt state of the pragma is “off”.

Recomme¢nded practice: The implementationis encouraged to issue a diagnostic message if, where|the state
of the Fp [REPRODUCTBLE pragma is “on”, the-source code uses a language or library feature whose rejults may
not be reproducible.

9.3 Reproducible code
The following properties support code sequences in producing reproducible results.)
— The ¢ode is under the effect of the rp_ REPRODUCTBLE pragma (with state “on”

— All floating-point-operations used by the code are bound to ISO/IEC 60559 operations, as deqcribed in
C23,F.3 in Table F.2.

— The ¢ode‘does not contain any use that may result in undefined behavior. The code does not c1epend on
any hehavior that is unspecified, implementation-defined, or locale-specific.

The restrictive properties below are examples, not a complete list. See also C23, Annex ]. Although
the properties may not be necessary in all cases for reproducible code, the user is advised to follow the
restrictions to avoid common programming practices that would undermine reproducibility.

— The code does not use the 1ong double type.

— The code does not use complex or imaginary types.

1) Ofcourse, if the code uses optional features, results will be reproducible only on implementations that support those
features.

© ISO/IEC 2025 - All rights reserved
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— If stpoc 1EC 60559 BFP is not defined by the implementation, the code does not use the float or
double types.

— Even if stpc 1EC 60559 TYPES is defined, the code does not use extended floating types. (Even if
__sTDC_IEC 60559 TYPES _is defined, some interchange floating types are optional features.)

— The code does not depend on the payloads (C23, F.10.14) or sign bits of quiet NaNs.
— The code does not use signaling NaNs.

— The code does not depend on conversions between binary floating types and character sequences with
more than M + 3 significant decimal digits, where Mis 17 if stpc 1EC 60559 TYPES isnotdefined (by
the implementation), and M is 1+[ pxlog,,(2)], where p is the precision of the widest supported binary

interchange floating type, if sTpc 1EC 60559 TYPES isdefined.Evenif sTpc IEC 60559~YyPES is
defined, support for interchange floating types wider than binary64 is an optionalfeature. (This
specification differs from ISO/IEC 60559 which specifies that an implementation sypporting
repro¢ducibility shall not limit the number of significant decimal digits for correct rounding.)

— The ¢ode does not depend on the actual character sequence in printf results(with style a (pr 2), nor
does|it depend on numerical values of such results when the precision is not sufficient for|an exact
reprg¢sentation.

— The ¢ode does not depend on the quantum of a result for the decimal maximum and minimum functions
in C23, 7.12.13 when the arguments are equal.

— The ¢ode does not use the remquo functions.

— The fode does not set the state of any pragma that allows'value-changing optimizations to “on” or
“defqult”.

— The ¢ode does not set the state of the FENV_accEss pragma to “off” or “default”.

— The ¢ode does not use the rp_ LT EVAL METHOD-pragma with any width except 0 or 1. (Support|for width
equal to 1 is an optional feature.)

— The ¢ode does not use the rp_DEC_EVAL METHOD pragma with any width except 1 or 2. (Support|for width
equal to 2 is an optional feature.)

— The ¢ode does not use an FENV_EXCEPT pragma (10.2) with an action opTIONAL FLAG, BREAK, TRY,)|OI CATCH.

— The ¢ode does not depend on the “underflow” or “inexact” floating-point exceptions or flags.

10 Alternate exception handling

10.1 Geperal
This claupe applies to implementations that define:

STPOTEC 60559 ATTRIB ALTERNATE EXCEPTION HANDLING

ISO/IEC 60559 arithmetic raises floating-point exceptions to inform the program when an operation
encounters problematic inputs, such that no one result would be suitable for all situations. The default
exception handling in ISO/IEC 60559 is intended to be more useful in more situations than other schemes,
or at least predictable. However, other exception handling is more useful in certain situations. Thus,
ISO/IEC 60559 describes alternate exception handling and recommends that programming languages
provide means for the program to specify which exception handling will be done.

When a floating-point exception is raised, the ISO/IEC 60559 default exception handling sets the appropriate
exception flag(s), returns a specified result, and continues execution. ISO/IEC 60559 also prescribes
alternate exception handling. The pragma in this clause provides a means for the program to choose the
method of exception handling. The pragma applies to operations on all floating types.

© ISO/IEC 2025 - All rights reserved
12


https://iecnorm.com/api/?name=866fe42589577b1c250310d7aeead3e2

ISO/IEC TS 18661-5:2025(en)

For the “underflow” exception, the chosen exception handling occurs if the exception is raised, whether the
default result would be exact or inexact, unless stated otherwise.

10.2 The renv_ExcEpT pragma

Synopsis

#define _ STDC _WANT IEC 60559 ATTRIB EXT
#include <fenv.h>
#pragma STDC FENV_EXCEPT action except-list

Description

The rENvV| ExCEPT pragma sets the method specified by action for handling the exceptions reprey

except-list.

except-list shall be a comma-separated list of distinct supported exception designations.{er one s
exception designation). The supported exception designations shall include the exception macro i

(€23, 7.61)

FE| DIVBYZERO
FE| INEXACT
FE| INVALID
FE| OVERFLOW
FE| UNDERFLOW
FE| ALL_EXCEPT

The <ferfv.n> header should define macros for the followihg Sub-exceptions and may define 3
macros With the appropriate prefix (FE_INVALID or rE DIVBYZERO ) for other sub-exceptions. The s
exception} designations shall include the defined sub-exéeption macro identifiers (if any). If def
macros ekpand to integer constant expressions. Sub-exceptions corresponding to defined macrog
specified|below, and not in other cases.

“invglid” floating-point exceptions from add and subtract operators and functions that add oy
(C23}7.12.15.2,7.12.15.3 and F.10.12), ngtcaused by signaling NaN input

HE INVALID ADD

“invglid” floating-point exceptions from divide operators and functions that divide (C23, 7.12
F.10.12), not caused by signaling NaN input

HE INVALID DIV

“invglid” floating-point exceptions from functions that compute multiply-add (C23, 7.12.14.1,
7.12.15.6 and F.10:12) and from contracted multiply and add operators, not caused by signaling I

HE INVALSP FMA

“invglid” floating-point exceptions from conversions from floating to integer types (C23, F.4), n

ented by

upported
lentifiers

dditional
upported
ined, the
occur as

subtract

.15.5 and

F.10.11.1,

NaN input

pt caused

by si n:\hng NaN input

FE INVALID INT

FE INVALID ILOGB

FE INVALID MUL
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“invalid” floating-point exceptions from the gquantizedN functions (C23, 7.12.16.1), not caused by
signaling NaN input

FE INVALID QUANTIZE

“invalid” floating-point exceptions from the remainder and remquo functions (€23, F.10.8.2 and F.10.8.3),
not caused by signaling NaN input

FE INVALID REM

“invalid” floating-point exceptions from functions that compute square root or reciprocal of square root

(€23,

F.10.5.9, F.10.5.10, 7.12.15.7 and F.10.12), not caused by signaling NaN input

q
“inva
q

“inva
and I

H

“divi
and |

H

“divi
F.10.1

H

defaylt exception handling (as specified'in ISO/IEC 60559).

0

defaylt exception handling, but'without setting the flag.

N

default exception handling, but whether the flag is set (as with default exception handling), and

oper
q

abru

E_INVALID SOQRT
lid” floating-point exceptions caused by signaling NaN input (C23, F.2.2)
E_INVALID SNAN

lid” floating-point exceptions from relational operators and comparison macros (C23, 6.5
.10.15.2), not caused by signaling NaN input

E_INVALID UNORDERED

e-by-zero” floating-point exceptions from divide operators andfunctions that divide (C23
.10.12)

E DIVBYZERO ZERO

de-by-zero” floating-point exceptions from logarithim and 1ogb functions (C23, F.10.4.11,
.13, F.10.4.14, F.10.4.15, F.10.4.16 and F.10.4.17)

E DIVBYZERO LOG

all be a designation of a supported exception handling method. The following actions

EFAULT

0_FLAG

htions and their occurrences, is unspecified.
PTIONAI_FLAG

bt underflow. If an “underflow” floating-point exception occurs (see ISO/IEC 60559), the

9,7.12.18

7.12.15.5

F.10.4.12,

shall be

for which

pperation

deliv

Prsva result with magnitude zero or the minimum normal magnitude (for the result fon

mat) and

with the same sign as the default result, sets the “underflow” floating-point exception flag, and raises the
“inexact” floating-point exception. When

rounding to nearest, ties to even

rounding to nearest, ties away from zero

or

rounding toward zero

the result magnitude is zero. When rounding toward positive infinity, the result magnitude is the
minimum normal magnitude if the result sign is positive, and zero if the result sign is negative. When
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rounding toward negative infinity, the result magnitude is the minimum normal magnitude if the result
signis negative, and zero if the result sign is positive. Abrupt underflow has no effect on the interpretation
of subnormal operands. The action has no effect if F&_uNDERFLOW is not included in except-list.

ABRUPT UNDERFLOW

With one of the actions in the list above, the pragma shall occur either outside external declarations, or
preceding all explicit declarations and statements inside a compound statement, which then is the
compound statement associated with the pragma. When outside external declarations, the pragma action
for a designated exception takes effect from the occurrence of the pragma until another FENV EXCEPT
pragma designating the same exception is encountered, or until the end of the translation unit. When inside
a compound statement, the pragma action for a de51gnated exceptlon takes effect from the occurrence of
the pragm adesig enreotntered—fincluding

the state for handling each exception designated in except-list is restored to its(condjfition just
compound statement.

The actigns in the lists below in this subclause affect flow of control. With one of these actions, the pragma
shall precede a compound statement, which is the compound statement assogidted with the|l pragma.
There shall be nothing between the pragma and its associated compound staterhent except perhaps white
space (infcluding comments). For a designated exception, the pragma takes ‘effect from the begiinning of
the assodiated compound statement until another rFExNv_ExCEPT pragma designating the same ex¢eption is
encountejred (with a nested associated compound statement), or until the’end of the compound statpment. At
the end df a compound statement the state for handling each exception‘désignated in except-list ig restored

. Terminate execution of the compound statement associated with the pragma. Then,|continue
execlition after the associated compound statement. When termination occurs, the following apply: if
dxecution to completion of the associated compefind statement (without the break) woyld at any
point modify an object, the value of the object is indetérminate; if the execution would modify the state of
the dynamic rounding mode or any state maintained by the standard library (e.g. in the [/O sygtem), the
is unspecified; the values of flags for the designated exceptions are unspecified. (Thus, tefmination

fving two actions work togethert.A compound statement associated with a try action shall pe paired
with onelor more compound statements each associated with a catch action. The pragmas with catgh actions
and theif associated compound statements shall appear contiguously immediately below the cpmpound
associated with the try action, except for white space (including comments). Each gxception
designatipn in the pragma with.a try action shall appear in one and only one of the pragmas with a catich action.

— try. The designated(exceptions may be handled by a catch action. It is unspecified whether flags for
ignated exceptiens that are set in the execution of the associated compound statement arerestored
to their states before the associated compound statement. The associated compound statemen§ shall not
be the statement of a selection (C23, 6.8.4) or iteration (C23, 6.8.5) statement. There shall be no jumps
into ¢r out of the associated compound statement, other than to handle an exception, as specified below.

— catch. If any designated exception occurs in the execution of the compound statement associated with
the try action, jump to a compound statement associated with some catch action with an occurring
designated exception. Upon completion of the associated compound statement, continue execution after
the last of the compound statements associated with catch actions. The jump target should be a compound
statement associated with the first occurring designated exception. When the jump occurs, the following
apply: if the execution of the associated compound statement to completion (without the jump) would
at any point modify an object, the value of the object is indeterminate; if the execution would modify
the state of the dynamic rounding mode or any state maintained by the standard library (e.g., in the [/O
system), the state is unspecified. (Thus, the jump may occur as soon as possible after the exception is
raised, to maximize performance). The compound statement associated with a catch action is executed
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only to handle an exception occurring in the compound statement associated with the try action. There

shall

be no other jumps into or out of the compound statement associated with a catch action.

CATCH

NOTE

for

The compound statements associated with a try action and its catch actions (or with a delayed-try action
and its delayed-catch actions), together enclosed in braces, may be the statement of a selection or iteration statement.
For example, the following code segment is permitted:

(int 1 = 0; 1 < LEN; i++) {
#pragma STDC FENV_EXCEPT TRY FE OVERFLOW

The follo
shall be |
pragmas
immedia
(includin
one and (
the actiol
for sub-e

— delay
the ¢
state
excej
desig
the a
a sel
asso

I

— delay
comy]
for th
the f
delay

continue execution after the last of the compound statements associated with delayed-catc

Each
The
occu

Mpragma STDC FENV_EXCEPT CATCH FE OVERFLOW

{
y[i] = DBL_MAX;
}

wing two actions work together. A compound statement associated nwith a delayed-t
paired with one or more compound statements each associated with-a delayed-catch ad

ely below the compound statement associated with the delayed‘try action, except for wh
b comments). Each exception designation in the pragma with\a.delayed-try action shall
nly one of the pragmas with a delayed-catch action. For supported sub-exceptions, the bg
1s listed below shall be as if the exceptions, flags, and functions in the specification were
xceptions, though such extensions are not prescribed in.this document.

ed-try. The designated exceptions may be handled by a delayed-catch action. Before

ompound statement associated with the deldyed-try action, save (as by fegetexcept
s of the flags for the designated exceptions, and then clear (as by feclearexcept) the d
ptions. After normal completion of the associated compound statement, re-save the sta
nated exceptions. Then restore (as by fé§stexceptflag) the designated exception flag staf
ssociated compound statement. The associated compound statement shall not be the sta

fiated compound statement.
ELAYED TRY

ed-catch. Test (as by fetéstexceptflag) the exception flag states saved after completi
ound statement ass@ciated with the delayed-try action. If any exception with the same de
e delayed-try actionndnd a delayed-catch action occurred (as determined by flag state tests|
rst compound §tatement associated with an occurring exception with the same designati
ed-try action‘and a delayed-catch action. Upon completion of the associated compound s

exceptiopn designation shall be listed in at most one of the pragmas with a delayed-cat
ompound statement associated with a delayed-catch action is executed only to handle an
ringin the compound statement associated with the delayed-try action. There shall be

'y action
tion. The

with delayed-catch actions and their associated compound statenients shall appear conftiguously

ite space
hppear in
havior of
extended

pxecuting
Flag) the
psignated
es of the
es before
tement of

pction (C23, 6.8.5) or iteration (C23;6.8.6) statement. There shall be no jumps into or ¢ut of the

pn of the
Signation
,jump to
bn for the
fatement,
1 actions.
Ch action.
pxception
no other

jum

DELAYED CATCH

Within the scope of an FENV ExXCEPT pragma, the floating-point operations affected by the pragma are all
floating-point operators, implicit conversions (including the conversion of a value represented in a format
wider than its semantic type to its semantic type, as done by classification macros), and invocations of
applicable functions in <math.h>, <stdio.h>, <stdlib.h>, and <wchar.h> for which macro replacement has
not been suppressed (C23, 7.1.4). Thus, exceptions raised by affected operations are handled according to
the specified action. Functions not affected by the pragma behave as though no rENv EXCEPT pragma were in
effect at the site of the call.
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