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Foreword

[SO (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
of document should be noted. This document was drafted in accordance with the editorial rules ef th
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In the IEC, see www.iec.ch/understanding-standards.

This| document was prepared by Joint Technicalk.Committee ISO/IEC JTC 1, Information techn
Subcpmmittee SC 22, Programming languages, theirenvironments and system software interfaces.
This|second edition cancels and replaces the first edition (ISO/IEC TS 18661-5:2016), which has
tech]:cally revised.

The main changes are as follows:
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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 sti

I based on IEEE 754-1985. However, IEEE 754 underwent a major revision in 2008 and a minor revision

in 20/19, which added several new features.

The

purpose of the ISO/IEC 18661 series (first published 2014 through 2016) has been to specifyGlang

suppprt for the new features introduced into IEEE 754 since 1985. Most of the ISO/IEC 18661 serie
been|incorporated into ISO/IEC 9899:2024 (also referred to as C23 because major work on.this revisior

com

Bleted in 2023), which supports all required and most recommended features in IEEE-754-2019.

IEEE|754 defines alternatives for certain attributes of floating-point semantics, and.aims to provide, thr
programming languages, a means by which a program can specify which of the alternative semantics

to a

riven block of code. The program specification of attributes is constant (fixed at translation time

dynamic (changeable at execution time).

The

FENV_ROUND and FENV_DEC_ROUND pragmas in C23 provide the rounding’direction attributes requir

IEEE|754.

IEEE|754 also recommends other attributes that are not supportéd in C23, including:

To s
mea
simi
inC

preferredWidth: evaluation formats for floating-point opérations;

yalue-changing optimizations: allow/disallow program transformations that can affect floating-
fesult values;

leproducible on other systems;
glternate exception handling: methods of handling floating-point exceptions.

Ipplement the IEEE 754 suppoft;in C23, this document provides these recommended attribut
s of standard pragmas. The pragma parameters represent the alternative semantics. The pragma
lar in form to the floating-pgint pragmas (FENV_ACCESS, FP_CONTRACT, CX_LIMITED RANGE) that have
gince 1999.
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leproducibility: support for getting floating-point result values and exceptions that are exactly
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Programming languages, their environments, and system
software interfaces — Floating-point extensions for C —

Part 5:

Supplementary attributes

1 $cope

This|document specifies extensions to programming language C to include pragmasCcorresponding to

attributes specified and recommended in ISO/IEC 60559 but not supported in ISOZIEC 9899:2024
referred to as C23).

2 ormative references

The [following documents, in whole or in part, are normatively refepenced in this document ang
indispensable for its application. For dated references, only the edition cited applies. For undated referg
the latest edition of the referenced document (including any amendients) applies.

ISO/1EC 9899:2024, Information technology — Programming languages — C

ISO/IEC 60559:2020, Information technology — Microprocéessor Systems — Floating-Point arithmetic

3 Terms and definitions

For fthe purposes of this document, the.terms and definitions given in ISO/IEC 9899:2024
ISO/]EC 60559:2020 apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform:available at https://www.iso.org/obp

— [EC Electropedia: available-at https://www.electropedia.org/

4 (Conformance

An ipplementation-that meets the requirements for a conforming implementation of C23 may confoj
any qr all of the four feature sets in this document. The implementation conforms to the feature sets if

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

(also

| are
nces,

and

m to

t for

a) ;[ defines  sTDC IEC 60559 BFP__ Or _ STDC IEC 60559 DFP__ or both, indicating suppor
S

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  sSTDC TEC 60559 ATTRIB OPTIMIZATION _ to 2024011 and provides the features for

optimization as specified in this document (Clause 8);

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
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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, Clause 4 allows freestanding implementations to conform to this document.

5.2 [ Predefined macros

The implementation defines one or more of the following macros to indicate conformance to the specificption
in th]s document for support of the corresponding attributes specified and recommended in [SO/TEC 6(559.

| sTpc 1EC 60559 ATTRIB EVALUATION FORMAT The integer constant 202401L.
| stpc 1EC 60559 ATTRIB oPTIMIZATION The integer constant 2024011L.
| sTpc 1EC 60559 ATTRIB REPRODUCIBLE _ The integer constant 2024011.

| sTpbc IEC 60559 ATTRIB ALTERNATE EXCEPTION HANDLING _ The integet constant 2024011.

5.3 | Standard headers

The identifiers specified in this document are defined or declared by the associated header if and only |f the
impl¢mentation defines the relevant feature macros (5.2) and

| STDC WANT IEC 60559 ATTRIB EXT

is defined as a macro at the point in the source file where the header is first included.

6 $tandard pragmas

C23 provides standard pragmas (€23, 6.10.8] for specifying certain attributes pertaining to floating-point
behalior within a compound statement ot file. This document extends this practice by introducing additional
standlard pragmas to support attributes'recommended by ISO/IEC 60559:

pragma STDC FP_FLT EVAL.METHOD width

pragma STDC FP_DEC RVAE METHOD width

pragma STDC FP_ALFOW.VALUE CHANGING OPTIMIZATION on-off-switch
pragma STDC FP XIAOW ASSOCIATIVE LAW on-off-switch

pragma STDC FEAALLOW DISTRIBUTIVE LAW on-off-switch

pragma STDG.\fP ALLOW MULTIPLY BY RECIPROCAL 0On-off-switch
pragma SERE FP ALLOW ZERO SUBNORMAL on-off-switch

pragma SBHC FP_ALLOW CONTRACT FMA on-off-switch

pragn& STDC FP ALLOW CONTRACT OPERATION CONVERSION on-off-switch
prédgiia STDC FP_ALLOW CONTRACT on-off-switch

pfagma STDC FP_REPRODUCIBLE 0n-off-switch

#pragma STDC FENV_EXCEPT action except-Iist

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
This

General

clause 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 FLT_EVAL METHOD (C23, 5.3.5.3.3 and H.3) and

[ale 1o T wilio Bl wilio B, | J 11 D) L. £l ] £l ad TL L_C22 J

DEC_
prov

as extensions. ISO/IEC 60559 recommends an attribute for this purpose. The following subclauses, (7.2
§pecify pragmas in <math.h> to control the evaluation method. These evaluation method.pragmay,

7.3)
the H
evalt

NOTH

cons
scopd

7.2
Syng

Cons

VAL FLITTUD Lk‘LuJ, J.Jd.J.Jd. T dilu 11, J) Lllalab\.cl ILZC LIICOU Cvouua\.luu IIICTLITUUDS. 1uuu5u oo Uu’lT

de means for the user to control the evaluation method, some implementations provide such-coxn

Env_ROUND (C23, 7.6.3) and reEnv_DEC_ROUND (C23, 7.6.4) pragmas, affect translation-time expre
ation and constants.

As specified in C23, 6.7.2, the value of the initializer for an object declared with\storage-class spe

Fexpr is constrained to be exactly representable in the target type. Thus, an evaluation method pragma ¥
includes the declaration can affect the validity of the declaration.

Evaluation method pragma
psis

fdefine _ STDC_WANT IEC_ 60559 ATTRIB_EXT
finclude <math.h>
fpragma STDC FP_FLT EVAL METHOD width

traints

Des

The
inter
widt

wher
5.3.5
and

FLT
are s
precq

The(]vidth parameter shall be -1, 0, DEFAULT, or another value supported by the implementation.
r

iption

FP FLT EVAL METHOD pragma sets the evaluation method for standard floating types and for b
change and extended floating types’to the evaluation method represented by width. The pararn
p is an expression in one of the forms:

D
lecimal-constant

- decimal-constant
DEFAULT

e the value of the expression is a possible value of the FLT EVAL METHOD macro, as specified in
3.3 and H.3%4n expression represents the evaluation method corresponding to its value (€23, 5.3
H.3) and/drraunT designates the implementation’s default evaluation method (characterized b

s not
trols
and
like
5sion

cifier
Vhose

nary
heter

C23,
5.3.3
7 the

EvAL METHOD macro). The width parameter may be -1, 0, or perFauLT. Which, if any, other values of width

upported is implementation-defined. The pragma shall occur either outside external declaratio

1S Or

eding all explicit declarations and statements inside a compound statement. When outside ext

brnal

decla

rations, the pragma takes erfect rrom Its occurrence until another rp FLT EVAL METHOD pragr

na 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

state

ment the state for the pragma is restored to its condition just before the compound statement.

© ISO/IEC 2025 - All rights reserved
3


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

7.3

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

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

Congtraimts

The

Desdription

The
type

wher
5.3.5
and

DEC__
are s
precq
decld
enco
effec
a nes
state

7.4

The
H.3)
cond|

prag
The

simill
effec]

of anly evaluation method pragmas (7.2, 7.3) that are in effect. These macros shall not be used in condit

expr

idth parameter shall be -1, 1, beEFauLT, or another value supported by the implementation.

P DEC_EVAL METHOD pragma sets the evaluation method for decimal interchange and-ekxtended flo
b to the evaluation method represented by width. The parameter width is an expression in one of the f¢

D
lecimal-constant

- decimal-constant
DEFAULT

e the value of the expression is a possible value of the peEc_Evar> METHOD macro, as specified in
3.4 and H.3. An expression represents the evaluation method cotrresponding to its value (C23, 5.3
H.3) and perauLT designates the implementation’s default\evaluation method (characterized b

upported is implementation-defined. The pragma shall occur either outside external declaratio
bding all explicit declarations and statements inside*a compound statement. When outside ext

intered, or until the end of the translation unit. When inside a compound statement, the pragma
t from its occurrence until another rp DEg EVAL METHOD pragma is encountered (including w
ted compound statement), or until the end of the compound statement; at the end of a comp
ment the state for the pragma is restoréd to its condition just before the compound statement.

Effective evaluation method macros

float.h> macros FLT EVAE.METHOD (C23, 5.3.5.3.3 and H.3) and pec_evar meTHOD (C23, 5.3.5.3.4
characterize the default évaluation method. Their values are constant expressions, suitable for u
jtional expression inclusion preprocessing directives. They are not affected by the evaluation me
mas, so it is possible they do not reflect the effective evaluation method.

math.h> headerdefines macros FLT EVAL, METHOD EFFECTIVE and DEC_EVAL METHOD EFFECTIVE th3
ar to the <f¥pa¥.n> macros FLT EVAL METHOD and DEC_EVAIL METHOD, except that they characteriz
tive evaluation method at the point in the program where the macro is used. Thus, they reflect the

bssionsinclusion preprocessing directives.

ating
rms:

C23,
5.3.4
7 the

EvAL,_METHOD macro). The width parameter may be -1, 1, r SeraurnT. Which, if any, other values of width

NS or
brnal

rations, the pragma takes effect from its occurtence until another Fp DEC EVAL METHOD pragma is

akes
ithin
pund

and
se in
thod

tare
e the
State
ional

7.5

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 a

ctual 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 atthe pointin the program where <tgmath.h>is firstincluded, the format of the generic parampters
of the function invoked by a type-generic macro is the evaluation format determined by the ceffective
evalyation method (see C23, 5.3.5.3.3, 5.3.5.3.4 and H.3) applied to the types of the arguments-for gejneric
parameters. The semantic type of the expanded type-generic macro is as determined by thé-rules inf C23,
7.27 and H.13 and is unchanged by the evaluation method. Neither the arguments for generi¢\parameterfs nor
the result are narrowed to their semantic types. Thus, (if the macro  sTpc TGMATH OPERATOR EVALUATION
is appropriately defined) the evaluation method affects the operations provided by type-generic macrop and
float|ng-point operators in the same way. See 7.6, EXAMPLE.

The macro  sTpc TGMATH OPERATOR EVALUATION  does not alter the conversjon of classification nmpacro
arguments to their semantic types (as specified in C23, 7.12.4).

EXANIPLE The following code uses wide evaluation to avoid overflow and-underflow.
tdefine  STDC WANT IEC 60559 ATTRIB EXT

tdefine  STDC TGMATH OPERATOR EVALUATION

tinclude <tgmath.h>

#pragma STDC FLT EVAL METHOD 1 /* to double %/
float x, vy, z;

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

Becduse of the evaluation method pragma, the*sum of squares, whose semantic type is float, is ¢val-
uateld with the range and precision of dogible, hence does not overflow or underflow. The expjpnd-
ed <fgmath.h> macro sqrt acquires thesgemantic type of its argument: f1oat. However, because the njacro
_ STDC TGMATH OPERATOR EVALUATION..\i§ defined before the inclusion of <tgmath.h>, the sqrt macro beljaves
like gdn operator with respect to the evaltation method and does not narrow its argument to its semantic type. Without
the definition of the macro  STDC TIGMATH OPERATOR EVALUATION ,the sqrt macro would expand to sqrtf, and
its eyaluated argument would be converted to f1oat, which can overflow or underflow.

8 Optimization controls

8.1 | General
This clause applies to implementations that define:

| STDC~IEC 60559 ATTRIB OPTIMIZATION

[SO/1EG60559 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 until the end of the translation unit. When inside a compound statement, the pragma
take§ effect, on each optimization it controls, from its occurrence until another pragma that affects the
samg optimization is encountered (including within a nested compound statement), or until tHe end qf the
compound statement; at the end of a compound statement the state for allowing each optimization contrfolled
by the pragma is restored to its condition just before the compound statement.

8.2 [ The rp ALLOW VALUE CHANGING OPTIMIZATION pragma
Syngpsis

define  STDC WANT IEC 60559 ATTRIB_EXT
Finclude <math.h>
fpragma STDC FP_ALLOW VALUE CHANGING OPTIMIZATION ON-off-SWitch

Desdription

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

NOTH The FP ALLOW VALUE CHANGING OPTIMIZATION pragma does not affect the evaluation methods.

Neveftheless, an evaluation method characterized by a négative value of width (C23, 5.3.5.3.3, 5.3.5.3.4 and H.3) can
allowffor indeterminable evaluation formats, hence unspecified result values.

8.3 [ The rp_arr0w ASSOCIATIVE LAW pragma
Syngpsis

tdefine  STDC WANT IEC 60559 ATTRIB EXT
finclude <math.h>
lpragma STDC FP_ALLOWMASSOCIATIVE LAW on-off-switch

Desdription

This [pragma allow$.or disallows optimizations based on the associative laws for addition and multiplicption

L7

+(y+z5x+y)+z
x (%) = (xxy) x z

e

whetle en-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

uonn,

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

=

X

are Vi
laws

L)

8.4
Syng

Desdription

This

L)

e

whe

i

=
Xy=yxXx

plid, the pragma allows optimizations based on identities derived from the associative andgcommut
such as

t(z+y)=kx+y)+z

The rp ArLow DISTRIBUTIVE LAW pragma
psis

fdefine  STDC WANT IEC 60559 ATTRIB EXT
finclude <math.h>
fpragma STDC FP_ALLOW DISTRIBUTIVE LAW on-off-switch

pragma allows or disallows optimizations based on the'distributive laws for multiplication and div
x(y+z)=(xxy)+(xx2)

x(-2)=[xxy)-(xx2)

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

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

e on-off-switch is one of

N - allow application of the“distributive laws

FF - do not allow application of the distributive laws

EFAULT - “off”

ative

ision

8.5 | The FP/ANLOW MULTIPLY BY RECIPROCAL pragma
Syngpsis
e f e SThCWANT TEC 66559 ATTRIBFXT

#include <math.h>
#pragma STDC FP_ALLOW MULTIPLY BY RECIPROCAL on-off-switch

Desc

ription

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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where on-off-switch is one of

oN - allow multiply by reciprocal

ofrF - do not allow multiply by reciprocal

DEFAULT — “off”

8.6

The rp_ALL0W zERO SUBNORMAL pragma

Synopsis

Desdription

This
SWitd

d

i

Withfin the scope of this pragma, the floating-point operations@affected by the pragma are all floating-

oper
semd
in <m
(€23
ther

define _ STDC WANT IEC 60559 ATTRIB EXT
tinclude <math.h>
fpragma STDC FP ALLOW ZERO SUBNORMAL on-off-switch

pragma allows or disallows replacement of subnormal operands and results by zero, where o
h is one of

N - allow replacement of subnormals with zero
FF - do not allow replacement of subnormals with zero

EFAULT - “off”

ntic type to its semantic type, as done by classificationimacros), and invocations of applicable func

7.1.4). Thus, subnormal operands and results ofaffected operations may be replaced by zero. Wh

h-off-

boint

htors, implicit conversions (including the conversion of avalue represented in a format wider thgn its

tions

bth.h>, <stdio.h>, <stdlib.h>, and <wchar.h> for which macro replacement has not been suppré¢ssed

bther

bplacement raises the “inexact” and “underflow” floating-point exceptions is unspecified. Functiors not

affecfted by the pragma behave as though no rp @1 1.ow zERO sSUBNORMAL pragma were in effect at the sfte of
the cpll.
8.7 | The rp_arr0w cONTRACT FMA pragma
Syngpsis
fdefine  STDC WANT IBG.60559 ATTRIB EXT
finclude <math.h>
fpragma STDC FP_ALIOW CONTRACT FMA on-off-switch
Desdription
This pragma allows or disallows contraction (C23, 6.5.1) of floating-point multiply and add or subtract (with
the rpsult of the multiply)
r*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
#include <math.h>
pragia STDU t‘J:’iAJ_.J_AUV\IiL,UNJ.KAL,J.iut’LKAl lUL\Iik,UL\I ERSION Ull'Uj]-'.)Wl.l‘,Ll,l
Desdription
This|pragma allows or disallows contraction (C23, 6.5.1) of a floating-point operation and a ‘€onversig

the result of the operation), where on-off-switch is one of

Wit

operators, implicit conversions (including the conversion of a value répresented in a format wider th4
semdntic type to its semantic type, as done by classification macros);and invocations of applicable func

in <

(C23} 7.1.4). Thus, an affected operation may be contracted wvith a conversion of its result. Function|
affecfted by the pragma behave as though no Fp_ALLOW CONTRACT OPERATION CONVERSION pragma we
effecf at the site of the call.

EXA

the nmultiply (operation) andassignment (conversion) can be evaluated with just one rounding (to the 1
and |

¢ - allow contraction for floating-point operation-conversion

IEFAULT — implementation defined whether “on” or “off”

rr — do not allow contraction for floating-point operation-conversion

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

th.h>, <stdio.h>, <stdlib.h>, and <wchar.h> for which macro replacement has not been suppr¢

PLE For the code sequence

tdefine _ STDC _WANT IEC 60559 ATTRIB EXEN

Finclude <math.h>

foragma STDC FPiALLOW7CONTRACT70PERATION7CONVERSION ON
Float f1, f2;

ouble dl, d2;

F1
F2

dl * dz;
sqgrt (dl) ;

n (of

point
In its
tions
pssed
S not
re in

ange
precision of f1oat). If-the’ on-off-switch for the pragma were orr, then the multiply would be rounded

according to the evaluation method and the assignment would entail a second rounding. With the given

code

the sqrt functign;€an be replaced by fsqrt, avoiding the need for a separate operation to convet

double result of sqgftto float.
8.9 | The refarrow_coNTRACT pragma
Syngpsis
#define _ STDC WANT IEC 60559 ATTRIB EXT
#include <math.h>
#pragma STDC FP_ALLOW CONTRACT On-off-switch
Description

t the

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 Reproducibitity

9.1
This

IS0/
exce]
used
repr
1SO/

This

requ
point
envit

and that support the language and library features.uséd by the source code, provided the source code y

limit|

An
s
STl

the iimplementation defines  sTpc: TEC 60559 DFP , it supports reproducible results for code using t

Ded

Eupp
prov
codd

9.2
Syng

| sTDC IEC 60559 ATTRIB REPRODUCIBLE

| sTpCc IEC 60559 ATTRIB REPRODUCIBLE

General

clause applies to implementations that define

EC 60559 recommends an attribute to facilitate writing programs whosefloating-point results
ption flags will be reproducible on any implementation that supports the language and library fea

ducible results. These features include ones with a well-defined binding to reproducible featur
EC 60559, so that no unspecified or implementation-defined behavioris admitted.

clause provides a pragma to support the ISO/IEC 60559 attribiite for reproducible results and
rements for programs to have reproducible results. Where/the state of the pragma is “on”, floa
numerical results and exception flags are reproducible™(given the same inputs, including relg
onment variables) on implementations that define

bC IEC 60559 BFP it supportsTeproducible results for code using (binary) types £1oat and doub

imal32, Decimalé64,and Decimall2s.lftheimplementation defines sTpc 1EC 60559 TyPES ,th
orts reproducible results for code using its interchange floating types (C23, H.2.2). If the implement4
ides a set of correctly rednded math functions (C23, 7.33.9), then it supports reproducible result
using correctly rounded math functions from that set.

The rr repgEDUCTBLE pragma
psis

ffdefiie  STDC WANT IEC 60559 ATTRIB EXT
i imrglude <math.h>

and
fures

by the program. Such code must use only those features of the langliiage and library that support

es of

bives
ting-
pvant

sesa

bd set of features as described below (9.3).
implementation that defines  sTBC’/1EC 60559 ATTRIB REPRODUCIBLE _ also defines either
DC_TEC 60559 BFP__ OI _ STDG-\EC 60559 DFP_, or both. If the implementation def

ines
L. If
ypes
enit
ition
s for

pragma STDC FP_REPRODUCIBLE ON-Ofj-SWILCh
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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

comy

ound statement the state for the pragmais restored toits condition just bhefore the (‘nmpmmd statement.

If thq state of the pragma is “on”, then the effects of the following are implied:

=+

and if sTpc IEC 60559 BFP is defined

and if sTpc 1EC 60559 DFP__ is defined

If th

pragna with on-off-switch ox, then the states of the renv_accrss ‘pragma, the value-changing optimiz
pragmas, and the evaluation method pragmas (even an_évaluation method pragma whose state
explicitly changed under the effect of the pragma with on<off-switch on) revert to their states prior t
FP_REPRODUCIBLE pragma with on-off-switch on. The rp_REPRODUCIBLE pragma with on-off-switch orr h
effecf if it occurs where the state of the pragma is “off?:

The dlefault state of the pragma is “off”.

Recommended practice: The implementation is encouraged to issue a diagnostic message if, where the

of th¢

not e reproducible.

9.3

The following properties sugport code sequences in producing reproducible results.)
— The code is under theeffect of the rp_rREPRODUCTBLE pragma (with state “on”).

— All floating-point operations used by the code are bound to ISO/IEC 60559 operations, as describ

The

bragma STDC FENV_ACCESS ON
bragma STDC FP ALLOW VALUE CHANGING OPTIMIZATION OFF

fpragma STDC FP_FLT EVAL METHOD 0

fpragma STDC FP_DEC_EVAL METHOD 1

¢ FP_REPRODUCIBLE pragma appears with the on-off-switch grr-under the effect of a ¥p_REPRODU

P FP_REPRODUCIBLE pragma is “on”, the source code uses a language or library feature whose results

Reproducible code

[23, F.3 in Tdble F.2.

ny béhavior that is unspecified, implementation-defined, or locale-specific.

IBLE
htion
was
D the
HS NO

state
may

ed in

he codé.does not contain any use that may result in undefined behavior. The code does not depend on

restrictive properties below are examples, not a complete list. See also C23, Annex ]. Alt

ugh

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

featu

res.
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If sTpc 1EC 60559 BFP  is not defined by the implementation, the code does not use the f1ocat or
double types.

Even if sTtpc 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 floatlng types and character sequences with
CTiar - e (by
nary
interchange floatlng type, lfisTDciiEci605597TYPE s__isdefined. Evenif sTpc IEC 60556)FYPE$ is
defined, support for interchange floating types wider than binary64 is an optional feature. [This
qpecification differs from ISO/IEC 60559 which specifies that an implementation suppopting
eproducibility shall not limit the number of significant decimal digits for correct rotding.)

he code does not depend on the actual character sequence in printf results with style a (or 2], nor
does it depend on numerical values of such results when the precision is/iot’sufficient for an gxact
epresentation.

he code 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 code does not use the remquo functions.

The code does not set the state of any pragma that allows value-changing optimizations to “op” or
‘|default”.

The code does not set the state of the FENV_aAccEss pragma to “off” or “default”.

The code does not use the rp LT EVAL METHODpragma with any width except 0 or 1. (Support for width
g¢qual to 1 is an optional feature.)

The code does not use the Fp_DEC_EVAL_ METHOD pragma with any width except 1 or 2. (Support for width
¢qual to 2 is an optional feature.)

The code does not use an rENv_EXCEPT pragma (10.2) with an action oPTIONAL_FLAG, BREAK, TRY, OF CATCH.

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

Alternate exception handling

| STPCEEC 60559 ATTRIB ALTERNATE EXCEPTION HANDLING

ISO/IECY60559 arithmetic raises floating-point exceptions to inform the program when an operption
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
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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

Des«]ription

The

except-list.

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

FENV_EXCEPT pragma sets the method specified by action for handling the exceptions represent¢d by

except-list shall be a comma-separated list of distinct supported exception designationS-for one supp¢rted
exception designation). The supported exception designations shall include the exceptien macro identjfiers

(€23]7.6.1)

The

FE DIVBYZERO
FE_ INEXACT
FE_INVALID
FE_OVERFLOW
FE_UNDERFLOW
FE ALL EXCEPT

fenv.h> header should define macros for the followiig Sub-exceptions and may define additfional

mactjos with the appropriate prefix (FE_INVALID or rE DIVBYZERO ) for other sub-exceptions. The supp¢rted
exception designations shall include the defined sub-exeeption macro identifiers (if any). If defined, the
macios expand to integer constant expressions. Sub-exeeptions corresponding to defined macros occur as

specified below, and not in other cases.

‘linvalid” floating-point exceptions from add-and subtract operators and functions that add or subtract
C23,7.12.15.2,7.12.15.3 and F.10.12), notcaused by signaling NaN input

FE_INVALID ADD

‘linvalid” floating-point exceptions from divide operators and functions that divide (C23, 7.12.15.% and
F.10.12), not caused by signaling NaN input

FE_INVALID DIV

‘linvalid” floating-peint exceptions from functions that compute multiply-add (C23, 7.12.14.1, F.10]11.1,
1.12.15.6 and F.1012) and from contracted multiply and add operators, not caused by signaling NaN |nput

FE INVALID FMA

‘linvalid*floating-point exceptions from conversions from floating to integer types (C23, F.4), not cdused
by sigialing NaN input

AT TN TALm
T TIv 1 g e ) e

“invalid” floating-point exceptions from ilogb and 1logb functions (C23, F.10.4.8 and F.10.4.10), not
caused by signaling NaN input

FE INVALID ILOGB

“invalid” floating-point exceptions from multiply operators and functions that multiply (C23, 7.12.15.4
and F.10.12), not caused by signaling NaN input

FE INVALID MUL

© ISO/IEC 2025 - All rights reserved
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“invalid” floating-point exceptions from the gquantizedN functions (C23, 7.12.16.1), not cause
signaling NaN input

FE INVALID QUANTIZE

“invalid” floating-point exceptions from the remainder and remquo functions (€23, F.10.8.2 and F.10
not caused by signaling NaN input

FE INVALID REM

d by

8.3),

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

(

, L. «J, I'.

FE_TNVALID SQRT
‘linvalid” floating-point exceptions caused by signaling NaN input (C23, F.2.2)
FE_INVALID SNAN

‘linvalid” floating-point exceptions from relational operators and comparison macros (€23, 6.5.9, 7.
4dnd F.10.15.2), not caused by signaling NaN input

FE INVALID UNORDERED

divide-by-zero” floating-point exceptions from divide operators and-functions that divide (C23, 7.12
and F.10.12)

FE DIVBYZERO ZERO

divide-by-zero” floating-point exceptions from logarithind and 1ogb functions (C23, F.10.4.11, F.10
§.10.4.13, F.10.4.14, F.10.4.15, F.10.4.16 and F.10.4.17)

FE DIVBYZERO LOG

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

default exception handling, but without setting the flag.
NO_FLAG

default exception handling, but whether the flag is set (as with default exception handling), and for ¢
operations and their occurrences, is unspecified.

OPTIONALYFLAG

brupt underflow. If an “underflow” floating-point exception occurs (see ISO/IEC 60559), the oper
lelivets-a result with magnitude zero or the minimum normal magnitude (for the result format
vith the same sign as the default result, sets the “underflow” floating-point exception flag, and raise

P R =

[2.18

.15.5

412,

1l be

Uhich

htion
and
s the

ingvact” floatina.naint ovcontion Whon

e XT T IO at g P o EXce pero— vy et

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 ipside
a comppound statement, the pragma action for a designated exception takes effect from the occurrerce of
the gragma until another rEnv _ExCEPT pragma designating the same exception is encountered {ineluding
with|n a nested compound statement), or until the end of the compound statement; at the end of‘alcomppund
statement the state for handling each exception designated in except-list is restored to its Condition just
before the compound statement.

The actions in the lists below in this subclause affect flow of control. With one of theseglactions, the pragma
shall| precede a compound statement, which is the compound statement associated with the prggma.
Therp shall be nothing between the pragma and its associated compound statement except perhaps yhite
spac¢ (including comments). For a designated exception, the pragma takes leffect from the beginnipg of
the gssociated compound statement until another rFExNv_ExCEPT pragma desighating the same exceptjon is
encopintered (with a nested associated compound statement), or until the(end of the compound statemept. At
the end of a compound statement the state for handling each exceptionrdesignated in except-list is resfored
to itd condition just before the compound statement.

— break. Terminate execution of the compound statement aSsociated with the pragma. Then, continue
g¢xecution after the associated compound statement. When termination occurs, the following apply: if
fhe execution to completion of the associated compound statement (without the break) would af any
point modify an object, the value of the object is indeteriminate; if the execution would modify the state of
fhe dynamic rounding mode or any state maintained by the standard library (e.g. in the [/0 system|), the
qtate is unspecified; the values of flags for the designated exceptions are unspecified. (Thus, terminption

ay occur as soon as possible after the exception is raised, to maximize performance.)

BREAK

The following two actions work togethert.A compound statement associated with a try action shall be ppired
with|one or more compound statemehts each associated with a catch action. The pragmas with catch adtions
and their associated compound statements shall appear contiguously immediately below the comppund
statement associated with the~fry action, except for white space (including comments). Each exception
designation in the pragma with,a’try action shall appear in one and only one of the pragmas with a catch agtion.

— dry. The designated-exceptions may be handled by a catch action. It is unspecified whether flags for
designated exceptions that are set in the execution of the associated compound statement are resfored
fo their states before the associated compound statement. The associated compound statement shafl not
be the statemént of a selection (C23, 6.8.4) or iteration (C23, 6.8.5) statement. There shall be no jimps
iinto or outof the associated compound statement, other than to handle an exception, as specified below.

IRY

—  darten an l‘:l. ed excention o in the exe ion of the compound atement associatedlwith
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.

NOTE

CATCH

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:

for (int 1 = 0; 1 < LEN; i++) {

#pragma STDC FENV_EXCEPT TRY FE OVERFLOW

The
shall
prag

imm

(inclfiding comments). Each exception designation in the pragma witltaydelayed-try action shall appe

one g

#pragma STDC FENV_EXCEPT CATCH FE_ OVERFLOW

{
y[i] = DBL_MAX;
}

following two actions work together. A compound statement associatedwith a delayed-try a
be paired with one or more compound statements each associated with a delayed-catch action
mas with delayed-catch actions and their associated compound statenients shall appear contigu
pdiately below the compound statement associated with the delayed-try action, except for white s

the

for syib-exceptions, though such extensions are not prescribed ifitthis document.

oo

nd only one of the pragmas with a delayed-catch action. For supported sub-exceptions, the behav
tions listed below shall be as if the exceptions, flags, and functions in the specification were exte

elayed-try. The designated exceptions may be handled by a delayed-catch action. Before exec
he compound statement associated with the delayed-try action, save (as by fegetexceptflag

ction

The
busly
pace
ar in
or of
nded

Liting
the

tates of the flags for the designated exceptions,dnd then clear (as by feclearexcept) the desigmated

xceptions. After normal completion of the assoeiated compound statement, re-save the states g
esignated exceptions. Then restore (as by fesetexceptflag) the designated exception flag states b
he associated compound statement. The associated compound statement shall not be the statemd

selection (C23, 6.8.5) or iteration (C23,6.8.6) statement. There shall be no jumps into or out d
ssociated compound statement.

DELAYED TRY

jelayed-catch. Test (as by fetestexceptflag) the exception flag states saved after completion @

jumps\tito or out of the compound statement associated with a delayed-catch action.

ompound statement assoeiated with the delayed-try action. If any exception with the same design

he first compoundstatement associated with an occurring exception with the same designation fd

f the
pfore
nt of
f the

f the
ntion

r the delayed-try action'and a delayed-catch action occurred (as determined by flag state tests), junp to

r the

elayed-try actiorrand a delayed-catch action. Upon completion of the associated compound statement,

ontinue execution after the last of the compound statements associated with delayed-catch acf
ach exceptioiidesignation shall be listed in at most one of the pragmas with a delayed-catch ac
he compound statement associated with a delayed-catch action is executed only to handle an exce
ccurring in the compound statement associated with the delayed-try action. There shall be no

ions.
tion.
btion
bther

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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