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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical activity.
ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
work. In the field of information technology, ISO and IEC have established a joint technical committee,
ISO/IECJTC1

The proce]
described
different t

dures used to develop this document and those intended for its further maintenance
in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for
ypes of document should be noted. This document was drafted in accordanee with

are
the
the

editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

t of
hts.
the

Attention

patent rig
Details of]
Introducti

s drawn to the possibility that some of the elements of this document may be the subjec
hts. ISO and IEC shall not be held responsible for identifying any.ér-all such patent rig
any patent rights identified during the development of the/document will be in

bn and/or on the ISO list of patent declarations received (see wiviv.iso.org/patents).

Any trade not

constitute

name used in this document is information given for the‘eonvenience of users and does
an endorsement.

For an explanation on the meaning of ISO specific terms)and expressions related to conformity
assessment, as well as information about ISO's adheren¢te to the WTO principles in the Technijical
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5 18661 consists of the following parts, under the general title Information technology

ing languages, their environments, and system software interfaces — Floating-point extensjons

Part 1} Binary floating-point.arithmetic

Part 2| Decimal floating*point arithmetic

Part 3} Interchange and extended types

Part 4t Supplementary functions

The following part is under preparation:

— Part 5: Supplementary attributes

ISO/IEC TS 18661-1 updates ISO/IEC 9899:2011, Information technology — Programming Language C,
annex F in particular, to support all required features of ISO/IEC/IEEE 60559:2011, Information
technology — Microprocessor Systems — Floating-point arithmetic.

ISO/IEC TS 18661-2 supersedes ISO/IEC TR 24732:2009, Information technology — Programming
languages, their environments and system software interfaces — Extension for the programming language
C to support decimal floating-point arithmetic.
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ISO/IEC TS 18661-3, ISO/IEC TS 18661-4, and ISO/IEC TS 18661-5 specify extensions to ISO/IEC
9899:2011 for features recommended in ISO/IEC/IEEE 60559:2011.
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Introduction

Background

IEC 60559 floating-point standard

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 robust programs,

of
EC

debugging, and moving programs between ems exceedingly diffi Now the great majo
systems provide data formats and arithmetic operations according to this standard. The|
60559:1949 international standard was equivalent to the IEEE 754-1985 standard. Its stated“g¢als
were the fpllowing:

1 Fagilitate movement of existing programs from diverse computers to those that adhere to
this standard.

2 Enhance the capabilities and safety available to programmers who, thodgh not expert in
numerical methods, may well be attempting to produce numerically sophisticated
programs. However, we recognize that utility and safety are sometithes antagonists.

3 Enpourage experts to develop and distribute robust and effieient numerical programs that
ar¢ portable, by way of minor editing and recompilation, 0nto any computer that conforms
to fthis standard and possesses adequate capacity. When Testricted to a declared subset of
thg standard, these programs should produce identicalresults on all conforming systems.

4 Pr¢vide direct support for

a. Execution-time diagnosis of anomalies

b. Smoother handling of exceptions

c. Interval arithmetic at ayeasonable cost
5 Provide for development of

a. Standard elementary functions such as exp and cos

b. Very high\precision (multiword) arithmetic

c. Coupling of numerical and symbolic algebraic computation
6 Enpblé rather than preclude further refinements and extensions.

To these ends, the standard specified a floating-point model comprising the following:

vi

formats - for binary floating-point data, including representations for Not-a-Number (NaN) and
signed infinities and zeros

operations - basic arithmetic operations (addition, multiplication, etc.) on the format data to
compose a well-defined, closed arithmetic system; also specified conversions between floating-
point formats and decimal character sequences, and a few auxiliary operations

context - status flags for detecting exceptional conditions (invalid operation, division by zero,
overflow, underflow, and inexact) and controls for choosing different rounding methods

© ISO/IEC 2015 - All rights reserved
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The ISO/IEC/IEEE 60559:2011 international standard is equivalent to the IEEE 754-2008 standard for
floating-point arithmetic, which is a major revision to IEEE 754-1985.

The revised standard specifies more formats, including decimal as well as binary. It adds a 128-bit
binary format to its basic formats. It defines extended formats for all of its basic formats. It specifies
data interchange formats (which may or may not be arithmetic), including a 16-bit binary format and an
unbounded tower of wider formats. To conform to the floating-point standard, an implementation must
provide at least one of the basic formats, along with the required operations.

The revised standard specifies more operations. New requirements include - among others - arithmetic

op4g

mo
ma

andg

Thd

sta

rec

Thd
cod
corn

Oth
corj
reproducible results, and support for program debugging.

Thd
It

commputer language or other interface being used), nor does it define the concrete repr
(specific layout in storage, orin a processor's register, for example) of data or context, ex¢
dogs define specific encodings that are to be used for the exchange of floating-point da]

diff

IEQ
Ho}
rec
har
of 3

to thefloating-point standard.

seven reduction functions for sums and scaled products.

e revised standard places more emphasis on reproducible results, mzhich is refleg

nded for at least three more decimal digits than is required to distinguish all numbers in
ported binary format; it fully specifies conversions involvinig any number of decimg
pmmends that transcendental functions be correctly rounded:

e revised standard requires a way to specify a constant rounding direction for a static
e, with details left to programming language standards. This feature potentially allows
trol without incurring the overhead of runtime aceess to a global (or thread) rounding mo

er features recommended by the revised standard include alternate methods for exceptio1
trols for expression evaluation (allowingror disallowing various optimizations), suppo

 revised standard, like its predecessor, defines its model of floating-point arithmetic in th
either defines the way in which operations are expressed (which might vary depend

erent implementations that conform to the specification.

60559 does notinclude bindings of its floating-point model for particular programming
vever, the srevised standard does include guidance for programming language sta
pgnition-of the fact that features of the floating-point standard, even if well suppor
dware,-are not available to users unless the programming language provides a commens
upport. The implementation’s combination of both hardware and software determines co

rations that round their result to a narrower format than the operands (with just ore frounding),
e conversions with integer types, more classifications and comparisons, and more-opefations for
haging flags and modes. New recommendations include an extensive set of mathematical functions

ted in its

ndardization of more operations. For the most part, behaviors are completely specified. The standard
requires conversions between floating-point formats and decimal character sequences to b
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C support for IEC 60559

The C standard specifies floating-point arithmetic using an abstract model. The representation of a
floating-point number is specified in an abstract form where the constituent components (sign,
exponent, significand) of the representation are defined but not the internals of these components. In
particular, the exponent range, significand size, and the base (or radix) are implementation-defined.
This allows flexibility for an implementation to take advantage of its underlying hardware architecture.
Furthermore, certain behaviors of operations are also implementation-defined, for example in the area
of handling of special numbers and in exceptions.

© ISO/IEC 2015 - All rights reserved vii
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The reason for this approach is historical. At the time when C was first standardized, before the floating-
point standard was established, there were various hardware implementations of floating-point
arithmetic in common use. Specifying the exact details of a representation would have made most of the
existing implementations at the time not conforming.

Beginning with ISO/IEC 9899:1999 (C99), C has included an optional second level of specification for
implementations supporting the floating-point standard. C99, in conditionally normative annex F,
introduced nearly complete support for the IEC 60559:1989 standard for binary floating-point
arithmetic. Also, C99’s informative annex G offered a specification of complex arithmetic that is

compatible with IEC 60559:1989

ISO/IEC 9899:2011 (C11) includes refinements to the C99 floating-point specification, though-it'is till

based on IEC 60559:1989. C11 upgraded annex G from “informative” to “conditionally normative”.

ISO/IEC TR 24732:2009 introduced partial C support for the decimal floating-point arithmeti¢ in

ISO/IEC/IEEE 60559:2011. ISO/IEC TR 24732, for which technical content was completed while IEEE

754-2008 [was still in the later stages of development, specifies decimal types based on ISO/IEC/IEEE

60559:2011 decimal formats, though it does not include all of the operations réquired by ISO/IEC/IEEE

60559:2011.

Purpose

The purpdgse of ISO/IEC TS 18661 is to provide a C language binding for ISO/IEC/IEEE 60559:2(11,

based on the C11 standard, that delivers the goals of ISO/IEC/IEEE 60559 to users and is feasibl¢ to

implement. It is organized into five parts.

ISO/IEC TS 18661-1 provides changes to C11 that.gover all the requirements, plus some basic

recommerdations, of ISO/IEC/IEEE 60559:20#1 for binary floating-point arithmetic.| C

implemenfations intending to support ISO/IEC/IEEE 60559:2011 are expected to conform| to
p g pp p

conditionglly normative annex F as enhanced by‘the changes in ISO/IEC TS 18661-1.

ISO/IEC TS 18661-2 enhances ISO/IEC (TR 24732 to cover all the requirements, plus some basic

recommerdations, of ISO/IEC/IEEE. 60559:2011 for decimal floating-point arithmetic.| C

implemenfations intending to provide an extension for decimal floating-point arithmetic supporting

ISO/IEC/IEEE 60559:2011 are expected to conform to ISO/IEC TS 18661-2.

ISO/IEC T$ 18661-3 (Interchange and extended types), ISO/IEC TS 18661-4 (Supplementary functiops),

and ISO/IEC TS 18661-5-(Supplementary attributes) cover recommended features of ISO/IEC/IEEE

60559:2011. C implementations intending to provide extensions for these features are expected to

conform tg the corresponding parts.

Additionpl background on formats

The revised floating-point arithmetic standard, ISO/IEC/IEEE 60559:2011, introduces a variety of new
formats, both fixed and extendable. The new fixed formats include

— a 128-bit basic binary format (the 32 and 64 bit basic binary formats are carried over from ISO/IEC

60559

:1989)

— 64 and 128 bit basic decimal formats

viii
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interchange formats, whose precision and range are determined by the width k, where
for binary, k=16, 32, 64, and k = 128 and a multiple of 32, and
for decimal, k = 32 and a multiple of 32

extended formats, for each basic format, with minimum range and precision specified

:2015(E)

Thus IEC 60559 defines five basic formats — binary32, binary64, binary128, decimal64, and

dedimall128 — and five corresponding extended formats, each with somewhat more prefcision and
ge than the basic format it extends. IEC 60559 defines an unlimited number of interchange formats,
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]tlementation defines the macro _ STDC_1EC_60559 BFP__ (see ISO/IEC TS 18661-1)

ch include the basic formats.

versions between non-arithmetic interchange formats and arithmetic formats which can
hputation.

ended formats are intended for intermediate computation, mot-input or output data.
cision often allows the computation of extended results which\when converted to a narroy
mat differ from the ideal results by little more than a unit in-the last place. Also, the extra 1
ids any intermediate overflow or underflow that might occur if the computation were d
mat of the data. The essential property of extended formats is their sufficient extra width
cific widths. Extended formats for any given basicformat may vary among implementatior

endable formats, which provide user control-over range and precision, are not covered
18661.

32 and 64 bit binary formats are supported in C by types float and doubl

it supports C Annex F for binary floating-point arithmetic, then its float and doubl
st be IEC 60559 binary32 and binary64.

/IEC TS 18661-2 defines'types _Decimal32, _Decimal64, and _Decimall128 with
mats decimal32, detimal64, and decimall128. Although IEC 60559 does not require
port (other than  conversions) for its decimal32 interchange format, ISO/IEC TS 18661
hmetic and library support for _Decimal 32, just like for _Decimal64 and _Decimall

 C Standard provides just three standard floating types (float, double, and long do

erchange formats may or may not be supported as arithmetic formats. If not, they may he used for
interchange of floating-point data but not for arithmetic computation.”IEC 60559 provides

e used for

The extra
wver output
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arithmetic
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required of all implementations. C Annex F for binary floating-point arithmetic re
ndard floating types to be binary. The long double type must be at least as wide as do
snot further specify details of its format, even in Annex F.

quires the

LIble, but C

ISO/IEC TS 18661-3, this document, provides nomenclatures for types with IEC 60559 arithmetic
interchange formats and extended formats. The nomenclatures allow portable use of the formats as
envisioned in IEC 60559. This document covers these aspects of the types:

©IS

names
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conversions
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— constants
— function suffixes
— character sequence conversion interfaces

This specification includes interchange and extended nomenclatures for formats that, in some cases,
already have C nomenclatures. For example, types with the IEC 60559 double format may include
double, Float64 (the type for the binary64 interchange format), and maybe _Float32x (the type
for the binary32-extended format). This redundancy is intended to support the different programming
models appropriate for the types with arithmetic interchange formats and extended formats and C
standard floating types.

This document also supports the IEC 60559 non-arithmetic interchange formats with functions fhat
convert among encodings and between encodings and character sequences, for all interchange formdts.

X © ISO/IEC 2015 - All rights reserved
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Information technology — Programming languages, their
environments, and system software interfaces — Floating-point
extensions for C —

Part 3:
Interchange-and-extendedtypes———M ———————————————————

1 | Scope
This part of ISO/IEC TS 18661 extends programming language C to includg types with the arithmetic

int¢rchange and extended floating-point formats specified in ISO/IEC/IEEE 60559:2011, and fo include
funictions that support the non-arithmetic interchange formats in that standard.

2 | Conformance
Anfimplementation conforms to this part of ISO/IEC TS 186611

a) |it meets the requirements for a conforming implementation of C11 with all the changes tofC11
specified in parts 1-3 of ISO/IEC TS 18661;

b) |it conforms to ISO/IEC TS 18661-1 or ISO/IEC TS 18661-2 (or both); and

c) |itdefines __STDC_1EC_60559_TYPES _ to 201506L.

3 | Normative references

Th¢ following documents, in.whole or in part, are normatively referenced in this document and are
indiispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISQ/IEC 9899:2014, Information technology — Programming languages — C

ISQ/IEC/IEEE/~60559:2011, Information technology — Microprocessor Systems— Flodlting-point
arithmetic

ISQ/IEC TS 18661-1:2014, Information technology — Programming languages, their environinents and

L4 - 4 Val L o . + 4 - L Val D - h o L1 Y . 4 .
systemrsoftwureinterfutes— Flouting=-puointextensions for ¢ — Purt 1 Bimury floating=pointarithmetic

ISO/IEC TS 18661-2:2015, Information technology — Programming languages, their environments and
system software interfaces — Floating-point extensions for C — Part 2: Decimal floating-point arithmetic

4 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 9899:2011,
ISO/IEC/IEEE 60559:2011, ISO/IEC TS 18661-1:2014, ISO/IEC TS 18661-2:2015, and the following

apply.

© ISO/IEC 2015 - All rights reserved 1
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4.1
C11

standard ISO/IEC 9899:2011, Information technology — Programming languages C, including Technical
Corrigendum 1 (ISO/IEC 9899:2011/Cor. 1:2012)

5 Cstandard conformance

5.1 Freestanding implementations

The specification in C11 + TS18661-1 + TS18661-2 allows freestanding implementations to confarm to
this part ¢f ISO/IEC TS 18661.

5.2 Prddefined macros
Change tp C11 + TS18661-1 + TS18661-2:
In 6.10.8.8#1, add:

__STPC_I1EC_60559 TYPES__ The integer constant 201506k, intended to indicate
support of interchange and extended floating types acconding to IEC 60559.

5.3 Staphdard headers

The new [identifiers added to C11 library headers by this(part of ISO/IEC TS 18661 are defined or
declared py their respective headers only if __ STDC_WANT_IEC_60559_TYPES_ EXT___ is defiped
as a macrjo at the point in the source file where the appropriate header is first included. The followjing
changes tp C11 + TS18661-1 + TS18661-2 list these ddentifiers in each applicable library subclause.

Changes to C11 + TS18661-1 + TS18661-2:
After 5.2.4.2.2#6b, insert the paragraph:

[6c] Tlhe following identifiers areldefined only if __ STDC_WANT_IEC_60559_TYPES EXT___
is defined as a macro at the point in the source file where <float.h> is first included:

for supported types _FRloatNn:

ALTN_MANT<DIG FLTN_MIN_10_EXP FLTN_EPSILON
ALTN_DECINMAL_DIG FLTN_MAX_EXP FLTN_MIN

ALTN PIG FLTN_MAX_10_EXP FLTN_TRUE_MIN
ALFN_MIN_EXP FLTN_MAX

for supported types _FloatNx:

FLTNX_MANT_DIG FLTNX_MIN_10_EXP FLTNX_EPSILON
FLTNX_DECIMAL_DIG FLTNX_MAX_EXP FLTNX_MIN
FLTNX_DIG FLTNX_MAX_10_EXP FLTNX_TRUE_MIN
FLTNX_MIN_EXP FLTNX_MAX

2 © ISO/IEC 2015 - All rights reserved
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for supported types _DecimalN, where N # 32, 64, and 128:

DECN_MANT_DIG DECN_MAX DECN_TRUE_MIN
DECN_MIN_EXP DECN_EPSILON
DECN_MAX_EXP DECN_MIN

for supported types _Decimal Nx:
DECNX_MANT_DIG DECNX_MAX DECNX_TRUE_MIN
DECARIMHN_EXP DECAX—ERSH-ON
DECNX_MAX_EXP DECNX_MIN

After 7.3#2, insert the paragraph:

[2a] The following identifiers are declared or defined only| if

___STDC_WANT_I1EC_60559 TYPES_EXT___ is defined as a macro at the point in the source

file where <complex . h> is first included:

for supported types _FloatN:
cacosftN catanhfnN csqrtfy
casinfN ccoshfN cargfn
catanfN csinhfN cimagfN
ccosftN ctanhftN CMPLXFN
csinfN cexpftN conjfN
ctantN clogfiN cprojftN
cacoshftN cabsfy crealfN
casinhtN CRPOWTN

for supported types _FloatNx:
cacosTtNXx catanhtNx csqrtfNx
casinfNx ccoshfNx cargfix
catanftNx csinhfNx cimagfNx
ccosftNx ctanhfNx CMPLXFNX
csinfthNx cexpftNx conjthNx
ctanthx clogfhx cproj tNx
cacoshfNx cabsTNx creal fNx
casinhfNx cpowfNx

Aftpr7A2#1c, insert the paragraph:

[1d] The following identifiers are defined or declared only if
___STDC_WANT_I1EC_60559 TYPES_EXT__ is defined as a macro at the point in the source
file where <math . h> is first included:

long_double_t
for supported types _FloatN:

_FloatN_t loglpfN
HUGE_VAL_FN log2fN

fromfpfN
ufromfpfN

© ISO/IEC 2015 - All rights reserved 3
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SNANFN logbfN FfromfpxfN
FP_FAST_ FMAFN modfFfN ufromfpxfN
acosftN scalbnfN fmodfN
asinfn scalbInfN remainderfN
atanfn cbrtfN remquofN
atan2fN fabsfN copysignfN
cosftN hypotfN nanfN
sinfN powfN nextafterfN
tanfN sqrtfN nextupfN
gcoshtn ertty nextdowntN
gdsinhfN erfcfN canonicalizefN
dtanhfN lgammafN encodefN
goshfN tgammafN decodefN
ginhfN ceilfN fdimfN
tanhfnN floorfN TtmaxtN
axpftN nearbyintfN fminfN
agxp2ftN rintfN TtmaxmagfN
axpmlfn IrintfN TtmipnmagfN
rexpfN HrintfN fmaFn
logbfN roundfN totalorderfN
dexpfN lroundfN totalordermagfN
logbftN 11roundfN getpayloadfN
ogfN truncfN setpayloadfN
0g10fN roundevenftiN setpayloadsigfN
ported types _FloatNx:
HUGE_VAL_FNX logbThNx fromfpfNx
JNANFNX modFFNx ufromfpTNx
AP_FAST_ FMAFNX scalbnfNx fromfpxFNx
gcostNx scalbInfNx ufromfpxFNX
gsinfNx cbrtfNx fmodTNx
gtanftNx fabsTNx remainderfNx
gtan2ftnNx hypotfNx remquofiNx
qosTtNx powfNx copysigntNx
qinftNx sqrefix nanfNx
anftNx erffiNx nextafterfNx
coshfNx erfcthx nextupftNx
sinhfNx IgammafNx nextdowntNx
tanhftNx tgammafiNx canonicalizefNx
expTNx ceirITNx TdimfNx
exp2fNx TfloorfNx fmaxfNx
expmlfNx nearbyintfNx fminfNx
frexpfNx rintfNx fmaxmagFNx
ilogbfNx IrintfNx fminmagfNx
1logbTNx IIrintfNx fmafNx
ldexpfNx roundfNx totalorderfNx
logfix IroundfNx totalordermagfiNx

© ISO/IEC 2015 - All rights reserved
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1ogl0fNx 11 roundfNx getpayloadfNx
loglpfNx truncfNx setpayloadfNx
10g2FNx roundevenfNx setpayloadsigfix

for supported types _FloatM and _FloatN where M < N:

FP_FAST_FMADDFN FP_FAST_ FMFMAFN fMmul N
FP_FAST_ FMSUBFN FP_FAST _FMSQRTFN fMdivEN
FP_FAST_ FMMULFN fMaddfN fMfmafN
FP—FAST FMDHVFEV fifsobfi Fitsortfi

for supported types _FloatM and _FloatNx where M < N:

FP_FAST_FMADDFNX FP_FAST_FMFMAFNX FMmul FNX
FP_FAST_FMSUBFNX FP_FAST_FMSQRTFNX fMdivENx
FP_FAST_FMMULFNX fMaddfNx FMTFmaFNx
FP_FAST_FMDIVFNX FMsubfNx fMsgrtfNx

for supported types _FloatMx and _FloatN where M < N:

FP_FAST_FMXADDFN FP_FAST_FMXFMAFN fMxmul N
FP_FAST_FMXSUBFN FP_FAST_FMXSQRTFEN fMxdivfN
FP_FAST_FMXMULFN fMxaddfN TMxfmaftN
FP_FAST_FMXDIVFN FfMxsubfN TMxsqrtfN

for supported types _FloatMx and _FloathNx where M < N:

FP_FAST_FMXADDFNX FP*FAST_FMXFMAFNX TMxmulTNx
FP_FAST_FMXSUBFNX FRP' FAST_FMXSQRTFNX TMxdivTNx
FP_FAST_FMXMULFNX TMxaddfNx TMxTtmaftNx
FP_FAST_FMXDIVFNX TMxsubTNx TMxsqrtfNx

for supported IEC 60559 arithmetic or non-arithmetic binary interchange formats of widths M
and N:

fMencftN

for supported types _DecimalN, where N # 32, 64, and 128:

<DecimalN_t logbdN fmoddN
HUGE_VAL_DN modfdN remainderdN
SNANDHN sealbndh copysighad
FP_FAST_FMADN scalblndN nandnN

acosdN cbrtdN nextafterdN
asindN fabsdN nextupdN
atandN hypotdN nextdowndN
atan2dN powdN canonicalizedN
cosdN sqrtdnN quantizedN
sindN erfdN samequantumdN
tandN erfcdN guantumdN
acoshdN lIgammadN 1 lquantexpdN
asinhdN tgammadN encodedecdN
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atanhdN ceildn decodedecdN
coshdnN floordN encodebindN
sinhdnN nearbyintdN decodebindnN
tanhdN rintdN fdimdN
expdN IrintdN fmaxdN
exp2dN IIrintdN fmindN
expmldN rounddN fmaxmagdN
frexpdN IrounddN fminmagdN
iloghdN 1 IrounddnN fmadN
lTogbdN truncdN totalorderdN
dexpdN roundevendN totalordermagdN
ogdN fromfpdN getpayloaddN
0gl0dN ufromfpdN setpayloaddN
oglpdN fromfpxdN setpayloadsigdN
0g2dN ufromfpxdN
pported types _Decimal Nx:
HUGE_VAL_DNX log2dNx ufremfpdNx
JNANDNX logbdNx TromfpxdNx
RP_FAST_FMADNX modfdNx ufromfpxdNx
gcosdNx scalbndNx TtmoddNx
gsindNx scalblndNx remainderdNx
gtandNx cbrtdNx copysigndNx
gtan2dNx fabsdNx nandNx
gosdNx hypotdNx nextafterdNx
gindNx powdNx nextupdNx
tandNx sqrtdNx nextdowndNx
gcoshdNx erfdix canonicalizedNx
dsinhdNx erfcdNx quantizedNx
gtanhdNx LgammadNx samequantumdNx
goshdNx tgammadNx quantumdNx
ginhdNx ceildNx 1 IquantexpdNx
tanhdNx floordNx fdimdNx
gxpdNx nearbyintdNx fmaxdNx
gxp2dNx rintdNx fmindNx
gxpmldNx IrintdNx fmaxmagdNx
rexpdix 1rintdNx fminmagdNx
logbdNx rounddNx fmadNx
kogbdNx IrounddNx totalorderdNx
IdexpdNx 11 rounddNx totalordermagdNx
logdNx truncdNx getpayloaddNx
1og10dNx roundevendNx setpayloaddNx
loglpdNx fromfpdNx setpayloadsigdNx
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for supported types _DecimalM and _DecimalN where M < N and M and N are not both one
of 32, 64, and 128:

FP_FAST_DMADDDN FP_FAST_DMFMADN dMmuldN
FP_FAST_DMSUBDN FP_FAST_DMSQRTDN dMdivdN
FP_FAST_DMMULDN dMadddN dMfmadN
FP_FAST_DMDIVDN dMsubdN dMsqrtdN

for supported types _DecimalM and _DecimalNx where M < N:

FP_FAST_DMADDDNX FP_FAST_DMFMADNX dMmuldNx
FP_FAST_DMSUBDNX FP_FAST_DMSQRTDNX dMdivdNx
FP_FAST_DMMULDNX dMadddNx dMfmadNx
FP_FAST_DMDIVDNX dMsubdNx dMsgrtdNx

for supported types _DecimalMx and _DecimalN where M < N:

FP_FAST_DMXADDDN FP_FAST_DMXFMADN dMxmuldN
FP_FAST_DMXSUBDN FP_FAST_DMXSQRTDN dMxdivdN
FP_FAST_DMXMULDN dMxadddN dMxFmadN
FP_FAST_DMXDIVDN dMxsubdN dMxsqrtdN

for supported types _DecimalMx and _Decimal Nx where M < N:

FP_FAST_DMXADDDNX FP_FAST . DMXFMADNX dMxmuldNx
FP_FAST_DMXSUBDNX FP_FAST\DMXSQRTDNX dMxdivdNx
FP_FAST_DMXMULDNX dMxadddNx dMxftmadNx
FP_FAST_DMXDIVDNX dMxsubdNx dMxsqrtdNx

for supported IEC 60559 arithmetic and non-arithmetic decimal interchange formats of widths
M and N:

dMencdecdN dMencbindN
After 7.22#1b, insert the\paragraph:

[1c] The following identifiers are declared only if _ STDC_WANT_IEC_60559 TYPES EXT__ is
defined as-amacro at the point in the source file where <stdlib_h> is first included:

for supported types _FloatN:

strfromfyN strtofN

for supported types _FloatNx:
strfromfNx strtofNx
for supported types _Decimal N, where N # 32, 64, and 128:

strfromdN strtodN
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for supported types _DecimalNXx:
strfromdNx strtodNx

for supported IEC 60559 arithmetic and non-arithmetic binary interchange formats of width N:
strfromencfN strtoencftN

for supported IEC 60559 arithmetic and non-arithmetic decimal interchange formats of width
N:

gtrfromencdecdN strtoencdecdN
gtrfromencbindN strtoencbindN
6 Types

This clauge specifies changes to C11 + TS18661-1 + TS18661-2 to include types that support IEC 60559
arithmetif formats:

_FldatN for binary interchange formats
_DeqgimalN for decimal interchange formats
_FldatNx for binary extended formats
_Dedimal Nx for decimal extended formats

The encdding conversion functions (12.4) and _uumeric conversion functions for encodings ([L3)
support the non-arithmetic interchange formats,specified in IEC 60559.

ISO/IEC TS 18661-2 defined standard floating types as a collective name for the types float, double,
and long double and it defined ‘decimal floating types as a collective name for the types
_Decimgl32, Decimal64, and ~Decimall28. This part of ISO/IEC TS 18661 extends [the
definition| of decimal floating types and defines binary floating types to be collective names for types|for
all the appropriate IEC 60559 arithmetic formats. Thus real floating types are classified as follows:

standard floating types:
loat

ouble
ong double

binarjy fleating types:
EloatN

_Floathx

decimal floating types:
_DecimalN
_DecimalNx

Note that standard floating types (which have an implementation-defined radix) are not included in
either decimal floating types (which all have radix 10) or binary floating types (which all have radix 2).
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Replace 6.2.5#10a-10b:

ISO/IEC TS 18661-3:2015(E)

[10a] There are three decimal floating types, designated as _Decimal32*), Decimal64, and
_Decimal128. Respectively, they have the IEC 60559 formats: decimal32, decimal64, and
decimal128. Decimal floating types are real floating types.

[10b] Together, the standard floating types and the decimal floating types comprise the real

floating types.

with:

[10a] IEC 60559 specifies interchange formats, identified by their width, which cah be us

bd for

the exchange of floating-point data between implementations. The two (tables below give
parameters for the IEC 60559 interchange formats.
Binary interchange format parameters
Parameter binary16 binary32 | binary64 | binary128 binaryN (N = 1£8)
N] storage 16 32 64 128 multiple of 3
width in bits
p,|precision in 11 24 53 113 N - round(4xlogz(N)) + 13
bits
emax, 15 127 1023 16383 20-p-1) -1
miaximum
exponente
Emcoding parameters
bias, E-e 15 127 1023 16383 emax
sign bit 1 1 1 1 1
w| exponent 5 8 11 15 round(4xlogz(N)] - 13
field width in
bilts
t, krailing 10 23 52 112 N-w-1
significand
field width in
bits
N| storage 16 32 64 128 1+w+t
wijdth in bits
The function round() in the table above rounds to the nearest integer. For example, binary256

would have p = 237 and emax = 262143.
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_Dec

Decimal interchange format parameters

Parameter decimal32 | decimal64 | decimal128 | decimalN (N = 32)
N, storage width in bits 32 64 128 multiple of 32
p, precision in digits 7 16 34 9xN/32-2
emax, maximum 96 384 6144 3 x 2(N/16+3)
exponent e

Encoding parameters

bias, E-e 101 398 6176 emax +p — 2
slgn bit 1 1 1 1

W+5, combination field 11 13 17 N/16 +9
width in bits

t{trailing significand 20 50 110 15xN/16 = 10
field width in bits

N, storage width in bits 32 64 128 1+54WwW+t

For eample, decimal256 would have p = 70 and emax = 1572864.
[10b]|Types designated

_|[FloatN, where N is 16, 32, 64, or = 128 and a multiple-of 32
and types designated

_[Decimal N, where N = 32 and a multiple of32

are cdllectively called the interchange floating-types. Each interchange floating type has the IEC
6055T interchange format correspondingsto its width (N) and radix (2 for _FloatNn, 10 for

imalN). Interchange floating types are not compatible with any other types.

[10c] An implementation that defines ___STDC_IEC_60559 BFP___ and

__STPC_IEC_60559 TYPES ,» shall provide _Float32 and _Float64 as interchange

floating types with the same representation and alignment requirements as float and
doublle, respectively. Af ‘the implementation’s long double type supports an IEC 60559
interdhange format ofywidth N > 64, then the implementation shall also provide the type

_FloptN as ancinterchange floating type with the same representation and alignment

requirements as{fong double. The implementation may provide other binary interchange
floatipg types; the set of such types supported is implementation-defined.

[10d]|Afimplementation that defines _ STDC_IEC_60559_DFP__ shall provide the types

_Decimal32*), _Decimal64, and _Decimall128. If the implementation also defines
_ STDC_IEC_60559 TYPES__, it may provide other decimal interchange floating types; the

set of such types supported is implementation-defined.

[10e] Note that providing an interchange floating type entails supporting it as an IEC 60559
arithmetic format. An implementation supports IEC 60559 non-arithmetic interchange formats
by providing the associated encoding-to-encoding conversion functions (7.12.11.7c), string-to-
encoding functions (7.22.1.3c), and string-from-encoding functions (7.22.1.3d). An
implementation that defines __STDC_I1EC_60559 TYPES___ shall support the IEC 60559
binaryl6 format, at least as a non-arithmetic interchange format; the set of non-arithmetic
interchange formats supported is implementation-defined.
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[10f] For each of its basic formats, [EC 60559 specifies an extended format whose maximum
exponent and precision exceed those of the basic format it is associated with. The table below

gives the minimum values of these parameters:

Extended format parameters for floating-point numbers

Thy
pa

Replace 6.2.5#11:

Extended formats associated with:
Parameter | binary32 | binary64 | binary128 | decimal64 decimal128
p digits > 32 64 128 22 40
eTITUX = 1623 16383 65535 644 24576

[10g] Types designated _Float32x, _Float64x, _Floatl28%x, _Decimal64x
_Decimal128x support the corresponding IEC 60559 extended formats and.are colled
called the extended floating types. Extended floating types are not compatible with any
types. An  implementation that defines __ STDC_I1EC 60559 BFP___

__STDC_IEC_60559 TYPES__ shall provide _Float32x, which may have the same
values as double, and may provide any of the other two binary-extended floating type
implementation that defines __ STDC_I1EC_60559 DFP__ and</,STDC_I1EC_60559 TYF

may provide _Decimall128x. Which (if any) of the «Optional extended floating type
provided is implementation-defined.

[10h] The standard floating types, interchange fleating types, and extended floating typ
collectively called the real floating types.

[10i] The interchange floating types designated _FloatN and the extended floating
designated _FloatNx are collectivelycalled the binary floating types. The interchange fl
types designated _DecimalN and-the extended floating types designated _DecimalN
collectively called the decimal fleating types. Thus the binary floating types and the de
floating types are real floating:types.

e footnote reference above in new paragraph #10d is to the footnote referred to in
agraph #10a.

[11] There are three complex types, designated as Float _Complex, double _Com
and 1ong double _Complex.43) (Complex types are a conditional feature
implementations need not support; see 6.10.8.3.) The real floating and complex typs

and

tively

other
and
set of
. An
ES

shall provide: _Decimal64x, which may have the same s¢tof values as _Decimal128, and

S are

S are

types
ating
X are
cimal

removed

bl ex,

that
S are

collectively called the floating types.

wit

h:

[11] For the standard real types Float, double, and long double, the interchange floating

types _FloatN, and the extended floating types _FloatNXx, there are complex
designated respectively as Float _Complex, double _Complex, long do
_Complex, _FloatN _Complex, and _FloatNx _Complex. 43) (Complex types

typ es
uble

are a

conditional feature that implementations need not support; see 6.10.8.3.) The real floating and

complex types are collectively called the floating types.
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In the list of keywords in 6.4.1, replace:

with:

_Decimal32
_Decimal64
_Decimall28

_FloatN, where N is 16, 32, 64, or = 128 and a multiple of 32
_Float32x

_[FToatb4x

_|[Float128x

_|Decimal N, where N = 32 and a multiple of 32
_|Decimal64x

_|Decimal128x

In the list|of type specifiers in 6.7.2, replace:

with:

_|Decimal 32
_|Decimal64
_|Decimall128

_|[FloatN, where N is 16, 32, 64, or = 128 and a multiple of 32
_|[Float32x

_|[Float64x

_|[Float128x

_|DecimalN, where N = 32 and a multiple of 32
_|Decimal64x

_|Decimal128x

In the list|of constraints in 6.7.2#2, replace:

12

_pecimal32
_DPecimal64

_DPecimall128

_FloatN, where N is 16, 32, 64, or = 128 and a multiple of 32

_Float32x

_Float64x

_Floatl128x

_DecimalN, where N = 32 and a multiple of 32

_Decimal64x

© ISO/IEC 2015 - All rights reserved


https://iecnorm.com/api/?name=4421ad632a2e4a340719b6e542d6a75d

ISO/IEC TS 18661-3:2015(E)

— _Decimal128x

— _FloatN _Complex, where Nis 16, 32, 64, or 2 128 and a multiple of 32
— _Float32x _Complex

— _Float64x Complex

— _Floatl1l28x _Complex

Replace 6.7.2#3a:

[3a] The type specifiers _Decimal32, _Decimal64, and _Decimal128 shall not be ysed if
the implementation does not support decimal floating types (see 6.10.8.3).

with:

[3a] The type specifiers _FloatN (where N is 16, 32, 64, or 2428 and a multiple of 32),
_Float32x, _Float64x, Floatl128x, DecimalN (where W, 32 and a multiple df 32),
_Decimal64x, and _Decimal128x shall not be used if the iimplementation does not support
the corresponding types (see 6.10.8.3).

Replace 6.5#8a:

[8a] Operators involving decimal floating types,are evaluated according to the semanfics of
IEC 60559, including production of results with*the preferred quantum exponent as spdcified
in IEC 60559.

with:

[8a] Operators involving operands of interchange or extended floating type are evaluated
according to the semantics of.JEC 60559, including production of decimal floating-point rgsults
with the preferred quantum!exponent as specified in IEC 60559 (see 5.2.4.2.2b).

Replace G.2#2:

[2] There are)' three imaginary types, designated as Tloat _Imagipary,
double _Imaginary, and long double _Imaginary. The imaginary types (along with
the real flogting and complex types) are floating types.

with:

[2) For the standard floating types float, double, and long double, the interchange
floating types _FloatN, and the extended floating types _FloatNXx, there are imaginary types
designated  respectively as  Float _Imaginary, double _Imaginary,
long double _Imaginary, FloatN _Imaginary, and _FloatNx _Imaginary. The
imaginary types (along with the real floating and complex types) are floating types.

7 Characteristics

This clause specifies new <float.h> macros, analogous to the macros for standard floating types,
that characterize the interchange and extended floating types. Some specification for decimal floating
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types introduced in ISO/IEC TS 18661-2 is subsumed under the general specification for interchange
floating types.

Changes to C11 + TS18661-1 + TS18661-2:
Renumber and rename 5.2.4.2.2a:
5.2.4.2.2a Characteristics of decimal floating types in <float.h>

to:

5.2.4.2.2b Alternate model for decimal floating-point numbers
and remoje paragraphs 1-3:

[1] TIis subclause specifies macros in <float.h> that provide characteristics of decimal
floatimg types in terms of the model presented in 5.2.4.2.2. The prefixes DEC32.,DEC64_, and
DEC1P8_ denote the types _Decimal32, _Decimal64, and _Decimal 128respectively.

[2] DEC_EVAL_METHOD is the decimal floating-point analogue<of FLT_EVAL_METHOD
(5.2.4)2.2). Its implementation-defined value characterizes the use\of evaluation formats for
decimal floating types:

1 indeterminable;
0 evaluate all operations and constants just to the range and precision of the type;

1 evaluate operations and constants of-type _Decimal32 and _Decimal64 to the
range and precision of the _Decimal64 type, evaluate _Decimal128 operations
and constants to the range and précision of the _Decimal 128 type;

4 evaluate all operations.and constants to the range and precision of the
_Decimal128 type.

[3] The integer values given 'in the following lists shall be replaced by constant expressions
suitaljle for use in #if preptrocessing directives:

— radix of exponentrepresentation, b(=10)

Fgr the standard floating types, this value is implementation-defined and is specified by the
mpcro RET_RADIX. For the decimal floating types there is no corresponding macro, since
thle value 10 is an inherent property of the types. Wherever FLT_RADIX appears in a

that for the decimal floating-point versions the value used is implicitly 10, rather than
FLT_RADIX.

— number of digits in the coefficient

DEC32_MANT_DIG 7
DEC64_MANT_DIG 16
DEC128 MANT_DIG 34
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— minimum exponent

DEC32_MIN_EXP -94
DEC64_MIN_EXP -382
DEC128 MIN_EXP -6142

— maximum exponent

DEC32_MAX_EXP 97
DEC64_MAX_EXP 385
DEC128_MAX_EXP 6145

— maximum representable finite decimal floating-point number (there are 6, 15| and 33 9's
after the decimal points respectively)

DEC32_MAX 9.999999E96DF
DEC64_MAX 9.999999999999999E384DD
DEC128_MAX 9.999999999999999999999999999999999E6144DL

— the difference between 1 and the least value greater thafiv1"that is representable |n the
given floating type

DEC32_EPSILON 1E-6DF
DEC64_EPSILON 1E-15DD
DEC128_EPSILON 1E-33DL

— minimum normalized positive decimal floating-point number

DEC32_MIN IE-95DF
DEC64_MIN TE-383DD
DEC128_MIN 1E-6143DL

— minimum positive subnormal decimal floating-point number

DEC32_TRUE_MIN 0.000001E-95DF
DEC64_TRUE_MIN 0.000000000000001E-383DD
DEC128 TRUESMIN  0.000000000000000000000000000000001E-61430L

Aftpr 5.2.4.2.2, insert:
5.2.4.2:2a Characteristics of interchange and extended floating types in <float.h>

[44 This subclause specifies macros in <fFloat.h> that provide characteristics of interchange
flfoating types and extended floating types In terms of the model presented in 5.2.4:2-2. The
prefix FLTN_ indicates a binary interchange floating type of width N. The prefix FLTNX_
indicates a binary extended floating type that extends a basic format of width N. The prefix
DECN_indicates a decimal interchange floating type of width N. The prefix DECNX_ indicates a
decimal extended floating type that extends a basic format of width N. The type parameters p,
emax, and emin for extended floating types are for the extended floating type itself, not for the
basic format that it extends. For each interchange or extended floating type that the
implementation provides, <float.h> shall define the associated macros in the following lists.
Conversely, for each such type that the implementation does not provide, <float.h> shall
not define the associated macros in the following lists.
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[2] If

FLT_RADIX is 2, the value of the macro FLT_EVAL_METHOD (5.2.4.2.2) characterizes

the use of evaluation formats for standard floating types and for binary interchange and
extended floating types:

0

1 indeterminable;

evaluate all operations and constants, whose semantic type has at most the range and
precision of Float, to the range and precision of Float; evaluate all other
operations and constants to the range and precision of the semantic type;

If FLT

interd

[3] TH

of evaluation formats (see,analogous FLT_EVAL_METHOD in 5.2.4.2.2) for decimal interchange

and e}

evaluate operations and constants, whose semantic type has at most the range arnd
precision of double, to the range and precision of double; evaluate all other
operations and constants to the range and precision of the semantic type;

evaluate operations and constants, whose semantic type has at most theyrange and
precision of long double, to the range and precision of long double; evaluate
all other operations and constants to the range and precision of the.semantic type;

[, where _FloatN is a supported interchange floating type

evaluate operations and constants, whose semantic type has’at most the range and
precision of the _FloatN type, to the range and pre¢ision of the _FloatN type;
evaluate all other operations and constants to the range-and precision of the semantic

type;

[ + 1, where _FloatNx is a supported extendedfloating type

evaluate operations and constants, whose semantic type has at most the range and
precision of the _FloatNX type, to the‘tange and precision of the _FloatNXx type;
evaluate all other operations and constants to the range and precision of the semantic

type.

_RADIX is not 2, the use of evaluation formats for operations and constants of binary
hange and extended floating types is implementation-defined.

e implementation-defineéd-value of the macro DEC_EVAL_METHOD characterizes the use

ktended floating types:
1 indeterminable;
evaluate all operations and constants just to the range and precision of the type;

evaluate operations and constants, whose semantic type has at most the range and

NDocamalGA
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type; evaluate all other operations and constants to the range and precision of the
semantic type;

2 evaluate operations and constants, whose semantic type has at most the range and

precision of the _Decimall28 type, to the range and precision of the
_Decimal 128 type; evaluate all other operations and constants to the range and
precision of the semantic type;
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N, where _DecimalN is a supported interchange floating type
evaluate operations and constants, whose semantic type has at most the range and
precision of the _DecimalN type, to the range and precision of the _DecimalN
type; evaluate all other operations and constants to the range and precision of the
semantic type;

N + 1, where _DecimalNx is a supported extended floating type
evaluate operations and constants, whose semantic type has at most the range and
precision of the _DecimalNX type, to the range and precision of the _DecimalNx

1 alaata-all ranarationc ol nekan +h ranga o Py iciaRn fth
\_]t}b, o vdludlue diln ULllIicr Utlk/l AUIVUITO dITU LUIIOowdIIty LU uIIcv lullsb daIrrv Pl CULIOoIVUIT ) e

semantic type;

[4] The integer values given in the following lists shall be replaced by constant expregsions
suitable for use in #if preprocessing directives:

— radix of exponent representation, b (= 2 for binary, 10 for decimal)

For the standard floating types, this value is implementation-defined and is specified lpy the
macro FLT_RADIX. For the interchange and extended (floating types there |s no
corresponding macro, since the radix is an inherent property of the types.

— number of bits in the floating-point significand, p

FLTN_MANT_DIG
FLTNX_MANT_DIG

— number of digits in the coefficient, p

DECN_MANT_DIG
DECNX_MANT_DIG

— number of decimal digits, r;>such that any floating-point number with p bits can be roynded
to a floating-point number with n decimal digits and back again without change to the yalue,

r1+plog10 2-|

FLTN_DECIMAL:DIG
FLTNX_DECIMAL_DIG

— numbér-of decimal digits, g, such that any floating-point number with q decimal digifs can
be rounded into a floating-point number with p bits and back again without change to| the g
decimal digits, |_(p - 1) logio ZJ

[T 2%
FLTIN_DTGO

FLTNX_DIG

— minimum negative integer such that the radix raised to one less than that power is a
normalized floating-point number, emin

FLTN_MIN_EXP
FLTNX_MIN_EXP
DECN_MIN_EXP

DECNX_MIN_EXP
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— minimum negative integer such that 10 raised to that power is in the range of normalized
floating-point numbers, [ logio 2emin-1]

FLTN_MIN_10_EXP
FLTNX_MIN_10_EXP

— maximum integer such that the radix raised to one less than that power is a representable
finite floating-point number, emax

FLIN_MAX_EXP
FLITNX_MAX_EXP
DECN_MAX_EXP

DECNX_MAX_EXP

— mdximum integer such that 10 raised to that power is in the range of representable finite
flogting-point numbers, I_loglo((l - 2-P)2emax)J

FLTN_MAX_10_EXP
FLTNX_MAX_10_EXP

— maximum representable finite floating-point number, (1 - b-p-)bemax

FLTN_MAX
FLITNX_MAX
DECN_MAX

DECNX_MAX

— thd difference between 1 and the least valug€ greater than 1 that is representable in the given
flogting-point type, b1-»r

FLITN_EPSILON
FLITNX_EPSILON
DECN_EPSILON
DECNX_EPSILON

— mihimum normaliz€d positive floating-point number, hemin-1

FLITN_MIN
FLTNX_MIN
DECN_NMIN

DECNX-MIN

— minimum positive subnormal floating-point number, bemin-p

FLTN_TRUE_MIN
FLTNX_TRUE_MIN
DECN_TRUE_MIN

DECNX_TRUE_MIN

With the following change, DECIMAL_DIG characterizes conversions of supported IEC 60559
encodings, which may be wider than supported floating types.
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Change to C11 + TS18661-1 + TS18661-2:

In 5.2.4.2.2#11, change the bullet defining DECIMAL_DIG from:

to:

— number of decimal digits, n, such that any floating-point number in the widest supported

floating type with ...

— number of decimal digits, n, such that any floating-point number in the widest o

8

Th¢ following change to C11 + TS18661-1 + TS18661-2 enhances the usual arifthmetic conv
dle interchange and extended floating types. IEC 60559 recommendscagainst allowing implicit
versions of operands to obtain a common type where the conversion-is between typges where
bn.

har
corl

neifher is a subset of (or equivalent to) the other. The following change,supports this restricti
Changes to C11 + TS18661-1 + TS18661-2:

Replace 6.3.1.4#1a:

wit

Replace 6.3.1.4#2a:

wit

supported floating types and the supported IEC 60559 encodings with ...

Conversions

[1a] When a finite value of decimal floating type is converted to an integer type other

the integral part cannot be represented by ‘the integer type, the “invalid” floating
exception shall be raised and the result of the'conversion is unspecified.

h:

[1a] When a finite value of interchange or extended floating type is converted to an iy
type other than _Bool, the fractional part is discarded (i.e., the value is truncated tc

floating-point exception shall be raised and the result of the conversion is unspecified.

converted. ean be represented exactly in the new type, it is unchanged. If the value

raised-as’specified in IEC 60559.

h

f the

than

_Bool, the fractional part is discarded (i.e., the value is truncated toward zero). If the value of

point

teger
ward

zero). If the value of the integral part cannot be represented by the integer type, the “inyalid”

[2a] When a value of integer type is converted to a decimal floating type, if the value [being

being

converted{cannot be represented exactly, the result shall be correctly rounded with exceptions

[2a] When a value of integer type is converted to an interchange or extended floating type, if

the value being converted can be represented exactly in the new type, it is unchanged.

If the

value being converted cannot be represented exactly, the result shall be correctly rounded with

exceptions raised as specified in IEC 60559.

brsions to

In 6.3.1.8#1, replace the following items after “This pattern is called the usual arithmetic conversions:”:

If one operand has decimal floating type, the other operand shall not have standard flo
complex, or imaginary type.

© ISO/IEC 2015 - All rights reserved
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First, if the type of either operand is _Decimall128, the other operand is converted to
_Decimall128.

Otherwise, if the type of either operand is _Decimal64, the other operand is converted to
_Decimal64.

Otherwise, if the type of either operand is _Decimal32, the other operand is converted to
_Decimal32.

If the

irst, if the corresponding real type of either operand is long double, the gther
perand is converted, without change of type domain, to a type whose correspondingreal
ype is long double.

—

(Qtherwise, if the corresponding real type of either operand is double, thetwther operand
i$ converted, without change of type domain, to a type whose corresponding real type is
double.

(therwise, if the corresponding real type of either operand is fhoat, the other operand is
donverted, without change of type domain, to a type whese-corresponding real type is
filoat.62)

with:

If on¢ operand has decimal floating type, the otherioperand shall not have standard floating
type, pinary floating type, complex type, or imaginary type.

If both operands have floating types and neither of the sets of values of their corresponding
real types is a subset of (or equivalent te)the other, the behavior is undefined.

Othegwise, if both operands are floating types and the sets of values of their corresponding
real tjpes are equivalent, then the,following rules are applied:

If both operands have the same corresponding real type, no further conversion is needed.

(Qtherwise, if the-corresponding real type of either operand is an interchange floating type,
he otheroperand is converted, without change of type domain, to a type
whose corrésponding real type is that same interchange floating type.

—

(Qtherwise, if the corresponding real type of either operand is a standard floating type, the
ther operand is converted, without change of type domain, to a type

Otherwise, if both operands have floating types, the operand, whose set of values of its
corresponding real type is a (proper) subset of the set of values of the corresponding real type
of the other operand, is converted, without change of type domain, to a type with the
corresponding real type of that other operand.

Otherwise, if one operand has a floating type, the other operand is converted to the
corresponding real type of the operand of floating type.
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Constants

The following changes to C11 + TS18661-1 + TS18661-2 provide suffixes that designate constants of
interchange and extended floating types.

Changes to C11 + TS18661-1 + TS18661-2:

Change floating-suffix in 6.4.4.2 from:

floating-suffix: one of

to:

Replace 6.4.4.2#2a:

Replace 6.4.4.2#4a:

ith:

ith:

f1FLJfF dd dlI DF DD DL

floating-suffix: one of
f1FLJF dd dl DF DD DL fN FN fNx FNx dN DN dNX(DNx

[2a] A floating-suffix df, dd, dl, DF, DD, or DL shall not be &ised in a hexadecimal-flo
constant.

[2a] A floating-suffix df, dd, dl, DF, DD, DL, diV;,"DN, dNX, or DNX shall not be usec
hexadecimal-floating-constant.

[2b] A floating-suffix shall not designate a type that the implementation does not provide.

[4a] If a floating constant is suffixed by d¥ or DF, it has type _Decimal 32. If suffixed by
DD, it has type _Decimal 64. If suffixed by dI or DL, it has type _Decimal128.

[4a] If a floatingrconstant is suffixed by FN or FN, it has type _FloatN. If suffixed by T
FNX, it has type ) FloatNx. If suffixed by df or DF, it has type _Decimal 32. If suffixed

by dN or-DN, it has type _DecimalN. If suffixed by dNx or DNX, it has type _Decimal Nx

Re[rlace the second sentence of 6.4.4.2#5a:

iting -

in a

dd or

VX or
by dd

or DD, it has-type _Decimal64. If suffixed by dl or DL, it has type _Decimal 128. If sulffixed

The quantum exponent is specified to be the same as for the corresponding strtod32,

strtod64, or strtod128 function for the same numeric string.

with:

The quantum exponent is specified to be the same as for the corresponding strtodN or

strtodNx function for the same numeric string.

© ISO/IEC 2015 - All rights reserved
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10 Expressions

The following changes to C11 + TS18661-1 + TS18661-2 specify operator constraints for interchange
and extended floating types.

Changes to C11 + TS18661-1 + TS18661-2:
Replace 6.5.5#2a:

[2a] If either operand has decimal floating type, the other operand shall not have standard
floatiﬂlg type, complex type, or imaginary type.

with:

[2a] If either operand has decimal floating type, the other operand shall not haye“standard
floatimg type, binary floating type, complex type, or imaginary type.

Replace 6]5.6#3a:

[3a] If either operand has decimal floating type, the other operand’shall not have standard
floatimg type, complex type, or imaginary type.

with:

[3a] If either operand has decimal floating type, the other operand shall not have standard
floatimg type, binary floating type, complex type, or imaginary type.

Replace 6]5.8#2a:

[2a] If either operand has decimal floating\type, the other operand shall not have standard
floating type.

with:

[2a] If either operand has décimal floating type, the other operand shall not have standard
floatimg type or binary floating type.

Replace 6]5.9#2a:

[2a] If either operand has decimal floating type, the other operand shall not have standard
floating type, complex type, or imaginary type.

with:

[2a] If either operand has decimal floating type, the other operand shall not have standard
floating type, binary floating type, complex type, or imaginary type.

Replace 6.5.15#3a:

[3a] If either of the second or third operands has decimal floating type, the other operand shall
not have standard floating type, complex type, or imaginary type.
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with:

[3a] If either of the second or third operands has decimal floating type, the other operand shall

not have standard floating type, binary floating type, complex type, or imaginary type.

Replace 6.5.16#2a:

[2a] If either operand has decimal floating type, the other operand shall not have standard

floating type, complex type, or imaginary type.

with:

[2a] If either operand has decimal floating type, the other operand shall not haye sta
floating type, binary floating type, complex type, or imaginary type.

In F.9.2#1, replace the first sentence:
[1] The equivalences noted below apply to expressions of standard fléating types.
with:

[1] The equivalences noted below apply to expressions of standard floating types and |
floating types.

11| Non-arithmetic interchange formats

An| implementation supports IEC 60559 ,arithmetic interchange formats by prov
corresponding interchange floating types. An‘“implementation supports IEC 60559 non-:
formats by providing the encoding-to-encoding conversion functions in <math.h> and the
endoding and string-from-encoding functions in <stdlib_h>. See 6.2.5. These functions
with functions required for interchange floating types, provide conversions between any t
sugported IEC 60559 arithmetic @nd non-arithmetic interchange formats and between
sedquences and any supported IEC 60559 arithmetic or non-arithmetic format.

12[ Mathematics <math.h>

hdard

inary

ding the
irithmetic
string-to-
together
wo of the
character

This clause specifies ¢hanges to C11 + TS18661-1 + TS18661-2 to include functions and macros for

intgrchange and extended floating types. The binary types are supported by functions an

d macros

C11 + TS18661-1, including Annex F. The decimal types are supported by functions a
corfresponding to those specified for decimal floating types in TS18661-2.

All|classification (7.12.3) and comparison (7.12.14) macros specified in C11 + TS18661-1 + T|

corfresponding‘te those specified for standard floating types (Float, double, and long dj)ub le)in

d macros

5S18661-2

naturally extend to handle interchange and extended floating types.

This clause also specifies encoding conversion functions that are part of support for the non-arithmetic

interchange formats in IEC 60559 (see 6.2.5).
Changes to C11 + TS18661-1 + TS18661-2:
In 7.12#1, change the second sentence from:

Most synopses specify a family of functions consisting of a principal function with one or
double parameters, a double return value, or both; and other functions with the same

© ISO/IEC 2015 - All rights reserved
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but with f and 1 suffixes, which are corresponding functions with float and long double
parameters, return values, or both.226)

to:
Most synopses specify a family of functions consisting of:

a principal function with one or more double parameters, a double return value, or
both; and,

ther functions with the same name but with F, 1, fN, fNx, dN, and dNx suffixes, which are
cprresponding functions whose parameters, return values, or both are of types Float,
ong double, _FloatN, _FloatNx, _DecimalN, and _DecimalNx,
pspectively.226)

—

After 7.17#1d, add:

[le] For each interchange or extended floating type that the implementation provides,
<math.h> shall define the associated macros and declare the  associated functions.
Convgrsely, for each such type that the implementation does not previde, <math . h> shall not
defing the associated macros or declare the associated functiofis)unless explicitly specified
otherwise.

Change 7[12#2, from:
[2] THe types

filoat_t
double_t

doubfle_t is at least as wide as float_t. If FLT_EVAL_METHOD equals 0, float_t and
doubfle_t are float and double, respectively; if FLT_EVAL_METHOD equals 1, they are
both flouble; if FLT_EVAL_METHOD equals 2, they are both long double; and for other
value$ of FLT_EVAL_METHOD, they are otherwise implementation-defined.227)

are ﬂ‘oating types at least as wide as* Float and double, respectively, and such that

to:
[2] THe types

loat<t
ouble t

ong double t

and for each supported type _FloatN\, the type
_FloatN_t
and for each supported type _DecimalN, the type

_DecimalN_t
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are floating types, such that:

— each of the types has at least the range and precision of the corresponding real floating type

float,double, long double, Floath,and _DecimalN, respectively;
— double_t has at least the range and precision of float_t;
— long_double_t has at least the range and precision of double_t;

— FloatN thasatleastthe range and precision of FloatM tif N> M;

— _DecimalN_t has at least the range and precision of_DecimalM_tif N> M.

If FLT_RADIX is 2 and FLT_EVAL_METHOD is nonnegative, then each,-of the
corresponding to a standard or binary floating type is the type whose rangécand precisic
specified by 5.2.4.2.2a to be used for evaluating operations and constants,of that stands
binary floating type. If DEC_EVAL_METHOD is nonnegative, then" each of the
corresponding to a decimal floating type is the type whose range and precision are specif
5.2.4.2.2a to be used for evaluating operations and constants of that decimal floating type,

Delete footnote 227:

12

227) The types Float_t and double_t are intended to be the implementation’s
efficient types at least as wide as Ffloat and double, respectively.
FLT_EVAL_METHOD equal to 0, 1, or 2, the'type Float_t is the narrowest type ug
the implementation to evaluate floating expressions.

1 Macros

Changes to C11 + TS18661-1 + TS18661-2:

Replace 7.12#3a:

[3a] The macro

HUGE_VAL_D32

expands to a ‘eonstant expression of type _Decimal64 representing positive infinity.

macros

HUBE_VAL_D64
HUGE_VAL_D128

types
n are
rd or
types
ed by

most
For
ed by

The

are respectively _Decimal64 and _Decimal 128 analogues of HUGE_VAL_D32.

© ISO/IEC 2015 - All rights reserved
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with:

[3a] The macros

HUGE_VAL_FN
HUGE_VAL_DN

HUGE_VAL_FNX
HUGE_VAL_DNX

imal Nx, respectively, representing positive infinity.
Replace 7]12#5b:

[5b] The decimal signaling NaN macros
NAND32

NANDG64
NAND128

(N (N (N

each ¢xpands to a constant expression of the respective decimal floating type representing a
signaling NaN. If a signaling NaN macro is used for initializing.af¥ object of the same type that
has stpatic or thread-local storage duration, the object is initialized with a signaling NaN value.

with:
[5b] The signaling NaN macros

NANFN
NANDN
NANFNX
NANDNX

(N (N (N (N

expanld to constant expressions of types _FloathN, _DecimalN, _FloatNx, and
_Declimal Nx, respectively, representing a signaling NaN. If a signaling NaN macro is used for
initiallizing an object of the'same type that has static or thread-local storage duration, the object
is init]alized with a signaling NaN value.

Replace 7| 12#7b:

[7b] The magcros

APAFAST_EMAD3?
FP_FAST_FMAD64
FP_FAST_FMAD128

are, respectively, _Decimal32, _Decimal64, and _Decimall28 analogues of
FP_FAST_FMA.
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with:
[7b] The macros

FP_FAST_FMAFN
FP_FAST_FMADN

FP_FAST_FMAFNX
FP_FAST_FMADNX

Lol ata) rasnactivelsz Eloat)
T&5—t peetrverys LE—a— =

a N DecimalN—FloatNx,—and DecimalMNx—analogu
FP_FAST_FMA.

Replace 7.12#7c:

[7c] The macros

FP_FAST_D32ADDD64
FP_FAST_D32ADDD128
FP_FAST_D64ADDD128
FP_FAST_D32SUBD64
FP_FAST_D32SUBD128
FP_FAST_D64SUBD128
FP_FAST_D32MULD64
FP_FAST_D32MULD128
FP_FAST_D64MULD128
FP_FAST_D32DIVD64
FP_FAST_D32DIVD128
FP_FAST_D64DIVD128
FP_FAST_D32FMAD64
FP_FAST_D32FMAD128
FP_FAST_D64FMAD128
FP_FAST_D32SQRTD64
FP_FAST_D32SQRTD128
FP_FAST_D64SQRTD128

are decimal analogues of FP_FAST_FADD, FP_FAST_FADDL, FP_FAST_DADDL, etc.
with:

[7c] The-macros in the following lists are interchange and extended floating type analog
FP_FEAST_FADD, FP_FAST_FADDL, FP_FAST_DADDL, etc.

1es of

© ISO/IEC 2015 - All rights reserved

27


https://iecnorm.com/api/?name=4421ad632a2e4a340719b6e542d6a75d

ISO/IEC TS 18661-3:2015(E)

28

[7d]

For M < N, the macros

FP_FAST_FMADDFN
FP_FAST_FMSUBFN
FP_FAST_FMMULFN
FP_FAST_FMDIVFN
FP_FAST_FMFMAFN
FP_FAST_FMSQRTFN
FP_FAST_DMADDDN

RP—_FAST _DMSUBDN
HP_FAST_ DMMULDN
HP_FAST _DMDIVDN
HP_FAST_ DMFMADN
HP_FAST DMSQRTDN

chardcterize the corresponding functions whose arguments are of an interchange floating type
of wigth N and whose return type is an interchange floating type of width -

[7e] FHor M < N, the macros

P_FAST_FMADDFNX
P_FAST_FMSUBFNX
P_FAST_FMMULFNX
P_FAST_FMDIVFNX
P_FAST_FMFMAFNX
P_FAST_FMSQRTFNX
P_FAST_DMADDDNX
P_FAST_DMSUBDNX
P_FAST_DMMULDNX
P_FAST_DMDIVDNX
P_FAST_DMFMADNX
P_FAST_DMSQRTDNX

o e e o e e e o e o e o e o e e e o s s |

chardcterize the correspanding functions whose arguments are of an extended floating type

that

pxtends a format-effwidth N and whose return type is an interchange floating type of

width M.
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[7f] For M < N, the macros

FP_FAST_FMXADDFN
FP_FAST_FMXSUBFN
FP_FAST_FMXMULFN
FP_FAST_FMXDIVFN
FP_FAST_FMXFMAFN
FP_FAST_FMXSQRTFN
FP_FAST_DMXADDDN
FP_FAST DMXSUBDN
FP_FAST_DMXMULDN
FP_FAST_DMXDIVDN
FP_FAST_DMXFMADN
FP_FAST_DMXSQRTDN

characterize the corresponding functions whose arguments are of an interchange floating type
of width N and whose return type is an extended floating type that extends a format of width
M.

[7g] For M < N, the macros

FP_FAST_FMXADDFNX
FP_FAST_FMXSUBFNX
FP_FAST_FMXMULFNX
FP_FAST_FMXDIVFNX
FP_FAST_FMXFMAFNX
FP_FAST_FMXSQRTFNX
FP_FAST_DMXADDDNX
FP_FAST_DMXSUBDNX
FP_FAST_DMXMULDNX
FP_FAST_DMXDIVDNX
FP_FAST_DMXFMADNX
FP_FAST_DMXSQRTDNX

characterize the-corresponding functions whose arguments are of an extended floating type
that extends a format of width N and whose return type is an extended floating typé that
extends a format of width M.

12|2 Floating-point environment

Ch;Ilnges to C11 + TS18661-1 + TS18661-2:

In 7.6.1a#2, change the first sentence from:
The FENV_ROUND pragma provides a means to specify a constant rounding direction for

floating-point operations for standard floating types within a translation unit or compound
statement.
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to:

The FENV_ROUND pragma provides a means to specify a constant rounding direction for
floating-point operations for standard and binary floating types within a translation unit or
compound statement.

In 7.6.1a#3, change the first sentence from:

direction shall be one of the names of the supported rounding direction macros for operations
for standard floating types (7.6), or FE_ DYNAMIC.

to:

direction shall be one of the names of the supported rounding direction macros for use with
fegeftround and fesetround (7.6), or FE_DYNAMIC.

In 7.6.1a#4, change the first sentence from:
The FENV_ROUND directive affects operations for standard floating types.
to:
The FENV_ROUND directive affects operations for standard and binary floating types.
In 7.6.1a#4, change the table title from:
Functions affected by constant rounding modes > for standard floating types
to:
Functions affected by constant rounding modes - for standard and binary floating types
In 7.6.1a#4, replace the sentence following the table:

Each <kmath.h> functon listed in the table above indicates the family of functions of all
standfrd floating types (fox example, acosT and acosl as well as acos).

with:

Each [<Kmath _h>“functon listed in the table above indicates the family of functions of all
standard and.binary floating types (for example, acost, acosl, acosfN, and acosTNx as
well as acos).

After 7.6.1a#4, add:

[4a] The fMencfTN, strfromencfN, and strtoencfN functions for binary interchange
types are also affected by constant rounding modes.

In 7.6.1b#2 after the table, add:

Each <math.h> functon listed in the table above indicates the family of functions of all
decimal floating types (for example, acosdNXx, as well as acosdN).
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After 7.6.1b#2, add:

[3] The dMencbindN, dMencdecdN, strfromencbindN, strfromencdecdN,
strtoencbindN, and strtoencdecdN functions for decimal interchange types are also
affected by constant rounding modes.

Change 7.6.3 from:

The fegetround and fesetround functions provide control of rounding direction modes.

to:
The functions in this subclause provide control of rounding direction modes.
Chgnge 7.6.3.1#2 from:

The fegetround function gets the current value of the dynamic rounding direction mod

1%

to:

The fegetround function gets the current value of the dynamic rounding direction mofle for
operations for standard and binary floating types.

In 7.6.3.2#2, change the first sentence from:

The fesetround function sets the dynamic rounding direction mode to the roujnding
direction represented by its argument round:

to:

The fesetround function sets\the dynamic rounding direction mode to the rourding
direction represented by its argument round for operations for standard and binary flpating

types.
123 Functions
Changes to C11 + TS18661-1 + TS18661-2:

Add the following'list of function prototypes to the synopsis of the respective subclauses. In each
syrfopsis whére a prototype with a dN suffix is added, remove any prototypes with a d32, d64, or
d1P8 suffix:

7.12.4 Trigonometric functions

_FloatN acosfN( FloatN x);
_FloatNx acosfNx(_FloatNx X);
_DecimalN acosdN(_DecimalN x);
_DecimalNx acosdNx(_DecimalNx X);

_FloatN asinfN(_FloatN Xx);
_FloatNx asinfNx(_FloatNx X);
_DecimalN asindN(_DecimalN x);
_DecimalNx asindNx(_DecimalNx X);
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_FloatN atanfN( FloatN x);
_FloatNx atanfNx( _FloatNx X);
_DecimalN atandN(_DecimalN Xx);
_DecimalNx atandNx(_DecimalNx Xx);

_FloatN atan2fN(_FloatN y, FloatN x);

_Floatnhx atan2fNx(_FloatNx y, FloathNx X);
_DecimalN atan2dN(_DecimalN y, DecimalN x);
_DecimalNx atan2dNx(_DecimalNx y, DecimalNx X);

7.12.5

| FloatN cosfN(_FloatN x);

| FloatNx cosTNx(_FloatNx Xx);

| DecimalN cosdN(_DecimalN x);

| DecimalNx cosdNx(_DecimalNx X);

| FloatN sinfN(_FloatN Xx);

| Floathx sinfNx(_FloatNx X);

| DecimalN sindN(_DecimalN x);

| DecimalNx sindNx(_DecimalNx X);

| FloatN tanfN(_FloatN Xx);

| FloatNx tanfNx(_FloatNx X);

| DecimalN tandN(_DecimalN x);

| DecimalNx tandNx(_DecimalNx X);

Hyperbolic functions

| FloatN acoshfN(_FloatN x);

| FloatNx acoshfNx(_FloatNx Xx);

| DecimalN acoshdN(_DecimalN Xx);

| DecimalNx acoshdNx{;DecimalNx X);

| FloatN asinhfN(.FloatN x);

| FloatNx asinh¥Nx(_FloatNx X);

| DecimalN asinhdN(_DecimalN x);

| DecimalNx*‘asinhdNx(_DecimalNx X);

| FloatN atanhfN(_FloatN x);
| Floathx atanhtNx(_FloathNx X);
DecimalN atanhdN( DecimalN Xx);

32

_DecimalNx atanhdNx(_DecimalNx X);

_FloatN coshfN(_FloatN x);
_FloatNx coshfNx(_FloatNx x);
_DecimalN coshdN(_DecimalN Xx);
_DecimalNx scoshdNx(_DecimalNx X);
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_FloatN sinhfN( FloatN x);
_FloatNx sinhfNx(_FloatNx X);
_DecimalN sinhdN(_DecimalN x);
_DecimalNx sinhdNx(_DecimalNx Xx);

_FloatN tanhfN(_FloatN x);
_FloatNx tanhfNx(_FloatNx X);
_DecimalN tanhdN(_DecimalN x);
_DecimalNx tanhdNx(_DecimalNx X);

7.12.6 Exponential and logarithmic functions

_FloatN expfN(_FloatN x);
_Floathx expfNx(_FloatNx X);
_DecimalN expdN(_DecimalN x);
_DecimalNx expdNx(_DecimalNx X);

_FloatN exp2fN(_FloatN x);
_FloatNx exp2fNx(_FloatNx X);
_DecimalN exp2dN(_DecimalN x);
_DecimalNx exp2dNx(_DecimalNx X);

_FloatN expmlfN(_FloatN Xx);
_FloatNx expmlfNx(_FloatNx x);
_DecimalN expmldN(_DecimalN-Xx);
_DecimalNx expmldNx(_DecimalNx X);

_FloatN frexpfN(_FloatN value, int *exp);
_FloatNx frexpfNx(_FloatNx value, int *exp);
_DecimalN frexpdN¢ DecimalN value, int *exp);
_DecimalNx frexpdNx(_DecimalNx value, int *exp);

int ilogbfN(_FloatN x);

int iloghfNx(_FloatNx Xx);
int ilogbdN(_DecimalN Xx);
int «sibogbdNx(_DecimalNx Xx);

~FloatN ldexpfN(_FloatN value, int exp);
_FloatNx ldexpfNx(_FloatNx value, Int exp);
DecimalN IdexpdN( DecimalN value, int exp);

_DecimalNx ldexpdNx(_DecimalNx value, int exp);

long int llogbfN(_FloatN x);
long int llogbfNx(_FloatNx X);
long int llogbdN(_DecimalN Xx);
long int 1logbdNx(_DecimalNx X);
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_FloatN logfN( FloatN Xx);
_FloatNx logfNx(_FloatNx X);
_DecimalN logdN(_DecimalN x);
_DecimalNx logdNx(_DecimalNx X);

_FloatN loglOfN(_FloatN x);
_FloathNx 1ogl0fNx(_FloatNx Xx);
_DecimalN logl0dN(_DecimalN x);
_DecimalNx 1og10dNx(_DecimalNx X);

| FloatN loglpfN(_FloatN x);

| FloatNx loglpfNx(_FloathNx X);

| DecimalN loglpdN(_DecimalN x);

| DecimalNx loglpdNx(_DecimalNx X);

| FloatN log2fN(_FloatN Xx);

| FloatNx 1og2FfNx(_FloatNx X);

| DecimalN log2dN(_DecimalN x);

| DecimalNx log2dNx(_DecimalNx X);

| FloatN logbfN(_FloatN Xx);

| FloatNx logbfNx(_FloatNx X);

| DecimalN logbdN(_DecimalN x);

| DecimalNx logbdNx(_DecimalNx X);

| FloatN modffN(_FloatN X, _FloatN-*iptr);

| FloatNx modffNx(_FloatNx x,.FFoatNx *iptr);

| DecimalN modfdN(_DecimalN.x,_DecimalN *iptr);

| DecimalNx modfdNx(_DecimalNx X, _DecimalNx *iptr);

| FloatN scalbnfN(_FloatN value, iInt exp);

| FloatNx scalbnfNx(-FloatNx value, Int exp);

| DecimalN scalbndN(_DecimalN value, int exp);

| DecimalNx scalbndNx(_DecimalNx value, int exp);

| FloatN scalbInfN(_FloatN value, long int exp);

| FloatNx“scalbInfNx(_FloatNx value, long int exp);

| DecimalN scalbIndN(_DecimalN value, long int exp);

| DecimalNx scalblndNx(_DecimalNx value, long int exp);

7.12.7

Powerand absolute-value functions

34

_FloatN cbrtfN(_FloatN x);
_FloathNx cbrtfNx(_FloatNx Xx);
_DecimalN cbrtdN( DecimalN x);
_DecimalNx cbrtdNx(_DecimalNx XxX);

_FloatN fabsfN( FloatN x);
_FloatNx fabsfNx( _FloatNx X);
_DecimalN fabsdN( DecimalN x);
_DecimalNx fabsdNx(_DecimalNx X);
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_FloatN hypotfN( FloatN X, FloatN y);

_FloatNx hypotfNx( _FloatNx X, FloatNx y);
_DecimalN hypotdN( DecimalN x, DecimalN y);
_DecimalNx hypotdNx(_DecimalNx X, DecimalNXx y);

_FloatN powfN( _FloatN x, FloathN y);

_FloatNx powfNx(_FloatNx x, FloatNx y);
_DecimalN powdN(_DecimalN x,_DecimalN y);
—DecimatNX powdNX¢_DecimatNX X, _DecimatiNx y);

_FloatN sqrtfN( _FloatN x);
_FloatNx sqrtfNx(_FloatNx Xx);
_DecimalN sqrtdN(_DecimalN x);
_DecimalNx sqrtdNx(_DecimalNx X);

7.12.8 Error and gamma functions

_FloatN erffN(_FloatN Xx);
_FloatNx erffNx(_FloatNx X);
_DecimalN erfdN(_DecimalN x);
_DecimalNx erfdNx(_DecimalNx X);

_FloatN erfcfN(_FloatN x);
_FloatNx erfcfNx(_FloatNx Xx)3
_DecimalN erfcdN(_DecimalN«X) ;
_DecimalNx erfcdNx(_DecimalNx X);

_FloatN IgammafN(_FleatN x);
_FloatNx lgammafNx(>FloatNx X);
_DecimalN lgammadN(_DecimalN Xx);
_DecimalNx lIgammadNx(_DecimalNx X);

_FloatN tgammafN(_FloatN Xx);
_FloatNx~tgammafNx(_FloatNx Xx);
_DecimalN tgammadN(_DecimalN X);
_DecimalNx tgammadNx(_DecimalNx X);

7.12.9 Nearest integer functions

_FloatN ceilfN(_FloatN x);
_FloatNx ceilftNx(_FloatNx x);
_DecimalN ceildN(_DecimalN x);
_DecimalNx ceildNx(_DecimalNx x);

_FloatN floorfN(_FloatN x);
_FloatNx FloorfNx(_FloathNx Xx);
_DecimalN FfloordN( DecimalN x);
_DecimalNx floordNx( _DecimalNx X);
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_FloatN nearbyintfN( FloatN x);
_FloatNx nearbyintfNx(_FloatNx Xx);
_DecimalN nearbyintdN(_DecimalN x);
_DecimalNx nearbyintdNx(_DecimalNx X);

_FloatN rintfN( _FloatN x);
_FloathNx rintfNx(_FloatNx X);
_DecimalN rintdN( _DecimalN x);
_DecimalNx rintdNx(_DecimalNx X);

long int IrintfN(_FloatN x);
long int IrintfNx(_FloatNx x);
long int IrintdN( _DecimalN x);
long int IrintdNx(_DecimalNx Xx);

long long int HlrintfN(_FloatN x);
long long int HlrintfNx(_FloatNx Xx);
long long int llrintdN(_DecimalN x);
long long int BlrintdNx(_DecimalNx X);

| FloatN roundfN(_FloatN Xx);

| FloatNx roundfNx(_FloathNx Xx);

| DecimalN rounddN(_DecimalN Xx);

| DecimalNx rounddNx(_DecimalNx X)j;

long int lroundfN(_FloatN x);
long int lroundfNx(_FloatNx x)3;
long int lrounddN(_Decimali\ X);
long int lrounddNx(_DecimadNx X);

long long int llroundfN(_FloatN x);
long long int llroundfNx(_FloatNx X);
long long int IlrounddN(_DecimalN Xx);
long long int_MrounddNx(_DecimalNx X);

_FloatN roundevenfN(_FloatN x);

| FloatNx“roundeventNx(_FloatNx x);

| DecimalN roundevendN(_DecimalN Xx);

| Decitmal Nx roundevendNx(_DecimalNx X);

Elgath 'I_'rllnr\fl\l( Elcat) v);

:FloatNx trunch;(_FloatNx X);
_DecimalN truncdN(_DecimalN x);
_DecimalNx truncdNx(_DecimalNx Xx);

intmax_t fromfpfN(_FloatN x, int round, unsigned int width);
intmax_t fromfpfNx(_FloatNx x, int round, unsigned int width);
intmax_t fromfpdN( DecimalN x, int round, unsigned int width);

intmax_t fromfpdNx( DecimalNx x, int round,
unsigned int width);
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uintmax_t ufromfpfN( FloatN x, int round, unsigned int width);

uintmax_t ufromfpfNx( FloatNx x, int round,
unsigned int width);

uintmax_t ufromfpdN( DecimalN x, int round,
unsigned int width);

uintmax_t ufromfpdNx(_DecimalNx x, int round,
unsigned int width);

intmax_t fromfpxfN(_FloatN x, int round,

intmax:t fromfpde(_BecimalN X, int round, unsigned int wid

intmax_t fromfpxdNx(_DecimalNx x, int round,
unsigned int width);

uintmax_t ufromfpxfNx(_FloatNx x, int round,
unsigned int width);

uintmax_t ufromfpxdN( DecimalN x, int round,
unsigned int width);

uintmax_t ufromfpxdNx(_DecimalNx x, int round,
unsigned int width);

7.12.10 Remainder functions

_FloatN fmodfN(_FloatN x,_FloatiV\y);

_FloatNx fmodfNx(_FloatNx X, FdoatNx y);
_DecimalN fmoddN(_DecimalN_x, DecimalN y);
_DecimalNx fmoddNx(_DecimalNx Xx,_DecimalNx y);

_FloatN remainderfN(_FloatN x, FloatN y);

_FloatNx remainderfNx(_FloatNx Xx,_FloatNx y);
_DecimalN remainderdN(_DecimalN x,_DecimalN y);
_DecimalNx remainderdNx(_DecimalNx Xx,_DecimalNx y);

_FloatN remquofN(_FloatN x,_FloatN y, int *quo);
_FloatNx sremquofNx(_FloathNx x, FloatNx y, iInt *quo);

7.12.11 Manipulation functions

_(FlToatN copysignfN(_FloatN x,_FloatN y);
L FloatNx copysignfNx(_FloatNx x,_FloatNx y);

_DecimalN copysigndN(_DecimalN X, _DecimalN y);

D = AL - PR AP A nY = AL D = AL AN
_UCTUTRINIATIVA CUJYOSTYUITUIVA( _PVCULTNATIVA - A, _UCTCHRITIAYINVA Yy ),

_FloatN nanfN(const char *tagp);
_FloatNx nanfNx(const char *tagp);
_DecimalN nandN(const char *tagp);
_DecimalNx nandNx(const char *tagp);

_FloatN nextafterfN(_FloatN x,_FloatN y);

_FloatNx nextafterfNx(_FloatNx X, FloatNx y);
_DecimalN nextafterdN( DecimalN x, DecimalN y);
_DecimalNx nextafterdNx( _DecimalNx x, DecimalNXx y);

© ISO/IEC 2015 - All rights reserved

unsigned int width);
i i Hhith) ;

uintmax_t ufromfpxfN(_FloatN x, int round, unsignedxint width);

37


https://iecnorm.com/api/?name=4421ad632a2e4a340719b6e542d6a75d

ISO/IEC TS 18661-3:2015(E)

_FloatN nextupfN( FloatN Xx);
_FloatNx nextupfNx(_FloatNx Xx);
_DecimalN nextupdN(_DecimalN Xx);
_DecimalNx nextupdNx(_DecimalNx X);

_FloatN nextdownfN( _FloatN Xx);
_FloatNx nextdownfNx( _FloatNx Xx);
_DecimalN nextdowndN(_DecimalN x);
DecimatvX nextaownmaNx¢_DecimatNx xX);

int canonicalizefN(_FloatN * cx, const _FloatN * x);

int canonicalizefNx(_FloatNx * cx, const _FloatNx * X);

int canonicalizedN(_DecimalN * cx, const _DecimalN * x);
int canonicalizedNx(_DecimalNx * cx, const _DecimalNXC* X);

| DecimalN quantizedN(_DecimalN X, _DecimalN y);
| DecimalNx quantizedNx(_DecimalNx X, DecimalNx/y);

| Bool samequantumdN( _DecimalN x, DecimalN Yy);
| Bool samequantumdNx(_DecimalNx X, Decimaliix y);

| DecimalN quantumdN(_DecimalN X);
| DecimalNx quantumdNx(_DecimalNx X)3

long long int llquantexpdN(_DecimalN Xx);
long long int llquantexpdiNx(.DecimalNx X);

void encodedecdN(unsigned¢char * restrict encptr,
const _DecimalN * restrict xptr);

void decodedecdN(_DecimalN * restrict xptr,
const unsigned char * restrict encptr);

void encodebindN(unsigned char * restrict encptr,
const _DecimalN * restrict xptr);

void decodebindN( _DecimalN * restrict xptr,
const unsigned char * restrict encptr);

7.12.12 Maximum, minimum, and positive difference functions

| FloatN fdimfN(_FloatN X, _FloatN y);

| ‘FloatNx FdimFNx(_FloatNx x, _FloatNx y);
_DecimalN fdimdN(_DecimalN x,_DecimalN y);
_DecimalNx fdimdNx(_DecimalNx x,_DecimalNx y);

_FloatN fmaxfN(_FloatN x,_FloatN y);

_FloatNx fmaxfNx(_FloatNx Xx,_FloatNx y);
_DecimalN fmaxdN( DecimalN x, DecimalN y);
_DecimalNx fmaxdNx(_DecimalNx X, DecimalNXx y);
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_FloatN fminfN( FloatN x, FloatN y);

_FloatNx fminfNx(_FloatNx X, FloatNx y);
_DecimalN fmindN(_DecimalN X, _DecimalN y);
_DecimalNx fmindNx(_DecimalNx X, _DecimalNx y);

_FloatN fmaxmagfN(_FloatN x, _FloatN y);

_Floatnx fmaxmagfNx(_FloatNx X, FloathNx y);
_DecimalN fmaxmagdN(_DecimalN X, _DecimalN y);
_DecimalNx fmaxmagdNx(_DecimalNx X, DecimalNx y);

_FloatN fminmagfN(_FloatN x,_FloatN y);

_FloatNx fminmagfNx(_FloatNx X, _FloatNx y);
_DecimalN fminmagdN(_DecimalN x,_DecimalN y);
_DecimalNx fminmagdNx(_DecimalNx X, _DecimalNx y);

7.12.13 Floating multiply-add

_FloatN fmafN(_FloatN x,_FloatN y, FloatN 2z);

_FloatNx fmafNx(_FloatNx x,_FloatNx y, FleatNx z);
_DecimalN fmadN(_DecimalN x,_DecimalN xy;\DecimalN z);
_DecimalNx fmadNx(_DecimalNx X, DecimalNx y, DecimalNx z);

7.12.14 Functions that round result to narrower formmat

_FloatM fMaddfN( _FloatN x, .FloatN y); // M < N
_FloatM fMaddfNx(_FloatNx «x; _FloathNx y); // M <= N
_FloatMx fMxaddfN(_FloatNyx, _FloatN y); // M < N
_FloatMx fTMxaddfNx(_FloatNx x, _FloatNx y); // M < N
_DecimalM dMadddN(_DecimalN x, _DecimalN y); // M <N
_DecimalM dMadddNxE DecimalNx x, _DecimalNx y); // M <= N
_DecimalMx dMxadddN(_DecimalN x, _DecimalN y); // M < N
_DecimalMx dMxadddNx( _DecimalNx x, DecimalNx y); // M < N

_FloatM fMsubfN( FloatN x, FloatN y); // M < N
_FloatM tMsubfNx(_FloatNx x, FloatNx y); // M <= N
_FloatMx fMxsubfN( FloatN x, FloatN y); // M < N
_FloatMx fMxsubfNx( _FloatNx x, _FloatNx y); // M < N
_pecimalM dMsubdN( DecimalN x, DecimalN y); // M <N
~DecimalM dMsubdNx(_DecimalNx x, _DecimalNx y); // M <= |
_DecimalMx dMxsubdN(_DecimalN x, _DecimalN y); // M < N
_DecimalMx dMxsubdNx( DecimalNx x, DecimalNx v); // M < N

_FloatM fMmulfN(_FloatN x, FloatN y); // M < N

_FloatM fMmulfNx(_FloatNx x, _FloatNx y); // M <= N
_FloatMx fMxmulfN( FloatN x, _FloatN y); // M < N

_FloatMx fMxmulfNx(_FloatNx x, _FloatNx y); // M < N
_DecimalM dMmuldN(_DecimalN x, _DecimalN y); // M <N
_DecimalM dMmuldNx(_DecimalNx x, _DecimalNx y); // M <= N
_DecimalMx dMxmuldN(_DecimalN x, _DecimalN y); // M < N
_DecimalMx dMxmuldNx(_DecimalNx x, _DecimalNx y); // M < N
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_FloatM fMdivfN( FloatN x, FloatN y); // M <N

_FloatM fMdivfNx( FloatNx x, FloatNx y); // M <= N
_FloatMx fMxdivfN( FloatN x, FloatN y); // M < N

_FloatMx fMxdivfNx( _FloatNx x, _FloatNx y); // M < N
_DecimalM dMdivdN( DecimalN x, DecimalN y); // M <N
_DecimalM dMdivdNx(_DecimalNx x, _DecimalNx y); // M <= N
_DecimalMx dMxdivdN(_DecimalN x, _DecimalN y); // M < N
_DecimalMx dMxdivdNx(_DecimalNx x, _DecimalNx y); // M < N

[ FToatM TMTmafN(_FloatN X, _FloatN y, _FloatN z); 77 W < N
| FloatM fMfmafNx(_FloatNx x, _FloatNx vy,

_FloathNx z2); // M <= N

| FloatMx fMxfmafN(_FloatN x, _FloatN y, _FloatN z); // MO< N
| FloatMx fMxFfmafNx(_FloatNx x, _FloatNx vy,

_FloathNx z); // M <N

| DecimalM dMfmadN(_DecimalN x, _DecimalN vy,

_DecimalN z); // M <N

| DecimalM dMfmadNx(_DecimalNx x, _DecimalNx y{

_DecimalNx z); // M <= N

| DecimalMx dMxfmadN(_DecimalN x, _DecimalN_y,

_DecimalN z); // M <N

| DecimalMx dMxfmadNx(_DecimalNx x, _DeCimalNXx vy,
_DecimalNx z); // M < N

| FloatM ftMsqrtfN(_FloatN x); /7/ M < N

| FloatM fTMsqrtfNx(_FloatNx x); “// M <= N

| FloatMx FfMxsqrtfN(_FloatN X); // M < N

| FloatMx TMxsqrtfNx(_Floatix X); // M <N

| DecimalM dMsqrtdN(_DecimalN Xx); // M <N

| DecimalM dMsqgrtdNx(.DecimalNx x); // M <= N

| DecimalMx dMxsqrtdN¢ DecimalN x); // M < N

| DecimalMx dMxsgrtdNx(_DecimalNx x); // M < N

F.10.12 Total order functions

int totalorderfN(_FloatN x,_FloatN y);

int totalorderfNx(_FloatNx x, FloatNx y);
int-totalorderdN(_DecimalN x,_DecimalN y);
int totalorderdNx(_DecimalNx X, DecimalNx y);

int totalordermagfN(_FloatN x,_FloatN y);

int totalordermagfNx(_FloatNx X, _FloatNx y);

int totalordermagdN(_DecimalN x,_DecimalN y);
int totalordermagdNx(_DecimalNx X, _DecimalNx y);
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F.10.13 Payload functions

_FloatN getpayloadfN(const FloatN *Xx);
_FloatNx getpayloadfNx(const _FloatNx *Xx);
_DecimalN getpayloaddN(const _DecimalN *Xx);
_DecimalNx getpayloaddNx(const _DecimalNx *Xx);

int setpayloadfN(_FloatN *res, _FloatnN pl);
int setpayloadfNx(_FloatNx *res, _FloathNx pl);

= 4= 4= '] PAPAE T A Y = AL Y = AL I 'IN
IO OTLPYAy TUAQUUIV _ UTUTRITIArly rco, _vtuirllarniv pJnr ),

int setpayloaddNx(_DecimalNx *res, _DecimalnNx pl);

int setpayloadsigfN(_FloatN *res, _FloatN pl);

int setpayloadsigfNx( _FloatNx *res, _FloathNx pl);

int setpayloadsigdN(_DecimalN *res, _DecimalN pl);
int setpayloadsigdNx(_DecimalNx *res, _DecimalNx pl);

7.12.6.4#2, change the third sentence from:

If the type of the function is a standard floating type, the expenent is an integral power of

If the type of the function is a standard or binary‘floating type, the exponent is an in
power of 2.

7.12.6.4#3, change the second sentence from:

Otherwise, the Frexp functions return the value X, such that: X has a magnitude in the in
[1/2, 1) or zero, and value equals x x 2°°*", when the type of the function is a sta
floating type; ...

Otherwise, the Frexp functions return the value X, such that: X has a magnitude in the in
[1/2, 1) or zeroyand value equals X x 2°®*P, when the type of the function is a stand3
binary floating type; ...

7.12.6.6#2;change the first sentence from:

The ldexp functions multiply a floating-point number by an integral power of 2 when th
of¢he function is a standard floating type, or by an integral power of 10 when the type

fegral

ferval
hdard

Lerval
rd or

e type
pf the

function is a decimal tloating type.

The Idexp functions multiply a floating-point number by an integral power of 2 when the type
of the function is a standard or binary floating type, or by an integral power of 10 when the

type of the function is a decimal floating type.
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Change 7.12.6.6#3 from:

[3] The Idexp functions return x x 2*® when the type of the function is a standard floating
type, or return X x 10 when the type of the function is a decimal floating type.

to:

[3] The Idexp functions return X x 2°*® when the type of the function is a standard or binary
floating type, or return X x 10 when the type of the function is a decimal floating type.

In 7.12.6.11#2, change the second sentence from:
If X is|subnormal it is treated as though it were normalized; thus, for positive finite X,
1 < x x p71°9PCO <

wher¢ b = FLT_RADIX if the type of the function is a standard floating type, or b = 10 if the
type df the function is a decimal floating type.

to:
If X is|subnormal it is treated as though it were normalized; thus;for positive finite X,
1 < x x p71°9PCO <

wher¢ b = FLT_RADIX if the type of the function is.a standard floating type, b = 2 if the type of
the function is a binary floating type, or b = 10 ifithe type of the function is a decimal floating
type.

In 7.12.6.13#2, change the first sentence from;

The scalbn and scalbln functions_compute X x b", where b = FLT_RADIX if the type of the
function is a standard floating type; or b = 10 if the type of the function is a decimal floating

type.

to:

The sicalbn and scaFblIn functions compute X x b", where b = FLT_RADIX if the type of the
functilon is a standard floating type, b = 2 if the type of the function is a binary floating type, or
b = 1( if the type of the function is a decimal floating type.

12.4 Enqgoding conversion functions

The functions in this subclause, together with the numerical conversion functions for encodings in
clause 13, support the non-arithmetic interchange formats specified by IEC 60559.
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Changes to C11 + TS18661-1 + TS18661-2:
After 7.12.11.7, add:
7.12.11.7a The encodefN functions
Synopsis

[1] #include <math._h>
void encodefN(unsigned char * restrict encptr,
const _FloatN * restrict xptr);

Description

[2] The encodefN functions convert *xptr into an IEC 60559 binaryN_€ncoding and|store
the resulting encoding as an N/8 element array, with 8 bits per array, élement, in the pbject
pointed to by encptr. The order of bytes in the array is implementation-defined. [These
functions preserve the value of *Xptr and raise no floating-point exceptions. If *Xptr i§ non-
canonical, these functions may or may not produce a canonical encoding.

Returns

[3] The encodefN functions return no value.
7.12.11.7b The decodefN functions
Synopsis

[1] #include <math.h>
void decodefN (_Floath;* restrict xptr,
const unsigned char * restrict encptr);

Description

[2] The decodefN functions interpret the N/8 element array pointed to by encptr as gn IEC
60559 binaryN eficoding, with 8 bits per array element. The order of bytes in the arfay is
implementation-defined. These functions convert the given encoding into a representatjon in
the type _F%o0atN, and store the result in the object pointed to by xXptr. These funftions
preservedthe encoded value and raise no floating-point exceptions. If the encoding if non-
canonical) these functions may or may not produce a canonical representation.

Returns

[3] The decodefN functions return no value.
7.12.11.7c Encoding-to-encoding conversion functions

[1] An implementation shall declare a fMencTN function for each M and N equal to the width
of a supported [EC 60559 arithmetic or non-arithmetic binary interchange format. An
implementation shall provide both dMencdecdN and dMencbindN functions for each M and
N equal to the width of a supported IEC 60559 arithmetic or non-arithmetic decimal
interchange format.
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7.12.11.7c.1 The fMenctN functions
Synopsis

[1] #include <math._h>
void fMencfN(unsigned char * restrict encMptr,
const unsigned char * restrict encNptr);

Description

[2] Tllese functions convert between IEC 60559 binary interchange formats. These functiofis
intergret the N/8 element array pointed to by encNptr as an encoding of width N bits, They
convert the encoding to an encoding of width M bits and store the resulting encoding as,an’M/8
elemgnt array in the object pointed to by encMptr. The conversion rounds and raises
floatilpg-point exceptions as specified in IEC 60559. The order of bytes in the arrays is
implementation-defined.

Retunns

[3] THese functions return no value.

7.12.11.7c.2 The dMencdecdN and dMencbindN functions
Synopsis

[1] #include <math.h>

void dMencdecdN(unsigned char *%“réstrict encMptr,
const unsigned char * restrict encNptr);

void dMencbindN(unsigned char** restrict encMptr,
const unsigned char * reéstrict encNptr);

Description

[2] THese functions convert between IEC 60559 decimal interchange formats that use the same
encoding scheme. The dMencdecdN functions convert between formats using the encoding
schenje based on decimal*encoding of the significand. The dMencbindN functions convert
betwden formats using the encoding scheme based on binary encoding of the significand.
Thesq functions interpret the N/8 element array pointed to by encNptr as an encoding of
width| N bits. The€y convert the encoding to an encoding of width M bits and store the resulting
encoding as“an’ M/8 element array in the object pointed to by encMptr. The conversion
rounds and raises floating-point exceptions as specified in IEC 60559. The order of bytes in the
arrays is‘implementation-defined.

Returns
[3] These functions return no value.

In F.3, change the row:

| convertFormat - different formats | cast and implicit conversions | 6.3.1.5,6.5.4
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to:
convertFormat - different | cast, implicit conversions, | 6.3.1.5, 6.5.4, 7.12.11, 7.22.11b,
formats conversion functions (details | 7.22.1 (details below)

below)

After F.3 [3], add:

[3a] C operations provide the
formats as follows:

convertFormat operations for the different kinds of IEC 60559

13

Thi
ext

Numeric¢conversion functions in <stdlib_.h>

s clause specifies functions to convert between character sequences and the interch
ended floating types. Conversions from character sequences are provided by functions an

the

strtod function in <stdlib._h> Conversions to character sequences are provided hy

For conversions between arithmetic formats supported by floating types ~«cast
implicit conversions.

For same-radix conversions between non-arithmetic interchange formats - encodi
encoding conversion functions (7.12.11.7c).

For conversions between non-arithmetic interchange formats (same or different ra
compositions of string-from-encoding functions (7.22.1.3c) (eonverting exactly) and s
to-encoding functions (7.22.1.3b).

5 and

ng-to-

Hix) -
tring-

For same-radix conversions from interchange formats)supported by interchange flgating

types to non-arithmetic interchange formats =< compositions of encode fun
(7.12.11.7a, 7.12.11b.1, 7.12.11b.3) and encoding-to-encoding (7.12.11.7c) functions.

For same radix conversions from non-arithmetic interchange formats to interc
formats supported by interchange floating types - compositions of encoding-to-eng
conversion functions (7.12.11.7c) cand decode functions (7.12.11.7b, 7.12.
7.12.11b.4).

For conversions from non-arithmetic interchange formats to arithmetic formats supp
by floating types (same (or different radix) - compositions of string-from-end
functions (7.22.1.3c) (converting exactly) and strto functions (7.22.1.3,7.22.1.3a).

Ctions

hange
oding
[1b.2,

orted
oding

For conversions from arithmetic formats supported by floating types to non-arthmetic

interchange formats (same or different radix) - compositions of strfrom fun
(7.22.1.2a) (converting exactly) and string-to-encoding functions (7.22.1.3b).

Ctions

ange and
hlogous to

functions

analogous to the strfromd function in <stdlib_h>.

This clause also specifies functions to convert between character sequences and IEC 60559
interchange format encodings.

Changes to C11 + TS18661-1 + TS18661-2:

After 7.22.1#1, insert
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[1a] For each interchange or extended floating type that the implementation provides,
<stdlib.h> shall declare the associated functions. Conversely, for each such type that the
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implementation does not provide, <stdlib._h> shall not declare the associated functions
unless specified otherwise.

Replace 7.22.1.2a and 7.22.1.2b:

46

7.22.1.2a The strfromd, strfromf, and strfroml functions
Synopsis

[1] #define STDC_WANT_IEC_60559_BFP_EXT
!iinclude <stdlib.h>
nt strfromd (char * restrict s, size t n,

const char * restrict format, double fp);
int strfromf (char * restrict s, size_t n,
const char * restrict format, float fp);
int strfroml (char * restrict s, size_t n,
const char * restrict format, long double fp);

Description

[2] The strfromd, strfromf, and strfroml funetiohs are equivalent to
snprintf(s, n, format, fp) (7.21.6.5), except the Format string contains only the
charafter %, an optional precision that does not contain‘an asterisk *, and one of the
conversion specifiers a, A, e, E, T, F, g, or G, which appliesto the type (double, float, or
long| double) indicated by the function suffix (rather than by a length modifier). Use of
these[functions with any other format string results.in undefined behavior.

Retunns

[3] The strfromd, strfromf, and sErfroml functions return the number of characters
that would have been written had n been sufficiently large, not counting the terminating null
charafter. Thus, the null-terminated-output has been completely written if and only if the
returned value is less than n.

7.22.1.2b The strfromdN-functions

Synopsis

[1] #define . STDC_WANT_IEC_60559_DFP_EXT___

#include)'<stdlib.h>

int strfromd32(char * restrict s, size_t n,
const char * restrict format, _Decimal32 fp);

int strfromd64d(char * restrict s, size t n
const char * restrict format, _Decimal64 fp);

int strfromd128(char * restrict s, size_t n,
const char * restrict format, _Decimall28 fp);

Description

[2] The strfromdN functions are equivalent to snprintf(s, n, Tormat, fp)
(7.21.6.5), except the Format string contains only the character %, an optional precision that
does not contain an asterisk *, and one of the conversion specifiers a, A, e, E, T, F, g, or G,
which applies to the type (_Decimal32, _Decimal64, or _Decimall128) indicated by the
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