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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnic
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
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1, when the required support cannot be obtained for the publication of an International Standar|
te repeated efforts;

b but not immediate possibility of an agreement on ah.international Standard,;

3, when the joint technical committee has.eollected data of a different kind from that which
ally published as an International Standard,(“state of the art”, for example).

Reports of types 1 and 2 are subjecti\to-teview within three years of publication, to decide wheth
be transformed into International Standards. Technical Reports of type 3 do not necessarily have
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0 Introduction

0.1 Background

Most of today's general purpose computing architectures provide binary floating-point arithmetic in hardware.
Binary floating-point is an efficient representation which minimizes memory use, and is simpler to implement
than floating-point arithmetic using other bases. It has therefore become the norm for scientific computations,
with almost all implementations following the IEEE 754 standard for binary floating-point arithmetic.

thwever, human computation and communication of numeric values almost always uses decimalyarithmetic
and decimal notations. Laboratory notes, scientific papers, legal documents, business reportsyand financial
statements all record numeric values in decimal form. When numeric data are given to a |progrgm or are
displayed to a user, binary to-and-from decimal conversion is required. There are inhgfent rounding errors
involved in such conversions; decimal fractions cannot, in general, be represented exactly by binary floating-
point values. These errors often cause usability and efficiency problems, depending.ofrthe applicatiop.

These problems are minor when the application domain accepts, or requires results to have, associated error
estimates (as is the case with scientific applications). However, in business and financial applications,
computations are either required to be exact (with no rounding errors) “unless explicitly roundgd, or be
slpported by detailed analyses that are auditable to be correct. Such applications therefore have to take
special care in handling any rounding errors introduced by the computations.

The most efficient way to avoid conversion error is to use decimal arithmetic. Currently, the IBM zArg¢hitecture
(gnd its predecessors since System/360) is a widely used/system that supports built-in decimal drithmetic.
This, however, provides integer arithmetic only, meaning that every number and computation has to have
s¢parate scale information preserved and computed ifi/order to maintain the required precision and value
rgnge. Such scaling is difficult to code and is error-prone; it affects execution time significantly| and the
gsulting program is often difficult to maintain and enhance.

=

Eyen though the hardware may not provide decimal arithmetic operations, the support can still be enulated by
s¢ftware. Programming languages used fortbusiness applications either have native decimal types|(such as
PL/l, COBOL, C#, or Visual Basic) or provide decimal arithmetic libraries (such as the BigDecimdl class in
Java). The arithmetic used in business applications, nowadays, is almost invariably decimal floating{point; the
COBOL 2002 1SO standard, for example, requires that all standard decimal arithmetic calculation$ use 32-

digit decimal floating-point.

Afguably, the C language hits-a sweet spot within the wide range of programming languages available today —
it|strikes an optimal balancé between usability and performance. Its simple and expressive syntax| makes it
easy to program; andhjts close-to-the-hardware semantics makes it efficient. Despite the advent |of newer
tationally
maintain
nored.

This Technical Report proposes to add decimal floating types and arithmetic to the C programming language
specification.

0.2 The arithmetic model

This Technical Report proposes to add support for the decimal formats for floating-point data specified in IEEE
754-2008, with operations and behaviors consistent with that specification. IEEE 754-2008 provides a unified
specification for floating-point arithmetic using both binary radix and decimal radix representations. For binary
radix, it specifies upwardly-compatible extensions to the previous version, IEEE 754-1985 (equivalently IEC
60559:1989, which is already supported by C99 implementations that define the macro __STDC | EC 559_ ).

© ISO/IEC 2009 — All rights reserved \Y
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Those extensions are not considered in this proposal. Instead, this proposal confines itself to supporting the
decimal radix formats, which are new in this revision of IEEE 754.

The model of floating-point arithmetic used in IEEE 754-2008 has three components:

— data - numbers and NaNs, which can be manipulated by, or be the results of, the operations it
specifies

— operations - (addition, multiplication, conversions, etc) which can be carried out on data

— gontext - the status of operations (namely, exceptions flags), and controls to govern the results_pf
bperations (for example, rounding modes). (IEEE 754-2008 does not use a single term to refer'fo
hese collectively.)

The modgl defines these components in the abstract. It neither defines the way in which dperations afe
expressefl (which might vary depending on the computer language or other interface being used), nor does|i
define the concrete representation (specific layout in storage, or in a processor's register, for example) of dafa
or contex, except that it does define specific encodings that are to be used for data that-may be exchangead
between fifferent implementations that conform to the specification.

=

From the| perspective of the C language, data are represented by data types,-operations are defined withjn
expressidns, and context is the floating environment specified in <f env. h>¢This Technical Report specifi¢s
how the € language implements these components.

0.3 Thelformats

IEEE 754-2008 specifies formats, in terms of their radix, exponént range, and precision (significand length), fo
support deneral purpose decimal floating-point arithmetic. It specifies operation semantics in terms of valugs
and abstfact representations of data (format members). X\t also specifies bit-level encodings for formaks
intended for data interchange.

C99 spedifies floating-point arithmetic using a two-layer organization. The first layer provides a specification
using an pbstract model. The representation of @floating-point number is specified in an abstract form whefe
the constftuent components of the representation are defined (sign, exponent, significand) but not the interngls
of these|components. In particular, the exponent range, significand size, and the base (or radix) afe
implemerjtation defined. This allows flexibility for an implementation to take advantage of its underlying
hardwareg| architecture. Furthermore;'certain behaviors of operations are also implementation defined, fpr
example [n the area of handling of specCial numbers and in exceptions.

The reaspn for this approachyis historical. At the time when C was first standardized, there were alreagly
various hpardware implementations of floating-point arithmetic in common use. Specifying the exact details offa
representation would make most of the existing implementations at the time not conforming.

C99 provides a binding to IEEE 754 by specifying an Annex F, IEC 60559 floating point arithmetic, and
adopting fhat standard by reference. An implementation may choose not to conform to IEEE 754 and indicat¢s
that by rot defining the macro __STDC | EC 559__.This means not all implementations need to suppqrt
IEEE 754, and the floating-point arithmetic need not be binary.

This Technical Report specifies decimal floating-point arithmetic according to IEEE 754-2008, with the
constituent components of the representation defined. This is more stringent than the existing C99 approach
for the floating types. Since it is expected that all decimal floating-point hardware implementations will conform
to the revised IEEE 754, binding to this standard directly benefits both implementers and programmers.

vi © ISO/IEC 2009 — All rights reserved
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Information technology — Programming languages, the ir
environments and system software interfaces — Exten  sion for
the programming language C to support decimal float ing-point
arithmetic

1 Scope

nis Technical Report specifies an extension to the programming language Cj.specified by the Intgrnational
andard ISO/IEC 9899:1999. The extension provides support for decimalyfloating-point arithmefic that is
tended to be consistent with the specification in IEEE 754-2008. Any.cefflict between the requirements

escribed here and that specification is unintentional. This Technical Report defers to IEEE 754-2008.

S -

Q.

The binary floating-point arithmetic as specified in IEEE 754-2008 is.not considered in this Technical Report.

Normative references

ferences, only the edition cited applies. For,undated references, the latest edition of the feferenced
cument (including any amendments) applies.

2

Tlhe following referenced documents are indispensable for the application of this document.|For dated
d

I$SO/IEC 9899:1999, Programming languages — C

I$O/IEC 9899:1999/Cor.1:2001, Programming languages — C — Technical Corrigendum 1
I$O/IEC 9899:1999/Cor.2;2004, Programming languages — C — Technical Corrigendum 2
I$O/IEC TR 18037, Programming languages — C — Extensions to support embedded procesgors
IEC 60559:1989, Binary floating-point arithmetic for microprocessor systems 1)

IEEE 754-1985, IEEE Standard for Binary Floating-Point Arithmetic

IEEE 754-2008, IEEE Standard for Floating-Point Arithmetic

IEEE854-1987, TEEE Standard for Radix-Independent Floating-Point Arithmetic

A Decimal Floating-Point Specification, Schwarz, Cowlishaw, Smith, and Webb, in the Proceedings of the 15th
IEEE Symposium on Computer Arithmetic (Arith 15), IEEE, June 2001

NOTE For reference materials relating to IEEE 754-2008 see [3].

1 Previously designated IEC 559:1989.

© ISO/IEC 2009 — All rights reserved 1
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3 Predefined macro name
The following macro name is conditionally defined by the implementation:

__STDC _DEC FP__  The integer constant 200805L, intended to indicate conformance to this technical
report.

4 Decimal floating types

[oN

This Techjnical Report introduces three decimal floating types, designated as _Deci nmal 32, _Deci mal 64.an
_Decimal 128. The set of values of type _Deci mal 32 is a subset of the set of values of the)typ
_Deci mal 64; the set of values of the type _Deci mal 64 is a subset of the set of values ef the typ
_Deci mal 128.

D

Within thg type hierarchy, decimal floating types are base types, real types and arithmetic types.

[

The typeq f | oat, doubl e, and | ong doubl e are also called generic floating types for the purpose of th
Technical|Report.

D

Note: C dpes not specify a radix for f| oat, doubl e and | ong doubl e. An‘implementation can choose th
representgtion of f1 oat, doubl e and | ong doubl e to be the same as'thie decimal floating types. In an
case, the| decimal floating types are distinct from fl oat, doubl e and 1 ong doubl e regardless of the
representgtion.

<

Note: Thi$ Technical Report does not define decimal complex<typés or decimal imaginary types. The three
complex fypes remain as fl oat _Conpl ex, doubl e _Cofpl ex and | ong doubl e _Conpl ex, and the
three imaginary types remain as float _Imaginary,” double _Inmaginary and |ong doublpg
_I magi nary.

Suggestefl changes to C99:

Change the first sentence of 6.2.5#10:

[10] Therg are three generic floating types;‘designated as f | oat , doubl e and | ong doubl e.
Add the fgllowing paragraphs after 6.2.5#10:

[10a] Thefe are three decimal floating types, designated as _Deci mal 32, Deci mal 64 and _Deci nal 12§.
The set of values of the type’ _Deci mal 322) is a subset of the set of values of the type _Deci mal 64; the
set of vallies of the type\” Deci nmal 64 is a subset of the set of values of the type _Deci nal 128. Decimgl
floating types are realfloating types.

2) The 32-bit format is a storage only format in IEEE 754-2008.

2 © ISO/IEC 2009 — All rights reserved
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[10b] Together, the generic floating types and the decimal floating types comprise the real floating types.
Add the following to 6.7.2 Type specifiers:

type-specifier:
_Deci mal 32
_Deci mal 64
_Deci mal 128

A[dThe Tollowing paragrapn alter 6.5%3;

a] Expressions involving decimal floating-point operands are evaluated according to the semmantics of IEEE
b4-2008, including production of results with the preferred exponent as specified in IEEE 754:2008.

g

5| Characteristics of decimal floating types <float. h>

The characteristics of decimal floating types are defined in terms of a model specifying general decimal
atithmetic (0.2). The formats are specified in IEEE 754-2008 (0.3).

The three decimal formats defined in IEEE 754-2008 correspond to the three decimal floating types als follows:
— _Deci mal 32 is a decimal32 number, which is encoded:in four consecutive octets (32 hits)

— _Deci nal 64 is a decimal64 number, which is encoded in eight consecutive octets (64 bits)
— _Deci mal 128 is a decimal128 number, whichiris encoded in 16 consecutive octets (128 bitg)

The value of a finite number is given by (-1)%9 x‘coefficient x 10°*°"™, Refer to IEEE 754-2008 for |details of
the format.

These formats are characterized by the\length of the coefficient, and the maximum and minimum éxponent.
The coefficient is not normalized, so trailing zeros are significant; i.e., 1.0 is equal to but can be distinguished
from 1.00. The table below shows these characteristics by format:

Format _Deci nal 32 _Deci nal 64 _Deci mal 148
Cpefficient length in digits 7 16 34
Maximum Exponent (Efiay) 97 385 6145
Minimum Exponent (Enyin) -94 -382 -6142

fthe macro 5 "STDC WANT_DEC FP__ is defined at the point in the source file where the header <f | oat . h>
s|included;-the header <f | oat . h> shall define several macros that expand to various limits and pgrameters
of the(decimal floating types. The names and meaning of these macros are similar to the corrgsponding
mlactes for generic floating types.

Suggested change to C99:
Add the following after 5.2.4.2.2;
5.2.4.2.2a Characteristics of decimal floating type s <fl oat . h>

[1] Macros in <f | oat . h> provide characteristics of floating types in terms of the model presented in 5.2.4.2.2.
The prefixes DEC32_, DEC64_, and DEC128_ denote the types _Deci mal 32, _Deci nal 64, and
_Deci mal 128 respectively.

© ISO/IEC 2009 — All rights reserved 3
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[2] For decimal floating-point, it is often convenient to consider an alternate equivalent model where the
significand is represented with integer rather than fraction digits: a floating-point number (x) is defined by the

model

X =

P
(e-p) .I: (p-k)
sb kZ Db

where s, b, e, p, and f, are as defined in 5.2.4.2.2, and b = 10.

[3] The tg
1 inclusiv

[4] For bi
in 5.2.4.2
floating-p
10, -1) re
calculatio
specified
decimal f
with that
example,
operands

[5] Exceq
subject tq
range an
by the im

(@)

2

[6] The in
#i f prep

e, Thus, x =s * ¢ * bY is represented by the triple of integers (s, ¢, Q).

nary floating-point following IEC 60559 (and IEEE 754-2008), representations in the model-describe
.2 that have the same numerical value are indistinguishable in the arithmetic. However, for decim)
Dint, representations that have the same numerical value but different quantum expOhents, e.g.,

PR - o]
M quartum exponent refers 10 g = < - p ald COelliciernit 10 ¢ = Tils...1p, altInteger petweelt U and b

d
al
1,
nt

presenting 1.0 and (1, 100, -2) representing 1.00, are distinguishable. To facilitate \€xact fixed-poi
n, standard decimal floating-point operations and functions have a preferred guantum exponent,

the preferred quantum exponent for addition is the minimum of -thes quantum exponents of t
Hence (1, 123, - 2) + (1, 4000, -3) = (1, 5230, -3) or 1.23 + 4.000-='5:230.

t for assignment and casts, the values of operations with decimal floating operands and valug
the usual arithmetic conversions and of decimal floating eonstants are evaluated to a format whos

precision may be greater than required by the type. The use of evaluation formats is characterizg
blementation-defined value of DEC_EVAL_METHOD:

| indeterminable;

evaluate all operations and constants just te-the range and precision of the type;

evaluate operations and constants of type _Deci mal 32 and _Deci mal 64 to the range a
precision of the _Deci mal 64 type,-evaluate _Deci mal 128 operations and constants to t
range and precision of the _Deci nal“128 type;

evaluate all operations and constants to the range and precision of the _Deci nmal 128 type.

teger values given in the following lists shall be replaced by constant expressions suitable for use
rocessing directives:

dix of exponent représentation, b(=10)

or the generic floating-point types, this value is implementation-defined and is specified by the mac
LT _RADI X, Forthe decimal floating-point types there is no corresponding macro, since the value 1

i3 an inherent\property of the types. Wherever FLT_RADI X appears in a description of a function tha
has versions'that operate on decimal floating-point types, it is noted that for the decimal floating-poin
versions,the value used is implicitly 10, rather than FLT_RADI X.

S

in IEEE 754-2008, which is determined by the quantum exponents of thetoperands if they haye
oating-point types (or by specific rules for conversions from other types), and they produce a result
preferred quantum exponent, or as close to it as possible within the dimitations of the type. Fpr

e

o

o

1 WA HO ORIy | £2 o "
° nocmer-or UTYNS T ure LUTTIUICTIU

DEC32_MANT DI G 7
DEC64_MANT DI G 16
DEC128_MANT DI G 34

e minimum exponent

DEC32_M N_EXP -94
DEC64_M N_EXP -382
DEC128_M N_EXP - 6142
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maximum exponent

DEC32_MAX_EXP 97
DEC64_MAX_EXP 385
DEC128_MAX_EXP 6145

:2009(E)

maximum representable finite decimal floating number (there are 6, 15 and 33 9's after the decimal

points respectively)

DEC32_MAX 9. 999999E96 DF
DEC6Z_VAX 9 999999999999999E384DD
DEC128_MAX 9. 999999999999999999999999999999999E6144DL

the difference between 1 and the least value greater than 1 that is representable in.the.given
point type

DEC32_EPSI LON 1E- 6DF
DEC64_EPSI LON 1E- 15DD
DEC128_EPSI LON 1E- 33DL

minimum normalized positive decimal floating number

DEC32_M N 1E- 95DF
DEC64_M N 1E- 383DD
DEC128_M N 1E- 6143DL

minimum positive subnormal decimal floating number

DEC32_SUBNORVAL_M N 0. 000001E~95DF
DEC62_SUBNORVAL_M N 0. 000000000000001E- 383DD
DEC128_SUBNCRVAL_M N 0. 000BBO00000000000000000000000001E- 6143DL

Conversions

1 Conversions between degimal floating and integ  er

Liggested changes to C99:

hangethe first sentence of 6.3.1.4 paragraph 1:

[1|] When a finite value of generic floating type is converted to an integer type ...

Add the follow paragraph after 6.3.1.4 paragraph 1:

floating

Dr conversions between real floating and integer types, C99 6.3.1.4 leaves the behavior undefined if the
nversion result canngt'be represented (Annex F.4 tightened up the behavior.) To help writing ports
is Technical Reportprovides defined behavior for decimal floating type. Furthermore, it is usefu

g

ogram execution(to,continue without interruption unless the program needs to check the condition.

ble code,
to allow

[1a] When a finite value of decimal floating type is converted to an integer type other than _Bool , the
fractional part is discarded (i.e., the value is truncated toward zero). If the value of the integral part cannot be
represented by the integer type, the “invalid” floating-point exception shall be raised and the result of the
conversion is unspecified.

Change the first sentence of 6.3.1.4 paragraph 2:

[2] When a value of integer type is converted to a generic floating type, ...

© ISO/IEC 2009 — All rights reserved
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Add the following paragraph after 6.3.1.4 paragraph 2:

[2a] When a value of integer type is converted to a decimal floating type, if the value being converted can be
represented exactly in the new type, it is unchanged. If the value being converted is in the range of values that
can be represented but cannot be represented exactly, the result shall be correctly rounded with exceptions
raised as specified in IEEE 754-2008.

6.2 Conversions among decimal floating types, and between decimal floating types and
generic floating types

The specffication is similar to the existing ones for f | oat , doubl e and | ong doubl e, except that whenthe
result carjnot be represented exactly, the behavior is tightened to become correctly rounded.

Suggestdd change to C99:
Add after|6.3.1.5#2.

[3] When|a _Deci mal 32 is promoted to _Deci mal 64 or _Deci mal 128, or a _Deci hal 64 is promoted [o
_Deci el 128, the value is converted to the type being promoted to. All extra pregision and/or range (for the
converted to type) are removed.

[4] When a _Deci mal 64 is demoted to _Deci mal 32, a _Deci nal 128 \is/ demoted to _Deci mal 64 pr
_Deci mg]l 32, or conversion is performed among decimal and generic floating types other than the above,|if
the valug being converted can be represented exactly in the new type, it is unchanged. If the value being
converted is in the range of values that can be represented but cannot be represented exactly, the result |is
correctly founded with exceptions raised as specified in IEEE 754¢2008.

6.3 Conpersions between decimal floating and compl ex

This is cgvered by C99 6.3.1.7.

6.4 Usupl arithmetic conversions

In an application that is written using decimal arithmetic, mixed operations between decimal and other refl
types arel likely to occur only when interfacing with other languages, calling existing libraries written for binafy
floating point arithmetic, or accessing\existing data. Determining the common type for mixed operations s
difficult bgcause ranges overlap; therefore, mixed mode operations are not allowed and the programmer mujst
use explicit casts. Implicit conversions are allowed only for simple assignment, r et ur n statement, and |n
argumen{ passing involving protetyped functions.

Following are suggestedichanges to C99:
Insert the following t0'6.3.1.8#1, after "This pattern is called the usual arithmetic conversions:"

6.3.1.8[1

... This pattern IS called the usual arithmetiC conversions:

If one operand is a decimal floating type, all other operands shall not be generic floating type, complex type, or
imaginary type:

First if either operand is _Deci mal 128, the other operand is converted to _Deci mal 128.
Otherwise, if either operand is _Deci nal 64, the other operand is converted to _Deci nal 64.

Otherwise, if either operand is _Deci mal 32, the other operand is converted to _Deci nal 32.
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If there are no decimal floating types in the operands:

First, if the corresponding real type of either operand is | ong doubl e, the other operand is
converted, without ... <the rest of 6.3.1.8#1 remains the same>

6.5 Default argument promotion

There is no default argument promotion specified for the decimal floating types. Default argument promotion
covered in C99 6.5.2.2 [6] and [7] remains unchanged, and applies to generic floating types only.

7| Constants

pw suffixes are added to denote decimal floating constants: DF for _Deci mal 32, DD fat [/Deci ngll 64, and
| for _Deci mal 128.

g Z

Slggested changes to C99:
Change floating-suffix in 6.4.4.2 to:

floating-suffix: one of
f dl FDL df dd dl DF DD DL

Apd the following paragraph after 6.4.4.2#2:

[Ra] Constraints

The floating-suffix df , dd, dl , DF, DD and DL shall notybe used in a hexadecimal-floating-constant.
Change 6.4.4.2#4 to:

[4] An unsuffixed floating constant .has' type doubl e, unless modified by the standard| pragma
FLOAT_CONST_DECI MAL64. If suffixed-by the letter f or F, it has type f | oat . If suffixed by the lettef d or D, it
has type doubl e. If suffixed by the ietter | or L, it has type | ong doubl e.

Apd the following paragraph after6.4.4.2#4:

[#a] If a floating constant.is suffixed by df or DF, it has type _Deci mal 32. If suffixed by dd or DD, if has type
_Deci mal 64. If suffixed\by dl or DL, it has type _Deci nal 128.

Apd the following\paragraph after 6.4.4.2#5:

—

Ha] For decimal floating-point constants, representations that have the same numerical value bu{ different
gyiantum-exponents have distinguishable internal formats. The quantum exponent is specified to be the same
a$ strtodxx for the same representation string.

Addthe fottowing paragraph after 6.4-4-2#7-

Forward references :the FLOAT_CONST_DECI MAL64 pragma (6.4.4.2a).

7.1 Unsuffixed floating constant

The above introduces new suffixes for the decimal floating constants. It would help usability if unsuffixed
floating constant could be used. The issue can be illustrated by the following example:

_Decimal64 rate = 0.1;
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The constant 0.1 has type doubl e. In an implementation where binary representation is used for the floating
types, the internal representation of 0.1 cannot be exact. The variable rate will get a value slightly different
from 0.1. This defeats the purpose of decimal floating types. On the other hand, requiring programmers to
write:

_Decimal64 rate = 0.1dd;

can be inconvenient and affect readability of the program.

7.1.1 The FLOAT CONST DECI MAL 64 pragma

Source cpde that uses both generic and decimal floating point values in close proximity ought to use) the
suffixed fprms of floating-point constants for clarity. However, it may be expected that a typical usage‘pattefn
would be|that within significant portions of source code, all of the floating-point usage would be purely’genetic
or purely| decimal. The FLOAT_CONST_DECI MAL64 pragma allows programmers to establish “a“context jn
which unguffixed floating-point constants would be uniformly interpreted as having either_type doubl e (as
they do i) C99) or type _Deci nal 64.

Note tha{ as a practical matter, especially with early implementations, this pragma could have unintendgd
effects on floating-point constants defined in header files, as C99 does not have-a suffix to specify that|a
constant:[‘s of type doubl e explicitly; all such constants will be unsuffixed in_pre-existing C99 header files.|If
this pragtpa is in the “on” state when such a header is included, unsuffixed constants it uses outside of macfo
definition$ (e.g. in initializers or inline functions) will be given type _Deci nal/64. Similarly, if the pragma is jn
the “on” gtate when a macro defined in such a header is expanded, the.econstant in the macro expansion will
be given ftype _Deci nmal 64. Existing C header files containing constants of type doubl e can be made saje
from this kind of misinterpretation by adding an explicit d or D suffix t0 each such constant conditionally, when
the preprpcessor expression:

(|_STDC_DEC_FP__ >= 200805L)

is true. Bt unless and until it is known that all the headers used by a program have been modified to use gn
explicit df or D suffix on constants of type doublsey setting this pragma to the “on” state requires extreme
caution.

Suggestdd changes to C99:
Add the fpllowing paragraphs after 6.4:4.2:
6.4.4.2a The FLOAT_CONST_DBECH MAL64 pragma

The type| given to an unsuffixed floating-point constant is normally type doubl e. However, the following
pragma may be used.to:change this behavior:

#pragma ‘STDC FLOAT_CONST_DECI MAL64 on-off-switch

This pragmasdirects the implementation to treat unsuffixed floating-point constants as having type doubl|e

(where the-state-ts—eff)-ertype—DPectral-64{wherethestateis—en—ThepragmaShall-eceureithereuiside
external declarations or preceding all explicit declarations and statements inside a compound statement.
When outside external declarations, the pragma takes effect from its occurrence until another
FLOAT_CONST_DECI MAL64 pragma is encountered, or until the end of the translation unit. When inside a
compound statement, the pragma takes effect from its occurrence until another FLOAT_CONST_DECI MAL64
pragma is encountered (including within a nested compound statement), or until the end of the compound
statement; at the end of a compound statement the state for the pragma is restored to its condition just before
the compound statement. If this pragma is used in any other context, the behavior is undefined. The default
state for the pragma is “off”.
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Add the following to the list of STDC pragmas in 6.10.6:

8

8.

#pragma STDC FLOAT_CONST_DECI MAL64 on-off-switch

Arithmetic operations

1 Operators

The operators Add (C99 6.5.6), Subtract (C99 6.5.6), Multiply (C99 6.5.5), Divide (C99 6.5.5), Relational

operators (C99 6.5.8), Equality operators (C99 6.5.9), Unary Arithmetic operators (C99 65.

C
th

S
Al

[2

A

QW

A

2

—

A

BN

A

A

2

—

8

pmpound Assignment operators (C99 6.5.16.2) when applied to decimal floating type operands, sk
e semantics as defined in IEEE 754-2008.

Liggested changes to C99:
Hd the following after 6.5.5 paragraph 2:

@] If either operand has decimal floating type, the other operand shall hot have generic floa

complex type, nor imaginary type.

Hd the following after 6.5.6 paragraph 3:

a] If either operand has decimal floating type, the other operand shall not have generic floa

omplex type, nor imaginary type.

Hd the following after 6.5.8 paragraph 2:

a] If either operand has decimal floating type, the‘ther operand shall not have generic floating type}.

Hd the following after 6.5.9 paragraph 2:

@] If either operand has decimal floating type, the other operand shall not have generic floa
mplex type, nor imaginary type.

id the following bullet to 6.5.15-paragraph 3:
e one operand has decimal floating type, and the other has arithmetic type other than generic f
type, complex type, or imaginary type;
id the following.after 6.5.16.2 paragraph 2:

@] If eitheryoperand has decimal floating type, the other operand shall not have generic floa

complextype, nor imaginary type.

2\Flnctions

B.3), and
all follow

ing type,

ing type,

ing type,

oating

ing type,

The headers and library supply a number of functions and macros that implement support for decimal floating
point data with the semantics specified in IEEE 754-2008, including producing results with the preferred
exponent where appropriate. That support is provided by the following:

From <mat h. h>, the decimal floating-point type versions of:
sqgrt, fma, fabs, fmax, fmn, ceil, floor, trunc, round, rint, I round, |l round, | dexp,
frexp, il ogb, | ogb, scal bn, scal bl n, copysi gn, next after, remai nder, i snan, i sinf,
isfinite, isnormal, signbit, fpclassify, i sunordered, i sgreater, i sgreaterequal,

©

i sl ess,islessequal, quantize, and samequantum
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From <f env. h>, facilities dealing with decimal context:

ferai seexcept, fecl earexcept, fetestexcept, fesetexceptflag, fegetexceptfl ag,
fe_dec_getround, fe_dec_setround, fesetenv, fegetenv, feupdateenv, and
f ehol dexcept .

From <st di 0. h>, decimal floating-point modified format specifiers for:
The pri ntf/scanf family of functions.

From <stdlib h>and <wchar h> the decimal floating-point type versions of:
sft rt od and west od.

From <wghar . h>, decimal floating-point modified format specifiers for:
he wide pri nt f /scanf family of functions.

8.3 Conpersions

Conversipns between different formats and to/from integer formats are covered in section'6.

9 Library

9.1 Standard headers

The funcfions, macros, and types declared or defined in Clausé\9 and its subclauses are only declared pr
defined Ry their respective headers if the macro __STDC WANT_DEC FP__ is defined at the point in the
source file where the appropriate header is included.

9.2 Flodting-point environment <fenv.h>

The floatihg point environment specified in C99-7(6 applies to both generic floating types and decimal floating
types. THis is to implement the context defined in IEEE 754-2008. The existing C99 specification gives
flexibility [to an implementation on which part of the environment is accessible to programs. The decimil
floating-ppint arithmetic specifies a moré-stringent requirement. All the rounding directions and flags afe
supported.

DEC Madros Existing C99 macros for generic | IEEE 754

floating types
FE_DEC [TONRDZERO FE_TOWARDZERO Toward zero
FE_DEC [TONEAREST FE_TONEAREST To nearest, ties even
FE_DEC_JUPWARD FE_UPWARD Toward plus infinity
FE_DEC_|[DONNWARD FE_DOWNWARD Toward minus infinity
FE_DEC _[TONEARESTFROVZERO | n/a To nearest, ties away from zero

Suggestedchangesto€99:
Add the following after 7.6 paragraph 7:
[7a] Each of the macros

FE_DEC DOANWARD

FE_DEC _TONEAREST

FE_DEC TONEARESTFROWZERO

FE_DEC_TOWARDZERO
FE_DEC_UPWARD
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is defined and used by fe_dec_getround and fe_dec_setround functions for getting and setting the
rounding direction of decimal floating-point operations. The default rounding direction for decimal floating-point
operations shall be FE_DEC_TONEAREST.

Add the following after 7.6.3.2:

7.6.3.3 The fe_dec_getround function

Synopsis

#define _ STDC_WANT_DEC_FP__
#include <fenv.h>

int fe_dec_getround(void);
DEscription

The f e_dec_get r ound function gets the current rounding direction for decimal<{leating-point operatjons.
REeturns
The f e_dec_get r ound function returns the value of the rounding direction macro representing the current
rqunding direction for decimal floating-point operations, or a negative value if there is no such rounding macro
ol the current rounding direction is not determinable.
716.3.4 The fe_dec_setround function

Synopsis

#define _ STDC_WANT_DEC_FP__
#include <fenv.h>

int fe_dec_setround(int round);

DEscription

The fe_dec_setround function establishes the rounding direction for decimal floating-point dgperations

presented by its argument reund. If the argument is not equal to the value of a rounding direction macro, the
unding direction is not changed.

= =
Q. D

=

FLT_RADI X is not, 10, the rounding direction altered by the f eset r ound function is independgnt of the
unding direction_altered by the f e_dec_setround function; otherwise if FLT_RADI X is 10, whether the
bset round’and f e_dec_set round functions alter the rounding direction of both generic floating|type and
pcimal floating type operations is implementation defined.

—
Qo

o —

REturns

The Te_dec_setround function returns a zero value if and only if the argument is equal to a rounding
direction macro (that is, if and only if the requested rounding direction was established).

9.3 Decimal mathematics <math.h>

The list of elementary functions specified in the mathematics library is extended to handle decimal floating-
point types. These include functions specified in 7.12.4, 7.12.5, 7.12.6, 7.12.7, 7.12.8, 7.12.9, 7.12.10, 7.12.11,
7.12.12, and 7.12.13. The macros HUGE_VAL_D32, HUGE_VAL_D64, HUGE_VAL_D128, DEC | NFI NI TY and
DEC_NAN are defined to help using these functions. With the exception of the decimal floating-point functions
listed in 8.2, which have accuracy as specified in IEEE 754-2008, the accuracy of decimal floating-point
results is implementation-defined. The implementation may state that the accuracy is unknown. All
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classification macros specified in C99 7.12.3 are also extended to handle decimal floating-point types. The
same applies to all comparison macros specified in 7.12.14.

The names of the functions are derived by adding suffixes d32, d64 and d128 to the doubl e version of the
function name.

Suggested changes to C99:

Add after 7.12 paragraph 2.

[2a] The types

_Deqi mal 32_t
_Deqi mal 64_t

are de:{iarlnal floating types at least as wide as _Deci mal 32 and _Deci nal 64, respectively,\and such that
_Deci nmgll 64_t is at least as wide as _Deci mal 32_t. If DEC_EVAL_METHOD equals ‘0,,__Deci mal 32 |
and _Deg¢i mal 64_t are _Deci mal 32 and _Deci nal 64, respectively; if DEC_EVAL- METHOD equals
they are both _Deci nal 64; if DEC_EVAL_METHOD equals 2, they are both _Deci nal 128; and for oth
values df DEC_EVAL_METHOD, they are otherwise implementation-defined.

D =
=

Add at the end of 7.12 paragraph 3 the following macros.

[3] The macro

HUGE_VAL_D64

expands o a constant expression of type _Deci mal 64 representing infinity. The macros

HUGE_VAL_D32
HUGE_VAL_D128

are respectively _Deci mal 32 and _Deci mal 128<nalogs of HUGE_VAL_D64.
Add at the end of 7.12 paragraph 4 the following macro.

[4] The macro

DOEC I NFINITY
expands {o a constant expression of type _Deci mal 32 representing positive infinity.

Add at the end of 7.12-paragraph 5 the following macro.

[5] The macrao
lc_ NAN

expands to a constant expression of type _Deci mal 32 representing a quiet NaN.

Add at the end of 7.12 paragraph 7 the following macro.

[7] The macro

FP_FAST_FMAD32
FP_FAST_FMAD64
FP_FAST_FMAD128
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are, respectively, _Deci mal 32, _Deci nal 64 and _Deci mal 128 analogs of FP_FAST_FMA.

Suggested changes to C99:

Add the following list of function prototypes to the synopsis of the respective subclauses:
7.12.4 Trigonometric functions

_Decimal64 acosd64(_Decimal64 x);
Decimal32 acosd32( Decimal32 X);

_Decimall128 acosd128(_Decimal128 x);

_Decimal64 asind64(_Decimal64 x);
_Decimal32 asind32(_Decimal32 x);
_Decimal128 asind128(_Decimall28 x);

_Decimal64 atand64(_Decimal64 x);
_Decimal32 atand32(_Decimal32 x);
_Decimall128 atand128(_Decimal128 x);

_Decimal64 atan2d64(_Decimal64 y, _Decimal64 x);
_Decimal32 atan2d32(_Decimal32 y, _Decimal32 x);
_Decimall128 atan2d128(_Decimall128 y, _Decimal128 x);

_Decimal64 cosd64(_Decimal64 x);
_Decimal32 cosd32(_Decimal32 x);
_Decimall128 cosd128(_Decimall28 x);

_Decimal64 sind64(_Decimal64 x);
_Decimal32 sind32(_Decimal32 x);
_Decimal128 sind128(_Decimal128,x);

_Decimal64 tand64(_Decimal64*x);
_Decimal32 tand32(_Decimal32 x);
_Decimall128 tand128( -Decimall128 x);

7.12.5 Hyperbolic functions

_Decimal64.acoshd64(_Decimal64 x);
_Decimal32.acoshd32(_Decimal32 x);
_Decimal128 acoshd128(_Decimal128 x);

_Petimal64 asinhd64(_Decimal64 x);
~Decimal32 asinhd32(_Decimal32 x);
* Decimall128 asinhd128(_Decimal128 x);

B H o4 ok lamlo Al H TS A
_ DTUNTTAO&E " Aldl TTUOR " DUTUITITITAIOR A,

_Decimal32 atanhd32(_Decimal32 x);
_Decimal128 atanhd128(_Decimal128 x);

_Decimal64 coshd64(_Decimal64 x);
_Decimal32 coshd32(_Decimal32 x);
_Decimall128 coshd128(_Decimal128 x);

_Decimal64 sinhd64(_Decimal64 x);

_Decimal32 sinhd32(_Decimal32 x);
_Decimal128 sinhd128(_Decimall28 x);

© ISO/IEC 2009 — All rights reserved
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_Decimal64 tanhd64(_Decimal64 x);
_Decimal32 tanhd32(_Decimal32 x);
_Decimal128 tanhd128(_Decimal128 x);

7.12.6 Exponential and logarithmic functions
_Decimal64 expd64(_Decimal64 x);

_Decimal32 expd32(_Decimal32 x);
Decimall128 expd128(_Decimall28 x):

| Decimal64 exp2d64(_Decimal64 x);
| Decimal32 exp2d32(_Decimal32 x);
| Decimal128 exp2d128(_Decimal128 x);

| Decimal64 expm1d64(_Decimal64 x);
| Decimal32 expm1d32(_Decimal32 x);
| Decimal128 expm1d128(_Decimal128 x);

| Decimal64 frexpd64(_Decimal64 value, int *exp):3)
| Decimal32 frexpd32(_Decimal32 value, int *exp);
| Decimal128 frexpd128(_Decimal128 value, int *exp);

nt iloghd64(_Decimal64 x);
nt iloghd32(_Decimal32 x);
nt iloghd128(_Decimal128 x);

| Decimal64 |dexpd64(_Decimal64 x, int exp):¥
| Decimal32 |dexpd32(_Decimal32 x, int exp);
| Decimall128 Idexpd128(_Decimall28 x, int exp);

| Decimal64 logd64(_Decimal64 x);
| Decimal32 logd32(_Decimal32 x);
| Decimal128 logd128(_Decimal128 X);

| Decimal64 10g10d64(_Decimal64 x);
| Decimal32 1og10d32(_Decimal32 x);
| Decimal128 log10d128(_Decimal128 x);

| Decimal64 loglpd64(_Decimal64 x);
| Decimal32 loglpd32(_Decimal32 x);
| Decimal1281oglpd128(_Decimall28 x);

| Decimalb4 log2d64(_Decimal64 x);
| Decimal32 log2d32(_Decimal32 x);
| Decimall28 log2d128(_Decimal128 x);

_Decimal64 loghd64(_Decimal64 x);
_Decimal32 loghd32(_Decimal32 x);
_Decimal128 loghd128(_Decimal 128 x);

_Decimal64 modfd64(_Decimal64 value, _Decimal64 *iptr);
_Decimal32 modfd32(_Decimal32 value, _Decimal32 *iptr);

3) See suggested changes to the frexp function description below.

4) See suggested changes to the Idexp function description below.

14
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_Decimall128 modfd128(_Decimal128 value, _Decimal128 *iptr);

_Decimal64 scalbnd64(_Decimal64 x, int n);
_Decimal32 scalbnd32(_Decimal32 x, int n);
_Decimal128 scalbnd128(_Decimal128 x, int n);

_Decimal64 scalblnd64(_Decimal64 x, long int n);
_Decimal32 scalblnd32(_Decimal32 x, long int n);
_Decimal128 scalbind128(_Decimall128 x, long int n);
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7.12.7 Power and absolute-value functions

_Decimal64 cbrtd64(_Decimal64 x);
_Decimal32 chrtd32(_Decimal32 x);
_Decimal128 cbrtd128(_Decimal128 x);

_Decimal64 fabsd64(_Decimal64 x);
_Decimal32 fabsd32(_Decimal32 x);
_Decimal128 fabsd128(_Decimal128 x);

_Decimal64 hypotd64(_Decimal64 x, _Decimal64 y);
_Decimal32 hypotd32(_Decimal32 x, _Decimal32 y);
_Decimal128 hypotd128(_Decimall28 x, _Decimall128 y);

_Decimal64 powd64(_Decimal64 x, _Decimal64 y);
_Decimal32 powd32(_Decimal32 x, _Decimal32%);
_Decimal128 powd128(_Decimall28 x, _Decimall28 y);

_Decimal64 sqrtd64(_Decimal64 x);
_Decimal32 sqrtd32(_Decimal32 x);
_Decimal128 sqrtd128(_Decimal128 X);

7.12.8 Error and gamma functiens

_Decimal64 erfd64(_Decimal64 x);
_Decimal32 erfd32(_Decimal32 x);
_Decimal128 erfd128(_Decimal128 x);

_Decimal64.erfed64(_Decimal64 x);
_Decimal32-etfcd32(_Decimal32 x);
_Decimal128 erfcd128(_Decimal128 x);

_Pecimal64 lgammad64(_Decimal64 x);
~Decimal32 lgammad32(_Decimal32 x);
"~ Decimall128 lgammad128(_Decimal128 x);

—Detmattdtgammadtd(—Decimatt4x);
_Decimal32 tgammad32(_Decimal32 x);
_Decimall128 tgammad128(_Decimal 128 x);

7.12.9 Nearest integer functions
_Decimal64 ceild64(_Decimal64 x);
_Decimal32 ceild32(_Decimal32 x);
_Decimal128 ceild128(_Decimal128 x);

_Decimal64 floord64(_Decimal64 x);

© ISO/IEC 2009 — All rights reserved
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_Decimal32 floord32(_Decimal32 x);
_Decimal128 floord128(_Decimal128 x);

_Decimal64 nearbyintd64(_Decimal64 x);
_Decimal32 nearbyintd32(_Decimal32 x);
_Decimal128 nearbyintd128(_Decimall28 x);

_Decimal64 rintd64(_Decimal64 x);
_Decimal32 rintd32(_Decimal32 x);
Decimal128 rintd128(_Decimal128 x):

ong int Irintd64(_Decimal64 x);
ong int Irintd32(_Decimal32 x);
ong int Irintd128(_Decimal128 x);

ong long int llrintd64(_Decimal64 x);
ong long int llrintd32(_Decimal32 x);
ong long int lirintd128(_Decimal128 x);

| Decimal64 roundd64(_Decimal64 x);
| Decimal32 roundd32(_Decimal32 x);
| Decimal128 roundd128(_Decimal128 x);

ong int Iroundd64(_Decimal64 x);
ong int Iroundd32(_Decimal32 x);
ong int Iroundd128(_Decimal128 x);

ong long int llroundd64(_Decimal64 x);
ong long int llroundd32(_Decimal32 x);
ong long int liroundd128(_Decimal128 x);

| Decimal64 truncd64(_Decimal64 x);
| Decimal32 truncd32(_Decimal32 x);
| Decimall128 truncd128(_Decimall28 x);

7112.10 Remainder function®

| Decimal64 fmodd64( «Decimal64 x, _Decimal64 y);

| Decimal32 fmodd32(=Decimal32 x, _Decimal32 y);

| Decimal128 fmodd128(_Decimal128 x, _Decimal128 y);

| Decimal64-remainderd64(_Decimal64 x, _Decimal64 y);

| Decimal32'vremainderd32(_Decimal32 x, _Decimal32 y);

| Decimall28 remainderd128(_Decimall128 x, _Decimall128 y);

7112:42 Manipulation functions

_Decimal64 copysignd64(_Decimal64 x, _Decimal64 y);
_Decimal32 copysignd32(_Decimal32 x, _Decimal32 y);
_Decimal128 copysignd128(_Decimall28 x, _Decimall28 y);

_Decimal64 nand64(const char *tagp);
_Decimal32 nand32(const char *tagp);
_Decimal128 nand128(const char *tagp);

5) There is no decimal floating-point type versions of the remquo function.
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_Decimal64 nextafterd64(_Decimal64 x, _Decimal64 y);
_Decimal32 nextafterd32(_Decimal32 x, _Decimal32 y);
_Decimal128 nextafterd128(_Decimall28 x, _Decimall128 vy);

_Decimal64 nexttowardd64(_Decimal64 x, _Decimal128 y);
_Decimal32 nexttowardd32(_Decimal32 x, _Decimal128 y);
_Decimal128 nexttowardd128(_Decimal128 x, _Decimal128 y);

7.12.12 Maximum. minimum. and positive difference functions

:2009(E)

_Decimal64 fdimd64(_Decimal64 x, _Decimal64 y);
_Decimal32 fdimd32(_Decimal32 x, _Decimal32 y);
_Decimal128 fdimd128(_Decimall128 x, _Decimall128 y);

_Decimal64 fmaxd64(_Decimal64 x, _Decimal64 y);
_Decimal32 fmaxd32(_Decimal32 x, _Decimal32 y);
_Decimal128 fmaxd128(_Decimall28 x, _Decimall28vy);

_Decimal64 fmind64(_Decimal64 x, _Decimal64 y);
_Decimal32 fmind32(_Decimal32 x, _Decimal32 y);
_Decimall128 fmind128(_Decimal128 x, _Decimall128 y);
7.12.13 Floating multiply-add
_Decimal64 fmad64(_Decimal64 x, _Decimal64.y, ) Decimal64 z);

_Decimal32 fmad32(_Decimal32 x, _Decimal32ly, _Decimal32 z);
_Decimal128 fmad128(_Decimal128 x, _Decimall28 y, _Decimall128 z);

Apd to the end of 7.12.14 paragraph 1:

[4 ... If either argument has decimal floating type, the other argument shall have decimal floating typ
Replace 7.12.6.4 paragraphs 2 and 3'with the following:

[4] The frexp functions bréak'a floating-point number into a normalized fraction and an integer ¢
They store the integer in the i nt object pointed to by exp. If val ue is a decimal floating-point nu
exponent is an integralpower of 10; otherwise it is an integral power of 2.

[J] If val ue is net a-floating-point number, the results are unspecified. Otherwise, the f r exp functig
the value x, sueh that x has a magnitude in the interval [1/10, 1) or zero, and val ue equals x * 10
val ue is a~déecimal floating-point number, or x has a magnitude in the interval [1/2, 1) or zero, a
equals x.*2°** when val ue is a generic floating-point number. If val ue is zero, both parts of the
zgro,

b as well.

bxponent.
mber, the

ns return
P \when
d val ue
esult are

Repface 7-1276:6 paragraphs 2amnd-3 witiT thefottowirg:

[2] The | dexp functions multiply a decimal floating-point number by an integral power of 10, or a generic

floating-point number by an integral power of 2. A range error may occur.

[3] If x is a decimal floating-point number, the | dexp functions return x * 10%*?; otherwise they return

Replace 7.12.6.11 paragraph 2 with the following:

X * 28xp

[2] The | ogb functions extract the exponent of x, as a signed integer value in floating-point format. If x is

subnormal it is treated as though it were normalized; thus, for positive finite x,
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* ogbx) b

where b = 10 if x is a decimal floating-point number; otherwise b = FLT_RADI X.

A domain error or range error may occur if the argument is zero.

Replace 7.12.6.13 paragraphs 2 and 3 with the following:

[2] The scal bn and scal bl n functions compute x * b" (where b = 10 if x is a decimal floating-point number;

otherwis

b=FLT RADI X) efficiently, not normally by computing b" explicitly. A range error may occur

[8] The s
9.4 New
The folloy
Suggeste
7.12.11.1

Synopsis

3

Descripti

The qua
keep the
the curre
exception
than the

both ope
“invalid” f
the sign &

Returns

cal bn and scal bl n functions return x * b".

<math.h> functions
ving are new functions added to <mat h. h>.
d addition to C99:

b The quantize functions

define _ STDC_WANT DEC _FP__
nclude <math.h>

_Pecimal32 quantized32 (_Decimal32 x, _Decimal32 y);
_PDecimal64 quantized64 (_Decimal64 x, _Decimal64. y);
_Pecimal128 quantized128(_Decimal128 x, _Decimall28 y);

n

ti ze functions set the exponent of arguinent x to the exponent of argument y, while attempting
value the same. If the exponent is being‘increased, the value shall be correctly rounded according
Nt rounding mode; if the result does not have the same value as x, the “inexact” floating-poi
shall be raised. If the exponent/is being decreased and the significand of the result has more digi
ype would allow, the result issNaN and the “invalid” floating-point exception shall be raised. If one
ands are NaN the result is NaN. Otherwise if only one operand is infinity, the result is NaN and t
oating-point exception shall be raised. If both operands are infinity, the result is DEC | NFI NI TY wi
s X, converted to theltype of the function. The quant i ze functions do not signal underflow.

The quanti ze fupetions return the number which is equal in value (except for any rounding) and sign to

and whic

7.12.11.6

h has an‘eéxponent set to be equal to the exponent of y.

[0
[0
nt
(s
br
e
th

~

Thésamequantum functions

Synopsis

#define __ STDC_WANT _DEC FP__
#include <math.h>

18

Bool samequantumd32 (_Decimal32 x, _Decimal32y);
Bool samequantumd64 (_Decimal64 x, _Decimal64 y);
Bool samequantumd128 (_Decimall28 x, _Decimal128 y);
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Description

The sanequant umfunctions determine if the quantum exponents of the x and y are the same. If both x and y
are NaN, or infinity, they have the same quantum exponents; if exactly one operand is infinity or exactly one
operand is NaN, they do not have the same quantum exponents. The sanequant um functions raise no
exception.

Returns

The sanmequant um functions return true when x and y have the same quantum exponents, fal se
offrerwise:.

7)12.11.7 The quantexp functions

Synopsis

#define __ STDC_WANT_DEC _FP__
#include <math.h>

int quantexpd32 (_Decimal32 x);

int quantexpd64 (_Decimal64 x);

int quantexpd128 (_Decimall28 x);
DEscription

The quant exp functions compute the quantum exponent of ayfinite argument. If x is infinite or NaN, they
compute | NT_M Nand a domain error occurs.

REturns

The quant exp functions return the quantum expenent of x.

9(5 Formatted input/output specifiers
Slggested changes to C99:

Afd the following to 7.19.6.1 paragraph 7, to 7.19.6.2 paragraph 11, to 7.24.2.1 paragraph 7, and t¢ 7.24.2.2
paragraph 11:

H Specifies that atfollowing a, A, e, E, f, F, g, or G conversion specifier applies to a _Degi nal 32
argument.

D| Specifiesithat a following a, A, e, E, f, F, g, or G conversion specifier applies to a _Defi nal 64
argument.

Db Specifies that a following a, A, e, E, f, F, g, or G conversion specifier applies to a _Dec| mal 128
argument.

Change all occurrences of:
A doubl e argument representing ...

in the descriptions of the e, E, f, F, g, and G conversion specifiers in 7.19.6.1 paragraph 8 and 7.24.2.1
paragraph 8 to:

A doubl e or decimal floating type argument representing ...

Change the second paragraph in the description of the a,A conversion specifier in 7.19.6.1 paragraph 8 and
7.24.2.1. paragraph 8 to:
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A doubl e or decimal floating type argument representing an infinity or NaN is converted in the style of an f or
F conversion specifier.

Add the following to 7.19.6.1 paragraph 8 and 7.24.2.1 paragraph 8, under a,A conversion specifiers:

If an H, D, or DD modifier is present and the precision is missing, then for a decimal floating type argument
represented by a triple of integers (s, c, g), where n is the number of digits in the coefficient c,

e if 0 >= gq>=-(n+5), use style f formatting with formatting precision equal to -q,

then the digit-sequence in the exponent-part shall have the value q (rather than 0), and that the
ekponent is always expressed with the minimum number of digits required to represent its value(the
exponent never contains a leading zero).

If the prefision modifier is present and at least as large as the precision p (5.2.4.2.2) of the decimal floating
type, the [conversion is as if the precision modifier were missing. If the precision modifier is present and legs
than the precision p of the decimal floating type, the conversion first rounds the input, in the type, according o
the current rounding direction for decimal floating-point operations, to the number of digits specified by the
precision|modifier, then converts the result as if the precision modifier were missing,

EXAMPLE Following are representations of _Deci mal 64 arguments as triples\(sy“Cc, q) and the correspondifg
character gequences pri nt f produces with %Da:

(1, 123,0) 123

(-1, 123, 0) -123
(1,123, -2) 1.23
(1,123, 1) 1.23e+3
(-1, 123, 1) -1.23e+3
(1,123, -8) 0.00000123
(1, 123, -9) 1.23e-7

(1, §234567890123456, 0) 1234567890123456

(1, §234567890123456, 1) 1.234567890123456e+16
(1, 1234567890123456, -1)  123456789012345.6

(1, §234567890123456, -21) 0.000001234567890123456
(1, §234567890123456, -22) 1.234567890123456e-7

(1,4,0 0

(-1,0Q,0) -0

(1,4, -6) 0.000000
(1,4,-7) Oe-7
(1,4d,2 Oe+2

(1,4, -6) 0:000005
(1,40,-7) ©/0000050
(1,4, -7) 5e-7

_Dedimal32 x = 6543.00DF;  // represented by the triple (1, 654300, -2)
prin (“O/an\n”, y);

printf(“%.6Ha\n", x);

printf(“%.5Ha\n", x);

printf(“%.4Ha\n", x);

printf(“%.3Ha\n", x);

printf(“%.2Ha\n", x);

printf(“%.1Ha\n", x);

results in:

6543.00
6543.00
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6543.0
6543
6.54e+3
6.5e+3
7e+3

9.6 strtod32, strtod64, and strtod128 functions <s  tdlib.h>

The specifications of these functions are similar to those of st rt od, strt of , and strt ol d as defined in C99
7.20.1.3. These functions are declaredin <stdl i b, h>

Slggested addition to C99:
7120.1.5 The strtod32, strtod64, and strtod128 func tions
Synopsis

[ #define _ STDC_WANT_DEC_FP__

#include <stdlib.h>
_Decimal32 strtod32 (const char * restrict nptr, char ** restrict endptr);
_Decimal64 strtod64 (const char * restrict nptr, char ** restrict endptr);
_Decimal128 strtod128(const char * restrict nptr, char ** restrict endptr);

DEscription

[4] The strtod32, strtod64, and st rt 0od128 functionstonvert the initial portion of the string poifted to by
nptr to _Deci mal 32, _Deci nal 64, and _Deci mal 128 representation, respectively. First, they dgcompose
tHe input string into three parts: an initial, possibly empty, sequence of white-space characters (as spgcified by
tHe i sspace function), a subject sequence resembling a floating-point constant or representing an[infinity or
NBN; and a final string of one or more unrecognized characters, including the terminating null charagter of the
input string. Then, they attempt to convert the>subject sequence to a floating-point number, and feturn the
rgsult.

[3] The expected form of the subject sequence is an optional plus or minus sign, then one of the folloying:

e anonempty sequence of decimal digits optionally containing a decimal-point character, then pn
optional exponent part as defined in 6.4.4.2;

e | NForl NFINITY,ignoring case

o NAN or NAN(d-ehar-sequenceq), ignoring case in the NAN part, where:

d-char-sequence:
digit
d-char-sequence digit
The subject sequence is defined as the longest initial subsequence of the input string, starting with the first

npn:white-space character, that is of the expected form. The subject sequence contains no characters if the
nput'string is not of the expected form.

[4] If the subject sequence has the expected form for a floating-point number, the sequence of characters
starting with the first digit or the decimal-point character (whichever occurs first) is interpreted as a floating
constant according to the rules of 6.4.4.2, except that it is not a hexadecimal floating number, that the
decimal-point character is used in place of a period, and that if neither an exponent part nor a decimal-point
character appears in a decimal floating point number, an exponent part of the appropriate type with value zero
is assumed to follow the last digit in the string. If the subject sequence begins with a minus sign, the sequence
is interpreted as negated. A character sequence | NF or | NFI NI TY is interpreted as an infinity. A character
sequence NAN or NAN(d-char-sequence,y), is interpreted as a quiet NaN; the meaning of the d-char
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