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Foreword

ISO (the International Organization for Standardization) and IEC (the Inter-
national Electrotechnical Commission) form the specialized system for
worldwide standardization. National bodies that are members of ISO or IEC
participate in the development of Internat|onal Standards through techmcal
committees psts
lar fields of tpchnical activity. ISO and IEC techmcal comm|ttees collaborate
in fields of mutual interest. Other international organizations, governmental
and non-governmental, in liaison with 1ISO and IEC, also take part in the
work.

In the field gf information technology, ISO and IEC have established a joint
technical committee, ISO/IEC JTC 1.

The main fask of technical committees is to prepare International
Standards, but in exceptional circumstances a technical committee may
propose the [publication of a Technical Report of one of the following types:

type 1, when the required support cannot be obtained for the publi-
cation of an International Standard, despite repeated efforts;

type 2,
for any
an agre

hen the subject is still under technical development of where
pbther reason there is the future but not immediate possibility of
ment on an International Standard;

— type 3, when a technical committee has collected d&ta-of a different
kind from that which is normally published as an International Standard
(“state gf the art”, for example).

Technical R
of publicatio
Standards.

pports of types 1 and 2 are subject to. review within three years
N, to decide whether they can be transformed into International
Fechnical Reports of type 3 do.not necessarily have to be

reviewed uniil the data they provide are considered to be no longer valid or
useful.
ISO/IEC TR|15580, which is a Technical Report of type 2, was prepared by

Joint Techn
committee S
software intg

This Technig
Fortran, spe

It is the inte

cal Committee ISO/IEC JTC 1, Information technology, Sub-
C 22, Programming languages, their environments and system
Priaces.

al Report'specifies an extension of the programming language
Cified by~ISO/IEC 1539-1:1997.

ntien of ISO/IEC JTC 1/SC 22 that the semantics and syntax

described in

tlllS echmicat REPUIL 9] IIILUIPUId.lEU T theextrevisionmof

ISO/IEC 1539-1:1997 exactly as they are specified here unless experience
in the implementation and use of this feature has identified any errors
which need to be corrected, or changes are required in order to achieve
proper integration, in which case every reasonable effort will be made to
minimize the impact of such integration changes on existing commercial
implementations.
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| ntr oduction

Exception handling is required for the development of robust and efficient numerical software. In particular, it
is necessary in order to be able to write portable scientific libraries. In numerical Fortran programming, current

practice

isto employ whatever exception handling mechanisms are provided by the system/vendor. Thisclearly

inhibits the production of fully portable numerical libraries and programs. It is particularly frustrating now that

|EEE ari
IEC 559

thmetic (specified by IEEE 754-1985 Sandard for binary floating-point arithmetic, also published as
:1989, Binary floating-point arithmetic for microprocessor systems) is so widely used, since built into

it are the five conditions. overflow, invalid, divide-by-zero, underflow, and inexact. Our aim is to provide

We hav
element
This prg
® | H
pre

@ | H
prq

pre

® | B
are

support £UI these-conditions:

taken the opportunity to provide support for other aspects of the IEEE standard throdgh|a set of
functions that are applicable only to |IEEE data types.

posal involves three standard modules:

EE_EXCEPTI ONS contains a derived type, some named constants of this.type, and some simple
cedures. They allow the flags to be tested, cleared, set, saved, or restored

EE ARl THVETI C behaves as if it contained a USE statement for all .of | EEE_EXCEPTI ONS and
vides support for other IEEE features through further derived types, named constants, and simple
cedures.

EE FEATURES contains some named constants that permit'the user to indicate which |EEH features
essentia in the application. Some processors may exectie more slowly when certain feafures are

requested.
To facﬁ:l\ate maximum performance, each of the proposed functions does very little processing of arguments.

In many|cases, a processor may generate only a few inline machine code instructions rather than library calls.
In order|to alow for the maximum number of processors to provide the maximum value to users, we do not

require I[EEE conformance. A vendor with no |EEE-hardware need not provide these modules and any request
by the user for any of them with a USE statément will give a compile-time diagnostic. A vend(Ir whose

hardwarg does not fully conform with the | EEE standard may be unable to provide certain features. In
a requegt for such a feature will give a*cempile-time diagnostic. Another possibility is that not all

his case,
flags are

supported or that the extent of support-varies according to the kind type parameter. The user must dtilize an

inquiry function to determine if he or she can count on a specific feature of the |IEEE standard.

Note thagt an implementor should avoid a macro implementation, as |EEE conformance is often contiolled by
compilef switches. A processor which offers a switch to turn off afacility should adjust the values retlirned for

these inquiries. For example, a processor which allows gradual underflow to be turned off (replaced with flush

REAL FUNCTI ON HYPOT( X, Y)
I Inrare circumstances this nay lead to the signaling of | EEE OVERFLOW
USE, INTRINSIC :: | EEE_ARI THVETI C

REAL X, Y
REAL SCALED X, SCALED_ Y, SCALED RESULT
LOG CAL, DI MENSION(2) :: FLAGS

TYPE (| EEE_FLAG TYPE), PARAMETER, DI MENSION(2) :: &
OQUT_OF_RANGE = (/ | EEE_OVERFLOW | EEE_UNDERFLOW /)
| NTRI NSI C SQRT, ABS, EXPONENT, MAX, DIG TS, SCALE
I The processor clears the flags on entry

with that

bment of

VX2+y?,
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I Try a fast algorithmfirst
HYPOT = SQRT( X**2 + Y**2 )
CALL | EEE_GET_FLAG OUT_OF_RANGE, FLAGS)
IF ( ANY(FLAGS) ) THEN
CALL | EEE_SET_FLAG OQUT_OF_RANGE, . FALSE.)
IF ( X==0.0 .OR VY==0.0 ) THEN

HYPOT = ABS(X) + ABS(Y)

ELSE | F ( 2* ABS( EXPONENT( X) - EXPONENT(Y)) > DIG TS(X)+1 ) THEN

HYPOT = MAX( ABS(X), ABS(Y) )! one of X and Y can be ignored

ELSE I scale so that ABS(X) is near 1

ISO/IEC

END
I The
END FU

An atten
time, bu
dower €
overflow

If the o
exceptio
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take adv|

But this
Fairgriey

SCALED X = SCALE( X, - EXPONENT(X) )
SCALED Y = SCALE( Y, -EXPONENT(X) )
SCALED RESULT = SQRT( SCALED X**2 + SCALED Y**2 )
HYPOT = SCALE( SCALED RESULT, EXPONENT(X) ) ! may cause ovenrfd ow
END | F
I F
br ocessor resets any flag that was signaling on entry
NCTI ON HYPOT

npt is made to evaluate this function directly in the fastest possibleway. This will work am
if an exception occurs during this fast computation, a safe but slower'way evaluates the funct
valuation may involve scaling and unscaling, and in (very rare)-extreme cases this unscaling G
(after dl, the true result might overflow if X and Y are both near the overflow limit).

erflow or underflow flag is signaling on entry, it is reéset on return by the processor, so th
hs are not 1ost.

this be accomplished without the help of an exeeption handling facility? Yes, it can — in
/e code can do the job, but of courseit is much'less efficient. That's the point. The HYPOT fu

DSt every
on. This
an cause

it earlier

fact, the
nction is

n this respect, in that the normal and alternative codes try to accomplish the same task. This is not

ne case. Infact, it very often happens that\the alternative code concentrates on handling the exc
0 is not able to handle al of the non-exceptional cases. When this happens, a program whig
antage of hardware flags could have a structure like the following:

f (inthe first exceptional region ) then

handl e this case
bl se if ( in the seeond exceptional region ) then
handl e this_tase

p| se
executeMt he normal code
end

is notzonly inefficient, it also inverts the logic of the computation. For other examples, s
eand'Tang (1994) and Demmel and Li (1994).

beptional
h cannot

bee Hull,

The co

€ for the HYPOT function can be generalized 1N an obvious way 10 compute the Euctd

norm,

VXZ+xZ+...+x2 of an n-vector; the generdization of the aternative code is not so obvious (though
straightforward) and will be much slower relative to the normal code than is the case with the HYPOT function.

In connection with reliable computation, there is a need for intrinsic conditions further to those of the IEEE

floating-

point standard. Examples are:

® | NSUFFI Cl ENT_STORAGE for when the processor is unable to find sufficient storage to continue
execution.

® | NTEGER OVERFLOWand | NTEGER DI VI DE_BY_ZEROfor when an intrinsic integer operation has
avery large result or has a zero denominator.
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® | NTRI NSI Cfor when an intrinsic procedure has been unsuccessful.
® SYSTEM ERROR for when a system error occurs.
This proposal has been designed to allow such enhancements in the future.
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Clause 4
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1.2 Ngrmativereferences

Ing-point exception handling

ener al

bpe

chnical Report specifies an extension\of the programming language Fortran, specifieg
pnal standard |SO/IEC 1539-1:1997. lts'main aim is to provide support for the five exceptio
Indard for floating-point arithmetic, but it also provides support for other features of the IEEE

bsor is permitted to provide partial’ support and there are facilities for enquiring about which
prted or requiring support of ccertain features.

of this Technical Report eontains atechnical description of the features. It provides an over
include all the fine details. Clause 3 contains the editorial changes to the standard and thereby
bte definition.

by the
ns of the
standard.
features

iew and
provides

Thefoll
Technical

pwing-standards contain provisions which, through referencesin thls text, constitute prowsro

do not apply. However partr%to agreements based on thrsTechnlcaI Report are encouraged to mvestr gate the
possibility of applying the most recent editions of the normative documents indicated below. For undated
references, the latest edition of the normative document referred applies. Members of IEC and 1SO maintain
registers of currently valid International Standards.

ISO/IEC 1539-1:1997, Information technology — Programming Languages — Fortran — Part 1. Base language.

IEC 559:1989, Binary floating-point arithmetic for microprocessor systems.

Since IEC 559:1989 was originally |EEE 754-1985 Sandard for binary floating-point arithmetic, and iswidely
known by this name, we refer to it as the | EEE standard in this Technical Report.
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2 Technical specification

2.1 The modd

This proposal is based on the IEEE model with flags for the floating-point exceptions (invalid, overflow,
divide-by-zero, underflow, inexact), a flag for the rounding mode (nearest, up, down, to-zero), and flags for
whether halting occurs following exceptions. It is not necessary for the hardware to have any such flags (they
may be simulated by software) or for it to support al the modes. Inquiry procedures are available to alow a
program to determine the extent of support. Inquiries are in terms of reals, but the same level of support is

ISO/IEC

provided

Some h
faster wi
moduleq
overflow
containg
| EEE H
intheap
derived

of proce

22 TH

for the corresponding complex kind.

dware may be able to provide no support of these features or only partial support. IDmay
th compiled code that does not support all the features. This proposal therefore involvesthree
| EEE_EXCEPTI ONS is for the exceptions and the minimum requirement jis/for the sU
and divide-by-zero for all kinds of real and complex data. | EEE_ARI THVEFI C behave
d a USE statement for all of | EEE_EXCEPTI ONS and provides support for other IEEE
EATURES contains some hamed constants that permit the user to indicate which features are

ypes (subclause 2.3), named constants to control the level of suppert(subclause 2.4), and a ¢
fures (subclauses 2.5 to 2.10). None of the procedures is permitted as an actual argument.

e USE statement for an intrinsic module

execute
intrinsic
pport of
5 as if it
features.
essential

plication. A program isrequired to fail if arequested feature is not available. The modules contain five

pllection

New syntax on the USE statement provides control over whether it is intended to access an intrinsic module:

or not:

Thel NI

the proc

23 Th

The module | EEE_EXCERTI-ONS contains the derived types:

® | B

named constants defined in  the module: | EEE | NVALID, | EEE OVH

| B

USE, INTRINSIC :: | EEE_ARI THMVETLC

USE, NON INTRINSIC :: MY_| EEE ARI THVETI C
'Rl NSI C statement is not extended. Far-the old form:

USE | EEE_ARI THVETI C

bssor |ooks first for a non-intrinsie’module.

e derived types and data objects

EE FLAG TYRE) for identifying a particular exception flag. Its only possible values are

EEE_USUAL = (/| EEE_OVERFLOW | EEE_DI VI DE_BY_ZERO, | EEE_| NVALI DY)

angl

those of
FRFLOW

EE_ DI VIFDE_BY_ZERO, | EEE_UNDERFLOW and | EEE_| NEXACT. The modules also containsthe
named array constants

| EEE_ALL = (/| EEE_USUAL, | EEE_UNDERFLOW | EEE_| NEXACT/)

® | EEE_STATUS_TYPE, for saving the current floating point status.
The module | EEE_ARI THMETI C contains the derived types:
® | EEE_CLASS_TYPE, for identifying a class of floating-point values. Its only possible values are those

of

named constants defined in the module:

| EEE_SI GNALI NG_NAN, | EEE_QUI ET_NAN, | EEE_NEGATI VE_| NF,
| EEE_NEGATI VE_NORMAL, | EEE_NEGATI VE_DENORMAL, | EEE_NEGATI VE_ZEROQ,
| EEE_PCSI Tl VE_ZERO, | EEE_POSI TI VE_DENORMAL, | EEE_POSI TI VE_NORMAL, and
| EEE_PCSI TI VE_I NF.
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® | EEE ROUND TYPE, for identifying a particular rounding mode. Its only possible values are those of
named constants defined in the module: | EEE_NEAREST, | EEE TO ZERO, | EEE UP, and
| EEE_DOWN for the IEEE modes; and | EEE_OTHER for any other mode.

The module | EEE_FEATURES contains the derived type:

® | EEE_FEATURES_TYPE, for expressing the need for particular |EEE features. Its only possible values
are those of named constants defined in the module: | EEE_DATATYPE, | EEE_DENORMAL,
| EEE_DI VI DE, | EEE_HALTI NG, | EEE_| NEXACT_FLAG, | EEE_I NF, | EEE_| NVALI D_FLAG
| EEE_NAN, | EEE_ROUNDI NG, | EEE_SQRT, and | EEE_UNDERFLOW FLAG

24 Theleve of support

When || EEE_EXCEPTIONS or | EEE ARI THVETIC is accessible, | EEE ©VERFLOQW and
| EEE_DD VI DE_BY_ZERO are supported in the scoping unit for all kinds of real and .complex datg&. Which
other exgeptions are supported may be determined by the function | EEE_SUPPORTVFLAG, see qubclause
2.6. Whether control of halting is supported may be determined by the function | EEE_SUPPORT_HAL TI NG.

The extegnt of support of the other exceptions may be influenced by the accessibility of the named g¢onstants
| EEE_I|INEXACT_FLAG | EEE | NVALI D_FLAG and | EEE_UNDERELOW FLAG of the| module
| EEE_REATURES. If a scoping unit has access to | EEE_ UNDERFLOWFLAG of | EEE_FEATURES, the
scoping unit must support underflow and return true from | EEE_ SUPPORT _FLAG | EEE UNDERFLOW X)

for at lepst one kind of real. Similarly, if | EEE_| NEXACT_FLAGOrFEEE_| NVALI D_FLAG is aqcessible,
the scop|ng unit must support the exception and return true from the corresponding inquiry for at least pne kind
of real. Also, if | EEE_HALTI NGis accessible, the scoping unitnust support control of halting and return true
from | HEE SUPPORT_HALTI N& FLAG) for the flag.

If a scoping unit does not access | EEE_EXCEPTI ONSor | EEE_ARI THVETI C, the level of slipport is
processqr dependent, and need not include support far,any exceptions. If aflag is signaling on entry {o such a
scoping unit, the processor ensures that it is signaling on exit. If aflagis quiet on entry to such a scoging unit,
whether|it is signaling on exit is processor dependent.

For processors with IEEE arithmetic,~further 1EEE support is available through the [ module
| EEE_ARI THVETI C. The extent of suppert may be influenced by the accessibility of the named constants of
the modlle | EEE_FEATURES. If a scoping unit has accessto | EEE_DATATYPE of | EEE_FEATURES, the
scoping [unit must support |EEE arithmetic and return true from | EEE_ SUPPORT _DATATYPE([X) (see
subclauge 2.6) for at least one kind of real. Similarly, if | EEE_DENORMAL, | EEE_DI VI DE, | EEE_| NF,
| EEE_NAN, | EEE_ROUNDENG, or | EEE_SQRT is accessible, the scoping unit must support the fegture and
return tfue from the corresponding inquiry function for at least one kind of real. In the|case of
| EEE NDI NG, itvmust return true for all the rounding modes | EEE_NEAREST, | EEE_TQ ZERO,
| EEE_UP, and | EEE* DOMN.

Executign may-be’slowed on some processors by the support of some features. If | EEE_EXCEPT| ONS or
| EEE_ARL THVETI Cis accessed but | EEE_FEATURES is not accessed, the vendor is free to chooge which
subset tg support. The processor’s fullest support is provided when all of | EEE FEATURES is accessed:

USE | EEE_ARI THVETI C; USE | EEE_FEATURES

but execution may then be slowed by the presence of a feature that is not needed. In all cases, the extent of
support may be determined by the inquiry functions of subclause 2.6.

If aflag issignaling on entry to a procedure, the processor will set it to quiet on entry and restore it to signaling
on return.

If aflagis quiet on entry to a procedure with accessto | EEE_EXCEPTI ONS or | EEE_ARI THVETI Cand is
signaling on return, the processor will not restore it to quiet.

In a procedure, the processor ensures that the flags for halting have the same values on return as on entry.
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In a procedure, the processor ensures that the flags for rounding have the same values on return as on entry.

2.5 The exception flags
The flags are initially quiet and signal when an exception occurs. The value of a flag is determined by the

el ement

a subroutine
| EEE_GET_FLAG ( FLAG FLAG_VALUE)

where FLAGIs of type | EEE_FLAG _TYPE and FLAG_VALUE is of type default LOG CAL. Being elemental

alows

arrav of flaa valiiac ta ha obtainad at onca-and-obviates thanead far o lict of flaac
-aH —H VartHeSto-0e Het—a-EHce-aRt-OVateStHe-Heea+oa+HS—BHHags:

Flag va

An exception must not signal if this could arise only during execution of a process furtherto those reg
permittefd by the standard. For example, the statement

must not signal | EEE_DI VI DE_BY_ZEROwhen both F( X) and Z are zero 'and the statement

must nof signal | EEE_DI VI DE_BY_ZERO. On the other hand, whén-X has the value 1.0 and Y has{

0.0, the

is permifted to cause the signaling of | EEE_DI VI DE_BY:\ ZERO.

2.6 Inquiry functionsfor the features supported

The mo

® | HEE SUPPORT_FLAG FLAG , X] ) Trueif the processor supports an exception flag for all
absgent) or for reals of the same kind type parameter as the argument X.

® | HEE SUPPORT_HALTI N&CFLAG True if the processor supports the ability to contrg

pr
The mo

® | HEE SUPPORT ‘DATATYPE([ X] ) True if the processor supports |IEEE arithmetic for all

absent) or for réals of the same kind type parameter as the argument X. Here support means empl
FE data format and performing the operations of +, —, and * as in the IEEE standard whenever the
opgrandssand result all have normal values.

©® | HEE. . SUPPORT_DENORMAL( [ X] ) True if the processor supports the |EEE denormalized

|El

3y
les may be assigned by the elemental subroutine
| EEE_SET_FLAG ( FLAG FLAG_VALUE)

IF (F(X)>0.0) Y = 1.0/Z

WHERE( A>0.0) A = 1.0/A

bXpression
X>0.00001 . OR X/ Y>0. 00001

dule | EEE_EXCEPTI ONS contains the following inquiry functions:

]:gram execution whether 1o abort or continue execution after an exception.
ule | EEE_ARI THVETI C contains the following inquiry functions:

uired or

he value

reas (X

| during

reals (X
pying an

numbers

foraf reats(Xabsent) or for reats of thesame kimdtype parameter as theargurment X

® | EEE SUPPORT DI VI DE([ X]) Trueif the processor supports divide with the accuracy specified by
the |EEE standard for all reals (X absent) or for reals of the same kind type parameter as the argument X.

® | EEE SUPPORT | NF([ X]) True if the processor supports the |EEE infinity facility for all reals (X
absent) or for reals of the same kind type parameter as the argument X.

® | EEE_SUPPORT_NAN([ X] ) True if the processor supports the IEEE Not-A-Number facility for all
reals (X absent) or for reals of the same kind type parameter as the argument X.

® | EEE SUPPORT_ROUNDI NG ROUND _VALUE[ , X] ) True if the processor supports a particular
rounding mode for all reals (X absent) or for reals of the same kind type parameter as the argument X.
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CALL | EEE_SET_ROUNDI NG_MODE( ROUND_VALUE)

1998(E)

® | EEE_SUPPORT_SQRT([ X] ) Trueif the processor supports |EEE sguare root for all reals (X absent)

or

for reals of the same kind type parameter as the argument X.

® | EEE SUPPORT_STANDARD( [ X] ) True if the processor supports all the IEEE facilities defined in
this Technical Report for all reals (X absent) or for reals of the same kind type parameter as the argument

2.7

X.

El

bmental functions

The moglule | EEE_ARI THVETI C contains the following elemental functions for reals X'and Y f
| EEE_SUPPORT_DATATYPE( X) and | EEE_SUPPORT_DATATYPE( Y) are true:

® | HEE CLASS( X) Returnsthe IEEE class (see subclause 2.3 for the possible values).
| HEE_COPY_SI GN( X, Y) IEEE copysign function, that is X with the sign'of Y.

(=

| HEE_NEGATI VE_NORNAL, | EEE_NEGATI VE_DENORNAL, I'EEE_NEGATI VE_ZERQ,
| HEE_POSI Tl VE_ZERQO, | EEE_POSI TI VE_DENORNAL, I'EEE_POSI TI VE_NORMAL.

| HEE_| S_NAN( X) Trueif the value is IEEE Not-a-Number:

| HEE | S _NEGATI VE( X) Trueif the value is negative(including negative zero).

| HEE | S NORMAL( X) Trueif the value is a nertmal number.

| HEE_LOGB( X) IEEE logb function, that is{the unbiased exponent of X.

| HEE NEXT_AFTER( X, Y) Returns the next representable neighbor of X in the direction tow

| HEE_REM X, Y) ThelEEE REMunction, that is X — Y* N, where N is the integer nearest to
value X/ Y.

| B
| B
| B

| B
be

EE_RI NT( X) Round to/anrinteger value according to the current rounding mode.

EE_SCALB (X,|) Refurns 2' X.

EE VALUE(X, CLASS) Generate avalue of agiven |EEE class. The value of CLASS is per

@ ( EEE_SI GNALI NG_NAN or | EEE_QUI ET_NAN if | EEE_SUPPORT_NAN( X) has
true,

EE |'S_FI NI TE( X) IEEE finite function. Trueif | EEE_CLASS(*X) has one of the values

or which

ard Y.
he exact

EE_UNORDERED( X, Y) |EEE unordered function. Trueif X or Y isaNaN and false otherwfise.

Mmitted to

he value

® | EEE NEGATI VE_|I NF or | EEE_PCSI TI VE_I NF if | EEE_SUPPORT _I NF( X)
vaue true,

® | EEE_NEGATI VE_DENORMAL or | EEE_POSI Tl VE_DENORMAL if
| EEE_SUPPORT_DENORMAL( X) has the value true,

has the

® | EEE_NEGATI VE_NORMAL, | EEE_NEGATI VE_ZERQO, | EEE_PGCSI Tl VE_ZEROor

| EEE_POSI Tl VE_NORNVAL.

any particular X kind type parameter and CLASS value.

Although in most cases the value is processor dependent, the value does not vary between invocations for
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2.8 Elemental subroutines
The module | EEE_EXCEPTI ONS contains the following elemental subroutines:
® | EEE GET_FLAG FLAG, FLAG VALUE) Get an exception flag.

® | EEE_GET_HALTI NG_MODE( FLAG, HALTI NG Get hating mode for an exception. The initial
halting mode is processor dependent. Halting is not necessarily immediate, but normal processing does
not continue.

® | EEE SET FLAG FLAG FLAG VALUE) Set an exception flag.

® | B

29 N:Ln-elemental subroutines

The mo
® | B

ule | EEE_EXCEPTI ONS contains the following non-elemental subroutines:

current state of the floating point environment. STATUS VALUE is of typel"EEE_STATUS T

® | B
sta

ty
The mo

EE_SET_STATUS( STATUS_VALUE) Restore the values of the set.of flags that define th
fe of the floating point environment (usually the floating point statustegister). STATUS VAL
e | EEE_STATUS_TYPE and has been set by acal of | EEE-GET_STATUS.

ule | EEE_ARI THVETI C contains the following non-elemental subroutines:

® | HEE GET_ROUNDI NG_MODE( ROUND _VALUE) Getl the current IEEE rounding
RQUND_VAL UE is of type | EEE_ROUND_TYPE.
® | HEE SET ROUNDI NG MODE( ROUND VALUE)y Set the current |EEE rounding
RAQUND_VALUE is of type | EEE_ROUND_TYPE. If this is
| HEE_SUPPORT_ROUNDI NG ROUND_VALUE, X) must be true for any X su
| HEE_SUPPORT_DATATYPE( X) istrue:
2.10 Transformational function
The module | EEE_ARI THMETI €'¢ontains the following transformational function:
® | HEE SELECTED REAL -KIND([P,][R]) As for SELECTED REAL_KI ND but gives
kind.

ISO/IEC

EE_SET_HALTI NG_MODE{ FCAG, HALCTI NGJ CONtrors Continuation or halting on exceptions.

EE GET_STATUS( STATUS VALUE) Get the current values of the set of flags that dgfine the

YPE.

P current

UE is of

mode.

mode.
invoked,
ch  that

on |EEE
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3 Editstothe standard (1SO/IEC 1539-1:1997)

Xvi/16. Add ‘A module may be intrinsic (defined by the standard) or nonintrinsic (defined by Fortran code).’
19/6. After ‘procedures,” add ‘modules,’.

131/33. Add: ‘If any exception (15) is signaling, the processor shall issue awarning on the unit identified by *
in a\VRI TE statement, indicating which exceptions are signaling.’.

186/17. Add ‘An intrinsic module is defined by the standard. A nonintrinsic module is defined by Fortran
code’

187/22-F3. Change 1o

RY107 use-stmt is USE[ [, module-nature] :: ] module-name [, rename-list]
or USE [ [, module-nature] :: ] module-name, ONLY': [only-list]

RI107a module-nature is INTRINSIC
or NON_INTRINSIC

Cdnstraint: If module-nature is INTRINSIC, module-name shall be the name'oef an intrinsic moglule.

Canstraint: If module-nature is NON_INTRINSIC, module-name shall-be the name of a nonintrinsic
madule.

187/31+ Add ‘A use-stmt without a module-nature provides access.€ither to an intrinsic or to a nomi ntrinsic
mqdule. If the module-name is the name of both an intrinsic,and a nonintrinsic module, the nonintrinsic
mqdule is accessed.”’

228/36. Change ‘.’ to *, unlessthe intrinsic module IEEE_ARITHMETIC (clause 15) is accessible andl thereis
support for an infinite or a NaN result, as appropriate. If an infinite result is returned, |the flag
IEEE_ OVERFLOW or IEEE DIVIDE BY_ZERO shal signal; if a NaN result is returned,|the flag
IEEE_INVALID shall signal. If all results arenormal, these flags must have the same status as yvhen the
intrinsic procedure was invoked.’

292+. Afd

15. Intrinsic modules for_support of exceptions and | EEE arithmetic

The mddules IEEE EXCEPTIONS;” IEEE ARITHMETIC, and |IEEE FEATURES provide sugport for
exceptions and |EEE arithmetic. Whether the modules are provided is processor dependent. If thg module
IEEE_FEATURES s provided, which of the named constants defined by this standard are included is grocessor
dependent. The module IEEE_ARITHMETIC behaves as if it contained a USE statempent for
IEEE_EKXCEPTIONS:

When |IEEE_EXCEPTIONS or IEEE_ ARITHMETIC is accessible, |IEEE_OVERFLOW and
IEEE DJVIDEBY_ ZERO are supported in the scoping unit for al kinds of real and complex datg. Which
other exceptions are supported may be determined by the function IEEE_SUPPORT_FLAG, see qubclause
15.9, d< whether control of halting is supported may be determined by the [function
|EEE . ] . The exient of support of the other exceptions may be inifuenced by the
accessibility of the named constants IEEE INEXACT FLAG, |EEE INVALID FLAG, and
IEEE_ UNDERFLOW _FLAG of the module IEEE FEATURES. If a scoping unit has access to
IEEE_ UNDERFLOW _FLAG of IEEE_FEATURES, the scoping unit must support underflow and return true
from |EEE_SUPPORT_FLAG(IEEE_UNDERFLOW, X) for at least one kind of real. Similarly, if
IEEE_INEXACT_FLAG or IEEE_INVALID_FLAG isaccessible, the scoping unit must support the exception
and return true from the corresponding inquiry for at least one kind of real. Also, if IEEE_HALTING is
accessible, the scoping wunit must support control of halting and return true from
IEEE_SUPPORT_HALTING(FLAG) for the flag.

If a scoping unit does not access IEEE_EXCEPTIONS or IEEE_ARITHMETIC, the level of support is
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processor dependent, and need not include support for any exceptions. If aflag is signaling on entry to such a
scoping unit, the processor ensures that it is signaling on exit. If aflag is quiet on entry to such a scoping unit,
whether it is signaling on exit is processor dependent.

For processors with |IEEE arithmetic, further IEEE support is available through the module
IEEE_ARITHMETIC. The extent of support may be influenced by the accessibility of the named constants of
the module IEEE_FEATURES. If a scoping unit has access to IEEE_DATATY PE of IEEE_FEATURES, the
scoping unit must support IEEE arithmetic and return true from IEEE SUPPORT_DATATYPE(X) (see
subclause 15.9) for at least one kind of real. Similarly, if IEEE DENORMAL, |IEEE_DIVIDE, IEEE_INF,
IEEE_NAN, IEEE ROUNDING, or IEEE SOQRT is accessible, the scoping unit must support the feature and
return tfue from the corresponding inquiry function for at least one kind of real. In the|case of
IEEE_RPUNDING, it must return true for al the rounding modes IEEE_NEAREST, |IEEE-TQ ZERO,
IEEE_UP, and IEEE_DOWN.

Executign may be slowed on some processors by the support of some features. If IEEE-EXCEPT]ONS or
IEEE_ARITHMETIC is accessed but IEEE_FEATURES is not accessed, the vendor isyfree to chooge which
subset t@ support. The processor’s fullest support is provided when all of IEEE_FEATURES is accesged:

USE | EEE_ARI THVETI C; USE | EEE_FEATURES

but exeqution may then be slowed by the presence of a feature that is not.rieeded. In all cases, the gxtent of
support may be determined by the inquiry functions.

15.1 Derived data types defined in the module

The modules IEEE_EXCEPTIONS, IEEE_ARITHMETIC,"and |IEEE_FEATURES contain five derived types,
whose cpmponents are private. No operation is defined fer'them and only intrinsic assignment is availlable for
them.

The modlule IEEE_EXCEPTIONS contains:

® |IEEE FLAG_TYPE, for identifying a.particular exception flag. Its only possible values are|those of
named constants defined in ™ the modules: IEEE INVALID, |EEE OVERFLOW,
IEEE_DIVIDE_BY_ZERO, |IEEE "UNDERFLOW, and IEEE_INEXACT. The modules aso|contains
the array named constants
IEEE_USUAL = (/ IEEE_OVERFLOW, IEEE_DIVIDE_BY_ZERO, IEEE_INVALID /)
anfl IEEE_ALL = (/ IEEE_USUAL, IEEE_UNDERFLOW, IEEE_INEXACT /).

® |EEE_STATUS TYPE) for saving the current floating point status.
The modlule IEEE_ ARITHMETIC contains:

® |EEE_CLASS. TYPE, for identifying a class of floating-point values. Itsonly possible values arg those of
named .constants defined in the module: IEEE_SIGNALING_NAN, |EEE_QUIET_NAN,
IEEE, NEGATIVE_INF, IEEE_NEGATIVE_NORMAL, IEEE_NEGATIVE_DENORMAL,
IEEESNEGATIVE_ZERO, |[EEE_POSITIVE ZERO, |[EEE_POSITIVE DENORMAL,
IEEE_POSITIVE_NORMAL, IEEE_POSITIVE_INF.

® |[EEE ROUND _TYPE, for identifying a particular rounding mode. Its only possible values are those of
named constants defined in the module: |EEE_NEAREST, IEEE TO ZERO, I|EEE_UP, and
IEEE_DOWN for the IEEE modes; and IEEE_OTHER for any other mode.

The module IEEE_FEATURES contains:

® |EEE FEATURES TYPE, for expressing the need for particular IEEE features. Its only possible values
are those of named constants defined in the module IEEE DATATYPE, IEEE DENORMAL,
IEEE_DIVIDE, |EEE HALTING, IEEE INEXACT_FLAG, IEEE_INF, |EEE_INVALID_FLAG,
IEEE_NAN, IEEE_ROUNDING, |[EEE_SQRT, and IEEE_UNDERFLOW_FLAG.
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15.2 The exceptions
The exceptions are:

® |IEEE_OVERFLOW
This exception occurs when the result for an intrinsic real operation or assignment has an absolute value
greater than a processor-dependent limit, or the real or imaginary part of the result for an intrinsic
complex operation or assignment has an absolute value greater than a processor-dependent limit.

® |EEE DIVIDE BY_ZERO
This exception occurs when areal or complex division has a nonzero numerator and a zero denominator.

® |EEE_INVALID

This exception occurs when areal or complex operation or assignment isinvalid; examplesare SORT(X)
when X is real and has a nonzero negative value, and conversion to an integer (by assignment or an
intfinsic procedure) when the result is too large to be representable.

® |[EEE_UNDERFLOW
This exception occurs when the result for an intrinsic real operation or assignment has an absol lite value
less than a processor-dependent limit and loss of accuracy is detected, or théreal or imaginary pgrt of the
reqult for an intrinsic complex operation or assignment has an_absolute value less| than a
pracessor-dependent limit and loss of accuracy is detected.

® |[EEE INEXACT
This exception occurs when the result of areal or complex operation or assignment is not exact

Each ex¢eption has aflag whose valueis either quiet or signaling. The value may be determined by thejfunction
IEEE_GET_FLAG. Itsinitial value is quiet and it signals whenthe associated exception occurs. Its status may
also be ¢hanged by the subroutine IEEE_SET_FLAG or the'subroutine IEEE_SET_STATUS. Once ggnaling,
it remaims signaling unless set quiet by an invocation‘ofthe subroutine IEEE_SET_FLAG or the subroutine

IEEE_SET STATUS. If any exception is signaling when the program terminates, the processor shall issue a
warning|on the unit identified by * in a WRITE statement, indicating which conditions are signaling.

If aflag s signaling on entry to a procedure, theprocessor will set it to quiet on entry and restore it to $ignaling
on returi.

In a scoping unit that has access to IEEE_EXCEPTIONS or IEEE_ARITHMETIC, if an intrinsic procedure
execut normaly, the vaues~ef the flags IEEE_OVERFLOW, IEEE DIVIDE BY_ZERO, and
IEEE_INIVALID shall be as on entry to the procedure, even if one or more signals during the calculgion. If a

real or gomplex result is too‘targe for the intrinsic to handle, IEEE_OVERFLOW may signal. If
signal. $imilar rules apply to the evaluation of specification expressions on entry to a procedure, tp format
processipg, and to iftrinsic operations: no signaling flag shall be set quiet and no quiet flag sh

Ngte: Animplementation may provide alternative versions of an intrinsic procedure; a practical |example
of |sdeh~alternatives might be one version suitable for a call from a scoping unit with gccess to

|E: DT ION O AR \ /] nd oano faor Aatho e
= N O vV aReo

In a sequence of statements that contains no invocations of IEEE GET FLAG, |IEEE SET FLAG,
|IEEE_GET_STATUS, IEEE_SET_HALTING, or IEEE_SET_STATUS, if the execution of a process would
cause an exception to signal but after execution of the sequence no value of a variable depends on the process,
whether the exception is signaling is processor dependent. For example, when Y has the value zero, whether
the code

X=10Y
X=3.0

signals IEEE_DIVIDE_BY_ZERO is processor dependent. Another example is the following:
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REAL, PARAMETER :: X=0.0, Y=6.0

IF (1.0/X ==Y) PRINT *,"Hello world

where the processor is permitted to discard the IF statement since the logical expression can never be true and
no value of avariable depends on it.

An exception must not signal if this could arise only during execution of a process further to those required or
permitted by the standard. For example, the statement

|F (F(X)>0.0) Y =1.0/2
must nol signal IEEE_DIVIDE_BY_ZERO when both F(X) and Z are zero and the statement
WHERE(A>0.0) A = 1.0/A

must not signal IEEE_DIVIDE _BY_ZERO. On the other hand, when X has the value 1.0@nd Y has the value
0.0, the expression

X>0. 00001 .OR. X/ Y>0.00001
is permitted to cause the signaling of IEEE_DIVIDE_BY_ZERO.

The prqcessor need not support |[EEE INVALID, IEEE UNDERFLOW, and IEEE INEXACT. If an
exception is not supported, its flag is aways quiet. The function IEEE/SUPPORT _FLAG may be used to
inquire Whether a particular flag is supported. If IEEE _INVALID'S supported, it signals in thg case of
conversipn to an integer (by assignment or an intrinsic procedure) i the result is too large to be representable.

15.3 The rounding modes
|EEE 794-1985 (also |EC 559:1989) specifies four raunding modes:
® |EEE_NEAREST rounds the exact result to,the nearest representable value.
® |EEE TO ZERO rounds the exact result towards zero to the next representable value.
® |EEE_UP rounds the exact result towards +infinity to the next representable value.
® |EEE_DOWN rounds the exact result towards —infinity to the next representable value.

The fungtion IEEE_GET_ROUNDING_MODE may be used to inquire which rounding mode is in operation.
Itsvalug is one of the abovefour or IEEE_OTHER if the rounding mode does not conform to |EEE 754-1985.

If the [processor supports the alteration of the rounding mode during execution, the sybroutine
IEEE_SET_ROUNDING_MODE may be used to ater it. The function IEEE_SUPPORT_ROUNDING may
be used fo inquirewhether this facility is available for a particular mode.

In a progedurerother than IEEE_SET ROUNDING_MODE, the processor shall not change the rounding mode
on entry} and-en return shall ensure that the rounding mode is the same as it was on entry.

Note. Withimmarprogram, atttitera constants that have thesame formmhave the same vatue (4-1.2) Therefore,
the value of aliteral constant is not affected by the rounding mode.

15.4 Halting

Some processors alow control during program execution of whether to abort or continue execution after an
exception. Such control is exercised by invocation of the subroutine IEEE_SET _HALTING_MODE. Halting is
not preciss and may occur any time after the exception has occurred. The function
IEEE_SUPPORT_HALTING may be used to inquire whether thisfacility is available. The initial halting mode
iS processor dependent.

10
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In a procedure other than IEEE_SET _HALTING_MODE, the processor shall not change the halting mode on
entry, and on return shall ensure that the halting mode is the same as it was on entry.

15.5 Thefloating point status

The values of al the supported flags for exceptions, rounding mode, and halting may be saved in a scalar

variable of type TYPE(IEEE_STATUS_TY PE) with the function IEEE_GET_STATUS and restored with the
subroutipel EEE SET_STATUS There are no facilities for findi ng the vvalues of p:\rfir‘l lar flag: held within

such avpriable.

Ngte. Some processors hold all these flagsin afloating point status register that can be saved and restored
as pwhole much faster than al individual flags can be saved and restored. These procedures are provided
to pxploit this feature.

15.6 Exceptional values
|EEE 754-1985 specifies the following exceptional floating point values:
® Danormalized values have very small absolute values and lowered precision.
@ Inflinite values (+Inf and —Inf) are created by overflow erdivision by zero.
® Nat-a-Number (NaN) values are undefined values orwvalues created by an invalid operation.

The functions IEEE IS FINITE, IEEE IS NAN,zlEEE IS NEGATIVE, and IEEE_ IS NORMAL are
provided to test whether avalue isfinite, NaN, negative, or normal. The function IEEE_VALUE is provided to
generatd an |EEE number of any class; including an infinity or a NaN. The flunctions
IEEE_SUPPORT_DENORMAL, |[EEE."SUPPORT_DIVIDE, |[EEE_SUPPORT _INF, and
IEEE_SUPPORT_NAN may be used to.inguire whether this facility is available for a particular kind|of real.

15.7 IREE arithmetic

The fungtion |IEEE_SUPPORT_DATATY PE may be used to inquire whether IEEE arithmetic is availgble for a

particular kind of realy*Complete conformance with the IEEE standard is not required, but the noymalized

numberg must be-exactly those of IEEE single or |EEE double; the arithmetic operators must be impllemented

with at !Eas one.of the IEEE rounding modes; and the functions copysign, scalb, logb, nextafter, REM, and
X

unorderéd ,must be provided by the functions IEEE COPY_SIGN, IEEE SCALB, |EEH LOGB,
IEEE_NEXT AFTER, IEEE REM, and |IEEE_ UNORDERED. The inquiry function
IEEE_SUPPORT_DIVIDE is provided to inquire whether the processor supports divide with the accuracy
specified by the IEEE standard. For each of the other arithmetic operators and for each implemented |IEEE
rounding mode, the result shall be as specified in the | EEE standard whenever the operands and | EEE result are
normalized.

IEEE 754-1985 specifies a square root function that returns —0.0 for the square root of —0.0. The function
IEEE_SUPPORT_SQRT may be used to inquire whether SQRT is implemented in accord with the IEEE
standard for a particular kind of real.

The inquiry function IEEE_SUPPORT_STANDARD is provided to inquire whether the processor supports all
the |EEE facilities defined in this standard for a particular kind of real.

11
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15.8 Tables of the procedures

In this subclause, the procedures are tabulated with the names of their arguments and a short description.

15.8.1 Inquiry functions

The module |IEEE_EXCEPTIONS contains the following inquiry functions:
IEEE_SUPPORT_FLAG(FLAG [, X]) Inquire if the processor supports an exception.

158.2 E

The moglule IEEE_ARITHMETIC contains the following elemental functions for reals X and Y f
IEEE_S|
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FE_ SUPPORT_HALTING(FLAG) Inquire 1t the processor supports control of halting
Ception.

e module IEEE_ARITHMETIC contains the following inquiry functions:
FE_SUPPORT_DATATYPE([X]) Inquire if the processor supports | EEE arithmetic.
FE SUPPORT_DENORMAL([X]) Inquire if the processor supports denormalized numbers.

FE SUPPORT _DIVIDE([X]) Inquire if the processor supports divide-with the accuracy spe
|EEE standard.

EE SUPPORT _INF([X]) Inquire if processor supports the |EEE infinity.
FE SUPPORT_NAN([X]) Inquire if processor supports the IEEE Not-A-Number.

FE_SUPPORT_SQRT([X]) Inquire if the processor supports | EEE sguare root.
FE SUPPORT_STANDARD([X]) Inquire ifprocessor supports all |EEE facilities.

lemental functions

JPPORT_DATATY PE(X)-and IEEE_SUPPORT_DATATY PE(Y) are true:
FE_CLASS(X) |EEE ¢lass.

FE_COPY_SIGN(X)Y) |EEE copysign function.

FE IS FINITE(X) Determine if value isfinite.

FE IS NAN(X) Determine if value is IEEE Not-a-Number.
FE_|S;NORMAL (X) Whether avalueisnormal, that is, neither an Infinity, aNaN, nor denor

ISO/IEC

after an

cified by

FE_SUPPORT_ROUNDING(ROUND_VALUE [, X}) Inquire if processor supports a particular
rodinding mode.

br which

malized.

|El

EE [ OGB(X) Unbiased exponent in the |EEE floating point format

IEEE_NEXT_AFTER(X,Y) Returns the next representable neighbor of X in the direction toward Y.
IEEE_REM(X,Y) The IEEE REM function, that is X — Y*N, where N is the integer nearest to the exact

va

ue X/Y.

IEEE_RINT(X) Round to an integer value according to the current rounding mode.
IEEE_SCALB(X,!) Returns 2' X.

IEEE_UNORDERED(X,Y) IEEE unordered function. True if X or Y isaNaN and false otherwise.
IEEE_VALUE(X, CLASS) Generate an |EEE value.


https://iecnorm.com/api/?name=8790cc90efdfeddc4f4fd916c31e65e6

O ISO/NEC | SO/IEC 15580: 1998(E)

15.8.3 Kind function
The module IEEE_ARITHMETIC contains the following transformational function:

® |EEE SELECTED REAL_KIND ([P][R]) Kind type parameter value for an IEEE rea with given
precision and range.

15.8.4 Elemental subroutines
The module |IEEE EXCEPTIONS contains the following elemental subroutines:
® |IEFE_GET_FLAG(FLAG,FLAG_VALUE) Get an exception flag.
® |EEE_GET_HALTING_MODE(FLAG, HALTING) Get halting mode for an exception.
® IEFE_SET FLAG(FLAG,FLAG_VALUE) Set an exception flag.
® |EEE_SET HALTING_MODE(FLAG,HALTING) Controls continuation or halting on exceptigns.

15.8.5 Non-elemental subroutines

The modlule IEEE_EXCEPTIONS contains the following non-elemental-subroutines:
® |EEE GET STATUS(STATUS VALUE) Get the current stateof the floating point environmer.
® |EEE_SET_STATUS(STATUS VALUE) Restore the stateof the floating point environment.

The mogule IEEE_ARITHMETIC contains the following:non-elemental subroutines:
® |IEFE_GET_ROUNDING_MODE(ROUND_VALUE) Get the current |EEE rounding mode.
® |EEE SET ROUNDING MODE(ROUND_VALUE) Set the current |EEE rounding mode.

15.9 Specifications of the procedures

15.9.1 1EEE_CLASS (X)
Ddscription. |EEE class function.
Clgss. Elementat-function.
Arjgument.; X shall be of type real and such that IEEE_SUPPORT_DATATY PE(X) has the valuie true.
Rgsult'‘Characteristics. TYPE(IEEE_CLASS TYPE).

Resuit Value, The Tesuit vatue is one of T TEEE_SIGNALTNG_NAN, TEEE_QUIET _NAN;,
IEEE_NEGATIVE_INF, IEEE NEGATIVE NORMAL, IEEE_NEGATIVE DENORMAL,
IEEE_NEGATIVE ZERO, IEEE POSITIVE ZERO, IEEE POSITIVE DENORMAL,
IEEE_POSITIVE_NORMAL, IEEE_POSITIVE_INF. Neither of the values IEEE_SIGNALING_NAN
and IEEE_QUIET_NAN shall be returned unless IEEE_ SUPPORT_NAN(X) has the value true.

Neither of the values IEEE_NEGATIVE_INF and IEEE_POSITIVE_INF shal be returned unless
IEEE_SUPPORT _INF(X) has the value true. Neither of the values IEEE_NEGATIVE_DENORMAL
and IEEE_POSITIVE_DENORMAL shall be returned unless IEEE_SUPPORT_DENORMAL(X) has
the value true.

Example. IEEE_CLASS(-1.0) has the value IEEE_NEGATIVE_NORMAL.

13
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15.9.2 IEEE_COPY_SIGN (X, Y)

1593 IEEE_GET_FLAG (FLAG, FLAG_VALUE)

1594 IEEE_GET_HALTING_MODE(FLAG, HALTING)

14

Description. |IEEE copysign function.
Class. Elemental function.

Arguments. The arguments shall be of type real and such that both IEEE_SUPPORT_DATATY PE(X)
and |IEEE_SUPPORT_DATATY PE(Y) have the value true.

Result Characteristics. Same as X.

Result Value. The result has the value of X with the sign of Y. Thisistrue even for |EEE specia values,
sughrasNaNammf{orprocessors supportmg sachrvaoess)————————————
Examples. The value of IEEE_COPY _SIGN(X,1.0) is ABS(X) even when X is NaN.

Dascription. Get an exception flag.
Clgss. Elemental subroutine.
Arjguments.

FLIAG shall be of type TYPE(IEEE FLAG_TYPE). It is an INTENT(IN) argument and spegifies the
| EEE flag to be obtained.

FLUAG_VALUE shall be of type default logical. Itisan INTENT(OUT) argument. If thevalue of FLAG is
IEEE_INVALID, |IEEE_OVERFLOW, IEEE_DWIDE_BY_ZERO, |IEEE_UNDERFLOW, or
IEEE_INEXACT, the result value is true if the corresponding exception flag is signalipg and is
false otherwise.

E>1amp|e. Following CALL IEEE_GET_FLAG(IEEE_OVERFLOW,FLAG_VALUE), FLAG_VALUE
isfrueif the overflow flag is signaling and isfalse if it is quiet.

Dascription. Get halting mode for an exception.
Clgss. Elemental subroutine:
Arjguments.

FLAG shall be oftype TYPE(IEEE FLAG _TYPE). It is an INTENT(IN) argument and spegifies the
IEEE flag. It shall have one of the values |EEE_INVALID, IEEE_OVERFLOW,
IEEECDIVIDE _BY_ZERO, IEEE_UNDERFLOW, and IEEE_INEXACT.

HALTING shall be scalar and of type default logical. It is of INTENT(OUT). The value is true if the
exception specified by FLAG will cause halting. Otherwise, the value is false.

Example. To store the halting mode for overflow, do a calculation without halting, and restore the halting
mode later:

USE, INTRINSIC :: | EEE_ARI THVETI C
LOG CAL HALTI NG

CALL | EEE_GET_HALTI NG_MODE( | EEE_OVERFLOW HALTING) ! Store halting node
CALL | EEE_SET_HALTI NG_MODE( | EEE_OVERFLOW . FALSE.) ! No halting

I calculation w thout halting
CALL | EEE_SET_HALTI NG_MODE( | EEE_OVERFLOW HALTING) ! Restore halti ng node

Notes: Theinitial halting mode is processor dependent. Halting is not precise and may occur some
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time after the exception has occurred.

15.95 |EEE_GET_ROUNDING_MODE (ROUND_VALUE)
Description. Get the current IEEE rounding mode.

Class. Subroutine.

1998(E)

t is an

ion and

ounding

Argument. ROUND_VALUE shal be scalar of type TYPE(IEEE_ROUND_TYPE). |
INTENT(OUT) argument and returns the floating point rounding mode, with value IEEE_NEAREST,
| EFE—FO—ZERO—EEE—UP—orHEEEDOWN—if—one—of theHEEE—modes—ts—n—oper
IEEE_OTHER otherwise.
Example. To store the rounding mode, do a calculation with round to nearest, and restorethe
maqde later:

USE, INTRINSIC :: | EEE _ARI THVETI C

15961

Deg
ing

Ar
IN

EX
the

TYPE( | EEE_ROUND_TYPE) ROUND_VALUE

CALL | EEE_GET_ROUNDI NG MODE( ROUND VALUE) ! Store the, roundi ng node
CALL | EEE_SET_ROUNDI NG_MODE( | EEE_NEAREST)

I calculation with round to nearest
CALL | EEE_SET ROUNDI NG MODE( ROUND VALUE) ! Reéstore the roundi ng node

Note. The result can legally be used only in an IEEEASET_ROUNDING_MODE invoc

FEE_GET_STATUS (STATUS_VALUE)

luding al the exception flags.
hss. Subroutine.

guments. STATUS VALUE shal: be scalar of type TYPE(IEEE_STATUS TYPE).
TENT(OUT) argument and returns the floating point status.

ample. To store al the exception flags, do a calculation involving exception handling, an
M |ater:

USE, | NTRINSI G- | EEE_ARI THVETI C
TYPE( | EEE_STATUS_TYPE) STATUS_VALUE

CALL | EEE-GET_STATUS( STATUS VALUE) ! Get the flags

CALL VEEE SET_FLAG(I EEE_ALL,.FALSE.) ! Set the flags quiet.
. «h7cal culation involving exception handling

CALL | EEE_SET STATUS( STATUS VALUE) ! Restore the flags

gti on.

scription. Get the current values of the set ‘of flags that define the current floating poimt status,

t is an

0 restore

Nota Tharacilt can haticed onlvin an IEFEE SET STATLIS invaecation
NOte—HeFesStHit-Eah-ve-HSea-ohry—+Hdah— —Et+—o oo HNMWOEAHOH:

15.9.7 1EEE_IS FINITE (X)
Description. Whether avaueis finite.

Class. Elemental function.
Argument. X shall be of type rea and such that IEEE_SUPPORT_DATATY PE(X) has the value true.
Result Characteristics. Default logical.
Result Value. Theresult hasthe value true if the value of X isfinite, that is, IEEE_CLASS(X) has one of

15
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the values IEEE_NEGATIVE_NORMAL, IEEE_NEGATIVE_DENORMAL,
IEEE_NEGATIVE_ZERO, IEEE_POSITIVE_ZERO, IEEE_POSITIVE_DENORMAL, and
IEEE_POSITIVE_NORMAL; otherwise, the result has the value false.

Ex

ample. IEEE_IS_FINITE(1.0) has the value true.

15.9.8 IEEE_IS NAN (X)
Description. Whether avalue is IEEE Not-a-Number.

ISO/IEC

Cl
Ar
RHg

RHg
fa

EX
tru

15991
De
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Rg

RHg
1El
1El

EX

15.9.10
De
Cl
Ar
R
R

—Elemental Tuncton.
gument. X shall be of type real and such that IEEE_ SUPPORT_NAN(X) has the value true.
sult Characteristics. Default logical.

5E.

ample. IEEE_IS_ NAN(SQRT(~1.0)) has the value true if IEEE_SUPPORT_SQRT(L.0) has
e.

FEE_|S NEGATIVE (X)
scription. Whether avalue is negative.

hss. Elemental function.

sult Characteristics. Default logical.

sult Value. The result has the value true if |IEEE CLASS(X) has one of the
FE_ NEGATIVE_NORMAL, |EEE NEGATIVE DENORMAL, |EEE NEGATIVE_ZEH
FE_NEGATIVE_INF; otherwise, the result has the value false.

ample. IEEE_IS NEGATIVE(0.0)) has the value false.
EEE_IS NORMALw\(X)
scription. Whether a value is normal, that is, neither an Infinity, a NaN, nor denormalized.

hss. Elemental\function.

sultCharacteristics. Default logical.

sult Value. The result has the value true if the value of X is an IEEE NaN; otherwise, it has the value

he value

gument. X shall be of type rea and such that IEEE_ SUPPORT_DATATY PE(X) has the vallie true.

values
RO and

gument ¢ X'shall be of type rea and such that IEEE_SUPPORT_DATATY PE(X) has the vallie true.

silt'VValue. The result has the value true if IEEE CLASS(X) has one of the values

IEEE_NEGATIVE_NORMAL, IEEE_NEGATIVE_ZERO, IEEE_POSITIVE_ZERO and
IEEE_POSITIVE_NORMAL; otherwise, the result has the value false.

Example. IEEE_IS NORMAL(SQRT(-1.0)) hasthe valuefalseif IEEE_SUPPORT_SQRT(1.0) hasthe

va

ue true.

15.9.11 IEEE_LOGB (X)
Description. Unbiased exponent in the |EEE floating point format.

Class. Elemental function.

16
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Argument. X shall be of type real and such that IEEE_ SUPPORT_DATATY PE(X) has the value true.
Result Characteristics. Same as X.
Result Value.

Case (i): If the value of X is neither zero, infinity, nor NaN, the result has the value of the unbiased

exponent of X. Note: this value is equal to EXPONENT (X)-1.

Case (ii): If X==0, IEEE_DIVIDE_BY_ZERO signalsand the result is—Inf if IEEE_SUPPORT_INF(X)

is true and -HUGE(X) otherwise.

C
C

15.9.12
Deg
Cl

Ar
IEl

Rg
Re
CHq
CHq

(1m): It X" has an infinite value, the result I1s +Inf.
(iv): If X hasaquiet NaN value, the result is the same NaN.
(V): If X hasasignaling NaN value, the result is a quiet NaN.
Note: Cases (iii) and (iv) cannot occur on processors that lack Inf and NalN values.
ample. IEEE_LOGB(-1.1) has the value 0.0.

EEE_NEXT_AFTER (X,Y)
scription. Returns the next representable neighbor of X in thé-direction toward Y.
hss. Elemental function.

guments. The arguments shall be of type real and.such that IEEE_SUPPORT_DATATY PH
FE_SUPPORT_DATATYPE(Y) have the value true

sult Characteristics. Same as X.
sult Value.
se (i): If X ==Y, theresult is X witheut any exception ever being signaled.

se (ii): If X /=Y, theresult has the,value of the next representable neighbor of X in the direct
The neighbors of zero (of either sign) are both nonzero. If either X or Y isaNaN, the res|

E(X) and

onof Y.
it isone

or the other of the’ input NaNs. Overflow is signaed when X is figite but

IEEE NEXT_AFTER(X,Y) isinfinite; underflow is signaled when IEEE_NEXT_AFT
is denormalized;tin both cases, IEEE_INEXACT signals.

Example. The value'of IEEE_NEXT_AFTER(1.0,2.0) is 1.0+EPSILON(X).

15.9.13
Ddg

EEE_REM (X, Y)
scription. IEEE REM function.

ER(X,Y)

Cl

,&_Elnrnmf::l function
—=reeRta—-HRGH-OR-

Arguments. The arguments shall be of type rea and such that IEEE_SUPPORT _DATATY PE(X) and
|IEEE_SUPPORT_DATATY PE(Y) have the value true.

Result Characteristics. Same as X.

Result Value. The result value, regardless of the rounding mode, shall be exactly X — Y*N, where N is
the integer nearest to the exact value X/Y; whenever [N — X/Y| = 1/2, N shall be even. If the result value
is zero, the sign shall be that of X.

Examples. Thevaue of IEEE_REM(4.0,3.0) is 1.0, the value of IEEE_REM(3.0,2.0) is—1.0 the value of
IEEE_REM(5.0,2.0) is 1.0.

17
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15.9.14 |EEE_RINT (X)
Description. Round to an integer value according to the current rounding mode.

15.9.15

15.9.16

18

Class. Elemental function.
Argument. X shall be of type real and such that IEEE_SUPPORT_DATATY PE(X) has the value true.
Result Characteristics. Same as X.

Result Value. The value of the result is the value of X rounded to an integer according to the current
rounding mode. If the result has the value zero, the sign is that of X.

ExXamples. If the current rounding mode is round-to-nearest, the value of IEEE_RINT(1.1) is.1
current rounding mode is round-up, the value of IEEE_RINT(1.1) is 2.0.

D¢
Cl
Ar
X

I 9
R
R
CHq
CHq

CH

Example. The value of IEEE . SCALB(1.0,2) is4.0.

Ddg
of
|El

Cl
Ar

EEE_SCALB (X, I)

scription. Returns 2' X.

hss. Elemental function.

guments.

shall be of type real and such that IEEE_SUPPORT_DATATY PE(X) has the value true.
nall be of type integer.

sult Characteristics. Same as X.

sult Value.

se (i): If 2' X iswithin the range of normalized-iumbers, the result has this value.

se (i): If 2' Xistoo large, the overflow exception shall occur. If IEEE_SUPPORT _INF(X) i
result value is infinity with the signof X; otherwise, the result value is SIGN(HUGE(X

se (iii): If 2' Xistoo small, the underflow exception shall occur. The result is the nearest repre
number with the sign of X.

EEE_SELECTED.REAL_KIND ([P, R])

scription. Returnsavalue of the kind type parameter of a |EEE real data type with decimal |
at least P digits and a decimal exponent range of at least R. For data objects of such
FE_SUPPORT_DATATY PE(X) has the value true.

bss. Transformational function.
guments. At least one argument shall be present.

ISO/IEC

0. If the

true, the
X).

psentable

brecision
a type,

P (optional) shall be scalar and of type integer.

R (optional) shall be scalar and of type integer.

Result Characteristics. Default integer scalar.

Result Value. The result has a value equal to a value of the kind type parameter of a|EEE rea datatype
with decimal precision, as returned by the function PRECISION, of at least P digits and a decimal
exponent range, as returned by the function RANGE, of at least R, or if no such kind type parameter is
available on the processor, the result is—1 if the precision is not available, -2 if the exponent range is not
available, and -3 if neither is available. If more than one kind type parameter value meets the criteria, the
value returned is the one with the smallest decimal precision, unless there are several such values, in
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which case the smallest of these kind values is returned.

Example. IEEE_SELECTED_REAL_KIND(6,70) has the value KIND(0.0) on a machine that supports
|EEE single precision arithmetic for its default real approximation method.

15.9.17 IEEE_SET_FLAG (FLAG, FLAG_VALUE)
Description. Assign avalue to an exception flag.

Class. Elemental subroutine.

1998(E)

Ar
FL

FL

Example. CALL IEEE_SET_FLAG(IEEE_OVERFLOW, TRUE.) sets thie overflow flag to be §

15.9.18
D¢
Cl
Ar
FU

HA

Example. CALL IEEE.SET_HALTING_MODE(IEEE_DIVIDE_BY_ZERO, TRUE.) cause

aft

15.9.19

guments.
AG shall be of type TYPE(IEEE_FLAG _TYPE). It is an INTENT(IN) argument.,I¥'the
FLAG is IEEE_INVALID, IEEE_OVERFLOW, IEEE_DIVIDE BY

IEEE_UNDERFLOW, or IEEE_INEXACT, the corresponding exception flagis assigned

the flag is set to be signaling; otherwise, the flag is set to be quiet.

EEE_SET_HALTING_MODE (FLAG, HALTING)
scription. Controls continuation or halting after an exception.
bss. Elemental subroutine.

guments.

the values: IEEE_INVALIDy |IEEE_OVERFLOW, IEEE_DIVIDE_BY,|
IEEE_UNDERFLOW, and IEEE_NEXACT.

LTING shall be scalar and of type default logical. It is of INTENT(IN). If the value is
exception specified by FLAG will cause halting. Otherwise, execution will continue
exception. The processormust either already be treating this exception in this way or be
of changing the mode 5o that it does.

br adivide by zeroexception.

Notes: Theinitial halting modeis processor dependent. Halting is not precise and may oc
time after'the exception has occurred.

EEE/SET_ROUNDING_MODE (ROUND_VALUE)

value of
ZERO,
avaue.

IAG_VALUE shall be of type default logical. It isan INTENT(IN) argument:Jf it has the value true,

gnaling.

AG shall be scalar and of type TYPE(IEEE_FLAG_TYPE). Itisof INTENT(IN) and shall haye one of

 ZERO,

true, the
pfter this
 capable

5 halting

Cur some

Description—Setthecurrent TEEE Toundimg mode:

Class. Subroutine.
Argument. ROUND_VALUE shall be scalar and of type TYPE(IEEE_ ROUND_TYPE). It is an

INTENT(IN) argument and specifies the mode to be set.

I[EEE_SUPPORT_ROUNDING

(ROUND_VALUE,X) shall be true for any X such that IEEE_SUPPORT_DATATY PE(X) is true.

Example. To store the rounding mode, do a calculation with round to nearest, and restore the rounding
mode later:

USE, INTRINSIC :: | EEE_ARI THVETI C
TYPE( | EEE_ROUND_TYPE) ROUND_VALUE

19
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CALL | EEE_GET_ROUNDI NG_MODE( ROUND_VALUE) ! Store the roundi ng node
CALL | EEE_SET_ROUNDI NG_MODE( | EEE_NEAREST)
| calculation with round to nearest

ISO/IEC

CALL | EEE_SET_ROUNDI NG_MODE( ROUND_VALUE) ! Restore the roundi ng node

15.9.20 IEEE_SET_STATUS (STATUS_VALUE)
Description. Restore the values of the set of flags that define the the floating point status.

15.9.21

Cl

Ar
IN

EX
the

D¢
Cl
Ar
R

RHg
aby

hss. Subroutine.

gument. STATUS VALUE shall be scalar and of type TYPE(IEEE _STATUS TYPE).
TENT(IN) argument. Its value shall have been set in a previous invocation of IEEE"GET_S]|

ample. To store all the exceptions flags, do a calculation involving exception-handling, an
m |ater:

USE, INTRINSIC :: | EEE_ARI THVETI C
TYPE( | EEE_STATUS_TYPE) STATUS_VALUE

CALL | EEE_GET_STATUS( STATUS_VALUE) ! Store thel f)l'ags

CALL | EEE_SET_FLAGS(| EEE_ALL, . FALSE.) ! Set «{hem qui et
I cal culation involving excepti on handhi ng

CALL | EEE_SET_STATUS( STATUS_VALUE) ! Restore the flags

Note: Getting and setting may be expensive opérations. It is the programmer’ s responsibi
it when necessary to assure correct results.

EEE_SUPPORT_DATATYPE ([X])

scription. Inquire if the processor supports |EEE arithmetic.
Bss. Inquiry function.

gument. X (optional) shall:be'scalar and of type real.

sult Characteristics. Default logical scalar.

sult Value. The restilt has the value true if the processor supports IEEE arithmetic for al
kent) or for real Variables of the same kind type parameter as X; otherwiseg, it has the value fal

support means.employing an |EEE data format and performing the operations of +, —, and *

IE

Example-+EEE_SUPPORT_DATATY PE(1.0) has the value true if default reals are implemen

the

FE standarel whenever the operands and result all have normal values.

| EEE’standard except that underflowed values flush to zero instead of being denormal.

It is an
[ATUS.

H restore

ity todo

reals (X
5e. Here,
bs in the

ted as in

15.9.22 |IEEE_SUPPORT_DENORMAL ([X])
Description. Inquire if the processor supports | EEE denormalized numbers.

20

Class. Inquiry function.
Argument. X (optional) shall of type real and such that IEEE_SUPPORT _DATATY PE(X) has the value

tru

e. It may be scalar or array valued.

Result Characteristics. Default logical scalar.

Result Value. The result has the value true if the processor supports arithmetic operations and
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assignments with denormalized numbers (biased exponent e = 0 and fraction f # 0, see subclause 3.2 of
the IEEE standard) for all reals (X absent) or for real variables of the same kind type parameter as X;
otherwise, it has the value false.

Example. IEEE_SUPPORT_DENORMAL (X) has the value true if the processor supports denormalized
numbers for X.

Notes: The denormalized numbers are not included in the 13.7.1 model for real numbers and al
satisfy the inequality ABS(X) < TINY(X). They usualy occur as a result of an arithmetic

operation whose exact result is less than TINY (X). Such an operation causes underflow

to signa
r returns

15.9.23
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unlacctharacilt icavact ITEEE SLIDDODRT DATATVREON M icfalcaif thanracaccar nans
eSS tHETESartTS-EXxact DU T I T T e oo e S e procEsSor ey

a denormalized number as the result of an arithmetic operation.

EEE_SUPPORT_DIVIDE ([X])
scription. Inquire if the processor supports divide with the accuracy specified by the IEEE S
bss. [nquiry function.

gument. X (optional) shall of type real and such that IEEE_SUPPORT )DATATY PE(X) hast
e. It may be scalar or array valued.

sult Characteristics. Default logical scalar.

sult Value. The result hasthe valuetrueif the processor supports divide with the accuracy spe
IEEE standard for all reals (X absent) or for real vafiables of the same kind type parame

otjerwi sg, it has the value false.

ample. IEEE_SUPPORT_DIVIDE(X) has the value true if the processor supports |EEE divi

EEE_SUPPORT_FLAG (FLAG [, X])

scription. Inquire if the processor supports an exception.
Bss. Inquiry function.

guments.

IAG shall be scalar and of type TYPE(IEEE_FLAG_TYPE). Itsvalue shall be one of IEEE_IN
IEEE_OVERELEQOW, IEEE DIVIDE_BY_ZERO, IEEE_UNDERFLOW, and IEEE_IN

optional) shall of type real. It may be scalar or array valued.
sult Char agteristics. Default logical scalar.

Y

sult Value! The result has the value true if the processor supports detection of the specified €

uéfalse.

andard.

he value

Gified by

er as X,

He for X.

VALID,
EXACT.

xception

foavl al reals (X absent) or for real variables of the same kind type parameter as X; otherwise, it has the

Example. ALL(IEEE_SUPPORT_FLAG(IEEE_ALL)) has the value true if the processor supports al
the exceptions.

15.9.25 [EEE_SUPPORT_HALTING (FLAG)

Description. Inquire if the processor supports the ability to control during program execution whether to
abort or continue execution after an exception.

Class. Inquiry function.
Argument. FLAG shall be of type TYPE(IEEE_FLAG_TYPE). Itisan INTENT(IN) argument. Itsvalue
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