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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
participtte in the development of International Standards through technical
commitfees established by the respective organization to deal with particu-
lar field$ of technical activity. ISO and IEC technical committees collaborate
in fields| of mutual interest. Other international organizations, governmental

and nom-governmental, in liaison with 1ISO and IEC, also take part in the
work.

In the figld of information technology, ISO and IEC have established a joint
technicgl committee, ISO/IEC JTC 1.

The mhpin task of technical committees is to prepare International
Standards, but in exceptional circumstances a technical committee may
proposgq the publication of a Technical Report of one of the following types:

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

— type 2, when the subject is still under technical development ofwhere
for pny other reason there is the future but not immediate possibility of
an pgreement on an International Standard;

— typge 3, when a technical committee has collected data ‘of a different
king from that which is normally published as an Interhational Standard
(“state of the art”, for example).

Technidal Reports of types 1 and 2 are subject to.review within three years
of publigation, to decide whether they can be transformed into International
Standarnds. Technical Reports of type 3 _do-not necessarily have to be
reviewed until the data they provide are considered to be no longer valid or
useful.

ISO/IEG TR 15580, which is a Technical Report of type 2, was prepared by
Joint T¢chnical Committee ISQ/IEC JTC 1, Information technology, Sub-
commitiee SC 22, Programmihg languages, their environments and system
software interfaces.

This Teghnical Reportspecifies an extension of the programming language
Fortran) specified by’ tSO/IEC 1539-1:1997.

It is the intention” of ISO/IEC JTC 1/SC 22 that the semantics and syntax
describgd ifi this Technical Report be incorporated in the next revision of
ISO/IEQ $589-1:1997 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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All rights reserved. Unless otherwise specified, no part of this publication may be reproduced
or utilized in any form or by any means, electronic or mechanical, including photocopying and
microfilm, without permission in writing from the publisher.
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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
practiceisto 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 arithmetic (specified by IEEE 754-1985 Sandard for binary floating-point arithmetic, also published as

IEC 559:1989, Binary floating-point arithmetic for microprocessor systems) is so widely used, since built

into

it aLe the five conditions. overflow, invalid, divide-by-zero, underflow, and inexact. Our aim is to pro
support for these conditions.

vide

We|have taken the opportunity to provide support for other aspects of the |IEEE standard through a sgt of

elemental functions that are applicable only to |EEE data types.
Thig proposal involves three standard modules:

procedures. They allow the flags to be tested, cleared, set, saved, or restored
@ | EEE ARl THMVETI C behaves as if it contained a USE statement for all*of | EEE_EXCEPTI ONS

procedures.

@ | EEE FEATURES contains some named constants that permit.the user to indicate which |EEE feat]
are essential in the application. Some processors may exetute more slowly when certain featureg
regquested.

@ | EEE_EXCEPTI ONS contains a derived type, some named constants of this.type, and some simple

and

provides support for other IEEE features through further derived types, named constants, and simple

Lres
are

To {acilitate 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 ¢

In grder to alow for the maximum number of processors to provide the maximum value to users, we do
require |EEE conformance. A vendor with no |EEE-hardware need not provide these modules and any req
by the user for any of them with a USE statement will give a compile-time diagnostic. A vendor w
hargiware does not fully conform with the IEEE standard may be unable to provide certain features. Inthisg

thege inquiries. For example, a processor which alows gradual underflow to be turned off (replaced with f
to zero) should returf-false for | EEE_SUPPORT_DENORMAL( X) when a source file is processed with

optipn on. Naturahly.it should return true when that option is not in effect.

alls.

not
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nose
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are
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ush
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The most impertant use of a floating-point exception handling facility is to make possible the development of

mug¢h more-efficient software than is otherwise possible. The following ‘hypotenuse’ function, ~/x?:
illustratesthe use of the facility in developing efficient software.

- 2

Yy,

EUNCTI ON I—IVD(TI'( X V)

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


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

ISO/IEC TR 15580 : 1998(E) O 1SO/

I Try a fast algorithmfirst
HYPOT = SQRT( X**2 + Y**2 )
CALL | EEE_GET_FLAG( OUT_OF RANGE, FLAGS)
| F ( ANY(FLAGS) ) THEN
CALL | EEE_SET_FLAG( OUT_OF RANGE, . FALSE.)
IF ( X==0.0 .OR Y==0.0 ) THEN
HYPOT = ABS(X) + ABS(Y)
ELSE | F ( 2* ABS( EXPONENT( X) - EXPONENT(Y)) > DIG TS(X)+1 ) THEN
ELSE I scale so that ABS(X) is near 1
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 overfl ow
END | F
END | F
I Tlhe processor resets any flag that was signaling on entry
END FUNCTI ON HYPOT

An gitempt is made to evaluate this function directly in the fastest possible way. This will work almost e
, but if an exception occurs during this fast computation, a safe but dlower way evaluates the function.
sower evaluation may involve scaling and unscaling, and in (very rare).extreme cases this unscaling can c
ovefflow (after al, the true result might overflow if X and Y are bottynear the overflow limit).

If the overflow or underflow flag is signaling on entry, it is reset”on return by the processor, so that eg
exceptions are not 1ost.

Car] dl this be accomplished without the help of an ex@eption handling facility? Yes, it can — in fact,

IEC

ery
This
aLSe

rlier

the

altefnative code can do the job, but of course it is muchess efficient. That’s the point. The HYPOT function is
not
bnal
nnot

ial, in this respect, in that the normal and alternative codes try to accomplish the same task. Thisig
alwpysthe case. In fact, it very often happens that'the alternative code concentrates on handling the excepti
and is not able to handle al of the non-exceptional cases. When this happens, a program which cal
take advantage of hardware flags could have-a structure like the following:

if (inthe first exceptional region ) then
handl e this case

else if ( in the second exceptional region ) then
handl e thi s(tase

el se
execut@®+yt he normal code
end

But|this is not \@nly inefficient, it also inverts the logic of the computation. For other examples, see H
Faingrieve.and’'Tang (1994) and Demmel and Li (1994).

Thyg code'for the HYPOT functlon can be generallzed in an obvious way to compute the Euclldean n

strai ghtforward) and wi II be much slower relative to the normal code than isthe 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 conti

execution.

Inue

® | 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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1.2

The
Tec

pating-point exception handling

General

Scope

5 Technical Report specifies an extension\of the programming language Fortran, specified by

E standard for floating-point arithmetic;lbut it also provides support for other features of the | EEE stand
Focessor is permitted to provide partial’support and there are facilities for enquiring about which feat
supported or requiring support of certain features.

Ise 2 of this Technical Repert contains atechnical description of the features. It provides an overview
5 not include all the fine details. Clause 3 contains the editorial changes to the standard and thereby prov
mpl ete definition.

Nor mativerefer ences

following standards contain provisions which, through references in this text, constitute provisions of
hnigal\Report. For dated references, subsequent amendments to, or revisions of, any of these publicat

do U]

ot-apply. However, parties to agreements based on this Technical Report are encouraged to investigats

the

Fnational standard 1SO/IEC 1539-1:1997. Its main aim is to provide support for the five exceptions of| the

ard.
ures

and
des

this
ons
b the

possibility of applying the most recent editions of the normative documents indicaied below. For undated
references, the latest edition of the normative document referred applies. Members of IEC and 1SO maintain

regi

sters 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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21

Technical specification

The modédl

IEC

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 haIt| ng occurs fO||OWI ng exceptl ons. It is not nece&ary for the hardware to have any such flags (they

mog
ove
con

| EE

int
deri
of

2.2
Nev

or n

The

the

2.3
The

@ | EEE FLAG TYPE, for identifying a particular exception flag. Its only possible values are thog

lules. | EEE_EXCEPTI ONS is for the exceptions and the minimum requirement is\for the suppol
flow and divide-by-zero for all kinds of real and complex data. | EEE_ARI THVETI C behaves as
ained a USE statement for al of | EEE_EXCEPTI ONS and provides support for other IEEE featdres.

E FEATURES contains some named constants that permit the user to indicate which features are essel
e application. A program isrequired to fail if arequested feature is not available. The modules contain
ed types (subclause 2.3), named constants to control the level of support-(subclause 2.4), and a colleg
rocedures (subclauses 2.5 to 2.10). None of the procedures is permitted as an actual argument.

The USE statement for an intrinsic module

USE, INTRINSIC :: | EEE_ARI THVET},C
ot:
USE, NON_INTRINSIC :: MY_I EEE ARI THVETI C

I NTRI NSI C statement is not extended. For-the old form:
USE | EEE_ARI THVETI C
brocessor looks first for a non-intrinsic’modul e.

The derived types and-data objects
module | EEE_EXCEPTHIONS contains the derived types:

named constants defined in  the module: | EEE | NVALID, | EEE OVERFL
| EEE_DI VhDE BY_ZERQ, | EEE_UNDERFLOW and | EEE_| NEXACT. The modules also contain
named arfay constants

| EEE.USUAL = (/1 EEE_OVERFLOW | EEE_DI VI DE_BY_ZERO, | EEE_I NVALID/)
and

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

if it

htial
five
tion

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

e of

ow
5the

® | EEE_STATUS_TYPE, tor 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_NORNAL, | EEE_NEGATI VE_DENORMAL, | EEE_NEGATI VE_ZERO,

| EEE_PCsI Tl VE_ZERQ, | EEE_PCSI Tl VE_DENCRMAL, | EEE_PCsI Tl VE_NORMAL, and
| EEE_POSI Tl VE_| NF.


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

O ISO/NEC

| SO/IEC 15580: 1998(E)

® | 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,
| 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 | NF, | EEE | NVALI D FLAG

and

24

Wh
| EH

I EEE_NAN, | EEE_ROUNDI NG, | EEE_SQRT, and | EEE_UNDERFLOW FLAG

Thelevel of support

en | EEE_EXCEPTIONS  or | EEE_ARI THVETI C  is  accessible, | EEE OVERFLOW
FE DI VI DE_BY_ZERO are supported in the scoping unit for all kinds of real and complex data. W

othgr exceptions are supported may be determined by the function | EEE_SUPPORTFLAG, see subcl

2.6.
The
| EE
| EB

Whether control of halting is supported may be determined by the function | EEE_SUPPORT_HALTI

'E_| NEXACT_FLAG, | EEE_| NVALI D_FLAG, and | EEE_UNDERFLOWN FLAG of the mo
'E_FEATURES. If a scoping unit has access to | EEE_UNDERFLOWCFLAG of | EEE_FEATURES

scoping unit must support underflow and return true from | EEE_ SUPPGRT _FLAG | EEE UNDERFLOW

for

the
ofr
fron

If 3

SCo|
whe

For
| EH
the
SCOo
sub
| EH
retu
| EH
| EH

Exs
| ER
suby

bt |east one kind of real. Similarly, if | EEE_| NEXACT_FLAGor I'EEE_| NVALI D_FLAG s access
5Ccoping unit must support the exception and return true from the corresponding inquiry for at least one
bal. Also, if | EEE_HALTI NGis accessible, the scoping unit must support control of halting and return
n | EEE_SUPPORT_HALTI NG FLAG) for the flag.

scoping unit does not access | EEE_EXCEPTI QONSor | EEE_ARI THVETI C, the level of suppo

prol‘r dependent, and need not include support for any exceptions. If aflag is signaling on entry to su

ing unit, the processor ensures that it is signaling on exit. If aflag is quiet on entry to such a scoping
ther it is signaling on exit is processor dependent.

processors with |EEE arithmetic,._further IEEE support is available through the mo
FE ARl THVETI C. The extent of suppert may be influenced by the accessibility of the named constan
module | EEE_FEATURES. If a scoping unit has accessto | EEE_DATATYPE of | EEE_FEATURES
ing unit must support |EEE ‘arithmetic and return true from | EEE_SUPPORT _DATATYPE( X)
flause 2.6) for at least one Kind of real. Similarly, if | EEE_DENORMAL, | EEE_DI VI DE, | EEE_|
FE NAN, | EEE_ ROUNDINNG, or | EEE_SQRT is accessible, the scoping unit must support the feature
rn true from the eorresponding inquiry function for at least one kind of real. In the cast
FE ROUNDI NG, it must return true for all the rounding modes | EEE_NEAREST, | EEE_TO ZH
FE_UP, and | EEE"DOVN.

cution may\be slowed on some processors by the support of some features. If | EEE_EXCEPTI O\
FE ARI THIVETI Cis accessed but | EEE_FEATURES is not accessed, the vendor is free to choose w
ket to'support. The processor’ s fullest support is provided when all of | EEE_FEATURES is accessed:

and
nich
pUSe
NG.

extent of support of the other exceptions may be influenced by the accessibility of the named constiants

dule
the
X)
ble,
ind

true

rtis
ch a
init,

dule
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the
(see
NF,
and
b Of
FRO,

S or
hich

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

elementa subroutine
| EEE_GET_FLAG ( FLAG FLAG_VALUE)

where FLAGIs of type| EEE_FLAG_TYPE and FLAG_VALUE is of type default LOG CAL. Being elemd
alops an array of flag values to be obtained at once and obviates the need for alist of flags.

Flag values may be assigned by the elemental subroutine
| EEE_SET_FLAG ( FLAG FLAG_VALUE)

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

IF (F(X)>0.0) Y =1.0/Z
mugt not signal | EEE_DI VI DE_BY_ZEROwhen both F( X) and Z are zerg and the statement
VWHERE(A>0.0) A = 1.0/ A

musgt not signal | EEE_DI VI DE_BY_ZERO. On the other hand, when X has the value 1.0 and Y hasthe V|
0.0,{the expression

X>0.00001 . OR X/ Y>0. 00001
is permitted to cause the signaling of | EEE_DI VI DE_BY, ZERO.

2.6| Inquiry functions for the features supported
Thg module | EEE_EXCEPTI ONS contains the following inquiry functions:

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

@ | EEE SUPPORT_HALTI N§ FLAG) True if the processor supports the ability to control du
program execution whethento abort or continue execution after an exception.

Theg module | EEE_ARI THVETI C contains the following inquiry functions:

@ | EEE_SUPPORT-DATATYPE([ X] ) True if the processor supports IEEE arithmetic for all real
absent) or for reds of the same kind type parameter as the argument X. Here support means employin
|IEEE data format and performing the operations of +, —, and * as in the IEEE standard wheneve
operands.and result all have normal values.

@ | EEE_SUPPORT_DENORVAL( [ X] ) True if the processor supports the IEEE denormalized num
for.all reals (X absent) or for reals of the same kind type parameter as the argument X.

pntal

d or

alue

@ | EEE_SUPPORT_FLAQ FLAQG , X]') Trueif the processor supports an exception flag for al readls (X

ring

5 (X
g an
the

bers

— — D He pre ted 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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Here, support includes the ability to change the mode by
CALL | EEE_SET_ROUNDI NG_MODE( ROUND_VAL UE)

| SO/IEC 15580: 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

AV4

2.7

The
| EH

7AY

Elemental functions

module | EEE_ARI THVETI C contains the following elemental functions for reals X-and Y for w
FE SUPPORT_DATATYPE( X) and | EEE_SUPPORT_DATATYPE( Y) are true:

| EEE_CLASS( X) Returnsthe |EEE class (see subclause 2.3 for the possible values).
| EEE_COPRPY_SI GN( X, Y) IEEE copysign function, that is X with the sign/of Y.

| EEE_| S_FI NI TE( X) IEEE finite function. Trueif | EEE_CLASS(X) has one of the values
| EEE_NEGATI VE_NORMAL, | EEE_NEGATI VE_DENORVMAL, I‘EEE_NEGATI VE_ZERQ,
| EEE_PGSI Tl VE_ZERQO, | EEE_POSI Tl VE_DENORMAL, Y EEE_PCSI Tl VE_NORVAL.

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

| EEE_| S_NEGATI VE( X) Trueif the value is negative (including negative zero).
| EEE | S NORMAL( X) Trueif the value is a normal number.

| EEE_LOGB( X) IEEE logb function, that is;the unbiased exponent of X.

| EEE_NEXT_AFTER( X, Y) Returns the next representable neighbor of X in the direction toward .

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

| EEE_RI NT( X) Round te.an integer value according to the current rounding mode.
| EEE_SCALB (X,l) Returns 2' X.
| EEE_UNORDERED(“X, Y) |EEE unordered function. Trueif X or Y isaNaN and false otherwise.

| EEE_VALUE(X, CLASS) Generate avalue of agiven |IEEE class. The value of CLASS is permitte
be

nhich

d to

alue

the

@ EEE S| GNALI NG NANor | EEE_QUI ET_NANif | EEE_SUPPORT_NAN( X) has the V|
true,

® | EEE NEGATI VE_|I NF or | EEE_POSI TI VE_I NF if | EEE_SUPPORT _| NF( X) hag
vaue true,

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

® | EEE_NEGATI VE_NORMAL, | EEE_NEGATI VE_ZERQO, | EEE_PGCSI Tl VE_ZEROor
| EEE_POSI Tl VE_NORNVAL.

Although in most cases the value is processor dependent, the value does not vary between invocations for

any particular X kind type parameter and CLASS value.
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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.

J 'EEE_SET_FLAG FLAG FLAG _VALUE) Set an exception fTag.
| EEE_SET HALTI NG_MODE( FLAG HALTI NG Controls continuation or halting on exceptions.

2.9| Non-elemental subroutines
Thg module | EEE_EXCEPTI ONS contains the following non-elemental subroutines:

@ | EEE GET_STATUS( STATUS VALUE) Get the current values of the set of flags that defing the
current state of the floating point environment. STATUS VALUE is of type I\EEE STATUS TYPE

@ | EEE SET STATUS( STATUS VALUE) Restore the values of the setof flags that define the current
state of the floating point environment (usually the floating point status register). STATUS_VALUE |s of
type | EEE_STATUS_TYPE and has been set by acall of | EEE .GET_STATUS.

Thg module | EEE_ARI THVETI C contains the following non-elemeéntal subroutines:

@ | EEE _GET_ROUNDI NG MODE( ROUND_VALUE)  Get® the current IEEE rounding mpde.
ROUND_VAL UE is of type | EEE_ROUND_TYPE.

@ | EEE SET ROUNDI NG MODE( ROUND _VALUE)}~ Set the current |EEE rounding mpde.
ROUND _VALUE is of type | EEE ROUND TYPE. If this is invoked,
| EEE_SUPPORT_ROUNDI NG ROUND_VALUE, X) must be true for any X such [that
| EEE_SUPPORT_DATATYPE( X) istrue.

2.10 Transformational function
Thg module | EEE_ARI THVETI G.contains the following transformational function:

@ | EEE_SELECTED REALJKIND([P,][R]) As for SELECTED REAL_KI ND but gives an |EEE
kind.
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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(22-23. Changeto

R1107 use-stmt is USE[ [, module-nature] :: ] module-name [, rename-list]
or USE [ [, module-nature] :: ] module-name, ONLY : [only=list]

R1107a module-nature is INTRINSIC
or NON_INTRINSIC

Constraint; If module-nature is INTRINSIC, module-name shall be the name'ef an intrinsic module.

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

18731+. Add ‘A use-stmt without a module-nature provides access either to an intrinsic or to a nonintrinsic
module. If the module-name is the name of both an intrinsic-and a nonintrinsic module, the nonintrinsic
module is accessed.’

228(36. Change ‘.’ to ‘, unlessthe intrinsic module IEEE_ARITHMETIC (clause 15) is accessible and thereis
support for an infinite or a NaN result, as apprepriate. 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 are;normal, these flags must have the same status as when the
intrinsic procedure was invoked.’

292+, Add

15| Intrinsic modules forsupport of exceptions and | EEE arithmetic

Thg modules IEEE EXCEPTIONS, |IEEE ARITHMETIC, and |IEEE FEATURES provide support| for
exceptions and |EEE arithmeticy Whether the modules are provided is processor dependent. If the mogule
IEEE_FEATURES s provided,which of the named constants defined by this standard are included is procegssor
dependent. The module JIEEE_ARITHMETIC behaves as if it contained a USE statement | for
IEEE_ EXCEPTIONS.

When  IEEE_EXCEPTIONS or |EEE_ARITHMETIC is accessible, |IEEE_OVERFLOW (and
IEEE DIVIDE:BY_ ZERO are supported in the scoping unit for al kinds of real and complex data. Which
othér exceptions are supported may be determined by the function IEEE_SUPPORT_FLAG, see subclguse
15.9, and\ whether control of halting is supported may be determined by the fundtion
IEEE_SUPPORT_HALTING. The extent of support of the other exceptions may be influenced by| the
accesshility  of the named condants |IFFFE INEXACT FIAG_  IFFF INVAIID FIAG_ land
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

. or—ai ar—S & w, \ Ve D NF,
IEEE_NAN, IEEE_ROUNDING, or IEEE_SORT is

2 accessible, the scoping unit must s_upport the featre{and
return true from the corresponding inquiry function for at least one kind of real. In the/casg of
IEEE_ROUNDING, it must return true for al the rounding modes |IEEE_NEAREST, |IEEEXTO_ZHRO,

IEEE_UP, and IEEE_DOWN.

Execution may be slowed on some processors by the support of some features. If IEEE.EXCEPTIONSE or
IEBE_ARITHMETIC is accessed but IEEE_FEATURES is not accessed, the vendor, isfree to choose which
subget to support. The processor’s fullest support is provided when all of IEEE_FEATURES is accessed:

USE | EEE_ARI THVETI C; USE | EEE_FEATURES

but fexecution may then be slowed by the presence of a feature that is notReeded. In all cases, the extent of
support may be determined by the inquiry functions.

15.[L Derived data types defined in the module

Theg modules IEEE_EXCEPTIONS, IEEE_ARITHMETIC,"and |IEEE_FEATURES contain five derived ty|pes,
whagse components are private. No operation is defined.for’'them and only intrinsic assignment is availabl¢ for
them.

Theg module IEEE_EXCEPTIONS contains:

@ |IEEE_FLAG_TYPE, for identifying a<particular exception flag. Its only possible values are those of
named constants defined int- the modules: IEEE INVALID, |EEE OVERFLOW,
IEEE_DIVIDE_BY_ZERO, |IEEEXUNDERFLOW, and IEEE_INEXACT. The modules aso confains
the array named constants

IEEE_USUAL = (/ IEEE_OVERFLOW, IEEE_DIVIDE_BY_ZERO, IEEE_INVALID /)
and IEEE_ALL = (/ IEEE_USUAL, IEEE_UNDERFLOW, IEEE_INEXACT /).

@ |EEE_STATUS TYPE, for saving the current floating point status.
Thg module IEEE_ARITHMETIC contains:
@ |EEE_CLASS/TYPE, for identifying a class of floating-point values. Itsonly possible values are thoge of

named _Constants defined in the module IEEE_SIGNALING_NAN, IEEE QUIET_NAN,
|EEE_ NEGATIVE_INF, |IEEE_NEGATIVE_NORMAL, |IEEE_NEGATIVE_DENORMAL,
|EEE-NEGATIVE_ZERO, |EEE_POSITIVE_ZERO, |EEE_POSITIVE_DENORMAL,

HEEE POSITIVE_NORMAL, IEEE_POSITIVE_INF.

IEEE_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:
® |[EEE_OVERFLOW

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

@ |EEE DIVIDE BY ZERQ

Eac
|IEE
alsa
it re
IEH
war

| SO/IEC 15580: 1998(E)

aue
nsic

This exception occurs when areal or complex division has a nonzero numerator and a zero denomin

@ |EEE_INVALID

This exception occurs when areal or complex operation or assignment isinvalid; examplesare SQRT
when X is real and has a nonzero negative value, and conversion to an integer (by, assignment o
intrinsic 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 absolute v,

result for an intrinsic complex operation or assignment has am\absolute value less tha
processor-dependent limit and loss of accuracy is detected.

@ |EEE_INEXACT

This exception occurs when the result of areal or complex opération or assignment is not exact.

h exception has aflag whose valueis either quiet or signaling./The value may be determined by the fung
E GET_FLAG. Itsinitia valueis quiet and it signals when:the associated exception occurs. Its status
be changed by the subroutine IEEE_SET_FLAG or the'subroutine IEEE_SET_STATUS. Once signal

E SET _STATUS. If any exception is signaling when the program terminates, the processor shall iss
hing on the unit identified by * in a WRITE statément, indicating which conditions are signaling.

If afflag issignaling on entry to a procedure, theprocessor will set it to quiet on entry and restore it to signg
on return.
In g scoping unit that has access to IEEE_EXCEPTIONS or IEEE_ARITHMETIC, if an intrinsic procey

exef
|IEE
real

tutes normally, the values, of the flags IEEE_OVERFLOW, |EEE _DIVIDE BY_ZERO,
E INVALID shal be as on.entry to the procedure, even if one or more signals during the calculation.
or complex result is tog~large for the intrinsic to handle, IEEE_ OVERFLOW may signal. If a reg

complex result is a NaN (because of an invalid operation (for example, LOG(-1.0)), IEEE_INVALID

Sign
pro
sign

bessing, and to intrinsic operations: no signaling flag shall be set quiet and no quiet flag shall be
aling because of-an intermediate calculation that does not affect the result.

Note: An\implementation may provide alternative versions of an intrinsic procedure; a practical exar
of sueh “alternatives might be one version suitable for a call from a scoping unit with acceg
IEEE_EXCEPTIONS or IEEE_ARITHMETIC and one for other cases.

pLor.
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less than a processor-dependent limit and loss of accuracy is detected, or thereal or imaginary part of the
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mains signaling unless set quiet by an invocation,of\the subroutine IEEE_SET_FLAG or the subrodtine

e a
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al. Similar rules apply to the evaluation of specification expressions on entry to a procedure, to fofmat

set

nple
5 to

In

a_sequence of dtatements that contains no invocations of |IFFF GFT FI AG |FFF SFET Fl

G,

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
X

1.0/Y
3.0

signals IEEE_DIVIDE_BY_ZERO is processor dependent. Another example is the following:


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

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

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
mugt not signal IEEE_DIVIDE_BY_ZERO when both F(X) and Z are zero and the statement
WHERE(A>0.0) A = 1.0/A

musgt not signal IEEE_DIVIDE _BY_ZERO. On the other hand, when X has the value 1.0'and Y has the vielue
0.0,/the expression

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

Thg processor need not support |[EEE INVALID, IEEE UNDERFLOW, and IEEE INEXACT. If an
exception is not supported, its flag is always quiet. The function |IEEE. SUPPORT_FLAG may be used to
inglire whether a particular flag is supported. If IEEE _INVALID is supported, it signas in the case of
conyersion to an integer (by assignment or an intrinsic procedure) if’ the result is too large to be representable.

15.8 The rounding modes

|EEE 754-1985 (also |EC 559:1989) specifies four reunding modes:
IEEE_NEAREST rounds the exact result to\the nearest representable value.
IEEE_TO_ZERO rounds the exact resulttowards zero to the next representable value.

IEEE_UP rounds the exact result-towards +infinity to the next representable value.
IEEE_DOWN rounds the exact result towards —infinity to the next representable value.

Thgfunction IEEE_GET_ROUNDING_MODE may be used to inquire which rounding mode is in operation.
Its yalue is one of the above four 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 subrodtine
IEEE_SET_ROUNDING_MODE may be used to alter it. The function IEEE_SUPPORT_ROUNDING may
be ysed to inquire-whether this facility is available for a particular mode.

In gprocedure.other than IEEE_SET ROUNDING_MODE, the processor shall not change the rounding mode
on ¢ntry, and.en return shall ensure that the rounding mode is the same as it was on entry.

Note. Within a program, all literal constants that have the same form have the same value (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 all the supported flags for exceptions, rounding mode, and halting may be saved in a scalar
E | ST T .

subroutine IEEE_SET_STATUS. There are no facilities for finding the values of particular flags heldwithin
such a variable.

Note. Some processors hold all these flagsin afloating point status register that can be saved and restpred
as awhole much faster than al individual flags can be saved and restored. These procédures are prov|ded
to exploit this feature.

15.6 Exceptional values
|EEE 754-1985 specifies the following exceptional floating point values;

Denormalized values have very small absolute values and |awered precision.
Infinite values (+Inf and —Inf) are created by overflow ordivision by zero.
Not-a-Number (NaN) values are undefined values oryval ues created by an invalid operation.

Thg functions IEEE IS FINITE, IEEE IS NAN,\IEEE IS NEGATIVE, and IEEE_IS NORMAL | are
proyided to test whether avalue isfinite, NaN, negative, or normal. The function IEEE_VALUE is provided to
gengrate an |EEE number of any class; including an infinity or a NaN. The functions
IEEE_SUPPORT_DENORMAL, |[EEE-SUPPORT_DIVIDE, |[EEE_SUPPORT _INF, and
IEEE_SUPPORT_NAN may be used ta-inquire whether this facility is available for a particular kind of real.

15.7 IEEE arithmetic

Thefunction IEEE_SUPPORT_DATATY PE may be used to inquire whether IEEE arithmetic is available for a
paricular kind of real,) Complete conformance with the |IEEE standard is not required, but the normaljzed

numbers must be-exactly those of IEEE single or |EEE double; the arithmetic operators must be implemented
with at least one-of the IEEE rounding modes; and the functions copysign, scalb, logb, nextafter, REM,|and
unofdered must be provided by the functions IEEE COPY_SIGN, IEEE SCALB, |EEE LOGB,
IEEE_NEXT _AFTER, IEEE_REM, and |IEEE_UNORDERED. The inquiry fungtion
IEBE-SUPPORT_DIVIDE is provided to inquire whether the processor supports divide with the accufacy

octfiad by the 1EEE ot andArd Er\r och-of the othor arithimeott aratare Aand far Annh |l ocnmeonted _EE
$\A_¢IIIW Uy UIC T Jldvivuca U, 1 COULTT VT Uric ULl Ullll.lllllbl.l\.: UPUUI.UIJ TU TUDN Laaolt IIIIPI\zlll\zlll\z\J T

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.

IEEE_SUPPORT_HALTING(FLAG) Inquire if the processor supports control of halting aftef an
exception.

The module IEEE_ARITHMETIC contains the following inquiry functions:
|IEEE_SUPPORT_DATATY PE([X]) Inquire if the processor supports |EEE arithmetic.
IEEE_SUPPORT_DENORMAL([X]) Inquire if the processor supports denormalized numbers.

IEEE_SUPPORT _DIVIDE([X]) Inquire if the processor supports dividewith the accuracy specifiefl by
the |EEE standard.

IEEE_SUPPORT _INF([X]) Inquire if processor supports the |EEE. infinity.
IEEE_SUPPORT_NAN([X]) Inquire if processor supports the fEEE Not-A-Number.

IEEE_SUPPORT_ROUNDING(ROUND_VALUE [, X])<Inquire if processor supports a partiqular
rounding mode.

J IEEE_SUPPORT_SQRT([X]) Inquire if the processor supports |EEE square root.
IEEE_SUPPORT_STANDARD([X]) Inquire ifsyprocessor supports all |EEE facilities.

15.8.2 Elemental functions

Thg module IEEE_ARITHMETIC cantains the following elemental functions for reals X and Y for which
IEEE_SUPPORT_DATATY PE(X).and IEEE_SUPPORT_DATATY PE(Y) are true:

|IEEE_CLASS(X) |IEEE dlass.

IEEE_COPY _SIGN(X,Y) IEEE copysign function.

IEEE_IS FINITE(X) Determine if value isfinite.

IEEE IS NAN(X) Determine if value is |IEEE Not-a-Number.
IEEE JS)NORMAL (X) Whether avalue isnormal, that is, neither an Infinity, aNaN, nor denormalized.
IEEE-LOGB(X) Unbiased exponent in the |EEE floating point format.

I[EEE NEXT AFTER(X.Y) Returns the next repr le 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
value X/Y.

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

® |EEE_SCALB(X,l) Returns 2' X.

® |[EEE UNORDERED(X,Y) IEEE unordered function. Trueif X or Y isaNaN and false otherwise.

® |EEE VALUE(X, CLASS) Generate an |EEE value.

12
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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 Flemental siibroutines

Thg module IEEE_EXCEPTIONS contains the following elemental subroutines:
IEEE_GET_FLAG(FLAG,FLAG_VALUE) Get an exception flag.
IEEE_GET_HALTING_MODE(FLAG, HALTING) Get halting mode for an exception:
|IEEE_SET_FLAG(FLAG,FLAG_VALUE) Set an exception flag.

IEEE_SET HALTING_MODE(FLAG,HALTING) Controls continuation or halting on exceptions.

15.8.5 Non-elemental subroutines
Thg module IEEE_EXCEPTIONS contains the following non-el emental, subroutines:
IEEE_GET_STATUS(STATUS VALUE) Get the current state of the floating point environment.
] IEEE_SET_STATUS(STATUS VALUE) Restore the state of the floating point environment.
Thg module IEEE_ARITHMETIC contains the following-non-elemental subroutines:
IEEE_GET_ROUNDING_MODE(ROUND_VALUE) Get the current |EEE rounding mode.
] IEEE_SET_ROUNDING _MODE(ROUNDVALUE) Set the current |EEE rounding mode.

15.p Specifications of the procedures

15.9.1 IEEE_CLASS (X)

Description. |EEE:class function.
Class. Elemental_function.
Argument. X shall be of type real and such that IEEE_SUPPORT_DATATY PE(X) has the value triie.
Result\Characteristics. TYPE(IEEE_CLASS TYPE).

Result Value. The result value is one of: IEEE_SIGNALING_NAN, IEEE_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)

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.

15.9

15.¢

).3 |EEE_GET_FLAG (FLAG, FLAG_VALUE)

).4 |IEEE_GET_HALTING_MODE (FLAG, HALTING)

14

Result Value. The result has the value of X with the sign of Y. Thisistrue even for |EEE specia values,
such as NaN and Inf (on processors supporting such values).

Examples. The value of IEEE_COPY _SIGN(X,1.0) is ABS(X) even when X is NaN.

Description. Get an exception flag.
Class. Elemental subroutine.
Arguments.

FLAG shal be of type TYPE(IEEE FLAG_TYPE). It is an INFENT(IN) argument and specifieg the
| EEE flag to be obtained.

FLAG_VALUE shall be of type default logical. Itisan INTENT(OUT) argument. If thevalue of FLAG is
IEEE_INVALID, |IEEE OVERFLOW, IEEE BWIDE BY ZERO, IEEE UNDERFLOW, or
IEEE_INEXACT, the result value is true if the corresponding exception flag is signaling and is
false otherwise.

Example. Following CALL IEEE_GET_FLAG(IEEE_OVERFLOW,FLAG_VALUE), FLAG_VALUE
istrueif the overflow flag is signaling and isfalse if it is quiet.

Description. Get halting mode for an exception.
Class. Elemental subroutjne:
Arguments.

FLAG shall be ofctype TYPE(IEEE_FLAG_TYPE). It is an INTENT(IN) argument and specifieg the
IEEE flag. It shall have one of the values |EEE_INVALID, IEEE_OVERFLQW,
IEEE"DIVIDE_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.

15.9.5 [EEE_GET_ROUNDING_MODE (ROUND_VAL UE)

Description. Get the current IEEE rounding mode.
Class. Subroutine.
Argument. ROUND VALUE shal be scalar of type TYPE(IEEE ROUND TYPE). It is

15.9.6 IEEE_GET_STATUS (STATUS _VALUE)

INTENT(OUT) argument and returns the floating point rounding mode, with value IEEE_NEARE
IEEE_TO_ZERO, IEEE_UP, or IEEE_DOWN if one of the IEEE modes is in operation
IEEE_OTHER otherwise.

| SO/IEC 15580: 1998(E)
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Example. To store the rounding mode, do a calculation with round to nearest, and restore the rounging

mode later:

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

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

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

Note. The result can legally be used only in an IEEE_SET_ROUNDING_MODE invocation,.

Description. Get the current values of the set*of flags that define the current floating point status,

including al the exception flags.
Class. Subroutine.

Arguments. STATUS VALUE shall. be scalar of type TYPE(IEEE_STATUS TYPE). It i
INTENT(OUT) argument and returns the floating point status.

Example. To store al the exception flags, do a calculation involving exception handling, and regtore

them later:

USE, | NTRINSI C.x | EEE_ARI THVETI C
TYPE( | EEE_STATUS_TYPE) STATUS_VALUE

CALL | EEECGET_STATUS( STATUS VALUE) ! Get the flags

CALL VEEE SET_FLAG(IEEE_ALL,.FALSE.) ! Set the flags quiet.
: \~calculation involving exception handling

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

Note. The result can be used only in an IEEE_SET _STATUS invocation.

159.71EEE_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.

Example. IEEE_IS_FINITE(1.0) has the value true.

15.9.8 IEEE_IS_NAN (X)

15.4

15.4

).9 |[EEE_IS NEGATIVE (X)

).10 |[EEE_IS NORMAL-(X)

Description. Whether a value Is [EEE Not-a-Number.

Class. Elemental function.

Argument. X shall be of type real and such that IEEE_SUPPORT_NAN(X) has the valugtrue.
Result Characteristics. Default logical.

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

Example. IEEE_IS NAN(SQRT(-1.0)) hasthe value true if IEEE_SUPP@RT_SQRT(1.0) has the vidlue
true.

Description. Whether avalue is negative.
Class. Elemental function.

Argument. X shall be of type real and such that IEEE_SUPPORT_DATATY PE(X) has the value triie.
Result Characteristics. Default logical.

Result Value. The result has the value true if |IEEE CLASS(X) has one of the vdgues
IEEE_NEGATIVE_NORMAL, |EEE NEGATIVE DENORMAL, IEEE NEGATIVE ZERO |and
IEEE_NEGATIVE_INF; otherwise, the result has the value false.

Example. IEEE_IS NEGATIVE(Q:0)) has the value false.

Description. Whether)a value is normal, that is, neither an Infinity, a NaN, nor denormalized.
Class. Elemental-function.

Argument X shall be of type real and such that IEEE_SUPPORT_DATATY PE(X) has the value triie.
Result Characteristics. Default logical.

Result Value. 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

POCLTIN/ NIADMA

:EEE_I'U\JI TV I__I\I\JF\IVII"\\L; other v'v'ix, theresdtthas-the-vatuefatse:
Example. IEEE_IS NORMAL(SQRT(-1.0)) hasthe valuefalseif IEEE_SUPPORT_SQRT(1.0) hasthe
value true.

15.9.11 |IEEE_L OGB (X)

16

Description. Unbiased exponent in the |EEE floating point format.
Class. Elemental function.
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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 signals and theresult is—Inf if IEEE_SUPPORT _INF(X)
is true and -HUGE(X) otherwise.

Case (iii): If X has an infinite value, the result is +Inf.
Case (iv): If X hasaquiet NaN value, the result is the same NaN.

Case (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.
Example. IEEE_LOGB(-1.1) has the value 0.0.

15.9.12 IEEE_NEXT_AFTER (X, Y)
Description. Returns the next representable neighbor of X in thedirection toward Y.
Class. Elemental function.

Arguments. The arguments shall be of type real 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.
Case (i): If X ==Y, theresult is X without any exception ever being signaled.

Case (ii): If X /=Y, the result has the value of the next representable neighbor of X in the direction gf Y.
The neighbors of zero (of either sign) are both nonzero. If either X or Y isaNaN, the result igone
or the other of .the input NaNs. Overflow is signaed when X is finite |but
IEEE NEXT_AFFER(X,Y) isinfinite; underflow is signaled when IEEE_NEXT_AFTER(X,Y)
is denormalized; in-both cases, IEEE_INEXACT signals.

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

15.9.13 IEEE_REM (X, Y)
Description. IEEE REM function.

Class; Elemental function.

Arguments The arguments shall be of type real and such that |[EEE g IDPOIQT_F)ATATYPF(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 |IEEE_RINT (X)

Description. Round to an integer value according to the current rounding mode.

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

15.¢

15.¢

rounding mode. If the result has the value zero, the sign is that of X.

Examples. If the current rounding mode is round-to-nearest, the value of IEEE_RINT(1.1) is'€.0. I{ the
current rounding mode is round-up, the value of IEEE_RINT(1.1) is 2.0.

.15 IEEE_SCALB (X, I)

Description. Returns 2' X.

Class. Elemental function.

Arguments.

X shall be of type real and such that IEEE_SUPPORT _DATATY PE(X) has the value true.
| shall be of type integer.

Result Characteristics. Same as X.

Result Value.

Case (i): If 2' X iswithin the range of normalizednimbers, the result has this value.

Case (ii): If 2' Xistoo large, the overflow exception shall occur. If IEEE_SUPPORT_INF(X) istrue| the
result value is infinity with the sign'of"X; otherwise, the result value is SIGN(HUGE(X),X).

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

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

.16 IEEE_SELECTED(REAL_KIND ([P, R])

Description. Returns-a value of the kind type parameter of a |EEE real data type with decimal precision
of at least P digitS and a decima exponent range of at least R. For data objects of such a type,
|IEEE_SUPPORT_DATATY PE(X) has the value true.

Class. Trapsformational function.
Arguments. At least one argument shall be present.
P (optional) shall be scalar and of type integer.

18

R (optiond) 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.
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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.

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

15.9.18 IEEE_SET_HALTING_MODE (FLAG, HALTING)

15.4

Class. Elemental subroutine.

Arguments.
FLAG shall be of type TYPE(IEEE_FLAG_TYPE). It is an INTENT(IN) argument. df-the valug of
FLAG is IEEE_INVALID, IEEE_OVERFLOW, IEEE_DIVIDE_BY_ZH

RO,

IEEE_UNDERFLOW, or IEEE_INEXACT, the corresponding exception flagisassigned avalue.

FLAG_VALUE shal be of type default logical. It isan INTENT(IN) argument:.[f it has the value
the flag is set to be signaling; otherwise, the flag is set to be quiet.

Example. CALL IEEE_SET_FLAG(IEEE_OVERFLOW, TRUE.) setsthedverflow flag to be signal

Description. Controls continuation or halting after an excegtion.
Class. Elemental subroutine.

Arguments.

rue,

ng.

FLAG shall be scalar and of type TYPE(IEEE_FLAG_TYPE). Itisof INTENT(IN) and shall have one of

the values: IEEE_INVALID; |IEEE_OVERFLOW, IEEE_DIVIDE_BY_ZH
IEEE_UNDERFLOW, and IEEE_INEXACT.

HALTING shall be scalar and of type default logical. It is of INTENT(IN). If the value is true,
exception specified by FLLAG will cause halting. Otherwise, execution will continue after
exception. The processormust either already be treating this exception in this way or be cap
of changing the modé.so that it does.

Example. CALL IEEE SET_HALTING_MODE(IEEE_DIVIDE_BY_ZERO,. TRUE.) causes hal
after adivide by zere exception.

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

.19 IEEEYSET_ROUNDING_MODE (ROUND_VALUE)
Description. Set the current |EEE rounding mode.

RO,

the
this
able

ting

bme

Clace Sl bina
CTAoo. JUMNTUULITIC.

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

ING

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)

I calculation with round to nearest
CALL | EEE_SET_ROUNDI NG_MODE( ROUND_VALUE) ! Restore the roundi ng node

201EEE _SET STATUS (STATUS VALUE)

15.¢

.21 |EEE_SUPPORT_DATATYPE ([X])

Description. Restore the values of the set of flags that define the the floating point status.

Class. Subroutine.

Argument. STATUS VALUE shall be scalar and of type TYPE(IEEE _STATUS TYPE). It i$ an
INTENT(IN) argument. Its value shall have been set in a previous invocation of IEEE~GET_STATUS.

Example. To store al the exceptions flags, do a calculation involving exception’handling, and regtore
them later:

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

CALL | EEE_GET_STATUS( STATUS VALUE) ! Store thekflags

CALL | EEE_SET_FLAGS(| EEE_ALL, .FALSE.) ! Set_ them qui et
I cal culation involving exception handli ng

CALL | EEE_SET_STATUS( STATUS_VALUE) ! Restore the flags

Note: Getting and setting may be expensive operations. It isthe programmer’ s responsibility tp do
it when necessary to assure correct results.

Description. Inquire if the processor supports |EEE arithmetic.
Class. Inquiry function.

Argument. X (optional) shall be scalar and of type real.
Result Characteristics. Default logical scalar.

Result Value. The result has the value true if the processor supports IEEE arithmetic for al reas (X
absent) or for real wariables of the same kind type parameter as X; otherwise, it has the value false. Here,
support means eémploying an |EEE data format and performing the operations of +, —, and * as ir] the
|EEE standard whenever the operands and result all have normal values.

Example JEEE_SUPPORT_DATATY PE(1.0) has the value true if default reals are implemented as in
the |IEEE/standard except that underflowed values flush to zero instead of being denormal.

T

15.924

20
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Description. Inquire if the processor supports | EEE denormalized numbers.

e}

Class. Inquiry function.

Argument. X (optional) shall of type real and such that IEEE_SUPPORT _DATATY PE(X) has the value
true. 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.
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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 denormal
numbers for X.

ized

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

15.¢

15.¢

.23 |EEE_SUPPORT_DIVIDE ([X])

.24 |[EEE_SUPPORT_FLAG (FLAG [, X])

operation whose exact result is less than TINY (X). Such an operation causes underflow to-s
unlesstheresult isexact. [IEEE_SUPPORT _DATATY PE(X) isfalseif the processor neverret
a denormalized number as the result of an arithmetic operation.

onal
Lrns

Description. Inquire if the processor supports divide with the accuracy specified by the |EEE standard.

Class. Inquiry function.

Argument. X (optional) shall of type real and such that IEEE_SUPPORT\ DATATY PE(X) hasthe V|
true. It may be scalar or array valued.

Result Characteristics. Default logical scalar.

Result Value. The result hasthe valuetrueif the processor supports divide with the accuracy specifie
the |EEE standard for al reals (X absent) or for real variables of the same kind type parameter aj
otherwise, it has the value false.

Example. IEEE_SUPPORT_DIVIDE(X) has the vaue true if the processor supports |EEE divide fg

Description. Inquire if the processor. supports an exception.
Class. Inquiry function.
Arguments.

FLAG shall be scalar and©fitype TYPE(IEEE_FLAG_TYPE). Itsvalue shall be one of IEEE_INVAL
IEEE_OVERFLOW, IEEE DIVIDE_BY_ZERO, IEEE_UNDERFLOW, and IEEE_INEXA

X (optional) shall of;type real. It may be scalar or array valued.
Result Characteristics. Default logical scalar.

Result Value. The result has the value true if the processor supports detection of the specified exceq
for al.feal's (X absent) or for real variables of the same kind type parameter as X; otherwise, it hag
valuefase.

Example. ALL(IEEE_SUPPORT_FLAG(IEEE_ALL)) has the value true if the processor support

alue

LID,
CT.

tion
the

4] "
LI TALEPUUNS.

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. Itsv

aue
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