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1.0 INTRODUCTION
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1.0 INTRODUCTIOH
1.1 RURROSE

This standard s?acifies the form and estuabilshes tha interpretation
of programs expressed in the Control Data Corporation Standard
FORTRAN languages The purpose of this standard is to promote
portability of FJIRTRAN oproarams for use on CDC dats processing
svstems.

1.2 PRACESSOR

Tha combination of a data proc2ssing systenm and the wmechanism by

which wsrograms  are transformed for use on that data processing
system is called a processor in this standard., .

1.3 SCOPE
1.3.1 INCLUSIDNS.
This standard specifleg:?

{1) The form of a program written in the CDC Standard FORTRAN

languaje

(2) Rules for intarpreting the meaning of such a program and its
data

{3) The form of writing input data to be processed by such =a
proaram oparating on data proce2ssling svstems

{4) The Form of the output data resulting from the use of such a
program on Jdata processing systems

1.3,2 CXCLUSIONS.
This standard does not specify:

{1) The wmachanizsm by which proagrems are transformad for use on @
data pdreocessing system

{2) The method of transecription of programs or their input or
coutput data to or from a datas processing madium

{3) Thz opzrations raqguired Tor setup and control oFf ths use of
programs on data processing systems

{4) The results whan the rules. of this standsrd fail to establish
an Intarvretation
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or somplexity of a program and its dste that will
¢ capaclity of any specific data processing system or
ility of a particular processor

{5) The s
aree
the ca

i
d
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{6} Tha range or pracision of numaric quantities and the method

of rounding of nun&ric rasults

{7) The physical properties of input/output recordss files, and
units

{8) Tha physical propartiss and implamentation of storege
1.4 CONEQRMAMCE

The requir=amentss prohibitionss &nd options specified 1in this
standard gJenzrally refsr to perwmissible forms and relationships for

ctandard-conforming programs rather than for processorse. The
ohvious  exceptions are the optional output forms produced by a
processors which are2 not under the oconirol of a progorame The

requirementss prohlbitinnss and optlons for a standard—conforming
processor usually must be inferred from those given for programse.

An executable program {2.4+2) conforms to this standard if it usss
only +those Torms and relstionships dasceribed herelin and 1§ the
executable program has an interpretation according to this standard,
A program unit {(2.4) conforms to this standard if it can be included
in an exsculable program in a manner That allous the eaxecutable
arogram to bz standard conformings

A processor conforms to this standard if it. executes
standard=-conforming programs in a manner that fuifitls the
nterpretations prescribed herzine A standard-conferming precessor

may aljow additional forms and relationships provided that such
additions do not conflict with the standard forms and relationshipss
“Howavears 2 standard-confeorming procaessor mey z2llow additional
intrinsic Ffunctions (16.10) 2ven thouah this could cause a conflict
with the name of an external function in a standard-conforming
Programa IFf such a conflict occursy the processor is permittad to
as2 the intrinsic fuynctlion unless the name sppears In  an EXTERNAL
statement within the program unite A standard-conforming program
must not use intrinsic. functions that have been added by the
processnr, lote that a standard-conforming program must not use gny
forms or relationships that are probibhited by this standardy but a
standard=-conforming processor may allow such forms and relatjonships
if they do not change the proper interpretation of a
standard=conforming prodram,

Because a standard-conforming program may place demands on the
processor that are not within the scope of this standard or may
include standard items that are not portables such as external
procedures defined by means other than FORTRAMs conformance to this
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1.4 CONFDRMANCE
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standard does not a2nsure that a standard-conforming progrem will
execute consistently on all or any standard-conforming processorss

1«5 NOTATION USED_IU_THIS_STAUDARD

In this standards "must" is to be interpreted as a requirement;
‘converselys "must not" is to be interpreted as s prohibition.

In describing ths form of FORTRAN statements or censtructss the
following metalanguage conventions and symbols are used:

{1) Spanial charactars from the FORTRAMN character set, upparcase
letterss and uppercase words are to be writtan as <=howns
except where otherwise noted.

{2) Louercase letters end lowarcass words Indicate general
pniities for which specific entities must be substlituted 1In
actual statements., 0Once a given lowercase letter or word is
used in a syntactic specification to represent an. entitys all
subsequant ogcourraences of that letter or word represent the
sam2 a2ntity until that letter or word is used in a subsequent
syntactic specification to represent a different entity.

{3) Bragkats, [ s are used to indicats optional itams.

(4) An ellipsiss  «ee » Indicates that the preceding optional
items may appear one or more times in successione

{5) Bianks are used to improve rezdabilitys but unlass otherwise
notad have no slogniflcance. :

{(6) Hords or 9groups of words that have special significance are
undaertined vhere *heir ma2aning i5 describeds Titles and the
metalanguage symhols described {n 1.5(2) above are also
underlineds

An examplae illustrates the metaleanousgee Givaen a description of the
form of a statement as:

CALL sub [([La C£s2)eesl)]
the foltowinag forms are allowads.

CALL sub

CALL sub ()

CALL guh (a)
CALL sub (a.2)
CALL sub (asz2s3)
etc.
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1.5 NOTATION USZD IM THIS STANDARD

WYhen an actual! statement

is wuritten, specific
substituted Tor suyb and =2ach a3

for example:?

CALL ABCD (X»1.0)

entities
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240 FIRTRAI TERMS AMD CIOMCEPTS

This section introduces basic terminology and conceptsy, some of

~which are clarified further in later sectionss Hany terms and

concepis of more specialized meaning are also  introduced in  later
sectlions, The undertined words ere described hesre and used
throughout this standard,

[ 7218

241

EQUEUCE

A zaguangse 1s 2 sebt ordered by a pone-to—one correspondence with the
numbers 1, 2, through p. The number of elements in the sequence is
Ne A sequence may be emptyvs In which casae It contalns no elements.

The elements of a nonempty sequence are raferred fto as the first
nlements socond 2laments etece The nth  clements where p  Is  the
number of ce¢lements in the sequences is called the last elements An
ampity sequapnc? has no first or tast element.

2.2 SYNTACTIC ITEMS

Letterss digitss and specigl sharacters of tha FORTRAN character set
{(3.1) are  uysed to Torm the syntactic items of the FORTRAN language.
The basic suontactic items of the FORTRAN Jlanguage are constants,
symholic namess statement labelss keywords, operators, and special
characters. :

The form of a constant is described in Section 4.

A svmbolic name takes the form of a sequence of 1 to 31 letterssy
digitss or wunderscoress the first of which must be a letter.
Classification of symbolic names and restrictions on their use are
described in Section 19,

A statemani lahel takes the form of 2 sequence of one.to five
dijitss, one of which must be nonzeroy, and is used to identify a
statemznt (344).

A Keruord Lakes the form of a specified sequence of letters. The
keywords that are significent in the FORTRAMN language are described
in Sections 7 through 16. 1In many Instancess s kayword or 2 portion
of a keyword also meets the requirements for a symbolic name,
Yhether a particular sequenc2 of characters identifies a keyword or
a symbolic namz2 is implled by context. Thera Is no sequence of
characters that is reserved in all contexts in FORTRAN,

The set of. special characters is daescribed Iin 3.144s A special
charactar may be an operater or part of =2 constant or have some

CONTROL DATA PRIVATE



o | o 2-2
Control Data Corporation Standard FORTRAN ‘

= 53706730
2.0 FORTRAN TERMS AND CONCEPTS
2.2 SYNTACTIC ITEMS

-t - B et e e D e e R el ke L L e ——— )

othear sp@cinl maaninge The interprefation is implizad by context.
2+3 SIAIEMEHISL_QDﬂHENIS:_AND-LINES

A FORTRAN zsiaktemsnk is a sequence of syntactic itemss as described
in Sections 7 . through 16. Except for assignment and statement
function statementss each statement begins with a keywords In this
standards the keyuword or keyuwords that begin the statement are used
tn identify that statements For examples a DATA statement begins
with the keyvword DATA,

A statement is writtan in on2 or mora linass the Tirst of which is
called an Inltfial lipa {3.2.2); succeeding lines» if any, are called
gonkipuation Llines {(3+2.3),

¢ 3 line called a coppent line {3.2.1)s which is not
ztema2nt and is intended to provide documantatione.

Thare Is ails
part of any st

2e3+1 CLASSES_DE_STAICHENIS.

Cach statement is classiTied as exacutable or nonexccutable (Section

. zxecitabla statements specify sctions., Nonexecutable
statements describe the characteristicss arrangement, and initial
values of data; contain editing information; specify statement
functions;y ciassify program units; and spszcify entry points within
SUDDProOJramses

~
-~

2e4 PROGRAW_UNITS_AND_PROCEDURES

A proacsn unlit consists of a sequence of statements and optional
comment linese A program unit is either a main program or a
subprograis

A gaip prozram iz a  program unit that does not have a FUNCTION
SUBRADUTINEs or BLOCK DATA statement as its first statement; it may
hava a PRIAGRAH statement as its first ststement.

A subnroarze is a program unlt thst has a FUNCTIONMs, SUBROUTINEs, or
ALAOCK DATA statement as its first statement, A subprogram whose
firzt statanment is a FUNCTION statement is called a fupgilon
subproaram. A subprogram whose first statement 1is a SUBROUTINE
statement iz callad a2 subroutins subprgarame. Function subprograms
and subroutine subprograms are <called procedyure sSUbRLQULAMS. A
subproaran #hnse Tirst statement is a BLOCK DATA statement is callad
a bhlogk data subproaram. :

Subroutines (16+.6)s external functions {(10645)s statement functions
{15.4)sy and th2 intrinsic functions (16.3) are called progssdures.
Subroutines and external functions are called external procedures.

COMTROL DATA PRIVATE
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24441 PROCEDURES.
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Function subprograms and subroutine subprograms may specify one or
more external functions and subroutiness respactively (16+.7).
Zxternal proceduras may glso be specified by wmeans other than
FORTRAN subprogramss :

24442 EXECUTABLE_PROGRAM.

An axzcufahls proaram is a.collection of program units that consists
of exactly one main program and any number, including nones of
subprograns. and axiarnal procadures.

2+5 VARIABLE:

A yariable is an entity that has both a name¢ and a typ2. A veriable
nama Is s sw»iholic name of a datume Such a datum may be identifiedy
defined (2.12)s and referenced (2.13). Note that the usage in this
standard of the word "variabla" is more restricted than 1its normal
usages in thait it does not include array =lements.,

The type of a variable is optionally specified by the appearance of
the variable name in a type=statement {4} If it is not so
spacifieds Lthe type of @ varlable Is Implied by the first lettar of
the variable name to be integer or real (4,1.2)s unliess the initial
fetter type implication is <changed by the wuse of an IMPLICIT
statement {(345).

At any given time during the execution of an executable programs a
variable is either defined or undefined (2.12).

2¢0H ARRAXY

An arrayv is a (possibly empty) sequence of data that has a name and
2 tvpueese Tha name of an array is a symbollic namce An array name is
the symbolic name of g sequence of datas Such & seguence of data
may be identified, defineds and referenced, At any given time
during the execution of an axecutable programs, an arrsy is cither
defined or undefinad.

20641 ARRAY_ZLEMENTS

Each of the 2lenents of an array is ealled an asrcray element. An
array name qualified by a subscript is an array element name and
identifizs a particular =2lement of the array {(5.4), unless the array
has sizz zZero., Such a datum may be Jdentified, defined {(2.12)» 2nd
referenced (2+13)s The number of array elements in an array is
specified by an array :daclarafor (5.2),

An  array elament has a tyoee The tvee of all array elements within

an array is the sames and is optionally specified by the appearance
of the array - nam= in 2 ‘tfypz-=sztatement (8.4), If it is not so
spacifliads the type of an array elamant is dwmplied by the flrst

CONTROL DATA PRIVATE
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Jetter of tha array name to be integer or real (%4,1.2)s wunless the
inltial Jaotter type Implication Is changed by the use of an IMPLICIT
statement (8.5).

At any given time during thes 2xecution of an executable programs an
array elament is elther defined or undefinad (2.12),

2e642 ARRAY_SECTIONS

An array sagctlon I1s a subsequencz2 of an arrays An srray name
qualified by a section subscript identifies a particular subsequence
of " Ltha arraye The type of all array elements vithin an arrsay
sectlon Is the same as the type of the array name.,

At any given time during the ex2cution oF an axccutable programs an
array section is =ithzr definad or undefined,

247 JUBRSTRING

A charactar datum is a (possibly empty) sequence of characters. A
suhstring is a contigyous portion of a character datum, The form of
a2  substring name used to identify.  define {2.,12)s or reference
(2.13) a substring is Jdescribed in 5.10.1 ‘

At any given time during the execution of an executable programy, a
substring is either defined or undefined {2.12).

2.6 SCALAR

A sgalar is a constents wvarisbhtiazs arrsy elements scalar—=valued
function rasferences or substring. The valus of an expression Is a
scalar if each primary in the expression is a scalars

249 DUUMY_ARGUMENT

A dummy argument In a3 procedure }s either a symbolic name or an
asterisks A symbolic name dummy argument identifies a wvariables
arrays or precedura that ba2comes assoclated (2.15) uith an actual
arcument of cach refTerance (2.13) to the procedure {1642y 1644420
16+5,2y and 1646.2)s An asterisk dummy argument indicates that the
corresponding actual argument is an atternate retuyrn specifier
(1\{)-{3.203.‘ 1{'1.8.3’ E!nd 16.90305)0 ‘

Each dummy argument name that is classified as a variables arrays or
dJuimmy procedure may appear wherever an actual name of. the seme clzass
{Saction 1M and type  may appears exe2nt  whers explicitiy
prohibited.
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2.10 SCOPE_OE_SYMROLIC_NAMES_AND_SIATEMENI_LABELS

Tha scop2 of & symholic name (19.1) is an eaxecutable programs a
progran units a statement function statements, or an implied-D0 list
in a DATA statement, ‘

Tha npame of the main program snd the n=nes. of block dzta
subprojranss a2xternal functionss subroutines, and common blocks have
a scope of an executable programe. :

The nawmes of wvariablas, arrayss constvantss statement functionsy
intrinsic functionss dumny proceduress and NAMELIST group names have
A scope of a program unit,

Th2 names of variables thet appear as dummy erguments in a statement
function statsment have a scope of that statement.

The names of variables that appear as the Di=variable of an
impliced=DD in a DATA statement havs a scope of the implied=-D0 liste.

Statemant labels have a scope of 2 program unijts
2411 LISI

A Lisk iIs a nonampiy saiquence {(2.1) of syntactlec entities separated
by commas., The entities in the list are called list items.

2012 DZEINITION_STATUS

At zny given time durlng the executian of an executable programs the
definition status of each variable, arrays array sections array
elaments or substring is either defippd or updafipegd (Section 18).
A defined entity has a value, The value of a defined entity does
not changn until the entity becomas undaefinad or is redefined with a
differaznt value, Zero—sized arrayss array sections and substrings
are taken always to be defined with a special value that depends on
their shape and type.

I a variables arrays array sections array elements or substring is
undefineds it does not have a predictable value,

A previously Jdefinad variahles non—zern sized arrzys non-zero sized
array sectlans or array element may become undefined, Subsequent
definition of a defined variables arrays array sections or array
alanent is permittads exceot where it is axplicitly prohibitead,

A character entlty 1is defined if it has size zero or if every
substring of lenagth one of the entity is defineds MNote that if a
string is dafineds svary substring of the string is defineds and if
any substriny of the string Is undefineds the string s undefined.
Defining any substring does not cause any other string or substring

CONMTRCL DATA PRIVATE
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o become undefined,

An entity is ipitially defiped if it has size zero or if it is
asslagned a value In 2 DATA statement (Section 9). Initially definad
~entities are in the defined state at the beginning of execution of

an executable. program. All wvariables and array elements not.

initially doefinads nor associated (2.15) with an initially definad
antlitys are undefined at the beginning of execution of an executable
program.,

An ontity must be dafinsd at the time a refsrence to it is executed,

A variable» arrays array sa2ctions array o2lements or substring
refacancs is the appearance of 3 varlables arrays array sections
array elements or substring name, respectivelysy in a statement in a
context requiring the value of that entity to be used during the
axacution of the a2xecutable proorame YWhen . a referencs to an entity
is axpcutedy its current value is available. In this standardy the
act of defining an entity is not considered a reference to that
antity.

A procadure rafarsnee Is the appearance of a procedure name in 2
statement in a context that requires the actions specified by the
procedure to he axacutad during the execution of the eaxecutable
nrogram. Whan a procadure reference is axscuteds the procaedure must
be available, ‘

2414 SIORAGL

A storage seauepce is a sequence of storage units. A storage wupnit
iz cithar a numeric storage units a charactar storage unitsy or & bit
storage unite. :

An integers reals Booleans or logical datum has one pumeric storage
dqoit in 8 storsje sequances A double pracision or compliex datum has
two numeric storage units in a storage sequence. A half precision
storage unit is half of a numeric storage unite A charscter datum
has one gharagciar siorfesags uUplL in a  storage sequence for each
character in the datume A bit datum has one bit storage upnit in a
storayn sequance for 2ach hit in the datum,. '

A storage unit has a seguance of consacutive bit positions. A bhit
position of a storajge unit may hold a component of a dstum having
that storage unit. This component is5 & DilL_values or bhiks of O or
l. A numeric storage wunit has 64 bit positionse A character
storaagw unit has 8 bit positionse A bil storage wunit has 1 ©bit
paosition,.
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If a datum. requires more  than one sitorages unlt In 2 storage
sequencey those storage units are consecutive,

Tha concept of s storage segquance is usa2d to describe relationships
that exlist amony variabless array elementss arrayss substringss and
‘common blocks. This standard does not specify a relationship
between the storage sequence concept and the physical properties or
implemantation of storago. '

2415 ASSOCIATION

Association of entities exists if the same datum may be idantifiad
by differant symbollic names In the same program unlte or by the sapme
name or a different name in different program units of the same

executable program (18.1}.
Sniities may become assoclated by the following:

(1) Common association (8.3.45

(2) Equivalencz2 association {8.2.2)

{3) Argument sssocliation (16.9.3)

{4) Entry association {1647.3)
2.156 SUABL
The shapeg of an arfay or array section is the number of dimensions,
tha siz2 of each dimansions and whethar the array Is defined as
roywise or columnwise,

The shape of an =array is dgznotad by (dls d2s eser dn) mhere n is the
nunber of dinensions and di is the sizez of the {th dimensionas

Two array objects (arrays array sections array-valued expressions
array=valugd functions 2lemental funection refarence with an  array
resuylt) are of the same shape only if they have the same number of
dimensionss the size of ecach dimension is the sames and they are
hoth columnwise or both rowwisee.

The ghape of a scalar is zero dimensions.

The shape of a wuser arrav-valued function is determined by the
declaration for thn funcition name a5 an arrey in the PROCEDURE
INTZRFACE IMFORMATION. BLQOCK. The shap2 of an elemental intrinsic
function is the shape of the argument with the greatest number of
dimensions., ' :
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2417 CONEORMABILITY

Two array oblzcts (arrays array sectjonsy =array-valued expressiony
array—-valued functijons elemental Ffunction reference with an array
result) are gopformabla iIf thay have the same shape, A scalar  is
conformable with any arrays array sections, or array expressions The
scalar is treated as if it had been extended to an array with the
sams shape in which all array eolements have the value of the scalar.

2.18 ALLOCATABLE

An allocatable array is allagatad if it has been specified durinag
tha axecution of an ALLOCATE statement and not subsequently
released. An allocatable array is no longer allocated i{if it has
been specified during the execution of a FREE statementy or if
wyxacution of the subprogram in =»hich it was declared has Dbean
terminated by execution of a RETURN or END statement and the array
name is not specified by a SAVYE statement.
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3.0 CHARACTERS, LINES, AMD EXECUTION SEQUENCE
3¢1 EQRTRAN_CHARACTZR_SET

The FORTRAN character set consists of tuwenty-six letterss, ten
digitss and fifteen special characters,

3,141 L&IIEEi
A letter is one of thebtwentynsix characters:
ABCDEIEZFGHIJEKELMNMNNOPORSTUVYWXYIZ

Each letter also has a lower case form. Except in a character
constant (4.,8,1)» Hollerith constant (4.9.1.1), apostrophe edit
daseriptor {1l4.5.1)s aquote adit descripior {(14.5.1)s or H edit
descriptor (14.5.2)s the lower case form of a jetter |js interpreted
As. merely a variation in the graphic used for the letter. In a
charactaer constants Hollerith constants apostrophe adit descriptors
quote edit descriptors or H edit descriptors the lower case form of
a letter is interpreted as a different character from.the upper case
form of the letters, except as explicitly noted elsewhere within this
lanqguage spacification.

3+.1.2 DIGITS.
A digik is one of the ten characters:
012 345672829

A string of digits is interpreted in the decimal base number system
whan a numerijc¢ intarprotation is appropricte.

An ogial_dijif is one of the eight characters:
01234567
Tho digits in an octal zonstant (4.92.1.2) must all be octal digits.
A hexadecimal_diagif is one of the sixteen characters:
01234586789 ABCDETF
Tha diglits in a hexadecimal constant {4.9.1.3) must all be
hexadecimal digits. Except in an octal or hexadecimal constant, a
string of digits is interpreted in the decimal besa number system
whan a nupbar system basse Intarpretation Is appropriates In an
octal constants a string of octal digits is interpreted in the octal

base number system. In a hexadacimel consitants a2 sitring of
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3¢0 CHARACTERSs LIMES, AND EXECUTION SEQUENCE
3a1ls2 DIGITS,

‘hexadecimal digits is interpreted in the héxadecimal humber systeme
34103 ALPHAUUNERIC_CHARACIERS
An alohapnumeric gharacter is a letterr a digity or the underscore,
3ele4 SRECIAL_CUARACTIZRS.,
A special character is one of the fifteen characters:

e e e e e e o e et o e

Charsacter

e 08 B W S4B S o e D Y 4t Bt w0

-+

~~~~~~~~~~~~~ T —p— N
Name of Character:
Blank
Equsals
Plus
Minus
Asterisk
Stiash
Left Parenthesis
Right Parenthesis
Comma
Dacimal Point
Currency Symbol
Apostrophe
Colon
Quote
Underscore

Y = P8 S G W W S G D S S T S YD B S o) S W P

o wite W w4+

G e e wn —- -y - . . —n e - . - o we
-
2

d e e i v e e G NS W S e e e e we 08 W
G e W k- e N . " e NG W S W e e

Thae sot of characiers capable of representation In th2 »srocessor lis
given in Appendix A.

3.1.5 COLLATING SEQUENCE _AND_GRAPRHICS.

Motet: Throuzhout thls szotions S denotes the size of the processor'!s
character set. See Appendix A for value of S.

Charactar roelational expressions ars evaluated according to a
collating sequenceas determined by a gcollation _weiaght_ _tables A
«s12faht table is a ona-dimensione! integer array of size S. Each
eltement oF tha welght table has a wvalue between zero and S-1
inclusive, The value of element 1 of the weight table is the
collatina_ueiiaht for the character with the character__code of .
Thz ocharacter codes and graphlec representations for all characters
supported by the processor are given in Appendix A. If c¢(i) and
clj) are <characters and i' and j' are their respective collating
uaightss then ' ‘

cli) +o0ps c{j) has the value true if and only if i'.0pej! . has
the value trues where «npe is any of th2 relationsl opsrators.
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2145 CIOLLATING SEQUENHCEZ AND GRAPHICS.

3
3

The valye of a weight table element does not have +to be un

ique
githin the fable; i.e.» saveral chareacters mey have the same

collating weight,

Collation may be directed by the fixed_collatiop_ueighbt_tahle or by
the  user=gpecifisd __cnlliatlon _ _wel hif_ _tablg. The tables sare
predefined with the values given in Appendix As The fixed table may
not bs modified but the prograem may =access and modify the
user-speciflad tablc. A compiter—call statement option or the
collation control! directive (3,7+3) determines which table specifies
collation sequence Tor character relational cexpressions.

The collating sequence used by the Intrinsic functions LGE», LGT,
LLEs and LLT (16.10) is independent oF both the fixed and
usar=spacifia2d weiaht tablies and is therefore unaffacted by either
the complilar~cell statement option or the collation control
directives The intrinsic function INDEX (16.10) does not use. either
collation weight table. The intrinsic functions CHAR eand ICHAR
(16.10) raturn yvaluas depandent upon the collation yelght tablese.

A program'mayhaccess or modify the user—specified collation weight
table by wusing the procedures COLSEQ, CSOWN or WTSET (1641247
160120?) 16l1208’o . .

301.6 RLANK_CHABACTER.

With the axception of the uses specifiad (342¢29 36232 3e39 448
4eDslsy 44:9+¢1els 144541 and 14.5.2)s a blank character within a
program unit has no meaning and may be used to improve the
appearance of the program unitsy subject to the restriction on the
numbaer of consscutive continuation linas {(3.3).

3.2 LINES

A line in a program unit is a s2quence of 72 c¢harescters, Al
chiaractars wust bz fTrom the FORTRAMN character seoty except as
described in 30201: li’a'}) 4-90101’ 130202) and 14¢241. ’

Tha charactor positions in a line are called golumns and ere
nunhared consecutively 1s 2» through 72. The number indicates the
sequential position of a character in the 1lines beginning at the
lefi and proceeding to the righte Linas are ordered by the sequence
in which they are presented to the processor. Thus a program unit
consists of a totally ordered set of characters.,

30201 COMUENT _LINE

A gopmani tlinz is any line that contains a € or an asterisk in
column 1y or contains only blank characters in columns 1 through 72.
A commant  lina thet contains a4 C or an ssterisk in column 1 may
contaln any oharactar capable of reprasentatlon Iin the pregcessor 1in
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columns 2 through 72.

A comment Jine deoes not affect the executable program in any way and
may be ysed to provide documentation, Certain special forms of
commant linaes control procassor behavior. Thase comment lines  are
orocessor dlreciives called Ci=directives (3.7).

Comment tines may appear anywher® in thes program unit. Comment
lines may precade the (nitial VYine of the first statemant of any
nrogram ynits Comment lines may appear between an initial line and
its first continuation line or between two continuation lines.

3¢202 IMITIAL_LINZ.

An inltial lipne is any line that is not a comment line and contains
tha character blank or the digit 0 in column 6. Columns 1 through 5
nay contaln o statement label (344)y or each of the columns 1
through 5 must contain the character blank.

34243 COMIIUUATION LINE.

A goniinuatinp iips is any tline that contains any character of the
FORTRAN character sat other than the character blank or the digit O
in column 6 and contains only blank charactars in columns 1 through
‘5« A statement must not have more than nineteen continuation liness

3¢3 STATZHEUNTS

Tha statamanis of the FORTRAN language are described In Sections 7
throunh 17 and are used to form program unitss, Each statement 1is
written in columns 7 through 72 of an initial 1ine and as many as
ninatgen continuation liness An END statemeni is wrltten only . in
colunmns 7 through 72 of an initlal tine. No other statement in a
program unit may have an initial line that appears to be an END
statement, Mote that a statarent must not contain more than 1320
characitaerse Cxcept as ovart of a loglcal IF statement (11.5) or 8
logical WHERE statement (11.15)» no statement may begin on a line
that contains any part of the previous statement.

Blank charactars precadings withins or following a statement do not
change the interpretatjon of the statements, except when they appear
J€ithin the datum strings of character constants, in Hollerith
sonstantss or the H or apostrophe edit descriptors In FORMAT
statements., (lowevars blank characters do count as chzaracters In the
limit of total characters allowed in any one statement.

34 STIAIZOEWUT_LABZILS

Statement } abels provide a means of referring to individual
statements, Any statement may be Jabeleds, bubt only labeled
axacutable statemants and FORMAT stataments may he referred to by
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3.4 STATEMENT LABELS
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the use of statement labelss The form of a statement Jabel is 1
zegquence of one to five digitssy ong of uhich must be nonzero., The
statement 1gbel may be placed anywhere in columns 1 through 5 of the
initial line of the statements The same statement {abel must not be
ivan to mors than ona statement in a program unite. Bianks and
l2u4ding.  zeros are not signiflcant In distingulishing between
statement labels. ,

3.5 ORDER_UE_STIAIEZHZUTIS AND_LIMES

A PROGRAM statement may appear only as the first statement of a main
programe, The first statement of a subprogram must be either 2a
FUMCTION, SUBROUTIHEs or BLOCK DATA siatement.

Wiﬁhih a progran unit that permits the statements:
(1) FORMAT statements may appear anywhere;

{2) all specification statements must preéede all DATA
statemaentse MAMELIST statementsy statement = function
statementssy and executable statements;

{3) all statement function statements must precede all e2xecutable
statenents;

{4) DATA statements may appear anywhere after the specification
statements;

(5) EMTRY stutaments aay appear anvuhare excspt between a block

' IF statement and its corresponding END IF statements between
a block WHERE statement and its corresponding END WHERE
statementy or b2iween a DO statement and the terminal
statement of its DO-1oo0p3 and

(6) A HANELIST statement (1l3.14) may app=ar  anydhere after the
spoagiTication statementss but must precede any dasta transfer
Input/output statement that refers to the NAMELIST group name
{13414y 1942.12) that is specified by the NMAHELIST statement.

Within the speciftication statements of a3 program unlts, IMPLICIT
stutements must precede all other specification statements except
PARAMETER statementss Any specification statement that specifies
“ha type of o symbolic name of a constant mus® precede the PARAMETER
statement that defines thet particutar symbolic name of a constant;
the PARAMETER statement must precede all other statements containing
the symbolic names of constents that are daefined in <tTha PARAHMETER
statament,

The Ytast line of a program unit must be an END statement.
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Figure 1

Requiréd Qrdér of Statements and Commant Lines

e om e v o o k. e 1 o e o e e St b ——— — ——

+
! ! PROGRAMs FUNCTION, SUBROUTINEs or :
o H BLOCK DATA atatement H
! - e e e e e e e e e e +
H H H H IMPLICIT 1
H i H ! Statements !
H H \ PARAMETER e e e e e e e e +
i Comment ' FORMAT 3 Statemants . |} Other H
H : and H ! Specification}
H Lines H ENTRY H ! Statements !
H 7 Statements tremememeecoceo-. 3 e e e e e +
! and : H ! Statement ;
} H ! DATA and t  Function H
1 Cé=directivel Y NAMELIST H Statements |
! ! ! Statemants 4=———rmmeccee—— +
H Lines H H t Execytable
H i H ! Statements |
RS- - $m— o e v et e et et e e o o e 0 e e e +
H END Statement H
+ - e e e e o e e +

Figure 1 is a diagram of the required order of stztements and

conmaent linaes for @ progran uynit, Vartical lines delinesate
varieties of statements that may be interspersed, For exampley
FORMAT statements may be interspersed with statement function
statements and exacutabla statements., Horizonis fines . delineate
varietiaes of statenmants that must not be Intersperseds For examplas
statement function statements must not be interspersed with
executable statements. Note that an E£HD statement is also an

axacutable statament and must appear only as the tast ststement of a
nrogram unit,

3.6 NORMAL_EXZCUTION_SEQUENCE_AND_IRANSEZR_DE_CONIROL

Hoarmal =2xsacullon spgus ng Is the exacution of executable statements

in the order in which they appear in a program unit, Execution of
an  exacutahlips prozram  begins with the exescution of the first
exacutabla statement oFf Ythe main programe. When an external

procedure specified in a subprogaram is referenceds execution begins
with the Tirst executablie statement that follows the FUNCTIONS
SUBROUTINLE » or #MTRY statesment that specifies the referenced
procedure as the name of a procedure,

A trapsfer of nnntggl is san alteration of the normel execution
saquencz, Statements that may czuse a transfar of control zretd

{1) 60 70
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{2) Arithmetic IF
(3) RETURH
{4) STQpP .

{5) An input/output statement containing an error 'specifier or
end=-of—file specifier

{6) CALL with an slternste roturn specifier
(7) A iogical IF statement containing‘any of fﬁe above forms
(3) BlockilF eand ELSE IF
(9) Th2 last statement, If anys» of an IF-block or ELSE IF-block
(10) DO
{11) The terminal statement of a2 DD—(oop
{13) END

The effect of these‘ statements on the execution sequence is
dascribed in Sections 11, 13, and 16,

Tha normal execution saquence Is not affected by the appearance of
nonexecutable statements or comment lines between executable
statementss Ex2cution of a funcilon refarence or a CALL statement
is not consldered a transfer of control in the orogram unit that
contains the references except when control is returned to a
statement identified by an alternate.  return specifier in a CALL
statemants, Zxecution of a2 RETURN or END ststement in a referenced
procadurey or exzcution of & transfer of control within a referenced
procedurey is not considered a transfer of control in the program
unit that contains th2 refersnce.

In the =axecution o0Ff an executable proyrams a procedure subprogranm
must not be referenced a second time without the prior execution of
a RETURN or CZHD statement in that procedura.

347 CE=DIRECTIVES

A Ci=dirncitive is a szpecial form of comment line that affects
processor Dbehavior., This effect can be suppresseds and the
Ch=directive treated as a comment lines by selection of the
appropriate FORTRAW conirol statement option (see host oeperating
systam reference manuyal for details). A Cs-directive is a gcontrol
directivee A contro)l directijve affects an aspect of the processorls
Intazrpretation of thosz lines Tollowing the directive and preceding
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3.7 C4-DIRECTIVES

aither a subsecyent directive mod!fying the same aspects IFf such 2
directive appearsy or the end of the program unit., The aspects of
interpretation that may be controlled are:

{1) tistinag of tha program and associated processor-produced
Informations

{(2) specification of program lines to be processed or ignored,
(3) charactar data compare collation tabltes and
(4) minimum trip count for DO~loops.

Aspect (1) is listipo___copkrols aspect (2) is gonditiopal
compilations aspect (3) is collation _cgopkrol, and aspect {4) is
DO=loop_goniral.

Tha general form of a control diréctivé is
Cs Eavuardl(nl=g1l,pl=g1s¢s)IE0,712h1]

wheret
keyuord is one of LIST., 1IFs ELSE» ENDIFs COLLATE or D3,
The Keyword may begin In any column starting with
column 7.

R is a pearametaor. Dapending upon the keyword that
appaarssy one or mora parameters may be specificds

c is an integer constants or symbolic name of an
integer constants with 8 value of 22ro or one.
Depending upon the parameter ps the constant elther
may or must not appear,

lahb is a dirzegtlivz lsghsle Depending upon the keypord

that appearss a directive label may be specified.
If a directive 1ahel appears and no parameters are
prasaent, & commz must saparata the keyword and the
dirsctive labhel.

The letter € in column 1 together with the character £ in column 2
identify a ling as a Ci=dir2ctive linz. Such a line will be
intarpreted as a conment only if the approprliate FTN control
statement option is selecteds The entire directive must appear on a
single line, A Ci=directive interrupts statement continuationys
unlass Jt ig being intaerpreted as a commente.

3.7.1 LISTING CONIROL

A listing control directive has the keyword LISTe It must have the
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form:
€ LIST (pl=gllypl=glless)

where:
p is S» 0Os Ry As ¥ or ALL

g is & constant or the svmbol ic name of a constant
The constant is optional for all parameters; its @absence is
aquivalent to the appearance of a constant with the value one. p=0
disables switch p3 p=1 enables syitch p.

ALLL=¢] Is cquivzalaent to Sl=¢ls00=clsRI=glsAl=glsNl=¢]

A listing controtl directive found by the processor to be in error
results in a diagnostlc nessage.

3+7¢101 Lisk. Dption_Suilches

The list option switches offer the following control
S - source lines are listed when enabl ad,

0D - genarated oblject code Is listed Tor statements processed when
enabled.

R - symbol references are accumulated for the 2ross raference list
vhen anableds  Svymbols ®ith no accurulated references wlll not
appear in that list; no accumulation for an entire program
unit suppresses cross reference list,

A - the s=symbol atirlbute }ist is generated if this switech s
enablied when the END statement is processed.

M1 - the D loop and common/equivalence map lists are generated if
this s9iteh is5 enabled whaen the EMD statement is processed.

3¢7+42 CONDITIANAL_COMPTILATION

A copnditionesl compilation directive has a keyword which is one of
IFs ELSE or ENDIF. Such a directive controls whether the lines
imnediately following the directive are to be processed or ignored
Dy the procassor.
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3.7.2 CONDITIONAL COMPILATION
An IE=dirzciiyve has tha form:
C% IF(e)C[s3Llahl
Hhare! : o ‘ :
o £ is an extended logical constant expressions If a

symbolic name of a constant appears, it must have been
previousity defined in a PARAMNETER statemant of the
programn unit in which the IF-directive aopears

lab is an optional directive label, It must be a symbolic

names Its use as a directive label 1In a conditional
compilation directive <does not affects and is not
affected bys its usza for any other purpose in the
program unit

An ELSE-directive has the form:

c ELSZ{»1lahd
where: labp is as for an IF~directive

An EMDIE=diraciiva has the form?

o

B ENDIFILs12h1
wharat  lLabh is as for an IF-diroective

For each IF-directive there must appear exactly one ENDIF-directive
later in the same program units and for each ENMDIF-directive there
siust  appear  exectly one IF=directlive earlier In tha same program
unit. Between an IF-directive and its corresponding ENDIF-directive
Wwill appear zero or more lines called a conditiopal_seguencee A
conditional sequence may optionally contain one ELSE-directive
corresponding to the IF-directive and ENMDIF-directive delimiting the
conditional sequence. An ELSE~directive may appear only wWithin a

conditionnl sequence. A conditional saquenge may not contain more
than one ELSE-directivs unless it contains another conditional
sequence. If an ELSE-~directive is contained within more than one

conditional sequences the ELSE-directive corresponds to that
IF~&NDIF nalr which delimits the smallests 1I.&.  innermosty
conditional sequence containing the ELSE~-directive.

If corresponding IF and ENDIF, or IFs ELSEs ENDIF directives have a
directiva labels 1t must be the same directive lebel. HNo other
restriction applies to directive labels on conditional directives.
Thare is no requirement that any conditional directive have 2
dirsaetive labels The same directive label may bo used on more than
one  saquancs  of corresponding conditional directives in a single

. program units, including the case of conditional directives whose.

conditionsl sequ=pce contalns other conditionsl directives with the
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B3e7+2 CONDITIUONAL CONMPILATION
same directive label,
A conditional! seaquence may oconbtain  any nunber of properly
corrasponding conditional directives; and therefore other

conditional sequences., " If two conditional sequences contain the
same lings one conditionsa!l sequence must lie wholly within the other
conditional szguenca.

A conditional compilation directive found by the processor to be in
arror results in a disjnostiic maessagn,

3.7.2.1 Processor_Conktrol

Processging of an IF-directlive causes avaiuation of the expression =.

If an IF-directive is processed by the processor and the value of ¢
is trues followinyg lines are processed as if the IF-directive bhad
not appeareds unless a corresponding ELSE-directive is encountered.
In this casey lines between the lLStE-directive and the corresponding
ENDIF=diruactive are ignored by the processor. If an IF=directive is
nrocassad by the processor and the value of 2 is falses following
lines are jignored until the corresponding INDIF-directive as if they
had not appeoaraids unltess  a corraesponding ELSE-dirsctive s
gncountared, In thls cases lines betwern the ELSE-directive znd the
corresponding ENDIF—directive are processedes Note that conditional
directives will be ignored if they appear within ignored sequences
of liness A lins izgnored by the processor must be a line acceptabie
ta the procassor if the line yere not ignored.

3.7.3 COLLATION_CONTROL

A collation control directive has the form

Ce CUOLLATE )
whaeret: p is FIXED or USER.
The collation control directive sp2cities wheth2r colliation of
character realatlonal expressionssy and the values returned by the
CHAR and IC'IAR intrinsic functionssy are directed by the fixed or
ysar=gpacifiad weijht fable (3.1.5).

A collation conktrol directjve directs the interpretation of
character relational expressions and of CHAR and ICHAR intrinsic
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3473 COLLATION CONTROL

functjon references in the lines following the directive and
preceding another collation control directivey, if anys, or the END
statement of the program unit. In the casa of g character
reiational exprassion or a CHAR or ICHAR intrinsic function
reference in a statement function statement, the <collation that
applies is that in effect for +the line or lines containing a
refarence to the statement function., Consider the exanple:

PROGRAMN P

LOGICAL LSF .

CHARACTLR*5s Xs Ys Ss T
Ca COLLATE{(USER})

LSFIXsY) = X4LTWY

cs COLLATE(FIXED)
IF(LSF(SsT)) A=1,0

Tha reverencs LSF(SL,T) results in an evalustion of the character
relational expression S LT.T with the collation that of the fixed
weight tables

A collation control directlive found by the processor to be in error
results in a diagnostic message,

3474 DA=LOI2_CANIRIL

A DO-loop control directive has the form
Ca DO{ni=¢1l)

vihere:
p is 0T

& 15 2 constant or the symboljc name of a constant

The constant is optional; 1its absance is equivalent to the
appasranc? ot a constant with the value ona,

The DO—~loop control directive modifles the state of. the DO-loap
suitgh. Thz siteh is initisally set (or ras=2t) when the
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3.7+4 DO~L0OIP CONTROL
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corresponding  ONE_TRIP_DO option is (or is nol) requested at
processor invocation, A DD-loap control directive switch selectlion
overrides the corresponding OME_TRIP_DO option request.

The OT parameter controls the minimum trip count. If 0T is set
{0T=1)» the minimum trin» count for DO-loops is one. If OT ls reset
{DT=0)s the minimum trip count Tor DN~loops .is zero,

A DN=1loap control diractive affects the internretation of only those
DO-loops whose DO-statements follow the dirsctive in the same
program unit,

A DO=-loop control directive found by tha processor to be in error
resulis in a diagnostic messzge. -
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4.1 DATA_TYRES
The nine types of data are:

(1) Integér

{2) Real

(3) Doublie precision

{(4) Complax

{5) Logical

(6) Character

(7) Half précision

(8) Bit

(9) Boolean
tach Type Is differant énd msy have a different internal
representations The type may affect the iInterpretation of the

operations involving the datum,.
44141 DATA_TYPE_OE_A_NAMZ.

The name employed to identify a datum or a function also identifies
its data type.s A symbolic name representing a constants, variablaey
arrays or Functlon (except a generlec function) must have conly one
tvpe for each program units Once a particular name is identified
with a particular type in a program unit, that type is implied for
any usage of the name In the proagram unit that requires a type,

441.2 TYPE _RULES_EOR_DATA_AND_PROCEDURE_JDENTIFILRS.

A symbolic name tThat identifies a constants variables arrays
external functions or statement function may have its type specified
in a type-statement (8.,4) as integers realy double precisiony half
precisions bits complaxs logicals Booleany or character. In the
absance of an axplicit declaratlion In a type—statements the type is
implied by the first letter of the name. A first letter of I, Js Ko
Ly M¥s or N implies typ2 intejer and any other lzitter implies Lype
realr unitess an IMPLICIT statemant (B.5) is used to change the
defaylt implied type.
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The data type of an array element name is the same as  the type of
.its array name.

The datza type of a function name specifies the type of the datum
supplied by the function reference in an expressione.

A symbolic name that identifies a specific intrinsic function in a
program unit has a <t¢ype as specified In. 16410 An expliclit
type-statement is not required; howevery, it is permittede A generic
function name does not have a predetermined type; the result of a
genaric function reference assumes a Lype thait dupends on the type
of tho argumenty as specified In 16.19., IFf a generic function name
appears in a type-statements such an appearance is not sufficient by
itself to remove the generic properties from that function.

In a progran unlt that contains an external fTunction references, the
type of the function is determined in the same manner as for
variahles and arrays. ‘

Tha type of an external fynction is specified implicitly by its
names explicitly in a FUNCTION statements or explicitly in a
type-statement. Note that an IMPLITIT statement within a function
subprogram mary affoet the type of the externel functiion speciflied in
tha subproaram.

A . symbolic name that identifies a main programs subroutines common
blocks or block daba subprogram has no data type.

4+1.3 DATA_TYPE_PROPERTIES.

The mathematical and representation proparties for 2sach of the data
Lypes are specified In the fellowlino sections. For reals doubla

precisions half precisions and integer datas the value =zero s
" considered neither positive nor negative. The value of a signed
zero is the same as the value of an unsignad zero,

4o 2 CONSTANTS

A copstant is an arithmetic constants logical constants bit
constantsy Boolean constanty or character constant. The value of a
constant dnes not change. Vithin an executable programs all
constants that have the same form have the same value.

442.1 DATA_TYPE _OE_A_CONSTANT.
The form of the string reprasenting a constant specifies both its
yaluz and data wypes A PARAMETER statement (2.,6) allows g constant

0o be given a symbolic name. The symbolic name of a constant must
not be used to form part of another constant. '
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44242 BLANKS IN CONSTAMTS.

4e242 BLAJKS_IN_COMSTAHIS.

Blank characters occurrling In a constants except in a character
constant or a Haollerith constants have no effect on the value of the
.~ gonstant.

4e243 ARITHHUETIC_CONSTANTS.

Integer, reals double precisions half procisions and compiex
constants are apiipmeiic copsiants.

4424341 Sians_of _Constankisas

An unsignzsd gonnstant Is a constant without a leading sign. A sianped
constant is a constant with a leading plus or minds sign. - AN
netinpally gciaped constapnt Is 2z constant that may be either signed
or unsigned., Integers real, double precisions and half precision
constants may b2 optionally signed constzntss except where specified
othorvises

4.3 INTEGER_TYPE
aluays an exect resresentation of an Integer

sume a positives negatives or zero values It may
gral value, An integer datum has one numeric
e .
3

An integer datum is
value. It way as
inte

assume only an in
storage unit in a

4s3.1 INTEGER_CONSTANT,
The form of an ipteaer copstapl is an optional sion followed by a

nonempty string of digits. The digit string is interpreted as 3
decimal number.,

de4 REAL_IYRZ

A real datum is a processor approximation to the value of a real
number. It may assum2 3 positives nroatives or zero value. A real
cdatym has one numaric storazge unit In a storage sequence.

4e4e1 BASIC _RIAL_COUSTANT.

The Torm of a4 bagic L2al consitant is sn optional signs, an Integer

parts a decimal points and a fractional part, in that order. Both
the integer part and the fractional part are strings of digits;
2lither of these paris may be omitted but not bothe. A basic real

constant may be written with more digits than a processor will use

to approximate the value of the constant. A basic real constant is

intarpretand as a dacimal pumbar,
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4e4e2 BEAL_EX2OUENT.

The form of a feal exponent is the letter [ followed by an
ocotionally signad inteder constant. A resal exponent deonotes a power
of Lfan. ’

4behe3 REAL_CONSTANT.
The forms of a rsal conskapl are:d

{1) Basic real constant

{2) Basic real constant followed by o rasl exponent

(3) Integer constant followed by n real exponent
The value of a real constant that contains a real exponent is the
product of the constant that precednss the E and tha power of ten
indicated by the Integer following the E. The integer constant part

of form (3) may be uritten with more digits than a processor will
use to approximate the value of the constant.

445 DOUBLT_PRACISINY_TYPE

- A double precision datum is 2 processor approximation to the value
of 2 real number. The porecisliens although not specifieds must be
greater than that of type real. A double precision datum may assume
a positives negativey or zero value. A double precision datum. has
two consecutive numeric storage units in a storede sequence.

4.5.1 DOUBLE _PRECISION_EXPONENT.

The form of a doubla arecision sxpapn2pl is the letter D followed by
an optionally signed integer constant, A double precision exponent
denotes a power of ten, Note that the form and interpretation of a

‘Joubl2 pracizion exponant ars jdentical to those of a real exponenty
axcept that the letter D is usad instead of the letter E.

o542 DOUBLI _PRECISION_CONSTANT.
The forms of o doubla praclision gonstapnt ares
{1) Basic real constant followed by a double precision exponéent
(2) Integar constant Tollowed by 2 double pracision exponent
The value of a double precision constant is the product of the
constant that precadas the D and the pouer of %ten indicated by the
integer followlng tne Do The Integer constant part of form (2) may
be written with more digits than a processor will use to approximate

the value of the constant.,
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4.6 COMPLEX_TYRE

A complex datum is a processor approximation to the value of a
comniex number. The representation of a2 complex datum is in the
form of an ordered pair of real] data, The first of the pair
represants the real part of the cowmplex datum and the sacond
represants the Imaglnary parts Each part has the ssme degree of
approximation as for a real datum. A complex datum has two
consecutive numeric storage units in 2 storage sequenca; the first
storage unit is the real part and the second storage unit is the
Imaginary parts, :

Se0He1 COURLEX _COBSTANT

The form of a gopolax ponstant is a left parenthesis followed by an
ordered pair of real or integer constantss or symbolic names of real
or intager constentss separated by 3 commas, and followed by a right
parenthesis, The first constants or symbolic name of a constants, of

the pair is the real part of the complex constant and the second s
the imaginary part.,

407 LUGICAL_TYRL

A logical datum may assume only the values true or fatlse. A logical
datum has one numaric storage unit in a storage s=2quence,

4e7.1 LOGICAL COMITANT.

. The forms and values of a lpfdical cobstapit are:

o e e e R +
H Form ! Value |
frm——— e i et e § e s v s e
: oTRUEo : trua i
I «FALSE. 1 false |
o - o e —t

400 CHARACTLZR.IYEE

A character datum is a string of characters. The string may consist
of any characters capable of representation In the processores The
blank charactaer is valld and significant in a character datume. The
lenagth of a <character datum 1is the number of characters in the
string, A charactaer datum has . on2 . characiter storzge unit in a
storage sequence  Tor <each chzracter in the strings The maximym
nunber of characters in a character datum Jis 2%%16-1 (2%%16=]1 =
65 535),

=ach character In the string has A character position that Is
numbered consecutively 1, 2s 3 etc, The number indicates the
sequential position of a character in the strings beginning at the

CONTROL DATA PRIVATE



i . : : 4=
Control Data Corporation Standard FDRTRAH .
' : 83/06/730

4.0 DATA TYPES AND CONSTANTS
4.9 CHARACTER TYPE

left and proceedihg to the right.
4.8.1 CHARACTILR_CONSTAUT.

The form of a characfer gonsianf is an apostrophe followed by a
nonempty string of characters followed by an apostrophes. The string
" max consist of any characters czpable of representation in the
processors Note that the delimiting apostrophes are not part of the
datum represented by the constants An apostrophe within tha datum
strinag is represented by twa conszcutive zpostrophes with no
intervening blanks. In a character constant, ©blanks . embedded
between the delimiting apostrophes are significant.

Th2 length of a chargecter constant 1Is the nuymber of characters
bhetwean the delimiting apostrophes, except that each pair of
consecutive apostrophes counts as a single character, The
delimiting apostrophes are not counted. The fenagth of a chsracter
constant must be graoster than zzro.

4,9 BODLEAN_IYPE

A Boolean datuid is a string of p bitss whare o is the number of bit
positions belonging to one numeric storage unit, A Boolean datum
has on2 numaric storajle unit.

4¢9.1 BOOLEAN _CONSTANT

A V&gglgag_gﬂusiagﬁ is a Hollerith constants an octal constaents or a
hexadecimal constant. '

449.1.1 Holleplibh Cnnstant

A Hpllarcith_conzians has one of four forms®

nHE
LVY r-"
{2 "E"
" f"

where:
p-is an unsiagneds, nonzaros intager constant not greater
than gs where g is the maximum number of characters that
can be rapresented by the processor in one numeric
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4,92,1,1 Hotll=arith Constant

storage unit.

e T

iz 2 string o” p characterss The siring may consist of
any characters capable of representation in the
processor. Blanks in a Hollerith constant are .

significant only in this strings

The datum represented by 2 Hollerith constant is determined by the
internal processor code for the characters in the string £ and the
form of fill indicated by the form of the constant., By £ill is
meant the string of bit values supplied by the processor either to

the  1eft or rioht of £y if any i3 requireds o complaets the datum.

The datum is complete when all its bits are determined.

For the p!If and "f£" formss the strina £ s laft-justified in the
datum and the fill s a string of bit values constituting the
internal processor code for a string of blank characters. ‘

For the LM™f" forms the string f is left—Jjustified in the deatum and
the fill is a string of 0 bit values.

For the R"f"™ forms the string £ is right-Jjustified in the datum and
the fill is a string of O bit values.

The character "™ within YE£" 1Is represented by a string of two
consecutive ™ characters within £.

4.9¢102 Octal_Constant

An asiﬁl_sﬂnskan: has the form:
f_]"h[b_], R
wharet h is an octal dijgit.

The datum represented by an octal constant Is the string of bit
values obtained by mapoing each oectal diglt inte 1Its equivalent
three—digit binarv number system values right-justified with a fill
which is a string of 0 bit values. The number of bit values in the
resulting string must not be arazater than tha number of bit
nositiuns in one numeric storage unit. Note that a blank character
is not significant anywhere within an octal constant.
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A hexadecimal_gconskant has the form:
Zﬂz[z]-.,’“ .
wheres z is a hexadecimal digite

The datum represented hy a hexadecimal constant is the string of bit
values obtained by mapping each hexadecimal digit into its
sguivatent four~digit binary number systoam wvalues right-Jjustified
with a Ffitl which is a string of 0 bit values. Thes number of bit
values in the resulting string must not be greater than the number
of bit positions in one numeric storage units tote that a blank
character is not sianificant anywhere pithin a hexadecimal constant,

4410 HALE_PRECISION_TYPE

A half pracision datum is a processor approximation to the velue of
a real pumber. A half precision datum may assume a positives
negatives or zero value. A half precision datum has one-half of a
numeric storage unit in a storage sequence,

4+410.1 HALE_PRECISION_EXPONENT

Tha form of a balf precision a2xponzpl is the letter S followsd by an
optionally signed intenger constant. A half precision exponent
denotes a power of tens HNote that the form and interpretation of " a
half oprecision e@axponant are identical to those of a real exponenty
or doubla precision exnonsnts except that the letter S is used
instead of the letter £» or D.

4e1042 HALE_2RECISION_COUSTART

The forms of a half pracision copstank are:

(1) basic real constant followed by a half précision exponent

{2) integer constant followed by a half precision exponent
The valua of a half precision constant 1is the product of the
constant that orscedes the S and the power of ten indicated by the

integer following the S, The integer part of form (2) may be
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dritten with more digits than a processor uwill use . to approximate
the value of the constant,

4411 BIT_TXYRZ

A bit datum may assume only the valuzs B"0" and B"1"., A bit datum
has on% bit storage unit in a storage saguence,. '

4411.1 BLIT_CONSTANT

The forms of a bit constant are BY0" and B"1". Note that a blank
character is not significant anywhere within a bit constant,
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5.0 ARRAYS AHND SUBSTRINGS

5.0 ARRAYS AND SUBSTRIMGS

An array is a (possibly empty) sequence of data. An arrcay elemept
is one member of the sequence of data,. An array parg Is the
symbolic name of an arravs An arrcay element name is an array name
qualiflied by a subscript (5.4),

An array name not qualified by a subscript identifies the entire
sequence of elements of the array in certain forms where such use is
parmitted (542)2 howsvers In an EQUIVALENCE statements, an array name
not qualified by a subscript Identifies the Ffirst element of the
array {83.2.4).

An  array eoleoment name identlifiss one element of the sequence, The
subscript valye {Table 1) specifies the element of the array being
identifieds A different arrsy element may be identified by changing
the subscript value of the array element name.

An array name is local to 2 program unilt {(19+1.2).

A suybsiring is a contiguous portion of a character datum.

ARRAYS_AND_ARRAY_SECTIONS
Se1e1 ARRAY_UABE_AUD_ARRAY_SECTION_REEERENCE

[ ad

1

Yhenever an array namey unqualified by a subscripts or an array
section name is wused to designate the whol® arrsays or an array
sections tho appearance of the array nem2 or array section nanme
impliss that +the number of values to be processed is equal to the
number of elements in the array or array section and that the
alaments of the array or array sectlon are %o b2 processed in
sequantial orders =2xcept in the svaluatlon of array expressions and
in array assignment statements,

An assumed size array may not be used in an array reference, An
aszumed size array s2ction reference may not be wusad In an array
reference if a section selector of % or =% is used in the {ast
subscript position,

5.2 ARRAY_DZCLARAIDR
An array declarator specifies a symbolic name that identifies an
array dithin 2 program unit and spe2cifices certsin properties of the

arraye. 0Only one array declarator for an array name s permitted in
a program unit,
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5.201 EQRU_OE_AN_AREAY_DECLARAIOR
The form of an array daciarator is?
a (d [sdTees)
sthere?! 3 is the symbolic nema of the array
d is a dimension dec!aratér

Tha number of dimansions of the array is the number of dimension
declarators in +the array dectarator, The minimum number of
dimensions i5 one and the maximum is seven.

5.2.1.1 Foru_of_s_Dimensien_Dsclarater
The form of a dimension declarakar is one of the forms:

[d1:1 gd2
L4113

vthared 41  is the lower dimension hound
a2 is the upper dimension bound

The tower and upper dimension bounds are arlthmetic or Boolean
scalar expresslonsy called dimension bound expressionss in which
aach primary is a consitanty symbolic npame of constants, dummy
arjument name of a2 variable or arrays or .any Intrinsic function
reference which is allowed in 3an extended integer constant
axpressions A dimension bound expression must be scelzar and of
intaegar tyvpes, An actuanl argument to an intrinsic functlion reference
in a dimension bound expression may be any entity that is allowed in
an extended constant expression or that is allowed in a dimension
hound e&xprassion for =an adjustable array declarator. The upper
dimenslion bound of the last dimension must be an asterisk in an
assumed=-size array declarator. A dimension bound expression must
not contain a nonintrinsic function or array element referance,
Variables may appear in dimenslon bound exprassions only In
adJjustable array declarators and as actual arguments to intrinsic
function references, Array names may appear in dimension bound
axpressions only as gctual argumentis to intrinsic function
references,

In a dimension bound expressions the symbolic name of & constanty, a
variaples or =2n array must he explicitly +typed prior to ts
appaarance in the dimension bound expression. If It Js not
explicitly typed prior to its appearance in the dimension bouncd
axpressions it will be typed wusing its initial letter and the
default impltiad type rules than In effeact. If an entity in a
dimension bound 2xpression is  typed by implied typingy any
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subsequent explicit typing must confirm the implied type.

Mo array name appearing in an array declarator in a specification
statement may be referenced in a primary of any expression wWithin
tha same specification statement. For examples

REAL A(105EXTENTIA,1))
is prohibitad. '
524122 Value_of Dipsnsliop_Bounds

If a dimension bound di is 2 Boolean expressions the value wused s
INT(di). Thza value of elther dimension bound may be positiva,
negatives or zeros. If only the upper dimension bound is specifieds
tha vyalue of the lower dimension bound is ones If the dimension
declarator Is of the form [dl1l: and the lower dimension bound s
omittedy,  its value is one., An upper dimension bound of an asterisk
is aluays graater than or equal to the lousr dimension hounds

5.2.2 KINDS_AND_OCCURRENCES_OE_ARRAY_DECLARAIORS

ctach array daclarator is either a constant array declarators an
adjustable array declaratory an assumed slze arrayv declarators or an
assumed=shape array deciarator. A copskiapt array declarator is an
array daclarator in which each of the dimension bound zxpressions Is
an integer constant expression (6.1.3.1). An adiusiable array
declaratar is an array declarator that contains one or more
variables. An assumned-size arrzay daglacaioer Is  a gcolumpuise
Assumedzsize array declarater or a fouwise assuped=size 3aLray
dzalacator. A golumpulisz assumed-sizs array declacatoer s a
constant array declarator or an adjustable array declarators except
that tha upper dimension hound of the 1ast dimension is an asterisk,
A couulsa assumad=slze 3rrar declacator is a constant array
declarator or an adjustable array declarators except that the  upper
dinaenslion bound of the fTlirst dimenslon 1is  an asteriske An
Aassumed-shape array declarator is a constant array dectarator or an
adjustable array deglarators except that one or more of the
dlmension declarators has 2 speclificaton of the upper bound omitted.

Zach array declarator is either an actual array declaratory a dummy
array declarabors or an 2llocatable array declaratore.

5¢2+2¢1 Agtunl_Array_Declarator

An actual apray daclapator is an array declarator in which the array
name. is not a dummy argument. Each actual array declarator must be
a constant array declarator, An  actual array decliarator is

permitted in a DIMENSION statementsy 2z type—statements or a COMMON.

statemant {(Section Bl

CONTRDL DATA PRIVATE



: . ’ : By
Control Data Corporation Standard FORTRAN
SRR | - 83/06/30
«0  ARRAYS AHND SUDRSTRINGS _
«2+2+2 Dummv Array Declarator

- v e w—— - - - - n - - W S S S M G S e S

5¢2e2e2 Dumay_Arrpax_Daclacaior

A dumpy arcay declarator is an array daclarator in which fthe array
name Is a dusmy argumant or Is the name of the srrey-valued function
in which the array is being declareds A dummy array declarator may
be a constant array declarators an adjusteble array declarators an
assumad=-shape array declarators or an assumed-size array declarator.
A  dummy array declarator is permitted in a DIMENSION statement or a
type-statement but not in a COMMON statement. A dummy array
declarator may appa2ar only in a function or subroutine subprogram.

542.2.3 Allocatable_Array _Declarator

An  allogcatahle arcrcay danlacaior is an array declarator in which the
array name is not a dummy argument. An atlocatable array declarator
must be an assumed~shape array declarator with both upper snd lower
dimension bounds omitted for =2very dimension.

5.3 PROPERTIES_OE_AN_ARRAY
The following propertias of an array are spaecified by the array
deglarator?t the nuymber of dimenslons of the arrays the size and

boynds of each dimensions, and therefore the number of array
elements.,

The propertiss of an array in 2 program unit are specified by the
array deeclarator for the array in that program unit,

5¢3.1 DATA_TYRZ_DE_AN_ARRAY_AMD_AN_ARRAY_ELEMENT

An array name has 2 data type (4.1.1).  An array element name has

the same data type as the array name,
5¢3+2 DINENSTIONS_OF _AN_ARRAY

The number of dimensions of an array is equal to the number of
dimension daclarators in the arrey daclarator,

The sizs nf 2 dlzsnslon is the value:
HAX(d2-41+15 0)
wherat d1 Is the value of tha lower dimension bound
d2 is the value of the upper diménsion bound

Motz that If the value of the ijower dimension bound is ones the size
of the dimension is MAX(d2s0)e

Tha slze o7 u dimenslon whose upper bound 15 an asterisk is not
specifiede The size of a dimension of an dssumed-shape array for
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#a#hjch +he dimension bound expression is of the form [d13]: Is

HAX{sa=dl-1s0) . wherse 38 is the size of the corresponding dimension
of the associated actual argument.

The number and size of dimensions in one array declzrator may be
different Ffrom ¢he nuymber and size of dimensions in another array
declarator that is associated by commons equivalences or argument
associations except as prohibited by the table in section 8+2+3 and
hy saction 16.943e3

53,3 SIZE_DE_AN_ARRAY

The 3izZe of an arrcay is equal to tha number of 2tltements in - the
arraY, The size of an array is equal to the product of the sizes of
the dimensions specified by the array declarator for that array
name. The size of an assumed=sizs dummy arrzay (5.8) is determinad
as followus: '

{1) I¢f the actual argument corresponding to the dummy array Is a
noncharacter array names the size of the dummy array is the
size of the actusl argument arrave

(2) If the actual argument corresponding to the dummy array name
is a noncharacter array element name with a subscript value
of £ in an arrsy of size x» the size of the dummy aerray is
+l"'£c

{3) If +tha actual argument is & character array names character
array element names or character array element substring name
and begins at character storage unit § of an array with ¢
character storaje unitss than the size of the dummy array s
INT{((c + 1 - t) /7 1pn)s where 1pn is the length of an element
of thea dummy arraye

If a5 colunnulse assumed=size dummy array bhas pn dimensionsy the
product of the sizaes of the Tirst p=-1 dimensions must be less than
or egual to the size of the arrays, as determined by one of the
immediately preceding rules,s If a rowwise assumed—size dummy array
has n dim2nsionss the product of the sizes of the last p-1
dimensions must be less than or equal to the size of the arrays as
fetermined by one of the immediately preceding rtulas., ’

The slze of an  allocatable  arrey Is speclified by an ALLOCATE
statement.

5.3.4 ARRAY_ILECUENT _DRDERING
The alements of an array are ordered in a sequence {(2.1)s An array
element name contains a subscript (5.5.1) uhose subscript value

{5:5+,3) detarmines which elanent of the array is identified by tha

CONTROL DATA PRIVATE

- we ww



o 5=6
Control Data Corporation Standard FORTRAN C ‘

' ’ ' 83/06/30
5¢0 ARRAYS AMD SUBSTRINGS
H5e3e% ARRAY ELENTNT ORDERING

— v s o —— — — —— — —— -

array element name.s The first element of the array has a subscript
value of onej the second 2lamant has a subscripf value of two3 the
tast slement has a subscript value equal to the size of the arrays

Whenever an array name unqualified. by a subscript is wused to
designate the whol2 array (5.9)s th» appesrznce of the array name

implies that the numbsr of values to be processed Is pqual to the.

number of elements in the array and that the elements of the array
are to be taken in sequential order except in the evaluation of
array exprassionss in arrey assignmant statementss and in FORALL
statementss

5e3.5 ARRAY_STORAGE _SEQUINCE

An array has 2 storage saquence consisting of the storage sequences
nf the array elements in the order determined by the array element
orderings The number of storage units in an array is x%*zZs where ¥

is tha numbzr of the olements In the array and z Is the number of
storage units for each array element.

5¢4 ARRAY_ELZUEHI_MABE
The form of an array element name is:
53 (8 [533se0)
where: 2 is the array name
(s [25]eee) is a subscript (5.5.1)
s is a subscript expression (5.5.2)

The numbzr of subscript oxpressions must be 2qual to the number of
digsenslions in the arrav declarator for the array name.

5.5 3UASCRIRT
55,1 EQRM_QE_A_SUBSCRIPT
The form of a suhsgripk is:
(s Ty557ees)
vhere s is a subscript expressione

=

Note that the tarm "subscript" includes the parentheses that delimit
the list of subscript expressions.
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+542 SUBSCRIPI_EXBRESSION

A gsubsgripk ﬁxanassiga Is an fnteger: reals double precisions, half
precisions complexs orf Boole2an scalar expression. A subscript
avpression may contain . array element references and functlon
refarances. Note that a restriction in the evaluation of
expressions (6.6) prohibits certain side effects, In particulary

ayazluation of a function nmust not altsr the value of any other

subscript expression #within the same subscriptes

Within a program units the value of each subscript expression must
be greater than or 2qual to the corresponding lover dima2nslion bound
in the array declarator for the arrsy. The value oF each subscript
expression must not exceed the corresponding upper dimension bound
tleclared for the array in the program unite If the upper dimension
pound is an Aasturisks the wvalue of the corresponding subsceript
axoression must be such that the subscript velue does not sxceed the
size of the dummy array. If an upper dimension bound is omitted in
an assumed-shape arrays the value of the corresponding subscript
expression zi must be such that . ‘

si £ dl + sa -1

whare d1  is tha lower dim2nsion bound of the dimension where the
subscript is written and sa 1is the size of the corresponding
dimanzion of the actual argument associatsd with the assumsd=-shape
Arraye

The value of each subscript expression of an allocatable array must
be greater than or 2qual to the corresponding lower dimension bound
establishaed by the axecution of the ALLOCATE statement. The value

of each subscript expression of an allocatable array must not exceed

the corresponding upper dimension bound established by the execution
of tha ALLOCATE statemani.

5+5¢3 SUBSCRIPT_VALUE

The subscript yalue of a subscript is specifiad in Table 1. The
subsaript value detzrminas which array =iement iIs identified by the
array element name. Within a program unity the subscript value
depends on the values of the subscript expressions in the subscripte
the  dimensions of the array specifled in the array declarator for
the array in the program unit, and whether the array is a columnwise
array oF a rowwise array {see 8.10)s If the subscript value is r»
tho pth elemant of the array is identified,
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Table 1l
Subscript Value
For Columnwise Array

— . n U G . W WS Sun

Subscript
Value

Dimension
Declarator

s et vn D e s oo T e B e e 200 B e T M S T > ow® o s D e Y . T -

1+({s1-J1)

- N e D - P D g 7 S Wi

1+{s1-31)
+{s2~j2)%d1

T - B e S - — S0 B e S

(e ¢ D . Y B S B W A TV . -

PN — Y T T

S - 00 G S . S S S W WA ) S

- onn uas

1+({s1-j1)
+{s2=-j2)*dl

+{g3-03)%d2*d1l

[UpEE— Y Y Y

= e

1+(s1~j1)
+{s2~-]2)%d1

(Sl)noo,SD)

+'..

+ A it Sedh WA WIS s U B G AU W L u W VD gf el G Al M MR DO W M A M 08 s A NS g S wea .§.
.{}. Gows Wl M was W M A Y g M U W ES Mk W G0 WA GNEE W weh WA DO et WM gy el PG ma W MW S S dkes +

+{(s3-j3)*d2*d1

+{sp-jp)*dp=zl
*ﬂﬁzﬂ*- . »*dl

B . R D B U T P s P LD D Al S T D P s S S G D Wt G e s W D W P Py T S -

G oo an o o e ww me mn d Ew mw o v wn o we N wn GEER o ee s w0 e o we w e e e
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Table 1 (continued)
Subscript Value
For Rowwise Array

#d3%,60%dn
+{s2=-j2)%d3
*d‘f*ott*da
+. L 2N
+({sp=)-Jp=z1)*dn
+{sp-Jn)

= e - - s v - 00 T wve e Wb vms S B0 en

- — o y S - s e ——

+ + - - —— fmm———— . o o e e e e o
Ponod Dimension i Subscript | Subscript }
H ; Declarator H H Value H
RGNS —— - o e e e o e e o e e e e e e +
H ! H H H
P10 (J1:kl) 7 (sl) 11+{s1-j1) H
P 3 P ‘
+ PR S — e su— e ——————————— +
i ! H ! H
V2 ) (Jl:klsj2:k2) ! (slss2) 11+(s1-J1)*d2 !
: H H 1 +{s2=j2) :
H H H H :
PR - ——— +
H H ! ‘ } o
V3 1 (Jlekls j2t¢k2s §3:k3) 1 (S1es2ss53)11+4{s]1=jl)#*d2%d3 1
H H ' H i +{s52~j2)%d3 H
H H H i +1s3-j3) :
1 1 ) [ ]
3 1] ) 3 [
+ - ————— - e o e o et o e o —— —————— +
1 ) ] 3 ]
F 1 ] 3 L]
. . H . H . H
PO . H . H . H
: . : * : L] : . :
H H ! H i
e e e o e e e e e e T T R T TSR —— +
t 1 () 1 1
1 1] 1 1 []
o) (Jleklsenssdntkn) 1(slseeessnl)il+{sl~j1)*d2 H
H : H H H
1 4 [ ] 1 ]
) ? ] 3 ]
] ] 1 3 [}
] 3
1 1 ] 1 ]
1 1 H 1 ?
H H ! H H
H ; H H H
1 ] ] ] 9
L t ] [ ]
+ + + + +

Motes for Table 1:
{1) n is the numbar of dimensions, 1 £ n £ 7
(2) j1 is the value of the lower bound of the ith dimension
{3) ki is the vatue of the upper bound of the ith dimension
{4) I¥ only the upper bound is specifiads then Ji = 1
{5) si is the integer value of the ith subscript expression
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{(6) di = ki=Ji+1 is the size of the ith dimension. If the value
of the tower bound is 1s then di = ki

Hota that for arrays that do not have slize zero 2 subscript of the
formn (Jlssesps in) hac a subscript value of one and identifies the
first element of the array, A subscript of the form (kKlseeeskn)
identifies the last alemant of the array; its subsceript value is
angual to the npumbsr of elements In the array.

The subscript value and the subscript expression value are not
necessarily the sames even for. o one-dimensional arrav,. In the
axamp les

DIMEMSION A{-1:2)sB(10510)
A(2) = B(1,2)

Al2) identiTles tho fourth slamant of A, the subscript is {(2) with a
subscript value of four, and the subscript expression is 2 with a
value of two, B{1,2) identifies tha 2)aventh alement of By the
subseript is {(1s2) with a subscript value of eleven, and the
suphscript expressions are 1 and 2 with values of one and two.
Seb AB&AX_SEQILQE_BAﬁES
The form of an array sactiion name Js?
Q(§_§[)§§,]' o)

whara:

a is the array name

(3502557204) is a seaction subscriprt

ss is a section subscript designator

Th2 number of section subscript designators must be equal to the
nuabher of dimensions in the array declarator for the array name,

5001 JECTIAN_SUBSCRIZT
5.6¢1.1 Enrs_of_a_Sacilon_Subscript
The form of a seciion syhscripil is:

(s [)ﬁﬁloil)

%

vhere ss is a section subscript desionatore. At least one of the gg
must ha a saction salectors

Mote that. the term snckinp subscriot includes the parentheses that
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delimit the list of subscript expressions,
5¢6e01e2 Sagilon_Subgerint_ _Exprassion

A section subscripf axpressioan is s subscript aexpression or a
sgction selactor. A szechtlon selegtor Is an Indexed section setlector
or a vector~valued section selector. An lipdexed secliopn seleckor is
of the form:

[5511:0s5210255371

whera =3 135 a subscript expression. A yector—-valued seciion
salectar is a4 one-=dimensional integer array expression,

T¢ 351 Is onltteds thepnp the value of the <corresponding lower
dimansion bound is implied for ssle. If 552 is omitteds then the
vatue of the corresponding upper dimension bound is Impliad for ss52.
If ss3 is omitteds then the value of one is implied for ss53.

5.7 ARRAY_SLCTIOY

An  array sagciiop is a subsequence of an array. The number of
dimansions of the array section Is equal to the number of section
selectors.

If an array 1is rouvise (columnwise)s then any section thereof is
also considera2d to b2 rowunise {columnwisa).,

Each section selactor identifles 2lemznts Ffor the dimension position
where it is writtens The order of dimensions in an array section is
determined from Inft to right by tLtha appearance of section
selectorse For 2xanples ,

Al%p2,%)

is an array section with two dimensions. Tha first dimension
norresponds To the flirst dimension of A and the second dimension
corresponds to the third dimension of A,

The total number of 21omients identifi=d is given by tha value of the
expra2ssion

HAX{IMT({s52—551+553)/553)50)

If the total numbar of elements 1Is positive then the section
salector ldentifies +the elements from ss1 to ss2 in increments of
553 and sach glament must lie within the bounds of the array being
sectionszd,. The size of a dimension of an array section is equal to
the number of elements identified in that dimension. The size of an
array section is equal to the product of tha sizes of the dimensions
of The array sections In usajges where an ordering of az2lements of an
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array saction is implieds for exemple, in an output tists it is as
if the array section is formed and a new temporary array created and
the array elements of the temporary array are used in order of
subscript valug (5:5.3),

A vzector-valued sszction selector ldentifies a section formed by
selecting the elements identified by the vajues of the ‘elements of
the one dimensional array used as a saction s2lecltors. The values of
alemants of the one dimensional zrray used as a section selector
must not select elements outside the bounds of the array being
sectioned.

Whan a vector—valua2d sacltion Is usads the number of elements in the
.rasulting section algng the dimension selected by the vector-valued
expression is determined by and is equal to the number of elements
in the vector=-valuad oxpression.

An array refaorencs involving vector-valued subscriptss when used as
an actual argument is an expression and may not be defined wuithin
the subprogr.am,. '

For sxampla, suppose Z Is a two dimensional array of 5 by 7 efements
and U and V are one dimensional arrays of 3 and 4 elements,
respectivaly., Assume the valuas of U and V ared

§)

.3 2
v 113

uo
N =t

then Z({3»V) consists of tha2 zlements of the third ror of Z in the
ordeor:

Z03,2)2(3,10)1703,1)2(343)

and Z(Us2) consists of the column elements?
Z(152)7(352)70252)

and finally Z(UsV) consists of the elements:
Z(1:2)Z2(1,1)7(1-1)7(1,3)

L03,2)2(321)72(351)Z(323)
2{222)7(2+1)712s1)7(253)

5.0 DUHNMY_AUD_ACTUAL _ARBAXS

A dupmy arrcay is an array for which the array declarator is a dummy
array declaratore. An 2azsumedzslze Aupwmy arcay is a dummy array for
which the array declarator is an assumed=size array declarator. An
assumed-shape dummy array is a dummy array for which the array
declarator is an  assumed-shape declarator. A dummy array iIs
permitted only in a function or subroutine subprogram {(Section 16).
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An actual Aarrav is an array for which the array declarator is an
actual  array declarator or an allocatable array declarator. Each
array In the main program must be an actual array. Apn actual array
in a subprogram must have a constant array declarator or an
allocatable array . declaratore An actual array with an allocatable
array declarator Is called an alloecatable sprav. A dummy array may
be used as an actual argument,

5.8.1 ADJUSTABLE_ARRAYS_AND_ADJUSTABLE_DINENSIONS.

An ad.ustable array is an array for swhich the array declarator is an
adjustable array leclarator. In an adJustable array declarators
those dimension declarators that contain a variable name are called
adiustable dipensions.

An adldustable array declarator must be a dummy array declarator. At
least one dummy argument list of the subprogram must contain the
name of tha adjustable array, A variasble name that appears in a
Jdimension bound zxpression of an array must also appear as 2 name
2ither in every dummy argument list that contains the array name or
in a common block in that subprogram,

AL the time of oxecution of a referepnce to a Tunction or subroutine
gontainingy anp adjustable array in its dummy argument list, each
actual argument that corresponds to a dummy argument appearing in a
dimansgion hound =2¥xpression for the srray and zach variable in common
appearing in a dimenslion bhound expression for the array must be
defined with an integer vatue, The values of those dummy arguments
or variables in commons together with any constants and symbolic
namas of constants appearing in the dimension bound expressions
detarmine tha sizz of the corresponding adjustable dimension for the
execution of the subprograms The sizes of the adjustable dimensions
and of any constent dimenslions appearing in an adJustsble array
declarator determine the number of elements In the array zand the
array element orderings The execution of different references to a
subprogram or different executions of the same reference determine
possibly difforent proparties (size of dimensionss dimension boundss
numnber of elemants» apnd arrav element ordering) for each adjustable
array in the subprogram. These properties depend on the values of
any actual arguments and variables in common that are referenced in
th2 adjustaebdlas dimznsion zxpresslons In the subprogram.

During the execution of an external procedure in a subprogram
containing an adjustable arrays the array properties of dimension
s5izes fowar and upper dinension boundss and array size {(number of
alements in the array) do not <change. Howevery, the variables
involved in an adjustable dimension may be redefined or become
undafinad during execution of the external procedure nith no affect
an thae above mentioned properties.
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5.9 USE_OE_ARRAY_HAUES

In a program units each appearance of an array name must be
array =2lemant name 2xcept In tha following cases?

{1) In a list of dummy srguments

(2) In a COMMON statement

{3} In a type=-statement

{4) In ap array declarator, Noté that although the fo
array declarator may be identical to that of an array
namay an array dectarator is not an array element nam

{5) In an EQUIVALENCE statement

(6) In a DATA‘statement

{7) In the list of actual arguments in g reference to an
orocesiure or an intrinsic functijon

{8) In the list of an input/output statement

(9) As a unit identifier for an Internal file in an inpu
statement .

{10) As the format identifier in an inpult/output statement

3

{11) In a SAVE statement

i

{12) As a primary in an array exbression
(13) In an array assignment statemant
'(14) In an ALLOCATE or FREE statement
{15) In an IDENTIFY statement
(16) In a FORALL statement
5¢9+1 APPELARAMCE_OE_ARRAY_SECTION_NAHMES

In a program unitsy arrav section namesg may appear in the f
places:?

{1) In the list of actual arguments in a reference to an
procedure or an intrinsin function

{2) In the tist of an input/output statement

COMTROL DATA

5-14

83/706/30

in an

rm of an
element
[=l'Y

external

t/output

ollowing

external

PRIVATE



A : : 5-15 .
Control Data Corporation Standard FORTRAN
; | 83/06/730

D . P T - Yo" o - - - - - — S e e D WD . S oot S W 0 Tass B - -

5¢2+1 APPLARANCE OF ARRAY SECTINN NAMES

ey wam - W sy Bve 2w . ——— ——— - - S . B -

{3) As a yunit identifier for an iInternal Tile In an input/output
statement ‘ '

{4) As the format identifier in an input/output stestement

{5) As a pr!mary in an array exnreésion

(6) In an array assignment statement

{7) In a FORALL statement

5.10 CHARACIER_SUBSTRING

A character substring is 2 contiguous portion of a charecter datum
and is of tvpe charactere A character substring is identified by a
substring name and may be assigned values and referenced.

5.10.1 SUBSIRING_MANE.

The forms of a3 subhsirlng name ares

v { [ell : [g2])
a (s Tssdeea)( [2ll t [e2] )
wheret ¥y is a character variable name
a2 (g [357ess) is a character array element name or array

section name

21  and 82 are aach an integers resls double precisions half
‘precisionsy complexs or Boolean scalar expression and are
called subskripng axpressions. If alslssdess) is an
array sections It identifies the substrings of the array
clements identified by the section subscripte.

The value a1 specifies the leftmost character position of the
substring. and th2 value g2 specifies the rightmost character
positions For examples A{2:4) specifies characters in positions twuo
throuah four of tha character variahla A, and B{4,3)(13:6) specifies
charactars in positions one through slx of the character array
element B(4s3).

The taength of a character substring is MAX(O»g2=-gl+l)e If the
length is non-zero then the values of gl and 2 must be such that
1<21<1eny 1¢a2<len, IT e1 Is omitteds a valuce of one Is Implied for
el, If g2 is omitteds a value of len is implied for 22, Both gl
and  £2 may be omittad: for examplz, the form y(:) is equivalent to
vy and the form g{s [ssJeee){?) is equivalent to g{s [s5Teve)s
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501042 SUBSTRIMG_EXPRESSION.

A subsiring 2xprzssion may be apy scalar integersy realy double
pracisions half precisions complex or Boolean expressions A
substring axprassion wmay contain array element raferences and
function reTarences. Nete that a restriction In the evaluation of
axpressions {(6.6) prohibits certain side effects, In particulary .
evaluation of & function must not aller the .valua of any other
gxpresslion within the same substring name,
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6.0 ZXPRESSIONS

This section describes the formation, interpretations and evaluation
rules for arithmeticy, characters relationals Boolz2ans bits and
fogical 2Xprassionss An expression Ils formed from operandss
aperatorss and parentheses. ‘

An  3array aperangd is an array references array s&ction references or
a Tunction refsrence whose value Is an arrav. An ALfLay expresslon

is an arithmetic expressions relational expressions character
GXPressions fogical oaxpressions Bool ean gxpressiony or bit

axpression In which one or more primaries is zn array operand. An
array expression produces an array-valued resulte.

601 ARITHHZTIC_ZXBRESSLAOMS

An arithmetic expresslon is used to express a numeric computation.
Zvaluation of an arjthmetic expression produces a numeric value,

Tha simplast form of an arilthmetic exprassion i35 an unsigned
arithmetic constants symbollec name of an arithmetic constant,
arithmetic variable references arithmetic array element referenceys
arithmetic array rafTeronces arithmetic array section refesrences or

arithmetic Function referances MNora complicated earithmetic
gexpressions may be formed by using one or more arithmetic or Boolean
aoperands together with arithmetic operators and parentheses,

Arithmotic oparands must identify values of type Integers. reszl,
Jouble precisions half precisions or complexa.

Gelel ARIIHMETIIC_OPERAINRS.
The Five arithmetlc operators are:?

o o o ot et s o e o 00 e s e e S B I S S 0 B S S S B o S e o

i Oparator Ropresanting

! H
e e - —— +
: *H ! Exponentiation H
H / i Division H
H ¥ t Multiplication H
H - } Subtraction or Megation :
: + i Addition or Identity H
oo o e e et e e —— —— —————

Each of +the operators %%y /s and % operates on a pair of operands
and is written between the two operands, Each of the operators +
and = githar:

{1) opaerates on a pair of operands and is written between the two
operandss or
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{2) operates on a single operand and is written preceding that
opﬁrand. ‘

6.1.2 EQRH_AND_INIERPRETATION OF ARITHMETIC EXPRESSIONS

he expression formed wWith each of the
n egch Torm of use Is ss follows:

'y

The interpratation of
arjthmatic opszrators i

- s s o O > W e o —— -

Use of Operator'

- e o e et 2 0 S 2 2t . s Pt i e e e e +

Interpretation

— - e —-—

i

1 - — - . - S M S > i ) D G- - > -

+ +
H H

+ + +
H x1 =% x2 i} Exponentlate %1 to the power x2 !}
[ ] 9 ]
1 ] 1
H x1 / x2 ' Divide %1 by x2 H
3 1 }
1 k] ]
H x1 % x2 ! Multiply x1 and x2 '
1] 1 %
1 1 L
; ®l =~ %2 ! Subtract x2 from xl i
) . 1 1
) i ]
! -~ X2 1 Negate x2 H
] 3 [ ]
1 ] | ]
H rl + %2 Y Add 21 and x2 H
1 [ ] i
1 1 3
H + X2 ' Same as x2 H
+ + +

i
i

- e wen - - - —— ~— - von e

wharet! x1 denotes the operand to the left of the operstor
x2 denotes the operand to the right of the operator

The interpratation of a division may depend on the data types of the
ﬂf’@rands (6.105)0

A set of formation rujes is used to establish the interpretation of
an arithmetic 2xpraession that contains two or more operstorss There
is a »precedepnce among the arithmetic operatorss which determines the
order in which the operands are to be combined unless the order s
changed by the use of parentheses.s The precedence of the arithmetic
nperators is as followus?

o e e e + ——
Precedence

- oo -

! H

+ +

H ! Highost

t% and / i Interpmediate
] L]

’ [}

+ +

- v ww o w=

Lovest

For axzampies in the expression
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the exponentiation operator (%*%) has precedence over the negation
operator {~); therefores, the operands of the exponentiation operator
arg combinad to form an oxpression that is used as the operand of
the negation operators The Interpretatlion of the above expression
is the same as the interpretation of the expression

2)

3
3%

- {A
The arithasile oosrands are:
(1) Primary
{2) Factor
(3) Term
{4) Arithmetic exprassion

The formation rules to be applied In establishing the interpretation
of arithmetic expressions are in 6+1+2¢1 through 6.1e244.,

6ele2el 2Limariss.
The primacies are:
{1) Unsignnd arithmatic constent {4.2.3)
(2) Symbolic name of an arithmetic constant (3.6)
(3) Arithmetic variable ref@rencé {(2.5)
{4) Arithmatic array element raference {5.4)
{5) Arithmetic array reference
{6) Arithmétic array section reference
{7) Arithmetic Function reference (16.2)
(28) Arithmetic expression enclosed in parenthéses {(H6ele24+4)
Hela242 Ennzga;
The forms of a fagtgg are?
(1) Primary
{2) Primary =% factor

{3) Boolaan primary *% factor

. CONTROL DATA PRIVATE
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6.1.2'2 Factor.
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{(4) Primary %% Boolsan primary
{5) Booiaan primnary *% Boolean primary

Thuss a fTactor is formed from a seguence of one or more primaries or.

‘Boolean primaries {6s70l0l) separataed by the exponentiation
opzsrator. Form {2) Indicates that in iInterpreting a factor

containing two or more exponentiation operatorss the primaries are
combined from right to laefte For =2xamples the factor

2% 3w 2
has the same interpretation as the factor
Dk (3% 2)
Hele2+3 Terns
The forms of a Lerm are?
(1) Factor
(2) Term / factor

factor

4

{3) Ternm

(4) Term / Boolean primary

i

(5) Term Boolean primary

{(6) Boolean primary [/ factor

(7) Boolean primary ¥ factor

{8) Boolzan primary / Boolzan primary .

{9) Boolaan primary * Boolean primary
Thusy a term is formed from a sequence of one or more factors or
Boolean primaries (0,s7.1a1) separatzd by either the multiplication
aporator or the division operator. The above forms lndicate that in
interpreting a term containing two or more multiplication or
division operatorss tho factors or Boolaan primariegs are combined
from left %o right.
Hele2e4 Arithmelic Zxpressions
Tha forms of an azriihoatic a2yprLzssion are:

{1) Term
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{2) + term
{3) - term
S {4a) Arjthmetic aypression + term
(S) Arithmetic expression - term
{6) + Boolaan primary
{7) - Boolean primary
{(8) Arithmetic expression + Boolean primary
(9) Arithmatic cxpression — Boolean primary
{10) Boolean primary + term
{11) Boolean primary = term
{12) Boa!eaﬁ primary + Boolean prlﬁary
(13)‘Boolean primary =- Boolean primary

Thuss an arichmetic expreossion is formed from 8 sequence of one or
mnore terns or Boolean primaries szparated by either the addition
operator or the subtraction operator. The first term or Boolean
primary in an arithmetic expression may be preceded by the identity
or tha neagaltion opgrator. Th2 above forms Indicate that in
interpreting an arithmetic expression containing two or more
addition or subtraction operatorsy the terms or Boolean primaries
are combined from left to righte.

Mote that thase Fformation rules do not permit expressions containing
two consecutive arithmetic operatorss such as A%*=~B or A+-B,
Houayary exprassions such as A¥%(=B) and A+(=B) are permitted.

6.1.3 ARITHHETIC COMSTANT_EXPRESSION.

An arithmeltic constapnt expression is an arithmetic expression in
which each (arithmetic) primary JIs an arlthmetic constants the
symbolic name of an arithmetic constants, or an arithmetic constant
expression eanclosed in parantheasesy and each Boolean primary
{Hs7+1sl) is a DBoolzan constents the symbolic namzs of a Boolean
constanty or a Boolean constant expression enclosed in parentheses.
The exponentiation operator is not permitted unless the exponent is
of typ=a intnJur or Boolean. IT the exponent 2 is of type Boolecans
the wvalue wused is INT{e)s MNote that variables array elements and
function refarences ar2 not alliow=2d.

An exitopdad arithmetic constant expression is an arithmetic constant
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a¥prassion except:

{1) selected elemental intrinsic FTunctions are alloweds when
raeferenced with constant aroumaentss

{2) seilncted array—valuéd intrihslc functions are allowed,

Tha list of allowed elemental and array-velued intrinsic functions
iz implementation d=apendant.

6els3s1 Inteaer _Constant Expressione

An inisgar gonziant 2¥prassion is an arithmetic constant expression
{6.1.3) or a Boolean constant expression (6.7¢3) in which each
constant or symbolic name of a constant 1is of typ2 integer or
lool2ans If the inbteger constanit expression 2 is a Boolesan constant

expressions the value used is INT(g).. HNote that wvariabley array.

alaments, and function references are not allowed.
The follouing are examples of integer constant expressions:

3
-3
-3+4
on74y
RMAM
RYAB"™ JAiD. 43

An extepded integer constant expression is an integer constant
axprassion axcept: :

{1) szlacted elamental intrinsic functions are alloweds when
referenced with constant arguments, '

(2) selacted array-valued intrinsic functions are allowed.

The 1list of alloved elemental and array-valyed intrinsic functions
is implemantation dapendant.

64le4 TYRE_AUD_IMTERPRETATION OE_ARITHMETIC EXPRESSIOMS

The data type of a constant is determinad by the form of the
constant (44241)s The data type of ean arithmetic wvariable
references symbolic name of an arithmetic constant, arithmetic array
element refarencesy or arithmetic function reference is determined by

fthz name of the datum or function (441,2). The date type of an
carithmetic exoression containing one or more arlithmetic operators is
determined from the data types of the operands., :

Ipkeaer expressionss real exprassiopnss doublz pracision 2xoressiopss
half precisiop expressionss and complex expressions are arithmetic
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expressions wWhose values are of type integers reals double
~pregisiony half precisiony and complexs raspactively.

Whan the oparator + or - operates on a single operands the dats %type
of the resulting expression is the same as the data type of the
operand wunless the operand 1is of type Booleany, in which case the
type of the rasulting 2xpression is intager. :

Whaen an arithmetic operator operates on a pair of operands, the data
type of the resulting expression is given in Tables 2 and 3., In
‘thage tabless zach lettser I» Ry Ds Hs or C represents an operand or
result aof  type Integers ra2als dJouble precislons or complexs
respectively.

The typ2 of th2 result is indicated by th2 I, Ry Dy Hs» or ¢ that
pracedes the equalss and the interpretation Is Indicoted by the
expression to the right of the equals. REALy DBLE, HALFs EXTEND,
and CMPLX are. the type—~conversion functions described in 16.10,
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Iable. 2
Type and Interbretation of Result Tor x1l+x2
R ——— ———— ————— ——— —— e o e s e e e e -
! %2 4 I2 H R2 H
HE ' H H i
Fm— e F ot e o ——— - - — - e o e
H Il H I = I1 + I2 . R = REAL({I1) + R2 :
] 1 ] 1
9 L} 1 3
¢ R1 t R = R1 + REAL({I2) ! R = R1 + R2 :
1 ) 1. 1 4
1 1 ] . '
i D1 ! D = Dl + DBLCZ(I2) ! D = Dl + DBLE(R2) !
3 1 . 1 . ?
H 3 ] . [}
L a1 VoM o= H1 4+ HALF(I2) ! R = REAL(H1) + RZ2 H
| 1 1 1
1) ] 1] 1
.y C1 1C=CLl+CHPLX{REAL{I2)»04) }3 T = C1 + CHMPLX{R2s50.) 1}
+ ——— — t——— - +
o o s e e e e e e et et i e it Gt ——— s o e o e o +
! x2 D2 : c2 i
'S | i ! ]
+ - e e e e e it o e e 4 e o et e e e o +
v 11 H D.= DBLE(I1l) + D2 1C=CHPLXIREAL{I1)»0.)4C2 :
1 1 ] 3
3 ] 1] ]
H R1 H D = DBLE{R1) + D2 i C = CHPLX(R1s0.) + C2 H
H} ) [ ] 1
1 ] 1 ]
H D1 H D = D1 + D2 1C=CMPLX{REALID1)s04)4C2 H
] 1 [ 1
H ] . [} Lo . . 1
7 Hl i D = DBLE(H1) + D2 {C=CHPLX(REAL{HLY»0.)+C2 H
1 L 1] . [ ]
1 1 ] |
HE o | 1C=C1+CHPLX{REAL(D2)504) ¢+ C = C1 + C2 H
t—— - e - ——f—————— —— +
Fa- - - s s i 20 e e e e et e +
H x2 1 H2 H
HEEES'3 } ) H
b —— = ————
VIl Y = HALFILI1l) + H2 H
] ]
L 1 ]
H R1 1. R = R1 + REAL{H2) H
3 ] [}
1 H . ]
DNl ' D = Dl + DBLE(H2) H
1 [} 1
] ] )
14l YoM o= HL + H2 H
1 1 1 ]
? 1 ]
HEE o8 § 1C=CLl+CMPLXIREAL{H2)s0:) !}
o 0o e o e e et e e B T - . 0 S W WS D A WD B S Sres WD S s M +
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Tables giving ths typs and interpretation of expressions involving
-3 ¥» and / may be obtalined by replacing all occurrences of + in
Table 2 by —=s %s or /s rtespectively,
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Iahl=z_3

Type and Interpretation of Result for x13%x2

G oo e e e + v e o e 1 e o et e e e e e e +
H X2 3 I2 H R2 H
HE 'S | H H H
- ot e o s ot o e e - - —_—t - —— -4
1 Il H I = T1%%I2 ! R = REAL({I1)#:%R2 H
? ] ] 1
1 1 L ]
i R1 . ) R = R1%%*I2 ! R = R1%x¥%R2 ot
; : ! \ :
i D1 H D = D1%**I2 1 D = D1**DBLE(R2) H
] 1 1] [ ]
1 3 L L
HEEA ) H H = Hl#%xI2 ! R = REAL{H1l)#%*R2 H
3 1 1 1
1 3 . ] [
i Cl1 H C = Clak12 i C = C1l%*CMPLXI(RZ2s0.) H
v e e 1w o e e 1 et 0 e e o e o e e e s e e s e e 2 e e e e +
4 e Dt - - = et e e e e e e e e e e
! x2 D2 H c2 H
7o x1 H 3 H
= e o e e s e e e o e i e 0 e O e e e o e e s e s e e e e e e s e +
H I1 i D= DBLE(II !C=CMPLX(REAL(11);O H
1] L 1 [}
] 1 1 ]
S i D = DBLE{R1)#=%D2 t C = CMPLX(R1s04)%x(C2 H
] 1 1 9
1 1 L} 1 ]
D1 i D = D1%¥* D2 1C=CHMPLX{REALID1)s04)*xxC2 |
1 1] ) 1
1 ) L . 1
HERE X ! i D = DBLE(HL)®%D2 1C=CHNPLX{REAL{HL)s04)*¥C2 }
k| ] ) ]
1  § 1 [}
sy C1 1C=C1* *CMPLX(RLAL(DZ);O )i C = Cl%*C2 H
e s e e e e + - e e = - - e e e e -
e e e e e e e + —— - ————
H X2 i H2 H
1o x1 : H
e o e s e + - e et e +
7 Il o= HALF(I1)#%H2
1
1
{ Rl R = RI**REAL(H2)
]
1 D1 D = D1+%DBLE{H2)
1
3
H
H
H
+

d e o o e . —— -

Five entries
value raisad

e
v0

in Table 3 specify an
2 complax powar.,

R T T D R P R

I

interpretation to be a complex

n these casesy the value of the
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.expression is the "principal value"™ determined by x1%%x2 =

EXP{x2%L06(x1))s whare EXP and LOG are functions described in 16410,

Except for a valye raigsed to an integer powery Tables 2 and 3
specify that if two operands are of different types, the operand that
differs in type from the result of the operation is converted to the
typz of the result and then the operator operates on ¢ pair of
operands of the same type. When a primary of type reals double
precisions half precisions or complex is raisad Lo an integer power,
tha integer operand nzed net be converted, If the velue of 12 s
negativey the interpretation of Il1%%I2 1Is the same as the
interpretation of 1/7(I1l*%kABS(I2))s which is subject to the rules for
integar division {(6+4145). For exampilaey, 2%¥%{=3) has the valuaz of
1/7{24%%3)y which is Z2ro.

The type and jinterpretation of an expression that consists of an
oparator oparating on egither 2 single operand or a pair of operands
are independent of the context in which the expression appearss In
particulars the type and interpretation of such an expression are
independent of the type of any other operand of sany larger
axpression in which it appears. For axamples if X Is of type resaly
J is of type integersy and INT is the real—-to-integer conversion
functions . the expression INT{X+4J) is an integer expression and X+
is o real expression,

6eleltsl Boplaan_Opsrands_znd _Arithmerlc _Qperators

- A Boolasn oparand {(2ither base or pouwer) of the operator X% |s
converted to integer and the operation is performed on the converted
operand. A Doolean operand of the operator +y =y * or / is subject
"o the following rules:

I two operands are of different type and one type is Booleany
the result has the type of the other operand. If both operands
- ar2 of typ2 Boolazans the result has type integer. The result of
the operator + or the operator — operating on a2 single Boolean
operand is of type integer. A Boolean operand is converted to
the type of the tesult, and the operation is performed on the
convertad operand.

6.1.5 INIEGER_DIVISION.

One operand of tyvpe integer mey be divided by enother operand of
cype integere Although the mathematical quotient of tuweo integers lis
noi necessarily an integers Table 2 specifies that an expression
involving the division operator with two operands of type integer is
interpreted as an expression of type inteperse The result of such a
division is called an Lnteaer auoblznt and is obtained as followss
If  the magnitude of the mathematical quotient is less than one, the

.

intager quotient i3 zaro. Diherwisey, the integer guotiant s the
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integer whose magnitude is the Jlargest integer that does not exceed
the magnitude of the mathematicel guotiant and whose sign is the
same as the sign of the mathematical «quotlents. For examplesy the
value of the expression (-8)/3 is (=2).

He2 CHARACTIER_EXPRESSIONS
A character expression Is wused to express a character string,
EFvaluation of a character expression produces a result of type

characiera.

The slmplest form of a charackter expression Is a character constant,
symbolic name of a character constants character variable references

sharacter array ola2ment raferences character array references
character array saction reference, character substring raferences or
character function references More complicated character

expressions may be Tormed by using one or more character opérands
tojuether with character operetors and parentheses.

He2.1 CHARACTER_DPERATOR.

The charactaer operator iss

4 T +
' DOperator | Representing H
o~ - ——— ——n +
H // } Concatengtion |
R —-— B e 3

The interpratation of - the =2xpression formed with the character
nperator is:

_____ ettt e e b e B o

fomm—— —— +

' Use of Operator | Interpretation H
+ - + —— —————
H x1 // x2 i Concatenate x1 with x2 |
R R—— - - + - ——— S— -+

wheret x1  danotes the opaerand to the left of the operator

x2 Jenotas the opsrand to the right of the operator
The result of a concatenation operation is a character string whose
value is thua valu2 of %1 concatanated on the right with the value of

2 and whose length is the sum of tha lengths of %1 and x2. For
axamples the value of YABY /7 'CDE' is the string ABCDZ.

A character expression and the operands of a character expression
must identify values of type <character. zxcept in a character
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assignment statement (10.4)» a character expression must not involve
concatenation of an operand whose Jlength specification 1is an
‘asterisk in parentheses (f.402) unless Lthe oparand is the svmbolice
name of a constant.

6e2¢2+1 Character Primariesas

. The characiar orimarisg ared

(1) Character constant (4.3¢1)

{2) Symbaollic name of a character constant (8.6)

(3) Character variable reference (2,5}

{4) Characker array element reference (5,4)

{5) Character array reference

(6) Character array section reference

{7) Charachter substring reference (5,10) )

{8) Character function reference {16.2)

(3) Character expression enclosed in parénthéses (642+242)
6e242¢2 Chapagier xprassion.
The forms of a gharacler gxpraassion arat

(1) Character primary

{2) Charaster exeression // character primary
Thuss a character expression is a saquence of cone or more character
primaries separated by the concatenation operator, Form {2)
indicatas that in a chsrasier expraession containing two or more
concatenation operatorss the primaries are combined from left to
right to establish the interpretation of the expression. For
examples the formation rules specify that the interpretation of the
sharactar expression

YABY /7 CDY // YEM?

is the same as the interpretation of the character expression

{TABY // 'CD') 7/ IR

The value of the character expression in this example is the same as
that of the constant 'ABCDEF!'s Mote that parentheses have no effect
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He2e242 Charactaer Exprassion.

on the value of a character expression,
6e243 CHARACIER_COUSTAUI_EXPRESSION.

A character constanl expressinn is a character expression in which
eagh primary is a character constant, the symbolic name of a
character constanty, or a character constant expression enclosed in
parantheses, Note that wvariables array elements substrings and
function refarences are not allowad.

An zxtepded cheracter constant expressjon is a character constant
expression except:

(1) selected 2lamantal intrinsic. functlons are allioweds when
referenced with constant arguments,

{2) selected array—-valued intrinsic functions are allowed.

The 1ist of allowed elemental and array-valuyed intrinsic functions
is Implementation dependant.

H¢3 RILAIIQUAL_LXBRESSINHS

A relational expression is used to compare the values of two
arithmatic or Bool2an e¢xprassionss two character expressionss or twmo
hit expressionss A rejational axoresslion may not be used to compere
the value of an arithmetic or Boolean expression with the value of 2
character expression or bit expressions A relational expression may
not be usaed To compare the value of 2 bit expression with the value
of g character expressions

Relationa! expressions may appear only within logical expressions.
svaluation of & ralational axprassion produces a result of type
Inzicals with 2 value of true or falsz.

Hhe3el RELATIONAL_OPZRATORS.

The ralational oparators ares.

- - e e e e e e e e o e e e +
i dperator | Representing H
o ot e e e et et e PR —— —-———— - -
H LTa i Less than H
i oLE i Less than or equal to :
H WD H Zqual o H
H oNE o i Mot equal teo H
H GTe ! Greater than H
; «GE, ! Greater than or equal to |
R ———— i e ot 50 e A 1t 8 i S8 0 it S0t e +
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De3e2 ARITHUETIC RELATIONAL_EX2RESSION.
The f@fm of an acliihimails leztinnal eypression is:
2l ralpp =2

where: 1 and g2 are each an arithmetic expressions Boolean
rrimarys or arithmetic array eupression

rzlnp is e relational onarator

A complex operand is permittad only whan the relational operator is
«EN, or «NE

6«3.3 INTERPRETAIION DE_ARITHMETIC RELATIONAL_EXPRESSIONMS

An arithmatic relational exprassion is inkerpreted as  having the
loulcal value true iFf the values of the operands satisfy the
rplataon specified by the operator, An arithmetic relational
aprassion is interpretad as having the logical vatuae false if the

valuzs of the operands do not satisfy the realation specified by the
operator.

If the two operands are of diffarent types or ar2 both of Boolean
cypas The wvalus of Lhe relatiopal expression

el relop g2
is tha valuz of the expression
((g1) - (£2)) pelon O

vhere 0 (zero) is of the same types as the axpression ((g£l)= {(g2))s
and reloo is the same relational operator in both expressionse.

65+3¢4 CHARACTER _RELATIOMAL_EXPRESSIOH.
Thz form nf a gharastar relatiaonal expressiopn is:
al relop 22

where: £l and e2 are character expressions or character
array axorassions

celan is 2 relational operator
6e3¢5 IMTIERPRETATINY_AE_CHARACTER_RELATIONAL_LCXBRESSIONS
A character relational expression 1is interpreted as thé logical
value true if the wvalues of the operands sstisfy the relation

specifTied by the oparator. A character relational expression is
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interpreted as the loaical wvslue false if the values of the operands
do not satisfy the relation specified by the operator.

The character expression el is considered to be less than g2 if the
valus of pl precedes the valye of 22 In the coliating ssquance; =21.
is greater than g2 if the value of g1 follows the value of g2 in the
collating sequenca (3,1.5). Note that the c¢oillating sequence
depends on the collation weight table used by the processor;
howevers the result of the use of the operators +LQe and +NE. can
depnnd on the g¢ollating senuence only §i¥f the user-specified
coliation weight table is selecteds and then only if the program has:
associated the same weight with two or more characters {(3+.1:5),

A  character relational expression that is a legical primsry of a
losical constant expression appearing in a nonexecutable statement
{(7.2) or a conditional compilation IF—~directive (3.7.2) s
interpreted using the ASCII collating saquenc2 {Appandix A)s Use of
the C% collatlon control directive (3.7.3) does not affect the
interpretation of such expressions.

5-3o6‘ﬁII_RELAIIQﬂAL_EKEBE§SIBH
The form of & bli relatlopal expression is:
2l celop 22
where: el and e2 are bit expressions or bit array expressions

Lalon is 2 ralational oparateor

6e3.7 INIERERZTATIOH_OE_RBIT_RELATIONAL_LXBREZSSIONS

A bit ralational expresslion Is Interpreted as the logical value true
if the vajues of the operands satisfy the relation specified by the
noaratore A Dit refational expression Is interprated as the feogical
value false ¥ the valuss of the operands do not satlisfy the
relation specified by the operator.

be4 LOGICAL_EX2RESSIONS

A logical gxpression Is wused to express a logical computation,
Evaluation of a logical expression produces a rvesult of type
fojgicals uith a valuz of true or fatlse,

Tha simplest formn of a logical expression |s a logical constant,
symbolic name of a logical constants logical variable referencey
logical array 21lement references logical array references logical
array sectlon refarences logical function references or relationsl
expression., More complicated logical expressions may be formed by
using one or more ltogical operands together with logical operators
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and parehtheses.
betel LOGLCAL_O2ERATORS.

The laalcal operazfors ared

e -t £ 2 2 e e e e e e e e +
i Oparator | Representing :
- + ——— S
H 0T 1. Logical Negation H
H +AND, ! Logical Conjunction H
H 2»0OR ! Logical Inclusive Disjunction |}
! +EQV. i Logical Equivalence H
3 «NEQY, or 1 Logical Non=Equivalence H
: » XOR : ’ H
e e —_ ——— — -+

He4.2 EORM_AMD_INTZRPRZIAIION OF _LOGICAL_EXPRESSIONS.

A sat of Tormation rules 1s used to establlish the interpretation of
a logical expression that contains two or more l{ogical operatorse
There is a precedence among the logical oparatorsy which determines
tha order in which the operands are to be conbined unless the order
Is changed by the use of parentheses. The precedence of the logical
oparators is as follows:?

e - o e e e e e e e e e o 4
H Operator i Precedence |
+ ———— - o o e e e 2 e s 1 e e e +
H NOT . { Highest H
H + AMD . H H
H »OR. H H
1 «EQVa.s NEQVS or +X0ORe?} Lowest :
e et o o ettt ot et £ e e e e o o e e e e e +
For zyampl=as, in the exprassion
A OGRI B .ANDO C
the <AND, operator has higher precedence than the Rs operators;

therafores the Interpretatlion oFf the above expression Is the same as
the interpretation of the expression

A 2OR. (B JAID. C)
The inaleal operands are:
(1) Logical primary

(2) Logical factor
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{3) Logiéa! tern
[4) Logiéal disjunct
{5) Lojical axprassion

Tha formation rules to be app!iéd in 2stablishing the fnterpretation
of a logical expression are in He4+2¢1 through 6.4.,2.5, ’

6e4e2.1 Lpaigal Primarisss
The logical primaries are:
{1) Logical constant (4.7.1)
(2) Symbolic name of a logical constant (8.6)
{3) Logical variable reference {2.5)
{(4) Logical array element reference (5.4)
{5) Logical array reference
(6)'Louica! array saction reference
(7) Logical function reference (16.2)
(8) Relational expression {6.3)
(9) Loygical exprassion anclosed in parentheses (6e40245)
6«4.2.2 Loglical_ FEagtor,
The forms o7 a2 loainzl fackor are:
(1) Logical primary |
(2) «MNOT. logical primary
6244243 Lonlaozl_ Terns
The forms of a logigal ignm ara=4
(1) Logical fTector
(2) Logiqal term «AND. logical factor
Thuss a logical term is a sequeance of logical factors separated by
tha «ANDe oparators Form (2) indicates that 1in interpreting a
logical term containing two or more +AND, operatorss, the logical
factors are 2ombinad from left Yo right,
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Sehe2+4 Loalcal Disjunck.
The forms of a loalgal disliupck are:

{1) Logical term

{2) Logical disJunct L0R. loglecal term
Thuss a logical disjunct is a sequence of logical terms separated by
the +0R. operator., Form (2) indicates that in interpreting a
logical disjunct containing two or more +OR. operaterss the logical
terms are combined from jeft to riaht,
be4s245 LLogical Expressione.
Tha forms of a loaisal expresslop ares

{1) Logical disjunct

{2) Logical 2xpraession EQV. Iogical disjunct .

{3) Logical expression .NEQV, logical disjunct

{4) Logical exprassion «X0OR, 1{ogical disjunct
Thuss. a ingical gkpresslon is a sequepce of lggical disjuncts
separated by either the +EQV.sr «NEQV., or «X0OR, operator. Forms
{2)s (3)» 2nd (4) indigate that in interpreting a logical expression
containlny two  or mnors  JEQY.:» +NEQVes0or «XDRa onperetorsy the

logical disjuncts are combined from left to right.

6e4¢3 VALUE_JE_LDGICAL_EACTORS._ TERMSs _AUD_EXPRESSIONS

The value of a logical factor involving NOT. is shown below:

4 o e o e e +
: %2 1 «NOT. ¥2 1}
T T — Y
i true i false H
i false ' true H
N N e - +

The value of a logical term involving <AND. is shown below:
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¢ 4 - +- e +
H x1 ! X2 ! x1 «AMDa. x2 }
RS- + - - ——————— +
' true ! “true : true H
Vo true 1 falgae |} false H
1 Fatlse | true H false !
1 FTalse | false |} false )
IO — R - USSR U - +

Tha value of a Jozical disjunct invelving +OR. 1Is shown balows

+ —_— - -+ ——— -
! x1 i X2 ! x1 JfRe x2 1}
I P ——— S = B — +
i true 1 true H true i
} true 1 false 1} true H
H false | true H true H
i Talsa |  falsa |} false H
o o ot i + +— — +

The value of a logical expression involving .EQV. is shown below:

} - - - T T —— +

H X1 } X2 ! x1 .EQV. x2 !}

e e e e e o foommeen —— ——————

i true v true H true H

! %rue i falsa | false H

7 false 1§ true H false H

1 false | false true H

RN + —-f— —— -
Tha valuz of a jogical expression Involving W.NEQV, or +XOR, Is
shawn below:?

oo + - e +

H %l H w2 PRl JHEQV. x21

H x1 H x2 ! x1 «XDOR. x2 1

frrm——— —_— - o o e e o e e e

! true 1 true H false H

! true Y falsa | trus H

! fals2 1 true H true H

} false | false | false H

e o e o e e + - + o et o o e e e -

hetet LOGLCAL COMSTANI_EXPRESSIONM.

A looical constant esxpression is a logical expression in which each
primazry is a logisal constant, the symbolic name of a logical

eonstant, a relational expression In «hich each primary is a
constant expressions or a logical constant expression enclosed in
parenthzsnos, Hotn that wvariables array olaments» and function
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references are not allowed.

An axizndad 1ogical constant expression s
expression except:

jogice! constant

o}

(1) selected elemental intrinsic functions are alloweds when
revfarenced with constant argumentsy

{2) selected array—-valued intrinsic functions are allowed.

The list of allowed zlamental and arrayv—valyed Intrinsic functions
is implementation dependant.

6.5 PRECEDEUCE_DE_DDZRAIOIRS

In 6.1.2 and 6.4.2 precedences haye heen established among the
arithmetic operators and the logical operatorss respectivelye. There
is only ono character operator, No pracadence has hean established
anmong the relatlonal operatorss The precedences among the various
operators are:

rron e - o e o e e ot st +
} Opareator ! Precedence H
+- o o e e +
! Arithmetic ! Highest H
} Character H H
1 Ratlational : H
i Bit H !
t Logical ! Lowest H
e e e e e - et e e et e e o +

An  2xpressioan mway conteain more than one kind of operator. For
examples the logical expression

L nDRc I\ + B OG'EO C ,
whare Ay Bs and C are of type real and L is of type logical,
contains an arithmetic operators a relational operatory and a
lotical operator. This a2xpression vould be interprated the same as
tha expression

L +OR. ((A + B) 4GE. C)
654541 SUBLARY _QE_INIERPRZTAIIDU_RBULES.

The order in which primaries are combined using operators is
determined by the following:

{1) Usz of paranthases
(2) Precedence of the operators
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{3) R!Jhtwto~§aft interpretation of =xponentiatlions in s factor

(4) Left~to-right interpretation of multipiicationé and divisions
in a term

{5) Left=%to-right interpretation of additions end subtractions in
an arithmetic expressjon v

(6) Left=to=right interpretation of concatenations in a charactear
exprasslion

(7) Left—to-right interpretation of conjunctions 1in a logical
terms Boolean terms or a bit term

{6) Laft-Ln=-right interpretation of disjunctions In a logical
disjuncts Bonlean disJuncts or a bit disjunct

{9) Left—to-right interpretation of equivalences in a logical
" axpressions Bool2an expressions or bit expression

6e6 EVALUATION_NE_EXPRESSIONS

This section applies to arithmetics charscters relationals bity
Boolzans and logical egxpresslons.

Any variabley arrays array sections array elements functions, or
character substring referenced as an operand 'in an expression must
be definad at the time the reference Is exscuteds An integer
operand must be defined with an integer valuey, rather than a
statement label! value, Note that if a character string or substring
is referencads all of tha refaranced characters must be defined at
the time the referance Is executed.

Any arithmetic operation whose result is not mathematically defined

is prohibitad in thae ayxecution of an zxecutable program, Examples
are dividinyg by zero and ralsing a 2zero— valued primery to a
zero~valued or negative-valued power, Raising a negative=valued

primary to a real or double precision power is also prohibited.

The execution of a function reference In a statement may not alter
the value of any other entity within the statement 1in which the
function reference appearse. The execution of a function reference
in a statemaent may not alter the valtue of any eanlity in common (8.3)
that affects tha value of. any other function reference In that
statement. Howevers execution of a function reference in the
expression g of a logical IF statement (11.5) is permitted to affect
antities in the statemant gt that Is z2xecuted when the value of the
expression £ is true., If a function reference causes definition of
an actual argument of tha functlons that argument or any associated
entities must not appear elsewhere in the same statemente. For
examplas tha statements
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ALT) = F{I)
Y = G(X) + X

are prohibited 1f the reference to F dafines I or the reference to G
tdfefines X

The data type of an 2xpression in whieh a function refarence appears
does not affect the evaluation of the szctual arguments of the
function., The data type of an expression in which a function
refrerence appears is not affected by the evaluation of the actual
‘argumants of thz  functiony, axcept that the resuilf of a generie
function r2ference assumes a data tyme that depends on the data type
of its arguments as specified in 16410,

Any 2xecution of an array elament reference reauires the evajuation
of its subscripts The data fype of an expression in which a
subscript appears does not affecth, nor is it affected bys» the
avaluation of the subscript, ‘

Any execution of a substring reference requlres the evaluation of
its substring expressions., The data type of an expression in which
a4 substring name apoears does not affects nor is it affected bys the
evalyation of the substring expressions,

Any ~execution of an array section reference requires the evaluation
of its section subsgript expraessions. The data type of an
expression in which an array section appears does not affects nor is
it affected bys the evaluation of the array section.

When an arithmetic operators character operatory relational
operators or ltogical operator aperates on a palr of operands and at
least one of the operands is an array operands the operands must be
conformable, The arithmetic operations character operations
retational operations or lonical ogperation iz performed
glanent-byv=-2lemaent on corresnonding array elements of the operands.
The result of the operation is the same shape as the array operand
or array operandss.s For axsmplas the array expression ‘

A+B

produces an array the same shape as A and B, The individual array
alamants of the rasult have tha values of the first element of A
addad to the TFlrst element of By the second element of A added to
the second element of B» etc, The processor may perform the
element-by=—element operalions in any order it chooses.

Yhen an arlthuwetic operator or a loglecel operator operates on a

single array operands, the operation is performed element-by—-element
and the result is the same shape as the operand.
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5406.1 SVALUATION OF OPERANDS.

64641 EVALUATIOU_QE_QPEZRANDS.

It s not noccessary for a processor to evaluate all of the operands
of an expression if the valus of the expression can be determined

otharwises This pringciple is most ofFftan applicable to logicsal

gaxpressions and. zero—sized arrayss but it applies to.  all
expressions., For examples In evaluating the logical expression

X WGTe Y WOR. L)

vwhare Xs Ys and Z are real and L. Is a logical functlons the function
reference L{Z) need not be evaluated if X 1is greater than Y.
Similarly in the array expression :

Ao+ Y(Z)

where X is of size zero and Y is an array—valued functions the
function . rafarenca Y(Z) need not ba evalusted, If a3 statement
contains a funciion raferznce In 3 part of an expression that need
not be evaluateds, all entities that would have become defined in the
execution of that reference become undefined at the completion of
avaluation of the expression containing the function references In
the axample aboves avaluatlion o7 the axpression causes 7 to becone
undefined if L defines its argument.,

64642 ORDER_OE_EVALUATION_DE_EUNCIIOUS.

If a1 statement c¢ontains more than one fuynction references, a
processor may evaluate the fynctions in any ordery except for a
logical IF statemaont and a  funciion argument 1tist containing
function raforences, For exenples th2 statement

Y = FIG(X))

dhora F and 6 sre funclionsy requirss G to be evaluated before F  is
avaluated,

In a statement that contains more than one Tunction references the
value providaed by each function referance must be independent of the
order chosen by the processor for =avaluation .of the function
references.

6e643 IMNTZGRITY OFE_PARENTHESES.

Tha sections that follow state certaln conditions wunder which a
processor may evalyate an expression different from the one obtained
hy applying the intarpretation rules agiven in 6.1 through 6.5
Howevers any expresslon contained in parentheses must be treated sas
an entity, For exampley in evaluating the expression A*(B*C)s the
product of B and C must be evaluated and then multiplied by A; the
processor mdst not avaluate the mathamatically equivalant =2xpression
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{A#B)=Ca
hebo4 RESTRICTIONS OH_APSEARANCE_OE_ARRAY_EXPRESSIONS
Arrayﬁva{ued expressions may not appaar:

{1) As a logical expresslon of a loglcal IF sta{emént

(2) As a lOQical,exéression of a block IF or ELSE IF.statement

{3) As 21y =22 or 23 aXpressions of a DO statement

{4) As an arithmetic expression in an arithmetic IF statement

{5) In 41 computed 60 TOs OPEMs CLOSE» INQUIRE» or RETURN
statenent , . v

(6) In the REC= specifier of a cilisk

(7) In 2 subsfring expression

(8) As én external unit identifier
6e645 EYALUAIIQN DFE_ARITHMEIIC EXPRESSIONS

The rufes glvenr in 6.1.2 specify the interpretation of an arithmetic
expressione Once the interpretation has been established in
acgordanca #ith those rul2sy the processor may evaluate any
nathematically equivalant expressions provided that the integrity of
parentheses is not violated.,

Two arithmetic expréessions 2r2 methemstically equivaltent ify for sll
possible valuas of thair primarles and Boolean primarises (6.7+.1.1))
~their mathematical values are equal. Howevery mathematically
equivalent arithmetic expressions may produce different
computational rasults.

Tha2 mathematical definition of integer division is given in 6.1.5,
The difference between the value of the expression 5/2 and 5./2¢ is
a mathematical differences not 2 computeational difference. If
Boolean operands (6.7.,1) are present in an arlthmetic expresslions
its operators may not have the associative and distributive
properties that would yield mathematically &quivalent =xpressions if
at1l operands were arithmetice For exanples the expressions

2.0 + Q"1™ + 01" and
2.0 + (OQU1" + QU1v)

arz not mathematically equivelent,
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Tha followlng are examplas of exoresslionss =2long with allowable
alternative forms that may be used by the. processor in the
evaluation of those sxprassionss As B» and C rapresent arbitrary
reals dounle pracislionsy or complex oparands: I and J represent
arbitrary integer operands; and Xs» Y» and Z represent arbitrary
~arithmetic operands,

et — - - B w—— +

i Expression } Allowgble Altternative Form |
e . o e e e e e +
; X+Y ' Y+ X '
H X H Y X H
i -X+Y H Y—X '
H X+Y+2 H X+{Y+Z) H
H X=Y+7 H X={Y=Z) H
H X%3/2 H X={B/Z) H
H XY= X3 H X3 {Y=2) !
H A/B/C H A7 (B=C) H
H A/5,0 H D4 2%A H
K - ——— T —— - - ————

The followlng are examples of cexpressions along with forbidden forms
that must not be used by the processor in the evaluation of those
AXpPrassions.

} —— —_ +
H Expression ! Non—-Allowable Alternative 1
H ' Form H
+ - - e e e e e e e e e e e +
H 172 H Qe b%x1 . H
) XTI 7J i Ax(1/J) H
H I1/7J/7A i I/7{J%A) H
H (X%Y)=(X¥*Z) H X¥(Y=-7) H
H Xe{Y-2) ! X&FY=X*7 H
e e et e e e e ——— e e e e et e e e e e +

In addition to the parenthaeses required to establish the desired
interpretations parentheses may be included to restrict the
alternative forms that may be used by the processor in the .actual
evaluation of the expressions This is useful for controlling the
magnitude and sceuracy of intarmadiate valuas devaloped during the
evatuatlion of an axpression. For examples In the expression

A+(B-C)
“ha term (8-C) must he evaluated and then added to As Note that the
inclusion of parentheses may change the mathematical value of an

expressions For examples the two expressions:

AxT/1J
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A#{T/7)

may have different mathematical values iIf I and J are factors of
integer data type.

Zach operand of an arithmetic operator has 2 data type that may
depend on the order. of evaluation used by the processora. For
examples in the evaluation of the expression

D+R+T

where D» R and I represent terms of double precisions real, and
integer data types respectivelys the data type of the operand that
is eaidded. to I may be either double precision or reals depanding on
which pair of operands (D and Ry R and I, or D ang 1I) is added
first,

540606 EVALUATION_0F_CHARACTER_EXPRESSIONS

The rules given in 6+2.2 specify the interpretation of a character
expression as a string of characterss A procassor needs to evaluate
oniy as much of the chearacter expression as Is requirad by the
context In yhich the expression appearse. For examples the
statements

CHARACTER¥2 C1sC25C3sCF
Cl = C2 /7 CF{C3)

do not require .the function CF to be evaluated, because only the
yalua of C2 is neaded to determine the value of Cl.

Ha6Ho7 LVALUATION_OFE_RELATIONAL_EXPRESSIONS.

Tho rulas given In H43¢3 and 64345 specify +the interpretation of
relational azpressions. Once the Intaerpretation of an expression
has been established in accordance with those rulesy the processor
may evaluat2 any othar expression that is relationally equivalent.

For examples the processor may choos2 tov evaluate the relationsl
expression

I lGT' \J
where I and J are Intejer varlabless sas
J =1 JLT. O

Two ralational  expressions are ralationally equivalent if their
lojgleal values are equal for all possible velues of thelr primaries.
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66,8 EVALUATIOH _OFE _LOGICAL_EXPRESSIONS
The rules given in 5e442 Spéci?y the interpratation of 2 1ogical
ARPTrassion. Once the interpretation of an expression has been
established in accordance with those ruless the processor may
evaluate any other expression that is logically equivalent, provided
fhat the intayrity of parentheses is not violated. For examples the
orocessor may choose to evaluatz the iagicai expression
L1 +AND, L2 +AND. L3

whare L1, L2, and L3 are logiscal variabless as

| L1 <AND. {L2 +AND. L3)

Two logical expressions are logically equivalent if their values are
nagdgal for all possibla values of their primaries,

6.7 BOOLEAN_LXPRESSIONS
A ﬁggigan_QZQthsign is formed with logical operators and Boolean
aoperands and/or arlthmetic operands (6e122)s Evaluation of a
Boolean expression produces a result of type Boolean.
64701 BOOLEAY_D2ERALDS
The Baoolzan_aperands are?d

(1) Boolean primary

(2) Boola2an factor

{3) Boolean term

. {4) Boolz2zn disjunct
(5) Boolazan exwvresslon

The formation rules to be applied in establishing the interpretation
of a Boolean exprassion are in Sections 6474141 through 6¢7¢1¢5.

6.7.1.1 Bonlsin_Prinary
The Boolean_primaries aret
(1) Unsijned Boolean constant {(4.9.1)
(2)‘ Symﬁolip name of a Boolean constant (8}61

(3) Bootlaan variable refarence (2.,5)
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{(4) Boolran array a2lement referonce (5,4)

(5) Boolzan function réferance {16.2)

{6) Boolean array reference

(7) Boolean array saction referaence

(8) Bdolean expression enclosed iﬁ parentheses (6.7.1.5)
6e7+1+2 Boolean_Eaglar
The forms of a Boalaan_factor are

(i) Boolean primary

(2) «NOT. Boolean primary

(3) «NOT. arithmetic expression
6.?.1.3»&aainﬁn_lanm
The forms of a PRoolean _tarm are

{1) Boolean fagtor

(2) Boolean termnm .AHD. Boolean factor

{3) DBoolean term +ANDe arithmetic expression

{4) Arithmetic expression +AND. Boolean Taétcr

{5) Arithmetic expreésion +AND. arithmetic expression
Thus a Boolgan term is a s29uance of Boolesan factors and/or
arithmetic o2xpressionss separated by the «AND. operstor. Forms (2)
and (3) indicate that in interpreting a Boolean term containing two
or more  +AND. operatorss the Boolean factors and arithmetic
axprasslions are comhined from laft +o right.
L 6eT4104 Bgalsan-ﬂi&luhgx
The forms of a Boolnan_disjupci aret

(1) Boolean term

(2) Boolzan disjunct «0R. Boolean term

(3) Boolsan disJunct +0OR. arithmetic expression

(&) 'Arithmetic expression ,0R, Boolean term
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{5) Arithmetic expréssion «0DRs arithmetic expression .
‘Thus a Boolean disjunct is a sequence of Boolean terms and/or
arithmetic axpressionss separated by the +ORe. operator. Forms (2)
and (3) indicate +hat in interpreting a Boolean disjunct containing
two or more +0OR, operatorss the Boolean terms and arithmetic
axprassions are combined from left to right,
' 6.7.1.5 Boalaan_Exoression
The forms of a Bgglgan expression are:.
(1) Boolazan disjunbt
{2) Boolean expression «E0OVe. Boole2an disjunct
{3) Boolaan exprassion «EQV. arithmetic expression
{4) Arithmetic expression ,EQV., Boolean disjunct
{(5) Arithmetic expression +EQV. arithmetic axpression
(6) Boolean a2xpresslion NEQV. Boolean disjunct
{7} Doolean expression «NEQV. arithmetic expression
{3) Arithmetic expression «NEQV., Booleéan disjunct
{9) Arithmetic expression .NEQV, arijthmetic expression
{10) Boolean expression «XJRe Boolean disjunct
(il) Boolean exprassion «X0OR. arithmetic 2xpression
(12) Arithmetic expression }XGR. Boolean disjunct
{13) Aritaimetic axprossion ,XOR. arithmetic expression
Thuss & Boolesn expression Jis a sequenpce of Boolean disjuncts
separated by the +ZQVes +MNEQVes or «XORe. operators. Forms (2)s (3),
{6)s (7)s (10)s and (1l1) indicate that in interpreting a Boolean
axpression containing two or wore JEQVes <NEQV.» or <XOR.
operatorss the Boolean disjuncts and arithmetic expressions are
combined from left to right.
He7e2 VALUE_OF_ROAOLEAN EACTORSs TERMNSs AND_EXPRESSIQNS
IF an operand is of type integers reals double precisions half
pragcisions or complexs» it is converted to Boolezan and the operation
vaerformed on the converted operand. Conversion to Boolean is by

means of the jeneric function BOOL (16.10).
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A Boolean operator determines each bit value of the value it yields
independently of other bits of the value. Each bit value is
datarmined from tha corresponding bit values of the operand(s),
{Tuo bit positions correspond if they have the same ordinal in their
storage sequence within their respective storage units.)

Fach bit walue of a Boolean factor involving NOT. is shown below:

+ + —
7 X2 1aNOT. X271
+ - +
1 1) ]
¥ 1 ]
10 1 H
H R 0 1
H H H
et e e e +

Zach bit value of a Boolean term involving AND. is shown below:

et 4= ————
TX1 1 X2 IX1 JAND. X2 }
o e o o o e e e —————— +
: : ; H
10 10 g 0 H
10 v 1 0 H
N R A B 0 :
101 1 i
1 L} ] 1
) ] ) )
N et +

Each bit value of a Boolean expression involving LOR, is showun
bajow

e et et

i X1 7 X2 iX1 JOR. X2

- g e w -

-’.
i
[
|
i
+
I
-+
|

S U R S

+ e Wad s i i

—n s e o s S 00 @ S s $10 D e e S

fach bit value o0of a Boolean expression involving +EQV. is shouwn
helow:
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[ NP SRS SRS U Gy SR

X1 1 X2 1X1 «EQVe X2 3

i L
- - .-

= OO
oo . v - w—

G e - . -

s e e

i
|
i
f
+
!

Zacgh bit vatue of a Bonlaan expression invelving JNEQV., {or «XORs)
Is shown below:

- ——————

X2 1X1 «NEQV. X2%

— e s o e ot s s e o o s Bt Ot ot e S S s e

oo
OO

e . b mm mm e e e
v o —u m- w -t own e
- - e o o

OO
U

6.7.3 BOOLEAN_CONSTANT EXBRESSION

A DBoolean constant expression is a Boolaean expression in which each
Boolzan primary is a Boni=zan  censtant, the symbollc name of a
Boolean constanty or a Boolean constant expression enclosed in
parenthesesy, and each arithmetic primery is on srithmetic constants
the symholic npame of an arithmetic constants, or an arithmetic
constant expression enclosed in parentheses.,

An exiespnded Boolean constent. expro2ssion is a Boolean constent
exprassion axcent:

{1) selected elemental intrinsic functions are alloweds when
referenced ith constant argumantsy

(2) selected arragyv-vajlued lntrinsic fuynctions are allowed,

The list of allowed elemental and array-valuyed intrinsic functions
is implementation depandant.

He8 CONSIANT _EXPRESSIOHS

A gopsiapi zyprosssiaon is an arithmetic constant expression (64143)0
a character constant expression (6.2.3)» 3 bit constant expression
Ab6,9,3)s a logical constant expression {Gs%4e4), a3 Boolean constant
axorassion {(647.3)s or 5 bit constant axproession (6+943).
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An axtasndad sonstant axpiression is a constant expression except:

{1) selected elemental intrinsic functions are alloweds when
rafarencad with constani argumentss

(2) selucted array—valued Intrinsic functions are allowed.,

The list of allowed elemental and array-valu=d intrinsic functions
is implementation depaendant.

In order to eliminate circularity of definitions no variable or
array name. may be raeferenced in an extended constant expression
anless  that variable or 2rray has been defined in preceding
specification statement{s)e. For expamples .

REAL A( SIZE(B))
REAL B{ SIZE{A))

is prohibited becaqse B was referenced prior to its definition,
He? BlI-hX”&E SIONS

A bit exprassion is used to express a bit computation. Evaluation
of a2 bit expression produces a result of type bit, with a value of
Bl!l" Ol" Bf!loﬂ' .

The simpliast fForm of a blt expression js a bit constant, symbolic
name of a bit constants bit variable references bit array element
raefarencey bhit array referencey bit array section references or bit
‘functlion rafarance, Hore complicated bit 2xpressions may be formed
by wusing one or more bit operands together with bit operators and
parentheses, : ‘ '

H.9.1 BIT_QOPERATORS.

The bit gperators are:

$——— + _— R —— ——
! Tperator | Representing H
o bt e e e e e e e e e o +
H +BNOT. i Bit Negation H
H «3AND y . Bit Conjunction H
H +BOR, i Bit Inclusive D|$Junct|on H
i «BEAV, i Bit Egquivalence . !
1 «BNEQV. or | Bit Nop—Equlivalence H
+ - -t e e - —
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5¢9.2 LORU_AUD_IRILRERETATION OFE_BIT_EXRRESSIONS,

A set of fTormation rules is used to establish the
a bit a2xprassion that contains two or more bit o
4 precedence among the blt operatorss which deter
which the operands are to be combined unless the
the use of parenthesess The precedence of the bi
followss . ' ‘ ‘

interpretation of

perastors, There is
mines the order in
order is changed by

t operators is as

R - —— - +
} Operator ! Precedence |
foom e om - - - - ——— +
H «BNOT, ! Highast H
H «» BAND. H H
H »BOR . ! H
1«BEQVas oBNEGV. or BXOR.} Lowest H
+ ————————————— 34— -+

For ekamp!e; in the expression
A .BOR. B .BAND. C
the +BAND. operafor has higher precedence than t
thereforas th2 interpratation of %the above expres
the Interpretation of the expression
A +BOR. (B JDAND. C)
The bii oparcapds aret
(1) Bit prim;ry
(2) Bit Tactor
. {3) Bit term
(4) Bit disjunct
(5) Bif axpression

The fFormation rules to be applied in establishing
of a bit expression are in 6+7«2+1 through 6¢9¢2

OaPe2.1 Bit Primarinse
The bil orimarigs are:
{1) 8it constant (4s.11l.1)

{2) Symbolic name of a bit constant (8.6)

ca

he «BOR., operator;
sion Is the same as

the interpretation.

5.
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{3) Bit variable reference (2.5)

{4) Bit array element reference (5.4)

{5) Blt array referance

(6) Bit array section reference

(7) ﬁit funection rafarence {16,2)

(8) Bit expression enclosed In parentheses (69:225)

HeTelel ﬁiﬁ_faﬁiﬂl‘.;

o
(3

cnor are:s

The forms of a hilt =2
{1) Bit primary
(2) »BNOT. bit primary

549+.2¢3 BiLt Term.

The forms of & hlf Zerm are:

{1) Bit factor
(2) Bi%t t=rm .BAND, bhit factor

Thusy a bit term Is a sequence of blt Ffactors separated by the

«»BAND ., operator., Form (2) indicates that in interpreting a bit

term containing two or more LBAND. operatorss the bit fsctors are

sombined from left To right,

H5e9e2+4 Bikt Nisiupct.

Tha forms of a pit Jdisiunct are:

[1) Bit term
(2) Bi%t disjunct «BOR, bit term

Thus» a - hit disJunct |is a sequence df bit terms separated by the

+30Rs operatore. Form (2) indicates that in interpreting a bit

disjunct containing tuwo or more +BOR. op2ratorsy the bit terms are
coembined from left to right.

HeDe2+5 Bik _Cxpressione

The forms of & oli a2xprassion ared

(1) Bit disjunct
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HeR4245 Bit Expression.

(2) Bit expression .BEQV. bit disjunct

(3) Bit expression »BNEOV. bhit disjunct

{4) Bit expression -BXOR. bit disjunct
Thus, a bit expression is a sequence of bit disjuncts separated by
aither the BEQVss +BNEOVes or «BXOR., operator. Forms (2)s (3)»
and - {(4) indicate that In interpreting a blt expression containing
two or more «BEQVes +BNEQVesor BXOR. operatorssy the bit disjuncts
are combinad from laft to right,
5+.9.3 VALUE _OF _BIT_FACTORS. _TERMSs AND _EXPRESSIONS
The value of a bit factor involving .BNOT. 1Is shown belows

e e e e et e ot o e e e e -

i X2 T «BNOT. x2 1}
e e e e e e e o e o e s e e +
: B”Ol?? : B"O" ) :
: B"O" : 8"1" :
o e o e e o e e e +

The value of a bit term involving «BAND. is shown below:

o o o e e 0 e e e Eladentod - - +
H x1 H ¥2 ! %1 +BAND. x2}
+— - + —_—t—— +
: Brgn H guin ' gnn H
! prin ! BuQv ! pron !
: Brp" : pr1" ' gron :
; pngn : B"O" H ’ B"O" H
o s e e 2t g @ O 20 A o - +- -y +

The value of a bit disjunct involving +BOR, is shown below?

+ -+ ————— e e e +
| x1 H %2 1 x1 +BOR. 2 |
O b - o e -4
: Bnln : B"l" } Bﬂl" :
: B"l" : BIIO" : Bﬂl " :
: B " o!' : B“ 1" = B 1111' :
; B" 0" ; B n 0" : B "0 " :
fmmmm e + +- - ——

The vatue of a bit expression involving «BEOV, is shoun below?
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6,93 VALUE OF BIT FACTORSs TERMSs AND EXPRESSIONS
+ - + -+ — +
H x1 H X2 1 X1 +BEQVe x2}
v e e e e s 1 e i o — -
S 15 1 H puin ! ‘8"1" !
; B"l" : Bnon : B"O" ;
: B"O" : B"l" : B"O " :
: pron : gron ' 1 gty ¢
e e e e s e e e — e +
The value of a bft expression involving +BNEQV. or .BXOR. 1is shown

below:?

+ - + - + +
H x1 H x2 Ax1l +BNFEQV, x2!
H x1 H ®2 1 21 «BXOR. x21
EN- B T y—p— + - —_—
: 8"1‘3! : B "1" : B "O " :
: B"l!' : 3"0" : Bl'l" :
: B"Oﬂ : B"l" g Bi'l" =
: B"O?l = B"O" ) : B‘"O" :
R — KRR — o o e e e e +

S5eDe4 BLT _COUSTANMI_EXPRESSION,

in which each primary
constanty or a bit
lote that varijables

bit expression
name of a bit
in parenthpses.

A hii gopnsiani expresslon iIs a
is a bit constantsy the symbolic
gonstant =2ypression anclosed

array elemant,

An extended bit constant 2xpre2ssion is a bhit constant expression
axcaept:
{1) selected elemental intrinsic functions are a2lloweds wWhen
refarenced 1ith constant argumentss

and functlion references are not allowed,

(2) selucted array—valued inptrinsic functions are alloweda

The

i3

list of alloved elemental
implementation dependant.

an

d array-valued

intrinsic

functions .
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7.0 STATEMENT CLASSIFICATION

Zach statement is <classified as executable or nonexecutable,
txecutable statements specify actions and form an execution sequence
in an exacutabla programs. Nonexecutable statements specify
characteristicss arrangements, and initial values of datas contain
aditing information; specify statement functions; c¢lassify program
units3; and specify entry peints within subprograms. Nonexecuteble
statements are not part of the exscution sequence. Nonexecutable
statements may be labeleds but such statement Jabels must not be
used to control the execution sequence, :

71 EZXZCUTABLE STATEHMENIS

The follovwing statements are classifizd as exascutable:

{1) Arithwzticy logicals statement label (ASSIGN)s bits Boolezns
and character assignment statements

(2) Unconditional &0 TOs assigned 63 TOs and computed GO TO
statoments

(3) Arithmetic IF and 1ogical IF statepents

(4) Block IFs ELSE IFs ELSE, and END IF statements
{5) CONTINUE statement

(6) STOP and PAUSE statements

(7) DO statzment

{8) READs WRITE, PRINT, PUNMCH, ENCODE, DECODEs BUFFER 1INy, apd
BUFFZR OUT statements

{9) REWINDS BACKSPACE » ENDFILES NPEN, CLOSEs and INQUIRE
statements

(10) CALL and RETURM statements
{11) ALLOCATE and FREE stataments

{12) Logical WHEREs Block WHERE, GTHERWISE: and ENDWHERE
statements

{13) .IDENTIFY statement
{14) FORALL statement
{15) END statement

COMTROL DATA PRIVATE



Control Data Corporation Standard FORTRAN

72

83/06/30

70 STATEMENT CLASSIFICATION
Te2 NOMEXZCUTABLE STATEMENTS

7.2 NOMEXZCUTABLE STATZMENITS
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The following siastementis are classified as nonexecutable:

{1) PROGRAMs FUNCTIOMs» SUBROUTIME, ENTRY,

statements

{2) DIMENSION,  COMMON, EQUIVALENCE,

and  BLOCK  DATA

CINPLICITs  PARAMETERS
EXTERNAL, IMTRIMNSICs and SAVE statements

{3) INTEGERs REALs DOUBLE PRECISIOMN, CONPLEXs LDGICAL, BITs HALF
PRECISIONs BODLEAN, and CHARACTER type~statements

(4) DATA statement

{5) FORMAT statement

ib) Statemenf function statement
{7) MAMELIST statement

(8) ROUWISE statement

(9) INTERFACE and ENMD INTERFACE statements

. CONMTROL DATA PRIVATE
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fe0 SPECIFICATION STATEMENTS

Thare are tuzlve kinds of specification statemenis:
(1) DIMENSION
{2} EQUIVALENCE
(3) COMMal

(4) INTEGER, REALs DDUBLE PRECISION, HALF PRECISION, COMPLEX,
LOGICALs BIT» OBDOLEANs and CHARACTER type—statements :

{5) INPLICIT
{6) PARAHZTER
{7) EXTERNAL
{8) INTRINSIC
(9) SAVE
(10) ROWWISE
(11) Procedure interface informations, INTEZRFACE and SND INTERFACE
(12) VIRTUAL
Al specificatioﬁ statements are nonexecutahle,
8.1 DINEWSIOU_SIAIZNENT

A DIMENSIOM statement 1Is used to specify the symbolic names and
dimension specifications of arrays.

Thz form of a DIMENSION statement is:
DIMENSION a(d) [»ald)l...
sthara each z(d) is an array declarator (5.2).
Each symbolic name a appearing in a DIMENSION statement declares g
to be an array in that program unite HNote that array declarators

may also appear in COMMNON statements, and type-statements. Only one
appearance of ~a symbolic name as an array name {in an array

declarator in a program unit Is permitied.
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P.2 EQUIVALZNCE STATEMENT
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8,2 EQUIVALENCE_STATEMENT

An EQUiVALENCE statement is us2d to specify the shering of storage
units by two or nmore entities In a program unit, This causes
association of the entities that share the storage units.

If the equivalenced entities are of different data typess the
ZOUIVALENCE statement does. not cause type conversion or Jmply
mathematical equivalence. If a wvariable and an array are
equivalenced, the wvariable does not have array properties and the
carray doss not have tha properties of a variable.

8»2+1 EORM_OE_AN_EQUIVALENCE STATEMENT
The form of an EOUIVALENCE statement is:
CQUIVALENCE {nlist) [o(plist) ...

where each plist is a list (2+11) of variable namess arrsy elament
namess array namass and character substring names. Ezch list must
contain at least two names. Names of dummy arguments of an external
procedure in a subprogram and allocatable arrays must not appear in
the tist.e If @ varisble name or array nzme is also & Function name
{(16.541)s that name must not appear in the list.

fach subscript expression or substring expression in a list plist
must be an axtend2d integer constant 2xpression.

8+2,2 ZOUIVALENCE ASSOCIATION.

An EQUIVALENCE statomant specifies thaf the storage sequences of the
.entlties whose names appear in a list plist share the same first
storage units This causas the association of the entities in the
list plist and may cause association of other entitles (18.1).

de2.3 EQUINALENCE JE_EHMIITIES OF_DIEFEREHI_TXBES

An entity of any type may be equivalenced with entities of other
typess The lengths of the equivalenced entities are not required to
he the samn. Howevery alignmentss as speclifled by the usery must
conform with the alignments as shown in the following tables Table
[e B
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Rale3d CAOUIVALENCE OF ENTITIES 0OF DIFFERENT TYPES

Iable_ 6
ALIGNMENT REQUIREMENTS FOR
EQUIVALENCE({X1s X2)

& - + - —t——— - 4o o e e S — +
; x2 1 Integers Reals: i : :
H i Double i Half ! Character] Bit H
! $ precision, } precision 1} H H
' x1 i Complexs H H H H
H i Loagicaly H H : H
H i Boolean H i : H
e 4 - - e - - - -+
i Integers Real,! H H H :
{ Doubla=a i MNumeric t Numeric } Numeric 1 Numeric 1
i orecisions H H : ' H H
! Complexs H H H H H
i Logical, H H H H H
! Boonlean H H H H H
IS — domm - B Fom e e e R e +
H H ! Hal f- i Half- } Half- H
{ Half orecision! Numerice ' numerijc |} numeric | numeric |
+— -+ ——————— + + - +
! H ! Half- ! : H H
i Character i Humaric t numeric 1§ Characteri Character?
e o e e e + —— —_— p——— + +
H H ~ Y Hal f- H H H
1 Bit 1 MNumeric ' numaric | Charecter} Bit H
+ + + +

- — ——

o et s o S e e e et

An FQUIVALENCZ statement specifles that the storage sequences of the
character entities whose names appesr in a list plist share the same
first character storage unite. This causes the association of the
entities in the list plist and may cause association of other
antities (18.1)s Any adJjacent characters in the associated entities
may .also have the same character storage unit and thus may also be
associateds In the example:

CHARACTER A%4y B4y C(2)%3
EQUIVALENCE (A»C(1))s (BsC(2))

the association of As By and C can be graphically illustrated as:?

101102:10350431053063107%

}=—C{1)=~i==C{2)==!
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Bs2+4 ARRAY MNAMES AND ARRAY ELEMENT NAMES.

e - - —

Re2e4 ARRAY_HUAMES_AMD_ARRAY_ELEMENT_MAHES,

If an array element name appears in an EQUIVALENCE statementy, the
number of subscript expressions must be the same as the number of
dimensions specifiaed in the array declarator for the array name.

The use Of =an array name unaualified by a subscript in an
EQUIVALENCE statement has the same effect. as using an array element
name that identifias the first 21ement of the arraye.

8+2.5 RESTRICTIONS 0N _EQUIVALEMCE _STATEMENIS.

An EQUIVALEHCE statement must not contaln viptual (IDENTIFY) array
namess automaiic array namesy or allocatable array names,

Alignmentss as specified by the wusa2rs must conform with the
altanments as shown In Table 6.

An EQUIVALZNCEZ statement must not specify that the same storage unit
is to occur more than once in a storage sequence, For exsmples

DINEHMSION A(2)
cQUIVALENCE (A(1)sB)s (AL2),B)

is prohibitads becsuse it would specify the same storage unit for
A(1) and A(2).,  An EQUIVALENCE statement must not specify that
consecutive storage units are to be nonconsecutive. For examples
the following is prohibited:

REAL A(2)
DOUBLE PRECISION D(2)
EQUIVALENCE (A{1)»DI1))s (A(2).D(2))

3¢3 COMMOM_STATEMENMI
The COMMOMN stateoment provides a means of assbciating entities 1in
different program wunits, This allows different program units to
define and raoference thz seme date without using argumantss snd to
share storage units,

For COMMON the <compiler will allocate storage in conformance with
requirements as specified Iin tha following table, Table 7:
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8.3 COMMON STATEMENT
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Iable 2
ALIGNMENT REQUIREMENTS
FOR COMMON

+ - + +
H H H
i TYPE { BOUNDARY H
] ] 1
3 1 H
+ - B +
! Intejger i !
i Rzaal H H
{ Dble precision i Numeric :
i Complex H : H
i Logical H H
! Boolean H H
S —— —— - +
y Half precision | Half-npumerici
F———————— $——— +
i Character i Character H
+ _ - o o e e e et e e e +
i Bit i Bit H
+ ————— e e +

R.3.1 EORH_OE_A_CONAON_STAIENENT.
The form of a COMMON statement is:

COMMON L[/ig¢h1/1 plist [L,1/Tchbl/ plisiles.
yhere: gh is a common block name (19.2.1)

nlist is a list (2.11) of variable namessy array namess and
array daclarators. Only one appearance of 2 symbolic
name as a varlable namey array names or array declarator
is permitted in all such lists within a program unit,
Mamas of dummy arguments of an extarnal procedure in a
subprogram must not appear in the list.s If 2 variable
name is also a function name {(16.5.1)sy that name must not
appear in the list.

Each omittad gh specifies the blank common blnck, ¥ the first gh
is omitteds the first two slashes are optional,

In 2ach COMMNN statements, the entities whose names appear in an
nlist foliowing a block name ¢gh are declared to be in common block
¢h, If the first gh is omitteds all entities whose names appear in
the first plist are spacified to be In blank commone. Alternativelys
‘the apoearance of two slashes with no block name between them
declares the entitias whos? names appear in the list plist that
follows to be in blank common.

COMTROL DATA PRIVATE
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Any .common block name ¢cb or an omitted ¢cb for blank common may occur
more than once in one or mora COMNOM statements in @ program unit,
The list nlisk Tollowing each successive appearance of the same
common block name is treated as a continuation of the list for that
common block name, : :

8+3.2 COMMON_BLOCK _STORAGE_SEQUENCE.

For each common blocks a gommon block siorage saauence is formed as
follows:

{1) A storage sequence is formed <consisting 'of the storage
‘ sequances of all entities in the lists nlist for the common

blockas The order of the storage sequence is the same as the
order of the appearanca of the lists 0nlist in the program
Unfto

{2) The storage sequence formed in (1) is extended to include sall
storaj2 units of any storage sequence associated with {1t by
equivalence association. The sequence may be extended only
by adding storage wunits beyond the last storage unit,.
Entitias associated with an entity in & common block are
considered to be In that common block.

8.3.3 SIZE_DFE_A_COMHON_BLOCK.

Tha gizz of o gommpn black is the size of its common block storage
seguences including any extensions of the sequence resulting from
equivalence association.,

Within an exocutable proyrams all named common blocks that have the
same name  myst be the same size. Blank common blocks within an
executable program are not required to be the same size.

2.3.4 COMNOU_ASSOCIAIION.

Within an executable programs the common block storage sequences of
all common blocks with the samz2 name have the same first storage
unite Within an executable programs, the common block storage
sequences of all blank common blocks have the same first storage
unit. This results in the association (18.1) of entities in
differant program unitse.

8+43.5 DIFEERENCES BETWEEN _NAMED _COMMON_AND_BLANK_COMMON

A blank commen bhlock has %the same properties as gq named common
blocky excapt for the Following:?

{1) Execution of a RETURN or END statement  sometimes causes
entities in nam2d common blocks to become undefinsd but never
causz2s entities In blank common to become undefined (16.8.%4),

CONTROL DATA PRIVATE
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{2) MNamed common blocks of the sam2 name must be of the same sizae
in all oprogram units of an executable program in which they
appears but blank common blocks may be of different sizes.

{3) Entities. in named common blocks may be initially defined by
means of a DATA statement in any program unit, but entities
in blank common must not be initially defined (Section 9).

8+3.6 RESTRICTIONS_ON_COUNON_AND_EOQUIVALZNCE.

An EQUIVALENCE statemant must not cause the storage sequences of two
different common blocks in the same program unit to be associated,
Equivalence association must not causse a common block storage
saquence to be extendad by adding storage units preceding the first
storage unit of the first entity specified in a COMMON statement for
the common block. For examples the following is not permitted:

COMMON /X/A
REAL B(2)
ZQUIVALENCE (A,B(2))

Virtual (IDEMTIFY) arrayss automatic arrayss and allocatable arrayvs
May not be specifijed in a COMMON statement.

Ae4 IYPE=STAILMENIZ

A type-statement Is used to override or confirm implicit typing and
may specify dimension information.

The appearance of tha symbolic name of a constants variables arrays
axternal functlon, or statement Ffunction in a2 type-statement
specifies the data +type for that name for all appearances in the
program unit. Within a prooram units a name must not have its type
axplicitly specifiad more than once.

A .type-statement that: confirms the type of an intrinsic function
whose name &ppears in the SpeciTic Name column of Tsable 5 1is not
rejqulreds but is permitteds If a generic Ffunction namz appears In a

type-statements such an appearance is not sufficient by itself to
remove the generic properties from that function.

The name of a maln programs subrouilnes or block data subprogran
rnmust not appear fn a type-statement.

Be4el BITo BOOLEAMe AND_ARITHUEIIC IYPE=STATENENIS
E

An INTEGERs REAL» DOUBLE PRECISIONs HALF PRECISION, COMPLEX,
LOGICALs, BIT» or BODOLEZAN type-statement is of the form

tig . [)}[_]-00
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whares
typ is one of IMTEGERs, REALs DOUBLE PRECISION, HALF
PRECISIONs COMPLEX» LOGICALs BITs or BOOLEAN

v . 1s a var iable namey. . array namey array
declaratory symbolic name of a constanty
function namey or dummy procedure name
{19+2+11) _

Be4e2 CHARACTER_TYRPE=STATEYENT.
. The Torm of a CHARACTER type-—statement jis:?
CHARACTER [*lep [»11 pam [rpamless
vhere? pay is of one of tha formst.
v f*lenl
a (433 [*1an1

N is a variable names symbolic name of a constant, function
names or dummy procedure name

a is an array name
a{d) is an array dectarator

len is the tength (number of <characters) of a character
variables character srray elementy, character constant

that has a symbelic names or character functionsy znd Is

called the lenath specification. len is one of the
followinge?

(1) Ap unsijyneds nonzeros integer constant

{2) An extended .integer constant expression (H6+1e3.1)
egnclosad in parentheses and wlth 2 positive value

3

{3) An asterisk in parentheses, (%)

A Tength Llap immediataly following the pord CHARACTER is the length
specification +Tfor each entity in the statement not having its own
length specifications A length specification immediately following
an  eptity i3 the tength specification for only that entity. HNote
that for an arrays the length speciflied |s for each array element,
If a length is not specified for an entitys its length is one.

An entity declared in a CHARACTER statement must have a length
spacitication that 1Is an extended 1iInteser constant expressions

COMTROL DATA PRIVATE
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unless that a2ntity is an externzl function, a dummy argument of an
external procedures or a character <constant that has a symbolic
name.

If a dummy argument has a 1z2p of (%) declareds» +{he dummy argument
assumes the length of the associated actual argument for each
reference of the subroutine or function. If the associated actual
arjgument is an array names tha length assumed by the dummy argument
Is the length of an array slement in the assocliated actual argument
aArray.

If an extarnal Ffunction has a3 lap of (*) declared in a function
subprograms the function name must appear as the name of a function
in a FUNCTION or ENTRY statement in the same subprograms. WYhen a
refarance to such a function is executed, the function assumes the
tensth specifisd In the referencing proaram unite.

The length specified for 2 character function in the program unit
that referenczs the function must be an extended intezger constant
evpression and must  agree with the length specifled in the
subprogram that specifies the function. Note that there always is
agreement of length if a lep of (%) is specified in the subprogram
that specifies the Ffunction,

If a character constant that has a symbolic name has a lep of (%)
declareds  the constant assumes the length of its corresponding
extended constant expression in a PARAMETER statement.

The length specified for a character statament function or statement
function dummy arjument of type character must be an extended
integer constant expression.

8.5 INPLICIT_SIAIENENT

An IMPLICIT stsztement Is used to <change or confirm the default
implied integer and real typing.

The form of an IMPLICIT statemant ist
IMPLICIT I!E (a [Ja]-»o-) [)I..Y.Q {ﬂ [)_a.]onl)]ooo

whare: typ is one of INTEGERs REALs DAUBLT PRECISIONs HALF
PRECISIOMs COMPLEXs LOGICAL, BIT, BODLEANs or CHARACTER
[¥+lenl

2 is either a slingle letter ar a range of single letters in
alphabetical .orders A range is denoted by the first and
Fast tetter of the ranas separated by a minuse VWriting 2
range of latters g1 - a2 has the same effect as writing a
list of the single letters a1 through g2.
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len is the length of the character entities and is one of the

following:?

{1) An unsigneds nonzeros integer constant

{2) An extanded integer constant expression {(6ele¢3s1)

enclosed in parentheses and with a positive value

If lgn is not specifieds the length is one.

An IMPLICIT statemaent speciflas 3 type for all variablesy arraysy
symbolic names of constantse external functionsy, and statement
fupnections *hat brgin with any letter that appears in the

spacifications elthar 4as a single letter or included in 2 range of
letters. IMPLICIT statements do not change the type of any
intrinsic functionse. An  IMPLICIT statement applies only to the
program unlt that contains it, .

Typ2 specification by an IMPLICIT statement may be overridden or

confirmed for any particular. variables arrays symbolic name of a

constants externa!l Tunctions or statement funcition name by the
appaarance  of that name in a type—-statement. An expliclt type
specification in a FUMCTIDN statement overrides an IMPLICIT
statement for the name of that function subproaram. MNote that the
length is also overridden when a particular name appears In a
CHARACTER or CHARACTER FUNCTION statement.

Within the specification statements of a program units IMPLICIT
statemants must precede all othar spacification =ststaments except
PARAMETER statementse. A program unit may contain more than one
IMPLICIT statement.

The samne letter must not appear as a single lettery or be included

in a range of letterss more than once in all of the IMPLICIT
statements in a program unit,

6¢6 BARAMZILR_SIAIZHENT
A PARAMETER statemcht is used to give a constant a symbolic name.
Tha form of a PARAMETER statement is:
PARAMETER (n=g [sp=gless)

wharet p Is 2 symbolic name

e is an extended constant expression (6.,7)
If the symbolic nam2 o is of type inteJers reals doﬁble precisiony
half precisiony complexs or Booleans the corresponding expression g

must be either an extended arithmetic constant exprassion (6.1+3) or

COMTROL DATA PRIVATE
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an extended Boolean constant expression (6.7.3). If the symbolic

namng p is of  type characters bity or logical, the corresponding
expression g must be an extended character constant expression
{6.2¢3)s an a2xtendad hit conshtant e2xpressionsy or an extended logical
constant expression (b6.4.%4)y roespectively.

fach p is the symbolic pame of a constant that becomes defined wmith
the valus detezrmined from the expression g that appears on the right
of the -equalss in accordance with the rules for assignment
statements (10.1s 10425 and 1044}

Any symbollc name of a constant that appears in an expression g must

have been defined previously in the same or a different PARAMETER
statement In the same program unit.

A symbolic name of a constant must not. become defined more than once
in a program unite

If a symholic name of a constant is net of default Implied types its
tvpe must be specified by a type—-statement or IMPLICIT statement
prior to its first appearance in a PARAMETER statement., If the
length specifined for the symboliec name of a2 constant of type
character Is not the default length of ones Its length must be
specified in a type—statement or IMPLICIT statement prior to the
first app2arance of th2 symbolic name of the constant. Its 1{ength
sust not be changed by subszquent statements including IMPLICIT
statements.

fInce such a symbolic name is defineds that name may appear in thsat
program unit in any  subsequent statsment as a primary in an
expressiony in a DATA statement (9,1)» or as the real or imaginary
part of a complex constant. It may also appear in a Cg=directive as
a primary in a exprassion or as 2 parameter value. A symbolic npame
of a constant must not be part of a2 format specification.

A symbolic name in a PARAMETER statement may identify only the
corresponding constant in that program unit.

8«7 EXTERNAL_STATEMENT
An EXTERNAL statement is wused to identify 8 symbolic name as
rapresenting an external procadure or dummy procedures and to pernmit
such a name to be used as an actual argument.
The form of an EXTZIRNAL statement is:

EXTERNAL prog [soroglees
where each proc is the name of an external procedures dummy

proceduras or bloeck data subprogram.
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Appearance of & nama In an EXTERNAL statement declares that name to
be an external procedure names dummy procedure namey, or block data
subprogram name. If an exterpal progedure name or a dummy procedure
name is usad as an actyal argument in a program unit, it must appear
in an EXTERMAL .statement in that program unit. Note that a
statement function name must not appear in an EXTERMAL statement.

If an intrinsic function name appears In an EXTERNAL statement in a
program units that name becomes the name of some external procedure
and an intrinsic function of the same name is not avaiiable for
refaerence in the program unit.

Only one appearancz of a symbollic name in all of the EXTERNAL
statements of a program unit is permitted,

3.8 IYIRIUSLC _STAISUZNI

An  INTRINSIC statement is wused +to identify a symbolic name as
representing an intrinsic function (16.3)e It also permits & name
that represents a specific iIntrinsic function to be used as an
actual argument.,

The form of an INTRIMSIC statem2nt is:
IHTRINSIC £fun Isfunlae..
where each‘ﬁuu is an intrinsicufunction name.

Appearance of a name In an INTRINSIC statement declares that name to
be an ‘intrinsic function name, If a specific name of an intrinsic
function is uszd a3 an actual argument in a program unity it must
appgar in an INTRINSIC statement in that program unit. The names of
intrinsic functions for type conversion {INT, IFIXs IHINTs, IDINT,
FLOATs SNGL» HALF, EXTENDs REALs, DBLEs BDOLs BTOLs LTOBs CMPLX
ICHAR, CHAR) s lexical relationship (LGEs LGTs» LLEs LLT) and for
choonsing the 'largest or smallest value {MAX», MAXOs, AMAX1, DMAX1,»
AMAXO, MAX1», MINs MINOs, AMIN1, DMIN1, ANMINOs, MIN1l) must not be wused
as actual arguments. Tha names of inZrinsic Ffunctions for
performing logical operations {(ANDs ORs XORs EQVs, NEQV) 2aiso mnmust
not be used as actual arguments.,

The appearance of a genaeric function name in zn IMNTRINSIC statement
doas not cause thal name to lnse its generlc property,

Only one appearance of a symbolic name In all of the INTRINSIC
statements of a program unit is permitted., Mote that a symbolic
nama must neb appear in both an EXTERNAL and an INTRINSIC statement
in a program unit.
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A SAVE statement is us2d to reftain the definition status of an
entity after +the execution of a RETURN or END statement in a
-subprograms. Hithin a function or subroutine subprograms an entity
gspacifiad by 2 SAVE sitastement does not bacome undefined as a result
of tha execution of a RETURN or END statement in the subprogram.
‘Hownvery such an .entity in a common block may become yndefined or
redefined in anoth2r program unit,

Tha form of a SAVE statement Is:

SAVE [a [2870es]
sghare each 4 is a namad common block name preceded and followed by a
slashsy a variable namey or an array name. Redundant appearances of

an item are not permitted,

Dummy argumant nam2ss procedure namesy and names of eantities In a
comnopn block must not appear in a SAVE statement.

Virtual (IDZMTIFY) arrayss snd automatic arrsys may not be specified
in a SAVE statesment.

A SAVE statement without a list is treated as though it <contained
the names of all allowable items in that program unit,

The appearance of a cormon bliock name preceded and follouwed by a
slash in a SAVE statement has the effect of specifying all of the
entities in that common block,

If a wparticular common block name ls specified by a SAVE statement
in a subprogram of an executable programs, it must be specified by a

SAVE: statement in every subprogram in which that common block

APDRATrS e
A SAVE statement is optional iIn a2 main program and has no effect.

If a named common block is specified in a SAVE statement in a
subprograms the current values of the entities in the common block
storage s2guance (8.3+3) at the time a RETURN or END statement is
executed are made available to the next program unit that specifies
that common block name In the execution ssgquence of an executable
nrogr aile ‘

If a named common block is specified in the main program units the
current values of tha common blogck storane sequence are made
available to 2ach subprogrem that specifies that named common blocks
a SAVE statement in the subprogram has no effect.

The definition status of each entity in tho named common bilock

CONTROL DATA PRIVATE
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349 SAVE STATEMENT

storage segquence depends on the association that has been

astuhlishad Tor the common block storage sequence {1842 and 18.3).

If a local entity that is specified by a SAVE statement and is not
in a common block is in a defined state at the time a RETURN or END
statemaent is  axacuted in a subprograms that entity is defined with
the same value at the next reference of that subprogram.

The executloh of 3 RETURM statement or an END statement within a
subprogram causes ail entities within the subprogram to become
undaefinaed except for fthe following:

(1) Entitlies specified by SAVE statepents

{2) entities in blank common

{3) Initially defined entities that have ne2ither bsen redefined
nor baceme updefined

{4) Entities in a named common block that appears in the
subprogram and appeers in at least one other program unit
that is referancings elther directly or indirectliyy, that
subprogram

d¢10 ROMMISE _STATEHZUT

An array name appearing in a ROWWISE statement declares that array
to he stored in row order {5¢5¢3)

The form of = RDWQISE statemeht Is:
ROWWISE 3(’3]001
vhere cach a4 Is an array nanme

An array name that is declared in a ROWWISE statement must appear
4ith an asrray declarator in a type spacifications DIMENSIONs or
COMMON statement.

8011 PROCEZDURE_IBTZREACE _INEDRMATION

The form of a procedure interface information block iss:

INTERFACE
loterfaga=dosariotion
[interface=descripktion

L]

: . ]
END INTERFACE

COMTROL DATA PRIVATE
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A.11 PROCEDURE INTERFACZ INFORMATION

where the form of an inferfagezdescricliop is:

beadar—siztanant
fspecification=statements]

where!
header=-siaktement is a SUBROUTINE or FUNCTION
statement

snpecifloatinn=staterepts describe the dummy arguments and
functional results if applicabla,
of the procedure

A procedure interface informatiaon block: specifies information about
an external subprogram., Speclflication of an external subprogram 1in
an interface information block 1is optional except for  user
array-valued functions which must be specified if they are to be
referanced, The specificelion information must include the numbers
orders and Lype of dummy argumentsy whether a dummy argument 1is an
array {whether it 1is rowwise or columnuwise must be specified) or
nots For array=-valued functionss thz shape of the function result
nmust be specifled, :

A subroutine or function name appearing in a SUBROUTIMNE or FUNCTION
statement of an interfaca description may be an external or dummy
oroczsdura in the program unit contsining the Interface descriptions
If the name is an external procedure names the interface information
given by the interface description overrides {(for the program unit
containing it) tha interface informslion appoaring in  the actual
program upit defining the external procedures

A pfocedure interface information block may appear where "0Other
Specification Statements! may appsaar,

Procedurs interface InTormation way be unavallasble For anp external
oprocedure because the external procedure is specified by means other
than a FORTRAN subprogram.

.12 VIRTUAL _STATENMINT

A VIRTUAL siatement is used to specify tha symbolic names and number
of dimensions of virtual arrays to be used in IDENTIFY statementss

The form of a VIRTUAL statement is:
© VIRTUAL ald)Lsald)dess

whare each g{d) is an allocatable array declarator {5.2¢2¢3),
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#ach symbolic name 3 appaaring in a VIRTUAL ststement declares 3 to
be a wvirtual array in that program units, and defines the rank of 2z
throughout the program unite.

Only one appearance of a symbollc pname as an arrpay name in an array
declarator in a program ynit is permitted,

CONTROL DATA PRIVATE
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9,0 DATA_SIATEHENT

A DATA statemeni Is used to provide initial wvalues for variables,
arrayss array elementss and substringss A DATA statement is
nonaxecutadbla and may appear In a8 progrem uynit  anywhere after the
specification statementss If any. ‘ ' '

Al initially defined entities are defined when an executable
prodaranm bagins executions All antitizs not initially defineds nor
associated with an initially deflined entlitys are undefined at the
beginning of execution of an executable programe. :
9,1 EORM_DOE_A_DATA_STATENENT
The form of a DATA statament ls:

DATA pliskt sglists €0, plist /clisk/JTees

wheret plisi is a2 list (2.11) of varlable namess array namesy array
element namessy substring namess and implied-DO lists

clizh is a list of the form:
4a [}ﬂ]noa

whare g is onas of tha Torms?

[ el o)

*Q
{clsgl, )

c is a constant or the symbotic name of a constant

c is a nonzeros unsigned, 1{Integer constant or the
symbolic name of such a constant. The ¢r¥%g form s
eguivalant to I successive appeerances o¢f the
constant ¢« The rlglycleas) form is equivalent to g
succaessive appearances of the 1ist clscleae in
plist.

9.2 DATA_STATEMENT RESTRICTIONS

Hfames of dummy argumentss functionss virtual arrayss end entities in
blank common (including entities associated with an entity in blank
common) must not appear in the list nlist.

There must be the same number of items specified by eech list nlist
and. its corresponding list clist. There is a one-to-one
correspondence  bhetween the 1tems specified by nlist and the

CONTROL DATA PRIVATE.

9-1 .



Control Data Corporation Standard FORTRAN
83/06/30

9.0 DATA STATENENT

D2 DATA STATEMENT ReESTRICTIONS

. > bn mes e s o soun T s - - - — - — oo - —— - van cam 0 o

constants spucified by g¢list such *hat the first tem of nllst
corresponds to the first constant of g¢lisks etc. By this
correspondancss the initial value Is established and the entity Iis
initially defined, If an array name without a subscript is in the
lists there must be one constant for each element of that array.
Tha orderiny of array elements is determinad by the array slement
subscript value (5.3.4). ‘ :

The type of the alist entity and the tyvpe of the corresponding glist
constant must agree when alther is of type charactery blts or
logical. When the nlist entity is of +type integers rezls double
prasisions half procisions Booleany or complexs corresponding glist
constant must 21so be of type integers reals double precisionsy half
pracisions Booleans or complex; if necessarys the glisi constant is
convartad to thae type of the nlist entity according to the rules for
arithmetic conversion {(Table 4}, or Boolean conversion (10+.6). MNote
thats, if an plist entity iIs of type double precision and the glisk
constant is of type reaty, the processor may supply more precision
derived from the constant than can be contained in a real datume. If
an . plist entity iz of ftype doubla precision and the glist constant
is of type half precisiony the processor may supply more precision
derived from the constant than can be contained in a hslf precision
datum, IFf an plist entity is of tvpo real and the glist constant is
of type half pracisions the processor may supply more precision
derived from the constant than can be contained in a half precision
datums

Any  variable, array elements or substring may be initially defined
except for:

¥

{1) an enktity that is s dummy arguments

{2) an entity in blank commons which includes an entity
associated with an entity in blank commons or

(3) a varlable in a functlion subprogrem whose name s also the
name of the function subprogram or an entry in' the function
. subprograms or

{4) 2an entity that is a virtual array.

A variabley array elements or substring must not be initially
defined more than once in an exacutable program. If two entities
are associatedy only one may be initially defined in a DATA
statement In the same a2x2cutshle progranm. Mote that 2zero sjzed
arrays and zero Jlength substrings are initially defined and
therefore must not be defined in a DATA statemente.

Fach subscrint expression in the 1ljst nlist must be an extended
intager consitany expression except for implizd=-DhO-variables as noted
in 2.3, tach substring expression In the 1{ist nlist must be an
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axtanded Intajer constant Exprassion.

9.3 IMPLIED=DO_IN_A_DATA_STAIEHENT |

Tha form of an implied—DO 1ist in a DATA statement lIs:
{ dlisty, i = @l, n2 Lyp3 3 )

ghares dlist is & list of array element names and Implied-DO
lists

i is the name of an integer variable, called the
implisd-DO-vapizhle

mly pm2s m3 sare each a scalar extandad integer constsant
axvwressions except that the expression may contaln
implied-D0O-variables of other implied-D0O lists that have
this implied=DQ list within their ranges.

The range of an implied-DO list 1s the {ist dlist. An lteration.

count and the valyes of the impl ied-DO0~variable are established from
1ly m2s and 93 exactly as for a DO-toop (11.10)s except thet the
iteration count must be positives When an implied-DD list appears
in a DATA statement, the list items in dlisi are spacified once for
aach tteration of tha implled-DD list with the gsopropriate
substitution of values for any occurrence of the implied-DO~-variable
i The appearance of an implied=DO-=variable name in a DATA
statement dozs not affact the definitlon status of a varligble of the
same name in the same program unit,

Zach subscript expression in the 1list dlist must be en extended
Integer congtant expressions except that the expression may contain
implied=-DO=variables of implied=-D0 1lists that have the subscript
axpression within their ranges,

Tha following is an exanple of a DATA statement that contains
implied=-DD lists:

DATA ({ X{Js1), I=1,J)s J=155) / 15%0, /
9.4 CHARACTER_CONSTANI _IN_A_DATA_STATEHENT

An entity Iin the list plist that corresponds to a4 character constent
must be of type character, '

If the length of the character =ntity in the 1ist plisft 1is greater
than the length of its corresponding character constanty the
additional rightmost characters in the entity are initially defined
ith blank charactarse.

If the length of the character entity in the list plist is less than
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the length of its corresponding character constanty the additional
~rightmost characters in the constant are ignored.

Hota that Initial definition of 2z charact{er entity causes definition
of all of the characters in the entitys and that each character
constant initially defines exactly one variable, array element, or
substring. '
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10.0  ASSIGUHENT STATEMENTS

10,0 ASSIGHMENT STATEMNENTS

Complation of executlon of an asstonment statement causes definition
of an entitys, except in the case of the IDENTIFY statement.

Thare are sevaen kinds of asslignment statepents:
(1) Arithmetic
{2) Loyical
(3) Statement label (ASSIGN)
{4) Character
{5) Boolean
(6) Bit
{7) Array assiagnment statements (IDEMNTIFY and FORALL)
10,1 ARITHHETIC ASSIGHMEMT STATEMENT
The form of an arithmetic assisnment statament is:
¥ =g

wheret! y is the name of a variables arrays array sections or array
element of type Integers realy, double precisions half
precisions or complex

e is an arithmetic expression or a Boola2an expression

Execution  of an  arithmetic assignment statement causes the
evaluation of the expression g by the rules in Section 65 conversion
af .2 to the type of vs and definition and assignment of ¥ with the
resulting value, as established by the rules in Table 4o If ¥ is an
array naime or an array section names the statement is an apltihmetlc
Array assignmept statement and e must be conformable with y. If ¥y
s o« scalars 2 must b2 2 scalars If 2 Is a scalar and ¥ is an array
name or array section namey the scalar value is treated as if it had
baan  extanded To an array with the shape of ¥y in vwhich all elaments
have the valye @€ and then assigned.
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Arithmetic Conversion and Assignment of 2 to y

FI— - -+ —_— +
! Type of v i Value H
H ! Assignad |}
RS — -+ +
1 Integer 1 INT(2) H
+ - - o o e s ot e et e
! Real 1 REAL{2) H
- ——— - —— —_— +
7 Double Precision { DBLE(p) H
e ——— —— —
1 Hal? Pracision 1 HALF {=) H
N — — s —— +
1 Complex i CMPLX{g) 1

—— T S —— +

The functions in the "Value Assigned"™ column of Table 4 are generic
functions described in Table 5 (16.10),

10,2 LOGLCAL _ASSIGUUENT STATEMENT
The form of a4 loglcal assignment statement is:
Yy =g

wharet! ¥ is the name of a loglcal variables logical arrayy logical
- array sections or logical array element

a is & logical or bit expression

Zxecution of a logical assignment statement causes the evaluation of
the logical =expression B followad hy the assignment and definition
of v with the value of e. Note that g must have a value of type
logical or bite If v is an array name or an array section names the
statement is a logical array assignment statemept and e must be
contormabla with v« If ¥ Is a scalary, & must be a scalare If g is
a scalar. and v is an array name or array section namey, the scalar
valug is *%reated as if it had been axtendad o an array with the
shape of v In which all elements have the value 2 and then assligneds.
If e is of type bits g is converted to type logical (BTOL(eg)) and
then assigned.

1003 STATEMENT _LABEL_ASSIGNMENT _(ASSIGHN) _STATEMENT
Thae form of 5 statanent !gbe!‘asslgnment statement is:

ASSIGN 5 TO 1
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10,3 STATCHENT LABEL ASSIGNMENT (ASSIGH) STATEMENT

wheret s is a statement label
i is an integer variable pame

Execution of an ASSIGM statement czuses the statem2nt lasbel 5 to be
assignaed t the integer variable i, The statement label must be the
tabz! of a statement that appears in the same program unit as the
ASSIGH statement. The stateament ltabel must be the ltabel of an
executable statement or a FORMAT statement.

Execution of a statement 1abel! assignment statemant is the only  way
that a variable may be dafined with a statement label value,

A variable must be defined with a statement 1abel value when
referenced in an assigned GO TD statement (11.3) or as a format
identifier (13.4) in an input/outpult statement. While defined with
a statement label values the variable must not be referenced in any
-other way, ‘

An  inteéger wariable defined with a siatement label value may be
redefined wlth the same or a different statement label value or an
integer value,

10.4 CHARACTER _ASSIGNHEMT STATEMENT

The form of a character assignment statement is:

is the name of a character variables character array,

where!: y
character array sacgtions character array elementsy or
character substring
e is a character expression

Zxeecution of a charecter assignment statement causes the evaluation
of the expression 2 followed by the assignment and definition of ¥y
with the valug of ¢ None of the character positions being defined
in v may be referenced in ¢ y and e may have different lengths.
IT the length of ¥ is greater than {he length of g» the effect Is as
though e were extended to the right with blank characters until it
is the same length as ¥ and then assigned. f the length of v is
less than the length of a2y, the effect is as though g were truncated
from the right untitl it is the same length as ¥ and then assigned.
If v is ap array name or an array section names the statement 1is a
character array assiaonmeni statepepnt and ¢ must be conformable with
vy, If y is a scalars ¢ must be 2 scalar. If 2 Is a scalgr and v Is
an array name or array section name», the scalar value is treated as
if it had beoan extanded fto an array uith the shape of ¥ in which all
elements have the value g and then assigned.

-
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Only as much of the value of 2 must be defined as is needed to
define ¥v» In the example: ,

CHARACTER A%*2, B*4
. A=B

the assignment A=B requires that the substring B(1:2) be defined,
It does not raquira that the substring B{3:4) he definod. .

If v is a substrings 2 Is assigned only to the substring. The

def?nition status of Eubstrings not specified by v is unchanged.

10,5 MULTIRPLE _ASSIGUMENT STATEMENT

The form of a muitip!e assignmant statament is?
Yy = tl:’]-tt'ﬁ
where:

¥ is the name of a varlables arrays array sectlons array
elementy or character substring

is an expressione The types of the elements y and the
axoresslon & must be such that the form:

Ko

L= &

is a wvalid assignment statement for each ¥ in the multiple
assignment statemant,

Zxecution of a multiple assignment statement causes the evaluation
of the expression g« After any necessary conversions ihe o9ssignment
and definition of the rlghtmost y with wvelue of 2  occurss
Assignment and definition of each additional v occurs in
right=to=l27ft order. The value assigned to rach v 1s the value of

the v immediately to its right, after any necessary conversion.

10.6 BOOLZAN _ASSIGUDENT _STAIZHENT

The form of a Boolean assignment statement is:
¥ = 2
where:? v .
¥y is the name of a Boolean variables Boolean arrays Boolean
nrray.sactinn; or Boolean array element :

g is a Boolean expression or an arithmetic expression
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Execution of a Boolean assignment statement causes the evaluation of
the expression g by the rules in Section 6s and the conversions
assignments, and defTinltlon of y.

If 2 is an arithmetic expressions the  value assigned to ¥ |is
BOOL{2)»

If v is an array name or 2an array s2ction names the statement is a
Bonleap arcay z2sslapmani sisizmeni and & nust be conformable with ve.
If v is a scalary g must-be a scalar. If ¢ is a scalar and ¥y is an
array name or array sactlon names the scalar value Is treated 25 |if
it had been extended to an array with the shape of ¥ in which all
elaments have the value & and then assignsad,.

10,7 BII_ASSIGNMENT_SIATEMENT

The form of a4 hit asslgnment statement Is:

y=£
gharetd ¥ iz the name of a bit wvarjables bit arrays bit array
sections, or bit array element
2 is a bit expression or a fogical &xpressijon

Exzcution of a bit assignment statement cauyses the evaluation of the
bit expression & followed by the assignment and definition of ¥ with
the value of =2, Mote that. 8 asust have 3 value of type bit or
logicals. If ¥ is an array name or an array section names the
statement Is a hilf array asslapmenf stzfapept and 2 must be
conformable with yo If ¥ is a scalary g must be a scalar. If g s
7 scalar and ¥ §is an array name or arraY s2ction name, the scalar
value is treated as if it had been extended to an array with the
shapa of v in which atl eiaments hava the velue g and than z2ssigned.
If 2 is of tvpe logicals & is converted to type bit (LTOB(e)) and
then assignod to ¥

10.9 ARRAY_ASSIGNMEHNT_STATEMENTS

10.0.1 IDENTIEY _STATEMENT

An  IDENTIFY statement allows specification of sections of arrays
which may consist of logically noncontiguous «lements of @2 parent
arrays or wnlch wmay be skewad wlth respect to the orthogonal
dimensions {axes) of a parent array.

The form of an IDEMTIFY.statEmeht is?

IDE“TIFY (L}LE’L!}'O' )1(1[)_‘,]-..)=L(E[)m]. ov)
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10,841 IDENTIFY STATEMENT
where?

¥ is the idantifTied or "virtual" array name

C is the host or "parent™ array

i is an unsubscripted integer variable name to be used as a
dummy subscript variable in none or more of the tinear
mapping expressions defining Ve The set of dummy
subscrlipt wvarlables specifiesd In the J1ist (L0sjless)
taken in order of appearance in the 1list define the
ordinal order of *the mapping of ¥ onto a subset of L.
The number of dummy subscript variables in the list
defines the rank of v,

o is a scalar—-valued Integer expression that is linear in
the dummy subscript variabless The set of m specified in
the lis:t {(mismlees) defines the mapping of v onto p in
terms of the dummy subscript variables, The . number of
avprassions in the list (pslsmlees) must equal the rank
of the host or parent array r.

LY is a ranyge declerator. The number of rangé vdeclarators

in the listy {rvisgvIess) nmust equal the number of dummy
subscript variebles in the 1ist (ilsiJsesl)s isee it must
equal the rank of y.

Tha range duclaerator is of the form:

112

vhere:
cl iz a loyer ranage bound spacification
r2 is an upper range bound specification

If £l is omittads i% defaults to the yvalues onze A lower or upper
range bound must be a scalar-valued integer expression,

The identified array nama y must have ba2eén previously declaréd as an
array name {n a VIRTUAL statement onlys y end r must not be the
same name.,

The idontified array name ¥ may appear uUndimensioned in a type
specification statements» but must not appear declared as an array
name in any specification statementy other than a VIRTUAL statement.
The idantifiad array must be of the same type as the host arravy.

An identified array must not be reférenced or defined until after it
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has been "identified” by execution of an IDENTIFY statement, except
vwhen referenced in a NAMELIST I/0 list,

Tha numbar  of entrias in the Vist of dummy subscript variablas
(ifsiless) fFfor u must egual the initial declared rank of u.

The dummy subscript variabtles {(i0s1Jess) are wutitlzed only 1in =
formal sense; values assigned to the variables (names) elisewhere in
“he program unit ara2 unaltered by tha occurrence of theose veariables
{names) in the IDENTIFY statement.

The scalar—~valued ‘ subscript v quantities (mlrnless) must be
mathematisally gaquivalent to expressions of the form
KO+Kxi1+K2Xxi2+e» s +ENXin in which the ks are scatlar integer

agxpressionss not involving the dummy subscris® variabless and the is
are the dummy subscript variables used to define the mapping of the
yirtual array to the host array.

Tha host array L may be an explicitly declared "real" array or a
previously identified "virtual™ array.

The host array ¢ may be an allocated allocatabl2 arrey. If [
subsequently avpears In a FREE statements then ¥ becomes  undefined,
The host array L may no% b2 an assuned-glze array, 2 dummy =zrgument
arrays or an array-valued function name in the function.

Tha array £ may hav2 at most rank sevan; similarly, the rank of ¥
nay be at most sevans

The scalar—vajued subscript quantities (m[smless) along with the
dummy subscript varlables (if»1Jees) specify the selection wmapping
of the identified array. At the time of execution of an IDENTIFY
statements the sealar-va2lued subscript quantities (nl,mlees) define
the mapplng of ¥ onto r. Variables involved in p§ may be redefined
or hacom2 indoefined during execution of subsequent executable
statments with no affect on the mapping specified by the IDENTIFY
statement, The order in which the "dummy subscript variables"
appear in the list (ilsidees) defines the specific ordaring in
which the virtual array ¥ Is to be defined and refercnceda If =a
- "dummy subscript variable" included in the list (ilsilsse) 1is not
utilizad in the 1list of T"subscript quantities" (mlsmleasdsy In
generals a repljcation of the real arravy r is implied, If the
mapping of the virtye! array Is such that two or more virtual array
elements map to a single array element in the host array, the
virtual array may be referenced but not definad or redefinede.

When an identifiad array or section of an ldentified array is passed

as anh argument to a subprograms only elements within the identified
yvirtual" array or array sction are passed to the subprogram,.
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Once defined by an IDENTIFY statement, identified arrays may be
gtitized in exsctly the same manner as any declared "reazi" arreays.
In particulars an ldentified array may be subscripted or sectlioneds
and an identified array or section of an identified array may be
passed:.as an argument to a subprogram in the same manner as a
declared "r2al" arrays

10.%+2 EORALL_STATEZHNENT

The FORALL statement is wused fto represent an arrsy assignment in
terms of indices. The form of the statement is:

FORALL(index=rapaelsindex=ranaelesslslexpl)st
shere:
index is an integer variable
£apas has the form il2l:jie20:ie3] whare 121y ig2y end ie3
‘ are integer. expressions that do not involve any

indices of the statament: if jzl is absent it is as
if it were present with the value 1., 1ig3 must not be

ZEro.,
loxp is a scalar loglcel expressions which may involve the
indices, The effect is as if lexp is evaluated for

all Index combinations prior to the execution of the
statement si.

st is an assignment statament of the form:

383F2XD
whares
ans is an array element or an array section. It must

reference all the indices
a¥p is an axpression |
An index can take only the values:
nl+kxa3sk=1s2s 00 e s INT((n2~p1+23) /03)
where mls pm2y and p3 are the values of jels iz2sy and ie3 on entry to

tha statements An Index for which INT({{@2-ml+m3)/;m3) £0 cannot take
any values, Zxecution of the FORALL statement consists of the

avaluation in eny order of a2xp for all walid combinetions of index

values for which lexp is trues, followed by the assignment of these
valyes to tha corrasponding entities ange If leyo is omittads it is
as }f it were present with value LTRUE. The statement must not
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cauge any entity rafersnced as all or part of aes to bz assligned a
value more than . once. The scope of the indices is the FORALL
statezment itself and any uses of their names ouisida the statement
are aefarences to saparate eontitiss. The indices wmust not be
altered by a function referenced during the evaluation of gxp.
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11.0 CONTROL STATEMENTS

Control statements may be used to control the execution seguence.
4'Th@re ar2 sixteen controlbstataments:

(1) Uncondlitional GO TO

{2) Computed GO TO

(3) Assignad GO TO

(4) Arithmetic IF

(5) Logical IF

(6) Block IF

(7) ELSE IF

(11) CONTIHNUE

(12) sTNP

(13) PAUSE

(14) END

{15) CALL

(l6) RETURH

(17) Logical WHERE
(19) Block WHELRE
{19) OTHERMWISE
(20) ENDWHERE

The CALL and RETURN'statements'are described in Section 16,
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11,1 UNCOMDITIONAL_ G0 _TO_STATIEZMENT

The form of an unconditional 60 TO statemént is:
GO TO =5

wvhere 8 |

3’
_appears. in
statement.

the statemaent 1aba2l of 2an executable statement that
the same program wunit as the unconditional GO TO

twocution of an unconditionzl GO TO statement csuses 2 transfer of
asnntrol so that the statement identified by the statement tabel is
executed next.,

11,2 COMRUILD GO _TO_STATIEMENT
The form of a computed GO TOD statement is?
577 T (ﬁ [’ﬁ]tc-) Ls1 2

where: is an arithmetic or Boolean scalar expression

5]

is the statamant label of an ex=scytable statement that
appears in the same program unit as the computed GO TO
statements The same statement label may appear more than
pnse in the same computed GO TO statement,

1 12)

Execution of a compyted GO TO statement causes evaluation of the
expression e, The value obtained is converted to type integer, if
necassarys by apollication of the intrinslc function INT to yield an
integer value J. :

11.3 ASSIGNZD GO IO _STATIZMENT
The form of an assigned GO TO statement is:

GO TO i [Ls1] (E [)E]an)]

wheres i is an integer variable name
s is the statoment labe} of an eyxscuytable ststement that
appears in the same program unit as the assigned GO TO

statements The same statement label may appear more than
once in the same assigned 60 TO statement.

ALt the time of execuytion of an assigned 60 TO statements, the
variable i must be defined with the value of a statement label of an
gxagutable statement that appears In the same program unlits Note
that the variable may be defined with a statement label value only
by an ASSIGN statement ({10.3) in the same program unit as the
assigned 60 TN statament. The execution of the assigned GO TO
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statement causes a transfer of conitrol so that tLthe statement
fdentified by that statement Yabel is exaecuted next. :

If the parenthesized list is presents the statement labe!l assigned
to i must be one of the sitatement iebels in the list,

11.4 ARITHMETIC_IE_STATEMENI
The form of an arithmetic IF statement is:
IF (2) 81 » 52 » g3

nhere: g is an integerysy reals double precisions half precisions or
Bool=en scalar expression

sls s2» and 53 are each the statemant tabe] of an execuytable
statament that appe2ars in the same program unit as the
arithmetic IF statament. The same statement label may
appear more than once in the same arithmetic IF
statement, ‘ '

Exacution of an arithmetic IF statement causes evaluation of the
axprassion 3 followed by a *ransfer of control. The statement
identified by sls 52y or s3 is executed next as the value of & is
fess than zeros egual to zeros or greater than zaros respectively.
If & is a Boolean expressiony the value of INT{g) is used.

11.5 LUGLCAL IE_STATEMENT
The form of a logical IF statement is:
IF {(2) 3Z
where: e is a scaiar logical expression
is aﬁy exnciutable statamant gxnept "a DOs block IF,
ELSE IFs FELSZs END IFs, END, block WHERES OTHERWISE,

END WHERES logical WHERE» or 2nother logical IF
statament.

| 77]
'z

Execution of a logical IF statement —causes evaluation of the
expression g, If the value of e is truey statement gt is executed,
I¢# the valu2 of & Is falses statement 3L Is not executed and the
execution sequence continues as though a COMTIMNUE statement were

axacutads
Note that the execution of a function reference in the expression g

of a logical IF statement is permitted to affect entities in the
statement sk
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11.6 BLOCK_IE_STATEMENT

The block IF statement is wussd with the END IF statement ands
optionatlys the ELSE IF and ELSE statements to control the execution
sequences ‘

The form of a block IF statement is:
IF (2) THEN |
where ¢ is a scalar logical expression.
114641 LEzLEVEL.
The IE=leyel of a statement 5 is
gl - n2

where nl is the number of block IF statements from the beginning of
the program wunit wup to and including s and n2 is the number of
END IF statements in the program unit up to but not including s.

The IF-leva] of evaery statement .must be zero or positives The
IF-lavel of gach bloeck IFs ELSE IFs ELSEs and END IF statement nmust
be positive. The IF-level of the END statement of each program unijt
must be zero,

An IE=hlock consists of all of the executable statements that appear
following the bloek IF stsatem2nt up %0, but not includings the next
ELSE IF» ELSEs or EMD IF statement that has the same IF-leyel as the
block IF statement.s An IF-block may be empty.,

11.6,3 EXECUTION _QE_A_BLIOCK_IE_STATIRNENUI.

Execution of a block IF statement causes evaluation of the
expression =e IFf the value of ¢ is trues normal execution sequenca
continues with the first statement of the IF-blocke.e If the value of
e is true and the IF-block is emptys control is transferred to the
next END IF ststement that has the same IF-level a3  the block IF
statement., If the wvalue of g is falses control is transferred to
the naxt ELSE IFs ELSEs or EMD IF stat=ment that hes the same
IF—-level as the block IF statament.

Transfer of control into an IF~block from outside the IF-block is
prohibited.

If the execubtion of the last statement In the IF-block does not
resutt in a transfer of controls. control is transferred to the next
£EMD IF statement that has th2 sama IF-level as the block 1IF
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statement that precedes the IF~blocke

11,7 ELSE_IE_SIATENENT

The form of an ELSE IF statement ist
ELSE IF (g) THEN

where e is a scalar logical expression.

An LZLSE IE=block consists of all of the execytable statements that
appaar follouing the ELSE IF statement up %o, but not includings the
next ELSE IF, ELSEs or END IF statement that has the same IF-level
as the ELS:Z IF statements. An ELSE IF-block may be empty.

11.7.2 EXECUTION_OE_AN_ELSE_IE_STIAIENENT.

Zxecution of an ELSE IF statement —causes evaluation of the
expression a. IFf the value of 2 is truey, normal exacution sequence
continues with the first statement of the ELSE IF-blocks. If the
value of 2 is true and the ELSE IF-block is emptyy, control is
transferred to tha next END IF statement that has the same IF-level
as the ELSE IF statements If the value of € is falses control is
transferread to the next ELSE IFs ELSEs or END IF stetement that has
the same IF~leval as the ELSE IF statement.

Transfer of control into an ZLSE IF-block from outside +the ELSE
IF-block is prohibiteds  The statement {shaly iIf anys of the ELSE IF
statement must not be raferenced by any statement.
If execution of the last statement in the ELSE IF—blobk does not
result in a transfer of controls control is transfarrad to the next
END IF statement that has the same IF-level as the ELSE IF steterment
that precedes the ELSE IF-block.,
11.3 ELSE_STATEHENT
Tha form of an ELSE statement is:

TLSE
11,81 cLSE=BLOCK.
An ELSCE_bloagxs conslists of all of the executable statements that
appear following the ELSE statement up tos but not includings the
next EMD IF statement that has the same IF-lzvel as the ELSE
statemant. An ELSE-blocek may be empty.

An END IF statement of the same IF=level! as the ELSEVStatement must
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appear before the appearance of an ELSE IF or ELSE statement of the
same IF-level, ‘

11+842 EXECUTIION_DE_AN_ELSE_STATEMENT.
Execution of an ELST statement has no effect.
Transfar. of contro! into an ELSE~block from outside the ELSE~block

[s mrohibitaed. The statement labels i€ anvs of an ELSE statement
must not be referenced by any statement.

11,9 ZND_IE_STATEHENT
Tha form of an END IF statemepnt is:

QND.IF
Exacution of an END IF siatemant has no &ffect.
For w@ach block IF statements there must be a corresponding END IF
statement in the same program unit. A correspopndinag END IE
ziategent is the next END IF statement that has the same IF-level as
the block IF statement. :
11.10 RO_STATZUENT
A DO statement is used to specify a loopy called a D=100p.

The Torm of a DO statement Is?

DI 5 [+s7 1 = 2ls g2 Tse3]

whares g iz the statomant lahel of an exacutable statement, The
statement identified by sy called the terminal statement
of the DO-loopy must Tollow the DO statement in the

saquance of statements within the same pregram unit as
the DO statement. -

i is the name of an integers raalsy half precisions or
double precision varlabley callad the DO_variahle

ely ey and €3 are each an integer, realy half precisions
double pracisions or Bonlean scalar expression

The terminal statement of a DN-loop must not be an unconditional
AN Tds  assiJned 617 TOy  erithmetic IFs block WHEREs OQOTHERWISE,
END WHERES logical WHEREs blocic IFs ELSE 1IF» ELSE, END IF, RETURN,
STOPs ENDs or DO statement. If the terminal statement of a DO~loop
is a logical IF statementy, it may contain any executable statement
axgapt a DNs  blosk IFs ELSE IFs ELSES EMD IFs  ENDs or another
lojical IF scatement.
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11.10.1 RAMGZ_[OE_A_DO=LOQOR.

The rapnge of a DO=loop consists of all of the executable statements
that appzar followiny Lhe DO statement that specifies the DO-ioops
to and Including tha terwminal statement of the DO-loop.

If a DO statement appears within the range of a DO-loops the range
of the DN~loop specifisd by that DO statement must be contained
entirely within the range of the outz2r DO-loop. More than one
DO-loop may have the same terminal statement.

If a DD statement appears within an IF-blocks ELSE IF-blocks or
FLSE=blocks the ranage of that DN-tnop must be contained entirely
within that IF-blocks ELSE IF-blocks or EZLSE-bhlocks respectively.,

If a block IF statement appears within the range of a DO-loops the
corresponding £ND IF statement must also appear within the range of
that DD-loop.

11.10.2 ACTIVE_AND_INACTIVE DO=L0A2S.

A DO-focop 1is either actlive or Inactive. Initially inactivey a
DO-loop becomes active only when its DD statement is executed.

“Inge actives the DO~loop becomes insctive only whent

(1) {ts iteration count is tested (11.10.4) and determined to be
Zeroy :

(2) its DJd=variable vbecomes yndefined or Is redefined by means
other than the incrementation described Iin 11,10.7s

{3) it is in the range of another Dﬂ~loop that becomes inactives

{4) a RETURMs STOPs or END statement is exzecuted In  its progran
units, or )

{5) it is in the range of another DO=loop whosa Dd=-ststement is
axocdtade

Execution of a funchtion reference or CALL statement that appears in
the range of a DO-~loop does not cause the DO-loop to bhecome
inactive. MNote that transfer of conirel out of the range of a
DO-tonp does not inactivate the D0O-loop, Howevers the DO-loop
becomes inactive if the DfO~variable becomes undefined or is
redefinad outside Lhe range.

Yhan & DO-lonop Dbecaoames Inactivey the DO-variable of the DO-loop
retains its last defined valuesy unless it has become undefined.,
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11,10,3 EXECUIIMG A _DO_STAIEDZNT.

The affect of executing a DO statement is to perform the following
steps in sequence:?

{1) Tha ipitial parapater mly the ifz2fpinal patspmetar m2s and the
incremeptation paramefer m3 are established by evaluating gl»
82s and 23s respactivelys, Includings if necesssrys conversion
to the type of the DO=-variable according to the rules for
arithmetic conversion {Table 4). If g3 does not =appesars m3
has a value of one. @3 must not have a value of zero.

{2) The DO=-variahla bacomes defined with the value of the initial
parameter mls

(3) The iteration count is established and jis the value of the
axprassion :

MAXCINT({n2-nl+m3d)/53)snkc)

where: pkg is the minimum—trip-count parameter. @mtg has a value of
‘ el ther one or zeroy and is established at processor
invocation, The value of mic may be dynamically modified by

the ninimum~trip—count control directive (3.7+4).

Note that the 1iteration count is equal to the value of pig
whanavers

1l > w2 and @3 > O0s or
N1 < m2 and g3 < O,

At the completion of execution of the DO statementy 1loop control
processing begins.,

11,1044 LOQ2_COUTROL_PROCESSING.

Loop control processing determines if further execution of the range
of the DO~loop is requireds The iteration count is tested, If it
is not zaros exz2cution of *he first statement Iin tha range of the
. DO-loop bzgins. If the iteration count is zeros the DO-loop becomeas
inactive, IFf, as a results all of the DO~lcops sharing the terminal
statement of this DO-loop are inactives normal execution <continues
with oxecution of . the next exocutable statement following the
terninal statement. Howeversy if some of the DO-loops sharing the
terminal statement are actives execution continues with
increamentation procassings as described in 11.10.7,
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11,10.5 EXECUTION_OE_THE RANGE.

Statements in the range of 2 DN-loop are axecuted until the terminal
statemant is reached. Except by the Iincrermentatlion described In
11.10.7s the DO-variable of the DO-loop may neither be redefined nor
become undefined during execution of the range of the DD~}loop.

11,1046 IERUINAL.STATEMENI_ZXEQUIION,

Zxecution of the terminal statement occurs as 2 result of the normal
~execution sa2quence or as a result of transfar of controls subjeci to
the restrictions In 11.10.3, Unless execution of the terwminal
statement results in a transfer of controly execution then continues
with incrementation processingy as described in 11107,

11.10.7 LUCREMEUIAIION_RROCESSIUG.

Incrementation processing has the effect of the following steps
performed in sgquenga:?

{1) The DD—variahlegy, the Jteretion counts and the incrementation
parameter of the active DO-loop uwhose DO statement was most
recently exa2cutnds are sa2lectad for processing,

{2) The value of the DO-variable is incremented by the value of
the incrementation parameter n3.

{3) The iteration count is dacrementind by one.

{(4) Execution continues with loop control processing (11.10-4) of
the same DO~loop whose iteration count was decremented,

An examplz illustirates the above:
N=0
PN 100 I=1510
J=1
D3 100 K=1y5
L=K
100 M=N+1

101 CAMTINUE

After execution of the above statements and a2t the execution of the
COMNTIMUE statements I=11, J=10s K=6y L=5, and N=50. Also consider
the following example (pke=0):

N=0

DO 200 I=1,10
J=1

DO 200 K=5s1
L=K
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200 tl=li+1
201 CONTINUE

After execution of the above statements and at the execution of the
CONTINUE statement, 1I=11l, J=10, K=5, and N=0s L is not defined by
the above statemantss

11.10.8 IRAMSEER_INTIO_THE_RANGE _DE_A_DO=L00P.

Transfer of control! into the range of an inactive DO-foop is not
permitted, Transfer of control to any executable statement in the
range of an active DO-loop is permitted unless the statement is also
in the range of an inactive DD-loor or %the transfer of control Is

not permlitted by the ryles for execution of an IF-blocks ELSE
IF-blocks ELSZ-blocks WHERE-blocks or OTHERWISE-block.

11,11 CONTIMUE STATZHEMT
The form of a CONTIMUE statement is:
CONTINUE
Ex2cution of. a CONTINUE statement has no effect.
If the CONTINUE statement is the terminal statement of a DO—~joops
th2 next statement exacuted depends on the result of the DO-loop
incrementation processing (11.10.7).
11,12 SIOP_STAIEMENT
Tha form of a STOP statement is?

STOP [pl

where 9o Is a string oFf not more than five digjtss or is 8 character
constant.,

cxacution of & STAIP statement causes termination of execution of the
axacutable »rograme. At the time of terminations the digit string or
character constant is accessible.
11.13 PAUSE_STATEHMEHNT
The form of a PAUSE statement is:

PAUSE [nil

whare n is A string of not more than five digitssy or is a character
constant. '

Exagution ©nf & PAUSE statement causes a cessation of execution of
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the exaecutable proarame Executlon Is resunable. At the time  of
cessation of execution, the digit string or character constant is
accessible via display to the operators and also to tho user If the
latter is in cowmmynication with the processer during execution.
Resymption of execution is not under control of the programe. If
axecution is resumeds the execution seguence continues as though a
CONTINUE statement were cexecuteds, S22 the reference manual for the
appropriate operating system regarding the wmeans for Indicating that
axecution should be resumed. If the program is executing
interactivelys the wuser causes exa2cution to resume by entering an
input line consisting . of the characters G0 in coclumns one and two.
The alphabetic case of the letters in 60 is not significant,

11.14 CHMR_STATEHEUT

The END statement Indicates the end of the sequence of statements
and comment lines of a program unit (3.5)., If executed in a
function or subroutina subprograms it has the effect of a RETURN
statement (1l6.8)s If exezcuted in a3 main programy it terminates the
execution of the executable programe

The form of an EWND statement is:

EdD
An END statement is written only in columns 7 through 72 of an
initial line, An ZND statement must not be continued. No other

statement in a program unit may have an initial tine that appears to
be an END statement.

The last line of every program unit must be an END statement,

11,15 LOGICAL_MHERI_STAIEMENI

The logical WHERE statement is used to control the assignment of
values in an array assignments zand to control the evalustion of
axpressions in the arrzy assignment statements according to the
value of a3 logical array expressions

The form of a logical WHERE statement is:

WHéRE (lag) st

viheres ‘
laz2 is an array a2axpression of type logical or bhit

st is an array assignment statement
Exececution of a logisal WHERE stataement has the same effect as

axzcution of the sequence
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END WHERE
11,16 BLOCK_WHERE_STAIEMEMI

The b!ouk WHERE statement 1s used with the END WHERE statement, and
optionally the OTHERWISE statement to control the assignment of
values in a bleck of array assignment statementss and to control the
avaluation o©of exepressions In array assiagnmant stetementss according
to the value of a logical array expression.

The form of a block WHERE statement is

where: laz is an array expression of type logical or bit
11.16.1 WHERE=LEVEL
The WHEZRE=level of a statement ; is

nl - n2

where pl is the number of block WHERE statements from the beginning
of the orogrzm unlt up to and Including s» and n2 is the number of
EMD WHERE statements in the program unit up to but not including 3.

The WHERE=1avel of e2very statement must be zero or ones Note that
this precludes nesting BLDCK WHERE statementss The WHERE-level of
each block WHEREs NOTHERWISE, and ©SND WHERE statement must be one
Thae WHERE=lavel of tha END statement of =ach program unlt must be
Z2ro.

1141662 YHERZ=BLOCK

A YWHIRE=hloaok consists of all of the execytable statements that
appear following the block WHERE statement up tos but not includings
the next JTHERWISE or EMD WHMERE statement that hss the same
WHERE=lavel as the block WHZRE statement. All  of the =axecutable
stateaments in a WHERE-block must be array assignment statements that

do not involve an array-valued function reference, In each array
assignmant statement of the form y=[v=Jeee2r» ¥ must have the same
shape as lag., lo statement in a WHERE-block <c¢can be the terminal

statemant of a DDe A WHERE=-block may ba emptys Transfer of control
iwLo a WHERE~block Is nrohibited.

11.16.3 EXZCUTION_JE_A_BLOCK_WHERE_STATEMENI

Exscution 6f a blogk WHERE statemant causes evaluation of the
expression laes The statements in the WHERI-block are executed in
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normal execution sequence. WYhen an array assignment statement s
executed under control of a block WHERE statements the semantics
of the stataoma2nt ara as if it were execytaed as fellows:

(1) The evaluation of the expression g takes place as if it were
aynaluated for all clemenis whare 132 is true and the result
of the evaluation assigned to the corresponding element of ¥
At points wher2 1ag is Talses the value of the corresponding
2lement of ¥y is not altered and It is as if the sxpression &
was not evaluated, ' ‘

(2) Assignment statemeants bhetwegesn a WHERE and an ENDWHERE
{inciuding an aptional OTHERWISE block) are executed in
normal execution sequence. Values defined in y in one
assignment statenent may be referenced or defined in
subsequent assignment statements,

The value of lag is not affected by the execution of statements ih
the WHERE-bliock, .

Transfer of control into a WHERE=-block is prohibited.
11.17 OIHERWISE _STATZHENT
The form of an OTHERWISE statement ise

OTHERWISE

11.17.1 OTIHERMISE=BLOCK

An DIHERWISE=BLACK consists of a1l of the oxecutable stetements that
aonaar Folloa>wing the DTHERWISE statement up tos but not Includings
the END WHERT statement that has the same WH&ZRE-level as the

OTHERWISE statement. Al of the exacutable statements in an
OTHERWISE=block must be array asslgnment statements that do not
involve an array-valued function reference. In array assignment

statements of the form y=[¥=l.eegs ¥ must have the same shape as
laz, Mo statement iIn an OTHERWISE-block c¢en be the terminal
statement of a D7 Transfer of control into an OTHERWISE-block is

prohibiteds An OTHERWISE=bhlock may be cempiye.

11.17.2 EXECUTION_OFE _AM_NTHERWISE_STATZMINT

Execution'of an DTHERMISC statement causes the statements in the
ATHERWISE-hlnck +o be executed in normal execution sequence. When
an array assignment statement is executed in an OTHERWISE bilocks the
semantics of the siatement are as if it were axecuted as follous:

{1) Tha =valuatlon of the expression e takes place as if it were
evatuated for altl slemants where Lge is false ond the result
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of the evaluation assianad to the corrasponding slement of .
At points where lLage is trues the value of the corresponding
2lement of ¥y Is not altered and 1t is as If the expression e
was not evaluated,

{2) Assignment statements between a WHERE and an ENDWHERE
(incliuding an optional OTHERWISE block) are executed in
normal execution sequence, Values defined in ¥ 1in one

2ssignment statement may be referenced or defined In
subsequent assignment statements,

The vaiuev of lae is not affected by the execution of statements in
the OTHERWISE—-biocke.

Trahsfér of control into ah DTHERWISE=block is pfohibited.

11,18 ENDL dJmBu_SIATEJ
The form of an END WHERZ statement is:

=ND WHERE
Zxacutlon of an END WHIRE statement has no 27fect. For each block
WHERE statement» there must be a corresponding END WHERE statement
in the same program unit. A gorrespondipg ZEZND WHERE stzaisment is

the paxt IZHD WHERE statement that has the sz2me WHERE-level gs the
block WHERE statement.
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12.0 ARRAY STORAGE ALLOCATION

There are two @ex=2cutable statements +%hat control aljocstion of
storage For arrays?

{1) ALLOCATE statement

(2) FRZE stetement

12.1 ALLOCATE_STATEMENT

The ALLOCATE . statement is wus2d to allocate storage for an
allocatzble arrave The Torm of an ALLDCATE statement is:

ALLOCATE adlsadlaese.
vharet g4 has the form o7 a3 constant or adjustable array declarator.

The array names appearing in ad must have been specified to be
allocatable arrays., The dimension bound exprassions sre subject to
the same limitations as in an array declarator, except that array
element references are permitted to appear. No allocatable array
nama  in an ALLOCATE statement may be referenced Iin a3 primary of any
pxpression within the same ALLNCATE statepent. For exampley

ALLOCATE A(10sZXTENT(A»1))»BISIZELA))

iz prohibiteds Tha dimension bound expressions in ad are evaluated
at the time of execution of the ALLOCATE statement, The values of
the dimsnsion bound axpressions determine the sizes of the
corrasponding dimanslons for the allocatable array and the upper and

lower bounds of the dimensions. The number of dimensions s
determined by the allocatable array declarator and must correspond
with the numbar spacified in  zad. If the allocatable array wHas

declared with .an explicit lower bound dls then the corresponding
lowar bound of the array declarator ad must specify the same value
An allocatable array must not be defined or referenced if it is not
currently allocated,

Aftar a2xecultion of an ALLJOCATE statenent for an arrays the
oroperties of dimension sizes lower and upper dimension bounds and
array size are established. Howevers any entities in the dimension
hounds  expra2ssions mnay be redafined or become undefinad with no
affect on th2 above mentioned proparties. Immediately after an
array is allocated the values of all of the array elements are
undefinad,.

An ALLOCATE statement may appear in a nmailn programs subroutiney, or
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function subprograme A%t the beginning of oxecultion of an executable
prograns all allocatable arrays have a stste of "not currently
allocated™. All allocatable arrays that have been allocated storage
by an ALLAOCATE and that have not been subsequently freeds, will ba
Freed automatically if execution of the subprogram In which they
waera allocated is terminated by execution of a RETURN or END
statementy an:d the allocatable array name is not specified in a SAVE.
statement {explicitly or implicitiy)., Aftocating a currently
allocataed array Is prohibited.

12,2 EREE_STATEMENT

Tha FREE statement. causes the storzje "for previously allocated
arravs to be releaseds The form of a FREE statement is:

wharat 3z is the name of an allocatabie array previously allocated by
execution of an ALLDOCATE statements Results are undefined if 3 is
not currently aliocatead.,
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13.0 INPUT/OUTPUT STATEMEMNTS

Input statements provide the means of transferring data from
external media to internal storage or from an jnternal file to
internal storages This process s callad Laadipge. Output
statements o»rovide the means of transferring data from internal
storage to external media or from internal storage to an internal
filas This procass is cailled yritipne Som2 inpuf/output statements
specify that editing of the data is to be performed.
In addition to the statements that +transfer datas there &are
auriliary input/output statements to manipulate the external mediums
orf to inpquire aboyt or describe the propertles of the connection to
the external medium.,
Thare are fourtaen input/output statemenis:
{1) READ
{2) WRITE
{3} PRINT
{4) OPEN
{5) CLOSE
(6) INAQUIRE
[7) BACKSPACE
{8) ENDFILE
{(9) ReWIND
{10) PUHCH
{11) BUFFER IN
(12) BUFFER QUT
(13) £NCODE
{14) DECODE
The RCADs WRITE» PRINTs PUMCHs BUFFER 1INy BUFFER QUTs ENCODEs and

DECODE statements are data Irapnsfer inout/outpul statements (13.8).
The [OPENs CLDSEs INQUIRIZs BACKSPACE, ENDFILEs and REWIND statements

are  auxillisary Inopub/oulpui statemanis (13.10). - The BACKSPACE,.

ENDFILgEs and PREWIND statements are file positioning ipput/Zoutput
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statements (13.10.4).
13.1 RIZCORDS

A record is a sequence {2,1) of values or a sequence of characters,
For exsmpl=z2y a punchead card is usually considered to be 3 record.
Howevars a racord does not necessarily correspond to a physical
entitys There are three kinds of records:

{1) Formatted
{2) UnFformattied
(3) Endfile
13.1.1 EQRMATIED _RZCORD.

A formatted record consists of a sequence of characters that are
capable of raprasantation in  the oprocassor. The lenagth of a
formatted record is measured In characters and depands primarily on
the number of characters put into the record when it is written.
llowevers it may depend on the processor and the external mediume
The length may bs zeroe. Formabied records may be read or wuwritten
anly by Formattaed input/output statements {13.8.1).

Formatted records may be prepared by some means other than FORTRAN;
for examplay zome manual inpult device.

13.1.2 UNEORMATTED_RECORD

An unformatted record c¢onsists of a soequence of wvalues in 3
procassor—dapendent form and may contain both character and
noncharacter data or may contain no data, The Jength of an
unformatted record 1is measured in processor—dependent units and
Aapands on the outeut list (13.342) used whan it is urittens as vwell
a5 on the processor and the external madiume The length may be
ZBr0e.

The only stataments that read and write unformatied records are
unformatted input/output statements (13.8.1)s BUFFER INs and BUFFER
NUT statements ({13.15)e An unformatted record to be. read by a
BUFFER IN statement or to be written by a BUFFER NUT statement may
not contain charactars bhit or half precision data.

13.1.3 ENDEILE_RECORD.
An endfile record is uritten by sn EMDFILE statement. ‘An  endfile

regord may occur only as the last racord of a Fila, An endfile
record does not have a length property,

CORTROL DATA PRIVATE



, 13=-3
Control Data Corporation Standard FORTRAN
83/06/730

13,0  INPUT/QUTPUT STATEMENTS
13,2 FILES

-—-o - - - —— - — — —— oo a0 wa -—— - - S . - > 2

13.2 EILES
A ﬁilg is a sequence {(2+1) of racordses
There are tuo kinds of fljles:
{1) Externsal
(2) Intarnal
13.2,1 EILE_ZXISTIENCZ.

A%t any given Ltimes» thera is a processor—determined set of files that

are said to exisi for an execytable programe A file may be known to
the processors yet not exist for an executable program at a
particular Limes For =2xamples securiily reasons may pravent a file
From existing for an sxecutable oprogranes A file may exist and
contain no recordss; an example is 3 newly created file not yet 
writtens -

To graate a £1le moans to cause a fFile to exist that did not
previously existe To delete a file means Lo terminate the existence
of tha File,

All input/output statements may refer +to files that exist. The
INGUIREs, OPEMs CLOSEs WRITEs PRINT,. PUNCHs BUFFER 0OUTs end EMDFILE
statements may alsp refer to Files that do pot exista.

13,2.2 EILE_PROPERTIIES

At any givan Times there is a processor—d=2termnined set o0f allouwed
access methadss a processor-determined set of allowed formss and a
processor—datermined geil of allowed record lepngibs for a file.

A file may have a namej} a file that has a name is <called =& panmned
£iie. The nare of a named file is a character string consisting of
one to thirty-one alphabetic characters or digits., The first
character of a file name must not be a digite (An alphs character
is a letters upper ur lower cases or one of the characters %2y » # or
- TLunderlinel. Upper and lover case letters in the file name are
Interpreted as variants of the same letter).

13.2.3 EILE_PQSLITION,
AN file that is cdnnected to a2a unit {13.3) has a position property,
Execution of cortain input/output statements affects the position of

a filee Cartaln circumstances can cause the position of a flle to
become indeterminate.

The ipitial painkt of a file is the position Jjust hefore the first
racord, Tho Zerminal point Is the positlon Just after the 1ast
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racord,

If a file is positioned within a records that record is the gurrent
racord; otharwises there is no current record.

Let p be the number of records in the file., If 1< 1 € n and a file
is mositionad within the 1tn record or between the (i-1)th record
and the ith records the (i-1)th record is the precedinge rLegcorde. 1If
n 21 and a Tile is positioned at its terminal point, the preceding
record is the npth and 1last record. If p=0 or if a file is
positioned at its Inltial point or within the first records .there iIs
no preceding recorde. :

IfF 1 £ i1 <p and a file is positioned within the ith record or
hetween the ith and (i+1)th records the (i+1)th record is the pext
Leoard, I7 n 2 1 and the file is positioned at its initial point,
the First record is the next record, If npn=0 or if a file is
positioned at its terminal point or within the pth znd last record,
there §s no next record.

134244 EILE_ACCESSe

There are tun mathods of accessing the records of an external file:
sequential and direct., Some files may have more than one allowed
acoess mathords othar files may he restricted to one access method,.
For axamplesr 3 processor may allow only sequential access to a Tlle
on magnetic tapes Thuss the set of allowed access methods depends
on the file and the processor.

The wmethod of agcessing the filzs Is determined whan the file is
connected o a unit (13+3.2)e

An internal File must be gccessed sequentiallys
13.2¢4,1 S2aufnpiial_Accossa

When connected for sequential accessy a file has the following
properties:?

{1) Tha order of +the records 1Js the order Iin which they were
written if the direct access method is not a member of the
set of allowed access methods for the file. If the direct
access method is also a3 member of the sa2t of allowed access
methods for tha Files the order of the records is the same as
that specified for direct access {(13¢2¢4462). The first
record accessed by sequential access is the record whose
recor- numbar is 1 for dir=ct access. The second record
zecaessad by saquential access is the record whose record
number is 2 for direct accessy etce A record that has not
bean writtan since the Tile was creatzsd must not bhe read,
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{2) The racords of the file are elther all formatted or 2l
‘unftormatteds except that the last record of the file may be
an endfile record,

{3) The records of the file must not be read or written by direct
~access Input/output staterments (13.8.1), '

13424442 Direct Agccesss

Whan connacted for direct Aaccesssy a flle has thz following
oroperiles:

(1) The order of the records is the order of their record
numberse Tha racords may be read or .written in 2ny order,

(2) The records of the flle are ailther all formatted or all
unformattede If the sequential access method is also a
membar of thae sat of allowed access mebhods for the filey its
andfile records 1F anys is not considered to be part of  the
file while it 1is connected for direct access. If the
sequential access method is not a member of the set of
altowad access methods for the filey, the file must not
contain an endfile record.

{3) Reading and wuriting records is accomplished only by direct
' access input/oubtput statements (13.3.1).

(4) Al racords of tha file have tha same langthe

{5) fach record of the file is uniquely identified by a positive
integor caliad the rscord numbepe The racord number of a
record 1is specified when the record is written., Once
established, the record number of a record c¢an never be
changad, Mote - that a record may not be deletad; howevary a
record may ba rewritten.

{6) Records need not be read or written in the order of their
.racord numbers, Any record may ba written into the file
while it Is connescted {13.,3.,2) to 2 unlt. For axzmples 1t Is
permissible to write record 3, even though records 1 and 2
have not been writtens Any reccord may be read from the file
A#hile It is connected %o a8 unit, provirded that the record was
writtan since the flile was created,

(7)) The records of the file must not be read or written wusing
tist-diractad formatting,
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13.2.5 LNTERUAL_EILZS

Internal files provide a means of transferring and converting data
from internal storaga to internal storane,

There arse two types of internal {llesy standard and extendeds A
standard_ipterpal_file is a sequence of character storage units.s An
artopdad_inkarpal_fils is 2o sequsesnce of npumeric storage unitss Lach
type of internal file requires different input/output statement
formse

The standard or axtended property of an internal fTile is estabilished
by the type of storage provided for the file.

Throughout this documents tha phrase lIpteorpal__fils shall be
interpreted to mean stapdard__interpal__files, unless explicitly
prefized with sxtandad, :
13.2.5.1 Standard_Internal_Flle_Propertiess

A standard Internal §file has the following propertiass

{1) The file is a character variables <character array element,
character arrays or character subsitring.

{2) A record of an internsl Ffile 1Is a c¢haracter varijable;
character array element, or character substring.

{(3) If tha fila is a chsaractar veriables character arrey e¢laments
or charactar substrings It conslsts of 2 single record whose
length is the same as the length of the variable, array

elements or substrings respoctively. If the fite 1Is a
character arrays It Is treated as a sequence of character
array elements. Each array element is a record of the file,

The ordering of the records of the file is the same as the
orderine of the arrsy 212ments in th2 array (5.3.4)s Every
record of the Fila has the same leanogths which Is the length
of an array eclement in the array.

{4) The variables array elements or ‘substring that is the record
of th2 internal fijle becomes defined by writing the record.
If the number of characters written in a record is less than
the length of the records the remaining portion of the record
is filled with blanks.

{5) A raecgord may be read pnly if the variable, array element, or
substring that is the record is defined,

{6) A yvariables array elemanty or substring that iz & record of
an Internal 112 may hecome defjned {or undefined) by means
other thanp an output statement. For examples the wvariabley
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array elements or substring may become defined by a character
assignment statement,

{7) An intarnal file is always positioned at the beglinning of the
. first record prior to data transfers

13.2.5.2 Standard_Internal_Eile_Restrictionse
A standard Internal file has the followlng restrictions:

(1) Reading and writing records is accomplished only . by

sequential access formalbted input/output statements (13.8.1)

that o not specifly Vist-dirzeted formattings or NAMELIST
formatting (13.4 (6)).

(2) An  auxiliary input/output statement must not specify an
internal file,

'13.2.5.3 Ixtended_Interpnal_File_Properties

An axtendad internal flle has the following properties.

{1l) The Tile is specified by a variables array elements or array
of type other than charzcter, bil or hslf precision, If an
array 2lement is usedy the flile begins with the array
element and extends through the end of the array.
Othervises the file is the variable or array specified,

{2) A record of the fite 1is on2 or more contiguous numeric
storajge units.

(3) The length of a record of the file is measured in
charactarss and is equal to

<,

a*p

wheres

o

is the maximum number of charactars that c¢an be
stored in a single numeric storage unit at one
time :

p is the number of numeric storage nnits 1In the
record

(4) Every record of the file has the same lenath.
{(5) Tha vérlebie Oor array elemen{(s) thaf is a reccfd of the
file is defined by writing the record. If the number of

characters written in a record is less than the length of
tha racords the remaining portion of the record is fijlled
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- with blanks,

{6) A recbrd méy be read dnly if fhe‘ vériabie or array
element(s) that is the record is defined.

(7) A wvariable or array element{s) that is a reacord of the file
may bhecome defined or undefined by means other than an
output statement.

{(8) An  extendad internal file i3  always positioned at the
initlal point of the first record prior to transfer,

13.2+5.4 Exiendsd_Intorpgl Eila _Restrictions

An extendéd internal file has the following rcétrictions

(1) Ra2ading and writing racords is accomplished only by DECODE
and ENCODE statements (13.14)., List—directed or NAMELIST
formatting must not be specified,

{2) An auxiliary input/output statement must not specify an
extendad intarnal files

13.3 UNIIS
A upit is a3 masgns of raterring to a file.
13.3+1 UNIT_ZXISIENCE.,

A% any alven %times thare is g processor~determined set of units that
are said to exlist for an execytable program. A unit exists for each
allowed external unit identifier.,

Al input/output statements msy refer to units that exist., The
INQUIRE and CLOSE statements may also refer to wunits .that do not
exist.

13,3.2 COUNECTION _QE_A_UHIT.

A unit has a property of being connected or not connected, If
connecteds it refers to a files A unit may become connected by
pragonnections implicit connectiony or by the execution of an OPEN
statement., The property of connection is symmetric: iIf a wunit is
connected to a filey the file is connected to the unit.

Praconnection maans Lthat tha wunit is connected to a flle at the
.basinning of axecutijon of the execytable program and therefore may
be referencerd by input/output statements without the prior execution
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of an OPEN gtatement.

Implicit connection means that if a unit that is not connacted 1is
refaranced in a daeta transTer or flile positioning input/output
statepent. It becomesg  connected to a processor—determined file
immediately prior to the execution of the input/output statement.
Tha name of thae filea %to which the unit becoma2s c¢onnected 1is
determined 1n the same manner as for an OPEN statement for which the
FILE= specifier is omitted.

A1l input/output statements excert DPEN» CLOSEs and TINOUIRE must
rafarence a unit thet Is connected to a file and thereby make use of
or affect that file,

A file may be connected and not exists An example is a preconnected
new fils.

The maximum number of units that may be connected to files atvany
one time is processor dependenty but must not be less than 50.

A unit must not be connegctad %o more than one flle at the same times
but an axternal Flle may be connected to more than one unit at the
same time, H“owevers means are provided to change the status of a
unit and to conneet a unit to a diffarant filo. '

Aftar a unit has bean discopnected by the execution of a CLOSE
statements it may bhe connected again within the same executable
proagram to the cama file or a different files After & file has besn
disconnacted by tha exacutlion of 2 CLOSE stetement, it may be
connected again within the same executable program to the same unit
or a different units MNotes howevers that the only means to refer to
a File fhalt has be2en disconnected 1Is by its name In an OPEN or
INQUIRE statement. Therefores there may be no means to reconnect an
unnamed file once it is disconnected.

13.3¢3 UMIT_SPECIEIZR_AND _IDENTIEIZR.
The form of a upnit specifier is:
[UNIT =1 u

where u is an external unit identifier or an internal file

identifiar.,

An external unit identifier is used to refer to an external file,
An internal fite identifier is used to refer to an internal file,

An axia2rpal dpli Ldeptifier is one of the following?

(1) A scalar integer or scaltar Boolean expression g such that
aither
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(2) INT{2) has an inteper valu=s in the range 0-999s or

{b) BDOOL{2) has a value of the form L"f"s where £ is a
sequance of one to saven letters or diglitss starting
with a letters comprising a valid system file name,
Upper and lower case letters in the file name are
interpra2ted as variants of the same letter,

Thers is a correspondence batween certain pairs of external
units., In <case {al)s the unit identified by the value of
INT{&) corrasponds. to the unit identifiad by "TAPEX", uhere k
is the digit strings with no teading zeross representing the
value of INT{e), 1In case (b)y, if f is of the form TAPEK»
whare i is . a diagit strings wnith po leading zeroso»s
representing an integer value in the range 0-999, then the
unit identifTi=d by *the value of BDOL{g) corresponds to thae
unit jidentified by the value of k3 if £ is not of this form,
then no corraspondence exists in this case,

A correspondance between two external units means that if one
of the external units is connected to a file then the other
unit is also connacted to the filea,

{2) An asterisks identifying a particular processor—determined
external unit that is preconnected for formatted sequential
access (13+4Te2)

The szternal unit identified by the value of g8 is the sams external
unit in all program units of the executable program. In the
nramp | o

SUBROUTINE A
RZAD (6) X

SUBRDUTINE B
N=6
REWIND

the value 6 usad in both program units ldentifies the same sxternal
unit.

An externat unit identifier in an auxiliary input/output statement
{13.10) must not be an asterisk.

An  ipternal__file__identifier provides the means of referring to a
gstandard or axtended internal file (1342+5), An internal file
fdantifier for a standard Internal fille iIs the symbolic name of a
character variables <character arrays character array sectiony
character array olements or character substrings An internal file
identifler For an axtended internal file {s the symbollic name of a
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variables arrays array sactions or array alement of type other than
charactery bit or half-precision. .

If the optional characters UNIT= are omitted from the unit
cuspecifizry the unit specifier must bte the Tirst iiem in a2 1list of
"spacifiars,
13.4 EORMAI_SPECIFIER_AND_IDENTIEIER
The form of o formal spagliflier is:

[FMT =1 £

ghare £ is A Tormat idantifiers.

A format ideptifier identifies a formate. A format identifier must
be one of tha follouing:?

(1) Tha statament label of a FORMAT statement that appears in the
same program unit as. the format identifier.

(2) An intzoer varlable nam2 that bag been assigned fhe statement
labe!l of 2 FORMAT statement that appears In the same program
unit as the Tormat identifier {10.3). v

{3) A character array name or chsracter array section (l4.1.2).

{4) Any scalar character expression except a character expression
involving concatenation of a dummy argument or variable uwhose
length specification is an asterisk in parenthesess HNote
that a character constant is permitieds.

(5) An asterisks specifying list-directed formatting.

{6) A MANELIST Jroup name,

(7) An array nama or array section of type other than charactery
bit or half precision.

If the optional characters FMT= are omitted from the format
spuecifliers the format speclfler must bhe +the second item in the
control information list and the first item must be the unit
spacifier without the optional characters UNIT=,
13.5 RECORD_SPECIEILER
The form of a record specifier is:

REC = rp

where rn is an integer scalar expression whose wvalue is positive,
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It specifies the number of the record fhat is to be read or written
in a file connactasd for direcct accass.

13.6 ERRDR_AHD_END=NE=FILE_CQNDITIONS
The set‘of input/output error cohdiiions is procaséor dependent,

An eand-of-file condlition exists IT elther of the Tollowing avents
occurs:?:

{1) An endfite record is encountered during the reading of a file
conne In this casgses the file Is positioned after the endfile
record. .

{2) An attempt is made to read 2 record bayond the end of an
internal file,

If an error condition occurs during execution of an input/output
statement, execution of the inputsoutput statement terminates and
“he position of the flla becomes indataerminate.

If an error condition or an end-pf—-fjle condition occurs during
execution of a READ statement, execution of the REZAD statement
terminates and the aentities specified by the input list znd
implied=DO variablas in the Input llst become undeflined. Note that
variahles and array elements appearing only in subscriptss substring
expressionsy. and implied-D0 parameters in an input 1list do not
bacome undafined when the antities specified by the list becone
undafined. ‘

If an error condition occurs during execution of an output
statementy axacution of the output sitatemant terminates end
implied=-DO=-variables in the output list become undefinads
If an error condition occurs during executjon of an input/output.
statement that contains neither an input/output status specifier
{13.7) nor an error speclfler (13.7.,1)» or {if an end-of-file
condition occurs during execution of a RiAD statement that contains
neither an input/output status specifier nor an end=-of-file
spacifier {(13e742) axeocution of tha executable program is
terminated.
13.7 liD-ﬁIAIUSL_EREQBL-AMD-E&D:QE:ELL“_SBEQIEIEBS
Tha Form of an lpoat/output stiatus spaclflier is:

INSTAT = ligs
where los Is an Integer varlable or integer array elements
Execution of an input/output statement containing this specifier
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causes igs to become defined:

(1) with a zero value §f neither an error condition nor an
end=oT~file condition is encountered by the processors

(2) with a processor-dependant positive integer value if an error
condifion iIs encountereds or ‘

{3) with a processor—dependent negative integer value {if an
and=-pf=-file condition 1is encountared and no error conditfion
Is encounteared,
13.7.1 ERROR_SPECIEILR.

Tha form of an arLror sphegiflar is:

ZRR

u

2

where 3 i3 the staboement 1label of an executable statement that
appears in the same program unit as the error specifier.

If an input/output statement contains an orror specifier and the
procassor 2ncounters an error condition during execution of the
statement?t

{1) execution of the input/output statement terminates,

{2) the »pnsition oFf the fila specified in the input/output
statement becomes indeterminate,

{3) if the input/outout statement contains an input/output status
spuciTier (13.7)» the variable or array element igs becomes
defined with a processor—-dependent positive integer value)
and

{4) ex=zcution continues with the statement labeled 3.

1372 END=NE=EILZ _SPECIEIER.
The form of an epd-of=file specifier is:
EHD = s

whare s is the statement 1label of an executable statement that
appears In the same program unlt as the end—of—-flle spaciflers

If a READ statement contains an end-of-file specifier and the
processor enoounters an ond=of=file condition and no error condition
during execution o7 tha statement:

{1) execution of the READ statement terminatess
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{2) if the READ statement. contains =an input/output status
specifier  (13,7)s the variable or array element igs becomes
dafined with a processor~dependent neyative lIntegar valuey
and

(3) execdtion cdntinues Wwith the statement t12halad 5.
13.8 READs VWRITEs_ PRINTs_ AND_PUNCH_STATZMENIS
The READ statemaent is the dats transfsr Input statement. The WRITE,

PRINT, and PUNCH statements are the data transfer output statements.
The forms of the data transfer input/output statements are:

RZAD (gilisf) C[ialisk?
READ £ [siolistl
YRITE (eillsk) Cielistd [s3
CPRINT £ [,iolist] [»]
PUNCH £ Tsjolisk] [,3
where: ¢ilist is a control information list (13.8.1) that includess:

{1) A raference to ihe source or destination of the data
to be transferred

{2) Optional specification of editing processes

{3) Optional specitiers that determine the executlon
sequence on the occurrence of certain events :

{4) Nptional specification to identify & record

{(5) Dptiohal speciflcatlon to provide the return of the
input/output status
f is a format identifier {(13.4)

Iollsk is an input/output list (13.8.2) specifying the data
to be transferred

If tha Tormat identifier £ 1is an asterisks the list lollst in a
WRITE» PRINT or PUNCH statement may be followed by a comma, The
comma -has no 2ffzct, If Lhe format identifTier £ Is & MAMELIST group
name (13.14)s iolisk must not be present.
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13.8.1 GOUTIROL_IMEJRHMATION_LIST.

A copfraol ipnfornafinn list, ciliskts, is a list (2.11) whose [list
items may be any of the following:

.‘.
[UNIT =3 y H
(FNT = 1 £ b
REC = rn H
IOSTAT = ios
ERR = 3 :
END = s :

+

— trad W b -

A control information list must contain exactly one unit specifier
{1343¢3)s at most ons format spacifiar {13.,4)» &t most one racord
zpeclifier (13.5)s 2t most on= Input/cutput status specifier (13.7)»
at most one error specifier (13.7+1), and at most one end-of-Ffile
spaecifier {13.7.2)

If the control information 1ist contalns a format specifiersy tha
statement is a formatted input/outoul statements; otherwise, it is an
dnforwatind inpulfoatpul statepsni.

If the control information list contains a record specifiers the
statement is a dipsel agcess lnpub/outpuli sizaiepepnis; otherwise, it
is a seauential access input/output statement,

If tha optional characters UNIT= are onltted from the unit
soagiflers the unit specifier must be the first item in the controt
information list.

If tha opiional c¢haracters FFT= are omitted from the format
speciflaers, the format speciflier must be the second item in the
control information 1list and the first item must be the unit
spaecifier without the aptional characters UNIT=.

A control Informztlion list must not contain both a record specifier
and an end=-of-file specifier,

If the format identifier 1is an asterisks the statement is a
list-dlirzcted inpui/Zoutput siatpment and a record specifier must not
be present.

If the forma% ldentifiar is a NAMELIST group names the statement is

A HAMELIST inout/oufout statement and a record specifier must not be

s WEN ™
Presents

In a WRITE statements the contrel Information list must not contain:
an end—of—=file specifier.,
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13.9.1 CONTROL INFARMATION LIST.

If the unit specifier specifies an internal file, the control
information 1list wmust contain a format identifier other than an
asterisk or a NAMELIST group name and nust not contain & record
spacifiere

13,042 IHPUT/OUTIPUT_LIST

" An  Japuf/outout  Lists ipllsts specifjes the entities whose values
are transferred by a data transfer input/output statement.

An input/output list is a list (2.11) of Input/output iist items and
implied-D0 lists (13.8.2.3)s An ipnpub/outpuf list item is either an:
input list item or an output list item,

If an array name appears as an Input/output list items it is treated
as if all of the elements of the array were specified in the order
Jivan by array @olement ordering (5.3,4), The name of an

assumed-size dummy array must not appear as an Input/output list
ftem,

13.9.2.1 Lopub.List_Itemss
An ipouf lisk Lliem must be ona of the following:
(1) A variable name
{2) An array eliement name
(3) A character substring name
{(4) An array name
{5) An array sz2ctlion name

Only input list items may appear as input/output list items in an
input stastemant,

13.842.2 Duinut Lisi_IL2nss
An ouktout list ilem must be one of the following:
(1) A variable name
{2) An array element name
{3) A character substring name
(4) Aﬁ arrav name

{5) An array section name
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[6) Any other expression except a character expression involiving
concatenation of an operand whosz lenoth specification Is an
asterisk in parentheses untess the operand 1is the symbolic
name of a constant

Mote that a constant, an expression involving operators or function
rafarencess or an exprassion enclosed In parentheses may appear as
an outvut list item but must not appear as an input list item.
13.,8+243 Implied=D0_LisX,
An Imolisd=D0 1list is of the form?

{ dlist» 1 = 2ls £2 [s23 1)

where: i, els e2s and 3 are as specified for the DO statement
{(11,10) ‘

dlist is an input/output list
TheArange of an implied=D0 list is the list dlis%., WNote that 4dlisi

may contain implied-D0 listse The iteration count and the values of
the DO~variable § are established from 21, e2s and 3 exactly as for

a DO=-ioop, In an Input statements the DO-variable 1s or an
associated entitys must not appear as an input list item in dlist.
dhen an  imnpliad-DD list appears in an input/output list, The list
items In dlist are specified once Ffor each iteration of the
implied-DD list wuwith aperopriats substituliion of values for any

occurrance of the DUO-variable 1.
13.7 SXECUIION_OE _A_DATA_TRAMSEER_INPUT/ZDUTRUT _STATLZMENT
‘The effect of executing a data transfer input/output statement must
be as if the following operations were performed in the order
spacified:
{1) Detefmine the direction of data transfer
{2) Identify the unit
(3) Establish tha format iT any is specified
{4) Position the file prior to data transfer
{5) Transfer data betw&en'the fila and the entities specified by
tha Input/output 1ist (1f any) or identiflied by the NAMELIST
group name ‘
{6) Position the file after data transfer

{7) Cause the specified integer variabls or array element in  the
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input/output status specifier (if anv) to become defined

13.9.1 QIBEQIIQM_DE_DAIA_IBALSEEB

cxecution of a READ statement causes yalues to be transfarred from a
file to the entitles gpecified by the input lists [f one is
specifieds ‘

Zxecution of a WRITEs PRINT» or PUNCH statement causes values to be
cransferred to a file from the entitles specified by the output list
or MNAMELIST group name and format specification {if any). Execution
of a WRITZ, PRINT» or PUNCH statement for a file that does not exist
sraates the filasy unless an error condition occurs,

13.9.2 IDENTIEYING_A_UNIT

A data transfer input/output statemznt that contains @ control
information list {(13.3.1) Includes a unit speciflier that identifies
“an external unit or an internal file. A READ statement that does
not contain a control information 1list specifies a particular
procassor-datarminad units which is the same as the unit identified
by. an asterisk In a READ statement that contains & control
information 1list. A  PRINT statement specifies some other
processor—determined units which is the same as the unit identified
by an astarisk in a WRITSE statementse A PUNCH statement specifies
st} another processor—determined wunit., Thus each data transfer
input/output statement identifies an external unit or an internal
fila,

Data transfer Input/output statements that do not contain control

information lists refer to units that are preconnected as follows:?
o e et et e e e e ) - +m—— +
i Statement ¥+ Standard Unit}! File Name |
e e et et ot e o o e e e + ——— —
H RZAD T L"INpPUTY i YINPUTY
H PRINT 1 L QuUTPUTY 1 rQuTPuUTY
H PU!CH 1 LYPUNCH" ' SPUNCHY }
Oy e et e e e e et e T — +

The unit identified by a data transfeor inpul/output stetement must
.he connected o a Flla when execution of the statemant beginse

Data transfer statements that do not contain a control information
list refer to preconnactad files that are processor defined,

13.943 =STABLISHING_A_EORHAT

If the control information list contains a format identifler other
than an  asterisk  or NAMELIST group nances the format specificatlion
jdentified by» the format identifier is established, If the format
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identifier is 2n asterlsks llst-directed formatting Is astablisheds
If the format identifier is a NAMELIST group namey, NAMELIST
formatting (14.7) is established.

On outputs iT7T an  internal file has beean specifleds a format
specification (14.1) that is in the file or is associated (18.1)
with the file must not be specified,

13.9.4 EILE_20SITION_PRIOR_I0_DATA_TRANSEZR

The positioning of the file prior to data transfer depends on the
method of access: saqueniial or direct,

If the fil=2 contains an endflie records the flle must not be
positioned after the endfile record prior to data transfer.

13.9.4,1 3zuuepilal_Acczss
On inputy the file is positioned at the beginning of the next

records This record becomes the current records 0On outputs a new
record Is craated and becores the last record of the file.

An internal file is aluays positioned at the beginnijng of the first
record of the files This record becomes the current racord,

13,9,4,2 Dipzgl Acgess
For direct accesss the file is positioned at the beginning of the

record specitied by +he record specifler (13.5). This recerd
becomes the current record.

13.9.5 DATA_TRAUSEER

Data are truansferred between records and entities specified by the
input/output lists The list items are processed in the order of the
input/outpul liste.

All valuss npeeded tTo determine which entitjes are specified by an
input/output list item are determined at the beginning of the
processing of that item, '
AUV veoluas are +transmitted to or Fron the entlties specified by a
list item prior to the processing of any succeeding list item, In
tha axamplay '

READ (3) Ns A({N)

two values are read; one 1is assigned to MNs and the second is
agsigned to A(N) for the new walue of .

An innut list items or an entlty associated with it (18.1.3)s must
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not contain any portlon of fhe astablished format specificatlion.

If an internal file has been specifiaedy an input/output list item
must not be in the file or associated with the file.

A ODwvafiébia becomes defined at thé‘becinning of processing of the
items that constitute the range of an implied-DO list.

Tn outputs every entity whose valuge js to be trensferred must be
definads.

On inputs an attempf to read a record of a file connected for direct
access that has not previously been written causes all entities
gpacified by Lhe input list to hecome undafinaed.

13.9+5.1 UpEormaifad Dafa Transfer

~During unformattzd data transfers data are itransferred without
editing between the ecurrent record and the entities specified by the
input/output Jist. Exactly one record is read or written.

in inputy tho file must be positionaed so that the record read is an
unformatted record ar an endfilae record.

Nn inputs the number of values required by the input 1list must be
less than or equs! to the numbar of values in the record,

On inputsy the typz of =2ach value in tha reecnrd must agree wjith the
type of the corresponding entity in the input lists except that one
complex valug may correspond to two real list entitias or two real
values may correspond to one complax list entity. If an entity In
the input list is of type characters the length of the character
entity must agree with the tength of the character value.

Alsaos 1 Boolaoaan value may correspond to an  iInteger or real 1lst
antlitys or Lo either half of a double precision or complex tist
entity; and an integer or real values or either half of a double
pracision or complex valugsy may correspond to a Boolean list entity.

Nn output to a Tile connected for direct accessy the output list
must not specify more values than can fit into a record,

On outputs 1T the file Is connected for dirsct access and the yalues
specified by the output list do not Fill the records the remainder
of the record is undefined.

If thse file is connecited for formatted input/outputs unformatted
data transftoer is prohibited,

The unit specified must bhe an external unit.
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13.9.5.2 Eormatted_Data_Transfer

During formatted data transfers» data are transferrad wlth editing
hetween the eptities specified by the input/output list and the
files The current record and possibly additional records are read
or writtan, :

On inputsy the fila must be positioned so that the record read is a
formatted record or an endfile record.

If the file is connected for unformatied input/outputs Tormatted
data trensfar Is prohiblited. :

13+9¢54241 USING_A_FORMAT_SPECIEICATION

If a format specification has been estzblisheds Tormat control
{(14.3) Is initiated and editing is performed as described in 14,3
through 14.5,. '

On inpuks Lhe input list and fTormel specification must not require.
more characters from a record than the record contains.,

If the file is connected for direct access, the record number |is
increased by one as sach succaerding record is read or uyrittens.

On outfputs If the file 1Is connected for direct access or is an
internal file and the characters specified by the output 1list and
format do not Ffill s records blank characlters are addad to fill the
record,

in outputs if the file is connected for direct access or is an
internal files the output Jist and Format specification must not
soaclify mora characters Tor a record than can fit into the record.

1349054242 LIST=DIRZCTED _EDRMATTING

If list-diracted formatting has baen establisheds editing Is
performed as described in 1l4.6.

13,2,5.2.3 RRINTING_QE_EDRMAIILD_RECIRDS

The transfer of infTormatlon in a formatted record to certain devices
determined by the processor is called printing. If a formatted
record is printeds the first character of the record is not printed.
The remaining characters of the records if anys are printed 1in one
1in2 beginning at the left margine

Tha first osharactor of such a record detarmines vertical spacing as
o - 0
foilowus: ‘
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e e + et e e e 2 s 0 e e e e e +
1 Character | Vertical Spacing Before Printing |
+ -2 - Y - — -+
H Bl ank } On2 Line !
H 0 ! Tuo Lines H
H 1 ! To First Line of Next Page H
1 + ' No Advance H
+ - - e e e e e e e e e e

If there are no characters in the record (l4.,5.4)s the vertical
spacing . is one ting anid no characters other than blank ere printed
in that lina,

A PRINT statement does not imply that printing will occurs and a
WRITE statement does not imply that printing will not occur,

134946 EILE_20SITION_ACIER_DATA_TRAMSEER

If an end-of—file condition exists &s a result of raeding an endfile
records the ¥ile js posltioned aftar the endfile record,

If no error condition or end=-of-file condition existss the file is
positioned after the last record read or writlen and that record
bacomns the preceding recordse A reacord written on a file cennected
for sequential access becomes the last record of the file.

If the file is positionad after tha endfils record, execution of a
data transfer fnput/output statement Is prohiblited. However, a
BACKSPACE or REWIND statement may be used to reposition the file,

If an &arror condition existss tha position of the file s
indeterminate.,

13.9.7 INPUT/OUTPUT _STATUS _SPECIEIZR_DEEINITION

If the data transfer Input/output statement contzins an Input/output
status specifiery, the integer variable or array element ios becomes
defineds I¥ no arror conditlion or end—of=Ffile condition existssy the
valye of ips is zero. If an error condition existss the value of
igos is positive, If an end-of~file condition exists and no error

e e

gonditction 2xistss the value of igs is negative.

13.10 AUXILIARY_INRUTZOYTPUT_STATENENIS

-13.10.1 OPEN_STATEMENT

An  NPEN  statement may be us2d to conneoct {(1343.2) an existing filz
Yo a units crzete a file (13.2.1) that 1Is preconnecteds crezte a
file and connect it to a units or change certain specifiers of a

connection between a file and a unit,
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The form of an gPEN statement is:

IPLN (alist)

where goglist is a list (2+11) of specifiers:

S . Bt Se SEE SR G D D D W WD iy Sue s

+ +
! OLUNIT =1 y :
! IOGSTAT = jos !
! ERR = 3 i
! FILE = fin i
! STATUS = stz !
! ACCESS = acgc !
! FORM = fn H
! RECL =l i
! BLANK = hlpk |
! BUFL = hl :
e o0t o s o e e e 0 e i s i +

0list must contain exactly one exterpal unjit specifier (13.3.3) and
may contain at most onea of z2ach of the other specifierss

Th2 other spaciflers are described ags follows:
IDSTAT = igs

Is an input/output status specifjer (13.,7). Execution of an
OPEN statement containing this specifier causes jos to become
dafinad with a zero value IT no error condition exists or
with a processor—dependent positive integer value if an error
condition exists,

is an error specifier {13.7.1),
FILE = £in

fin is a <character scalar expression whose value when any
tralling blanks are removed is the name of the fite to be
connacted to ths specified unit. The alphabetic case of
letters in the value of the character expression is not
significants, The file name must be a neme that is sllowed by
tha procassors If this specifier is omitted and the unit s
not connected to a filey it becomes connected to a
processor=determined files«  (See also 13+10e141s)

Thz processor datermines a file name from the unit specifier 4y as
follows

If INT{y) has a value representable by the digit strinaga p in the
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range 0-999, the fila2 name is TAPEZp.

If BONL(uW) has a value of the form L"f%s where £ s a valid
systen File nama starting =#ith a latters the file name is £
axcept in two cgasest: if BOOL{y) has the value L"INPUT"™ the file
nama is INPUTs and if BOOL{y) has thae valus LY"QUTPUT"™ the file
name is DQUTPUT. Upper and lower case letters in the file name
are interpreted as variants of the same letter.

Othervises the unit specified does not exist.
US = sita

stna is a2 scalar character expression whoss value when any
trailing blanks are removed is OLDs NEW, SCRATCHs or UNKMOWN,.
The alphabetic case of letters in the valug of the character
2xprassion is not significants If OLD or MEW is specifieds a
FILE= specifier must be given. If OLD is specifiedy the file
must exists If NEW is specifieds, the file must not exists
Successful oxacution of an OPEN statement with NEW specified
creates the flle and changes the status to 0OLD ({13.10.1.1).
If SCRATCH is specified with an unnamed files the file is
connected to the specified unit for wuse by the executable
program but is deleted (13.2,1) at the executicn of a CLOSE
statenent referring to the same unit or at the termination of
the executable programs. SCRATCH must not be specified with a
namad Tilz, IT UMKNDWY is spacifiady the status is processor
dependent, IT this specifier is omlitteds a vatue of UNKNOWN
is assumed,

5SS = acg

zge is a scalar character expression whose value when any
trailing blanks are removed 1is SEQUENTIAL or DIRECT, The
alphabetic cas2 of letters in the value of ths character
gxprassion Is not slignificents It specjfjes the access
method for the connection of the file as being sequential or
diract (13.2¢%4). If this specifiar is omittedyr the assumed
value is SEQUENTIAL. For an existing fliltes the specified
access method must be included in the set of allowed access
methods for the file (13.2.4)s For a new files the processor
er»atos - the file with a set of allowed access methods that
includes the soecifled method,.

fm

fm is a scalar character expression whose value when any
trailing blanks are removed is FORMATTEDs UNFORMATTED, or
BUFFEREZDs The alphabetic case of letters in tha value of the
characker adprassion is not signifticants It specifles that
the file js being connected for formatteds wunformatted,  or
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buffered Tnput/outputs respectivelye IFf this specifier s
omitted, a value of UNFORMATTEZD is assumed if the file is
beiny connected for dirnct accesss and a value of FORBATTED
is assumed §if the file 1is being connazctad for sesquential
accesss, For an existing filey the specified form must be
included in the set of allowed forms for the file (1342.:2)0
For a new filas the progcossor craates the file with a set of
allowad ¥orms that iIncludes the spacifiad form.

RECL =l
rl is5 a scalar integer expression whosa value nust be

positives It specifies the length of each record in a file
being connected for direct access or for formatted sequentisal

BCCES3. I the fila 1is beipny connected Tor formatted
input/outputy the length is the number of characters, If the
file is being connected for unformatted direct access

inpui/outputy the lenaoth is measured in processor—dependent
units, For an existing files the value of 1 must be
included in the set of allowed record lengths for the file
{13+2e2)e For a naw files the processor crestes the fite
with a set of alilowed record lengths that includes the
specified value, This specifier must be given when a file iIs
beiny connected for direct access.

BLANK ‘= hlpk

bilnk is a scalar character expression whose value when any
trailing hlanks are removed is NULL or ZERDe The slphabetic.
case of Jla2tters in the value of the character expression is
not significante IFf NULL is specifieds all blank characters
in numeric formatted input fields on the specified unit are
ignorads 2xcept that a Ffleld of ai1l blanks has a value of
Z€ero. IFf ZERO is specifieds all blanks other than leading
blanks are treated as zeros. If this specifier is omitteds a
valus of NULL is assumeds This specifier is permitted only
for o file b2ing connected for formatted jnput/output.

The unit specifier is required to appear; all other specifiers are
optionals oxcept *that the record lenath £l must be specified If a

flle is being connected for direct access. Note that some of the
specifications have an assumed value if they are omitted.

Tha unit spesified must oxist,
A unit may be connected by execution of an OPIN statement in any
program unit of an executable program ands once connecteds may be

refaranced in any program unit of theo oaxeacutable proaram,

BUFL=hl
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bl is an integer or Boolean expression. The value of INT(bL)‘
must be nonnagative and spoecifiass the buffer ltength (15.1.1)

13.10.1.1 QEEN_Qf_a_Qaangcisd_unit;

If a wunit is connected to a Tile that existss execution of an (OPEN
statement for that unit ls permitteds If the FILE= specifier Is not
included in the OPENM statements the file to be connected to the unit
is the same as the file to which the unit is connected.,

If tha file Tto be connacted fo the unit does not axisty but is the
sama as the flle to yhich the unit is preconnecteds, the properties
specified by the OPEN statement become a part of the connection,

If the fila to be connacied to the unit is not the same as the file
to which the unit |{s connecteds the effect 1is as if a CLOSE
statement (13.10.2) without a STATUS= specifier had been executed
for the unit immadiately prior to the execution of +the OPEN
statement.

If the file to be connected to the unjit. is the same as the file to
which the unit is connecteds only the BLANK= specifier may have a
yvajlue different from the one currentiy in effect. Executlon of the
OPEN statement causes the new value of the BLANK= specifier to be in
effects The position of the file is unaffected.

If a file is connacted to a units, executlion of an OPEN statement on

that file and a different unit is permitteds The effect is that the
file becomes connected to more than one unit.

13,1002 CLUSE_STATENZHT.

A CLOSE statement 1is wused te terminate the connections of a
particular Til2 to the unit or units to which it iz connected,

The form of a CLOSE statament is:?
CLOSE (egllisht

where gllist Is a tist (2.11) of spegifiers:

o e e e e e e e e e e +
i LUNIT =1 u H
i IOSTAT = iags |
! BRR = g H
i STATUS = sta )}
e o e s e e 1 e e e 4

gllish must zontein exacily one external unit specifier (13.3,3) and
may contain at most one of each of the other specifiers.,
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The other spaecifiers are described as fTollows:
I0STAT = igs

is an Input/output status specifier (13.7)., Execution of a
CLOSE statement containing this specifier causes igs to
becomae dafined with a zero valuz if no error condition exists
or 4ith a processor—dependent positive integer value {f an
error condition exists,

ZRR = g
is an error specifier {13.7,1)
STATUS = giia

sta is a scalar character expression . whose value when any
trailing hlanks are removed is KEEP or DELETE. The
alphabetic case of letters in the value of the character
expression is not significante. stz determines the
disposition of the file that Is connected to the svecified
unit. KEEP must not be specified for a file whose status
prior to execution of the CLDSE statement is SCRATCH. If
KEEDP jis5 spacified for a file that oxistss the File continues
to exist after the executlion of the CLOSE statement. If KEEP
is specified for a file that does not existy, the file will
not oxist after the exacution of the CLOSE statement, If
DELETE is specifieds the file will not exist zfter execution
of the CLOSE statement. If this specifier 1is omitted, the
assunmed value is KEEPs unless the file status prior to
gxuacuytion of the CLOSE siatement is SCRATCH, in which .csse
the assumed value Is DELETE.

Zxecution of a CLOSE statement that refers to a unit may occur in
any program unit of an 2xecutables program and need not occur in the
sane progras unit as the execution of an OPEN statement referring to
that unit.

Exacution of a CLOSE statement specifying a unit that does not exist
ar has no flle connected to It Is permitted znd affects no flle,

After a unit has been disconnected by execution of a CLOSE
statements it may b2 connected again =within the same executsble
programs althar to. the same2 Ffll2 or to a different flle. After a
file has bheen disconnected by execution of a CLOSE statement, it may
be connected again within the same executable programs ecither to the
sam2 unit or to a Jdiffarent wunits provided that the Ffile still
axists.

If a file is connected to more than one unity, the CLOSE statement
may refar to any one of thase units nwith the same effect: esch unit
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is disconnected.
13¢10.2.1 Inplicii_Close gt JTasrmipnation_ pf Exegutlion.

At termination of execution of an executable program for —reasons
other than an error conditions all units that are connected zre
ciosaed., Pach unit Is closad with status KEEP unless the file status
prior to ‘termination of execution was SCRATCHy in which case the
unit is closed with status DELETE. Notz2 that tha affect is as
though a CLOSE statement without 2 STATUS= specifler ware executed
an each connected ynit,

13,10.3 INQUIRE_STIATZHENT.

An INQUIRE statement may be used to inquire about propefties of a

particular named Tile or of the connection to a particular unit.
Thare are tuyo formzs of the IMAUIRE statement: Inquire by file and

fnquire by unit, AlY valua assignments are done zccording to the
rules for assignment statements.

The INQUIRE statement may be exacutsd beforas whiles or after a file
is connected to a uynit. All values assigned by the INQUIRE
statement are those that are current at the time the statement is
executed.

136104301 I.UQQI.EE-E!.‘!.-ELJ.::&
The form of an INQUIRE by file statement is:

INOUIRE {iflishH)
where jflist is a list (2,11) of specifiers that must contain
axactly one file specifiar snd may contain other inquiry specifierss
The 1flistk may coptain at moest one of each of the Inquiry speciflers
described in 13+.10:,343, - :
Tha form of a file gpacifler Is:

FILE = fin
vwhzare fin is a charactar expression shose value when any trailing
hlanks are removed specifies the name of the file being inquired
about. The named file need not exist or be connected to a unite.
Thae wvalue of f£ip must be of a form accapltable to the processor as a
Flle name,
The form of an INQUIRE by unit statement lIs:

IMQUIRE (iulist)
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where julisk is a 1list (2.11) of specifiers that must contain
~exactly one external unit specifier {13+.3+3) and may contzin other
_inquiry specifierss The julist may contain at most one of each of
tha inauiry specifiers described in 13.106343¢ The unit specifiad
need pot exist or be connected to a flle. ITFf It Is connected to a
Files the inquiry is being made about the connection and about the
file connected.

13410343 Lpauirv_3oeclfierss

The following inquiry specifiers may b2 used jn either form of the
INQUIRE statement?

- — aun -

INSTAT = igs
ERR = s
EXIST = ax
OPENED =
MUMBER = pup
NAMED = pnd
NAME = fn
ACCESS = acg
SEQUENTIAL = seg

"DIRECT = dir
FORM = fp
FORHNATTED =
UNFORMATTED
RECL = el

0 jh

nt
unt

= QL
BLANK blnk

- s - e o v - -

i
i
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Tha specifiars are described as follops:

IOSTAT = ias
is an inpuit/output status specifier (13.7)e Executlion of an
INQUIRE statement containing this specifier causes jgs to
become definud with a zero valu2 |JF no error condition exists

or wlth a procassor—devendent positive Integer wvalus §if an
error condition existse

is an errof specifier (1347.1)

EXIST = ex
3x is 4 loglcal variable or lpgjcal array clement. Execution
of an INQUIRE by file statement causes gx to be assigned the

valua  +{true 1§ there exlsts a file with the specifled name;
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othervises g2 is5 assianed the value false, Execution of an

INQUIRE

by unit statement causes gx to be assigned the value

trua §if the specilfied unit exists; other
the value false,

OPENED = od

wises g is assigned

od is a loglcal variable or logical array element. Execution
of an INQUIRE by file statement causes gd to be assigned the
value +truge If the file speclifled is connected to a unit;
otherwises god is assigned the value false. ZExecution of an

INAQUIRE by unit statement causes. gd to
~true if the specified unit is connected
od is assigned the value false.

NUMBER = nuya

pum. is an integer variabl2 or inteager
assigned the valuz of the external unit
that is currently connected to the fi
unit is currently connected to the filey

ba assigned the vatue
to a File; otherwises

array element that is
identifier of a unit
ies If more than one
the choice of the

unit used to assign o2 value fo pup is as described belowse IFf
there is an external unit identifier u currently connected to

tha Tile such that either

{1) INT(y) has a value in the range 0-999s or

{2) BOOL(y) has a value of the form L"TAPEK"s where k is
an jnteger in the range 0-999 with no leading zeroy

then the value assiagned to pum will be i
{In case (1) the value assignad to pum 1
in case (2) it is the value of K.

n the range 0-999,
s th2 value of y, and
If external unit

identl®taers of both types (1) and (2) are currently connecctad

to the files the processor may assign el
type (2) value,) Otherwises the value
the form INT{LY"E£")s where £ Js a valid s

NAMED = pmd

nond is a logleal variable or logjcal arr
assigned the value true if the File has
is assigned tha value false.

MANE = fn
. fn is a character variable or character

zssiagnad the value of the name of the Fi
names otherwisey, it becomes undefined.

ther a type (1) or a
assigned to pup is of
yvstem file nanme,

ay element that is
a2 namej otherwises it

array element that is

les IT the flie has a
If the name of the

file contains alphabetic cheracters they will be returned in

upper case. Note that if this speaci

fier appears In an
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- o

ACCESS

SEQUE

DIRECT =

FORM

- T ot Toh UL e o A Y s A S SO S - - - T " > N S B W gy o W B

INAUIRE by fTile statements, its value Is not necessarily the
sane as the name2 given in the FILE= specifier. For example,
the processor may return a file name qualified by a wuser
identification, Howevery the value returned must be suitable
for use as the wglue of & FILE= specifisr in an DPEM
statament.

agce

age is & character variable or character arrey 2lement that-

is assigned the value SCQUENTIAL if the file Is connected for

sequential accesss and DIRECT if the file is connegcted for

direct access. If there s no connections ages becones
undefineds o ‘

HTIAL = gga

sea is a character variable or character array element that
is assignad the value YIS if SEQUENTIAL is  included in tha
set of allowad access methods For the Files NO 1f SEQUENTIAL
is not included in the set of allowed access methods for the
files and UNKHOWM §if the procsessor is unabla to determine

whoethar or not SEQUENTIAL is included In the set of 2allowed

access methods for the file,
dic

dir Is a cgharacter variable or chqracter array element that
is assigned the value YES if DIRECT . included in the set of
allovad &«ccass mathods for the file’ NO if DIRECT is not
included In the set of allowed access methods for the filey
and UMKNOWN if the processor. is unable to determine whether
or not DIRECT Is included in the seft of allowed access
methods Ffor tha fitle. -

-

RE

fw is a charactar variable or character array element that iIs
assigned the value FORMATTED if the file is connected for
formatted input/outputs UNFORMATTED if the fila2 is connected
for unformattad inpui/outputs and BUFFERED jf the file s
connected for buffered input/output. If there 1is no
connecltiony fm becomes undefined. :

FORMATTED = ZInmk

fmt is a character variable or character array element <that
is assigned the value YES If FORMATTED is Included in the set
of allowed forms for the files, NO if FORMATTED is not
included in the set of =allowead forms for the files and

UNKNOWH §Ff thie processor Is unable to deternine whether or
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not FARMATTED is includad in the s»2t of allovwed forms for the
fitle,

UNFORMATTED = upf

unf is  a character variable or character array slement that
is assigned the value YZS if UNFORMATTED is included in the
set of allowed forms for the files NI if UNFORMATTED is not
included in the set of =atllowed Torms for the Ffiles and
UNKNOWN 1f the processor is unable to determine whether or
not UNFORMATTED is included in the set of allowed forms for

RECL = rzgl

rel is an integer variable or integer array element that is
assigned the valuz of the record length of the file connected
for direct access. If the file is connected for formatted
input/output, the length is the number of characters.s If the
fila is connectad for unformatted input/outputs the length Is
measurzd In processor—dependent ynits. If there 1is no
connections £gl becomes undefined, :

HEXTREC = pr

oL is an integer variable or integer array element that is
assigned the value n+ls where n is the record number of the
last record read or written on the file connected for direct
access. If tha file is connected but no records have been
read or written since the connections, pr is assigned the
vatue 1. If the fTile is not connzctad for direct access or
if +the position of the File is Indeterminate because of a
previous error condition» pr becomes undefined.,

BLAMK = blok

blpnk is a character variable or character array element that
is assioned the value MULL if null blank control is in effect
for the TIila connucted for formatied Inout/outputs and s
assigned the value ZERD if zero blank control is in effect
for the Tila connected for formattind input/output. If there
is no connections aor If the connection is not for formatted
input/outputs blpnk becomes undefined.

A vari«able or array elamant that is. used as o specifier 1In . an
INQUIRE statements or any asspciated entityy, must not be referenced
by any other specifier in the same INQUIRE statement,

Exagution of an INQUIRE by Ffile statement c¢auses *the specifier
varjables or array elements apds fnr seqs dirs fmnts and upf to be
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assigned valyes only if the value of £fin is acceptahle to the
processor as a fTileg name end if there esxists a file by that name;
otherwises they becomz undefined. Note that pum becomes defined |If
and only if od becomes defined with the value true, Note also that
the spaclifizsr varlables or array elements acgs fms rels prs and bink
may become defined only if od becomes defined with the value true.

Executlion of an INQUIRE by unit statement causes the specifier
variables or array elements pums pmds fns accs segs dirs foms fnks
gnfs rpels pre and hlpnk to be assligned values only If the specified
unit exists and if a file is connected to the unit; otherwises _they
hecome undafined.

If an  error condjtion occurs .during execution of an INQUIRE
statement, all of the inquiry specifier variables and array elements
axcapt jog boacoms unda2finad.

Hote that the specifier variables or array elements ex and gd always
hogoma definad unless an error condition occurs.

13.,10.4 EILE_EBSIIIQNIME_SIAIEUENIS-
The forms of tha fila positioning statements aret.
BACKSPACE u
BACKSPACE {alisk)
ENDFILE y
gNDFILE {(alisZ)
REWIND y
REVIND {aligk)
wheres: u is an external unit identifier {13.3.3)

alish is a list (2411) of specifiers:

t o ————————— +
1 LUNIT =1 y H
! IOSTAT = jos |}
! ERR = s H
e s o e e e e +

alist must contain exactly one external unit specifier (13.3.3) and
may contain ati most ona of 2ach of tha other specifiers.

The aoxternal! unit specified by a BACKSPACEs, EMNDFILEs or REWIND
statement must be connected for sequential access,
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Execution of a file positioning statement containing an input/output
status specifTier causes jos to become defined with a zero value if
no error condition axists or with a processor—dependent positive
integer value if an error condition exists.

13,10+4.1 BACKSPACE_Statements

Exzcution  of a BACKSPACE statement causes the file connected to the
specified unit to be positioned before the preceding record, If
thare is no praceding record, the position of the file is not
changeds Noie that If the preceding record Is an endfile records
the file becomes positioned before the endfile record,

Backspacing a .file that is <connectad but does not exist is
prohibitard.

4]

Backspacing aver records written using list-directed formatting s
prohibited.

13,1064,2 ZUDEILE_Statnpantas

Zxecution of an ENDFILE statement writes an endfile record as the
next record of the fTiles The Ffile is then positioned after the
endfile record,. If the flile may also be connected for direct
accessy only those records before the endfile record are <considered
to have been writtens Thus, only those records may be read during
subsequant direct access connactions to the filea.

After execution of an EMDFILE statements a BACKSPACE or REWIND
statement wust be used to reposition the file prior to execution of
any dats Lransfer input/output statement,

Exacution o an ENDFILE statement‘ror a fjle that s connected but
does not exist creates the file.

13,10.4.3 RENIND_SEafomanta

Zxecution of a REWIND statement causes the specified file to be
positioned at its initial pointe Note that if the fila 1is =aiready
positionad at Its Inltial pointy exz2cution of this statement has no
effect on the position of the file.

Cxecution of a REWIND statement for 2 fTijle that is oconnected but
doas not 2xist is permitted but has no cffect,

© 13,11 RESTRICTIONS _ON_FUNCTION- REEERENCEZS_AND_LIST_ITEMS
A function must not be raferenced wlthin an expression sppearing
anyvhere In an jnput/output statement If such a reference causes an

input/output statement to be executed, Note that a restriction in
tha evyaluation of axpraessions {6.6) prohibits certain side effects.
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13,12 RESTRICTION O INPUT/OUTPUT STATEMENTS

13,12 RESIRICTION_DON_INPUTZOUTPUT_STATEMENTS

If a unity or 2 file connected te a2 unity deces not have aj}l of the
properties required for the execution of <certain input/output
statementss those statemeénts must not refer to the unit.

13,13 NAMELIST IupUT/0UIRUT

MAMELIST providas formatted Input/output with processor=-determined

A MAMELISI group_pame provides the means of referring to a NAMELIST
input/output liste Usage of a group name is tha means of specifying
NAMELIST formetting. A NAMELIST statement 1is used to specify a
NANELIST group name and the input/output 1list to be subsequentiy
associated with that group name, ‘

NAMELIST Tormatting is established for an Input/output data transfer
by using a NAMELIST group name as the format identifier £ in a READ,
WRITEs PRINTs or PUNCH statement (13.4 (6))s The statement must not
fnclude an input/output list.

13.13.1 NARELIST_STAISNZHNI

The form of a NAMELIST statement is:

MAMELIST /arppame/ pniolist [/orppame/ piglisileee

where: arppame is a NAMEZLIST group names Only one appearance of a
group name in all of the NAMELIST stetements of a
proaran unit is permitteds A aroup name of END is
prohibited.

t is a2 MAMELIST input/output list of one or more
itemss 2ach of whlch must be one of the following?

pioli

n

{1) A variable name
{2) An array name
{(3) A virtual (IDENTIFY) array name

tach name in the list piolist may be of any data type.
niolist way not contaln the name of an assumed size array.
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13.13.2 NAMZLISI_DATA_TRANSEER
A HAMELIST hlngk Is one nr more formatied records that consist of a

sequence of characters in NAMELIST format (14.7). Execution of an
input/output data transfer statement with MAMELIST formstting causses
one NAMELIST block to be transferred. ' :

Execution of a WRITEs PRINTs or PUNCH statement with NAMELIST
Tormatting causaes one MAMELIST block to be written to a Tiles Data
are trensferred from fnternal storage in the order specified by the
input/output list associated with the NAMELIST group name that
appaars in the output dsta transfer statement,

Execution of & READ statement with NAMELIST formatting causes one
HANZLIST block to be read from a file« The MNMAMELIST group name in
the block read must be the same a5 the group name in the READ
statemant beling executeds Each variable or array name in the block
must appear in the input/output list associated with the group name,
Item names in the block may occur in any order and number,. Note
that an  item name may app=2ar more than once in a blocks possibly
resulting in more than one definltion of an entity. The bieock is
transferred with NAMELIST editing {(14.7) to internal storage in the
order of item nam& Applarance. Values are trensmitted to the
entities speclified by the item names., The deTinition status and
value of each entity whose name does not appear in the NAMELIST
block are wunchanged upon completion of the transfere. Note that an
antity namad in the associated inpui/outpul list but not named 1in
the NAMNELIST block retains its prilor deflnitlion status and values

Nn inputs an error condition exists if the file is not positioned at
the beginning of a NAMELIST block, If the current MAMCLIST block is
not the one specified In the READ statementy the input flle will be
positioned Forward to the NAMELIST block corresponding to the
MANELIST group name in the READ statemente If the file is initiatly
positioned preceding sn endfile records an end-of-fila condition
ncecurs and the actions specified in section 13,6 take place. If an
endfile record is encountered while reading or .while positioning
Torward searching for a3 NAMELIST blocks an error condition exists
and the actions sepzciflied In section 13.6 Ltaks place.

The effeckt of executing a data transfer input/output statement with
NAMELIST formatting is otherwise as described in Section 13,9,

13,14 ENCODE_AND_DECODE _SIATIEMENIS

Thé EHCODE ztatamont is  the extended internsl flile (13.2.5) deta
transfer output statement, The DECODE statement s the extended
internal file data transfer input statement. The forms of the

statements are:
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ENCODE (ks f» u) [ioliskt]
DECODE (ks £» uwd [inlistd
Wwhere: ‘ ‘ .
K is an unsigned integer constant or intager variable

having a positives nonzero values The value
specifies the number of characters to be transferred
to or from each record of the file identified by u.

£ is a format specifier (13.14) which is specified as
on2 of the following:

(1) The statement Jabel of a FORMAT statement
that appears in the same program unit as
the formet identifier

{2)Y A character afray nahe or charécter arfay
section {14.1.2)

u is an internal Ffile identifier (13.3.3) for an

extended internal file

iolist is an input/output list (13.842) specifying the data
to be transferred

Execution of an ENCODE statement causes values to be. transferred to
an extended internal file from th2 entitins specified by the output
fist jolizt {if any) and the format identifler  f. The execution
sequencey restrictions and error conditions are as described in
Saction 1349 Tor a formatted WRITE staloment that ftrensfers data to
an Internal Tile.

fxecution of a DECDODE statement causes values to be transferred from
i axtendad internal file to the entities spoacifisd by the input
fist lollst (if anv). Execution proceads as described in Section
13.9 for a formatted READ statement that transfers data from an
intarnal fila.

The length of each record of an extended internal file s
established by the ENCODEZ statement that causes the file to exist by
defining or radefining it Note that the record tength may be
changed by subsequent redefinition. The record length Is measured
in characters and is the number of characters transferred. It is
a¥{{(k+7)/743) characterss where a is the maximum number of <characters
that. can be represented by the processor in one numeric storage
unit,

Achtion is unspacified iF the *total lensth of all records read or
written exceeds the number of numeric storage units of the file
{(1342+4543)
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Action Is unspecified if any element of iglist is in the file or 1is
assocjated {18,1) with the file.

In  outputy 2 Fformat specification {(14.1) that is in the file or is
- associated [(18.1) with the file must not be specified,

Motz that an axtendad internal file may be definad or redefined by
means other _then an ENCODE statementy, such as a Boolesan asslignment

statement, Such means must ensure that the record tength is
established as provided above and in Section 13+2:5.3, :

13,15 BUEEER_IU_AND_BUEEER_OUT _STATEMEUIS
Thas BUFFZER  IN  and BUFFER QUT statements initiste unformatted dsata
transfer, Progran execution mavy continue Immedliately while the
transfer proceeds.,
The forms of tha statements are:

BUFFER TI# ({usp») {slssn)

BUFFER IUT (u,p) (slssn!}

Mherad A
y is an external unit identifier (13+¢3+43) which is not an

to

Is an Integer constant or an integer variable name. The
value of o is not significant

31 is a variable name or an array element name of type other
than characters bit or half precisione 51 specifies the
Tfirst ontity of a storage sequence (13,1,1) to be
transferred.

sn is a variable name or an array 2lement name of type other
than characters bit or half pracislion. sp specifies the
lasts or possibly only, entity of a storage sequence to
ba transferreod,

Exzcution of & BUFFER IN statement Initiates the transfer of values
from one record of an unformatted external file to the storage
sequance slseeshDe ZSx2culion of a BUFFER QOUT staiement initiates the
transfer of values from the storage sequence Slseesn to one record
of an unformattaed 25ternatl fila., The entities sl and gp must be the
sape varjable or myst be in the same arrays, common or equivalence
class., Action is undefined if one of these relationships does not
holile

The axuecution sequances rtestrisctions and error conditions are as
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described in Section 13.2 for an input/output dats transfar with an
unformatted external files» except

(1) Immediately after the dats transfer has been successfully
initiateds the processor resumes normal program axzcution.

{2) On input, the storage sequence Slese¢SD canh be Jonger than
tha number of wvalues in tho2 record, The definition status
of the remaining part of the sequence Is not changed.

A BUFFER IN or BUFFLR OUT data transfer is completed by referencing
the processor-suppilied function UMIT {16+411¢6), Action is
unspecified {F the program referances or defines the storage
sequence Sls.ssn during an input data transfery or if the program
redafines tho s=2quence or causas it to becgome undefined during an
ouiput data transfere. : ‘
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.14,0 FORMAT SPECIFICATION

A format used in conjunction with formatted input/output statements
provides information that diracts the asditing between the Internal
representation and the character strings of a record or a sequence
of records in the file, '

A fTormat spaecification provides explicit editing informations An
asterisk (%) as a Fformat ldentifier in an inpyt/output statement
indicates list=directed formatting (14.6).

14,1 EDRMAI_SPRECIEICATIQN_MEIHRDS
Formatvspecifications may be given:?
{1) In FORHAT statemants

{2) As values of character arrayss character variablesy or other
character expressions

14.1.1 ENRMAT_SIAIEUENT.
" The form of a FORMAT statement is:
FORMAT £3

where fs is a format specifications as described in 14.2. The
statement must be labelad,

14.1.2 CHARACTER_EDRMAT_SPECIEICATION.

If the format identifTier (13.4) in a formatted input/output
statement iz a characier array names character varisble nemes or
nther character expressions the leftmost character positions of the
specified entity must be in a dafined state with character data that
constituts a2 Tormat spacification when The statement is5 executed.

A character format specification must be of the form described in
14+.?2. Mote that the form begins with a left parenthesis and ends
with a righht parenthesis,. Charecter dsta mav follow the right
parenthesis that znds the format specifications with no =2ffect on
the format specifications Blank characters may precede the format
specification. ‘

It the format identifler is a character array names the length of
the format specification may exceed the length of the first element
of the array; a character array format specification s considered
to be 2 concatenation of all the array clemenits of tha array in the
order slven by array element ordering (5.3.4)» Howevers If a
character array element name is specified as a format identifiery

COMTROL DATA PRIVATE
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the length of the format specaf:cation must not exceed the length of
the array elament., :

If the format identifier (13.4) in a formatted input-output
statement is a noncharacter array names the first m elements of the
array must be in a defined state such that the juxtaposition of the
vyalues containad in th2 storsgs secuesnce of the first m alements of
the array. {for some positive integer m), with 2ach numeric storage
unit in the storaye sequence interpreted as a Boolean valuey
constitutes a valid format specification when tha statement is
ayaputed,.

A noncharacter array format specification must be of the form

described © in 14.2. Note that the form begins with a left
pearenchasis and ends with =2 right parenthesis. There is no
requirement on the information contalned In the array following the
right parenthesis that ends  the format specification. Blank

characters may precede the format specification,
14,2 EQRU_QE_A_EORMAT_SRECIEICATION
The form of a farpal specificalion is:
( [f1listl )
wharz flist is a 1ist (2.11)s The forms of the Flist items are:

[rl ed

where: ed Is a repaatsble edit descriptor (14.2.1)
pned is a nonrepeatable 2dit dascriptor (14,2.1)

fs Is a format specification with a non—empty list flist

L is a nonzaroy unsignedy inta2ger consiant callied 2 rapeat
specification
The comma usad to saparate list items in the {1ist £flist may be
omitted as follows:

{1) Betwnen -a P 2dil descriptor and gen immediately following Fy

Ey Dy or G odit descriptor (l4.5.9)
{?2) Before or after a slash edit descriptor (l&4.5.4)
(3) Bafora or after a colon edit descriptor (l4.545)
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14.2.1 EDIT DESCRIPTORS

14,241 EDIT_DESCRIZIORS

An adil Qﬁﬁﬁ;lgigt is elther a repeatable edit descriptor or a
nonrepeatable edit descriptore.

The forms of a Lepaatahlz gdit dasgripior ared

Iy
Ix.g
Fued
EFwed
Enedte
Dued
Gﬂ'd
Gu.dfs
Ly

A

Ay

Oy
Oue.R
Iy
ZuleD)
By

Ry

wheret I, Fs E»y. Dy Gs Ls As 0» Zs Bs and R indicate the manner of
aditing

a and g are nonzeros unsligneds integer constants where @
cannot exceed th2 value 6.

d and B are unsigned integer constants
The forms of a ponrepealabls 2d4if descriplor are:

'hl hZ se s hn'
niia1lh2 <.+ hn
"h1lh2 ..s hn"
Ta

TLa

TRe

X

/

S

SP
SS
kP
B
BZ
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wheret apostrophes Hs quotes Ts TL, TRJ X» stash» colons Ss SpPs SS»
P» BNs and BZ indicate the manner of editing

is oneg of the characters capable of representation by the
processor

[ g

a) and ¢ are nonéero) unsigneds intégﬂr constants
k' iz an optlonally sibned Integer constant
14,3 LUTERACTION BZTMZEN _IN2UT/OUIRUT_LIST_AND_EORMAI

The beginning of formatted data transfer using a format
specification (1349.542.1) initiates format coptrale Eech action of
farmat control depends on information Jjointly provided by:

{1) the next edit descriptor containad in the format
specifications and

(2) the next item in the input/output list, if one existse

If an input/output list specifies at laast one list itemy at least
ons repeatablie  edit dascriptor nust gxlist in the format
specification. Note that an empty format specification of the form
{ ) may be used only if no list items are specified; in this ~cases
ona input record Is skipp2d or ona output record containing no
charzacters is written, Except for an edit descriptor preceded by a
repeat specificationy £ 2ds and a format specification preceded by a
repaat specifications r{flisi)s 23 format specification is
interpreted from left to right. A format specification or edit
descriptor preceded by a repeat specification r is processed as a
lizt of ¢ formet specifications or sdit descriptors ldentical to the
format specification or edit descriptor without the repeat
specifications Nota that an omitted rapeat specification is treated
thaz sam2 as 3 repeat specification whose value is one.

To each repeatable edit descriptor interpreted in a format
specifications there corresponds one Item specified by the
input/output list {13.8.2)s except that a list item of type complex
requires the interpretation of two Fy £y D» or G edit descriptorss
To each Py X, Ts TLy TRs S» SPs, SSs Hs BHNs BZy» slashs coion» quotey
or apostrophe edit descriptors there 1Is no corresponding ltem
specified by the input/output lists and format control communicates
information dircctly with the record,

Whaneyer format control =ncounters a repeatable edit descriptor In a
format specjfications It determines whether there is a corresponding
item specified by the input/output lists, If there is such an itemy
it transmits appropriately edited information betwean the item and
the records and then format control  proceesds. If there Is no
corresponding items Fformat control terminates.
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If format control encounters a colop 2dit descriptor in a format
specification and another list item is not specifieds format control
terminates.

If format control encounters the rightmost parenthesis of a complete
format specification and another list item is not specified, format
control terminates, Howevery, if another list item is specifieds the
file is positioned akt the baginning of the next record and format
coniro!l then raverts to the beginning of the format specification
terminated by the last preceding right parenthesis. If there is no
such precading rignt parenthesiss format control reverts to the
first 12ft parenthesis of the format specification. If such
reversion occursy the reused portion of the format specification
must contain at . least one repeatable edit descriptor. If format
control reverts to a parenthasis that is preceded by a rpepeat
specifications the repcat specificatjon 1is reused. Reversion of
format controls of itselfsy has no effect on the scale factor
(14,5,7)s tha S» SPs or SS edit descriptor sian control {(14.5.6)s or
the BN or BZ adit descriptor blank control! (14.5.8).

1444 POSITIONING BY ENRMAT_CONTIRAL

After each I» Fs Zs Ds» Gs Ls» As Hs 0O, Bs» Zs Rs quotées or spostrophe
edit descriptor Is processeds the file is positioned after the last
character read or written in the current record,

After each Ts TLy TRs X» or stlash edit descriptor Is processeds the
file ls positioned as described in 14.5+.3 and l4e5¢4a

If format control reverts as described in l4.3» the file is
positioned in a manner identical to tha way it is positioned when a
slash ¢dit descriptor is processed (14.5.4).,

During a read operations any unprocaessed characters of the record
are skipped whenevar the next rzecord is read.

l4+5 EDITING

gdit descriptors are used to spocify the form of & record and %o
direct the =2ditiny between the cheracters in a record and internal
representations of data.

A field is a part of a record that is read on input or written on
outout when format control processes one I, Fs Ey» Dy Gs Ly Ay Hp 0y
s 7Z» Ry quotes or apostrophe edit descriptor. The fileld width is
the siz2 in characters of the Tleld, S

The internal representation of a datum corresponds to {he internal
representation of a constant of the corréesponding type (Section 4).
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14,5.1 AROSIROBUE_AND_QUATE_EDITING

The apostrophe edit descriptor has the form of a character constant,
It causes osharacters %o be written from the enclosed characters
{inclyding blanks) of the =2dit descriptor I|tself. An sapostrophe
edit descriptor must not be used on input. ‘

The width of the field is the numb2r of characters contzined in, but
not includings the delimiting apostrophess Within the fields two
consecutive apostrophes with no intervening blanks are counted as a
single apostrophe,

The quote edil desecriptor causes characters to be written from the
anciosed characters ({(including blanks) of  the edit descriptor
itselfs A quote edit descriptor must not be used on input.

The #idth of the fiald is the number of characters contained Iny but
not includings the delimiting quotes. Within the fieldy, two
consecutive quotes with no intervening blanks are counted as a
single quote,. "

Nota that {iF a quote edit descriptor occurs within a character
constant and includes an apostrophes the apostrophe must be
reprasentad by Two consaecutive apostrophes,.

14.5.2 H_EDITING

The pH edit descriptor causes character information to be written
Prom the n characters (including blenks) following the H of the nH
edit descriptor in the format specification itself., An H edit
desceriptor must not be used on input,

Note that If¥ an H edit descriptor occurs within a character constant
and includes an apostrophes the apostrophe must be represented by
two consecuilive spostrophes which are sounlted as one character in
spacifying n.

144543 EOSITIONAL_GDITIING.

The Ty, TLs TRs and X edit descriptors specify the position at which
the next character will be transmitted to or from the record.

Tha position spaecified hy 2 T adit descriptor may be in either
direction from the current positions 0On Inputs this allows portions
of a record to be processed more than onces possibly with different
aditing. .

Tha position specifiad by an X edit descriptor is forward from the
current positione 0On inputs a position beyvond the last character of
the record may bea spacified if no characters are transmitted from
such positions.
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In outputs 8 Ts TLs TRy or X adit doscriptor does not by itself
cause characterss to be transmitted and therefpore does not by itself
affect the length of the record.s If characters are transmitted to
positions at or aftaer the position specifiad by a Ty TLs» TRs or X
adit descriphors positions skloped and not previousiy filled are
Tilled with blanks. "The result 1is as if the entire record were
intially filled with blanks. i

In outputsy a character in the r=cord may be replaced. Howevery a T»
TLr TRs» or X edit descriptor never directly causes a character
already placed. in the record to be replaceds Such edit descriptors
may result in positioning so0o that subsequent editing csuses a
replacement.

14450341 To The_ and TR_Editipge

Tha Tg edit descriptor Indicates that the transmission of the next
character to or from a record is to occur at the gcth character
positions '

The TLg edjt descriptor indicates that the transmission of the next
character to or  from the record is to occur st the character
position ¢ charactars backward from the current position. . Howevers
if the current position is less than or equal to position gs the TlLg
adit descriptor indicates that the transmission of the next
character to. or Trom the record is to occur at position one of the
current record.

The TRg edit descriptor indicates that the transmission of the next
character to or from the record is to occur at the character
position ¢ characters forward from the current positione.

14454302 X_Zditings

The pX edit descriptor indicates that the transmission of the next
character 4o or from @a racord iz to occur at the position p
characters forward from the current pogition.

145514 SLASH—EDIIIUQ‘

The siash adit descgriptor indlicates the end of data transfer on the
current record,. v

n  input from a file connectad for sz2quential sccesss the remaining
portlon of the currcent record is skipped and the fjle is positioned
at ‘the beginning of the next record, This record becomes the
current raecords 0On output %to e Til2 connecied for ssquential
Aacecassy o now racord  is craeated and becomes the last and current
record of the file,

Mote that a record that contasins no characters may be written on
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.oputpute If the file is an internal file or a file <connected for
direect accasss thae regord is filled with blank characters.  Note
also that an entire racord may be skioped on Input.

For a file . connected for direct accessy the record number is
increased by on2 and the fil2 is positionaed at the beginning of the
record that has that record number, This racord becomes the current
record.

144545 CALOU_zZDITING.

Thz colon adit descriptor terminates format control if there are no
more items in the input/output list (14.3). The colon edit
descripitor has no ffect if there are more itams in thz input/output
fist,

14,546 3o SPa_AHD_55_EDITING.

Tha S, SPs and SS adit dascripltors may be used to control optional
plus characters {in numeric output fields. At the beginning of
execution of =sach formatted output statements the processor will not
produce 4. plus in numerie output fields. If an SP edit descriptor
is encountarad In a format sp2cificatlions, the processor must produce
a plus in any subseguent position that normally would lack the plus,
If an SS edit descriptor is 2nocounterads the processor must not
produce a plus in any subsequent position that normally contains an
optional plus. If an S edit descriptor is encountereds the procesor
reverts to not producing a plus in numeric output fields.

The S» SPs and S5S odit descriptors affect only Is Fs £» Dy and G
aediting during the execution of an output statement. The S» SPs and
SS edit descriptors have no effect during the execution of an input
statement,

14.5.7 BP_EDITING.

A scale factor is specified by a P edijt dascriptors which is of ¢the
form?

kP

where K is an optionally signed integer constant, called the gcale
fackor.

144547¢1 Scalae_Eagtors

The valuz of the scale factor Is zero Aat the beginning of execution
" of each inout/output statement, It applies to all subsequently
interpreted Fs By Dy and 6 edit deascriptors until another scale
factor 1Is sa2ncountereds and then that scale factor Is established.
Hote that reversion of format control (14.3) does not affect the
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astablished scale factor.,

‘The scale factor k affects the appropriate editing in the folloﬁing
manner: :

(1) On inputs with Fsy Es Ds and G editing (provided that no
exponent exists in the field) and F output editings the scale
factor effzclt is  that the ~2xztaernally reopresented number
aquals the Internally represented number multiplied by 10%%k.

{2) On inputs with F» Es Ds» and G editings the scale factor has
no a2affect if therae is an exponant in the field,.

(3) On output, with E and D editinys the . basic real constant
{4¢4.1) opart of the gquantity to be produced is multiplied by
10%%k and th2 2xponent is reduced by k.

{4) On outputsy with G editings the effect of the scale factor is
suspanded unless the magnituds of the datum to be.edited is
oytside the range that permits the use of F editing. If the
use of E editing is requireds the scale factor has the same
effect as with £ output editing,

14,5.8 BN_AUD_BZ_ZDITIING.

The 8N and BZ edit descriptors may be - used to specify the
interpretation of blankss other than leading blankss in numeric
input Tilelds. At the baginning of exzcutlon of s2zch formetted input
statementy, such "blank characters are interpreted as zeros or are
ignored depending on the value of the BLAMK= specifier (13,10.,1)
currantly in eaffect for the unit, It a BN edit descripitor is
ancountered In a format speclficgtions af} such blank characters in
succeeding numeric input fields are ignoreds The effect of ignoring
hlanks is to treat the input fiold 25 i blanks had bsen removed,
th2 remaininyg portion of the Field right Jjustifiedy and the blanks
replaced as leading blanks. Howevery, a field of all blanks has the
value zero., If a BZ edit descriptor is encountered in 8 format
spacifications ald such hlank characters in succeeding numeric Input
Tlelds are treated as zeros. :

The BN and BZ edit descriptors affect only Is Fs Z» D» Gs DOs and Z
gditiny during execution of an input statements They have no effect
during execution of an output statement.

14,59 NUMERIC_EDITING

The I, Fs» E» D» and G edit descriptors are used to specify

input/output of integersy reals double precisions half precisiony and
complex datas The following general rules apply:?

{1) In | inputs leading blanks are not silignificeant,. The
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interprzteation of blanks, other than 12ading blankss s
determined by a combination of apy BLANK= specifier and any
BN or BZ blank control that is currently in effect for the
unit {(1445.,8), Plus signs may be omitted, A field of &l
blanks is considered to be zero,

{(2) On inputy, with Fy €5 D» and 6 editingy a decimal! point
appearing in the input Field ovarrides the portion of an edit
descriptor that specifies the decimal polnt location. The
input field may have more digits than the processor uses to
approximate the value of the datum,

{3) On outputs the representation of a positive or zero internal
value in the field must not be prefixed with a plus unless 3
SP edit descriptor is in effect, The representation of a
neaative internal value in the FTield must be prefixed with a
minuss Hewavary, the processor nust not produce & negative
signed zero in a formatted output record.

{4) On outputs the represontation is right Justified in the
fietds If the number of characters produced by the editing
is smaller than the field widthy 1leading blanks will be
inserted in the field.

{5) On outputs if the number of characters produced excezds the
field width or if an exponent exceeds its specified length
using the Ew.dEe or Gy.dEe edit descriptors the ©processor
wilt  f111 the =2ntire field of widith ¥ with asterisks.
Howevers the processor must not produce asterisks if the
fiald width is not arxceadad when optional characters ere
omitteds Note that when an SP edii descriptor is in effecty
a plus is not optional {14.5.8),

1445.9.1 Inkeger_Editing

Thae Ig and Iwem edit descriptors 1indicate that the field to be
edited occupies 4 positionse. The specified input/output list item
must be of type iIntejgers On Inputsy the specifled tist ttem will
become defined with an integer datume. 0On outputs the specified list
item must be defined with an integer datum,

| On  inputsy an Iuen eli% deseriptor is trested identicalily to an Iy
edit descriptor.,

In the input Tintds, the éharac%er striny must ke in tha form of an
opilonally signed Integer constants exceplt for the Intarpretation of
blanks (14.5.9s item (1)},

The output field for the Iy edit descriptor consists of zero or more
leading  blanks followed by a minus if the value of the internal
datum is negatives or an optional plus othervwises, followed by the
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magnitude of the internal value in the form of an unsigned integer
constant  without leading zeross Note that an integer constant
alyays consists of at least ona digit,

The output flald For the Iw.p edjt descriptor is the same as for the
Iz =2dit dascripiors aexcept *that the unsigned integer constsant
consists of at least m digits andy, if necessarys has leading =zeros.
Tha valua of m nust not exceed the value of #»e If @ is zero snd thae
value of the internal datum is zeros the output field consists of
only blank characterss regardiess of the sign control in effect,

The Fs £» Dy and G edit descriptors specify the editing of reals
ddouhla pracisions half precisions» and complex datae An Input/output
tist itemn corresponding to an F» Es Ds or G edit descriptor must be
reals double precisions half precisions or complexs An input 1ist
itam will bacome dafined nith a datum whose f{yvpe is the same zs that
of the Jist item, An output llst jtem must be deflined with a datun
whose type is the same as. that of the list item.

1445494241 E_ZDITING

The Fuw.d adit daseriptor Indicates that the field occupies
positionss the fractional part of which consists of d digits.

The input field consists of an optional signs followed by a string
nf digits optionally containing a decimal points If the decimal
point is omitted, The rightmost d digits of the stringy, with leading
zeros assumed jf necessaryy are interpreted as the fractional part
of the values representeds The string of digits may contain more
figits than & processor uses to approvimate the value of the
constants The baslc form may be followed by an exponent of one of
the following forms:

(1) Signed integer constant

{2) £ Followsed by Zero or more blankss, followed by an optionslily
signed inteyer constant

{3) D followed by zero or more blankss followed by an optionslly
signad intager constant

(4) S followed by zero or more blanks, followed by an optionalty
signed integer constant.

An axponant containing a D or an S is processad identically to an
axponent containing an E.

The output field consists of blankss if necessaryy followed by a
minas if The iInternal value is negatives or an optlonal plus
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otherwisas followad by a string of digits thet conteins & decimal
point and represents the magnitude of the iInternal value, as
modified by the established scale factor and rounded to d4 fractional
digits. Laadiny zeros are not permitted except Tor an optional 2zero
fmmodiately to the left of the decimal point iIf the magnitude of the
value in the output field is less than ones The optional zero must
appear if there would otherwise be no digits in the output field.

14¢54942.2 S_AND_D_EDITING

The £weds Duedsy and ECuWedEe edit descriptors indicate that the
axtarnal finld occupies o positionsy the fractional part of which
consists of ¢ digitsy unless a scale factor greater than one is in
affacts and the aexponent part consists of g digitse The £ has no
effect on Inpute.

~The form of the input field is the same as for F e2diting
(14.5.9.2.1).

The form of the output field for a scale factor of zero is:
[i] ENl KIXZQO.Xd exp
whére: + signifies a pius or a minus (14.5.9)

X1X2s+0eXxd are the d most significant digits of the vaiue of
the datum after roundling

exp is a decimal exponents of one of the following forms:

o e e o e e o e e e e e e e e e e e e o e o e —~— - -+
1 Edit i Absolute Value | Form of :
i Descriptor | of Exponent ! Exponent H
HE s i 1axpigL99 ! Exz21z2 !
H te——————— - ——— ——— -+
! i 994 lexpi L0999 v *zl1z2z3 H
o o e o e e e e e e e e S D +
! Eux.die ! lexpig{10%kg)=1 | [+21z2.s0Ze H
S - e o e e e e e S ——— +
i Dp.d 7 12xbi£99 i Dxzlz2 H
! + - - - e o e e -
i i 99<i2xpigo99 i xzlz2z3 i
o e e e e o ————— e e e e e e e e e e +
where z is a digite The sign in the exponant is required, A plus

slin must be used T the axponent valuz is. zZeroe. The forms Eued and
Dused must not be used if lexpi > 999,

Thae scale factor k controls the decimal normatization (14:5.7) If
-d < Kk £ 0s the output field contains exsactly ik! leading zeros and
d = 1x! significant diglts after the decimal pointe If 0 < k < g4 +
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2s the output fleld contalns =2xactiy &k significant diglts to the
left of the decimal point and d - k + 1 significant digits to the
right of the decimal pointe 0Ofther values of X are not permitted.

14:5.9,2.3 G_EDITINS The Gxed and GuHedEg edit  descriptors indicate
that the axtarnas! Tizld occuplas w positionsy the fractional part of
which consists of d digits, unless a scale factor greater than one
is in effects and the exponant part consists of o digits. ‘

5 input editing is the same as for F editing {1445¢94241).,

Tha wmethod of rapresentation in  the output fleld depvends on the
majnitude of the datum being editeds Let N be the magnitude of the
internal datume IFf N < 001 or N 2 10%%ds Gued output editing is the
same as KPEd.d output aditing and Gx.dEs output editing is the same
as kPEuW.dFe output editings, where Kk is the scale factor currently in
affect, If H Is greater than or equal to 0.1 and 1Is less than
10*%*d, the scale factor has no effecty and the value of N determines
tho editing as Tollows:

Magnitude of Datunm

-~ - — ——

fauivalent Conversion

- —— —n a0y Swe Svs v Wt W e vare

0.1<i<1 Flu-pleds pl'h")
14H<10 F{u=-n)e{d=1), ni{th?)

(] »

. L]

10%# {1-2)EN<10%% (d=1) ) Flw=p)els plrh7)

10%# {d~1)SNCLO*%d F{4-pn)»0s plth")

A e me ew ve cw S e v w- o ee P
e B e me e we e " an e e e

T ee e S na we = e - [ PR

—— — —— T T 1t e S . T e 7S D S S D Pod WD e S

where: b is a biank
D is &4 for Gued and e+2 fFor Gu.dEe

HMota that tha scala factor has no affect unless the magnitude of the
datum to be edlted Is outslide of the range that permits effective
use of F editing.

1445494244 COUBLEX_EDITING

A complex datum consists ¢of a pair of separate real data; therefore,
the editing is specified by two successively interpreted F» Es. Dy or
G edit descriptorse The first of the edit descriptors specifies the
reatl  parts the ss2cond specifies the imaglinary parts The two edit
descriptors  may be different, Note that nonrepeatable edit
descriptors may appear between the two successive Fs Es Dy or & edit
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descriptors.

1445010 L_eDITIHG

The Ly edit descriptor indicates that the field occupies W
positionse. Tha specified input/output 1Vist item must be of type
fogical. On jnputs the list item will become defined with a logical
datum. On outputs the specified list item must be defined with a
logical datum,

The input fizld consists of optional blankss optionally followed by
a decimal points followed by a T for true or F for false. The T or
'F may be folloxed by additional characters in the fields, Note that
the logical! constants ,TRUE, and <FALSE. are acceptable Input
forms.

The output field consists of w—-1 blanks foliowed by 2. T or Fs» as the
vajlue of the internal datum is true or falses respectively.

14,5411 A_EDITING

The ALxl edit deseriptor may be used uith an Input/output list item
of type character (14.,5.,11«1)» and the Aw edit descriptor may be
usa2d with an input/outosut list item of any noncharactoer type except
hii (1‘?-5.1102)' ‘

142541101 A-Eﬂiiina_nf_ﬁhaLagtgn-ﬂata

If a field #1dth w is specified with the A edlt descriptors the
field consists of u characters.s If a field width W is not specified

with the A a2dit descriptors the number of characters in the fleld is
the length of the character input/output list item.

Let Jlepn be the length of the input/output 1ist itemsa If the
spaclfiad fizld width » for A input Js greater than or s2qual te lens
the rightmost len characters will be taken from the input field., 1If
tho specified fleld width is !ess than leps the W characters will
appear left—-justified with Jlep-w trailing blanks in the internal
representation,

If the specified field width u for A output is greater than leps the
output field will consist of w—-lgn blanks followed by the len
characters from the internal representations If the specified field
idth g is less than or equal to leps the output field will consist
of the leftmost w characters from the internal representation.

144541102 A_Zglitina_of Hopcharackier.Daka
Yhen uysed with an input/output tist item of noncharacter  type, the
Aw  2dit descriptor indicstes charactar code convarsion (Appandix A)
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of y charactarsy with left Jjustification and traiting blank TFTitl,
The field width specifier w must be a positive nonzero integer for
this usage. In tha followings g is the maximum numbher cof characters
+hat c¢an be stored in the datum at one times, and h is the number of
bits in a single character storage unit.

On inputs iT u Is less than or equal to as the next uw characters
from the record are converted to w¥h bits of character codes and are
suffixed with (a-w) character code blanks. The result Is
transmitted to the noncharacter datum corresponding to the next
input/output list items If g is greatar than 25 {u-23) . characters
from the input record are skipped: the next 2a characters are
converted and transmittad to The datum.

On outputs 17 w i

significant) w*h bits of the Ilist item datum are converted and
transmitted to the output records If w is greater than as -2
leading btanks are transmitteds followed by 3 characters converted
from the datum,.

s 1ess than or equal to z» the teftpost (most

14,5412 PROCESSOR=DIEPENDENT_EDITING

Tha Ry O and Z edlt descripotors are useds and the A edit descriptor
may be useds to specify processor-dependent editing for the physical
contents of numeric storage units. The editing consists of direct
octalsy hexadacimal or c¢haracter code convarsion betvween internal
storaje and character strings of a racords Conversion proceeds on a
hit-by~bit basis; no numeric or logical significance is attached to
the datae Any data type eoxcept typos bit and character may bhe
adited wWwith the R edlt descriptor. Any data types except bit, may
be edited with the As 0Os and 7 edit descriptors.,

The number of bits corresponding to an ¢xterns! character varies
with tha =dit dascriptor.

14,5.12.1 R_Ediking

The Ry edit descriptor indicates character code conversion {Appendix
A) of ¢ characterss with right Justification and l2ading zero bit
filla In the Tollouwings a is the maximum number of characters that
can bz storaed in the datum at one times and b is the number of bits
in a single character storage unit.

On inputy if w is less than or equal to 35 {(a-u)*h 1esding zero FTill
blts are transmitted to the laftmost (wost slignlficant) bit
positions of the list item datums followed by the next W characters
of the input recor: convaerted Lo charactaer ¢odes If 4 is greater

CONTROL DATA PRIVATEZ
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than 3, {y=5) input characters are skipped; the next 25 cheracters
are converted to character code and transmitted to the datum.

In outputs if w is la2ss than or 2qual to a» the rightmost (least
significant) w*bh bits of the list item storage unit are extracted
ands beginning with the l2ftmost extracted bits, converted to u
characters and transmitted to the output records IF 4 is greater
than as uw=a I=2ading blank chsracters are transmitteds follouwed by 3
characters convertad from the storage unit.

14 ] 5: 12 [ 2 E_Eﬂjﬁtlﬂ_}

The Ox and Ouw.p edit descriptors indicate octal conversion of g
characters, p Is slgnificant only on output. Each character
corresponds to 3 physical bits, The octal digits and bit  values
aArad

Bit Value}
——————————— +

Nctal Digit

- - . M O T - P L . 140 .

+

i

i 000
i 001
; 010
H 011
; 100
: 101
: 110
i 111

N OV Wi O

—— e P ST ——

b e v - - - . o - —— e e

+ O Gtal I AW M W AW W S W

n  inputs the input field consists of zaro or nore leading blanks
follouyed by a striny of octal diglts., Optionally the string may
contain embedded blanks; each blank is significant and is equivalent
to an octal digit zeros The string may contain a maximum of g
characters including ombedded blankss, but excluding 1z2ading blanks.
n = (h+2)/3 where h is the number of bits in the 1list item datum,.
If 0%*3 is graater than bh then the leftmost (g*3-bh) bits
corresponding to the input Field must be zerose For a string of g
characterss {g=-pl)}*3—-2 lzading zero fi'll bdits a2r2 &Lransmitted to the
leTtmost (most slgnificant) bit positions of the list 1item storage
units -followed by the n characters of the input.record converted to
n*3 bits.

If the input field contains no characters except the <character
blanks the fi=zld is interpreted 23 equivalent to zero (0),
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On outputs if w is less than or equal to h/3sy the rightmost u*3 bits
of the list 1item storage unit are converted to octal digit
characters and transmitted to the output recorde If ® is greater
than o0 u=-g leading blank characters are transmitteds followed by o
octal digits converted from the storage uynite If W is equal to g»
all the bits of the list Ttem datum are converted to octel digilt
characters and transmitted.

If p is'specified on outputy the vajue of m must not  exceed th=
vajue gf w and the following additional editing applies:

A maximum of w~pm lezading octal zero characters are replaced with
blank characterss proceeding from left to rights A minimum of m
octal digit characters are not raptacad,

If the nunber of octal digit characters produced exceeds the Tleid
width 4 the entire field is filled with asteriskss

l4.5.12.3 Z_Edliing

The Zy and Zu.n edit descriptors indicate hexadecimal conversion of
w characters., m is significant only on outpute Fach character

gcorresponds to 4 physical bits. Th2 hexadecimal digits =and bit
values zre:d

e e e e 20 et 0 20 st e 5 s o e e e e e e et et e e oo

i Hexadecimal Digit | Bit Value |

e —— .

— A G " S D st B ) Wy

G o o - - - - —- —. - —- . - — S —- e =
MMOOWP 903do VPN HFO
- - . - S e o e . - e o - ww ww
= O
o
O
S =
d e e e e P s v . . o - - - o —- e

e et e e e e 18 e 0 vt 2 e 40 o e . e 0t

In  inputs, the input fiald consisis of zero or more leading blanks
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followed by a string of hexadecimal digits, Optionaliy the string
may. contain embedded blanks; each blank 1Is significant and is
a2quivalent to an hexadsclmal digit zero. The string may contaln a
maximum of z characters including embedded blankss but excluding
teading blankse 2Z = {b+3)/4 where b is the numbar of bits . in  the
list item datum. If 2%4 is greater than b then the leftmost (z%4-h)
~hits corrasponding to the input fiz2ld must be zero. For a string of
n cheractersy {(zZ-2)¥%4 leading zero Till blts sr2 trsnsmitted to the
leftmost (most significant) bit positions of the 1tist item datums
follound by the n charecters of th2 inpul record converted to n*4
bitS' .

If tha jnput fiald contains no characters except +the cheracter

blanksy the ¢fileld Is intarpreted ss equivalent to zero (0).

In output, if w is less than or equal to h/4s the rightmost uw*3 bits
of tha lizt item storage unit are converted to hexadecimal diglt
characters and transmitted to the output records If w is greater
‘than z» u-~z l=adiny blank characters are ftransmitteds, followed hy z
haxadecimal! dligits converted from the storage unit. If y is equal
to z» all the hits of tha list item storege unit are converted to
hevadeclimal digit characters and transmithed.

if m is specified on outputs the value of g must not exceed the
valus of » and the following addlitlonal editing applles:s

A maximum of W-m lea2ding haxadacimal zero charecters are
replaced with blank characterss proceeding Trom left to right.
A minimum of m hexadecimal digit characters are not replaced.

I tha numbar of hexadecimal digit charactars produced exceeds the
fleld width @ the entire field is filled with asterisks.

14.5013 B_EDITING

Tha Buw edit descriptor formats bit data during input/output
npcrations.

On input, tho walua in the inpul fField is converted to fype blt and
is assignad to the jnput list item. One bit is input. The input
list item must be of type bit.

The data that eppesrs in a B input fizld must be in the proper
format. Th=2 B input field must contain a 0 or 1 in the rightmost
column; all other columns must be blank.

On outputs the value of ths output list item is converted tb a
striny of c¢hearacters., These characters are placed in the output
fielde 0One bit is output. The output list item must be of type
hlto '
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Thz B output Tiald contains 2 0 or 2 1 iT the value of +the output
}ist Jtem . Is B™OY or B"1", respuctlivaly. All other columns are
biank.

1446 LISI=DIRZCTIED EORUATIING

The characters in one or more Iljst-directed records constitute a
sequence of values -and value separators, The end of 2 record has
the same 2Fffact as a blank c¢charectery unless it is within a
character constants Any sequance of two or more consecutive blanks
is treated as a single blanksa wunless it is within a character
constant,

a constantsy a null valuey or of one of the

iv
In s
=
5]
=

Cach . value is.
farms?

where £ is an unsigneds nonzeros integer constant. The r¥gc form is
aqgilivalent o L successliye appearances of the constant g» and the r*
form is equivalent to r successive null values, Neither of these

vormns may contain embedded blankss except whers permitted within the .

constant c.
A 23luz saparcator is ona of the following:

(1) A comma optionally preceded by one or more contiguous blanks
and optionally follovwed by ona or more contiguocus blsnks

(2) A slash optionally preceded hy nne or more contiguous blanks
and optionally followed by one or more contigyous blanks

{3) On2 or mor2 osontiguous blenks betwean twe constants or

followinyg the Jast constant
14,641 LIST=DIRECTZD _INPUT

Input Torms acceptabla to format specifications for & plven type sare
acgeptanle for list—directed formattings except as noted below. The
form of the input value must be acceptable for the type of the input
list items Blanks are never used as zeross and embedded blanks are
not permitted in constantsy axcept within character constants and
complex constants as specified belows Hote that the end of a record
has the effect of a blanks except when it appears within a character
sonstants A Boolean constant may be used as an input. form only |If
the corresponding input list ftem is of type Boolean. '

Ythen the corresponding input list item 1is of type reats double
praesisions or half precisiony, The input form is that of 3 numerilc
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144641 LIST-DIRECTED INPUT

input fislds A pupsarie ilppul £ield is a field suitable for F
aditing {14.5+9.2) which is assumed to have no fractional digits
unless a decimal point appears uwithin the field.

When the corrasponding list item Is of {Lype complexs the input fTorm
pgonsists of a left parenthesis followed by an ordered pair of
-numeric input fields separated by a commas, and followed by a right
paranthesis, The first numeric input field is the reat part of the
conplax constant and the second is the imaginary parts. Each of the
numeric input fields may be preceded or followed by blankss The end
of a record may occur betuween the raal part and the comma or between
the comma and the imaginary parts.

When the <corresponding list item is of type bits the input form is
the sam2 as a B input fiald,

When the correspondihg input list ftem Is of type Boolean) the input
form is one of the following:

(1) an octal constant (4.9.1.2),

{(2) a haxadecimajl constant (4.9.1.3)}

(3) a Holjerith constant of the form " (4.9.1.1)»
(4) an integer Input flaid, or

(55‘3 numeric input field,

Yhen  the corresponding Jist item is of type loglicals the input form
nust not include either slashes or commas among the optional
characters permitted for L editing {(14,5.10).

Wh2n tha corresponding list item is of ftype cheracters the Input
fors consists of a nonempty string of characters enclosed 1in
apostrophes, Zach apostrophe within a character constant must be
reprasented by two consecutive apoestrophes without an intervening
biank or end of recorde Character constants may be continued from
the end of one record to the heginning of the next records The end
of the record does not <causaz =a blank or any other character to
hagoma parkt oF the constant. The constant may be continusd on as
manyv records as needed. The characters blanks commas and slash may
appear .in character constants.,

Lat lap be The length of the list items and 1ot » be the length of
the character constant, If lep is less than or equal to ys the
lefitnost lap characters of the constant are transmitted to the tist
item, If len is greater than Wy the constant is transmitted to the
Teftmost v characters of the 1ist 1tem and  the remzining 20—y
characters of the Jlist item are filled with blanks. Note that the
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effect Is as though the constant were assigned to the list item in a
character assignment statement {(10.4).

A null valua is spacified by havina no characiers batwaen successive
value separatorss no characters preceding the first value separator
in the first record read by each execution of a list=directed input
statementsy or the ¥ forms A null vyalue has no effect on the
definition status of the corresponding input list items If the
input list item is defineds it retains its previous value; if it 1is
andafined, it remains undefineds A null valus may not be used as
aither ths real or imaglnary part of a complex constants but a
single null value may represent an entire complex constant. Note
that the end of a record following any other =separators with or
githout s2parating blanks, does not specify a null valusg,

A slash encountered as a value separator during execution of a
list=directed input statement causas tarmination of execution of
that input statement after the assignment of the previous value, IFf
there 'are additional items in the Input listy the effect is as if
null values had been supplied for them,

Nota that all blanks in 2 list=directed input rocord are considered
to he part of some valye separator except for the following:

{1) Blanks embedded in a character constant

(2) Embedded bilanks surrounding the real or imaginary part of a
complex constant

{3) Leading blanks in the first record read by cech execution of
& liskt=~diresctad input statemenis unless iamediately followred
by a slash or comma

14,642 LIST=DIRECTILD_OUIRUT

The form of the values produced §s the same as that reguired for
inputs except as noted otherwise. With the exception of character
constantss Th2 values are sezparated by onz of the followings

{1) Ona or more blanks

(2) A comma optionally preceded by one or more blanks and
optionally followed by one or more blanks

Tha processor may bzaglin new regords as necessarys buty except for
complex constants and character constantss the end of a record must
not occur ®ithin a constant and blanks must not appear within a
constant, . ’

Bit output constants are produced with the effect of a B edit
descriptor.,
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Boolean output constants are produced in the form Z"z{zJleese"s wherse
Z i3 a hexadacimal digite Leadlng zeros are suppressed,

Logical output constants are T for the value true and F for the
valug Talse,

Integer output constanis are produced with the effect of an Iw edit
descriptors for some reasonable value of e The value chosen for yu
musit be large enough to hold all of the significant digits of the
integer as well as the sign if it is negative,

Reals, double  precisions and half precision censtants are produced
with the 2ffect of ejther an F edit descriptor or an E edit
descriptors depending on the magnitude x of the value and a range
10%%kdl € ® € 1lo%*d2s wvhare d1 and 42 are -6 and +9, respectively.
If the magnitude x is wWwithin this rangesy the constant is produced
using OPFu.d;3 otherwises 1PEu.dEe is used. Reasonable
processor—dapendent valuss of uwy ds and g are used for each of the
cases involved.,

Complax constants ar2 a2nclosed in parenthesess wuith a comma
separatiny the rea}l and jmaginary parts. The end of a record may
occur between the comma and the imaginary part only if the entire
constant is as long ass or lonjer thans an &ntire recorde The only
ambodded blanks peraitted within s complex constant arz between the
comma and the end of a record and one blank at the beginning of the
next record,

Charact=sr constants produced are not delimlted by apostrophess are
not preceded or Tfollowed by a value separator, have each internal
apostrophe represented externally by one apostrophes and have 1
blank charaecter insartoed by the processor Tor carriage control at
the baginning of any racord that bengins wilth the continuation of a
character constant from the preceding record.

If two or more successiva2 values in an oulput record preoduced have
idantical valuess Lthe processor has the ontion of producing a
repeated constant of the form r¥%¢ instead of the sequence of
idontical valuess

Sltashess 2s valua2 ssparatorsy and null values are not produced by
list-directed formatting.

tach output r=acord bepins with a blank character to provide carriage
control when the regcord is printed.
14,7 NAMELIST _EORMATIING

The form of a2 NAMELIST block Is one of the following:®
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33&2&3&2 pnaoyallsnamyallses [, 13TEND]
‘ﬁngnams namyallspamyalless Dy 16LEND]
sarpname panvallsnamyalls. Dy JECEND]
Eﬂzanamg'namxBlt;namxaij...[,]ﬁ[EMD]
wharet jﬁaagmg is the group name of the block
napyal is one of the forms:
yaame = g
Anapel{s)I=Cr*iglslL*1CT e v
vpamal(ils:sl2) = ¢
apape(s)(il:i2) = ¢
whare! ypame is a variable name
¢ is a constant
apage Is an array name
s is an array subscript in which each

subscript expression Is an integer constant.
The number of subscript expressions in s

E

must he equal to the number of dimensions in
the array declarator Tor tha array name.

r is an unsigneds nonzeros integer constant
i1 and L2 ara integer constants

{il:i2) designates a character substring of
2 ¥pame or 2 apngme of type cherscter

The optional form r¥*c is equivalent to r successive
appearances of ths constant g.

A MNAM=LIST block consists of one or more formatted records. The
initial record of Lha block may confain only $grppnamgs fgrppames or
one of these followed by one or more occurrences of pamval forms.
-~ The initial and subseguent records of & NAMELIST block mey end with
1 gomma that occurs after a constant ¢ or a comma that occurs after
the real part of a complax constant that is continued on the next
records The inltial or subsequent records of a NAMELIST block may
end with a constant ¢ provided that the record immediately precedes

a rasord containing onty %s SENDs & or ALNDe The finsl record of a
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MANELIST block must end with %y $SEND, & or SEND. Note that the
Tinal record may be the jnitial record.  For examples :

£GROUP V=3.7» &END

In each record of a NAMELIST blocks column one is reserved for
sarriage controle On inputs the character in column one Is lIgnored,
On outputs» a carriage control character is placed in coiumn one of
each record. A NAMELIST block is written in columns two through the
and of =zach input raocord.

The case oF alphabetic letters in arppames vpames apames 3END» and
EFMD is not zignificant in identifying the entity.

A blank must not occur within the strings:

(1) warpname

(2) &arempnane

(3) vnanme

(4) anapel{z)]

{5) vname(il:i2)
{6) ananel({s)(il:12)
{7) 3END

{®) GEND

Forms (1) and (2) must be followed by an end of record or one or
more blanks before forms (2) througoh (8) may appear. Forms (7) and
{3) must be saparatad from the other forms by a comma Oor one Or more
hlanks or by the and of a records.

14,7.1 HANELIST_INPUT

Th2 group name of the NAMELIST block belnyg transmitted must appear
in the READ statement being executed. Zach variable name and array
name in the block must appear in the HAMELIST group referred to by
the READ stoitement.

Fach constant ¢ must agree wWith the type of the corresponding list

itam as follows:

(1) A Joaglcals characters bity or complex constant must be of
the same type as the corresponding input list. iteme . A
character constant is truncated from the right or extendsd
to the right with biank characterssy If necessarys, to yield a
-character constant of the same length as the corresponding
character variables array elements, or substring.

{2) An intega2rs reals half precisions or double precision
constant may be used for an integers reals half precisions
or double precision input 1list item, The constant s
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converted to the type of the list item during transmission.,
For conversion to real, half precisions or double precisions
an integer constant has an Implied decimal point to the
right of the rightmost digit.

The number of‘ constants specified for a list item mﬁst not exceed
the size of the list Item.

The Torm apamel{s)=Llrxlgl,lr*Jcl..+ causes the first constant tg be
assigned to apame (s5)e Each subsequent constant is assigned to the
array elenent with a subscript velue (Table 1) one greater than the
previous element assigned to. The size of gapame must not be
excezdede. '

Tha forms of a logjcal constant having the value true are:

T
|T|
.+ TRUE,

The forms of a |ogicé! constant having the value false are:

F
oFe
. «FALSE.

A character constant must have the same form as if it appeared in a
statement of tha execuytable prodgrami3 ie2ey the delimiting
apostrophas must b2 present. If a chharactar constant occupies more
than one records each continuation of the character constant must
extend to the end of each record preceding a continuaticn record. A
chnracier constant continued across a record bLegins In column two of
the continyation record.

The Forms of integer, reals double precisions half precisions and
complex constents are as deseribed for list directed input (14.6.1)
axcept that cembedded bl anks are allowed.

A DBoolean constant must be an octal constant (40%e1e2) a
hexadecimal constant {4¢Ps1e3)s or a Hollarith constant of the form
"_f" (‘fcgtlc'l)-

The character bltank is significant only in a character constants, or
Boolzan c¢onstant of the form "FfY, Tha BLAWK= specifier has no
effact on NAMELIST editing, A ¢  form .must contain one or more
nonblank c¢haracters and be a valid constant or an 2rror condition
uxistse Mots that a g of tvpe character will always contzin at
least two nonblank characters due to the apostrophes surrounding the
nharacter constant.
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14,7,2 BAPELISI_QUI2UT

On ouytputs each NAMELIST block is terminated with the <c¢haracters
HEHD »

The processor bejins a new record for @zach bleock transferred.
Column one of the first record of each block <contains a carriage
control character followed by an & followed by the group names

The processor begins a nen record for Lthe block terminator &LEND.
Column one of +the block terminater record <contains a «carriage
control followed immediately by ELEND,

Tha procesecor may hagin new Tecgords as necessarys buts except for
complex constants and character constantss the end of a record must
not occur uithin a constant.. A new record is begun with the
carriage control character blank in column ones and the leftmost
character of the constant In column twoe.

Logical constants are produced as T for the value true and F for the
value falssa,

Character constants are produced with deiimiting apostrophes.

Boolean constants are produced in the form Z"z[zl.ee"s where z is a
hexadecimal digits Laading zeros are suppressed,

Integer constants are produced with the effect of an Iy edit
Aescriptors for some ressonable value of ys The velue chosen for o
must be large enough fto hold all of the significant digits of the
integer as wall as the sign if it is negative.

Execept for the valug zeros realy double precisions and half
precision constants are produced with the effect of an E edit
descriptor with scale facltor of zero, Mo ddinits are produced before
tha decimal point, The numbaer of dislts produced to the right of
the decimal point is the minimum number necessary to accomodate
representation  of the internal datum. Trailing 2zeros are
olininatedes Tha siring 0.0 iz produced for the valuz zZero.

Conplex constants are produced as a pair of real constants enclosed
in parentheses and with a comma separating the real and imaginary
parise Each real constant is producad as descrihed in the preceding
paragraph,

Bit constants are produced with the.éffeﬁt of a Buw edit descriptor,
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15.0 HMAIN PROGRAHN

A maip a;ggngm is a program unit that‘ does not havé a FUNCTION,
SUBROUTINE, or BLOCK DATA statement as Its first statement. It may
have a PROGRAH statement as its first statement.

Thaere must ba exactly one main proagram in zn sxecutable program,.
“xecution of an e2xacutable program begins with the exacution of the
first executable statement of the main program.:

15.1 PROGRAU_SIAIENLCHMT
The form of a PROGRAM statement is:
PROGRAM pap

where pam is the symbolic name of the main w»rogram in which the
PROGRAM statement appears.,

A PROGRAM stzstement i3 not required Lo appear Iin an executsble
arograms. IF it does appears it must be the first statement of the
main program. If omittedsr the symbolic name pam of the main program
is the six charactar name START#,. ‘ ‘

The symbolic name pam is global (19.141) to the executable program
and nmust nov b2 the same as the name of an external procedure, block
data subprograms or common block In the same executable prograzne.
The name pgm must not be the same as any local name in the main
ProJram,

15.2 MAIN_PROGRAM_RESTIRICTIIONS
The PROGRAM statement may app2ar only as the first statement of a
main programe. A main program may contain any other statement excepnt

a BLOCK DATA, FUNCTIOMs SUBROUTIMEs, or ENTRY statement. The
appearance of a SAVE statement in a main program has no effect.

A main projram may not be raferenced from a2 subprogram or from
i

itsalf,
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16,1 CATEGORIES_OF_FUNCTIONS_AND_SUPBROUTINES
16.1.1 RPROCIDURZS.,

Functions and subroutines are progcedyress There are four categories
of procedures

(1) Intrinsic functions
(25 Stataﬁ&nt functions
(3) Extarnal funections

{4) Subroutines

Intrinsic functionsy statemen:t functionss and externazt functions are
referred to collactively as fupectlons. '

Extnrnd| functions and subroutines are referred to collectively as
ariarpal proecadurns, '

164102 ZXTZRNAL _FUNCTINNS,
Thare are two cateagoriss of gxierpal EFungiions:
{1) Zxternal functions specified in function subprograms

{2) External functions specifled by means other than FQRTRAN
subprograms

16+1.3 SQBRQUIIHES-
Thare are two catsgorles of subrautipnegs:

(1) Subroutine; spacified in subroutineg gsubprograms

{2) Subroutines specified by means other than FORTRAN subprograms
16e1e4 DUANY _PRACZDURE.

A dumpy pragedura Is. 2 dummy argumenit that is identified as a
procedure (19.2.,11).,

16.2 RZEEREUCIUG. A_EUNCTION

A function is referenced in an expression and supplies a value to
the exprassions. The wvalue suppiiced is the valueg of the function.
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An intrinsic function may be referenced in the main program or in
any procadura subprogram of an axecutable program.

A statement function may be referenced only in the program unit in
which tha statement funclion statement appears.

An external function specified by & functlon subprogram may be
referenced within any other procedure subprogram or the main program

of the executable programe. A subprogram must not reference itselfy

aither directly or Indirectly,.

An external function specified by means other than a subprogram may
be referenced within any procedure subproaram or th2 main program of
the executable progran, ’

If a character function is referenced in a program units, the
function length specified in ths program unit must be an exiended
integer consiant expression.,

l6.,2.1 EORM_DE_A_EUNMCTIION_REEZRENCE.

A function referonce is used to reference an intrinsic functions
statement functions or external function.

The form of a function reference is:

‘EJQ ( tﬁ C)ﬂ]ooo] )

where: fup is the symbolic name of a function or a dummy procedure

bi¢]

3 iz an actual argument

The type of the result of a statement function or external function
reference is tha same as the type of tha function name, The type is
specified in fhe same manner a2s for variables and sarrays (441.2).
The type of the result of an intrinsic function is specified in
Table 5 (16.10).,

164242 ZXZCUTION_QE_A_EUNMCTIIOH _REEZRZIMCE.,

A function reference may appear only as a primary in an sarithmeticy
logicals or charactar oxpressions. Exeacuiion of a function reference
in an oexpression causes the evaluation of the function identified by
Eun., )

Return of gontrol from a rafarenced function complaetes axecution of

the function reference. .The value of the Ffunction is available to
the referencing expression.
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16,3 INIRINSIC_EUNCTIONS

Intrinsic functions are supplied by the processor and have a special
meaninge The specific names that identify the intrinsic functions,
their genaric namzss function dafinitionss type of arguments, and
type of results avpear in Table 5. | |

An IMPLICIT statement does not <change the type of an intrinsic
function.

An Intrinsic function is elapepiel 1¢ the resuit can be determined
on an  element by element basis when applied to an array valued
argumants An intrinsie function is acpgy—valued if it sppears in
the array-valued section of Table 5, An array-valued function is
generally one which cannot be evaluated independently for each array
ol 2nent, Thz valug of an arrzy=-valued function need not have the
same shaps ¢s eny of Its arguments.

NMone of the array-valued intrinsic functions may be passed as an
argument to an 2xtzrnal procedure.

16.3,1 SPECIEIC NAUES_AND_GENERIC _NANES

Generic names simplify the referencing of intrinsic functionsy
hecausa the same function name mgy be used with more than one type
of arguyment, Only a specific intrinsic function name may be used as
an actual argument when the argument is an intrinsic functione.

If a genaric neme is5 used to reference an intrinsic functions the
type of the result {except for intrinsic functions performing type
conversionsy nearest inteyery and absolute value with a complex
arjument) is cha2 same as the tvpe of the arguments If there is only
ona2 argumant and it I1s of tvpe Booleans It is converted to type
integer if an argument of type integer is altowed; otherwise it is
converted to type recals The type of the result is then the type Lo
wnich The Boolean argumant was converted,

For those intrinsic Functions that have more than one arguments all
arguments must be of the same type with the exception that a Boolean
argunant i3  alloqded in the same iIntrinsic function reference as an
arithmetic argument. In this case each Boolean argument is
converted +to the type of the arithmetic argument or arguments, If
all the araunanits are of type Booleans 2ach of them is converted *fo
type integer.

If -the specific  name or generic. name of an intrinsic function
appears in the dummy argument list of a function or subroutine in a
subprosrans that symbolic name doss not lidentify an Intrinsic
function in the program unite The data type identified with - the
symbolic name is specified in the same manner as for variablés and
Aarrays {4¢1e2), '
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16.3.1 SPECIFIC NAMES AND GENEQIC NAMES

A name in an INTRINSIC statement must ba the specific nsme or
genaric nama of an intrinslic functlion.

164302 REEZRENCING AN _INTRINSIC EUNCTION,

An intrinsic fungtion Is referepced by using lts reference as a
nrimary in an expressjons For each intrinsic function described in
Table 53 execution of an intrinsic function reference causes the
agtions specified in Table 5y and the result depends on the values
of the actual aryguments. The resulting value is avallable to the
expression that contains the function reference.

The actual arguments that constitute the aragument list must agree iIn
ordar and number with the specification In Table 5, They must also
agree in type except that an actual argument of type Boolean may
appear whenever Table 5 permits an argument of arithmetic types, An
acitual argumant may ba any s¥prassion of an allowad types An actual
argument  in an  Intrinsic function raference may be any expression
axcept a character expression involving concatenation of an operand
vhoss |enoth specification is an astzrisk in parentheses uniess ths
aperand Is the symbolle neme of & constant.

A specific name of an intrinsic function that appears in an
IMTRINSIC statemant may be use2d as an actual argument in an external
procadure rzferance; howevers the names of Intrinsic functions for
type conversions lexical relationship; and for choosing the largest
or smallest value must not be used as actual arguments, Note that
such an sappearznce ddoas not cause the intrinsic function to be
classi?iad 1s an e2xternal function (19.2.10).

164343 INTRINSIC FEUHCTION_ARGUHENTIS_AND_RESULTS

If a juneric neme or a specifliec name Is used to raferesnce an
elemental intrinsic functions the shape of the result js the same as
. the shape of the argument with the greatest number of dimensions,
If the arguments are all scalars the result Is scalar, If a2 generic
name or a specific name is used to reference an array-valued
intrinsic functions the shape of the result is specified by Table 5.

For thos2 =2i=zmental intrinsic functions %that have more than one
ar juments all arguments myust be conformable.

The actual arguments that constitute the argument list must asgree in
ordar, numbar, and type unith the specification 1In Table 5. For
a2lomantal intrinsic functiongs the actual arguments may be any
expression including an array expression, = For. array=-valued .
intrinsic Ffunctionsy a scalar actus!l argument may not be used where
Table 5 Indicates an arrayv is expected,
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16.3.4 INTRINSIC_EUNCTION_RESIRICIIONS.
Arguments for which the result Is not Eathematically defined or

axXxeseds the numerjc range of the processor cause the result of the
function to become undefined.

Restrictions on tha rangs of arguments and results for Intrinsic
functlions are described In 16.10.1.

16,3,5 ARRAY REDUCTIDN_INIRINSIC_EUNCIINHS
16.3.5-1‘A£L31_ 2dustlapn fo_3a_Scalar
An array readuction TFTunction c¢an be us=2d to reduce ap array to =

scalar value of the same type or to reduce an array along a specific
dimension.,

hﬁma(A)
namalAs IDINMN=14)
pamel{A» IDIN=1d, [NASK=1D)
napz(AsMASK=n)
vhere:

A iz an arrays array s2c¢tions or array eoxpressiocn with n
dimensions such that 1 { d £ n

d is a scalar Integer value specifying the dimension along
which the function is applied (1 £ d < n)

n ics 2 type 1ogical arrays array sectlons array expressions
or- scalar conformable to 3

The function applias to all elements o? the arrays array sections or
array expression Ae An example would be SUM{C) which would return
¥h2 arithmacic sum of all tha =)lemonkts of the array C.

16434542 Arpay_Redusilon_Alopa_a_Dimenzion

If thae shap2 of srray A is {Alyd2sesescdli=1)sdisd{i+l)reessdn) and
an array reduction function 1is applied along dimension i, the
resul tant array has shape

Adlsd2sasasd{i=1)sd{i+1)s4aardn)

The value of . element {Slys2sevess{i=1l)es{I+1)sesspsn) of the resuilt
array is given by

nﬂmg(A(ﬁl)SZ) soed5li=1)o¥ss{I+1)seues Sn)[.’MASK"!ﬂ])
If 4 is omitfed: the.entire array is reduced to a scalare
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A masked reduction applies to all of the eiements of A (selected by
4) where correspondling valuas of eolements inpn are true. A and n
must be conformable, For examples SUM(CsrMASK=C GT. 0,0) would form
tha arithmetic sum of all 2lements of C whoss2 values are greater
than zero, Eanch masked reductlon function has a default value that
is returned if all of the elements of m are false.

“If am is omitteds Ythe sarray is reduced as if @ was an array
conformable with A and all of its elements were true..

16+4 STATIZHZUI_EUNCTIAON )

A statement function is a procedure specified by a single statement
that is similar in form to an arithmetics, Booleans bikts, logicals or
charactar assignment statement.s A statemszsnt function statement must
appear only after the specification statements and before the first
exacutable statement of the program unit in which it is referenced
(3.5)0 ‘ '

A statement function statement . is C!assified as a nonexecutable
statement:? it is not a part of the normal execution sequence.

16,41 EORM_QE_A_STATZUENT _EUNCTION_STATEZHEUT.
The form of a statement function statement is:
fun  Id [sdlesed ) = &
where: fup is the symbolic name of the statement function
d is a2 statement function dummy saryyment

e is an expression
The relationship between fun and g nust conform to the assignment
rules in 1041y 10425 and 10e.4. Note that the type of the expression
may ba different from the type of the statement Tunction name.

Each 4 1is a variable name called a gtatemepnt fupction dummy
acaunante The statement funciion dummy argument list serves only to
indicate ordery numbers and type ofF arguments for the statement
function, The variable names that appear as dummy arguments of =a
statement funclion have a scope of fhat statement (19.1). A gliven
svabolic name may appear only once in any statement function dummy
argument list, The symbolic name of a statement function dummy
argumnent . may  be uzed to identify othar dummy arpuments of the same
~type in different statement functlon statamentsse The nazme may 3also
be wused to identify a variable of the same type appearing elsewhere
in the program units including its appearance 2s a dummy argument in
a FUNCTION, SUBROUTIMEs or EMTRY statements, The name must not be
used tp fdentify any other entity in the program wunit except a
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coimon b!acg.
Zach primary of‘fhe expression 2 must be bne of the foilowiﬁg:
(1) A constant
{2) Thae symbollé name of a constant
{3) A variable reference
{(4) An array slament reference
{5) An intrinsic function reference

(6) A refarence To a statement function for which the statement
function statement appears In the same program unit

{7) An external Ffunction reference
(8) A dummy procedur= reference

{(9) An expression enclosed in parentheses that meets all of the
requirements specified for the expression g '

{10) A substring reference

ach variable reference may be either a reference to a dummy
arpument of the statement function or a raference to a variable that
apaears Withlin the same2  program unit as the statement function
statement. A substring reference may not have the Form x([gl] [e21)
vithere v is a statement function dummy ar gument.

If a statemant function dummy argument name is the same as the name
of another entitys the appearance of that name in the expression of
1 statement function stateme2nt s 2 reference to thz stetement
Tunction dunmy  argument. A dummy argument that eppeers in a
FUNCTION or SUBROUTINE statement may be referenced in the expression
of a statement function statement within the subprograme A dummy
aryument that appaars in an ENTRY statement thet precedes a
statement Tunction statement may be referenced in the expression of
the statement function statement within the subprogram,

164402 REERSUCING A _STATZHENT_EUNCTIIQN.

A statement function is referenced by using its function reference
as a primary in an 2xpression,

Exoccutlon of a statement function reference rasults int

{1) evalyation of actual arguments that are expressionsy
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{2) conversions if hecessary of the values of the actual

argumants Lo the typas of the corresponding dummy arguments
according to the rules feor assignment, asscclation of
resulting values with the corresponding dummy araoumentsy

(3) evaluation of the expression as and

‘{4) conversiony if necessaryy, of an arithmetic expression value
to the type of the statement function =according to the
assignment rwules In 10,1 or a changes If necessarys in the
length of a character expression value according to the rules
in 10.4. :

Tha resulting valu2 is availablae to the sxpression that contains the
function raference.

The actual argumentss which constitute the argument listy, must agree
in order and number with the corresponding dummy arguments. An
actual arguna2nt in a statement functlon reference may be any
expression except a character expression involving concatenation of
an operand whose length specification is an asterisk in parentheses
dnl=2ss the oparand is tha symbolic name of 3 constanta

When a 5Statement funetion reference isg executed, its actual
arguments must be defined.

16e4e3 SIAILUENIEUNCTILIOH _RESIRICTIONS.

A statement function may be referenced only in the program unit that
contains th2 statemant function statamant.

Tha evaluation of the expression & (16+4,1) nmust not cause the
execution of a reference to fun (16.4,1), The symbolic name used to
identlfTy a statement Tfunction must not appear as & symbolic name In
any specification statement except in a type-statement (to specify
the type of the function) or as the name of a common block in the
sane program unit.

An external fTunctlion reference in the expression of a statement
function statement must not cause a dummy argument of the statement
function to bccome undefined or redefined,

The svymbollc name of a statement functjon is a local name (1941.2)
and must not be the same as the name of any other entity in the
program unit oxcept the name of a common blocke.

The symbolic name of a statemant Ffunction may not be an actual
arguments It must not appear in an EXTEZRNAL statement,

A statement funclion statement in a function subprogram must not
contain a function reference to the name of the function subprogram

CONTROL DATA PRIVATE



| g _ . 16-9
Control Data Corporation Standard FORTRAN

: 83706730
16,0 FUNCTIONS AND SUBROUTINES |
16e4¢3 STATEMENT FUNCTION RESTRICTIONS.

- - —— — o e el s S o — S .

or an entry name Iin the function subprogram,.

The length specification of a8 character statement function or
~statement Tunction dummy argument of tvpe character must be an
axtendad integer constant expression.

16.5 EXTERNAL_EUNCTIONS

An a2xternal Function is specified externally to the program unit
that references it. An external function is a procedure and may be
specified in a function subprogram or by some other means.,

16.5.1 EUNCTION_SUBPROGRAN_AND_EUNCTIAU_ SIATENENT

A function subprogram specifies one or more external functions
{167)s A Tunciion subprogram is & program unit that has a FUNCTIDN
statement as its first statemznt. The Form of a functlon subprogram
is as described in 2.4 and 3.5s except as noted in 16.5.3 and
16.?.4.

The form of a FUNCTION statement is:
[typl FUNCTION fup ( [d Tsdleesel )

whares typ iz one of INTEGERs REAL, DOUBLE PRECISIONS HALF
PRECISIONs COMPLEXS LOGICALys BIT, BNOLEAN» or CHARACTER
[+£1enl] where lep is the 1length specification of the
resuit of the character function. len may have any of
the forms allowed in a CHARACTER statement (£,4.2)s If a
l:nath is not specified in a CHARACTER FUNCTION
statements the character function hess a length of one.

Fup is the symbolic name of the function subprogram in which
tha FUNCTION statement appears. fFup is an gxterpal
fupciion name.

d is 2 variable names array names or dummy procedure npame,
d is a dummy argument.

Tha symbolic nama of a scalar-valued function subprogram or an
assoclated entry name of the same type must appear as a variable in
tha function subprogram.. During every execution of the external
functions this wvariables untess It has length zeros must become
defined ands. once defineds may be referenced or become redeflineds
During every execution of a user array—valued functions, the array
corresponding to fups unless it has size zeros, must become defined
ands once defineds may be referonced ar become redefinads The value
of this variable or array when a RETURN or zZND statement is executed
in the subprogram is the valu2 of the functions If this varieble is
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a character variable with a length specification that is an asterisk
in parenthesaes, it must nolt appear as an operand for concatenation
except In a character assignment statement (10.4).

An external function in a function subprogram may define one or more
of 1ts dummy argumenis fTo return values in addition to the value of
the function.

16452 REEZRENCING AN _EXTERNAL_EUNCTION.

An a2xternal function is referenced by using its reference as a
orimary In an expression.

16.5+2¢1 pxecultiopn_of_an ixtecnal Euncktiop References
Execution of an external function reference results in:
{1) evaluation of actua! arguments that are expressionss

{2) assogiation of actual argumenfs with the corresponding dumny
argumentss and

' {3) the actions specified by the referenced function.

The type of the function name in the function refereance must be the
same as the type of the function name in the referenced function.
The tength of the character function in a <character function
rafarence must bhe the same as the length of the character function
in the referanced function.

“When an external function reference is executed, the function must
be one of thes external functions In the executable program.

16.5.2.2 Ackunl_Araumepnts_for_an_External_Functions

The actual arguments in an extoernal function reference must agree in
order and number with the corresponding dunmy arguments In the
referenced functiona. They must also agree Iin type except that an
actual argument of type Boolean may have a corresponding dummy
argument of  type2 integer or reals and an actual argument of type
fntegaer or real may have a corresponding dunpy. arguiment of type
poolean. The wuse of a subroutine name as an actual argument is an
exception to the rule requiring agrezement of typs because subroutine
nanes do not have a type,

‘An  actual argument In an external function reference must be one of
the following:

{1) An axpression except a character gxpression involving
concatenation of an operand whose length specification is an
asterisk in parentheses unless the operand is the symbolic
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namé~of a constant
(2) An array name
{3) . An intrinsic function name
(4)'An externél procedure name
{5) A duhmy progcaedura name
{6) An array expression
(7) An array section name

Motz that an actual argument in 2 function refererce may be a dummy
argument that appears in a dummy argument list within the subprogram
containing the reference,

1645.3 EUMCTION _SUBPROGRAN_RESTIRICIIONS

A FUNCTIDN statement must appear only as the fifst statement of a
function subprogram,. A Function subprogram may contain any other
statement except a BLOCK DATA, SUBROUTINE, or PRUGRAM statement.

The symbolic name of an external function is a global name (19.1.1)
and must not bs the same as any other globa! namey except & common
block names opr any local names except a varlable names» 1In the
function subprogran.,

Within a function subprogrzms the symbolic nama2 of & scelar-valued
function specified by a FUNCTIOM or ENTRY statement must not appear
in any other nonexecutable statement, except a type-statement. In
an executable statements such a name may appear only as a variable.
Tha symbolic name of a3 user array-valued function may appear in an
array deciarator In any nonexecutable statement thzt permits an
array declarator. The name may appear in a type statement as:

{1) An array declarator provided it is the only appearance as an
array declarator in thils program units or

(2) An array name where the array dimensions are specified in
another statement,.

If the type of a Tunction is specified in a FUNCTION statementy, the
function name must not appear in a type-~statement.s . Note that a name
nust not have its type explicitly spacified more than once in a
program unit,

If the name of a function subprogram 1is of type charactery each
entry nam2 in the function subprogram must be of type charactere 1If
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164563 FUMCTION SUBPROGRAM RESTRICTIONS

the name of the function subprogram or any entry in the subprogranm
has a2  12ngih of (%) declareds all such entities must have a length
of (%) declared; otherwlse, all such entitiess must have a length
specification of the same integer value.

In a function subprograms» the symbolic name of a dummy argument Is
local to the program unii and must not appear in sn EQUIVALENCE,
PARAMETER» SAVEs, INTRINSIC» DATAs or COMMON statement, except as a
common block name.

. A gharacter Jummy argument whose lenoth specification is an asterisk
in parentheses must not appear as an operand for concatenation,
axcept in a character assignment statement {10.4). :

A Tunction spacifiad In a subproaram may he rafarenced wuithin any
other procgdure subprogram or the main program of the executable
programs = A function subprogram must not reference itselfy, either
directly or indiractly. :

164544 USER_ARRAY=VALUED EUNCTION DECLARAIION

An external array—-valued function 1is an external function that
returns an array=valued resulte An externa! array-valued function
is distinguished from a scalar function by an array declaration for
the function name., -

15+5e441 Jhana_of_a Usar_Arrcav=valuesd Fupcrion Result

The shape of a user array-valued function result is deciared in the
funciion sudbprogram by an array declaration for the function name,
The actuszl shape returned by a reference to the function is
determined by evaluation of each of the dimension bound expressions
at the time of the rafarence to the function. Values involved in
tha determination of the shape may become redaefined during the
execution of the function but this will not affect the shape.

The shape and type of a user array-valued function must be declarsed
in a procadure information block in the program unit referencing the
function and the shape and type must agree with the shape and type
specified in the functione.

l6e5e4e2 Usarp Accav=Vailued_ Euncilon Mane_ Usage

The symbolic name of an array—-valued function must be declared as an
array name in the Tunction subprogramese Durlny every execution of
tha arrayv-valued fynctiony this array must become defined (but note
that an array of size zero is always defined) and once defineds, may
be raferoncad or become reda2fineds The value of Lthiz arrzy shen g
RETURKN or ®HD statement Is executed in the subprogran Is - the value
of the Function.,
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16,5.4¢3 User_Array=Valued _Eunction Restriciions
A user array—valuesd funcgtion name may not be passed as an actual

argumants A user array-valued function must not contain an ENTRY
statement, .

1646 SUBRDUTINES

A subroutine is specified externally to the program unit that
references ite A subroutine is 2 procedure and may be specified in
a subroutina subprogran or by some other mesns.

164601 SUBRONTINE _SUBPROGRAM_AND_SURBROUTIINE_STAILNENI.

A subroutine subprogram speclfles nne or more subroutines (16.7). A
subroutine subprogram is a program unit that has a SUBROUTINE
statement as its first statement, The form of a subroutine
subprogram i3 as deoscribed In 2.4 anrd 3.5, except as noted in 16.663
'éBn'd 16724 '

- Tha form of a SUBROUTIIE statement is:

SUBROUTINE gub [0 Ld [sdlesed )1

vhere: sub is the symbolic name of the subroutine subprogram 1in
which thas SUBRQUTINE statement appears, sub is a
subrouline name.

qd is a variabla2 names array names or dunmy procadyre names
or is an asterisk (16+9+¢3.5)s d is a dummy argument,

tlote that if there are no dummy argunants, either of the forms suyb
or sub{) may be used In the SUBRAOUTIME statement. A subroutine that
is specified by either form may be referenced by a CALL statement of
the form CALL zub or CALL sub().

Ine or more dummy arguments of a subroutine in a subprogram may
become defined or radefined to return results,

164602 JSURROUTIUE REEEREUCE.
A subroutine is referenced by a CALL statement.
16.642.1 Eorn_of_a_CALL_Statement.
The form of a‘CALL statement is:
CALL sub I[{ €3 [r23eesd )]
wheret sub is the symbol?c name of a subroutinﬁ or dummy procedure
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a is an actual argument ‘ |
16.6.2.2 Exacution_of_a_CALL_ Statements
Exaz2cution of a CALL statement results in

(1) eyalyation of actual arguments that are expressionsy

{(2) association of actual arguments with the corresponding dummy
argumentss and '

{3) the éctions speci fied by the referenced subroutine.

Return of control from the referenced subroutineg complates execution
of Lthe CALL stzlement,

A subroutine specified in a subprogram may be referenced within any
other procedure subprogram or the main program of the executable
proygrames A subprojram must not reference itselfs elther directly or
indirectiy. ‘ ‘

When a CALL statement is executeds the referenced subroutine must bhe
on2 of the subroutines specifiad Iin subroutine subprogrems or by
nther means In the axecutable program.

16464243 Ackual_Aragumenis_for_a_Subrautinee

The actual arguments in a subroutine raference must agree iIn order
and number with the corresponding dummy arguments in  the dummy
argument list of the raferencad subroutine, They must also agree in
type except that an actual argument of type Boolean mnmay have a
corresponding dummy argument of type integer or realys and an actual
argument of type integer or real may have a corresponding dummy
argument of type Boolran. The use of a subroutine name or an
alternate roturn specifier as an actual argument is an exception to
the rule requiring agreement of type.

An  actual argumen®t in 2 subroutine rafzrance must be one of the
Tollowing:

(1) An expression except a <character expression involving
concatvenation of an operand whose length spacification is an
asterisk In prarentheses unliess tha orerand 1is the symbolic
name of a constant

{2) An array name

{3) An intrinsic function name

{4) An ekternal prodedure name
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{(5) A dummy procedure name

(6) An'aitgnnats calurn sezgifliers of the Torm *ss where 5 is the
statement 1label of an executable statement that appears in
the same program unit as the CALL statement (16+843)

{7) An array expression
{8) An array séction name

Mote that an actuzl argumaent in 2 subroutine referaence may be a
dumimy argumant name that sppears In a dummy argument list within the
subprogram containing the reference., An asterisk dummy argument
must not be used as an actual argument in a subprogram referencee

164643 SUBRAUTINE _SUBPROGRAM.RESIRICTIONS.

A SUBRUUTINE statement must appear‘bnly as the first statament of a
subroutine subprogram. A subrouting subproaram wmay contalin any
other statemnant sxcept a BLOCK DATAs FUNMCTIONs or PROGRAM statement,

The symbolic name of a subroutine is a global name {19«141) and must
not be tha same =as any othar global names except a common block
names or any local name In the oregram unit.

In a subroutine subprograms the symbolic name of a dummy argument is
local to the proaran unit and must not asppear in en EQUIVALENCE.
PARAMETER, SAVEs INTRINSIC, DATAs or CONMNMON statements, except as a
common block name. ‘

A character dummy argument whose length spacification is an asiterisk
in parenthesa2s must not appeer as an  onerand for concatenatlony
except in a character assignment statement (10.4).

16,7 ENIRY_STIAIEUENT

An  ENTRY statement »permits a procedure reference to begin with a
particular executable statement within the function or subroutine
subprogram in which the EMNTRY statament appears. It may appear
anywhere within a function subpregram after the FUNCTION statement
or wWithin a subroutine subprooram after the SUBROUTINE statement)
axcept that an ENTRY statement must not appear between e block IF
statemant and ite cgorresponding END IF statements between 2 block
WHERE and its corresponding END WHEREs or between a DO statement and.
the terminal statement of its DN-loop.

Optionallys a2 subprogram may have one or nmore ENTRY statements,

An ENTRY statement is classified as a nonexecutable statements
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16«7+1 EQRU_QE_AN_EHTIRY STATEMEMT.
The form of an ENTRY statement is:
ZHTRY 2n [( [d Tsdleeed )3

where! en is the symbolic name of an =ptry in 2 function or
subroutine subprogram ond is called an eniry pame. If
the INTRY statement appears in a subroutine 'subprograms
a0 is a subroutipnz name., If the ENTRY statement appeers
in a function subprograms, en is an .egxiterpal fupction
[age Y .

d is a variable names array names or dummy procedure names
or is an asterisks, g is a dummy srgument. An gagstarisk
is permitted 1in an ENTRY statement only in a subroutine
subprogram,

Mote Yhat if there are no dummy argumentss either of the Forms an or
en{) may be wused in the EZINMTRY statement. A function that is
spacifiad by 2ithaer form must ba reaferencad by the form £pf)
(16+42+1) A subroutine that is specified by either form may be
referenced by a CALL statement of the form CALL ep or CALL gp().

Th2 entry name e2p In a functior subprogram may esppear jin 2
type=statement,

16+7.2 REECRZICING AN _EXTEREAL_ZROCEDURE BY_AM_CETRY_NABE

An entry name in an ENTRY statement in a function subprogram
jdentifies an external function within the executable program and
may be refersnced as an external function (16.5.2)}» An entry name
in an IZNTRY statement in a subroutine subprogram identifies a
subroutine within tha executable program and mav he2 raferenced as a
subroutine (lH6e6e2)

vthen an entry name 2pn is used to reference a procedures execution of
the proecadure bejins dith *the first executable statement that
follows the ENTRY statamoant whose entry name Is &n.

An entry name is available for reference in any program unit of an
axagutabla programy axcept in  the progrem unit that contains the
aniry name in an EHTRY statement.

The orders numbery types and names of the dummy arguments in an
SNTRY statemaent  may ha diffarent from the order, numbers types and
nanes of tha dummy arguments in the FUNCTION statement or SUBROUTINE
statement and other ENTRY statements in the same  subprogram,.
Howevers each reference to a function or subroutine must wusz2 an
actual arygument list that zgreses In orders numbers and. type with the
dummy argument list in the corresponding FUNCTION, SUBROUTINE, or

COMTROL DATA PRIVATE



- ‘ 16-17
Control Data Corporation Standard FORTRAN
83/706/30

- - o o S -

16.0 FUNCTIONS AWND SUBRUUTiNES
164742 REFERINCING AN EXTERNAL PROCEDURE BY AM ENTRY NAME

2 o . v— S G RS Gt BB S Brd A D TS T N AV WD U S = T . O - S T WS S

ENTRY stztemznte The use of a subroutine name or san alternate
return specifier as an actual argument is an exception to the rule
requiring acgreement of type.

16.7.3 ENTRY_ASSQCIATION.

Yithin a function subprograms all variablies whose names are also the
names of antries are assocliated ~ith each other and with the
vartables if anys whose name 1Is alse the name of the Tunction
subprogram (18.1.3). Therefores any such variable that becomes
defined causes all associated variables of the same type to bacome
defined and all associsted varishlas of different type to become
uyndefined. Such variablas are not required to be of the same type
unless the type is characters but the variable whose name is used to
referance tha function must b2 in a defined state when a RETURN or
END statenent is executed in tha subprograms. An associated variable
of a different type must not become defined during the execution of
the function reference.

164704 CNIRY_STIAISHUMI_BEZSIRICTIIONS.

Within 'a subprograms an entry name must not appear both as an entry
name in an ZMTRY statement and as a dummy argument in & FUNCTIONS
SUBRDUTINEs or EMTRY statement and must not appear in sn EXTERNAL
statement.

In a function subprograms 2 varizhle namz that is the same as an
eniry name must not appesr In  any  statement that precedes the
appearance of the entry name in an ENTRY statement, except in a
type-statement,

If an entry name In a function subprogram is of tvpe cheracters, each
ontry name and the name of the function subprogram must be of type
character. If the name of the function subprogram or any entry in
Lha subprogram has a l2nagth of (%) doclaredy all such 2ntities must
have a lJzoagth of (:) declared; ctherwises all such entitlies must
have a length specification of the same integer value.

In a subprograms a3 name that appears as s dummy argument in an EMNTRY
statemant must not appear In an executable statement preceding that
ENTRY statement unless it also appears in a FUNCTION, SUBROUTINEs or
ENTRY statement that precedes the executable statement.

In a subprograms o name thst appears as a dummy argument in an EMNTRY
statemant must not appear in the expression of a statement function
statement wunless the name is . also a . dummy aryument of the statement
functions appasars in 3 FUMCTION or SUBRNUTINE statement, or . appesars
in an ENTRY statement that precedes the statement function
statement.

If a dummy argument appears in an eaxecutable ststement, the
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execution of the executable statement is permitted during the
"exacytion of  a rafszraence to the function or subroutine only if the
dummy argument appears in the dummy argument list of the procedure
name referenced. MNote that the association of dummy arguments with
agtunl argum2nts is not retainad hetweson references to a function or
subrouting. ‘

An ENTRY statement must not appear in an array-valued function
subprodrams

16.8 RETURN_STATEMENT

A RZTURN statement in a function subprogram or subroutine subprogram
causes return of control to the referencing program unit, Execution
of a RETURN statement in a main program terminates the execution of
the executable program,

16.8.1 EQRE_DE_A_RETURM_STATEZMENT.

The form of a RETURMN statement in a function subprogram or a mzain
program is?

RETURN
The form of a RETURN statement in a subroutine subprogram is:
RETURN [#&]

Wwhere 2 is a scalar arithmetic or Boolean expression.s If ¢ 1is not
of typa integers the value of INT{g) Is used,

164842 EXECUTION_OF _A_RETURN _STATEMENT.

Exacutlon of a3 RETURN statepent terminates the reference of a
function or subroutine subprogram, Such subprograms may contain
more than one RETURM stetemonts; howevors 2 subprooram need not
contaln a RETURM statemente Exz2cution of an END statement In g
function or subroutine subprogram has the same effect as executing a
RETURN statement in the subprogram.

In the execuation of an executable programs a Tunction or subroutine
subprogram must not be referenced a second time without the prior
axecution of a RETURN or END statement in that procedure.

Zxacution of a RETURNKN statement in a fTunction subprogram causes
return of control to the currently referencing program unite. The
value of the function {16,%) must be defined and is available to the
refarencing proJjram unit,.

Exzcution of a RETURN statement in a subroutine subprogram causes
return of control to the currently referencing program unit. Return
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of control to the referencing program unit completes execution of
the CALL statement, '

Eyagytion of a RIZITURN statement terminates the association betwesen
the dummy arguments of the external procedure in the subprogram and
the current actual arguments.

16.83.3 ALTERUAIZ_RETURH.

If 2 is not specified in a RETIURN statementy or if the value of g is
l2ss than one or greater than the number of asterisks in the
SUBROUTINE or subroutine EMTRY statement that specifies the
currently referenced names control returns to the CALL statement
that initiated the subprogram reference and this completes the
axgnoutlon of the CALL statament.

If 1 £ e £ n» where p is the number of asterisks in the SUBROUTINE
ar subroutine EMTRY statament that speciflies. the currently
referenced names the value of o identifies the gth asterisk in the
dummy . argumant liskt, Control is returned to the statement
identified hy the zmlternate return soecifler In the CALL ststement
that is associated with the eth asterisk in the dummy argument list
of Ttha currantly raTeranced nama, Thigs completes the execution of
the CALL statements

16¢344 DEEINITION_STATIUS.

Execoution of a RETURN statement {or END statement) within a

subprosram causes all entities within the subprogram to become

undefinedy, except for the following: . '
{1) €ntities spacified by SAVE statements

{2) Entities in blank common

{3) Initially defined entities that have neither bezn redefinad
nor bacom2 undefinad

{4) Entities in a named common block that appears in the
subprogram and appears in at least one other program unit
that is raferencings either directly or 1iIndirectlys the
subporogram

Hote that if a named common block appears in the main programs the

antities in the named common blogk do not bscome undeflned st the
axecution 0f any RETURH statement in the executable programe.

1649 ARGUUENIS_AND_COMMQH_BLOCKS

Arguments and cowmon blocks provide means of communication between
the referencing program ynit and the referenced procedure,
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Data may be communicated to a statement function or intrinsic
function by an.argument list., Data may be communicated to and from
an external procadura by an  argument list or common blocks.
Procedure naines may be communicated to an axternal procedure onily by
an argument list.

A dummy argumant appears in the eroument list of a procedure. An
actual argunant appears in  the argument list of a procedure
reference.,

The number of actual arguments must he the same as the numbar of
dummy argumants in the procedure rzfarenced,.

16.9.1 DUNMY_ARGUMEHNIS.

Statemeant functionss tunction subprogramsy and subroutine
subprogranms use dummy arguments to indicate the types of actual
arguments and whether each argument is a single valuey array of
valuass procadures or statement label, Notez thet a statement
function dumnay argunent may b2 only a variablae.

Cach dummy argument 1is <classified as a variabley, arrays dummy
procedures or asterisk. Dummy argument names may appear wherever an
actual name of the same ¢lass (Section 19) and type may appears
except where they are explicitly prohibited.

Dummy argument names must. not spp=ar in ENUIVALENCE, DATA»
PARAMETERs SAVEs INTRIKSICs or CDMMON statementss except as common
hlpck namess. A duymmy argument name must not be the same as the
procedure name appearing in a FUNCTICNs, SUBROUTIE, ENTRY, or
statement function statement in the sam2 proagram unit.

A dummy argument must not aoppear as the host array in an IDENTIFY
statement,

16.9.2 ACTUAL_ARGUHENTS

Actual arguments specify the entities that are to be associated with
the dummy argumaents for 2 particular roference of a subroutine or
function. An  actual argument must not be the neme of a statement
function in the program unit containing the references Actual
arguments may be constantsy symbolic names of constantsy, function
refarancess 3scalar or array expresslions involving operatorss
vector—-valued section selectorss and scalar or array expressions
anclosed in parentheses if and only if the associated dummy argument
is not Jafined during execution of tha  referenced external
procadure.

The type of each actual argument must agree with the type of its
associated dJummy arguments 2%xcept whan the actusl argument is a
subrougtine name  (16.2+3e¢4) or 2n alternate return specifler
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16.9.3 ASSOCIAIION_OE_DUHKY_AND_ACTUAL_ARGUMENIS.
At thz exacution of a function or subroutine references an

association s establlished between the corresponding dummy and
actual arguments. The first dummy argument becomes associated with
the Ffirst actual arjumenty the seceoend dummy argument becomes
associated with the ss2cond actual arguments etc.

Atl appearances within a function or subroutine subprogram of a
dummy a3rgument whos2 name appaars in the dumny argument list of the
procaduyre nane referenced become zssociated with the actual argument
when a reference to the function or subroutine is executed.

valid association occurs onty if the type of tha actual ergument
the samas as the {yp2 of the corresponding dummy argument, A
subroutine name has no type and must be associated with a dummy
rocedure names, An alternate return specifier has no type and must
e associated with an asterisk,

el

‘:T'UH — >

If an actual argument §is an expressions it is evaluated Just before
the association of arguments takes place.,

If an actual argument is an array element names i%fs subscript s
avaluated. Jjust bafora the association of arguments takes place.
Note that the subscript value remains constant as long as that
association of arguments persistssy even If the subscript contains
variables that are redefined during the associatlone.

If an actual argument is a character substring names its substring
expressions ara evaluated Jjust before the associetion of arguments
tskes placa, Note that the value oFf eaeh of the substring
expressions remains constant as long as that association of
arguments pearsistss even if the substring expression contains
variables thai are redefined during the sssociation,

If an actual argument is an external procedure name, the procedure
must be available at the time a reference to it is executed,

A dummy arcument s undefined if it is not currently associated with
an  actual argument. An odjustable array Is undefined if the dummy
argument array is not currently associated with an actual argument
array or If any variable appearing in the adjustablzs array
declarator Is not currently associated with an sctual argument sand
is not in a common block.

Arjzument association may be carried throuobh mora than one level of
procadure refarences. A valld asscociation exists at the last level
onl» if a wvalid association exists at all intermediate levels.
Argument association within a program unit terminates at the
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executjon of a RETURN or END statement in the program unit. Note
that there is no retention of argument association between one
rafarance of a subprogram and the next raference of the subprogreme

If an elemental intrinsic function Is referenced with an array names
array section names or array expression as an actual argumenty the
function will be implicitly raferencad p times whaere p is the size
of the actual argument array names array section namesy ofr array
expression, Fach implicit reference will associate one of the array
aloments of tThe arrave arrsy sactions or array exerassion gctual
argument with the corresponding varlablz dummy arguments Every
array element of the actual argument will be associated during the n
implicit references. The order in which the sssociations are made
is not specifieds IFf there Is more than one arrays array sectliony
or array expression as an actual argument, each implicit reference
will associalke the same relative array element of each arrays array
sagtions or array axupressione. For axample»r in the reference fo the
alemenptal intrinsic functlion ATAN2 ~

INTEGER A(10)s B(-5:4)
B = ATANZ ( As B )

one of the Iapilcit references te ATAN2 will assoclate A(1l) and
B{—5) with the corresponding dummy argumentss another implicit
reference Wwill associate A{6) and B(0) with the corresponding dummy
argumentss atc.

16,9.3.1 Lepnath_of Character Dummy_and_Actual_ Arouments

If a dummy argument s of type charactery the associated actual
arqumant must be of type character and the 1{ength of the dummy
argument  must be tess than or equal to the length of the actual
arjJumante IT the fangth l2n of s dummy argument of tvpe cheracter
is Jless than the length of an associated actual argument, the

leftmost lgn characters of the actual argument are associated with

tha dunmmy arjument.

If a  dummy argument of type <character 1is an array names the
restriction on length is for tha entire array and not for =2zch array
alements Tha tength of an array elesnent in the dummy argument array
may be different from +the length of an array element in an
associated actual argument arrays array elements or arrsy element
substrings, but tThe dummy argument array must not extend beyond the
and of the essociatad actual argument aryrav.

If an actual  argument is a character substrings, the length of the
actual argument is tha length eof the substring. If an actual
arjument is the concatanation of two or more operandss Its langth is
the sum of the lengths of the operands.

COMTROL DATA PRIVATE
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16.94342 Variables_as_Dummyv_Aroumenis.

A dummy argumoent that is s variable may be asgsociated wlith an actual
ar gument that is a variables array elements substrings or
expression. ,

If the actual argument is 8 variable names array element name, or
substring namer the associated dummy argument may be defined or

redefined within the subprogranm, If the actual argument is a
constants a . symbolic name of a constants & function reference, an
axpresslon involving operatorss or an expression enclosed in

parenthesese, the "associated dummy argument must not be redefined
within tha subprograme. '

16094303 Arrars_zs_Dupny_Apoumepnts

Within a program units the array declarator given FTor an array
providas all array declarator information needed for the array in an
axacution of the program unit. The number and size of dimensions in
an actual argument array declarator may be different from the number
and size of the dimensions iIn an associated dummy s&roument array
declarator only If the actual argumenit Is an array name or array
element name,

The number and siz# of dimensions in an actual srqument aorray
section or array exorassion Involving operators or parentheses must
agree with the number and size of the dimensions in an associated

dummy argument array declarator.

Parmittad associations between actual and dummy arguments are shoun
by the following tablet

CONTROL DATA PRIVATE.
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o e e et s —_—+ —————— - i o o e - +
! ACTUAL | ARRAY! ARRAY } ARRAY 1 ASSUMED i ASSUMED H
H ARGUMENT! NAME 1 SECTIONY | ELEMENT 1§ SIze 1 SHAPE H
H H 1 EXPRESSIONI i ARRAY MAME!] ARRAY NAME ¢
H : H H H H H
¥ 1 [} ] L] 1] 1
H . 1 ] ] ] 1] 1
PoDUMMY - : H H H H H
$ ARGUMENT 1} H H H H H
P o ————— pomm——————— IS —— E T ——— S —— +
VCONSTANT  + YES | YES 1 YES T YES 1 YES H
t ARRAY H ! Same Shape! H ! Same Shape |
+ + b—— - o —_— - +
H AOJUSTABLE{ YES 1 YES 1 YES 1 YES 1 YES H
' ARRAY H ! Same Shapa) H i Seme Shape 1}
N R - e IR —— b ——— + — S —— +
! ASSUMED ! YES ! NO ! YES ! YES ! ND !
! SI7ZE H H H H H H
2 ARRKY i : H H H H
o o 1 o e + — + + e e e e e e
1 ASSUMED ! YES 1 YES y NO 1 MO y YES !
} SHAPE ! Same 1 Same Shape! H ! Same Shape ¢
!} ARRAY } Shapel H H H H
SR — + +—- + ———— — e ————— +
T VARIABLZ 1 NO v ND i YES HER 14 ! ND H
R R R —— K R S — O R —- fmm————————— +

A PYES" entry indicates that the association is permitteds If "Same
Shape" is also specifiedsy then the actual and dummy argument must
have the sama shapea,

If the actual argument is 2a noncharacter array names the size of the
Juminy argument array must not exceed the size of the actual argument
arrays and oach actual argument array element bscomas associated
with the dummy argument array element that has the same subsgcript
value as the actual argument array element. Note that association
by array 2loments 2xists for character arrays if there is egreement
in i2nsth between ithe actual argument and the dummy argument array
elementsy if the lengths do not agrees the dummy and actual argument
array elements do not <consist of the same characterss but an
association still oxists.

I¥f the actual argumenpt Is a noncharacter array element name, the
size of the dummy argument array must not exceed the size of the
aetual  argunant array plus one minus the subscript value of the
array 21gaent. Yhan an actual ergument - Is a2 noncharacter .array
element name with a subscript value of ass, the dummy argument array
atament with a subseript value of ds becomas gssocisted with the
actual argument array element that has a subscript value of
45 + ds = 1 {(Tahle 1y 54543)

COMTROL DATA PRIVATE
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If tha actual argumant is 2 charecter array neames character array
alement naney or character array 2iement substring name and . begins
at character storage unit 2cy of an arrays character storage unit
deyw of  an asscociatad dummy argument array becomes sssociated with
.. character storage unit acu + decu = 1 of the actual argument array..

16+9e304 Proagduraz_as_ Duppy_Araumanise

A dummy argument that is a dummy procedure may be associated only
with an  actuzl argument that 1s an inirinsic functions external
functions siubroutines or another dummy procadure.

If a dummy argument is used as if it were an external functions the
associated actual argument must b2 an intrinsic funciions extarnal
functions or dummy procedure. A dummy argument that becomes
assaciated with an intrinsic function never has any automatic typing
propertyy, even. if the dummy argument name appears in Table 5
{16.10), Therafores tha type of the dummy argumenti must aaree vith
tha type of the result of all speciflc actuzl argumants that become
associated with the dummy argument, If a dummy argument name is
used as if it woere an externsl function and that name galso eppesrs
in Table 5, the Intrinsic function corresponding to the dummy
argument name _is nolt available for referencing within the
subprograme.

A dusmmy argument that is used as a procedure name in a function
refarence and is associated with an intrinsic function must have
arguments that agree in orders numbers and type with those specified
in Table 5 for tha2 intrinsic function.

If a dusmy argument appears In a type—statement and an EXTERNAL
statement, the . actual argument must be the name of an intrinsic
funotions extoernal functions or dummy procedure,

If the duany argument Is referaenced as a subroutines the actual
argument must be the name of a subroutine or dummy procedure and
nust not sppzar In u fypa=-statoment or he referenced as a function.

flota that 1t may not be possible to determine In a3 given program
unit whether a dummy procedure jis assocjated with a function or a
subroutine. If a progedur™ name appesers only in 2 dummy argument
lists an EXTIERKAL statemants and an sctual argument listy, it is not
possible to determine whether the symbolic name becomes associated
with a function or subroutine by examination of the subprogram
alonz.

16.9.3.5 Asina LlhkS,Js-Q‘JE!-ArJumpnti-
A dummy argument that is an asterisk may appear only in the dummy
argumant list of 2 SUBRJQUTINE statement or an ENTRY statement In 1

subroutine subprogram.

CONMTROL DATA PRIVATE
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A dummy argument that Is an asterisk may ba zssociated only with an

actual . argument that 1is an alternate return specifier in the CALL

statement that identifies the current referencing name, If 2 dummy

argument iz an asterlsksy the corresponding actual argument must be
an alternate return specifier,

16494346 Restriciions_on_Association_of_ Eptitiess

If a subprogram reference causes a dummy argument in the referenced
subprogram to become associated with another dummy argument in the
refarenced subprograms naither dummy argument may become  defined
during executjon of that subprogram. For exampley if a subroutine
is headed by '

SUBROUTINE XYZ (A,B)
~and is referenced by .
CALL XYZ (CsC)

then the dunmy arguments A and B szach become assoclieted with the
same actual argument C and therefore with each other. Neither A por
B may become defined during this execution of subroutine XYZ or by
any proceduras refaerencad by XYZ.

If a subprogram reference causes a dummy argument to become
associated with an entity 1in a common block in the referenced

subprojram or in a subprogram reoeferenced by the referenced
subprograns neither the dummy argument nor the entity in the common
block may become defined within the subprogram or within a

subprogram referenced by the referancad subprograme For examples if
a subroutine contalns the statements:

SUBRDUTINE XYZ (A)
COMNON C

and is refearaenced by a program unit that contains the statements:

COMMON B
CALL XYZ (B)

then the “Jummy argument A becomes associated with the actual
argument B» which is associated with C, which is in a common blocks
Meither A nor € may become defined during execution of the
subrouting XYZ or by any procadures refarenced by XYZ,

16.9.4 COMMON_BLOCKS.
A common block provides a means of communicastion betuween external

procedures or between a maln nrogram and an external procedures. The
variables and arrays in a common block may be defined and referenced

CONMTROL DATA PRIVATE
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in all subprograrms that contein a declaraztion of that common biock.
Because association is by storage rather than by name, the names of
the variables and arrays may be different- in the different
" sUbProOgrams.,. A raference to a datum in a common block is proper if
the datum is In a defined state of the same type as the type of the
name used to reference the datume. Howevers an integer variable that
has been assigned a statement label must not be referenced in  any
program unlt other than the one In which it was assigned (10.3).

Mo difference in data type is permitted between the defined state
and the tvpe of the raferences excapt that sither part of &  complex
datum may ba referencad also as a real datum.

In a subprogram that has declared a named common blocks the entities
in the block remain definad aftar the execution of a RETURN or END

statement T a common block of the same name has bean declared ‘in
any program unit that 1is currently referencing the subprogram,
either directly or indirectly. Otherwisey, such entities become

andefined at the axecution of a RETURN or TEND statements except for
those  that are specified hy SAVE statements and those that were
initially defined by DATA statements and have neither been redefined
nor hecom=2 undefinad,

Execution of =z RETURN or END statement does nat cause entities in
blank common or in any named common bhlock that appears in the main
prodram to b=2comsz undefinsd.

Comnmon blocks may b2 used also io reduce the total number of storage
units required for an execultable program by causing two or more
subprograms to shar2 some of the same storayge units. This sharing
of storage Is permittaed If the rules for defining sznd referencing
data are not violated,

CONTROL DATA FRIVATE
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16.0 FUNCTIDHS AND SUBROUTINES
16,10 TABLE 5 INTRINSIC FUNCTIONS
164,10 TABLE_S5__INTIRINSIC_EUNCTIIONS
Iahlg 5

Elemental Intrinsic Functions
+ — o et e e e e o e e e e e e e e o e o e e e oo et o e e 4= - Fmm—— e 2 ot e 20 o e e
: , . )Number of} Generic |} Spacific} Type of
i Intrinsic Functlon | Definition 1 Arguments} Name ! Name i Argument | Function
A SR — FR—— - R — fmm—————— G fom o
V Type Convarsion ! Conversion H 1 i OINT HER i Integer ! Integer
) i to Intager H H v OINT : Real t Integer
: ! int(3z) H o ! IFIX ! Real 4 Integer
H i S28 Noto 1 H H 1 IDINT i Double ! Integer
H H ; H i IHINT { Half i Integer
: i i : P - i Complex i Integer
! e e et e s e 0 e ot e e e e e et e e From e o e o e o o e e e e fomm——————— o ———————
H ! Conversion H 1. i REAL ! REAL { Integer i Real
: i to Real i i i FLOAT i Integer i Real
H i See Note 2 H H HE { Real { Real
H H H H { SHGL ! Double ! Real
: : ! ! ! EXTEND ! Half ! Real
: i i ; i - i Complex i Real
! e e o e e e e e N e B R r— N e
H { Conversion H 1 T DBLE HERS it Integer i Doutble
! ! to Double : H HER { Real t Double
H i See Note 3 H A HE ' Double } Double
H H H H I i Complex ! Double
! = — -—+ ————- + +—= + —_
H { Conversion ! 1 or 2 } CHMPLX V- t Integer t Complex
H ! to Complex H ! V- { Rzal { Complex
H ! See Note 4 H H HIES i Double i Complex
H ! H H HE i Complex i Complex
! R —— o e e e e o e o e e Fo o o e e o e e e e tmm———— -
! ! Conversion H 1 H t ICHAR i Character } Integer
; ! to Integer : H : : -
H ! See Note 5 H H H " H
H e e e e e e e e e Fom e o e e e R R D
! ! Conversion H 1 H ¢ CHAR { Inteager i Character
! i to Character H ! H H :
H } See Note 5 H H ) H H
! frem————————— e e A e e e e e o e e e D e o e o e e e e
H i Converslon H 1 t HALF HER '} Integer { Half
: ! to Halr H H 1 - i Real ! Half
' H H H R i Doubile ! Half
H ! H H HER i Haif 1 Half
: : 1 H R { Complex .1 Half
o e e e e e et e e e e Fom e o e e o e o e e e e e ¥ - $omm o S — fm e —————
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Table 5 {continued)
Elemental Intrinsic Functijons

D S S — e e e e e e e e e S Fom e F oo o o e e ———— fom—————————
H H iNumber of}! Genaric ! Specifict Type of

! Intrinsic Function | Definltlon PArjumentsi Name ! Name ! Argument | Function
e e e e e e s e et e e e G e e e T trmm—— e ———— o ——————
: ! Conversion H 1 i BOOL I i Intzger | Boolesan

H i to Boolean H H N i Real { Boolean

H ! See note 14 H H HER i Doubtle i Boolean

H H H H HER i Half ! Boolesan

H H H H L ! Complex { Boolean

! ; H H R ! Character } Boolean

+ o e e e e e e e F o e e e Fm———————— o —————— s o m————
H Y Convarsion H 1 H ! BTOL ! Bit i Logical

! 1 to Logical H H H H H

+ o ———————— F e et et e e e o o e o oo Fo e o e e e ———————
' ! Conversion : 1 H 1 LTOB i Logical ! Bit

H i to Bit : : H : H

+ —————— - N -—+ —f——————— + o ———————— frmm———————
! Truncation { int(a) : 1 vV OAINT i AINT i Real 1 Real

H ! See Note 1 H H i DINT i Double i Double

H H H H 1 HINT i Half ! Half

o B - —~——— — - e e o e Fom o e o e e e fom———————
} MNaarest Whole Voint{a+e5) if 2201 1 VOANIHT 1 OAMINT ! Renl i Real

H Number v int{a-.5) if 3¢<0} 1 ' y DNINT .t Double ! Double

H H H H 1 HNINT i Half 1 Half

+ — - —f——— - — —— —————————— m——— pmm———————
1 MNearest Integer Voint{a+.5) if 232018 1 iy NINT 1 NINT ! Real ! Integer

H 1 Iint{a~,5) if a0} 1 ! { IDNINT § Double ! Integer

H H H H } IHNINT } Half { Integer
T —— , R - —— oo o o o e e e e e —— e e e e e T
! Absolute Value HER i 1 ! ABS { IABS t Integer i Integer

! H ; ! { ABS { Real ! Real

: 1 See Note 6 H H ' DABS } Double ! Double

H b H H ! HABS i Half i Half

H J{lapkk2+alk®:2) %%, 5]} 1 H ! CABS ! Complex ! Real
U U I — - —— o ————— o e o e e prm———————— frm————————
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Tébie 5 {continued)
Elamental Intrinsic Functions

Fo e e e e e e e e e e S — - ——— —————————— - S Ty pom————————
H L H iHumber ofi Generic | Specifici Type of

! Intrinsic Function § Definition VArgumaents! Name i Name ! Argument | Function
e e + - ——————t e e +— +— pom————————
! Remaindering 1 al-int{glrsa2)*a2i 2 1 MGD i MOD i Integer i Integer

H i See Note 1 H H i AMOD ! Real ! Real

H H H H ! DMOD i Double t Double

H H H H i HMDD H H&lf i Helf

+ —— e + R o —————— o e et e e e e e e
t Transfar of Sign it 1aly 1f a2 2 0 1 2 7 SIGN t ISIGN i Integer ! Integer

H {o=-1al1) if 22 <0 1} H + SIGHN } Real } Real

' H H H i DSIGN ' Double ! Double

H H H H H HSIGN i Half i Half

+ e e e e e e e o e et e e e e —— 4 Y o e e o e o e e e o ———
! Positive Differencel s5l1—-32 if ald>a2 | 2 1 DIM ! IDINM { Integer i Integer

! H 0 if algaz2 | H i DIN 1+ Real i Renl

H H : H i i DDIM i Double i Double

: H H H { HDIN ! Half i Half

o - o e o o —_— T — o o e e e F I —— fome———————— o ———————
! Extended Pracision | al%g2 H 2 H i DPROD i Real i Double

! Product H H H ! RPROD ! Half i Real

+ —r—— - e oo e o o 2 i e e o o e o e o e e e o e e e e e o e fmm————————— K —
t Choosing Largest ! omax(alsn2seee) 1 22 ! MAX 1 MAXO ! Integer i Integer

H Value - H H Y OAMAX1 1 Real ! Real

! ' H H ! DHMAX1 i Double ! Double

H H H H + HMAX1 i Half ! Half

! ! H Fmmm————— —_— - S
: ; ! H ! AMAXO ! Integer ! Real

H ! H H i MAXL ! Real ! Integer

o e i e e e e et e s F R —— — — + +— - - - -

CONTROL DATA PRIVATE
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Table 5 {continued)
Elemental Intrinsic Functions

A e e et et e —_— — - - e e o o e fmm———————— fmmm e ——— +
H ‘ H . 'flumber of! Generic | Specifici Typa of H
! Intrinsic Function | Dafinition 1Argumentsi Meme t Name ! Argument | Function |
o ——— ‘ - ———— —— + + ———e— e —————— +
i Choosing Smatlest | min(alsa2sese) 1 22 v MIN 1 MINO i Integer { Integer
! Value ! - : H i AMINI ! Resl i Real H
H H H y t DMIN1 { Double i Double H
H H H H i HMIN t Hailf 1 Half '
! ! ! pmmm e e tmm— e fm 4
H ! ! H v AMINO ! Integer ! Real H
H H H H I MIN1 i Real ! Integer |
+ - - - - - - e oo e e +- -t e o o e e e e +
i Langth ! Langth af H 1 H 7 LEN { Character } Integer !
H ! Character Entity! H H H H H
+ - — $ v e e e e e e B o o e e e ——— o ——— -
} Index of i Location of H 2 H i INDEX it Character | Integer 3
! a Substring ' Substring a2 H H H H H H
: ! in String al H H ! H H H
H i See Note 10 H ) : H H i
S R R e - o e e e e e o e o e e e +
! Imaginary Part of | ai H 1 H ! AIMAG ! Complex ! Reeal ;
1 Complex Argument 1§ See Note 6 H H H H H H
F - - - e o - Y ———————————— o ———— o ————— Fom e e e +
! Conjugate of a f lacs=gl) H 1 H t COHJG 1 Complex i1 Complex |
' Complex Argument | See Note 6 H H H H H :
+ B e e e e e e et e e N Fo o o e e F o e e e G e e i e v e e o e e +
{1 Sauare Root Vo (a)Y*k1/2 } 1 1 SQRT 1 SQORT ! Real i Real :
H H ) H v DSQRT ! Double { Double H
H H H ' + HSQRT i Half it Half H
} H H H { CSQRT ! Complex t Complex i
- ——————————— e e —_—— -+ o +— + = ————
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Etemantal

2]

i

Table 5 {continued)
Intrinsic Functions

1

+‘ ————————————————————
[ ]

L B

! Intrinsic Function
e
1 Exponential

: .

1

3

]

1

+ -
i Matural Logarithm

H

1

3

1

1

+ -y ot P -
! Common Logarithm

: .

]

1

oo

i Sine

]

3

¥

H

]

1

<ot ot 2 . 50 G e S S e e
! Cosine

H

!

1

4

H

- —

! Tangent

:

!

UG W S S0 TS T G A D ) ) et D Bl R D S B e

" et s e S % s s S et e e s e P A B 2 e !

e me d o me e e e e . ee mw Y mm mw b ce e e f me me ea e e mm e N am o mw —-
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----------------- e T e T
iNumber of! Generic { Specifici Type of H

finition {Arguments} Name { Nanme } Argument |} Function 1}
o -+ + —pm—————————— +

1 V EXP i EXP i Real i Real HE

H t DEXP i Double i Double H

H 1 HEXP ! Half } Half H

H i CEXP ! Complex { Complex |

----------------- e o e et e e e o o e e e < e e e o e e

1 iy LDG i ALDG i Real i Real H

H 'y DLOG } Doubls i Double H

H ! HLOG i Half ! Hayif H

H 1 CLOG ! Complex 1 Complex

e o e e e e e 1 S R - o e e o e to—m——————— +

fogl0{s) 1 i LOG1O } ALOG10 1 Raal ! Real H
i i DLOG10 1§ Double i Double 1

H i HLDG10 1 Half 1 Halt H

o e s s o e e o o e s G Fo e e e e f————— e e e e e e +
1 1 SIN } SIN ! Real i Real H

H } DSIN ! Double ! Double H

: i HSIN i Hglf { Half H

H i CSIN } Complex ! Complex 1
——————————————————————————— e o e e e e o e o o e e e e o 2 o o o
1 i COS i COS i Real ! Real ;

B i DCOs i Double i Double ;

H i HCOS { Half { Haif H

H t CCcOos i Complex | Complex

SRR T — - = - - +

1 1+ TAN ! TAN i Real i Real H

H 1 DTAN i Double i Double H

! i HTAN i Haylf i Half H
—————————————————————————— fm————— + - frm———————— e ———————
cotanla) 1 1 COTAN t CDTAN i Real i Reeal H
H } HCOTAN § Half i Half H

————— o e e - e e e e o e o e o e o
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Table 5 (continued)
Elemental Intrinzic Functions

e — e ——— G oo o e e e o e o e o e e 4 o o o e e e e e o o e e e o e e o
HE : H : I Number of}! Generic | Specific! Type of

! Intrinsic Function { Dafinition VArogumentsi Name } Name ! Argument | Function
+ — - + - - EN— $—— e
i Arcsine i arcsin{3) i 1. i ASIN i ASIN i Real i Real

H H : H ! DASIN i Double ! Double

H H H H i HASIN i+ Half i Half
FU— - B T o o o e e o e e e e e e o e e e e e e o e e e o ot e e e e
! Arccosine { arccos{a) : 1 y ACOS ! ACOS ! Real ! Real

! 1 HE H ' DACOS } Double { Double

H H H : t HACOS i Halrf i Haif

- e e e e o e e e s s e o e o e N o e e e oo e e e e e Fom e e e e B
7 Arctangent v arctan{a) H 1 1 AT AN ¢ ATAN ! Real } Real

! ; 1 H i DATAN i Double i Double

H H H H 1 HATAN + Half ! Half

! T +— - -3 +—— ———t————————
H 'y arctan{al/a2) 1 2 1 ATANZ2 1 ATANZ2 ! Real { Real

: H H H y DATAN2 | Doubtle { Doublte

H H H H 1 HATANZ2 -} Half ;i Half

e e o e e e e e e e o e e e s e e e e e e e e N oo e o e e Fomm———— frm————————— frmm—————
i Hyperbolic Sine ! sinhlga) H 1 7 SINH ! SINH ! Real ! Real

H H H H t DSINH { Double i Double

H H H H 1 HSINH i Half 1 Half
R — B - O A o e e e G e e o —————— Fom o e -
i Hyoartboiic Cosineg 1§ cosh(a) H 1 ! COosH ' COSH ! Real i Real

: . ‘ : H H ! DCOSH ! Double ! Double

H H ! H t HCOSH i Half 1 Half
P - G P R — fom————— fmm—————— o —————— fr———————
i Hyperbollisc Tangent | tanh(a) H 1 i TANH ! TANH } Real i Real

H : ' H t DTANH i Double i Double

H H H H i HTANH t Hetlf } Half

+ - R - + = ———¢
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Table 5 {continued)
Elemental Intrinsic Functionsg

— - —f———— —_— B —. A - Y —— e ————— b ——————
i ‘ iNumber ofi Generic | Specifici Type of
Intrinsic Fungtion | Daefinition ‘Argum@ntv' Mame ! Name t Argument ! Function
- - ———— s e —— - ———————————— + - fmm———————
Lexically Sreater | 3l .2 a2 H 2 H i LGE { Character | Logical
Than or Equal } Sae Note 12 H H H H H
--------------------- foree — - — e e e e e e e e e o e e e e e e e e
Lexically Greater | 31 > 32 ' 2 H 1 LGT .3 Character. { Logical
Than ! Sze Note 12 : H H H H
———————————————————— e e o e e e s e e e e e e e s o e e o e o e o e
Lexically Less .1 381 £ a2 H 2 H t LLE t+ Character { Logical
Than or Equal ! See Note 12 H H ' H H
-------------------- e — - - e e e e e e e s e e - e e e e o e e e e
Lexically Less t al < g2 H 2 ' POLLT } Character | Logicel
Than ! S2e Note 12 H H : : H
-------------------- e e e e . e e e e e e e 2 o e e e e
i Random Mumber i Random number i 0 or 1 1 ' RANF H ! Real
) Genarator P in range {0e.sl.)} H H ' H
H i See Note 13. : H : H H
o e et 2 e o e e K W —— —~—— -— - S S — o m—————— b ——————— o ——————
v Shift i Boolean rasult | 2 H i SHIFT tal: any but! Boolean
: i of al ohifted H : H icharsbitsor?
H H i H H i half H
! 1 a2 bhit positions: H H {182t intooer!
H ! See Note 15 H H H ; H
e e e e et - - —t o e e e e e N o —————— do o o o
! Mask { Boolean result | 1 H t MASK } Integer ! Boolean
H 1 of a lert- H : } ' :
' ! Justified 1 bits) H H H H
! i Sae Note 16 H H H ' H
U . +— - ——— $— —— +- ————————————
V. Orror Function 1 erfla) ! 1 H i ERF ! Real i1 Real
e o e e e e e et et R ———— S — e ———— . - + - ——— e ————
i Complementary i erfeclg) H 1 H i ERFC ! Rea] 1 Real
! frror Function i See Note 17 H t 3 H H
e e et et e e e e e S e T, $om e e e fe——————————- Fomm———————
: H'pﬂrboiic i atanh{a) : 1 i ! ATANH ! Real ! Real
! Arctangent H HE H H H H
TR - - A S —— ——— - S T - N tmm———————— fm—————————
i Sine V sind(2)s where | 1 H it SIND ! Real ! Real
H } 2 is in degrees } H H H H
e e e e e o e e e e o et e e - —— —— —— -+ o ————
i Cosine i cosd(a)y, where | 1 H i COSD ! Real ! Real
' 1 3 is in degrees | ! H H H
fm——— — e e e e e e e s - fom—————— Fo i ———— E T —— o
{ Tangent i tandlg)s where 1 : i TAND ! Resl ! Real
H ! 2 is in dsgrees | H H H :
e e e e e 2 e e et R e e e e e e Fo e ————— fmm———————— o ————————
CONTROL DATA PRIVATE
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Table 5 l{continued)

Elemental Intrinsic Functions
0 S U e e o o e e e e e e +- b - fmm e —— e o ———
H ‘ , o H i} Number of! Generic } Specific! Type of
! Intrinsic Function | Definition VArguments! MName i MName t Argument | Function
+ - —— - - - - e s e o e e e e e e o e o st e o e e e e e e
! Boolean Product tBoolean resuit ofl any»=2 1} ' AND tany but bit! Boolean
! ! +AND,., operator ! H ! i or char H
H ! Ss& Note 33 H H H ! Bit } Bit
o R — ——— - ——— ——— ——fm——————— + - +
' Doolean sum iBoolean result of} anyd>=2 1} v OR tany but bit} Boolean
H ! «JRe« operator H H H i or char H
H ! See Note 33 H H H i Bit ' ! Bit
+ —— + ————————— e Fom e e o e e o e e e e o o e e e e Fom e e frm———————
! TZxclusive 0r 'Boolean result ofi any>»=2 | 1 XOR tany but bit! Boolean
: i «XOR. oporaztor |} H H i or char }
i i See Note 33 i i i i Bit i Bit
+ - - e R - ———— fmm——————— R G .
1 Honequivalancea H Sam?2 as ! ecny>=2 | i NEQV tany but bit} Bool=an
H t txcluslve Or H : H i or char H
H } See Note 33 H H H 1 Bit 1 Bit
+ -— S - -— ——— S S p—— fm——————— fmmm e —————— F
i Equivalence iBoola2an rasult oft any>=2 |} i EQV {any byt bit] Boolesn
H 3 «EQV. oparater | H H i or char H ‘
H ! See Note 33 ! H H i Bit ! Bit
e e e e e e s e e 0 e e e .~ - e e e o e - R fommm———————
i Complement tBoolean rasult of} 1 H { COMPL fany but bit: Booleen
H ! »NOT. operator 1 H H v or char H
H ! See Note 33 H H H 1 Bit V! Bit
e et s e e et e et e e o e e e e e e e e e e e S —— O —— R S o e o e
! Extract Bits } extblasi,J) H 3 H ! EXTB iar  See }! Boolean
H i See Note 18 H H H ! ©Note 18
H ! H H H 112 Integer |
H H H H H tjs integer |
o —— e et e o o o e e e g AR S — o e e e e e e Fom—————————
! Insert Blts P insb(asislish) H 4 H ! INSB ta and b:See} Boolezn
H ! See Motao 19 H H H i Note 19 !
} H H H : 11 integer |
H H : H H 1.d: integer |
+ - —— e e e e s et S e e e e R e T —— o + - -
i Merge under mask 1 See Note 20 3 3 ! MERGE H ! 81,32 int !} Integer
H ! H H H ! 2182 Real} Real
H H : H : ! 2alya2 Dbl } Double
: ' H H H ! 21532 Half} Half
H H \ ! H t 21,832 Cplx! Complex
H H : ! H i 815232 Log } Logicsal
H H H ! ' ! 31932 Char! Character
! H H ] H ! 2l,22 Bit | Bit
o ————————— e Fom———— - —— I ———— FIRE. + ———— e ——————

CONTROL DATA PRIVATE

+ o en e cd ws e v v e e w.  ve G e wn M e B NN b e e ew e Se B we o e G B8 e e e Ut S se we e es



_ . 16—-36
Control Data Corporation Standard FORTRAN

83706730
16.0 FUNCTIONS AMND SUBROUTINES
15,10 TABLE 5 INTRINSIC FUNCTINNS

Table 5 {centinued)
Array-valued Intrinsic Functions

ymber-of true.

C
values n
elements of 2l
a
3

Trun

long dimensio
Sea Mote 2

— . o — T o8 P WD D WS S ) e e

w 3

| R — — + e et e e e b e e e Fom e ——————— ¥ N -
H _ H . Number of] Genaric | Specific
i Intrinsic Function | Definition t Arguments) Name ! Name
e - - - ——— e . S,
i Dot Product isunlconjg(al)*a2)i - 2 iDOTPRODUCT
H i See Note 21 H H H
1 9 ) 3 1
1 ] 3 1 ;]
] 1 1 ] k]
kS 3 ] 1 1
H ! H H '
4 - - X - e e o e e e s e - S ————
i Matrix Transpose ! Row and celumn |} 1 i TRANSPOSE |
! ! interchange of | H H
H 1 3 H ! H
H i Soe Note 22 ; } :
H H ' H H
1 1] 1} 1 ]
1 1 L ]
H H H H H
] 3 3 i ] 3
[] 3 3 F} 1
) e e e o et 1 e e Frors o e ot ot e e e e o e e e v e e R FR——
! Summation } Sum of all 11y 2s0r 3} SUB H
i i the elements of 1 H H
H t al along dimen- 1| : H
H ! sion g2 H H e
H 1 See Note 32 H H H
+ —_——— —— - - e e e O ot o .
! Product i Product of all 11s 2so0r 3} PRODUCT }
H i the alements of |} H H
H ' 31 along dimep— ! H H
H .1 sion 22 H H :
! ! Sae Note 32 H H 1
+ O ——— RS - S R S —— b —————
P Value of Maxinum ! Maximum of all  11s 2so0r 37 MAXVAL H
! “lement of an array! elements of al | H H
! ! along dimension | H H
i . i a2, See Mote 32 | : ;
e e e e e e 8 e T ——— S S S —— N Fo—————
Vatuna of Hinimum i} Hinimum of all 11s 2s0r 37 MINVAL H
Element of an array! elements of al H H
! along dimension | H H
! 22, Se2 YNote 32 1 H H
et e e e e e e e e o e o o | b oo e e e formm——————— tm e ——
Count number of ount of the 1 or 2 1 COUNT H
H i
] 1
3 ]
H t
] 3
1 4
+ +

Gooo mm v e o o e e

—— s — —— s ooap o et - s e o e T . - — - ——

CONTRGL DATA PRIVATE

4 ww et waum ws f 08 e an an o ose Be Yo me b S RN ee 9s es b 4 % me S e oSS SE RS Le me S e Ge e 4 e EE e we e we -+

- — . W e S . wm

Type
Argument

Integer
Real
Double
Half
Complex

|
1
i
1
}
{
1
!
i
!

Integer
Real
Double
Half
Complex
Logical

Character

Bit

Integer
Real
Double
Hatf
Complex

Integer
Real
Double
Half
Complex

Integer
Resl
Doublie
Half

Integer
Real
Double
Hal f

G we cn e v n  ow " an - +——--_--'--;-a---;-@-aa—-.-- +---.-c-a---;-+ L el N = B &

Function

Integer
Real
Double
Half .
Complex

Integer
Real
Doubtle
Half
Complex
Logical

Chearacter

Bit

Integer
Rea}
Doubie
Half
Complex

S G~ o s o o= e

Integer
Real
Double
Haif
Complex

Double
Hal f

Integer
Real
Double
Hal§

Integer

em he ne e e o EE Ge G va e e me we we b Ge Be S an mE Gk e . G EE e e SE e 8 we G we e o e e Ee e g e
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Table 5 {continued)
Array-valued Intrinsic Functions

CONTROL DATA PRIVATE

e o s e st e st - e e e e e e e -+ F— + + -4 +
o H tNumber of} Generic } Specific! - Type of '
! Intrinsic Function } Definition P Arguments? MNema i Mame ! Argument |} Function |
Ao o e e e e e e - e e e e e o e e o d o e e e . N —— - —————— PO +
! Find any true value! TRUE. if any i 1 or 2 } ANY H t Logical ! Logical |}
' ! element of 31 is! H H ' H :
! i true along H H H H H H
H i dimension 2a2» H H H H H H
: i elements of 21 | H H H H H
! i are true along |} H : H H H
! ! dimension a2 H H ! H i H
4 ! See Note 23 H H H : H H
T e o e e i e e e S S ——— Fr o o s o o et e o o e e e e e s e fomm—————— +
! Find all true ! «TRUE. if alil ! 1 or 2 } ALL H { Loglical i Loglicsel &
i valuas i elements of al | H ' H H H
! ! are true along | H H : H H
! 1 dimension 22s ! H H H H H
4 1 «FALSE. if any } H H H : H
H ! element of 3l i H H H : H
H 1 iIs false slong | H H H H H
! ] dimension a2 H H H H H H
H ! Sae Note 23 H H H H H H
T T — - - e f——— - FI— —frm—————— +
! Matrix Multiply ! Matrix Multiply ) 2 VOMATMUL } Integer { Integer !
i i al by a2. : ' H i Real ! Real H
! i See Mote 24 H H H i Double :+ Double H
H H b H H i Half { Half H
H ! H H H i Complex t Complex 1}
H H H H H { Logical i Logical 1}
+ R + - —— ———— m——————— - e ——— o e e e +
i Mumber of ! See Note 25 H 1 I RANK H i Integer V Integer !
! dimansions of an : ! ! H i Real t Integer |
i array H H ! H i Double ! Integer |
H H H H ! ! Half { Integer |
H : H H H { Complex ! Integer |}
H H H H H ! Logical i Integer 1
: H H H H { Character } Integer !
H H H i H 1 Bit i Integer }
H H : ! H { Boolean ! Integer !}
Jommrneem + —_— - + ——— e —————— tm————————— fmm——————— +

- i W mw e

e we e e M-
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. ~Table 5 {continued)
“Arravy=valued Intrinsic Functions

e we i G0 wn e ew Bn AR BN D G B e G G SR G S R B G e W e N RN G e e dE D N Gl e W e

+ - — —f e ————— e —r o ———— e e e Fom e o e e e o ———— frm——————— +
: . ‘ . . L . +Mumber of] Generic | Specifici Type of

! Intrinsic Function { Definition {Arguments! Name ! Name ! Argument | Function
+ - - fm—— - - —_ + + +=- : o ————
i Pack Array into t See Note 30 1 2 or 3 1 PACK H 131,33 Int 1§ Integer

! Vactor ! H H H 1alsa3 Real | Real

} H H H H ialsa3 Dble } Double

i H H H 1 18ls83 Half | Half

H H H H H 1815233 Crlx 3 Cplx

: ! H H H ialsa3 Log 1} Logical

; i H H H 181533 Char { Ccharacter
} H H H H 1als23 Bit | Bit

H H H H ; 181533 Bool | Boolean
oo e e e - e o e e e o e e o e e e e e v o e e e N - + - +

} Unpack Vectpr fnto | See Note 31 H 3 ' UNPACK 1 181,33 Int | Integer

i Array H : H H t2ls33 Real | Real

H ‘ H H H H 131533 Dble | Double

; H ' H H 121533 Half | Half

i H H ; ; 13ls33 Cplx | Complex

: H H : H {21523 Log | Logicsal

H H : H H tals33 Char | Character
H H H H H talsg3 Bit 1 Bit

H ‘ H H H H talsa3 Bool | Boolean
T — - - e s e bt e N —— R T —— fmm————— fom——————
! Create Diagonal i Sze Note 34 i 2 iDIAGONAL 3 talsa3 Int | Integer

! Array _ : o ! H t2l,33 Real! | Real

H ' ' H } H H 121533 Dble ! Double

H H H H H 121533 Half §| Half

H : H H H 421923 Cplix | Complex

H H H | H 131533 Log 1§ Logical

H H ' H 1 131933 Char § Character
: H H H H talsa3 Bit ' Bit

H : ! H H i21»23 Bool } Boolzan
i —— -+ - - - —— e ——————— frm—————— - ——————— S
! Sequenca of ! Sac Note 35 i 2 or 3 | SEO H i Intager ! Integer

! Intaygers H H H H H }

+ ————— oo e o e e e e e e Fom e ——————— o ————— o o e e e e e e ————— Fom e e o o e e
! Logical Alternation! See Note 36 H 3 i OALT H 1 Integer i Logicszl

+ - -+ e o e e e e —+- —— e —————— Fm——————— N P - fmm———————
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i Intrinsic Fuanction

F——

+ e D s B el mE s e

!

Size of Array

Size of Array
Dimensions

e mes mw e e W e e W wm

Lower
of an

Bound
Array

ppar
f an

e

G omm i m e oo i - m = n G e - —— - -
!

Bount
Array

Table 5 {continued)
Array=valued Intrinsic Functions

COMTROL DATA PRIVATE

T RR = e 1 e e e o ——— o e - —————— trm——————
v t Number of} Generic | Specificl Type of

1 Dafinition tArouments) Hame i Name ! Argument | Function
o ——————— e + - o ——— + e —————
! See Note 26 V1 or 2 3 EXTENT 1§ ial Integer § Integer
! H H H ial Real ! Integer
H : H H {2l Double | Integer
H H H H 1al Half | Integer
H H H H 131 Complex | Integer
H H H H 12l Logical | Integer
H H H H tal Char i Integer
: H H H 12l Bt ! Integer
H H : H 1al Boolean i Integer
e - - e e e e e e e e L T S R S Fm——————
! See Note 27 H 1 y SIZE : { Integer i Integer
H ' H : H ! Real ! Integer
H H H H i Doubhle ! Integer
H ! H H ! Half { Integer
H : H H ! Complex ! Integer
H H H : { Logical ! Integer
: H : H i Character | Integer
H ) H H ! Bit i Integer
H H H H ! Boolean i Integer
e o e e e o o o e o e T fmm———————— o —————
{ Sce Note 28 ! 1 or 2 | LBOUND i 131 Integer ! Integer
H H : H tal Real ! Integer
H H H H 12l Double | Integer
H ! H : 13l Half ! Integer
H H H H 1al Complex { Integer
H H H H tal Logical | Integer
H H H H {2l Char i Integer
H : H H 132l Bit ! Integer
' : H H inl Boolean | Integer
e —— — - o ————— fmm—————— fom————————— fomm e ————
i Sz=2 Mote 29 i 1l or 2 i UBOUND 121 Integer § Integer
H H : H {3l Real ! Integer
H H H H {2l Double |} Integer
! i : ; 13l Half i Integer
; - : H 18l Complex | Integer
H H } H 13l Logical | Integer
H H H H 181 Char ! Integer
H H H H 121 Bit i Integer’
H L H H il Boolean | Integer
fm e ——— e ——————— fmm e o e e o e e e fom———————
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Table 5 (continued)
Arrav-valued Intrinsic Functions

+ —— e et e e e e e e e e e e e o —————— fo——————— fom———————— e ————
H A H tNumber of] Genzric 1§ Specifici Type of

1 Intrinsic Function | Definition tAragumentst Mame i Name ! Argument 1 Function

f——— - + - —t— e e et e e e o o e o e e e e o e e e 4 o
1 Convert . ! See Note 37 H 1 IROWWISE H i Integer 1 Integer

! Rovwise Array into ! ! H H ! Resal ! Real

v Columnuise Arrsy ; H H H ! Double ! Double

: - 1 ! H } Half ! Half

H H : H H { Complax i Complex

H H H H H ! Logical i Logical

H H H H H i Character { Character
: H } : H ! Bit ! Bit

H H : H H ! Boelean { Booiean

+ 4 ——— ———— —_— +- - + ————
i Convert ! See Note 3E H 1 1COLUMNWISE ] t Integer i Integer

i Columnwisa Array i i : i ! Real i Real

! into Rowwise Array | H H H ! Double i Doubje

H ! H H H ! Half { Half

H H ; H H ! Complex ! Complex

H H H H ! ! Logleal i Logiceal

H H H ! H ' Character | Character
H H H H H ! Bit i Bit

H H H H H ! Boolean { Boolesan

o e e e et s e 0t e e e T ——— o ————— ——— +- f———— - + -

{ Increase Rank ! See Note 39 : 3 ! SPREAD i i al Integeri Integer |
i of an array } H H : i a8l Real { Integer |
H H } : H i 2l Dbie t Integer |
H H H H H 1 81 Half T Integer |}
i : H ! H ! 31 Compiex} Integer !
4 H H H H } 81 Logical}i Integer |
: : H H H i al Char ! Integer 1
H : H H H i 31 Bit i Integer |
: H H ! H { al Bool ! Integer !
e —— e o e e o o o e e B — o —————— SR b e e o pmm——————— +
i Rapilcate an { See Note 40 H 3 {REPLICATE! i 81 Integer! Integer |
! array dimension ' ! H ' i 31 Real i Integer ¢
H H ! ! { i 21 Dble ! Integer ¢
H H ! ' H i 2l Half { Integer 1
H H H H H i 21 Complex) Integer 1
H H H ' H i 31 Logical} Integer !
H H H ! H ! a1 Char ! Integer 1
H H H ! H i a3l Bit ! Integer !
SO H H H H i 81 Bool i Integer
e ———— o e e o e e e e e e From o e e s pom—————— o —————— fom = ————— fomm——————

CONTROL DATA PRIVATE
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(1)

(2)

(31

(4)

For a of type integer, int{(ad=a.  For a of type reals half
precisions or double precisions there are two casest If i1g! <
ly int(a)=0; if 1al 2 1ls intla) is the integer whose
maanitude is the largaest integer that does not excead the
magni tude of a and whose sign is the same as the sign of 3.
For avamplas

int(-3.7) = -3

For a of type complexy, int(a) is the value obtained
by applying tha above rule to the real part of 3.

For g3 of type real, IFIX{a) is the same as INT(a).

For 1 of type Booleans INT(a) is the integer represented by
the bit string g ‘ ‘

For a3 of typa hatfy INT{z2)=INT(REAL{A)).

For 4 of type reals REAL{(2) is a2« For 2 of +ftype integery
double precision, or half precisiony, RrfAL{a) 1is as much
pracision of the significant part of 2 as a real datum can
contain., For a3 of type complex» REAL(3) is the real part of

2

For g3 of type Integers FLDAT(a) 1s the same és
REAL(2a). .

For 3>Of type Bnoleans REAL(a) is the real datum represented
by the bit string a.

For a of type double pr2cisions DBLE(3) is a» For a of type
integer or reals DBLE(3) is as much precision of the
significant part of a3 as a double precision datum can
containe For a of ftyp» complexs DBLE(3) ic as much precision
of the significant part of the real part of a as a double
pra2cision datum can contain,.

For 3 of type half or Booleansy DBLE(a)=DBLE{(REAL(2a)).

CMPLX may have one or two arguments, If there 1is one
argumants 1% may be of type inteyers reals doublz2 precisions
or complex, If there are two arguments, they must both be of
the same tyvpe and may be of type integers reails, or double
pracision,

For a of type complaewy CMPLX(2) Is a. For a of type integery

COMTROL DATA PRIVATE
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(5)

(6)
(7
(8)
(2)

(10)
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reals or double precisions CMPLX{3) 'is the complex value
whose real part is REAL{g) and whose imapinary part is zero.

CMPLX({381»22) is the complex value whose real part is REAL(al)
and whose imaginary part ls REAL{32),

For 3 of type half or Booleany, CHPLX{g)=CHPLX{REAL(2)).

ICHAR provides ga means of converting from a character to an
integers based on collating weight of the <character in the
collating waioht tabls used by the processor. The first
charascter In the collating sequence corresponds to position O
and the last to position p-1, where pn is the number of
characters in the colilating seguance,

The value of ICHAR(a) 1Is an integer in the ranges
0 £ ICHAR(a) £ n-1s where a is an argument of type character
of tenoth one, The valu2 of a nmust bs a character capable of
representation in the processor, The collating weight of
that charactar is the value of ICHAR,

For any characters £l and ¢2 capable of representation in the
Procassors (gl «LEs 52) is true if anc only if
({ICHAR{gc1) +LE. ICHARI{c2)) is truey, and (cl +EQ. c2) is true
if . and only if {ICHAR{gl) .50 ICHAR{g2)) is truss

'CHAR(i) returns a character having collating weight 1L in the

collating #2ight toble used by the processor (3.,1.5), If
more than one character has collating weight i, the choice of
character raturnad is made by the procassor, The value is of
type character of length one, 1 must ba an integer
expression whose vatue must be in the range 0 £ i £ p—-1.

ICHAR{CHARI(L)) L for 0 £ 1 < n-1.

CHAR{ICHARI(g)) = ¢ for any character c capable of
representation in the processor,

A complex value is expressed as an orderced pair of reslss
(aLs31L)s whore ar is tha real part and ai 1Is the imasglnary
parts

All angleées are expressad in radianse

The resuylt of a function of type complex is the principal

.value,

Attt arauments in an in*rinsic function reference must be of
the same type.

INDSX(al;aZ) returné an integer value indicating the starting
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position within the <character string 31 o¢f a substring
identical +o0o string 32. If a2 occurs more than once in gl,
the starting postion of the first occurence is returned,

If a2 does not ocour in als the value zero is returned. HNote
that zero is returned if LEN{al) < LEN{(32).

Tha wvwalue of the argument of the LEZN function need not be
defined at the time the Tunction reference is executed.

LGE(alsa2) returns the value true if 3gl=32 or if 31 followus

a2 In tha collatling szquenca described in American National
Standard Code for Information 'Interchange, AMNSI X3.4=1977
{ASCII)s and otherwise raturns the value Talse.

L6T(alss2) returns the wvalue true if al follows 22 in the
coltating saquance described in ANSI X3.4-1977 (ASCII)s» and
otherwise raturns the value false. .

LLE{alsa2) returns the value true jif al=a2 or if 31 precedes
a2 in the collating sequence describsd in  ANSI  X3.4-1977
{ASCII)s and otherwise returns the value false.

LLT(aiaaZ) ‘raturns the valuye true"if al précedes 32 in the
collating sequence described in ANSI X3,4-1977 (ASCII)» and
otherwise returns the value false.

If %he oparands for LGEs» L6Ty LLE» and LLT are of unequal
lengths the shorter operand 1is  considered as if it were
extended on the rught with blanks to the length of the longer
operand. '

If =2ither of the character entitlies belng compared contains a
character that is not in the ASCII character sety, the result
is processor—-dopandent,

The values are uniformly distributed in the range (Oasle)s

If one argument is presenty it determines the shape of the
result returnad, For ecxamplas RAMF{B) where B has shsapsa
(453) will return an array of random numbers with shape (4s3)
and RANF{X) where X is a scalar will return a scalars

For &5 of type integers, reals or Boolazans BOOL(2) is the bit
string constituting the datum, For a of type double
precisions half precisions or complex, BOJL(2) .= BOOL
({REAL(a))»  For a of type character, B0OOL{a) is the Boolean
dzfum having the value o7 the Hollerith constant

aHz
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where: ‘

n is the integer having the value of MIM(gs LEM(3))»
where a 1Is the maximum number of characters
representable in 1internal processor code in a
Boolean datum

£ is the string of the lefimost n characters of 2.

Tha shift 1Is 1eft circular if 2220, and right with siagn
extension and end off if a2<0. For al of type integery real,
fogical or Booleans the bit string constituting the datum . is
shiftads For 31 of type double preclsion or complexs the bit
string constituting REAL (al) is shifted,

The string of g 1 bits occupias the leftmost a bit positions
if 0<3<gs where g is the number of bit positions in one
numerlie storage unite. The fill Is a string of 0 bitss. 1If
a=0y all bits in the result are O bits,

erfe{n) = 1=erf(z)

EXTB extracts bits from its first arguments as indicated by
its setond and third arguments., The first argument may be of
any data type excent charascter or bit., For a bhalf precisicny
double precisions or complex first argument, the argument is
converted to REAL{z).

Araunments § and 1 wmust be of type integer. Argument 1
indicates the first bit to be extracteds numbering from bit
zero on the lefts Argument J indicates the number of bits to
be extracted, . ‘

INSB inserts bits from its first arguments as indicated by
its second and third argumentsy, into a copy of its fourth
argument., The fourth argument itself is not altered, The
first and fourth aroguma2ants msy ba of any data type except
chauracter or bit. For a half precisions double precisions or
complex first or fourth argument, the argument s converted
to REAL(3) or REAL{DL) respectivalys

Arguments 1 and J must be of type integer. The result is the
value of argument b except that | bits beyginning with bit |
are raplaced with the rightmost 1 bits from argument a. Bits
are nymbered from the left beginning with zero.

MERGEZ produces a result wvhich gcontains the value from 21 when
the <corresponding value in 33 is true, otherwise it contains
tha valuo from 342. 23 must be a2 scalar or 4array expression
of type logicals, 31 and 22 must be of the same type and they
nust be confourmable with g3« If a3 is a2 scalary, 21 and 22
must be scalars. al and a2 may be scalars or array
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expressionss The result of MNERGE is of the same type as 3l
and a2 and has Lthe sama ghape ag 23, : E

a4l and a2 must be one dimensional array expressions and must
have the same shape.

a must be a two dimensional array expression., If the shape
of 3 1is l{msn)s The shape of the resull of TRANSPOSE will be
{nsm) uwith the row and column values interchanged.

If a2 is omittads the function is applied to all alements of
al to yield a scalar value, al must be an arrays array
sectiony or an array expressions If g8l has size zero then
the resylt has size zeros unless dimension 32 of al is the
only one of sizn zero In which case tha result has noen—-zero
size and 21i alements have the same value, ‘

The operation pcrforméd by MATMUL({alsg2) depends on the
shapeg of al and a2. If a1 and 22 are of arlthmetic types
the three possible operations are:

(1) 21 and a2 are two dimensional array expressiocns; the
shape of a3l is {(nsm) and the shape of 32 is (msk),
The shape of the result array is {nsk)e The value of

the {1sh) clement of the result array lIs:

SUM ( al(is #) % a2(%s h) )

{(2) 21 is a one dimensional arrzy expression and 22 is a

two dimensional array expression} the shape of 31 is -

{m)s the shape of 22 is (msk)e The shape of the
result array is (k). The value of the ith 2lement of
the resull array is¢

SUM ( 21(3%) * az2(*, j) )

(3) 281 is a two dimensional array expression &énd a2 is a
one dimensional array expression; the shape of a3l is
{nsm)s the shape of 22 is {(m)., The shape of the
rasult array Is (n). The vatuaz of the jith element of
the result array is:

SUM U alCis *) % a2(*) )
The fnrmulas fbr the values of the three possible operations
performed by a matrix multiply mathematically define an
intsrpretation Tor the HATMUL function, The formulas do not

speciTy tha computational method the processor must use to
compukte MATMUL.,

If a1 and 232 are of type logicals thz three possible
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oparations ares

{1) 21 and 22 are two dimensjonal array expressions3 the
shape of 31 is {nsm) and the shape of 32 is (msk).
The shapes of th2 result array is {nsk)s The value of
the {ish) element of the array is:

ANY ( 21{i»*) +AND. 32(%s h) )

{(2) a1l is a one dimensional array expression and 22 is a
two Jdimensional array axpreéssiony the shaps of. g1 is.
{m)s» the shape of a2 is (msk)s The shape of the:
resuli array is (k). The value of the ith element of:
the result array iss .

ANY ( 21(%) JAND. 22(%sij) )

{3} 21 is a two dimensional array eoxpression and a2 is a
one dimensional array expression; the shape of 3l is
{nsm)» .the shane of 72 is {m)e Th2 shape of the
result array is {n)s The value of the ith element of

the result array is:

ANY { all}s %) JAND. a2(%) )

-RAMK{a) returns the number of dimensions of 3 &8s an integer

value, 2 may be a scelars arrays array sections or array
expressione If a8 is a scalars then RAMK{z2) will return zeroe
RAIHK({:x) whera a Is an array sectlion returns the number of
section selectors in the array section reference g« RANKI(3)
where 3 is an  zallocatable array returns the number of
dimensions of Aas whether or not a3 is allocated.

If a4l is an arrays array sections or array expression with
dimensionss IXTENT(21) returns a one dimensional array of 1
intadar valuase. The value of the 1th element of the result
of EXTENT{al) is the size of the jth dimension of 2al. The
result of ECXTENT(al) is undefinsd if 21 Is an assumed size
arraya.

EXTENT{21s32) returns +the siza of the dimension of al
corresponding to the value of 32+ The result is an integer
scalar value. 22 must be an integer scalar value such that 1
€ 22 £ pe The result of EXTENT(a3l,a2) is undefined if 31 is
an assuined size array and a2 designates the ltast dimensiones
The result of ©TXTENT{alsa2) is wundefined if 31 is an
aliocatable array that is not currantly allocatads.

SIZE(al) returns the size of the arrays array sections or
array expression 31 an 2n integaere The cize is the product
of the sizes of each of the dimensions: The result of SIZE
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is undaefined if al is an assumed size array or If al s an

allocatable array that is not currently allocated,

If 4l is an arrays array saections or array expression with p
dimensionss then LBOUND{31) retyrns a one dimensional array
of pn  integer values, The value of the 1th =2lement of the

result of LBOUND{al) is the lower bound of the ith dimension
of 2l. LBOUND(2l1s22) returns as an integer scalar valus the
lower ‘dimension bound of the dimension of al corresponding to
the vyvalue of 22 wvhere 1 <€ a2 £ n. The lower bound of an
array section or an array expression is defined to be 1. The
result of LBOUND iz undefinnd 1f 31 is an allocatable array
that is not currently allocated,

If 31 is an arrays array sections or array expression with n
dimensions then UBOUND{Al) returns a one dimensional array of
p integer valuess The value of the ith element of the result
of URBQUND{al) is the upper bound of the ith dimension of al,
UBDUIID(A1s22) returns as an intenger scalar vealue the upper
bound of the dimension of a8l corresponding to the value of 32

shora 1 £ a2 € ne The result of UBOUND(2l) is undefined if

al is an assumed size arrays. The result of UBOUND{(glsg2) is
unidefined if 21 is an assumad size array and 32 designatas

~the last dimension. The upper bound of an array section or

an array expression is defined to be the number of  elements
in the dimensions The result of UBDUMD(al) or UBOUND(alsa2)
is undefijned if a1l is an allocatable array that 1is not
curranitiy allocatad,

Pagclk Array Into Vectoer. PACK returns a one~dimensional array
of the same type as al consisting of all ‘elements of 23l
corrasponding to true e@lzments of a2, The elements of a1 are
taken in subscript order, a2 must be a logical array
axprassion conformable with 21, If 33 Js noi presents the
result array's size is the number of true elements in a2. 1If
a3 is presanty the result array slize Is the samre 25 33, 23
is a one—~dimensional array of the same type as al with at
least as many 2lements as ther2 are true elements in 22,

Unpack Vector into Arraye. UNPACK returns an array of the
same typ2 as 3l and the same shapa as 32. 22 is a logical
ATTrayes a3 is an array of the same type as g1 and the same
shape as 22, clements of the result array corresponding to
true values of a2 are taken in subscript order and assigned
successive veluas of *the one~dimensional array al. Each

element of the result array corresponding to a false value of

a2 is assignad the value of the corresponding element of 33,
22 and 23 must be conformahle arrayss The number of slements
in the vector al must be greater than or equal to the number
of frue wvaluas in =array 22. 23 may be a scalar. In this
case, cach element of the result array corresponding to a
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false value of a2 is assigned the value of 23,

a2l must be an arrays array section or array 2xpression. The

type of the result will‘be the same as the type of al.

‘Tha reduction dimension may be specifTled by the optional

kevword DIM =.
The mask may be spécified.by the optional keyword MASK =,

If a2 (DIWK) is omitted and 2 mask {a3) Is specifieds the MASK
= keveord is required.

23 1is not specifieds it is as if It were specified as an
array conforming to al and having all elements true.

22 is not spaciTieds the function is applied to all of the
elements of al corresponding to true elements of a3 to vield
a scalar; if al has size zero or if 23 has no %true elements
then the value is as given in the table belowu.

a2 is spécified: the function is applied along dimension 32
to eslements of al corresponding to true elements of a3 to

| yield an array with rank RANK(21)-1; whenevaer the mesking by

a3 leaves no elementsy the corresponding component of the
result is as given in the ta2ble bzlouw; if 21 hes size zZero
then the result has size zero unless dimension 32 of 2l s
the only one of size zeros in which case the result has
non-zaro slze and all elaments have the value given In the
table below,

Function Rosul t ywhen the number of
eltements Is zero

SUM zero
PRODUCT . one
MAXVAL the smsliest valid machine number
of type al
MINVAL the |argest valid machine number
of typ2 21
For any argument ai of type integers reals logicaly or
Boolaan tha bit string. that is operated on is the datum
jtsel?,

For any argument ai of type double precisjons half precisions
or complax the bit string that is operated on is REAL{gil).

If the arguments are type bit, then the function result is
also type bite. If any. argument is type bity, then all
argunaents must ba fType bit,
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{(34)

(35)

(36)

{37)

(38)

{39)

DIAGOMAL{als»a2) returns a two dimensional arrays c¢all it
diagy  with shave (22532) of the same tvpe as al. 2l is a
scalar or a one dimensional array expression with a2 array
nlamenis. a2 is an integer scalar value. If 31 is a one
dimensional array objecty its size must be equal to g2, If
dianlzsss) for 1<sda? is considered as a one dimansional array
of size a2s its value is ale All other elements of diag have
a default vatue zccording to the type of al. Defzuit values

by type are:

TYPE VALUEZ

Integer ‘ 0

Real 0.0

Doubla praclision 0.000

Half precision 0.0

Complex {Q.s0)

Logical oFALSE.

Cnaracter n blanks where LEN{3l) is m

Bit pr*o™
SEQ .produces .a one dimens.ional integer array with size g
given by MAX{{a2-231+a3)/23 s 1l). The array values are 3l,
al+a3y 21+2%532e0es214(5~1)%23s 21 and 52 must be iInteger
scalar values. a3y if presents must be a nonzero integer
scalar value, If g3 is omitted, if defaults to one.

ALT produces a one dimensional logical array of size 33
consisting of {(a3/(al+a2))¥+1 repetlitions of a1 false values
followed by a2 true values truncated on the right to size 33,
als #2» and 33 nust be positive Integer scalar values.

ROWWISE returns as its result the rowdise array corresponding
to Iis actual argument columnuise arrayvs such that each
element (sSlssseassn) of the resulting rownise array will have
a value identical to element (slseeessn) of the actual
argumeant,

COLUMNMWISE returns as Jts resuylt the columnuwise array
corresponding to its actual argument rowwise arrays such that
zach niement (51seees5n) of the resulting columnuise array
Wwill have a value identical tn element (slseee.ssn) of thae
actual argument, :

SPREAD. increases the dimensionality of a1l by duplicating its
value along the dimension specified by a2 a3 times. al may
he a1 scalar (daefined +o have zaro dimensions) or an array
axpression with n dimensionse 22 must he an Integer value
such that 1 £ 32 <€ RAMK{gl)+l. 33 must be an integer value
such that 23>0,
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The result tvpe of SPREAD is the same as tThe typs of zl. If a3l is a

scalars a2 must equal 1. The result is a one dimensional array of
stz2 a3 all ofF whose elemants have the value a31l. If 21 is an array
with shape (dlsd2ssessdn) then the result of SPREAD(alsira3) is an
arrays call it gpy #ith the shape of (dlsd25e+054d0) whera the total
“number of dimensions 1is pnt+l and di is the added dimension, The
value of array section spl*s¥seeesSiseessr¥) where 14sia is given by
alo »

(40) REPLICATE produces an array #ith the same number of
dimensions as al and the sa2me tyvpe as al, a2l must be an

array with dimension p where 1£p<7. 22 must be an integer
value such that 1£s2<n. 23 must be an integer value such
that 83>0. If 21 1is . an array expression wWith shape
(A1lsd2seeerdiseeerdn) then the result of REPLICATE(21sis23)
is an array #ith shape {d1lsd2seives33%disessdn)e The value of
tha result array ls 23 copies of al concatenated to form the
new ith dimension, '

16.10.1 RESTRICTIONS OM _RANGE_OF_ARGUMENTIS AND_RESULTS.

Restrictions on the range of arogumants and resulis for intrinsic
Ffunctions when referenced by their specific names are as follows:

{1) Remaindering: The result for NODs AHNOD» HNOD, and DMOD is

undafined vhaen tha valua of the second argument is zZeros

{2) TransTar of Signs IFf the wvalue of the first argument of
ISIGH, SIGNs HSIGH» or DSIGN is zeros the result 1is zeroys
which is naithar positive nor negative (4,1.3).

{3) Square Root: The value of the argument of SQRTs HSQRT, and

DSQRT must be greater than or equal to zero., The result of

CSART is the principal value #ith the real part greater than
or equal to zero. When the real part of the result is zeroy
the imaginary part is greater than or equal to zero.

(4) Logarithms: The value of the argument of ALDGs DLOGy HLDG»
ALOG10s HLOG10s and DLOGL1O must be greater than zero,. The
valuye of the argument of CLOG must not be (0+s0.)e The range
of the imaginary part of the result of CLOG ist
-pi < imaginary part £ ple The imaginary part of the resuit
is pi only when the real part of the argument 1is tess than
zero and the imaginary part of the argument is zero.

{5) Sines Cosinasy and Tangent: The absoluyte value of the argument
of SIMs DSIMs HSINs CO0S» DCOS, HCOS;, TANs HTANs and DTAN s
not restricted to be less than 2 pi,

Ab) Arcsinz2t The absolute vatue of the argument of ASINs HASIN,
and DASIN must be less than or eqqal to one. The range of
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the result izt —-pi/2 £ result £ pi/2,

(7) Arccosine: The absolute value of the argument of ACODSs HACOS,
and DACOS must be less thapn or 2qual to one. The range of
the result §Is! 0 £ result < pi.

{8) Arctangent: Tha range of the result Ffor ATANs HATANs and
DATAM is3 =—=pl/2 £ result £ pi/2» If the value of the first
argumant of ATAMNZ2s HATAMN2, or DATANZ2 is positiivas the result
fs poslitive, I¥ the value of the flrst argumeznt Is zeros» the
result is zero if the second argument is positive and pi if
the second argument is negatives If the valuz of the first
argunant is nagatives the result is negatives IFf the veolue
of the second argument is zeros the absolute value of the
resullt is pi/2. The arguments mnust not both have the value-
ZBT 0, The range of the result for ATANZ2s HATAMZ2, and DATAN2
Is: =pl < rasult £ »ni.

(9) Shift: The result for SHIFT is undefined when the absolute

valus of the s2cond argument Is greater than the number of
bit positions in one numeric storage unit,

{10) Mask: The result for MAS¥ is undefined when the argument is
neasative or I3 greatar than the number of bit positions in
one nuperic storage unit,

{11) Hyberbolic Arctangent: The absolute value of the argument of
ATANHA must ba 1oss than ones

The above restrictions on arguments and results aiso apply to the
intrinsic functions when referenced by their generic namess

16,11 PROCESSUR=SUPPLIED_EUMCTIONS

The fFollowing functions are processor supplied but are not intrinsic
functions. As suchs they may he frealy replaced by user functions
or subroutinas of The same name.

16411.1 DAIZ

The form of o roferencs to DATE Is:

¥

DATE()

Tha DATE Tunsiion raturns the current date as a characlear string in
tha Fform tyvyyemn-dd? where vyyy rapresents the four digits of the
vears nmm represents the number of the month (01,02ye40512)s and dd
the number of the day of the months DATE must be dactared to be of
Lype charactoar with ltoength 10 in the calling proarame
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16,11.2 IIME

The form of a reference to TIME is:

TINE()
The time Function returns the current reading of the system clock in
the form 'hh:mmiss?!s sythere hh is the hours from 00 to 23y mm is
minutes from 00 to 59y and ss is seconds from 00 to 59, TINE must
be daclared character of length 8 in the calling programs

16.11.3 SECOND

Tha form of a rzfer=ence teo SECOND is:
SECOND{)

The SECOND function returns the number of CpU seconds used since the
heginning of =2xecuiion of the program as a valuge of type resgte

16.11.4 INCLAS

Tha form of a raferaence Lo IOCLAS ist.
IOCLAS(ionsg)
where! jgs is an error code returned by IOSTAT=,

Thz TIOCLAS function takes an Integer valuye igs that s an
input/output status code obtazined by IOSTAT= on an I/0 statement and
clagsifles the code into & limited number of error classess The
integer wvalue returned by the function Is the error class number.
The error classes and associated numbers are as follows:

o Clags.of_garroc

0 not an error {ins less than or equal to zera)

1 " physical davice error

2 invalid formatteds list—-directeds or NAMELIST input data

3 invalid format specification

4 incorrect value in a gilistsy olists cllisls or julist of an

I/ statement
.operation prohibited on file
oxceeded record size
attampt to read past end of Fflle
write operation followed by read on a sequential file
iolist calls for more data than in unformatted record
0 raecord manager detected but unclsssifiable error.

oo~ W,
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11 output record limit exceeded on file

16,11.5 NUMERR

The form of reference to NUMERR is:
NUMERR()
MUMERR returnss, as an integer value, the number of 1input errors
since the last LIMERR call, See the description of LIMERR for
details.
16+.11.6 UNIT
The form of a reference to UNIT is:
UNIT(usasb)
where:?
4 is the unit specifier

a 1is the first variable or array element of the block of memory
spacifiad in the preceding BUFFER IM or OUT statement

is the last vériab!e br array element of the block of memory

D
specified in the preceding BUFFER IN or QOUT statement
Zxamplal

BUFFER OUT{551) (B{1)s B(100))
IF { UNIT(5s B{1)s B(100)) 12514516

Control transfers to the statemant labeled 12, 14y or 16 if the
valua returpned was —l.s O¢s o +1.p repectively.

Parameters a and b of the UMIT function should be included so that
the global ontiwizar can assocliate th2 call to the UNIT function
@with possible changaes to the values of the entities between a and b
If UNIT is callad with only the argument 4 (as in most older
programs) the optimizer will be unable to detect that values between
A and b arz2 heing modifiad asynchronously during the span of code
hetveen the BUFFER IN or BUFFER BUT and the corresponding UNIT call.
Thereforey specification of all three arguments is recommended,

16,12 PROCESSOR~=SUPPLIZD_SUBRAUTINES
Tha folloAdainga subroutines ara procossor=supplied but  are not
intrinsic routlinas, Thereforasy, thay can be replaced by a user
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subrouting or function of the same nama without use of an EXTERNAL
statement,

16412,1 REHMARK

Tha Fform of a call to REHARK Is:
CALL REMARKI(g)
vtheres g is a character expression.
The REMARK call places the character string ¢ in the job log as a
message.  Megsages excaeding a naximum system dependent length willd

he truncated.

1641202 COHNEC

The form of a call to CONNEC is:
CALL CONMEC(usgs)

whzret y 1Is an Int2ger exprassion specifying an external unit
number that is connected to a file

s i5 an intager expression spacifyving a character set.,

K

A call to CONMEC causes the specified unit y to be associated  with
the terminal device If the Jjob is axecuting Interactlively. If the
job is not executing interactivelys the unit y will be associated
with a device in tha same manner as if the call to CONMEC had not
apnoaraede Whzn & call to CONNEC is mades the contents of the Tlle
connected to the unit y become undefineds Input/output operations
on a unit associated with an interactive terminal are restricted to
formatted I/9s Including tist directad and NAMELIST. A unit that tis
connected to a direct access file may not be specified in a CONNEC
calla

A ¢s valu2 of one spaecifies input/output In thsz 128 cheracter ASCII
set defined by the X3.4%4 standard. A ¢s value of two specifias
“input/output in a transparent mede where the character set employaed
is terminal dependent but generally reflects the native <character
set of the devicee Results are undefined for any other value of g5

16,12.,3 DISCOY

The form of a call to DISCON is:
CALL DISCON{y)
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vyherat 4 is an integer 2xpression spacifying an extarnal unit number

'A call to DISCON 'disassociates a unit and file from a tefminal
devices The call to DISCON has no &ffact if the wunit 4y is not
gssoclated with a terminals = After execution of the reference to

DISCON, the unit u is connected to a file of the same name 'as before
but the Ffile {is now on a system selected device, normally mass
storage, The contents of the File are undefined.

16.12.4 LLHUEGRR

The form of a call to LINERR is:
CALL LIMERR{lim)

vharesd 1lip is zn integer exprassion specifying the maximum number of
formatted input errors allowed before program execution
is terminated abnormally.

The LIMERR call =z2llows formatted data Input without risk of abnormal
termination when improper input data is encountered, When LIMERR is
useds prograwm execulion is not terminated until the number of errors
accurring avter the call exceeds the value of 1in.

Use of LIMERR will inhibit termination of execution for input data
arrors detacted during formatied input Including tist directed and
MAMELIST input. LIMERR has no zffect on ithe processing of errors in
data input from a connected {(terminatl) file.

After a call to LINERRs the error timit conftinues in effect for all
subsequent. READ statements wuntil LJp errors haye been detected.
LINERR may be called more than once to reinitialize the error count
and rese2t tho valus of Lime. Tha currant error count may be obtainad
by a reference to the function NUM&ERR. A LIMERR. call with a value
of =zero for lim will cause the error limit to be set to zero and
normal processor error handling behavior to be restored.

Yhen improper input data is detected in a formatted or NAMELIST read
Wwith fewer than lim errors detecteds the bad data figtd is bypassed,
the count of errors detected is incremented by one, and processing
continues with the next Tields VWhen improper input data is detected
in a list-dirzcted raads the count of aerrors deta2cted is incremented
by ones» and conirol passes to thzs next executable statement
following the list=directed REZAD statement. The value of the entity
corresponding to the field in arror is undefined,

16.12.5 RANSET

The form of a call o RANSET lis:
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CALL RAMSET(seged)

where sg2d is a value of tvpe reals Booleany or integer ‘used to
specify the starting seed for the random number function RANF.,

1641246 RANGET

The form of a call to RANGET is:
CALL RANGET{gual)

wvhere gsyal is the value of the current seed of the random number
Cganareting function RAMF. =yal must bz a variabla or array element
of type real, Booleans or integer, The value of syal may be passed
to RAMSET at a later time to rogenszrate the same sgquence of random
numbers with RANF,. Results are undefined 1f the velue of svgl is
used Iin any other manner.
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17.0 BLOCK DATA SUBPROGRAM

Block data subprograms are used to provide Initisl values for
vartablas and array elements In named common blocksa

A block data subprogram is & program unit that has a BLOCK DATA
statemant as its Tirst statoment. A block data subprogram is
nonaxacutabla. Thare may be morae than one block data subprooram in
an executable program,

17+1 RLOGK_DATA_STAIEHMENT
The form of g BLOCK DATA statement is:
BLACK DATA [subl

where sub is the symbollc name of the block data subprogram in which
the BLOCK DATA statement appears.

The optional name sub is 3 global name {(19.1+1) and must not be the
same as the name of an external procedure, main programy ofr other
hlock 'data subprogram in the same executable programe The name suh
must not bo the same as any local name in the subprograr.

17.2 BLOCK_DATA_JSURPROSRAM_RESTRICTIIANS

Tha BLOCK DATA statement must appear only as the first statement of
a btock data subprogram. The only other statements that may appear
in a block data subprogram are IMPLICITs PARAMETERs DIMENSION,
ROWWISEs COMNMINs  SAVEs EQUIVALEMCE, DATA, ENDs and type-statemants.
Hote that conment tinegs are permitted.

If an entity in a named common block is initially definedy, all
.entities having storags units in the common biock storage sequence
must he spacifliad even IT they are not all Initially defined. More
than one named common block may have entities initially defined in a
single block. data subprogram.

Only an eantity in a name:! common block may be initially defined in a
block data subprograme. Hote that entities associated with an entity
in a common block are considered to be in that common block.

The sam2 nam2d common hlock may not be spacified in more than one
blonck data subprogram in the same executable programa. -

There must not be more than one unnamed block data subprogram in an

axacutabla programe The name BLKDAT# is assioned to th2 unnamed
bhlock datu subprogram.
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18,0 ASSOCTATION AND DEFINITINON
18.1 STORAGZ _AMD_ASSOCIATION

Storage sequences are used to describe ~“relationships that exist
among variablesy array elementss substrings, common blockss and
AFQUMEntSe

18.1.1 STORAGE_SEQUENCE.

A storage seguence is a segquence (2.1) of storage units. The sizs
of 3 siorays saguence is the number of storage units in the storage.
sequences. A storage upit is a character storage units bit storage
unitsy or a nuiseric storajge unit,.

A variable or array element of type integers real, Booleans or
logical has a storage sequenca of one numeric storage unit.

A varisble or array element of tvpe double procislon or complex has
A storage sequence of two numeric storage unitse In a complex
storage s=z2quancés the real part has the first storzge unit  and the
imaginary part has the sacond storaage unit,

A variables, array elements or substring of type character has a
storage sequence of c¢haracter storage units. The number of
character storejge units in the storaoge sequence Is the langth of the
character entity. The order of the sequence corresponds to the
ordering of character positions {(4.8).

A variable or array element of +type half precision has a storage
sequence of half of one numeric storage unit.

A variable or array element of type bit has a storage secquence of
ona bit storajzas unite.

Each array and commpon block has a storage sequence {5.3,5 and
fe3a2)

1841.2 ASSOCIATION_JE_SIORAGE_SEBUENCES

Two storage sequences s1 and s2 are assogiated if the 1ith storage
unit of sl is the same as the Jth storage unit of 52, This causes
the (i+kK)th storage unit of sl to be the same as the (j+k)th storage
unit of s2» for.each integer k such that 1 € i+k < size of sl and
1 € j+k £ siza of sl
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18.1.3 ASSOCIATION OE_ZHTIITIIES.

Two variables, array elementss or substrings are assggiated if their
storage sequences are assnclated, Two antities are foktally
assocliaked if they have the same storage sequence.s Two entities are
pariially azsogiatad if they are associated but not totally
associated.

The dafinition status and value of an entity affacts the definition
status and valua of any assoclated entity, An EQUIVALENCE
statementy a COMMON statement, an ENTRY  statement (1647+3)s or a
procedure reference {argument association) may cause associstion of
storaje saqua2nces.,

An EQUIVALENCE statement cauyses association of entities only within
one program unitsy unless one of the equivalenced entities is also in
@ common block (843}, '

Arguments and COMMOMN statements cause entities in one program wunit
to become associated with entities in another program unit (8.3 and
16+2)s Nota that association betuween actual and dummy arguments
does not  imply associatlon of storage sequences except when the
actual argument is the name of a variablesy array elements array
sections arrays or substring. : :

In a function subprojrams an ENTRY statement causes the z2ntry name
to become associated with the name of the function subprogram which
appears in the FUNCTIOM statement,

Partial association may axist betwsen entities of different types.

txcept for character wentitiess partial association may occur only
through the use of COMNMON, EQUIVALENCEs or ENTRY statements,
Partial association mnust not occur through argument associationy
except for arguments of type character.

In the example:

RZAL A(4),B

COMPLEX C(2)

DOUBLE PRECISINDN D

CQUIVALENMCE (C({2)sA(2)sB)s {AsD)

the third storage unit of Cs the second storage unit of Ay, the

storage unit of By and- the second storage unit of D are specified as
the samae, The storage sequencns may be illustrated ass
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storage ynit Y1 0%+ 2 v 3 %V 4 Y 5 1}
J=m==C (1) ===} ====C(2) ===}
VALY O AL2)) A(3)Y A(4)S
}==B==}
e D——m—m :

Al2) and B are totally associated., The following are partially
associated: A{l) and C{1l)» A(2) and C(2)s» A(3) znd C{2)s B and C{2),
A(1l) and Ds A{2) and Ds B and Ds C(1l) and D» and C(2) and D. Note
that atthough ¢{1) and <C({2) are each associated with Ds C{1l) and
C(2) are not associated with each other.

Partial association of character entities occurs whan some, but not
alls of the =storage wunits of the entities are the same. In the
examnple:

CHARACTER A% 4,B%4,Cx3
EQUIVALENCE (A(2:3),B,C)

As Bs and C are partially associated.
18,2 EVENTS TWAT _CAUSE EUTITIES_ TQ_BECOUZ_DEEINED

Variabless arrayss array sectionsy array elementss and substrings
hacome definesd as follous:

(1) Execution of  an arlthmetics logicals Booleans, bits or
character assignment statement <causes each entity that
pruacedes the cquals to become dafinad,.

{2) As sxwecutlion of an Input statement proceedss each entity that
is assigned a value of its corresponding type from the input
madiym bacomas defined at the time of such assijgnment.

(3) Executlon of a DO stetesnment causegs the DO-varjable to become
defined,

(4) Beginnine of exocutlion of action specified by an implied=DD
st in an input/output statement causes the
implied-D0O-variable to become defined.

{5) A DATA statement causes entitics tog become initisglly defined
at the beginning of executlon of an executable program,.

{6) Execution of an ASSIGH statement causes the variable in the
statement to-become defined with a statemant Jabel values

(7) When an entlty of a given type becones definedsy 2lil totaily
associated entities of the same type become defined except
that entities totally associated «ith the wvariablie in an
ASSIGH statament become undefined whan the ASSIGN statement
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18,0 ASSOCIATION AHD DEFIMITION
1842 EVENTS THAT CAUSE EWTITIES TOQ BECOME DEFINED

is executed,

A raference to a subprograsm causes a dummy srgument to become
defined if the corresponding actual argument is defined with
a value that is not a statement label! value. Note that there
must be agraement belween the actual argument and the dummy
argunznt (16,9,3).

Execution of an input/output statement containing an
input/output status spnrcifier caouses the specified integer
variable or array element to become defined.

Execution of an INQUIRE statement causes any entity that
assigned a value duringo the axecution of tho statement
hecone definaod If no error condition exists,

ot =
on

When a complex entity becomes defineds all partially
associated raal or Boolean 2entities hecome defined,

When beth parts of a complex entity become defined as a
result of partially associated real or complex entities
becoming defineds the complex e¢ntity bacomes defined,

When all charactars of a character entity become defTlineds the
character entity becomes defined.

When all elements of an array bacom=2 defineds the array
begomnes d2fined,

When all elements of an array section become defineds the
array section becomes defined.

When a Booloan entity becomes definedy all associated integer
or real entities become defineds Vhen an integer or real
entity becomes defineds all associated Boolean entities
begoma dafinzad,

When a doubla preclision entlty becomes defineds all partially
associated Boolean entities become defined,

If both parts of a doubls precision entity become defined as
a rasult ol partially sssoclated Boolean =antities becoming
definedy the double precision entity becomes defined,

Zero=sized arravssy array s2ctions and substrings are always
defined, : o _
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16,3 EVENTS_TUAT_CAUSE_EMIITISS I0_BECOHE_UNDEEINCD

Varliablaess arrayss array sectlionsy array elementss and substrings
become undefined as follows: ‘

(1)

(2)

{3)

(&)

(5)

All entities are undafined at the beginning of executjon of
an e2xacutable program except =zero-sized arrays or those
entities initially defined by DATA statements.

Whan an  entity of a given type becomes defineds sll totally
associated entlities of different type become wundefined.
Howevers when an entity of type Boolean is associated with an
entity of typ=2 integer or resals the Boolean entity does not
become  undefinad when the integer or real ontlity is defined
and the integer or real entity does not become undefined when
the Boolean entity is defined.

Execution of an ASSIGHN statemeni csuses the varlable in the
statement to become uyndefined as an integer. Entities that
are associated with the variable become undefined.

Whan an antity of typs other than character becomes defined,
all partigily assoclated entities become undefineds, with the
following exceptions:

{a) whan an entity of type real or Boolean is partiaily
associatad with an entity of tvpe complexy the complex
entjty does not become undefined when the real or
Boolean =2ntity becomes ‘defined and tha real or Boolean
antity does not bacome undefingd when the conplex
entity becomes defined

{(b) vhen an entity of typ2 double precision and an entity
of +type Boolean are partially assoclateds the double
precision entity does not become undefined when the
Boolean entity 1is defined and the Boonlean entity does
not bhacoma undefined when the double precision entity
becomas definad

(c) when an entity of type complex is partially associated
With another entity of typ=z compleys dafinition of on=z
2ntity does not cause the other to become undefineds.

When the evaluation of a function causes an .argument of the
function or an entity in common to become defined oand if a
referance  to  tha funcilon appears In an expression . in which
the valye of the function is not needed to determine the
value of the expressionsy then the argument or the entity in
common bacomas und2finad when the sxpression is evsiuated
(6+621)s
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{6) The zxecution of &« RETURN statement or an END statepent
within a subprogram causes all entities within the subprogram
to become undefinad 2xcept for the follouwing:

(a) zntities In blank common

{b) Initially defined entities‘ that have neither been
radaefined nor become undefined

(o) Entitiss specified by SAVE statements

{d) Sntities in a named common block that appears in the

subproJram and appears In at lsast one other program

.unit that iss =ither directly or indirectliy, referencing
the subprogram

{7) When an error condition or end-of=file <condition occurs
during exacution of an Inpul statements all of the entities
specifjed by the 1input 1list of the statement become
undefined, :

(8) Execulion of g direct access input statement that specifles a
record that has not been previously written causes all of the
entities specified by the input list of the statement to
becoma undefinal,

(9) Exécution o an INQUIRE statement may cause entities to
become undefined (13+10.3).

(10) When any characier of a character entity becomes undefineds
the charactar entity becomes undefined.,

{11) When an entity becomes undefined as a result of conditions
described in (5) throuah (10)» all tota2lly essociatad
antities become undetined and all partially associated
entities of Lype other than character become undefined.

. {12) When any array element become¢s undefineds the array znd any

‘ array sections containing that array become undeflined,. This
does not imply that the undefinition of one array element
causes any other array element to become undefined,
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19.0 SCOPE AND CLASSES OF SYMBOLIC NAMES

A symbolic name consists of from one to thirty—-one alphanumeric
charactarss the first of which must be a letter. Some sequences of
characterss such 'as format edit descriptors and keywords that
uniquely identify certain statements, for exampley GO TOs READ,
FORMAT, eTce.» are not symbolic names in such occurrences nor do they
Torm the Tirst charactaers of symbolizc namas In such occurrences.

19.1 SCORPE_OE_SYNBOLIC NAMES

The scgop2 of a symbolic name is an exscutable proograms a progranm
units a PROGRAM statements a statement function statements or an
implied=-DD list in a DATA statement,

The -~ nama of. the main program and the  names o0of block data
subprogramss external functions, subroutlnes, and common blocks have
a scope of an executable program.

The names of variablass arrayss constantss statement functionsy
intrinsic functionss MAMELIST group namess, and dummy procedures have
a scope of a program units.

The names of variables thet appaar 25 Aummy arguments in a2 statement
Function statement have a scope of that statement.

The names of variables that appear as the DO-variable of an
inplied=DD in & DATA statement have a scope of the impiied=DO tist,

A svmbolic unit name (15.1.1) or alternate unit name (15,1, 2) has a
scope of the PROGRAM statement in which it appears.,

The main proarams common blocksy subproqrams, and external
procedures arz global entities of an exscutable program. A symbolic
nane that  identifies a global =ntity must not be used to identify

any other global entity in the same executable program, except that
a common block name may be a program name or a subprogram na8mes

19.1.1.1 Clagseg_of Global Enilfless

A symbolic name in one of the following classes is a global entity
in an exegutahie programs

{1) Common block
{2) External function
{3) Subroutine
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{4) Maln proagran
(5) Block data subprogram
19.1.2 LOCAL_LNIIIIES.

The symbolic name of a local entity iJjdentifies that entity in a
single program unit. Within a proagram uni*» a symbolic name that is
in on2 class of entities locs!l to the orogram unit must not also be
in another class of entities local to the program unit. Howevers a
symbolic name that identifies a local entity mayes in a different
proaram units identify an eniity of any class that is slither local
to that program unit or global +to the executable program. - A
symbolic name that identifies a global entity in a program unit must
not b2 usad to idantify a local entity in tha® proorem units except
for a common block names an external fTunction name (19.2«42)s and g
_symbolic unit name or alternate unit name (19+2.13),

1941201 Qla§£a£-ﬂf-LQﬁﬁl-EDIlIiﬂs;

A symbolic name in one of the following classes is a local entity in
a4 program unit,

(1) Afray

{2) Variable

{3) Constant

(4) Statement function

{5) Intrinsic function

{6) Dummy procedurs

(7) NAMELIST group name
A symbolic name that 1is a dummy argument of a procedure is
classified as & wveriables arrays or dunmy procedure. The

spaglfication and usage must not violate the respective class rules.,

19,2 CLASSES_OE_SYUBDLIC_HAMES

In a program units a symbolic name must not be in more than one
class except as noted in the following paragraphs of this section.
‘Thare are no restrictions on tha appearances of Lthe same symbolic
name  in difTerent program unlits of an executable program other than
those noted in this section.
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19.2.1 COHMON BLOCK

19.2.1 COUMON_BLOCK

A symbolic name is Lha name of a comnmon block If and only if if
appears as a black name in a COMMON statement (8.3).

A common bioék name is global to the executable program.

A common block name in & program unit may alse be the name of any
focal entity other than a constants intrinsic functions or a local
variable that is also an external function in a function subprograme
If a2 name i3 used for boih a common block and a local entitys the
app=arance ofFf that name In any context other than as a common block
name in a COMMON or SAVE statement identifies only the local entity.

lote that an intrinsic function name may he 2 common block name in a

program unit that does not reference the intrinsic functions

19,242 EXTERNAL_EUNCTINN

A symbolic name is Th2 name of an external fynction if It meets any

of the following condjtions:?

{1) The name appears immediately followning the wofd FUNCTION in a
FUNCTION statemant or the word ENTRY jn an  ENTRY statement
within a fupction subprogram. ‘

{2) It is not an array namey character variable names» statement
funciion namas intrinsic function names dummy ezrguments, or
subroutine name and every appearance |5 immediately followed
by a left parenthesis except in a type-statement, in an
EXTERNAL statements or as an actual argument.

{3) The name appears Immediately foliwing the word FUNCTION in a
FUNCTION statement in a procedure interface information
hlock.

In a function subpreograms the name of a function that appears
immediately after the word FUNCTION in a FUNCTION statement or
immediately after  the mord ENTRY In an EMTRY statement may also bz
the name of a varlable In that subprogram (16+5.1). At least one
such function name must be the name of a variable in a function
" subprogram,

An external functlion name is global %o {he executable program.
19.2.3 SUBRAUTIIME

A symbolic name Is ths name of a subroutine if it meets elther of
the following condjtions:

(1) The name appears immediately following the word SUBRODUTINE in
a  SUBRQUTINE statemen: or the word ENTRY in an ENTRY
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statament within a subroutine subprograme.

(2) The name aépéars Imradliately follouwing the word CALL in a
CALL statement and is not a dummy argument.

A zubrouting name is global to the executable programe
19.2.4 MAIN_PROGRAY

A. symbolic name is the name of a main program if and only if it
appaars in a PROGRAN statement in the main program.

A main program namé is global to the executable programe.
19.245 BLAOCK_DATA_SUBRROGRAK

A symbolic name iIs the name of a block data subprogram if and only
if it appears in a BLOCK DATA statement,

A block data subprozram name Is global o the executable programe
19.2.6 ARRAY

A symbolic name is the‘nnme of 'an array if it app2ars as the array
naine in an arrsy declarator {(5.2) in a DINENSIONs, ROWWISEs COMMON,
or type-statement.

An array name is local to a program unit,
An array name may be the same as a common hiock name.
124247 MARIABLE

A symbolic name is the neme of a varijable If it meats altl of the
follouing condltions:

{1) It does not appear in a PARAMETER, TIHNTRIMNSICs or EXTERNAL

statoament.

(2) It is not the name of an arravs subroutine, main programs or
block data subproyram,

{3) It appazars olhar than as the pame of a common blocks the name
of an external function in a FUNCTION statements or an entry
name in an ENTRY statement in an external function.

{4) It is never immadiately followaed by o leff parenthesis unless
It is immedliataly precaded by the word FUMCTION in a FUNCTION
statementy is immodiately preceded by the word ENTRY in an
ENTRY stataments or i3 =2t <The beginning of s charactar
subhstring name (5,10,1).
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A variabla pam2 in the dummy argumeni Jist of a =statement function
statement I3 loecal to the statemeant Ffunction statament In which it
occurs.. MNote that the use of a name that appears in Table 5 as a
dummy argument of a statement function removes it from the class of
intrinsic 7unchtionzse A variable npampe that appears as. an
jmpllad-DD-variable In a DATA statement is local to the implied=DO
lists All other variable names are local to a program unit,

A statement function dummy argument name may also be the name of a
variable or cormon block Inp the program unit. The appearance of the

name in any context other than as a dummy argument of the statement
" function idantifies the loecal variahle or commen blocke The
statemant function dumny argument name and local variable name have
the same type andsy if of type character, both have the same constant
length,

Tha nams of an implied=-DO~variablie in 2 DATA staiement may also  be
tha npame of a wvarlable or common block in the program unit. The
appearance of the name in any context other than as an
implied=-Dl-variabl2 in the DATA statement identifies the local
variable or common blocks The impliled— DO-variable and the local
variable have the same type.

A symbolic name Is the name of a constant if it appears as a
symbolic name in a PARAMETER statement.

The symbolic name of a constant is local to a program unite.

19.2.9 STATEUENT _EUNCTION

A symbolic name is the name of 2 statemant function if a stetement
funation sitatement {16.4) s present for that symbolic name and It

is not an array name.,

~ A statement Function name is local to a program unites A statement
function nama may ba the same as a common block name,

19.2+10 INIRIMSIC_EUNCTIAN

A symbolic name i3 %th2 name of an intrinsic function iT It meets all
of the followlng condltions?

(1) fhe name appears in the Specific MName colymn or the Generic
Name coiumn.of Table 5. L .

{2) It is not an array name, statement fupction nanmnes subroutine
nameys or dummy argument name.

(3) Every appearance of the symbolic names except in an INTRINSIC
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statements a type-statements or as an actual argumenty, |is
immadiataely followed by an actusl argument 1ist enclosed in
parenthssas,

An intrinsic function name is local to a program unites

19,2.11 DUMHY_PROCEDURE

A symbolic name is the name of a dummy procedure if the name appears

in the dummy =sroument list of a FUNCTIOM» SUBROUTIMNEs, or EMTRY

statement and m=ets one or more of the following conditions:

{1) It appears in an EZXTERNAL statement.

(2) It appaars inmadiately following the wmord CALL in a CALL
statenent,

{(3) It is not an array name or character vafiab{e names and every

appearanca is immadiataly followed by a left parenthesis
axcept in a type-statements In an EXTERMAL statementy, in a
CALL statement, as a dummy arguments, as an actual arguments
or as a common block name in a CONMIN or SAVE statement.

A dummy procadure name is local to a program unlt,

19.2.12 NAMELISTI_GROUP_NAME

A symbolic name is a NAMELIST group name If and only if it appears

As a group name in a NAMELIST statement,

A MAMELIST group name is local to a proaram unit,

A HAMZLIST group name rust not appear in any statement except a
MAMELISTs, READs WRITEs PRINTs or PUNCH statement,

CONTROL DATA PRIVATE
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Thye table ba2jow lists the ASCIT character set and shows the
processor—defined weight tables available, The processor-defined
user—specified weight tables are selected by parameter values
suppliad to utility subrouting COLSEQ (3¢145)e The defined weight
tables are?

VASCII?
YASCII6!
'CaBAOLGY
SDISPLAY?
VSTAHDARD?!,

Fixed and usar-specified tables are predefined with YASCII' and
IDISPLAY! raspectively. The VYINSTALL' paramneter value selects
1C3BOL6Y values.

Hex .
Character ASCII ASCII ASCIIO cosaLe DISPLAY

Code Graphic  ==—————e————— Heights—=——=cemeveeee——-
00 NUL 0 0 0 45
01 SOH 1 0 0 45
02 : STX 2 0 0 45
03 £TX 3 0 0 45
04 EDQT 4 0 0 45
05 .ENO 5 0 0 45

- 06 ACK 6 0 0 45
07 BEL 7 0 0 45
08 8S 8 0 0 45
09 HT 9 0 0 45
DA LF 10 0 0 45
0B VT . 11 0. 0 45
oC FF 12 0 0 45
oD CR 13 0 0 45
0t SO 14 0 0 45
OF SI 15 0 0 45
10 DLE 16 0 0 45
11 DC1 17 0 0 45
12 DC2 18 0 0 45
13 DC3 19 0 0 45
14 ' DC4 20 0 0 45
15 NAK 21 0 0 45
16 SYH 22 0 0 45
17 : ETB 23 0 0 45
18 CAN 24 0 0 45
19 EN 25 0 0 45
1A SuUB 26 0 0 45
18 ESC 27 0 0 45
1c FS ‘ 28 0 0. 45
1D GS 29 0 0 45
1= RS 30 0 0 45
1F 5 31 0 0 45
20 SP 32 0 0 45
21 ! 33 1 34 54
22 " 34 2 23 52
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23
24
25
26
27
28
29
2A
2B
- 2C
2D
2¢
2F

30 .

31
32
33
34
35
36
37
38
39
3A
3B
3C
3D
3z
3F
40
41
42
43
G4
45
46
47
48
49
4A
4B
4C
4D
4E
4F
50
51
52
53
54
55
56
57
58
59

ey
~

| » 4 4F s = 0 39 S

A X T <CCAUDVDODVOZEZIZIrAREOeHIOTMOUO UV DV I A oo CONPUDWNHONe.

35
36
37
39
39
40
41
42
43
44
45
46
47
43
49
50
51
52
53
54
55

56

57
53
5Q
60
61
62
63
64
65
66
67
68
69
70
71
72
73
T4
75
76
77

g

77
80
81
82
83
84
35
86
&7
88
89

A2
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5 48
16 43

2 51

6 55

7 56
21 41
13 42
17 39
15 37
20 46
18 38
12 47
19 40
54 27
55 28
56 - 29
57 30
58 31
59 32
60 33
61 34
€2 35
63 .. 36
53 0
14 63
24 . 58
22 44

9 596

8 57

1 60
25 1
26 . 2
27 3
28 4
29 5
30 6
31 7
32 8
33 9
35 | 10
36 11
37 12
38 13
39 , 14
40 15
41 16
42 17
43 18
45 19
46 20
47 21
48 22
49 23
50 - 24
51 25
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5A
58
5C
5D
5t
5F
60
61
62
63

64

65
66

67 .

68
69
5A
68
6C
6D
6E
6F
70
71
72
73
T4
75
76
77
78
79
7A
78
7C
7D
TE
7F

CEC AU AOTCOT T =T, —Ta 400D

CdLd o~ N

4

%

L =y N € X

a0
91
92
93
94
95
96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111

112

113
114
115
116
117
118
119

- 120

121
122
123
124
125
126
127

53
59
60
61
62
63
32
33
34
35

36

37
38
39
40
41
42
43
L4
45
46
47
48
43
50
51
52
53
54
55
56
57
58
59
60
61
H2
63

A3

83/06/30
52 26
3 49
10 61
44 50
11 62
4 5
1 60
25 1
26
27 3
28 4
29 5
30 6
31 7
32 8
33 9
35 10
36 11
37 12
38 13
39 14
40 15
41 16
42 17
43 18
45 19
46 20
47 21
43 22
49 23
50 . 24
51 25
52 26
3 49
10 61
44 50
11 62
4 53
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APPENDIX B - SUMMARY OF LANGUAGE EXTENSIOMNS

Below is a list of Control Data Common FORTRAN language features

that constitute extensions to ANSI FORTRAMN, 77.

Basic_Concepts

1. Symbolic names ¢an be up to 31 characters in length and may
include an underscore.

2, t data type and machine word oriented bit manipulation (for -

Bi
typas bit and Boolz2gn)

Characterss_liness_and_Execution_Sesuence

- 1s The charactars " [(quote) and underscore are added to character
set

2. Collation control {for character relationals)

3, C$~dlfectivas
Data_Types_and _Constanks

1. Boolean %Lyra

2. Bit type

3. Half Precision type .

4y, Hollerith, octals and hexadecimal constants

5. Symbolic constants as real! and imaginary parts of a complex

constant. '

Acravs_apd_Suhsirings

1.‘Boolean entities can appear in dimension bound expressions.

2. Rzals halt pracislons double precisionsy complexs and Boolean
expressions as subscript or substring expressionss

3. Array sections

4, Assumed shape dummy arrays

5. Allocatable arrays

6. Extend adjustable dimension bounds exprassions to allow all
gntitias except oxternal function refarences and array elament

references

7« ALLICATE and FRIE statements
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N

Exa

1.
2

3,

4

Sno

e -

1.

2,

3,
4
5.

6

T
B.

9.

10,

B2

83/06/30

Rowwisae arrayvs

cessions

Boolean expressions
Boolean entities in arlithmetic 2xpressions

Doub!e precision and complex operands can be combined using the
+s =3 #%s and / operatorse.

A double preclislion operand can ba raisad to a complex poweras
Boolean entities in relational expressions

«XORe woperator

Bit expressions

Bit entities in relational expressions

gpification_Sitatunments

BONLEAN type statement

BIT trpe statement

HALF PRECISION type statement
INTZRFACE and Z!1D INTERFACE statements
ROWWISE statement

Entitin in named gcommon blocks can be inftialjzed (by means of
a DATA statement) in any program unit.,.

Booleans bitsy and half precision types in IMPLICIT statement
Booleans bits and half precision types in PARAMETER statement

A variable may be specifiad as integer following its szppearance
in a dimansion bound expression.

Mumerics charécter, and bit data may be mixed in common blocks
and via COUIVALENMNCE.,

DATA _Stalemenk

1,

2

Replicated value Jist

Boolaan and Half precision entities

CONTROL DATA PRIVATE
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Assiannesnt_Siatement

1. Boolean and Bit éssignment statemsnts

2. Multiple'asﬁignment statement

3. Array assignment statements

4, Extanded looical assignment (l.e, logleal=bit expressions)

Control_Staktements

B3
83/06/30

1, Regals half precisions. double precisions complex or Boolean

expression in computed 60 TO statement
2 Bdmiean sxpression In arithmetic IF statement
3. Boolean expression as DO-parameter
_4. One-trip DDmldops are optional.
5. Extendad-rangs DO-loops
6e Logical HHERE statement

7. Block WHZIRE, OTHERWISE, and ENDWHERE Statemﬁnts.

lnaut:ﬂQiaut-SiaLsmsnig
1, NAHELIST =tatemant
2. BUFFER IN and BUFFER DUT statements
3, EWCODE and DECADE statements

4¢ PUNMCH statement

5. Record length specifier in 0OP:N statement for file accessed

sequentially {(mazanzs page width)

6. More than one unit can be connected to a single external file

7. Extended internal Tiles
3. Boolean external unit identifier

9, Buffer langth specifier in JPEN statement

10. A comma may optionally follow the output 1list of an output

statement that specifies list-directed formaetting,

11, Impllcit connaction.

CONTROL DATA PRIVATE
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Eocmak_Speciflcatinn
le Edit descriptorz added
as "h{l)h(2)ss."
bs Ry
ce Ou
de Ouen
2. ZIM
feo Zuel
9. By
2e Ay edit descriptor can be used for non—character data.
3. NAHELIST formatting

4, Format in noncharacter array

Eunctioans_apd_Subroutlnas

1+ Statement functions

B4

83/06/30

2. Booleans ha!f precisions and blt statement functions

bs Statement function reference may occur prijor to its

statement Tunction statement.

¢, Conversion of actual aragument to type of dummy argument

for statement function reference.

de The expression in a . statement fupction statement mey have

a substring reference as 2 primary.

2. £External procedures

3 Boolean arguments can he associated vwith Integar or resl

arJum=2nts.

bs An external procedure name can be the same as
block namee.

te A RETURN statement can zppear in a maln programe

& can he any ari

Boolean oxprassions as contrastaed with Integer
in the standard.

de The expression g in. RETURN

-

ee Array valued functions

a common

thmetic or
type only
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3.

Intrinsic functions

as Typs conversion

i+ INT» REAL, HALFs DBLE» and CHPLX can have Boolean
groumnents,

ii. BOOL funciion
iiis. BTOLs, LTOB, HALF added
be Boolesan operaticons (AND, DR, XUORs NEQV, EQV, COMPL)
c. Miscellaneous functions (SHIFT, MASKs RANF)

de Additional mathematical functions (ERFs ERFC» ATANH» SINDs
COSDs TAMD) ,

e, Additional functions for half precision {(HINT, HNINT,
IUMINTs IHIMTs HABS» swe )

fo Array manipulation functions  (MERGEs  DOTPRODUCTs
TRANSPDSE: LI A ] ) . .

Block Data_Subbproaran

1.

The name of a block data subprogram may be the same as the name
of a common blocks

Assoneciatlon_and Definition

1.

2

3.

Partial association may axist ba2tween a Boolean entity and a
double precision or complex entity.,

Association may exist between a Boolean entity and an integer or
real antitye.

Association may exist between character entities and
noncharacter entities,
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