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CHAPTER 1 INTRODUCTION

Fortran is the most extensively used programming language in the world. Compilers
exist for most machines - usually with variations in the language. Fortran is often
considered to be an evolving language, with many dialects. Some of these dialects
contain useful facilities which later become common to the language. The most
common dialects are Fortran II, and, more recently Fortran IV.

Tracing (run -tirne testing) statements.
Blockstructure (nested subprograms).
Fully dynamic arrays.
The CLEARstatement for zeroing variables and arrays.
The OUTPUTstatement for simple format free output.
"Format free" input of numbers.
Negative step, and real index for DOloops and I/O lists.
Improved control in FORMATspecifications (S,Y and Z controls etc).
The use of expressions, where only simple variables were normally
allowed e .g , expressions may be used in I/O lists, as parameters of
DO statements, and as subscripts, etc.
The use of in-line machine instructions.
The use of PUBLIC(name dependent) global variables.
Many other extensions will be found in the text.

Recently, the American Standards Association, (A.S.A) have proposed a standard
subset of Fortran (see Ref. 1). ASA Fortran is very similar to Fortran IVas
implemented on many computers. Extensions to the language are explicitly allowed
by the ASA report, so long as the ASA Fortran is included as a compatible subset.

The Fortran V compiler was developed by Atlas Computing Service in order to provide:-

(i) A subset compatible with ASA Fortran; and good compatibility with
System/360 Fortran IV, and with Atlas Fortran (Hartran), whilst
retaining as much compatibility as possible with Fortran II.

(ii) Efficient compilations using a reasonable amount of storage.

(iii) Goodtesting facilities for development work.

(iv) Extend the useful facilities of the Fortran Language. The useful extensions
to the language include: -

Some of the facilities described above are also available in Atlas Fortran (Hartran).
e are indebted to the Science Research Council, and in particular to Mr. E. B. Fossey,

and Miss B. Stokoeof the Atlas Computer Laboratory at Harwell, for permission to use
the Hartran system library including routines for dealing with input and output.

This publication is a definitive reference manual of the Fortran V language, and is not
intended to be a Fortran primer; however, the presentation of material is such that no
previous knowledgeof Fortran is required.
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CHAPTER 2 PUNCHING THE PROGRAM

2.1 CARD LAYOUT

Fortran V programs may be presented on 80 column cards,
The rules for punchingpaper tape are given in Appendix1.
followingrules must be observed.

or 5 or 7 -t rack paper tape.
Whenpunchingcards, the

(i) Columns 1 - 5 of the first line of a statement may contain a label
(statement number) to identify the statement.

(ii) Column 6 of the first line of a statement must be left blank or punched
with a zero.

(iii) Columns 7 - 72 contain the actual Fortran statement. Blanks are
ignored, except in TEXT constants, or in an S field in a FORMAT
statement.

(iv) Columns 73 - 80 are not processed by Fortran V, and may be used for
identification.

(v) Lines punchedwith the character C (or 7r) in column 1 are not processed
by Fortran V, and may be used for comments.

(vi) If it is required to extend a statement over more than one line, then all
lines except the first must have a standard Fortran character other than
blank or zero in column 6. The statement is then continued in columns
7 - 72. Such lines are called continuation lines. Anyone statement may
not extend over more than 34 continuation lines (i. e. 35 cards in all).

(vn) Blanklines appearing between two statements will be ignored by Fortran V.
Blanklines should not appear between a statement and its continuation.

2.2 CHARACTER SET

A program is written using the followingstandard characters:

Alphabetic:
Numeric:

A, B, C,
0, 1, 2,

........... ,

........... ,
Y, Z
8, 9

Special: Character Character Name

*

Blank(space)
Equals
Plus
Minus
Asterisk
Slash
Left parenthesis
Right parenthesis

+

/
(
)
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7r (or $)

Comma
Point
Pi (or Dollar)
Apostrophe (or Prime)

Other special characters may be used, and these are described in Appendix2.

An alphanumeric character is any alphabetic or numeric character.

2.3 CONDITIONAL COMPILATION (X CARDS)

Fortran V provides means for ignoring certain statements when compiling. All
statements which contain an X in column one are treated as comments unless the
TEST option is specified on the *FORTRANdirective of the routine (see section 12.2 (9».
If the TEST option is specified, then lines containing an X in column one are treated
as normal statements, the X itself being treated as blank, and not as a label or part
of a label.

This feature enables the user to include additional statements for testing purposes in
his routines, and when testing is complete, the statements do not have to be removed
from the program, since they can be turned into comments simply by removing the TEST
option.

Anormal statement may have continuation lines, which are X lines (see below). If an
X line has continuation cards, then these cards should also be X cards.

Example: X PRINT 10
X 10 FORMAT('TEST PRINT')

PRINT11,A,B
X 1 ,C,D

11 FORMAT(SX,FI0. 6)

..
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CHAPTER 3 CONSTANTS

Seven types of constants are permitted in a Fortran V source program; integer, real,
double precision, complex, text, logical and Boolean.

3.1 INTEGER CONSTANTS

an integer constant is a string of one to eleven
significant decimal digits written without a
decimal point, and optionally preceded by a +
or - sign.

Definition I +n

An integer constant occupies one word of storage

An integer constant must lie within the range:

236 236>n>-

A string of more than 11 significant digits is set up as a double precision
constant.

Examples 0
11

+75
032

-7746

3.2 REAL CONSTANTS

Definition -+n.nor +n. or + .n or + n.nE + nor- - - - -
+ n. E+ n or + .nE + n or + nE + n- - - - - -

a Real constant may be: -
(1) An optional + or - sign followedby one to eleven

significant decimal digits, written with a decimal
point, but without a decimal exponent. ~

(2) An optional + or - sign followedby one to eleven
significant decimal digits, written with or without
a decimal point, and followedby a decimal
exponentwhich is written as the letter E followed
by an integer constant.

A real constant occupies one word of storage.
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The absolute value of a real constant must lie within the range

-110 10510 < x c IO ,or be zero

A real constant has precision to about eleven decimal digits.

A string containingmore than eleven significant digits is set up as a double precision
constant.

Examples: 1.0
1.
0.1
.1
-.73610003 1
3.El (means 3.0 x 10 i.e., 30.0)

-3
.2E-3 (means 0.2 x 10 Le., 0.0002)

42 E+04 (means 2.0 x 10 Le., 20000.)

3.3 DOUBLE PRECISION CONSTANTS

Definition

a double precision constant is an optional + or - sign followed
by a sequence of up to 22 decimal digits written with, or without,
a decimal point, and followedby a decimal exponent, which is
written as the letter D followedby an integer constant. In
addition, real or integer constants containingmore than 11
significant digits are set up as double precision constants.

A double precision constant occupies twowords of storage.

The absolute value of a doubleprecision constant must lie within the range

-110 10510 < d<lO ,or be zero

A double precision constant has precision to about 22 decimal digits.

Examples: 3DO(means 3.0 x 100 LZ" 3.0)
-.4D+2(means -0.4x1O Le., -40.0)
3.141592653736

3.4 COMPLEX CONSTANTS

Definition I (real constant, real constant)

a complex constant is an ordered pair of real constants,
separated by a comma, and enclosed in parentheses.

A complex constant occupies twowords of storage.

The first real constant represents the real part of the complexnumber; the second
real constant represents the imaginary part of the complexnumber.

The parentheses are required regardless of the context in which the complex constant
appears.

The magnitude and precision of each part of the complex constant obey the same rules
as for real constants.
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Examples: Fortran V representation
(4.7, 0.2)
(-8.3, -.01)
(7. 6E3,0.0)

Complex number
4.7+0.2i
-8.3-0.01i
7600. + 0.0 i

3.5 TEXT CONSTANTS

Definition or 'character string'
or nH character string

a Text constant is
(1) an unsigned integer constant (n) followedby the letter H

followedby a string of n characters. This is a
Hollerith constant.

or
(2) An apostrophe followedby a string of characters followed

by a second apostrophe. This is a primed text constant.

A text constant occupies one or more words of storage, eight characters being stored
in each word.

Spaces (Blanks)are significant characters in text constants.

Bothtypes of constant are left -adjusted and filled out with blanks to an integral
number of words, so that

2HXYis the same as 8HXYbbbbbb
and 'ABC' is the same as 'ABCbbbbb'

In the case of a primed text constant all characters (including spaces) between the
apostrophes are taken as the text constant.
The apostrophe character itself may be used in a primed text constant by punching two
apostrophes, e.g , 'DON"T' will be stored in the machine as DON'T.

Whena text constant is stored, the surrounding primes, or the nH, are not stored with
it.

Examples: SHDON'T
'THISbISbAbPRIMEDbTEXTbCONSTANT'
IIH(HOLLERITH)

Note: The primed text constant is preferable to the Hollerith constant, which should
only be used in FORMATstatements.

3.6 LOGICAL CONSTANTS

Definition I .TRUE. or. FALSE.

A logical constant may take either of the followingforms:

.TRUE.

. FALSE.

A logical constant occupies one word of storage.

A false constant is stored internally as a word whose least significant 24 bits are all
zero.

A true constant is stored as a word whose least significant 24 bits are all ones.
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*3.7 BOOLEAN CONSTANTS

Definition n B octal digits
or n 0 octal digits

A Boolean, or Octal constant is an unsigned integer constant,
(n, which must not exceed 16) followed by a string of octal
digits of length not exceeding n.

A Booleanconstant occupies one word of storage.

An octal digit is

0,1,2,3,4,5,6, or7, but not 8or9.

Each octal digit is converted to three bits.

If the number (m) of octal digits is less than n, then n -m leading zeros are assumed.

If n is less than 16, then 16 - n followingzeros are assumed.

Examples: BooleanConstant Internal (Octal) word

IBO
3B123
8B123
16B123
160123

0000000000000000
1230000000000000
0000012300000000
0000000000000123
0000000000000123
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CHAPTER 4 VARIABLES AND ARRAYS

A variable is defined by its name and its type. There are seven types of variables:
integer, real, double precision, complex, text, logical and Boolean.

4.1 VARIABLE NAMES

Definition

A variable name is a string of alphanumeric
characters, the first of which is alphabetic.
Onlythe first eight characters are significant.
Anyblanks embedded in the name are ignored.

Examples: I
L2557X
INNERSUM

Note that the followingare equivalent to INNERSUM:

INNERbSUM
INNERbSUMMATION
INNERSUMP

4.2 ARRAYS

Anarray is a block of successive storage locations which can be referenced by a
subscripted variable name (see 5.1.1). Arrays may have any number of dimensions.
An array name has the same form as a variable name.

The array name and its dimensions must be declared before the name is referenced
(see Appendix3).

An array is composed of one or more elements; each element may be referenced by the
array name followedby the appropriate subscript notation.

For Multi-dimensional arrays, Fortran V uses a special technique to access the element".
Incorrect or incompatible results are likely if any subscript used is outside the range
given by the dimensions. One-dimensional arrays (vectors) may be accessed out of
range provided that the element accessed has had its position relative to the array
defined by a COMMONor EQUIVALENCEstatement (see sections 8.14 and 4.5).

For both single and multi -dimensional arrays, the (possible) error of exceeding array
bounds (i. e. product of subscripts greater than product of dimensions.declared) is
automatically tested for in execution if the routine concerned is compiled in TEST mode
(see section 12.2 (9».
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4.2.1. The DIMENSION statement

Note: see section 8. 8 for details of adjustable dimensions

Definition I DIMENSION dnamel, dname2, dname3 ...

dname ,dname ... are subscripted variable names, and the
subscrlpts are ~signed integer constants, which represent
the dimensions of the array(s) dname.

where

The DIMENSIONstatement is not executable, and must precede the first reference to
the array(s) being declared (see Appendix3).

The DIMENSIONstatement may be used to declare the dimensions of any number of
arrays.

An array may be declared as having any number of dimensions.

The number of storage words reserved for an array is equal to the product of its
dimensions multiplied by a constant which is 2 for doubleprecision or complex arrays
and 1 for all other arrays.

The DIMENSIONstatement has no effect on the types of the arrays being declared.

Examples: DIMENSIONARRAY(20,3,4),8(2),1(1000,3)
DIMENSIONCOSTS (1,2,3,4,5,6,7,8,9)

*4.2.2 Array storage

Arrays are stored by columns in ascending storage locations, so that the first subscript
varies most rapidly, and the last least rapidly. e. g. the two-dimensional array A(m,n)
is stored as follows:

The second element of A is referred to as A(2,1), the third as A(3,1) and so on. Thus
for the four -dimensional array X: X(I,J,K,L) refers to a storage location which is
greater than X(l, 1, 1, 1) by

where dl, d2,d3 and d4 are the dimensions of X. C is a constant which is 2 for double

precision and complex arrays and 1 for all other arrays.

4.3 IMPLICIT TYPE ASSIGNMENT

The type of a variable name may be specified in twoways:

(i) Explicitly by a type statement (see section 4.4)
(ii) Implicitly by name

In the latter case, any variable names beginningwith one of the characters I, J, K, L,
Mor N are assumed to be of type integer, and any other names are of type real.

Examples: I and J17 are integer names
P6 and ALPHAare real names
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4.3.1 The IMPLICIT statement

The implicit type assignment described above may be modified by using the IMPLICIT
statement.

Definition

Where
chI' ch2· .. ch7... are any single alphabetic characters

and
typel, type2... are one of:

I' INTEGER
REAL
DOUBLEPRECISIONor DOUBLELENGTH
COMPLEX
LOGICAL
TEXT
BOOLEAN

and
n1, n2". are 1,2,4,8 or 16

The *nmay be omitted, if present they have no meaning except
that REAL *8 is taken as DOUBLEPRECISION.

The parentheses may be omitted from the list of letters
following the last type specified.

An optional comma may follow each right parenthesis.
The dash in ch3-ch4 etc. is a minus sign.

The IMPLICITstatement specifies that variable names beginningwith certain
designated letters, or ranges of letters, are of a certain type.

DOUBLEPRECISION,DOUBLELENGTHand REAL *8 are synonymous.

The IMPLICITstatement does not affect the types of any names which have been
declared before the appearance of the IMPLICITstatement. In particular dummy
argument names are not affected by IMPLICIT.

If more than one IMPLICITstatement is given, then the later will override the earlier
statements for any letters where the IMPLICITstatements conflict.

Examples:

a) IMPLICITREAL I. J

Following this statement all new variable names beginningwith I
or J will be assumed to be of type real (unless overridden by a
later type statement).
Names beginningwith K, L, M or N will still be integer. and
names beginningwith A-H or O-Z will be real.
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b) IMPLICITTEXT M-Q

Following this statement all new variable names beginning with M, N, 0, P or

Q will be of type text. Names beginning with I, J, K or L will still be integer,
and all other new names will be real.

c) IMPLICITREAL (I,n INTEGER(A-H, Z) BOOLEANC,D

This statement has the effect:

Initial letter of new name
A or B
Cor D
E-H
lor J
K-N
O-Y

Z

Implicit Type
Integer
Boolean
Integer
Real
Integer
Real
Integer

Note that the later appearance of BOOLEANC,D overrides the previous
declaration INTEGERA-H.

4.4 THE TYPE STATEMENTS

Note see section 8. 8 for details of adjustable dimensions.

Definition

Where

type is one of:

INTEGER
REAL
DOUBLEPRECISIONor DOUBLELENGTH
COMPLEX
LOGICAL
TEXT
BOOLEAN

and
name1, name2 ... are variable names, which may be subscripted.
The subscripts must be unsigned integer constants.

and
n is 1,2,4,8, or 16

The *nmay be omitted. If present they have no meaning, except
that REAL*8 is taken as DOUBLEPRECISION.

The / data /, data/ ... may be omitted. If present, then
datal' data2 .... have the form:

i) A constant of the same type as the declaration
or ii) m* constant, where m is an unsigned integer
or iii) A series of the above two forms separated by commas.
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4.4 cont

(1) The type statements are used to declare the types of variable names. If a variable
name is declared in a type statement, then this overrides the type implicit in the first
letter of the name.

(2) The type statements may be used to declare the dimensions of arrays. When subscripts
appear in the list, the associated variable name is the name of an array and the
subscripts are the dimensions of the array.

(3) The type statements are not executable, and must precede the first reference to the
variable name(s) being declared. (see Appendix3).

(4) The type statements may be used to assign initial data values to variables or arrays.
A list of constants of the form 1m*cl is equivalent to the list
Ic, c, c ... I where c is written m times.

The constants in the list are loaded into the storage location(s) given by the preceding
variable or array name. In the case of an array, the constants are loaded from left to
right starting at the first location in the array. See also sections 4.6(3), and 4.6(9).

(5) When initial data values are to be assigned by means of a type statement, the type of
constant stored is determined by the structure of the constant, rather than by the
variable type (i. e. by the type of the type statement).

e.g. REALX 131

An integer 3 is stored in X, and not a real 3.0 as may be expected from the type of X.
Care should thus be taken to ensure that the type of the constant(s) is the same as the
type of the type statement.

(6) DOUBLE'PRECISION,DOUBLELENGTH, and REAL*8are synonymous.

(7) If a variable name is declared in two or more type statements, then the first type holds
until the second is read, the second holds until the third is read, and so on. Note,
however, that the type of a variable cannot be changed once the variable has been
referenced. (see Appendix3).

Dimension information should be given once only, but the type of an array name may be
declared in a type statement and its dimensions declared in a DIMENSIONor COMMON
or PUBLIC(see sections 8.13 and 8.14) statement. If this is done, and an array is to
have values assigned in its type statement then its DIMENSIONstatement must come
first, otherwise the order is immaterial.

(8) Variables which are given in an EQUIVALENCEstatement and variables which are
PUBLICor in COMMONcannot be assigned initial data values by means of the type
statements, except in a BLOCKDATAsubprogram. (see section 8.15).

(9) Function names may be declared in type statements, but they must not have initial data
values assigned to them.

Examples:

a) REALI, JARRAY (2,5)

The name I now represents a real variable, and JARRAY is a real
array of length 10 words. Note that JARRAY could also be declared
as follows;

DIMENSIONJARRAY (2,5)
REALJARRAY
or
REALJARRAY
DIMENSIONJARRAY (2,5)
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Since the DIMENSIONstatement is redundant in such cases, the single
declaration

REAL JARRAY (2,5)

is preferred. Note that:

REAL JARRAY (2,5)
DIMENSIONJARRAY (2,5)

would be in error.

b) INTEGER X/O/, Y (10),Z(2,3)/3*0,2*1,3/

The name Xnow represents an integer whose initial value is zero. The
name Y represents an integer array of length 10words, whose initial
values are undefined. The name Z represents an integer array of length
6words whose initial values are:

Z(l, 1)=0, Z(2, 1)=0, Z(I,2)=0, Z(2.2)=I, Z(I,3)=I, Z(2,3)=3

4.5 THE EQUIVALENCE STATEMENT

Definition

EQUIVALENCE(name1, name2,·· .), (name3, name4, nameS" .) ..

Where name, name ... are variable names whichmay be subscripted.
Any subscriJts must1;e unsigned integer constants.

(1) The EQUIVALENCEstatement specifies that variables with different names are to share
the same storage location(s). Each pair of parentheses in the list encloses the names of
two or more different variables (or array elements) which are to be stored in the same
location. Anynumber of equivalences (sets of parentheses) may be specified.

(2) The EQUIVALENCEstatement is not used to declare the dimensions of arrays. When
subscripts appear in the list these indicate that particular element of an array which
is to be made equivalent to the other items within the parentheses surrounding those
names.

(3) The dimensions of any arrays specified must be declared before the EQUIVALENCE
statement appears.

If the number of subscripts appendedto an array name is less than the number of
dimensionswhich have been declared for it, then the missing subscripts are taken to
be 1. The number of subscripts must not be greater than the number of dimensions
declared (see section 5.1.1).

(4) The EQUIVALENCEstatement is not executable.

(5) No two variables whichhave been referenced may be made equivalent to each other
(see Appendix3).

(6) Dummyarguments, and COMMONor PUBLICvariables may be equivalenced to
variables whichhave not been referenced.

(7) For each equivalence (set of parentheses) there is always one variable name to which
the others are made equivalent. If one of the variable names has been referenced,
then that name is the name to which the others are made equivalent. If none of the
variables have been referenced, then the variable in the list which occupies the most
storage is the one t? which the others are made equivalent. (e.g. the longest array).



(8) The EQUIVALENCE statement must not contradict itself, or any previously established
equivalence. No two elements of anyone array may be made equivalent to each other.
Adjustable arrays may not be equivalenced.

(9) In Fortran V, the EQUIVALENCE statement does not re -order COMMON. See
section 8.13.2.

(10) There is no restriction on the types of variables which may be made equivalent;
however, errors may occur in execution if apparently real variables in fact contain
integer values:

Example: EQUIVALENCE (I, X)
1=3
Y = 3.0
Z = YjX

would cause an execution error, because X contains an integer value (I = 3).

This also applies to other mixtures of types which are made equivalent by means of
EQUIVALENCEor COMMONstatements. (see section 8.13.2).

(ll) Variables which have been assigned initial data values by means of a ~ statement,
should not appear in any EQUIVALENCEstatement.

Examples: Assume REAL A(5), B(1O),C(1O,2)

a) EQUIVALENCE(A, B, C(5,I),X)

A(l), B(l), C(5,I) and X now refer to the same storage location.
Note that: A(2), B(2)and C(6, 1) will also be equivalent, and so on.

b) EQUIVALENCE(A(2), C(4», (B(4), C(5,I»

A(2) and C(4, 1) now refer to the same storage location similarly with
B(4) and C(5, 1). This means that A(I), C(3,I) and B(2) all share the
same location.

c) EQUIVALENCE(C(5, 1),B,C)

This is illegal, because C(1, 1) and C(5, 1) cannot be made equivalent.

d) EQUIVALENCE(A,B(2),C(4, 2», (A(3),B(4»

This is illegal, because the first equivalence establishes that A(I)
is equivalent to B(2)and hence A(3) is equivalent to B(5); and the
second equivalence is not permitted to contradict this.

e) Given COMPLEX CP(1O)
EQUIVALENCE (A,CP)

A(I) and CP(I) are now equivalent. Since each element of CP occupies two
words, A(2) and the imaginary part of CP(I) are equivalent. Similarly,
A(3) and the real part of CP(2) are equivalent, and so on.

4.6 THE DATA STATEMENT

Initial values of variables (data) may be compiled into the object program by means of
the type statements. An alternative and more flexible way of doing this is provided by
the DATAstatement.
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4.6
cont

i)
or ii)
or iii)

a constant (of any type)
m * constant where m is an unsigned integer
a series of the above two forms separated by commas.
The commas followingthe slashes may be omitted.

Where
list , list ... are input lists with the
resfricti05s given in (1), below.

and
data , data ... are of the form:

1 2

(1) The input list is defined in section 7.4.
The DATAstatement variable list is of the same form as the input list with the
followingrestrictions:-

(i) Implied DOparameters must be unsigned integers.
(ii) If a subscripted variable appears in the list, then the subscripts must be

integers or variable names.
(iii) If any subscript is a variable name, then this name must be under the control

of (i. e. used as the index of ) a current implied DO.

(2) The DATAstatement is used to assign initial data values to the variables or arrays
whichappear in its list.

A list of constants of the form Im*cl is equivalent to the list IC, C,C, ... /, where C
is written m times.

The constants are loaded, from left to right, into the list of variable names, any
implied DOloops being taken into account. If a non-subscripted array name appears
in the list, then the whole of the array will be loadedwith the constants. This method
I,e. the Short Listt is preferred whendata is to be compiled into an entire array.

(3) There shouldbe a one to one correspondence between the variables in the list and the
constants. Each constant corresponds to one undimensionedvariable or subscripted
array reference. Note If it is desired to define a text constant of (say) 20 characters
starting at 8(1), then 8 must be dimensionedto cover at least three locations. If the
constant is 'ISbTWENTYbCHARACTERS',then this is one constant which corresponds
to three variables; 8(1), 8(2) and 8(3). To this extent the one to one correspondence
rule is modified.

(4) All variables referred to in the list must have their properties (i. e. types etc.)
declared before the DATAstatement appears.

(5) The DATAstatement is not executable and does not define the value of any implied DO
indexpresent in the variable list.

(6) The type of the constant stored is determined by the structure of the constant itself
rather than by the variable type in the statement,

e.g. DATAX/31 (X is real)

An integer 3 is stored in X, and not a real 3.0 as may be expected from the type of X.
Care should thus be taken to ensure that the type of the constant is the same as the type
of the variable into which it is to be loaded.

(7) The DATAstatement only initialises the values of the variables. DATAdefined
variables that are redefined during execution of the program will assume their new
values regardless of the DATAstatement.
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4.6 cont

(8) The DATAstatement cannot be used to enter data into blank COMMON. The BLOCK
DATA subprogram may be used to compile data into labelled COMMONor PUBLIC
(see section 8.15).

(9) If a variable is present in the list of more than one DATAstatement, or is given more
than once in the list of one DATAstatement, then only the last value assigned to the
variable will be effective, and all of the previous values are lost. Note also that the
DATAstatement may override any values assigned by a previous type statement
(or vice versa).

Examples:

a) DATAX,I,Q/l.O, I, i.o/

b) DIMENSIONA(1O,10)
DATAA/100*l.0/

every element of A is set to 1.0. This form is preferable to:
DATA«A(I,J),1=1,10), J=1,10)/100*1.0/

c) DIMENSIONA(1O),B(20)
DATAA, (B(l), 1=1,20,2)/3.6,10*4.8,8*6.0, .0/

A (1) is set to 3.6, A(2) to A(lO) are set to
4.8, B(l) is set to 4.8,B(3),
B(5)... B(17)are set to 6.0 and B(19)is set to 0.0.
The even numbered elements of Bare not defined.

d) COMPLEXC
TEXT A, B(2), Al
DATAC, A, A1,B/(l.0,0.0), 'XYZbbbbbABC', 'P', 'Q'/

C is set to 1.0 + O.Oi, A is set to 'XYZbbbbb', Al is set
to 'ABC', B(l) is set to 'P", B(2)is set to 'Q'.



CHAPTER 5 EXPRESSIONS AND
REPLACEMENT STATEMENTS

Fortran Vaccepts two types of expressions: arithmetic and logical. These
expressions form integral parts of Fortran V statements.

5.1 ARITHMETIC EXPRESSIONS

Anarithmetic expression is a sequence of operators, operands and parentheses,
assembled according to the rules given below.

An operator is: -

+meaning addition
subtraction

* multiplication
division
exponentiation

/
**

Anoperand is: -

a constant
a simple variable
a subscripted variable
a function reference (see section 8.4)

Rules:-

(i) Anyoperand is an expression.

(H) If X is an expression, then (X) is also an expression.

(Hi) If X and Yare both expressions then the followingare also expressions:

X +Y X - Y
X*Y X/Y
X**y and -X (but see below)

Anythingwhich results from repeated applications of these rules is also an expression.
For example, rule (ii) implies that «X» and «(X») etc. are expressions.

(iv) The sequence "operator operator" is not permitted.

e.g. A* - Bmust be written as A* (-B).

Examples of arithmetic expressions:

A
I - 76
(A)
4.3
-B -7.3 + X - (A+4.0)*6. 3
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5.1.1 Subscripted variables

In Fortran, subscripts may be written following the name of an array in orde~ to
access a particular element of the array. The subscripts must be enclosed ill
parentheses.

In Fortran V a subscript is any arithmetic expression.

If a subscript is not of type integer, then it will be truncated according to the kind of
truncation in force when the statement is compiled. (see section 5. 1.3).

An array must not be referred to as having more subscripts than the number of
dimensions in its array declaration, so that if A is declared as DIMENSIONA(12,10),
then any reference to A(I,J, K)wouldbe illegal.

If an array is referred to as having less subscripts than dimensions, then the missing
subscripts are assumed to be 1: So that after DIMENSIONARRAY(2,3, 10) a
reference to:

ARRAY(M,N) wouldmean ARRAY(M,N, 1)
and ARRAY(M) " ARRAY(M, 1, 1)
and ARRAY " ARRAY(1,1,1)

in addition ARRAY(M, ,N) " ARRAY(M,1,N)
and so on.

Examples of arithmetic expressions containing subscripts are:

A(12)
1(7+J*4-6*K)
-A(JROW)+4.2
ARRAY2 (IARRAY(J»

In this case the value of the [th element of the array IARRAY is the subscript of
ARRAY2.

5.1.2 Evaluation of arithmetic expressions

The expression

A+B/C

might be evaluated as:

(A + B)/C

or as:

A + (B/C)

Actually, the latter form is correct. However, it is necessary to formulate rules for
evaluation so that such ambiguities do not occur. In general these rules correspond to
the ordinary rules of algebra.

(i) A subexpression is an expression which is enclosed in parentheses.

e.g. (I + J/K) is a subexpression.

Subexpressions by be nested to any level.

e.g. I*(A+B*(C+D/(H -J)+K)+L)
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In this case (H-J) is referred to as the innermost subexpression;
(C+D/(H-J}+K)is the next innermost subexpression, and so on.

(ii) The order of evaluation is: first the innermost subexpression followed by
the next innermost subexpression until all subexpressions have been
evaluated.

(iii) Within a subexpression, (or if no subexpressions are present), the
operations are done in the following order:

** (first)
* and /
+ and - (last)

:class 1
:class 2
:class 3

(iv) In expressions where operators of like classes appear, evaluation proceeds
from left to right,

e.g. A**B**C is evaluated
as (A**B)**C
and A*B/C is evaluated as (A*B)/C

(v) Functions are evaluated before being used as operands.

5.1.3 Truncation

In Fortran, .the quotient resulting from a division of two integers (or integer
expressions) is always an integer. This property leads to ambiguity as to the result
of a division such as 3/4. This result could be 1 or 0 depending on the kind of truncation
employed.

In Fortran V, this ambiguity is resolved by use of the TRUNCATIONstatement.

5.1.4 The TRUNCATION statement

Definition I TRUNCATIONt

Where t is IFIX, or IFIXF
or INT, or INTF
or NINT,or NINTF

(1) The TRUNCATIONstatement specifies the kind of truncation to be performed when
dividing integers or integer expressions, or in replacement statements (see section 5.3).

(2) If X is the exact quotient resulting from the division of two integers (or integer
expressions) then the integer result I, of the division is as follows: -

(i) If TRUNCATIONIFIX (or IFIXF) has been specified, or if there
is no TRUNCATIONspecification: - I is equal to the sign of X
multiplied by the largest integer which is less than, or equal to the
modulus of X.

e •g. The result of
3/4 would be 0
15/16 •• 0
17/16 .. .. 1
-8/3 ••-2

i. e. rounding towards zero.
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(ii) If TRUNCATION INT (or INTF) has been specified, I is equal to the
largest integer less than or equal to X.

e .g . The result of
3/4 would be 0
15/16" "0
17/16" "1
-8/3 " -3

Note that INT is the same as IFIX, except for negative numbers.

(iii) If TRUNCATIONNINT(or NINTF)has been specified:
I is equal to the nearest integer to X.

e .g . The result of
3/4 wouldbe 1
15/16" "1
17/16" .. 1
-8/3 " -3

(3) In the absence of a TRUNCATIONstatement, (or *RUNoption - see (6», the IFIX
truncation will be performed.

(4) The TRUNCATIONstatement is not executable, and should be placed before any
statement which involves arithmetic expressions where a non-standard (i. e. NINTor
INT)kind of truncation is required.

(5) If more than one TRUNCATIONstatement is given, then the first holds until the second
is read, the second holds until the third is read, and so on.

(6) The kind of TRUNCATIONto be performed (for a whole job) may be specified in the
*RUNdirective (see section 12.1(8».

It is important to note that I*J/K may yield a different result from J/K*I.

e. g . under IFIX truncation:

4*3/2 12/2 = 6
but

3/2*4 = 1*4 = 4

(7) Note that non-integer subscripts and DO, or implied DOparameters are also truncated
using the truncation in force when the statement concerned is compiled.

*5.1.5 Type of expressions

An arithmetic expression may contain operands of different types: -

Class 1: Integer, real, double precision, and complex, operands may be
present in one arithmetic expression.

Class 2: Text, Boolean, and logical operands may be present in one
expression.

Expressions which contain types of different classes are invalid.

The type of the result of an expression is the same as the type of the dominant operand.



The order of dominance of the Class I operand types is:

Complex
Double precision
Real
Integer

In expressions containing Class 2 operands. the only permitted arithmetic operation
is subtraction.

For expressions of the form X**Y the following table shows the relationship between
the type of X**Y and the types of X and Y.

Type of Type of Y
X Integer Real Double Complex

Integer I R D C
Real R R D C
Double D D D C
Complex C C C C

If X and Yare not Complex the value of X may be negative only if Y is of type integer.

In mixed arithmetic operations, division will be taken as integer division (i. e. division
with truncation) if the expressions divided are of type integer, otherwise the division
corresponds to the type of the dominant expression in the division.
For example, suppose I. J and K are integers and X is real. then. according to the
rules given in 5.1. 2.

Expression Type of division

X + 1/J
(X+I)/J
X*1/J
I*J/X*K
I*J/K*X

Integer
real
real
real
integer

Examples of arithmetic expressions; .

a) T - 'XY'

Where T is of type TEXT (or Boolean)

b) (X-2)/«1+7.6)*3.6)

c) (1. 2, 2.4)**1

Where (1. 2,2.4) is the complex constant 1.2+2.4i, and I is an
integer variable. Note that a complex variable cannot be written
as (A,B)where A and Bare real variables.

Masking operations

Masking (or Boolean)and shifting operations may be performed on Booleanor Text values
(constants or variables) by means of the following special intrinsic (built -in) functions;
they are not available when HARTRANFUNCTIONS,or F2 FUNCTIONS(or OLD
FUNCTIONS)is specified (see section 8.4.2).
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Function Type of Type of Properties
Name Arguments Arguments result of Function

AND 2 Text or Boolean Boolean See below

OR 2 Text or Boolean Boolean See below

NOT 1 Text or Boolean Boolean See below

ER 2 Text or Boolean Boolean See below

SHIFTR 2 First Text or Shifts first argument
Boolean.Second Boolean right by n bits
Integer (n) (circular shift).

SHIFTL 2 First Text or Shifts first argument
Boolean.Second Boolean left by n bits
Integer (n) (circular shift).

The properties of these functions may be explained by assuming that each argument
consists of one bit only. Each pair of bits is treated in the same manner as
described below.

First Second RESULT
Argument Argument

(a) (b) AND(a,b) OR (a, b) ER (a, b) NOT (a)

1 0 0 1 1 0
0 1 0 1 1 1
1 1 I I 0 0
0 0 0 0 0 1

i.e. NOT(a) produces a bit string with l's where a has O's, and O's where a has
1'so
AND(a, b) produces a bit string with 1's where both a and b have L's, and
O's elsewhere.
OR (a, b) produces a bit string with l' s where there are l' s in a or b or both,
and 0' s elsewhere.
ER (a, b) produces a bit string with I 's where a and b differ, and 0' s
elsewhere.

5.2 LOGICAL EXPRESSIONS

Logical expressions have values which are either true or false. They can be used to
express the relationships between quantities.

5.2.1 Relational expressions

A relational expression is a sequence of arithmetic expressions separated by relational
operators.

A relational operator is:

.EQ. or meaning Equal to

.NE. Not equal to

.GT. or > Greater than

.LT. or < Less than

.GE. or .NL. " Not less than

.LE. or .NG. " Not greater than
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No two relational operators may be adjacent.

A relational expression has the value. TRUE. if the arithmetic expressions satisfy
the relationship specified by the relational operators; otherwise it has the value
. FALSE.

Examples of relational expressions:

a) I.EQ.J-I (or I=J-l)

The result is true if 1 is equal to J -1, if not the result is false.
The expression i~ equivalent to I+l.EQ.J (or 1+1=])

b) 1+3.EQ.J*2-K.GT .K/I (or I+3=J*2-K>K/I)

The result of this expression is true if:
1+3is equal to J*2-K and J*2-K is greater than K/I.
If either, or both of the above conditions is not true, then the result of
the expression is false.

5.2.2 Logical expressions

A logical expression is:

a logical constant
a logical variable or function reference.
a relational expression

or a sequence of the above separated by logical operators.

Where a logical operator is
.NOT. meaningnegation

or •AND. " logical and
or .OR. logical inclusive or

Twological operators may be adjacent only if the second such operator is .NOT.. Note,
however, that the sequence .NOT.. NOT. is invalid, but .NOT. (.NOT.... ) is accepted.

If L is a logical expression, then (L) is a logical expression.

A logical expression may be preceded by the operator .NOT.

A logical expression has the value •TRUE. or . FALSE.

The properties of the logical operators are as follows:

.NOT. L is false only if Ll is true
L1.AND.t2. is true only if L1, L2, are both true
L1.OR.L2 IS false only if L1, L2 are both false.

Where L1, L2 are logical expressions.

In a manner similar to that discussed for arithmetic expressions, parentheses are
used to explicitly define the sequence of evaluation.

e.g. A.AND.B.OR.C.NE.D

does not have the same meaning as

A.AND.(B.OR.C.NE.D)

Where (B.OR.C.NE.D) may be described as a logical subexpression.
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The order of evaluation of logical expressions is:
(i) Arithmetic expressions
(ii) Relational expressions (the relational operators are all of equal

precedence) .
(iii) The innermost logical subexpression, followedby the next innermost

logical subexpression, and so on.
(iv) The logical operators in the followingorder

•NOT. (first)
.AND •
.OR. (last)

Examples:

a) A. EQ. B.AND. B. EQ. C
(or A=B.AND.B=C)
This is equivalent to the relational expression A=B=C.

b) A=B.AND.C=D.OR.K='TEXTA'
(Kbeing of type TEXT); this expression is true if A is equal to Band C
is equal to D. It is also true if K is equal to 'TEXTA' . Otherwise it
is false.

c) .NOT.D.OR.X=4.2
D being of type LOGICALand X of type REAL.
The expression is true if D is .FALSE. The expression is also true if X
is equal to 4.2. Otherwise it is false.

5.3 THE ARITHMETIC REPLACEMENT STATEMENT

Definition I
Where

VI' v2' v3····· .are simple or subscripted variable names

and
aexp is any arithmetic expression

The arithmetic replacement statement causes the values of the variables on the left hand
side of the statement, to be replaced by the value of the arithmetic expression.

The generalised replacement statement defined above is equivalent to the following
series of simple replacement statements.

VI aexp
v2 aexp
"s aexp

The generalised form is useful in cases where several variables are to be set to
the same value.

The variables v, need not all be of the same type.
Whenthe type ol the expression aexp is not the same as the type(s) of the variables
(v.), the variables are assigned types as shownbelow:
1
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Type of Type of Expression
variable Integer Real Double Complex Text Boolean Logical

Integer X 1 1* CI * N N N

Real F X P* CR* N N N

Double F* P* X* CD* N N N

Complex R* R* R* X* N N N

Text X X N N X X X*

Boolean X X N N X X X*

Logical N N N N N N X

ere the symbols meant -

X The variable is assigned the exact value of the expression
1 The variable is assigned the value of the expression truncated to give

an integer value (see section 5.1.3).
F The variable is assigned the real or double precision approximation

of the value of the expression.
P The variable is assigned the value of the expression with the

precision associated with the variable type.
R The real part of the variable is assigned the value of the expression

with real precision. The imaginary part of the variable is assigned
the value zero (0.0)

N This combination of type of expression and variable type is not
permitted.

CI The variable is assigned the truncated value of the real part of the
expression.
The variable is assigned the exact value of the real part of the
expression
The variable is assigned the exact value of the real part of the
expression. The least significant half of the variable is set to zero.
Allowedonly in simple form: v = aexp

CR

CD

*

For statements of the form:

Doubleprecision variable = real expression,

evaluation of the expression is carried out in double precision mode (except for
ctions which do not have a double precision form).

e.g. SINwouldbe acceptable, but TANwouldnot be because DTANis not
available.

For statements of the form:
text variable = text constant

y the first eight characters of the constant are stored in the variable.

The word "FORMAT"must not appear as the first name on the L. H. S. of the
replacement statement.

Examples:

a) 1 = A(I) (I integer, A real)
Replaces the value of I, by the truncated value of the Ith element of A.

b) 1 = 1+1
The value of I is increased by 1.
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c}

d)

e)

f)

g)

A(I)=J*J (A real, J integer). The Ith element of A is replaced by the
value of J*J after this has been converted to type real.

C=I**J+D (C complex, I and J integer, and D double precision)
I is raised to the power of J and the result converted to double precision,
D is added. The most significant half of the result is stored in the real
part of C, the imaginary part of C is set to zero.

1,1(3), K(I,3) = 2
I and J(3) are set to 2 Since I is now set, K(2,3} is set to 2.
If the statement is written

K(I,3), I, J(3)=2, I and J(3) are set to 2, and K(I, 3) is set to 2
where I has the value set before the statement is reached.

T = 'SbORbT'
T being of type text

B= 4B1477
Bbeing of type Boolean

5.4 THE LOGICAL REPLACEMENT STATEMENT

Definition I
Where

1 , 12"" are simple, or subscripted variable names,
whicli are of type logical, or Boolean.

and
lexp is any logical expression.

The logical replacement statement causes the values of the variables on the left hand
side to be replaced by the value of the logical expression.

The generalised replacement statement defined above is equivalent to the following
series of simple statements

1 = lexp
11 = lexp
12 = lexp
3

The word "FORMAT"must not appear as the first word on the L. H. S. of the statement.

Examples:

a)

b)

c)

d)

L = A.AND.B.OR.C where L,A,B and C are logical (or Boolean).

AL = I-J.EQ.4.0R .. NOT.. 3.EQ.X
or
AL = I-J = 4.0R .. NOT.• 3=X

G = .TRUE.

H = .NOT.G
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5.5 THE CLEAR STATEMENT

Definition I
Where

vI' v2' v3' .. are simple or subscripted variable names.

The CLEARstatement is used to set variables, entire arrays, or individual elements
of arrays to zero. The statement is preferred to the use of DOloops for clearing
entire arrays.

Variables of any type may be cleared, and the variables v. need not be all of the
same type. The different types are set as follows: 1

Type of v Value after CLEARv

Integer
Real
Double precision
Complex
Text
Logical
Boolean

a
0.0
o. a (2 words)
(0.0, 0.0)
Blanks ('bbbbbbbb')
. FALSE. (or 1 BO)
1 BO(or. FALSE.)

If an unsubscripted array name appears in the list, the entire array will be cleared.

Examples:

a) TEXT X(6,6) Y(5)
CLEARX,Y(2)
All 36 locations of X, and the second location of Yare set to blanks.

b) REALR(5),K

CLEARR(I),K
K, and the Ith location of R are set to O. a
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CHAPTER 6 THE CONTROL STATEMENTS

Normally, Fortran statements are executed sequentially. The control statements
may be used to control and alter this normal sequence of execution of statements in
the program. This is done by referring to a label or statement number.

Fortran V labels may be names as well as statement numbers; and labels may be
variable: i. e. Fortran V labels may assume different values.

6.1 LABELS (STATEMENT NUMBERS)

A label is a sequence of 1 to 5 alphanumeric characters.
If the first character is numeric, then all of the characters
must be numeric. The name of a variable (assigned) label
has the same definition as a variable name (see section 4.1)

Definition I

A label is punchedin columns 1 to 5 of a statement, and may be referred to by other
statements.

A statement number is a label consisting only of numeric characters. Other labels
are namedlabels.

Blanksmay be present in a label; if present they are ignored.

If a label begins with the characters C or X, then the C (or X)must not be punched
in column 1.

No two statements may have the same label, (unless one (only) of them is a FORMAT
statement) .

Anyleading zeros punched in a statement number (or named label) are ignored.

Examples: 1
99999
X
Y127J
ZbbZ (same as ZZ)
OABCD(same as ABCD)
01 (same as 1)

6.1.1 Label variables

The value of a label is defined by the followingrules:

(i) If a label is attached to a statement (i. e. appears in columns 1 through 5
of that statement), then the value of the label is the location of that
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statement. If no label is attached to a statement, then the location of the
statement is not defined. A label with more than 5 characters in its name
cannot be attached to a statement.

(ii) At any given time during execution, the value of a label is equal to the
value of the last label ASSIGNed to it.

Label variable names are distinct from ordinary (data) variable names (see section
6.2 (5». This means that labels (or assigned labels) cannot be used as arguments
(see section 8.3).

6.2 THE ASSIGN STATEMENT

Definition I ASSIGN11 TO 12

where 11is a label (or a label
variable), and 12 is a label
variable.

(1) If 11 is not a statement number, then it must be enclosed in parentheses.

(2) If 11 is a label, and 12 is a label variable, the ASSIGNstatement sets the value of 12 in
sucfi a way that future control statements which refer to 12 will actually be referring
to the label 11.

Labels may be indirectly assigned by writing statements of the form:(3)

ASSIGNlabell TO varl
ASSIGN(var 1) TO var2
ASSIGN(var2) TO var3

ASSIGN(var 1) TO varn- n

In this case future control statements which refer to the label variable var will
actually be referring to the label, label1. n

(4) Statement numbers which are attached to FORMATstatements must not appear in an
ASSIGNstatement.

(5) Note that ASSIGNstatements only set the values of label variables. If the same name
is used for a data variable and a label or label variable, then these two uses of the
name are never confused by Fortran V; the actual meaning of the name is determined
by the context in which it appears.

e.g. ASSIGN761 TO IK
A = IK/3

where the value of A is not defined, because the value of the arithmetic variable IK is
not defined.
Similarly:

M =5
cannot be substituted for

ASSIGN5 TO M
and vice versa.
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Definition I GOTO i, (11' 12, 13'" ,)

where
i is a label or a label variable

and
11' 12", are labels

The comma preceding the left parenthesis may be omitted.
The part of the statement which follows i may be omitted:
if present it is ignored.
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If i is a label, the GOTO statement causes control to be transferred to the statement to
which that label is attached.

If i is a label variable, the GOTO statement passes control to the statement whose
label was last directly or indirectly assigned to i.

Examples: (where ILABELand JLABELare label variables)

a) GOTO 10
10 X=3

b) ASSIGN10 TO ILABEL
GOTO ILABEL

10 X=3

c) ASSIGN10 TO ILABEL

10 X = 2

ASSIGN(ILABEL)TO JLABEL

GOTOJLABEL, (10, 20, 30)

In this case both ILABELand JLABELare set to label 10.

6.4 THE COMPUTED GO TO STATEMENT

Definition I 1 ), aexpn

This statement causes control to be transferred to the statement whose label is
11' 12' 13 ... or In' depending on whether the value ,ofaexp is 1, 2, 3 or ~
respectively. If any of 1 , 12 .. or 1 are label vanables, then ~ontrol wi.Il be
passed to the statem.ent wfiose label waf},directly or indirectly aaaigned to
1 ,1 .,. or 1 .
1 2 n

where
11' 12, .... In' are labels or label variables

Anyof 11' 12, or In may be omitted
and
aexp is an arithmetic expression whose value should lie within the
range 1< aexp ~ n. aexp should be of type integer.
The comma preceding aexp may be omitted.
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If the value of aexp is less than 1, or greater than n, then the transfer of control is
undefined. This error is automatically tested for in execution, if the routine is
compiled in TEST mode. See sections 12.2 and 10.3.1 (error 11).

Null (or omitted) labels have the value "next statement" .

e. g . GOTO (11' , 12,) aexp

If the value of aexp is 1, control is passed to 11
If the value of aexp is 2, control is passed to tlie next statement.
If the value of aexp is 3, control is passed to 12
If the value of aexp is 4, control is passed to tlie next statement.

Examples:

a) GOTO (10,X,S),I

Control is passed to the statement whose label is 10, X, or S
depending on whether the value of I is 1, 2 or 3.

b) ASSIGN10TO ILABEL
GOTO(ILABEL,, lS)K+S-J(3)

Control is passed to the statement whose label is 10 or IS
depending on whether the value of K+S-J(3)is 1 or 3.

If the value of K+5-J(3) is 2, control is passed to the statement
which follows the computed GOTOstatement.

6.5 THE ARITHMETIC IF STATEMENT

Definition I
where

aexp is any arithmetic expression
and

11' 12 and 13 are labels or label variables.
Any 01 11' 12, or 13 may be omitted. The two commas
must alwaysDe present.

The statement causes control to be transferred to the statement whose label is
11' 12, or 13when the value of the arithmetic expression is less than zero, equal to
zero, or greater than zero respectively.
If any of Ii' 12, or 13 are label variables, then control will be passed to the statement
whose label was last directly or indirectly assigned to 11' 12 or 13,

If the expression is of type complex, then only the real part is tested for zero.

Null (or omitted) labels have the value "next statement".

e.g. IF (aexp), 11'

If the value of aexp is zero, control is passed to the statement whose label is 11:
otherwise control is passed to the statement which follows the IF statement.

Care should be taken when 11 is a named label (or a label variable) that the sequence
11' 12, 13 does not satisfy the syntax of any Fortran statement. If this occurs, the
arithffietic IF may be taken as a logical IF, which has a different meaning.

e.g. IF(X) READl, A,B

may be taken as a logical IF.
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Examples:

a) IF(I**3 - K(N»l" X

The value of 1**3- K(N)is computed. If this value IS zero, control
is passed to the next statement; if the value is negative control is
passed to the statement whose label is 1; if it is positive control is
passed to label X.

b) ASSIGN10 to L
ASSIGN(L) to X
IF (T - 'AB') 10,11, X

If the text variable T is equal to 'AB', control is passed to label 11,
if it is not equal to 'AB', control is passed to label 10.

6.6 THE LOGICAL IF STATEMENT

The logical IF statement has two forms. These are defined below.

6.6.1 The Fortran IV logical IF

Definition I IF (lexp) stat

where
lexp is any logical expression

and
stat is any:executable Fortran V statement except a DO
statement or Fortran IVtype logical IF statement.

(1) If the value of the logical expression lexp is .TRUE. the statement stat is executed,
and control is then passed to the next statement (unless stat is a control statement
which has altered this normal path of control).
If the value of lexp is . FALSE., the statement stat is ignored and control is passed to
the next statement.

(2) Care should be taken when testing real quantities for strict equality, since rounding
errors may give an unexpected result.

e.g. 1=3

IF (I. EQ.3) GOTO6

is preferable to

X = 3.0

IF(X.EQ.3.0) GOTO6

(3) If the statement stat is a BEGINstatement (see Chapter 9), then the logical IF statement
may be used to jump round, or execute, a whole block of statements, instead of just one
statement.

If this facility is used, then, (if the logical expression lexp is false), control is passed
to the first executable statement followingthe ENDstatement which corresponds to the
BEGIN.

If the logical expression is true then the block of statements followingthe BEGINare
executed.



44

The block of statements contained between the BEGIN and its END is subject to the same
rules as a normal block, these rules are described in Chapter 9.

Examples:

a) IF (1.EQ. 4) I = 5

c)

IF (I = 4) I = 5

IF (A.GT .B.AND.C. EQ. 'S' .AND.L)X = 3

b)

d) IF (I =J = K = I) IF (X - 3.0) 1,2,3

6.6.2 The Hartran logical IF

Definition I
where

lexp is any logical expression
and

11 and 12 are labels or label variables.
11 or 12 may be omitted. The comma must always
be present.

If the value of the logical expression lexp is .TRUE., control is passed to the
statement whose label is 11; if the value is . FALSE. control is passed to the
statement whose label is 12,

If 1 or 1 are label variables, then control will be passed to the statement whose label
wailast Jirectly or indirectly assigned to 11 or 12,

Null (or omitted) labels have the value "next statement".

If 11 is a named label (or a label variable), care should be taken that the sequence 11' 12
does not satisfy the syntax of any Fortran V statement. If this occurs the Hartran
logical IF statement may be taken as a Fortran IV logical IF, which has a different
meaning (see section 6.6.1).

Examples:

a) IF (1.EQ.O) 12,

This has the same effect as

IF (I.EQ.O) GOTO12

b) IF (J.LT. X) 10,20

If J is less than X control is passed to label 10, if not, control is passed to
label 20.

c) ASSIGN(X)TO I
IF (K=I.OR.Z<Y), I

If K is equal to I or Z is less than Y, then control is passed to the next
statement; if not, control is passed to the statement whose label is X.

6.7 THE DO STATEMENT

This statement provides a means of repeating groups of statements (looping), and
changing the value of a variable during the loop.
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cont Definition I DO1 v = aexPl' aexP2' aexP3

where
1 is a label or a label variable

and
v is a nonsubscripted variable of type integer, or real

and
aexPl' aexP2and aexP3are any arithmetic expressions which
are of type mteger or real.

aexP3and its preceding commamay be omitted. If they are omitted
aexP3 is taken to be 1.
aexPl' aexP2must always be present
Anoptional commamay be inserted between 1 and v.

If 1 is a named label then it must be enclosed in parentheses, or followedby a comma.

e.g. DO(l) v =aexPI' aexP2, aexP3
or DO1, v = aexPI' aexP2' aexP3

The DOstatement causes the statements which follow it, up to and including the
statement labelled 1, to be executed repeatedly. These statements are said to be
within the range of the DO.
The variable v is the index of the DOloop, and aexPI' aexP2' and aexP3are the loop
parameters. aexPI is the first limit, aexP2 is the second Timit, and aexP3 is the loop
step.
At the start of the loop, the iridexis set to the value of the first limit, and the loop is
entered.
At the end of the loop, the step is added to the index. If the step is positive, the loop is
re -entered so long as the index is less than, or equal to the second limit. If the step is
negative, the loop is re-entered so long as the index is greater than, or equal to, the
second limit.

Uponcompletion of the DO, control is passed to the statement which follows the statement
labelled 1. Whenthis occurs the value of the index v is not defined.

The statements within the range of the DOare always executed at least once. Thus,
the number of times the range is executed is given by:-

N = I +

where the brackets indicate the largest non-negative integral value not exceeding the
value of the expression within those brackets.
If the step (aexP3)is zero, the loop may be executed an infinite number of times.

If any of the expressions aexPI' aexP2' aexp are real, and the index (v) is an
integer, then the value(s) of tlie expression(si will be truncated to give integer values
for the purpose of computingthe number of times the loop is to be executed. See
sections 5.1.3 and 5.1.4.

If the index of the DOis of type real, then care should be exercised when choosing the
Iimite ,

e.g. in the case of

00 2 X = 1.0,2.0,0.1

the executionwith X equal to 2.°may be lost due to roundingerrors. A better
choice of limits wouldbe

DO2 X = 1.0, 2.001, 0.1
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6.7 The label, 1,must appear in the text of the program after the 00 statement.
cont

The label, 1must not be attached to any non-executable statement (see Appendix 3)
or to any 00 statement.

If 1 is attached to any IF or computed GOTOstatement which contains a null (omitted)
label, then the null label represents the end of the 00 loop. Execution of the loop is
thus continued normally, if control is passed to the hull label.

1 should not be attached to a statement which causes a transfer of control back into the
range of the 00.

The values of any variables contained in aexP2 or aexP3 should not be changed by
statements in the range of the 00. If this is done, the execution of the loop may be
affected.

The value of the index (v) must not be changed by statements contained within the range
of the 00.

The index (v) may be changed by statements outside the range of a DO, only if no
transfer is made back into the range of the DOwhich uses that index.

A transfer of control out of the range of a DO is permitted at any time.

Control may be transferred into the range of a 00 only when control has at some
previous time been transferred out of it.

Subprograms may be called, from, and returned to, within the range of a DO.

There may be other 00 statements within the range of a 00. All statements within
the range of the inner DOmust also be within the range of the outer 00. A set of DO
statements which satisfy this rule is called a nest of 00's .
Nesting may be to any level. The index of an inner 00 must not be the same as the
index of any 00 containing it.

Examples:

a)

2

x = 1
DO2 I = 1,6
X = X*5
When the DOloop is completed, X is equal to 5 to the power 6.

b) REAL INNER(60)
00 3 II4 = 1,60
INNER(II4) = 3.2
All elements of INNERare set to 3.2

3

c) REAL INTER (10,20)
DO 4 1= 1,20
DO 4 J = 1,10

4 INTER (1,1) = 3.2
All elements of INTER are set to 3.2

~ INTEGERARRAY(~)
DO 5 INDEX42= 1,40,2

5 ARRAY (INDEX42)= INDEX42*2

ARRAY(1) is 2, ARRAY(3) is 6,
and so on. Even numbered elements of ARRAYare undefined.
This could also be accomplished by:

DO 5 INDEX42= 39, 1, -2
5 ARRAY(INDEX42)= INDEX42"2
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e) DO 6 I = I,N
6 IF(A(I)),8,

GOTO 7
8 A(I) = 1. 0
7 ---------

If statement 8 is reached, then A(I) is zero.
Thus the first zero element of A is set to 1.0. If none of the first N
elements of A are zero, statement 8 is not executed.

inner
DO 00

f) 00 10 I = 1, 10
00 (X) J = I, 10

X CQ+l) = A(I,1)
10 A(I) = 0

}
outer

The inner DO is executed for J = 1 to 10, then statement 10 is executed;
then the inner DO is executed for J = 2 to 10; then statement 10is
executed again. This continues until the last execution for which I is
equal to 10.

6.8 THE CONTINUE STATEMENT

Because of the restriction on the kinds of statements which can end the range of a DO,
it is convenient to have a statement to which a label may be attached, but which
otherwise has no effect on the execution of the program.

I Definition

CONTINUE

The CONTINUEstatement may be placed anywhere in a source program.

No instructions are compiled for the CONTINUEstatement, although it is considered to
be executable.

Examples:

a) DO 15 I = 1,20
5 IF (A(I) - B(I)) 10,15,15
10 A(I) = A(I)+1

B(I) = B(I)-2
GOTO5

15 CONTINUE

The CONTINUEprovides a means of avoiding ending the 00 with GOTO5

b) DO (X) 1=1,10
IF (A(I)-B(I» Y,Z,Z

Y A(I) = B(I)
GOTOX

Z A(I) = 0
X CONTINUE

The CONTINUEprovides a means of bypassing statement Z.

6.9 THE PAUSE STATEMENT
~----~--------------------------I
Definition I PAUSEx

where
x is an unsigned integer constant or a primed text
constant or may be omitted.
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In other versions of Fortran, the PAUSEstatement is often used to halt the machine and
wait for operator intervention. Since this is not possible on Atlas the PAUSE
statement is treated as a CONTINUEin Fortran V.

The constant x is not printed in Fortran V.

6.10 THE STOP STATEMENT

Definition I STOPn

where
n is an unsigned integer constant or may be omitted.

The STOPstatement is executable, and terminates execution of the compiled (object)
program.

In Fortran V, n (if present) is not printed.



CHAPTER 7 INPUT AND OUTPUT

7.1 INTRODUCTION

The input and output (I/O) statements provide a means of transferring data between I/O
devices and internal storage. OnAtlas, the available input devices are:

(i) Magnetic tape units (1" or !" tape)
(ii) 80 - column card readers.
(iii) 5, 7, or 8 - track paper tape readers.

and the output devices are:

(i) Magnetic tape units (1" or !" tape)
(ii) 80 - column card punches.
(iii) 5, 7, or 8 - track paper tape punches.
(iv) Line printers (120printable characters per line).

Someof these devices may be remote from Atlas and connected to it by means of a
data - link.

There are four standard I/O statements: READ,which causes data to be transferred
from an input device to internal storage, PRINT, PUNCH,andWRITE, which cause
data to be transferred from intemal storage to an output device.

The manner in which I/O devices are specified is described in section 7.2. The
FORMATstatement, which is not executable, may be used in conjunctionwith the above
I/O statements in order to specify the precise manner in which data is to be transferred.

In addition, in Fortran V there is a special I/O statement, which does not reference a
FORMATstatement:

OUTPUT

which causes data to be transferred from internal storage to an output device.

In addition to the above I/O statements, there are four statements which are used to
manipulate magnetic tape units. These are

REWIND,BACKSPACE,ENDFILE, andUNLOAD.

7.2 SYMBOLIC I/O DESIGNATION

Atlas provides for a very powerful and generalised means of referring to its
peripheral (I/O) devices. The way in which this is done is described below.

7.2.1 Output

The particular device which is accessed by any given output statement is dependentupon:
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(i) The logical device number, (or stream number) which is referred to by
the statement.

(ii) The way in which this stream number is described in the job description.

Full details of the job description are given in Appendix8. For every different
stream number referred to, the job description will contain a line (statement) which
relates the stream number to the name of the type of output device to be used for that
stream.

e.g. If stream number 6 is referred to by a statement such as:

WRITE(6, f) list

and it is desired that this statement is to produce output on a line printer, then the job
description will contain the line:

OUTPUT6 LINEPRINTER....

Alternatively, if the output is to be produced on cards, then the job description will
contain a line

OUTPUT6 CARDS .

In this way, the output statements in the program are independentof the device used.

7.2.2 Input

The input statements also refer to stream numbers, and for each different stream
number, a descriptive line must appear in the job description. For input, this line does
not describe the type of input device to be used, since this must already be fixed by the
time the program is ready to be run. Instead, the line relates the stream number to
a documentname. This name is, in fact, the name of the documentto be input on
that stream and, in addition to being given in the job description, must also be
declared at the start of the input itself.

e. g . for a statement of the form

READ(5, f) list

which refers to input stream 5, the job description will contain the line:

INPUT5 name of document five

and the data to be read on input stream 5 will be preceded by the two lines:

DATA
name of document five

In this way, the job description and the input statements in the program, are independent
of the type of input device used.

7.2.3 Magnetic tapes

Most of the I/O devices cannot be used for both input and output (e. g. output cannot be
produced on a card reader). This is not true of magnetic tapes, however, since the
same tape can be written to and read from in one program. As a result, the words
INPUTand OUTPUTin the job description described above are not meaningfulwhena
magnetic tape is to be used as the I/O device; and the word TAPEis used instead.

e.g. WRITE(6) list
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would require a job description line of

TAPE6 label on tape
and

READ(5) list
would require

TAPE5 label on tape.

A maximum of 6 one inch magnetic tape units, and/or two ! inch (IBM-compatible)
units may be used by anyone job.

Tape numbers must not conflict with input or output stream numbers.
Tape numbers for one inch tapes must be in the range 0 through 99.
Tape numbers for! inch tapes must be in the range 0 through 15.

7.3 RECORDS

Note: this section does not apply to the Fortran V statement OUTPUT.

In Fortran, input and output is done by records, and not one value at a time. An I/O
statement will transfer one (or more) records to or from storage, and this record may
containmany different values.

In general, a record is:

(i)
or (ii)
or (Hi)
or (rv)

a card
a length of paper tape contained betweennew line characters.
a length of magnetic tape contained between end-of-record markers.
one line as printed by a Iineprtnter.,

7.4 THE I/O LIST

Whentransferring information to or from internal storage, it is necessary to know
whichparts of storage (Le. whichvariables) are involved.

Whenvariables (or arrays) are transmitted by means of an I/O statement, an ordered
list of the quantities to be transmitted must be included in that statement. The order of
this I/O list must be the same as the order in which the information exists in the I/O
medium.

A list used in an input statement (input list) has a slightly more restricted definition
than an output list (or I/O list).

7.4.1 Definition

(1) A simple I/O list is a simple input list or a simple output list.

(2) A simple input list is a series of simple or subscripted variable names separated by
commas.

(3) A simple output list is a series of arithmetic expressions separated by commas.
Note that logical expressions are not allowed, but simple or subscripted logical
variables or logical constants are allowed.

(4) If X is a simple I/O list, then an I/O list (under the control of an "implied 00") is:
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7.4.1
cont

Where

and

v is a non-subscripted variable name, of type integer, or real,
v is the index of the implied DO.
aexPl' aexP2' and aexP3are arithmetic expressions of type inte~er, or
real. They are the parameters of the implied DO. aexP3 and its .
preceding comma may be omitted. If this is done the value of aexP3 IS

taken as one (integer 1).

(5) If Y is any I/O list, then (Y, v = aexp , aexP2' aexP3)is an I/O list, where
v, aexPI, aexP2, and a'exP3are defin€d in rule (4).

(6) If Y is an I/O list, then (Y) is an I/O list, the parentheses being redundant.

(7) If X and Yare I/O lists then X, Y is an I/O list.

(8) The execution of a list of the form

(X, v = aexPI' aexP2' aexP3)

is exactly that of DOloop; as thougheach left parenthesis (except subscripting or
redundant parentheses) were a DO statement with the indexing information given before
the matching right parenthesis, and with the DOrange extending up to that information.
That is:-

00 10 v=aexPl aexP2, aexP3
transfer information to or from the list X
(allowingfor the changingvalue of the index v)

10 CONTINUE

The above list is also equivalent to the list

X,X,X,X .

(allowing for the changingvalue of the index v).

Where the number of times that X is repeated is determined by the values of aexPI' aexP2
and aexP3 in the same way as for a DOstatement (see section 6.7).

Note, however, that (for example)

00 2 I = 1,10
2 READ20, A(I)

will read at least ten records, since each execution of the READstatement brings in a
new record.
Whereas:

READ20, (A(I), 1=1,10)

may read more, or less, than 10 records, dependingon FORMATnumber 20.

(9) For a list of the form

K, A(K)
or

K, (A(I),1=1,K)

Where the definition of a subscript or an indexingparameter appears earlier in the list
of an input statement than its use, the indexing (or subscripting) will be carried out
with the newly read-in value.

(10) If the input or output of an entire array is desired, then only the name of the array need
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be given in the I/O list, and the indexing information may be omitted.

e. g. If A has previously been declared to be an array (i. e. has been given dimensron
information), then the followingstatement is sufficient to read in all of the elements of
A;

READ(5, 10)A

If A has not previously been dimensioned then only one value will be read in, The
elements transmitted by this notation are stored (or output) in accordance with the
description of the arrangement of arrays in storage. (see section 4.2.2)

This notation, which is sometimes called a "short list" is more efficient, both in
compilation and execution than the form:

READ(5,10) (A(I), I = 1, N)

where N is the number of elements contained in A.

(11) The I/O list controls the quantity of data that is transmitted. On input, if more
quantities are present in the external record, than are in the list, then only the number
specified in the list are transmitted, and the remaining quantities are ignored.

Conversely, if a list contains more quantities than are given in one input record, then
more records(s) are read.

(12) If an I/O statement contains a list with an implied DO, and this I/O statement is within
the range of a DOstatement, then the index of the implied DOmust not be the same as
the index of the DOstatement.

e.g. DO20 I = 1, 6

READ(5, 10) (A(I), I = 1,20)

20 CONTINUE

would be illegal since the READstatement changes the value of I (the index of the DO
statement) within the range of the DOstatement (see section 6.7)

Similarly, if aIist contains nested implied DO's then none of these implied DO's may
share the same index.

e.g. READ(5, 10)«A(I), 1=1,10),B(I),1=1,10)

would be illegal.

7.4.2 Examples of I/O lists

Examples of I/O lists which may be used in conjunctionwith input or output statements.
The variables may be of any type.

a) I

The value of I is transmitted to an output device, or a value obtained from
an input device is transferred into I.

b) I,J, A(K+3)

Values are transferred to or from the variables I and J and the element
A(K+3),where K has been set previously.
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c)

d)

(A,1=1,6)

For output, the value(s) of A is output 6 times. For input, 6 values are
read into location A, all values being overwritten except the last one.

(A(I), 1=1,6)

Values are transferred to or from the elements A(l),A(2) A(6),
in order.
This list is equivalent to the list:
A(1), A(2), A(3), A(4), A(S), A(6)

If A has been declared as
DIMENSIONA(6)
then the list is also equivalent to the list: A

e) (A(I), 1=6.1, -1)

This is the same as d), except that values are transferred in the reverse
order.
i.e. A(6), A(S), A(1)

f) A, K, «AR(I, 1),B(I),1=1,20),Cm, J=1,5), X

This is equivalent to the following pseudo statements (but see section
7.4.1(8»: -

transfer value to or from location A
""" " K

00 10 J=1,5
DO20 1=1,20

transfer value to or from location AR(I,1)
"" "B(I)

20 CONTINUE
transfer value to or from location C(J)

10 CONTINUE
transfer value to or from location X

7.4.3 Examples of output lists

Examples of lists which may be used only in conjunction with output statements.

a) 1

the number 1 is written

b) 'OUTPUTbTABLE'

the characters OUTPUTbTABLEare written

c) X+Y**3

the value of X plus the cube of Y is computed, and this value is written.

d) (A(I)*B(I),1=1,20)

The value of A(l) times B(1)is computed and written; then A(2) times
B(2), and so on. up to A(20)times B(20)
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e) (SIN(X)**3,X=O,P1/2,PI/180)

This outputs the cubes of the sines of angles from 0 degrees to 90 degrees
in steps of 1 degree. (Functions are described in section 8.4). PI (if it
means 71") wouldpreviously have been set to 3.1 4 1 5 9 .

f) LOG,.TRUE.

This writes the values .FALSE.. TRUE. or .TRUE.. TRUE. dependingon
the value of the logical variable.

7.5 UNFORMATTED (BINARY) I/O STATEMENTS

As mentioned in section 7. 1 certain of the I/O statements may be used in conjunction
with a FORMATstatement which gives details of how information is to be transferred.
Sometimes, however, this information may not be required, and it may be adequate to
transfer data to or from internal storage with no intermediate conversion (e.g. from
decimal to binary or internal (binary) code to text, and so on). Whenthis is the case,
no FORMATstatement need be referred to: any output produced will be in the form of
a string of binary digits, and any input presented must be in the same form.

Unformatted I/O statements are meaningful onlywhen the I/O device is a one-inch
magnetic tape unit.

7.5.1 The unformatted READ statement

Definition

READ(Idn), input list
or

READTAPEldn, input list

where
ldn is any arithmetic expression of type integer, whose value is
in the range 0 ~ ldn 599

and
input list is defined in section 7.4. 1. In either definition,
the comma preceding the input list may be omitted.

The two definitions given above are equivalent, but READis preferred to READTAPE.

The unformatted READstatement causes one record to be transferred to internal storage
from the input device whose logical number is equal to the value of expression ldn.
The record is assumed to be in binary form. If the input list contains more items
(words) than are present in the record read, then an error will occur (execution error
10 - see section 10.3). If the list contains less items than are present in the first
record read, then the remaining items in the record are ignored.

The input list (with any preceding comma) may be omitted from either form of the
unformatted READstatement. If this is done, then one record on tape number ldn
will be skipped (i. e. a record is read, but no information is transmitted to internal
storage).
Example; READ(10) A, (B(I), 1=1,3)

The values obtained from the record read from tape 10 are loaded into
A, B(l), B(2), and B(3)

in order.
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7.5.2 The unformatted WRITE statement

Definition

WRITE(Idn), I/O list
or

WRITETAPE ldn, I/O list

where
ldn is any arithmetic expression, of type integer,
whose value is in the range 0 < 1dn~ 99

and
I/O list is defined in section 7.4. 1
In either definition the comma preceding the
I/O list may be omitted.

The two definitions are equivalent, but WRITE is preferred to WRITETAPE.

The unformatted WRITE statement causes one record to be written by means of the
output device whose logical number is given by the value of ldn.
The-record is written in binary form.

The I/O list (with any preceding comma) may be omitted from either form of the
unformatted WRITEstatement. If this is done, then one record of zero length
(i. e. a record containing no information) is written on to tape number ldn.

Example: WRITE(ITAPE+ 6) A, (B(I), 1=1,3)

The values contained in A,B(I), B(2), and B(3)are written, in order, on to the tape
whose logical number is equal to the value of ITAPE+ 6.

7.6 THE FORMAT STATEMENT

The FORMATstatement is used in conjunction with certain (formatted) I/O statements
in order to specify the precise manner in which values are to be transferred.

A format specification can be thought of as a piece of program in a special language,
which is executed interpretively, when the corresponding I/O statement is obeyed.
The various characters which can occur in the format specification correspond to
"instructions" which are obeyed by the computer when the I/O statement is executed.

A summary of the conversion and control specifications available in Fortran V is
given below:

Code Used For

An
Bn*
D n.m
E n.m
F n.m
G n**

nH
In
Kn*
Ln
On

nP
nQ*
nR*

Character information
Octal digits
Double precision numbers
Real numbers
Real numbers
Real numbers
Text
Decimal integers
Treats characters as integers
Logical values (true/false)
Octal integers
Scale Factor (D,E and F)
Scale Factor (D and E only)
Scale Factor (F only)

continued



Sign control
Position on line
Skips columns
Position on line
Prints or suppresses leading zeros
Text
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* These codes are not usually present in other versions of Fortran (they are all in
Hartran).
* * This code is usually written in the form Gn. m.

7.6.1 Definition

S*
Tn
nX
nY*
nZ*
'chars'

Definition

FORMAT(format specification)

Where format specification is written as series of field
specifications and/or control specifications which are
normally separated by commas or slashes.

These specifications may be: -

(i) A text constant (primed or Hollerith)
(ii) S followedby two characters.

Note The characters followingS, and the characters in a text
constant may be chosen from the entire character set (see
Appendix2), and blanks are significant. Elsewhere, blanks
are not Significant and only the followingcharacters may be used:

ABDEFGIKLOPQRSTXYZ
0123456789
()j, .+-

(iii) Anyof ABG I K L or 0 (owe)followedby an unsigned
or negative integer and optionally preceded by an
unsigned integer.

(iv) D or E or F followedby an unsigned or negative real
constant of the form n. m or - n.m, and optionally
preceded by an unsigned integer.

(v) Y or Z preceded by an unsigned integer.

(vi) Anyof P Q R or X preceded by a signed or unsigned
integer (of the form n or + nor -n)

(vii)T followedby an unsigned integer.

(viii)A sequence of specifications may be enclosed in
parentheses and be optionally preceded by an
unsigned integer. This constitutes a specification
whichmay itself by included in a sequence enclosed
in further parentheses, and so on up to depth eight.
Note Field specifications with negative or zero
field widths are described in section 7.6.6, and
7.6.7.
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7.6.1 cant
(1) Every FORMATstatement must have a statement number (as opposed to a named label)

attached to it.
The statement numbers attached to FORMATstatements are treated separately from
normal labels, and a FORMATstatement may have the same statement number as
another (executable) statement. If this statement number is referred to by a control
statement, then the executable statement will be referenced, and not the FORMAT
statement.

(2) The FORMATstatement is not executable, and may appear anywhere in the program
except as the last statement in the range of a DO.

(3) One FORMATstatement may be referred to by any number of formatted I/O statements.

(4) A sequence of characters to be input or outputwhich are processed together is called
a field.
The field width is the number of consecutive characters concerned, and must be
specified in all field specifications.

In Fortran V, the specified field widthmay be negative in order to allow for a
"format free" input of values. Full details of this facility are given in section 7.6.6.

(5) Bypreceding it with an unsigned integer constant, a field specification may be
repeated as many times as desired.

An integer preceding a conversion code A, B, D, E, F, G, I, K, L or 0 specifies
that the conversion is to be applied to the specified number of consecutive items in
the I/O list.

e. g. The specification

4 F 10.6
is equivalent to

F 10.6, F 10.6, F 10.6, F 10.6

(6) A group of field specifications enclosed in parentheses and preceded by an unsigned
integer is repeated the specified number of times. If no integer is specified, the
group is scanned once only.

A parenthetical group is itself a specification and may occur within another group;
and so on to depth eight.

e.g. 3(12, F3.l)
is equivalent to:

12, F3.1, 12, F3.1, 12, F3.1
and

2(14,3(12,A8),16)
is equivalent to:

14,12,A8,12,A8,12,A8,16,14,12,A8,12,A8,12,A8,16

(7) Whena formatted I/O statement is executed, the relevant FORMATstatement is scanned.
Whenevera field specification is reached which refers to an I/O list item, the next item
in the list is processed and transmitted.
Executionof the I/O statement is endedwhenall list items have been transmitted and either
another item is called for by a format specification. or whenthe end (i. e. last
right parenthesis) of the format specification is reached. '"

(8) If the end of a format specification is reached, and items still remain to be processed
in the I/O list, then the format specification is re -scanned from the last nest of
repeated field specifications (due regard being paid to any associated count).
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7.6.1
cont

If there are no repeated groups of field specifications, the format specification is
re -scanned from the beginning(first left parenthesis).

(9) A FORMATstatement may define Fortran records as follows:

(i) If no slashes or additional parentheses appear within a format
specification, then a Fortran record is definedby the beginningof
the specification (left parenthesis) to the end of the specification
(right parenthesis). Thus, on input, a new record is read when the
format control is initiated (left parenthesis). Onoutput, a new
record is written when the format control is terminated (right
parenthesis) .

(ii) If slashes appear within a format specification, then Fortran records
are defined by the beginningof the format specification to the first slash
in the specification; from one slash to the next slash; or from the last
slash to the end of the format specification.

Thus, on input, a new record is read whenthe format control is initiated,
and thereafter a new record is read uponencountering each slash. On
output, a new record is written upon encountering a slash or whenthe
format control is terminated.

Thus, both a slash, and the final right parenthesis of a format specification
indicates the termination of a record.

(iii) If more than one level of parentheses appears within a format specification,
then a record is definedby the beginningof the format specification to the
end of the specification; and thereafter records are defined from the
beginningof the last nest of repeated field specifications to the end of the
format specification.

Example:

a) (A2, (14. 18»

If the I/O list were long enoughto induce repeated scanning this
specification woulddefine records as follows:

A2,
14,
14,
14,
14,

14,
18
18
18
18

18

b) (A2, 3(I4,18})

This defines records as follows:

A2,14, 18, 14, 18, 14, 18
14, 18, 14, 18, 14, 18
14, 18, 14, 18, 14, 18

(10) Blankoutput records may be introduced. or input records skipped, by using consecutive
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7.6.1 slashes in a format specification. If there are n consecutive slashes at the beginning,
cont or end, of a format specification, n input records are skipped; or n blank records are

inserted between output records, respectively. If n consecutive slashes appear anywhere
else in a format specification, then the number of records skipped or blank records
inserted is n-1.

(11) During repeated scanning of a format specification, the scaling factors P, Q, and R,
the zero suppression control Z, and the sign control S, are not reset, but have the
values as at the end of the previous scan. They are re -set (to normal if not
specified) at each execution of any formatted I/O statement.

(12) In Fortran V, all records to be input or output are passed through a buffer. The
maximum number of characters which this buffer can hold is 160. Thus, no attempt
should be made to input or output a record containing more than 160 characters by
means of a formatted I/O statement.

This limitation does not apply to the unformatted (binary) I/O statements.

If more than 160 characters are fed to the buffer then only the first 159 and the last 1
will be retained, and all of the other characters will be lost.

e.g. lOF20.1O

The characters corresponding to the last two conversions are lost and the last
character of the 8th conversion is overwritten.

(13) In addition to the above limitation on record length, some of the I/O devices have their
own limitations.

The maximum number of characters which can be printed on one line by a lineprinter
is 120 characters (121with carriage control character - see section 7.6.2).

The maximum number of characters which can be read from (or punched on) one card
by a card reader (or punch) is 80 characters.

If an attempt is made to print a record of (say) 130 characters, then two lines will be
printed, and the 122ndcharacter will be taken as the carriage control of the second
line.
Similarly, if a record of (say) 90 characters is read from a card reader, then 2 cards
will be read.

(14) Whentransmitting values on input, the type of conversion code, type of data, and type
of variable in the input list should correspond.
Whentransmitting values on output, the type of the output value will correspond to the
conversion code used; and this code need not be of the same type as the variable in the
output list.
It is not norrna.llyuseful to output text information using numeric conversion codes
(or vice versa), but it may be useful to output a numeric value of type real as an
integer, or an integer as real, and so on.

(IS) Complex numbers must be input as two real numbers (using F or E conversion).
Complex numbers must be output as two values using two conversions (normally F or
E or I).

(16) Commas must be used to separate field specifications in cases where ambiguities
would arise if the specifications were not separated.

e.g. FlS.I, 318

Wouldbe ambiguous without the comma. Commas need not be inserted after H or
primed text constants, after slashes, or after any of the control specifications
(section 7.6.5).
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7.6.2 Carriage control

Whenrecords written under format control are prepared for printing, the first
character of the output record is treated as a carriage control character and not
printed. The table belowshows the effect of various characters on the line spacing.
Note that on all I/O devices other than the lineprinter the first character in a record
is treated as normal data.

First Character Carriage Advance
BeforePrinting

blank One line
o (zero) (or A) Twolines
1 First line of next page

(skip to channel 1)
2 Skipto channel 2
3 " " " 3
4 " " " 4
5 " " " 5
6 " " " 6 -
7 " " " 7
+ Noadvance (overprinting)
B Three lines
C Four lines
D Five lines
E Six lines
F Sevenlines

If any other character appears as the first character of a print record, then the carriage
is advancedby one line, and the record is then printed. In this case the (illegal)
carriage control character is printed and all other characters in the line are shifted
right by one place.

The channel skips allow the line to be printed at a standard position on the page,
regardless of the current position. The position skipped to is dependentuponthe way
in Whichthe printer is set up, and may be foundby enquiring at the installation where
the program is to be run.

7.6.3 The non-numeric field specification

In this section it is assumed that all field widths specified are positive. The properties
of negative and zero field widths are described in sections 7.6.6, and 7.6.7.

7.6.3.1 A conversion

Form I An

where n is an unsigned integer

A conversion is used to transmit data in character (text) form. Oninput each
character read is converted into internal code and stored. Onoutput each internal
code number (of 6 bits) is converted to a character and output. The Atlas internal
code is described in Appendix2.

On input, n (of An)characters are read. .' .
If n is less than 8, then the characters read will be left adjusted within a word,
filled out with blanks.

and

e.g. READ10, CHAR
10 FORMAT(AI)
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will read one character, if this character is X (say), then the variable CHAR will have
the value 'X' or 'Xbbbbbbb'.

If n is greater than S, then only the first eight characters are stored, and the next
n -S input characters are ignored.
Example: -
If one whole card is to be read in and stored, then at least 10 words must be allowed
in the list:

TEXT CARDA (10)
READ 5, CARDA

5 FORMAT (lOAS)

SOcharacters are read, and stored S characters per word in the 10 elements of CARDA.
If FORMAT (ASO)had been used, then the first S characters read in would be stored
in CARDA(l) and the next 72 input characters would be ignored; so that CARDA(2) to
CARDA(lO) would be undefined. If FORMAT (SOA1)had been used, then CARDA
would have been dimensioned: - TEXT CARDA (SO), and each character would have
been stored in one element of CARDA.

On output, n characters are written. If n is less than or equal to S, then the output
field will consist of the n left -most characters of the word.

If n is greater than S, then the field will be output as above (with n=S) but will be
preceded by n - S blanks.

e.g. PRINT I, 'ABCDEFGH'
1 FORMAT ('b', AS)

will print ABCDEFGH.

If the FORMAT is ('b', A12), then bbbbABCDEFGH is printed.

7.6.3.2 B conversion

Form I Bn

Where n is an unsigned integer constant.

B conversion is used to transmit octal digits between I/O devices and internal storage.

On input, n (of Bn)octal digits are read.
Any characters read under B conversion should be 0, 1,2,3,4,5,6,7,
An error (see section 10.3) will occur if any other character is read.
(leading, trailing, or embedded) are taken as zero.

or blank.
Anyblanks

If n is less than, or equal to 16, then n characters are stored left -adjusted within a
word. The last 16-n octal digits of the word are set to zero (00).

If n is greater than 16 the first 16 characters are read and stored, and the next n -16
characters of the input record are ignored.

e.g. BOOLEANDIG
READ10, DIG

10 FORMAT(BS)

If a card (say) has its first S columns punched0123b4bOand is read as above, then DIG
will have the (octal) value 0123040000000000.

On output, n octal digits are transmitted to the external record.
Each 3 bits of the word (starting from the left), are converted to an octal digit and



•. 63

written. Zeros are written as zero, and not as blank. If n is less than 16, then the n
left -most digits of the word are written and the remaining digits are ignored.

If n is greater than (or equal to) 16, then all 16 digits of the word are written followed
by n-16 zeros (not blanks).

7.6.3.3 H and primedconversion

Forms nHcharacter string
or

'character string'.

Where n is an unsigned integer constant (not zero).

Blanksare significant in the character string. In the H form, n must be equal to the
number of characters contained in the string.

In the primed form, an apostrophe cannot be includedwithin the string.

e .g , 'OON"T' must be written as SBDON'T

H or primed conversion is used to transmit data in character form. Bothforms of
conversion have the same effect.

On input,the n characters in the string are replaced by the next n characters read.
This facility can be used to change titles, dates, columnheadings, etc., which are to
appear on an output record generated by the H or primed specification.

Onoutput, the n characters in the string are transmitted to the external record.

Examples:

a) PRINT 20
20 FORMAT ('TABLEb2')

b) READ10
10 FORMAT(80H <eighty blanks»

PRINT10

The READinstruction reads one card (say), and the 80 characters contained on this
card replace the 80 blanks of the H specification.

The PRINTinstruction prints the characters contained in the H string, and thus the
card read is printed. The character in the first column of the card is treated as a
carriage control character for the printed line.

7.6.3.4 K conversion

Form I Kn

where n is an unsigned integer constant

K conversion provides a means of treating characters as integers, and is most useful
on input, with the value of n equal to 1.

On input, n (of Kn)characters are read. If n is greater than 6, th~n the first n - 6
characters are ignored, and only the last six are processed. If n IS less than, or
equal to 6, then n characters are processed.
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7.6.3.4 The characters are stored (in Atlas internal code form) in a word in such a way that
cont the word can be treated as a Fortran V integer. The corresponding list item shouldbe

of type integer.

If the specification is Kl (n=L), then the value of the integer will be equal to the
internal code number of the character read (see Appendix2).

1
READ1,1
FORMAT(Kl)

e.g.

If the character read is a blank, then I will have the value 1 (one), since the internal
code for blank is 01. If the character read is A, then I will have the value 33, the
internal code for A being 41 (octal), which is equal to 33 decimal.

If n is greater than one, then the n characters read are converted so that the first
character forms the most significant part of the integer, and the last character the
least significant part. Note that leading blanks (except on Kl) are stored as binary
zero (internal code 00).

Example:
1

READ1,1
FORMAT(K2)

If the 2 characters read are both blank, then the value of I will be 0001(octal),
i. e. 1 in decimal.

If the characters read are "IA" then the value of I will be 2141(octal)
i.e. 1121in decimal.

Onoutput, n characters are written. The word to be output (i ,e. the list item)
shouldbe of type integer. If n is less than, or equal to 6, then the 2n least
significant octal digits of the integer part of the word are converted into n characters
and output. (This is exactly the reverse of the procedure for input). Non-printable
characters are printed as a decimal point, except that leading zeros (internal code 00)
are printed as blanks.

If n is greater than 6, then the output field is as described above, (withn = 6) but is
preceded by n - 6 blanks.

Examples:

a) PRINT10, I
10 FORMAT(Kl)

If I is equal to 14, then * is printed (internal code = 16 octal).

If I is equal to 2761 (=5311octal), then ) is printed (internal code
= 11 octal).

b) PRINT10,1
10 FORMAT(K2)

If I is equal to 97 (=0141octal) then bA is printed.

If I is equal to 1 (=0001octal), then bb is printed, the leading
zero (00)being printed as a blank.

If I is equal to 2761(=5311octal) then K) is printed.
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7.6.3.5 L conversion

Form I Ln

where n is an integer constant

L conversion is used to transmit logical values (true or false) between I/O devices
and internal storage.

On input n (of Ln)characters are read. If n is greater than 5 only the first 5
characters are processed, and the next n - 5 are ignored.

If n is less than, or equal to 5, the input field should consist of the n left-most
character(s} of the words.

TRUEb
or

FALSE

the result stored being the logical value .TRUE. or .FALSE. respectively. Leading,
and embeddedblanks are illegal. All illegal fields (includingan all-blank field) are
read in as false, but a data error occurs (see error 5, section 1O.3.1.)

On output, n characters are transmitted to the external record. If n is less than or
equal to 5, then the output characters will be the n left-most characters of the words

TRUEb
or

FALSE

dependingonwhether the value of the corresponding list item is .TRUE. or . FALSE..

If n is greater than 5, the output field will be as above (withn = 5), but is followedby
n - 5 blanks.

7.6.4 The numeric field specification

The numeric conversions I, F, E,G,D and a are used to specify input/output of integer,
real, double prectsion, complex or octal-integer data.

Withall numeric input conversions, in the field read, leading blanks are not Significant,
and trailing blanks are taken as zero. Embeddedblanks (i.e. within numbers) are
taken as zero, but an input error (error 5) occurs. This error can be avoided (see
section 10. 4). A field of all blanks is taken as zero. See also section 7.6.6.

With F, E,G and D conversion, a decimal point appearing in the input field overrides
the decimal point position implicit in the field specification.

Withall input conversions a plus sign may precede a positive value, and a minus sign
must precede a negative value. If no sign is given, the value is taken as positive.

Withall numeric output conversions, the written number is right adjusted. If the
number of characters produced by the conversion is less than the field width specified.
then leading blanks are inserted in the output field (leading zeros, or blank fields, may
be obtained by use of the Z control specification - see section 7.6.5.5).

If the field width (n) specified is less than the number of characters produced by the
conversion, then only the n right -most (i. e. least significant) characters are
transmitted to the output record.
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With all numeric output conversions a minus sign is output for negative values, and no
sign (i. e. a blank sign) is output for positive values. The~e conventions may be
overidden by means of the S control specification (see section 7.6.5.2).

For the real number conversions, E, F and G, accuracy is maintained to about
eleven decimal digits. If fields containing more than eleven digits are transferred,
then the least significant digits are lost (on input) or inaccurate (on output).

7.6.4.1 0 conversion

Form I Dn.m

where nand m are unsigned integer constants

D conversion is used to transmit double precision values between internal storage and
I/O devices.

D conversion is similar to E conversion with the followingexceptions: -

(i) For input, the character D may be present instead of E.
conversion the D character may be omitted altogether.
with an E are also accepted by D conversion.

As for E
Values punched

(ii) For output, the character D will be present instead of E.

e.g. for D12.5
-66.334 is converted to -6. 63340DtOl

As for E conversion, if the exponent exceeds 99, the D character is not
written.

For double preciston values, accuracy is maintained to about 20 decimal digits. If
fields containing more than 20 digits are transferred, then the least significant digits
will be lost (on input), or inaccurate (on output).

7.6.4.2 E conversion

Form I En.m

where nand m are unsigned integer constants

E conversion is used to transmit real numbers between internal storage and an I/O
device. Either part of a complex number may be processed using this conversion.

If double precision values are processed using E conversion, then accuracy is to
single precision. In En.m, m is the number of digits present in the fractional part
of the field. (See also section 7.6.4).

On input, n (of En.m) characters are read, and converted to a real number. The
field read must be in one of the followingforms:

+xE+k
or + x + k
or + x - k

where:
±. is an optional plus or minus sign
x is an unsigned real or integer constant
and
k is an unsigned integer constant.
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7.6.4.2
cont

The exponentk is the power of 10 bywhich the number x is to be multiplied.
If a decimal point is present in x, then it overrides the implicit decimal point given by
the value of m in En.m.

Note that trailing blanks on an exponentare taken as zeros - they are not ignored.

e.g. for conversion E6.0 and the input field

b1. EOI

the result is 10.0, but if the input field were 1.EOlbthen the result wouldbe 1.0 x 1010

An all blank field is read as zero, but an input error occurs (execution error 5 - see
section 10.3).

Examples:

Input characters Specification Internal Value

bb-113409E2 Ell. 6 -11.340900
+b4713l6-03 Ell. 6 .000471316
bb1234+5 ES.O 123400000.0
bl.36EOl ES.4 13.6 10
1.36EOlb ES.4 1.36xlO

First, the decimal point (if not present in the input field) is positioned according to the
specification; then the value of the exponent is applied to determine the actual position
of the decimal point. In the first examp~ - 113409E2is interpreted as - .113409E02,
whichwhen evaluated (i. e. -.113409 x 10 ) becomes -11. 340900.

On output, n characters are transferred. Internal values are converted to real
constants of the form: -

d. ddd . . . dE+ee
d.ddd dE-ee
d. ddd dEeee

or d.ddd d-eee

where .ddd .... d represents m (of En.m) decimal digits, and + ee and + eee
are interpreted as multipliers of the form

10±ee and 10±eee

These forms of output may be modified by using a scale factor (see section 7.6. 5.1).

Internal values are rounded to m+I digits, and negative values are preceded by a
minus sign.

The field width is counted from the right and includes the exponentdigits, the exponent
sign (minus or plus), the letter E, the magnitude digits, the decimal point, and the
sign of the value (minus or blank). If the width n is not sufficient to allow expression
of an entire value, then only the n right -most digits will appear. This is not an
error condition. To prevent a loss of this nature it is necessary to ensure that
(in En.m)

n~m + 7

Note that this feature can be used intentionally (in conjunctionwith a scale factor) to
obtain the multiplier field, which is an indication of the order of magnitude of the
internal value.

e.g. for E3.0
60255 . 334 is converted to .+04
0.0000072 is converted to -06




