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SECTION I

INTRODUCTION

GENERAL

FORTRAN is a coding language closely resembling the ordinary language of 
mathematics and providing the facility for expressing any problem requiring 
numerical computation. In particular, problems involving large sets of equations 
and containing many variables can be handled easily. FORTRAN is especially 
suited for solving scientific and engineering problems, and it is also suitable 
for many business applications.

The FORTRAN language consists of words and symbols arranged into 
statements. A set of FORTRAN statements, describing each step in the solution of 
a problem, constitutes a FORTRAN program (a source language program).

The FORTRAN compiler is a processor that translates a FORTRAN program into 
machine language. This processor is provided as a part of the software system to 
translate FORTRAN source language programs to machine language programs in the 
form acceptable for execution with the General Comprehensive Operating 
Supervisor (GCOS).

The FORTRAN language is augmented by a library of routines that accompany 
the system. These routines evaluate the standard arithmetical functions, provide 
all input/output for the program, and furnish the user with other services to 
aid in the problem solution. Special purpose routines can be written by the user 
for use as subprograms.

CAPABILITIES

The FORTRAN compiler services both batch and time sharing, using the same 
compiler modules for both environments. Users have the capability of developing 
programs for eventual use in the batch environment with the convenience of the 
interactive time sharing environment, and after debug is complete, submitting 
them to batch without concern for time sharing/batch language incompatibilities.

Users enter FORTRAN programs in exactly the same form regardless of the 
input medium or location. The only difference in the input stream at the user 
interface is the mandatory presence of GCOS control cards for local and remote 
batch and the required use of command language in the time sharing environment. 
Remote accessed use of GCOS, including both time sharing and remote batch, 
contribute significantly to the job load at the Central Computer Site.
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SECTION II

RULES AND DEFINITIONS

CHARACTER SET

FORTRAN utilizes two character sets - ASCII and BCD. The character set and 
byte size of the internal representation of generated object code is controlled 
by an option on the $ FORTY or $ FORTRAN card or the YFORTRAN or FORTRAN RUN 
command. The byte size is 6 or 9 bits, depending on the option selected (BCD or 
ASCII)• Appendix A contains the ASCII and BCD character set with the octal and 
card representation for each character. The character set of the source program 
is self-determining and requires no options.

The FORTRAN character set is a subset of the full 128 ASCII characters and 
is used as follows:

1. FORTRAN statements and the verbs or prepositions do not differentiate 
between upper and lower case alphabetic characters.

2. No distinction is made between the cases in forming variable, 
function, common, etc. names.

3. Upper and lower case letters are recognized as different only in user 
character data and literals.

4. Character restrictions may be necessary for certain external routine 
procedures. For example, symbols in assembly language subroutines may 
be restricted to upper case.

5. Any character in the ASCII character set is valid as literal data.

A program unit is written using the following characters:

A, B, C, D, E, F, G, H, I, J, K,
V, W, X, Y, Z, a, b, c, d, e, f,
q, r, s, t, u, v, w, x, y, z, 0,

L, M, N, O, P, Q, R, S, T, U,
g, h, i, j, k, 1, m, n, o, p,
1, 2, 3, 4, 5, 6, 7, 8, 9, and
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CHARACTER NAME OF CHARACTER

f or a

Space
Equals
Plus
Minus
Vertical Arrow

or Caret
Asterisk
Ampersand
Slash
Left Parenthesis
Right Parenthesis
Comma
Radix Point
Currency Symbol
Apostrophe or Acute Accent
Semicolon
Quotation Marks

The order in which the characters are listed does not imply a collating 
sequence. All are ASCII characters.

The following special characters are used for FORTRAN syntax punctuation:

Space "$()+-,/ ;=.’&* t A

The space character is not meaningful to the compiler except in character 
literals and can be used freely to enhance readability of programs.

Quotation marks and apostrophes are used as character literal delimiters. 
The apostrophe also precedes the record number in random file input/output 
statements.

The currency symbol identifies statement numbers used as arguments. It also 
serves as a delimiter of input data for NAMELIST read.

Parentheses are used to enclose subexpressions, complex constants, 
equivalence groups, format specification, argument lists, subscripts, and 
to specify the ranges of implied DO loops.

Plus sign indicates algebraic addition, printer carriage control, or a 
unary operator.

Minus sign indicates algebraic subtraction or a unary operator.

The comma is used as a separator for data symbols and expressions for 
parameter lists, equivalence groups, complex constants and format 
specifications.
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The slash is used to indicate algebraic division, as a delimiter for data 
lists, labeled common statements, and as a record terminator in a format 
statement.

The semicolon is used as a statement delimiter.

The equality sign indicates the assignment operator in arithmetic and 
logical assignment statements, PARAMETER statements, DO statements, and 
implied DO statements in I/O and data lists.

The asterisk designates a comment line or an alternate return argument in a 
subroutine statement. The asterisk is also used as the multiplication 
operator, and a double asterisk (**) is one of the exponentiation 
operators. The quantity to the left of the sign is raised to the power 
indicated on the right.

The period is used as a radix point and serves as a delimiter for symbolic 
logical, and relational operators and logical constants.

The vertical arrow and caret serve as additional exponentiation operators. 
They are alternates to the double asterisk and can be used interchangeably.

The ampersand serves as one of the continuation line indicators.

SOURCE PROGRAM FORMAT

Source Program File Types

Source programs generally originate as either punched cards or typed lines 
on a terminal. They can also be the product of (output from) the execution of 
some program, or one can be compressed in a compilation activity through use of 
the COMDK option. These source programs can be kept in the form of decks, paper 
tape, magnetic tape files, or permanent mass storage files. To be compiled, 
decks and paper tape media programs must be copied to magnetic tape, or mass 
storage first. The mass storage file need not be permanent; a normal deck setup 
produces the compiler input file (S*) on a temporary file. The source program 
file must be recorded in standard system format (see the File and Record Control 
manual). The FORTRAN compiler accepts magnetic tape or mass storage files, in 
standard system format, with any of the following media codes:

0 - formatted BCD line images, without slew control for the printer
1 - compressed BCD card images
2 - (uncompressed) BCD card images
3 - formatted BCD line images, with trailing printer slew control

information
5 - time sharing ASCII format (pre-Series 6000 Software Release E)
6 - time sharing ASCII standard system format
7 - ASCII print line images, with trailing printer slew control information
8 - TSS information record
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Card images are limited to 80 characterst while line images are limited by 
the device on which they were prepared. For simplification, wherever "card 
images" and "line images" can both be used, this document simply uses the term, 
"line".

Source Program File Characteristics

A source program file is made up of statements and comments. A statement 
can be contained on from one to twenty lines. The first is called an initial 
line and the rest are called continuation lines. A comment is contained on one 
line, it is not considered as a statement, and merely provides information for 
documentary purposes. Comment lines can be placed freely in the program file, 
even between consecutive continuation lines.

Every program unit (subprogram, main program, 
end line. This line contains an END statement and 
program units. Any subsequent units must begin on

etc.) must terminate with an 
serves to separate individual 
a new line.

When the first line of a program unit is a comment line, page titles and 
object deck labels are extracted from that line as follows:

Characters 2-7 are inserted by the compiler into the label field of the 
heading line printed by the compiler. Only characters 2-5 
are used by the compiler to construct the edit name of the 
compiled module (columns 73-76 of object deck) which is 
used by the Source and Object Library Editor to manipulate 
the module.

Characters
A8-72 contain the page title for listings.

When the first line of a program unit is not a comment line, or columns 2 
through 5 are blank on the first comment card, the deck label is the first six 
characters of the program unit’s name (  if a main program) . No page title 
is generated. Any trailing digits in the object deck label are used as part of 
the sequence number field in object decks to avoid sequence number errors.

Format Rules for Lines

A variety of source line formats are acceptable, ranging from the standard 
80-character fixed format to the standard line formats used with the time 
sharing system. Specification of format is via two options: FORM/NFORM and 
LNO/NLNO. These options can appear on the $ FORTY or $ FORTRAN control card or 
in the option list of the YFORTRAN or FORTRAN RUN command.

Source files in standard format should be processed using the FORM option. 
Time sharing source files should normally use NFORM+LNO. These are the default 
options when jobs originate from batch and time sharing, respectively. If 
neither the LNO nor the NLNO option is specified with the NFORM option, LNO is 
the default option.
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FORM FORMATTED LINES

Lines in FORM format have the following characteristics:

1. Comment lines are recognized by a C or * in character position 1.
2. Continuation lines are recognized by a nonblank, nonzero character in 

position 6 or by an & as the first nonblank character.
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Lines containing more than 72 characters (e.g., card images) in FORM format 
have these additional characteristics:

Character positions 73-80 can be used for sequence identification 
information. This field is not considered part of the statement; it 
is provided for convenience.
No more than 80 characters are processed. If more are present, they 
are ignored.

FORM format files must not contain line numbers; therefore, the LNO option 
must not be specified for FORM format files. Where such files are specified, 
NLNO (rather than LNO) is the default option and the user must either specify 
NLNO or ignore the option entirely.

NFORM FORMATTED LINES - NLNO

Lines in NFORM format with no line numbers (NLNO) have the following 
characteristics:

1. Comment lines are recognized by a C or * in character position 1.
2. A continuation line is indicated by the ampersand character (&) as the 

first nonblank character of the line.

Card images in this format also have the characteristic:

3. Character positions 73-80 can be used for sequence identification 
information.

NFORM FORMATTED LINES - LNO

Lines in NFORM
characteristics:

format with line numbers (LNO) have the following

1. A line number field begins in character 1. The line number field can 
contain up to eight characters and can contain leading blanks. The 
magnitude of this line number is treated modulo 21® (262,144).

2. Line numbers less than eight characters in length must be terminated 
by a nonnumeric character.

3. If the character following the line number is a #, it is ignored and 
the next character is considered to be following the line number.

4. Comment lines are recognized by a C or * as the next character 
following the line number.

5. A continuation line is indicated by the ampersand character (&) as the 
first nonblank character following the line number.

Card images in this 
identification information.

format do not reserve characters 73-80 for sequence 
The statement text can extend into these positions.
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Format Rules Common to FORM/NFORM

The above rules indicate that the format options are used to control the 
following functions:

1. Elimination of line numbers and sequence identification fields from 
the lines.

2. Separation of comment lines from statement lines.
3. Distinction between initial statement lines and continuation lines.

Determination of the position numbers of the first and last characters
of the statement text.

Beyond this, the line format is the same. Initial lines can begin with a 
statement number. The statement number can begin anywhere on the line but must 
be in the range 1< n< 99999. There can be up to 19 continuation lines and the 
statement text continues with the first character following the continuation 
character.

A statement can be terminated by a semicolon on either an initial or 
continuation line. The information remaining on the line is processed as an 
initial line. The new statement can begin with a statement number and can be 
continued. Note that it is not possible to put comments on the same line as the 
statement line that ends with a semicolon.

Figure 2-1 illustrates the appearance and general properties of a FORTRAN
program written on a coding sheet. This example illustrates the FORM format.
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SYMBOL FORMATION

A symbolic name consists of one to eight alphanumeric characters, the first 
of which must be alphabetic. Data types can be associated with a symbolic name 
either implicitly or explicitly. The implicit associations are determined by the 
first character of the symbol; integer if the name begins with the letters 
I,J,K,L,M, or N; otherwise real. This default implicit associative rule can be 
changed by the use of the IMPLICIT statement. This allows implicit association 
for all data types - integer, real, double precision, complex, logical, or 
character. An explicit declaration of type for some symbol always overrides its 
implicit type. Data type is explicitly associated with a symbol when it appears 
in one of the type statements: INTEGER, REAL, DOUBLE PRECISION, COMPLEX, 
LOGICAL, or CHARACTER, or when it appears in a FUNCTION statement with a type 
prefix (e.g., REAL FUNCTION MPYM(A,B)).

No case distinction is made in forming symbols. The symbol ABC is identical 
to the symbols abc and Abe.

A symbolic name representing a function, variable, or array has only one 
data type association for each program unit. Once associated with a particular 
data type, a specific name implies that type for any usage of that symbolic name 
that requires a data type association throughout the program unit in which it is 
defined.

DATA TYPES

The mathematical and representational properties for each of the data types 
are defined below. The value zero is not considered positive or negative.

1. An integer datum is always an exact representation of an integer 
value. It can assume positive, negative, or zero integral values. Each 
integer datum requires one 36-bit word of storage in fixed point 
format. The permissible range of values for integer type is -2^5 to 
235-l.

2. A real datum is a processor approximation to the value of a real 
number. It can assume positive, negative, or zero values, possibly 
fractional. A real datum requires one 36-bit word of storage in 
floating point format. The permissible range of values for real type 
is approximately + 1Q38 to +10-38, with a precision of eight digits.

3. A double precision datum is a processor approximation to the value of 
a real number. It can assume positive, negative, or zero values. A 
double precision datum requires two consecutive 36-bit words of 
storage in double precision floating point format. The permissible 
range of values for double precision type is approximately +10^8 to 
+10-38, with a precision of 18 digits.
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4. A complex datum is a processor approximation to the value of a complex 
number. The representation of the approximation is in the form of an 
ordered pair of real data. The first of the pair represents the real 
part and the second, the imaginary part. Each part has, accordingly, 
the same degree of approximation as for a real datum. A complex datum 
requires two consecutive words of storage, each in floating point 
format. Each part of a complex datum has the same range of values and 
precision as a real datum.

5. A logical datum is a representation of a logical value of true • or
false. The source representation of the logical value "true" can be 
either .TRUE, or .T., and in DATA statements, the single character "T" 
can also be used. For the value "false”, .FALSE. and .F. can be 
generally used with "F" being allowable in DATA statements. A logical 
datum requires one 36-bit word of storage with the value zero 
representing "false", and nonzero representing "true". Where
input/output is involved, the external representations of "true" and 
"false" are the single letters "T" and "F".

6. A character datum is a processor representation of a string of ASCII 
or BCD characters. This string can consist of any characters capable 
of being represented in the processor. The space character is a valid 
and significant character in a character datum. Character strings are 
delimited by quotes, apostrophes, or by preceding the string by nH. 
The character set (BCD or ASCII) is declared by an option on the $ 
FORTY or $ FORTRAN control card or the YFORTRAN or FORTRAN RUN 
command.

The term "reference" indicates an identification of a datum, implying that 
the current value of the datum will be made available during the execution of 
the statement containing the reference. If the datum is identified but not 
necessarily made available, the datum is said to be "named". One case of special 
interest in which the datum is named is that of assigning a value to a datum, 
thus defining or redefining the datum.

CONSTANTS

There are three general types of constants 
character. Single and double word constants are

- single word, double word, and 
divided as follows:

1. Single Word Constants
a. Integer
b. Octal
c. Real
d. Logical

2. Double Word Constants
a. Double Precision
b. Complex

A constant is a value known prior to writing a FORTRAN statement and does 
not change during program execution.
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Integer Constants (Fixed-Point Binary)

An integer constant consists of one to 11 decimal digits with an accuracy 
of ten digits. The decimal point of the integer must always be omitted; 
however, it is always assumed to be immediately to the right of the last digit 
in the string. An integer constant can be as large as (2 )-l (=3.4x10 ), 
except when used for the value of a subscript or as an index of a D0 ^or a DO 
parameter, in which case the maximum value of the integer is (2 )-l (=2.6x10 ).

Examples:

-7
152
843517

Octal Constants

An octal constant is written as a string of up to 12 octal digits preceded 
by the letter O and an optional sign. The sign affects only bit 0 of the 
resulting literal (complementation does not take place). Octal constants can be 
used in preset data lists only (e.g., DATA statement).

Examples:

0 777000
O - 377777777

Real Constants (Floating-Point Binary)

A real constant is in floating-ooint mode and is contained in one computer 
word (single precision)• This const* it consists of one of the following:

One to nine significant decimal digits written with a decimal point/ 
but not followed by a decimal exponent.

2. One to nine significant decimal digits written with or without a 
decimal point, followed by a decimal exponent written as the letter E 
followed by a signed or unsigned one-or two-digit integer constant. 
When the decimal point is omitted, it is always assumed to be 
immediately to the right of the rightmost digit. The exponent value 
can be explicitly 0, and the field following the E cannot be blank.
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Examples:
75.

1234.
21.083
-3.2105
7.0E2
7E-3

(means 7.0 x 102; 700)
(means 7.0 x 10*3. .007)

A real constant has precision to 
between the approximate limits of 10“38

eight digits. The magnitude 
and 10 38 , Or must be zero.

must be

Double Precision Constants

A double precision constant is in floating-point mode and is contained in 
two computer words. This constant consists of one of the following:

1. Ten to eighteen significant decimal digits written with a decimal 
point, but not followed by a decimal exponent. In some cases, ten or 
eleven significant decimal digits will not generate a double precision 
constant because the mantissa of the real constant is less than 2^8.

2. Up to 18 significant decimal digits written with or without a decimal 
point, followed by a decimal exponent written as the letter D followed 
by a signed or unsigned one- or two-digit integer constant. When the 
decimal point is omitted, it is always assumed to be immediately to 
the right of the rightmost digit. The exponent value can be explicitly 
0, and the field following the D cannot be blank.

Examples:

12.34567891
-13.57D0

.1234D0
7.0D4 (means 7.0 x 10^, 70000.)
7D-3 (means 7.0 x 10“3 , .007)

Double precision constants have precision to 18 digits. The magnitude of a 
double precision constant must lie between the approximate limits of 10“38 and 
1038 t or must be zero.

Complex Constants

A complex constant consists of an ordered 
constants separated by a comma and enclosed in

pair of signed or 
parentheses.

unsigned real

Examples:

(10.1, 7.03) is equal to 10.1 4- 7.03i
(5.41, 0.0) is equal to 5.41 + O.Oi
(7.0E4, 20.76) is equal to 70000. + 20.76i
where i is the square root of -1.
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The first real constant represents the real part of the complex number; the 
second real constant represents the imaginary part of the complex number. The 
parentheses are required regardless of the context in which the complex constant 
appears. Each part of the complex constant can be preceded by a plus sign or a 
minus sign, or it can be unsigned.

Logical Constants

A logical constant can take either of the two forms:

.TRUE, (or .T.)

.FALSE, (or . F.)
and is represented in the machine as

TRUE / 0
FALSE = 0

Representation can be in either form in DATA statements or externally when 
performing input/output operations.

Character Constants

Character constants are of two kinds, characterized by their representation 
in either the ASCII or the BCD character set (see Appendix A). The kind is 
determined by an option on the $ FORTY or $ FORTRAN card or the YFORTRAN or 
FORTRAN RUN command. Character constants are formed in one of the following 
ways:

1. Preceding the character string by nH.
2. Enclosing the string in quotation marks.
3. Enclosing the string in apostrophes.

Character constants can be used as arguments to external subprograms, as 
literals in the DATA statement, as part of a FORMAT statement, as the display 
object of the STOP and PAUSE statements, in a character assignment statement, or 
in a relational expression.

The maximum length of a character constant is 500 characters in the ASCII 
mode and 511 characters in the BCD mode.

The interpretation of quoted strings of both types is such that the 
appearance of the string delimiter in two consecutive character positions within 
a string is considered as a single occurrence of the delimiter as a member of 
that string. For example, the representation: ,,abc”"ef" is represented 
internally as the literal abc”ef. Alternatively, the other delimiter type can 
be used (e.g. * 1abc"ef*).
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VARIABLES

Variable Type Definition

A variable is any quantity referred to by name rather than by value. A 
variable can take on many values and can be changed during the execution of the 
program.

The type of a variable is specified implicitly by its name, or explicitly 
by use of a type statement.

1. Default implicit type association enables the declaration of real and 
integer variables and function names according to the following rules:
a. If the first character of the name is I,J,K,L,M, or N, (upper or 

lower case) it is an integer name.
b. If the first character is any other alphabetic character, it is a 

real name.
2. The IMPLICIT type statement redefines the implicit typing. See the 

IMPLICIT statement description in Section IV.
3. The explicit type statements assign a type to a variable or function 

subprogram.
4. Function subprogram names can be typed on the FUNCTION statement by 

use of the type prefix.

Scalar Variable

The six types of scalar variables are: character, integer, real, logical, 
double precision, and complex. A scalar variable can take on any value its 
corresponding constant may assume. A scalar variable occupies the same number of 
storage locations as a constant of the same type.

External Variable

An external variable is the name of a subprogram that appears as an actual 
argument in the calling sequence to some subprogram. It must appear in an 
EXTERNAL statement before its first use in the source program.

Parameter Symbols

A parameter symbol is used when it is desired to compile a program several 
times when the only changes from one compilation to the next are to certain 
constants. The parameter symbol (described under the PARAMETER statement in 
Section IV) is used under these circumstances.
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Switch Variable

A switch variable is an independent entity derived from a scalar variable 
and is associated only with an ASSIGN statement. Switch variables must be type 
INTEGER but can have the same name as an integer variable. Refer to the 
assigned GO TO statement in Section IV.
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Character Variables

Character variables can be implicitly typed via the IMPLICIT statement or 
explicitly typed using the CHARACTER statement. Character variables are stored 
internally left-justified and blank-filled. The limit is 500 characters per 
character variable in the ASCII mode and 511 characters in the BCD mode.

Array

An array is an ordered set of data with from one to seven dimensions. The 
array is referenced by a symbolic name. Identification of the entire ordered 
set is achieved by the use of the array name.

Array Element

An array element is an item of data in an array. It 
immediately following the array name with a subscript that 
particular element of the array. In some instances the array 
in unsubscripted notation to reference the first element of the

is identified by 
points to the 

name can be used 
array.

Subscripts

A variable can be made to represent any element of an array containing from 
one to seven dimensions by appending one to seven subscripts to the variable 
name. Subscript expressions are separated by commas. The number of subscript 
expressions must correspond with the declared dimensionality except in an 
EQUIVALENCE statement. Following evaluation of all of the subscript 
expressions, the array element successor function determines the identified 
element.

Form of Subscript

A subscript expression can take the form of any legal FORTRAN arithmetic
expression. 
use.

Examples:

The result of any such expression is truncated to an integer before

IMAS 8*IQUAN 9+J
J9 5*L+7 B**2
K2 H*M-3 6**A-(1-SQRT(3.14))/8
N+3 7+2*k LIST (J)

The value of a subscript expression must be greater than zero and not 
greater than the corresponding array dimension. The value of a subscript 
expression containing real variables is truncated to an integer after 
evaluation. No check is made to verify that the subscript value is within the 
bounds specified in the DIMENSION statement. The execution of a program 
containing an error of this nature can cause various abnormal terminations.
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Subscripted Variables

A subscripted variable consists of a variable name, followed by 
parentheses, enclosing one to seven subscripts separated by commas.

Examples:
A(I)
K(3)
BETA (8*J+2,K-2,L)
MAX (K,J,K,L,M,N)
1. During execution, the subscript is evaluated so that the 

variable refers to a specific element of the array.
subscripted

2. Each variable that appears in subscripted form must have the size of 
the array specified. This must be done by DIMENSION, COMMON, or type 
statements that contain the dimension information. The specification 
of dimensionality must precede the first reference to the array.

3. The first subscript refers to rows of the array, the second subscript 
to columns, and the third subscript to planes consisting of rows and 
columns.

Array Element Successor Function

The general algorithm to linearize a subscript involving n 
array of n dimensions) is:

terms (for an

n
S = s ((e^l) 

i=l
i-1

7r di) + 1 
j=0

where each e^ is a subscript term and each dj an array dimension.

The term dg is the "zero-th dimension" of the array. It reflects the 
number of words of memory required for one element. For example: integer, 
logical, and real quantities require one word per element (dg = 1); double 
precision and complex quantities require a word pair (dg = 2); and character 
variables that use the size in bytes notation to provide the number of 
characters per element can have a dg value of up to 86 in BCD (since they have a 
maximum of 511 characters) and up to 126 in ASCII (since they have a maximum of 
500 characters). The formula for reducing size in characters to size in words 
is a function of the BCD/ASCII option. Let n be the number of characters 
specified, and m be the number of characters per word (6 for BCD, 4 for ASCII). 
Then dg is computed as:

dg = (n+m-l)/m

The following are examples using integer and complex quantities:
INTEGER X(3,2,4) (Array X has 3 rows, 2 columns, and 4 planes) 
X(2,2,2)= 1
Expanding the algorithm for the three dimensions:

S = (e^-1)*dg + (e2-l)*d0*d1 + (e3-l)*d0*d1 *d2 +1
S = (2-l)*l + (2-l)*l*3 + (2-l)*l*3*2 + 1
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Looking at the array in storage in ascending order, the elements are:

X(l,l,l), X(2,l,l), X(3,l,l), X(l,2,l), X(2,2,l),
X(3,2,l), X(l,l,2), X(2,l,2), X(3,l,2),
X(l,2,2), X(2,2,2), X(3,2,4)

X(2,2,2) is the eleventh element of the array, the fifth member of plane two.

COMPLEX X (3 Z2Z4)
X(2,2,2) = (1.0, 0.0)

S = (2-1) *2 + (2-1) *2*3 + (2-1) *2*3*2 + 1

S = 21
In this example, the first word of the word pair for this element is the 

twenty-first word of the array.

Array Declarator

An array declarator specifies an array used in a program unit. The array 
declarator indicates the symbolic name, the number of dimensions (one to seven) 
and the size of each dimension. The array declarator form can be in a type 
statement, dimension statement, or common statement. An array declarator has the 
form:

v(i) or v*n(i)
where v is the symbolic array name, n is the size-in-bytes of an element, and i 
is the declarator subscript. Declarator subscript (i) is composed of from one 
through seven elements each of which can be an integer constant, a parameter 
symbol or an integer variable. Each element is separated by a comma (if more 
than one).

The appearance of a declarator f ibscript in a declarator statement informs 
the processor that the declarator ime is an array name. The number of 
subscripts indicates the dimensions of the array. The magnitude of the value for 
the subscript expressions indicates the maximum value that the subscript name 
can attain in any array element reference.

Adjustable Dimensions

The name of an array and the constants that are its dimensions can be 
passed as arguments to a subprogram. In this way a subprogram can perform 
calculations on arrays whose sizes are not determined until the subprogram is 
called. The following rules apply to the use of adjustable dimensions:

1. Variables can be used as dimensions of an array only in the array 
declarator of a FUNCTION or SUBROUTINE subprogram. For any such array, 
the array name and all the variables used as dimensions must appear as 
dummy arguments in at least one FUNCTION, SUBROUTINE, or ENTRY 
statement.
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2. The adjustable dimensions cannot be altered within the subprogram.

3. The true dimensions of an actual array must be specified in a 
DIMENSION, COMMON, or type statement of some calling program.

4. The calling program passes the specific dimensions to the subprogram. 
These specific dimensions are those that appear in the DIMENSION, 
COMMON, or type statement of the calling program. Variable dimension 
size can be passed through more than one level of subprogram. The 
specific dimensions passed to the subprogram as actual arguments 
cannot exceed the true dimensions of the indicated array.

5. Variables used as dimensions must be integers. If the variables are 
not implicitly typed by their initial letters, a type statement must 
precede the dimension statement in which they are used as adjustable 
dimensions.

6. If an adjustable array name or any of its adjustable dimensions 
appears in a dummy argument list of a FUNCTION, SUBROUTINE, or ENTRY 
statement, that array name and all its adjustable dimensions must 
appear in the same dummy argument list.

Example:

DIMENSION K(I,L),J(M,N)
CALL SETFLG (K,J,4,5,2,3)

DO 20 NO = 1,1 
DO 20 MO = 1,L 
K(NO,MO) = 0

20 CONTINUE

EXPRESSIONS

Arithmetic

An arithmetic expression consists of certain legal sequences of constants, 
subscripted and nonsubscripted variables, and arithmetic function references 
separated by arithmetic operation symbols, commas, and parentheses.

The following are arithmetic operation symbols:

+ addition
subtraction

* multiplication
/ division* *

exponentiation
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The rules for constructing arithmetic expressions are:

1. Figures 2-2 and 2-3 indicate which constants, variables, and functions 
can be combined by the arithmetic operators to form arithmetic 
expressions. The intersection of a row and column gives the type of 
the result of such an expression. Figure 2-2 gives the valid 
combinations with respect to the arithmetic operators and /.
Figure 2-3 gives the valid combinations with respect to the arithmetic 
operators **, f , or a .

I R D C T

I I R D C T Legend
R R D c N C - Complex
D D D D c N

D
I

- Double precision
- Integer

C C C C c N
N
R

- Nonvalid
- Real

T T N N N T
T - Typeless

Figure 2-2. Arithmetic Expressions + , -, *, and /

POWER

B
S
E

I
R
D
C
T

I

I
R
D

R D C T

R D N N
R D N N
D D N N
C C C N
N N N N

Figure 2-3. Arithmetic Expressions - Exponent (** , t or a )

2. Any expression can be enclosed in parentheses.

3. Expressions can be connected by the arithmetic operation symbols to 
form other expressions, provided that:
a. No two operators appear in sequence except **, which is a single 

operator and denotes exponentiation.
b. No operation symbol is assumed to be present. For example, 

(X) (Y) is not valid.

4. The expression A**B**C is evaluated as A**(B**C).

5. Preceding an expression by a plus or minus sign does not affect the 
type of the expression.
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6. In the hierarchy of operations, parentheses can be used in arithmetic 
expressions to specify the order in which operations are to be 
computed. Where parentheses are omitted, the order is understood to 
be as follows:
a. Function Reference
b. **, | , or A Exponentiation
c. * and / Multiplication and Division
d. + and - Addition and Subtraction
This hierarchy is applied first to the expression within the innermost 
set of parentheses in the statement; this procedure continues through 
the outer parentheses until the entire expression has been evaluated.

7. Operations on the same level (e.g. A*B/C) are evaluated left to 
right. Parentheses can be used to reorder this sequence if necessary.

The FORTRAN expression
A*6+Z/Y**(W+(A+B)/X**K)

represents the mathematical expression
Z

6 At ----------
"W + (A+B)

K
Y X

Relational

A relational expression consists of two arithmetic expressions connected by 
a relational operator. Relational expressions always result in a true or false 
evaluation. Relational expressions are logical operands and can be used in a 
logical assignment statement, a logical IF statement, as arguments to 
functions/subroutines, a PARAMETER statement, or an output list.

The six relational operator symbols are:

Symbol Definition
.GT. Greater than
.GE. Greater than or equal to
.LT. Less than
.LE. Less than or equal to
• EQ. Equal to
. NE. Not equal to

The preceding and following periods are an integral part of the relational 
operator symbols.
Example:

A. GT.B has the value .TRUE, if the quantity A is greater than the quantity
B, and the value .FALSE, otherwise.
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Logical

A logical expression consists of certain sequences of logical constants, 
logical variables, references to logical functions, and relational expressions 
separated by logical operation symbols. A logical expression always results in 
a true or false evaluation.

The logical operation symbols (where a and b are logical expressions) are:

Symbol
.NOT.a

a.AND.b

a.OR.b

Definition
This has the value .TRUE, only if a is .FALSE.; it has the value 
.FALSE, only if a is .TRUE.
This has the value .TRUE, only if a and b are both .TRUE.; it 
has the value .FALSE, if a or b or both are .FALSE.
(INCLUSIVE OR) This has the value .TRUE, if either a or b or both 
are .TRUE.; it has the value .FALSE, only if both a and b are 
.FALSE.

The logical operators NOT, AND, and OR must always be preceded and followed 
by a period.

Logical expression evaluation proceeds to determine the true/false state of 
the simpler subexpressions first, and stops (evaluation) as soon as the 
true/false state for the complete expression has been determined. Thus, it is a 
distinct possibility that the entire expression may not be evaluated. Since 
this may be of significance to some applications, the following example is 
given:

IF (RAND (X) .GT. 0 .OR. L) GO TO 100
Assuming that RAND is an external function and L is a logical variable, the 

expression is true when either RAND(X) is greater than zero or L is true. The 
second alternative is clearly simpler to determine than the first. Further, 
since there is no need to evaluate RAND(X) .GT. 0 when L is true, the statement 
will be optimized into an equivalent pair of statements:

IF (L) GO TO 100
IF (RAND(X) .GT. 0) GO TO 100

The significance of this is the fact that function RAND is called only when 
L is false. If evaluation of RAND(X) can have side effects, this may. be of 
consequence. For those applications impacted by this implementation, the 
solution would be to make the evaluation of RAND(X) unconditional. For example:

T = RAND(X)
IF(T.GT. 0 .OR. L) GO TO 100
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Logical and Relational Constructions

The following rules are used for 
expressions:

constructing logical and relational

1. Figure 2-4 indicates which constants, variables, functions, and 
arithmetic expressions can be combined by the relational operators to 
form a relational expression. In Figure 2-4, Y indicates a valid 
combination and N indicates an invalid combination. The relational 
expression has the value .TRUE. if the condition expressed by the 
relational operator is met; otherwise, the relational expression has 
the value .FALSE.

/

. GT. , . GE . ,

.LT., .LE.,

.EQ., .NE.
I D C L Ctr T Legend

I Y Y Y * N Y Y I = Integer 
R = Real

R Y Y Y * N N N D = Double Precision 
C = Complex

D Y Y Y * N N N L = Logical 
Ctr = Character

C *

N
N
N

N
N

*

N
N
N

N
N

N
N

T = Typeless

Ctr Y N N N N Y N * = .EQ.,.NE. 
only

T N N N N N Y = Valid 
N = Invalid

Figure 2-4. Use of Relational Operators

2. The numeric relationships that determine the true or false evaluation 
of relational expressions are:

a. For numeric values having unlike signs, the positive value is 
considered larger than a negative value, regardless of the 
respective magnitude, e.g.; + 3>-5 and +5>-5.

b. For numeric values having like signs, the magnitude of the values 
determines the relationship, e.g.; +3 >+2 and -8<-4.

3. A logical term can consist of a relational expression, a single
logical constant, a logical variable, or a reference to a logical
function. A logical expression is a series of logical terms or
logical expressions connected by the logical operators .AND.,.OR.,
and .NOT.

4. The logical operator .NOT. must be followed by a logical or relational 
expression, and the logical operators .AND. and .OR. must be preceded 
and followed by logical or relational expressions.

5. Any logical expression can be enclosed in parentheses.
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Operator Precedence

In the hierarchy of operations, parentheses can be used in logical, 
relational, and arithmetic expressions to specify the order in which operations 
are to be computed. Where parentheses are omitted, the order is understood to 
be as follows (from innermost operations to outermost operations):

1. Function Reference
2. **/!/ or A Exponentiation
3. + and - Unary Addition and Subtraction
4. * and / Multiplication and Division
5. + and - Addition and Subtraction
6. .LT.,.LE.,.EQ.,.NE.,.GT.,.GE.

7. .NOT.
8. .AND.
9. .OR.

This hierarchy is applied first to the expression within the innermost set 
of parentheses in the statement; this procedure continues through the outermost 
set of parentheses until the entire expression has been evaluated.

Typeless

The following functions are considered as typeless:

FLD
AND
OR
XOR
BOOL
COMPL

A typeless result is regarded as a special form of integer. Typeless 
entities can be combined with integer or other typeless entities. With the 
arithmetic operators the result is typeless; with relational operators the 
result is logical; the logical operations cannot be used on typeless entities. 
Whenever the right of equals yields a typeless result, the assignment operation 
is integer. For example, if R is real, the statement

R = BOOL(R)+1
adds one to the least significant bit of the real value of R, using integer-add, 
and stores a new value in R, using integer-store. This usage is not recommended 
but is illustrated here to explain the properties of typeless entities.

Evaluation of Expressions

A part of an expression need be evaluated only if such action is necessary 
to establish the value of the expression. The rules for formation of 
expressions imply the binding strength of operators. It should be noted that 
the range of the subtraction operator is the term that immediately succeeds it.
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When two elements are combined by an operator, the order of evaluation of 
the elements is undefined because of possible reordering during optimization. If 
mathematical use of operators is associative, commutative, or both, full use of 
these facts can be made to revise orders of combinations, provided only that 
integrity of parenthesized expressions is not violated. The value of an integer 
element is the nearest integer whose magnitude does not exceed the magnitude of 
the mathematical value represented by that element. The associative and 
commutative laws do not apply in the evaluation of integer terms containing 
division; hence the evaluation of such terms must effectively proceed from left 
to right.

Any use of an array element name requires the evaluation of its subscript. 
The evaluation of functions appearing in an expression cannot validly alter the 
value of any other element within the expression, assignment statement, or call 
statement in which a function reference or subscript appears. No factor can be 
evaluated that requires a negative valued primary to be raised to a real or 
double precision exponent. No factor can be evaluated that requires raising a 
zero valued primary to a zero valued exponent. No element can be evaluated whose 
value is not mathematically defined.

The mode of evaluation of arithmetic expressions is determined by the 
following order of type dominance:

1. Complex
2. Double Precision
3. Real
4. Typeless
5. Integer

When two primaries are combined .by any of the arithmetic operators except 
the exponentiation operator, their respective types are examined according to 
the stated order of type dominance. The type of the recessive primary is 
converted to that of the dominant primary (if necessary) and the operation is 
performed.

Unary Operators

The unary operators, negative, positive, and logical not, can immediately 
precede a constant or a variable in an expression; however, if the placement 
causes the unary negative or positive operator to be adjacent to another 
operator, it must be enclosed in parentheses with the constant or variable.

Examples:
A=+l.6
C=D/(-Z)*W 
IF(-3.+T4)1,2,3 
L1=R2.GT. (-2.) 
L2=.NOT.L1 
A=B** (-2)
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FORTRAN STATEMENTS

Types of FORTRAN Statements

The basic unit of FORTRAN is the statement. Statements are classified 
according to the following uses:

1. Arithmetic statements specifying numerical, character, or logical 
value assignment.

2. Control statements governing the order of execution in the object 
program.

3. Input/Output statements and input/output formats that describe the 
form of the data.

4. Subprogram statements enabling the programmer to define and use 
subprograms.

5. Specification statements providing information about variables used in 
the program, information about storage allocation and data assigned.

6. Compiler control statements direct the compilation activity.

Arithmetic Statements

assignment statements
arithmetic statement functions

Control Statements

ASSIGN
CONTINUE
DO
GO TO
IF
PAUSE
STOP

Input/Output Statements

BACKSPACE 
DECODE 
ENCODE 
END FILE 
FORMAT 
PRINT 
PUNCH 
READ 
REWIND 
WRITE
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Subprogram Statements

BLOCK DATA
CALL
ENTRY
FUNCTION
RETURN
SUBROUTINE

Specification Statements

ABNORMAL
COMMON
DATA
DIMENSION
EQUIVALENCE
EXTERNAL
IMPLICIT
NAMELIST
type

INTEGER
REAL
DOUBLE PRECISION
COMPLEX
LOGICAL
CHARACTER

PARAMETER

Compiler Control Statement

END

Index of Statements

Table 2-1 contains an alphabetical listing of FORTRAN statements giving an
example with the page number for the statement in Section IV.
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Table 2-1. Alphabetical Listing of FORTRAN Statements

Statement Example Page

arithmetic statement 
function

F(X,Y)=(X+l)*Y(I) 4-2

assignment statement A=4*B-SINE(C**2) 4-2

ABNORMAL ABNORMAL SINE 4-7

ASSIGN ASSIGN 2 TO K 4-7.1

BACKSPACE BACKSPACE 5 4-8

BLOCK DATA BLOCK DATA 4-9

CALL CALL MATMPY (X,5,10,4,Z) 4-10

CHARACTER CHARACTER ARRAY*14(10,10) 4-12

COMMON COMMON X,Y,Z 4-13

COMPLEX COMPLEX T,N1,D1 4-15
CONTINUE CONTINUE 4-16

DATA DATA A,B,C /3.5,2.9,6.0/ 4-17

DECODE DECODE (CHARS,95 01) A,I(3),X 4-20

DIMENSION DIMENSION A(50) 4-21

DO DO 35 K=10,20,2 4-22

DOUBLE PRECISION DOUBLE PRECISION DENOM,PREF 4-26

ENCODE ENCODE (CHARS(6),9001)A,I(3),X 4-27
END END 4-28

ENDFILE ENDFILE 5 4-29

ENTRY ENTRY INVRT (B,C,D) 4-30

EQUIVALENCE EQUIVALENCE (A,B,C) 4-31

EXTERNAL EXTERNAL SIN,COS,RESULT 4-34

FORMAT 10 FORMAT (E17.2,F20.0) 4-35
FUNCTION FUNCTION CALC (B,C,D) 4-37
GO TO, assigned GO TO S4, (3,4,7) 4-40
GO TO, computed GO TO (3,4,7) ,K 4-41
GO TO, unconditional GO TO 20 4-40
IF,arithmetic IF (A(J,K)-B)10,4,30 4-42

IF,logical IF (A.GT.B) GO TO 3 4-43
IMPLICIT IMPLICIT INTEGER (A-F,X,Y) 4-45
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Table 2-1 (cont). Alphabetical Listing of FORTRAN Statements

Statement Example Page
INTEGER INTEGER I,ABC 4-46
LOGICAL LOGICAL A1,K 4-47
NAMELIST NAMELIST/LIST/ R,S,T,U,V 4-48
PARAMETER PARAMETER 1=5/2,J=I*3 4-49
PAUSE PAUSE 1234 4-50
PRINT, list directed PRINT,A 4-52
PRINT fformatted PRINT 20,A 4-52

PRINT,namelist PRINT LIST 4-52

PUNCH,list directed PUNCH,A 4-53

PUNCH,formatted PUNCH 20,A 4-53

PUNCH,namelist PUNCH LIST 4-53

READ,list directed READ,A 4-54

READ,formatted READ 20,A 4-54

READ,namelist READ LIST 4-54

READ,formatted file READ(5,20,END=90,ERR=95) A 4-54

READ,unformatted file READ(5,END=90,ERR=95) A 4-55

READ,random binary file READ(8'I)A 4-55

READ,namelist file READ(5,LIST) 4-55

REAL REAL J 4-56

RETURN RETURN 4-57
REWIND REWIND 5 4-58

STOP STOP 100 4-59

SUBROUTINE SUBROUTINE ALPHA (B,C,D) 4-60
type INTEGER A,B,C,D 4-62

WRITE,formatted file WRITE(6,30,ERR=S4)A 4-64

WRITE,unformatted file WRITE(6,ERR=S4)A 4-64

WRITE,namelist file WRITE(6,LIST) 4-64
WRITE,random binary WRITE(8’I)A 4-64
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SECTION III

USER INTERFACES

Users create programs.by entering FORTRAN statements into remote and local 
peripheral or terminal devices connected to a computer operating under GCOS.

The interface between the user and the FORTRAN system consists of the 
transmission to the user’s I/O device of compilation error messages and run-time 
diagnostics. The messages transmitted are sufficient to locate for the user the 
line on which the error occurred, and the form of the message is such that the 
error is explicitly defined.

Three modes of operation are available to the user: local batch, remote 
batch, and time sharing. The only user differences among the three modes are 
the I/O device assignments for the system output and input files, the presence 
of necessary user-GCOS communication via control cards or command language, and 
the assumed compiler options for the compilation process.

BATCH MODE

In the local batch mode, the system I/O devices are the card reader, card 
punch, andline printer. The user communicates directly with GCOS for system 
services via the GCOS control cards and the usable slave mode instructions. The 
execution of user programs submitted via the local batch mode is carried out 
directly under GCOS and the user’s program exists under GCOS as a separate batch 
job. Input processing is performed by System Input and allocation by the GCOS 
allocator.

The remote batch mode is equivalent to the local batch mode in capability. 
The only difference is the assignment of the system I/O device to the remote 
computer as remote files rather than to the local card reader and local 
printer/punch. Refer to the Remote Terminal Supervisor (GRTS) and the Network 
Processing Supervisor (NPS) manuals for additional communication information•

Batch Call Card

The system call card for FORTRAN in batch mode is:

1 8 16

$ FORTY Options
or

$ FORTRAN Options
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Operand Field:
The operand field specifies the system options. Options available with 
time sharing FORTRAN are listed under the time sharing paragraph in this 
section. The following options are available with batch FORTRAN (default 
options are underlined):

LSTIN - A listing of source input is prepared by the FORTRAN compiler.

NLSTIN - No listing of the source input is prepared.
LSTOU - A listing of the compiled object program output is prepared.
NLSTOU - No listing of the compiled object program output is prepared.

DECK - A binary object program deck is prepared as output.
NDECK - No binary object program deck is prepared.
COMDK - A compressed source deck is prepared as output.
NCOMDK - No compressed source deck is prepared as output.
MAP - A storage map of the program labels, variables, and constants is 
prepared as output.
NOMAP - No storage map is prepared.
XREF — A cross-reference report is prepared as output. A TO-FROM transfer 
table is generated.
NXREF - No cross-reference report is prepared.
DEBUG - A run time debug symbol table (.SYMT.) is included in the object 
program.

NOTE: This debug symbol table is used for debugging in the batch mode 
only. Refer to the General Loader manual for use of the debug 
feature and the debug symbol table.

NDEBUG - No debug symbol table is prepared.
BCD - The execution time character set is standard BCD (see Appendix A).
ASCII - The execution time character set is ASCII (see Appendix A).

FORM - The source program is in standard statement format.

NFORM - The source program is "free form".
LNO - The source input records are line numbered beginning in Column 1 and 
terminating with the first nonnumeric character. This option is only 
operable with the NFORM option (assumed option for NFORM).
NLNO - The source records are not line numbered (assumed option for FORM).

NJREST - Do not restart this job following system interruption.

jREST - Enable job restart following system interruption.
NREST - Do not restart this job with current activity following system 
interruption.
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REST ” Enable activity restart following system interruption.
OPTZ - A global optimization procedure 
program produced is highly efficient, 
slows the compilation rate, though not

is performed, so that the object 
It should be noted that this option 

significantly.
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NOPTZ - Global optimization of the object program is not performed.
DUMP - Slave memory dump is given if the compilation activity terminates 
abnormally.
NDUMP - Program registers, upper SSA, and slave program prefix is dumped if 
the compilation activity terminates abnormally.
NWARN - Do not print any compilation warning messages.
FDS - Enables the FORTRAN Debugging System (FDS). See Appendix F. |

NOTE: Independent of the DUMP/NDUMP option, FORTRAN has the
capability of producing a symbolic dump of the internal tables 
in the event of a compiler abort. The presence of a $ SYSOUT 
*F control card activates this process.

Sample Batch Deck Setup

The following are the required control cards for the compilation and 
execution of a batch FORTRAN activity. The control cards are fully described in 
the Control Cards reference manual.

$ 
$ 
$ 
$

SNUMB
I DENT FORTRAN

FORTRAN
Options or $ FORTRAN Options

OPTION
FORTY

FORTRAN Source Deck(s)

$ 
$ 
$ 
$

EXECUTE Options 
File Cards 
FFILE Cards 
ENDJOB

TIME SHARING SYSTEM OPERATION

From a user point of view there are two time sharing versions of the 
FORTRAN compiler. Each version is invoked by a different call. These versions 
and the language call for each are as follows:

Language Call 
(at system level)
YFORTRAN
FORTRAN

In this document, the batch based time sharing interface is referred to as 
the YFORTRAN Time Sharing System and the time sharing based system is referred 
to as the FORTRAN Time Sharing System. The time sharing based FORTRAN compiler 
compiles under the time sharing system (rather than being spawned as in the case 
of the batch based time sharing compiler) and differs from the batch based time 
sharing compiler in the following areas.

1. Compiles under the GCOS Time Sharing System.
2. Eliminates the need for configuring batch memory; YFORTRAN compiles 

through DRL TASK. (Refer to the TSS System Programmer1s Reference 
Manual.)
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3. Retains essentially the current RUN syntax with modifications as noted 
in this section.

4. Interfaces with 4K time sharing loader module (YLDA).
5. Significant overhead reduction in FORTRAN time sharing system.
6. Blank common allocation is common to both time sharing and batch.
7. "CORE=" clause is not required for compiles.
8. Compilers are identical except for the executive phase (YEXC vs YTEX).

The only user differences, other than those noted above, are the I/O device 
assignments for the system output and input files, the presence of necessary 
user GCOS communication via control cards or command language, and the assumed 
compiler options for the compilation process.

Time Sharing System Command Language

The standard means of communication with the GCOS Time Sharing System 
(TSS) is by way of a terminal. The user may choose either the keyboard/printer 
or paper-tape terminal unit for input/output, or combine both. In either case, 
the information transmitted to and from the system is displayed on the 
terminal-printer. Keyboard input is used for purposes of description; 
instructions for the use of paper tape are given under "Paper Tape Input" in 
this section.

The user "controls" the time sharing system primarily by means of a command 
language, a language distinct from any of the specialized programming languages 
that are recognized by the individual time sharing compilers/processors (e.g., 
the time sharing FORTRAN language). The command language is, for the most part, 
the same for users of any component of the time sharing system; i.e., FORTRAN, 
BASIC, Text Editor, etc. A few of the commands pertain to only one or another of 
the component time sharing systems, but the majority of them are, in form and 
meaning, common to all component systems.

The commands relate to the generation, modification, and disposition of 
program and data files, and program compilation/execution requests. The complete 
time sharing command language is described in TSS General Information manual.

Once communication with the system has been established, any question or 
request from the system must be answered within ten minutes, except for the 
initial requests for user identification (user-ID) and sign-on password, that 
must be given within one minute. If these time limits are exceeded, the user’s 
terminal is disconnected.

Time Sharing Commands of the YFORTRAN and FORTRAN Time Sharing Systems

The valid time sharing system commands are listed in Table 3-1. These 
commands are fully described in the TSS General Information manual. The RUN 
command for the YFORTRAN and FORTRAN Time Sharing Systems is more fully 
described in this manual.
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Table 3-1. YFORTRAN and FORTRAN Time Sharing System Commands

Command

ABC 
ACCESS 
AFT 
ASCASC 
ASCBCD 
AUTOMATIC 
BCDASC 
BPRINT 
BRUNCH 
BYE 
CATALOG 
DELETE 
DONE a 
EDIT 
ERASE 
FDUMP 
GET 
HELP 
HOLD 
JABT 
JOUT 
JSTS 
LENGTH 
LIBa 
LIST 
NEWa 
NEWUSER 
NO PARITY 
OLDa 
PARITY 
PERM 
PRINT 
PURGE 
RECOVER

# RECOVER 
RELEASE 
REMOVE 
RESAVE 
RESEQUENCE3 
ROLLBACK
#ROLLBACK 
RUNa 
SAVE 
SCAN 
SEND 
STATUS 
SYSTEMa 
TAPE

aNot an applicable response to SYSTEM?

Applicable 
At

Build Mode

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
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Log-On Procedure

The user, to initiate communication with the Time Sharing System, performs 
the following steps:

1. Activates the terminal unit.
2. Obtains a dial tone.

3. Dials one of the numbers of the time sharing center.

The user then receives either a high-pitched tone indicating that the 
terminal has been connected to the computer or a busy signal. The busy signal 
indicates that no free line is presently available.

Once the user’s terminal has been connected to the computer, the time 
sharing system begins the log-on procedure after the user depresses the return 
(’CR’) key by transmitting a message similar to the following:

HIS SERIES 60 ON(date)AT(time)CHANNEL(nnnn)

where time is given in hours and thousandths of hours (hh.hhh), and nnnn is the 
user’s line number.

Following the message, the system asks for the user’s identification:

USER ID —

The user responds, on the same line, with the user identification (user-ID) 
that has been assigned by the time sharing installation management. This 
user-ID uniquely identifies a particular user already known to the system, for 
the purposes of locating user programs and files and accounting for usage of the 
time sharing resources allocated. An example request and response might be:

USER ID — J.P.JONES

NOTE: A carriage return must be given following any complete response, 
command, or line of information typed by the user.

(The user’s response is underlined here for illustration.) After the user 
responds with user-ID, the system asks for the sign-on password that was 
assigned along with user-ID, as follows:

PASSWORD
XKKBEK8HXXKK
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The user types the password directly on the "strikeover" mask provided 
below the request PASSWORD. The password is used by the system as a check on the 
legitimacy of the named user. The "strikeover" mask insures that the password, 
when typed, cannot be read by another person. (In the event that either the 
user-ID or password is twice given incorrectly, the user’s terminal is 
immediately disconnected from the system.) At this point, if the accumulated 
charges for the user’s past time sharing usage equals or slightly exceeds 100 
per cent of current resource allocation, the user receives a warning message. If 
accumulated charges exceeds 110 per cent of current resources, the user receives 
the message:

RESOURCES EXHAUSTED - CANNOT ACCEPT YOU

and the terminal is immediately disconnected. (The user may also receive the 
following information message if the situation warrants it:

n BLOCKS FILE SPACE AVAILABLE

This condition does not affect the log-on procedure.)

Assuming that the user has responded with a legitimate user-ID and password 
and has not over extended resources, the time sharing system then asks the user 
to select the processing system that the user wants to work with; this is called 
the system-selection request. In this case, the user would respond with YFORTRAN 
or FORTRAN (can be abbreviated to YFORT or FORT):

SYSTEM ? YFORTRAN or FORTRAN

The user is then asked whether a new program (NEW) is to be entered 
the user wants to retrieve and work with a previously entered and saved 
(OLD); the request message is:

or if 
program

OLD OR NEW -

If the user wishes to 
the response is simply:

start a new program (i.e., build a new source file) ,

NEW

If, on the other hand, 
the response is:

the user wants to recall an old source-program file,

OLD filename

where filename is the name of the file on which the old program was saved during 
a previous session at the terminal (see the SAVE command).

Following either response, the system types the message READY, returns the 
carriage, and prints an asterisk in the first character position of the next 
line:

READY*
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An example of a complete log-on procedure, up to the point where the 
YFORTRAN or FORTRAN system is ready to accept program input or control commands, 
might be as follows:

HIS SERIES 60 ON 07/26/74 AT 17.768 CHANNEL 0012

USER ID - J.P.JONES
PASSWORD
XKKNKKKHXXKE - (user's password is typed
SYSTEM-YFORTRAN or FORTRAN
OLD OR NEW - NEW - (NEW is shown arbitrarily 
READY
* - (the user begins entering

over the mask)
for illustration)
input on this line)

Entering Program-Statement Input

After the message:

READY

the system is in build-mode (as indicated by the initial asterisk) and is ready 
to accept FORTRAN program-statement input or control commands. All lines of 
input other than control commands are accumulated on the user’s current file. 
Normally the current file is the file that contains the program the user wants 
to compile and run at this session. If the user is building a new file (NEW
response to OLD OR NEW—), the current file is initially empty. If an old file 
(OLD filename) is recalled the content of the named old file is initially on 
current file, and any input typed by the user — excepting control commands 
will be either added to, merged into, or will replace lines in the current file, 
depending upon the relative line numbering of the lines in the file and the new 
input. (This process is explained under the heading "Correcting or Modifying a 
Program," below.)

Following each line of noncommand-language input and 
carriage response, the system supplies another initial asterisk 
it is ready to accept more input.

the terminating
indicating that

Format of Program-Statement Input

A line of FORTRAN input — as distinct from a control command — can 
contain one of the following:

1. One or more FORTRAN statements.
2. A partial statement.
3. A continuation of a statement left incomplete in the preceding line of 

input.
4. A comment.
5. A combination of (3) and (1) or (2) , in that order.
6. A combination of (1) and (2).
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A line of input may begin with a line-sequence number of from one to eight 
numeric characters. The line-sequence number facilitates correction and 
modification of the source program (described below); hereinafter, the 
line-sequence number will be referred to simply as the "line number". (Note that 
a line number is distinct from a statement number; a statement number is a part 
of the FORTRAN language statement itself.)

The line number is always terminated with (i.e., immediately followed by) a 
single control character that can be a blank, an ampersand, a number sign, an 
asterisk, or the letter C. The control character merely serves to indicate what 
type information is to follow (new statement, continuation, or comment) and is 
not compiled as part of the program.

The semicolon can be used to indicate the end of one complete FORTRAN 
statement and the beginning of another on the same line of input. A carriage 
return must, of course, be used to terminate a complete line of input.

This line format is suitable for direct processing by the FORTRAN compiler 
with the options NFORM and LNO.

The general format of a line of FORTRAN input is then as follows:

nnnnnnnncstatement or continuation ;statement...;statement
or

nnnnnnnnc comment

where: nnn...n

c

is a numeric line number, the magnitude of which is less 
than 218 (262,144), and

is a single-character control character that can be a 
blank, an ampersand, an asterisk, a number sign, or the 
letter C, and must immediately follow the last digit of 
the line number.

SIGNIFICANCE OF THE CONTROL CHARACTER

The control character identifies the type of information that follows it.

]6 (blank)

& (ampersand)

- If the character position immediately following the last 
digit of the line number contains a blank, and the next 
nonblank character is not an ampersand, then the next 
nonblank character is assumed to begin a new FORTRAN 
statement. In this case, the next nonblank character may 
begin a FORTRAN statement number (i.e., mm...m 
statement-text).

- If an ampersand is the first nonblank character following 
the line number, the next significant character is 
assumed to be a continuation of the previous statement in 
the previous line of input. (A blank character is 
significant only as a continuation of a character string 
from a preceding line.) The effect of is to suppress 
the previous carriage return as an end-of-statement 
indicator.
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* (asterisk) or C - If the line number is terminated with an asterisk or
the letter C, the information following is assumed to 
be a comment. The comment itself is terminated by a 
carriage return.

# (number sign) - If a numeric character is desired in column 1 of the
card image and line numbers exist in the source file, a 
number sign (#) character immediately following the 
line number causes the character following it to be 
placed into column 1.

A semicolon within a noncomment line indicates both the end of the 
preceding statement and that any significant information (nonblank, noncarriage 
return) following it begins a new statement. The new statement can include a 
FORTRAN statement number, mm...m.

The format of a statement, as entered following a blank control character,
is :

. . . nn# mm. . ,m FORTRAN-language text

(The statement-format portion is underlined.)

where : /. . . ]6 are optional blanks, and
is an optional numeric statement number that must be equal 
to or less than 99999

mm...m

BLANKS (OR SPACING) WITHIN A LINE OF INPUT

Initial, embedded, or trailing blanks in a line of input have no 
significance in its interpretation, except that blanks are illegal within the 
line number and that the nonnumeric character (including Y>) immediately 
following the line number is interpreted as a control character. Thus, spacing 
can be used quite freely within a line of input in the interest of legibility. 
(Blanks within character constants and nH fields — i.e., alphanumeric 
information — are meaningful however, and are retained in the object program 
coding.)

Note that the line/statement format is, except for the relative position of 
the control character, completely free-form, or position independent.

To this point, the discussion of line format has been oriented to the NFORM 
form described earlier in this discussion. This is generally the most 
convenient form to use in time sharing. It is not mandatory, however. The 
source file can be built using the Text Editor and be without line numbers. The 
NLNO option permits this. Or, the source can be in "fixed" format (without line 
numbers). The FORM option can be used to indicate this. The full spectrum of 
line formats and source file recording modes is available to the time sharing 
user.
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Correcting or Modifying a Program

Keyboard input is sent to the computer and written onto the user's current 
file in units of complete lines. A line of terminal input is terminated by a 
carriage return and no part of the line is transmitted to the system until that 
carriage return is given. Therefore, corrections or modifications can be done at 
the terminal at two distinct levels:

1. Correction of a line-in-progress (i.e., a partial line not yet 
terminated).

2. Correction or modification of the program (i.e., the contents of the 
user's current source file) by the replacement or deletion of lines 
contained therein, or the insertion of new lines.

The correction of a typing error that is detected by the user before the 
line is terminated can be done in one of two ways; delete one or more characters 
from the end of the partial line or cancel the incomplete line and start over. 
Use of the delete control character deletes from the line the character 
preceding the deletion character; use of n consecutive deletion characters 
deletes the n preceding characters (including blanks). Delete control characters 
differ between makes of terminals.

Correction or modification of the 
of line numbers and proceeds according

current source file is done on the 
to the following rules:

basis

1. Replacement. A numbered line replaces any identically numbered lire 
that was previously typed or contained on the current file (i.e., the 
last entered line numbered nnn will be the only line numbered nnn in 
the file).

2. Deletion. A "line" consisting of only a line number (i.e.,
the deletion of any identically numbered line that was 
typed or contained on the current file.

nnn) causes
previously

3. Insertion. A line with a line-number value that falls between the 
line-number values of two pre-existing lines is inserted in the file 
between those two lines. If the line number is less than the first 
line number it is inserted at the beginning of the file; if greater 
than the largest line number, it is inserted at the end of the file.
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At any point in the process of entering program statement input, the LIST 
command can be given, which results in an up-to-date copy of the current file 
being printed. In this way, the results of any previous corrections or 
modifications can be verified visually. Following the response (or command) OLD 
filename, the LIST command can be used initially to inspect the contents of the 
current source file (i.e., the "old" program).

Input Error Recovery

The decimal input/output routine permits the time sharing user (BCD or 
ASCII) to correct a string of characters entered from a terminal when a 
character is illegal for the current format conversion. For example: a decimal 
point is illegal in an "I" field. The current input line is printed on the 
terminal with a pointer to the illegal character. The user can now enter a 
correction to replace the corresponding characters previously entered. The 
input/output routine resumes with the new string. If the user responds with a 
carriage return, an error message is printed.

Time Sharing System Definitions and File Specification

An explanation of time sharing terms and file specification is given in 
Appendix D.

The YFORTRAN Time Sharing System RUN Command

The YFORTRAN time sharing RUN command can be written as either RUN or RUNH. 
The RUNH form is used to display a heading line on the terminal giving date, 
time, and SNUMB. Any of the seven following options can be specified with the 
RUN (or RUNH) command:

-nnn fs = fh ;fc (opt) ulib #fe

If any of the options fh, ;fc, 
used, the equal sign (=) must 
options are described below:

or (opt) of the RUN or RUNH command are 
be included in the string. The RUN command

-nnn nnn is the maximum processor time the program is to be allowed for 
execution (in seconds).
is the set of file descriptors (separated by semicolons) for source 
files in the standard BCD card image format, in compressed card 
image format (COMDK), or in time sharing ASCII standard system 
format and/or descriptors for binary card image object files. 
These files serve as inputs to the compiler and/or loader. Where a 
BCD or COMDK source file is supplied, fs can also include a 
descriptor for an alter file in BCD format. The alter file must 
begin with a $ UPDATE card and must be in alter number sequence. 
If there are many BCD or COMDK source files in the list, the alter 
file updates the first. Alternatively, the list fs can consist of 
a single file descriptor that points to a previously generated 
system loadable (H*) file. Concatenation of source files is 
provided by using a separate semicolon between each file 
descriptor.

A file descriptor consisting 
the current file (*SRC). The 
missing, indicates that only 
compiled.

of the single character * indicates 
fs list is optional and, when 
the current file (*SRC) is to be
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fh is a single file descriptor of a random file into which the system
loadable file (H*) produced by the General Loader is saved if the 
compilation is successful. This file is written if no fatal errors 
occur during compilation. If the named file does not exist, a 
permanent random file of 36 blocks (llinks) is created and added to 
the user's catalog. If the field is missing, the H* file is 
generated into a temporary file. The presence of this option is 
valid only when the program indicated by the list fs, the FORTRAN 
library, and the user library (if any) is bindable (no outstanding 
SYMREFs). If the General Loader indicates that outstanding SYMREFs 
exist, an executable H* file is created, but any reference to an 
unsatisfied SYMREF causes the program to be abnormally terminated. 
(The General Loader inserts a MME GEBORT at references to 
unsatisfied SYMREFs. When a MME is encountered during the
execution of a time sharing subsystem, GOOS and the Time Sharing 
Executive simulate an illegal operation fault.)

;fc is a single file descriptor (preceded by a semicolon) of a
sequential file into which the compiler is to place the binary (C*) 
result of any indicated compilation(s)• One object module is 
written to this file for each source program in the file(s) given 
by fs. If the named file does not exist, a permanent linked file 
of three blocks is created and added to the user’s catalog. This 
file expands as necessary to hold the object decks. In this case, 
the field fs plus the libraries need not indicate a complete 
program (individual or collections of subroutines can be compiled 
and saved). When this optional field is missing, a C* file is not 
generated. When present, the DECK option is activated for the
compilation process.

(opt) is a list of options which, when specified, must be separated by 
commas. Some of these options affect the compilation process and
some affect the loading process. The following options are 
available for time sharing; the default options are underlined.
DEBUG - Generate run time debug symbol table.

NOTE: This debug symbol table is used for debugging in the batch 
mode only. Refer to the General Loader manual for use of 
the debug feature and the debug symbol table.

NDEBUG - No run time debug symbol table is generated.
BCD - Object character set is BCD. If applicable, this option 

must be specified whenever General Loader is to be called. 
This is required for compile, compile and load, and load 
activities; it is not required for execute only runs (run 
H* 'file).

ASCII - Object character set is ASCII.
FORM - Source is in "fixed" format (LNO option is not valid with

FORM).
NFORM - Source is in "free" format.
LNO - Source is line numbered (default option if FORM is not

specified).
NLNO - Source is not line numbered (default option if FORM is

specified).
OPTZ - Optimize the object module.
NOPTZ - Do not optimize the object module.

9/76 3-13 DD02B



NWARN - Do not print any compilation warning messages
CORE=nn - The compilation activity memory requirement is set to 

nnK+6K or 26K, whichever is larger. If not specified, nn 
is set to 20.

- Enables the FORTRAN Debugging SystemFDS (FDS). See Appendix

The remaining options concern the loading process. The underlined option 
is the default (i.e., assumed) case:

GO - The program is executed at the completion of compilation.
NOGO - The program is not executed at the completion of the

compilation. If specified, the object program is saved. If 
no object (H*) save file is specified, only the compilation 
is performed (General Loader is not called).

ULIB - File descriptors exist following the end of the options 
field that allocate user libraries to be searched for 
missing routines prior to searching for them in the system 
library.

NOLIB - No user libraries are to be used.
TIME=nnn- The batch compilation and/or General Loader activity time 

limits are set to nnn seconds; where nnn < 180. If not 
specified, nnn is set to 60.

URGC=nn - The urgency for the batch compilation and/or General Loader 
activity is set to nn, where nn < 40. If not specified, nn 
is set to 40.

TEST - A test version of the compiler is to be used for the 
activity. There must be an accessed file (in the AFT) with 
the name FORTRANY. If these two conditions are met, then 
file FORTRANY is allocated as file code ** in the activity.

REMO - All temporary files are removed from the AFT as they are no 
longer needed. This option keeps the number of files in the 
AFT down to a minimum but causes more time to be spent 
processing each RUN command.

NAME=name-Provides a name for the main link of the saved H* file. Can 
be used both at time of creation of this file and
subsequently as it is reused. This name is placed in the 
SAVE/field of the $ OPTION card.

ulib A list of file descriptors (separated by semicolons)
pointing to random files containing user libraries to be 
searched before the system library. This list must be
provided by the user when the ULIB option is specified.

#fe A list of file descriptors (the first preceded by a number 
sign) for files required during execution. Each 
catalog/file description is separated by a semicolon (see 
Time Sharing Command Language and File Usage in the TSS 
General Information manual). The file description can be in 
any of the following formats:
1. filename specifying a filename in the form nn where 01 

< nn < 43 and nn represents a logical file code 
referenced by the I/O statements in the program.
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2. filedescr specifying a full description.
a. filename
b. filename$password
c• userid/catalog$password...
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The FORTRAN Time Sharing System RUN Command

The FORTRAN time sharing RUN command can be written as either RUN or RUNH. 
The RUNH form is used to display a heading line on the terminal giving date and 
time. Any of the seven following options can be specified with the RUN (or 
RUNH) command:

-nnn fs = fh ;fc (opt) ulib #fe

If any of the options fh, ;fc, or (opt) of the RUN or RUNH command are 
used, the equal sign (=) must be included in the string. The RUN command 
options are described below:

-nnn

f s

is the maximum processor time the compiled object program is to be 
allowed for execution (in seconds).

is the set of semicolon-separated file descriptors for source files 
in the time sharing ASCII standard system format, in the standard 
BCD format, in COMDK form, and/or descriptors for binary card image 
object files. These files serve as inputs to the compiler and/or 
time sharing loader. When a BCD or COMDK source file is supplied, 
fs may also include a descriptor for an alter file in BCD format. 
The $ ALTER file must begin with a $ UPDATE card and must be in 
alter number sequence. If there is more than one BCD or COMDK 
source file in the list, the alter file updates the first. The 
list fs can also consist of a single file descriptor that points to 
a previously generated system loadable (H*) file. Concatenation of 
source files is provided by using a separate semicolon between each 
file descriptor.

fh

A file descriptor consisting of the single character * indicates 
the current file (*SRC). The fs list is optional and, when 
missing, indicates that only the current file (*SRC) is to be 
compiled.
is a single file descriptor of a random file into which the system 
loadable file (H*) produced by the time sharing loader is saved if 
the compilation is successful. If the named file does not exist, a 
permanent (quick access) random file of 36 llinks is created and 
added to the users’ catalog. If the field is missing, no temporary 
H* file is created; instead, the time sharing loader creates a 
complete bound memory-image of the object execution program, 
"releases" itself via DRL RELMEM, and enters the execution 
directly.
If the time sharing loader indicates that outstanding SYMREFs 
exist, any reference to them during object program execution causes 
abnormal termination via a DRL ABORT.

;fc is a single file descriptor (preceded by a semicolon) of a 
sequential file into which the compiler is to place the binary 
object (C*) result of any indicated compilation(s). One object 
module is written to this file for each source program in the 
file(s) given by fs.
If the named file does not exist, a quick access permanent file of 
three llinks is created. This file expands as necessary up to a 
maximum of 20 llinks to hold the object deck(s). When C* is 
specified, a compiler temporary file (*1 scratch) file of 48 llinks 
is defined and its name is placed into the AFT.

(opt) is a list of comma-separated compiler/loader options available in 
the time sharing based FORTRAN system. Those options available 
with the YFORTRAN RUN command but not specified here are not 
currently used with the FORTRAN RUN command. They are ignored if 
specified. Default options are underlined.
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specified).

BCD ■ The internal character set for object program execution is 
BCD. If applicable, this option must be specified whenever 
the time sharing loader is called. This is required for 
compile, compile and load, and load activities; it is not 
required (or interpreted) for execute only runs (from H* 
save file). The user should not load object deck files 
compiled under different options; i.e., one under BCD and 
another under ASCII, since execution results would be 
unpredictable.

ASCII -- Internal character set for the object program execution is 
ASCII.

FORM -- Source is in "fixed" format (LNO is not valid with FORM).

NFORM -- Source is in "free" format.

LNO - Source is line numbered (default option if FORM is not

NWARN - Do not print any compilation warning messages.

NLNO -- Source is not line numbered (default option if FORM is 
specified).

OPTZ -- Optimizer phase is called.

NOPTZ -- Optimizer phase is not called.

FDS - Enables the FORTRAN Debugging System (FDS). See Appendix
F.

The following remaining options concern the loading process:

GO - The program is executed at the successful completion of the 
compile-load process.

NOGO - The program is not executed at the completion of the 
compilation. If specified, the object program is saved. 
If no object (H*) save file is specified, only the 
compilation is performed.

ULIB - File descriptors exist following the end of the options 
field that allocate user libraries to be searched for 
missing routines prior to searching for them in the system 
library. Up to nine user library files can be specified, 
separated by semicolons.

NOLIB - No user libraries are searched. Specification of user 
libraries in this case causes a RUN diagnostic.

CORE = nn where nn is additional memory (mod 1024) to be added to 
the standard time sharing loader allocation of 25K. This 
should be done if the message "<F> PROGRAM EXCEEDS STORE 
SIZE" appears. The compiler attempts to estimate the space 
requirements for the load process by accumulating the size 
of the generated memory, .DATA. region, labeled common and 
blank common for each subprogram compiled; then adding a 
constant (11K for the standard library) to this to arrive 
at the size of a load space requirement. If the message 
’NOT ENOUGH CORE TO RUN JOB’ appears, TSS allocation is too 
small to compile/load this program.
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ulib - A list of file descriptors (separated by semicolons) pointing to 
file(s) containing subprograms that have SYMDEF symbols that 
satisfy the undefined SYMREFs in the load table. The list must be 
provided by the user when the ULIB option is specified. The user 
library or libraries are searched in the order they are encountered 
and before the system subroutine library. Each user library must 
be created as a random permanent file by using the batch procedures 
UTILITY, RANLIB, and the Object File Editor.
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#fe - A list of file descriptors (the first preceded by a number sign) 
for files required during execution. Each catalog/file description 
is separated by a semicolon (see Time Sharing Command Language and 
File Usage in the TSS General Information manual). The file 
description can be in any of the following formats:

filename specifying a filename in the form nn where 01< nn <43 
and nn represents a logical file code referenced by the I/O 
statements in the program.

2. filedescr specifying a full description.

a. filename
b. filename$password
c• userid/catalog$password ...

Example:

1. Create a random file to contain the user’s library with the ACCESS 
subsystem. ACCESS CF,/ULIB1,B/50,50/,R,MODE/R/

2. Deck setup for creating and saving a user library file (through CARDIN 
or batch).
1_ 8 16

$ IDENT
$ USERID UMC$PASSWD

A$ FILEDIT NOSOURCE,OBJECT,INITIALIZE
$ FILE R*,F1S,1OL
$ DATA *C,,COPY
$ SELECTD UMC/OBJDECK1
$ SELECTD UMC/OBJDECK2
$ SELECTD UMC/OBJDECK3
$ ENDEDIT
$ ENDCOPY

A$ PROGRAM RANLIB
$ PRMFL A4,W,R,UMC/UL1B1
$ FILE R*,F1R,1OL
$ ENDJOB

Information Common to the FORTRAN and YFORTRAN Time Sharing Systems

Descriptions of compiler diagnostics are included in Appendix B.

For files required during execution the user will, most commonly, apply an 
alternate name specified in the following format.

filedescr "altname" where altname = nn; attaching the logical file code nn 
to the specified file.
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File codes 05, 06, 41, 42, and 43 are implicitly 
directed I/O and need not be mentioned in the RUN command 
directed to a file. Other logical file codes can be 
specifying a descriptor of the form "nn". For example:

defined for terminal 
unless I/O is to be 
terminal-directed by

RUN#"IO"

If a given file descriptor consists of only an unquoted 2-digit logical 
file code, a temporary file is created for the user unless a quick-access 
permanent file with the same name already exists. The PERM command can 
subsequently be used to make the temporary file permanent. Alternatively, such 
temporary files can be made permanent at the time the user logs off. For 
example:

RUN PROGRAM#10

If no file exists in the user's catalog with the name 10, a linked 
temporary file is created with that name and I/O directed to the logical file 
code 10 is routed to the temporary file.

The fe list of the RUN command serves two additional functions: creation of 
a file control block and association of the logical file code with some specific 
file or the terminal. When this association involves a catalog file descriptor, 
that file is accessed (or created if so indicated) and added to the user's 
available file table (AFT). The file is then said to be allocated to the 
process. This is analogous to the allocation by the $ PRMFL and $ FILE control 
cards in a batch operation.

When a file is first referenced by an executing program, a general file 
"open" function is invoked. At this time, the file control block comes into 
play. There are three possibilities.

1. There is no file control block for the referenced file.
2. The file control block indicates that the terminal is to be used.
3. The file control block indicates that a file is to be used.

If there is no file control block, one is automatically generated 
indicating that a file is to be used. When the file control block indicates that 
the terminal is to be used, the device attachment is completed and I/O proceeds. 
When the file control block indicates that a file is to be used (cases 1 and 3), 
the AFT is searched. If a match is found (some allocated file has a 2-digit file 
code/name equivalent to the file description in the I/O statement), attachment 
is made to that file and I/O proceeds. If no match is found (there has been no 
file allocation for the current file designator), a comment is displayed on the 
terminal identifying the undefined file designator as follows:

FILE XX NOT IN AFT. ACCESS CALLED

XX is the 2-digit file designator being referenced by the running program. 
At this point, the ACCESS subsystem is called (as indicated by the above 
message) and the following is displayed (by ACCESS):

FUNCTION?
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Commands can now be given to ACCESS. When the dialogue is finished, ACCESS 
returns to the user’s program. The "open” routine then makes a fresh search of 
the AFT. If a match is now found (indicating the user accessed some file), 
attachment is made to that file and I/O proceeds. If a match is not found, the 
file control block is changed to indicate attachment to the terminal and I/O 
proceeds. For example, consider that PROGRAM contains I/O statements with a file 
designator of 10 and the following dialogue has transpired:

SYSTEM? YFORTRAN or FORTRAN 
OLD OR NEW — OLD PROGRAM 
READY 
*RUN
FILE 10 NOT IN AFT. ACCESS CALLED
FUNCTION?

If the user responds with a carriage return, the terminal is used for file 
10. If the user responds:

AF,/MYFILE"10",R,W
the ACCESS subsystem accesses the file MYFILE of the user’s master catalog under1 
the alternate name 10 with read and write permissions. ACCESS then repeats the 
query "FUNCTION?". If the user now responds with a carriage return, I/O for file 
10 is directed to MYFILE.

One additional option exists for the purpose of collecting the results of a 
compiler abort. If at the time the RUN command is issued there exists a file in 
the AFT of name ABRT, that file is allocated to the compilation activity as file 
code *F. In the event of a compiler abort, a memory dump and symbolic display of 
the internal tables is written to this file in a form suitable for printing.

Specify RUN Command as First Line of Source File

A user can include the RUN command as the first line 
file subject to the following restrictions:

or lines of his source

This feature is available on time sharing ASCII files only.
2. The line can be in the current file (*SRC) or a referenced perm-file; 

however, it must begin with the first line of the first source file.
3. The first two characters following the line number must be *#; 

intervening blanks are not permitted.

4. Multiple *# lines can appear in a source file, provided the total 
number of characters does not exceed 480 (six 80-character lines).

5. The lines must conform with the RUN syntax continuation; i.e., each 
line, except the last, must be terminated by a field separating 
delimiter such as the following: equal sign, left parenthesis, right 
parenthesis, comma, or pound sign.

6. The line(s) are
7. The user can 

indicating save

treated as comment line(s) by the FORTRAN compiler.
override the first-line contained RUN command by 
files, options, or concatenation on his RUN type-in.
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The following example illustrates this capability.

*SYSTEM? YFORTRAN or FORTRAN
OLD OR NEW? NEW
*010*#RUN *(20,30)=HSTAR(BCD,NOGO)
*020 PRINT, ’’ HELLO DOLLY ..."
*030 STOP; END
*RUN (Invokes first line syntax)

TSS Run Examples

1. RUN
The current *SRC FORTRAN source file is compiled and executed.

2. RUNH-20 FR001=HSTAR; CSTAR1 (ULIB) ABC; XYZ #
INPUT "01" ; OUTPUT "02"
FORTRAN program file FR001 is to be compiled and executed. The H* is 
saved on file HSTAR and C* on file CSTAR1. For the execution, the 
random user libraries ABC and XYZ are scanned for outstanding SYMREFs 
in FR001. Logical file codes 01 and 02 have been used as alternate 
names for the quick-access permanent files INPUT and OUTPUT. A 
heading line for date and time is displayed and the object program is 
limited to 20 seconds of execution time.

3. RUN #"10"
The current *SRC file is compiled and executed and I/O through logical 
file code 10 is directed to/from the terminal.

4. RUN BCDIOM = ; CSTAR2 (BCD,NOGO)
FORTRAN file BCDIOM is compiled and the object deck is saved on file 
CSTAR2. The user intends to execute the object file in the BCD mode.

5. RUN HSTAR #02
Execute a previously bound and saved H* file. The quick-access file 
"02" is accessed by the RUN subsystem. If no such file exists, a 
temporary file is created.

6. RUN = HSTAR (TIME=60, CORE=22, ULIB) SEARCH
Compile and execute the current *SRC file, saving the bound H* file on 
random file HSTAR. Limit the compile time to 60 seconds and increase 
the memory limits. The random user library ’SEARCH1 is searched to 
satisfy outstanding SYMREFs prior to searching the standard system 
library.

7. RUNH * (10,190) ; SCRLIB(300,)
Compile and execute the program by concatenating the current file 
lines 10 through 190 and file SCRLIB lines 300 through the last line 
of the file.

8. RUN *; CSTAR1; CSTAR2

Compile and execute the current *SRC file and bind it with two 
previously saved C* files: CSTAR1 and CSTAR2.
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Additional examples are given in Section V under "File Designation" and in 
Time Sharing Applications Library Guidef Volume III Industry manual.

Batch Activity Spawned by the YFORTRAN Time Sharing System RUN Command

As an example of the simplest case, consider that some source file is 
current in *SRC, and a RUN command is typed with none of the optional fields. A 
job setup comparable to the following is dispatched to the batch system.

$ SNUMB nnnnT,40
$ USERID
$ IDENT
$ LOWLOAD
$ USE •GRBG./36/
$ OPTION NOFCB,FORTRAN
$ OPTION NOGO,NOSREF,NOMAP,SAVE/OBJECT
$ USE .GTLIT,.TSGF. ,.FTSU.,.FXEMA

A$ FORTY NLSTIN,NFORM,ASCII
$ LIMITS 2,26K
$ FILE S*,X1R (source file *SRC)
$ FILE P*,X2S (diagnostic report only)

A$ EXECUTE
$ FILE P*,X2R
$ FILE H*,X3R,3R (bound program)
$ ENDJOB

The results of compilation and loading are returned on files P* and H*. P* 
is read and scanned for compiler and/or loader diagnostics. These are displayed 
on the terminal and if there have been no fatal errors, the fully bound program 
is loaded from H* and execution proceeds.

Batch Activity to Build Time Sharing H* File

The following example 
sharing H* file in batch.

program illustrates a method of building a time

$ SNUMB
$ IDENT
$ LOWLOAD
$ LIBRARY DC, JT
$ USE .GRBG./36/
$ OPTION NOFCB,NOGO,SAVE/OBJECT
$ USE .GTLIT,.TSGF.,.FTSU.,.FXEMA

A$ FORTY NFORM,NLND,ASCII,NWARN
$ SELECTA RDCNET/SSTAR

A$ EXECUTE DUMP
$ PRMFL JT,R,R,FY/F8LIB
$ PRMFL DC,R,R,FY/ULIB
$ PRMFL H*,R/W,R,FY/HSTAR
$ ENDJOB

NOTE: The inclusion of the $ USE .GRBG./36/ control card in this example 
causes the first 36 words in the blank common storage area to be 
lost.
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Time Sharing System RUNL Command for Link/Overlay

A special form of the RUN command, RUNL, permits link/overlay H* files to 
be constructed. When a bound object program is too large for execution under 
time sharing, segmentation using the RUNL command offers an alternative.

Before the RUNL command can be used, a separate RUN command with, the NOGO 
option must have been specified to create each of the C* files that will be use 
in the RUNL command.

The RUNL command has the form:
RUNL C*file list = H*file (options) £ulib files^j ; link list

The command is RUNL or RUNLH. The latter form displays heading with date 
and time (and SNUMB if YFORTRAN).

C* file list - The set of file descriptors for the binary object image 
files for the nonoverlayed main program link.

H* file

options:
ULIB

CORE = nn

— a single file descriptor of a random file into which the 
system loadable file produced by the loader is saved if the 
load process is successful. If the named file does not 
exist, a file of 216 llinks (random temporary) is created.

- File descriptors exist following the end of the options 
field that locate user libraries to be searched prior to 
searching the system library. The load process for each 
link involves searching the same set of user libraries 
first.

- The YFORTRAN memory requirements are set to nn+6K or 26K, 
whichever is larger. If not specified, nn is set to 20.
The FORTRAN link loader memory requirement is nnK if < 23K 
or nnK if nn > 23.

NAME = name

MAP

GO

- Provides a name for the main link of the saved H* file; 
when not provided, the name "//////" is used.

- If the user has previously defined a file with the name 
PSTR, a load map of the link/overlay save file is written to 
that file. Otherwise, a temporary file is created by that 
name and the output is written to that file. This feature 
is currently available only under the YFORTRAN system.

- Allows a user to enter execution directly from the RUNL 
command; the default is NOGO. The user must provide for run 
time file definition and dynamic attaching through "CALL 
ATTACH", etc. If it is necessary to specify through RUN the 
necessary object time files, the user must explicitly use 
the RUN syntax after creating the link/overlay H* file. For 
example,
RUN HSTAR#INPUT"01";OUTPUT"02"
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link list - A sequence of link phrases wherein each link phrase is used to 
specify the position at which segmentation is to take place. 
When the link phrase is encountered in the RUNL command, all 
object deck files for the link being terminated have been 
copied to the loader input file R*. The link phrase is parsed, 
resulting in the generation of a $ LINK card image and possibly 
a $ ENTRY card image being written to R*. The link phrase has 
the following formats:

LINK(name1,name2) C*file list for namel
LINK(namel,name2,entry) C*file list for namel
LINK(namel,,entry) C*file list for namel
Namel (a five- or six-character constant or variable) is a 
unique identifier for the new link; name2f if present, is the 
identifier of previously loaded link to be overlayed. The new 
link assumes the origin of the old link. All links to be 
overlayed are written in system loadable format. Entry, if 
specified, is the name of the desired primary or secondary 
SYMDEF entry point of a subprogram in the current link.

Subprograms contained in any other link can always reference 
subprograms in the main link. Only cross-references between 
subprograms in links that reside in memory at the same time can 
reference each other. For example, if link B is loaded as an 
overlay of link A (LINK (B,A)), the subprograms of link B 
cannot reference subprograms of link A.

Notes on Use of RUNL Command

1. To ascertain the size required to allocate to a permanent H* save 
file, create a temporary file by means of RUNL. Then use the LENGTH 
command to display "used" number of llinks. This number can be used 
as a current size on the permanent H* save file creation. A temporary 
H* file created by RUNL has a size of 216 llinks.

2. The "PSTR" load map generated by the General Loader can be sent to a 
remote station or central site printer, provided it is a permanent 
file. For example:
PERM PSTR;PS Make file permanent if temp used
SCAN PS
FORM? LOAD Print number of errors
000 ERRORS
EDIT? YES For multiple-blank suppression
?BATCH
STATION CODE Reply XX or carriage return

XX - remote station code
carriage return - central site printer

$ IDENT Input batch $ IDENT card
Alternatively, a BMC run in batch can print the file.

3. A temporary H* save file cannot be command-loaded; use the LODT 
command (not LODX). The YFORTRAN or FORTRAN RUN command should be 
used, since run time files can then be specified.

4. The name of the main link is //////, unless NAME=name is used as an 
option. The user must specify the name when loading the H* save file.
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Creating a multiple-line embedded RUNL command is the best way to 
deal with a long, complex command. For example:
1*#RUNLH MAIN; SUB1?SUB2=HSTAR (ULIB,MAP)
2*#FY/SDL7LIB,R;
3*#LINK (A)SUB3;SUB4;
4*#LINK (B,A,ENTRY5)SUB5;SUB6;
5*#LINK (C,B)SUB7;SUB8
Observe rules for line termination.
After the loader builds the H* save file containing the links 
necessary to 
program function, 
library l 
callable from the 
transfer control 
SYMDEF must be specified in 
can be called to 
in the program 
follows:

to reload these links in the order required to achieve the 
Reloading is done by means of a time sharing 

routine (FTLK) that has two entries, LINK and LLINK. LINK is 
FORTRAN source to load a particular link and 
to a predesignated entry within that link. This 

“ * L "entry" field of the link phrase. LLINK 
load a particular link and return control to the part 
at which LLINK has been called. The two calls are as

CALL LINK ("A ")
CALL LLINK ("B ")
The link names must be either five or six characters in length, blank 
filled as needed.

7. When using FORTRAN random I/O, the CALL RANSIZ statement must be 
placed in the main link. This assures proper file .wrapup by forcing 
the random I/O subroutine FRRD to reside with the main link in memory 
at all times.

Example of RUNL Inputs and Link H* Creation

Ten subroutines plus a main program are to be executed under time sharing. 
The first overlay, link A, is to have three subroutines. The second. overlay, 
link B, four subroutines, and the third overlay, link C, three subroutines.

1. Compile and save the C* object deck files (CSTAR) for each program.

RUN MAIN = ;CSTAR1(NOGO)
RUN SUBA;SUBB;SUBC =;CSTAR2(NOGO)
RUN SUBD;SUBE;SUBF;SUBG =;CSTAR3(NOGO)
RUN SUBH;SUBI;SUBJ =;CSTAR4(NOGO)

2. Create a link overlay H* file (HSTAR) using RUNL.
RUNL CSTAR1 = HSTAR(ULIB,MAP) ULIB1;
LINK(A) CSTAR2; LINK(B,A,ENTRYB)CSTAR3;LINK(C,B) CSTAR4

3. Load and execute the H* save file and specify run time input/output 
files.

RUN HSTAR#INPUT"41";OUTPUT"13"
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