





If the same data value is to be repeated, it may be specified by placing the number of repeti-
tions desired, an asterisk (*), and the data value inside of the slashes as follows. The DATA state-
ment

DATA (Z(I),I=1,5)/5%2/
will assign a value of two to all elements of the array A(1) through A(5). If the number of values
does not match the number of variables, the value list will be rescanned from left to right until all
of the variables are filled. The DATA statement

DATA (Z(I),I=1,5)/1,2,3/
will assign a value of one to Z(1) and Z(4), a value of two to Z(2) and Z(5), and a value of three to
Z(3).

Data statements may appear with or without a statement label as:
DATA A/5/ unlabeled
2 DATA B/7/ labeled

Labeled and unlabeled data statements are treated quite differently and it is important that
the user understand this difference. Unlabeled data statements are used to initialize variables, and
are executed only once;‘namely, just before the first executable statement in the program. Labeled
data statements technically are not declaration statements since they are executable statements. They
are executed according to their position in the program, they are executed every time that they are

encountered, and may be used to initialize and reinitialize variable values.

) Example
>ENTER 10(10)
10. 1 CONTINUE
20. DATA A/1/
30. 2 DATA B/2/
40. DISPLAY A,B
50. A=3
60. B=4
70. GO TO 1
80. END
90. (p®)
>RUN
1. 2.
3. 2,
3. 2.
3. 2.
3. 2.
3. 2.
3. 2,
3. 2.
3.
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DIMENSION DECLARATION

All arrays used in FORTRAN IV must be dimensioned to reserve sufficient space in the computer
memory for all elements of the array. Dimension statements identify all array variables in the pro-
gram by name and indicate how many memory locations are to be assigned to each array variable. The
general form for a one dimensional érray is as follows:

DIMENSION array name (first element:last element)

Any legal variable name may be used as an array name. However, if a variable is used as an
array name, it should not be used as a variable name. The boundaries of the array appear in paren-
theses. The lower boundary or first element is presented first; the upper boundary or last element
of the array is presented last. The array elements must be specified by integer constants in the
main program. In a subprogram they may be specified by variables. The elements may be positive or
negative integers. For example, the declaration

DIMENSION A(-4:6)
would reserve space for the eleven element array A(-4) through A(6). If the first element of an array

is one, only the last element need be listed.

For example, the declaration
DIMENSION MIN(25)
is equivalent to the declaration
DIMENSION MIN(1:25)

Multidimensional arrays use an extended version of the DIMENSION declaration as follows:
array ( first |, last first , last )
sees

DIMENSION name elementl'elementl’ elementz'element2

For example, the dimension declaration
DIMENSION R(0:6,-4:4)
would set up an array with the range R(0,-4) through R(6,4).

Space is reserved for multidimensional arrays as though they were linear strings. The ele-

ments are stored in the string column by column varying the first dimension first, the second second,

etc. For example, the array A(M,N) would be stored as follows:
ApLivRo,10Rs, 10 A, oA 2R, 208,20 A 20 AN
An array also may be dimensioned in a Type Declaration statement using implied dimensioning.

Implied dimensioning; for example, COMPLEX A(10,5), will be covered in the section on Type Declaration.

If an array is dimensioned in the main program, there is no need to redimension it in a sub-
program if it is passed to the subprogram as a parameter. If a COMMON declaration is used to pass the

array however, the array must be redimensioned in the subprogram.
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COMMON DECLARATION

COMMON declarations are used to assign data to an area of 'common storage" which may be re-
ferred to by the main program and all subprograms (§ubroutines, functions, and segments) in which a
COMMON declaration appears. Unless a variable is specifically declared to be COMMON it will exist
(have a particular value) only in the main program or subprogram in which it was given the value. The
COMMON declaration has the following form:
COMMON variable list

Example
COMMON A,B,I

The variable list consists of the names of single variables or arrays which are assigned to
common storage in the order in which they are listed. The COMMON declaration is position oriented;
that is, the variable name itself is not important (except that it specifies the mode of the data),
it is the variable position in the list that must be considered. For this reason a common value need
not have the same variable name in the subprogram that it does in the main program. The variables

must, however, have the same mode (integer, real, et_c.).1

Example
COMMON A,B,C - Main Program

COMMON X,Y,Z Subprogram
In the above situation A has the same value as X, B the same as Y, and C the same as Z.

NOTE: If an array is passed to a subprogram using just the array name, the array must be re-
dimensioned in the subprogram.
DIMENSION A(10,10)
COMMON A ->
COMMON C
DIMENSION C(10,10)

Main Program

> Subprogram

If the array dimensions are included in the COMMON statement, the array is not redimensioned
in the subprogram. '
DIMENSION A(10,10)
COMMON A(10,10)
COMMON C(10,10) Subprogram

} Main Program

1One exception exists to this rule. REAL and INTEGER modes may be interchanged. This is possible be-
cause REAL and INTEGER values both occupy two words of storage. Since the COMMON statement is posi-

tion (word length) oriented, a variable which is declared REAL in the main program and INTEGER in the
subprogram will still be reading the correct number of words and therefore maintain the correct posi-
tion orientation.
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TYPE DECLARATIONS

Type Declaration is used to override the implied mode of a variable or function name. Unless
the mode of the variable or function name has been changed explicitly in a type statement, all vari-
ables and functions beginning with the letters I, J, K, L, M, or N are typed as integers and all other
variables and function names are typed as real. The general form of the Type Declaration Statement is
as follows: ‘ '

Type of Variables variable list

The type specified may be INTEGER, REAL, DOUBLE PRECISION, COMPLEX, or LOGICAL.

Examgles
INTEGER A,POUND,GAL,R

REAL I,MIN,MAX

DOUBLE PRECISION ART,HAR,STD,MEAN,X
COMPLEX B,J,T,COM

LOGICAL FIR,SEC,TR,N

The variables in the list following the Type Declaration Statement are all declared to be of
that mode; thus, A,POUND,GAL,R store integer values; B,J,T,COM store complex values, etc.

A program may have as many Type Declaration Statements as are required. All of the Type Dec-
larations are executed before the first "executable' steﬁ in the program; therefore, a type declara-
tion may not be used to change the mode of a value while the program is being run. The mode of a
value may be changed during program execution by assigning the value to a new variable (a value assumes
the mode of the variable in which it is stored), or by using one of the intrinsic functions specific-

ally designed to convert a variable from one mode to another.

Dimensjoning With Type Declaration Statements

The Type Declaration Statement also may be used as an implied dimension statement. Variables
that are arrays may be subscripted in the Type Declaration to indicate the desired dimensions of the
arrays, thus eliminating the need for a DIMENSION statement. For example, the following DIMENSION and
Type Declaration statements
"REAL - MIN,MAX
DIMENSION MIN(16,16) ,MAX(20,20)

may be replaced by a single Type statement using implied dimensioning as follows:
REAL MIN(16,16) ,MAX (20,20)
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F. SUBPROGRAMS - FUNCTIONS - AND SUBROUTINES-

A subprogram consists of a group of one or more statements which are stored together outside
the main program and which may be called by a name assigned to the group. There are two general

categories of subprograms; the function subprogram and the subroutine subprogram.

A function subprogram is designed to return a Single result and is called merely by the ap-
pearance of the function name with the appropriate arguments. Three categories of function subpro-

grams are covered“below: the Statement Function, Library Functions, and the Function Subprogram.

A subroutine subprogram is not designed to return a specific result. A subroutine must be

called explicitly by a CALL statement and may or may not return values.
Two separate steps are necessary if a subprogram'is to be used:

1. The function or subroutine must be defined unless it is a library function

(which is defined internally).

2. The function or subroutine must be called.

STATEMENT FUNCTIONS

Statement functions are used when a single expression is to be performed repeatedly in the

main program or one of the subprograms.

Defining A Statement Function
Statement functions are defined with a single statement as follows.

function dummy = expression
name arguments P )

Example

FUNCT[A,B] = A**2 + B*2 - C

Any legal variable name may be used as a function name. The function will be of the same mode
as this variable. The dummy arguments may be simple variables or array names (they may not be con-
stants, subscripted variables, nor expressions). The dummy arguments are replaced at the time of exe-
cution by the actual arguments, which are supplied when the function is called. Every function must
have at least one dummy argument. The dummy arguments are not considered to have mode. Mode is as-

sumed only after the actual argument has replaced the dummy argument.

The expression defines the computations which are to be performed whenever the function is
called. In addition to the variables appearing as dummy arguments, the expression also may contain
variables from the program or subprogram in which the function is defined and called. Note however

that statement functions are not recursive; that is, the function name may never appear in the
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expression. For example, the expression FUN[A,B] = A+B+FUN[3.1,4.1] is not allowed.

Calling A Statement Function

Statement functions may be called only in the program or subprogram (function, subroutine or

segment) in which they are defined. ‘The function is called by the appearance of the function name

and the argument list (in brackets). A function may be used anywhere that an arithmetic expression
may be used, such as in a replacement statement (A = FUNT[3.1,5.9] + 9*X42), or in a DISPLAY statement
(DISPLAY FUNT[5,6]). The appearance of the function with the actual arguments in brackets causes the
computations specified in the expression to be performed. The resulting value then replaces the func-
tion reference in the arithmetic expression, DISPLAY statement, etc. The value returned will assume
the mode of the function. NOTE: Unless specified in a Type statement, all function names beginning
with I through N will return integer values, all others will return real values. The actual arguments
used in calling a function may be constants, subscripted or non-subscripted variables, array names, or

arithmetic expressions.

Examgle
>ENTER 10(10)
10 C: MAIN PROGRAM
20 SROOT [A,B] = (A**2+4B*%2)%*(1/2)
30 A = 3.0
40 ANS = SROOT [A,4]
50 DISPLAY 'SQUARE ROOT =', ANS
60 END
70 DC

>RUN‘

The function was defined in statement 20. The function wés called in statement 40. The func-

tion was not given a specific type, therefore the real mode was assumed.

LIBRARY FUNCTIONS

Many functions which are commonly used are stored permanently on the system as library func-
tions. The library includes a variety of functions which may be used for computing trigonometric
functions (angles must be specified in radians), comparing variable lists, converting modes of variables

within an expression, computing logarithmic functions, and so forth.

The library functions may be used simply by naming the function and placing the argument list
in brackets as follows:

function name [arguments]
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Exggple
SIN [2.3145]

The library functions are treated as expressions and may be used in replacement statements
(A = SIN [1.596], in DISPLAY statements (DISPLAY EXP [1.957]), etc. The following list includes all
of the CCS FORTRAN IV functions in the library. The list specifies the form of the function, the
mathematical expression represented, the number of arguments required, the mode of the arguments, and
the mode of the function.

No. Mode of
Function Statement Form Expression Arg's Argument Function
Arctangent ATAN[arg] arctan (a) 1 Real Real
DATAN [arg] 1 Double Double
ATAN2[arg,,arg,] 2 Real Real
DATAN2 [arg; ,arg,] arctan (X,Y) 2 Double Double
Cosine COSfarg] cos. (a) 1 Real Real
DCOS[arg] 1 Double Double
CCOS[arg] 1 Complex  Complex
Hyperbolic Cosine COSH[arg] cosh (a) 1 Real Real
Hyperbolic Sine SINH[arg] sinh (a) 1 Real Real
Hyperbolic Tangent TANH[arg] tanh (a) 1 Real Real
| Sine SIN[arg] sin (a) - 1 Real Real
DSIN[arg] 1 Double Double
CSIN[arg] 1 Complex Complex
Exponential EXP[arg] ed 1 Real Real
DEXP [arg] 1 Double Double
CEXP[arg] 1 Complex  Complex
Natural Logarithm ALOG[arg] 1 Real Real
‘ DLOG [arg] in (a) 1 Double Double
CLOG[arg] 1 Complex Complex
Common Logarithm. ALOG10[arg] logyg(a) 1 Real Real
DLOG10[arg] 1 Double Double
Square Root SQRT[arg] 1 Real Real
DSQRT[arg] /a 1 Double Double
CSQRT[arg] 1 Complex Complex
Absolute Value ABS[arg] 1 Real Real
IABS[arg] |a] 1 Integer Integer
"~ DABS[arg] 1 Double Double
CABS[arg] /(aZ + b?%) 1 Complex Real
for a + bi
Maximum Value AMAXO 2+ Integer Real
AMAX1 2+ "Real Real
MAXO Max(al,az..) 2+ Integer Integer
MAX1 2+ Real Integer
DMAX1 2+ Double Double
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No. Mode of
Function Statement Form ) - Expression Arg's Argument Function
Minimum Value AMINO 2+ ; Integer Real
AMIN1 . 2+ Real Real
MINO Min(al,a2..) 2+ ‘ Integer Integer
MIN1 . 2+ Real Integer
DMIN1 2+ Double Double
Remaindering AMOD[arg, ,arg,] a, (mod a.) 2 Real Real
(Modular arithmetic) DMOD[arglargz 1 2 2 Double Double
, MOD[argl,argz] 2 Integer Integer
Positive Difference DIM[argl,argz] al-Min(al,az) 2 Real Real
IDIM[argl,argz] 2 Integer Integer
Truncation AINT 1 Real Real
INT 1 Real Integer
IDINT 1 Double Integer
Float FLOAT[arg] Conversion 1 Integer Real
Integer to Real
Fix IFIX[arg] Conversion 1 Real Integer
Real to Integer
Transfer of Sign SIGN[argl,argz] Sign a, 2 Real Real
ISIGN[argl,argz] ‘ times |a1| 2 Iﬁteger Integer
DSIGN[argl,argz] , ) 2 Double Double
Most Significant Part SNGL[arg] 1  Double Real
of Double Precision :
Argument
Real Part of Complex REAL[arg] : a for a + bi 1 Complex Real
Argument
Imaginary Part of AIMAG[arg] b for a + bi 1 Complex Real
Complex Argument : 7
Single Precision DBLE[arg] 1 Real Double
Argument in Double
Precision Form
Two Real Arg's in CMPLX[argl,argz] a; + azi 2 Real Complex
Complex Form
Obtain Conjugate of CONJG[arg] 1 Complex  Complex
a Complex Argument

FUNCTION SUBPROGRAMS

Most useful functions cannot be defined by a single expression and'therefore must be stored in
a function subprogram. A function subprogram may contain any'set of computations desired, but is de-
signed to return one specific value, although other values may be returned. The function subprogram

possesses a certain degree of independence and often may be debugged and run separately from the main
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program. A function subprogram may call any subprogram (function, subroutine, or segment) including
itself, and thus may be used recursively.

Defining A Function Subprogram

A function subprogram always must have as its first statement a FUNCTION declaration and as
its last statement an END declaration.. Also, it must contain-at least one RETURN statement, at least

one dummy argument, and one value must be assigned to a variable with the same name as the function.

The FUNCTION declaration tells the system that it is now entering a function subprogram, sup-
plies the name of the function subprogram, and lists the dummy arguments., The general form of the
declaration is as follows:

FUNCTION function name [dummy arguments]

END

Any variable or array name may be used as a'dummy argument. These arguments are merely place
holders and will be replaced by the actual arguments specified when the function is called. At least
one dummy argument must be specified, although more may be specified if desired. (Dummy arguments are
covered more fully at the end of this section.)

Within the function subprogram, the value that is to be returned must be stored in a variable
that has the same name as the function. The value stored in this variable will be returned to the

place at which the function was called when a RETURN statement is executed.

Example Of A Function Subprogram
FUNCTION HYP [A,B]
IF ((A .EQ. 0) .OR. (B .EQ. 0)) GO TO 100
HYP = SQRT[A42 + B#2]
" RETURN
100 DISPLAY "ONE OF THE SIDES IS 0"
RETURN
END

Type Specification Of A -Function Subprogram

The mode of the variable used as the function name determines the mode of the value returned.
The implied mode will be assumed unless a specific type is specified using a Type Declaration State-
ment in the calling program or in the FUNCTION statement. If the mode of the function subprogram is

to be specified in the FUNCTION declaration, the following general form is used:
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Type of Variable FUNCTION function name [argument list]

The mode specified may be INTEGER, REAL, COMPLEX, LOGICAL, or DOUBLE PRECISION.

Example
REAL FUNCTION INT [A,B,I,R]

INT = A+B*I/R
RETURN
END

In the above example the value returned, INT, will be in the real mode. Had the type not been

specified the integer mode would have been assumed.

Calling A Function Subprogram

A function subprogram is called automatically whenever its name appears followed by the actual
arguments required. When the function is called, control will be transferred to the statement follow-
ing the FUNCTION declaration. The function subprogram will be executed step by step until a RETURN
statement is executed. Then the value presently stored in the variable with the same name as the

function will be returned and execution of the main program continued.

A function call is treated as an arithmetic expressioh and may appear anywhere that an arith-
metic expression is legal.' The actual arguments may be specified as constants, predefined subscripted

or non-subscripted variables, array names, or arithmetic expressions.

For example, the function subprogram HYP defined earlier might be called in a replacement

statement.

R=5.1

HY = HYP [R,3.2]
NOTE: All variable values are local to the subprogram in which they are defined. If the same variable
value is to be used in a main and subprogram it must be 'shared". Values, other than the "function
value" which is automatically returned to the main program, may be 'shared" by the main and subpro-
grams in one of two ways. They may be passed either as parameters in the argument list or declared in

COMMON using a COMMON declaration in both the main’and subprogram.

Example

The function computes the mean of a series of numbers. The number of values in the series is

given in the main program.
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10 C: MAIN PROGRAM

20 DIMENSION R(200)

30 ACCEPT R Entire array accepted.
40 RM = MEAN [R,200] Function subprogram called.
50 DISPLAY $MEAN = §,RM

60 END

70 C: FUNCTION DEFINED

80 REAL FUNCTION MEAN IS,N]

90 Z=20

100 DO 100 I = 1,N

110 Z = Z+S(I)

120 - 100- CONTINUE

130 MEAN = Z/N

140 RETURN
150 END

Following is an example of a recursive function subprogram (a subprogram which calls itself).

The function computes the factorial of any number N.

50 R = FACTORIAL [7]

60 END

70 FUNCTION FACTORIAL [N]

80 IF (N.EQ.0) GO TO 5

90 FACTORIAL = N*FACTORIAL [N-1]
100 RETURN

110 5 FACTORIAL = 1

120 END

SUBROUTINE SUBPROGRAMS

A subroutine subprogram differs from a function subprogram in that a subroutine subprogram
is not designed to return one specific value to the calling program. A subroutine generally consists
of a set or group of commands which are repeated frequently in the program. By storing the commands
in a subroutine, the command set need only be listed once and may be called any number of times from

anywhere in the program or subprogram.

Defining A Subroutine Subprogram

A subroutine subprogram always must have a SUBROUTINE declaration as its first statement, an
END as the last statement, and at least one RETURN statement. ' The general form of the SUBROUTINE dec-

laration is as follows:
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SUBROUTINE subroutine name [dummy argument list]
RETURN

END

Using arguments in a subroutine subprogram is optional, there need not be any arguments.
Including arguments is merely a convenient way of referring to variable values in the calling program
or subprogram. All of the variable values in the subprogram and main program are local variable
values; that is, they apply only to the subprogram (or main program) in which they were defined and
therefore do not exist in any other subprogram unless they are transferred as parameters in the argu-
ment list or declared in COMMON using a COMMON declaration. If dummy arguments are used they must be
non-subscripted variables or array names. As with dummy arguments in Function Subprograms, no mode
is assumed unless it is specifically declared using a type statement in the subroutine, in which case
the mode of the actual argument will be compared with the mode of the dummy argument and an error mes-

sage returned if they are not the same.

Example
SUBROUTINE EXPRESSION [X,Y,Z]

Z = (X**24Y*¥2)
RETURN
END

in this case the value Z was transferred back to the main program as part of the parameter

(argument) list. It might instead have been shared with the main program using a COMMON statement.

Calling A Subroutine Subprogram - The CALL Statement

A subroutine subprogram must be called explicitly with the command CALL. It may not be re-
ferred to as a function merely by the appearance of its name. The CALL statement has the following
general form:

CALL subroutine name [actual argument list]

When the CALL statement is executed, the dummy arguments are assigned the values of the
actual arguments and control is transferred to the statement following the SUBROUTINE declaration.
The subroutine statements then will be executed in the order indicated until a RETURN statement is
encountered which will transfer control out of the subroutine to the statement following the CALL

statement.
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A subroutine subprogram may be called from the main program or from any subprogram. Sub-

routines are recursive.

For example, the CALL statement for the previously defined subroutine might appear as
follows:

CALL EXPRESSION [T-1.5,7.9, ANSWER]

The entire program might appear as follows.

10 C: MAIN PROGRAM

20 READ (0,50) T

25 CALL EXPRESSION [T-1.5,7.9, ANSWER]
30 WRITE (1,50) ANSWER

35 50 FORMAT (F7.2)

40 END

44 C: SUBROUTINE SUBPROGRAM

45 SUBROUTINE EXPRESSION [X,Y,Z]
55 Z = (X**2+Y**2)

60 RETURN

65 END

NOTE: A subroutine subprogram does not return a specific value. Therefore, the subroutine

name does not have mode. Do not confuse subroutine and function subprograms.

Examgle

5 C: MAIN PROGRAM
10 REAL LOW
15 COMMON LOW, HI
20 ACCEPT A,B

25 CALL ABSOLUTE [A,B]
30 SQ = SQRT [HI - LOW]
35 END
40 C: SUBROUTINE SUBPROGRAM
45 SUBROUTINE ABSOLUTE[X,Y]
50 COMMON H1, H2 4
55 IF (X.GT.Y) GO TO 10
60 HI = X
65 H2 = Y
70 RETURN
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75 10 Hl = Y
80 H2 = X
85 RETURN

90 END

ARGUMENTS

Two types of arguments‘are found in subprograms, the dummy arguments specified in the defi-
nition of the subprogram, and the actual arguments specified when the subprogram is called. Subprogram
arguments are a way of passing information (variable values, array values .etc.) between the calling

program and the subprogram.

Dummy arguments are merely place holders. No space is reserved for them in memory, they
have no mode, and, in the case of arrays, they are never dimensioned. Only non-subscripted variables
and array names may be used as dummy arguments. When a subprogram is called, the dummy arguments will
assume the value, mode, and dimension of the actual arguments listed in the calling statement accord-
ing to their order in the list. Because the replacement process is position oriented, the number of
arguments specified must be the same in both the actual and the dummy argument list. However, the

name of the variables and/or arrays used to store the values may be changed.

Although the dummy arguments are not normally considered to have a mode, mode may be assigned
to them by including a Type declaration statement within the subprogram. When the dummy arguments are
assigned mode, the mode of the actual argument is checked and must agree with the declared mode of the

dummy argument or an error message is returned halting program execution.

The actual arguments which are given when the subprogram is called may be variables, array
elements, array names (in which case the entire array is shared), constants, or arithmetic expressions.
A constant or arithmetic expression is used only to initialize the dummy variables. In this case
information may be passed only to the subprogram, any values assigned in the subprogram to the corre-
sponding dummy variable will not be transferred back to the calling program. If the actual argument
is specified as a variable, array element, or array name, information may be passed both to and from
the subprogram. In this case if the value of the corresponding dummy variable is changed in the sub-

program, the value stored in the actual argument will be changed.

RETURN

Every Function and Subroutine subprogram must contain at least ome RETURN statement. The
RETURN statement is a control command which tells the system to leave the subprogram and return to the

calling program.
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G. PROGRAM- SEGMENTATION

Total program size may be increased from 200 statements to about 600 statements using program
segmentation. Program segmentation requires that the total program be broken into a main program and
segments which may be called from the main program or from another segment. As many as eight segments
may be called provided that the entire program (all segments combined) does not exceed 600 statements
and a single segment does not exceed 200 statements. While the program is running, only one segment
is in memory at one time. The segments not being used are kept on a high speed storage drum. When a
segment is called it is brought into the computer memory and overlays the segment from which it was

called. The old segment is stored on the drum and may be recalled if it is needed.

DEFINING A PROGRAM SEGMENT

A program segment is defined by a SEGMENT declaration statement as follows:

SEGMENT segment name

END

A segment declaration statement may appear anywhere except in the first or main section of the
program. Each segment is considered to be a separate program and may contain one or more subprograms.1
The main program and each segment must be terminated by an END statement. NOTE: If the end of a seg-

ment and the end of a subprogram coincide, only one END statement is required.

A COMMON statement may be used in the segment to transfer variable values to and from the main
program and the segments.

CALLING A PROGRAM SEGMENT

A segment may be called in two ways as follows:
CALL segment name
or

GO TO segment name

When a CALL command is used to call a segment, control is returned to the statement following
the CALL statement after the segment has been executed.

1NOTE: Subprograms may not be shared by the segments. To use the same subroutine in two segments,
the subprogram must be defined in both segments. The COPY command may be used to copy the range of
statements desired.
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When a GO TO command is used to call a segment, control is not returned to the main program

or segment from which the segment was activated.

When a GO TO transfer is used, all variable values from the calling segment not declared in
COMMON will be released when the transfer is made to the new segment to allow more storage of vari-

ables local to. that segment.

FINISH

The execution of a segment may be terminated before reaching the END statement by using a
FINISH statement in the segment. Any number of FINISH statements may be placed in a segment.

NOTE: A FINISH statement in the main program will halt execution of the entire program.
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. >LIST

10. COMMON A»B»Cs AR, SA

20. ACCEPT “TYPE SIDES IN DESCENDING ORDER",A»B»C
30." AR=AREALA,B]

40. DISPLAY ""AREA OF LARGEST SIDE= ", AR
50 GO TO VOLUME

60. END

T0. FUNCTION AREALS1,S521]

80« AREA = S1%S2

90. RETURN

100. END

110. SEGMENT VOLUME

120. . COMMON A,B,»C,AR,SA

130. IF(AR.EQ.0) FINISH

140. VOL =  AR*xC

150. DISPLAY "VOLUME = ",VOL

160+ CALL SUR

170. DISPLAY "SURFACE AREA = ', SA
180« DISPLAY "END"

190. END

200. SEGMENT SUR

210. COMMON A,B»CsAR,SA

220. SA=2% (A*B+A*C+C*B)

230. END ‘

>RUN

TYPE SIDES IN DESCENDING ORDER4,3.2

AREA OF LARGEST SIDE= 12.

VOLUME = 24e.

SURFACE AREA = S52.

END

STOPPED AT: 180.

>
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H. COMMANDS FROM FILES

A COMMANDS file is a file on which the user may store CCS commands and data which would nor-

mally be supplied from the terminal. For example, a COMMANDS file might appear as follows:

QIT, : : '

COPY /DATAl/ TO TEL;

COPY /DATA2/ TO TELp

CONTINUE o

CONTINUED ,

1.1, 3.5, 9.4, 3HEND

7.996, 34579, GRBp
This file would, when called, return control to the EXECUTIVE, copy the files /DATALl/ and /DATA2/ to

the terminal, return to FORTRAN IV, and continue execution of the program.

The FORTRAN IV statement COMMANDS /file name/, which is unique to TYMSHARE, allows the user
to open a COMMANDS FROM file during execution of his program. When the COMMANDS file is opened the
user will be in the direct (CCS) command mode. The first line of the COMMANDS FROM file must be a
direct command or a CCS command. The command CONTINUE will cause the system to resume execution of
the program immediately following the COMMANDS statement.

Whenever a COMMANDS file is used to start or continue execution of a program (using the com-
mands RUN or CONTINUE), the input statements ACCEPT and READ(0,...) will take their input automatically
from the COMMANDS file rather than from the terminal. A COMMANDS FROM file automatically assumes a
file number of zero.

The FORTRAN statement CLOSE(0) closes a COMMANDS file. After the COMMANDS file has been
closed, the input again will be taken from the terminal. NOTE: If the user wishes to use terminal
input while a COMMANDS FROM file is open, he must open one of the disk files for terminal use as
follows: ‘

OPEN [3, '"TELETYPE", INPUT] ) o
COMMANDS FROM files may be created by using the EDITOR commands READ, WRITE, and APPEND, or with the
EXECUTIVE command COPY TEL TO /file name/.

CAUTION: Do not confuse the FORTRAN Language statement COMMANDS /file name/ with the CCS command
COMMANDS /file name/.
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SECTION 4
CCS FORTRAN IV_COMMANDS

CCS commands are not part of the FORTRAN IV language, but are features unique to the Tymshare
System. .The CCS commands make FORTRAN IV programs easy and efficient to create, manipulate, and

operate on the Tymshare System.

The user is in the command mode when CCS types a '>". He then may use any of the CCS commands

described in this section.

LINE NUMBERS

Each statement of a CCS FORTRAN IV program has a line number. The line number is ignored by
the compiler and is independent of any FORTRAN statement label. Line numbers range from .001 to
999,999, inclusive. All FORTRAN statements are compiled and listed according to the order of their
line numbers. A segment of a program can be referred to by its range of line numbers. The form
either can be

line number
or

line number : line number

A. ENTERING-A PROGRAM
a. Entering Statements From The Terminal
" ENTER

FORTRAN statements may be entered from the terminal in one of three ways. In all forms of the

command, the word "ENTER" is optional.

(1) ENTER With A Line Number
The command:
>ENTER 1line number FORTRAN statement

allows the user to enter a single FORTRAN statement into his program. The statement must terminate

with a Carriage Return. A Line Feed may be used to continue a line. If the line number specified in
the command is already the line number of a statement in the program, the statement typed in replaces
the original statement. If the line number specified in the command is not already given to a state-
ment in the program, the statement typed in is inserted into the program according to the line number

order.
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Example

For the program:
10. DIMENSION X(10), Y(10)
20. INTEGER Z
30. Z(I) = X(I) + Y(I)
40. END
The commands:
>25 DO 10 I=1,10
>ENTER 35 10 CONTINUE
>20 INTEGER Z(10)

would produce the program:

10. DIMENSION X(10), Y(10)
20. INTEGER Z(10)

25. D0 10 I=1,10

30. Z(I) = X(I) + Y(I)

35. 10 CONTINUE

40, END

(2) ENTER With A Line Number Range

A range of line numbers can be entered using ENTER as follows:

>ENTER line number:line number

FORTRAN statements

e
This form of the ENTER command allows the user to enter one or more FORTRAN statements into his pro-
gram. This form of entering statements terminates with a Control D (D¢). When statement input is
terminated, any statements already in the program with the same line numbers as the statemeﬁts just
entered are replaced by the new statements. The statements typed in will be assigned line numbers
evenly within the specified range. When this form of the ENTER command is used, CCS prompts an @
sign at the beginning of every line. FORTRAN statements typed in may be separated either by a Car-
riage Return or semicolon. When a semicolon is uéed, more than one statement can be entered on a

line. A Line Feed is used to continue a line.

Example

For the program: ,
10. DIMENSION X(10), Y(10)
20. INTEGER Z
30. zZ(I) = X(I) + Y(I)
40. END
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The commands:
>20:30
@INTEGER Z(10)
eno 10 I=1,10
@Z(I) = X(I) + Y(I); 10 CONTINUE D¢
produce the program: :
10. DIMENSION X(10), Y(10)

20. INTEGER Z(10)

23. DO 10 I=1,10

26. Z(I) = X(I) + Y(I)
29. 10 CONTINUE

40. END

(3) ENTER With Prompted Line Numbers
To enter a range of FORTRAN statements, the user may specify a starting line number, an

increment, and a terminating line number in the ENTER command. The form of the command is:

ENTER 1line number (increment) line number

The following example illustrates this command:

'>10(1)100 > (Remember, the word ENTER is optional.)
>10 A=5p

>11 B=2*AD

>12 X=SQRT[A+B],
>13;Y+SQRT[A-§b
>14 DCD

>

The computer responds to the command by first deleting lines 10 to 100. Then as statements
are entered from the keyboard, they are numbered beginning with line 10 and incremented by 1 until
line 100 is reached. After each statement is entered, the computer prints on the terminal the line
number to be assigned to the next statement entered. If the user wishes to terminate statement entry
before line 100 is reached, as shown above after line 13, he merely types DC.

An alternate form of the ENTER command using line number prompting, includes only a starting
line number and an increment, as follows:

>1(1)
In this form, no final line number is specified. This form of the ENTER command is to be used

only for initial program entry. When the command is used in this form, statements will be accepted

until the user types a DS. In the example above, line numbering will begin at 10 and increment by 1
until statement entry is terminated by a DC.
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In any of the three forms of the ENTER command, a syntactically incorrect FORTRAN statement
will cause a bell to ring; the statement in error will be typed out immediately with an upward arrow

pointing to the first character which was not acceptable. The user may then correct the statement.

Example
The command
>10 A=B+*D =
causes the system to type out
A=B+ID
and if the user then types
A=B+C*D

this statement will be accepted as line 10 in the program.

In all forms of the ENTER command, the word ENTER is optional. Thus the user can create a CCS
FORTRAN program merely by typing. in each source statement preceded by its intended line number. Lines
can be changed, or new lines inserted simply by using line numbers which are identical to or fall be-

tween line numbers previously used in the program.

b. . Entering Statements From A Symbolic File

The command
>COPY /file name/ TO line number:line number
causes the FORTRAN statements from the symbolic file specified by the file name to be entered into the
program just as with the ENTER command. The file must not have line numbers. Syntactically faulty

statements are typed out with the upward arrow error indicator and are then discarded.

C. Entering Statements From Paper Tape

If the user's program is on paper tape, either of two commands may be used to input from paper
tape. ' .

If each statement of the program‘on paper tape has a line number, use the command
>LOAD TELETYPE

The system will type
EACH LINE MUST HAVE A LINE NUMBER.
BEGIN INPUT.

Then turn on the paper tape reader. After the tape is read, type a Control D (D€).

On the other hand, if the statements do.not have line numbers punched on the paper tape, use

the command
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>COPY TELETYPE TO line number:line number

In this case, the system will type
NO LINE MAY HAVE A LINE NUMBER.
BEGIN INPUT.

Now turn on the paper tape reader. After the tape is read, type a Control D (D€). Statements

are assigned line numbers within the range specified.

These two commands should be used only with paper tape input because faulty statements are not

printed out until Control D is pressed, which prevents immediate keyboard correction.
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B. RENUMBERING A PROGRAM

RENUMBER
The user may change the 'line numbers in his program using any of the forms of the RENUMBER
command presented below.
>RENUMBER? reassigns line numbers to all‘ statements in the program uniformly in the
range 10 to 100.

In the following example, the program was entered using line prompting starting from 1 at in-

crements of 2. The RENUMBER command reassigns line numbers 10 to 100 to the program.

>1(2) o ‘

1. C: PROGRAM TO COMPUTE THE AREA OF A TRIANGLE

3. C:

5. ACCEPT"ENTER VALUES OF ‘A,B,C",A,B,C

7. S=(A+B+C)/2.

9. AREA=SQRT[S*(S-A)*(S-B)*(S-C)]

11. WRITE(1,200) A,B,C, AREA

13. 200 FORMAT(4F16.8)

15. STOP
17. END
>RENUMBER;)
>LIST o
10. C: PROGRAM TO COMPUTE THE AREA OF A TRIANGLE
20. C:
30. ACCEPT"ENTER VALUES OF A,B,C",A,B,C
40. S=(A+B+(C)/2.
50. AREA=SQRT [S* (S-A) * (S-B)*(S-C) ]
60. WRITE(1,200) A,B,C, AREA
70. 200 FORMAT(4F16.8)
80. - STOP
90. END

>RENUMBER line range D

reassigns line numbers uniformly to statements in the line range indicated.
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Example
>RENUMBER 1.5:47

>RENUMBER 01d Line Range AS New Line Range

reassigns line numbers to statements in the old line range uniformly within the new line range.

Example
>RENUMBER 1:20.3 AS 10:50

The new line number range must not include any line number belonging to a statement which was

not included in the old line number range. This rule is to prevent destroying the rest of the program.

This means that the RENUMBER command cannot be used to erase program lines nor to change the
order of statements. For example, in the following: 7
>1 S ’
>1.5 ---
>2,.3 ---

>7 -——

>RENUMBER 1:2.3 AS 1:6
is correct, but

>RENUMBER 1:2.3 AS 1:10
is not allowed since this would erase statement 7. When the same line number is assigned to two state-
ments by a RENUMBER command, the error message LINE RANGE MISMATCH will be printed.
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C. LISTING A PROGRAM

All or part of a program can be listed in formatted form for easy reading, or in unformatted
form for quicker printing.- h R ’
LIST
The command
>LIST o

types ‘the entire program in a formatted form with line numbers, statement labels, and statements
aligned vertically. ’

Example
>LISTp
1. C: PROGRAM TO COMPUTE THE AREA OF A TRIANGLE
3.
5. ACCEPT"ENTER VALUES OF A,B,C",A,B,C
7. S=(A+B+C)/2.
9. AREA=SQRT [S* (S-A) *(S-B)*(S-C)]
11. WRITE (1,200) A,B,C, AREA
13. 200 FORMAT(4F16.8)
15. STOP
17. END
Example
>LIST 11:15
11. WRITE (1,200) A,B,C, AREA
13, 200 FORMAT(4F16.8)
15. STOP

>

The command
>LIST line number 2

types out the statement with the specified line number (if one exists) together with its line number.

The command
>LIST line number:line numbergy
lists the part of the program specified by the line number range (if any exists) together with the
line numbers. ’
The user may éddress any line or range of lines to be listed in a number of ways. He may in-

dicate the position of a line relative to another line.
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For example, in the following

10. A=2.7

15. B=7.1

20. ACCEPT C
25. D=A*C+B
30. DISPLAY D
35. END

the statement ACCEPT C could be specified as line 20, or as line 25-1, or as line 10+2. The latter

two methods are examples of relative addressing.

If, for example, the user decides to list lines 15 to 30 in the above program, any of the fol-
lowing forms could be used:
.->LIST 15:30 o
>LIST 10+1:10+{D
>LIST 10+1:35-13
>LIST 15:35-13

The command
>LIST. @

lists the current line. The period following LIST indicates the current line.

Relative addressing can be used in all commands that allow line addressing.

FAST

" An unformatted quick listing can be obtained with the command
>FAST line range o
The line range is optional; if it is omitted, the entire program is listed. The following is a list-

ing of the previous example with the command FAST.

>FAST o »

1. C: PROGRAM TO COMPUTE THE AREA OF A TRIANGLE
3. C: .

5. ACCEPT'ENTER VALUES OF A,B,C",A,B,C

7. S=(A+B+C)/2

9. AREA=SQRT[S*(S-A)*(S-B)*(S-C)]

11. WRITE(1,20Q) A,B,C, AREA

13. 200 FORMAT (4F16.8)

15. STOP

17. END

All of the line addressing methods described under LIST can be used with FAST,
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D. DELETING A PROGRAM OR STATEMENTS FROM A PROGRAM

To delete either all or part of a program, the DELETE and CLEAR commands are used.

DELETE

This command will delete parts of a program.
>DELETE line number 5
deletes the line specified. Thus, >DELETE 35 deletes line 35 from the program.

>DELETE line number:line number 5 ;
deletes the range of lines specified. Thus, >DELETE 20:40 deletes lines 20 to 40 inclusively.

Relative line addressing can be used with the DELETE command. For example,

>DELETE . Deletes the current line.
>DELETE .-3:100 Deletes from three lines above the current line up to and including
line 100.

>DELETE 10+1:10+4 Deletes from the first line after line 10 up to and including the

fourth line after line 10.

CLEAR

This command will erase the entire program. The form of the command is
>CLEAR ‘
The system will reply with
ERASE PROGRAM?
to which the user will answer by typing Y for YES or N for NO. If the answer is Y, the program will
be erased and the message OK. typed. If the answer is N, the command will be aborted. In either

case, the user receives a command prompt (>).
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EXECUTING A PROGRAM

To begin execution of a program after it is entered, use the command
>EXECUTE

or
>RUN3

Program execution will start with the first executable statement.
When an input statement is executed, a bell will ring. This means that data is to be typed in.

If an error occurs during execution, the first statement which is in error will be typed with

an error diagnostic and execution terminated. The user should correct the error and re-run the pro-

gram.
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F. STORING AND RETRIEVING:A PROGRAM

SAVE

After a program has beeh created, the user may wish to save it on the disk file éo he may use
it again. The command
>SAVE /file name/
writes the program with the line numbers on the file specified. The file name is any name that the
user chooses to identify his program. Once.a program is saved on a file, the user may retrieve it in
FORTRAN for execution or modification; or he may look at it in EDITOR (EDITOR is part of the Tymshare

system which manipulates text).

If the user wishes to save a copy of his program on paper tape, he may type
>SAVE
then turn on the paper tape reader and type a Carriage Return. The program is punched on paper tape

and listed on the terminal.

LOAD

Once a program has been saved on a file the user may retrieve it any time. To retrieve the
program use the command
>LOAD /file name/

An ALT MODE at this point will abort loading (and hence, preserve the current program). A
Carriage Return causes the file to be loaded. If a Carriage Return is pressed, the system will type

0.K. and start loading the program specified. When loading is completed, a > is typed.

During loading of a program, faulty statements are printed with an up arrow and discarded.

These statements should be corrected before the program is executed.

After a program is loaded, it is ready for execution or modification. If the user has modi-
fied his program and wishes to keep the modifications, he should save the program again either under

the same file name or under a different file name.

An important use of the LOAD command is to merge files. For example, if the user is creating
a program on the terminal, the command >LOAD /A/ will merge by line number the contents of file /A/
with the current program. If the same line number occurs in both the current program and in file /A/,
the line in file /A/ will be the one retained. If the line in file /A/ is syntactically incorrect,

the line in the current program will be retained.

Files can be merged by the LOAD command as follows. The file /PROG/ contains the following

program:
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10.  ACCEPT X,Y
20. Z=SQRT[X**2+Y]
30. THETA=ATAN2[X,Y]
40. END
And the file /CORR/ contains the following:
35. DISPLAY X,Y,Z
20, Z=SQRT[X*¥2+Y**2]
When both files are loaded by executing two LOAD commands as follows,
>LOAD /PROG/ ‘
0.K.
>LOAD /CORR/
0.K.
N ,
the following program results:
10. ACCEPT X,Y
20.  Z=SQRT[X**2+Y*+2]
30. THETA=ATAN2 [X,Y]
- 35. DISPLAY X,Y,Z
40. END
The two files have been merged by line numbers. Note that the individual files need not be ordered

by line numbers as is the case with the file /CORR/.

~ Since files are merged by the LOAD command, the user can prepare insertions and corrections to
a program off line on paper tape and merge the changes with the program to be altered. Thus, the cost

of program development is reduced by reducing terminal time.

copy .

This command allows the user to copy a part of a program. The general form of the command is
‘ >COPY source TO destination
where source and destination can be either files or line ranges or the terminal. The source is always

retained.

Examples
>COPY 10:25 TO 75:1000 " Deletes lines 75 to 100 and then inserts the contents of lines
10 to 25 uniformly renumbered in the range 75 to 100. Lines 10

to 75 are undisturbed.
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>COPY 1:100 TO /KZZP/D

>COPY /KZZP/ TO 200:3003

>COPY /FILE A/ TO /FILE B/a

>COPY TELETYPE TO 40:50 5

MOVE

Copies lines 1 to 100 to file /KZZP/ without line numbers.

Lines 1 to 100 are undisturbed.

Deletes lines 200 to 300, then inserts the contents of the file
/KZZP/ uniformly numbered in the range 200 to 300. The file

/KZZP/ must not have line numbers.

Copies the contents of /FILE A/ to /FILE B/. The file /FILE A/
may be any type, a symbolic file with line numbers, a binary

file without line numbers, or a DUMP file.

Deletes lines 40 to 50 and inserts the contents of what is typed
on the terminal after this command uniformly numbered in the
range 40 to 50, Statements typed on the terminal must not have

line numbers.

‘The general form of the command is

>MOVE source TO destination

where source is a line range and destination is either a line range or a file name. The MOVE command

is similar to the COPY command except that the source is deleted after it is moved.

Examples
>MOVE 10:25 TO 75:100 p

>MOVE 1:100 TO /KZZP/D

THE EXECUTIVE COMMANDS DUMP AND RUN

Deletes lines 75 to 100, inserts the contents of lines 10 to 25
uniformly numbered in the range 75 to 100, then deletes lines
10 to 25.

Moves lines 1 to 100 to the file /KZZP/ without line numbers,
then deletes lines 1 to 100.

Two commands in the EXECUTIVE are described here briefly since they may be used to save and

retrieve FORTRAN program.

QuIT

The user may return to the EXECUTIVE from FORTRAN with the command

>QUIT o

The dash typéd by the computer means that the user is returned to the EXECUTIVE.
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DUMP

The EXECUTIVE command
-DUMP /file name/ 3
NEW FILE 3
or OLD FILE
saves the entire contents of the user's program which includes the text of the program, the compiled
program, and all data values on a DUMP file. He may reload the file at a later time to continue where
he left off.

RUN

The EXECUTiVE command
-RUN /file name/ P

reloads the FORTRAN program that is saved under a DUMP command. The user is returned to FORTRAN and

put in the command prompt mode which allows him to do whatever he wishes with his program.

The use of the EXECUTIVE commands DUMP and RUN is the fastest way to save and retrieve FORTRAN
programs. It is recommended that the user with large programs use these commands to save time in do-
ing day-to-day debugging. NOTE: If the user wants to look at the contents of the file in EDITOR he
must save it with the FORTRAN command SAVE (which saves the symbqlic file).

SHRINK

" SHRINK is used to avoid excessively large DUMP files. SHRINK eliminates unnecessary informa-
tion such as segment pages, array storage, and all data values to minimize the amount of disk space
used by the program under the EXECUTIVE DUMP command. The sequence of commands used after the user
has created a program and wishes to save it as a DUMP file is:

>SHRINK2
>QUIT o
-DUMP /PROGL1/ o

NEW FILE 3
intervening work
or LOGOUT

-RUN /PROG1/ o
FORTRAN

o>
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LOCK

The LOCK command inhibits all commands but
>RUN or >EXECUTE, >CONTINUE, >QUIT;
and may be used when a program is to be made available as a running program but not to be listed or
saved by another user.

The form is
>LOCK D -
The computer types
IS PROGRAM ALREADY SAVED?
to which the user will answer by typing Y for YES or N for NO. If he types Y, the computer will type
0.K. and the program is locked. If he types N, the command will be aborted. If other characters are

typed, computer will type WHAT? to which he should type Y or N. A command prompt will then be given.

If the user wants to keep a copy of the program he should save it before the LOCK command is
used since he will not be able to use the SAVE command after LOCK.

If a locked program is also declafed-proprietary with the EXECUTIVE command DECLARE, the

user is assured complete protection of his program. No one will be able to use it or list it.

COMMANDS

The user may have a set of CCS commands saved on a file. When he uses the command
>COMMANDS /file name/a

all the commands in the file will be executed.

For example, the file /COM/ has the following instructions:

LIST

RUN

QUIT

FILES

CONTINUE
When the user types

>COMMANDS /COM/5
his current program will be listed and executed. QUIT returns him to the EXECUTIVE. The files he has
in his directory will be listed by the EXECUTIVE FILES command, Then CONTINUE puts him back into
FORTRAN 1IV.
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If this is a standard procedure that he wants to go through with each program, all he has to
do is to give the commands
>LOAD /PROGRAM/ »
0.K.
>COMMANDS /COM/ 5

each time he enters the system or each time he runs a program.
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G. PROGRAM: CONTROL AND DEBUGGING

For debugging and modifying programs, CCS provides the user with the commands REFERENCES and
DEFINITIONS. With these commands, the user can refer to the parts of the program he is interested in.

a. To Locate Variables And Label References And Definitions

REFERENCES

The command
>REFERENCES Label or Variable Line Range

will type out all statements together with their line numbers which make reference to the specified
variable name or statement label. Declarative occurrences of the identifier are ignored (such as
DIMENSION statements, Type Declaration statement, subroutine declaration, etc.). The line range is
optional. If a line range is used, all non-declarative statements within the line range will be typed
out. If the.line range is omitted, all non-declarative statements containing the label or variable
specified in the entire program will be typed out.

For example, >REFERENCES 30 will cause the statement labelled 30 to be typed out, and all
statements in the entire program with GO TO 30 to be typed out.

>REFERENCES Z 10:50 will cause all statements with Z (except declaration statements) within
the line range 10 to 50 to be typed out.

DEFINITIONS

The command
>DEFINITIONS Label or Variable Line Range
will type out all statements together with their line numbers which define the specified variable or
statement label. Line range is optional. If it is omitted, all declarative statements containing the

label or variable specified are typed out.

For example,
>DEFINITIONS Z will print all declarative references to the variable Z.
>DEFINITIONS Z 10:50 will print declarative references to the variable Z within the line
range 10 to 50.

Following are some examples of how the user can make use of the commands REFERENCES and DEFI-

NITIONS for program debugging and modification.

1. Suppose during the execution of a program, the user gets the error message CONFLICTING
TYPE DECLARATION with the statement 3.7 REAL X,Y,Z printed. He may type the command

98



>DEFINITIONS Z
which will type out the following statements:

1.4 SUBROUTINE S[L,M,Z]

3.2 INTEGER T,L,Z

3.7 REAL X,Y,Z
This tells him immediately that he had declared Z to be both INTEGER and REAL. He then could modify
either statement 3.2 or 3.7. Suppose he has decided that Z should be real and has kept the statement
3.7 REAL X,Y,Z. In running the program again, he gets the message CONFLICTING TYPE DECLARATION with
the statement 3.7 REAL X,Y,Z printed. He may type the command

>REFERENCES S 3
which will type out the following statements:

9.1 CALL S [5,6,3.9]

12.2 CALL S {5,7,8]

14.5 CALL S [11,2,SQRT[17.4]]
The user immediately.finds out that in statement 12.2, he had used the integer 8 in the subroutine

CALL when it should have been a real number. He then may change 8 to 8. and re-run the program.

2. Suppose the user has a subroutine in his program called GEM and wishes to add a parameter
to all references to the subroutine. He may do this simply by using the command
>REFERENCES GEM 2
All subroutine calls to GEM will be printed. He then may modify these lines.

3. Suppose the user encounters the error message SUBSCRIPT OUT OF BOUNDS and the statement
30. X=A(35) printed. He may type '
>DEFINITIONS A
which types out the statement 10. DIMENSION A(20). He then may modify the statement to reserve more

space for the array A.

b, Program-Interruption

ALT MODE/ESCAPE

A pfogram may be interrupted at any point during execution by pressing the ALT MODE/ESCAPE
key. The computer will type the message INTERRUPTED BEFORE STEP __ , and return the user to the com-
mand prompt mode with a > sign. Execution of the program can be resumed from the point of interrup-
tion by typing the command

>CONTINUE
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C. Breakpoints

BREAK
As many as ten breakpoints can be set easily in. the program with the BREAK command as follows:
BREAK 5 8 10:14
This command sets a breakpoint at lines 5 and 8 and one breakpoint at every line between 10 and 14 in-
clusive. NOTE: Type a space between each breakpoint desired. During execution, when a line is en-
countered where a breakpoint has been set, the following occurs:
1. Execution is interrupted just before executing the statement at the line where the
breakpoint was set.
2. The number of the line where the breakpoint was set is printed on the terminal
immediately followed by > on the same line, e.g., 10.7>.
3. The user is now in the statement prompt mode (as indicated by a line number and a >).
Execution can be resumed from the breakpoint by typing CONTINUEp . To list all active breakpoints,
type BREAKS . All active breakpoints can be cleared with the >RESETp command.

d. Immediate Execution

Once program execution has been interrupted by the ALT MODE key or by encountering a break-

point, statements can be entered for immediate execution.

To enter a statement, the user merely types @ followed by the statement to be executed, fol-
lowed by a Carriage Return. When the Carriage Return is depressed, the statement just typed will be
compiled immediately, and, if the statement was syntactically correct, executed. In any case, the
statement then will be discarded. Any FORTRAN IV statement except a declarative statement may be
executed in the immediate mode. CCS commands such as LIST and DELETE may be executed also. Program

execution now may be resumed from the point of interruption by typing  CONTINUE .

e. Step Execution

After program execution has been interrupted, the user may single step through his program,
executing one statement at a time. This is accomplished by typing NEXTp for each statement to be

executed.

The following program demonstrates some of the debugging features.

LIST

100. Y=.5

110. Z=,2

120. LAST=5

130. 10 DO 15 COUNT=1,LAST
140. Y=Y*SIN[Y]+Y

150. Z=Z*SIN[Z]+Z

100



160. X=X*SIN[X]+X

170. 15 CONTINUE

180. A=SQRT[Z**2+Y*#*2+X**2]
190. IF(A.GT.1) GO TO 30
200. 20 LAST=LAST*2

210. GO TO 10

220. 30 DISPLAY LAST,A

230. END

>BREAK 180 200 '

>EXECUTE @

VARIABLE HAS NOT BEEN ASSIGNED A VALUE
160. X=X*SIN[X]+X
160. >@X=55
160. >CONTINUED
180. >@DISPLAY X,Y,Zp

0.557564177 0.9253519603 0.7916238
180. >CONTINUE®

5 1. 339336499

>
In this program the user has set two breakpoints, one at Statement 200 and another at State-
ment 180, He then began execution and encountered an error. The direct statement @X=5 placed the
value 5 in the variable X. Execution was resumed at Statement 160 by the command CONTINUE. ‘A break-
point was encountered at Statement 180 and control returned to the user. The user now asked for
X,Y,Z to be displayed by the direct statement @DISPLAY X,Y,Z. Execution was resumed again by the com-
mand CONTINUE. The program then typed the answers 5 and 1.339336499 and stopped.

f. Easy Program Checking

~Two commands allow the user to verify quickly the executability of his program without actually

running it.
CHECK

This command tests for the executability of a program by searching for structural errors such
as no END statement in a subroutine or in the main program, labeling or declaration errors, calls to

undefined routines, etc. Any error discovered will be printed on the terminal.

Example
>CHECK 2

100 A=3
DUPLICATE LABEL
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If there are no structural errors, the following will be printed:
>CHECK
0.K.

>

The user now may execute his program by typing RUN.

INITIALIZE

This command, in addition to performing all the functions of the CHECK command, allocates data
storage and then begins execution of the program, 'breaking' at the first executable statement. The
statement with a ">'" will be indicated. At this point, the user may enter FORTRAN statements for

immediate execution or resume program execution by typing CONTINUE

Example
>INITIALIZE 5

10.>
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H. - EDITING

One of the most powerful features of CCS FORTRAN IV is the ability to edit while in FORTRAN.
Editing features allow editing of both program statements and CCS commands. All of the editing char-

acters available in the text editing language EDITOR can be used in FORTRAN.

The following is a summary of the editing control characters:

EDITING CONTROL CHARACTERS

Control Symbo1l
Character Printed Action
For Deleting
A or <« <« Deletes the previous character typed. Repeated use deletes
several characters.
Qc + Deletes the entire line being typed.
we N\ Deletes the preceding word in the line.
P and a % Deletes up to but not including the character typed after it.
character
X¢ and a % Deletes up to and including the character typed after it.
character
K* " Deletes the next character in the old line, prints the character
it deletes.
s¢ % Deletes the next character in the old line.
¢ or 5 MS is the same as a Carriage Return; deletes the rest of the old
lines and ends .the edit.
For Copying
D¢ Copies and prints the rest of the old line and ends the edit.
B¢ Copies without printing the rest of the old line and ends the edit.
¢ Copies and prints the rest of the old line; edit continues at the
end of the new line.
Y© Copies without printing the rest of the old line; edit continues
with the new line acting as old line.
R® Prints the rest of the old line plus the new line; edit continues.
T¢ Same as RS except that it aligns old and new lines.
c® Copies the next character in the old line.
0¢ and a Copies up to but not including the character typed after it.
character
z€ and a Copies up to and including the character typed after it.
character
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EDITING CONTROL CHARACTERS (Continued)

Control Symbo1
Character Printed Action
u¢ Copies characters from the old line up to the next tab stop in

the new line.
For Inserting
E¢ Inserts text into the old line; first E€ prints <, second E€
> prints >.
Others

¢ , Types spaces up to the next tab stop.
J€ or 1 J° is the same as Line Feed; new line continues.

¢ A <« Backs up in old and in new line.

a. Commands Or Statement Input Editing

1. During normal input of CCS commands or FORTRAN statements, Ac, Wc, and QC are available.

A Control A or back arrow («) deletes the previous character typed.

W Deletes the preceding word in the line.

Qc Deletes the entire line being typed.
Example
20 IF (X.GRAS«T,y) THEN WC\GO TO 100
>LIST

20 IF (X.GT.Y) GO TO 100

2. If the user types a Control Y (Yc) at the end of a command or a statement, what he just

typed in becomes the old line for editing purposes. All editing characters now can be used.

Example 1
>LIFT 1:10 Y5

The LIST command is executed.
zILIST 1:10 o

Example 2
>15 A=SQRT[X+Y]Y° 5
>2%15 AsSQRT[x+z]P He types a 2% which copies the old line up to +, then types Z and ].
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b. Editing When Syntax Errors Occur

If a syntax error occurs during the ENTER command, the erroneous line with an up arrow will

be printed. The line in error is the old line for editing purposes.

Example .
>10 A=3-*SQRT[3.14159]3

WRONG NUMBER OF OPERANDS: :OPERATORS
A=3-*SQRT[3.14159]

28-A=3-E€<AES>D *SQRT[3.14159] The user typed a z° followed by '-' which copied
) the line up to '-'. He then typed an EC which
printed a <; he inserted the variable A, then typed
another EC to end the insertion. To copy the rest
of the line, he typed a DC.

>LIST 10 : The corrected line is listed.
10. A=3-A*SQRT[3.14159]

>

If a syntax error occurs during LOAD or COPY /file/ TO line range, the erroneous line is
printed, but input continues to be accepted from the file. Thus, bad lines are lost and cannot be

edited from the terminal. They must be retyped.

Cc. Addressing The Lines-To Be Edited

To address a line to be edited, type
>EDIT line number 5

To address a range of lines to be edited, type

N

>EDIT line number:line numbera

The EDIT command types out the addressed line (the old line) and allows editing to be done on
that line. EDIT also allows editing of a range of lines when a line range is given. Each line is
typed out sequentially and made available for editing. When the last line in the line range has been

edited, control is returned to the user.

Example
In the following program,

10. ACCEPT A,B,C

20. S=A-B/2 ,

30. AREA=SQRT[S*(S+A) *S*(S+B)*S*(S-C)]
40. WRITE(1,200) A,B,C,AREA

50. 200 FORMAT(4F10.2)

60. STOP

70. END
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the user edits lines 20 through 50 as follows:

The new

or

>EDIT 20:50
S=A-B/2 D2
S=(A+B+C)/22

Computer prints line 20 and a Carriage Return.
User types in new line 20 and a Carrlage Return

AREA=SQRT[S* (S+A) *S* (S+B) *S*(S-C) ] 2 Computer prints line 30 and a 3 .
AREA=SQRT [S* (S-A)*(S-B) *PC(%%%%DC(S-C)]5 User types new line up to the * after (S-B), then
a P® followed by a left parenthesis, which deletes
the old line up to but not including the (. He
then types in D€ to copy the rest of the line.
WRITE(1,200) A,B,C,AREA Computer prints the next line.
D¢ 2 ~User decides that thlS statement is correct and
types a D€,
29 FORMAT (4F10,2) - Computer prints the next statement.
Z71 200 FORMAT(4F16.8)5 User types Z€1 which copies the old statement up to
the character 1; he then types in the rest of the
line and a 5 .
program is listed as below:
>LIST
10. ACCEPT A,B,C
20. S=(A+B+C) /2
30. AREA=SQRT[S* (S-A) * (S-B)*(S-C) ]
40. WRITE(1,200) A,B,C,AREA
50. 200 FORMAT (4F16.8)
60. STOP
70. END

>

The command
>MODIFY line numberg

>MODIFY line number:line numbery

is the same as the EDIT command except that the lines to be edited will not be typed out.

d.

Editing Input Data

Data typed into a running program may be edited with the following editing characters:

AC

WC

Deletes the preceding character and allows it to be retyped.
Deletes the current field and allows it to be retyped.

Qc Restarts the entire input statement from the beginning.
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Example
>10(10)
10. DIMENSION A(5)
20. ACCEPT A
30. DISPLAY A

40. END

>RUN

2354AC+,34.6A°+78,23.4,56.7W°\46.8,10{1 )
235, 34,78 23,4 46.8 10,1

STOPPED AT: 30.

>

107



SECTION 5
USER AIDS

A. ABBREVIATED COMMANDS

To save time, any command may be abbreviated to as few characters as is necessary to identify
the command uniquely. Thus the command FAST may be abbreviated simply as
>Fo
since there are no other commands that start with the letter F. But to list a program, at least
>LIo

is required since the commands LOAD and LOCK also start with the letter L.

If insufficient identification is given to a command, the message INSUFFICIENT COMMAND
IDENTIFIER will be given.

B. COMMAND MODELS

If the user is not certain how to use a particular command, he may type a question mark while

entering the command. A model of the command is then typed out.

For example,
>COPY? 2
COPY <LINE RANGE OR FILE NAME> TO <LINE RANGE OR FILE NAME>

>
>DEL? @
DELETE <LINE RANGE>

>

To obtain a listing of command models for all the CCS commands type a question mark as follows:

>?€)

INITIALIZE (PROGRAM)

EXECUTE

RUN

CONTINUE (EXECUTION)

CLEAR (PROGRAM)

MAP (STORAGE ALLOCATION)

NEXT (STATEMENT)

QUIT (THIS SUBSYSTEM)

CHECK (PROGRAM STRUCTURE)

@ <IMMEDIATE FORTRAN STATEMENT>

SAVE [ <FILE NAME> ]

LOAD [<FILE NAME>]

[ENTER] <LINE NUMBER> <SOURCE STATEMENT> <C.R.>
[ENTER] <LINE><INCREMENT>) [<LINE>] <STATEMENTS> <CONTROL D>
[ENTER] <LINE>:<LINE> <STATEMENTS> <CONTROL D>
COMMANDS (FROM) <FILE NAME>
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EDIT <LINE RANGE>

MODIFY <LINE RANGE>

DELETE <LINE RANGE>

LIST [<LINE RANGE>]

FAST [<LINE RANGE>]

COPY <LINE RANGE OR FILE NAME> TO <LINE RANGE OR FILE NAME>
MOVE <LINE RANGE> TO <LINE RANGE OR FILE NAME>
RENUMBER [ <OLD LINE RANGE> [ AS <NEW LINE RANGE> ] ]
REFERENCES <IDENTIFIER> [<LINE RANGE>]

DEFINITIONS [ <IDENTIFIER> [<LINE RANGE>]

BREAK <MAX OF 10 LINE RANGES>

RESET (BREAKPOINTS)

LOCK

SHRINK

>

CAUTION: A space is required between a command and the rest of the command. For example,

LOAD/FILE/ will cause an error diagnostic. The user must type LOAD /FILE/.
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C. A REVIEW OF CCS PROMPTS

One of the following may be prompted by CCS.
1. A > is a command prompt. When CCS gives a >, it is ready to accept a CCS command.

2. When a line number is printed followed by a >, it means execution of program is continu-
able at that line. For example, when CCS prints
10.>
the user may enter any CCS command including an @ followed by a statement for direct execution, or he

may type CONTINUE to resume execution of the program at line 10.

3. When CCS prints an @ sign, it is ready to accept a FORTRAN statement. The statement will
be included in the line range indicated. This occurs when the user uses the ENTER command with a line

number range.

4. When CCS prints a line number, it is ready to accept a FORTRAN statement. This occurs

when the user uses the ENTER command in a line prompt mode.
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SECTION 6
SAMPLE PROBLEMS

This section contains programs written in FORTRAN IV and executed on the Tymshare system. The

problems are presented in an increasing degree of complexity.
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MONTHLY PAYMENT PROGRAM

1. DEFINE THE PROBLEM
A, Input

C.

1. Original debt (P)
2. Annual interest (I)
3. Number of monthly payments to be made (N)

Compute
Monthly payment (M)
p-1(1+1)N
M=
(I+1) -1
Output

Monthly payment, M.
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2.

FLOWCHART

( START >
®——»v
j INPUT: ORIG.

IDEBT (P)
ANNUAL 'INTEREST (I)
NO. OF MONTHS (N)

+

COMPUTE :
MONTHLY
INTEREST
I =:1/12

{

COMPUTE :
. Q=I+1
M = P*I*Q4N/((Q+N)-1)

'

OQUTPUT:
MONTHLY
PAYMENT M

|
©
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3. FORTRAN- CODE AND SAMPLE EXECUTION

' »5(8)

Se REAL I,N,M

10« 7 DISPLAY "%%xx"

15¢ ACCEPT "PRINCIPAL= $",P," INTEREST= ", 1,"NOMONTHS= ",N
20. I=1/12

25 Q=141

30¢ M=P*I*QtN/(CQtN)~1)

35. DISPLAY *MONTHLY PAYMENT = $",M
40. GO TO 7

45+ END

S0

>RUN

sk ok

PRINCIPAL= $1200

INTEREST= +06

NO.MONTHS= 12

MONTHLY PAYMENT = $ 10342797157
Kk ok

PRINCIPAL= $1200

INTEREST= «06

NO.MONTHS= 6

MONTHLY PAYMENT = §  203.514547
ek

PRINCIPAL= $1200

INTEREST= «06

NO.MONTHS= 18

MONTHLY PAYMENT = $§  69.87807671
sk k

PRINCIPAL= §

INTERRUPTED BEFORE?

15. ACCEPT "PRINCIPAL= $",P,"INTEREST= *,1,"NO.MONTHS= ",N

15« >SAVE /PR/
NEW FILE

15+ >CLEAR
ERASE PROGRAM?Y
OKe

>
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DOUBLE DECLINING BALANCE DEPRECIATION

1. DEFINE THE PROBLEM

The problem is to compute the double declining balance depreciation on any given asset over

any specified number of years using formatted I/0.

A. Input:

1. Cost of the asset (C).
2. Estimated useful lifetime (U).

B. Compute:

1. Depreciation D=2

clo

2. Book values cC=C-D
c. Qutput:
For the entire range of years.

1. Year (I)
2. Amount of depreciation (D)
3. - Book value (C) '
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2. FLOWCHART

INPUT
C, U

[

TYPE THE
HEADING

DO COMPUTE
( : )“‘ I=1,U [ D=2*C/U

C=C-D
STOP +
OUTPUT
I, D, C
Y
CONTINUE
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3. FORTRAN CODE AND SAMPLE EXECUTION
~FORTRAN

>ENTER 10(¢10)

16+ C: DOUBLE DECLINING BALANCE DEPRECIATION PROGRAM
20« WRITE (1,2)

30. 2 FORMAT (//"COST OF ASSET= $%",2)

40. READ (0,3) C

56. 3 FORMAT (F12.2)

60. WRITE (1,4 )

70. 4 FORMAT ('ESTIMATED USEFUL LIFETIME= ',2)

80. READ (0,3) U

90. WRITE (1,5)

100« 5 FORMAT(/4HYEAR, 8X, 12HDEPRECIATION, 8X, 10HBOOK VALUE)
110. DO 100 I=1,U

120. D=2x%C/U

130. C=C-D

140. WRITE (157> 1I5DsC

150. 7 FORMAT (14,8X,"$",F10+2,8X,"%",F8.2)

160. 100 CONTINUE

170+ END

>SAVE /DDB/
NEW FILE

>RUN

COST OF ASSET= $3500.00
ESTIMATED USEFUL LIFETIME= 7.

YEAR DEPRECIATION BOOK VALUE
1 $ 1000.00 $ 2500.00
2 $ 714.28 $ 1785.71
3 $ 510.20 $ 1275.51
4 $ 36443 $ 911.07
5 $ 260+ 30 $ 650.77
6 $ 185.93 - $ 464.83
7 $ 132.81 $ 332.02

STOPPED AT: 160.

>QUIT
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LEAST-SQUARE LINE

1. DEFINE THE -PROBLEM

Fit a least-square line of the form Y = A + BX to the following set of data X,Y where X
is the independent and Y the dependent variable.

X 1 3 4 6 8 9 11 14

Y 1 2 4 4 | 5 7 8 9

Solution:

The work involves computing first the sums shown below.

X Y x2 XY
1 1 1

3 2 9 6
4 4 16 16
6 4- 36 24
8 5 64 40
9 7 81 63
11 8 121 88
14 9 196 126

IX =56 | IY = 40 | X2 = 524 | IXY = 364

Then compute the regression coefficients A and B

) (X3 - (X)) (2XY)

A
N X2 - (X2
g o NIXY - (2X) (V)
B 2 2
N IX° - (ZX)
Then Y = A + BX
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A.

B.

InEut:

1. Number of data points (N)
2. The X values (X(1) - X(8))
3. The Y values (Y(1) - Y(8))

Compute:

Equations given above:
1. Sums needed
2. Coefficients A and B

OutEut:

The equation of the least-square line
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2.

FORTRAN CODE AND SAMPLE EXECUTION

PLEA
ACCO
PASS

SE LOG IN:
UNT 3 A3
WORD3

USER NAME: MM

PROJ

READ
-FOR

FORT

>10¢(
10.

15.
20.
25,
30.
35
40
45
50,
55.
60.
65
70.
75
&0.
85
90
95
100.
105.
110
115
120.
125

130,

135.
140.
145,
150,
160.

CODE:

Y 4/30 18330
TRAN

RAN IV A21.00

5)

*COMMENT $THIS PROGRAM FITS A LEAST SQUARE
LINE OF FORM: Y=A+BX TO A SET OF DATA (X,Y)
WHERE 1S THE INDEPENDENT VARIABLE.

] .
DIMENSION X(8),Y(8),XX(8),XY(H)

ACCEPT "NUMBER OF DATA POINTS= ",N
ACCEPT "THE X VALUES ARE ",X

ACCEPT *“THE Y VALUES ARE “,Y

*COMMENT ¢ LOOP TO CALCULATE XX AND XY

*

DO 100 I=1,N

XXCI)=XCI)12

XYCI)=XCI)*YCI)

100 CONTINUE

TX=0.

TY=0.

TXX=0e

TXY=0.

*COMMENT$ LOOP TO CALCULATE TOTALS

*

DO 200 I=1,N

TX=TX+X(1)

TY=TY+Y(I)

TXX=TXX+XX(1)

TXY=TXY+XY(I1)

200 CONTINUE

*COMMENT: TO _CALCULATE COEFFICIENTS A,B

A= (TY*TXX-TX*TXY)/ (N*TXX~TX*TX)

B=(N*TXY~-TX*TY)/ (N*¥TXX~-TX*TX)

WRITEC1,3) A,B

3 FORMAT("THE LEAST SQUARE LINE ISt Y="sF6¢3s"+"5F6¢3,"X")
END :
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>RUN

NUMBER OF DATA POINTS= 8

THE X VALUES ARE 153,456,8,9,11,14

THE Y VALUES ARE 152,5454+5,7,8,9

THE LEAST SQUARE LINE 1S$ Y= 0545+ 0.636X

STOPPED AT: 150.

>
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PAYROLL CHECKS (FILE 1/0)

DEFINE THE PROBLEM

A, Input:
1. Read from file /PRF/ employee number (EMP(I)) and pay rate (RATE(I)).

2. Number of hours worked for each employee.

B. Compute:

1. Gross pay for each employee.
C. Output:
Gross pay file.

File Formats
/PRF/ - Input file
number of employees, Empl, Ratel, Empz; Ratez, e e e

5,99,2.00,77,2.50,88,3.75,55,5.50,66,3.35

/GPF/ - Output file
Empl, Pay1

Empz, Pay2
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2. FORTRAN CODE AND SAMPLE EXECUTION

=FORTRAN

>LOAD /PAY/

0K
SLIST
10. DIMENSION EMP(?OO):RATE(QOO)JHRS(EOO)JPAY(QOO)
12 Ct OPEN FILE AND READ DATA
20 OPEN (3,/PRF/,INPUT,SYMBOLIC]
30. READ (3,7) N
35. 7 FORMAT (14,2)
40. READ (3,8) (EMP(I)ORATE(I))ISIJN)
45. 8 FORMAT (13,F73,2)
50. CLOSE (3)
S4e * OPEN FILE, INPUT NUM«HRS., COMPUTE PAY AND OUTPUT TO FILE
55. WRITE (1.4)
S6e 4 FORMAT ($ EMP.$,6X,8HRS+S$)
60. OPEN [4,/GPF/,0UTPUT,SYMBOLIC)
T0. DO 200 I=1,N
80. WRITE (1.,9) EMP(I)
20. 9 FORMAT (14,8X,2)
100. READ (0,6) HRS(I)
110. 6 FORMAT(F6+.2)
120. J=EMP( 1)
130. PAY(J)=HRSC(I)*RATE(])
140. 200 WRITE (4,5) EMP(I1),PAY(J)
145. S FORMAT (13,2X,F7.2)
150, CLOSE (&)
160. END
>RUN
EMP. HRS.
99 40.
77 44.4
88 48
55 39
66 45

STOPPED ATt 150.
>@DISPLAY PAY(66)
150.75

>QUIT
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-COPY /GPFs/ TO TEL

80.00
111.00
180.00
214.50
150.75
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THE DIRECTION OF AN AIRCRAFT

1. DEFINE THE PROBLEM

A plane is flying from point A to point B. The direction is controlled by a radio direction
signal from point B. The direction of the plane is corrected for the wind by the autopilot so that
the plane is always pointed at B. ' The problem is to write a program to compute the true distance

flown,

Let the heading of the aircraft be constant over some small amount of time. The plane will
then follow path D2, compute the new distance D3 to point B. Repeat this until point B is reached.

All calculations are done in the complex plane for simplicity.

D3

D2
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A.

B.

Input:

1. Velocity of aircraft (VM)
2. Heading of aircraft (AA)
3. Velocity -of wind (WMm)
4. Heading of wind (Aw)
5. Distance (DM)
Compute:

1. Deviation from flight path (DRM)
2. Total distance traveled (DT)

Output:

1. Deviation from flight path (DRM)
2. Total distance traveled (DT)
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2. FORTRAN CODE AND SAMPLE EXECUTION

10« COMPLEX D2,D3,V,WsD

i2. DISPLAY“ENTER THE VELOCITY AND HEADING OF THE AIRCRAFT"
14. ACCEPT VMsAA

20« DISPLAY"ENTER THE VELOCITY AND DIRECTION OF THE WIND*
22 ACCEPT WMLAW

28 DISPLAY"THE DISTANCE OF THE TARGET"
30. ACCEPTCDMI] ‘

32« RADIAN=360/(2%314159)

34. AW=AW+180

36. DRM=0

38. DI=0

40 AW=AW/RADIAN

42« AAsSAA/RADIAN

44 . AA§AW‘AA

46 WI=WM*SINLAA]

50 WR=WM*COS[AA]

52 W=CMPLX[WR,WI1]

S54. V=CMPLXLUM>01]

56 D1=0

58+ D=CMPLXL[DM,0]

62. DT=0

64. T=el

66 TT=0

70 ' K=2

T2 FL=0

T4 e 3 D2=(V+W)*T

T6 D3=D=-D2

84. 5 Di=CABSLD31]

86« Di=ABS(D1]

88, DR=REALLCD3)

90« IF(DI.LT«DRM)Y GO TO 50

92 40 DRM=DI

96 « 50 TT=TT+T .

98 DI=AIMAGLD3]

100. DM=CABSLD31

102. D2M=CABSLD21]

104. DT=DT+Db2M

106+ UM=CABSLV]

108« VR=UM%DR/DM

110, VI=UM*DI/DM

112, V=CMPLXI[VR,VI]

114. D=D3

116. A=UM*T

120. IF(D1.GT«A) GO TO 3

124. 12 T=T/10

126« " FL=FL+1

128« IF(FL.NE«K) GO TO 3

l325 10 DISPLAY"™ LARGEST DEVIATION FROM THE FLIGHT PATH=",DRM
;360 585 DISPLAY"THE TOTAL DISTANCE TRAVELED WAS "»DT
38. END
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>RUN .
ENTER THE VELOCITY AND HEADING OF THE AIRCRAFT
600,45

ENTER THE VELOCITY AND DIRECTION OF THE WIND
200,135 )

THE DISTANCE OF THE TARGET
2000

LARGEST DEVIATION FROM THE FLIGHT PATH= 2563855477
THE TOTAL DISTANCE TRAVELED WAS 21164221673

STOPPED AT: 136.
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CHECKING ACCOUNT PROGRAM

In this problem, we wish to compute the monthly service charge for a regular checking account.
The amount of the service charge is based on the average monthly balance and the number of checks

written. The charge may be computed from the following table.
AVERAGE MONTHLY BALANCE
NUMBER $200 $300 $400 $500 $600 $700 $800 $900 $1000 $1100 $1200 $1300 $1400 $1500
OF UNDER to to to to to to to to to to to to to to
CHECKS $200 $299 $399 $499 $599 $699 $799 $899 $999 $1099 $1199 $1299 $1399 $1499 $1599
0$75847 $338% § 3 $ $ $ 3 3 $ $ $ $
1 82 5 W€
2 89 61 47 33
3 9% 68 54 40
4 103 75 61 47
5 110 82 68 54
6
7
8
9

117 83 75 6l

124 9% 82 68 .54

131 103 89 75 .6l

138 110 96 82 .68 .54
10 145 117 103 8 75 61

11 15 124 110 96 .82 68 .54

12 159 131 117 103 8 .75 6]

13 166 138 124 110 96 82 .68 .54

14 173 145 131 117 103 8 75 .61

15 180 152 138 124 110 96 8 68 .54

16 187 159 145 131 117 103 89 75 .61

17 194 166 152 138 124 110 96 82 68 .54

18 201 173 15 145 131 117 103 8 .75 .61

19 208 180 166 152 138 124 110 9 82 .68 .54
20 215 187 173 159 145 131 117 103 89 .75 .61

21 222 19 180 166 152 138 124 110 9% 82 68 .54

22 229 200 187 173 159 145 131 117 103 89 75 .61

23 23 208 194 18 166 152 138 124 110 96 82 68 .54

24 243 215 201 187 173 159 145 131 117 103 & .75 .61

25 25 22 208 194 18 166 152 138 124 110 96 82 68 54 .00

A. Input:
1. Number of checks written (NUMCHKS)
2. Average monthly balance (AVGBAL)
3. Current monthly balance (CURBAL)

B. Compute;

1. This month's service charge (MATRIX (I,J))
2. New balance (CURBAL)

C. ~ Output:

1. This month's service charge

2. New balance.
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2. FORTRAN CODE AND SAMPLE EXECUTION

LIST
10. C: CHECKING ACCOUNT
20. C:3 , ‘
30. DISPLAY 'THIS IS A PROGRAM TO COMPUTE THE MONTHLY SERVI
CE CHARGE FOR A REGULAR CHECKING ACCOUNT AT A COMMERCIAL B
ANK ' 4
40 . Ce3
SO« REAL MATRIX, NUMCHKS3
60 DIMENSION' MATR]X(IS:26)}
70 WRITEC(1550)3 '
80« S0 FORMAT(//* CURRENT BALANCE = *',2)3
90 . 75 FORMAT (/" AVERAGE BALANCE FOR THIS MONTH = ®*,2)3
100. 80 FORMAT(/"* NUMBER OF CHECKS THIS MONTH = ' »Z)3 '
110. ACCEPT CURBAL3 ’ )
120. DO 100, I=15153
130. IFCI«LTe 15) MATRIX(I,26) = 2.50 -~ (I*.14)3
140. IFCI.EQs 15) MATRIX(I»26) = 0.003 o
150. IFCI.EQ. 1) MATRIX(1,26) = 2.503
160, 100 CONTINUES
170. DO 200, I=1,153
180. DO 200, J=1,253
190. MATRIXCI»J) = MATRIX(CI,26)-((26~ J)*-07)3
200. 200 CONTINUES
210. WRITEC1,7S)3
220. ACCEPT AVGBAL3
230, WRITEC1,80)3
240. ACCEPT NUMCHKS3
250. I = AVGBAL/1003
260+ J = NUMCHKS + 13
270 IF(MATRIX(I»J) «GEe 0¢54) GO TO 4003
280 MATRIX(I»J) = 0.003 )
290. IF C({I+EQe2¢0¢ANDeJeEQe1¢0)+ORe(IeEQe3¢0¢ANDeJEQ3.0)
’ +ORe (I +EQe4¢0¢AND e JeEQ¢5+0)) MATRIXC(IS>J) = 0475
300« IF (CI<EQe3¢0+ANDesJEQ. 2.0).0Ro(1 EQOA.O.AND J 5904 0))
MATRIX (I,J) = 0.403
310. IF (C1+EQe3+0:ANDeJ+EQ 100)00R0(I EQe4.0. AND JeEQe 3. O))

MATRIX (I,J) = 0333
320. 400 DISPLAY 'THIS MONTHS SERVICE CHARGE =' »MATRIX(I,J) 3

330. CURBAL = CURBAL - MATRIX(I,J)s

340. DISPLAY *'THE NEW CURRENT BALANCE =',CURBAL3
350. END3

>EXECUTE

THIS IS A PROGRAM TO COMPUTE THE MONTHLY SERVICE CHARGE FOR A REGULAR
CHECKING ACCOUNT AT A COMMERCIAL BANK.
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CURRENT BALANCE = 513467
AVERAGE BALANCE FOR THIS MONTH = 336471
NUMBER OF CHECKS THIS MONTH = 13

THIS MONTHS SERVICE CHARGE = 1.24
THE NEW CURRENT BALANCE = 512.43
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SPECTRAL EFFICIENCY OF A BLACK BODY

The distribution of energy emitted from a black body, with respect to wave length is given by

Planck's distribution law:

C
EQ) dh = = (e Co/AT _1y-1 g (1)
A

where C; and C, are the first and second Planck radiation constants.

-15
(4.9918 + 0.002) x 10 erg-cm.
1.43880 * 0.0007 cm-deg.

8 mhc
he/k

G
Co

The total density of radiant energy in unit volume is (1), integrated over all wave lengths.

v (2 43 5 Y
Brorar = 8 ﬂa(kT) J uudu . 8 mGDY )
h3c3 e -1 15h3c3
5 1k
wherea:.s_.l_lf__
15h3c3

(2) is known as the Stefan-Boltzmann law.

If we consider radiant energy in terms of flux, the total radiation crossing a unit area in

unit time in all directions in one hemisphere is usually written:

= L
Etotal oT

. 5 b , -
where o (Stefan-Boltzmann Constant) = 2n> k' _ 5672 x 1075CX8
15h3¢3 cm?deg"

For practical calculations this reduces to:

total radiant flux in watts/cm?

E
T = Temperature in degrees K.

= (T/645)"

non

Etotal

If we integrate Planck's equation between the wavelength interval in which we are interested
and compare this to the total radiation, we can obtain the relative efficiency of a black body emitter,

for a selected wavelength interval, as a function of temperature.

X2

= b 5
Epartial =0 J. x> (
X1

o 1-4388/Tx 07 ax where x = wavelength in cm.
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. -11
For Epartial in watts/cm® b = 2.39 x 10
Relative Efficiency = E = Epartial/Etotal x 100
which reduces to
XZ:
By = 64.774[ XS (e 1-4388/Tx_jy-1 4 /4
4

1

The integral can be evaluated by Simpson's 1/3 rule as follows:

X2
f £()dx = B [£(x)) + 4 £ (x,+h)+2 £(x, + 2h)
X

E = =
+4f (x1 +3h) +---+2f(x, - 2h)
+4 f (x2 -h) + £ (x2)]
X2 - X, : . . .
where h = - where n = number of terms in the series; n is even.

We can evaluate the integral easily by separately summing the terms multiplied by 4 and the
terms multiplied by 2 and then adding in the first and last terms.

Since the Planck function is used in several places, it is convenient to use the DEFINE

.Statement.

; If the user uses an n = 100, he will get results accurate to the five significant digits
printed. In fact, n = 10 is quite accurate for temperatures over 5000° K. The reader may want to

experiment with this. The following chart shows some sample results of such experimentation.
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SPECTRAL EFFICIENCY PROGRAM

Test for sensitivity to N over visible spectrum

X, = 4.0 x 107° X, = 7.0 x 107°
N = 1000 100 10

TEMP.

500° 1.5850-12 1.5850-12 1.6222-12
1000° 1.8041-04 1.8041-04 1.8054-04
5000° 3.1033 01 3.1033 01 3.1034 01
10000° 3.2117 01 3.2117 01 3.2117 01
15000° 1.8245 01 1.8245 01 1.8245 01
20000° 1.0464 01 1.0464 01 1.0464 01

DEFINE THE PROBLEM

A, Ingut:

1. Upper and lower wave length boundaries (X1, X2).
2. Temperature ranges in degrees Kelvin (T1, T2).

3. The temperature interval (T3).
4.

The number of integration intervals (N).

B. Compute:
The spectral efficiency of a black body.

C. Output:
1. Temperature (T)

2. Percent efficiency (E)
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4.3237-12
2.3938-04
3.1065 01
3.2040 01.
1.8315 01
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2. FORTRAN CODE AND SAMPLE EXECUTION

>RUN

WAVELENGTH(CM) RANGES FROM X1= 4.0E-5 TO X2= 7.0E-5
TEMPERATURE(DEGREES K) RANGES FROM!

T1=500 TO T2=20000 IN STEPS OF T3=500

EVEN NUMBER OF INTEGRATION N=20

TEMPERATURE PERCENT EFFICIENCY
.500 : +1587E~11
1000 v +1804E-03
1500 ¢ 5453E-01
2000 o ¢ 7629E+00
2500 «3274E+01
3000 ¢« 7941E+01
3500 »1402E+02
4000 +2043E+02
4500 «2626E+02
5000 «3103E+02
5500 *»3455E+02
6000 +«3688E+02
6500 +3815E+02
7000 «385TE+02
7500 +«3832E+02
8000 +«3758E+02
8500 «3649E+02
9000 «3515E+02
9500 «336TE+02

10000 . «3211E+02
10500 +3052E+02
11000 «2893E+02
11500 «2738E+02
12000 «2587E+02
12500 . «2442E+02
13000 «2304E+02
13500 «21 74E402
14000 «2050E+02
14500 «1934E+02
15000 « 1824E+02
15500 «1721E+02
16000 «1625E+02
16500 «1535E+02
17000 «1450E+02
17500 «1371E+02
18000 «1297E+02
18500 «1228E+02
19000 «1163E+02
19500 «1103E+02
20000 «1046E+02
PAUSE
150 >
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-FORTRAN

>LOAD /PR/
OKe

>LIST

10.
20.

30.
40
50.
60«
70.
80
90.
100.

110.
120.
130,
140.
150.
160,

170
180.
190.
200.
210.
220.
22S5.
230.
240.

10
100

200

ACCEPT "WAVELENGTH(CM) RANGES FROM Xi1= ",X1,"TO X2= ",X2
ACCEPT "TEMPERATURE(DEGREES K) RANGES FROM Ti1=",T1,"TO T2=
"sT2,"IN STEPS OF T3=",T3 :

ACCEPT "EVEN NUMBER OF INTEGRATION N=",N

IF (MODCNs2].NE«0O) N=N+1

H=(X2=-X1)/N

WRITE (1,9)

FORMAT (/8X,S$TEMPERATURES$, 10X, SPERCENT EFFICIENCYS$)
FlA,Bl=1.0/7CAtS5%(EXP[1+4388/(B*A)1~1))

DO 100 T=T1,T2,T3 .
E=C64+7T4)%((H/3)*(FLX1,TI+4%(SUMLX1+H,X2~H,2+%H,T))+2%(5UM
[(X1+2*%H,X2-2%H,2%H,TI)+F(X2,T1))/Tt4

WRITE (1,10) T,E ;

FORMAT (13X,15,16X,E11.4)

CONTINUE

PAUSE

GO TO 3

END

FUNCTION SUMI[W,X,Y,T1

5=0
FLAsBl=1.0/CA15%(EXP(1.4388/(B*A)1~-1))
DO 200 R=W,X,Y

S=FLR,T)+S

CONTINUE

SUM=S

RETURN

END
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THE BASE OF A SEMICIRCLE

1. DEFINE THE PROBLEM

Given n number of chords inscribed within a semicircle and their respective lengths, find the

diameter of the semicircle.

If we construct triangles with the radii of the semicircle and bisect each chord length with
a construction line, C, we have n half angles, ¢(n)’ whose sum is equal to 90°, or w/2 radians; from

the sum of the angles equal to 180°. First, we approximate the angle ¢:
¢ = [(side(I)/2) /sum of sides]

We also know that the angle B is equal to 90°, from this we may approximate the diameter using

the law of sines;
(diameter/2)/sin ¢ = (side(I)/2)/sin ¢
Knowing that the sine of 90° is equal to 1.0000 we can see:
diameter = 2[(side(I)/2)/sin ¢] |

Since our first calculation of ¢ was only a rough approximation and thus the diameter was

only a rough approximation, we now want to approximate the diameter to a greater degree of accuracy.

We know that when the sum of the half angles is equal to n/2, or 1.57079, we have a very close
approximation of the diameter of the semicircle. We may approximate the half angles by using the

tangent and arctangent functionms. .

We know that;

_ side(I)/2
tan = —/¢ (construction line)
since,
C = (diameter/2)2 - (side(I))?
Therefore:
tan = (side(I)/2) ;
[(diameter/2)2-(side(1))2]!/2
and that:
- tan_l (side(1)/2)

[(diameter/Z)z-(side(I)/2)2]1/2

From the above calculation, if the sum of the angles is greater than n/2, or 1,57079, the diam-

eter must be made larger by some increment, If the sum of the angles is equal to m/2, the approximation
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is exact to five decimal places, and if the sum of the angles is less than n/2, the approximation of

the diameter is too large and must be reduced by some increment.

Following is a program to solve the problem by incremental approximations of the diameter.

A. Input:

1. Number of sides (N)
2. The sides SIDE(N)

B. Compute:

Do computations explained above.

C. Display:

1. Length of the diameter.
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2.

FORTRAN CODE AND- SAMPLE EXECUTION

10.
20.
40.

70.

80«

90.
100,
110.
120.
130.
140.
150.
160.
170.
180.
210.
220.
230.
240.
250,
260.
270.
280.
2%0.
300.
310,
320.
330,
340.
350.
360.
370.
380.
390,
400.
410.
420
430.
440.

C:
C:

BASE OF A SEMI-CIRCLE

GIVEN:
ACCEPT *

CALL CALCEN]
END. .

THE NUMBER OF SIDES AND THEIR LENGTHS
THE NUMBER OF SIDES = *,N

SUBROUTINE CALCIN]

DIMENSION SIDE
REAL INCR
SuMsID = O
CNTR = 0

ALPHA = 0

MAX = O

MIN = 1

DO 30, I=1,N

ACCEPT * SIDE

30

100

S0
70

60

SUMSID = SUMSI

(N)

= ",SIDECD)
D+SIDECI)

MAX = AMAX1CMAX,SIDE(I))

CONTINUE

ALPHA = C((MAX/
DIAl = (MAX/2)
DIA = DIA1*2
INCR = MAX/10
ANGLE = O

DO 40s I=1,N

'Y = SIDECI)

X = SARTL(DIAx
ANGLE = ANGLE
IANGLE = ANGLE
IFC157079-1ANG

2)/SUMSID)*3.14159
/SINLALPHAY

#2)=(SIDECI)*%2)])
+ ATANLY/X]
*100000
LE)S0+60,70

DIA = DIA + INCR

60 TO 100

DIA = DIA - INCR

INCR = INCR/10

DIA = DIA + INCR

CNTR = CNTR +

IF (CNTR-20)10
DISPLAY °* '

RETURN

END.

1
02,1005,60
THE BASE OF THE SEN1°C;RCLE a* ,DIA
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>EXECUTE
THE NUMBER OF SIDES = 3
SIDE = 1
SIDE = 2
SIDE = 3
THE BASE OF THE SEMI-CIRCLE = 4113103501

>EXECUTE ‘
THE NUMBER OF SIDES = 2
SIDE = 1 ‘ ‘
SIDE = 1
THE BASE OF THE SEMI-CIRCLE = 14142145
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APPENDIX A

EFFICIENT STORAGE ALLOCATION

The computer has a specified amount of memory available for both program and data. By seg-
menting your program; that is, storing only part of it in memory and the rest on the drum (another
data storage device), the total number of statements and amount of data in a program may be increased

greatly.

A maximum of four pages of memory is available for both the program (segment) and the data.
The amount of storage needed for data must be estimated. The amount of storage required for each

program segment may be found using the CCS command MAP.

A-page may not be shared by the program statements and the data. Therefore if part of a page

is used for data storage, the entire page must be considered filled.

The maximum size of the segment may be estimated as follows: Maximum Segment Size = 4 pages

minus the data storage requirements. Data storage needs may be estimated using the following values:

1 Page = Approximately 2000 Words ‘

1 Real Number = 2 Words

1 Integer Number = 2 Words

1 Complex Number = 4 Words

1 Double Precision Number = 3 Words
~Thus, if a program contains the real array A(130,20), 5200 words or 3 pages would be required for

data storage leaving one page for program segment storage.

The actual segment size may be determined using the CCS command MAP. The MAP command prints

a table as shown in the example below.

>MAP

TEXT PAGES = 2.
UNUSED PAGES =
SEGMENT ....... 0 1 2 3
STATEMENTS ..... 150 175 127 130
PAGES USED ..... 0.6 0.8 0,5 0.9

>

8
3

If any of the segments exceeds the maximum size sllowed, they must be reduced in size before
the program will run,

136



APPENDIX B

INTERNAL REPRESENTATION OF ASCII CODE

Octal ' Octal
Representation Character Representation Character
00 40 @
01 ! : 41 A
02 " 42 B
03 # 43 C
04 $ 44 D
05 % 45 E
06 & 46 F
07 ! 47 G
10 ( 50 H
11 ) 51 I
12 * 52 J
13 + 53 K
14 , 54 L
15 - 55 M
16 . 56 N
17 / 57 0
20 0 60 P
21 1 61 Q
22 2 62 R
23 3 63 S
24 4 64 T
25 5 65 U
26 6 66 \
27 7 67 W
30 8 70 X
31 9 71 Y
32 : 72 Z
33 ; 73 [
34 < 74 \
35 = 75 ]
36 > 76 4
37 ? 77 «
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SUMMARY - FORTRAN IV LANGUAGE STATEMENTS

ABBREVIATIONS
In. = line number
var = variable
exp. = expression
vl. = variable list
sn., = statement number
val = value

arg. list = argument list

< > = anything enclosed in < > is optional,

CONSTANTS.
Integer e.g. 1, 400
Real e.g. 1.9, 1.7E 07, SE-55
Complex (3,5.2)
Logical .TRUE., .FALSE.

Hollerith 4HTIME, "XXX', 'RED', $RTM$
ARITHMETIC OPERATORS (In Order Of Priority)

4+ or ** Exponentiation
- Unary minus (negative)
* 0/ Multiplication, Division

+, - Addition, Subtraction

)

RELATIONAL OPERATORS
.EQ. Equal to
.NE. Not equal to
.LT. Less than

.LE. Less than or equal to
.GT. Greater than
.GE. Greater than or equal to

LOGICAL OPERATORS (In Order of Priority)
.NOT. '
.AND.
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ASSIGNMENT STATEMENTS

variable = expression

INPUT/OUTPUT STATEMENTS
ACCEPT vl, "text", $text§, 'text'.

DISPLAY vl, "text", $text$, ftext'; expression

Formatted I/0 (symbolic)

READ (file format File Num@ers
or list 0 = Terminal Input
no.  no. 1 = Terminal Output
WRITE 2,3,4 = disk file 1/0

Open & Close Disk File
OPEN [file,v/file/’ INPUT SYMBOLIC]

no. name or , or
OUTPUT BINARY
CLOSE (flle>
no.
Binary I/0
READ

or (f11e> list
WRITE no.

Commands From Files
COMMANDS /file name/

CONTROL STATEMENTS
IF (logical exp) executable statement

IF (arithmetic exp) sny, Shy, sn,

DO sn var = tgit, fiZTl, interval>
segment

name

GO TO (snl, sn,, sns...) var

GO TO<sn>or<var>or<

CALL< .
name rg. lis name

subroutine [ actual ]) op <Segment,
a t

ASSIGN integer TO var

CONTINUE RETURN

PAUSE FINISH

STOP END
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DECLARATION STATEMENTS

C:
* [ comments

DATA varl/vall/,var /valz/...
. var;, var,,... vall, valz,.../

array ( lower , upper lower , upper
DIMENSION name ( limit,"’ limitl, limitz' limitz,...
INTEGER
REAL
DOUBLE PRECISION | vl or label
COMPLEX
LOGICAL
R X dummy _

fqnct1on name [arg. list] =1
FUNCTION function [ dummy' ]

name arg. list
SUBROUTINE subroutine <[ dummy. ])

name arg. list

segment
SEGMENT name
COMMON vl1.
format.

no. FORMAT (field spec)
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Line number

<ENTER> | In
In
In

/file name/

SUMMARY - CCS FORTRAN IV COMMANDS

.001 - 999.999

FORTRAN statement
1n (D€ terminator)
(interval)<ln> (D€ terminator)

/file name

COPY In:1ln TO ln:1ln
TELETYPE TELETYPE
/file name/
MOVE 1n:ln TO In:1n
TELETYPE
(starts at 100 in steps of 10)
RENUMBER In:1In
In:1n AS In:1n
LIST (entire program)
FAST In
In:1n
DELETE (current line)
REFERENCES label <Iln:1ln>
DEFINITIONS or variable
EDIT [ln
MODIFY In:1ln
BREAK In 1In:1ln (maximum of 10 lines or line ranges)
RESET
CHECK RUN SAVE /file name/
INITIALIZE EXECUTE LOAD /file name/
SHRINK NEXT COMMANDS /file name/
LOCK CLEAR
MAP QUIT
@FORTRAN statement CONTINUE
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