




























































































Function/Subroutine Loader Phase (52B and 52C)

Relocatable function routines and subroutines are
loaded. A table of the starting addresses of these rou-
tines is created.

Relocatable Package (53)

The relocatable routines loaded in 52B and 52C con-
stitute phase 53A of the compiler.

Reloading Snapshot (53R)

The snapshot coding which was replaced by 52B is
retained. If a snapshot is requested for phases 52 and
53, it is taken at this point.

Snapshot (53S)
Same as snapshot in phase 00.

Format Package Loader Phase (54A)

This phase selects the proper 1/0 routine and loads
it into its object core-storage location.

Object Time Limited 1/O Format (54B)
This is the limited I/O routine loaded by 54A.

Object Time Format (54C)
This is the regular 1/0 routine.

Object Time A Format (54D)
This is the A-format routine.

Replace Phase 2 (55)

Addresses of the fixed- and floating-word work-areas
are inserted into the generated object program. In-
structions which branch to the relocatable routines
are corrected to show the object core-storage addresses
of these routines. Unused core storage is cleared.

Snapshot Phase (56)

A snapshot of the generated program is printed if
requested (if there were no source program errors
which would make program execution unrewarding).

Condensed Deck Phase One (57)

When requested (if there are no input errors), the
compiler will punch a self-loading card deck. The
deck is listed on the printer if sense switch B is on.
This phase punches only the clear-storage and boot-
strap cards.
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Condensed Deck Phase Two (58)

This phase punches the cards that will initialize the
index registers and sense lights, the snapshot or the
linkage routine, the arithmetic routine, and certain
fixed addresses and constants.

Copy of Snapshot Routine (59A)
This is the object-time snapshot coding loaded by 58.

Fixed XLINK Routine (59B)
This is the object-time linkage routine.

Arithmetic Operations (59C)
This is the object-time arithmetic routine.

Condensed Deck Phase Three (60)

This phase punches the generated instructions, the
constants, lists and format strings, and the i format
routine.

Geaux Phase One (61)

This phase prints the end of compilation message,
initializes the sense lights, and prepares the branch
into the object program coding,.

Geaux Phase Two (62)

The arithmetic routine is loaded. Communication is
established between that routine and the generated
coding. The index registers are initialized.

Arithmetic Package (63)

This phase is comprised of the arithmetic routine
which is loaded by Geaux’ Phase Two.

Arithmetic Operations

The fixed- and floating-point arithmetic operations
necessary for the execution of the compiled program
are performed by an arithmetic routine which always
appears in every compiled Fortran program. It con-
tains a monitor routine which interprets the string
of operand addresses and codes for operations which
is compiled as a part of the procedure for every arith-
metic expression in the source program. It also contains
the various subroutines to accomplish the basic opera-
tions of add, subtract, multiply, and divide for both
fixed-point and floating-point numbers, and a routine
to normalize floating-point results.

In addition, the monitor routine will, when a func-
tion code in the string is encountered, initiate a trans-
fer of control to one of the various function routines.
These are referred to collectively as the relocatable
functions, and are individually and selectively loaded
by the compiler as required.



The arithmetic routine will also transfer control to
a subscript routine, which will calculate the proper
operand address when the string indicates the presence
in the expression of a subscripted variable in which
" at least one of the subscripts includes a variable.

Arithmetic Routine

Any expression compiled in the procedure involves
one or more groups of serial simple arithmetic or
function evaluation operations, each terminated by a
store of the result at a location specified in the string.

The result of a single arithmetic or function evalu-
ation operation (within a group) is stored in a working
accumulator (see below). If the result is the terminal
value of a group of operations, it will then be moved
to a temporary storage area, whose address, together
with the “store” operator code appears in its string,
associated with that group. If the result in the work-
ing accumulator is the terminal value of the entire
expression (i. e., terminal value of the final group in
the expression) it will then be moved to the final
storage location, also obtained from the compiled
string. This location is the address assigned to the
variable on the left of the equal sign in an arithmetic
statement, and is an available temporary area if the
expression appeared in an 1F statement.

The working accumulator is used to store the partial
result during the course of a group of operations. This
location and other work areas necessary to arithmetic
operations occupy the arithmetic work area, core stor-
age positions 200-332. The working mantissa precision
during a floating-point expression evaluation is f 4 2
positions, providing 2 extra positions beyond the
floating-point precision specified. This provision serves
to improve the accuracy of the calculated value of the
expression. For fixed-point calculations the working
precision is k positions.

The working-accumulator mantissa is thus f + 2
positions in length (floating point), or k positions
(fixed point), having its leftmost digit at symbolic
address ACCHI + 1. Its characteristic (floating point
only) is stored in a three-character location whose
rightmost position has the symbolic name EXP.

The size and format of the temporary storage loca-
tions are the same as those of source program vari-
ables, except that the mantissa is f 4 2, (not f) digits
long. The two digits of the characteristic make the
total length f - 4 positions. Temporary storage areas
for fixed point values are k digits long.

During the calculation of an expression, all partial
results are truncated to the f 4 2 digits available in
the working accumulator and in the temporary stor-
age. The final value of the expression, however, is

rounded in the f 4+ 1 position before it is stored
to f digits of precision in final storage. Also, any output
value is rounded one position to the right of the last
position output. In fixed point, all results and output
quantities are taken as the integral part of the true
result, modulo 10k,

The floating-point add, subtract, multiply and divide
subroutines are designed to handle one operand (the
working accumulator) of f 4 2 digits of precision, and
one operand of f 4 2 or fewer digits of precision. The
latter operand may be either a variable (f digits), a
temporary location (f + 2 digits), or a source program
constant. Such constants are stored by the compiler
only to the precision to which they are written in the
source program statement, up to the precision given
on the control card.

The analogous fixed-point routines handle one oper-
and (the working accumulator) of k digits of precision,
and one operand of k digits or less, again allowing
for the possible smaller precision of source program
constants.

The basic subroutines in the arithmetic routine are
tabulated as follows:

Symbolic Purpose

Name

ARITF Entry point from procedure; monitor and interpret
string

FSIZE Initialize for a floating-point calculation

None Floating-point add/subtract

FMPY Floating-point multiply

FDIV Floating-point divide

NMLZ1 Normalize floating-point result of a single arithmetic
operation; place the normalized result in the work-
ing accumulator. If exponent overflow is detected,
go to ERMSG to print message (NOF); then go to
STR99. If exponent underflow is detected, go to
STRZE.

XSIZE Initialize for a fixed-point calculation.

None Fixed-point add/subtract

XMPY Fixed-point multiply

XD1V Fixed-point divide.

STR99 Exponent overflow; set result magnitude equal to
largest value possible in floating-point notation; set
result sign as appropriate. Go to CLRWK.

STRZE Exponent underflow, or result equals zero; set
floating-point result equal to zero. Go to CLRWK,

DVERR Division by zero; go to ERMSG to print message
(DZE); then go to STR99.

QFUNCT Linkage to relocatable function transfer control.

ERMSG Print appropriate error messages, which includes
a mnemonic three-character code and the display
address in the generated procedure of the source
program statement being executed. This subroutine
is used to record certain circumstances, occurring
during arithmetic operations, which may affect the
calculations adversely.

CLRWK  Clear the work area after an individual arithmetic

operation. Return to monitor.
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Accuracy

In what follows, the terms absolute error and relative
error will be used, and are defined as follows:

The absolute error in the calculation of a function
g(x, y) of two arguments x and y (e. g., for addition,
g (x,y) =x -+ ) is equal to: calculated g (x, y) —exact

g (% ).
The relative error is equal to: (calculated g (x, y)—
exact g (x, y)) <+ exact g (x, y).

Add/Subtract. When two numbers of like sign are
added, or unlike sign subtracted, the absolute value
of the relative error in the result is less than 10 -+ 1,

When two numbers of unlike sign are added, or like
sign subtracted, the absolute value of the absolute
error in the result is less than 10 -¢f +2) + ¢ where c is
the larger of the characteristics of the two numbers.
The relative error can be as high as 10.

Multiply. The absolute value of the relative error
in the product is less than 10 —¢+ D,

Divide. The absolute value of the relative error in
the quotient is less than 10 —(f + ),

The error limits above do not apply if exponent
overflow or underflow occurs. This will be detected
during normalization of the result. For overflow, con-
trol is transferred to ERMSG, where the code NOF
and the statement address are printed, and then to
STR99. For underflow, control is transferred to STRZE.

Relocatable Function (Library) Routines

A number of relocatable routines designed to find a
specific function of an argument y are included in
the Fortran system deck, and are selected by the
compiler for inclusion in the object program in ac-
cordance with the need for each evidenced by the
source program. Some of these routines may be expli-
citly invoked by the programmer through the use of the
function name assigned to the routine. Some are im-
plicitly invoked by the programmer through the use
of certain types of arithmetic expressions; for instance,
a sub-expression of the form A**B requires both the
exponential routine and the logarithm routine for
evaluation. Figure 5 tabulates each of these functions,
and exhibits the function name available to the pro-
grammer (if any). Also shown are the arithmetic mean-
ing of the function, the correct mode of the argument
and the mode of the calculated function (for those
functions which are named) and the operator code,
used in the generated procedure string, which at object
time indicates to the arithmetic routine that control
is to be transferred to that particular function routine.
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Computation Method

The functions square root, exponential, sine, cosine, arc
tangent and natural logarithm are computed during
evaluation of an arithmetic expression wherever codes
for those operations are encountered in the compiled
string of addresses and operators corresponding to the
source program expression. Control is passed to the
proper function evaluation routine with the mantissa
and exponent of the floating-point argument in fixed
locations. Return from the function routine to the
arithmetic routine occurs in various ways, for instance:

1. control is returned to NMLZ1 for normalization of
the function value.

2. the value of the argument is found to be such that
the result is known, for instance:

a. cos(x) = 1 if x = 0; control is returned to the
routine which will store +1 as the result.

b. exp(x) is greater than or equal to 10°9; control is
returned to the exponent overflow routine, etc.

The square-root function is computed by the odd-
integer method. The result is calculated from left to
right beginning with the most significant digit of the
argument.

The basic computation for the exponential, sine,
cosine, arc tangent and natural logarithm functions is
an evaluation of the appropriate power series, in
which the last term used depends upon the precision
to which floating-point arithmetic is to be done. The
same series evaluation routine is used for all of the
functions, although it is used to compute a slightly
different series for arc tangent and logarithm than for
the other three functions. The routine is initialized by

Mode of Procedure
Function Meaning Name Argument Function  Code

Exponential exp(y) EXPF  Floating Floating E
Sine sin(y) SINF Floating Floating S
Cosine cos(y) COSF Floating Floating C
Arctangent tan-!(y) ATANF Floating Floating T
Natural In(y) LOGF = Floating Floating G
logarithm
Float Floata FLOATF Fixed Floating F

fixed

number
Fix Fix a XFIXF Floating Fixed X

float

number
Absolute Absolute ABSF Floating Floating A
value value of y
Absolute Absolute XABSF Fixed Fixed A
value value of y
Negate -y N
Square root Vy SQRTF Floating Floating Q

Figure 5. 1M 1401 Fortran Functions



the function main line routine to give the proper result.
Figure 6 exhibits the series used and shows the in-
itialization quantities necessary to produce the dif-
ferent functions.

The power series routine is written to accept argu-
ments of the form:

X-10—r
where r > 0, and the magnitude of X is such that
neither the series (partial sum or final sum) nor any
of its terms equals or exceeds 10.

Function of Argument = S(arg)

For EXP, SIN, COS: For LOG:
S(arg) = 3 10-aiT, S(arg) = 3. 10-aiT,
1 =0 i = D;
Where: arg =X.10-r Where: arg = X
T =hX) T -, Ti=hX) T -

i
Di =Di-:s + G
Ci=Ci-1+B

Di =Di-:x + Ci
Ci=Ci-. + B

Initialization: EXP SIN COS LOG ATAN
T, 1 X 1 (X — l) X
X+1
a r 2r 2r 0 r
hX) X —x -x (x -1y -X°
X+1
Do 0 0 0 1 1
C, 1 —2 —6 2 2
B 0 8 8 0 0
Thus,
for EXP: S(arg) =1+ X.10r+X2.10-2r4 ..,
21
= exp(arg)
for SIN: S(arg) =X - X3 -10-2r + X5.10-4r — . .,
3! 5!
= 10r sin(arg)
for COS: S(arg) =1 - X2.10-2r + X4.10-4r —, .,
2l 4!
= cos(arg)
for ATAN: S(arg)=X-X3+X5—...
3 5

= ¢ * tan -! (arg)

for LOG: S(arg)=(§—l)+1-(x~l 3 4+ 1/X—1\5+...
+ 3 \X+1, S5\X + 1

= 1log(arg) + rIn 10
2

Figure 6. Function Evaluation

To meet these conditions, a quantity for which the sine,
cosine, or exponential function is to be found may
require a reduction in magnitude. This is accom-
plished by the main line routines for the functions,
and has the following mathematical basis:

For exponential: exp (y) = 109 exp(x)

where: y=qIn10+x qintegral; |x| <In10
Forsine: ify=n7%T+x nintegral; x| < T,
2 2
then: sin(y) = sin(x) n=0,48...
sin (y) = cos (x) n=159...
sin (y) = — sin (x) n=2,6,10...
sin (y) = — cos(x) n=3,7,11...
Forcosine: ify=n 7T +x nintegral; |x | < Z
2 2
then: cos(y) = cos(x) n=0,4,8...
cos(y) = — sin(x) n=1,509...
cos(y) = — cos(x) n=2,6,10...
cos(y) = sin(x) n=3,7,11...

For arc tangent:

ify <0,tan-t (y) = —tan -1 (| y|)

if y>1,tan-1 (y)= = — tan-! (_1_)
2 y.

then if 0 <y < - 42, tan ! (y) = S(arg), where X =y
if - 42 <y<1 tan -1 (y) = — S(arg),

where X =(1 — y)
1+y

the result will be such that:

[tan-1 (y) | < & .
2

The necessary reductions are thus accomplished when
necessary by a division routine so programmed as to
obtain an integral quotient and remainder. For ex-
ponential, the divisor is ln 10; for sine or cosine it
is ™.

2

For logarithm:

ify=x-10c 31 <x<31; e integral
then
In(y)=eIn10 4 Inx

Both the series evaluation (CALC) and the division
routine (DIVID) are closed subroutines contained in
a relocatable program called FORTRAN FUNCTION
COMMON DECK. It is made a part of the compiled
program only if one or more of the four functions
(exponential, sine/ cosine, arc tangent and logarithm)
is included in the compiled program.

The task of determining the magnitude of the argu-
ment of the function and of using the COMMON rou-
tines (if necessary to obtain the function value) is left

33



to the individual function main line routines. There
are four such routines, since sine and cosine are evalu-
ated by using two different entry points to the same
routine. When the routines are entered, the mantissa
of the argument y is located in the working accumula-
tor whose leftmost position has the symbolic name
ACCHI+1 and whose length is f 4 2 positions. The
characteristic of the argument is located in a three-
character location whose rightmost position has the
symbolic name EXP.

Accuracy

In what follows, the terms absolute error and relative
error will be used and are defined as follows:

The absolute error in the calculation of a function
g(y) of an argument y is equal to: calculated g(y)
—exact g(y).

The relative error is equal to: (calculated g(y) —
exact g(y)) = exact g(y).

The error specifications refer to the normalized
function value stored in the working accumulator.

Exponential Function. For 0 <|y | <In 10, the ab-
solute value of the relative error in exp(y) is less than
2% 10-+ 1,

For In 10 = y < 99-In 10, and for — 100:In 10 =
y < — In 10, the absolute value of the relative error
in exp(y) is less than:

(a+2)-10-+0

where q is the integral quotient obtained when y is

divided by In 10.

For y < —100-In 10, exp(y) < 10 -109, Thus, the
value of the function is too small to be stored in float-
ing-point notation, a circuamstance which is known as
exponent underflow. In this case, the value of the
function is set equal to zero and the program proceeds
to the next calculation.

For y > 99:In 10, exp(y) > 10°°. The value of the
function is too large to be stored and the exponent
overflow routine is invoked. One of two error messages
is printed, either NOF (normalize overflow) or EOF
(exponential overflow), since the condition will be de-
tected in either the normalization routine (if y < 100
In 10) or the main line exponential routine (if y > 100-In
10). In either case, the display address of the state-
ment being executed is also printed, the result man-
tissa is set equal to a field of nines (positive), the result
characteristic is set to +99, and the program proceeds
to the next calculation.

Sine Function. For 0 < |y | < 7, the absolute value

2
of the relative error in sin(y) is less than 2 - 10 %
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For angles whose absolute values lie in quadrants
other than the first, the absolute value of the absolute
error in sin(y) is less than:

(a+2)- 10+

where q is the integral number of quadrants in the

angle (obtained by taking the integral part of the

product y - 2 ). The upper bound on the relative
™

error in these quadrants is equal to this quantity di-
vided by sin(y), and can be very large when |y | is
closeton7,n=1,23,...

For |y | > 10f, no attempt is made to calculate the
sine. The error message SCL (sine-cosine large) is
printed together with the display address of the state-
ment being executed, the function is set equal to zero,
and the program proceeds to the next calculation.

Cosine Function. For 0 = |y 1 < 1, the absolute

value of the relative error in cos(y) is less than
4.10-¢+1D,

For1<|y 1 < 7 — 04 = 1.53, the absolute value

of the relative error in cos(y) is less than 5 - 10 £,

For 1.53 < |y | < =, the absolute value of the ab-

solute error in cos(y) is less than 2 - 10 -+ 1V and
for angles in quadrants other than the first, the upper
limit of this absolute error is:

(a+2)-10-¢+ 0

where q is defined as for the sine routine. The upper
bound on the relative error in these quadrants, and
near 7 in the first quadrant, is equal to this quantity

2
divided by cos(y), and can be very large when |y | is
closeto(2n—1). = ,n=1,23, ...
2

For | y | > 10f no attempt is made to calculate the
cosine. The error message and procedure (set function
equal to zero) is the same as the procedure for the
analagous circumstance in the sine routine.

Arc Tangent Function. For arguments less than
10 — (f 4+ 3) in absolute value, the absolute value of
2

the relative error is less than 10 -¢f+ D,

For arguments less than .42 in absolute value, the

absolute value of the absolute error is less than .5-
10-¢+ D,

For arguments greater than .42 in absolute value,
the absolute value of the absolute error is less than
3.0 -10-¢+0D,



For arguments greater than 10 (f + 3) in absolute
3

value, the absolute value of the absolute error is less
than 10-(f + D,

Logarithm Function. For 0 < y < 0.5 and for 2
<y, the absolute value of the relative error in In(y)
is less than 3.5 - 10 1.

For 0.5 <y < 095 and for 1.05 < y < 2, the ab-
solute value of the relative error in In (y) is less than
18 - 10+

For 095 < y < 105, the absolute value of the
absolute error in In(y) is less than 0.5 - 10 -f. The upper
bound on the relative error in this range is equal to
this quantity divided by In(y), and can get very large
as y approaches 1.

If y—0, the error message LNZ is printed together
with the display address of the statement being exe-
cuted, the function is set equal to the largest negative
number in the floating-point range, and the program
proceeds to the next calculation.

If y <0, the error message is LNN and the function
calculated is In | y |.

Square Root Function. For 0 < y < 109, the ab-
solute value of the relative error in SQRT (y) is less
than 10 -(f + 1),

If y is negative, the error message SQN is printed
along with the display address of the statement being
executed. The square root of the absolute value of y
is calculated, and the program proceeds.

Input/Output Operations

Input/output operations necessary to the execution of
the compiled program are performed by the rorMAT
routine.

Format Routine

For each Input-Output statement, an entry to the
Format Routine is compiled. Following this appears:

1. a code indicating the appropriate I/O device;

2. the address of the series of instructions (format
string) which determines the arrangement of the
data (compiled from the referenced format state-
ment); and

3. the address of the specified list of data (list string).

The format string consists of:

1. branches to appropriate closed subroutines of the
Format Routine,

2. parameters describing the data which are needed
by these subroutines,

3. the data itself (H-conversion fields), and

4. certain register-updating instructions.

When an item of numerical data is called for by the
format statement, (GETAD), control temporarily
transfers to a list routine, OBLIST (a relocatable and
selectively loaded object time subroutine), which sup-
plies the address required by processing the list string.
The data is then converted to the appropriate internal
(INEFI) or external (EFNTN, INOTN) notation by a
Format Routine subroutine.

The H-conversion subroutine (HOLLR) is divided
into two sections. On output, H-conversion transfers
alphameric information from the format specification
to the output area. On input, H-conversion (HOLIN)
transfers alphameric data from the input area to the
proper location in the format specification.

Logic Flow

1. Initialization: Work areas and index registers are
initialized. Counters and switches are reset.

2. Select I/0 routine: Test the code indicating the
appropriate I/0 device and branch to the corre-
sponding subroutine. (Read a card, punch, print,
read input tape, write output tape, write tape, read
tape.)

3. I/0 Routines: The input I/0 routines bring in the
data and place it in the work area. Control is then
transferred to the format specification and the return
address is saved. The output routines clear the out-
put area, branch to the format specification and
save the return address.

4. Control: Processing is now under control of the
format string. This series of instructions branches
to appropriate closed subroutines in the Format
Routine. The subroutines necessary to process For-
mat specifications are:

a. OPNPR: 1. A branch to OPNPR occurs for
each left parenthesis.

2. The OPNPR routine sets up a
counter indicating number of times
this set of parentheses should be
executed. (This number was found
as a parameter in the format speci-
fication).

3. Sets the address of the first exe-
cutable item following the open
parenthesis.

b. CLSPR: 1. A branch to CLSPR occurs for each
right parenthesis except the last.
2. Adjusts counter set up in OPNPR
and determinés whether it has been
satisfied. If not, control returns to
last open parenthesis. If satisfied,
control proceeds to next executable
instruction in format string.
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(The rightmost close parenthesis is

translated as a branch to EOJ1)

c. EOJ1:
1.
2

d. NDLIN: 1.
2
3

e. SCALE: 1.
2

f. GETW: 1
2
3

g. INOTN:

h. EFOUT: 1
2
3
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For output, data is transferred (via
NDLIN) to the I/O unit previously
specified. If the list has not been
exhausted, control is sent back to
the last open parenthesis and its
coeflicient; otherwise, control is re-
turned to the generated in-line pro-
cedure.

. For input, the list is checked first.

If the list is exhausted, an exit from
the format routine to the procedure
occurs. Otherwise, control is trans-
ferred to the 1/0 subroutine, more
data is read into the work area, and
control returns to the last open
parenthesis.

A branch to NDLIN occurs upon
encountering a slash (/) in the for-
mat specification.

. Resets address of I/O work area to

left end position (thereby spacing
a line).

. Branches to I/O subroutine and

either puts out or brings in data.

A branch to SCALE occurs when
the format specification indicates a
scale factor.

. The SCALE subroutine saves the

scaling factor for subsequent proc-
essing of E- and F-conversion data.

A branch to GETW occurs for each
E, F, or I specification in the for-
mat statement.

. Transfers control temporarily to

OBLIST for the purpose of obtain-
ing the address of the data to be
processed.

. Upon return, transfers control to

INEF]I, for input data.

Processes I-conversion data for out-
put statements, including when
necessary, the insertion of a lead-
ing minus sign, space permitting.

Processes E- and F-conversion out-
put data.

. Adjusts characteristic of internal

data for scaling.

. Moves data to output area, inserts

sign if necessary, positions decimal

Specs. and Op. Proc.

point and adds E nn as last 4 posi-
tions of data for E-type conversion.

i. INEFI: 1. Determines from the format speci-
fication the location of rightmost
character of E, F, or I input data
within the work area.

2. Scans for first significant digit of
data.

3. Branches to INI for I-conversion
input data.

4. E and F Input data are converted
to internal notation and the char-
acteristic adjusted as required by
a scaling factor and/or decimal
point position.

5. Transfers converted data to storage
as specified by the LIST address.

o

j- INI: Processes I-conversion input data.

po

Converts data to internal notation.

3. Transfers converted data to storage
as specified by the list address.

Performance Data

The time required to process a 1401 Fortran program
is determined by the following factors:

1. Overhead. This involves the time necessary to read

and pass through the phases of the compiler. The
time required:

a. for a card system: 2 minutes 56 seconds
b. for a tape system: 16 seconds.

(The time difference is because the compiler can
be read faster from tape.)

. Input/Output Operations. This involves the need

to read the source-program deck, print a core-
storage snapshot (dump), and punch the condensed
deck.

. Resorting. This involves the time needed to re-

order the statements into their final core-storage
locations after processing is completed. This time
is the most significant part of compilation time,
particularly when:

a. there are a large number of different types of
statements, and
b. core storage is completely filled.

. Number of Input Characters (size of the source

program). Compilation time varies directly with
the number of input characters.



Minimum and Maximum Compilation Time

The time required to compile a 1401 Fortran program
varies from:

1. 16 seconds to 15 minutes for a tape system (i.e.,
where the compiler is on tape), and

2. 2 minutes 56 seconds to 17 minutes 45 seconds for a
card system i.e., where the compiler is read from
cards. (The difference is that information can be
read faster from tape than from cards.)

The minimum program in this case consists of a
single control statement. The suggested maximum
program is one that:

1. involves the use of every type of Fortran statement.

2. fills core storage (16000 positions in this case). This
would require 400 statements, assuming an average
length of 25 characters per statement.

Examples
The following three cases are presented as examples:

Number of Compilation Core-Storage

Case  Input Statements Time Positions Used
1 42 52 secs. 7,996
2 25 1 min. 50 secs. 7,352
3 424 10 min. 35 secs. 15,856

Case 1 (see Figure 8) is a matrix calculation. Case 2
(see Figure 9) illustrates a use of the library functions.
Case 3 calculates characteristics of sort programs.

Input/output operations and sorting and resorting
of statements require the most significant part of com-
pilation time. For example, input/output operations
required approximately:

1. 32 seconds in Case 1 (includes snapshot).

2. 1 minute 26 seconds in Case 2 (includes snapshot
and condensed deck).

3. 4 minutes 35 seconds in Case 3.

In Case 3, more than half of the remaining 6 minutes
was used to sort and resort.
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Fortran Operating Procedures — IBM 1401

This section contains the information necessary to
compile and execute an object program from a source
program written in 1401 Fortran. Included also are
the diagnostics, halts, and messages that may be en-
countered when compiling and executing the object
program.

Compiling Operation Procedures

Library Tape

The 1401 Fortran system on tape, consists of a self-
loading program, blocked printer records, and blocked
condensed card records. You may retrieve the data
from the tape through the following procedure:

1. Ready the tape on Tape Unit 1.

2. Set the I/0 check stop switch up.

3. Reset the system.

4. Press Tape Load. A program halt will occur at 364.

5. a. If the symbolic listing is desired, press Start. At
the end of the listing a program halt will occur
at 600, If condensed cards are then desired, press
Start. Otherwise, press Start Reset, then Start to
rewind the tape.

b. If only condensed cards are desired, press Start
Reset, then Start. The tape will be searched past
the symbolic listing records and then commence
punching. After punching is completed, an auto-
matic tape rewind occurs.

The cards which are produced by this operation con-
stitute the 1401 Fortran Compiler Deck, Utility Deck
3, Utility Deck 2, the two sample problems, and Utility
Deck 1 (the compiler tape generator). The decks may
then be used as described below.

Compiler Deck Description

The decks comprising the 1401 Fortran system are
identified as such by 50 in columns 76 and 77. The
version number is punched in column 80. Phase num-
bers punched in columns 78 and 79 identify the func-
tional segments of the system. From an operational
point of view, it is only necessary to locate the follow-
ing phase boundaries in the deck:

1. The end of phase 02, the loader.
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2. The beginning of phase 95, Utility Deck 3, the
library tape generator.

3. The beginning of phase 96 (optional, on request),
Utility Deck 2, the relocatable condensor deck.

4. The beginning of phase 97, sample problem 1
(matrix arithmetic).

5. The beginning of phase 98, sample problem 2 (trigo-
nometric, logarithmic, exponential, and square root
functions).

6. The beginning of phase 99, Utility Deck 1, the com-
piler tape generator.

Phases 00-63 are continuously numbered (with gaps be-
tween some phases) in columns 72-75 and constitute
the compiler deck. Set the rest aside. Phases 95-99 are
each continuously numbered in columns 74-75.

Addition of Arbitrary Relocatable Library Functions
This section describes the procedures to follow in:

1. assembling the user’s 1401 Autocoder function rou-
tines

2. including the additional function names in the 1401
Fortran function table, and

3. including the user’s assembled function routine in
the 1401 Fortran compiler. See User Functions.

Assembling the User’s Function Routines

The user’s function routines are assembled using the
1401 Autocoder (on tape) processor and procedures.
No condensed output need be specified in the control
card. If there are no errors:

1. Place the 1401 Fortran Utility Deck 2 (phase 98) in
the 1402 card-read hopper.

2. Press the 1402 load key.

3. Press the start key when the reader stops at the last
card.

A condensed deck without clear-storage and boot-
strap cards will be produced from the data on the
Autocoder tape. This condensed deck will be suitably
zoned so that it can be relocated and loaded when it
is named in the source program.



Incorporating the User’s Function into 1401 Fortran

To incorporate the new function into the 1401 Fortran
system, the user must:

L

add the name of the function to the table of valid
library functions, and

. insert the relocatable condensed deck into the sys-

tem deck.

To add the function name:

L

consult the 1401 Fortran listing, Phase 33 (Arith
Phase One), under the comment card TABLE OF
FORTRAN FUNCTIONS.

. commencing at the statement bearing the remark

“USER FUNCTIONS”, note the column of codes,
H, D M,L, K, etc.

. choose an unassigned code and note its condensed

card number along with the value of n in its com-
ment USER FUNCTION n.

. pull the indicated card from the system deck and

find the first unassigned code punch. It will be pre-
ceded by 8 blanks.

. in this blank field, if the name has 7 characters, a

left parenthesis must be punched, followed by the
characters of the name, IN REVERSE ORDER,
commencing with F.

For a six-character function name, the left paren-
thesis is preceded by one blank. A five-character
function name has its left parenthesis preceded by
two blanks. A four-character function name, the
minimum, has three blanks preceding the left paren-
thesis.

. restore the card to the same position in the system

deck.

To insert the condensed, relocatable deck in the sys-

tem deck:

1.

List phase 53 of the condensed compiler deck to
find the series of cards with the comment USER
FUNCTION n GOES HERE in columns 1-25.

Note the condensed card number of the comment
containing the value of n selected in phase 33.

Pull that card and the one following from the sys-
tem condensed deck and replace them by the con-
densed relocatable deck.

Generate a new system tape, if desired.

Compiling Procedure

Note: Program segments are assembled as though each were
a separate program.

As a card system:

1

Ut

Place source program deck, preceded by an appro-
priate control card, between phase 02 and phase 03
of the Fortran compiler deck in the 1402 read
hopper.

. Set sense switch A up. Set all other sense switches

down.

. Set sense switch B up, if the condensed deck is to

be listed on printer.

. Reset the machine.
. Press Load on the 1402.
. Press Start when the reader stops at the last card.

When the end-of-compilation message prints (see
Compiler Output) the compiler deck (with inserted
source deck) and the condensed object deck (if any)
will be in the 1402 stackers.

As a tape system to generate the compiler tape:

. Place phase 99, the compiler tape generator at the

front of the compiler condensed deck in the 1402
read hopper.

. Ready an unprotected tape on Tape Unit 1.
. Set sense switch A up. Set all other sense switches

down.

. Reset the machine.

Press Load on the 1402.

. Press Start when the reader stops at the last card.

The following message will be printed:
1401 FORTRAN COMPILER GENERATED
ON TU1

. File-protect the compiler tape.

Once the compiler tape is generated, the compiler

deck may be filed.

To run the tape system:

. Ready the compiler tape on Tape Unit 1.
. Set sense switch A up. Set all other sense switches

down.

. Set sense switch B up, if the condensed deck is to

be listed on the printer.

. Reset the machine.
. Press Tape Load.
. Place the source program in the 1402 read hopper,

preceded by appropriate control card.

. Press Start. Press Start again when reader stops

at the last card. When the end-of-compilation mes-
sage prints (see Compiler Output), the compiler
tape will rewind, and the source deck and con-
densed object deck (if any) will be in the 1402
stackers.
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Compiler Output

The following information is obtained, during com-
pilation, at the 1403 printer unless otherwise indicated:

1.
2.

11.

12.

Machine core-storage size, specified and actual.
The source program listing including an internal
sequence (SEQ) number for each statement. SEQ
will be referenced by any error diagnosis at either
compile or execute time. Each page listed will be
identified by the punches in columns 76-80 of the
source program cards and by a page number.

. The number of input characters.
. The specified modulus (k), equal to the word size,

for fixed point (integer) variables.

. The specified mantissa length (f) for floating point

variables. Two extra positions will be reserved for
the characteristic. Word size thus equals f + 2.

. Array storage assignment, naming each array with

its decimal and machine language boundaries.

. Simple variable storage assignment, naming each

variable with its decimal and machine language
(right-hand) address.

. Constant storage assignment boundaries.
. Diagnostic messages. See Compiler Diagnostics.
10.

For each executable statement: the seQ number,
the object time starting address (machine language
and decimal) of the generated procedure, and a
display code (related to the starting address) which
may be used during diagnosis of execution of the
object program (see next section).
If requested on the control card, and if there have
been no errors that would prevent successful exe-
cution of the object program, a core storage snap-
shot will be printed and a condensed deck in con-
densed Autocoder format, will be punched. The
condensed deck listing will be printed if sense
switch B is up.
The system will halt after printing the message:
END OF COMPILATION
PRESS START TO GO

At this time data tapes and cards may be loaded
and the system tape unloaded. Initial object-time
sense-switch settings may be made.

Compilation Checking Aid

The core storage snapshot can be forced at various
times during compilation by the use of sense switches.
Switches C, D, and E all up will cause the snapshot to
print after every compiler phase. Because this is usu-
ally undesirable, fewer phases can be printed by the
use of switches D and E up. These are: DIMEN2,
VARBLS5, CONST3, LIST3, STNUMS5, ARITHS6, DO,
RESORT 4.
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Sense Switch E up will cause printout DIMEN2,
STNUMS, DO.

G on will cause a halt after any snapshot. F on will
bypass the printout of any snapshot.

Compiler Diagnostics

The following messages will be printed, during com-
pilation, when appropriate:

MACHINE SIZE SPECIFIED IS GREATER THAN ACTUAL

MACHINE

SYSTEM DOES NOT FOLLOW END CARD
OBJECT PROGRAM TOO LARGE
NO PARAMETER CARD (Control Card)

ERROR

ERROR
ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR
ERROR

ERROR

ERROR

ERROR

ERROR

ERROR
ERROR

1

2
3

10

11

12

13

14

15

16

17

18
19

20

21

22

23

24
25

UNDETERMINABLE STATEMENT (SEQ
number)

DOUBLY DEFINED ARRAY (NAME)

DIMENSION SYNTAX, STATEMENT (SEQ
number)

EQUIVALENCE SYNTAX, STATEMENT (SEQ
number)

ILLEGAL MIXING IN EQUIVALENCE,
STATEMENT (SEQ number)

UNDEFINED ARRAY, STATEMENT (SEQ
number) (NAME)

ILLEGAL EQUIVALENCE, STATEMENT
(SEQ number)

REDUNDANT EQUIVALENCE, STATEMENT
(SEQ number)

VARIABLE SYNTAX, STATEMENT (SEQ
number)

UNDEFINED VARIABLE, STATEMENT (SEQ
number)

UNREFERENCED VARIABLE, STATEMENT
(SEQ number)

FLOATING POINT SUBSCRIPT, STATEMENT
(SEQ number)

STATEMENT NUMBER SYNTAX,
STATEMENT (SEQ number)

UNREFERENCED FORMAT, STATEMENT
(SEQ number)

FORMAT SYNTAX, STATEMENT (SEQ
number)

PARENTHESIS ERROR, STATEMENT
(SEQ number)

DOUBLY DEFINED FORMAT, STATEMENT
(SEQ number)

LIST SYNTAX, STATEMENT (SEQ number)

UNREFERENCED STATEMENT NUMBER,
STATEMENT (SEQ number)

DOUBLY DEFINED STATEMENT NUMBER,
STATEMENT (SEQ number)

nnn UNDEFINED STATEMENT NUMBER(S),
STATEMENT (SEQ number)

UNDEFINED FORMAT, STATEMENT
(SEQ number)

CODING UNINTELLIGIBLE, STATEMENT
(SEQ number)

SYSTEM ERROR, STATEMENT (SEQ number)

LEFT SIDE INVALID, STATEMENT
(SEQ number)



ERROR 26 EXCESS OF — SIGNS, STATEMENT
(SEQ number)

ERROR 27 ARITHMETIC SYNTAX ERROR, STATEMENT
(SEQ number)

ERROR 28 INCORRECT MODE OF FUNCTION
ARGUMENT, STATEMENT (SEQ number)

ERROR 29 UNDEFINED FUNCTION NAME,
STATEMENT (SEQ number)

ERROR 30 FIX TO FLOAT POWER, STATEMENT
(SEQ number)

ERROR 31 DOUBLE OPERATORS, STATEMENT
(SEQ number)

ERROR 32 MULTIPLE EXPONENT, STATEMENT
(SEQ number)

ERROR 33 NO TAPE UNIT NUMBER, STATEMENT
(SEQ number)

ERROR 34 COMPUTED GO TO SYNTAX, STATEMENT
(SEQ number)

ERROR 35 HALT NUMBER NNNNN TO BE DISPLAYED
AS NNN, STATEMENT (SEQ number)

ERROR 36 ILLEGAL SENSE LIGHT, STATEMENT
(SEQ number)

ERROR 37 ILLEGAL SENSE SWITCH, STATEMENT
(SEQ number)

ERROR 38 ILLEGAL RANGE OF DO, STATEMENT
(SEQ number)

ERROR 39 ILLEGAL NESTING, STATEMENT
(SEQ number)

ERROR 40 DO SYNTAX ERROR, STATEMENT (SEQ
number)

ERROR 41 CONSTANT LEFT SIDE OF EQUAL SIGN,
STATEMENT (SEQ number)

ERROR 42 MODULUS
ERROR 43 MANTISSA

ERROR 44 CONSTANT SYNTAX, STATEMENT (SEQ
number)

ERROR 45 HOLLERITH COUNT, STATEMENT (SEQ
number)

ERROR 46 MIXING IN ARITH, STATEMENT (SEQ
number)

ERROR 47 BAD LIST, STATEMENT (SEQ number)

Compilation Time Halt

When running as a tape system, a halt will occur with
3333 displayed in the B-address register if a permanent
redundancy is detected on the systems tape. Press
Start to reread the record.

Object-Program Storage Allocation

The storage allocation of compiled programs is dia-
grammed in Figure 7.
The following information will be helpful in the
estimation of the size of an object program:
Floating Fixed

Variable storage word-size,
including array members f+2 k

Temporary storage word-size f+4 k

The relocatable library and processing subroutines
appear in the object program only if needed.

Name Approx. Size
1. SINF/COSF 437
2. LOGF (or A**B) 320
3. EXPF (or A**B) 297
4. COMMON (if 1 or 2 or 3 above) 263
5. ATANF 471
6. SQRTF 216
7. XFIXF (or I = A) 133
8. FLOATF (or A =1) 59
9. NEGATE (—B*C, etc.) 8
10. ABSF/XABSF (also requires NEGATE) 7
11. DO 92
12, LIST 404
13. DO/LIST COMMON (if 11 or 12 above) 50
14. SUBSCRIPTS (if variable) 220
2977
Sense Lights and Index
] l<— Locations
| Input/Output and Arithmetic
Work Area
333
Snapshot Program or Linkage
Program (object time starts
at position 337)
700
Fixed- and Floating~Point
Arithmetic
I 1697

‘Input/Output and Format
Routine

Simple-Variable and Temporary
Storage

l«— Generated In-Line Procedure

Library Functions and
Processing Subroutines

<— Unused Storage, if any

le«— List and Format Strings

Constants and Generated
Subscripting Parameters

l«— Array Storage

END

Figure 7. Object Program Storage Allocations
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The generated in-line procedure, the generated list
and format strings, the constants and generated sub-
scripting parameters, all together generate less than
twice as many object program characters as are in the
source program.

For examples of typical storage allocation, see the
sample programs, Figures 8 and 9.

Object Program Operation Procedures

The compiled program may be executed immediately
after compilation, while still in core storage, by ready-
ing any card or tape problem-data and pressing Start.

Execution of the Condensed Card Deck

To execute the object program at a later time:

1. Ready data tapes, if any.

2. Place the condensed deck in the read hopper.

3. Reset the machine.

4. Set any sense switches required by the source pro-
gram.’

. Press 1402 Load.

. Press Start when the reader stops at the last card.

. Place card data, if any, in the read hopper when
required.

W

Note: Altemnatively, card data may be placed in the hopper
behind the condensed deck at step 2.

When the compiler is used on tape, data cards, preceded
by a card containing a 5 and 8 multipunch in column 1, may
follow the source program.

Program Checking Aid

At any point during execution of the object program,
a snapshot of core storage can be obtained by execut-
ing the snapshot program at position 337. Position
333 of the snapshot routine during compilation is not
available at object time. Sense switch F must be off
or printing will be suppressed. Programs containing
a linkage (XLINK) statement do not have this facil-
ity; a transfer of control to 337 causes execution of
the linkage program.

When the snapshot program is executed, positions
84-86 will contain one of the display codes printed
during compilation. The sEQ number corresponding
to this display code identifies the current or most re-
cently executed statement in which an arithmetic ex-
pression appeared.

Object Time Halts or Error Conditions

In addition to the halts generated by sTop and pAUSE
statements, the object program will contain halts that
are invoked by badly coded or positioned data, or by
unanticipated values, tape errors, or end of file. When
the system halts at object time and the stop light is lit,
display the B-address by pressing the B-address regis-
ter key-light.
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One of the following three-digit halt codes may
appear:

Code Maeaning

581 A permanent read error was encountered on
the LIB tape during execution of the linkage
routine.

603 (during

execution of

linkage routine){ The necessary program segment is not con the
342 (during LIB tape. Press Start to get the segment from
execution of the card reader.

monitor on the

LIB tape)

777 A tape error was encountered in the limited
input/output format routine.

888 End-of-file was encountered in the limited
input/output format routine.

999 Read error on the LIB tape during execution

of the monitor program on the LIB tape. Re-
wind the LIB tape and press TAPE LOAD to
try executing the monitor program again.
Check to see if the call card is still available
in the reader.

One of the following four-digit halt codes may ap-
pear on the register:

Code

1001 The value of the index in a computed Go TO state-
ment exceeds the number of exits.

1111  Parity errors when attempting to read tape, or having
skipped and blanked tape 50 times while attempting
to write tape. Press Start to continue the attempt.

1121 Data and rForMAT specifications disagree in mode or
acceptable characters. Not all disparity is detectable.

2002 The value of a computed subscript is greater than
15,999.

3700 Output record too long because of incorrect FORMAT
specifications. Snapshot routine has been destroyed.
Press Start to continue execution.

4002 End of file detected while reading tape. Press Start to
read next record (or first rewind and unload old
tape; load new tape).

4003 End of file while writing tape. A tape mark will be
written, and the tape rewound and unloaded. After
new tape is mounted, press Start to proceed.

Note: 1. An X will replace an output data field whenever,

a. a fixed-point value has E or F format, or
b. insufficient integer space has been allocated to an
F format value.
2. If an F format value is negative and the numeric
digits exactly fill the output data field, the sign is lost.

Meaning

A coded message and the display address will be
printed in the leftmost positions of the 1403, in case
of the following errors. There will be no halt. The pro-

gram will continue with the indicated result.
Message Meaning

NOF

Resuli +
Exponent overflow during normalization  9...999

DZE Attempted to divide by zero 9...99%
LNZ Attempted to find reciprocal of zero 9... $9§
9...

9...

EOF  Exponential 1099 995
LNZ Logarithm of zero §9§
SCL Sine or Cosine argument too large Zero
LNN Logarithm of negative number In |arg|
ZTZ Zero to zero power one

SON Square root of negative argument V Targ



Running Programs Containing
Linkage Routine

The following are the procedures for executing a pro-
gram that consists of more than one section or segment.
See Program Linkage.

Preparing the Condensed Decks for Execution

The condensed decks of the compiled segments are
read into storage (for execution) from cards, tape, or
both cards and tape. In the first two cases a single
combined deck is required. In the last case the con-
densed decks to be read from cards are combined into
a single deck, and those to be read from tape are com-
bined into a single deck that is loaded on tape.

Reading from Cards

In reading the compiled segments from cards, the con-
densed decks of the segments are combined into a
single deck as follows:

1. Remove the clear-storage cards (first two cards)
from all the segments, except the first segment of the
program, and any others that require all of core
storage to be cleared before being read for exe-
cution.

2. Place data cards behind each condensed deck that
requires data.

3. Combine the decks (with data cards) into a single
deck, in the order they are to be read.

Reading from Tape

In reading the compiled segments from tape for exe-
cution, the condensed decks must be combined into a
single deck and loaded on tape (LIB tape). The pro-
cedures are as follows:

1. Remove the clear-storage cards (first two cards)
from each segment.

2. Place the associated title card before the condensed
deck of each segment.

3. Combine the condensed decks into a single deck.
They need not be in the order they are to be read
from tape; however, they should be in that order
for efficiency in execution.

4. Load the combined condensed deck on tape using
the following procedure:

a. Place the LIB tape generator (phase 95) in the
reader followed by the combined condensed
deck (with title cards).

b. Ready tape unit 1.

c. Press the load key on the 1402. The LIB tape
generator performs the necessary loading opera-
tion.

Note: Two halts may occur while writing the LIB tape.
When a halt occurs, display the contents of the B-address regis-
ter. A 195 in the B-address register indicates that a title card
was searched for in the reader and not found. Put the necessary
title card in the reader and press START to read more cards.
A 666 in the B-address register indicates that the job is
completed.

Executing the Segmented Program
To run the segmented object program:

1. If all segments are to be read from cards:
a. load the 1402 card read-punch with the com-
bined condensed card-decks.
b. press the load key on the 1402. The program is
loaded, and execution begins.

2. If all segments are to be read from tape:
a. ready the LIB tape on tape unit 1.

b. clear core storage to blanks unless previously
executed routines or data are to remain. This is
a precaution against errors resulting from extra
group-mark word-marks in core storage.

c. place the initial call card in the card reader. It
should be followed by any card data or call cards
required by the entire program, in the order
they are to be read.

d. Press Tape Load.

e. Turn on sense switch G if a core-storage dump is
desired.

f. Press Start to read the initial call card. The first
segment is then read in and execution begins.

3. If segments are to be read from both cards and
tape, follow the procedure in item 2, also loading
the segments to be read from cards along with the
card data (for segments on tape) and call cards, in
the order they are to be read.

Sample Programs

Figure 8 illustr