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EDITOR'S PAGE

Coding and checkout of Trans-Use is progressing quite satisfactorily,
Trans-Use is a routine which will translate programs written in USE language
into 1103A machine language in a format ready for execution or assembly. The
USE-Compiler will be a much more powerful instrument capable of doing a
variety of functions, For most problems, especially fixed point programs,
Trans-Use will be a useful instrument even when the Compiler is available,
Trans-Use is being prepared by Holloman Air Development Center,

A minimum Service Routine Library for the 1103A is about 75% com-
plete here at St, Paul, This minimum library will include paper tape input-
output routines and several diagnostic routines for program debugging purpeses,

On page 1 of the SNAP Sampler (RW-140) write-up, the last sentence
of .paragraph b should be replaced by: "Restoring the library from magnetic
tape loads an all zero word into cell 71777, If this word is not changed
a complete trace of all SNAP commands is automatically performed.”

Future contributions and communications to the Central Exchange
should be addressed to Leo Kennedy, Systems Analysis Department, who has
assumed the duties of Central Exchange editor.

Leo Kennedy
Systems Analysis Department
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REPORTS

CONVAIR An 1103 program for computing Eigenvalues and Eigen-
vectors of Real, Symetric Matrices has been completed. This program
is designed to determine all vectors Y. and all scalars X . which
together with a given real, symetric matrix A of order N & 64 satisfy
the relationship AY; = A iY;+ The mathematical technique employed
is based on the Hestenes - Karush gradient methods. The program is
made to take advantage of a matrix with large numbers of zero ele-
ments by representing it in dehydrated form, i.e., with blocks of

zero elements replaced by flags indicating the number of zeros re-
moved,

RAMO-WOOLDRIDGE A table of contents for the Ramo-Wooldridge Utility
Library for the 1103 is enclosed in this Newsletter. In connection
with this, the following communication was recieved from Ramo-~
Wooldridge: "We now have our library available on a self loading
deck of binary cards. We would be glad to supply a copy of this
deck to anyone, together with complete instructions for loading
the deck in the 1103 and a list of locations occupied by each
routine, With this information the various output routines which
are part of the library could be used to obtain octal or binary
cards or bioctal paper tape for any or all rountines,”

LOCKHEED As a first step in the direction of exchanging in-
formation about the organization of individual computing centers,
W. W, Leutert, Head of Mathematical and Computer Service Department
{Dept, 66-10) Lockheed Missile Systems Division has submitted an
organizational description of his department for Central Exchange
distribution., It is hoped that this first step will stimulate

the flow of such worthwhile information among the various computer
installations,

WRIGHT FIELD A decimal output routine for the ERA Line Printer
has been completed. Decimal digits must be presented to the routine
in coded form and the speed of the output is limited only by the
Line printer itself (150 lines per minute, 92 characters per line),

PX 71900-9-(ii)

ii



PX 71900-9-(iii)

NEWSLETTER NUMBER 9
JUNE 1956

REMINGTON RAND UNIVAC Enclosed in this Newsletter is a report on
"A Linear Programming Routine for the 1103 Computer"” which is being
developed at St, Paul,

A preliminary report on "A Multiple Correlation and
Regression Program for the 1103" is enclosed. This program has
‘been used successfully at St, Paul on several customer production
problems,

Also included is a description of the Utility Routine
Library for the Serial 9 1103 at St, Paul, This library (BR-126)
consists of three main parts: (1) Service Routine Library; (2)
Regional Coding Routine; (3) Library Routine,

A few inquiries have been directed to us concerning
the action of the LEFT TRANSMIT instruction (LTjkv) of the 1103A
(1) when 72§22, and (2) when k>177, The quantity "j" in this in-
struction at present consists effectively of the ore bit, Uyoe in-
stead of the usual three bits, uj4, u 3¢ u . Hence for j = 2, 4,
or 6, effectively j = 0; and for j = é, 5,13r 7 effectively j = 1,
No anomalies arise when k2177 as is the case for the Split Instructions
and Left Shift Instructions in A and Q,

We would like to take this opportunity to review
some of the actions of the 1103A "interrupt” signal during a re-
peated operation, Since the Repeat Sequence by-passes Main Pulse
6 and 7, the "interrupt” will not take effect until the Repeat
Sequence is terminated. For Normal Termination, the "interrupt”
will take effect on MP6 of the execution of the jump instruction
stored at F.. When a jump condition is met during a repeated
Threshold o} Equality Jump, the "interrupt” will take effect on
MP6 of the Jump Termination Sequence. Hence, for both the Normal
and Jump termination of the Repeat Sequence, the "interrupt” does
not become effective until PAK contains the address of the next
instruction in the otherwise un-interrupted program,

iti



PX 71900-9-(iv)

OR-124
RW-125
RR-126
RR-127
OR-128
Cv-129
CV-130
Cv-131
CV-132
CV-133
CV-134
RW-135
RW-136
RW-137
WF-138
WF-139
RW-140
RW=141
RW-142
RW-143
RW-144
RW-145

RW-146

MEWSLETTVER NUMBER 9
JUNE 1956

:5NCLOSURLES

Normal Cerivate Routine

Linear Matrix Equation Solver

Utility Routine Library, itegional Coding Routine, Library Routine
Multiple Regression and Correlation Routine

Magnetic Drum to Magnetic Tape Dump

Card Read and/or Punch Routine

Card Punch Routine

Two Cycle Read Cnly Card Routine

Solution of Sipultaneous Linear Equations by the Method of Crout
Square Root - Floating Point

Cube‘Root - Floating Point

Fixed Boint Card Output Subroutine

Stated Point Card Output

Octal Card Dump

CHIP - a Floating Point Interpretive Subroutine

Polynomial Expansion, %;0 a, X"

SNAP Sampler Trace

SNIP - Interpretive Floating Point Package - Complex
Eigenvector, Eigenvalue Routine for Real Symmetric Matrices
Floating Point Gill Method

Floating Point Sine - Cosine

Standard Atmesphere Calculation

Manual Inspection and Insertion
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RW-147
RW-148
RW-149
RW=150
RW-151
RW-152
CV-153
CV-154
CV-155
CV-156
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CV-158
HO-159
RW-160
RW-161
RR-162
WF-163

CV-164

Cv-163

CV-166

CV-167

9:23
9:24
9:25

9:26

Centfal Exchange Sine - Cosine Routine

Sine - Cosine Routine (Polynomial Multiply)
Small Angle Sine - Cosine Routine

Square Root

Normally Distributed Pseudo Random Numbers
Column Heading Routine

A Card Handling Subroutine

Unpacked Floating Point Card Read

ArcSin and ArcCos, Fixed Point

Least Squares Polynomial Approximation

Fixed Point Charactron Output Rputine

FLICK, A Demonstration Routine

A Useful Instruction for Inverted Binary Numbers
Arctan (Revised Edition of RR-26)

Gill Metkod Subroutine (Revised Edition of RW-91)
seudo-Random humber Generztor Subroutine

Line Printer Decimal Output

Program for Computing Eigenvalues and Eigenvectors of Real,
Symmetric Matrices

Determinent Evaluation Package - Real

Four Point LaGrange Interpolation for Bivariate Functions or
Their Derivatives (Fixed Point)

Four Point LaGrange Interpolation for Trivariate Functions or
Their Derivatives (Fixed Point)

Lockheed Missiles: Organization of Department 66-10
Table of Contents: Ramo-Wooldridge Utility Routine Library
Cumulative Errata: Ramo-Wooldridge Library

A Linear Programming Routine for the 1103 Computer
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OPERATIONS RESEARCH OFFICE
7100 Connecticut Avenue
Chevy Chase, Maryland

Title:
Format:
Storage: a) Total:
b) Instructions:
¢) Constants:
d) Temporary Storage:

Alarm Conditions:
Alarm When

Timing:
Exit Condition:

Range:

Coded and Machine Checked By:

Normal Deviate Routine
Standard Form

01000 - 01030, 31 octal
01000 - 01016, 17 octal
01017 - 01024, 6
01025 - 01030, 4

(01030) € 0, This location must be
supplied a randomly selected positive
number before the routine is gentered
the first time,

12 milliseconds per deviate

(1) = deviate scaled 232

deviate will be in range 6

F, R, Urbanus
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Description:

The routine provides a means for drawing "at random" from an
approximately normal distribution having a zero mean and a variance

of 1,

The routine is based on a consequence of the Central Limit Theorem
of Mathematical Statistics, which states that a distribution of sums of
uniformly distriﬁuted random variables approaches the normal distribu-
tion as the number of variables summed is increased, In this routine
twelve random variables, each from the same uniform distribution and
in the range 0 to 221"-],, are summed and then normalized (i.e., reduced
by the theoretical mean gf the distribution and divided by the square
root of the theoretical variance of the distribution), The resulting
normalized deviates are thus distributed approximately normally with

mean O3 varlance 1,

The accuracy of the approximation has been measured by collecting
5 samples of 1000 deviates each and checking the distributions by
statistically testing the hypothesis that the distributions formed
by the deviates are not significantly different from the normal distri-
bution, For the results of these tests, see the section titled

"Accuracy of Approximation",
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If Si = Pi,l (mod 2%-1) + Pi,z (mod 2%’1) + 0-0'*Pi’12 (m°d 221"“1)’

where the P's are "pseudo-random" numhers in the range 1 to 235-32, *

then the mean of S is

S = 12( Q+221*-12 = G (221*-1) and the variance of the sum is
2

dzh(sum) =12 & (uniform distribution)

2~
S (sum) = 12

22k
d*(sum) = (22-1) (224+1)

The normalized sum, or deviate, is them

5 msb6 (%) s - f -
o ' 2

Y& D) (2%0) 2
Since 0% s€ 12 (2%-1)

~5Ss1€6

Each deviate, then, can be no larger in absolute value than 6,

Almost all (99.7%), however, can be expected to fall within the range
*+ 3,00

# The secondary modulus, 2211-1, was chosen arbitrarily to provide a wide
range for the sums, and a fine gradation for the deviates. Furthermore,

it was desired to have the secondary modulus equal to 20-1, in order to
reduce the number of divisions required in the routine,
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Accuracy of Approximation:

The following frequency distributions were compiled by the 1103,
Each contains 1000 deviates, The mean, variance, measure of skewness,
and measure of kurtosis for each distribution were tested statistically
and found not to differ fxfom the measures of the normal distribution

(0, 1) by a significant amount,

Deviates (1) (2) (3) (4) (5)  Total
-3.86 to =3.47 0 0 0 1 0 1
-3.&7 to "3009 l 0 2 2 O 5
-3.09 to =2,70 2 6 L 0 [ 16
=2,70 to =2,31 5 10 13 13 3 Lh
-2,31 to ~1,93 18 25 12 9 15 79
=1.93 to =1.54 L 31 - 30 36 37 178
-1,54 to -1,16 61 65 61 67 70 324,
«~1,16 to =0.77 103 104 83 99 101 490
~0,77 to =-0,39 130 112 139 148 133 658
-0.,39 to O 155 1 135 163 15 739

0 to 0,39 151 147 164 152 18 762
0,39 to 0.77 137 147 128 115 109 636

0.77 to 1,16 82 90 101 85 101 459
1,16 to 1,54 56 64 66 56 T4 316
1.54 to 1,93 29 28 38 36 3% 167
1,93 to 2.31 11 21 15 15 15 m
2,31 to 2,70 9 6 7 7 5 34
2,70 to 3,09 6 3 1 0 L 14
3,09 to 3.47 0 0 1 0 0 1
3.47 to 3.86 0 0 ] 0 0 0
Mean -, 046 -,031 +,012 060 =,008 =,024
63‘ 1.00 1.10 1.03 0.98 1,02 1,02

Y, (skewness) 0.088 0,09 0,138 0.023 0,052 0.076

Yx(kurtosis) 3.07 3.00 3.18 3,08 2,78 2.90
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Because it appeared thai the mean of the distribution might have
some negative bias, a further test was made in which 200 samples, each
répresenting the mean of 500 deviates, were compiled by the 1103, The
mean of these means was +,0023, indicating that there is evidently no

reason to suspect a biased mean,

Storage

Address Order Function of Order

01000 37 76000 76002 Alarm exit

01001 45 00000 30000 Normal exit

01002 11 01017 01025 Set up index

01003 13 01020 01026 (=5)~—p (01026)

01004 11 01030 20000 : Random Number —3 (A)
01005 42 01024 01000 Alarm , (01030) €0
01006 71 01030 01021 RN-513  —3(a)

01007 73 01022 10000 R.N.513(mod 235-31)—3(4)
01010 11 20000 01030 Store new R.N.

01011 11 01023 10000 Mask -=3 (Q)

01012 51 01030 01027 R.N.(mod 2%4-1)—»01027)
01013 21 01026 01027 (5-5) ~» (01026)

01014 L1 01025 01006 Through 12 times?

01015 54, 01026 00010 (5-B)2Bast, 2725(a)
01016 45 00000 01001 To Normal Exit

01017 00 00000 00013 ' Index
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01020
01021
01022
01023
01024
01025
01026

01027

01030

00 05777 77772
01 1060L 71625
37 7777 1T
00 00777 77777
00 00000 00001

[ 00 0oooo 00000)
[ 00 00000 00000]

[ 00 00000 00000]

00 00000 00000]

OR-124

Page6ofc

S

513

2%

2%

1

Store index

Store Sum
Temporary Storage

Current R.N,

9-6
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Identification Tag:

Type:

Storage:

Program Entrance:
Program Exit:
Alarm Exit:

Machine Time:

Mode of Operaticn:

Coced by:
Code Checked by:
Machine Checked by:

Approved by:

'THE RAMO-WOOLDRIDGE CORPORATION
Los Angeles L5, California

Linear Matrix Equation Solver (AX = B)

Specifications

MTI~0

RW-125

MTI-O
‘Pg. 1 of 8

Subroutine available on cards for assembly

217 instructions
10M00 (OCMOO

addresses
thru 10M51 (OM51)

11800 (01MOO) thru 11237 (01M37)
12100 (02M0O0) thru 12M63 (02M63)
13K00 (03M00) thru 13M62 (03M62)

12 constants in program, addresses
CINOO (CONOO) thru CIN11 (CON11)

Temporary storage used, but not stored

in program (See Text).

229 words total program storage.

The constant pocl and temporary storage
pool are used by this routine.

Address 10MO2

Address 10MO1

The alarm exit is used by this routine.

For all storage in ES time is
approximately (in milliseconds):
.3 n3 + +9n2m + 1,702 + .3m2 + 2.5mm

+ 1.8n + 16m + 2.7

For temporary storage (see text) on drum
add approximately (in milliseconds):

O [n3 + ln2n + 302 + 1omn] + 51

Fixed point

W¢

W

Frank
Frank
Frank

Bauer

Cctober 25, 1955
November 15, 1955
Hovember l?, 1955

Kovember 30, 1955

9-7
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This subroutine soives the linear matrix equation AX=B, where A is a non-
singular matrix of size nxn and B has the dimensions nxm. The solution,
X=A"1B, is a matrix of size nxm, For the special cagé, when B is the identity
matrix (I), one obtains the inverse of the V\matrj_x A. Otherwise, one can solve
m sets of n simultaneous linear equations in n unknowns.
Considerable flexibility is afforded the programmer with respect to the
storage of the matrices A, B and the axiswer X. The programmer must code two
auxiliary routines as follows:
(a) The first mst provide successive rows of the augmented

matrix [A, B] . (When B=I, one only need supply rows of A).

Each‘ row, consisting of. (ntm) elements (or n elements when

B=I), mist be set up in the fixed location immediately following

the subroutine. “i'h’is_data mst be scaled at 235 and be such,

that for all elements aj; of [ A,B] |

agy 2% |2 23

In the general case, for B#I, the rows of [A,B] may be scaled

independently. However, in the case of inverting a matrix,
it is necessary that the entire matrix be scaled by the same
factor. |

(b) The second auxiliary mst take‘ the successive columns of X,
found in the n cells immediateiy following the routine, and
eiﬂaer storev ‘them intexjnally or punch them out. Since the

columns of X are indepéndently caldulated, each has an associated

PX T71900-9-(125)

scale factor (scaled at 2°). This parameter positions the binary
point, (asSurﬁing the input ratrices are scaled at 235) and is to

be found in the (n+l)st cell following the routine. If one has
inverted a matrix, and if the input rows were originally scaled by
10? (or 2P), then the outpuﬁ columns must be re-scaled by 10P (or 2P).

9-8
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These auxiliary routines are automatically entered n and m
times respectively by RJ instructions. The_subroutine sets
up these two RJ instructions from information gleaned from
the parameters of the entry. This procedure allows storage
of A,B and i on ES, MD, magnetic tape or externally on cards
or tape. It is also possible to generate the elements of
éuccessive rows when a functional relation exists.
In addition to the 229 words of storage needed by the sub-
routine, it is necessary to provide 2(n+m) cells temporary

immediately following the subroutine, and a block of

gz&g:&l nm cells, either all on ES or all on MD.

o2

Operating Ingtructions

1. Entrance to the subroutine is made by the following orders (B#I):
P RJ OOMOl OOMO2
p+l 00 00X00 00YOl
pt2 -~ Yuuuu VVVVV
DPt3 = mmmem 30OX
where OOMOO is the location of the first word of- the subroutine
00X00 is the location of the first word of the first auxiliary
00Y0l is the location of the second word of the second auxiliary
uuuuy = m (number of columms of B)
vvvvv = n (number of rows of A)
xoox = is the location of the first cell of the block of n(n+l) + mm

2
cells all in ES or all in MD.

2, For the case when B=I, the p + 1 word must be LO 00X00 0O0YOL
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3. The suxiliary rqutines mst be available and coded so that they can be
- entered with
RJ 00X00 OO0X01
and RJ 00YOO OOYOl respectively.
This implies that the first and second words of both auxiliaries are

exit and entrances respectively.

Alarm Conditions

Two alarm conditions can result:

1. A test is made to see that all elements, 335 of the input rows are
within the limits '

a. .’235 ,é—. 23h
ij

If this is violated the alarm routine AIR-1 is entered and
'alarm axxxxx.is printed where xxoxx-3 is the address of the cell
from which the subroutine was entered.

2. If a singular matrix is detected in the process of inversion,
the alarm routine AIR-1 is entered and“singulewwwuwfis printed
where wwwww-3 is the address of the cell from which the subroutine
was entered. The routine can not, however, detect ali singularities
due to round-off errors (see below).
Starting again at xoooetl will cause the rest of the main program

to be obeyed.

Machine Time

The machine time is as indicated on the first page when all operations are
carried on in ES. This time is exclusive of the times taken by the auxiliaries.

In case the block of n(n+l) + nm words are stored on MD, the time must be'

increased by the terms indicated.

These times are approximate and will be a minimum in most cases. 9-10
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Sample computation times for matrices of order 27 and 99 were respectively

53 seconds and 30 minutes.

Mathematical Method (Gauss elimination method)

Elementary row operations are performed on the matrix A reducing it to an upper
triangular matrix A. At the same time, these operations.are performed on the
matrix B giving a new matrix B. A partial floating point arithmetic is
maintained, in that the rows of the augmented matrix [A,B] are always kept
within the limits such that the largest element of.the row (in absolute value)
lies in the interval A
23 » ,a"’235| > 233

1J
In addition, before eliminating, leading elements of two rows are compared and
the element of iargest magnitude becomes the pivotal point.
Next, successive columns of B are taken and the equation AX=B is solved by
the back substitution procedure.
Singularities in A are detected if a zero appears on the diagonal of L. Since
round-off errors can prevent this from occurring, one must inspect the size
of the scale factor if A is suspected of being singular. I1l conditioned
matrices will canse the scale fgctors to be very small, That is, the elements

of X will be very large.

Accuracy

The accuracy in the result is a function of the condition of the matrix A.
Seven to eight decimal place accuracy was obtained for métrices of order 10

to 16. A matrix of order 39 and 99 yielded 7 and 6 place accuracy respectively.
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THE RAMO-WOOLDRIDGE CORPORATION
Los Angeles 45, California

Digital Computing Center

STUDY OF MATRIX INVERSION ON THE ERA-1103 EMPLOYING ROUTINE MTI-O

by

Werner L. Frank and Phyllis Van Liew

Investigations have been Ca.rried on in the inversion of matrices
of large order and/or matrices which are badly conditioned. The purpose

of this has been twofold:

(1) To measure the sensitivity of the routine MTI-O to ill
conditioned matrices;
(2) To obtain some experimentsl experience relating to the
effect of round-off for lerge order matrices,
(We define the condition number as the ratio of the absolute
value of the largest eigenvalue to the smallest).
It 18 hoped that some conclusions will result which will answer
the following questions:
(1) what is the relationship between condition number and
resulting accuracy in the inverse?
(2) Yor moderately well conditioned matrices what order can
be safely inverted and what a.ccurdcy cen be expected?
The main problems considered in these investigations were the

folloving matyrices:

S §
(a) Pinite segment of a Hilbert Matrix (Hn) vhere H, PR v

and its inverse Tn‘

(b) Matrix associated with the solution of y" = - ¥ (cn)

vhere ey = 2

4
cgy = -1 if [1-3] =1

ei 4 = 0 all others
(¢) A singular matrix (A) of order 8 studied in a paper "The

Separation of Close Eigenvalues of a Real Symmetric Matrix"
by Rosser, Lanczos, Hestenes and Karush.
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Matrix (a) has the property of being extremely ill-conditioned for n as
low as 4. The second matrix (b) enjoys a more moderate condition -- even though
it is a function of the squaré of its order (~ E_f_ ). In addition the inverses
of both matrices are well known, the elements befng given by closed algebraic
forms.

More specifically, a comparison of the condition of H " and Cn can be

obtained from the following teble (values are approximate):

n cn Hn

2 3 16

L 10 15,51k
10 4o o(10'2)
9 638 ?

Pinally the matrix (c) is singular and its eigenvalues are known. The
modified matrix 10™'A + 100 wes studied for n = 1, 2,... , 10. This matrix
has condition as given by

| A mex| 4320 L 14100 100 ia . 20t
108 100

The accuracy was checked by calculating the product of the input matrix
and its computed inverse and comparing this quantity to the identity matrix.
Tables 1 and 2 contain data associated with the matrices described above.
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TABLE 1 -

Summary of Experiences on Hilbert Matrices and Cn

Time (seconds)

With Tape Output

1.90

3.65

6.20

- 9.25

13.10

17.50
22.7

1.90
3.70
6.20
9.25
13.05
17.45
22.6

268
k11

80 minutes
(estimated)

EW-12
Page 3

Places
. Time (seconds) of Accuracy
No Tape Output (Rounded) Condition
.15 8 16
.20 T
45 5 15,51k
.70 3
1.0 3
1.45 1
2.1 0
.15 8 16
.20 T
5o 5 15,514
.60 b
1.00 2
1.40 1
1.9 )
9 L
8 90
53 T 292
6 639
30 minutes 5 4000
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TABLE 2
The Matrix 107'A + 107°I = A;
Places of Accuracy in Identity Matrix
(Rounded) ~ Condition

107 0 ~~ o
'0 0 169
A 1 10°
“é 2 107
& 3 10°
Aé L - 105
Ay 5 10"
A, 6 103
Ay 7 20°

A; 8 10

A 9 1

9-18
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UTILITY ROUTINE LIBRARY {MT@)
FOR
1103 SERIAL 9 COMPUTER

The Utility Routine Library will normally be stored on MI@. The Library
consists of the following:

)

(2)

(3)

(4)

(3)

(6)

Utility Routine Loader-@ (URL-#)

, This routine loads the Non-diagnostic Machine Test and transfers
control to the test. An MI START automatically transfers control

- to URL-@; if (AR) is set #0, the machine test is by-passed and con-

trol is transferred to URL-1. The routine occupies blocks 1, 2 on
MIg.

Non-Diagnostic Machine Test (Go+No-Go Test)

This routine performs nine tests each of machine commands and HSS,
and four tests of the drum. A carriage return precedes the start
of each part and a o is typed after each successful test. A command
test failure is denoted by a printed ¢, a HSS test failure by a printed
e, and a drum test failure by a printed d. After each failure the
routine tries the same test over again with the same operands and
continues to do so until it obtains a successful test. Upon completion,
the routine transfers control to URL-1. The routine occupies blocks
3-32 on MT@,

Utility Routine Loader - 1 (URL-1)

This routine loads the Service Library in the drum, 70000-75777;
it also clears HSS, groups 4, 5, 6 and 76000-77777 on the drum. A
MJ-@ is left in 00000, Upon completion, the computer is halted on a
MS-@ instruction with PAK set to the entry for the Ferranti Loading
Routine. URL-1 occupies blocks 33, 34 on MT@,

Service Routine Library

This is a compilation of routines of general use. The Service
Library occupies blocks 35-174 on MTf,

Regional Coding Routine {RECO)

This routine occupies blocks 175-225 on NI, See write up of this
routine for detailed description. : '

Library Routine

This routine occupies blocks 226-245 on MTf). See write up of this
routine for a detailed description.
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(7) Dictionary of Subroutine Library

A list of indices for the subroutine stored in the Subroutine
Library. This dictionary occupies blocks 246~305 on MTP,

(8) Subroutine Library

A compilation of subroutines of general program use. The
remaining blocks of MTP are reserved for this library. See write up
of Library Routine for list of Subroutine in the Library.

Loaders URL-2, and URL-3 are part of the Service Library and they effect
the loading of RECO and the Library Routine respectively into HSS. The Library

Routine has a built in loader which effects the transfer of the Dictionary and
the Subroutine Library to HSS.

MTP wmust be positionéd to the dead space preceding the first block on tape
before any use of the Utility Library can be made. To discourage inadvertent

writing over the Utility Library, the MIf) WRITE switch is disabled; this switch
in the DOWN position is the NORMAL condition of the computer.

PX 71900-9-(126)
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GENERAL USE OF UTILITY ROUTINE LIBRARY

I. Normalize Computer Operation

This is an automatic operation which is designed to test the computer,
transfer the Service Library to its drum storage, and clear HSS and the
remainder of the drum, '

Operating Instructions:
(1) Typewriter ON: MT@ positioned.
(2) MASTER CLEAR: All MJ and MS selects OFF.

- (3) If the Non-diagnostic Machine Test is not desired, set (AR)¥0.
MT START,.

(4) Computer halts on MSﬁ instruction with PAK set to 7000l.

(5) Errors:

(a) Final Stop (57 77777 00000): This indicates that URL-§
has not been transferred to HSS correctly. MASTER CLEAR,
MI START for a re-transfer.

(b) Printed "T" and MS-@ Stop: This indicates that the Non-
Diagnostic Machine Test has not been transferred correctly.
Push START for re-transfer of the test routine.

(c) Final Stop (57 77777 77777): This indicates that URL-1 has

not been transferred to HSS correctly. MASTER CLEAR, MT
START for a re-transfer.

(d) Printed "S" and MS-@ Stop: This indicates that the Service
Library has not been transferred correctly. Push START
-for a re-transfer of the Service Library.

NOTE: If repeated transfer errors occur and it is
suspected that the Utility Library is incorrectly
stored on MI®, the machine operator should follow

thz procedure for loading the Utility Library on
m .

II. Program Assembly

Use of the assembly routines, RECO and the Library Routine, in the
Utility Library is accomplished by entries 70010 and 70011 respectively
in the Service Library. Entry at these points activates loaders which
read the assembly routines into their operating storage locations in HSS.

For detailed operating instructions, see descriptions of URL-2 and URL-3
in the Service Library. ‘

9-21
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III. Starting the Computer

_ There are three methods of starting the computer depending upon the
amount of information stored on the drum,

(1) If the Service Library is stored correctly on the drum, one may
use one of the routines in the library to load his program tape,
and commence program operation and/or debugging.

(2) If the Service Library is not stored correctly on t he drum, give
an MT START for the Normalize Computer Operation (see description
of same), This procedure is particularly advised when one
suspects that the computer is malfunctioning.

(3) If the Utility Library is not available on MI'§ and the Service
Library is not on the drum, a bootstrap procedure must be performed
by the operator (see "Procedure for Loading Utility Library on
mﬂu. )

71900-9-(126)
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PROCEDURE FOR LOADING UTILITY LIBRARY ON MIf
If the Utility Library is not available on MIP follow this procedure.
This will work for a 16 interlace only.
(1) MASTER CLEAR
(2) Switch to ABNORMAL DRUM
(3) START
(4) After FINAL STOP, switch to NORMAL DRUM

(3) Set PAK=00000 and load tape I
The Ferranti Loading Routine is now on the drum.

(6) Set PAK=70001 and load tape II
The "Write Magnetic Tape $" routine is now in HSS.

(7) Position MIP; turn MTP WRITE Switch to UP position,

(8) MASTER CLEAR; MD START and load tape III.
The Utility Library is loaded onto MT@.

(9) Set PAK=00077 START. This will cause a check sum of the information

- _written an MIP to be computed and compared with the sum computed
from paper tape. If these two sums do not check a "tttt" is printed
and computer stops. Push START for another comparison. If repeated
check sum errors occur return to step (6). Skip step (7).
(10) After a successful loading of the Utility Library on MI®, turn MI@

WRITE switch to DOWN position. Give an MT START to perform the
Normalize gomputer gperation.

9-23



PX T71900-9-(126)

I.

I1I1.

III.

RR-126
9 April 1956

PROGRAMMING AND OPERATION CONVENIIONS

Drum Image of HSS:

Drum cells 76000-77777 are reserved for the image of HSS. This
image is used by most service routines as a temporary store for HSS.
while the service routine operates from HSS, The programmer is advised
not to load into the image as this may result in incorrect loading of
HSS. The programmer may use this part of drum storage as a temporary
pool or work space during the operation of his program, but in so doing
deprives himself of several facllities in the Service Library for
program debugging.

Drum Storage for the Service Library

Drum cells 70000-75777 are reserved for the Service Library and are
not, in gemeral, available for program use. Loading programs into the
range 70000-70037 deprives the programmer of all facilities of the
Service Library, while loading into the range 70040-75777 521 deprive
him of only part of the Service Library.

Storage Used in Assembly of Subroutines

The remarks made in I and II concerning the reserved portions of
group 7 on the drum apply also when assembling subroutines. The modified
subroutines are stored at the specified relocation addresses, and then
punched out, if the punch-out option is chosen,

- The MT@ unit is reserved for the Utility Library only. Any use of
MTP in an operating program must be brought to the machine operator’s
attention so that he may take necessary steps to preserve the Utility
Library tape.

The NORMAL condition of the computer is indicated when the NTP WRITE

 Switch is disabled (DOWN).

9-24
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GENERAL PROCEDURE FOR COMPUTER OPERAT ION

following items should be checked before going on the computer:

List all memory used to determine if it is compatible with loading
routines and Service Library.

Do not try to load any tapes other than yellow or black. (Other
tapes loaded at your own risk.)

Keep tape off the floor.

List library subroutines needed to determine if these routines are
in the library.

Determine which service routines will possibly be needed.
Warm up the card equipment before using (at least one hour).

Determine what peripheral equipment will be used.

When working with customers, the above information should be on hand before
they arrive. For customers, determine the amount of assistance needed and/or

wanted.

Before loading program tapes, it is suggested that the following procedure
be followed:

1)

2)
(3)
(4)
(5)

(6)

(7)
(8)

Check the ABNORMAL CONDITION panel.
If ABNORMAL light is on, check with the operators.

Check the drum interlace if the drum is used in the program.

Check the F} switch.

Check the Field III switch in the card control unit if program uses
card equipment, If the program is to use field III (Cols. 73-80),
the switch should be in NORMAL Position.

If any magnetic tape units are to be used in program, check to see
if the units desired are switched to RUN and are properly positioned,

If the High Speed Punch and/or Card equipment are not to be used in
the program, turn them OFF.

Turn Ferranti Reader OFF when not in use.

If card equipment is to be used in the program be sure to clear both
channels (read and punch) before giving a program START.
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Upon leaving the computer, the following procedure is suggested:

(1) Check to see that all program tapes and output tapes are rewound
and not left in baskets or on the tables.

(2) Clear the card equipment read, punch and receiving hoppers of all
program input and output,

(3) If any information is stored on any of the magnetic tapes for future
use, it is the programmers responsibility to see that these tapes
are saved; otherwise it will be assumed that these tapes are usable
for other programmers.

(4) Restore the Service Library to the drum,

CAUTION: It is advised as general practice never to Master Clear while

any of the magnetic tape units are in motion. Such clearing drops all

MT lockouts, and subsequent computer references to any moving tape will
cause trouble.
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SERVICE ROUTINE LIBRARY
Service Routine Entries

70000 Final Stop

70001 Férranti Loading Routine (FRI-0)

70002 Flex Code Loading Routine (FLEXIE)

70003 Read

70004 Write

70005 Flex Dump

70006 - Bioctal Dump

70607 0 eeee-

70010 Reco Loader (URL-2)

70011 Library Routine Loader (URL-3)

70012 0 eeee-

70013 Changed Word Post Mortem

70014 00000 ceee-

70015 200000 eeee-

70016 Single Breakpoint Stop

70017 Automatic Sampler

70020 | Restore HSS from Image

70021 Punch Check Sum

70036 Common Exit

T6000-77777 HSS Image~loading in this range results in
incorrect loading of HSS.

70000 ~ 75777 Service Routine Library-loading in this range

deprives one of the service routines.
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PROGRAM ENTRIES TO SERVICE ROUTINES

The block of cells 70000-70037 is reserved for entries to the service
routines., Cell 70036 is reserved as the common exit from those service
routines which by their nature admit program entry and exit. For example,
the use of FRI-O as a subroutine would be effected by the instruction 37
70036 70001. All required parameter words must place in the appropriate
registers before entry is made to the particular service routine.by a Return
Jump instruction. For example, the use of the Bioctal Dump would be effected

by the following sequence:

n: 11 (x) 10000
n+l: 37 70036 70006

where, say, (x) = 00 00001 01777

CAUTION: Since the service routines each have only one
entry, any inadvertent (or not) loading in the range 70000-
70037 deprives one of all the service routines,

PX 71900-9-(126)
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COMMENIS ON USE OF SERVICE LIBRARY

Paper Tape Preparation

a) Bioctal tapes should have double 7th level at the very end of the
tape. :

b) Flex code (absolute) program tapes should have at least one Tth
level punch at the very end.

¢) Flex code (RECO) program tapes should have an END, (car. ret.) or
END (car. ret.) at the end of the tape.

‘ d) Assembled RECO program tapes are suitable for direct input via

FLEXIE. Such tapes may be converted to bioctal if so desired.

e) Flex dump tapes are suitable for reloading via Flexie. Be sure that

a 7th level punch is present at the end of the tape.

f) Care must be taken in handling paper tapes to insure that they are
kept clean, Foreign substances on tapes may cause improper loading
into the computer.

Alarm Print

Many of the Subroutines contain references to the Convair Alarm Print.
The location of this is at 75700-75777. The entries areé:

37 75700 75701  main routine
37 75700 75702  subroutine

The alarm print in the service library is a modified version of the
Convair routine. Program, constants and working space are in the range
75700-75777.

Flex Constant Pool

A group of commonly used Flexowriter codes are stored in the Service
Library. in the range 75757-75777. This pool is used by several Service
routines; however, it is available for general program use. The pool
consists of the following: -

75757 00 00000 00037
75760 . 00 00000 00052
75761 00 00000 00074
75762 00 00000 00070
75763 00 00000 00064
75764 00 00000 00062

N WN~O
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75765 00 00000 00066 6

75766 00 00000 00072 7

75767 00 00000 00060 8

75770 00 00000 00033 9 :
75771 00 00000 00045 Carriage Return
75772 00 00000 00004 Space

75773 00 00000 00057 Shift down
75774 00 00000 00047 Shift up
75775 00 00000 00051 Tab

75776 00 00000 00042 Period
75777 00 00000 00056 Minus.

Responsibility of Restoring Service Library

It is the responsibility of any operator who damages the Service
Library to restore the same to the drum before leaving the computer.

Loading Routines *“Transfer Control" Option

The loading routines, FRI-O and FLEXIE, now have a “"transfer control™

option. The following procedure will effect the transfer for either
load routine.

(1) set prégran tape in reader

(2) MASTER CLEAR

(3) Set the conputerron MAIN PULSE §.

(4) Manually insert the following into PCR
37 70036 70001(2)

(5) Set PAK= program start

(6) START.
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PROCEDURE FOR LOADING SERVICE ROUTINE LIBRARY

I. Normal Operation

RR-126

The Service Routine Library is normally stored on the drum, 70000-
77777. Entry to the routines is achieved by setting PAK to one of the

low-numbered drum address, 700XX.

II. MT Start

If the Service Library is damaged on the drum, select an MI Start.

This will effect the following:
(1) Non-diagnostic machine test
(2) Transfer of Service Library to the drum
(3) Clearing of HSS and drum storage.

If (1) is not desired, set (Ag)#0 before the MT Start,

III. Bootstrap

If the Service Library is not available on magnetic tape,
bootstrap procedure. This will work for a 16 interlace only.

(1) MASTER CLEAR

(2) Switch to ABNORMAL DRUM

(3) START

(4) After FINAL STOP, switch to NORMAL DRUM

(8) Set PAK=00000 and load tape I
The Ferranti Loading Routine is now on the drum,

(6) Set PAK=70001 and load tape II
The Service Library is now on the drum,

follow this
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SEKVICE ROUTINES

[Ferranti Loading Routine (FRI-O)]

The routine will load anywhere. Loading into HSS and 76000-77777 will

result in incorrect loading of HSS. A sum check is made whenever the input
tape contains an insert to 75202, 75203. (See Punch Check sum routine. )

Operating Instructions:

PX 71900-9-(126)

(1) Turn manual stop #1 OFF,
(2) Set PAK = 70001; STAKL.

(3) Computer halts on 56 00000 70001 after completing read in. STARL
to load another tape.

(4) Two consecutive seven-level punches in the trailer should be present.
If these punches are not present, the following procedure may be used:

(a) FORCE STOP after the paper tape has passed through the reader.

(b) Set PAK = 00066 STARI, The last block of information read in
is then stored in its proper location.

(5) Errors

(a) Machine prints "t" and halts. FRI-0 is not in HSS correctly
and must be restored. STAKl,transfer FRI-O to HS5 again. A
second failure indicates that FRI-0 is not stored in the Service
Library correctly. In this case, revert to fprmalize {fomputer
Operation, -

(b) Machine prints "c¢" and halts. A check address has failed.
STARLing ignores this error and routine proceeds as though
error had not occurred, A check address failure should not
be ignored as it is very likely that the paper tape is in
error.

(¢) Machine prints "m" and halts. Check sum has failed to agree

with computed sum of data read in. STARI to ignore this error
and to have routine continue read in,

9-32



3X 71900-9-(126)

9 april 1956  RR7126

[FLEXIE - A Flex Code Loading Rouune]

This routine is designed to load Flex Code tape prepared on a Flexowriter
in the conventional fashion for translating to bioctal. Flexie operates in the
same fashion as the bioctal Ferranti Loading Routine. A sum check is made
whenever the input tape contains an insert to 75202, 75203.

Operating Instructions:

(1)
(2)

3)

(4)

st

Set PAK = 70002; START

Computer halts on 56 00000 70002 after completing read in. START to
load another tape.

At least one seven-level punch should be present in the trailer to

stop the routine. If this punch is not present the following proce-
dure may be used.

(a) FORCE STOP after the paper tape has passed through the reader.
(b) MASTER CLEAR; set PAK = 00022 START

Errors:

(a) Machine prints "t" and halts. Flexie is not in HSS correctly and
must be restored. STARI transfers Flexie to HSS again. A second
failure indicates that Flexie is not stored in the Service Library
correctly. In this case revert to the Normalize Computer Operation,

(b) Machine prints "c" and halts. A check address has failed. A

START ignores this error and routine proceeds as if no error had
occurred,

(c) Machine prints "m" and halts., A check sum has failed to agree
with computed sum of data read in. START to ignore the error.

This routine provides for the display of the contents of consecutive mem-
ory locations in Q, after an initial address is stated.

Operation Instructions:

(1)
(2)
(3)

Enter initial address, a, in Ay.

Set PAK = 70003

START, (a) are displayed in Q. The address is automatically advanced
for reading successive cells by repeated STARTs.
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This routine provides for the writing in consecutive memory locations after
an initial address is stated.

Operating Instructions:
(1) Enter the address in Ay. Enter the contents for that address in Q.
(2) Set PAK = 70004 START.

(3) The address is automatically advanced for writing in successive cells
by repeated STARTs.

[Flex Dump (mi:xoi]

This routine dumps the contents of consecutive storage cells on punched
paper tape only., Automatic page editing is provided and every eighth address
is given. The punched tape is suitable for re-loading via Flexie. A check
sum is punched out at the end of the dump. (Ap), (Ag). (Q) are not restored
or punched out. HSS is restored. This routine replaces RW-73 (Flex Dump).

Operating Instructions:

(1) Enter in Qy the address of the first cell to be dumped.

Enter in Qy the address of the last cell to be dumped.

If a seven-level punch stop code is desired at the end of the dump
set Q35=1.

(2) Turn ON the High Speed Punch.
(3) Set PAK = 70005 START,

(4) The machine halts on 56 00000 70005 providing a re-entry for another
dump,

(5) Errors:

(a) Machine prints "t" and halts, Flexo is not in HSS correctly.
START transfers Flexo to HSS again. A second failure indicates
that Flexo is not stored in the Service Library correctly. In
this case revert to the Normalize Computer Operation.

PX 71900-9-(126)

(b) Machine prints "p" and halts. An illegal parameter word has been
set up in Q and is displayed there. Clear Q manually and insert
correct parameter; START, '
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(6) Flexo dumps only one type of storage at a time, either HSS or drum.
This routine does not use the 76000-77777 image, but uses an image
70400-70715 as a temporary store for part of HSS.

[Bioctal Dumg]

This routine will dump onto paper tapé in bioctal form the contents of any
specified number of consecutive storage cells in HSS or the drum except 76000-
TT777. A check sum is automatically punched at the end of the dump. A double
seven-level punch at the end of the tape is optional.

Operating Instructions:

(1) Enter in Qy the address of the first cell to be dumped.

Enter in Qy the address of the last cell to be dumped.

If a double seven-level stop code is to be punched following this
dump, Set Qop#o.

(2) Turn High Speed Punch ON.
(3) Set PAK = 70006 START,

(4) The stop at the end of the dump, 56 00000 70006, provides a re-entry
for another dump., The contents of (A’ and {Q, are not retained. HSS
is restored. at the end of the routine,

[Rapo 11 LOADER (URL—2)]

This routine effects the transfer of RECO II from MI@ to HSS and transfers
control to RECO after a successful sum check and rewind of MIf,

Operating Instructions:
(1) Turn High Speed Punch and Flexowriter ON,
(2) Set program tape to be assembled in reader,

(3) Set PAK = 70010 STARI.

RECO is transferred from the Utility Library, a routine sum check per-
formed and MI'$ rewound, Control is then transferred to RECO and
assembly begins. If no subroutines are assembled, the computer halts
on 56 0000C 00360 providing a re-entry to the assembly routine which

is still in HSS in its correct form. If subroutines are assembled,
RECO transfers control to URL-3 (Library Routine Loader) and the
Computer finally halts on 56 00000 70011, providing a re-entry to URL-3.
(See wriggup of RECO II for more detailed description of tape prepara-
tion and handling. )
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(4) Errors: Machine prints "al", rewinds MT9 and halts. This means that
RECO has been transferred incorrectly from the Utility Library on MI'@.
STAHT effects another transfer. Repeated errors indicate that RECO
is not stored on MI@ correctly. In this case revert to the bootstrap
procedure described in "Procedure for Loading Utility Library on MI@".

[Librag Routine Loader (URL-3)]

This routine effects the transfer of the Library Routine from MIY to HSS
and transfers control to the Library Routine upon completion of a successful
sum check.

Operating Instructions:

(1) Turn High Speed Punch and Flexowriter ON. If no punch-out of assembled
subroutines is desired set MJ1 select ON.

(2) Set Flex code tape of subroutine assembly information in reader.
(NOTE: When assembling RECO tapes, the END psuedo code transfers
control to URL-3; in this case the Flex tape of subroutine informa-
tion must be spliced on the end of RECO tape.)

(3) Set PAK = 70011 START

The Library Routine is transferred from :MI'f§ to HSS and a routine sum
check performed. Control is then transferred to the Library Routine
and assembly begins. Upon completion of assembly computer halts on
56 00000 70011 providing re-entry to the Library Routine Loader.
(See write-up of Library Routine for more detailed description of
tape preparation and handling.)

(4) Errors: Machine prints "a2", rewinds MI'P and halts. This means that
the Library Routine has been transferred incorrectly from MI@. STARI
effects another transfer. Repeated errors indicate that the Library
Routine is not stored on MTP correctly. In this case revert to the
bootstrap procedure described in "Procedure for Loading Utility Library
on MIP™., For a list of errors encountered in assembly and the appro-
priate operating instructions for same, see write-up of Library Routine.

CAUTION: Do not assemble subroutines in the ramge 70000-77777.

[Chggged Word Post ﬂortem]

This routine is designed to compare the contents of each word of HSS with
its image at 76000-77777. The image contsins (unless disturbed) the original
contents of HSS as read into the computer. Those words in HSS which have been
changed by the execution of the program are the only ones reported out.
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Operating Instructions:

(1) Turn High Speed Punch ON.

(2) Set PAK = 70013 STARI,

(3) Computer halts on 56 00000 70013.

The following will be punched in Flex Code.

a) (Q)
b) (ag)
c) (AL)

d) Any changed word according to the following:
HSS word Image word HSS address
At the end of the routine, (A), (Q) and HSS are restored.

(4) This routine uses the cells 70600-70777 as temporary storage for part
of HSS while the routine operates.

[Sinqle Breakpoint Stop]
This routine permits one to select a single address of a program which one
can run on high speed and stop before executing the instruction at that address.

One may then sample the results of computation to date or step through several
instructions.

Operating Instructions:
(1) Enter in Qy the breakpoint address.
Enter in Ay the entry address for the program.
(2) Set PAK = 70016 START, The program will be executed up to the break-

point at which time the computer will halt on 56 00000 70016, providing
a re-entry for another breakpoint stop.

[Automatic Sampler (Sam—O)]
"""" This routine provides for the printing or punching (in octal or decimal)

the contents of any selected cells at selected check points. Output is suppressed
for the first N, times through the check point and after (Np + Ng) times. The
program which is being sampled is executed normally between check points, It is
not necessary to provide for sampling while writing the program. The programmer
stores in any available block of memory a list of information regarding check
points, cells to be sampled, and scales.

PX 71900-9-(126)
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A) Operating Instructions:

(1) Read in the program to be sampled. This is the unmodified problem
program,

(2) HKead in the "Sampling List Tape". See below for description of
this tape. :

(3) Set PAK = 70017 START. The routine sets up check points and
transfers control to & which is contained in the sampling list,

B) Sampling List Tape (Flex or Bioctal).

This tape loads cell 73643 and the sampling l1ist which contains a num-
ber of sublists, one for each check point. Each sublist contains all
information necessary for sampling at one check point. This informa-
tion may be stored in any convenient set of consecutive HSS or MD cells
except 00100 through 00167,

The sampling list tape format is as follows:

Fixed Storage 73643 ) 4.4 Lo Lf
| Check point address Lo 00 00000 c.p.
Index word L) 00 N Ng
Parameter words L2 Oa lp s
one - L]
complet . . .
sublist . Oa M s
End word . 70 00000 00000
End word . 70 00000 00000
1 . 00 00000 c.p.
0a M s
< . .
I 70 00000 00000
Lf 70 00000 'y
N

(1) Fixed storage - The word XX Lo Ly read into 73643, gives the
address of the first cell (Ly) and the last cell (Lf) of the
sampling list., Printing or punching is specified by XX, 61 for
printing and 63 for punching.

(2) Check point address - The word 00 00000 c.p. gives the check point
address, c¢.p. Sampling occurs before execution of the instruction
at c.p.

PX 71900-9-(126)
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(3) Index word - The word 00 N, Ng gives two S5~octal-digit numbers,
Np, signifying the number o¥ times the check point is to be passed
before sampling starts, and Ng, the number of times sampling is to
occur at the check point,

(4) Parameter words ~ These are of the form Oa M s where the first
octal digit is always zero. The second octal digit, a, takes on
the values ’

0 for octal output
1 for decimal output,.

If a»1, the parameter word is ignored. The u-portion of each
parameter word contains the octal address, M, of a cell whose con-
tents are to be sampled. If M = 20001, (Ay) is sampled. If M is
not a machine address the parameter word is ignored. The v-portion
of each parameter word contains the binary scale factor, s, of the
contents of M. 0€s <70, If s&70, "2 small" is printed.

(5) End words - The last two words of each sublist are of the form
70 00000 00000 with the exception of the second end word of the
last sublist (Lg), which is 70 00000 @ . SAM-O jumps to u&
‘after setting up check points on a 70017 start,

C) Output

Shown below is an example of sampler output where the check point
address was 00303.

00303

00075 12 34567 12340
00076 77 03124 65432
00100 1.23456789017
00101 -321. 098632812

00102 993059913. 000

00103 0.43210987653
20001 14 00000 00000
10000 37 37373 73737

D) Restrictions

The word initially stored at a check point must be an instruction; it
must not be a repeat command or a repeated instruction and it may not
be written into or out of at any time during the course of the program.

[Restore HSS from Inag_g_J

This routine provides for an automatic transfer of the image, 76000-77777,
to HSS.
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Operating Instructions:

(1) Set PAK = 70020 START.

(2) Computer halts on 56 0000G 70020,
[Punch Check Sum]

This routine is to be used immediately after loading a program tape by
means of the Ferranti Loading Routine (FRI-0). It punches a trailer containing
the sum of the loaded program with proper insert and check addresses. This
trailer can then be merged with the program tape to provide a check sum upon
subsequent loadings.

Operating Instructions:

(1) Load the program tape. There must be no double seven-level punches
in the program tape. Thus after loading with FRI-O,the computer will
hang up on an External Reads FORCE STOP the computer.

(2) MASTER CLEAR; set PAK = 70021

(3) START. The following punched tape will be produced:

IA 75202
CHECK
SUM
CA 75204
Double seven-level punches.

The program will be properly loaded at the conclusion of this routine.
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REGIONAL CODING ROUTINE II (RECO II)

Introduction

RECO is a one-pass assembly routine designed.té translate aﬁ 1103
program coded in symbolic, regional address form to 1103 machine language.

Paper tape punched in Flexowriter code is the input-output medium
for RECO. Input is the tape of RECO-coded program to be assembled. Except
for the input of decimal numbers, all numbering in this program is recorded
in the octal system. Output is the tape of the assembled program in octal
notation. The output is tramslatable to bioctal form via the ERA converter,
or may be loaded directly into the computer using the ERA "Flexie" load
routine. A listing of the assembled program may be readily obtained on a
Flexowriter, '

RECO offers considersble flexibility in recording 1103 words. The
1103 symbolic and numeric operation codes, as well as those of the Interpre-
tive System are available for use. Addresses may be recorded in either abso-
lute or relative form. Relative addresses use a two-letter regionsl address
code; in addition, the one letter regional address codes A and Q refer auto-
matically to the accumulator and Q—reqister., A maximum of 100 distinct re-
gional address codes is available in a RECO coded program, and the pseudo-
instructions assigning absolute addresses to each of these cades precede the
main program on the input tape. : : :

Provision is made for the direct input of program constants written
in decimal notation. A decimal number, N, is automatically converted by RECO
to its signed 36-bit equivalent im fixed point, or floating point, form. The
flosting point form offers full range conversion, the range being roughly,

1038 | N | <1038
All dec1nal nunbers are 1dentified as snch by 8 RECO pseudo~operation cede.

“The punching of insert and check addresses on the output tape is
obtained by using pseudo-instructions. A check sum of assesmbled 1103 words is
automatically punched out with each check address imstruction. A pseudo-
instruction is available whereby the programmer can insert a MJOv instruction in
addresses 00000 and 40000; this pseudo-lnstructxon pernits him to beg:n epera-
tion of his program with an MD start.. S .

Two types of terminating instructions are available., The first of
these punches out trailer and halts the computer. The second punches out
trailer and transfers control to the ERA Library Routine. . Thus, if the pro-
grammer desires the assembly of certain subroutines for his program he must
record the proper terminating command followed by a list of subroutine indices
at the end of his input tape. This option permits continuous assembly of the
complete program. The total output in this case would comsist of two parts on
one continuous tape: (1) Assembled main program; (2) Assembled subroutines.

Several types of progrsm errors are detected by RECO._ The type of
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error and its location on the input tape are printed out on the Flexowriter.
All RECO output ceases as the first program error is detected, and the RECO
input tape is processed from that point on for errors omly. This error detec-
tion is limited in the sense that omly the first error of a program word is
recorded.

A detail description of RECO progranmxng is glven below. Part 1
discusses the writing of regular 1103 words in symbolic form. Part II lists
the seven RECO pseudo-instructions. Part III describes input-output format.
Part IV describes RECO error detection. Part V lists RECO operating inmstruc-
tions, Figure 1 of Part III is an example of a RECO program. Figure 2 dis-
plays a listing of the assembled progrem given in Figure 1.

I. 1103 Words
A. Address Portiom

Addresses may be recorded in either absolute or relative form. RECO
requires that at least one digit be recorded for amy absolute address. Relative
addresses appear as a | @ 2 B, where (a ] @ 9) is a two-letter code demoting
any one of a maximum of 100 (deci-al) addressable regions, and where (B) de-
signates the sequence number of the address within the region (@} a ). The
only restriction on the choice of letters in the regional address code is that

aj #A or Q. (B) may be zero, in which case only (a1 a2) need be recorded.

The regional portion, (@) a2), of a relative address is assigned its absolute
address value, 8, by meens of the RECO pseudo-imstruction REaj a2 8. All
such assignments should be recorded at the beginning of the program tape.

RECO requires that an entry be made for each address portiom of every
1103 instruction and octal constant. For an instruction in which an address
portion is a "j", "jn", or “jk" number (e.g. RPjnv), all five octal digits
must be recorded; if j = 0, one meed only record 0, n, or k.

B. Operation Portion

) Operation codes are either the two digits or the two letters of the
1103 instruction repertoire. The numerical operation codes extend from 00 to
77. In eddition, the alphabetical,uumeric, or alpha-numeric operatiom codes
used in the 1103 Interpretive System are recognized by RECO as leqal operations,
However, the operation code for the Iuterpretlve Replace Hnltlply is restr:cted
in form to either IP70 or 1470.

Those 1103 words which form octal comstants with absolute or relative
address pertions, must have at least one and no more than two digits recorded
in the operation portion of the word.

C. Decimal Numbers

All decimal numbers are converted by RECO to signed 36-bit equival-
ents. Decimal numbers must be identified as such by the pseudo-operation code

5]
-~
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DE; these are the only program words for which RECO accepts numbering in the
decimal system.

There are two forms of decimal number words:
(1) Fixed Point DE ¢ i.f1f2 ... fofygo P S, where
1<i<9, Osfjs‘?. -99<P <99, such that
0<logy |+ i.f1fy ... fgfjg x 10P| + 5<35,
"S™ is the binary scale factor applied to

|+ 1036, ... fo f19 x 10 | . "P" is the power of ten.

(2) Floating Point DE # i.fify ... fofjg P F,

where 1<i<9, Osfj$9, -39 < p <39. "F" is the
code letter denoting floating point conversion to
packed (28-8) form with biased characteristic.-
The range en & floating point decimal number, N, is roughly 10‘333|N|5 1038,

The plus sign (+) is optional onm 8ll signed quantities in the decimal
number. The decimal point and some value for P and S must always be recorded.

i.. Subroutine Assembly

RECO does mot assemble library subroutines directly; rather, it pro-
vides the option of transferring control at the end of a RECO sssembly to an-
other program which assembles subroutines. The use of this option terminates
2ll RECO assembly and punches out those subroutines listed on the input tape.
This list of subroutines must be prefaced by the RECO instruction END and must
comply with the input format of the ERA Library Routine.

The output tape resulting from use of this subroutine option is ome
continuous flex code tape comsisting of two parts: (1) Assembled main program;
(2) assembled subroutines.

It is imperative that all, if any, subroutine assembly be the final
step in a complete program assembly. The reason for this is that the use of
the subroutine option in effect destroys all previous REa@ja, 8 instructions,
and of course the information contained in these instructions is necessary for
proper RECO assembly.
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1I. RECO Instructions or Words

A. RE a; a3 "Assign the regiom a,; ao the value § "
This instruction is described in I-A above.

B. DE ti.f)fy ... fgf;g P S(F) "Decimal Number Fixed
(Floating)" This instruction is described in
1-C above.

c. 1A a; asB "Insert address at aj; aoB" This instruction

causes a six-inch leader to be punched out
followed by the translated insert address,

01 023-

D. CA a; aoB "Check address at a3 a,B" This instruction
causes the translated cﬁeck address, a , a._B,

to be punched out, followed by a punch out of
a check sum of all 1103 words since last IA
instruction. This check sum is inserted at
machine addresses 75202 and 75203 on the
output tape.

E. START @, a,B. “Start progrsm at Q | @B" This inmstruction
causes 8 translated WJO (a. a@.B) instruction
to be inserted at addresses and 40000 on

the assembled program tape. The correct ad-
dresses and check sums are automatically punched
out. This imstruction is optional.

F. EMND. “End RECO program assembly"” This instruction
causes a 10 inch trailer, followed by two
periods and a seventh level to be punched out,
before halting the computer.

G. END "End RECO program sssembly, begin subroutine
Assembly"”
This instruction causes a 10 inch trailer to
be punched out, and transfers control to the
subrout ine assembly program as described. in
I-E above.

III. Imput-Qutput Format

Figures 1 and 2 are illustrations of the horizontal and vertical
input-output formats. The format exhibited in Figure 1 is strongly recommended
for RECO programming. Fvery 1103 and RECO word must be terminated by at least
one vertical space (i.e. carriage return), and the distinct portions of any
word must be separated by at least one horizontal space (i.e. space or tab).
RECO ignores all leader, shift up, shift down, and delete flex codes., In parti-
cular, flex characters for "1" and 1 (one), and o and O(zero) are not inter-

changeable. 4
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DE

- RE

RE
RE
RE

Figure 1

BC10
ZA40
TQ100
RS50000

START BC

IA
TP
12
SP
EF
(e
LA
Dv

BC

TQI0 A42
Q6 Q

™04 17

0 TQ13
10000 20000
Q8 Al7
TQ6 TQ4

IPMP ZA ZAS

RP
™
PR
NS
BS

30005 BCI12
BS ZA

0 BC
30000 BCl4
111 TQI2

1473 TQl10 TQl4

RJ
MJ
CA

IA
DE
DE
DE
DE
DE

0
0
DE
CA

RS5 RS
0 zA
BC20
Q5

$2.147483648 9 F
-7.3786976294 19 -36

2.9103830456 -11 35

3.14159 5 F

1.0 10 0O

3.162278 -38 F
70
(V) )
1.7014118 38 F
TQl6

END.

RR-126
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Figure 2

.000000.040000.
45 00000 00010.
00000004.0001.
000000. 075202,
00 00000 00000.

- 45 00000 00010,

00000007, 5204.

. 000000. 000000.
45 00000 00010.
00000000.0001.
000000. 075202,
00 00000 00000,

45 00000 00010.
00000007, 5204.

bc

. 000000, 000010.
11 00110 20042.
12 00106 10000.
31 00114 00017.
17 00000 00113.

77 10000 20000.
54 00105 20017.
73 00106 00114.
14 71004 00045.

75 30005 00022,
11 50000 00040.
61 00000 00010,
56 30000 00024,

23 00111 o0112,
14 73011 00114.
37 50005 S0000.
45 00000 00040.

00000000. 0030,
000000, 075202,
00 00000 00007.
70 74706 41000.

00000007, 5204,
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Figure 2 (continued)

tq+

. 000000. 000105,
20 00000 00240.
76 TI777 77774,
00 00000 00001,
23 13136 00223.

11 24027 62000,
25 41273 44004.
00 00007 00000,
00 00000 00000,

37 77777 76777,
00000000.0116.
000000. 075202,
00 00000 00002,

41 00470 25466.
00009007, 5204.

BR-126
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Format of output listing is exhibited in Figure 2. This listing of
an assembled program should prove to be useful in program debugging. The
output tape is translatable to bioctal form or may be loaded directly into the
computer via the ERA "Flexie" load routine.

Flex Code stops are automatically punched by RECO after each check
sum check address to facilitate bioctal translation or listing.

IV. Error Detection

RECO detects a limited number of program errers. These error types
and their respective tags are as follows:

0oC Illegal operation code

RC Illegal regional address code (i.e. Aa, or Qa,)

CA Check address failure

RA Unassigned relative address region

AO Relative address exceeds the value 771777

0D Illegal octal digit flex code

FE Decimal point missing in decimal number

FO Number of fractional digits (Qj) > 10 in decimal number

UN Decimal number underflow (i.e. loss of significant digits)

DD Illegal decimal digit flex code

ov Decimal number overflow (i.e. loss of significant digits)

RECO detects only the first error in a programmed 1103 or RECO weord.
This detection does not apply to amy errors occurring in the listing of sub-
routine indices at the end of the input tape; errors in this portion of the
input tape are detected by the subroutine program.

As RECO encounters a-ptogran error, it prints out the error tag
iollowed by two decimal numbers, a group count and a word count, which lecate
the error on the input tape. Group O includes all RECO words prior to the
first programmed imsert address instruction, which is word 1 of group 1. Each
succeeding insert address begins a new group.

All output ceases as RECO detects the first program error, and input
tape is processed for errors only from that point on. This termination of out-
put does not include that output resulting from subroutine assembly.

If the number of RECO instructions REa@, @,8 exceeds 100 (decimal)
the computer will halt with an SCC fault. RECO will not assemble such a program
correctly.

8
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Improper horizontal and vertical spacing is also indirectly detected
by RECO as one of the error types listed above.

V. Operating Instructions

1. Flexowriter and high speed pﬁnch on.

2. Load input tape in Ferranti reader and position the tape several
blank frames ahead of first character.

3. Set all MJ and MS selects off; master clear; set PAK teo 70010;
START. RECO is brought into HSS from magnetic tape and assembly
begins.

a. If the instruction END. is recorded at the end of the
input tape, the computer will halt on a 56 00000 00360
instruction., If END. is omitted, the computer must be
force stopped after input tape has passed through the reader.

b. If the subroutine option, END, is on the input tape and a
period is recorded after the last subroutine index, the
computer will halt on a 56 00000 70011 instruction. If the
period is omitted, the computer must be force stopped after
input tepe has passed through the reader.

4. To assemble & second program, and case (3)-a applies to the
preceding program assembly, position second tape in reader, set
PAK to 00360, and START.

5. To assemble a second input tape making direct use of RE a 1 @ 28
instructions from the preceding tape and case (3)-a
applies, position the second tape in reader, set PAK to
00364 and START.
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00001 00 00000 0R031
00002 00 00000 02012
00003 00 00000 01215
0000k 00 00000 0BAR6
Q0005 00 00000 02217
00006 00 00000 00730
00007 00 00000 00T1D
00010 00 000Q0 00000
00011 00 00000 0R307
00012 00 00000 03007
00013 00 00000 03107

000LT 00 0000 CLJ31AR

00022 00 00000 00TRM
00023 00 00000 01135
0002% QO 00000 01130
00083 00 00000 0354
00026 00 00000 03530
OOORT 00 00000 03501
00030 00 00000 00000

0003@ 00 00000 ORM3R

RR-126
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00033
00034
00035
00036
00037

00043

000k3

00047

00063

00 00000 00732
00 00000 03532
00 00000 02032
00 00000 0013@
00 00000 Oik32
00 00000 00000
00 00000 01232
00 00000 O24al
00 00000 03001
00 00000 O2k@k
00 00000 02406
00 00000 02430
00 00000 0RW15
00 00000 00000
00 00000 01616

00 00000. 00000

00 00000 00707
00 00000 01307
00 00000. 01224
00 00000 01101
00 00000. 1230
00 00000 00000
00 00000 0R0R6
00 00000 00117
00 00000 00L3%

RR-126
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00 00000 1ML
00 00000 00106
00 00000 00107
00 00000 00113
00 00000 00000
00 00000 00000
00 00000 00000
00 00000 00000
00 00000 00000
00 00000 00000
00 00000 00000
00 00000 00000
00 00000 00000
00 00000 OT272
00 00000 07266
00 00000 OT26R
00 00000 OTRGh
00 00000 OTRTO
00 00000 OT2Th
00 00000 07258
00 00000 OT237
00 00000 06672
00 00000 06666
00 00000 06662
00 00000 06664
00 00000 06670
00 00000 066Th
oooooooossye
00 00000 06637
00 00000 06RT2

RBCO 3 RR-126
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00123
o012k

00143
00LAL
00145

00147

00 00000 06R66
00 00000 ofeée
00 00000 0626k
00 00000 06270
00 00000 O62TM
00 00000 0652
00 00000 O6R3T
00 00000 O6KT2

00 00000 Q666

00 00000 06k6R
00 00000 Q646
00 00000 06470
00 00000 O6kTH
00 00000 0652
00 00000 06437
00 00000 OTOTR
00 00000 07066
00 00000 0706R
00 00000 07064
00 00000 07070

* 00 00000 OTOTh

00 00000 07008
00 00000 070357

RR-126
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00131 00 00000 O7&T2
00152 00 00000 OTk66.
00153 00 00000 O7héR
0015k 00 00000 OTh6M
00155 ‘00 00000 OTATO
00156 00 00000 OThTM
00157 00 00000 OTASR
00160 00 00000 OTM37
00161 00 00000 05272
0016@ 00 00000 03266
00163 00 00000 OJ@6R
0016k 00 00000 05264
00163 00 00000 05270
00166 00 00000 O32T6
00L67 00 00000 03252
00170 00 00000 03@37
00171 00 00000 O37TTR
00172 00 00000 03766
00173 00 00000 03762
00LT4 00 00000 03764
00175 00 00000 03770
00176 00 00000 03TTh
00L7T 00 00000 03752
00200 00 00000 03737

RECO

RR-126
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Eid

FRERBRBBRAOBREBBEEREREERGS

8

)

§

00 00000 01220

00 00200 6a24a

00 24013 01201
00 00000 02820
00 00000 01430
00 00000 01630
00 OOLAL 50000
00 00326 A0000
00 00000 00000
00 00000 00077
00 00000 0007
00 00000 00057
00 00000 00004
00 00000. 000kS
00 90000 00031
00 00000 00033
00 00000 00060
00 00000 00072
00 00000 00066
00 00000 00062
00 00000 0006k
00 00000 00070

00 00000 Q00Th

00 00000 0005@
00 00000 00037
00 00000 00030
00 00060 00033
00 00002 00602

RR-126

Addresses 00201 thru 00357

Progren tesgorery sterage
st addresses 01430 thru OLhET
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0oRk3
OO0RM e
00RkS

00k T

00 QOTTT T0000
00 00000 0100
00 00000 OTTTT
00 00000 00017
00 00000 00000
00 00000 0ONT>
00 00000 00013
00 00000 20000
00 00000 10000
00 00000 000GL
00 00000 0L63%
67 67600 00000
00 00000 00726
00 00000 00667
00 00000 00007
63 00000 00233
00 00000 00037
00 00000 00052
00 00000 000Th
00 00000 00070
00 00000 QOOSH
00 00000 00062
00 00000 00066
00 00000 00072
00 00000 01247
61 00000 00231
00 00000 000W2

RBCO

T RR-126
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00270 00 000G0 0000k
00271 00 00000 00003

00272 00 00000 T5R02

00273 00 00000 TSROk
0027h 00 00000 OOMO3

O0RTS 00 00000 00Tk

00276 00 00000 00338
00277 43-00000 00000
00300 00 0000Q 00763
00301 00 00000 40000
00302 00 00000 40001
00305 00 00000 000TT

0030% 00 00000 00008.

00305 00 20000 00000
00306 00 00001 00000
00307 00 00000 TTTTT
00310 00 00000 00777
00311 00 00000 01273
00312 00 00007 00000
00313 00 00000 01MTO
0031% 00 00000 00365
00315 00 00000 01250
00316 11 24027 62000

RR-126
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00317 00 73463 45000
00320 00 03753 60400
00321 OO0 OOMEL 13200
003@2 00 00036 41100
00323 00 00003 03240
0032k 00 00000 23420
00325 00 00000 QL7350
00326 00 00000 OOLMM
003@7 00 00000 00012
00330 00 00000 000OL
00331 T1 01Lské 00330
00332 00 00000 OLkAS
00333 00 00000 OLAST
00334 00 00000 00026
00333 00 00000 00036
00336 00 00000 000%
00337 00 00000 0003
00340 00 00000 00110
0038 TT TTTTT TTI>M
00342 20 00000 00000
o003%3 TT TTTTT TT135
0034k 00 00000 00105

00348 00 00000 00R00

00346 00 00000 00377
00347 00 00000 00001
00350 00 00000 01254
00351 00 00000 01253

KECO 9

RR-126
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00352
00355
00354
00353
00356
00357
00360
00361
00362

00363

00364
00365
00366
00367
00370
00371
00372
00373
00374
00375
00376
00377

45 00000 OOMAL
M3 00000 OOME3
45 00000 00665
A% 00000 00723
45 00000 00T6@
00 00000 00020
11 00305 01A37
16 00313 006k6
16 002kT 00651
11 00RT7 00000
17 00000 00312
76 00000 20000

16 00376 00531

16 00252 00666
16 00251 00725
16 00300 00762
MWW
16 00351 01252
11 00246 00347
110(2‘&101"63
11 00241 01464
11 00241 0143k
11 00RkL 02A33
11 00Rkl 01436
&3 00000 0003
37 0060k 00600
11 20000 01430
3T 00615 00605

RR-126
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00430
00k31
ook3e
00433
00k 34
00h35
00k36

11 01430 20000
75 20100 00K
&3 00001 OOM3R
T5 20100 QOML3
3 00103 OOM3R
75 20010 0OML5
3 00222 00k3R
k3 00201 00656
k3 00202 QLIRS
3 00204 010OW
3 00203 .00660
3 00206 00756
43 00203 00760
b3 00234 01231
11 00235 10000
51 20000 20000
k3 00R0T OONS
b3 00210 OOkMS
21 01h6h 00RN6
¥5 00000 01266
21 0LMGs 0006
31 10000 00036
11 20000 Q1k3@
37 00kT2 OOWES
5k 20000 00017

11RR--126
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00M37
00kk0

OOkM3

00k4S

OOkhT
00430
00431
00h52
00833
00hSh
00855
00436
00457

00470
0071

15 20000 0L43R
37 0OkT2 0065
16 20000 01432
11 01432 10000
37 00565 00330
&5 00000 00403
21 01hék 00R2h6
11 00237 10000
51 01430 20000
T5 20100 00k5R
3 00001 OOkSH
75 20100 0031
&3 00101 0045k
51 00212 20000
3R 00236 00030
11 20000 01A3R
37 00472 OOk65
Sh 20000 000k
35 a1kl 0Lk3R
3T 00MT2 O0k6>
35 0L432 10000
5 00000 0OWh3
37 0060k 00600
37 00636 00630
11 20000 Ols3L
37 006@7 00616
11 Olk31 20000

RR-126
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00WT2
00473
00k Th
00NTS
00kT6
00NTT

00523
oozek

X3 00000 00000
A3 00232 00521
43 00233 00506
5% 20000 00006
11 20000 0AA33
3T 005TT 005
35 01433 0LMAT
15 GIA3T 00508
7% 20000 01271
k3 0LATO 0050k
31 00502 00071
16 20000 G2A33
21 10000 00246
23 01433 10000
21 01A33 00RNT
16 01433 00515
11 002kl CIASL
37 00627 00616
11 01h31 01450
21 QIA31 Q163
11 00307 20000
M2 013 01972
43 00000 OONTL
11 o0Rkk 01433
11 00241 G1A31
3T 00627 00616
21 CA3L 01A33
k5 00000 00516

oo 13 grRr-126

UADY

00k65 THRU 00587
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00526

00530
00531
00532
00333
00534
00535
00336
00537
00340

11 00245 01433
45 00000 00322
21 0143k 00246
¥5 00000 00532
31 Qlk35 O0Oks
32 01436 00000
32 10000 00000
11 20000 0436
S4 20000 000
11 20000 O1k35
11 00243 0Lk33
11 00250 01h3e
11 10000 01440
11 alk32 10000
¥ 00550 00545
11 10000 OLh3R
63 00000 00R15
¥ 00000 00343
11 10000 OL43@
55 01440 00003
51 00233 20000
35 0G24 0055
63 00000 00000
k1 01433 00543
63 00000 00267
63 00000 00216
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00567
00570

0057

00376

KL 01h66 00DGR
&5 00000 00366
Al Q63 00365
63 00000 00216
11 00271 0I5
&5 00000 00000
63 00000 00216
11 00253 01h66
& 00000 00563
17 00000 00312
T6 00000 20000
k3 00R11 00DTL
A3 00212 005TL
&3 00213 005TL
A3 00224 005TL
45 00000 00000
37 005TT 00571
k3 0015 00600
&3 00216 00600
43 00RLT 00600
A3 00000 00000
3T 005TT QO5TL
k3 00215 00615
43 00216 00603
b3 00217 00615
93 01430 00006
32 10000 00000
11 20000 01430

15

RR-126
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00630

00631

00632
00653
00634
00633
00636
00637

006h3

00685

43 00000 00603
&5 00000 00000
3T 00577 005TL
43 00815 006eT
&3 00216 00627
k3 00817 00607
37 00636 00632
55 OLh31L 00003
32 0131 00000

11 20000 QLk3L

k5 00000 00616
45 00000 00000
16 00242 00633
45 00000 00633
16 00311 00633
75 20010 00000
3 00222 00633
51 00Rk0 20000
3 00000 00000
37 0060k 00600
b3 00232 01267
A3 00233 01267
54 20000 00006
11 20000 OLA3L
37 00377 005TA
32 01431 00000

¢
moo 8 0 o

SETUP DICTIONARY
OF REGICMAL ASSIGEMNENTS
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11 20000 QANTO
11 0024 OlM3L
37 coéa7 0066
11 Olh31 0163
2 00646 00RNG
21 00651 00Rk6
21 02A37 00306
45 00000 00403
21 0LAGk 00RN6
4500000 00637
21 0LA63 00RNG
11 00246 0LMGM
11 002kl QLT
11 00241 01430
3T 00kTR 00465
11 20000 O1k3%
43 00000 00667
T35 000Th 00671
63 00000 00R41
11 01MAT 20000
AT 00673 00701
55 0LMNT 10036
63 00000 10000
%5 10000 00006
63 00000 10000
11 01A%0 20000
kT 00701 00T0R
63 00000 00336

mo 7 RR-126
DICTIONARY OF REQIOMAL.
ADDERSSES: AND. BQUIVALERTS
AT 01670 THRE 01633,
AND 01634 THRD 0L7T7

TRARSLATE AND
ADDRESS RGUTINE.

00660 THW 0721
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00703

0071k

00733
00734

63 00000 00216
11 00RTO 01k65
11 00357 01466
11 002k OL435

11 00RML OLA36

11 O0Lk3h OLkMO
63 00000 00267
T5 00006 00713
63 00000 00255
63 00000 00267
63 00000 00235
11 00270 01M33
95 0Lhk0 00025
35 0050 10011
37 00565 005k
¥3 00000 00403
57 ONTR 006
&3 O1A34 00725
43 00000 01270
k3 00000 00T26
T3 00007 00730
63 00000 00255
11 20000 01440
55 01840 00030
21 00235 20000

35 0023 00734
63 00000 00000

TRARGLATS AND
PUNCH CHECK
ADDRESS, AND
CHECK SUM ROUTINE.

00722 THRU 00757
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00735 63 00000 00267
00736 11 0O0RT1 O0Lh33
00737 55 00230 10012

00TkO 3T 00363 003W-

007hL 45 00000 00TME
007h@ 11 O00RT2 QLM
00743 3T OOTRL 0QT1L
0074s 11 MR35 10000
00743 37 00363 00340
00Th6 11 01436 10000

0OTNT 3T 00560 00540

00730 11 00RT> 20000
00T3L 37 007ML 00TR6

00792 16 00RTH 00721

00733 16 00RTD 00Th1
0075k 63 00000 00537
00793 &3 00000 0OMO3

00756 21 0LAEh 00RMS

007TJT 43 00000 OaTRR
00760 21 G146k 00246
00TEL 37 0ONTR 00WES
00762 43 00000 00763
00763 11 OORMY OLMIT
0076+ 33 OORTT 01hh@
00765 11 00301 GIAZH
00766 3T 00TRL 00667
00767 11 O1lkk2 10000
00770 37 00365 00530
00TTL 11 00302 20000

00760 TN 0L003

RR-126
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00TT>
00TTh

00776

01000
01001

01003

01016
01017
01020
ool

5T 00735 00TRé
11 002kl OLe3%

37 00721 00667
11 0lkk@ 10000
5T 00365 00330
11 00246 20000
37 00755 00726
16 0027k 00721

16 00RTh 00755

k3 00000 00403
21 0146k 00RYS
37 0060% 00600
3T 01166 01156
11 Q1AhO 01443
37 01206 01203
11 20000 Olkkk
37 005TT 005T2
s> 00267 01015
45 00000 01276
T5 10012 01017
11 00Rkl 0Lek5
16 00332 0102k
37 005TT 0O5TL
b3 00215 010R7
*3 00217 01087
37 01206 01203

0400l THRU 0124k

RR

Il
b

9-69



PX 71900-9-(126)

0100k

orce7
01030
01031
01032
01033
01034
012035
01036
01037

11 20000 QLkhS
21 01086 0oRME
A3 00000 CLORO
11 00307 10000
51 OLORL -0LMLO
11 00333 20000
M2 0LMLO CARTT
37 0060k 00600
37 G120 Q1167
11 OLMAO -QIAST
11 GIA30 20000
5 0037 QAh60
11 20000 01461

37 00608 00600

A3 00334 €1.00L

31 01208 -OLIAT
11 GLbhO 20000

&7 0LOMG 0LONT
13 01430 0030
11 alk30 orkéR
11 00842 20000
11 20000 0LA32
3T M35 0036
11 a1s30 10000
37 00563 00330
M3 00000 00403

RECO R1
RR-126
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01056,

QLO3T
01060
01061
oloé

01063

01064
01065
01066
01067
0x070
01071

01073
0107k

01076

01105

31 0436 00000
T5 30012 0108
72 0Lk 00316
T3 00316 01430
Sk 20000 0003
73 00316 0lM31
31 O01k30 00043
32 01A31 00000
5 10013 Q1070
11 OoRkl Olhkh
T4 20000 Olhkk
k6 01074 OlOTR
31 20000 00000
k5 00000 00075
21 20000 00246
T4 20000 OLe45

11 20000 01430

23 0LhAk 00337
35 O1lk45 OQlbbb
37 012k 01207
71 01430 01Mh6
Th 20000 01450
86 01107 01105
31 20000 00000

RRCO

e d
RE~126
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01106

0ol110

&5 00000 01110
21 20000 0026
Th 20000 OLASL
11 20000 01430
21 OLhhb- QLMNT
35 O1AJ0 20000

35 0151 Olakh
11 0le32 20000

A7 GLI3% A7
21 QLM CDh6R
7T 00221 OL12h
k6 01182 O130R
M2 003h1. 01500
35 00340 0Lk
16 0lhhA- 01125
S5 OLA30 00000
M6 01127 01130
35 002k6 0Le30

11 G1kh3 20000

b7 Q1132 al3

13 Q130 Q1e30

k3 00000 00000
21 0lkbh 00337
35 00345 Olhhh

RECO 23

RR-126
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21 01430 00343

43 20000 0LLA2

21 Olhhk. 00246
31 00345 00033
11 20000 Q1430
31 QL3 00000

- 4T OL1AS O11k6

13 QIA30 01430
11 CLARS 20000
A6 01300 00150
A2 00346 02153
§3.00346 01153
A5 00000 01302
11 00346 10000

53 Olhlsk QL1430 .

¥ 00000 01133
A3 00333 QLG
43 00336 01164
11 0cRAL OLWO

&5 00000. 01166

43 00000 01165 .

11 00RML OLk4O

3T 005TT 00572
&5 00000 00000

o
RR-126
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0LL67 37 066 0LLO6
01170 37 01906 00205
0L171 11 20000 QAAM30
0ALTR 3T OO5TT 0OTL
00173 &3 0omlS. 01200
OLL7Th 43 00RL6 0)20R
01175 &3 00227 01208
01176 37 01206 01203

T2 QlA30 0037

11 20000 01430

43 00000 01172
43 00000 00000
75 20012 01301
43 00220 01203

onT?
01200
o120l
01202
01203
01R0%
01205 351 00RO 20000 .
01206 A5 00000 00000.
01207
01210
al21l
oime
01213
s
01215
oae1é

11 003h2 QLANG
11 00343 QLANT
AL 00k60 01215
43 00000.01282
TL 016 00316

Th 20000. OLUS0.

46 01816 1217
21 20000 002ME
01217 11 20000 G1kh6

01222 11 00331 20000
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01223

01230
o123
01238
aed>

RECO 26 pp-126

36 MG OLERM

T1 OLAk6 00330

T4 20000 01450

6 01227 01230

21 20000 00Rk6

11 20000 0Lkh6

21 OLAT7 0AWSO

11 01AST 20000

A7 00234 OA8MM

31 00266 00205

75 CIM6 QLAS6

3120000 00001

k2 OLAbE C22ML

21 GLA56.00246 BOD . (08 END)
15 003hk 20000 OF ASSRMELY.
36 QAMAT QLT ROVTTHR.
11 01W56. OLhké ATDRESERS -
45 00000 00000 | 01ShS TR 01265
21 OLhéh.- 00246

45 00000. 02247

51 0126h 01253

56 00000 00360

21 0Lk6k 00RMG

45 00000 01253
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01253
01254
01255
01256
01237
01260
01261

01262

01263
01264
01265
01266
01267
01270

0127k

01276
01277
01300
01301
01302
01303

01305

37 0126k 01264
A5 00000 TOO1L
T5 0007k 01257
63 00000 00241
63 00000 00267
63 00000 00255
63 00000 00255
€3 00000 00267
63 10000 00337
T5 001k 30000
63 00000 0021
43 00000 01323
b5 00000 01331
33 00000 QL343
&5 00000 01333
A3 00000 01337
&5 00000 01333
03 16121 Q630
12 30300 30322
b3 00000 01337
k% 00000 01341
¥3 00000 01353
b5 00000 01343
&5 00000 01355
€0 00000 00000
26 20260 33406
22 22031 70000

RBYO 27 RR-126

EXROR DETECTION
OUTPU? (TYPEWRITER)

01266 thru 01427
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01306
01307
01310
01311
01312
01313
0131k
01315
01316
01317
01320

01322
01323

o132>
01326
01327
01330
01331
o132
01333
01334
01335
01336
01337
01340

37 00577 00571
3 00216 01311
&3 00000 01306
21 01k3k 00246
AL 00347 0131k
k5 00080 00MO3
16 00314 00331
16 0027k 00666
16 0027h 00725
16 0027k 007‘0
16 00315 01246
16 06350 01252
A3 00600 00KO3
55 01274 10006
51 00212 0141
55 10000 00006
51 00212 014h2
37 01403 01367
85 00000 01306
55 0127k 10022
k5 00000 01324
55 01275 10006
43 00000 01324
55 01275 10036
A5 00000 01324
55 0130k 10006
43 00000 01324

O 28 o o0
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o138
01348
01343
01344
01345

01346

01347
01350

01352
01355

0335

01357

01367
01370
01371
01372

55 0136% 10022
hS 00000 01324
5 01303 10006
45 00000 01324
55 01274 10036
S1 00212 01hh1
55 10000 00006
51 0e212 01MAR
37 01403 01367
XS 00000 01311
55 01304 10036
A5 00000 Q136
53 01305 10022
b;omoo;su
55 01273 10022
51 00212 LML
55 10000 00006
51 ooR12 QAN
57 61h03 01367
11 00ATR 20000
T3 20005 01306
A3 00352 Q1311
61 00000 00216
61 00000 00213
61 00000 OLAN1
61 00000 O1bk2

"meo

29

RR-126
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01373
0137k
01375

o1h11

olh12
01813
0142k

01416
01h17

o141

01427

61 00000 00225
61 00000 0021k
11 01463 20000
37 01420 01404
61 00000 00215
11 0286k 20000
37 01020 OIAO
61 00000 00216
A3 00000 06000
T5 50004 01406
T3 00325 O1hké
15 00351 1A10

11 00308 01A5H

11 01MM6 20000
M7 021 01M12

61 00000 00215

21 03A10 00306
N1 02A5h Q1A10

11 00266 20000

36 014351 01M17
61 00000 00000
A3 00000 00000
13 01420 01423
11 00266 20000
36 0L4k6 O142h

‘61 00000 00000

21 01483 00306
51 01ASh O1h22
A% 00000 01415

MeO 30 RR-126
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REMINGTON RAND UNIVAC 23 July, 1956

b utine

I_p_trgggc;gion

~

The ERA Library Routine for the 1103 Serial 9 Computer sxtracts
subroutines from a library file on magnetic tape and assembles them on the
drum or in high speed storage for later use. At the option of the cperator,
a flex taps of all subroutines assembled is punched out bn the high speed

punch,

This routine may be used in conjunction with REGO II (ERA Regional
Coding Routine II) to give a continuocus flex tape consisting of a main routine
followed by all subrcutines needed in the execution of the main routine. A
description of this overall assembly procedure is given in the write-up of
RECO, It is also possible to use the Library Routine eeparataiyg In either
case input information must be provided by the operator in the form of a
flex tape. ms tape lists the subroutines to be as.embled, together with
infomation'srogarding assembly modificution and storage. Routines may be
stored at a location different from that with pespect to which they are
assembly modified. A detailed description of the input tape is given in the

section *Input Tape Format®,

Main Features of the Iibrary Routine

1) Exit Restoration

The Library Routine replaces the first two wcrds of subroutines
in "standard form™ with the instructions

37 75700 75702
4  ooooo  [30000] 9-80
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The first instruction refers to.the Coavair Alarm Routine which
has had its insert address changed from 76000to 75700 in order to aveid
interfering with the image. The second instruction is the standard exit.
This "exit restoration” feature is included to facillitate relocating the
Alarm Print Qoutine. In fact, with minor modifications, a different standard
preface can be appended to subroutines in the tape library, should this ever
be desired.

2) Assembly Modification

Any routine coded may be modified relative to any HSS or drum
address subject to the following restrictionss

a) The routine 18 coded relative to 01000.

'b) All instructions and relative operands are located consecutively
at the beginning of the routine,

e) All absolute constants are stored consecutively immediately

after the modifiable words,

A listing of routines which may be modified by the library routine
is given in the appendix, The programmer must choose for each modifiable
routine, the starting address with respect to which address modification is
to occur, 88 explained in detail in the section on "Input Tape Format®,

3) Storage of Subroutines

The programmer may chcose to store a subroutine bsginning at any
HSS or drum address except in the imsge (76000-77777). Storage in the
------- image will result in simultaneous storage of the subroutine in the correspond-
ing high speed storage location. -

It is the programmer's responsibility to be sure that stored

/X 71900-9-(126)

routines do not overlap. If it is desired to store two or more routines
in the same locations, then the 1library routine must bs applied two or more times.
9-81
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The programmer must choose a storage location for each routine
vhether it is assembly modifiable or not.
The method of providing information on desired storage locations
is ‘given in the aéction ®Input Tape Format".
4) Typed List of Subroutines
| During the operation of the routine, a list of subroutines to-

~ gethér with other information is typed out. This 1list may be used by the

programmer to verify that the subroutines have in fact been assembled a8
he intended. For details see the section "Typed IList of Subroutines®”,
5) Flex Taps Output of Assembled Routines

The operator may procure flex tapes of the assembléd subroutines
if he desires (see Operating Instructions). In gemeral either all of the
subroutihes are punched out, or none of them are. The following flex tape
is punched cut {sr esch subroutine (with aprropriate leader or trailer):

a) Insert Address (First Storage Address).

b) Subroutine (modified or not as the case may be).

¢) Check Address,

d) Insert aﬁdrasa 75202,

o) Check sum,

£) Check Address 75204.
6) Final State after Using Routine

After the routine has Soem used and all’ subroutines have besn
assembled (end pessibly punched out), HSS is restored to its original form,
except for those locations in which subroutines have been stored, All the
subroutines are in their desired locations ready for use, Magnetic Tape
Unit O has been backed up to its starting point.

9-82
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Ihe Subpoutipe ldbrary

A 1ist of subroutines currently stored on MT Unit O is given in
the appendix. Preceding the first word of each subroutine on magnetic tape
are four "tag words". Following the last word of each subroutine are enough
a1l zero" words to fill out the block of tape on which the last word appears.
For example, a subroutine containing 46g words occupies two blocks on the
tape; l.e., 4 tag words;'éﬁs subroutine words, and 2¢g blanks.

The four "tag words® preceding a subroutine give the following
informations

| 1)e First words b ¢ ddddd eeeee

b = 0 if routine is assembly modifiable.

b = 1 if routine is not assembly modifisble.

c = Oyif exits are not to be restored.

¢ =1 if exits are to be restored.

ddddds number of words if routine is assembly modifisble;
first fixed opereting location if it is not.

oeoeoi number of modifieble words if routine 1s assembly
modifiable; last operating location if it is not.

2). Second Words Check Sum (Left Part).

3)e Third Word: Check Sum (Right Part).

4). Fourth Words v

This word is the routian library index, or more simply,
Routine Index, and consists of a flex code of five letters,
which are determined by the nature of the routine and two
octal zeros to make up & 36 bit word. Examplest
a)e Central Exchange Indexs RR-68 (e* - Floating Point).
Routine Indext: ex - fOl
,Routine Identification Codet 20 27 26 37 <= 00 9-83



BX 71900-9-(126)

RR-126

Q5-

b). Central Exchange Index: CV 37 (Card Packsge)
Routine Index: og - 100
Routine Indentification Code: 16 13 52 3% 37 00
(Note that the ™dash" in the index does not appear
in the identification code.)
The Iibrary Roptine i1s also stored on MT Unit O, It is transferred
to HSS from tape by the lLibrary Routine loader in the Serviece library.
Zhe Dictionary
Immediately followlng the Library Routine on MT Unit O is a 40
block "dictionary". The first half consists of a 2 word check suﬁ plus up
to 510 (decimal) identification codee of the iype deseribed in the preceding
section. All words not filled with identification codes are filled with
Zeros,
The second half of thé dictionary conelsts of a 2 word check sum
and up to 510 "control words". For each ldentiflcation code in the
first half of the dictlonary, there is a control word in the sqme ralatth
position in the second half; 1.e., if the identification code correspond-
1n§'to a2 given subroutine is the nth word in the first half of the dictionary,
35n§512, then the "control word" for this subroutine is also in position
n, but in the second half of the dictionary. The control word consists of
12 octal digits
op ppp qq 00000 , where
PPpp 1s the number of blocks of tape in MT Unit O
measured from its start which must be traversed to get to the start of the
subroutine,
0364,4ppPPI204Tg 5
qq is the number of blocke in the subroutine, OléQq5208.
If 2 subroutine is more than 20g blocks in length it is re-

garded as two or more seporate routines, eack with its own "tag words"®

‘and "index". 9-84
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As an example, the control word 01 24603 00000 calle for a
routine which starts gfter 1246 blocks of tape have been counted and
which is 3 blocks long. The subroutine therefore occupies blocks 1247, 1250,
and 1251, (octal)

doput Tepe Format
The input tape lists the subroutines which ae to be used in

a main routine together with information r egarding assembly modification
and desired storage locations. The programmer must provido three pieces
of information for each subroutine to be assembled.
The exact format of this information depends on whether the
routine is assembly modifiable.
1l,) For anessembly modifiable routine:
a) Routine Index _
b) An assembly modification address; i.e. the first oper-
ating location of the sub‘routine.
¢) A storage address; i.e. the address whefo the first
word of the subroutine is to be stored.
2,) For a subroutine which i not assembly modifiable, (i.e. the
subroutine is written with a fixed operating location
or is written relative to H.S.S. location 01000 but is
not in "standard form"),

a) Routine Index

PX 71900-9-(126)

b) Fixed opsrating address (i.e. the first address of the
________ routine,)
¢) A storage address
A maximm of 16 subroutines can be assembled with one application
of the lLibrary Routine. Care must be taken not to store two routines in
the same location, since all subroutines are assembled and stored before

9-85
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any of them are punched. If the operator desires to tore more than

one subroutine at the same locatlion, he must use the ‘libra.ry routine
more than once and must have a "eeparate” routine list for each aprlica=~
"tion of this routine. (The tape neked; not be separated literally, but
must have the proper "terminating signal® between each routine list.)

At the conclueion of each routine liet is a period. This tells
the machine that all input 1nformafion- ﬁas- been x:eceived and tranefers
operation to the next part of the routine., If more than 16 subroutines
are called for wit};out. a period, the input tape is automstically stopped
after reading in 16 indices, and the computer halts after assembling
the 16 subroutines. Push start button to assemble the remaining sub-
routines,

| The exact format of the tape 1s best illustrated by angramples

Six subroutines are to be assembled, The subroutine library
representation and Central Exchange Numbers of these subroutines eret

1) rt-f01 (RR 59)

2) op=100 (6V 1.)

3) do-x01 (RR 47)

4) al-prl (CV 3)

5) 1p-pOl (RR 10)

6) rt-x01 [RR-21)

In the above list, routines 1, 3, and 6 are writtenrelative to
HeS.S. address 01000. Routine 5 is so written on tape as to be assembly
modifiable, Routines 2 and 4 operate from fixed locations.

These routines are to be operated on as followss
1) rt-fol modified relative to 1300 and stored beginning at 51000.
2) ep=-100 hae fixed operating location 00040 but is to be stored

at 42100,
9-86
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3)
4)

5)
6)

3 RR-126

do=-x01 is not to be modified but is to be stored at 66300,
aleprl has fixed operating location 75700 and is to be
stored there.

ip-p0l is not to be podified but is stored at 41000,
rt-x01 is to be modified relative to 01272 but is to be

stored at 00300.

The information needed on the input tape consists of the following

~ in flex code:

rt-£01 01300 51000
cp=~100 00040 42100
do-x01 01000 66300

al-prl 75700 75700
ip-p0l 01000 41000
rt-x01 01272 00300

The following general rules are noteds

1)
2)

3)

4)

5)

6)

Three pileces of information are needed for each subroutine.
If a "standard" assembly modifiable routine is not to be
modified, the address 01000 is the first address listed;
otherwise the starting address is given.

The first address for a routine which has a fixed operating
location is the fixed operating location.

The first address for a routine written relative to 01000 but
which is not in "standard form" (and hence is not modifiable)
is 01000,

The second address is always the first address at which the
subroutine is to be stored.

An assembly modifisble routine may be modified relative

to any HeS.S., or drum address.
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?) A routine may be stcred anywhers in H,S.S. or on the drum,
Care must be taken not to store more than cne subroutine in
the seame location.

In preparing the inrut flex tape, the following rules shouid be

observed:

1) There must be at least one space between the two letteré and
the three (or more) digits of the library index.

2) There must be at least one space between the library index and
the first address and between the first and second addresses,

3) There must be a carriage return after the second.addross.

4) TFollowing the cerriage return at the end of the last subroutine
information there must be a pericd, |

5) The library routine ignores extra spaces, code deletes and
leader on the input tape.

Iyped Liote of Subroutinep

As the library routine is operating on subroutines taken off

magnetic tape, it typoskout information for leter reference,

| 1) If the subroutine is modifisble and has been mcdified, the
following is typaé:

'a) X203 Library indax
b) Mmber of Words Mumber of Modifiable Words
¢) MOD sasas p
d) bbbbd cocce
where: asaaa is the stgrting address

bbbbb ie the first storage address

occcc is the last storage address
9-88
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2) If the subroutine is modifiable but has not been modified, the
same information is typed as in 1 (except that ¢) is "HOT
MODIFIED",

3) 1If the subroutine has a fixed operating location the following
is typed:

a) 1103 Library Index
b) ddddd sesce
¢) bbbbb ccece
vhere: ddddd is the first operating location
eseee is the last opersating location
bbbbb and ccece are as in 1
In the example previously discussed the following would be typed

(although not necessarily in this order). ™

rt-£f01

00056 00050
md 01300
51000 51055,
op=100

2200 42137
do=-x01

00202 00160
not modified
66300 66501
al prl

75700 75643

75700 75643
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ip=-pOl

00422 00421
not modified
01000 01421
rt=-x01

00047 00040
mod 01272
00300 00350

The programmer may quickly scan this 1list to see if the proper sube

routines were assembled and if there is any overlap in storage.

Error Detectiop - Alarps

- The library routine detects certain errors dwring the course of

its operation. These errors are indicated by typewritten symbols. After

encountering one of the errors described below, the machine stops.

-

in nost

cases, several optione are available to the operator, as outlined below, -

1.

Pa2® - check sum failure on transfer of the library routine
to HSS. NT Unit O 1s backed to the beginning of the Library
Routine Press Start to retransfer routine.

2¢ "cl" ~ check sum failure on transfer of the first half of the

3.

be

dictionary to HeS.S. The magnetic tape is backed to the
beginning of the dictionary,

8) To retransfer first half of dictionarys Press SIAR]

b) To ignore check sum failures set PAE o 00600 and START

"R® - a non-existent index has been read into the machine.

Preas_ SIART. The non-existent index is ignored, and the program

continues,

"C2" = check sum failure on transfer of second half of dictionary
9-90
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into H.3.S., The maznetic tape is backed to the beginning of
the second half of the dictionzry,
a) To retransfer seccnd half of dictionary:s Press START
b) To igncre cher."k sum failure: Set PAK to 00602 and START
5. "GC3" - check sum failure on transfer of subroutine from library
to H.S5.S, The magnetic tape is backed to the start of the
subroutine,
a) To retransfer subroutine: Press START
b) To ransfer next subroutine (or to procesd with program if
failure was on last subrcutine)s
Set PAK to 00604 and START
6) To ignore sheck sum failure: Set PAK to 00606 and START
6. %C4" - The address portion of the input flex tspe is incorrect
(e.g. less than five cctel digits, a character is used other
than O, . + .5 7). Press START to bring in next index (or
contime program).
If an error is indicated (other than "C1l%®), ane of the subrcutines
dces not get assembled. A lock at the typed list of subroutines determinss
‘which subrcutine is missing. '

+. tiog)

1) Prepare a flex tape which calls for the subroutines wanted and
which provides information on sssqmbly modificetion and storage.
This tape may be spliced onto the end of input tape used for
RECO II when both routines are to be used in succession (Ses \
discussion of this in the RECO II write-up). If this routine
is tc be used alone, cnly the subroutine flex tape is needed,
(For informution on this input flex tape see the section "Input

Tape Formut"),
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SUBROUTINE LIBRARY APPENDIX
Subroutines Currently on Magnetic Tape 0
Central Exchange Index Idbrary Code
a. Constant Pool  CV=l ep~-100

be Alarm Print * cv-3 ' al~prl
6o Card Package ; CV-37 cg-100
d, Interpretive System, unpackod RR-10 : ip=-pOl
e, Interpretive System, packed N RR-10 ip=-p0l
f. Decimal Output Floating Point RR~20 do~£01
ge Decimal Output Fixed Point RR~47 | do-x01
ke Square Root Floating Point RR~59 rt-f0l
1. Square Root Pixed Point BR~21 rtex01
jo &5, Fixed Polnt Hone ex-x01
k. o, Floating Point RR=68 ex-f01
1. Arcsin/cos x, Floating Point  RRT5 tg=£20
m. Avotan x, Floating Point . RR=74 tg-£40
2. Sin42, coe$2 x, Fixed Point RR~24 tg=x10
os &in x, cos x, Fixed Point : None tg=x11
pe Arctan x, Fixed Point RR~26 g0
qe Sin42, cos¥2 x, Floating Point | RRe62 tg~£10

As more subroutines are put in the library, supplements to this list will
be 1seued from time to time,

bpd
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2)
3)
4)

5)

6)

7)

8)

13-
RR-126

Turn ON PUNCH and TYPEKRITER
BE SURE MT UNIT O is ON
Set Jump Switch #1 if a flex tape of the subroutines is

NOT desired,

If RECO II is not used, set PAK to 70011 and START., If RECO II
is used, this routine will start automatically after campletion

of RECO II,

If an alarm "C1l%®, "C2", ®C3", "CL®, or “R" is typed, the

mechine stops. For a choice of procedures, see the discussion

of "ERROR DETECTION - ALARMS®", In any case pressing the START
will cause the Library Routine to continue; however, a subroutine:
may be omitted, |

The routine halts at 56 00000 70011
To repeat the library routine, press START after the 56 stop,

NTE:t If a period is inadvertently anitted at the conclusion of

of a Routine List, Force Stop Computer after Input Tape has
completely passed through reader set PAK tqp0052 and STARI.
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THE 1103 MULTIPLE REGRESSION AND CORRELATION PROGRAM

General Description

There is now available to Univac Scientific (ERA 1103)

users and service bureau customers a library program for

multiple correlation (regression) analysis. The program will

handle up to m=30 variables (including the dependent) and up

to n=400 observations of each. The output, on puniched cards,

is:

The identification number of each variable used.
The mean of each variable used.

The standard deviation of each variable used.
(Based on n-1 degrees of freedom.)

The normalized regression coefficlents

(regressicn coefficients for each variable

. reduced to standard units).

Thé o:dinary regression coefficients.

The simple cbrrelation coefficients.

The partial correlation coefficlents involving
the dependent variable. (The remaining partial
correlation coefficients may be obtained if
desired.)

The inverse of the correlation matrix (optional).
The square of the multiple correlation

coefficlent, the standard error of estimate

(based on n-m degrees of freedom), and the

ébnstant term in the regression equation.

-1-
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10. . (Optional) The back solution, in which the

. regression equation just computed is used to

“predict a value of the dependent variable for

each observation. The output consists of a

card fOr‘each:observation containing:

a.

d.

" The number of the observation and

~ the identification number of the

debehdent variable. .
The predicted value of the dependent
variable. |

The observed value of the dependent
variable.

The difference (b-c).

Optional items may be obtained by making manual'Jump

selectlons on the computer console.

There 1s also available a program for the back solu-

tion (10 above) in the event that the regression equation 1is

already known and no correlation analysis 1s desired. In this

program, the output is as follows, with the numbers having the

same significance as above:

1. Identification of variables used.

5. As before. (Reprint of input to avoid error

or ambiguity.)

9. As before (same).

10. As before.

The programs are designed to make good use of the

great facility of the 1103 for this type of computation.

-2-
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they offer a number of special features, 1in addition to}those
listed above, that make them very flexible and economical.
For these reasons they are extremely fast and.will give more
information at less cost than any other library program up to
the ﬁaximum size of problem they will handle.

The Nature of the Problem |

It frequently happens that a dependent variable, y
or X, can be considered to be a linear function of a number

of independent variables, Xz, Xz, « « Xpe Then:

(1) Y* = xa* = a5 + f? 24X
j=2

where y* = x;* is an estimate of y (or xi1).
This implies that the effect of each x.on y is 11near and
independené of the levels of the other variables. However,
when this is npt the case, it is often possible to make a more
realistic mathematical model of the situation and with little
or no distortion to apply a transformation that will linearize
it to the above form. When this is done, the x's will not
generally be the directly measured experimental quantities but
functions of them, or functions of groups of them, thus account-
ing for nonlinearity and interaction effects.

The multiple correlation problem proper begins when
the functions for the x's have been chosen so that an equation
in the form of (1) ﬁas been arrived at and when there are
available n observations, n>m, in each of which values of all
variables have been measured. The problem is then to choose a
set of values for the coefficients, "a," that will best fit all
the data points;

..3-
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This problem is solved with the most computational ease by

classlcal least-squares fitting, which defines ap as

m
(2) ag =_SE1 - Z aJSEJ
v J=2 .
and detgrmines values for the regression coefficients asz, aa,
o o o am. Certain other statistics are also computed which

indicate how well in general thé model has succeeded in

"representing the effects of the variables and predicting the

values of X, and to what extent the effect of each varilable
is nuherically 1mpor€ant, statistically significant, and
successfully represented by the model chosen, Equation (1).
Notation
‘Let y = x, be the‘dependent variablé. Let x2, xs,

. « . X, be the independent variables. Let the index i of J
designaté the number of the variable: |

1=1()...m

J=2Q1)...m

where m is the total number of variables, including the

~dependent variable.

In general, the term "the xj's" will refer to the
variables x= to x,, but not to x, or y.
Let the index h refer to the run, or observation,
number:
h=1(1)...n

where n 1s the total number of observations of each variable.

(For the case of micsing observations, see the section "Special

Features.") Thus Xp; is the value of the 1'th variable

observed in run number h,
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QOther conventions of notation will be defined as they
are used.

The Method of Computation

In the 1103 program, the mean of each variable, Xy,

is first computed:

n
(3) %4 =h£xhi
n
The standarddeviation, based on n-1 degrees of free-

dom, 1is then computed for each variable by:

2 —
(4) 5, = dzlhxhi - X35 Xpy
V-1

where Z-h designates summation over all runs with the square

roots being taken separately by the computer, and the other
arithmetic operaticns performed as indicated here.
The simple correlation coefficients between all pairs

of variables are then computed by:

T h*hi*hj - Xi 2 h¥hj
— < —
Vihxﬁi - % P25 /LXﬁJ - X,jzhxhj

(5) .Pij =

The above computations are all computed in fixed
binary with precision to full single-word capacity being

retained. The simple correlation coefficlents are stored on

- the drum for printing out and then converted to normalized

floating binary, mantissa 27 bits plus sign bit.
The matrix of simple correlation coefficients,

R = (rij) is then inverted, in floatiling binary. In the array
-5-
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of this matrix, the correlation coefficients involving the
dependent varlable, x;, that is, the ryj coefficients, are in
Row 1 and Column 1. Thelinversion is accomplished by a direct
elimination without any permhtation of rows and columns. R is
symmetrical, and the inverse is forced to be symmetrical,
regardless of round-off errbr, by computing only the diagonal
and one triangle and assuming that the other triangle will be
the mirror image. The inverse so computed is Q. Qg = R™1,
where R-! is identically equal to the inverse of R and Qy is
the k-th approximétion of R"¥., Q;, the first approximation, 1is
then reconverted to fixed binary.
~ Unless R is badly conditioned, round-off error will
be small, but the inverse is in any event improved by the
formula
(6) Qesr = (2 - RQ)

somewhat modified. Here 2 1s the diagonal 2 matrix. The modi-
fication of the above formula consists of the fact that Q41 is
also forced to be symmetrical as was Qi. Although Q, and R are
both symmetrical, RQy, and consequently (2 - RQy), are not
necessarily symmetrical; and, indeed, the full square matrix 1is
computed. When this square matrix 1s multiplied by Qk, however,
only one triangle of the product matrix, Qy;i, 1s computed.

| In this improvement scheme, the square matrix (2-HQk),

which will be approximately the unit matrix, is computed in the

first half of each iteration cycle. The sum of the absolute

valuz2s of 1 minus each diagonal element of this matrix is then
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compared with the corresponding sum obtained for the matrix

(2-RQy.1). (On the first cycle, it is compared to a very large

arbiltrary number.) If this value is larger than for the pre-
viohs iteration, the improvement method is assumed not to be
cohﬁerging on the trué inverse. If it 1s smaller, the second
half of the iteration cycle.is performed by multiplying the
square matrix (2-RQ,) by the mafrix Qg to form the (arbitrarily)

symmetrical matrix Qy,,. The same value,

2 - (qu‘)ii:l

is then compared with a "tolerance" number to see if Qy was a

m
<
L

i=1

sufficiently close approximation to R-i. This tolerance number
is established by multiplying an arbitrary small number by the
number of diagonal elements in RQ; wheﬁ the sum of absolute
values by the above formula is smaller than this product, (qk)1J
will, on the average, equal ri3 to five or six correct decimal
digits to the right of the decimal point. At this time, however,
Qk+1’ a still bettef approximation of R-1, has already been
computed and will be used as the final approximation.

If, on the other hand, the above test shows that the
sum of absolute values of 1 minus each diagonal element of
(2-RQ,) increases from one cycle to the next, the original
inverse, Q;, 1s then taken as the best approximation of R™?%;
and the problem can Be finished using this, the typewriter
indicating that this has occurred. Space is left in the program

for a section of code (to be written if experience proves it

desirable) that will apply a more rowerful improvement scheme

-7-
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on failure of the above scheme to converge. The alternate
scheme would be Q. = Qk(RQk)‘l, which is slower.but which
will always converge,_uniess R or Q) 1s singuiar.

The improved inverse (or the unimproved inverse, if
the improvement scheme‘has failed to converge) is then used to
compute the square of the mﬁltiple correlation coefficient, the
standard errdr of estimate, the normalized regression coeffi-
cients, the regular regression coefficients, and the partial
correlation coefficlents.

The square of the multiple correlation coefficient is
computed by:

(7) (Pl;a:s:.--m)a =1-1/qun
(a1 is the best approximation of ri}

The standard error of estimate, s based on n-m

e,
degrees of freedom, 1s then computed by:

(8) s = _Ba_ n-1
" "I n-m

since s, was based on n-1 degrees of freedom.
The normalized regression coefficients (regression
coefficients expressed in standard units) are computed by:
(9) by = fqu/ﬁll

The regular régression coefficients (the aJ's of

'Equation 1) are computed by:

(10)  ay = bj(s1/sy)
The partial correlation coefficients, Pyj, are

computed by:
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(11)  pyy = 21
AN 1J
fass Vay
Finally, the constant term in the regression equation,
the agp of Equation 1,-15 eomputéd_by applying Equation 2. This
completes the regress;onianalysis proper, But if a back solution
is desired, Equation 1 is then applied to each of the n observa-

tions to compute an estimated value of y for each run.
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Special Features

The 1103 multiple correlation routine has. a number
of speclal features desigﬁed to make\the_progfam unusually use-
ful, flexible, and economicai'Of machine time. Some, such as
listing the normaliZed‘regressiOn coefficients and Fhe use of
a matrix inversion routine £a1lored‘spécifically;for,this
problem, are fixed parts 6f the code, but others are optional
and under the control of the operator.' The latter are listed
here. |

. 1. Independent Variables on Magnetic Tape

In some types of problems, a single set of 1ndependen£
varlables may bz used wlth a number of different dependent
variables. In this case, the use of each new dependent variable
constitutes an ehtire new problem, but important amounts of
read-in time can be saved by writing the 1ndependent variables,
the xJ's, on magnetic tape on the first problem and reading them
from this tape 1n subsequent problems. The program is so
designed that selecting MJ No. 1 will write the xj's on Tape
Unit 2 as they are read in from cards. Also, it 1s possible in

any run to read the xJ's either from cards or from Tape Unit 2.

'The y's are always read in from cards and are never written on

tape. When the xj's are written on tape, they are summed, and
the sum 1s written as the last block of data on the tape. When
they are read from tape, they are summed again, and the sum is

compared with that written on the tape; if there 1is a discrepapcy,

‘the on-line typewriter types out "Tape sum no good," or a suita-

ble abbreviation thereof. Unless otherwise indicated by the
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typewriter, the xJ's can be assumed to be correctly read in

from MT 2.

2. Elimination of Undesired Variables

The results of the cbrrelation analysis may show. that
the effects of certain 1ndependenf varlables on the dependéﬁt
variable are statistically insignificant or numerically
unimportant. It may then be desired to rerun the correlation
excluding these variables. This is eésily done 1in the program
whether the xJ's are read in from cards or from tape.

| When all data are to be read in from cards, a con-’

trol card is used bearing the numbers m and n. Omission of an

~undeslred variable can be accomplished simply by omitting the

corresponding deck of data cards and using a new control card
with the altered Qalue of m.

When the XJ's are to be read in from tape and‘only
X3 from cards, the control deck consists of a card bearing the

number of variables to be omitted, followed by as many cards

‘as there are variables to be omitted, each bearing the code

number of one Xy to omit. When no variables are to be omitted,
the control deck consists of one blank card. In reading from
tape, the machine reads all the observations of one xJ, sums
them, and then scans the list of variables to be omitted to see
whether to reject this Xje In any case, the sum 1s retained,
so that the sum check on the tape reading is preser&ed.

- 3, Treatment of Missing Observations

No missing observations among the independent varia-

bles are permitted. If a run does not contain a full set of

-11-
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observations, it should either be rejected or reasonable values
for the missing observations should be estimated. However,
when a single set of independent variables is Qsed with a
number of different dependent variables, it often happens that
the sets of observations of'some of the dependent variablzss are

not complete. 1In this case, the runs with missing observations

Jare rejected, but 1t is convenient to let the machine do this

rejecting so that it can always be fed.the same set of data for
the independent variables. This is doné by representing each
missing observation on the deck of y's by -0. The machine will
scan the observations of y (but not of the xj's) looking for
-0. (Plus 0 is a legitimate observation whose value happens to
be zero and will be treated normally.) When it finds a -0 for
a8 yp 1t changes it to normal zero, it sets all the corresponding
observations Xhj equél to zero, and it subtracts one from the
value of n. The effect in the main part of the problem is as 1if
that run had never been included in the data.

When the back solution is run with the data still in

the machine, y;, the predicted value of the dependent variable

for a missing observation, 1s R since y* is computed by

Equation 1 and all the xhj‘s have been set to zero. The
observed value is listed out as +0.
Wher the back solution is run later, as a separate

problem, the tally program that rejects missing observations

does not operate. 1In this case, y; assumes the value dictated

by Equation 1 for the set of values Xpj and for the previously

-12-
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computed aj's. The observed value of Yp 18 listed as 1t was

punched, -0.

4, Typing of the Square of the Multiple
Correlation Coefficient

It is sometimes convenient to test different fﬁnch&
tional representations of the dependent variable (y=v; y=loéfv,
y=eV, e%c., where v 1s the quantity directly measured) againét
tpe same set of independent variables. 1In this case,;fhe choice
of functions for best fit can often be made solely on the vélue
of the multiple correlation coefficient. The square of the ;,
multiple correlation coefficient is therefore typed oQt as scgn
as 1t is computed so that the machine can‘be stopped aﬁd thé’
problem abandoned at this point if desired. This numﬁér ié
also listed on cards with the normal output of the program

5. Suppression of Most of the Partial
Correlation Coefficients

In mahy problems, the only partial correlatioﬂ‘
coefficients of interest are those between the dependentAvaria-
ble and the independent variables, that is, Py j- The parpial
correlation coefficients of the independent variables witﬁ each

other (pij, 1 # 1) are usually of interest only when a new:

mathematical model for the regression relationship is beiné

tested. Therefore, to save time, the program normally comﬁutes

only the partials prJ. However, if the remaining partialsiare

desired, they will be. computed and listed out if manual jump

selection No. 2 is made. The time required will be about one

second for each ten additional partials.

-13-
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6. Suppression of Listing the Inverse Matrix

In many routline problems, the 1nver§e of the corre-
lation matrix is not of particulér interest, and considerable
time 1is saved by not listing 1t out. Therefore, the program
will compute but not normally lisé out the inverse. However,

when 1t is desired to see the inverse, it will be listed out

. by selecting the manual selective jump No. 3.

- 7. Optional Back Solution

After completion of the correlation problem proper,
the machine will stop on a 56 00000 00430 command. If it is
known at this time that a back solution is wanted, one wiil be

obtained simply by pushing the start button. If this option

is not exercised, and 1t 1s declded at some later time that a

back solution is wanted, another program will permit ¢omputa-
tion of the back solution without repeating unnecessary parts

of the correlation problem. A new code 1is read in; the same

"input is read in (with the xj's either on cards or magnetic
tape and the y's on cards) with the same control decks; and part
of the card output of the correlation problem (the deck bearing
the a's and the card bearing ag) is also read in following the

y's.

-14-
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Machine Times

To date, two runs have been made in which accurate
fiming was recorded. - Both were made on Univac Scientific
Serial No. 9 at St. Paul, a magnetic core machine. The approxi-
mate formulas for computing machiﬁé time were derived from these
two runs. ,

The first run consisted of a set of 16 problems run
consecutively with the same set of independent variables. All
short cuts were employed: the x's were read-in from'magnetic
tape, only the partials involving the dependent variable wére
‘computéd; ﬁhe 1nvérsé was not punched out, and no back solutions
were obtained. The size of each problem was 17 variables, 91
observations. The average time per problem was one minute and
46 seconds, exclusive of code read-in time. (ode read-in
takes 50 seconds and, of course, need be'done only once for any
setfof problems to be run at oné time.

| The second problem timed was one of 30 varlables, the
maximum number; and‘95 observations.v From the timing of this
problem, timesvfor the maximum case, 30 variables and 400
observations? can be closely estimated. The times quoted below
for Sectioﬁs 1, 2, and 6 are so estimated; those for Sections
3, 4, and 5 will bé unchanged from those actually measured.

All times are exclusive of code read-in time.

-15-
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Maximum Case Min  Sec
1. Read all data from cards 8 50
2. Means, standard deviation, r's 2 15
3. Invert matrix 4 5
4., Improve inverse 0 35 per cycle
5. Punch Decks 1 through 9 (full) 2 10
6. Back solution - calc and punched 3 30
Total - No Shortcuts 21 25 one imp.

cycle
When the short cuts are used, the times will be about
as follows for the maximum case:

Maximum Case Min Sec¢

la Read x's from tape,

y's from cards 1 5
5a Punch Decks 1-9 omitting Deck

8 and most of partials 0 50
6a . Omit back solution 0 0

Total - All Shortcuts 8 50 one imp.
. : cycle

Times for running problems of various sizes may be
estimated from the following approximate formulas:

1. Reading all data-from cards.

5 + {0.5)(m)(u+1) seconds

where u is the number of cards required for n observations, at
12 to the card. This ‘includes a fixed time of about 3.5 seconds
for computing constants and typing the code and input sums and
of 1.5 seconds for advancing the read cards and reading the

control card.
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la. Reading x's ffﬁchapds, y's from tape.
54+ (0.5)(u+c) + (0.1)'1m*1)(v) + 2] seconds
where u 18 as above, c¢ 1is the number of cards in the control
deck, and v 18 the number of 32 word blocks required for n
observations. This includes start-stop and computing time
during the tnpe‘read-in.

Vi 2. Means, standard deviations, simple correlation
coefficienta.

(0.612)(m)(n) aeconds
This is quite rough, as there is a time involved that depends
only on m and also one that depends on m2n.
3. Invert matrix.
(0.0091)(m®) seconds
4, Improve inverse,
(0.0013)(m3®) seconds per cycle
5. Compute and punch out Decks 1-9, full.
(0.0044) (m®) seconds for computing
(0.25)(m) + (0.13)(m®) + 3 seconds for punching.
A more accurate estimate of card punching time can be made by
computing the number of cardn to be punched, from the informa-
tion in "Card Output," and allowlng 0.5 second per card.
5a. Optionally omitting partials not involving
dependent variable and/or punch-out of
inverse matrix.

(0.030)(m2) seconds saved by omitting
extra pnrtials

(0.058)(m2) seconds saved by omitting
inverse

-17-
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Again a more accurate estimate can be made by computing the
exact number of cards saved.
6. BRack solution. |
(0.0013)(m-1)(n) seconds for computing
(0.5)(n) + 1 seconds for punching
It 1s expected that these times wlll compare favorably
with those of any existing multiple regression and correlation

program.
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Input - Output

Scaliﬁg

All input data should be scaled so that the five most
significant digits are to the left of the decimal point, as the
input 1s in the form of integers of five digits or less. 1t is
desirable, but not absolutely necessary, that the observations -
of a given variable be scaled so that the largest (1n absolute
magnitude) has its leading significantAdigit appeafing in the
fifth place to the left of the decimal. However, if conveni-
ence dictates, all the observations of a variable consideredv
as five digit integers may contain zeros in the leading (or
possibly even the leading two) digits. There is danger, how-
ever, that if the dependent and independent variables are
scaled to give numbers of very dissimilar magnitudeé,-considered
as integers, some of.fhe regression coefficients may be so small
as to lose sbme significant figures or so large that they over-
flow, in which case the problem must be rescaled to be run. It
is therefore recommended that each variable be scaled so that
the largest observation encountered (or likely to be encountered
in subsequent problems) have its leading significant digit in
the fifth blace to the left of the decimal. The variables so
scaled are now the input variables for the problem, és far as
the machine 1s concerned, and the output will come out scaled
accordingly and correctly pointed off with actual printed

decimal points.
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Paper Tape Input

The instruction code for the»corfelation program,
with optional back solution, is contained on a single roll of
paper tape, requiring about 50 seconds to read. The code for
the back solution alone (correlation done previously) is on a
shorter single roll. Both codes ‘are completely self-contained
and need n» other routines or subroutines except to load them.
Both are in biloctal code, and both may be read with either an
ERA or a Ferranti reader. The Ferranti Load Routine RW 63;
operating from 75170 to 75337, has been used. The code
occupies drum addresses 40000 through 43000 and 77074 through
T77777; a load routine must be used that permits loading to
these addresses.

Card Input

The inout data are read into the machine on cards.
As stated before, 1f one set of independent’Variébles is to be
used for a number of problems, it may'be written’Onzmagnetic
tape as 1t is read in from cards initially, and in subsequent
problems only the dependent variables need be read in from
cards. In either case, a control deck 1s first read ih,
followed immediately by a deck of cards for each variable.
Th- . latter decks have the foliowing formét, Thére‘are 13'
flelds on each card, starting in Column 3, each of five columns
followed by a sign column. The first ficld contains the code
number wnich identifies the variable. This code number may be
any integer of five digits or less, except that code numbers

for dependent variables should be positive. The following 12

-20-
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fields of the first card in the deck contain the first 12
observations of that variable, the corresponding 12 flelds of
the second card the next 12 observations of that variabie, etec.
The observations are exprensedvas five digit numbers (see
"Scaling") followed by a blank column if the number is positive
or a column oontaining oniy an x (11) punch if the number is
negative. It 18 not necussary to punch all columns of the card,
but any blank column exc2pt the sign columns wil be inter-
preted by the 1103 as a zero; thus any zero in &ny déta word
may be elther punched or left blank.. Unless the number of
observétions is an even multiple of 12, the last card in each
deck will not be filled} in thls case the remaining fields may
be left blank or used for any other purpose, as 1t will make

no different at all what is in them. Since it is imperative
that all the cards in each deck remain in the proper order,

the first two columns on the card, which are not read by the

:1103, shduld contain the number of the card in the deck for

sorting purposes in case of mixup.

There must be a full set of observations for all

41ndependent variables, as any blank space will be interpreted

an observation of value zero. However, when a number. of

dependent variables are run with one set of independent varia-

“bles, there may be missing observations in the dependent

variable. These should be designatad by a minus zero (a field
of blank or zero columns followed by an x punch in the sign

column) in the proper place on the card. A plus zero or

-21-

9-115



PX 71900-9-(127)

RR-127

completely blank fileld will be interpreted as a legitimate
observation of value zero. The machine will distinguish
between minus zero and zero only 1n the dependent variables; a
minus zero in an independent variable will be interpreted as an
ordinary zero. When a dependent variable with certain observa-
tions missing is used in a given problem with a full set of

"n," the number of observations for the

independent variables,
control card (see below) is taken as the full number of
observations of the independent varlables. The machine will
scan the list of observations of the dependent variables for
minus zeros, strike out the corresponding observations of the
independent varilables, and subtract 1 from "n" for every missing
observation.

When all data are to be read from cards, the control
deck consists of a single card with "m" the numbér of variables
punched in Columns 10 and 11, and "n" the number of observations
punched in Columns 14, 15, and 16. It will make no difference
what else, if anything, i1s on the card from Column 18 on. This
control card 1s immedlately followed by the decks for the
independent variables, which are again immediately followed by
the deck for the dependent variable. It 1is necessary that the
dependent variahle be read in last (even though it will be
treated as the first variable in the matrix and will assume the
leading position once in the drum memory), as that is the only
identification of it as being dependent. The independent
variables, however, may be read in in any order, so long ac the

cards within each deck remain in order. The first output from

-22-
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the problem will ¢onsist of the identification numbers of all
the variables, starting with the dependent variable and
followed by the 1naépendent variables in the order which they
were entered; subsequent output will follow the same order,
so that the order in which the independent variables are
entered will be recorded and preserved in the output.

When the independent variables are to be read from
magnetic tipe, the first card in the control deck will contain,
in Columns 1 and 2, the number of variables to be omitted, in
case it 1s not desired to use all the variables in the corre-
lation. (If none are to be omitted, a single blank card will
serve as the.control deck.) This card will be followed by as
many cards as there are variables to be omitted, each card
bearing the code number of a variable to be omitted (in any
order) in Columns 3 through 7, with Column 8 as a sign column.
For example, if the code number of a variable to be omitted 1§
13, this number will be punched in Columns 6 and 7; if it is
minus 98745, 98745- will be punched in Columns 3 through 8.

The fiachine will not read anything on these cards from Column 9
on. This control deck will be immediately followed by the deck
of observations of the dependent variable: This system 1is used
because when a set of independent variables 1is already on tape,
there is also on tape m and n for the general case: all
varlables used, all cbservations present. The control deck
will cause m to be adjusted for the particular problem, and
minus zeros in the dependent variable observations will cause
n to be adjusted.
-23-
9-117



PX 71900-9-(127)

RR-127

In any problem in which cards are used as input, it
i1s necessary that at least three blank cards follow the last
card to be read. 1If several problems ére to be run at once,
two ‘blank cards must follow each problem and at least three
must follow thn last problem. In some cases it is desirable
to run a number of problems at a time, each with a different
dependent variable but all with the same set of independent
variables. In this evert, all data are read frcm cards for
the first problem, with exactly two blank cards following the
deck for the dependent variable. Then follows the control
deck (which may be one blank card) for the second problem,
immediately followed by the dependent varilables, followed by
two blank cards, etc. 1In this way, all the problems can be
loaded at once with no card handling on the input side after
the machine has started. The 1lndependent variables, of course,
are written on tape during the first problem and are read from
tape 1in subsequent problems.

When the correlations have already been done and
only a back solution 1s required, the independent variables
may be read in from either tape or cards as in the correlation
problem. The contfol decks and the card input for the varia-
bles are exactly as before. The deck for the dependent varia-
ble is followed in thls case by a deck bearing the regression
coefficients, aj, (deck 5 of the output) and then by a card
béaring‘(éhong other things) the constant term in Equation (1),
ag, (deck 9 of the output). Again, this card is followed by

at least three blanks, or exactly two blanks if another problem

-24.
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is to follow immediately. These decks 5 and 9 will ordinarily
be the identical cards produced by the machine:whén the
correlation phase of the problem was performed; their format
will be described under"Card Output.'

Typewriter Output

Although the bulk of the output is on cards, the
typewriter is used to some extent as a monitor as the problem
runs.

The first act of the machine in starting the problem
is to sum the code on the drum and write the sum on the type-
writer._ It would not be advisable until experience has
demonstrated conclusively that no more changes in the code are
desirable to quote this sum here or to build in an automatic
check. 1In the meantime, the fact that the code is properly in
the machine can be verified by the appearance of a familiar
number as the first line of typewriter output.

The second possible item of typeﬁriter output will
appear only if the independent variables are read in from tape
and if their sum as read in fails to agree with their sum
written on the tape. 1In that event, there will appear on the
next line i'tape sum no good“‘or a suitable abbreviation thereof.
(A11 variables on the tape are summed as read, whether or not
the control deck 1ndicates they are to be used in this problem,
so the sum should always be the same.) If this appears, the
machine will stop on a 56 00000 40576 command  Pushing the

start button will cause it to attempt to read the tape again;

-25-
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a failure repeated several times will indicate mechanical
difficulty in the tape or in the reading circuits.

The next item of typewriter output, on the following
line, will be the sum of all input data, including the
dependent variables. This will normally vary from problem to
problem and aside from inspection of the general magnitude will
serve as a useful check only when difficulty is suspected and
it is desired to repeat the problem and test for trouble.
However if only the back solution is to be run, this input sum
should check that written out in the correlation phase of the
problem.

The next item of typewriter output, on the following
line, will be the letter i written one or more times. Each 1
signifies the completion of the first half of a cycle in the
improvement scheme for the inverse matrix. If the improvement
scheme converges, the carriage will return and the typewriter
will print the next output. If it diverges, it will write,
on the same line, "diverges. set mj 2,3. go," after which the
machine will stop on a 56 00000 00132. Pushing the start
button will bring back the original inverse as it was before
the start ¢f the improvement scheme, and the machine will
continue the problem using that. However, in case of divergence
it 1s 1likely that the user willl want full information to indi-
cate why this occurred. The "set mJ 2,3" 1s a reminder to set
these manually selected jumps, 1f they are not already set,

before pushing the start button if it 1s desired to see the

-26-
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print out of all the partial correlation coefficients (2) and
the inverse of the correlation matrix (3). (As indicated before,
the code has room for_another'and more powerful 1mprovement
scheme that can be applied if this falls to converge. If this
section is shown to be-desirable and is written, fallure of the

first method to converge will not activate the typewriter, but .

failure of both methods will cause it to write "matrix sing.")

- The final item of typewriter output will be the square
of the multiple correlation coefficient. This is written as
soon as computed because sometimes problems may differ only in
that alternate functions of the variables are being tried
(1inear, logarithmic, higher order algebraic functions of the
basic data), and when this is the case for the dependent
variable, the choice of the functlion giving better fit can be
made solely on the basis of the multiple correlation coeffi-
cient. kIf it turns out that the problem now in the machine
gives a coefficient lower'than that for an alternate form
previously run, the problem may, if desired, be abandoned
immediately by forcing a stop at a saving of machine time.
Card Output

The card output 1s designed to be listed on a Type
407 tabulator using a straight 80-80 board, all necessary

spacing being done on the cards themselves. All numbers will

be properly pointed off with decimal points (8-3-12 punches on

the cards) and will be followed by minus sizns when negative

(x or 11 punch). It is also possible to list the output on a

-27-
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402 tabulator without total loss of legibility, but this is
awkward because the fields are not located in the same places
in all cards. 1In using a 402, a straight 80-80 board is also
used, except that there must be provision for recognition of
minus signs, and it 1s better to use zero suppression on the
right-hand side of the page. Minus signs are possible in
Columns 16, 20, 24, 32, 35, 4o, 47, 48, 50, 52, 56, 62, 64,
65, 72, 77, and 80. In the 402 1isting, decimal points will
appear as 8's (or as 9's in columns where a minus sign can
occur), and minus signs will appear as a 9 or some other
symbol, but the output is so organized on the page that it will
not be difficult to distinguish these symbols from the legiti-
mate numbers 8 and 9 1in data words.

The output 1s in nine deéks, exclusive of the back
solution. In the first column of each card 1s punched the
number o% the deck, and in the next two is the number of the
card in the deck. Each deck will be briefly described below,
with the fieids located with respect to the decimal point. The
number of columns mentioned to the right of the decimal point
is exclusive of the sign column, which is always the right-hand
column of the field.

Deck One

The code numbers of the variables. Dependent
variable first, independent variables in the order in which
they were read in. Five numbers to a card. No decimal points
'printed, as all numbers are integers, but locations of hypo-

thetical decimal points are in Columns 17, 32, 47, 62, and 77.
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Decks Two through Five

The means, standard deviations, normalized regression
coefficients (the bj's of Equation 9), and the regular regres-
sion coefficients; respectively. Five numbers to a card. All
variables in the same order as the code numbers, and all lined

up directly below their respective code numbers on the page.

~Decimal points in Columns 14, 29, 44, 59, and 74. Five digite ‘

to each side of decimal.

Decks Six and Seven

The simple and partial correlation coefficients,
respectively. Nine numbers on a card. Decimal points in ;
Columns 10, 18, 26, 34, 42, 50, 58, 66, T4. No places to the
left of the decimal, five to the right. As the matrix of
coefficients is symmetrical with diagonal elements unity; only
the upper right triangle without the diagonal is reproduced.
The first row of the triangle starts with the coefficient of
correlation between the dependent variable and the first
independent; succeeding elements are the coefficients between
the dependent variable and the second, third, etc.,
independent varilables, in the order in which they
were read in. The second row of the triangle starts with the

coefficient between the first and second independent variables,

and continues with the coefficients between the first and‘third,

fourth, etc. Each row is one shorter than the one before. The
elements of the first row are punched on cards nine at a time;
when there are no longer nine to punch, the remaining spaces on

the card are filled with zeros. This process 1s repeated with
-29-
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the next row of the triangle. Thus the comgletion of each row
of the triangle 1s signified by one or more words of .00000
appearing to the right of a line on a page, except‘for those
rows containing a number of elements that is an exact multiple
of nine. 1In this way, the row of the triangle is easily
identified in the printed output. The punching out of more
than the first row of the matrix of partial correlation
coefficients is optional.

Deck Eight (Optional)

The inverse of the correlation matrix. Five numbers
to a card. Decimal points in Columns 13, 28, 43, 58, 73.
Fobr places to the left of the decimal, six to the right. As
the inverse matrix 1is symmetrical, the same scheme 1s used
here as with Decks 6 and 7, except that the diagonal 1s included,
so that each row is one longer than the corresponding row of
the matrix of correlation coefficientsf Again, the completion
of the row of the triangular matrix will be signified, except
for those rows containing a number of elements that 1s a
multiple of five, by one or more words of 0.000000 appearing
to the right of a line on the page.

Deck Nine

Deck nine consists of one card bearing the'square of:

the multiple correlation coefficient, the standard error of

'ééﬁimate, and ag of Equation (1). The decimal pcint'for’the

first:ié in Column 15; no places to the left, five to the
righta The decimal point for the second is in Column 43; five
places to each side. The decimal point for a; is in Column 775
eight places to the left, two to the right.
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The Back Solution (Optional)

The cards in the back solutlon each bear four numbers.
The first number on the card is a nine-digit integer starting
in Column 1. The first five digits of this word are the code
number of the dependent variable, the next digit is zero, and
the last three digits are the number of thé observation of the
dependent variable dealt with on this card. One card is
punched for each observatlon. The next number in the card
(éecimal point in Column 21, eight places to the left, two to
the fight) is the value of‘y; computed by Equétion (1). The
next number (no decimal point punched, would be in Column 35,
five places to the left) is thé observed value of y for
observation number h, y,. The last number (decimal point in
Column 49; eight places to the left, two to the right) is the
difference y; - ¥h-
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Operating Instructions - Full Correlation Problem

The operating instructions will be given a sequence

designated by Roman numerals. Thils sequence 1s based on the

assumption that no abnormal situations or mishaps will occur

at any stage in the problem. However, there are certain check

points in the program at which any errors or abnormal situations

can be detected, and specific operating procedures have been

devised in case of an abnormal situation at any check point.

These check points will be designated by asterisks between the

lines of the normal sequence, and the procedures devised for

each point will be given following the normal sequence.

I. Initial Preparation

A.
B.

II. Load

Set Card Unit Field III switch to Normal.

Clear the read channel and place cards, prepared
as in "Card Input," in hopper.

Turn on MT 1 and MT 2 and position the tapes.
Turn the typewriter on.

Use a 4-interlace for maximum efficiency.

the Program

III. Master Clear

A.

B.

Clear and MD start.
Put computer on High Speed, Test Mode,

Drum Clock Source.

IV. Make Manual Jump Selections

A.
B.

No. 1 if x's are to be written on tape.

No. 2 if all partial correlation coefficients
desired.

No. 3 if inverse of correlation matrix is to

be punched out, 9-126
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V. START the computer. The typewriter will print out the code

sum and the computer will halt on a 56 00000 40100

instruction.

A.

If the
cards,
If the
tape,
will b
1.

Then:

independent variables are to be read from
START the computer.

independent variables are to be read from
set PAK=00000 and START the computer. MT 2
e used. In either case, the computer will:
Advance the cards two stations and read
control deck.
Read x's from cards or tape.

*

Read y's from cards.
Write input sum on typewriter.
Compute means, standard deviations} Cross
products (brief, characteristic scope
display for each).
Invert the correlation matrix (spectacular
scope display).

* %

Start improving matrix, using MT 1 if there

~are more than 19 variables (scope display

characteristic of first half of improvement
cycle).
Type. out "i" after first half of each

Improvement cycle.

¥* % *
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13.
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Finish improving matrix (scope display
characteristic of second half of improvement
cycle) b& repeating Steps 7, 8, and 9 as
oftenkas necessary. Frequently, once 1is
enough.

Typé out the square of the multiple correla-
tion coefficient.

Compute standard error of estimate, normalized
and regular regreésion coefficients, and
partial correlation coefficients (very brief
scope display).

Advance punch cards two stations and punch
out decks 1 through 9.

* R NH ¥

STOP on a 56 00000 00430 instruction.

VI. Back Solution after Correlation (Optional)

A.

If back solution is not desired, problem is

finished. If another problem 1s ready in the card

read hopper (see "Card Input" for directions for

loading several'problems at one time), master clear,

MD start, and go to 1IV.

If back solution is desired, START the computer.

It will:

1.

Compute back solution (very brief characteris-
tic scope display). '
Advance punch cards two stations and punch out

out back solution.

I 36 % I ¥
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5. PINAL STOP on a 57 00000 00000 command.
C. 1If back solution was run and another problem is

ready in the hopper, to to III.

* Trouble Symptom - Typewriter writes "tape sum no good,"

or a suitable abbreviation thereof, and - computer
halts on a’56 00000 40576 command.

Actlon - START computer. Computer wili attempt to
read tape again. If it gﬁcceeds, it will proceed
withoﬁt comment. If it fails; the above symptom
will be repeated. |

Explanation - In reading the x's from tape, the computer

will sum the data as read in and compare this sum
with one written on the tape. Yff the sums agree,
the computer will rewind the tépe while proceeding
with the problem. If they do not, the computer
will rewind the tape while typing but the message
and then halt. If the fault 1is caused by a dropped
bit, a second reading may be successful, but*this
may indicate the tape needs replacement or |
regeneration.

* % Trouble Symptom - The computer halts, right after the

highly characteristic scope display indicating the
matrix inversion, on a 56 00000 00010 command.

Action - Master clear, MD start, set PAK = 42524, and
START. The computer will advance the punch cards
two stations, punch out decks 1, 2, 3, and 6, and
STOP on a 57 00000 00421 command.

-35-
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Explanation - If the matrix is to be inverted is

singular, or nearly singular, the computer may be
unable to invert 1t because of overflow in the
floating point arithmetic or, as 1s more likely,
because of overflow in converting the elements of
the inverse matrix back to fixed point numbers.
Such an overflow will cause the above halt. Taki
the above action will cause the computer to priné
out all the results obtained up to this point in
the problem, after which it wlll come to a final
stop, as nothing more can be done with this probl
The cause for the singularity of the matrix can
generally be found in the magnitude of the simple
correlation coefficlents; if the explanation is n
there, 1t may be due to n £ m, or to a nearly per

fit of the regression plane.

Trouble Symptom - In the matrix improvement, the scop

display characteristic of the first half of the ¢
reappears after the typewriter types "i." The ty
writer then types "diverges. set mj 2,3. go," and
computer then halts on a 56 00000 00132 command.

Action - Set manual selective jumps 2 and 3 if all th

partials and a listing of the inverse matrix are
desired. Then START. The computer will finish t

problem in the normal manner.

~36-
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Explanation - The matrix improvement scheme has failed

to converge, probably indicating a poorly conditioned
matrix.‘ The computer halts to give.the operator the‘
opportunity to set these manually selective jumps in
case full information on the inverse is desired -
because of this céndition, but it is nbt imperative
to set them. Starting the qgmputer will restore the
inverse as obtained direétly; before the initiation
of the improvement scheme, and the problem will be
continued with this. Divergence is usually cauéed‘
by the original inverse being not quite good enough
- to meet the tolerance 1limit imposed but still so
good that the small improvement that can be effected -
in one cycle becomes smaller than accumulated error
in the improvement scheme.

R Trouble Symptom -~ IO fault, other fault, or other

evidence of diffilculty with card unit.

Action - Clear fault. Force stop. Check condition of
card unit, cards. Remove frayed or»wafped cards
from the punch hopper, Clear the punch channei and

- remove punched cards. See that there 1s'an.adequaté
supply of weil conditioned cards, not stuck
together, in the feed hopper. Then master clear, MD
start, see tﬁat the machine is on High Speed, Drum
Clock Source, and Test Mode. Set PAK = 41310 and
START. Machine will recommence punching out results

starting with deck 1.
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Ixplanation - Durling the punching out of the answers,
trouble can arise 1n the card unit because of poorly
conditioned cards, because too many punched cards have
accumulated in the output hopper, or for some other
reason. Since the answers are preserved on the drum,
it is possible to start over in the punch-out routine
once the cause of the difficulty has been corrected.

*¥x¥%  Trouble Symptom - Same as for **** agbove, except that it

occurs in the punching out of the back solution.
Action - Same as above, except that PAK is set equal to
42114,

Explanation - Same as above.

-38-
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OPERATIONS RESEARCH OFFICE
7100 Connecticut Avenue
Chevy Chase, Maryland

Complab

Coded by S. Righy and J. Chappell Page 1l of 15

Checked by  S. Rigby and J. Chappell Date 3 May 1956

Computer checked by 8. Rigby and J. Chappell

Title: Magnetic Drum to Magnetic Tape Dump

Use:

Range:

Storage:

Format:

Parameter Words:

Manual Entry:

Automatic Entry:

This routine is used to dump specified portions of the
magnetic drum onto the magnetie-tape units. Returning
of the information to the drum is under control of a
routine which is written on the tape at the time of the
dumping.

Any one of the tape units may be used and any number

of words from 1 to the entire drum may be dumped. Upon
restoration of the information to the drum, only the exact
words dumped are restored; the remainder of the drum is
undistubed.

Initial storage of the routine is:
00100b - 00161b

00200b - 00540b
The entire magnetic core memory is used for temporary
storage.

This routine is not coded in standard form, cannot be
modified, and is not self-resetting. -

Parameter words for the control of this routine are
placed in A ar1 Q. See Instructions for Use, page _3_

00100b

For use with Ferranti Read-in routines recognizing a
transfer to program code, an automatic start at 00105b
is available.
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Description of Service

This routine is used to dump information from the magnetic drum
onto the magnetic tapes. The information is moved from the drum into the
magnetic core before being written onto the tape. The entire core is used for
this operation. After a start the routine first writes 4 blocks of tape which
contain the routine for restoring the information to the drum. The desired
information is then written onto the tape, containing as the first word of the
first block of information, a control word which contains the insert address
for the information and the number of locations. By resetti-g the parameter
word in Q, additional groups of information can be'dumped, each with its own
control word. By a restart with Q = 0, the signal that the last group has been
written, one additional block is written which contains a '"Dump end" control
word and a check sum of all dumped information. The magnetic tape is then
rewound to the original starting position and the computer stops. All control
words contain a parity bit which will be a 0 or a 1 such as to make the number
of 1's in every control word even.

Provision is made for the inclusion of an address to which control
of the computer will be returned after the dumped information has been re-
stored to the drum from the tape. If such address is used, the computer will
also come to a zero step with PAK set at this address after the dumping has
been completed and the tape rewound. At this time, the total number of
blocks that have been written will appear in Q.

To restore the information on the tape to the drum, an MT Start
is used with the appropriate J in VAK and the tape unit positioned. The un-
dump routine is first read into core and a check sum taken on the undump
routine itself. Next the block containing the control word is read in and the
control word itself is subjected to a parity check. The information is then
read into core and transferred to the appropriate location in drum, where
a check sum on the information is computed. The magnetic tape is then re-
wound and control returned to the address designated when the information
was dumped. If no such address was designated, a FS results.
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Instructions for Use of Routine

Dumping from Drum to Tape

1.

4.

Manually dump MC to MD, if desired.

Position the magnetic tape which is being used to the position
where dumping is desired. ‘

Enter parameter word in Q:
OJ VVVVV NNNNN

Jd = desired tape unit
V = First Drum address of information being dumped
N = number of words to be dumped

- K V + N exceeds 100000b, N is replaced by 100000b-V
(i.e., last word dumped is 77777)

Enter in AR the following:
00 00000 BBBBB

B = MD address to which control of machine should be returned
after information on tape has been restored to drum, if any.
This may be omitted if a Final stop is desired after infor-
mation is read from tape onto drum.

Set PAK to 00100 and Start.

If MTO has been put in the Q parameter word or if no tape unit has
been specified, (i.e., J=0), the typewriter will type out "mt0"
and stop. K unit zero is desired, simply restart. K one of the
other tape units is desired, insert the correct J in Q and restart.
If no parameter word was inserted in Q before starting, the type-
writer will type out "set q".

After dumping the information designated by the first parameter
word, the machine will halt with Q clear. At this time additional
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groups of information may be dumped by keying into @ additional
parameter words and restarting. The parameter word in A_ should
not be used after the first dump. As many groups of words may be
dumped as desired.

8. After the last desired group of words has been dumped, the machine
should be restarted with Q = O. This will signal the routine that
the dumping is finished; the final control word and the check sum
will be written and the tape rewound. At this point the machine will
come to a 0 stop with PAK equal to the B address inserted in A_ in
the original dump; if such was used. « no parameter word was
placed in AR, a Final Stop results at this paint.

9. At this time, the total number of blocks of tape that have been
written will appear in Q for logging purposes.

Restoring Information to Drum

With the tape unit positioned to the same place where the dumping began,
and the appropriate tape unit keyed into UAK, an MT Start should be made. The
information dumped will be stored on the drum, check sum compared, tape re-
wound, and, if no B address was used in A_ during the initial dump, come to a
final stop. K a B address was used in AR uring the initial dump, control is
sent to B via an MSI. '

Alarms and Abnormal Conditions

1. X no tape number is keyed into the parameter word, the Flexo-
writer types a warning to the effect, but a restart will permit
using Tape unit zero.

2. I any address other than a drum address is set for any V, the
routine will not dump the information but will repeatedly return
to a zero stop.

3. If an address other than a drum address is used as B for the
start of the program, 'a Final Stop will result at the end of both
the dump and the undump.

4. IfV + N exceeds 100000b, N is replaced by 100000b-V.
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When restoring the information from tape to drum, the undump
routine first performs a check sum on itself. If this {ails, the
typewriter types out "Undump Check Sum NG'". A restart reads
in the routine again and recomputes the check sum.

The first word of each seciion restored to drum is a control
word containing the insert address and number of words in that
section and a parity bit such as to make an even number of 1's
the word. Each control word is checked by the routine for this
featurc. Should this fail, the Flexowriter types out: "Parity
check failure". A restart will repeat the read-in and parity
check.

After all information has been read back into the drum, a low
order check sum of all data is made and an error causes the
typewriter to type out '"Data check sum fault". A restart reads
the data in again. :
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SETUP ROUTINE
Storage Working
Location Location
00100 00100 45 00000 00101 Manual Entry
00101 00101 11 20000 01001 Store B, if used
00102 00102 11 10000 01000 Store J, V, and N
00103 00103 11 10000 20000 Y Test to see if parameter
00104 00104 47 00113 00106 word was placed in Q
00105 00105 23 10000 10000 _ Auto start; clear @
00106 00106 31 00153 00052 ]
00107 00107 61 00000 20000 |
00110 00110 34 20000 00006 - Print "set q"
00111 00111 47 00107 00112
00112 00112 56 00000 l00101] J
00113 00113 31 01001 00071 Test to see if B is MD
00114 00114 46 00115 J0117 address
00115 00115 11 00112 00521 7
00116 00116 45 00000 00120
00117 00117 11 00521 00201 - Set up exits
00120 00120 16 01001 00521
00121 00121 16 01001 00201 3
00122 00122 11 01000 10000 Parameter word -~ Q
00123 00123 51 00155 20000 J—A
00124 00124 47 00127 00125 J=02? |
00125 00125 31 00154 00052 }Prm -
00126 00126 37 00112 00107
00127 00127 55 10000 00041 Shift tape unit number
00130 00130 51 00355 00356 J — 00356b
00131 00131 11 00355 10000 J mask — Q
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00132
00133
00134
00135

00136.

00137
00140
00141
00142
00143
00144
00145
00146
00147
00150
00151
00152
00153
00154
00155
00156
00157
00160

00132
00133
00134
00135
00136
00137
00140
00141
00142
00143
00144
00145
00146
00147
00150
00151
00152
00153
00154
00155
00156
00157
00160

11
42
42
21
42
45
31
16
53
45
75
21

65
11
75
11
45
07
03
63
67
11

00100
00156
00157
00132
00160
00000
00132
20000
00356
00000
10174
00375
00375
00004
01000
30137
00401
24200
01025
00000
00000
70000
00600

20000
00135
00140
00372
00132
00144
00071
00142
00000
00135
00146
00201
00375
00200
10000
00001
00001
10435
73702
00000
00000
00000
00000

OR-128

Page 7 of 15

Routine to mask tape
— unit number into all

tape orders

Compute check sum of

undump routine

Write undump routine on tape unit J

Parameter word — Q
Move dump routine to
00001 - 00140b

™ Constants
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00200
00201
00202

00203
00204
00205
00206
00207

00210
00211
00212
00213
00214
00215

00216
00217
00220
00221
00222
00223
00224
00225
00226
00227
00230
00231

00000
00001
00002

00003
00004
00005
00006
00007

00010
00011
00012
00013
00014
00015

00016
00017
00020
00021
00022
00023
00024
00025
00026
00027
00030
00031

45
56
64

75
21
47
00
67

15
37
64
45
15
64

23
11
55
11
52
41
31
46
67
41
15
37

OR-128

Page 8 of 15

UNDUMP ROUTINE

00900
10000
00003

10174
00175
00007
07777
00004

00013
00137
00004
00140
00063
00001

00237
00173
00177
00237
00172
00171
00237
00026
00001
00174
00032
00137

00002
100000]
00040

00005
00001
00014
00000
00000

00132
00130
00000
00003
00053
00177

00237
00171
00001
20000
00237
00020
00070
00033
00000
00015
00132
00130

Exit to maih program

Read in remainder of undump
routine

Test check sum of

undump routine

Constant - block mask

Rewind tape for new read-in
if check sum fails

Print out "undump

}check sum NG"
Read in undump routine again
when check sum fails

Repair 00053b
Read in block containing control

word
=
Parity check
P ot

control word

L

Print out "Paritv

check failure"
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00232

00233
00234
00235
00236
00237
00240
00241
00242
00243
00244
00245
00246
00247
00250
00251
00252
00253
00254
00255
00256
00257
00260
00261
00262
00263

00032

00033
00034
00035
00035
00037
00040

00041

00042
00043
00044
00045
00046
00047
00050
00051
00052
00053
00054
00055
00056
00057
00060
00061
00062
00063

45

11
46
15

00144

00177
00044
00177

67 [00000

11
43
15
37
45
15
16
11
42
42
64
75
11
37
21
23
42
64
16
75
11

00200
00176
00043
00137
00150
00177
00177
00170
00166
00167
00033
31577

00015

20000
00035
00036
00000]
20000
00001
00132
00130
00012
00170
00053
20000
00110
00104
00237
00054

00200 [ 00000

00126
00053
00170
00163
00034
00053
31600

00120
00165
00164
00070
00200
00063
00064

00200 [ 00000]

OR-128

Page 9 of 15

Return to read in control word
again

} Check for final control word

} Rewind tape
Test check sum, exit to
main routine if ok
Print "Data check sum
fault"

N —~00170b

Setup v of 00053b
N—A

N> 32

N> 1577 ?

Read in 1540 words

}Transfer 1577 words to MD

Compute check sum
v +1577 —-v

N - 1577 - N

N> 1600 ?

Read in 1600 words

Pick up current v

Transfer 1600 words to MD
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00264
00265
00266
00267
00270
00271
00272
00273
00274
00275
00276
00277
00300
00301
00302
00303

00304
00305
00306

00307

00310
00311
00312
00313
00314
00315
00316
00317

00064
00065
00066
00067
00070
00071
00072
00073

00074

00075
00076
00077
00100
00101
00102
00103

00104
00105
00106

00107

00110
00111
00112
00113
00114
00115
00116
00117

37
21
23
45
21
73
21
15
64
15
21
16

00126
00053
00170
00060
20000
00157
20000
20000
00000
00155
00100
00053

75 [ 00000]

11
37
45

73
35
15

64

11
35
15
16
75
11
37
45

00200 00000}
00120

00126
00000

00157
00156
20000

100000}

00170
00155
20000
00053
[00000]

00200 [00000]

00126
00000

00120
00162
00161
00057
00160
20000
00156
00074
00200
00100
00170
00101
00102

00014

20000
20000
001067

00237

20000
20000
00114
00115
00116

00120
00014

OR-128

Page 10 of 15

Compute check sum
V+1600 -V
N - 1600 —- N

N+37—-A

N + 37
40 A

} J N‘;37 — 00074b

Read in N + 37 blocks
40

N — 00100b

Transfer N words to MD

Check sum

Read in next section of dumped
information

N
n A

d; N
10 00107b

Read in E_ blocks
40

J, N—00114b

Pickup V

}Transfer N words to MD

Compute check sum

Read in next section of dumped
information
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00320

00321
00322
00323
00324
00325
00326
00327
00330
00331
00332
00333
00334
00335
00336
00337
00340
00341
00342
00343
00344
00345
00346
00347
00350
00351
00352
00353

00120
00121
00122
00123
00124
00125
00126
00127
00130
00131
00132
00133
00134
00135
00136
00137
00140
00141
00142
00143
00144
00145
00146
00147
00150
00151
00152
00153

11 00126 20000
34 00166 00017

15

20000

00124

11 00006 10000

53 100000] 00126

16 00053 00127
75 [10000jf 00000)
00176 §00000]

21
16
16
55
61
41
21
41
56
45
34
20
07
45
14
20
14
45
30
36
26

00166
00003
00000
00000
00174
00132
00171
00000
47345
07150
16360
04470
47155
01250
16360
11341
47225
04160
04243
30341

00171
00174
00006
10000
00132
00172
00131
D0000]
70622
41605
42434
61345
73012
41605
42630
22045
73001
52016
40704
10145

OR-128
Page 1l of 15

r- Check sum routine

L

~ Print subroutine

L

. Flex code constants
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00354
00355
00356
00357
00360
00361
00362
00363
00364
00365
00366
00367
00370
00371
00372
00373
00374
00375
00376
00377

00400
00401
00402
00403
00404
00405
00406
00407

00154
00155
00156
00157
00160
00161
00162
00163
00164
00165
00166
00167
00170
00171
00172
00173
00174
00175
00176
00177

000c”
00001
00002
00013
00004
00005
00006
00007

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

45
31
47

15
37
11
65

00000
30000
00000
00000
00037
01600
00000
01600
01577
00000
00037
01577

00003
00000
00000
00040
00000
00000
01600
00001
00000
01577
00003
00001

[00000] 00000
00000 [00000]

00001
00000

00000
00043

00000 [00001]

00000
00000
00000

00000
00000
00000

OR-128

page 12 of 15

Constants
énd

Counters

-

DUMP ROUTINE

00000
10000
00014
00137
00012
00040
00136
00001

00001
00052
40003
00137
00137
00027
00140
00137

Parameter word — A
Parameter word zero ?
Make. control word positive ?
J; N — control word

Parity bit correction

Move check sum

Write control word and check sum
on tape
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Page 13 of 15

00410 00010 11 00127 10000 Number of blocks — Q

00411 00011 51 00012 10000

00412 00012 67 100005] 00043 Rewind tape

00113 © 00013 45 00000 00120

00414 00014 46 00015 00104 Is V an MD address ?

00415 00015 15 10000 00051

00416 00016 31 10000 00071 Store V

00417 00017 16 20000 00137

00420 00020 31 10000 00017 }Store N

00421 00021 15 20000 00130

00422 00022 31 00135 00065 100000b — A

00423 00023 16 00137 00133 Isolate N

00424 00024 34 00133 00017 100000 - N to Au

00425 00025 42 00130 00021 V + N > 100000b ?

00426 00026 15 00130 00137 N — control word

00427 00027 16 00012 00133 00043b — counter

00430 00030 23 00237 00237 0 — parity sum

00431 00031 27 00137 00135 Complement parity bit

00432 00032 11 00137 10000 Control word —~ Q

00433 00033 55 10000 00001 Shift Q left 1 place

00434 00034. 11 00237 20000 '} Add 1 bit of control word

00435 00035 52 00132 00237 to parity sum

00436 00036 41 00133 00033 All bits added ?

00437 00037 31 00237 00070 Parity sum — A

00440 00040 46 00027 00041 Least significant bit of parity
sum zero ?

00441 00041 11 00130 -20000 N—-A

00442 vovaz 15 00125 00124 1637b — 00124b

00443 ~ 00043 15 00065 00050 Setup transfer of 1637b words



PX 71900-9-(128)

OR-128

Page 14 of 15
00444 00044 16 00004 00053 8etup to write control word
00445 00045 11 00125 00131 Setup index to 1637b
00446 00046 15 00064 00134 Setup block count threshold to 40
00447 00047 42 00124 00067 N less than 1637b or 1640b ?
00450 00050 75 100000} 00052 Transfer 1637b or 1640b words
00451 00051 11 §30000] 00140
00452 00052 37 00116 00105 Compute check sum
00453 00053 65 P0035] 130000] Write words on tape
00464 00054 21 00012 00123 35 plus block count to block count
00455 00055 21 00051 00131 V +1637b or 1640b - V
00456 00056 23 00130 00131 N - 1637b or 1640k - N
00457 00057 15 00126 00124 Set threshold to 1640b
00460 00060 15 00122 00050 Set transfer order to 1640b words
06461 00061 16 00051 00053 Set "v'' of tape write order to 140b
00462 00062 11 00126 00131 Set index to 1640b
00463 00063 15 00104 00134 Set block threshold to 37
00464 00064 45 00040 00047
00465 00065 00 31637 00000
00466 00066 00 00000 00000
00467 00067 32 00134 00103 _}_I:ﬁ —A
00470 00070 11 00127 10000 Ngask - Q
00471 00071 53 20000 00102 Number of blocks — write mtj order
00472 00072 53 00130 00074 N — 00074b
00473 00073 15 00051 00075 V — 00075b
00474 00074 75°[30000] 00076 }Transfer remaining words in
00475 00075 11 [30000] 00140 section to MC
00476 00076 37 00116 00105 Compute check sun.
00477 00077 16 00053 00102 Pick up start point from mtj
00500 00100 11 00012 20000 }Block count
00501 00101 52 00102 00012
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00502
00503
00504
00505
00506
00507
00510
00511
00512
00513
00514
00515

00516
00517
00520
00521
00522
00523
00524
00525
00526
00527
00530
00531
00532
00533
00534
00535
00536
00537

00102
00103
00104
00105
00106
00107
00110
00111
00112
00113
00114
00115

00116

00117
00120
00121
00122
00123
00124
00125
0126
00127
00130
00131
00132
00133
00134
00135
00136
00137

65 0000 {30000}
23 10000 10000
56 00037 00001
11 00116 20000
34 00124 00017
15 20000 00110
31 [30000] 00071
16 20000 00117
23 00110 00132
15 20000 00115
11 00127 10000
53 [30000] 00116

75 [10000] [30000]
21 00136 30000
55 10000 00025
157 00000 00000)
00 21640 00000
00 00035 00000
00 J00000] 00002
00 01637 00000
00 01640 00000
00 07777 00000
00 0000] 00000
00 [00000] 00000
00 00001 00000
00 00000 [00000]
00 [00000] 00000
20 00000 00000
00 00000 00006
40 P0000] [00600]

OR-128

page 150f 15

Write mtj
Clear Q
Walit for next parameter word

Setup check sum routine

V to 00117v

}Y - 2—=00115v

N mask - Q

Number of words transferred
— 00116v

Compute deck sum

J
Shift number of blocks to QV

Stop (or 5600000 BBBBB)
-

Constants

L.and

Counters
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ANALYSIS CONVAIR PaGE IC 007-1
PREPARED By Hauser and GexXin SAN DIEGO REPORT No. 2M 491
CHECKED BY MODEL All
REVISED BY DATE 3-6-56

CARD READ AND/CR PUNCE ROUTINE

This routine combines the features of the card read IC 005 and the oard
punch IC 006 routines in order that the operations of punching and reading
may be performed simultaneously. This routine requires [j01 cotal words of
ES in which to operate, constamts snd temporary storages included. A®two cycle
operating basis, which more efficiently uses the card cycle time, makes possible
the reading of as many as thirty fields from a card and the punching of as
many as thirty fields in a card simultaneously and have 1l ms computing time
available bYetween references to the routine. If the routine is used for reading
alone or for pumching alone, tligwy cards may contain az many as forty flelds.
During the first five poimts of the 18 point card oyole, information to
be punched is converted to decimal and stored in card code in a card imege;
final conversion and scaling of the information read from the previous card
is performed and stored in specified ES memory locations. The remainder of
the cardoycle is used for punching and reading, row by row with the following
3 steps oocurring at each row of the card cycle (beginning at row 9 and
eontinuing through row 12);
1. Punch information —» card machine.
2. Read information -—»1103,
3« Read information converted to B. C. D. and stored for final
oomranipn during next card cycle.
Although two card cycles are necessary to complete the operatioms, the
net effect is the converting of one read card and the punching of one card

during each card cyole.

J
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PREPARED BY Hauser and Gerkin SAN DIEGO REPORT NO. leh91
CHECKED BY MODEL Al
REVISED BY DATE 3=6=56

The card routine requires the following informationg
1) Binary scaling.
2) Decimal scaling.
3) Loocation of fields on the ocards.
L) Zero suppression {if punching).

This information is supplied the routine in a standard form called a
parameter word, One parameter word is required for each card field whether
reading or punching. If both reading and punching are to be accomplished,
& paramester word is required for esch.

A fleld consists of a number of consscutive card colums. The last
colum of a field is reserved for the sign of the decimsl number stored in
the field. An ll-punch signifies a negative number, no punch (blank colum)
signifies a positive number. A combination 12, 3 and 8 punch in one columm
signifies a decimal point, |

Fields need not be adjacente-there may be unused columns runched or
vnpunched betwsen them-<nor need they be alike in size,

The conversion operations are automatic.

Enty into the card read and punch routine from line Y is effected as
followss

y ) 37 Ommm Omwmm To read end punch routine

y+1) aB OPFFPy ODDDD; Read control word

Yy+2) 00 OPPPP, ODDDD, Punch control word

2
Y+3) ¥I uuuww  vwwvy  Next instruction

PX 71900-9-(129)

Ommmm represents the beginning BS operating address of the read and

punch routine.
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PREPARED By Hauser and Gerkin SAN DIEGO REPORT NO. ZM 1191
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REVISED BY DATE 3=6=56

PX 71900-9-(129)

The 37 command recordsin Ommrm the address of the control word. The
routine is then entered at Ommmm and after finishing the operations the card
routine exits to y 4+ 3, the line following the second control word.

CONTROL WOiD

Since thie routine is coded to read and punch with each reference to

the routine, it is necessary to use two control words with each reference to

it. Their composition is explained below,

AB OPPPP1 ODDDD1
00 OPPPPE ODDDD:2

A, the first octal digit, controls positioning of cards in the read and
punch channsls of the Bull Reproducer,

B, the second octal digit, controls the operation to be performed.

AB

8

cycle Bull Reproducer. Cards already in either channel are advanced

one card station. This is also performed with any of the following

operations.

01 (not allowed)

02 punch a card

10 pick a card from the read hopper. This card will not go into the
read chamnel until the next rsad card is pricked.

11 pick & card from the read hopper and read a ocerd.

12 pick a card from the read honper and punch.,

20 pick a cerd from thg punch hopper. This cerd will not go into the
punch channel until snother card is picked [rom the punch hopper.

21 not allowed.

22 pick & card from the punch hopper and punch a card.

30 pick a card from both hoppers.

9-150
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PREPARED BY Hauser and Gerkin SAN DIEGO REPO:::::,' 3‘1@1
€0 BY

i:v‘;:o = DATE 3-6=56

31 pick a card from both hoppers ar‘xd read & card.

32 pick a card from both hoppers and punch a card,

33 pick a card from both hoppers and both read a card and pwnch & card.

00, the first two cotal digits of the second control word always remain
gseros., |

OPPPP, is the ES address of the first parameter word for the card reaﬁ

1
portion.

OlDDlZ‘vl')1 is the ES storage address for the first word read from the resd cerd.
OPPP?a is the E8 address ‘of the first parameter word for the card punch
portion, |
ODA‘JI.’!D2 is the E8 address of the first deta word for the card punch portion.
PARAMETER WORDS
Paremeter words consist of twelve ootal digits divided into six groups
of two each,
FF S8 BB LL RR 22
FFs Flag for final parameter word.
FF =77 octal for final word.
FF 200 otherwise.
8S: Binary soaling factor. (number of bits to the right of the binmary
point.)
BBy FNumber of blanks or &mod columng between previous field, or edge of
card, and present field,
LL: Number of digit positions to the left of the decimal voint.
RRs Number of r?mining colume in the field exclusive of sirn,

RR =00 no decimal point and no decimal fractiom.
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aviow
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PAGE IC 007-5

REPORT NoO. ZM 1,91

MODEL All
DATE 3=5=56

PX 71900-9-(129)

£

8 8 8 8
NN

i

0l <

1s cycled.

ZL=T77 octal for gero suppression.

223 Flag for zero supprosnioq,

2Z2= 00 for no zero suppression. These two digits are decoded by

suppressed.

not suppressed.

SS

BB

I‘Lr’

RR
LL

DECIMAL

<

%

L

<

+

Total size of & field = LL + RR+ 1.

35
63
10
11
RR £ 11

starting at some ES memory location OPPFP.

must be advanced to these respective positions

the cards as deﬁcribed earlier,
It should be noted that once a

channel it continues to advance one card

RANGE OF PARAMFTERS

take place. This may be d ne menually or the routine

3 8 8 8

0l

OCTAL

| | N1 N N

[

S8

BB

LL
RR

LL

1 | ] Y

in

+

the runch routine only., Only zeros in the integer part are

A zero immediately preceding the decimal point is

L3
7
12
13
R £ 13

The paremeter words, one for each field, must be stored consecutively

There must also be an equal

number of consecutive words starting witb’sqmejss memory location ODDDD.
Reading ocours at the second card station in the read channel and punching

occurs at the third card ataticn in the punch channel. Therefore, these cards

before these operations can

may be used to position

card has entered either the resd or punch

station each time the Bull Reproducer

romm 1918 -4
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The routine may be programmed in the following manner:

READ ONLY:

‘PUNCHE OHLY:

37
10

37
11

37
11

00

20

37

00

37

00

01000
000C0
00000

01000

00000

01000
OPPPPl

01000

01000
00000

01000
00000

OPPPP

01000
00000

01000

00000

01000
0DDDD,y
00000

01000

00000

01000
00000

00600

01000
00000

ODDPD
2

pick a read card,
pick a read card and read a card.

pick & read card, read a card

and convert,

pick a punch card.

pick a punch card,

pick a punch card, and punch a card,

FORM 1918 -4
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PREPARED BY Hauser and Gerkin SAN DIEGO REPORT NO. IM [;91
CHECKED 8Y ' M(;::: ;11 .
REVISED BY 65

READ and PUﬁCH:
37 01000 01000
30 00000 00000 pick from both hoppers
00 00000 00000

37 01000 01000

31 00000 00000 pick from both hoppers and read a

00 00000 00000 card.

37 01000 01000 pick from both hoppers convert, punch
33 OPPPP, 0DDDD1 and read.

00 OPPPPZ ODbDDD

2;

Humbers are roumded to the desired number of decimal digits before
punching takes place. A divide check error stop results if an infufficient
number of card colusne is allowed for the integer portion of a field,

In case of a card machine failure or an accidental stop in the middle of
a card cycle, the current card may be reread or punched againg reposition
the cards set (P A X) = 00000, and START.

This routine is coded in standard form. All constants are contained by the

roeutine.
Number of words:
Used by the routine; (32’2)8 = (210)10
Used by temporaries immediately following routine; (57)8=(b7)1°
For assembly modification: (271)8 = (185)10
Used for constants; ( 3l)g = (25)10

Thirty fields may Be read and thirty fields may be punched simultanecusly,

Perty fields mey be read or forty fields may be punched.

14 ms oomputing time is gyvxilable between references to the card routine.
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CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. cv-129
SAN DIEGG CALIFORNIA PAGE IC 007-8
REPORT %M 1,91-2
MODEL A1}

DATE 2.20-56

FORMNO. E T ' 3 r

CARD READ AND PUNCH RT, 1€007
1000 71 01276 00000 CONTROL WORD 1—(A)
1001 15 20000 1034 STORE P,
1002 16 20000 01072 STORE D,
1003 16 01124 00000 SET EMERGENCY RERUN
1004 55 20000 00003 SHIFT FIRST DIGIT —{(Q)
1005 31 01273 00003 BULL CODE - 27*—(A)
1006 52 01312 20000 EXTRACT PICK CODFS
1007 32 20000 00001 Sk, (AR)
1010 44 01011 01011 sk,  (AL)
1011 44 01133 01012 PUNCH ?
1012 16 01261 01120 NO: SET o,
1013 44 01017 01014 READ 2
1014 37 01160 01121 NO:SET I,
1015 41 01107 01152 ALL ROWS PUNCHED 2
1016 36 00000 01016 EXIT
1017 37 01160 01024 SET ¢
1020 76 00000 01376  READ
1021 76 10000 01346 ONE
1022 76 10000 01362 ROW
1023 45 00000 31023 4-SWITCH
1024 32 01276 00000 ADD READ CODE
1028 37 01023 01121 SET 4,
- 1026 41 01127 01076 DIGIT=1—»NIGITy NFC, ?
& 1027 16 01101 01127 SIGN SENTINFL —=DIG1T
iy 1030 37 01023 -01076 SET 4,
S 1031 15 01263 01253 PRESTORE MATRIX TRANSFER
= 1032 37 01122 01016 SET B,
5 1033 37 01075 01034 SET CONVERSION REPEAT
1034 55 30000 00000 PARAMETER WORD 1—w(2)
1035 &4 01036 01037 LAST -FIELD ?
1036 16 01122 01075 YES: SET CONVERSION FXIT
1037 55 10000 00013 sL, )
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PX 71900-9-(129)

1040
1041
1042
1043
1044
1045
1046
1047
1050
1051

- 1052

1053
1054
1055
1056
1057
1060
1061
1062
1063
1064
1065
1066
1067
1070
1071
1072
1073
1074
1075
1076
1077

51
16
58
51
5%
51
58
51
32
38
00
37
41
37
41
37
37
41
54
31
32
73
37
51
47
13
11
21
21
45
11
55

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. cv-129
SAN DIEGC CALIFORNIA PAGE IC 007-9

REPORT ZM hgl-zf
MODEL 211

DATE  2.20~56

CARD READ AMN DUMCH

01313.
20000
10000
01313
10000
01313
10000
01313
20000
01264
77777
01053
01233
01260
01227
01254
01260
01107
01052
01233
10000
01052
01254
01271
01071
01226
01226
01034
01072
00000
01263
01346

20000
01063
00006
012313
00006
01227
00006
01107
00016
01052
00000
010%4
01247
01056
01250
01061
01061
01250
10107
30000
00000
01226
n1250
20000
01072
01228
30000
01314
01276
31075
01107
00000

& —a(A)
SET SHIFT
$TORE

R
STORE

L
STORE

R
R » 2'12%5.(8)
SET NEXT INSTRUCTION
STORE 10%71
SWITCH
SHIFT R DIGITS
CONVERT

L TERMS
SK1P DECIMAL POINT
CONVERT

REMAINING TERMS
172 10R"L_,_ ROUNDING TERMS
In} « 1071, 25 o (a)
ADD ROUNDING TERM
STORE | N} - 2%
SHIFT SIGN
SIGN SENTINFL —(A)
IS N NFGATIVF 2
vestanf. 25— N . 5®
STORE RESULT
ADVANCE P
ADVANCE D

PRESET MATRIX STORE
ROW WORD 1—w»=(")
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FORMNO E T ¢ »» r

PX 71900-9-(129)

1100
1101
1102
1103
1104
1105
1106
1107
1110
11
1112
1113
1114
1115
1118
1117
1120
1121
1122
1123
1124
1128
1128

1127

1130
1131
1132
1133
1134
1135
1136
1137

11
A
32
44
32
46
31
00
21
41
37
55
37
&8s
37
16
45
17
37
36
27
35
38
00
11
75
11
32
27
15
32
15

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. Cv-129
SAN DIEGO CALIFORNIA PAGE Ic 007-10

REPORT ZM b91"ib
MODEL A1}

DATE  3.20.%¢

CARD READ AND PUNCH

01312
01275
20000
01104
01127
01106
20000
00000
01107
01346
01112
01362
01112
01376
01112
01124
00000
00000
01122
20000
20000
01276
01275
00000
01300
10055
01107
01273
01120
20000
20000
20000

01346
00011
00003
01105
00000
01102
00000
00000
01315
01101
01113
00000
01100
00034
01101
00000
31120
20000
01123
01107
01000
01127
01016
00000
01127
01117
01322
00000
01013
01143
N0n16
01177

SET INDEX =3

SENTINFL ——(4,)

Sba (Re) 0 SLy (A

BIT THIS COL. ?

YES:ADD DIGIT

SENTINEL REACHED 2

YES: CLEAR (A,)
ADD TO MATRIX

STEP MATRIX STORF IN&TRUCTIONS
ROY WORD USED UP 2

SWITCH
ROW WORD 2 —pm()

STORE BCD INFO.—»=MATRIX
ROW WORDH 2
RCH INFO. ——MATRIX
SET EMERGENCY RERUN

X «SWITCH

START RULL
READ CONVERSION SWITCH @
CLEAR PUNCH INDEX

SET TO PICKUP

NEXT CONTROL WORD

SET EXIT

CONTROL WORD —p—(A)

10 —DIGIT
CLEAR MAT®IX AND

CARD IMAGE

ADD PUNCH CODE

SET =<,

STORE p,
sL,s  (A)
STORE D,
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PX 71900-9-(129)

1140
1141
1142
1143
1144
1145
1146
1147
1150
1151
1152
1153
1154
1158
1186
1157
1160
1161
1162
1163
1164
1188
1166
1167
1170
1171
1172
1173
1174
1175
1176
1137

11
11
37
55
44
37
16
75
16
37
75
23
16
77
7
77
45
55
51
33
38
37
&4
16
37
41
31
35
00
2
713
12

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. . cV-129

SAN DIEGO CALIFORNIA PAGE

REPORT
MODEL
DATE

CARD READ AND PUNCH

01272
01265
01155
30000
01145
01155
01161
30003
01020
01120
20003
01158
01124
00000
10000
10000
00000
10000
01313
20000
01267
01053
01220
01231
01241
01233
01227
01270
00000
01314
01052
30000

01377
01400
01143
00000
01161
01161
01107
01151
01155
01154
03154
01276
00000
30000
30000
30000
31160
00013
20000
00000
01200
01042
01167

01246

0117
01234
00017
01174
00000
00023
10000

01233

PRESTORE COLUMN SELECTOR
PRESTORE ROW SFLECTOR
SET SWITCH
PARAMETFP WORR —3=(N)
LAST FIELD 2
SET SWITCH
SET PUNCH INDEX
SET UP

PUNCH ORDERS
SET <,
STEP

.~ PUNCH ORDERS
SET EMERGENCY RFRUN
PUNCH

ONE
ROW
T ~SWITCH
st,, (@)
S —(A)
=3 —p(A)
SET SHIFT
STORE BsLsRy 1071
ZERO SUPPRESS ?
SET FOR NO ZERO SUPPRESS
SHIFT
B COLUMNS

L. 2% ()
SET NEXT INSTRUCTION
STORE 10+

234, (A)

IC 607-11
¥ Lo1-2
Al
222056

172235 710%Y__ROUNDING TERM

STORE [N| » 28
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CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. Cv-129
SAN DIEGO CALIFORNIA PAGE Ic 007’12‘
REPORT ZM );01-2
MODEL A1}

DATE 3«20=56

FORMNO E YT 1 » F

CARD REAN AND PUNCH

1200 00 00000 00000 N oo 235 o (a)
1201 32 10000 00000 ADD ROUNDING TERM
1202 73 01174 20000 INy ¢ 23%/710p-(R)
1203 35 20000 01174 sToRE [N] o 236 /10"
1204 37 01241 01205 L TIMES
1205 41 01227 01242 THRU CONVERSION
1206 16 01262 01241 DECIMAL POINT
1207 41 01107 01223 AND REMAINING TFRMS
1210 41 01107 01242 — IMAGE
1211 15 01177 01216 SET TO CHECK SIGN
1212 21 01143 01314 STEP P
1213 21 01177 01314 STEP D
1214 16 01155 01241 SET EXIT
1215 33 01314 00000 -1—(A)
1216 55 30000 00000 N o 28— (Q)
‘1217 44 01232 01234 NEGATIVE 2
1220 37 01246 01170 SET FOR ZERO SUPPRESS
1221 43 01227 01231 NO ZERO SUPPRESS IF L = 0
1222 45 00000 01234 ‘
1223 31 01321 00000 3 —(A)
1224 3% 01400 01226 SET FOR 3 PUNCH
1225 35 01274 01227 SET FOR 8 PUNCH
« 1226 00 00000 00000 STORE 3 PUNCH
< 1227 00 00000 00N0O STORE A PUNCH
b 1230 33 01320 00000 SET FOR 12 PUNCH
S 1231 37 01246 01232 SET NO ZERO SUPPRESS
: 1232 35 01400 01233 SET NEXT INSTRUCTION
o 1233 00 00000 00000 STORE DIGIT IN IMAGE
1234 55 01377 00043 SR;  COLUMN SELECTOR
1235 44 01236 01241 ADVANCE TO NEXT CARD FIELD 2
1236 21 01400 01317 YES: STEP ROW SELECTOR 12 ROWS

1237 42 01266 01241 THIRD FIFLD 2
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PX 71900-9-(129)

1240
1241
1242
1243
1244
1245
1246
1247
1250
1251
1252
1253
1254
1255
1256
1257
1260
1261
1262
1263
1264
1265
1266
1267
1270
1271
1272
1273
1274
1275
1276
1277

5%
45
31
32
11
34
47
16
41
21
16
58
a7
31
32

45
00
00
35
11
27
27
31
11
00
40
00
00
54
00
0o

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. Ccv-129

SAN DIEGO CALIFORNIA PAGE

01377
00000
01174
01174
20000
20000
01231
01053
01127
01253
01240
30000
01254
01233
01233
01316
00000
00000
00000
01322
01276
01335
01363
01233
01277
00000
00000
00000
00005
00000
00000
00000

00010
312481
00002
00001
01174
00063
31246
01284
01253
01314
01127
00004
01255
00002
00001
01233
31260
01160
01210
011322
01052
01377
01377
00043
01174
00014
00000
00002
00000
00000
00001
00001

REPORT
MODEL
DATE

CARD READ AND PUNCH

YESI USE LAST 8 COLUMNS

&N —»(A)

10N —»=(A)

STORE FRACTIONAL PART
INTEGER PART —-(R)
nD16IT =0 ?

MATRIX INDEX
RESET INDEX

TRANSFER MATRIX WORD

SHIFT TO NEXT DECIMAL DIGIT
SWITCH

4N —3-(A)

10N —=(A)

10N PLUS DIGIT —»N

PRESET
PRESET

PRESET

PRESET

PRESET

PRESET

12 |
PRESET FOR COLUMN SELECTOR
2

5 . 215

MODTFY COMMAND

1

TABLE

IC 007-13
M ho1-2
All
3-20~56
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. CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. Cv-129
FORMNO E T 1 I° ¢ SAN DIEGO. CALIFORNIA PAGE IC 007{4_

REPORT ZK L9l -2
MODEL 411

DATE 3.20-56

CARD READ AND PUNCH -

1300 00 00000 00012

1301 00 00000 00144 POWERS
1302 0C 00000 01750

1303 00 00000 23420 OF
1304 00 00003 03240

1305 00 00038 41100 TEN

1306 00 00461 13200
1307 00 05753 80400
1310 00 73465 45000
1311 11 24027 62000

B 1312 00 00000 000013 3
1313 00 00000 00077 EXTRACTOR
1314 00 00001 00000 U ADVANCE
1315 00 00001 00001 U AND V ADVANCE
1316 00 00000 00017 4 BIT EXTRACTOR
1317 00 00014 Q0000 U ADVANCE
1320 00 00002 00000 215
1321 00 00003 00000 3.2%8
1322  00. 00000 00000 MATRIX WORD 1
1323 00 00000 00006 2
1324 00 00000 00000 3
~ 1328 00 00000 00060 "
& 1326 00 00000 00000 5
a 1327 00 00000 00000 6
2 1330 00 00000 00000 7
= 1331 00 00000 00000 8
> 1332 00 00000 00000 9
1333 00 00000 Q0000 IMAGE FIELD 1 ROW 12
1334 00 00000 00000 11
1338 00 00000 00000 o
1338 00 00000 00000 1
1337 00 00000 00000 ?
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Ex 71900-9-(129)

1240
1341
1342
1343
1344
1345
1346
1347

1380

1351
1352
1353
1354
1355
1356
1387
1360
1361
1362
1363
1364
1368
1366
1367
1370
1371
1372
1373
1374
1378
1376
1377
1400

00
00
00
00
00
00
00
00
00
00
00
00
a0
00
no
00
00
00
00
00
00
00
00
0o
00
00
00
00
00
0o
00
00
00

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGO CALIFORNIA

CARD READ AND PUNCH

00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
0000N
00000
00000
000060
00000
00000
00000

00000
00000
00000
00000
00000
¢0000
00000
Q0000
00000
00000
00000
00000
00000
00000
a]elelals]
00000
00000
00000
00000
00000
onnon
ocnoon
00000
00000
00000
00000
onnan
00000
oaoco
80000
00000
00000
Qonng

IMAGE FIELD 11 ROW

IMAGE FIELD 11! ROW

COLUMN SELECTNP
ROW SELECTOR

cv-129
PAGE
REPORT
MODEL
DATE

O ® ~8 B AP

Y
Q =~ ™

= o 3 B N B W N

G 0~ OB P W D O e

9-162

I 007-1%
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PX 71900-9-(130)

CV-130

ANALYSIS C ON V A'R PAGE IC006~1
PREPARED BY Hauser and Gerkin SAN DIEGO REPO:L’:EC: ?lllhgl
CHECKED BY e AL
REVISED BY

CARD PUNCH ROUTINE ICO06

This routine converts specified binary numbers into decimal and causes
them to be punched intc cards. It requires 24,5 octal words of ES in which
to operate, constants and temporary storage included. It is possible to
convert and punch as many as forty fields in a card and have 17 ms computing
time available betwsen references to the punch routine,.

The following information is required:

1) Binary scaling

2) Decimel scaling

3) Locations of fields on the card
L) Zero suppressiom

This information is suppiied to the eard routine in a standard form
called a parametsr word. One parameter word is reguired for each field.

A field consists of a number of consecutive card colums. The last
column of the field is'reaerved fa the sign of the decimal number stored
in that field. An ll-punch signifies a negative number, no punch (blank
colum) signifies a positive number. A combination 12, 3 and 8 punch in
one column represents a decimal pointe.

Fields need not be adjacent=~there may be wnused colums, punched or
unpunched, between them--nor need they be alike in aige.

This routine is entered from line Y as follows:

¥Y) 37 Ommma Omem (to card routine)
Y + 1) AB OPPPP ODDDD (control word)
Y + 2) Next instruction

Omwemn represents the beginning address (BS operating address) of the

card routine.

9-163
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PX (1YUU-Y-{13U)

Cv-130

ANALYSIS Ca e el iaemcn ey oa PAGE IC006-2
PREPARED BY Hauser end Gerkin SAN DGO REPORT NO. ZM /,91
CHECKED BY MODEL All
REVISED BY DATE 3-8-56

The 37 commend records in Ommmm the address of the control word. The
routine is then entered at Ommmm. After finishing its operation, the card
routine exits to y + 2, the line following the comtrol word.

SONTROL #ORD

The control word controls the operation of the ecard routine Its
oomposition. is as follows:

AB OPPFP ODDDD

A. The first octel digit, controls positionimg of cards in the read
and punch chennels of the Bull Reproducer.

=1 Plok a card from the read hopper.
=2 Plok a card from the pumch hopper.
B. The second octal digit, controls the operation to be performed.
B=2 punch a card.

OPPPP is the address of the first parameter word,

ODDDD is the addresa of the first data word.

OPPPP and ODDDD must both be ES eddresses.

PARAMETER WORD

A parameter word consists of twelve ocotal digites divided into six
groups of two eachs

FF 88 BB LL RR 2Z
FP: Flag for final parameter word,

FF =77 octal for final word,
FF=00 otherwise.

884 Binary scaling factor. (Number of bits to the right of the
binary point.)

BB: Number of blank or unused cclume betwesn previous field, or edge

of card, and present field.

FORM 18127 9-164



PX 71900-9-(130)

Cv-130
C ONVAIR

ANALYSIS PR PAGE I(C0C{-%
PREPARED BY Hsussr and Gerkin SENHEIE REPORT No. ¥ 1:91
CHECKED BY MODEL A1l
REVISED BY

DATE 2-{-Cf

LL: Number of digit positions to the left of the decimml point,

RR: Yumber of remaining colums in the field exclusive of sign,.
RR =00 no decimal point and no decimal fraction.

2Z: Flag for zero suppression,
ZZ =77 octal for zero suppression.
22=00 for no zero suppression. Only teros in the integer
part are surpressed. 4 gzero immediately preceding the decimal
point is not suppressed.

Total size of a field LL+RR+1

Range of Parameters:

DECIMAL OCTAL

00 £ 88 ¢ 325 06$sssh3

00 ¢ BB ¢ 63 00 &£ 8B € 77

00 ¢ 1L € 10 00 { LL {12

00 ¢ RR £ 11 00 ¢ RR £ 13

0l {LL+ R (1N 01 {IL + RR £ 13

The parameter words, one for each field, must be stored congecutively

starting at some ES memory location OPPPP. There must be an equal number of

consecutive words starting with some BS memory location ODDDD, filled with

data for the punch routine.

Punching takee plece at the third card station in the punch channel,

therefore, two punch cards must be advenced befors punching can teke place,

This can be done manually, or the punch routine can be used to position the

cards as follows:s

FORM 1812 -2
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PX (1900-9-(130)

Cv-130

ANALYSIS C «O. NV .".‘.‘ 'R PAGE 1CO06,
PREPARED BY Heuser and Gerkin AN DIEGO REPORT NO. ZM 1,91
CHECKED BY MODEL All
REVISED BY DATE 3.8-56

%7 Omrwsn Ormmms  (to card routine)
20 00000 00000 (pick pumch card)
27 Ommmm Ommm (to card routine)
20 00000 00000 (pick punch card)

It should be noted that onoce a card has entered either the read or

Reproducer is cycled.

Numbers are rounded to the specified number of decimal digits after

results if an insufficient number of card colums is allowed for the

integer portion of a field.

In the svent of e card machine failure or an accidental stop in the

00000, and START.

The routine is coded in standard formj all constants are containsa
by the routine,

Number of ocells used by the routine; (201) = (129)
8 10

Number of temporaries immediately following routine; (LL) = [36)
8

Number of words for assembly modifications (153) = (107)
| 8 10

Number of constants: (26) = (22)
8 10

(LO) fields may be punched in a card.
10

17 ms computing time available between references to punch routine.

punch channel it continues to advance one ceard statiom each time the Bull

the decimel point before punching tekes place. A divide check error stop

middle of a card cycle, the current card may be punched agains Sek (P A X)=

rORM 1818 -4
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PX 71900-9-(130)

1000
1001
1002
1003
1004
1005
1006
1007
1010
1011
1012
1012
1014
1015
1016
1017
1020
1021
1022
1023
1024
1025
1026
1027
1030
1031
1032
1033
1034
1035
1036
1037

71
15
55
32
15
2
52
32
&4
44
17
2
25
56
32
17
27
75
11
16
11
11
37
55
44
55
81
33
35
55
51
55

CLUNVAIR — DIVISION OF GENERAL DYNAMICS CORP. Cv-130
SAN DIEGO CALIFORNIA PAGE 10 OO

e

< 0.5
REPORT 23 71~ 2
MODEL Al

DATE 22l =t

CARPPN PUNCH ROUTINE 1enng
01160 30000 CONTROL WORD —a~(A)
20000 01027 SET PARAMETER PICKUP
20000 00003 CONTROL ™ORD » 255 (4) o (n)
20000 00013 CONTROL WORD o 2'5 — s (A)
20000 01057 SET DATA PICKUP
01155 NNNOA RASTC RULL AONE —=(A)
01174 20000 EXTRACT PICK CODFS
20000 00001 SL, (M)

01011 01011 sL,  (0)

01016 01012 PUNCH 9

000NN 20N00N START AULL

01000 00NN aFT

01157 0101s eX1T

00000 01015 EXIT

01155 00N0N ADN PUNCH FORE

00000 20000 START BULL

01201 20000 CLEAR

10042 01022 '

20000 01202 IMAGE

01152 00000 SET FMERGENCY RERUN
01154 01015 PRESTORF COLUMM SELECTOR
01141 01110 PRESTORE ROM SELECTAD
01112 01027 SFT SWITCH

30000 .0n00O PARAMETER WOPD —p(1)
01103 01031 LAST FIELD ?

10000 00013 e, (o

0117% 20000 S —p A

20000 00000 -5 —pA

01146 01060 SET UP SHIFT ORDER
10000 00004 STORE

01175 01120 B

10000 00006 <TORE

N s



PX 71900-9-(130)

1040
1041
1042
1043
1044
1045
1046
1047
1080
1081
1052
1953
1054
1055
1056
1057
10&0C
1061
1062
1063
1064
1045
1066
1067
1070
1071
1072
1073
1074
1075
1076
1077

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGO CALIFORNIA

CARD PUNCH ROUTINE

01175
20000

5 01147

acoon
10000
01175
20000
01150

Nonnnnn

51100
01122
011322
01120
01176
01050
20000
onoon
10000
01121
20000
01132
01111
01151
01043
01043
01057
01027
01057
01112
01176
30000
01124

01111
0eols
010413
onnen
00006
010472
00016
01050
[e]akalate!
n1052
01140
01054
01126
nnnr3
10000
21120
nnnen
00009
20000
01050
01NE"R
01124
01122
0111%
01134
N1076
01176
01176
N1132
00000
aenen

N1174

L

Lo 2B ()

CV-130

PAGE I1C 006~
REPORT  73r /.'jl‘
MODEL All

DATE 22055

SET NEXT INSTRUCTION
sTORE 10"

STORE
R

R - 2 o (a)

SET NEXT INSTRUCTIOM

CTORE 17

R~1

7ERD SUPPRESSIOM ?

SET NGO 7520 cUDPRECCIAN

SHIFT P COLUMNE

?34

—~ (1)

-(R-1) 35
1/2 10 e 2T e

STOPE

[v . 5%

Nl 2P )

ADD ROUNDING TERM
N . 23% /100 (1)
cTorRe M| - 2% s1p*

L TIMES THRY

(‘(‘gn\/:‘ns ifall

Ralalal

STARE NEATMAL PATAT

REMAINING
TERMS

RAUNNING TFOM

SET TO CHECK SI1GM ARGN

STEP PARAMETER

STFP D
SET FX17T

-1 — (1)

MEGATIVE

)

[
.
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PX 71900-9-(130)

1100

1101

1102
1103
1104
1105
1106
1107
1110
1111
1112
1113
1114
1115
1116
1117
1120
1121
1122
1123
1124
1125
1126
1127
1130
1131
1122
1133
1134
1135
1136
1137

2g
45
31
32
11
24

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. Cv-130

SAN DIEGO CALIFORNIA PAGE

REPORT
MODEL.
DATE

CARD PUNCH ROUTINE

01140
61111
00000
01112
20003
01143
01144
01152
00000
00000
00000
20003
01110
01177
01110
01156
00000 .
00000

3 01200
7 0114C

01110
000on
01015
011390
01110

> 01142

01015
20000
01050
010850
20007
20000

01083
01123
01126
01031
01107
01110
01013
o00nen
conno
ooono
00000
01106
01160

00000

01120
01121
00000
00000
00100
01124
01125
aonnn
000413
01132
01153
01133
00n10
211313
00002
00001
51050
00063

SET FOR 7FRNO SUPDRESSIAN

MO ZERDO SUPPRESSITMy IF L =

SET SWITCH
SFT Up

PUNCH ORDERS
ALL 12 ROYS PUNCHED ?
SET EMERAFNAY REDLN
PUNCH

ONE
20W
STEP
PUNCH ORDFRS

3 —(2)
SET FOR 3 PUNCH
SET FOR 8 PUNCH
STORE 2 DUNCH
STORE 8 PUNCH
SFT FOR 12 PUNCH
SET ND ZFRO SUPPRESSINM
SET NEXT INSTRUCTIONM
STOARE DIGIT PUMCH
SR, COLUMM SELECTOR

10 COE-T
2u Lol -2
4&11

- P Vs
b G P T e 4
PRl AL S

=0

ADVANCE TO' NEXT CARD FIFLN.?

STEP ROW SELECTA® 12 oOWS
THIRD CARN EIFLN 2
UST LAST 2 FoptMNe

4N — A7)
10N —=(A)
STORE FRACTIONAL PART

TNTEGER DART —»(4)
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PX 71900-9-(130)

1140
1141
1142
1143
1144
1145
1146
1147
1150
1151
1152
1153
1154
1155
1158
1157
1160
1161
1162
1163
T164
1165
1166
1167
1170
1171
1172
1173
1174
1175
1176
1177

47
27
77
77
77
77
31
11
11
00
00
00
40
00
0o
54
00
00
00
00
00
00
00
00
00
00
00
11
00
00
00
00

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. Cu-130

SAN [MEGT CALIFORNIA PAGE

REPORT
MODEL
DATE

CARD PUNCH ROUTINE

01122
01203
01231
00000
10000
10000
01120
01161
01160
00000,
00000
co014
00000
00000
00005
00000
00000
00000
0000N
00000
00020
00000
00003
00036
no461
05752
73465
24027
oooo0n
0000N
00001
00003

21140
01015
0101°
01244
01214
01230
00041
01121
01080
01070
01000
nanen
0no0n
00002
00nNo
00000
onom
00001
00012
00144
01750
23420
03240
41100
13200
60400
45000
62000
noee3
00677
nOnNo
00000

NIGIT =0 ?
PRESET
PRESET
PRESET
PRESET
PRESET
PRESET
PRESET
ORFSET

U ADVANCE |
PRESET FOR COLUMN SELECTCR

TABLE
POWERS
OF

TEN

3
EXTRACTOR
. 915

1
3 . 2'°

IC 00¢-8
Z¥ Lo1-2
All
Z=20=-56
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1200
1201
1202
1203
1204
1208
1206
1207
1210
1211
1212
1213
1214
1215
1216
1217
1220
1221
1222
1223
1224
1228
1226
1227
1230
1231
1232
1233
1224
1238
1236
1237

00
00
00
00
00

00

00
oo
00
00
00
00
00
60
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGO. CALIFORNIA

CARD PUNCH ROUTINE

00002
00000
00000
00000
00000

00000

00000
00000
00000
00000
00009
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000

00600
00000
00000
00000
00000
00000
00000
000600
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
e Telalely)
00000
00000
00000

0n000

00000
00000
00000
00000
00000
00000
00000

00000

00009

?15

CARD FIELD 1 ROW 1
‘ 1

CARD FIELD Il ROW

CARD FIELD 11! ROW

CV-130 .

PAGE IC 006.9
REPORT ZM [,91 -2
MODEL 411 '

DATE 3_20_56

2
1

. - e O D 3 W P W N Q
O @ ~4 O W - O e

-
- N

0

U N e
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CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. CV'130
SAN DIEGO CALIFORNIA PAGE Ic 006"10

REPORT ZM L,91-2
MODEL All

DATE 5-20-56

CARN PUNCH ROUTINF

1240 00 00000 O0CON
1241 00 00000 00000
1242 00 00000 00000
1243 00 00009 00000
1244 00 00000 00000

0 ™ ~N O »
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Cv-131

ANALYSIS CONVAIR PAGE IC 005-1
PREPARED BY Hauser and Cerkin SAN DIEGO REPORT NO. ZM |91
CHECKED BY MODEL A1l
REVISED BY DATE 3956

TWO CYCLE READ ONLY CARD ROUTIRE IC005

This new card routine operates on a two cycle basis, making more
efficient use of the card cycle time than the previous routine. As a
result, as many as forty fields may be read from each card without
causing any timing difficulties. In addition, this new routine requires
less ES space than the former read routine.

Two bagsic operations are performed by this routine during the 18-
point card cycle. The first five points (about 130 ms) are used to
decode the control word and to perform the final conversion of information
read during the previocus read cycle. The remainder of the eard cycle is
used to read information from the present card and convert this ine
formation into binary coded decimal form. The binary coded decimal
information is then converted to binary and scaled during the first part
of the next card cycle. Thus, although it takes two card cycles to
complete ths operation of reading and converting, the net effect is
conversion of one card each card cycle.

A time of as much as 1% ms may be used for computation between
references to the read routine without causing the bull to skip a cycle.

The read routine may be used to perform any combination of the
tollowing operations according to the contents of a control word;

1. Pick (Prim; a read card
2. Pick (Prime) a punch card
3. Pick a read card and reasd

The conversion operation is automatic and is always performed
during the card cycle occurring with the next use of the read routine.
This card routine requires the following information:

1. Binary scaling
2. Decimal scaling
3. locations of fields on the card.

This information is supplied to the card routine in a standard
forn called a pareameter word. One paramster word is required for each
card tield.

A f1eld consists of a mumber of consgecutive card columms. The
last column of a field is reserved for the sign of the decimal number
stored in that field. An 1i-punch signifies a negative mmber, no
punch (blank column) signifies a positive mmber. A combination 12,
3 and 8 punch in one column may be used to represent a decimal point.

Fields need not be adjacent--there may be unused columms, punched
or unpunched, betwsen them--nor need they be alike in size.

rORM 10184

9-173



PX 71900-9-(131)

Cv-131
C ONVAI R

ANALYSIS . _ R PAGE
PREPARED BY Hauser and Gerkin SAN (VMECD REPORT NO.
CHECKED BY ' MODEL
REVISED BY DATE

IC 005-2
zZy Lol
All
3=9-56

~ Entry to the card read routine from line y 1s effected as
follows

(v) %/ Ommmm Omamm (To read routine)
(v+1) AB OPPFPP  ODDDD  (Control word)
(y+2) NI uwumm  vvvey (next instruetion)

Ompzem represents the beginning address (ES operating address)
of the card routine. The control word is described below.

The 37 command records in Omomm the address of the control word.
The routine is then entered at Opmmm. After finishing its operation,
the card routine exits to y+2, the line following the control word.
Control Word Composition:

A: PMirst octal digit, controls picking of cards in either
channel of the bull reproducer.

A=0 Do not pick
A=1 Pick read card
A=2 Pick punch card
A=3 Pick both read and punch
B: Becond octal digit, controls the reading operation.

B=0 Do not read
Bsl Read a card

OPPPP ES Address of the first parameter word.

0DDDD ES Address wvhere the number from the Tirst card field is

T e IO .

OPPPP and ODDDD are required only if conversion is being per-
formed during the card cycle,

One parameter word 1is required for each card field. Parameter
words must be stored consecutively beginning at address OPFPP.
Rumbers read from the card are stored consecutively beglnning at
address ODDDD.

Parameter Word Composition:
'FF 8 BB LL RR 2%
F: Flag for final parameter word.

FFP=77 (octal) for final parameter word
FF=00 otherwise

Binary scaling factor (mumber of bits to the right of the
binary point) of converted number.

BR Fumber of blank or unused card colummns to the left of the
fiela. ;

FORM 1818 —a
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ANALYSIS

PREPARED BY FHauser and Gerkin

CHECKED

REVISED BY

cv-131
PAGE
REPORT NO.
MODEL All

C ONVAI R
SAN B EGO

BY

LL: Number of columns (digit positions) to the left of the
’ decimnl point.

RR: Number of rémaining colusns in the field, exclusive of sign

{number of decimal digits to the right of the decimal point
plus one for the decimal point).

RR=00 indicates no decimal fraction and no decimal point.
2Z, Mot used. )

Range of Parameters:

Decimal Octal
00 < 88 ¢35 00 ¢ 88 ¢ b3
00 < BB K 63 00 ¢ BB <77
00 {IL ¢ 10 00 {IL ¢ 12
00 {RR ¢ 11 00 ¢ RR ¢ 13
01 <IL+RR ¢11 01 < IL+ RR (13

Reading takes place at the second card station in the read channel--
ore read card must be advanced before reading takes place. This may be
done manually, or may be done as follows:

37 Ommmm  Omemmm

10

(to card routine)

00000 00000 (pick read card)

The card Just advanced will not feed further unless another order
to pick a card is given-~both pick Y§pd reed orders must be given to
read this card. '

It should be noted that once & card enters sither the read or punch
channel it continmues to advance one card station each time the Bull

Reproducer is cycled.

The information read from the card is stored within the card
routine in coded decimal form. Thus, if the subroutine is destroyed
between card cycles, this information will not be converted on the
following card cycle.

Use of the read routine causes the Bull Reproducer to go through one
card cycle; if a series of cards is to be read, there mmst be a reference
to the read routine for esch card.

FORM 19184

“G-115

IC 005-3
ZM 191

DATE 3.0.56
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Cv-131

ANALYSIS C O N VA'R PAGE IC 0054
PREPARED BY Hauser and Gerkin SAN DIEGO REPORT NO. IN 1i91
CHECKED BY MODEL All
REVISED BY DATE 3.9.56
Example of coding used to read a stack of n cards:
37 OComm Osun
10 00000 00000 Pick card $1
37 Ommom O
11 00000 00000 Pick card 2, resd card 1
31 OComman Qo
11 OPPPP ODDDD Pick card 3, read card 2, conv. card 1
37 Omsan Ommm
11 OPPPP ODDDD Pick card &, reed card 3, conv. card 2
37 Ommmn Opem
11 OPPPP ODDDD Pick card n+l, reed card n, conv. card n-i
37 OCssssm  Oumnmam
00 OFFPP ODDDD Convert card n
In case of a card machine failure or an accidental stop in the
middle of & card cycle, the current card may be reresd: reposition the
cards, set (PAK)=00000, and start 1103.
This routine is coded in standard fom.
All constants are contained by the routine.
Rumber of words,
Used by the routine, img = (1161
Used by temporaries ; 14%)%® = (12)%°
For assembly modification : {1&1 ®  (97)3°
Used for constants : 232 - (19)12
Forty fields may be read from a card.
14ms computing time available between references to the card
routine.

FORM 1918 -4 9-176
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1000
1001
1002
1003
1004
1005
1006
1007
1010
1011
1012
1013
1014
1015
1015
1017
1020
1021
1022
1023
1024
1025
1026
1027
1030
1031
1032
1033
1034
1035
1036
1037

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGDT CALIFORNIA

00000

CARD OFAD ROAYTIME 1005
71 01142 30000 COMTRAL WORD —uA
15 20000 01061 STORF DARPAMETER wnon
16 20000 "1114 STCRE HATA wOPH
55 20000 N0NN2 CONTROL WORD == ()
31 01163 00001 BULL CODE -27% — (A)
52 C11%¢6 20000 CXTRAFT DICY £OANRES
32 20000 nonM L, (4)
55 1000H CONND Ly ")
44 01NT 0101 i Ll
17 00000 20nAN START CARD CVOLF
37 01012 01013 CONVERSION SWITCH
37 01013 01014 PEAD SWITCH
311 01000 NAnON erT
35 271141 D1014 EXIT
00 00000 00n0N RO WORD 3
32 01142 00000 ADD READ CODE
37 01013 01011 SET TO READ
26 20000 01176 STCRE 0
75 10011 01024 CLEAR
11 20000 01164 MATRIX
16 01140 00000 SET RERUN
16 01034 01178 8 —-DIGIT
76 00000 01016 READ
76 10000 10000 ONF
76 10000 01177 ROW
327 01031 01032 LAST ROW SWITCH
11 01136 01042 PRESFT MATRIX &TORE
11 01155 01175 SFT INDEX = 13
31 01141 00011 SENTINEL —(2,)
32 20000 00003 Sy (8g) » SL, (A,)
44 01037 01040 RIT IN THIS COLUMN ?
22 01176 YES 2 ADD=DIGIT

Ccv-131

PAGE
REPORT
MGUDEL
DATE

IC 005-5
ZM 191 -2
A1l
2-20-56
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1040
1041
1042
1043
1044
1045
1046
1047
1050
1051
1052
1053
1054
1055
1056
1057
1060
1061
1062
1063
1064
1065
1066
1067
1070
1071
1072
1073
1074
1075
1076
1077

46
ED
00
21
41
37

37
55
a7
37
41
37
37
37
15
37
55
44
16
55
51
16
55
51
58
51
55
81
32
35
no

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. CV-131
SAN DIEGO. CALIFORNIA PAGE IC OOS’a

reporT ZM L91-2
MoDEL All
DATE 3=20-56

CARD READ RCUTINF

01041
20000
0000n
01042
01175
01045
01177
01045
01016
01045
01052
01176
01052
01031
01012
01136
01121
30000
01063
01012
10000
01157
20000
10000
01157
10000
01157
10000
01157
20000
01135
00000

010135
aonnn
00700
01161
01034
01046
00000
01033
00034
01034
01053
01026
01025
01026
01014
01126
01061
00000
01064
01121
00013
20000
01107
00006
01175
00006
01117
00006
01016
00016
01077
00000

REACHEN SENTINFL ?
REMOVE SENTIMEL
ADDC TO MATRIX WORD
STEP MATRIX STORE CRDER
ROW WORD EXHAUSTED ?
SHITCH
ROW WORD 2 —p-(0)
BCD INFO, —3=MATPIX
ROW WORD 3 —=(C)
BCN INFQ —»MATRIX
SHITCH FOR SIGM ROW
DIGIT=1+N1GITs REPFAT
STORE 95 FOR=SIGNS
READ LAST ROV
SET CONVERSION SWITCH
PRFSTORE MATRIX TPANGFER
SET CONVERSIOM QFPEAT
PARAMETER WORD 1—(Q)
LAST FIFLD 2
SET COMVERSION EXIT
sL,, (9)
SET
SHIFT

STORE

B
STORE

L
STORE

R
R 2" — (A)
SET NEXT INSTRUCTION
STORE 1nR71
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1100
110
1102
1103
1104
1105
1106
1117
1110
1111
1112
1113
1114
1115
1116
1117
1120
1121
1122
1123
1124
1125
1126
1127
1130
1131
1132
1133
1134
1135
1136
1137

41
37
41
37
a7
41
54
21
32
73
37
51
47
13
11
21
21
45
16
41
11
21
11
55
27
31
32
52
4%
11
35
no

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. Cv-131

SAN DIEGO CALIFORNIA PAGE

REPORT
MODEL
DATE

CARD RFAN ROUTIMF

01178
01124
n1177
01130
01134
01016

01077.

n117s8
10000
01077
01130
01163
01118
01077
01077
01061
01116
00000
01137
01176
01162
01126
30000
01164
N112n
01175
01175
01162
ooono
011472
01164
00000

N2
01102
01173
01105
01105
01122
10107
20000
00000
01077
01122
20000
01114
01077
30000
01180
011%2
31121
01130
01127
01176
01160
01164
0004
n1121
00002
00001
01174
21134
01077
01144

71100

SHIFT O PIGITR
CONVERT
L TERMS

SHIFT NECIMAL POIMT

CONVERT
SEMAINTMG TEPMS

172 - 10Rf7 1 roUNDING TERM

R I e Q)

ADD ROUNDING TrR¥

STORE N - 27

SHIFT SIGN

SIGM PIGIT —p (%)

STAN MFAATIVE 2

YES? =N ~—pm N

STORE RESULT

ANVANCE B

ADVANCE D

MATRIX WORIN FYMALIRTERN 9
YESLRESEY IMNPFY ‘
STEP TRAMSFER

TRANSFFER NEWw MATRTX WORD
SHIFT TO NEXT DECe NIGIT
SWITEH

4N —(A)

10N —-(Q4)
10M PLUS NIATT —p=N
CONVERSINN FYXIT
PRESET

PRESET

IC 005-7
MNn-2
A1l
32056
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1140
1141
1142
1143
1144
1145
1146
1147
1150
1151
1152
1153

1154

1155
1156
1157
1160
1161
1162
1163
1164
1165
1166
1167
1170
1171
1172
1172
1174
1178
1176
1177

nn

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGO CALIFORNIA

CARD RFAD ROUTINE

08n0n
00000

. 00000

00000
nooon
000006
00000
oo00n
60002
nnoas
NO461]
057513
73465
24027
o00nn
0nono
000n1
00001
0ooco
00000
00000
ooonn
nnNoon
conon
nonnn
0eono
0o0o0aQ
onnnn
000nn
poonn
noooen
oo0nn

n1ann
00000
00001
00001
nnn12
00144
21750
23420
02240
41100
13200
£N400
45000
62000
neeos
nnne7
anNnAp
noon1
00017
0010
000N
0nneo
onena
0nnnn
[alalalals]
00000
00000
onnno
a0
onoaen
o000n
oonnn

MODIFY COMMAND
1
TABLE

POWERS

oOF
TEN

3

EXTRACTOR

L ADYVAMCE

;) AND V- ADVANCE
& RIT EXTRACTNR
8

MATPTIYX WO2D

INDEX
DIGIT
ROW WORD 2

o

O !~ > D P W N

Cv- 131 :
PAGE IC 0008
REPORT  Z¥ 1i¢1-2
" MODEL A1l
DATE Z-20=5
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ANALYSIS C O N V A I R PAGE  oN 0051

PREPARED BY mm,gnm SAN DIEGO. REPORT NO. gy hot
cHECkeD sy  WASEL MODEL a7
revisepdey DATE 3 hg g

SOLUTION OF SDMULTANEOUS LINEBAR BQUATIONS
BY THE METHOD OF CROUT

PART I - INTRODUCTION
This program is applicable to systems of n equations in n wnknowns of the

form a,, X, +Ziz X + o - o+ 4, Xn = 22, nsy
1) RBai Xa 4222 X2 + c e . t RanXn=42: nry

alwx) +na Xa + ° * +2un X = s nrf
vhere n<M.,

This routine c-plan the floating point two-register n-bc representation
and the corresponding Aritimetic Package CAQ01.

PART II - ANALYSIS

In addition to the given (sugmented) matrix [ M ]
2, &, i L b Z, s1ts
z} ?3' d‘z_; L L - d—l n+s

Zny Zna - e 4w nty

the method requires the formation of an suxiliary matrix [ M J
dll Gir . . > A, n#r
3) J:.J 5:.:. . - - d;x. rnt/

d;u dna. . e o X n#y
which is used in genereting the solutions

le XJ. ¢ ® * xw
The elements ofthomxiunrymtﬂxmmmby
.é&" =d"l ' 1 2, e o o n

4) éu ..au/dm J= 2 3 e e s N+
ay = du—ﬁ Aix Ci , 22/ &0 <n

- 1-:
at.J. = (atf" rz7] d“‘ au)/d-;"'

L, 2&L~J &k

1::1,2.}"./”

aethed of eliminstion in the chapter on simmltaneous linesr equations in

The solutions are improved by s recursive procedure, Suppose the
lomti-mmotobtahdbymofﬂmmwx‘ Then modified
eys

e S 9-181
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CONVAIR PAGE

ANALYSIS e o on
PREPARED By LEVINE,S HADGER SAN DIEGO REFORT NO. g g.z
CHECKED BY  WASEL MODEL

REVISED BY DATE ﬁo/%

du X, 'I"dzz.lg o o ot Zin X 2dins 'é; .d”ioxk
dx X, + 222 Xat = o *+ Zan Xa s wrs~ {L-fz""‘ox'(

) L4 L2 - [ ] L - - - -

. n .
n) X, +Ans Xat = ¢ *+Zn X, = n k" %-’:/d‘k X

is solved to obtain a first set ef carrestioms 'X;.
Thea wodified system

" U
Ay Xy ¥ AiaXa ¥ o o o+ BonXn =t nts -é)dm(‘)‘n"”‘k)
Ay X, +Zax Yot = o o +8sn Xn = nrr = Zp, Pan (X t'Xe)

Ans Ko ¥ Aoz Yot = > 2 $0un Koo = mts — By Brse X 'X)

1. PT loads the routines mmuﬂrul,mtholr—. Card
read goes to B8, ’

2, An image of the oard resd routine is stored om the drm.

3. The cards are read onto the &rum.

b. An extt from the oard resd routine 1s executed at (PAK) =337.
Se mmmmmmmuemmwmm.
6. The computation of §) begins,

7. Problem ende and 1s set up to begin the selution of another
system of egqumatioms.

roRm 19184 9-182
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ANALYSIS CONVAIR PAGE O 005.-8
PREPARED BY LEVINE 3 HAUSER SAN DIEGO REPORT NO. 7M WA
creckep By WASEL MODEL ALL

REVISED BY DATE 3/20/56

PART IV - OPERATIONAL PROCEDURE
1. Plsce input cards in resd hopper, blank cards im pxmch hopper.
2. PT loed program.
3« MWD start (h000O),
b, Final stop.
MANU"L STOPS
M8 1 For dsbugging parposes
MB 2 Tor debugging purposes
M8 3 To stop paoblem after each row of the auxiliary
mtrix is computed.
PAILURES
In case of a failure deseribed below, start the problem again,
Oauses ;
1. An sttespted Aivision by sero may ccowr with (PAKM363 1f any
diagomal eleasmt of the suxiliary metrix is ssro. Imterchangs
& pair of rows of the given matrix (imterchangs the appropriste
input cards) amd try again.
2., MCT or SCC famlt.
PROGRAN SANPLER

Aatomatic blotto dwmps of data regioms are provided.

START Doers
00630 Rov of givea matrix in BS st smmple time.
00633 Ooluan of swxiliary matrix in BB at sample time.
00636 [% ] storege by rows,
00645 [ ] storage by colwums.
STORAIR ASSIGRENTS
Oiven matrix 50001 -2270
(A row of the given matrix) 01600-01777
Auxiliary matrix 56400-TONST
(A colwn of the suxilisry mstrix) 04N00-01 577
Final solutions T6300-76677
Main routine TT2O=TTTT>
Difference iteration index register TTT6h
Arithmetic Package Tri23-TTen
B8 image (stored during pwmching) ThO0L-TSTTT
Corrections to answers 01200-01377
Punch routine ' T0MM0-71207
Storage of criginal ES data T71290-73826
Available . RATL-960TT

YORM 1918 -4 9-183
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40000
71220
71221
71222
71223
71224
71225
71226

77250
77251
77252
77253
77254
77258
77256
77257
77260
77261
17262
77263
77264
77265
772656
77267
77270
77271
77272
77273
77274
77275
77276

00100
00101
00102
00103
00104
00105
f0106
00107
n0110
no1n
no112z
00113
00114
col115
00116
00117
00120
00121
00122
00123
00124
00125
00126

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. Ccv-132

SAN DIEGO. CALIFORNIA PAGE

45
75
11
75
11
1
45
45

slc)
00
00
00
0o
00
no
oo
no
no
no
00
oo
00
no
00
0a
no
no
co
ne
00
00

CROUT

00000
31777
00001
21777
71230
71276
00000
00000

00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
0n0N00
00000
00000
00000
0000
00000
0N000
00700
00000
00000
00000
00000
00000

71220
71222
71230
71224
00001
40000
00300
71222

~ONO0
00000
0000n
00000
00000
00000
nenno
00000
ANOND
00000
Yaletels
an0N0
00000
00000
noann
00000
ne0ono
aenNno
00000
noaon
000NN
000n0
00000

REPORT
MODEL
DATE

CcN 005

START
STORE CARD INPUT RT.

TRANSFER 'CARD INPUT RT,
TO €S
SET FOR NEXT MATRIX RFAD
JUMP TO READ MATRIX
PRESET
STORAGF
: ,
n
(30000 +2n+2) - 2'°
(30000 +2n) 2%
J
Can(i-1y+2i-17 - 2
BLAN K
K"
K
z,
Z‘Z
n INDEX
2n
2n . 2'*
(2.4-1) « 2'°
(zn+1) -2
(%)
5n({%i+1)=N
AN/ - 215
an+2
BLANK
(h-2) INDEX
(n-1)

15

CN 0054
2 Lol
All
3-20-56
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77277
77300
77301
77302
77303
77304
77305
77306
77307
77310
77311
77312
77313
77314
773218
77316
77317
77320
77321
77322
77323
77324
77325
77326
77327
77330
77331
77332
77333
77334
77335
77336

00127
00130
00131
00132
00132
00134
00135
00126
00137
00140
00141
00142
00143
00144
060145
00146
N0147
00150
0C151
00152
00153
001584
00155
00156
00157
00160
00161
00162
00162
00164
00165
00166

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. CV-132

00
0
00
00
00
00
00
a0
11
no
00
11
11
1"
1
11
an
11
11
11
11
1
00
11
11
75
1
75
1
75
11
1

SAN DIEGO CALIFORNIA

CRNAUT

0co090
onnan
00000
onnno
ooceo
00000
000090
00000
01577
onnn?
30000
40000
56077
01877
01877
01277
conan
co1n
01577
D1600
86077
00111
onong
01277
01577
20820
77260
EXalelele
77040
30105
77125
00140

00000
AaANA
00000
nO00O
nNAOON
02000
00000
60000
00028
alalelalel
A0000
01600
01400
50111
00028
00027
N34k
01577
00027
SR077
01600
01377
A120n
00025
nnn27
77432
00100
00164
00429
00166
61000
20000

PAGE cN 005_5
REPORT M hgl
MODEL 213}

DATE 3.20_56

PRFSETS

ROUTIMNE —»=FS8
THMERGENCY PUNCH=NUYT —-F§
ARITHMETIC PACKAGF —=F'§

SET

9-185



PX 71900-9-(132)

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. Ccv-132

SAN DIEGO. CALIFORNIA®) PAGE c' 005‘6
reporT ZM 191
MODEL  All

DATE 3=20=56

CROUT

77337 00167 72 00140 00101

77340 00170 35 00141 20000 ROW
77341 00?1 15 20000 00214
77342 00172 15 20000 00216 TRANSFERS

77343 00173 71 00101 00224
77344 00174 11 20000 00010
77345 00175 11 001Ny 20000
77346 00176 73 00224 20000
77347 00177 38 00074 20000 COMPUTE N
77350 00200 71 20000 A0N1N
77351 00201 11 20000 00121

773%2 00202 31 00121 00020 NUMBER OF CELLS PER ROW
77353 00203 73 00101 00122 INCLUDING EXTRA 250§

77354 00204 71 00041 00101

77355 00205 35 00041 00123 NUMBER OF CELLS PER ROW
77356 00206 11 00101 20000

77357 00207 36 00041 0012% INDEX FOR MATRIX [M] TramSFER
77360 00210 11 ©0122 20000 PRESETS '

77361 00211 35 00215 00215 . TO DELFTF

77362 00212 11 00123 20000 EXTRA

77363 00213 35 00217 00217 ZEROS

77364 00214 7% 00000 00216 TRANSFER ROW OF [M] T0O Fs
77365 00215 11 40001 01600

77366 00216 75 00000 00220 TRANSFER ROW OF [M] TO DRUM
77367 00217 11 01400 40001 EXTRA ZEROS DELETED

77370 00220 21 00215 00122 STEP U ADDRESS

77371 00221 21 00217 00123 STEP V ADDRESS

77372 00222 41 00125 00214 ALL ROVS TRANSFFPREN? NNL RETURN
77373 00223 56 10000 00227 YESS TAKF 227

77374 00224 00 0DOCO NOODS 5

77375 €0225 A0 00NNN ANOONA RLANK

77376 00226 00 00N0O 0ONDO RLANK
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PX 71900-9-(132)

77377
77400
77401
77402
77403
17404
77405
77406
77407
77410
77411
77412
77413
77414
77415
77416
77417
77420
77421
77427
77423
77424
77425
77426
77427
77430
77431
77432
77433
77434
77435
77436

00227
00230
00231
00232
00233
00234
00235
00236
00237
00240
00241
00242
00243
00244
00245
00246
00247
00250
00251
00282
00253
00254
09255
00256
00257
00260
00261
00262
00263
00264
002653
00266

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. Cv-132

75
11
16
71
11

11
11
38
75
11
11
11
38
25
11
35
1%
15
18
15
16
11
71
36
71
36
72
11
35
75
00

SAN DIEGO CALIFORMIA

CROUT

10200
00040
00623
00101
20000
00114
20000
00115
0nn73
17777
00040
00074
00117
00073
00141
00115
00141
00107
fN10?
00102
00102
00147
00074
00100
00140
20000
00073
00140
20000
00142
00000
00000

00231
76500
00533
00041
00114
00017
00115
20000
00117
00242
56100
00100
20000
20000
00107
20000
00103
nO2686
AN276
00472
00467
00316
00104
00140
20000
00101
20000
00100
00105
00266
00267
00000

PAGE  CN 005-7
REPORT ZM 1191
MODEL  All

DATE 3-20-56

CLEAR ANSWER STORAGE
SET swiTcH IIT

CLEAR

L+ ]
MATRIX

STORAGF
SET ROW INDEX
SET
TO
TRANSFER
ROW
AND
COLUMN
T0

ee

SET SWITCH I,
SET COLUMN INDEX

PRESET
DRUM
ADDRESS
OF
ROW

TRANSFER ROW
oF [M] TO ES
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PX (1YUU-Y-\ 1d&)

77437
77440
77441
77442
77443
77444
77445
77446
77447
77450
77451
77452
77453
77454
77455
77456
77457
77460
77461
77462
77462
77464
77465
77466
77467
77470
77471
77472
77473
77474
77475
77476

00267
n0270
00271
00272
00273
00274
00275
00276
00277
00300
00301
00302
00303
00304
00305
00306
nN307
00310
00311
00212
N0313
00314
00315
00316
00317
00320
00321
00322
00323
00324
00325
00326

56
11
36
71
71
35
35
75
00
56
11
42
11
26
45
36
11
71
26
35
75
50
11
42
71
36
35
75
00
71
36
3%

SAN DIEGO CALIFORNIA

CROUT

10000
00104
00074
20000
20000
00073
00143
00000
00000
20000
00100
0n104
00104
00074
00000
00074
0nn74
00104
nOn73
0n164
10007
00000
00107
0n110
00110
00073
00145
30002
00000
00110
one?3
00146

00270
20000
20000
00101
00140
0000
00277
00300
00000
nni3ng
20000
00306
20000
00107
00307
00107
nNlie
00140°
20000
00314
00318
00000
20000
2en00
00140
20000
00323
00324
naeno
00140
20000
00330

PRESET
DRUM
ADDRESS
OF
COLUMN
TRANSFER COLUMN
oF [7] 10 €5

PAGE

CN 005-8

REPORT ZM 1,91

MODEL A1l

DATE

2-20-56

ELEMENT YO RIGHT OF DIAGONAL ?

YES: TAKE 206
NOt sET K/

YES: SET Kk’
SET K = 1

TRANSFER
FLEVENT oF [v]

INTO (111 112)
K:k' > TAKE 244
< TAKE 217
PRESET ADDRESS OF
aix

-

A — (25, 26)
TRANSFER

A j
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PX 71900-9-(132)

77477
77500
77501
77802
77503
77504
77508
771506
77507
77810
77511
77512
77513
77514
77515
77516
77517
77520
77321
77522
77523
77524
77525
77526
77527
77530
77531
77532
77533
77534
77538
77536

00327
00339
00331
00332
00333
00334
0033%
00336
00337
00340
00341
00342
00343
00344
00345
00346
00347
00350
00351
D0352
00353
00354
00355
00356
00357
00380
00361
00362
00363
00364
00365
00366

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. Ccv-132

SAN DIEGO. CALIFORNIA

cenuT

30002
00000
01001
00031
00032
00111
00112
01001
00031
00032
00110
00000
00000
00100
00104
00104
00074
00150
30002
00000
00000
00100
00073
00151
30002
00000
00111
00112
01001
00021
00032
00000

00331
n0000
01003
00027
00030
00028
00026
01002
00111
no112
N0074
00315
00000
20000
00354
00041
20000
00352
n0253
00000
00267
00140
20000
00360
00361
00000
00025
00026
01004
00111
00112
00346

PAGE  CN 005-§
REPORT ZM ;91
MODEL A1l
DATE 2-20-56

INTO (279 30)
PRODUCT OF ELEMENTS

Ay — (25,26)

Qij - 2y Ay = Z
> —= (111, 122)

STEP K
RETURN
BLANK
J:i > TAKE 354
$ STORE RESULT
PRESET ES
ADDRESS FOR

[%] stoRace
STORE RESULT
DIVIDE

BY
DIAGONAL
ELEMENT
of [#]
STORF

RESULT
RETURN
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PX 71900-9-(¥32)

17537
77540
77541
77542
77543
77544
77545
77546
77547
77550
77551
77552
77553
77554
77555
77556
77557
77560
17561
77562
717563
77564
77565
77566
77567
77570
77571
77572
77573
17574
77575
77576

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. Ccv-132

00367 ¢ 11
00370 35
00371" 43
00372 21
00373 45
00374 11
00375 71
00376 136
00377 2%
00400 7S
00401 00
00402 21
00403 21
00404 41
00405 11
00406 43
00407 21
00410 56
00411 56
00412 11
00413 11
00414 3%
00415 11
00416 71
00417 54
00420 35
00421 28§
00422 175
00423 00
00424 11
00425 71
00426 36

SAN DIEGO. CALIFORNIA

CROUT

00101
00074

00104
00104
00000
00101
0n100
00074
00152
30002
cnooo
00401
00401
00113
00101
00100
00100
30000
30000
00101
00101
an074
00101
0c101
20000
00073
00142
00000
00000
00101
00100
00073

20000
20000
00374
00074
00267
00113
nooat
20000
00401
no4n2
00000
00114
00140
00400
20000
00411
00074
00255
00412
00100
20000
00104
00107
00101
00020
20000
00421
00424
00000
n011%
00140
20000

PAGE  CN 005410

REPORT Z) h91
MODEL A1}

DATE 3_20_56

ROW
USED
UP? YES: TAKE 374
NO: SET NEXT COL.
RE TURN
STORE
FLEMENTS
or [m]
ON
DRUM

STEP STORAGE

ADDRESSES
ROW STORED? NO: TAKE 400
YES: n— (A)
LAST ROW? YES:TAKE 411
NO: STEP ROW SELECTION
RETURN TO COMPUTE NEXT PAY
YES: COMPUTE FINAL MATRIX
SET UP

TO COMPUTE

FINAL MATRIX

TRANSFER
nN+1 st
coL,
INTO ES
SFT TFR INDEX

TRANGFER
LTH coL,
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PX 71900-9-(132)

77577
77670
77601
77602
77603
77604
77605
77606
77607
77610
77611
77612
77613
77616
77615
77616
77617
77620
77621
77622
77623
77624
77625
77626

77627

77630
77631
77632
77633
77634
77635
776326

00427
00420
00431
0C432
00433
00434

00435

00436
00437
00440
00441
00442
00443
00444
00445
00446
00447
00450
00451
00452
00453
00454
00455
00456
00457
NO&ED
00461
00462
00463
00466
00465
00466

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

35
75
0o
21
21
41
11
35
37
71
36
25
75
00
23
47
45
37
0o
11
11
71
36
71
72
26
28
75
oo
11
11
71

SAN DIEGO. CALIFORNIA

CROUT

00153
20002
00000
00431
00431
00113
00100
00074
00316
00100
00074
00154
30002
00000
00100
00424
00000
70440
76500
00074
00074
00100
00140
20000
00140
00073
00142
00000
N0000
00040
00040
00140

00431
nN0432
00000
00115
00041
00430
20000
00110
00310
00041
20000
00444
00445
c0000
00074
00447
n0534
70841
30000
ne1ono
00104
no140
20000
00101
00100
20000
00463
00464
00000
00111
00112
00104

INTO ES
RY ROWS

STEP U ADDRESS
STEP V ADDRESS

ROW COMPLETE? NO:TAKE 4130

YES:

SET 1,
STORE

X;

AT £S ADDRESS

Cv-132
PAGE
REPORT
MODEL
DATE

CN 0C5-11
v L3
A1l
2-20-56

LAST X; COMPUTED? NO: TAKE 424
YEST TAKE 834
PUNCH ANSWFRS

TRANCFEER
ROW

OoF

fm]

CLEAR
STORAGE
TRANSFER

INTO
ES
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PX 71900-9-(132)

77637
77640
77641
77642
77643
71644
77648
77646
77647
77650
77651
77652
77653
77654
77655
77656
77657
77660
77661
77662
77663
77664
77665
77666
77667
77670
77671
77672

77673

71674
77675
77676

00467
00470
00471
00472
00473
00474
00475
00476
00477
00500
00501
00502
00503
00504
00505
00506
00507
00510
00511
00512
00513
00514
00515
00516
00517
00520
00521
00522
00522
00524
00525
00526

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. Cv-132

36
35
75
00
11
35
75
ne
37
11
11
11
11
37
11
11
11
43
21
45
11
35
75
00
13
11
37
75
11
11
43
21

SAN DIEGO CALIFORNIA

crROUT

00073
00624
30002
0nnoo
00116
00157
30002
0neNo
01001
00111
00112
00031
00032
01001
00031
0n0a?
00101
00104
00104
00000
00117
00137
30002
00000
00111
00112
01001
30002
00031
00101
00100
00100

00116
00472
00473
00000
20000
00476
00477
A00N0
61002
0N025
00026
00027
00030
01002
00111
00117
20000
00512
00074
00466
20000
00516
00517
00000
00027
00030
01007
005
20000
20000
00531
60074

PAGE CR 005.12,
REPORT ZM 1:91
MODEL Al1

DATE 3-20-56

Xi
INTO
CELLS
(2%)s (06)
TRANSFER
ELEMENT OF
[M] 1nTO
(27)s (a0
MULTIPLY
COMPUTE
NEW
VALUE
FOR
THIS ROV
STORE

z

ROW FINISHED? VES:TAKF 513
NO: SET FOR NEXT ELEMENT
JUMP TO COMTINUE ROW
YES:
TRANSFER
RH SIDE
INTO (25),(26)
COMPUTE
THE
DIFFFRENCFS
STORE
DIFFFREMNCES AT 1200
ALL
ROWS FINISHFD? YFS:TAKE 531
NO: R&TEP
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PX 71900-9-(132)

77677
77700
77701
77702
17703
77704
77705
77706
77707
77710
77711
77712
77713
77714
77718
77716
71717
77720
77721
77722
77723
77724
77725
77726
77727
77730
77731
77732
77733

17734

77735
77736

00527
00530
00531
060532
00533
00534
00535
00536

00537

00540
00541
00542
00543
00544
00545
00846
00547
00550
00551

00552

00553
00554
00555
00556
00557
00560
00561
00562
00563
00564
00565
00566

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. Cv-132

21
45
a7
00
45
16
16
16
45
11
36
15
15
16
7%
11
75
11
37
75
11
21
21
21
41
45
57
7
ER)
35
35
7%

SAN DIEGO CALIFORNIA

CROUT

00523
00000
70440
01200
00000
00155
00101
00101
00000
00101
00074
00617

00621

00622
30002
76500
30002
01400
01001
30002
000131
00546
00550
00553
00126
00000
00000
nn101
20000
Neo074
00620
30200

00041
004853
70441
30000
00000
00523
00451
00532
00540
20000
00126
00546
00550
00553
00547
00025
00551
00027
n1002
00554
76500
00140
00140
00041
00545
00450
nnoone
00101
20000
20000
00567
00570

PAGE
REPORT
MODEL
DATE

STORAGE ADDRFSSES
JUMP TO TRANSFER ROW
YES: PUNCH

DIFFERENCES

CH 005-18
2M 191
AN
3-20-56

JUMP TO IIT OR TO FINAL STOP
PRESET TO STORE CORRECTIONS

PRESET TO PUNCH ANSWERS

PRESET TO PUNCH DIFFERENCES

DUMMY
SET
INDEX

PRESET ADDRESS OF ANSWERS
PRESET ADDRESS OF CORRECTIONS

PRESET TO STORE ANSWERS
COMPUTE

CORRECTED

ANSYWER

STORE ANSWER
STEP ADDRFSSES
TO COMPUTE
NEXT ANSWER
ALL ANSWERS COMPUTED? NO:

TAKE 545

YES: JUMP TO PUI'CH ANSWERS

FINAL &TOP
TRANSFER

DIFFERFNCES

TC DRUM
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PX 71900-9-(132)

77737
77740
77741
77742
77743
77744
77745
77746
77747
77750
77751
77752

77753

77754
17755
77756
77757
77760
77761
77762
77763
77764
77765
77766
77767
77770
17771
77772
777173
77774
771775
77776

005567
00570
00571
00572
00573

‘00574

00575
00576
00577
00600
0601
00602
00603
00604
00605
00606
00607
00610
00611
00612
00613
00614
00615
00616
00617
00620
00621
00622
00622
00624
00625
00626

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. cV-132

11
41
16
75
11
11
16
16
11
35
11
71
36
35
75
11
21
21
41
45
45
00
00
11
00
11
00
00
00
11
75
17

SAN DIEGO. CALIFORNIA

crOUT

01200
00614
00613
30200
01200
00074
00147
00617
0n101
00074
00101
00100
00073
00616
30002
56077
00606
00606
00113
00000
00000
00000
00009
56077
76500
01200
01400
00000
00000
76477
00002
00000

56077
00572
008313
00574
01400
50100
00316
00410
20000
00104
00111
00140
20000
00606
00607
01600
00041
00115
00605
00267
00561
00003
00000
01600
00601
56077
00613
76500
00562
00025
00016
778568

PAGE CN 005-1¢
REPORT ZM 1,91

MODEL All

DATE 3=20=-56

INDEX FOR FINAL STOP
PRESET FINAL STOP
TRANSFER COLUMN OF

DIFFERENCES INTO (1400)
SFT 1t =1
PRESET I,
PRESET IT,
SFT

TRANSFER

INDEX

TRANSFER

TRANSPOSF OF
DIFFFRENCFS

INTO (1600 . . L)
FINISHED TRANSFER? NO: TAKE 605
YES: BEGIN NEXT ITERATION
PRESET FINMAL STOP
ITERATIONS INDEX
BLANK
PRESETS
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PX 71900-9-(132)

17777

77040
77041
77042
77043
T7044
77045
77046
77047
77050
77051
77052
77053
77054
77055
77086
77057
77060
77061
77062
77063

77067
77070
77071
77072
77073
77074
77075
77076
77077

00627

00630
00631
00632
00633
00634
00635
00636
00637
00640
00641
00642
00643
00644
00645
00646
00647
00&50
00651
00652
00653

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

45

37
00
56

00
56
71
35
45
16

37
00
56
71
15
45
16
37
00
56

11
73
28
71
7
11
11
11
45

SAN DIEGO. CALIFORNIA

cPouUT

00000

001758

EMERGENCY PUNCHeNUT

70440
01600
00000
70640
01400
00000
00101
00101
00000
20000
70440
40001
00000
00101
00101
00900
20000
70440
56100
00000

00102
77374
00074
20000
20000
00102
20000
20000
00000

70441
00244
S LEE
70441
00244
00636
00101
20000
00641
00643
70441
00000
0064%
00101
20000
00650
006587
70441
nN000
00000

20000
20000
20000
00102
17374
77281
00102
00107
00322

ROW STORAGE

COLUMN STORAGE

[ )

READ

CARDS

Cv-132

PAGE CN 005-15
rRePORT ZM 1,91
mMoDEL  All

DATE 3=20-56
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PX 71900-9-033)

C ONVAIR

ANALYSIS
PREPARED BY (, H. Richards SAN LEGD
CHECKeED 8Y D. B. Parker

REVISED BY

CV-133

PAGE CFOlL-1
REPORT NO. ZM Li91
MODEL A1l

DATE |,-23.56

SQUARE ROOT~FLOATING POINT
{Single Precision)

Given a single-precision floating point number, x =
cempute 7x =7rl-' . 2%5 " 2P",
Initial State: (00031)=1N
(00032) = P
Pinal State:  (00031)= N"
(00032) = P*
N* and P' are defined as follows:
If P is even; N'= N, P'=P
It P is odd; ¥W'=N/2,P'=P+1
Formula used; Newtons' Iteration
¥y2x -+ 1/2 (i'/xi-f toe Xy0)
First spproximation = 235-1 (9)
Convergence is assumed when Ax % 0O,
Special tests: If N:= 0, set K"z 0
If N'= 9, set N"= 9
Alarms If ¥ is negative,
Drum Addresss 77537 - 77567, (25),,° (31)g
Number of commands for assembly modification (21)10
Ho constants or temporaries used,

smdnrd form.

N.2P (see CA 001);

= (25)8

FORM 1018 A
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PX 71900-9-(133)

77537
77540
77541
77542
77543
77544
77545

77546

77547
77550
77551
77552
77553
77554
77555
77556

77557

77560
77561
77562
77563
77564
77565
77566
77567

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SAN DIEGO CALIFORNIA

FLOATING SNUARE R00T

01000 37
01001 45
81002 11
n1002 46
01004 47
01005 12
010056 55

.01007 44
01010 21
01011 5S4
01012 55
01013 43
01014 11
01015 |31
01016 72
01017 54

01020 23
01021 21

01022 44
01023 11
01024 45
01025 00
01026 37
01027 [oo
‘01030 [p0

76000
nnoan
00031
A1NNN
01005
00n32
10000
n1n10
00032
00031
00032
01026
n1026
00031

o027

01027
10000
01027
01015
20000
00090
0C000
77777
00000
00000

76007
Greod]
20000
2k NalaY S
01001 .
10000
N0043
01012
01025
00107
00043
01001
1027
00042
01030
00107
01027
01030
01023
00031
n1001
00001
77777
00000]
ononﬂ

cv-133

PAGE CFO14-2
reporT 2ZM 91
MODEL All

DATE L-23-56

ALARM FXIT
EXIT
FMTRANCFy M > A

L wpe 7 Ses = Alorm
N OMFR goy

. = x,
P EVEN —> /012
P opn
P+ 1= 32 (o)
N2 o 31 (W)
D'/? _> a5 (Dn)
N é : ?Ex;r

°.®'¢ Y."_l
y‘Nﬂéﬁ

2‘ ) ’Sj . .
Z{%r —5 Jo 3o, Q

&' X, - ,@ ->r027 @
71(” L =X ) A x - Q
K (% .fdA,ﬂ)- X5 1027

& —» 1S

OHXI0 Px
y. = N> 31

JUMP TO EXIT
@

"5@9

Xpo, 8 172X, s X
N'
% .
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ANALYSIS

CHECKED BY

REVISED BY

Cv-134

CONVA'RF PAGE CFO0l3=1

PREPARED BY (, H, Richards v SAN DIEGO . REPORT NO. ZNM hgl

D. B. farker MODEL A1}

DATE ],-23.56

PX 71960-9-(134)

CUBE ROOT-FLOATING POINT
(Single Precision)

Given a single-preoiaion floating point number, x=Ne2P (see CA 001);
compute 'f-’ F'i’/ = yeP" '
Initial States (00031):= N
(00032) = P
Final States  (00031) =¥"
(0o032) = P*
N* and p' are defined as follows:
Divide p by 3. If remainder = O; X' =N, p*=p
" If remainder = 1; N*-: !/+ s P'2p+2

If remainder = 2 W'z /2, p'= Pt1
Formula ussés Newton's Iteration

Xy« gt 15 (A., Xeep)

First approximation 235 4 (‘.;) L M>0

125 (9), wco
Convergence is assumed when N'A x > 0, |
Special testss If Nz 0, set N"z= 0
Ir 5025970, got W: ‘235‘1
If N 21275, sot Hv= 1077

Drum addresss 77570 - 7763, (57) (h5)
Number of commends for assembly nodifioatiom (31)10= (5?)8
No constants or temporaries used,

Standard form,

FORM 18182
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PX 71900-9-(135)

RW-135
CPO-0
Pg. 1 of 8
THE RAMO -WOOLDRIDGE CORPORATION
Los Angeles 45, California

Fixed Point Card Output Subroutine

Specifications

Identification Tag: CPO-0
Type: Subroutine

Subroutine Designation: SUB 51641 21516 (uses 254 consecutive
cells when assembled)

Storage: 185 instructions, addresses
, 88800 thru 88899
88900 thru 88984

30 constants in program, addresses

88985 thru 88999
89000 thru 8901k

215 words total program storage

Temporary storage used but not stored
in program. 254 consecutive cells
must be provided to assemble this
subroutine.

The constant pool and temporary storage
pool are used by this routine.

Program Entrance: 88802

Program Exit: 88801

Machine Time: Card punch speed (see text)

Mode of Operation: Fixed point

Coded by: R. Summers January, 1956
Code Checked by: R. Beach February, 1956
Machine Checked by: R. Beach February, 1956
Approved by: W. F. Bauer March 26, 1956
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RW-135

CPC-0
Pg. 2 of 8

Description
 This routine will output up to four fixed point numbers per card

punched. These numbers are specified by para.méter words contained in & list,
the loca,tion of which is given in the word following the RJ to this subroutine.
This word specifies the first and last address of the parameter list.
For each output word a parameter word is required which has the
form:
XX uuuuu vvvvv
vhere
xx specifies the binary exponent
uwuuuu  gives the location of the output word
vvvvv glves the address to be punched on the card and
associated with the output word.

This information suffices to convert the number to "floating decimal
form", i.e. a s,igned ten digit, normalized rounded fraction with a signed two
digit decimal exponent. In addition, & two digit binary exponent and é. ‘f.ive
digit decimsl address are punched. This yields a card output which meets the
specifications of the card form for the SNAP RD commend, CRI-2 and CPO-1. -

There is no restriction on the length of the parameter list. -In case.
there are not enough words to complete a card, blanks will be left in the number
fields not used. Though the subroutine must be executed in ES, the control
word, parameter list and output words may be in ES or MD. However, to obtain
full card punch speed, the parameter words and outpu'b words must be in ES.

In sddition, successive entries to the routine at intervals of 8ms or less
will not interrupt the card cycle. Hence, it is possible to employ four word
parameter lists which are successively modified by the program between
re-entries to this punch routine.

Since 6 bits are allowed to specify the binary exponent XX, the range
of scale factors (8) must be such that 0 <8 < 63.

Programming Instructions

1. Enter subroutire with
RJ O0O0MO1L OOMO2
Yy FOO00 LOOOO

vhere

OOMOO is the location of the first word of this subroutine

FOOO0 is the location of the first word of the parameter list
L0000 is the location of the last word of the parameter list

¥y may have any value. | 9-201
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Pg. 30f 8

2. Furnish parameter list.
This 1ist is compoéed of parameter words of the form
~ XX uuuuu vvvvy |
where
xx is the binary scele factor associated with the output word
uuuau  is the location of the output word
vvvvv 1is the address or identification associated with the output
number and which is placed on the card.
3. Control is returned to the word following the control word after
punching.
4, Routine assumes cards are positioned on the punch side of the Bull

before entry.

Accuracy
All numbers with binary exponents less than or equal to 35 are repre-

sented as ten digit decimal numbers (rounded). All digits of the binary

number are used in the conversion so that the result is as accurate as possible.
Numbers with binary exponents greater than 35 may have an inaccuracy in the
ieast significant decimal digit since an intermediate binary number (which may
be in error in its least significent bit) is used in the conversion. All

integers in the range from O to 10lo are converted exactly.
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88800
88801
88802
88803
88804
88805
88806
88807
88808
88809
88810
88811
88812
88813
88814
88815
88816
88817
88818
88819
88820
88821
88822
88823
88824
88825
88826
88827
88828
88829
88830
88831
- 88832
) 88833
< 88834
< 88835
S 88836
S, 88837
™~ 88838
88839
88840
88841
88842
88843

88800
88900
89000
08800
08900
09000
00000
00000
08801
00016
AQO00
A0000
00031
Q0000
00031
08994
09000
08993
08820
30004
000006
00000
00000
00031
08801
A0000
00023
08815
08816
09017
00027
20036

09018

09000
0881%
08817
08824
00016
09000
08987
08987
08994
08850
088413
08999
08999
09017
08831
08831
00000

51641
51741
51841
01024
01124
01224
0000C
00000
08803
00000
08814
00031
10021
00031
00031
08998
09017
08816
08815
08815
00023
08816
00000
08821
00016
08998
08824
00015
00016
08815
08846
08827
AO000
00032
09001
08850
08843
09016
09015
08941
08985
08983
00015

00015

08985
08983
08843
08985
08983

Q0000

66571
66735
67101
02000
02144
02310
66571
66572
66573
66574
66575
66576
66577
66600
66601
66602
66603
66604
66605
66606
66607
66610
66611
66612
66613
66614
66615
66616

66617

66620
66621
66622
66623
66624
66625
66626
66627
66630
66631
66632
66633
66634
66635
66636
66637
66640
66641
66642
66643
66644

RW-135

00000
00000
00000
00000
00000
00000
00000
00000
02001
00020
20000
20000
00037
10000
00037
02302
02310
02301
02024
30004
00000
00000
00000
00037
02001
20000
00027
02017
02020
02331
000733
20044
02332
02310
02017
02021
02030

00020

02310
02273
02273
02302
02062
02053
02307
02307
02331
02037
02037
00000

CPO-0
Pg. 4 of 8

00000
00000
00000
00000
00000
00000
00000
00000
02003
00000
02016
00037
10025
0G037
00037
02306
02331
02020
02017
02017
00027
02020
00000
02028
00020
02306
02030
00017
000620
02017
02056
02033
20600
00040
$2311
02062 .
02053
02330
02327
02215
02271
02267
00017
00017
02271
02267
02053
02271
02267
10000
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88844
88845
88846
88847
88848
88849
88850

88851

88852
88853
88854
88855
88856
88857
88858
88859
88860
88861
88862
88863
88864
88865
88866
88867
88868
88869
88870
88871
88872
88873
88874
38875
88876
88877
88878
88879
88880
~88881
1288882
38883
o BB8B4
& 888865
$ 88886
= 88887
.« 88888
B 88889
88890
88891
88892
88893

QT
SP
0
TP
i1
RJ
P
P
zJ
RP,

™
SP
TJ

'§S

1A
v
™

LA

™
TP
TP
&)
TP
DV
SP
TU
RS
RA
sp
Zy
1
SF
™
zJ
™
SA
SA
Mp
TP
Ty
TP
™
sp
TN
AT
sp
RP
MP

09002
Q0000
B000OO
Q0000
00016
08982
00000
A0000
08855
10010
00013
08995
09004
0889%
08895
A0000
08988
00030
A0000
A0000
00013
B00O0O
08867
08996
09003
A0000
A0000
08870
08936
Q0000
08868
00013
00030
08979
08880
00018
09005
08895
A0OCO
B000O
09003
090073
A000O
ADOOOC
A0000
08895
09007
00016
00000
A0000

00026
00005
Q0074
08895
089136
08975
A0000
000130
08853
08923
09043
08903
00000
08875
00000
08862
08870
A0000
00000
08895
08936
A0000
08961
08903
Q0000
00015
00000
00016
00016
00000
08961
08979
08979
AO000
08879
A000C
00000
00000
09006
ACOO0O
08886
AO0000
08936
00015
08892
A0000
08895
00000
08894
09003

66645
66646
66647
66650
66651
66652
66653
66654
66655
66656
66657
66660
66661
66662
66663
66664
66665
66666
66667
66670
66671
66672
66673
66674
66675
66676
66677
66700
66701
66702
66703
66704
66705
66706
66707
66710
66711
66712
66713
66714
66715
66716
66717
66720
66721
66722
66723
66724
66725
66726

[ 3
o

31
n
11
11
37
11
11
47
75
15
11
31
42
34

-
A

16
12
54
11
11
11
47
11

‘73

31
15
23
21
31
47
11
T4
13
&7
132
a?

32

71
11
a2
11
13

24
1%
i3
25
31
75
T

02312
10000
30000
10000
00020
02266
00000
20000
02067
10012
00015
02303
02314
02137
02137
20000
02274
00036
20000
20000
00015
30000
02103
02304
02313
20000
20000
02106
02210
10000
02104
00015
00036
022672
02120
00022
02315
02127
20000
30000
92313
N2313
20000
20000
20000
02137
02317
00020
00000
20000

RW-135
CPO-0
Pg. 50 8

00032
00005
10112
02137
02210
02257
20000
009036
02065
02173
02363
02147
0G000
N2113
00000
02576
02106
20000
00000
02137
02210
20000
0224}
02147
15000
00017
00000
onozn
00020
00000
02241
02263
02263
200090
02117
25000
00000
00000
C23%6
200070
021726
20000
02210
oco17
02134
20008
02137
00000
02138
623317
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88894
88895
88896
88897
88898
88899
88900
88901
88902
88903
88904
88905
88906
88907
88908
88509

88910

88911
88912
88913

88914

88915
88916
88917
88918
88919
8892¢
88921
88922
88923
88924
88925
88926
88927
88928
88929
889130

- 8893:

PX T1900-9-(135)

88e12
88au3
8893+
28935
8893¢
88937
88938
88929
88940
88941
88942

MP
00
TP
™
QT
sp
SA
TP
sp
00
RS
MJ
TP
00
RA
TJ
Q7
zJ
TP

TyY

RS
TJ
RA
Q7
EJ

TU
RA
1P
™
SJ

RJ

RJ
P
SJ
RJ
P
TU
TP
QT
AT
00
RS
LA

TY
00
RS

AQ000
00000
08986
A0000
09008
Q0000
Q0000
A0000
80000
00000
08936
00000
08996
00000
08907
08988
09009
08912
00021
08969
08916
68989
00000
A0000

09014

00000
00015
089386
089136
A00Q0D
08925
08984
00016
08982
00030
08930
08984
00021
08993
08972
00000
08985
00000
08934
09016
09015%
08956
00000
08941

00030
00000
08907
Q0000
Q0000
00002
00001
Q0000
00015
00000
00016
08898
08903

00000

00016
08898
A0000
08922
Q0000
08916
60015
08920
00015
ACQOO
08914
08922
09043
0Co1l6
A0QOO
Q0000

08926

08983
08936
08975
AC000
08931
089813
G000
089324
08979
AC 000
089136
00000
000:5
00001
08948
09052
00000
09011

66727

66730
66731
66732
66733
66734
66735
66736
661737
66740
66741
66742
66743
66744
66745
66746
66747
66750
66751
66752
66753
66754
66755
66756
66757
66760
66761

66762

66763
66764
66765
66766
66767
66770
66771
66772
66773
66774
66775
66776
66777
67000
67001
67002
67003
67004
67005
67006
67007

RW-135
CPO-0

Pg. 6 of 8

20000

00000
02272
20000
02320
10000
10000

20000

30000
00000
02210
00000
02304
00000
02153
02274
62321
02160
00025
02251

02164

02275

. 00000

20000

02326

00000
00017
02210
02210
20000
02175
02270
60020
02266
00036
02202
02270
00025
02301
02254
00000
02271
00000
02206
02330
02327
02234
00000
02215

00036
00000
02153
10000
106000
00002
00001
icooo
00017
00000
0002¢C
02142
02147
00000
00020
021472
20000
02172
10000
02164
00017
02170
00017
20000

02162

02172
02363
00020
26000
10000
02176
02267
02210
02257
20000
02203
02267
10000
02206
02263
20000
62210
00000
00017
00001
02224
02375
00067
02323
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88943
8g944
2RI4S
G8946
8A94T
r8948
38949
2g8as0
83951
BR352
ARG&2
FANSL
Ae95%
ARIBE
A8957

38958

889592
88960
88961

88962

88963
88964
88965
88966
"BRI6T
BRGHS
8R9493
88970
88971

88972

88973
BR974
5R975
RB976
88977
88978
o 88979
< 88980
Y 88981
< 88982
S B89R3
2, 88984
™~ gagas
X raese
naaear
38588
889K

RAa9DL

88991

RS

My

08990
0RGS85
ng9ga
0201¢
A RcTa Bl
08979
290142

00028

08982
000372
300012
08990
090013
00000
10070
10000
20003
08956
C8870
AGO00
30011
00000
08Ro&
08913s
09003
09002
03054
08991
00000
00000

089856

00600

- Q0000

0oco3

* ADOGO

08985
00000
09016
08936
00000
00000
00000
00000
A0000
09042
A0000
09044
05012
00005

08949
090106
07010
0901
oeQYs
089134
c8936
00000
0897

088356
08255
08956
08979
NNeOo

AN
ARRALAL

00090
08997
00016
ou0ls
08964
08965
080as2
Qvooce
noo0eo
nAg 10
089713
AGCQO
6922
0B912
0L009

08507

pagos
00000
Q0000
0C015
08979
00000
00001

08975

00000
0000¢C
00000
0COo0u
09043
09053
09052
00015
09052
09028

67010

67011

57012
67013
67014

67015

67016

7017
67020

57021

LTO22
67023

67024
67025
GTo26
67027
6T030
67031
67032
67033
67034
67935
67036

67037

67040
67041
€7042
67043
67044
67045
aAT04H
L1047
67050

87051

67052
67053

67054
57055

67056
67057
67060
67061
67062
57063
67064

67055

67066
67067
£7070

RW-135

n2276
c2271
02267
00020
02324
02263
0232%

- 00032

02266
00046

300013

02276

N2213

onnnon

710000

ATl

10000
20003
02234
02106
20009
30013
D000
02137
02210
02313
02313
£2375

02217

00000
060N0
022172

00000

10000
02313
2¢000

> 02271

0C000
02330

- 02210

00000
00000

00000
1. 00000

20000
02363
20000
02364
02224
00005

CPO-0
Pg. T of

02225
Q222
07322
0233C
02327
02208
02210
0000C
02260
0204L
02233
G2234
02263
ACHOL
GO000
00009
0236+
QU026
00017
02244
02245
02362
10000
00000
0z156
02255
20000
02172
02160
[s]10 0201
02153
O2Le?
00000
10000
o001y
02263
nooos
00001
02257
00000
00000
o0000
00000
02363
02375
02378
00017
02274
02340
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88992
88993
889945
8899%5
88996
88997
88998
88999
89000
89001
89002
89003
89004
89005
89006
89007
89008
85009
89010
89011
89012
89013
89014

00000
09ns2
09042
08906
00000
¢8979
200012
44095
00000
00004
00000
00000

00000

00000

50404

20000

77777

00000
00012
00012
00000
00000
00010

09040

00027

08811
08904
08907
08956
00000
00013
00003
0C000
TTI?
00010
00035
00037
650253
00153
1777
00000
00000

00012

00017
00004

00000

TETDD

67071
67072
67073
87074
67075
67076
67C7T7
67100
67101
67102
67103
6710¢%
67105
67106
671107
67110
§7111
67112
67113
67114
67115
67116
67117

00
00
00
47
45
41
75
77
0¢
00

- 00

00
0o
00
11
54
37
20
0o
o0
0o

00

06000
02374
02362
02152
onoeoo
02263
20003
arTT?
00000
00004
00000
00000
00000
(o1y1s19]8]
50404
20000
77777
00000
0onola
o0onNts
00000
00000
00012

RW-135
CPO-0

Pg. 8 of 8

G2360
N33
02013
02150
02153
02234
00002
00015
00003
00000
77717
0co12
000432
00045

65025 .

cC183
17777
00000
00000
00014
oco2t
00004
006009
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RW-136
CPO-2
Page 1 of 6
4-16-56

THE RAMO-WOOLDRIDGE CORPORATION

Identification Tag:
Type:

Assembly Routine Spec:

Storage:

Program Entrance:
Program Exit:
Alarm Exit:
Machine Time:

Mode of Operation:

Coded by:
Code Checked by:
Machine Checked by:

Approved by:

Los Angeles 45, California

STATED POINT CARD OUTPUT

Specifications

CPO-2
Subroutine

SUB 50953 11800
(Note: 154 consecutive cells required for execution)

118 instructions plus 36 cells which must be reserved
by the user of this subroutine, immediately following
the subroutine.

154 words total program storage
6 words temporary storage pool used, addresses 27b
through 34b

The constant pool is used by this routine.

Address SUBO0OO
(Note: non-conventional entrance
and exit)

Address SUBOO -

The alarm exit is not used by this routine, but if a
number to be punched is too large (see programming
instructions) a divide fault and an I0 fault will occur.
0.5 seconds per card.

6 numbers per card.

Stated point.

M. Perry April, 1956
M. Perry April, 1956
M. Perry April, 1956
W. F. Bauer April, 1956
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Description

This subroutine punches six stated-point, rounded decimal numbers per

card. Each card also contains an integer to identify the deck, and a one digit
card number.

Programming Instructions

The subroutine must be stored in high speed storage. Assume that it is
located at address SUB00O. To enter the subroutine use:

RJ SUBO00 SUBO0O

followed by a control word of the form
"NN L M

The operation part of the control word, NN, is two octal digits
which specify the number of numbers to be punched.

The 11-address part of the control word, L, is the address of
the first cell of a list of parameter words, the make-Gp of which is
described below. This list of parameter words starting at cell L
must be in high speed storage.

The v-address part of the control word, M, is the address of
an identification integer, which must be in high speed storage. The
identification integer located in cell M must be scaled 2 and must
be less than 107. If (M) > 107 a divide check will occur.

The list of parameter words occupies NN consecutive cells in high speed
storage starting with cell L.. Each parameter word, one for each number to be

punched, contains four pieces of information in the form

SS P  OIIFF

The operation part of the parameter word, SS, gives the bi-
nary scaling of the number to be punched. This scaling informa-
tion must be expressed in two octal digits. If SS is greater than
43b (35 decimal) then II must be specified as 00.

The u-address part of the parameter word, P, is the address
of the number to be punched, which must be in high speed storage.

Of the five octal digits which make up the v-address part of
the parameter word the first must be zero; the next two, II, specify
the number of decimal digits to be punched in the integer part of
9-209
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the number. If SS is greater than 43b (35 decimal) then II must
be 00. »

The last two octal digits, FF, specify the number of decimal
digits to be punched in the fractional part of the number.

The total number of decimal digits to be punched must not exceed ten
(decimal). (i.e., II + FF<<12b)

If the number to be punched is too large to be expressed in the number of
digits specified a divide fault and an I0 fault will occur.

Note: These parameter words are similar to those used by HT0-0.

OUTPUT CARD FORM

Each card punched by this subroutine has 8 fields as follows:

Field Columns Contents
1 1 - 12 I st number
2 13 - 24 2nd "
3 25 - 36 3rd v
4 37 - 48 4th "
5 . 49 - 60 5th "
6 61 - 72 6th a ,
7 73 - 79 Identifying Integer
8 80 card number

In each of the six number fields the 12th or right most column contains the
sign of the number. The 11th column contains the least significant digit to be
punched. The remaining digits and the decimal point occupy succeeding columns
to the left as far as required. Zeros to the left of the most significant digit or
decimal point are suppressed.

Field 7 contains the 7 digits of the identifying integer with no decimal
point. : : '

Field 8 contains a single decimal digit card number, (modulo 10). The
first card produced by each entry into the routine contains a 1, the second a 2,
and soonup to 9, 0, and 1 again.

TIMING

As noted above all cells referred to by this routine (namely the control
word, the identification integer, the parameter list, and all numbers to be
punched) should be in high speed storage. Successive entries at intervals of § ms
or less may then be made without interrupting the card cycle. 9-210
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(vRvivRwiwiwRwivEwlvE s Rwlwilelw]

SOPOO
SOPO1
SOPO2
SOPO3
SOPO4
SOPO5
SOPO6
soPo7
SOPO8
SOPO9
SOP10
SOPI1
SCP12
S0P13
SOP14
SOP15

SO0P16

SOP17
SOP18
SOP19
S0P20
S1P0OO
S1P0O1
S1PO2
S1P03
51P04
S1P0O5
S1P06
S1PO7
S1P0O8
S1P0O9
S1P10
S1P11

S1iP12°

S1P13

- SGPGO

MP
TU
v
sp
P

TV

RA
TP
1J
P
EF
RP
cc
TU
RJ
U
RJ
RJ
RA
45
40
QJ
45
LQ
11
RA
SN
AT
QT
TV
LQ
QT
zJ
$S
T

S1P00
$2P00
S3PCO
S4P00
0CPOO
00PO0
01P0C
02P00
03P00
04P00
00T00
07P00
08P00
09P00
0CPO3
A0000
ACO0O
A00G0
BO00O
00P0OO
01P44
0CPO3
00700
00P20
00000
20036
07P00
00P19
01P01
01P01
01P01
04P17
00701
07P02
00000
01P01
08P02
00702
00000
01P03
Q0000
01P45
0CPO1
Q0000
Q0000
0CPO1
01P12
0CPO3
A0000

50953
50974

51026

51039
51047
cGo13
01524
01045
01097
01110
01118
00023
01142
01154
01166
60000
01P03
04P23
00005
007100
01P44
QCPO3
00701
oCcPOS
007102
01P25
QoP13
AQQ00
02P12
01pP02
02P12
01POO
04P00
oCPO3
00P09
00000
Q1PO2
00000
00026
10112
QCPO2
00042
01P28
00704
01P26
00030
00703
OlP1lB8
00015
01P1é6

BRR

BRB

ENTRY

LOC PARAM
LOC IDENT
NO WORDS

SET FINAL
EXIT “
CARD NUMBER
REDUCE N

U FOR FST WD

FIRST 3
SECOND 3
IDENT PUNCH
BUMP IDENT
SET 1

EXIT

PROC PARA
ADV PAR LOC
SHIFT INST
FD

Loc

ID

65311
65336
65422
65437
65447
00015
62000
¢2025
02111
02126
02136
00027
02166
02202
02216
65311
65312
65313
65314
65315
65316
65317
65320
65321
65322
65323
65324
65325
65326
65327
65330
65331
65332
65333
65334
65335
65336
65337
65340
65341
65342
65343
65344
65345
65346
65347
65350

65351

65352
65353

Gco
0o
00.
00
00
00
1¢)
6o
00
00
00

00

00
00
00
71
15
16
31
11
16
21
X1
41
11
17
75
27
15
37
15
37
37
21
45
40
44
45
55
11
21
33
35
51
15
55

51

47
34
15

RW-136
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00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
60000
00020
20000
20000
20000
30000
02000
02101
00020
00027
02024
00000
20044
02166
02623
02026
02026
02026
02157
00030
02170
00000
02026
62204
00031
00000
02030
10000
02102
00016
16000
10000
00016
02041
00020
20000

00000
00000
0U000
00000
00000
00000
00000
00000
00000
60000
00000
00000
00000
00000
00000
00000
02030
02165
00005
00027

02101

00020
00030
02011

00031

02056
62015
20000
02125
02027
02125
02025
02136
00020
02011
00000
02027
00000
00032
10112
00017
00052
02061
00033
02057
00036
00032
02047

00017

02045
9-211
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)

S1Pla TP 01P48 01P30 ID NOM ZERO 65354 11 0210% 02063
S1P15 TP 01P4s AODBOD 65355 11 02103 20000
S1P16 RP 00000 01P19 ID LESS 1 65356 75 00000 02050
S1P17 MP AQQCD ClP46 _ 65357 71 20000 ©2103
S1P18 TP 01P&49 C1P3D 1D ZERO 6536C 11 02106 02063
$1P18 TP ADOGC 02P0B DIVISCR 65361 11 20000 02121
SiP20 SP 00104 00015 FD 65362 31 00033 00017
51P21 TU AQOO0 01P23 65363 15 20000 02054
S1P22 3P GCP20 CC034 ONE HALF 70 65364 31 02024 000642
S1P23 RP 00000 01P25 FD 65365 75 00000 (2056
S1P24 MP BOOOO 01P47 65366 11 30000 02104
$1P25 11 30000 10112 B 65367 11 30000 10112
S1P26 TP 00000 00705 PROCURE DATA 65370 11 00000 00034
S1P27 ™ 00705 ACOO0D 65371 12 00034 20000
S1P26& 54 20000 00153 B SHIFT 65372 54 20000 00153
S1P2% AT Q0000 0O1P2R ROUNDED 35 65373 35 10000 02061
S1P30 OV 02PD8 01P28 65374 732 02121 G2061
51P31 LQ 01P28 00001 65375 55 02061 00001
S$S1P32 TV 00703 01P34 1D 65376 16 00032 02067
$1P33 RA 01P34 00704 FD 65377 21 02067 00033
S1P34 LQ 00702 00000 POSITION 1 65400 55 00031 00000
S1P35 Ty 01P50 02P04 SET ZERO SuP 65401 16 02107 02115
S1P36  RJ 02P11 02P10 INTEGRL DIG 65402 37 02124 02123
S1P37 RJ 02P11 03P00 DEC P 65403 37 02124 02126
S1P38 TP 00TO4 GOTVO3 FD 65404 11 00G33 00032
S1P39 RJ 02P11 02P1G FRACT DIG 65405 37 02124 02123
S1P4C 7J 00705 Q1P50 65466 42 00034 02107
51Pal RJ 02P11 02P0S5 65407 37 02124 02116
51P42 10 00TO0 01POO , 65410 41 00@27 02025
51P&3 RJ 04P17 04P0OO IDENT PUNCH 65411 37 02157 02136
S1P&4 45 09P02 00000 BRB 65412 45 02220 00000
$1P45 54 20000 00153 B 65413 54 20000 00153
S1P46 00 00000 QG012 B TEN 65414 00 00080 00012
SiPa7 01 C0GOO 00005 ~01 35 ONE TENTH 65415 03 14631 46315
$1P48 bv 02Pp8 01P28 65416 13 (2121 02061
51P49 My 00008 01P31 65417 45 00010 02064
S1P50 RJ 02P11 02P09 65420 37 02124 02122
$1P51 MJd 00000 01P42 65421 45 00000 02077
$2P00 SP 01P28 00002 65422 31 02061 00002
$2P01 SA 01P28 00001 65423 32 02061 00001
S2P02 TP AQ0OD 01P28 65424 11 20000 02061
$2P03 55 AQQO0O ©L051 65425 34 20000 00063
S2P04  ZJ D2PC6 0U0UO 65426 47 02117 00000
$2P05 SN OCPO2 00000 65427 33 00017 00000
S2P06 TV 03P06 02P04 65430 16 02134 02115
S2P07 AT 02012 L2POE 65431 35 02125 062121
S2P0US KA 07PG2 DUTO2 ' 65432 21 02170 00031
IR LG 007107 QU35 L5433 55 00031 90047
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§2P10
§2P11
$2P12
$3P00
$3P01
53P02
53P03
S3PO4
S3P05
53P06
S3P0O7T
S4P0OO
S4PO1
S4P02
S4P03
S4P04
S4PO5
S4P06
54b07
54P08
S4P0O9
S4P10
84P11
S4P12
54P13
S4P1L4
S54P15
54P16
54pP17
S4P18
SaP19
S4B20
S4P2i
S4p22
54P23

SN

00103
00000
Gg7P01
00015
02P12
03P07
00000
000600
00015
00000
00005
0CPO3
04P23
DiP44
01P44
01P37
04P19
20TO1
02011
04P18
30003
04P20
00000
10000
10000
20003
04P11
QCO00
00000
00000
02pP11
50000
10000
1000

70000

02P0O
00008
00702
00001
C3P03
03004
00000
0000¢
00003
0208
00000
00702
10015
c1P37
Q2P12
01P0O5
01P37
00C1is5
02RA7
Qo000
04P11
04P11
09P10
07P10
08P10
Q4aPle
0CPO3
04P11
Qo000
00011
03Rio
oGe1
Q7P1
o8P .1
Q00

SET MASK
PAR WD T2 C
SET EXIT
SET IMAGE
GEN IMAGE
RESET

GEN IMAGE

CARD NO
SET TG WRITE

S ROW
WRITE

LOOP

65434
65435
&E5436
65437
55440
65441
65442
55443
6S444
65445
65440
65447
65450
55451
£5452
55453
65454
65455
65456

655457

55460
65461
656462
65463
65464
65465
65466
65467
635470
55471
£5472
£5473
684714
65475
554716

41
45
21
33
35
35
21
23
31
45
o0
11
55
11
15
27
31
37
11

-
’

11
77
71
77
75
23
41
45
00
37
77
77
77
00

RW-136
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00032
00060
2167
00017
02125
02135
00300
00000
00017
6000
00005
00020
02165
02101
02101

02072

02161
00030
02124
02160
30003
02162
09089
16000
10000
20003
02151
10000
00000
20600
G214
00000
10066
10000
70000

02111
00400
0o031
elsTaloR !
62131
(2122
GO000
00000
20003
217
Q0000
Qo031
10017
32072
02125
02032
020672
o057
02129
100090
02151
62151
02230
02200
02214
02156
00020
02151
s1elelsle]
020172
u2lze
2221
02251
02215
00000
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Identification Tag:

Type:

Special Storage:

Service Entrance:
Program Entrance:
Program Exit:
Alarm Exit:

Machine Time:

Coded by:
Machine Checked by:

Approved by:

RW-137

MDP -4
Pg. 1 of

5/1/56
THE RAMO-WOOLDRIDGE CORPORATION

Los Angeles 45, California

OCTAL CARD DUMP

Specifications

MDP -4

Service routiné (with subroutine entrance)

The constant and temporary storage pools are
not used by this routine.

Address 40015b
Address 40015b
Address 40020b
The alarm exit is not uséd by this routine.

2.7 seconds plus 0.5 seconds per card maximum
machine time

6 words per card

C. Koos April, 1956
C. Koos April, 1956
W. F., Bauer April, 1956
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Description 5/1/56

This routine will dump the contents of a group of consecutive ES or
MD ‘storage cells onto cards. Each card will contain six consecutive
octal words and the address of the cell containing the first word
on the card., The following card columns are used:

Colums 1 - 12 first werd

Columns 13 - 24 second word

Columns 25 - 36 third word

Columns 37 - 48 fourth word

Columns 49 - 60 fifth word

Columns 61 - T2 sixth word

Columns 76 - 80 address of first word

Any card for which all six words consist of 36 binary zeros is omitted
and the next card produced carries a punch in the 12 row of column Th.
The first and last cards of every dump will be produced even if they
contain all zeros. . Zeros will not be punched at any time in columns
37 - 72. If the last card reaches the end of ES or of MD before it
is filled, the remaining columns will be completed by using MD words,
beginning with address 40000.

Each card carries an identifying punch in the 12 row of column T73.

This routine bootstraps itself into ES to operate and then positions
cards. At its conclusion it restores the machine to its original state,
and clears the bull.

OPERATING INSTRUCTIONS (to be followed when the routine is used as
a service routine).

1. Put the computer in test mode, high speed (this svep is unnecessary
for a dump of all ES: only).

- 2. Set PAK to 40015b and start.

3. Computation will halt with an MSO instruction and @ will conteain
all zeros.

k., Manuslly insert the parameter word into Q.

a. a parameter word of all zeros will dump ES.

b. in all other cases, place the address of the first word
to be dumped in Q,; and the address of the last word to be
dumped in Q,

Notes: If the starting address is an ES address and the last
address is either illegal or a drum address, the routine
will dump up to the end of ES and then exit. An
immediate exit will occur and no cards will be punched
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if the starting address is illegal or exceeds the
last address.

The machine will halt with an MSO instruction when the dump is
completed and the machine has been restored to its original state.

If another dump is required, it is necessary oﬁly to press the
start button again to return to step 3 above.

If the operator wishes to stop a dump at any time after step 3 above,
he needs only to make a forced stop, master clear, and MD start with
PAK set to 4OOLOb. The machine will:then be restored to its original
state and computation will halt with the same MSO instruction mentioned
in step 5.

PROGRAMMING INSTRUCTIONS (to be followed when the routine is used as a

subroutine).

ll

PX 71900-9-(137)

Enter the routine with the instruction 37 40020 L40OOl5b. The word

in your program immediately following the RJ instruction must contain
the parameter word (as described in step 4 of "Operating Instructions”
above). If the RJ instruction is given at address n the parameter
word will be at address n + 1 and at the conclusion of the dump control
will be returned to the instruction address n + 2.
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CHIP

An Interpretive Subroutine for
Packed Floating Point Operands
For the ERA 1103 Computer

Progremmed by:
L. Fall
P. Malonme
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Programmers at Wright Field have felt the need for a compact floating
point interpretive coding system. This interpretive system should include
basicvfloating point arithmetic, elegentary transcendental functions and
floating decimal Flex-~coded print or punch output.

A more convenient packed floating number definition is desirable,
Consequently, the packed floating number definition of the 1103AF was chosen.
A floating point "Chip" number N must satisfy one of the following

conditions:

1) N=0

2) 2-19 = lnl<2 127

The floating point word structure has the following form:
1 8 27

S c M

where 3 - u3g - sign
c - ugy, - U27 ~ characteristic
M -wuzy -—— U, - mantissa |
S and M denote the 1's complement representation of x.227, while C 4is the
representation of [y 4 128 / scaled 27 or when S = 1, C is the 1's complement
form of [y 4 128 / scaled 27.
For N=0, S=zC »« M = all O's, or all 1's.
For 27129 < N<2127, N is represented in the form x.,2, where % £ x<1
and =128 = y < 127, | Then, S w 0, M = x (scaled 27), and C = [y ¢+ 128 /
(scaled 27).

-129

For 2127 < N5 -2 » N is represented by the one's complement of IN

°
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23

25
26

Repeat 4i_ n | w_ _
R ¢ ut —> R, A, Q
R « u' — R, A, Q
R * u' — R, A, Q
R + ut —> R, 4, Q
R ¢+ Rut—> R, A, Q
u' + Rut—> R, A, Q
(R+u') - R>R, A, Q
Repeat i n |_w __
u' 4 vt — R, A, Q
u' « vt —— R, A, Q
ut - vt —— R, A, Q
u' +v! — R, 4, Q
R «u' . viB A;Q
ﬁ'i»R-v'—oa,A,Q’

(u* +v') - R9R, A, Q

Repeat §:_n

R ¢+
R -
R -
R +
R +

u' ¢

u'-sv!, R, A,
u'sv!, R, A,
ut->v', R, A,
u'->v', R, A,
Rutsv!, R, A,

(R +u') * Rav', R, A,

3
32
33

35
36
37
40

& %

L5
L6
L7

WF-138

Repeat  fi_ _n_l__ v
u' ¢+ v! —a vi, R, A,

u! - vt — vi, R, A,
ut + v —> vi, R, A,
u' + v!—> v, R, A,
R 4u' - viovt R, A,
u! ¢+ Rv! —> v, R, A,

(ut +vt) .R9vV', R, A,

#cos u! — V', R, A,
¥ginu! — v, R, A,
Vn' -— V" R’ Ac
¥

Cu “'—) v‘, R, A.

in u! — v', R, A,
#tan “1 41— v7,R, A.
Print ut (car ret if v!' = o)
Punch u! (car ret if v' = o)

#Radians
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The CHIP instructions are in the following forms:

w|oe|_w | |
in which OP is a two-octal-digit pseudo-code and u' and v! are four-octal-digit
address references. 1. occupies u3s . . . uzy; OP occupie'Q, Ugg, » o o Uy,
u' occuples up3 . . . u1p; and v' occuples u;; . . . “o Because of the
four-octal-digit limit on address references, operands must be located in HSS
(High-speed storege).

HSS address 00005 is designated as R. After every interpretive instruction
the normalised, rounded, packed result 1s left in R and the double extension of
R is left in A. |

The repeat order ,00, functions in a manner analogous to fegular 1103

w s J occupying
Us3s U2, U2je W denotes the address from which the next instruction will be

operation. It is coded in the form: 14 ' 00 ’ jin
i

taken after the termination of the repeat. Repeat orders, 10, 20, 30, operate

in exactly the same way as above,
It should be noted that addresses 00003 thru 00016¥are used as temporary
storage. Using 00005 as a u' or v! address will yield the correct result

except in the following cases:

1, 06 0005 - - - - gives 282
14 16 0005 v° " 2Rv!
1, 26 0005 w! »  2R?
L 36 0005 v " 2Rv!

The alarm exit of Thip" is at 00002. The following "Chip" alarm entry has
been added to the alarm print routir® (CV-3) which places the packed operands
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of the current instruction in Aj and A,
75750 37 0022l 00224
1l 31 00015  OOOLL
2 2 20000 00016
3 16 00000 75700
h 45 00000 75701 \

For those operations involving only one operand, the contents of u'! will
be placed in Ar when an alarm occurs. If an alamm occurs during a repeated
instruction at address y, the address printed out will be (W-1) which may or
may not be y.

An alarm will occur if the result of an interpretive operation exceeds
the limits of the "Chip" number definition. This means that a result too
small in absolute magnitude will also give an alarm, By changing address
00213 from the 46 00002 00216 to 46 00214 00216 all results such that
0< ‘Resultl < 2129 w111 be replaced by zero without an alarm,

Furthermore, an alarm occurs when a division by zero or by an unnormaliszed
number is attempted; when the square root of a negative number is attempted;
if the absolute value of the argumc;tnt in the sine-cosine routine exeeeds 218',
1f the argument in @%' is less than -218 or greater than 1n 2127; or if in the

logarithm routine, the argument is equal to or less than zero,
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CODE FUNCTION LIMITS TIME INTERVAL TESTED ERROR METHOD

40, K1 * Cosine, Sine |u'jq 218 7.8ms 0(.05) 20 [E max< 1077 Rand Poly - Sheet 16

42 | Square oot 0 % u'<22! 7.5ms 0(100) 12,500 |Er < 2727 Newton

43 Exponential =228 utn???? 14,.9ms  -2.5 (.02)2.5 |Erj< 2727 Power Series

4l Natural log © € n'<2‘,x'27 . T.lms :3'2’ %32';75.0 131‘1,::!#10“7 Band Poly - Sheet 56

L5 % Arc Tangent |u'/<2'%7  goms  -20(.1) 20 | E max|<10™7 Rand Poly - Sheet 13

% Radians Hhere grn; m:g: error
Average
Times for Other Orders

X1 Addition 3.2 ms.

X2 Subtrection 3.3 ms.

X3 Multiplication ~‘ 3¢l ms,

X4 Division . 3.6 ms.

X5 5.1Jns.

X6 Multiple Orders 5.1 ms,

X7 5.1 ms,

46 Print 28€< /yord

47 Punch «27°°% /word =
5 :
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Printed or Punched Output - Use of the print (46) or pumsh (47) orders
causes the packed floating point number at address u' to be primted or
punched in floating decime] form, The formet for such a number contains
fourteen charagters in the form:

W X « X X X X XX X sp YY SP

1 23 45 6 7 8 910111213 1

Characters 1 thru 10 print out the decims] mantissa and oharacters 11 $hru
13 print out the power of tem by which the mantisea 1; %0 be mltiplied,
E'!‘ry sueh number is followed by a space.

Thoro is also the option available to the programmsr for a carriage
retura before priatinmg or punching. This is accomplished by putting zero's
in the v' portioa of the priat or punch order. Used with a i‘eput order
which bas §=3, it is possidle to primt or puneh several numbers in con-
sscutive storage addreases on one line using \two lines of coding.

B I 00 3 005 B2

B+l 14 47 © 700 0000

B+2 eontinuance of program
Using these orders, & programrer has at his disposal a wide variety of
possible formmts for output.

I$ should be noted that*Chip" is po} a standard subroutine. The
entries, temporary storage, constamt pool, basic arithmetic, and fumction
routines occupy in thet order the first 700g HiS adiresses.

While the choice of pseudo-codes available in the imtserpretive
repsrtoire is perhaps not as ocomplote as some might desire, it is fels
that oomsiderable programming flexidbility is achieved while compactness
is retained.
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00000 45 00000(30000) - Normel Exft
00001 k5 00000 00100  Entry
00002 L5 00000 75750  Alarm Exit
00003 00 00000 00000  Mantisse of U oﬁerand }
TEMPORARY STORAGE
0000k 00 00000 00000 Characteristic of U Operand
00005 00 00000 00000 Chip Accumulator "R," also Mantisse of V Operand
'00006 00 00000 00000 Characteristic of V Operand
00007 00 00000 00000 Ul Address Stored im U-Portion
00010 00 00000 00000 vl Address Stored in U & V-Portions
00011 00 00000 00000  Repeat Counter
00012 00 00000 00000 j Counter ~
00013 00 00000 00000  Temporary Storage for R
0001k 00 00000 00000 Current Instruction
00015 00 00000 00000 Packed U-Operand
00016 00 00000 00000 Packed V-Operand
00017 00 0LOOO 00000 .5 Sceled 27 -
CHIP CONSTANTS
00020 20 14000 00000  Chip 1
00021 02 00000 00000 1 Secaled 31 -
00022 13 05620 577357  1ln 2 Scaled 34
§§ 00023 5k 00005 24110 Scaling Constant
if 0002k 00 00000 00030  2hjq
§ 00025 b b4176 65211 a1 Sealed 32
': 00026 06 22077 3250k /2 Scaled 32
= 00027 00 00000 0000 64y,
7
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00030 00 00000(30000)  Scale Factor Storage
00031 00 00000 00200 1284
00032 00 00000 00223 147,
00033 Yo OT7TT TTTTT Mantissa Mask
00034 37 70000 00000 Characteristic Mask
00035 00 00000 00777 Three-Octal-Digit Extractor
00036 00 00000 00206 lBth
00037 00 00000 00045 37,
00040 00 00000 00000 Zero
. CONSTANT POOL
00041 00 00000 00002 2 and "Color Shift*
00042 61 00000 00045 Print and *Car. Return"
00043 00 00000 00003 3
000K 00 00000 0000k 4
00045 00 00000 00037 Flex Code 0
00046 00 00000 00052 Flex Code 1
0003%7 00 00000 000Th Flex Code 2
00050 00 00000 00070  Flex Code 3
00051 00 00000 00064 Flex Code 4
00052 00 00000 00062 Flex Code S
00053 00 00000 00065 Flex Code 6
00054 00 00000 00072 Flex Code 7
00055 00 00000 00060 Flex Code 8
00056 00 00000 00033 Flex Code 9
00057 00 00000 00013 lllo
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00060 00 00000 00012 10,

00061 00 00000 00056  *_*

00062 31 10375 52421 /4 Scaled 35; 11/, Scaled 34
00063 31 b631k 63146 0.1, Scaled 38

00064 00 00000 00077 Six-Bit Extractor

00065 21 67643 24177 Degrees to Radians Scaled 40
00066 20 00000 00000 .5 Scaled 35

00067 00 00000 00007 Octal Digit Extractor

00070 37 TITIT TTITT 2-1

00071 00 TTTTT 00000 U Extractor

00072 00 00000 TTTTT V Extractor

00073 00 00001 00000 U Advance

0007k 00 00000 00001 V Advance

00075 00 00001 00001 U and V Advance
- 00076 00 o7m 07717 Four-Octal Digit Uand V Extractoré
00077 00 00006 00110 7210

00100 11 000kO 00011  Set Repeat Ctr. to Zero

. EXPANSION

00101 31 00000 00000

00102 34 0007ThH 00017

00103 15 20000 00104

00104 (11 (30000 10000) Transmit &mrent Instruction to Q
00105 11 10000 0001k Store Current Instruction in 00014
00106 51 00076 00010  Extract V%

00107 31 20000 00017
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00110 15 20000 00010
00111 55 10000 00003
00112 51 00076 00007  ul - 215 Stored in U-Portion of 00007
00113 55 00014 10006 Shift Current Imstruction Six Places in Q
0011k 16 00010 00225 Set up: Store Result at v
00115 15 00117 00147 Set up: R as U Operand
00116 15 00007 00157 Set up: ul as v Operand
boon’( 11 00005 00013 Store Previous Result in 00013
00120 k% 00135 00121 Test PCS PC = Pseudo-Code
00121 Lk 00123 00122 Test PC,
00122 16 0010k 00225 Set up: Store Result at Q
00123 bk 00124 00126 Test PC3
DECODING
0012k 15 00007 OO1LT Set up! uwl as U Operand -
00125 15 00010 00157  Set up: v as V Operand
00126 bl 00132 00127 Test PC,
00127 44 00131 00130 Test PC,
00130 4y 00261 00237 Xl X0 Entries for X =0, 1, 2..3.
ooz kk 001k7 00256 X3 X2
% 00132 4k 00134 00133 Test PC,
g: 00133 k4 00307 00246 5 X4 Entries for X = 0, 1, 2, 3.
g 00134 k4 00317 00313 X7 X6
& 00135 37 00167 00157  Unpack for Functions
00136 11 00015 20000 Contents of ul into A
00137 55 0001k 10007 Shift Current Instruction Seven Places in Q

10
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00140 Ll 00002 00141 Alarm for Undefined Pseudo-Codes
00141 4y 00002 001k2 Alarm for Undefined Psoudoprdcs
00142 ki 0045 00143  Test PC,
 00Lh3 Ll 0014l 00343 Sine-Cosine Entry
00144 i 00k22 00323 Entry for Exponential or Square Root
00145 bl 00557 0016  Print/Punch Entry
00146 4k 00505 00453 Entry for Arc Tan or Logaritm
00147 11(30000)00015  Store U Operand
00150 11 00015 10000 BEAE
0Cl51 51 00033 00003 Store U Mantissa
00152 51 00034 0000k Store U Characteristio
00153 kh 0015k 00156
00154 27 00003 0003h
02155 27 00004 00034
00156 55 0000k 00011
0c157 11(30000) 00016 Store V Operand
00160 11 00016 10000
00161 51 00033 00005 Store V Mantissa
5 00162 51 00034 00006  Store V Characteristic
S o063 kb 0016k 00166
g 00164 27 00005 0003k
S 00165 27 00006 0003k
£ 00166 55 00006 00011
00167 37 00167 (00170)

11
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00170
00171

00172

21 00006 00004
36 00032 00006

71 00003 00005

MULTIPLICATION

pPX 71900-9-(138)

00173
00174
00175
00176
00177

00201

00202
00203
00204

00205

00206,

00297
00210
00211
00212
00213
0021k
00215
00216

00217

k7 0017k 00220
11 0003L 00005
L& 00176 00177
13 00031 00005
Th 20000 00030
11 20000 10000
21 10000 00005
43 10000 00205

21 00006 000Th

55 00005 10033

54 10000 00100

11 00030 20000

42 00037 00211
36 00077 20000
35 00006 20000

54% 20000 00033

46 00002 00216

11 00040 20000
45 00000 00220
42 00070 00221

45 00000 00002

NOTE:

NORMALIZE, ROUND, PACK

(00002) is Alam&ﬁt for
0 < |Result| < 2747 (00214) Replaces Result
By Zero With No Alerm.

Alarm, Characteristic Too Large

12
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WF-138

00220 11 20000 10000
00221 52 00033 00005
00222 44 00223 00224
00223 27 00005 0003k
0022k 37 00224 00225)
00225 11 20000 (30000)  Store Result

TERMINATION
00226 41 00011 00231 Repeat Instruction?
00227 11 00005 20000 Result to A
00230 4% 00000 00000 Jump to Exit
00231 55 00012 10001 J to Q

REPEAT MODIFICATION
00232 4i 00233 0023k -
00233 21 00007 00075  Advance ul
0023k bl 00235 00236
00235 21 00010 00075  Advance vt
00236 A5 00000 00113
00257 11 10000 00012  Store j

; SET. UP_REPEAT

00240 16 00010 00000 v to V-Portion of F;
00241 21 00104 00073
00242 55 0001k 10030
00243 51 00035 00011  Store n in 00011
00244 41 00011 0010k Store n - 1 in 00011; Jump to Next Instruction
00245 45 00000 00227  Exit if n= 0
00246 37 00167 00147  Unpack

DIVIDE
00247 12 00005 20000
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00250 k2 Q0017 00002 Alarm if Divisor Unnormalized or Zero
00251 23 0000% 00006
00252 35 00036 00006
00253 54 00003 20035
00254 73 00005 20000
00255 45 00000 00173 Jump to Pack
00256 37 00167 00147 Unpack UBTRACT
00257 13 00005 00005 Negate V Operand
00260 45 00000 00262  Jump to Add
00261 37 00167 00147  Unpagk ADD
00262 11 0000k 20000
00263 36 00006 20000
00264 L6 00275 00265
00265 42 00037 00271
00266 ‘11 00004 00006
00267 54 00003 20010
00270 45 00000 00306
00271 16 20000 00272
o022 54 00003 (30000)
§ 00273 35 00005 20000
‘i‘ 00274 k5 00000 00305
S
% 00275 13 20000 20000
X 00276 42 00037 00301
00277 54 00005 20010
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00300 k5 00000 00306
00301 16 20000 00302
00302 S4 00005 (30000)
00303 35 00003 20000
0030k 11 0000k 00006
00305 Sk 20000 20010
00306 45 00000 00173  Jump to Pack
00307 37 00224 00T  U-V Reul+ vl op
00310 15 00312 00M47  Set up: Previous Result es U R * R - u
00311 15 00164 00157  Set ups R as V
00312 45 00013 00261 Jump to Add
00313 15 00312 001k7 Set up: Previous Result as U “i + R - ul or
003k 37 0022k OO UV ut e R -
00315 15 00007 0047  Set up: ul as ©
00316 45 00000 00311  Jump to (U + R)
00317 37 0022% 00261 U+ V (ul » v1) . R
00320 15 0016k OO47  Set up: Ras U (R +ul) . R
00321 15 00312 00157 Set up: Previous Result as V
00322 45 00000 00147  Jump to Multiply
00323 k6 00002 00324k  Alarm if Argument Negative Vol
00324 47 00325 00173 If Zero, Jump to Exit
00325 31 00006 00107
00326 46 00327 00330
00327 55 00005 00001
9-232
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00330 35 00027 00006

00331 11 00066 10000

00332 11 10000 00003

00333 31 00005 00051

00334 73 00003 20000

00335 32 00003 00107

00336 11 20000 10000

00337 23 20000 00003

00340 47 00332 00341

00341 31 10000 00001 |

00342 k5 00000 00173  Jump to Pack

00343 11 00040 00003 Store Zero in 00003 for Sine
003bk kb 00346 00345  Test PC, SINE-COSINE
00345 11 00026 00003 Store T/2 in 00003:for Cosine
00346 23 00006 00032

00347 46 00350 00002  Alarm if|ull> 218 = 262,144.
00350 35 00055 20000

00351 46 00352 00353

00352 11 00040O 00005 Replace ul By Zero

00353 36 00024 10000

00354 35 00023 00355

00355 (00 00000 00000) ul Into A Scaled 32

00356 Lk 00357 00360

00357 11 20000 20000  Zero Into A if U' Scaled *Down®

-233
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00360
00361
00362
00363
0036k
00365
00366
00367
00370
00371
00372
00373
00374
00375
00376
00377
00400
00401
00k02
00403

00405
00k06
0okoT7

35 00003 20000
T3 00062 10000
11 00066 00003
k2 00026 00367
36 00025 20000
55 00003 00001
45 00420 00363
sl 20000 00042
T3 00026 00005
71 10000 10000
54 20000 00046
11 20000 00006
11 00k21 0000k
15 00366 00401
11 00043 00013
71 00006 00004
5l 20000 000u6
35 (30415 00004
23 00kOl 00073
k1 00013 00377
71 00005 0000k
Sh 20000 00046
11 20000 00005

11 00003 10000

0 £ Ap < 27 Scaled 32

Store Sign in 00003

Shift Sign

X Into 00005 Scaled 34

x2 Into 00006 Sealed 34
09 Into Pi
Set u Address of 00461

Set Index

!z.Pi

Py 42

Store result in 00005

17

WF-138

9-234



WF-138

00410 Lk 00kll OO412 Examine Sign
00411 13 20000 00005
00412 11 00031 00006
00413 54 00005 20001
ooklh 4% 00000 00173 Jump o Pack
00415 31 10375 52202  C; Rand Coefficients Scaled 34
00k16 65 52420 76452  Cg Rand Coefficients Scaled 34
0017 01 21hk6k 25731 CS Rand Coefficients Scaled 34
00420 T7 75155 46346 C, Rand Coefficients Scaled 3k
ook21 00 00117 32757  C, Rend Coefficients Scaled 34
00422 23 00006 00032 —
00k23 k6 00k2k 00002 Alarm
00424 35 00055 20000
00k25 k6 Q0k26 00427
00k26 11 00040 00005  Zero to 00005
00h27 36 00451 10000
00k 30 35 00023 00431
00431 (00 00000 00000)  ul Into A Scaled 34
% 00k 32 bl 00433 00434 |
:: 00k33 11 20000 20000  Zero to Ay if ul Scaled *Down®
% 00k34 73 00022 00006
;_ 00435 11 20000 00005 x Into 5
00436 11 o0k52 00003 11,, Into 00003 Scaled 31
00437 11 00021 0000k 1 Into 00004 Scaled 31
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ookl

oohk2

71 00005 0000k
73 00003 20000
32 00066 00105
11 20000 0000k
23 00003 00021
17 00k40 OOMLE
21 00006 00031
31 0000k 0000k
45 00000 00173
00 00000 00026

26 00000 00000

x - Py

P

Characteristic Into 00006

¢* Into A Scaled 35

Go to Pack
2230

1110 Scaled 31

141 Into 00004 Scaled 31

WF-138

PX 71900-9-(138) -

0okéT

23 00006 00LT3
5% 00005 20010
36 00066 00005
hé 00002 00457
11 00067 00003
15 00472 0Oh6L
11 00504 0000k
[71 00005 00004
sS4 20000 00046
35 30474 0000k
(23 ookl 00073)
41 00003 0Ok62

71 00006 00022

P -1

2q Into A Scaled 34

29-1 Into 00005

Alarm

Set Index Equal Seven

Set u Address of 00464

ae Into Pi

x Py

Py 42

(p-1) - 1n 2
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00470 35 0000k 20000  1n ul Into A Scaled 34
00471 11 00k73 00006
00472 45 00503 00173  Go to Pack
00473 00 00000 00201
00k Th 00 00000 00000 a, Scaled 34
00k75 17 TTT76 10003 &, Scaled 34
00kT6 70 20101 TT550 =, Scaled 34
0okTT 05 23606 17663 a; Sealed 34
00500 Th 11372 11627 a, Scaled 34
00501 02 53533 01102 ag Scaled 34
00502 76 36305 T4363  ag Sealed 34
00503 00 k4750 60721 a; Scaled 34
00504 77 71310 36T72  ag Scaled 34
00505 11 000k0 00003  Zero Imto 00003
00506 23 00006 00031  Char. of u' - 2004 s
00507 k2 0007k 00516
00510 33 00066 0002k
00511 73 00003 00005  Negative Reciprocal
00512 13 00006 00006 |
o 00513 11 00052 00003  1/2 Sealed 34 Into 00003
i',gf 00514 4 00516 00515
§ 00515 13 00062 00003 -fi/2 Scaled 34 Into 00003
2 00516 21 00006 00037
2 00517 k6 00520 00521

20
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00520
00521
00522
00523
0052k
00525
00526

00530

00532
00533
0053k
00535
00536
00537
00540
00541
00542
00543
00544
00545
00546
00547

11 00040 00005
35 00546 00522
(00 00000 00000)
11 20000 00005
T1 00005 10000
Sk 20000 O0Ok6
11 20000 00006
11 00545 00013
11 00547 OOOOk
15 0054k 00534

[71 00006 0000k

5k 20000 00046
(35 30556 0000k)
21 00534 00073
k1 00013 00532
71 00005 0000k
Sk 20000 000k6
35 00003 00005
sk 00005 20001
11 00031 00006
45 00550 00173
00 00000 00006
54 00005 24052
T7 73662 40305

WF-138

Replace ul by Zero

1

ut or -1/ul Scaled 34 Into A

x Into 00005 Scaled 3l

x° Into 00006 Scaled 3
Set Index Equal Six

015 Into Pi

Set U Address of 0053}

2
X 'Pi

Py + 1

x-Pi

1 1

tan™ u” Into A Scaled 35

Go to Pack

Cy Scaled 34

9-238



WF-138

00550 00 25305 45073  Cjg Sealed 34
00551  TT 06577 OT416  €)) Sealed 4
00552 01 k2567 67640 09 Scaled 34
00533 75 61447 16451 C; Sealed 34
00554 03 14201 22666 C;  Scaled 34
00555 72 52547 44072 Cq3  Scaled 34
00556 17 77777 51473  ©, Scaled 34
00557 11 000k2 00676  Set Up Print
00560 k4 00561 00552  Print or Punch? R
00561 21 00676 00021 Set up Punch
00562 11 00676 00565  Set up Print or Punch at 00565
00563 16 00564 00565  Set up Print or Punch Q
00564 11 00570 10000  *Shift Down® Into Q
00565 (00 00000 00000  Print/Punch Q
00566 3T 00566 (00567)
00567 11 00010 20000 v Into A
00570 47 00574 00572 If A Zero, Print/Punch Carriage Return
_ 00571 00 00000 00000  Not Used
f”:i 00572 11 00042 10000  *Carriage Return® Into Q
i 00573 37 00566 00565  Print/Punch Car. Ret.
I,C_OE 00574 11 00016 20000 ul Into 4
w 00575 11 0004k 10000  *Space® Into Q
00576 k6 005TT 00500
00577 11 00061 10000 *_* Into Q
22
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00500
00601
00602
00603
0060k
00605
00606
00607
00610
00611
00612

00613

00615
00616
00617
00620
00621
00622
00623
0062k
00625
00626
00627

37 00565

00555

37 00601 P0602)

4T 00605
16 00667
45 Q0000
12 00016
15 00164
15 00613
11 00040
[11 00005
42 00020
b2 00671
37 00224
21 00677
45 0000C
37 0022
23 00677
45 00000
37 001ET
23 0000k

16 20000

00603
00643
00626
00005
00147
00157
00677
20000
00617
00622
00246
0007k
o061
) Uy
COOTY
00611
00147
00672
00625

5k 00007 (30000)

11 000koO

45 00000

00005

00632

Print/Punch "Space" or "_*

ul Equal Zero; Set up Spaces

Magnitude of ul Into 00005
Set wup 00005 as U

Set up 00671 as V

Zero Into 00677

N(Packed) Into A

If 1> N, Go to 00617

If N¢ 10, Go to 00622
Divide by Ten

Ad just Decimal Exponent

Mul thly by Ten

Ad just Decimal Exponent

Unpack Normalized N

N Into A Scaled 36

Set Index to Zero

23
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00635
00636
00637

11 00673 00005
71 00003 0067k
11 20000 00003
55 00003 00043
34 20000 000kh
35 00676 00636
©0 60000 00000)
k1 00005 00631
57 00640 (00641)
11 00675 10000
37 00566 00565
37 00643 (00644
37 00640 00630
11 0067720000
37 00601 00575
12 00677 20000
k7 00651 00663
7300060 10000
11 20000 00003
11 10000 20000
37 00640 00635
11 00003 20000
37 606ho 00635
11 0004k 10000

Set Index to Six

. 1010 Into A

‘Fpaction Into 00003 Scaled 36

Fraction Into 00003 Sealed 35

Print/Punch Decimal Digit

*.» Into Q
Print/Punch ",*

Optional Exit for N = 0

" Translate, Print/Punch Seven More Digits

 Decimal Exponent Into A

Print/Punch *Space" or "_"

Magnituds of Exponent Into A

Translate Exponent

Print/Punch First Digit of Exponent

Print/Punch Last ‘Digit of Exponent

*Space® Into Q

24
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00661
00662
00663

00665
00666
00667
00670
00671
00672
00673
00674
00675
00676

37 00566 00565
41 00005 00660
45 00000 00226
11 00041 00005
45 00000 00657
11 00060 00005
45 00000 00657
00 00000 00665
00 00000 00057
20 k5000 00000
00 00000 00167
00 00000 00006
00 00000 0002h
00 00000 ooohe
(00 00000 00000)

0 00000 00000)

Print/Punch Space

Go to Termination

Set Up Print/Punch Three Spaces

Set Up Print/Punch Eleven Spaces

Shift Down

Chip 10.

L] .l
Print or Pungh Temporery Storage

Decimal Exponent Temporary Storage

WF-138

25
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1103 LIBRARY SUBROUTINE WF-139

CENTRAL EXCHANGE INDEX:

TITLE: Expansion ¢f polyromigl of form 2. @uxh
Re @
Progremesrs M. A,/ Thomss
ENTRIES IF MORE THAN ONE OR NOT STANDARD: STANDARD: YES X NO
}//«——"—“"* — _ h
CODING CHECKRL _ X BY . FD
MACHINE CHECX: X BY  MAT
SKLF-RESETTING: YES __ X __NO
1. Initial location of argument: Q@ ses miscellany

2

3.

PX 71900-9-(139)

he
e

ALARM~ CONDITIONS FOR OQUT-OF-RANGE TEST:

Final location of ahgument:

Location of the function c A
ADDRESSES: ‘
(a) Instructions: 01000 through 01025
(b) Constants and temporary atorage: 01C26 through
(¢) Constant pool used: 00073, 00074
(d) Temporary storage pool used 00004-C0006

INITIAL SETTING OF X:

(a) Range on x: x 1, a3¢{1

(v) Scalisig of x and £(x)s x°228 £{x) 228

(c) Brief descriptior of numeri:al method:

Py = 8p%+ “5e3
ToE= Pixt a0

Py = Py X4 859

ACCURACYs

| |
Klarm 11 | %;ﬁxiez%g > 235.)
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6.

7.

PX 71900-9-(139)

WF-139

SPEED!

MISCELLANY:

Address of a. 1in @, , address of x in Qy

Qz5 must be O or 1 according as descending or

ascending order of location of ay.

Index n (highest power of x) in Ag.

Note: Scele factor may be changed by corresponding

change in shift instruction (0101l1).
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01000
01001
01002
01003
01004
01005
01006
01007
omoio
0101X
01012
010173
01014
01015
01016
01017
01020
01021
01022
01023
0102}
01025

01026

37

16
15

36
4q

21

(=3

7

S
11

21
LV
1

35
43

75700
00000
10000
10000
10000
00074
01007
01013
(30000)
20000
20000
01010
01010
00006

(30c00)

20000
00000
00004
00005
00000
00005
00000

00000

75702
(30000)
0102}
01010
01010
0000}
01010
01026
(3booo)
00054
00006
00073
01016
20000
00005
01021
01000
0102}
20000

01001

(30000)

01011

0C000

Alarm
Exit

Entrance
Set 01010

Form (n;l)

|+

X

anx + an-l

Overflow alarm

Index

Conatant

WF-139
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RW-140
FPP-0
Cover Sheet

5/25/55

THE RAMO-WOOLDRIDGE CORPORATION
Los Angeles 45, California

Interpretive Floating Point Package

Identification Tag: FPP-0

This package consists of the following which are written

up separately:

1. SNAP 10/10/55
2. SNAP SAMPLER TRACE 3/27/56

3. SKIP (SNAP Complex) 5/1/56
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Description

tW-140

SNAP Sampler
Page 1 of L
March 27, 1956

SNAP Sampler Trace

This routine monitors the course of & SNAP program by punching
out the results of those SNAP commands which are specified in a list

prepared by the programmer. A parameter word will indicate the location

of this list.

This list has the following specifications:

a.

The list 1s made up of sublists of four words each.
These sublists have the form:

00 FA 1A
00 Np Ns
00 00000 00000
00 00000 00000

FA is.the address where the trace is to start and LA

the address at which it is to stop. Np is the number

of times FA is to be passed before starting the trace,
while Ns is the number of times the section FA to IA

is to be traced. The last two words are used by the
trace to store the blocked instructions.

This list must not be placed in cells 15b thru 107b, but
may be put on the drum. In any case, a parameter word
00 Lo Lf will specify its location. Lo is the address
of the first word of the list and Lf is the address of
the last word. This parameter word must be loaded into
cell T177To. In the event this word is all zero a
complete trace of the program is automatically performed.
Any number of sublists may be used. A particular address
must appear only once in the list since blocking a
blocked instruction is not possible.

The storage addresses FA and LA must be the addresses ir.
which the instructions to be blocked are actually stored
at the time the blocking routine is activated.



PX 71900-9-(140)

RW-140

SNAP Sampler
Page 2 of 4

The operation of the trace is as follows:

a.

When a blocked FA is reached in the program, Np and

N, are examined. If NP =0, N, # O then tracing is
initiated and a start indicator placed in the word
containing N and N.. On the other hand, if N =0

and Ns f O does not oceur, then no action is taken.

At each SNAP execution, after a trace start, the F
register is transferred to the next available position
in the trace output hopper (last seven cells in ES).
When this hopper contains the results of six SNAP
commands (three IP instructions) then the SNAP output
routine is used to punch & card containing the informa-
tion in the trace hopper. The identification field of
the output card contains the address of the instruction
which produced the numbers in fields one and two. This
address is in octal and will be 1725 if the instruction
was an FA. The SNAP output commaend operation is in no
way altered during tracing.

To empty the trace hopper at any time, start at T72125b.
One cerd will be punched and the machine will stop on
M3 O with PAK = T77TTp. OSHAP must be in ES to exercise
this option.

In the event the trace hopper is emptied when it contains
no informstion, a card will be punched contelning the
eddress TT77T7 in the identification field, while the rest
of the card will be blank.

When a blocked LA is reached in the program and if a
start indicator was set up in the word contalning the
assoclated Nﬁ and NB then tracing is stopped and the trace
hopper emptied. Otherwise, no action is taken.

The execution of the instruction at FA will be traced,
but that at LA will not.
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SNAP Sampler
Page 3 of L

g. The seven cells of ES, 177lb - 177Tb, cannot be used
by the programmer if the trace is to be employed.
Normal SNAP operation will not destroy the contents of
these cells.

Programming Instructions

1.

2.
3¢

Load cell T1777b with the parameter word 00 Lo Lf where Lo and
Lf are the locations of the first and last words of the list.

Load the list in form described above.

Start at 72000b. The routine will block the proper instructions .as
per the list supplied, modify SNAP in order to perform the trace,
and then stop with PAK set at 40012b.

In the event no parameter word is loaded (and no list is supplied)

a start at 72000b will initiate the blocking routine to modify SNAP
on MD 80 that all SNAP commends will be traced. A stop will follow
with PAK set at L001l2b. '

Warnings and Restrictions

l.
2.

The list can not occupy cells 15b - 107b.

Cells 1771b - 1777 must be reserved for the trace hopper and cannot
be used by the programmer.

SNAP must be in ES at the time each FA and LA is reached in the
program.

The instructions in FA and LA must not be read into or out of by the
program.

Only SNAP commands are traced.

The trace can only be used with SRAP and not with the complex
version.

Activating the trace modifies the copy of SNAP on Mi and destroys
the complex arithmetic portion of SNAP. To start another program

using SNAP or its complex version, it is necessary to restore the

library from magnetic tape.
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SNAP Sampler
Page 4 of 4

8. An sbnormality exists for the following type of a list:

00 EAl IA

1
00 Npl Nsl
00 00000 00000
00 00000 00000
00 EAZ LA2
00 sz st
00 00000 00000
00 00000 00000

Assume that Npl’ Nsl’ sz, st

is concurrent. Further, suppose that FA,, FA,, 1A,
in the order given. Hence, the trace will be initiated at EAI and

2° When LA2 is reached, the trace will stop since it
was started at EAz.
The instructions from LA2 to LAl will not be traced and the trace will

be stopped once again when LAl is reached. At this time the hopper will
be punched, Other unusual combinations can be analyzed in a similar

are such that tracing in both sublists

FA,_, 1A LAl are executed

once again at FA

fashion.

9-250



PX 71900-9-(141)

EW-141

SNIP
Pg. 1 of 4

Mey 1, 1956

THE RAMO-WOOLDRIDGE CORPORATION
Los Angeles 45, California

Interpretive Floating Point Package - Complex

Identification:

Type:

Storage:

Service Entrance:

Program Entrance:

Coded by:

Code Chacked by:
Machine Checked by:
Approved by:

SNIP

Service Routine (with entrance from
program available)

Cells
634 thru 1023
TO000b thru 71662b This includes

SNAP

The constant pool is used by this routine.

Address 400173

See description

C. Koos

M. Perry January, 1956
C. Koos January, 1956
C. Koos January, 1956
"W. F. Bauer April, 1956
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Descrigtion

SNIP is the complex arithmetic version of SNAP, a floating point
interpretive package. An understanding of the use of SNAP is presupposed.

The activation of this routine chenges SNAP into SNIP on the magnetic
drum. The original version of SNAP can be obtained again only by a
transfer of the Service Routine Library from magnetic tape.

SNIP performs its operations .n either real or complex arithmetic depend-
ing on a mode which is selected by the prcgrammer, and may be changed at
any time.

In the complex mode

1. The complex numbers to be operated on must be in rectangular form, with
the real and imaginary parts of the number stored in consecutive cells
(For example, the complex number x + iy would be stored in the machine
with x in cellkand y in cell o + 1).

2. The floating Complex Accumulator requires two cells: Cell 00002, F,
is used for the real part; Cell 00003, C, is used for the imaginary
pert, that is, the two cells 00002 and 00003 constitute the Complex
Floating Accumulator, F,.

3. The Polynomial Multiply commend of SNAP is changed so that its
execution will result in computing the absolute value of the number
stored in F,.

L, The Fix, Float, Read, Punch and No Operation commands operate exactly
as in SNAP, while the remaining commands are changed only in the
sense that they now use both cells 00002 and 00003 for the floating
accumulator and cells o{and o + 1 for the argument as explained
above.

5. The machine accumulator A contains the real part of the result after
the execution of any one of these operations.

6. The Replace and B-box options mey be used in all cases that are
permitted by SNAP, with two consecutive cells being operated on as
described., Keep in mind that the B-box must be Indexed by two when
used in referencing e list of complex numbers.

7. It is not permissible to load F, with TP instruections; & Load command
must be executed for this purpoae.

In the real mode

l, All SNAP commands except Polynomial Multiply operate as in SNAP
itself.

2. The execution of the Polynomial Multiply command will give the absolute
value of (F,) Just as it does in the complex mode.
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SNIP commands

The Complex Accumulator, F,, is defined as two specific electrostatic
cells which contain the complex number x + iy: cell 00002, F, contains
x and cell 00003, C, contains y. Both x and y are stored as SNAP
numbers; that is, each has its own binary exponent. The notation &_
represents the address of a complex number x + 1y, where x is stored
at ¢ and y at & + 1, that is, (X) =x, (X+ 1) =y.

The following definitions apply when in the complex mode:

Code Result

AD O4 (F) + (&) —F; (F) -4
SU 10 (FG) - (O(C)—-—>Fc; (F) —> A
MP 14 (Fc) X (occ) —>F_; (F) = A
DV 20 (Fc) (O(c) —F; (F) —4A
PM 2k el — F; () >4
LD 30 (occ) —> F; (F) —A
ST 34 (Fc) —> g (F) =>4
RT 50 V) —s 75 () —a

The NO (no operation), FI (fix), FL (float), RD (read data) and

PD (punch data) instructions of SNAP are unaltered. The PM (poly-
nomial multiply) instruction of SNAP is replaced by the absolute value
instruction whether operating in the real or complex arithmetic mode
if SNIP has been activated. ’

Manual Activation of SNIP

1. Insure that both this routine and SNAP are intact on the magnetic
drum. (This can be accomplished by a transfer of the Service
Routine Library from magnetic tape).

2., Load the problem program - The program should include the Ramo-
Wooldridge constant pool, and a jump to start in 40000b, as
supplied by RAWOOP,

3. Set PAX to L0Ol3 and start--this changes SNAP into SNIP and causes
it to be read into its electrostatic locations, sets the B-box, F,
C, and output hopper to zero, supplies an appropriate jump in
cells zero and one, positions cards on both sides of the reproducer,
and gives control to cell 4OO00b which normally initiates execution
of the problem program. At this time the routine is in the real
arithmetic mode.

9-253



PX 71900-9-(141)

e

-

L2

RW-141

SNIP
Pg. 4 of

5/1/55

Programmed. Activation of SNIP

Depending on the card positioning desired any one of three different
return jump instructions may be used to activate SNIP from the program.
Each assumes that there is a manual jump instruction in cell 40000b
(such as that supplied by RAWOOP), and in each case control is returned
to the instruction immediately following the return jump.

a. Execution of 37 LOOOO Uu40013b positions cards on both sides of
: the reproducer. ‘

b. Execution of 37 L0000 7T7164kb feeds one card on the punch side
of the reproducer.

c. Execution of 37 40000 T1646b omits all card positioning.

Otherwise the effect of programmed activation is the same as that described
in step 3 under manual activation.

Switching Modes

Activation of SNIP by any one of the methods described above leaves it
in the real arithmetic mode. At any time after SNIP has been activa-
ted the mode may be switched as follows:

-Be—-switch from the real mode to the complex mode execute the return Jjump
— 37 01541 01713b |
~Po-switch from the complex mode to the real mode execute the return Jump
I ’ 37 01541 O01715b

In either case the desired mode change i1s accomplished, cell 00003, C,

is set to zero, and control 1s returned to the cell immediately following
~the return Jump. The real mode should ordinarily be used wherever possible
because it 1s considerebly faster than the complex mode. .

R

Alarmg

The SNAP alarm routine 1s used, with the possibility of the same type

of .alarm occurring (EW, RT, DV, FI, RD). It is not advisable to continue
the problem after an alarm, since either the real or imaginary part of

& number may have caused the alarm,

9-254



PX 719Q0-9-(142)

RW-142
EGN-0

Page 1 of 19
May 1, 1956

Eigenvector, Eige nvalue Routine

for

Real Symmetric Matrices

Identification Tag:
Type:

Storage:

Pfogram Entrance:
Program Exit:
Alarm Exit:
Machine Time:

Mode of Operation:

Coded by: M. Stein
F. Meek

Machine checked by: M. Stein
F. Meek

Approved by: W. Bauer

EGN-0

Complete package on paper tape

and/or binary cards.

See storage allocation chart,
MD Start

MS 0 at PAK=VAK=50270b

See section on alarms and stops.

See section on same.

Fixed point

July, 1955, and
March, 1956

August, 1955, and
March, 1956

April, 1956
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Description

This package consists of an input routine, a main routine, and
an output routine. The input routine reads in the parameters and the
elements aij' i=]j, (the elements on and below the main diagonal) of a
real symmetric matrix A. The main routine computes the eigenvalues
of A by reducing it to diagonal form with a sequence of orthogonal row
and column operations which leave the characteristic equation invariant.
The corresponding eigenvectors are computed (also by the main routine)
by performing the same sequence of column operations on an identity
matrix. The output routine converts and punches on cards the eigen-
values and eigenvectors in fixed point form. The package will handle
matrices of order 2 .~n < 38. | -

A special mode of operation which requires a minimum number
of drum accesses is provided for use with matrices of order n - 23.
The special mode is selected by setting mahual'ly selective jump switch
1 to the ON position. Throughout this write-up, T will be defined as
the matrix the columns of which are the eigenvectors. In the special
mode of operation, the number of TOwWS of T to be obtained can be
varied from zero to n and must be specified in advance. Decreasing
the number of rows of T to be obtained will allow an increase in the
order of the eigenvalue problem which can be solved. Should it be de-
sired to obtain eigenvalues only, the special mode will be able to solve
problems of order n =40,

With a high speed storage capacity of 4096 words, the ordinary
mode of operation will be able to accommmodate problems of order
2<Ln<75, and the special mode, problems of order n=50. If only
eigenvalues are to be found, the range of n can be extended to n <= 85.
The main routine has been written and the drum storage allocated so as
to make the routine easily adaptable to the 1103A.

The rnain routine does not use the "B register', the "modified
multiply add" instruction, or the 'polynomial multiply' instruction

found only on the Ramo-Wooldridge 1103,
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Parameters

1. n is the order of the matrix A.

2. In the special mode of operation, q is equal to n plus the number of
rows of T to be obtained. In the ordinary mode of operation, q is
automatically set equal to n by the main routine. In the special
mode of operation n and q must satisfy the inequality

2

n2+n + (q-n)2 <824.

3. N is a positive integer less than 10 associated with each matrix A

to be run and may be used to identify the output for a given' matrix.
4. s is the binary scale factor used to store the matrix elements aij“
s should be chosen such that
33 34
2 Jgn‘max ‘ai. ’ 25727
i,j

See the appendix for more details in regard to scaling.

Preparation of Input Data

The input routine uses CRI-2 to read in the paraﬁeters n, q,
IOZN and s, scaled 2.0, and the matrix elements a.. i=>j, scaled 2%,
The first parameter card must contain n with addr)ess 00000 and a 12
punch in column 80; for the special mode of operation, it must contain
q with address 00001, The second card must contain IOZN with address
00000, s with address 00001, and a 12 punch in column 80. The third
card must contain
2 with address 00000
as with address 00001
ass with address 00002
azy with address 00003.
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The fourth card:

a32 with address 00004

ass with address 00005 4
a4 with address 00006
245 with address 00007
and so on. The last card will contain a . with address n(n+l)-2
and a 12 punch in column 80. On all cards the unused fieldzs should be
left blank. See the CRI-2 write-up {revised 12-9-55) for the details of
the card format.
If one wishes to generate the data within the 1103, or if, for any

reason, one wishes not to use the input routine, see the appendix.

Switching
Manually selective jump switch number one is used to select
either the ordinary mode or the special mode of operation as follows:
MSJ-1 OFF —> ordinary mode.
MSJ-1 ON ~—> special mode.
Manually selective jump switch number two is tz.sc)ed to control
1

a monitoring typeout provided at the end of each sweep as follows:

MSJ-2 OFF -—3 typeout occurs,
MSJ-~2 ON —> typeout suppressed.
7 Manually selective jump switch number three is used to control
the output of the rows of T as follows:
MSJ-3 OFF —» the rows of T are punched.
MSJ-3 ON —> the rows of T are not punched.
The manually selective stop switches are used to provide stops

(2)

at the end of each of the three segments of the main routine as

(1) A sweep is defined under Mathematical Method.

(2)

The rmain routine is divided into segments I, II, and III. These

are described in detail under The Main Routine.
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foilows:
MSS-1 ON — stop at conclusion of segment I. A
START sets up segment II and jumps to entrance of that seg-
ment.
MSS-2 ON —~-? stop at conclusion of segment II. A

START sets up segment I and jumps to entrance of that segment.

The setting of MSJ-2 may be changed at this point.
MSS-3 ON —> stop at conclusion of segment III. A

START sets up segment I and jumps to entrance of that segment

Operation Instructions

1. The package is available on binary cards and/or on paper tape.

A. If cards are used, place the package deck, two blank cards,
the input cards for the first matrix, two blank cards, the in-

put cards for the second matrix, two blank cards, and so on,

ending with two or more blank cards, in the read side of the
Bull. Manually '"pick a card'! and read in the package using
CRI-1 {as a service routine).
B. If paper tape is used, read in the package tape using FRI-0

(as a service routine). Then place the input cards (as in A.

above) in the read side of the Bull. Manually 'pick a card’.

2. Set the MSJ and MSS switches as required. Be sure that there are
plenty of blank cards in the punch side of the Bull. Start at 40000b.

3. It will read in the input cards for the first (next) matrix, compute
and type out twelve octal digits {with MSJ2 off) after each sweep
(see the section on Alarms, Stops for an explanation of the type-
out) and finally stop on an MSS-0 at PAK=VAK=50000b. {One may
avoid this stop by inserting 45 00000 50000b into 50552b. )

4. Start. It will punch the eigenvalues and, with MSJ-3 off, the rows
of T, and stop on an MSS-0 at PAK=VAK=50270b ready to read in
the input cards for the next matrix. Set the MSJ and MSS switches

for the next matrix and start.

5. Repeat 3 and 4 for the next matrix, and so on.
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6. The output cards should be sorted, first on column 80, and then on
column 77, and then listed with the SNAP output-fixed point 407

panel.

Alarms, Stops

Since all transformations applied to the matrix A are orthogonal,

(i+1)

it can be shown that S , the sumn of the squares of the elements of

the lower2 triangle (including the main diagonal) of data at the end of a

(i)

the beginning of that sweep, plus W, the sum of the squares of all off-

sweep (2-2:-9- orthogonal transformations), is equal to '/, the sum at

diagonal elements deliberately set to zero during the sweep. The double

precision quantity S(1+1)-— S(l)- W is formed in the accumulator and then

scale factored, The scale factor h is tested to see if the number of
leading insignificants in S(i+1)—- S(i)~ W is large enough. If this is not
the case the supervisory typewriter will type out an e (for error)
followed by the standard typeout which gives the sweep count, the scale
factor of SUT1 §1) and the scale factor of ST s\ W The com-
puter will then halt with PAK=00210b. The sweep may be repeated by
depressing the start key. To ignore the alarm set PAK = 00171b and
depress the start key.
The scale factor h must satisfy either

h £ (50222b)
or

h =z 37.
(1)

It can be proved that the seguence of S’ is a monotonely in-

creasing sequence which approaches a limit which is less than or equal tc

(3)

the square of the norm of A. It is believed that this limit is equal to

(3)

The norm of A is defined in ithe appendix under Scaling.
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the square of the norm of A, but the equality has never been proved for
this process. At the conclusion of each sweep the monotonicity of the
sequence is checked by observing the sign of S(l)- S(1+1) I S(l)- S(IH)A 0,

the process will continue. Should this not be the case, i.e., if

S(i)_ S(i+1)%0,
the process will be assumed to have converged and the computer will
stop on an MSS-0 at PAK=VAK=50000b, ready to enter the output routine.

Arguments unacceptable to the square root subroutine used in the
main routine will cause the computer to halt at address 00230b. At this
point PAK is set to 00230b. Hence depressing the start key will not cause
a resumption of computation.

Since the input routine uses CRI-2, the paragraph under Alarm
Conditions of the CRI-2 (revised 12-9-55) write-up applies to the input
routine.

If s has been chosen too large (or much too small) a MA overflow
may occur or an MSS-0 error stop at PAK=VAK=00062b may occur. See

the appendix for more details on this.

Card Output

The output routine uses CPO-2 to convert and punch

1. by rows, the elements di‘j" i>j, of the diagonalized matrix D
(the d; are the eigenvalues of A and the dij’ i £ j are the off-
diagonal elements which have been reduced, essentially, to
zei‘o); '

2. by rows, the elements of the matrix T.

Each card contains up to six consecutive elements of a row, an
identification number, I, and a one-digit card number, C.

The cards containing row i of D will have I = ,102N + i; the cards
containing row i of T will have I = 102N +n +i. All of the cards con-
taining row i of D or T will have the same I and C will run from 1 to k
where k is the number of cards required to punch row i, 6 elements per

card. The result of all this is that, assuming several matrices have been
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run, if the output cards are sorted and listed as in 6, under Operating

Instructions, a listing will be obtained of the several matrices in the

order of the least significant digit of N. For each matrix, the order of
the listing will be: the first six columns of D, the first six columns of T,
the second six columns of D, the second six columns of T, and so on.
Thus an eigenvector will be listed as a column directly below its cor-
responding eigenvalue. The 407 panel is so wired that the setting of an
alteration switch will cause the paper to eject to start a new sheet at the
end of each column.

To bypass the output routine, see the appendix.

Cards, Tapes, Listings, Flow Diagrams

The complete package is available on binary cards (to be read
in using CRI-1) and on bi-octal paper tape (to be read in using FRI-0
OR the ERA paper tape reader). Also, a flexowriter dump (MDP-0)
listing of the entire package is available. RAWOOP-assembled listings
are available for the input and output routines only. Detailed flow dia-

grams for the entire package are on file at the Computing Center.

Mathematical Method

The method used by the main routine is the same method as that

described in the write-up of Illinois Code 141- MO in Illiac Library

Codes, M-Z. That write-up statzs Tz operativis performed in the

routine essentially are those descrised in an unpublished paper by H. H.
Goldstine, although there are some modifications''.

The method consists of forming the sequence of matrices

D = A
0 ’ \
Dl = R1 DO Rl’
.o '
Dir1® Rig By Ryyp
where Ri+1 is an orthogonal matrix chosen so as to reduce to zero a

pair of off-diagonal elements of Di' If the sequence of matrices D,

9-262



PX 71900-9-(142)

RW-142
EGN-0

Page 9 of 19
May 1, 1956

converge to a diagonal matrix D, i.e., if

lim Di = D,
oo
then the elements of D are the eigenvalues of A, because Di+1 is

obtained from Di by a similarity transformation and the characteristic
equation remains unchanged. Similarly, if the sequence of matrices T,

i
where

1
T =T R

, TO =1,
converges to a matrix T, i.e.,

%im Ti =T,

i oo
it can easily be shown that the columns of T are the eigenvectors of A,
normalized to unit length. The first column of T is the eigenvector
corresponding to the eigenvalue in the upper left corner of D, and so on.

If the matrices Ri+l are always chosen to reduce the largest (in

absolute value) pair of off-diagonal elements of Di to zero, the method

is called the Jacobi(4)

method, and it can be proved that the matrices Di
converge, and it can also be proved that if no two eigenvalues of A are
equal, then the matrices Ti converge.

The method used by the main routine (and by the Illiac routine)
is not to reduce the largest pair of off-diagonal elements to zero at each
step, but to reduce the off-diagonal elements to zero in a definite order,
namely, working from upper left to lower right below the main diagonal.
(One such sequence of reductions is called a sweep.) No proof is known
that such a '"modified Jacobi method' converges, but it is believed that

such a method will converge for all real symmetric matrices.

(4)C. G. J. Jacobi, "Ein leichtes Verfahren, die in der Theorie der

Sdkularstorungen Vorkommenden Gleichungen numerisch aufzuldsen',

Jn. reine angew. Math., V. 30, 1846, p. 51-95. 9-243
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To reduce the pair of elements‘ajk = akj (k<<j) to zero the
orthogonal transformation R is chosen to be
kth col. jth col.
i
1
kth row 1 cosé -8in # All elements
1 not shown are
zZero,
jth row 8in & loss |
Lo
. |
. ll

where the angle# is such that tan 24 = ajk/ (B - ajj)'

Accuracx

Several matrices have been run with the package. Rosser (5)
constructed a matrix of order 8 with some of its eigenvalues nearly equal,
in order to compare two or three different methods of obtaining eigenvalues
and eigenvectors. This matrix was run with the package and the largest
eigenvalue error was about 1° 10“5, which represents a relative error of

1 10-'8. Because of the nearly equal eigenvalues, some of the eigenvectors
were less accurate than others. The worst errors were in the components
of the vectors corresponding to the three closely-spaced eigenvalues,

The largesat absolute error was about 3' 10 .

(3)

Rosser, Hestenes, Lanczos, and Karush, NBS Journal of Research,
v. 47, 1951, pp. 291-296.
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Hiibert matrices(b) of orders 8 and 29 were run with the package.
The results for the one of order 8 were compared with results obtained
on the Illiac (which has 4 more bits than the 1103) and the results for
the one of order 29 were compared with results obtained by the Univac
at N. Y. U., using Givens' method. For both matrices, all of the
eigenvalues agreed through the eighth decimal place (each matrix has
for its largest eigenvalue a number slightly less than 2).

Also, several matrices with all elements equal to one were run.
.Such matrices have n-1 eigenvalues equal to zero and one eigenvalue,
)\1, equal to n, the order of the matrix. For n=40, 8 correct significant
digits were obtained for )\1, For n=38, the same accuracy was obtained

for )\1 and all of the eigenvector components were correct through the

8th decimal place.

Machine Time

The machine times given below are in seconds. They include

8

card input of the data (2 + z +ri} cards)(7) and card output of the re-
sults (2 +n + (n-6) + (n-12) + _ . . + (n-6k) + (q-n) {%} cards):{8)

-
i

-1

(6)Matrices H with hij =

(7){35 means a if a is an integér, b+l if b is the integral part of a and a

is not an integer.

(B)The last term in the series, n-6k, is the last such term which is

positive.
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n q type mode number of machine
sweeps time (in seconds)
22 44 all ones special e 125
31 62 all ones ordinary 2 296
38 76 all ones ordinary 2 471
40 40 all ones special 2 228
8 16 Rosser special 6 39
32 64 Rosser ordinary 5 467
40 40 Rosser special 6 311
8 16 Hilbert special 4 29
29 58 Hilbert ordinary 4 310

The Main Routine

Reading in the package from binary cards or paper tape places
the input routine, the three segments of the main routine, and the out-
put routine on the drum. 9 Starting at 40000b (or at 50270b) initiates
the execution of the input routine. The input routine places the parameters,
n, q, IOZN, and s, and the elements o: the lower triangle of the matrix A

(10) and then initiates the execution of segment III, which runs

on the drum
only once per matrix A. The function of segment III is to set up segments
I and II for a specific value of n, make optimizing storage allotments
depending on n, and finally to form a suitable matrix of unit vectors from
which the eigenvectors can be generated. For the ordinary case

(MSJ-1 OFF') the unit vector matrix will be stored in consecutive locations
with the first element at address 52000b. In the special case the first
element of the unit matrix will be placed immediately following the last
element of the lower triangle of A. Segment III concludes itself by block-
transferring segment I and data into high speed storage and jumping to

the initial line of segment I.

(9)See Storage Allocation for drum storage addresses.

(

1O)See Storage Allocation for drum storage addresses.
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Segment I proceeds through the lower triangle of the matrix
being diagbnalized taking the elements and the rows in sequence. For
is gener-
1’ in which

the selected pair of elements are zero. In the special mode enough high

each pair of off-diagonal elements an orthogonal matrix Ri+1

'
ated which, when applied along with Ri+l to Di’ produces Di+

speed storage (HSS) is available to store both Di and the matrix Ti of

the sequence being transformed into the matrix of eigenvectors. Hence
Ri+1 may be applied directly to Ti at this point and discarded. In the
ordinary case HSS capacity is insufficient for the storage of Ti' Hence,
enough information must be preserved to reconstruct the sequence of

R; and apply them to Ti at a later time. This is accomplished by storing
pairs cos ¢, sing sequentially on the drum beginning at address 65000b

in a manner corresponding to the order in which the lower triangle was
swept through. In order to minimize the number of random drum accesses
a HSS region of length b = 01467b - n2+n or b = 01470b - %‘-‘E (which-

ever is even) is set aside for temporary storage of the coséd, sin# pairs.

At the end of one sweep of (n& - n)/2 transformations Ri during which
each pair of off-diagonal elements has been set to zero once, segment I
block-transfers segment II into HSS and jumps control to the entrance line
of segment II.

In segment II an arithmetic check is made on whether the Ri
transformation matrices have been properly generated and applied. If
this is the case the latest Di is dumped on the drum. If a discrepancy is
detected the sweep can be repeated. In the ordinary mode of operation
segment II will regenerate the R; and bring the matrices Ti up to date.
Convergence is then checked and if the process has been found to con-
verge, the MSS-0 stop at PAK=VAK=50000b occurs. Otherwise, segment

Iis set up and the next sweep is initiated.

The Constant Pool

The main routine does not use the R-W constant pool. However,
both the input and output routines do use it. It is stored at 50615b and

transferred to 00015b just prior to the execution of the input and output
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Storage Allocation (all addresses are octal)

00015 - - 00026

00027 - - 00040

00250 - - 00704

00620 - - 00617 + n
00000 - - 00307

00027 - - 00455 +f}

00310 - - 00310 + n%4n - 1

00310 + n%+n - - 01777
ntn

00401 - - 00551
40000

40001 - - 40100
40101
40102
40103 - - 40407

R-W constant pool during execution
of the input and outpu: routines.

R-W temporary pool used during
execution of the input routine.
Execution addresses and temporary
storage for the input routine.
Execution addresses and temporary
storage for the output routine.
Execution addresses for segment I and
segment II.

Storage for lower triangle of matrix
being diagonalized (eigenvalue data)
during segment I. Storage for matrix
being converted to eigenvectors (eigen-
vector data) during ordinary mode
operation of segment II.

Storage for cos # , sing# pairs during
ordinary mode of operation of both
segments I and II. Storage for eigen-
vector data during special mode of
operation.

Execution addresses for segment III.

Storage for a jump to 50270, the entrance

of the input routine.

Not used.

Storage for pérameter n,
Storage for parameter q.

Storage for segment I.
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40410 - - 47777

50000

50001
50002

50003 - - 50257

50260 and 50261

50262 and 50263

50264

50265 - - 50267

50270 - - 50273
50274 - - 50372
50373 - - 50551
50552

50553 - - 50614
50615 - - 50626
50627 - - 51014
51015 - - 51071
51072 - - 51240
51241 - - 51247
51250 - - 51256
51257 - - 51262
51263 - - 51654

RW-142

EGN-0
Page 15 of 19
May 1, 1956

Dump region for eigenvalue data in
ordinary mode. Dump region for both
eigenvalue and eigenvector data in
special mode. If n< 40, cells 42100
thru 47777 are not used.

Storage for a jump to 50262, the
entrance of the output routine.
Storage for parameter IOZN.

Storage for parameter s.

Storage for segment Il

Not used.

Storage for the instructions which
transfer the output routine into HSS.
Storage for the MSS-0 stop after the
output routine, and a jump to 50270,
the entrance to the input routine.

Not used.

Storage for the instructions which
transfer the input routine and the R-W
constant pool into HSS.

Not used.

Storage for segment III.

Storage for the MSS-0 stop after con-
vergence and a jump to 50000.

Not used.

Storage for R-W constant pool.
Storage for CPO-2.

Not used.

Storage for output routine.

Not used.

Storage for input routine.

Not used.

Storage for CRI-2.
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51655
51660

51751
52000

65000

- 51657
- 51750

- 51777
- 64777

- 77777

RW-142

EGN-0
Page 16 of 19
May 1, 1956

Not used.

Storage for the scaling routine, an
addition to segment III (see appendix).
Not used.

Not used in special mode. In ordinary
m%déei'torage for eigenvector data.

If 28238, cells 54644 thru 64777 are

not used.

Not used in special mode. In ordinary
mode, storage for cos 4, 8ind pairs
for one sweep. If n <38, cells 67576
thru 77777 are not used.
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APPENDIX
Scaling
Under Farameters it was stated that s should be chosen such
that
I , 2 <nmax ,a ‘ 2° <234
v i,j ;
Actually, s should be chosen such that
2) 33$N(A)- s< 34

where N(A) = .\rz = (& Jaf})l/ is the norm of A.

If either 1) or '2) is satisfied, one can show that lakk - ajj l 28 < 35 (all k, j)
for all of the matrices Di' Howgver, 1) is weaker than 2) in the sense
that for many matrices, e.g., Hilbert matrices and Leontieff matrices, 1)
will yield an s smaller than 2). With only 35 bite to work with, it may
often be important to acale the matrix from 1 to 3 or 4 places further

left. Therefore, a scalmg routine is included in the package which
computes NZ- 22® and determines (using the SF instruction) a k >0 and
an 8 = 8 +k such that . '

3) _ 66 <N2 _ zZs {268

which impliee‘ that 2) holds for s = s. Then the a, ij which have been

scaled 2° (s having been chosen with 1)) are left-shifted k places so that
the transformations are performed using the ""best' scale factor s. As

a matter of fact, all of the matrices mentioned under Accuracy and

Machine Time were satisfactorily run using an s such that

4) | 268<N2-. 2Zs< 270,

i.e., an 8 one greater than 2) would indicate should be chosen. This
means that, for most matrices, 2) (or 3)) is too strict, and if one is
really concerned about obtaining maximum accuracy, one may run a

matrix once using 1). Then using the eigenvalues, \;s thus obtained,
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hand-compute
1/2
N(a) = (F 25 Y/
i
and use, _
5) 23t <Ay . 2%< 2%,

which corresponds to 4), to choose s = s for a second, more accurate
run. On such a second run, the scaling routine should use 4) instead

of 3). To accomplish this, insert 00 00000 00043b into 51722b (replacing
00 00000 00041b) after reading in the package. This will avoid the
scaling routine error stop (see below).

One more remark should be made in regard to scaling: up to,
but not including, one more binary place may be utilized by scaling the
a, ij by a power of ten, t, chosen so that right-hand inequality 5) is
"just barely' satisfied for some 8. (If A has eigenvalues A 10t A

will have eigenvalues 10 A - )

Scaling Routine Error Stop

If fgg any reason 8 has been chosen so large or so small that
N2, 228 52°° or N2 228 <234
PAK=VAK=00062b in the scaling routine. In the first case a MA overflow

fault may occur during the execution of segment III before entering the

, an MSS-0 error stop will occur at

scaling routine.

Bypassing the Input Routine

If for any reason one does not wish to use the input routine,
one can in some fashion, e.g., using a RAWOOP-assembled data tape,
load n% q IOZN. and s, all scaled 2 , into 40101b, 40102b, 50001b, and
50002b, respectively, and 3,10 3510 3550 3305 a32, Bggr---0 B Aoy
a all scaled 2° » into the (n2+n)/2 consecutive cells starting with 40410b.
Then instead of starting at 40000b or 50270b, the entrance to the input
routine, one should start at 50373b, the entrance to segment III of the

main routine. If one wishes to run a series of such matrices, one must

9-272

L



PX 71900-9-(142)

RW-142

EGN-0
Page 19 of 19
May 1, 1956

change (50264b) which ordinarily contains an MSS-0 and a jump to 50270b.

Bypassing the Output Routine

If for any reason one does not wish to use the output routine,
the following information will be useful: when the process has converged
and control has jumped to 50552b, which ordinarily contains the MSS-0
stop with VAK=50000b, the entrance to the output routine, the
diagonalized matrix D is stored, scaled 2%, beginning at 40410b. In _
other words, the original elements a, ij - 2% have been replaced by d - 28
(see Bypassing the Input Routine above). n, g, and’ 10 N are st111 scaled
Zo and are still located at 40101b, 40102b, and 50001b. However, s- 20
has been replaced by s - 230 in 50002b. In the ordinary mode, the matrix
T will be stored by rows with the first element in 52000b. In the special
mode, the first (g-n) rows of T will be stored by rows with the first
element in (40410 + n2 +n) b. In either mode, all elements of T will be
scaled 234, and the c?lz\;.—mns of T, the eigenvectors, will be normalized

to unit length.
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THE RAMO-WOOLDRIDGE CORPORATION
Los Angeles 45, California
Floating Point. Gill. Method
Identification Tag: NUI-k
Type: ; Subroutine
Assenbly Ruutine Spec: SUB 51921 08914
Storage: : 89 words total program storage

9 words temporary pool used,
addresses 27 b thru 37 b

The constant pocl is used.
Entrance end Exit: RJ GILOlL GILOZ set up
RJ GILOlL GILO3 to get next point

MJ 0 GILOL From derivative calcu-
lation

Machine Time: Approximately (9.7 + 84.6n) m.s. per time
interval, where n equals the number of
equations in the system.

Coded by: J. Carlson May, 1956

Approved by: W. F. Bauer May 10, 1956
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Description

The Gill Method Subroutine integrates a system of first order, differential
equations using a step-by-step process. Using the values of the variables

at a point and the coding for computing the derivative of each of the
dependent variables at that point, the Gill Method Subroutine produces the
coordinates for the next point of the solution each time it is entered.

A special entrance sets up the subroutine for a particular system of
equations, thus allowing the subroutine to solve concurrently several differ-
ent systems in the same program. ‘

The independent variable is incremented within the subroutine itself.
Notation
The system of equations to be solved is

i

ax =fi(x’yl’y2""’yn)’ (i=l:2;'°’:n)-

n is the number of equations in the system.
q; are intermediate values of the calculation (zero initially)
X is the increment of the independent variable x

Programming and Operating Instructions

SNAP must be in E.S.

Assign the Gill Method Subroutine to some arbitrary region, say GILOO.
This region need not be located in the lowi numbered half of E.S.

In order to solve a given system, the following drray of

variables, derivatives, intermediate values, and parameters should be
assigned a region, say DEQOO. Although the programmer will undoubtedly
desire to have this region located in the low numbered half of E.S., it
is not necessary for the operation of this subroutine.

DEQOO n Fixed point form scaled 20.
DEQOL Ax Floating point form
DEQO2 b'4 "
DEQO3 dyl "

dx

"
DEQOL vy
DEQO! "
0 4 9-275
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DEQO6 Wa
dx
DEQOT Y,
DEQO8 4,
dy. ,
In addition, the coding for computing azi- for all i, (i =1, 2, . . ., n)

should be assigned a region, say DFQOO. This coding will use the values in
region DEQOO to compute all dyi as specified by the equations in the system
and éhould place the results in the appropriate places in region DEQOO. It

should then exit to the Gill Method Subroutine with an MJ 00000 GILOL (see below).

Assuming the Gill Method Subroutine is in region GILOO, the three entrances are
GILO2, GILO3, and GILO4. The exit is GILOL.

The first entrance, GILOZ, is used for setting up the Gill Method Subroutine
only for the particular system to be solved. It is entered by an RJ command
followed by a parameter word which specifies the location of the variables,
end the location of the coding for calculating the derivatives:

RJ GILO1 GILO2
00 DEQOC DFQO0

The second entrance, GILO3, is the entrance for producing a point of the
solution. It is entered by an RJ command: RJ GILOL GILO3. Entering using
this command results in four passes through both the Gill Method Subroutine
and the coding for computing the derivatives, and leaves in region DEQOO

the new values of the variables, the derivatives at those values, and x
advanced by Ax, ready for the next step.

The third entrance, GILO4, is the entrance from the coding for calculating
the derivatives and is used on each of the four passes necessary for computing
one point. As noted above, it is entered by an MJ command in the DFQOO region:

MJ 00000 GILOL
Mathematical Analysis

Theory. "A Process for the Step-by-Step Integration of Differential Equations
in an Automatic Digital Computing Machine™ by S. Gill, published in Cambridge
Philosophical Society Proceedings, Vol. 47, Part I, January 1951, should be
consulted for a detailed analysis of the process on which the subroutine is
based. '

Suppose we know the point (X, Yl, Y . Yn) on the curve defined by the

2}

system of equations

dyl

d—}C_ = fl(xJ yl) yz) A ] yn)
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;

=8, (K5 ¥ ¥ o 0 s Ty)

L]

ax fn (X, yl’ yz: e o ey yn)

The Gill Method is a process by which we can find the next point on the curve:
i.e. the value of yl, yz, o e ey yn for x =X + h.

The process can be better understood if the case where n = 1 is first considered.

We have the point (X,Y) on the curve % = f(x,y), and we want to find y at

X+ h; i.e. we want k = bysuch’chatg'} =f(X+h, ¥ +k).
dx
X+h, Y +k

We derive k by making four approxima,tidns and averaging them in a particular
way.

First approximate the curve by s straight line through (X,Y) with the slope

dy
x|y y = £(X,Y), and find a first approximation to k:
2

k

o hf£(X,Y)

Then we travel a fraction m of the way along this line to the point (X+mh, Y+mk )
andfindf(X+mh,Y+mk)

This gives us a new straight line through (X + mh, Y + mk ) with slope

£(X + mh, Y + mk ), and we find

kl=hf(X+mh,Y+mkb)

We now use ko and kl to find a third point at which f is calculated: (X + nh,

Y + [n-r] ko o+ rkl).

k, =h f(x + nh, Y + [n-r] k, + rk,)
Similarly,
. Ok
3

h*f(X + ph, Y + [p-s-t] k o+ sk + tk,

The weighted average of ko , k kz » and k_ is the desired k = d¥y:

1’ 3

= y(X + h)-y(X) = ek o+ ik 4 ocky + c3k?

-~

whereco+cl+c2+c3=l.
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For & system of equations, the same four steps given above are made for each
equation and

byi = cokio +clkil + czkiz + c3k13 where R + ¢y + c, + 03 =1.

The above process is, for certain values of m, n, p, 8, t, co, c 27 and c

l, c 3)
the Runge-Kutta process. The Gill process was derived, with application to
gachine use in mind, by minimizing the'numberiofzstorage cells required. For
the Gill Method the above constants are

m=1/2, r=1-11/2, | ¢ =1/6

n - 1/2, s= -1z, ¢ =(1/3) -f172‘)

p=1, St =1441/2, e, =(1/3) (1 + {1/2)
ey = 1/6

The Gill process further systematizes the calculatlon so as to increase the
accuracy and simplify the coding.

The Subroutine. As used in the Gill Method Subroutine, the process is as
follows: , . .

It is assumed that the fi(x, Y07 Yog? = * + yﬁO) and the y, are available.

1st pass:
Advance x by (1/2)h
Ko =By (6 100 Ya0r « 0 00 Vo)
ryp =(H/2)k - qy
Uy = Yo + Iy (/20K
Yi1 " ¥0 ¥ T2
Calculate £, (x’yll’yZI’ c e ey ynl) in programmer s own coding.
2nd pass:
kip =B E (0¥ Y50 - - V)
rip = (1 -71/2) (k;y- ay,)
Qg = Yy * 3y, - (1 -71/2)k,
Yie "Y1 T Tie

. . .
Calculate fi (x, Yi07 yzz, .. ) in programmer's own coding.

* yn2
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3rd pass:
Advance x by (1/2)h
kg =BTy (0100000 ¢ o s Vg
Tig = (1 + /1/2) (k12 - qiz)
3 = U + 3ri3 - (1 + 71/2) kiz
Y13 7 Y12 T i3
Calculate f, (x’yl3’y23’ ... yn3)
Lth pass:

ki3 h.fi (nyl3)y23) . * ’yn3)
(1/6)(k; 5 - 2q;3)

r,
il

iy

1]

Vi T Vi3 F Ty
Calculate fi (x,yih,yzh, e ey ynh) in programmer's own coding.

Errors. The paper by S. Gill mentioned previously includes a detalled analysis
of errors, both truncation error and round-off error.

The expression for the truncation error in dy, is too complicated to give
here, but its dominating term, the author sta%es, is

n
h5 E fJ Bfk . Bfl . é’fm . éfi where Yo =%, fo =1,
-120 73 ayj oF, O¥; V| yex

J,k,1,m

and the truncation error in byi willl be approximately this when the second
partial derivatives are all close to zero. It is probably more useful to say
merely that the truncation error is of the order of h5.

The standard deviation in Yy -(l/3)qi over one step from all rounding off

errors is (where f is the quantity mentioned in the section on notation)

[ ' Z ‘ 2] |1/2

! 135 cne unit in the
L L J 195 XJ last digit of y.
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Machine Checking

The following system of two equations was solved using this routine:

dx
dyz )
d—_XZ— = =-381n X

The initial conditions, at x = 0, were

¥y, = O eand ¥y = 1

The interval, Ax, used was 2x/360 radisns. At x = 360° the results
were accurate to 8 decimal digits.
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GIMOO
GIMO1
GIMO2
GIMO3
GIMO4
GIMOS
GIMO6
GIMO7
GIMOS8
GIMO9
GIM10
GIM11
GIM12
GIM13
GIMi&
GIM15
GIM16
GIM17

GIM18

GIM19
GIM20
GIM21
GiM22
GIM23
GIM24
GIM25
GIM26
GiIM27
GiMzs
GIM29
GIM30
GIM31
GIM32
GiMa3
GIM34
GIM35
GiM3e
GiM37
GIM38
GIM39
GIM40
GIM41
GIM42

MS
MJ
MJ
MJ
RA
EJ
EJ
MJ
1
TU
P

P
ADNO
TP
7P
ADMP

TV
RP
T
RA
TU
TV
RP

L
MPNO
TP
TP
MPNO
P
MPSU
TP
ADNO
TP
™
MP AD
P
TP
TP
DVAD
e

GILOO
GIMO0
00000
00000
00000
00000
GIL71
G1L69
G1Lés8
00000
00016
GiL72
00000
00000
GiLss
00024
00002
GiL75
00024
00002

00000

30003
00000
GiL20
GIL66
GiL66
30003
00000
00024
00028
00002
G1L..88
00026
00002
00023
00002
00027
00002
00025
00030
00002
GIL85
00029
00031
00002

01024
51921
GILOO
00000
GiL49
GILOS8
00016
GIL73
GILOL
GIL18
GIL71
GiL20
GIL8S8
00024
00002
00000
GIL87

00031

00031
00000
GILTO
GikL21
00023
GIL67
GIL25
GIL44
6il.26
00026
00002
00000
00029
00002
00000
00030
00029
00029
00000
00027
00002
00028
00030
00031
00002
00030

00028

02000
67221

67221
67222

67223
67224
67225
67226
67227
67230
67231
67232
67233
67234
67235

67236

67237
67240
67241
671242
67243
67244
61245
67246
67247
67250
67251
61252
67253
67254
67255
67256
67257
67260
67261
67262
67263
67264
67265
67266
67267
67270
67271
67272
67273

00
00

45
45
45
21
43
43
45
11
15
11
11
i1
14
11
11
14
11
16
75
ii
21
15
186
75
i1

i4
11

14
11
14
11
14
11
i3
14
i1
11
11
14
11
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00000
00000
00000

Q0000

00000
00000
02107
02105
02104
00000
00020
02110
00000
000600
02130
04030
00002
02113
04030
00002
00000
36003
00000
02024
02102
02102
36003
60000
00030
14034
00002
02130
14032
00002
14027
00002

04033

60002
00031
14036
00002
02125
00035
20037
00002

00000
00000
02000
00000
02061
02010

00020

02111
02001
02022
02107
02024
02130
06030
00002
00000
02127
00037
14037
00000

02106

02625
00627
02163
02031
02054
62832
00032
090062
66600
00035
00602
00000
00036
10035
00035
00000
00033
00002
04034
00036
00037
00002
04036
000 3%
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GIM43
GIMa44
GIM4S
GIM&6
GIM47
GIM48
GIM49
GIMSO
GIMS1
GIM52
GIMS3
GIMS4
GIMS5
GIMS6
GIMS7
GIMS8
GIM59
GIM60
GIM61
GIM62
GIM63
GIMé64
GIM6S
G61Meé
61Me7
GiMés
61H39
GiM

GiM71
GIMT2
GIMT3
GIM74
GIM7S
GIM76
GIMT7
GIM78
GIM79
GIM80
GIMB1
GIM82
GIM83
GIM84
GIM8S
GIM86
GIMBY
GiMas
START

30003
00026
GIL25
GiL44
GILT0
GiL24
GikO1
A0000
A00Q0
00000
A0000
A0000
00015
A0C00
00015
A0000
A0000
A00QO
A0000
A0000
GIL66
GtLol
60000
00000
00003
00000
00000
00000
00000
GILT5
GIL87
00000
00000
00000
00000
92893
92893
92893
70710
70710
70710
66666
33333
00000
00000
00000

GIL45
00000
GiLe7
GIL69
00016
00000
A0C00
00015
GILS52
A00OQO
GIL48
GIL1s
A0000
GIL10
A0000
GILi1
GIL66
00057
GIL17
GIL6&6
00017
00016
61L01
00000
60000
00005
00003
00000
00000
00000
00002
GIL1Y
00000
00000
00000
21881
21881
21881
67812
67812
67812
66667
33333
00000
00000
00000

o o0 00 00 OF

00
-01
=01
=01
8
8

MMM YT TTETR AT

67274
67275
67276
67277
67300
67301
67302
67303
67304
67305
67306
67307
67310
67311
67312
67313
67314
67315
67316
61317
67320
67321
61322
67323
61324
67325
67326
67327
67350
67331
67332
67333
67334
67335
67336
61337
67340
67341
67342
67343
67344
67345
67346
67347
67350
67351
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30003
00032
62631
02054
02106
02030
02001

20000

20000
00000
20000

20000

00017

20000
00017
20000
20000
20000

20000

20000
02102
020601

boooo

60000,
00003
00000

00000

00000

00000

02113

02127

00000
04000

14000

04000
74537
74537

74537

16650

16650
16650

65252

75252
04000
20000
00000
00000

02055
00000
42103
02105

00020

00000
20000
00017
02064
20000
02060
02022

20000

02012
20000
02013
02102
00071
02021
02102
00021

02001
00000
00000
00005
00003
00000
00000

AQ&QGQ

02021
00000
00000
00000
30314
30314
30314
11714
11714
11714
52525
52525
00000
00000
00000
00000
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Type:

Assembly Routine Spec:

Storage:

Entrance and Exit:

Machine Time:

Coded by:

Approved by:

RW-144
SIN-k4

Pg. 1 of 5

5/15/56

THE RAMO-WOOLDRIDGE CORPCRATION
Los Angeles 45, California

FLOATING POINT SINE-COSINE

Specifications

SIN-4
- Subroutine
SUB 51856 06510

65 words total program storage

4 words temporary storage pool used,

addresses 27 b through 32 b.

The constant pool is ﬁsed by this routine.

RJ SUBO1L SUBOZ for the sine
RJ S8UBO1 SUBO3 for the cosine

3.9 ms average, 4.8 ms maximum

M. Perry May, 1956

W. Bauer May 15, 1956
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Descrigtion

When supplied with an argument X in SNAP form, this routine will evaluate
sin X or cos X (depending on which of the two entrances is used) using a
Rand Polynomial Approximation, producing the answer in SNAP form.

Programming Instructions

This routine can be inserted into a program by CMP-O by the use of a "SUB"
card in the input deck. . : )

1. ‘Place the double length extension of X in the accumulator.

X must be in radians and must be in SNAP form.

2. Return jump to the subroutine. Assuming that the subroutine was assigned
to region SUBOO for assembly, use either the instruction RJ SUBOl SUBO2
for the sine, or the imstruction RJ SUBOlL SUBO3 for the cosine.

3. At the time of exit from the subroutine, the double length extension of
sin X (or cos X) in SNAP form will be in the accumulator.

Error Analysis

Sin X or cos X is computed to 26 bits of accuracy or to as many correct bits
as there are in the Fractional portion of X, whichever is less. For
XI>227 this routine substitutes zero for the argument. The alarm exit is
not used T o

Mathematical Method
1. Let y = (2/x)X, then sin X = sin(xn/2)(y)
cos X = min(n/2)(y + 1)

2. Divide y (or y + 1) into an integral part R, and a fractional part S.
3. R defines the quadrant into which X falls. Let R' be the two low order
positions of R, since in binary notation, any other positions merely

define a number of complete revolutions. s

4. R' is a number one less than the number of the quadrant into which X falls.

5. S defines the displecement (in a position direction) within the gquadrant
indicated by R'.

6. Therefore, if R' = 00 Let Z =8 first quadrant
R' =01 Let Z = (1-8) second quadrant
R' =10 Let 2 = (-8) third quadrant
R' =11 Let Z = (1-8) fourth quadrant
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7. 8in (or cos) X = sin(n/2)z.

8. (1/z)sin(n/2)z is approximated by the Rand Polynomial Approximation
Number 16, using argument z.

9. If x<1/2, (2/n)x, which is in floating form, is substituted for z
before doing step 10.

10. Multiply the approximation from step 8 by z giving the result, sin x ¢ :
(or cos x).

Range of Variable

No alarm condition is recognized by this routine. However, as X approaches

+ 227 the number of significant digits in Sine X (or Cosine X) approaches zero
and X merely defines a number of revolutions and does not significantly
designate an angle.
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D0sS00
D0S01
D0sS02
D0S03
DOS04
DOS05
D0S06
DOsO07
DOsos8
D0s09
D0S10
DOs11
DOs12
D0S13
DOs14
DOS15
DOs16
DOs1?7
DOs18
D0s19
D0s20
Dos21
D0s522
00s23
D0s24
D0S25
D0sS26
D0s27
D0s28
Dos29
00S30
D0s31
D0s32
00533
D0S34
D0s35

02500
00500
01sS00
D0S00
D1s00
00000
00000
20002
00013
00s02
A0000
B000O
A0000
AQ0Q00
Qo000
B000OO
Q0000
02S00
00514
01507
00518
00553
Q0000
B00QO
02504
00536
01507
Q0000
AQ000
Q0000
02504
Q0000
01506
01506
02500

| 00531

00551
00533
01506
02s01
02501

00023
01024
01079
51856
51911
00000
00000
00S04
02504
00s51
00008
02500
00001
00035
01s05
Qo000
02501
ol1so08
00s21
00000
00s16
00517
00007
Q0000
AQ000
00826
00s23
A0000
00524
00000
00s28
AQQ00
Q0000
02501
A0000
00532
00015
00535
A0000
02s01
Q0000

ALARM

NORMAL EXIT

SIN ENTRY
COS ENTRY

SET FOR POS

EXP PLUS 200

EXP

SIN
€os

69

34

00027
02000
02067
67120
67207
67120
67121
67122
67123
67124
67125
67126
67127
67130
67131
67132
67133
67134
67135
67136
67137
67140
67141
67142
67143
67144
67145
67146
67147
67150
67151
67152
67153
67154
67155

&7156

67157
67160
67161
67162
67163

00
00
00
00
37
&5
75

15
12

55
1

11
23
46
32
46
35

11

11

47
42
21
16
54
41
13
35
51
27

23
11
26
11

RW-144
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00000
00000
00000
00000
00000
00000
00000
20002
00015
02002
20000
30000
20000
20000
10000
30000
10000
00027
02016
02076
02022
02065
10000
30000
00033
02044
02076
10000
20000
10000
00033
16000
02075
02075
00027
02037
02063
02041
02075 2
60030
00030

00000
00000
00000
00000
00000
00000
00000
02004
00033
02063
00010
000627
00001
00043
02074
10000
00030
02077
02025
00000
02020
02021
00007
10000
20000
02032
02027
20000
02030
00000
02034
20000
10000
00030
20000
02040
00011
02643

00030
10000
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DOS36
00s37
DOsS38
D0s39
00S40
DOs41
D0S42
D0s43
D0S44
D0S45
D0S46
D0sS47
D0sS48
D0S49
D0sS0
DOS51
D0sS52
D0s53
DOS54
D1s00
D1s01
D1s02
01503
D1s04
01s05
D1s0e
D1s07
D1s08
D1s09

START

MP
SA
i

PM

RP
PM
Mp
™
zJ
SF
LA
TP
RA
SA

RP
TN
LA
00
01
-4
07
-6
01
06
17
00
00

- 00

Q0000
01506
BOOOQ

01501

20003
01502
BOOOO
80000
00545
A0OQO
Ap000
BOOOO
02500
01509
AGQQ0
00000
AQOQO
Q0000
00000
51484
67376
96896
45963
57079
36619
77717
00000
00000
00000

Q0000
00001
02502
01s00
00s42
02802
02501
AQ000
00501
00554
00027
Qo000
00554
00027
Q0000
00501
AQ000
00007
00000
19000
55700
79280
71106
63185
77225
17777
00034
00200
00072

~04
-03
~02
-01

~01
B
8
8
B

38
36
35
34
33
34

SQUARED 34

69
68
FINAL MANT33

C9

c7

cs

3

1

2 OVER PI1
MASK

28

128

67164
67165
67166
67167
67170
67171
67172
67173
67174
67175
67176
67177
67200
67201
67202
67203
67204
67205
67208
67207
67210
67211
67212
67213
67214
67215
67216
67217

67220

71
32
11
24
75
24

11
47
74
54
11

32
27
75
13

00

00

77
02
65
14
12
17
¢o
00
00
45

RW-144
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10000
02075
30000
02070
20003
02071
30000
30000
02055
20000
20000
30000
00027
02100
20000
00000
20000
10000
00000
02366
54666
43150
52420
44176
13714
77777
00000
00000
00000
00000

10000
00001
00031
02067
02052
00031
00030
20000
02001
02066
06033
10000.
02066
00033
16000
02001
200090
00007
00000
57351
31633
53663
76451
65102
06667
777177
00034
00200
00072
000090
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THE RAMO-WOOLDRIDGE CORPORATION May 1, 195¢

Identification Tag:
Type:
Assembly Routine Spec:

Storage:

Program Entrance:
Program Exit:
Alarm Exit:

Drum Assignment:

‘Machine Time

Mode of Operation;

Coded by:
Code Checked by:
Machine Checked by:

PX 71900-9-(145)

Approved by:

LOS ANGELES 45, CALIFORNIA

Standard Atmosphere Calculation

Specifications

ATM-1
Subroutine
SUB 50776 13253

79 instructions, addresses
1KLOO thru 1KLl1
1KROQ0 thru 1KR33
1KP00 thru 1KP32

53 constants in program, addresses
1KEOO0 thru 1KE36
1KF00 thru 1KFl5

132 words total program storage. 7 words tempor-

ary storage pool used, addresses
- OKTO00 thru OKTO06

The constant pool is used by this routine, -

(See write-up.) o

Address QKLO!

The alarm exit is used by this routine. OKLO00
Address 65030b thru 65233b

1.34 ms FOR TEMPERATURE
2.52 ms FOR SPEED OF SOUND
4.40 ms FOR DENSITY

- 5.48 ms FOR PRESSURE

6.76 ms FOR ALL 4 QUANTITIES

Fixed Point

M. Elmore August, 1955
L. Kimble April, 1956

L. Kimble April, 1956

W. F. Bauer April, 1956
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Description

Given the geometric altitude Y in feet (0K Y<1,048,576), this routine will
compute the pressure, P, in pounds per square inch, density p, in slugs per
cubic foot, speed of sound, V, in feet per second, or temperature, T, in degrees
Rankine, or all four quantities at that altitude, depending on which one of five
possible entrances is used.

Each of these quantities is calculated from a formula derived by fitting
curves to data from the ICAQ Interim Standard Atmosphere Table.

Programming Instructions

15

1. Place Y - 2 in the accumulator.

2. RJ to the subroutine.

Assume that the subroutine has been assigned some arbitrary region, 0KLO0O.
Then the exit from the subroutine will be at 0KL0l. Depending on the entrance
used, the results are left in the accumulator or stored in cells 24, 25, 26, or 27
of the temporary storage pool, as follows:

p.230 | 5.239 | v-2?' 1 T.2%1 [ Machine

Enter With: lbs. ger slugs per| ft. per | degrees Time
in. ft. sec. Rankine ms
RJ OKLOl1 O0KLO2 Acc. 25 - 27 '5.48
RJ 0KLOl OKLO3 S Acc. ——- --- 4.40
RJ OKLOl OKLO04 _—— - Acc 27 2.52
RJ OKLOl OKLO5 - -——— _— Acc. 1.34
RJ OKLOl OKLO6 24 25 26 27 6.76

Mathematical Analysis

Temperature, T.

The temperature as given by the ICAO Table is essentially a linear function
of the altitude in six distinct regions. In region 1, from 0 to 11 km, tempera-
ture steadily decreases; in region 2, from 11 to about 25 km, it is constant; in
region 3, from about 25 to 48 km, it increases steadily; in region 4, from about
48 to about 53 km, it is constant again; in region 5, from about 53 km to about 77
km, it again decreases; and in region 6, from about 77 km to the end of the

range, it is constant. In each of these regions, the routine calculates 0-289
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T = Bo + B, Y where Y is the geometric altitude, and B0 and Bl are constants,
different for each of the six regions.

Speed of sound, V

The speed of sound is directly proportional to the square root of the tem-
perature. In order to calculate the speed of sound, the routine calculates the
temperature and then obtains a close approximation to its square root.

Density, p
The density is approximated by a function of the form 2 raised to the power
(AO + AIH + A Hz) where H is the geopotential altitude and AO’ Al, A2 are con-

stants, different for each of the six regions described under temperature.

Pressure, P

The pressure is proportional to the product of the density times the tempera-
ture; in order to find the pressure, the routine first finds the density and temperature

For altitudes greater than 83 km, the pressure and density are set equal to
zero, and the speed of sound and temperature are set to constant values of 886.7

and 363. 4 respectively.

Table of Constants:

PX 71900-9-(145)

Region) A ! A2 | By By
1 | -8.718341 ?-.4152989:{164 -. 1910522::169% " ;18.65 . 3560071x10°
2 | -7.965339 ‘ - 6934172x10" ZERO 390. 2 ZERO
3 | -6.745764 | -.941444x10 | .1203316x10°| 256.039 . 162733x10°
4 |10.210967 | -.5315949x10" ZERO |, 508.79 ZERO
5 |15.1932 -. 2626978x165 .. 1260831x10°| 838.663 -.188169x10"
6 |-4.806382 |-.7562816x10" ZERO 363..4 ZERO

Alarm Conditions

If the subroutine is entered with a negative argument (Y < 0) it will enter
the alarm routine ALLR-1: "ATM-1" and the octal address of the RJ order with
which ATM-1 was entered will print out on the flexowriter.

9-290
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Machine Checking

A driver routine was written to obtain values of pressure, density, speed

of sound and temperature at 0, 1, 2, ... 91 km. in (geopotential) altitude and
these were checked against values based on the ICAO Interim Standard Atmosphere

Table.

The greatest relative error in pressure for the lower altitudes is .002.
While the relative error for altitudes in regions 4, 5, and 6 increases sharply,
the absolute error decreases and is less than . 00008. The greatest absolute
error in density is very small for the entire range and is of the order of magni-
tude of . 0000 0004. The greatest relative error in the speed of sound for the
entire range is .0002. The greatest relative error in temperature is . 0001.
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QOOUOUOTOTOT0

1KLOD
1KLO:
1KLEZ
1KLO3
1KLO4
1KLO5
1KLO®
1KLO7
iKtos
1KL09

1KL1O

1KL11
1KR0OO
1KRO1
1KR0O2
1KRO32
1KRO4
1KROS
1KRO&
1KRO7
1KRO8
1KR0D9
1KR10
1KR11
1KR12
1KR13
1KR14
1KR15
1KR16
1KR1Y
1KR18
1KR19
1KR20
1KR21
1KR22
1KR2Z32

37
MJ
MJ
MJ
MJ
MJ
RJ
TP
P
RJ
A

MJ
P
TJ
RP
TJ
QT
MP
AT
RP
TP
11
MJ

Tv
T
P
RP
Te
TV
RJ
SP
MM
™
M
TV

0KXLO0
1KL00
OKROO
1KROO

OKPOO

1KPOC
1KEOO
1KFO0
OKEOO
OKFoOO
0KTOo0
75701

00000
0KP32

OKTO4
0KR33

00013
20006
OKED1
00014
O0KFO1
OKR11
30005
OKEO7
OKFOO

OKEO7
OKRO7
OKE10
OKE11
10003
00013
OKL11
OKRO7
0KTO03
0KT05
BOOOD

OKL11

01024
50776
01036
50788
01070
50822
50855
50892
01103
01140
00023
75702

0KP23
OKPCO
OKR23
OKR17
OKP24
0KTO1
A

OKR26
0KTO3
0KLO1
OKTO5
OKRO9
OKR12
OKRO4
OKRO8
OKRO8
OKROSB

OKTOO
75756
oKLOC
OKTO00
OKR15
0KTO3
OKTO04

OKTOO
OKR22
OKROQO
00034
OKTO4
AGDCQ

CKR33

BRB

ALARM EXIT
EXIT
PRESSURE
DENSITY
SPEED SOUND
TEMPERATURE
ALL

ALARM

ALT]ITUDE
OVER 83KM
PUT IN
CONSTANT
VALUES
TMPRTR ENTRY

- SOUND ENTRY

02000
65030
02014
65044
02056
65106
65147
55214
02117
02164
00027
65030
65031
65032
65033
65034
65035
65036
65037
65040
65041
65042
65043
65044
65045
65046
65047
65050
65051
65052
65053
65054
65055
65056
65057
65060
65061
65062
65063
65064
65065
65066
65067
65070
65071
65072
65073

00
00
00
00
00
00
00
00

00
00
37
45
45
45
45
45
37
11
11
37
11
45
11
42
75
42

71
35
75
11
11
45
11

11
11
75
11
1é
37
31
25
11
45

le
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0Co00
00000

00000

00000
00000
00000
00000
00000
00000
00000
00000
75701
00000
00000
00000
00000
00000
02116
20000
000733
02055
20000
00000
20000
00015
20006
02120
00016
02165
02027
30005
02126
02164
00000
02126
02023
02131
02132
10003
00015
02013
02023
00032
00034
30000
00000
02013

Q00Co
CGCo0
oQo0n
00900e
o000
00000
000Co
00000
0000C
00000
okalelely)
15702
0Q0Co
Q2105
02058
020432
02035
02106
00030
20000
02046
00032
02001
00034
02025
02030
02020
02024
02024
02024
00000
00027
7575%
02000
00027
02033
00032
00033
00000
00027
02042
02014
00042
00033
20000
acoon
02055
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1KR24  RJ OKR22 0KR18 65074 37 N204L2 Q20744
1KR25 P ACOQOC OKTOA4 65075 11 20000 000373
IKR26 AT 0KFO5 OKTO3 65076& 35 02171 Q0032
1KR27 SN OKFO4 00G27 85077 33 02170 00033
1KR28 DV 0KT03 A00OD 65100 73 00032 20000
IKR29 AT OKF0Z ACDOO 65101 35 02166 20000
IKR30 LA A0000 0003% 65102 54 20000 00042
1KR31 MM OKTO3 OKFO3 65103 25 00032 02le7
1KR32 TP BOOOO AQOOQ 65104 11 30000 20000
1KR33 MJ . 65105 45 00000 00000
1KPOO TV OKL11 OKP21 65106 16 02013 02193
1KPC1  RJ OKRO7 OKROO 65107 37 02023 02014
1KPO2 SP OKF0&6 00035 65110 31 02172 0003
1KPO3 PM OKFO7 OKTOS 65111 24 02173 00034
1KPO4 TP BO0OOO GO0O00 65112 11 30000 10007
1KPOS  SP 0KTOS5 00033 65113 31 00034 000&1
1KPO6 DV Q0000 OKTO6 H SCALED 15 65114 73 10000 DGCO3%
1KPO7  SP QKTO2 0003¢ A2 65115 31 00031 00044
1KPDB  PM DJKTO1 OKTO6 65116 24 00030 00035
1KPO9  PM OKTOO 0KTO06 65117 24 00027 CCO35
1KPi0 TN BOOOO QD000 65120 13 30000 10072
1kP11 QT OKF09 0KTO06 MANTISSA 65121 51 02175 00035
1KP12 QT OKF0O8 Q0000 CHARACTERSTC 65122 51 02174 10000
1KP13 SN Q0000 00047 65123 33 10000 00057
1KP1% AT QKP22 OKP19 65124 135 02104 02101
1KP15 LG 0KT06 00010 ‘ 65125 55 00035 00012
1kP16  SP OKF10 00036 65126 31 D2176 00044
1KP17 RP 20004 OKP19 EXPONENTIAL 65127 75 20004 02101
1KP18  PM OKF11 OKTO6 POLYNOMIAL 65130 24 02177 00C35
iKP19 LA AGDOO 00000 65131 S4& 20000 0000%
1KP20 TP AQDOC ADOOC 65132 11 20G00 20000
1KP21 MJ , 65133 45 CODOO 000GC
1KP22 LA AQODO 00051 65134 54 20000 00052
1KP23 TV OKL11 OKP32 PRES ENTRY 65135 16 02013 02116
1KP2¢4 RJ OKP21 OKPO1 DENS 65136 37 02103 02057
1XP25 TP ADOOO OKTO02 65137 11 20000 00031
1KP26 RJ OKR22 O0KR19 - TEMP 65140 37 02042 02037
1KP27 TP AOOOO OKTO4 : 65141 11 20000 00033
1KP28 = MP 0KT04 OKTO02 65142 71 00033 Q003!
1KP29  PM 00013 OKF15 65143 24 00015 02203
1KP30 LA AQ000 00011 65144 54 20000 00013
1KP31 TP B0O00O A0Q00 65145 11 30000 23C00
1KP32 MJ 65146 45 00000 00000
1KE0O 65147 00 00000 00000
1KEO1 03 60891 67000 4 35 65150 01 06371 1254¢C
1KED2 08 24472 60000 4 15 65151 02 41017 20510
1KEO3 01 55380 10000 5 15 65152 04 57364 06315
1KEOQ4 01 75261 90000 5 15 65153 05 26235 71463
1KEOS 02 52624 00000 5 15 65154 07 $5320 00000
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1KEQ6  ©2 75000 00000 5 15 ‘ 65155 10 31070 0CCOO
1KFO7 ~& Br&3R 22000 24 ABO 65156 77 73143 10362
1KEOS -7 55281 60000 - 5 44 Abl 65157 76 60545 34152
1KEOS Ab2 ZERO 65160 00 00000 00000
1KE10 03 63400 00000 2 21 880 65161 OO0 5%331 45335
1KE11l 86l ZERO 65162 00 QOODD 00000
1KEL2 -1 51932 10000 1 24 AS 65163 77 60635 04711
1KE1I3 -2 52697 80000 - & 4&& AS] 65164 77T 7T517% 51861
1KEl4 -1 26083 10000 ~10 &4 A52 65165 75 65275 41452
1KE15 08 38663 00000 2 21 B50 65166 01 50652 33514
1XElé ~1 88169 00000 ~ 3 41 BS51 65167 74 11271 72771
1KE1? -1 ©2109 67000 1 26 A& P 65170 77 65623 77020
1KE18 =5 31594 90000 - 5 44 A4l 65171 77 106204 15651
1KE19 A42 ZERO 65172 00 00000 00000
1KE20 05 08790 00000 2 21 Bao 65173 00 77462 43656
1KE21 B4l ZERO 65174 00 00000 0Q00D
1KE22 -6 74576 40000 24 A3 65175 77 71202 12633
1KE23 -9 41444 00000 - 5 44 A31 65176 76 35220 47027
1KE24 01 20331 60000 ~10 64 A32 65177 02 04234 5262%
1KE25 02 56039 00000 - 2 21 B30 65200 00 40002 37575
1KE26 01 62732 00Q00 - 3 41 B3} : 65201 03 25230 21102
1KE27T =7 96533 90000 24 A2 65202 77 70021 57612
1KE28 -6 93417 20000 - 5 a4 A21 ' 65203 76 67224 34510
1KE29 A22 ZERO 65204 00 00000 00000
1KE30 03 90200 00000 2 21 B20 65205 00 60614 63146
1KE31 821 ZERO 65206 00 00000 00000
1KE32 -8 71834 10000 26 Al 65207 77 67220 1531c®
1KE33 -4 15298 90000 - 5 44 All 65210 77 24347 63667
1KE34 -1 91052 20000 -10 64 Al2 65211 74 55737 13041
1KE35 05 18650 00000 2 21 Blo 65212 01 00651 46315
1KE36 -3 56007 10000 - 3 41 B1l1 65213 10 55277 53367
1KFOO 30 01075 65204 B ALARM TAG 65214 30 0107% 6%2¢C4
1KFO1 00 ©000% 00000 B 6521% 00 0000% 0000C
1XF02 01 01181 28000 3 21 SOUND 65216 01 7636& 01165
1KFO3 05 95687 0C0C0 - 1 35 CON 65217 23 03757 C5675
1KFO4 04 23184 75900 5 15 STA 65220 14 72420 60447
1KFD5 04 18200 00000 2 21 NTS 65221 00 64214 63146
1KFO6 04 78490 00000 -~ 8 53 RE RECIP 65222 00 31540 50405
1KFOT7 01 00000 00000 32 65223 04 00000 00000
1KFO8 7T 76000 00000 B 65224 77 76000 00000
1KFO9 00 01777 717777 B 65225 00 01777 7177717
IKF10 05 95618 00000 -~ 3 24 E4 EXPONEN 65226 00 00003 03130
1KF11 -5 15546 70000 ~ 2 24 E3 TIAL 65227 717 77745 46517
1KF12 02 38628 42000 - 1 24 E2 POLYNOM 65230 00 0C172 13301
1KF13 -6 93007 .28000 - 1 24 E1 1AL 65231 77 77235 13422
1KF14 01 00000 00000 24 EO CONSTANTS 65232 00 01000 00000
1KF15 01 19200 00000 1 29 R 65233 05 75341 21727
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Designation:
Type:

Special Storage:

Entrances:

Coded by:
Machine Checked by:

Approved by:

RW-146

MII-O
Pg. 1 of 2
revised 5;1/56

THE RAMO-WOOLDRIDGE CORPORATION
Los Angeles 45, California

MANUAL INSPECTION AND INSERTION

MII-O
Service Routine

The constant and temporary storage pools are
not used by this program.

Address 40002b for inspection, address 40003b
for insertion.

Manual stop.

Walter F. Bauer March 28, 1955
Merritt Elmore April 1, 1955
Wesley C. Dixon April 8, 1955
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DESCRIPTION

The routine is designed to facilitate manuasl data read~-in and read-out by
the machine operator at the control console. With the routine, for example,
only four steps are necessary to insert a word rather than approximately
eleven without it. -The routine also facilitates the inspection (or inser-
tion) of a succession of words. The information is entered into or read
out of the machine by means of the Q-register.

OPERATING INSTRUCTIONS

The following steps should be followed to inspect program data, assuming
the computer halted st end of main pulse 6:

1. Set PAK to’ 40002. _

2. Set address n of word to be inspected into right 15 bits of
accumulator. '

3. Start computer.

The computer will halt with the word displayed in the Q-reglster. Upon
restarting, the word in address n + 1 will be displayed in the Q-reglster,
thus successive starts-will cause words in successive storage locations

to be displayed. To perform step 2, the computer must be in the "test"
mode . .

The following steps are taken to enter & word into the memory, assuming
the computer halted at the end of main pulse 6:

1. Set PAK to L40QO3.

2. Set address n of word to be inserted into right 15 bits of
accumulator,

3. Enter word to be inserted into quotient register.

I, Start computer. ‘

The computer will halt after inserting the word into address n. Another
word, entered into the Q-register, will be inserted into address n + 1
upon starting the computer. That is, upon repeating steps 3 and U,
words are entered into guccessive memory locations, To perform steps
2 and 3, the computer must be in the "test' mode.

SPECIAL WARNING

This routine does not retain the information which was in the accumuylator
or quotient register upon its initigtion.
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THE RAMO-WOOLDRIDGE CORPORATION
Los Angeles.t5, California

CENTRAL EXCHANGE SINE-COSINE ROUTINE

Specifications
Identification Tag: SIN-0
Type: Subroutine
Assembly Routine Specification: SUB 49368 04008
Storage: 30 instructions

10 constants in program
No words of temporary storage used in program
Lo words of total program storage

2 words temporary storage pool used,
addresses 00027b thru 00030b

Drum Assignment: 62230b thru 62277b
Entrance and Exit: RJ SUBOL SUBO3 for the Sine
RJ SUBOl SUBO2 for the Cosine
Alarm: The alarm exit is not used
Average Machine Time: 3.63 milliseconds for Sine, 3.67 milliseconds

for Cosine

Maximum Machine Time: 4,38 milliseconds for Sine, 4.42 milliseconds
for Cosine

Mode of Operation: Fixed point

Coded by: A. E. Roberts, Jr. December, 1954
Code Checked by: Merritt Elmore April 10, 1955
Machine Checked by: Merritt Elmore April lh, 1955
Approved by: Wesley C. Dixon May 5, 1955
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PX 71900-9-(147)

RW-147
SIN-O

Pg. 2 of 4
Revised May 1, 1956

Description
When supplied with an argument X (-23° < X < 230) scaled by 233 (fe. X-233) it

will compute either.2339 sin gax) or 233' cos g;x} depending on which of the
2 2

two possible entrances is used. The Tchebycheff polynomiel expansion is used.

The absolute value of the error is less than 2’32.

Programming Instructions

Assume that the subroutine is stored at SUBOO and that X is the angle (in quad-
rants) whose sine or cosine is desired.

1. Place X-233 in the accumiator
2. Execute RJ SUBOl 8UBO3 for the sine, or
RJ SUBOL SUBO2 for the cosine.
Control will be returned to the cell immediately following the return Jump with
efther 233. sin xX_or 253 cos ggnileft in the accumulator.
2

Mathematical Method

Method used, sin (xX).
2

Summery. X 1s transformed into two parts: A two bit integer q designating the

quadrant in which the angle lies; and & 33 bit fractional part y which is used
in the polynomial approximation for sin gg%!. Cos SEZ? is obtained from
2

sin (xy) using the half angle formule. Finally, sin gxxz = + COS (ﬂ) according
2 2

to the quadrant.
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SIN-O

Pge 3 of Ll-

revised 5/1/56
In Detail

1. Make the argument positive by adding 2®° (since|X| < 2%8),
X 4238 =y, ou
2., The new argument u has an integral part and a fractional part. Throw
away all the bits of the integral part except the two immediately to
the left of the binary point (since the rest only add integral multi-
plies of 2¥ to the angle).

3« Let q = two bit integral part of u, Thus, q is one less than the
number of the quadrant in which the angle lies.

4. If ¥* is the fractional part of u, then
a) y=X*forq=Od.or11,and
x*-4 for q = 00 or 10, because sin (X) = cos |7 (x-1) |,
- 2

o'
S
¥

]

5
2ip1

5. sin @ry) = Z %2141 y » |y]<<41 from above,

B i=
NOTE; This is derived from the Tshebycheff expression

> k
sin (1X) =22 | (-1) J @) |z ().
I k=4 2k-1 2k-1

6. cos (Ty) = 1-2 sin2 fry)

- R

7. sin (rX) = cos ), @ =00o0or 01
- .

sin_(lg)_(l=-cos‘_gz_,q=100r11

Method used, cos (TX).
2

X441 replaces X and sin (X) is formed as above.
-

Machine Checking

A driver routine was used to take the sine and cosine of 68 values of (rX)
-

and the results were checked against values obtained from the National Bureau
of Standards Table of Sines and Cosines.,
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82500
g2501
82502
82503
82504
82505
82506
82507
82508
82509
82510
82511
82512
82513
82514
82515
82516
82517
82518
82519
82520
82521
82522
82523
82524
82525
82526
82527
82528
82529
82530
82531
82532
82533
82534
82535
82536
82537
82538
82539

82500
81500
00000
00000
81539
A00TC
00016
81506
81529
000060
81526
81532
81512
81533
A0000
81533
A0000
81531
81534

Q0000

81533

81519
81530
Q0000
81533
A0000
81539
AQ000
81539
00000
00000
81539
81535
77177
00000
71415
04213
36910
10975
69860
00000

49368
01024
00000
00000
A0000
00001
Q0000
81§08
81528
81509
81528
A0GOO
81511
00000
Q0000
00036
00023
81519
Q0000
00023
00036

00015
81517
Q0000
00036
00023
00038
A0000
AD0OO
00000
81501
Q0000
00000
77174
00000
00000
96000
77440
78641
75408
00000

ek gt

O OO O

NO ALARM XIT
NORMAL EXiT
COSINE ENTRY
SINE ENTRY
QAD NUM IN Q
IS QUAD 1 2
NO SET NEG
VALUE FUNC
YES POS FUNC
¥ STAR IN A
1S GUAD 2 &
NO SUB ONE
Y SQUARE
ROUND SCALE
STORE

SET LoOP
A4-TO Q

L CALC

0 PPLY
0  NOMIAL
P UP INDEX

TEST END

CALCULATE

NEG COS OF
ONE HALF
PI v

POS OR NEG
JuMp TQ EXIT

LOOP U ADDRS
MASK- -
ROUND OFF 36

62230
02000
62230
62231
62232
52233
62234
62235
62236
62237
62240
62241
62242
62243
62244
62245
62246
62247
62250
62251

62252

62253
62254
62255
62256
62257
62260
62261
62262
62263
62264
62265
62266
62267
62278
62271
62272

62273

62274
62275
62276
622717

00
00
57
&5
35
54
35
L4
i1
45
11
51
b4
34
71
32
13
15
11
71
32
35
21
42
71
32
T3
34
i3
36
ao
45
35
57
37
40
00
00
B
12

o

RW-14/(

SIN-0
Pg. 4

revised 5/1/56

00000
00000
00000
00000
02547
20000
80020
02006
020325
00000
02032
020490
02014
02041
200090
02041
20006
62037
02042
10000
02041
06000
62023
02036
10060
02041
20000
02047
20000
02047
00600
00000
02047
020643
77777
00000
60122
0he26
21465
25387
16375
00000

of L

00000
00000
00000
00000
20000
cO00i
10500
p201¢
62034

02011

02034
20008
02013
00000
100600
00d44
00027
02023
10000
00027
Q0044
1006¢0
30017
02021
10000
00044
00027
20046
20000
20800
00000
02001
10000
00000
774
00000
65046
21024
66440
16221
52420
00000
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SIN-1
Page 1 of L4
Revised May 1, 1956
THE RAMO-WOOLDRIDGE CORPORATION
Los Angeles 45, California

X 71900-9-(148)

Specifications
Identification Tag: SIN-1
Type: Subroutine

Assembly Routine Specification:

Storage:

Entrance and Exit:
Alarm:
Drum Assignment:

Average Machine Time:

Maximum Machine Time:

Mode of Operation:

Coded by:
Code Checked by:
Machine Checked by:

Approved by:

SUB L49L20 ok210
32 instructions,
10 constants in program,

L2 total program storage.

2 words of temporary storage pool used,

addresses 27b and 30b

RJ OOKOl OCKO3 for the sine, or
RJ OCKOl OOKO2 for the cosine.

The alarm exit is not used but a

divide fault may occur.

62314b thru 62365b

2.6 milliseconds

4.0 milliseconds (estimated)

Fixed point

M. Elmore
R. Beach
M. Elmore

W. Dixon

March 21, 1955
March 23, 1955
April 26, 1955

May 11, 1955
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SIN-1

Pg. 2 of 4
revised 5/1/56

Description

When supplied with an argument x(-211-2°3£L x<< 2M232) gcaled by 222 (i.e.
x+2°2) this routine will compute either 2°2.gin x or 2°2.cos x, depend-

ing on which of two entrances is used., Computation is by means of the Rand
approximation using the repeat polynomial multiply instruction. (Hence,
SIN-1 should not be used on 1103 computers not equipped with the polynomial
mltiply).

The absolute error is less than 2-27,

Programming and Operating Instructions

1. Place x+232 in 4,

2. RJ to the subroutine

If the subroutine has been assigned some arbitrary region, say OOKOO,
then the address of the sine entrance is 00KO3, the address of the co-
sine entrance is 00KO2, and the address of the exit is 00KO1. One

. should, therefore, use one of two RJ instructions to enter the routine,

RJ O00KOA  OOKO3 to obtain the sine, or
RJ OO0OKO1  OOQKO2 to obtain the cosine.

3., At the time of exit from the routine either 2°2.sin x or 2°2.cos x will
be left in A,

h, A divide fault occurs if x exceeds the range (see note in Mathematical
Analysis section).

Mathematical Analysis

Method used, sin x.

Summary. First x is reduced to a positive angle less than 27} second it
is transformed into an angle with an absolute value less than or
equal tom/2, and the sign is assigned according to the quadrant
in which the angle lies. Calculation then proceeds using the
Rand approximation.

In Detail

1. (a) 1If x is positive and greater than 2T, 27 is subtracted from x
until x is negative, when 27 is added back in,

(b) If x is negative, 21fis added to x until x is pasitive.

NOTE: The number of times that x and _t 2T are added is tallied with
a Q-jump. If positive x does not become negative or negative x
does not become positive after six subtractions or additions
respectively, x is divided by 27 and the remainder becomes x.

Because of this division, if |x|> 2T (2°2}6), a divide fault
will result, '
9-302
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RW-148

SIN-1
Page 3 of 4
Revised May 1, 1956

2. If x is greater than or equal to x/2, x is subtracted until x is less than
%x/2. If this takes only one subtraction, then the negative of the newly
obtained x is used for x. If it takes two subtractions, no further change

of sign is made.

5
3. sinx = 2 851 xzj"l, xLXL gjfrom above.
i= 2 2

This polynomisl is related to the Rand Sheet No. 16 polynomial by the

following relation:

Method used, cos x.

x is replaced by x + =/2 if x is negative or by x-3x/2 if x is positive,

and sin x is found as above.

Machine Checking

The sin x and cos x of 34 values of x were found and the results checked
sgainst values for the same angles found using the SIN-0 routine. The

greatest error was h5‘2'33 (approximately .71‘2'27).
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£2500
82501
82502
82503
82504
82505
82506
82507
82508
82509
82510
82511
82512
82513
82514
82515
82516
82517
82518
82519
82520
82521
82522
82523
' B2S24
82525
82526
82827
82528
82529
82530
824831
82532
582533
<« 82534
982535
T 82536
82337
%.82538
~g82539
82540
82541

82500
81509
006000
000090
81509
81541
81532
81506
818532
81814
81832
81533
00000
81532
81514
81506
81832
81513

81533
B1S34
81533
81534

23
81540

81835

2 4
4 81536

13

28318
57079
14159
60188
98074
33302
66666
99999

70000

49420
01024
00000
¢0000
81508
Q0000
81515
81511
Q0000
81518
AGQGO
A0000
81503
AGD00
81505
81514
ADG00
81518

A
81822
81522
A
81516
A

Q

23

41
24
a5
81529
24
. 23
A
81501
53072
63268
26536
69075
14309
51737
56696
99470

00000

oo et

-y O

32
32
32
43
40
38

34

COSINE ENTRY
SINE ENTRY
IS X SML NUF
TLLY Sua 2Pl
DIV BY 2PI

suB 2P1
ADD HALF Pl

suB 2P TIL
X GOES NEG
TLLY ADD 2PI
ADD: 2P1 TiL
X GOES POS
CHNGE S$IGN X
JMP TO POLYN
ts X 1st Qub
NO  SUB PI
IS X SML NUF
NO  suB Pl
SAVE X

X SQUARE
ROUND SCALE
STORE X sQ
€O 108
COMPUTE
SIN x - -
POLYNOMIAL
sCALE ANSWER

Jume 1O EXIt

2p1 |
ONE HALF pi

Bt

€9 SCALED 43
€7 SCALED &
¢5 SCALED 38
C3 SCALED 36
Cl $CALED 34
ROUND OFF

62314
62000
62314
62315
62316
62317
62320
62321
62322
62323
62324
62325
62326
62327
62330
62331
62332
62333
62334
62335
62336
62337
62340
62341
62342
62343
62344
62345
62346
62347
62350
62351
62352
62353
62354

62355

62356

62357

62360
62361
62362
62363
62364

62365

57
45
46
42

&4
73

46

36

45
36
46
s
35
46
13
4%
42
36
42
36
11

8%

32
11
31

75

24

24

11

45

31

66

14
00
77
02
65
17
01
00

20600

22077

RW-148

SIN-1
Pg. 4 of 4
revised 5/1/56

00000
00000
60000
30008
52010
10000
02017
©2013
1000¢
02022
20000
20000
02003
20000
02605
02616
20000
€2022
26600
02026
020626
20000
02020
20000
00027
10000
00051
60030
006043
02035
60030
20000
02001
52421
32504
65211
34047
57010
36646
70030
17645
060000
00000

00000
4Q000
00000
80000
¢2011
02051
62040
02006
020490
02016
02040
02041
00000
02040
02016
02006
02040
02015
20000
00000
02041
02042
02041
02042
20000
00027
02050

02043
20004
02044
00015
36000
00000
10375

44176
01272
63011
10416
25252
771717
00000
70000
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RW-149

SIN-2
Pg. 1 of 3
revised 5/1/56

THE RAMO-WOOLDRIDGE CORPORATION
Los Angeles 45, California

Small Angle Sine-Cosine Routine

Specifications
Identification Tag: SIN-2
Type: Subroutine
Assembly Routine Spec: SUB 49770 03009
Storage: 21 instructions

9 constants in program
30 words total program storage

2 words temporary storage pool used,
addresses 00027b and 00030b

.
Drum Assignment: Addresses 63052b thru 63107b
Entrance and Exit: RJ OOKOl1 OOKO3 for the sine

RJ OOCKO1L OO0KOZ for the cosine

Alarm: The alarm exit is used to print "SIN-Z"‘

‘ if the argument is too large '
Machine Time: 2.20 ms average, 3.1l ms maximum
Mode of Operation: Fixed point
Coded by: M. Elmore April 22, 1955
Machine Checked by: M. Elmore April 29, 1955
Approved by: W. Dixon July 20, 1955
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Page 2 of 3

3 IR T e 7
eviged woist 0%,

Revised 5/1/56

Description

When supplied with an argument x (- P <x< F§ ) scaled by 2°2
(that is, x-2°2) this routine will compute either 2°2.sin x or
2%2.c0s8 x, depending on which of two entrances is used. Computation
is by means of the Rand approximations using the repeated polynomial
multiply instruction (hence, SIN-2 should not be used on 1103
computers not equipped with the polynomial multiply instruction).

The absolute error is less than 2-27,

Programming Instructions

1. Place x+232 in A

2. RJ to the subroutine. If the subroutine has been assigned some
arbitrary region, say OOKOO, then the address of the sine
entrance is 00OKO3, the address of the cosine entrance is O0KO02,
and the address of the exit is O0KO1l. One should therefore use
one of two RJ instructions to enter the routine:

RJ OOKO1 00KO3 to obtain the sine, or
RJ OOKO1 OOKO2 to obtain the cosine,

3. At the time of exit from the routine, either 2°2.sin x or

232,008 x will be left in A.

b, An alarm occurs if x exceeda the range

Iy <x < f5
Mathematical Analysis

Method used for sin x:
p)

sin x = E ag., x2 -1
i=1

This polynomial is related to the Rand Sheet No. 16 polynomial
by the following relation:

i«
By = C (;4%) .
Method used for cos x:

x is replaced by (j;g) - |x| and sin x is found as above.

Machine Checking

The sin x and cos x of 15 values of x were found and the results were
checked against results of SIN-1 for the same angles., The answers were
identical,; which is to be expected since the same polynomial was used in
both routines, 9-306
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82500
825901
82502
82503
82504
82505
82506
82S07
82508
82509
82810
82511
82512
82513
82514
82515
82516
82517
82518
82519
82520
82521
82522

. 82523

82524
82525
82526
82527
82528
82529

82500
81500
75701
00000
81521
81521
81523
00000
81522
AQ000
81521
00023
81s22
A0000
00023
81524
AQ00O0
81525
20004
81526
00013
BO0OOO
00000
57079
57079
14065
00000
60188
98074
33302
66666
99999

49770
c1024
75702
00000
81506
81510
75756
81500
81504
00023
A0000
A0000
81504
00023
Q0C00
00041
00024
00035
81518
00024
00023
A00O0
81501
63268
63268
67404
00000
69075
14309
51737
56696
99470

¢
- b O P ON

BRB

32

43
40
38
36
34

COSINE ENTRY
SINE ENTRY
ALARM TAG

TO ALR

HALF PI
MINUS X
FOR COS X

STORE X
X SQUARE
ROUND SCALE
STORE X sSQ
C9 TO B REG
COMPUTE

SIN X
POLYNOMIAL
SCALE ANSWER
JUMP TO EXIT
ONE HALF PI

ALARM TAG
ROUND OFF
c9
c7
C5h
Cc3
c1

63052
02000
63052
63053
63054
63055
63056
63057
63060
63061
63062
63063
63064
63065
63066
63067
63070
63071
63072
63073
63074
63075
63076
63077
63100
63101
63102
63103
63104
63105
63106
63107

00
00
37
45
42
42

11
45

42
12
11
36
42
11
71
32
11
31
75
24
24
11

45

C6
71
24
01
00
77
02
65
17

RW-149

SIN-2
Pg. 3 of 3
revised 5/1/56

00000
00000
75701
00000
02025
02025
02027
00000
02026
20600
02025
00027
02026
20000
00027
02030
200060
02031
20004
02032
00015
30000
000C0
22077
55700
14065
00000

01272

63011
10416
25252

77777

00000
00000
75702
60000
02006
02012
75756
02000
02004
00027
20000
20000
02004
00027
15000
00051
00030
006473
02622
00030
00027
20000
02001

132504

45273
67404
0CG000
34047
57010
36646
70030
17645
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Page 1 of 3

Revised May 1, 1956

THE RAMO-WOOLDRIDGE CORPORATION
Los Angeles 45, California

SQUARE ROOT

Specifications
Identification Tag: SQR-0
Type: Subroutine
Assembly Routine Spec: SUB 49312 04409
Storage: 34 instructions
10 constants in program
44 words of total program storage
4 words of temporary storage pool used,
addresses 00027b-thru 00032b
Entrance: Address SUB02
Exit: Address SUBO1
Alarm Exit: The alarm exit is used.

Machine Time:

Mode of Operation:

Coded by:
Code Checked by:

Machine Checked by:

Approved by:

2. 38 ms. maximum machine time

Fixed point

A. Roberts, Jr. (ERA) December 1, 1954
T. Tack March 15, 1955
M. Elmore March 19, 1955
W. Dixon April 29, 1955
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SQR-0
Page 2 0f 3
Revised May 1, 1956

Description

This routine uses a rational function approximation followed by one step

of the Newton-Raphson procedure to compute the square root. It was

~written by A Roberts of E. R. A. and adopted for use at Ramo-Wooldridge.

. ~‘Programmi£g Instructions

' .Assume the routine is stored at SUB00. If x is the number whose

square root is desired, place x. 233 in the accumulator. Since the
entire 72 bits of the accumulator are used in taking the square root the
permissible range on x is

04£x <2
Execute the return jump instruction

RJ SUBO1 SUBO2
Upon exit from the routine the square root of x, scaled by 233 is left in

38

‘the accumulator.

Alarm Condition

I x. 233< 0 an alarm print of '""SQR-0" will occur and the computer will

‘halt with

(A) = x- 233

Pushing the start button will return control to the exit of SQR-0.

Mathematicl Method and Accuracy

A first approximation of the form

c_.s(x+c4)~!~cZ - ©3
is computed. One application of the Newton-Raphson formula to this
first approximation gives the desired square root. 33 bit accuracy
was obtained in all cases tested.

9-309
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SQR-0
Page 1 of 3
Revised May 1, 1956

D $2500 49312 62140 00 00000 00000
D 01500 01024 02000 00 00000 00000
D 01700 00023 00027 00 00000 00000
D 01A00 00013 00015 0C 00000 00000
$2S00 37 75701 75702 B 62140 37 75701 75702
$2501  MJ 00000 00000 EXIT 62141 45 00000 00000
$2502 SJ 01832 01803 ARG NEG 62142 46 02040 02003
$2503  ZJ 01S04 01801 ARG ZERO 62143 47 02004 02001
$2804  SF A000O0 01700 62144 7420000 00027
$2505 TP A0000 A0000 CLEAR B 62145 11 20000 20000
$2506 TP A0000 01701 STORE SC ARG 62146 11 20000 00030
$2507  SA 01535 00054 62147 - 32 02043 00066
$2508 TP A0000 01702 62150 11 20000 00031
$2509 MP 01536 01702 , 62151 71 02044 00031
$2510 AT 01$37 01103 62152 35 02045 00032
$2811 SN 01538 00015 62153 33 020456 00017
$§2512 OV 01T02 A000O 62154 73 00031 20000
$2513 AT 01T03 01T02 62155 35 00032 00031
$2514  SP 01T01 00032 62156 31 00030 00040
$2515 SS 01702 00000 62157 34 00031 00000
$2516 DV 01702 A000O 62160 73 00031 20000
$2517 AT 01702 01702 62161 35 00031 00031
52518 L@ 01T00 00038 62162 55 00027 00043
$2519 QT 01A01 A0000 62163 51 00016 20000
$2520 TV A0000 01528 62164 16 20000 02034
$2521 TP 01531 01529 62165 11 02037 02035
52522 TJ 01$39 01524 62166 42 02047 02030
§2623 TP 01S34 01529 62167 11 02042 02035
$2S24  QJ 01528 01525 62170 44 02034 02031
$2%25 MP 01540 01702 62171 71 02050 00031
$2526  SA 01S41 00037 62172 32 02051 00045
$2527 TP AQ0DOO 01702 62173 11 20000 00031
$2528 SP 01T02 00000 62174 31 00031 00000
$2529 00 00000 00000 B 62175 00 00000 00000
$2$30 TP A0000 A0000 62176 11 20000 20000
$2831 MJ 00000 01501 62177 45 00000 02001
~52532 11 01542 75756 BRB 62200 11 02052 75756
@s52833  MJ 00000 01500 62201 45 00000 02000
TS2534 32 01543 00044 BRB 62202 32 02053 00044
452535 26 47670 31361 B b) 62203 26 47670 31361
452536 00 00000 65324 B A 62204 00 00000 65324
£52537 11 45346 44516 B 8 62205 11 45346 44516
52538 33 06571 40273 B C 62206 33 06571 40273
,¢52539 00 00000 00023 8 62207 00 00000 00023
52840 26 50117 14640 B 62210 26 50117 14640
$2541 20 00000 00000 B 62211 20 00000 00000
$2842 24 35125 63704 B TAG SGR 62212 24 35125 63704
$2543 37 77777 17777 B ' 62213 37 77717 17777
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RW-151
RANR-O

Pg. 1 of 16
5/20/56

THE RAMO-WOOLDRIDGE CORPORATION
Los Angeles 45, California

Normally Distributed Pseudo Randcn Numbers

gpeciticitions
Identification Tag: RAN-O
Type: -Subroutine
Assembly Routine Spec: SUB 50010 02007
Storage: : , 20 words total program storage

2 words temporary pool used, addresses
30b and 31b

The constant pool is used.
Entrance and Exit: RJ S8UBOO SUBOZ2 normal entrance
RJ SUBOO SUBOlL reset entrance

Nachine Time: 472 + 690 n microseconds (for definition
of n, see Mathematical ‘Method).

If n = 6 (the normal case) this gives
4612 microseconds.

Mode of Operation: Fixed point

Coded by: R. Bigelow July, 1955
Code Checked by: M. Perry July, 1955
Machine Checked by: R. Bigelow August, 1955
Report Written by: F. Meek " April, 1956
Approved by: W. Bauer May, 1956
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Description
Repeated use of this subroutine produces a sequence of pseudo random
nurbers from an approximetely normal distribution having mean equal to zero, and

standard deviation equal to one.

Programming Instructions

Bach entry to this subroutinek produces in the accumulator a quantity
x.23o where x is a pseudo random number selected from the sequence described above.

To obtain each x in the sequence use RJ SUBOQ SUBOZ2. The subroutine must not be
destroyed between successive entries if the sequence of x's is to have the desired
randomness.

To restart the sequeﬁce 5 l.e., to obtain the first x again after the sub-
routine has been entered one or more times, use RJ SUBOQO SUBOL.

The subroutine may be modified to cause thé sequence of x's to more closely
approximate a normal distribution. To make this modification choose a number n such
that 5<n <32 and make (SUBL8) = (n - 1)-2° and make (SUB19) = (V3/)-23”. Increasing
n improves the approximation to a normal distribution and increases the machine time
(see page 1). The unmodified routine uses n = 6.

Mathematical Method

Let y, = 52q+lyi_l-(mod 2%), where g is e non-negative integer, end g 18
any odd positive integer less than 2° (see appendix), define a sequence {yj} of
positive integers. Such sequences satisfy many of the properties associated with
sequences of rendom integers uniformly distributed between zero and 2%, In fact,
many such sequences have been computed and tested for "randomness" and for "goodness
of fit" to a uniform distribution and have been found satisfactory for most purposes
(see Testing).
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If one assumes that the sequence {yi}. defined above is a sequence of
truly random integers uniformly distributed betﬁeen zerc and 25, one can obtain a
sequence {’ j% of random numbers from a distribution which approximates the standard
(zero mean and unit standard deviation) normal dlstributlon by appeallng to a well-
known theorem concerning the distribution of means. On page 69 of {55] there
appears the following
"Theorem: If y has a distribution with mean m and standard deviationtf'fgr which
the moment-generating function exists, then the variable
1) x = (y-m) To/o
has a distribution which approaches the standard normal distribution as n becomes
infinite". In 1), } denofes the average value of n sample values of y. This theoreﬁ
is applicable to the intégers v from the segquence g:yi} because there certainly
exists a moment-generating function for a uniform distribution. The mean m of the
yi is clearly

. l. _
2) .m=§2—2

3) & =_1 N
. V3 V3
(See the appendix for a derivation of 3).)"
Let ,
_ n-1
k) Y572 > gk
k=0

denote the average of n consecutive values of vy from the sequence {y;} beginning

with y_ 5 j=0, 1,2,..., and write 1) as

% For the definition of a moment-generating fungtion, see page 26 of [5] .
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5) Xy = (is-m) Yo/6™ .

According to the theorenm, xj is the jth number in a sequence {xa} of random
numbers from a distribution which approaches the standard normal distribution as
n becomes infinite. On using 2) and 3), 5) becomes

6) x = Vo (s;j-zl's -1).

In regard to the sequence {yig defined above, it can be shown that such a
sequence has period 25-2. To obtain the longest period possible, s was chosen to be
35 for this subroutine.

Other computing installations have chosen g as large as possible, subject

ag+l

only to the restriction that 5 must be contained in one storage register. Since

multiplication time on the 1103 is a direct function of the number of binary ones in

one of the multiplicands, 529*1

was somewhat arbitrarily chosen to be 55. See [l] .
In order not to introduce a bias at the beginning of the sequence, the subroutine
uses for Yo the 17th integer In the sequence obtalned using Yo = 1, namely,

13 k1437 54765b. See [1] .

It was stated under Programming Instructions that the unmodified subroutine

uses n = 6. It is believed that this value of n will yield numbers sufficiently

"normal" for most purposes. See Testing.
The subroutine does not use formulas 4) and 6) to compute X Instead

the following equivalent process is used: Form

n-1 '

:E::j by -b 30
.—() [(ynj+k "2 ) 2 = ZJ 2 )

k=0

and then,
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030 _ 230
8) x, 2 _le\ z3

Using n = 6, and s = 35, it is easy to verify that 7) and 8) are equivalent to
4) and 6).

Testing
In the first paragraph under Mathematical Method it was stated that many

sequences {yiB have been computed and tested for "randommess" and for "goodness

of £it" to a uniform distribution. One such testing program was carried out on the
SEAC [2:) using 2g+l = 17 and s = k2. Another testing program was carried out on
the ORIVAC [3} using 2q+l = 13 and s = 39. A similar process for generating pseudo-
random integers on a decimal computer, i.e., the UNIVAC, was devised and tested [b;] .
In all of these testing programs, the integers generated were judged to be "satisfac-
tory". But in all these testing programs q (or its analog on the UNIVAC) was chosen
ag large as possible, subject only to the particular machine register capacity.
Therefore, the small value of g used by this subroutine on the 1103 (in order to save
multiplication time) is somewhat gquesticnable. Im fact, Juncosa 53] states that

if Sk is used, k should be an odd integer such that Sk is "preferably slightly less
than 2°". The choice of n = 6 1s likewise questionsble. Therefore, it was decided

to write a routine, which shall hereinafter be referred to as the testing routine,

)

which would in some sense test the pseudo normally distributed random numbers x 5°
The resulis obtained with the testing routine can be termed satisfactory. For more
details, see the appendix.

The subroutine, with q = 2 and n = 6, has already been used with apparently

PX 71900-9-(151

satisfactory results. It was used to evaluate a function in the form of a Fourier

series with normally distributed random coefficients. It was also used to simulate
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random and correlated rad;r noise. In this connection, the theoretical distribution
of xj was computed and plotted* (assuming the vy to be from a truly uniform distri-
bution) with n.= 6. This plot is shown, along with the standard normal distribution,
as figure 4 in the appendix. 'The difference between the two curves would be con-
sidered negligible for most applications. However, there is a difference which does
not show on the figure, and which migﬁt be considered important for some spplications.
From %) and 6) under Mathematicel Method, one can show that

{xjf< 32" < k.25
for n = 6. Hence the probability of obtaining an Ix J [?. 4.25 is zero. But, for

the standard normal distribution, the probability of obtaining an l x]Z k.25 1is

about one in fifty thousand..

* The writer is indebied to R. Schwarz for suggesting the computation and carrying

it out.
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APPENDIX

Derivation of O

If the uniform distribution function £(y) is chosén so that the area
under the curve is unity, the variance 6‘2 is equal to the second moment about the

mesn m, i.e.,

£(y)%

2n
o?. [ (y-m)? £(3) &y,
0

! —— >

1
0 dy m 2m y

s s-1

8 2% = 2°7" . To make the area equal to unity, f(y) must be

where 2m = 2", m = 1
2

1/2m. Thus

2m
&%= 1/amf (v°- 2my + n°) ay,
0

which is 3) under Mathematical Method.

or o =z_nf_,a.nd6‘=
3

&)

The Testing Routine

The testing routine uses RAN-O (with g = 2 and n = 6) to generate in

sequence any number M of sets of N x,'s, likewise in sequence. For example, the

J
data used in figures 1, 2, and 3, was produced using M = 512 and N = 100, so that

MN = 51,200 x_,'s were generated in sequence and divided into 512 sets of 100 each.

J
For each set of N :a:‘j 's the following three quantities are computed and punched on

cards using CPO-2:
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N
zn-a

Fo e
J=1
x is the sample mean and sz is the sample variance.

*lO

3. & QE:

where-Q-i is the actual number of x.'s for which a,<x <ai+1’ and e, is the number

J : 1775 i
' < ' -
of xj s for which it is expected that ai_ xj<ai+l’ assuming that the xJ 8 are dis
tributed normally with zero mean and unit standard deviation. The a 1 are given in
. e e

the table below along with the corresponding i/N « The values of i/N are from

Table II, pp. 243 - 245 of [5] .

1 84 ei/m 1 2y ei/n
1 - o0 02275 6 0 .19146
2 -2,0 .0kL06 7 0.5 -14988
3 -1.5 .09185 8 1.0 .09185
b -1.0 .14988 9 1.5 -0kk06
5 - -0.5 .19146 10 2.0 | .02275
= 1 + 00 0
;.?X is a measure of the "goodness of fit" of the generated x 3 to the sta:adard normal
§ distribution.
': On figures 1, 2, and 3 are plotted the histograms of the actual frequencies
[s 9

obtained from M = 512 sets of N = 100 xj's each. Figures 1, 2 and 3 refer respectively

to the computed quantities X, sz, a.nd)(z. On each figure 1s also plotted the theo-

retical distribution curve of the appropriate quentity.
* Chi -~ squared
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If the xj ‘are normally distributed with B, = 0 and 5: = 1, x will also be
= " = 6'. =
normally distributed with m = O and Csff x/V*i? 1.
At the top of page 138 of [ 5:) there appears the following
Theorem: If x is normally distributed with variance& 2, and 82 is the sample

varience based on a random sample of size N, then Hsa/ has a Xz distribution

G2
with N - 1 degrees of freedom.

The above theorem is applicable with 4 =1 and § = 100 ’ andnusing
(8), page 134 of [5] , for the distribution function of X2, one obtains

L 2 97/2 /2

.f(lOOsz/l) = f(lOOsé) = f(uz) = W) (™) e
i 2

which reduces to

f(uz) =" 1 (Ei) 97/2 e-u2/2 )
[(®) ¥

where ua = l()()s2 . This latter expression for f(uz) is rather easily evaluated using

natural logarithms, i.e.,
2

2
log f(uz) = 97/2 log (%) - B§ - log 2 - 10g[_’(_9_%).

Log )—' (%) can be approximated using Stirling's formula or it can be evaluated

directly using

logp(%) =log%+log2%+log%+ . e . +log-2§+log/—'(%).

Either method yields log l_' (2%) ~142.6172. The expression above for log f(uz} was
used to obtain a sufficient number of points to plot the theoretical distribution
curve of s2 on figure 2.

The theoretical distribution curve of ,7(2 with 9 degrees of freedom which

is plotted on figure 3, was obtained from data given in Table IIL, page 246 of [:5] .
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.(The number of degrees of freedom is one less then the number of groupings used to
2
compute X © for a sample of size N.)
For each of the three figures the frequency histograms and the theoretical

distribution curves have been adjusted to have the same area under them.

Remarks on the Figures, Randommess, and the Choice of g

For all three figures the histograms seem to follow the curves fairly well.
This indicates that the x; generated by the subroutine (with q = 2‘ and n = 6) are
distributed in a fashion which approximates the standard normal distributios to &
fairly high degree. Figure 4 suggests the same thing but it is entirely theoretical.
It should be emphasized that none of the figures shows enything sbout the rs.ndomgss
of the x 3 An inspection of the data which produced the histogrems indicates that
the computed X, sz, and f for consecutive sets of 100 x J"s are random. But egain,
this says nothing for the randommess of the xj‘s themselves. The testing of the »
randomness of the x

, J | |
results of the testing done on the sequences of the pseudo-uniformly distributed

's was deliberately avoided because it was assumed from the

integers by other computer installations, that the sequence {yi withq =2 , |
and hence the sequence {x J} computed by the subroutine, would
be sufficiently random for our purposes. As was pointed out under Testing, the
only significant difference between the sequence { y13 ebmputed by the subroutine
‘Eanﬂ. those sequences tested at other installations was the value of q. For the
l 9 subroutine q was chosen smsll so as to shorten the multiplication time on the 1103
e The other installations chose q as large as pcssible beca.use 1t was intuitivel,y
B Pelt that such a choice might produce more randomness, such a chco‘it:e would auto-
matically eliminate any bias at the beginning of the sequence with Vo= 1, and the

computer multiplication times did not depend on q. But since the period of the left-
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most binary digit of the integers ¥y and hence the period of the sequence {y13 »

1 2° 2’ independent of ¢ Lz] and [h) ), and since it is believed that the

randonness snd the uniformity of the sequence (ya is due to this long period
(s being chosen as large as possible), it appears also that the randomness and

uniformity of the sequence {yi is independent of q.

Remarks on the Cholce of Yo

It was s‘ta_.ted in ‘the first paragraph under Mathematical Method that ¥o can
8-1

be any odd positive integer less than 2®. There are 2 such integers and they

can be divided into 2 groups of 282 integers each, according to whether, in binary
representation, they end in Ol or 11, i.e., vhether they are of tﬁe form 4 + 1 or
bk + 3, k being any non-negative integer less than 2° 2. Fow let s )2, q20, s and
q such that 52‘1 * Leg®, 1e Yo = bk + 1< 2°, e.g., Yo = 1, the first 282 integers
y, of the sequence {yi} will be the 28-2 distinct integers of the form 4k + 1, and
then the sequence will repeat itself. Similarly, if Yo = bk + 3<zs, €8 Jp = 3,

8-2

the 2 distinct integers generated will be of the form 4k + 3.
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THE RAMO-WOOLDRIDGE CORPORATION
Los Angeles 45, California
Column Heading Routine
Specifications

Identification Tag: RPH-0

Type: Service mutiné with program entrance

Entrence and Exit: 37 40020 140022 b to read a card

37 40020 140023 b to punch a card

Coded by: R. Beach May, 1956

Approved by: W. Bauer May, 1956
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Description

This routine will read in one card or punch out one card each time it
is entered. It allows the programmer to include colummn headings in
listed output when using elther SNAP output or CPO-2. The routine
stores cells 1660 b - 1777 b in the MD image, then bootstraps itself
into ES for operation. After completion of the read or punch function,
BS is restored and control returned to the program. A and Q are not
altered by the routine.

BExecuting a read eniry causes one card to be read and a complete
alphanumeric card image to be stored. Executing a punch entry results
in punching a card identical to the one read in with the exception of
the twelve row of fleld three which is replaced with punches to control
the 407 (See Operation). Only numeric information cen be punched in
field three and the information in this field will be printed by the
BOT at the extreme left of the page, followed by 6 spaces.

A parameter word 1s used to specify the first of the 36 words in
which the card image is to be located upon reading, or the first of
the 36 words from which the card image to be punched.

Phe routine assumes that cards hdave been positioned in the Bull, but
it does not alter card positioning when used. A blank card will be
fed on the punch sid® vhen the read entry is executed.

Programming Instructions

1.

2'

PX 71900-9-(152)

To read a card. Enter the routine with 37 k0020 40022 b
followed by a parameter word of the form 00 X0oxx where
xxxxx is the address of the first cell in memory in which the card
image is to be placed. Control is returmed to the imstruction

following the parameter word.

To punch a card. Enter the routine with 37 40020 L0023 b
followed by a parameter word of the form 00 O000YY xxxxx where
xxxxx is the address of the first cell in memory at which the
image to be punched 1s located, and YY is:

00 thru 19 for single spacing
20 thru 29 for double spacing
30 thru ko for triple spacing
50 thru 89 for page ejection

The spacing takes place before printing the card. These page con-
trols are identical to those used for SNAP with the exception
that in this routine the combinations 00 thru 09 have the
same effect as the combinatioms 10 thru 19.
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The twelve row of field three of the card imege will be replaced

by a row containing the page controls and a SHAP identification
punch (12 punch in colum 75). It is advisable, therefore, to

use only columns 1 thru 72 of the card for heading purposes.
Only numeric information can be printed from field three. Since

the card contains a SRAP identification punch, the word spacing
in the first 72 columns will be the same as for SRAP; that is,
four spaces are inserted after columns 12, 24, 36, 48, and 60.

The numeric information in fleld 3 1s printed at the extreme left

of the page.

Restrictions

The card image may be located anywhere in memory except cells 1660 b -

1777 b (and also with the exception of cells reserved for the R-W
library). It is recommended that card images be placed on the drum

since the time involved in reading and punching using drum locations

is very nearly the same as that involved when the card image 1s in ES.

Suggested Use
It‘ is suggested that the input heading cards be placed at the front

of the input deck, and that they be read in by the program before other

computation is begun. Output heading cards can then be punched by
the program at any time.
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I.

ITT.

CONTROLLER

A CARD HANDLING SUBROUTINE IC 010

DESCRIPTION

This subroutine simplifies the reading and punching of cards
especially in cases where blocks of cards with the same format are
handled. It will be available shortly with the service routines on
wr3. ,

This subroutine operates from the drum and handles all necessary
block transfers. Up to 63 cards in each channel can be handled by one
subroutine reference, reading and punching proceeding comcurrently if
desired. There are three entrancees to this subroutine as desoribed
below.

CARD FORMATS

Bach card format is described by a series of parameter words as
desoribed in IC 005, IC 006 and IC 007. For use with this subroutine,
these words are preceded by one word, m, the number of fields on the
card, These formate must be stored in MD. ( o g m <31 o
ENTRANCES
1. Prime:

37000000 70400
Next instruction

This subroutine is alweys one read card ahead of the main program.
It retains the information from this card within itself, For this reason,
when a new deck of cards is placed in the read hopper, the subroutine
must be primed as well as the reproducer. Both are primed by this

entrance to the subrautine,

roR 10184
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2. READ

v.

37 00000 70L02

nn 33333 vvvew

Hext instruction

This entrance cause nn cards of format jjjjj (first address for format)

to be converted and stored in cells starting with vvvvv, (which may be
in ES or MD).
3. PUKCH

37 00000 70401

mn §3333 veey

Next instruction

This entrance punches nn cards of format 33333 using date starting

in cell vvvvv, (which may be in ES or iD). k
OPERATING NOTES
1. If the "next instruction® after a punch card entrance is s read card
entrance, the operations of reading and punching will begzin simultaneously.
2, Whenever reading occurs without simultanecus punching, a blank card
will apbear in the output,
3+ After approximately 270 words are resad or punched, the reproducer
will drop out of operstion momentarily while block transfere are sffected.
Le 1In case of trouble with the reproducer, s tart at 00000.
5¢ 1IC 007 is contained in this routine, It is located in cell 70656

and is modified to operate from loeation 00670,

SPECIFICATIONS
LOCATION; 70L00 to 71257
TEMPORARIES; 7L001 to 75777

This subroutine is not standard and is not to be modified, Its

sum is constant.,

FORM 1818 -4

— 9-331




PX 71900-9-(153)

70400
70401
70402
70403
70404
70405
70406
70407
70410
70411
70412
70413
70414
70415
70416
70417
70420
70421
70422
70423
70424
70425
70426
70427
70430
70431
70432
70433
70434
70435
70436
70437

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

CONTROLLER 6&6/4/56

00426
00427
00430
00431
00432
00433
00434
00435
00436
00437
00440
00441
00442
00443
00444
00445
00446
00447
00450
00451

45
45
41
75
11
11
31
15
75
11
75
11
15
16
55
44
44
11
11
45
31
43
11
23
15
15
16
21
42
23
31

[~4
-

00000
00000
00000
31777
00001
20000
20000
20000
30004
30004
30660
70414
70410
00002
00422
00433
00436
00423

00640

00000
00424
00642
00640
00635
00423
00425
00423
00530
00645
00530
20000
20000

70402
70402
00000
70405
74001
00002
00017
70411
70412
00422
00426
00426
70411
00635
10042
00432
00621
00425
00423
00441
00000
00447
00425
00643
00466
00464
00530
00644
00450
00644
00017
00550

SAN DIEGO CALIFORNIA

PICKUP ADDRESS
SAVE

ES
STORE ADDRESS

PICK

up
CALLING
SEQUENCE
PLACE CONTROLLEFR
IN ES
RESET DRUM SUM
SET EXIT
TEST
FIRST
ENTRANCE
NJV1 TO NJV 2
CLEAR NV1y 00641 T0O 11

TEST SIMULTANEOUS
READ
CLEAR NV2e 00641 TO J2
ADJUST EXIT
SET FORMAT
PICKUPS
TEST
AND
SET
PUNCH
PICKUP
TO PIN

Cv-153
PAGE
REPORT

MODEL

DATE

9-332

IC 010-3
ZM 191-11

A11

5=28=56



PX 71900-9-(153)

70440
70441
70442
70443
70444
70445
70446
70447
70450
70451
70452
70453
70454
70455
70456
70457
70460
70461
70462
70463
70464
70465
70466
70467
70470
70471
70472
70473
70474
70475
70476
70477

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

SANDIEGD ¢« AL ORN:A

COMTROLLER 6/4/56

00452
00453
00454
00455
00456
00457
00460
00461
00462
00463
00464
00465
00466
00467
00470
00471
00472
00473
00474
00475
00476
00477
00500
00501
00502
00503
00504
00505
00506
00507
00510
00511

L S B S S S
(ST N ¢ VL N R

)

31
11
75
11
7%
11

=4
<

46
11
21
72
11
11
73
&7
23
11
11
11
47
11
11
73
47

530 TEST

05
00530 00644 AND

00645 00456 SET READ
00530 00644 STORE
20000 00576 FRoM BT
00422 0R052 N1 TO

20000 00426 M6

00425 00052 N2 TO

20090 00623 N6

30037 00465 B ICKUP

00000 A1740 READ FORMAT
30037 00467 PICKUP

00000 0043 PUNCH FORMAT
01749 20000 N1 LESS

00430 20000 M1

0472 00472 LARGER

00430 10000 0 0

00646 00000 272 DIVIDED RY 9
10000 0nen? TO N2

10000 00425 AND %2

00423 20000 COMPUTE

00422 00423 Sk

01503 nn5nY TEST N4 FQUAL 7ERO
00423 0064) ADJUST

00422 20000 N3 OAND N 4
20000 00424 STORE N4

00423 20000 TEST

00507 00506 N3

00424 00422 N4 TO N2

00426 20000 coMPUTE

00425 00426 M3

00514 00512 TEST M4 FQUAL 7570

CV-153
PAGE
REPORT
MODEL
DATE

IC 010+,
Z¥ |.31-11
A1l
5-26-56

9-333



PX 71900-9-(153)

70500
70501
709502
70503
70504
70505
70506
70507
70510
70511
70512
70513
70514
70515
70516
70517
70520
70521
70522
70523
70524
70525
70526
70527
70530
70531
70532
70532
70534
70535
73526
70537

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

CONTROLLER 6/4/56

00512
00513
00514
00515
00516
00517
00520
00521
00522
00523
00524
00525
00526
00527
00530
00531
00532
00533
00534
00535
00536
00537
00540
00541
00542
00543
00544
00545
00546
00547
00550
00551

23
11
11
71
11
23
11
11
21
21
11
11
75
11
0o
00
45
23
47
23
47
46
23
16
16
45
11
11
16
75
11
16

oNg26
00425
20000
01740
20000
00576
00423
00426
00467
00470
00641
00641
30037
01740
00000
00000
00000
00472
00560
00470
00537
00540
00611
00650
006°1
00000
00427
00425

00652

30420
nenno
00664

00641

20000

nna427
00422
10000
10000
004867
00470
00641
N0641
00471
00472
00532
00473

00

00533
00641
00535
00641
00544
00545
00647
00604
00532
00544
00425
00472
00612
00560
anoe?2
01012

SAN DIEGO CALIFORNIA

ADJUST M3
AND Mé&
STORE Mé&
LOWER READ
STORE BY
N1 TIMES N2
N3 TO R
M3 TO §
N3=1 TO R
M3=1 TO ¢
1 T0P
1 1T0Q
SHIFT READ
FORMAT

SWITCH A 00557
Q=1 TO Q
TEST
S=1 70 §
TEST
TEST
SUPPRESS PUNCHING
SET SWITCH E
SET SWITCH A
SWITCH B 00626
M4 TO M2
M2 TO Q
RESET PUNCH BIN
PICKUP TO

PUNCH RIN
PATCH

Cv-153
PAGE
REPORT
MODEL
DATE

IC 010«5
ZM 191-11
All
C«28+56
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73540
70541
708542
70549
70544
70545
70546
70847
70550
70551

70552

70553
70534
70858
79556
70557
70560
70561
70562
70563
70564

570565

—~ 70566

¢ 70567

70570

70571

70572

70573

70574

70575

70576

70577

PX 71900

CONVAIR ~ DIVISION OF GEMERAL DYNAMICS CORP.

BAN DIEGQO CALIFORANIA

CONTROLLER 6/4/56

00552
005°3
00554
00535
nN556
00557
00560
00561
n0562
00563
00c64
00565
00%66
coss7
00570
00571
00572
0n573
00574
00575
00576
00577
00600
00601
0602
N0603
00604
00605
00606
00607
00610
00611

45
16
4%
10
77
16
48
23
43
47
11
47
11
52
45
37
71

A
ER's

15
75
11
22
47
46
23
16
37
11
16
11
37
33

cv-133

PAGE IC 010=6
REPORT ZY U91-II
MODEL A1

DATE 52856

00000 rOTCT IN I1C 007
00662 01712 CARD

nHQoo 007N SURROUTINE
00010 00662

43070 1°100 . PARAMETEP

00652 00612 RESET PUNCH BIN.
00000 00561 SVITCH B 00605
00471 00641 - - P=1 TO P

00541 ©0546  TEST

01610 00571  TEST

00467 20000 TEST

00610 00566 R

00653 10900 SET TO PICK
00653 (0611 PUNCH CARD
07000 00610 ON LAST READ
N0%71 00577 - SWITCH D 00572
00473 00422  SET 10

C06%4 00017 - STORE

20000 00575 M1 N2 WORDS
70000 00577 - STORE FROM -
01256 3¢n00 READ BIN

0nke? 00541 R=1 TO R

00601 70605 TEST

00602 00606 TEST

00611 00656 SUPPRESS READING
ANG5Q OF343 L SET eMITeH @
00560 AM605 SWITCH E 00626y <FT SWITCH €
CO424 00422 N TO N2

01655 N0611 RESET READ B4
00422 00471 N2 TO P

00570 00670 ENTER IC 007
00474 01360 CARD

9-335



CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. . Ccv-1
SAN DIEGO CALIE maia PAGE ICC10-7

rerporT ZM¥ 191-11
mooeL All
DATE a2l =56

COMTROLLER 6/4/56

70600 00612 00 00431 00002 SURROUT INF
70601 00613 21 00611 00473 RAISE BIN
70602 00614 21 00612 00430 ADDRESSES
70603 00615 21 00576 00473 RAISE
70604 00616 31 00430 00017 STORAGE
71605 00617 35 00550 00550 ADDRESEES
70606 00620 45 00000 00532
70607 00621 23 00635 00657 ADJUST EXIT
70610 00622 17 00000 N0660 PICK CARDS
70611 €0523 37 00679 00670 PICK CARDS
70612 00624 31 00556 00002 AND READ
70613 00625 00 00000 05 * TO0 BCD BIM
70614 00626 23 20000 20000 UM
70615 00627 75 20011 00531 RCD
70616 00630 32 01212 00000 RIM
70617 0631 13 20000 01223 ADJUST DRUM SUM
70620 00632 75 30012 00634 BCD RIN
70621 00633 11 01212 71200 10 DRUM
70622 00634 21 00635 00661 ADJUST EXIT
79623 00635 75 31777 00003 RESTORE ES
70624 00636 11 74001 00001 AND EXIT

§73625 00637 00 00000  # C

70626 00640 00 00641 00000 0

2 70627 00841 0O NNNND AN 01 . M

§ 70630 00642 37 00000 70402 S

: 70631 00643 00 00000 N0 02 T

70632 00644 00 0ONOO 74000 A
70633 00645 00 00000 76000 N
70634 00646 00 000ND NO&20 T
70635 00647 22 00000 ANCON 5

70636 00650 N0 CONOL ANBK2E
70637 00651 00 0000N AN557

9-336



PX 71900-9-(153)

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

CONTROLLER 6/4/56

70640
70641
70642
70642
70644
70645
70646
70647
70650
70651
70652
70653
70654
70655
70655
70657
70660
70661
70662
70663
70664 _
70655
70656
70667
70670
70671
70672
70673
70674
70675
77676
70677

00652
00653
00654
00655
00656
00657
00660
0Né61
00662
00663
00664
00665
c0666
00667
005670
00671
rOe72
00€73
00674
Nno675
00676
00677
00700
00701
00702
00703

00704

00705
0N706
00707
00710
00711

00
20
00
"o
11
00
0o
nn
75
11
0o
00
00
00
71
15
16
15
55
21
52
32
by
44

00000
alaloioly
oeeon
nnoonon
00000
00000
00000
nenAn
10011
00667
aJakalele)
00009
00000
coooo
01166
20000
20000
01014
20000
011643
01202
20000
00701
010232
01121
00551
0i0EN
onT7”
01144
010590

> OROO0

1n00n

2
alatelals!
EXaleloly)
n136n
neonn
00 03
n0114
nn N4
01013
01212
on7a3
ne =
no *
o0 N
fo611
00724
nnT762
00000
nNon3
00002
20000
Qeonl
00701
nn70?2
n1n1n
005%3
n1n11l
~nIN4?
Ang1
00714
n12486

01226

SAN CIEGEC CALIFORMNIA

CLEAR
2CO BINM

START OF
IC 007 CARD
SYRNITINE

JUMP 1O PATCH 1 CHANGE

CV-153

PAGE

IC 010-8

REPORTEM 1{21-11
MODEL All

DATE

Fe28-56
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PX 71900-9-(153)

70700
70701
70702
70703
70704
70705
70706
70707
70710
70711
70712
70713
70714
70715
70716
70717
70720
70721
70722
70723
70724
T072%
70726
70727
70730
70731
70732
707372
70734
70735
70736
70737

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP.

COMTROLLER 6/4/56

00712
00713
00714
00715
00716
00717
00720
00721
00722
00723
00724
00725
00726
00727
00730
00731
00732
00733
00734
00735
00736
00737
00740
00741
00742
00743
00744
N0T45
00746
00747
00750
00751

76
45
3?2
37
41
16
37
15
27
37
55
44
16
55
51
18
55
51
55
51
55
51
32
35
0o
37
41

-
b}

41
27
37
41

10000
00000
01164
00713
01017
00771
00713
01153
01012
00765
00511
00726
00555
10000
01203
20000
10000
01203
10000
01203
10000
01203
20000
01156
00000
00743
01123
01150
01117
01144
01150
00777

01252
00721
aoJelole}
01011
00766
01017
6NT6E
01147
00706
00724
00000
00727

00765

00013
20000
00753
00006
01123
00006
01117
00006
00777
00016
00742
00 01
00744
01137
00746
01140
00751
00751
01140

SAN DIEGO CALIFORNIA

o CHANGE

CV-153
PAGE
REPORT
MODEL
DATE

IC 0109
2M 191-11
All
5-28-56
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PX 71900-9-(153)

CONVALR — DIVISION OF GENERAL DYNAMICS CORP.

CONTROLLER 6/4/56

70740
70741
70742
70742
70744
70745
TnTLE
70747
70750~
70751
70752
70753
70754
70755
70756
7N757
T2TED
70761
70742
70742
70744
70755
707¢6
70767
70770
72771
70772
777702
70778
71777
7077¢

TA7T

00752

00723

Q0754
nN7%e
00756
00757
NNT740
007561
007672
00763
nOTEHL
Q0755
007¢6
00767
00770
nn771
00772
00772
00774
00775
0C776
00717
f1000
01201
01002
21CC?2
nL004
~ient
niCNeE
n1ien7
21010

NINYY
LA S

00747
01122
10000
oNnT742
ND1144
n1161
nN761
01116
nitla
0N724
0N7ED
ooonn

=

01153

SR ELIETS

nizon
N1165
2nnan

nnT774

10107
neoeo
nnonn
nN1116
n1140
20000
nNT7R2
01116
nN1427
nNi204
n116e
n1n13
an777
nonnn
n1l23¢
alaleR B
nnng 3
anT7s
aleleXels]
alalray i
rf5000
n1223
N1ZNR
fnNTITY
n1nn3
ﬁ“fso
nNT7TA
ANATL
07T
"anen
a8 Nl i)

akalatalel

SAN DIEGO

tALFORNIA

CV-153

PAGE

IC 010=~10

REPORT Z) LQI-II
MODEL All

DATE

Sa28=56
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~~

71000
71071
71002
71002
71004
71005
7100¢
71007
71010
71011
71012
71013
71014
71015
71016
71017
71020
71021
71022
71023
71024
71025

1
~
—
Q
N
fo

PX 71900-9-(153

71027
71030
71031
71032
710332
71024
71035
71036
71037

CONVAIR — DIVISION OF GENERAL DYNAMICS CORP. cV -153

CONTROLLER 6/4/56

01012
01013
n1014
01015
n1016
01017
01020
01021
01022
01023
01024
01025
01026
01027
01030
01031
01032
01033
01034
01035
n1036
01037
01040
01041
01042
01043
01044
01045
01046
01047
01050
01051

45
36
27
35
35
no
11
75
11
32
37
15
32
15
11
11
27
58
44
37
16
75
16
37
78
23
16

006N0
20000
20000
01166
01165
00000
01170
15044
00€67
01163
ninlo
20000
20000
20000

01162
01155

01045
00446
010358
01045
01051
30003
00710
o1010
20003
01045
01014
00000
1nono
10000
00000
10000

0N723
0777
00670
01017
00706
00011
01017
01007
01222
00000
00703
01033
00016
01067
01267
01270
01033
00000
01081
01051
00777
n1041
01045
01044
01044
01166
00000
01253
n1223
01237
00710
n0012

SAN DIEGO ¢ AL (FIRANIA PAGE
REPORT
MODEL
DATE

o CHANGE

CLEAR IMAGE
ONLY o CHANGE

IC 01C~11
¥ 1.01-1I1
All
Ea28=56
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PX 71900-9-(153)

71040
71041
71042
71C43
T1044
71C4"°
Ti046
71047
71257
71051
71052
71053
71054
71055
7156
71057
71040
71061
71062
71063
71054
71055
71066
71067
71270
71071
71072
71073
71074
71075
7:076
71077

COMVAIR — DIVISION OF GENERAL DYNAMICS CORP.

CONTROLLEF 6/4/56

01052
010°3
110" 4
01055
n105%
01057
A11460
n1eet
N1r62
01063
01064
01065
01066
01067
01070
01071
n1c7