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"SIMULTANEOUS EQUATIONS A LA KING"

Modiiications or revisions to this program, as they occur,
will be announced in the appropriate Catalog of Programs
for the IBM Data Processing Systems, If such announce=
ment indicates a change to the program decks or tapes, a
complete new program, if nesded, should bs requested
from the Program Distribution Center,

Mr. D. N. Leeson
IBM Corporation

425 Park Avenue
New York, New York

O

Eastern Regional Office
October 16, 1962

MEMORANDUM

TO: Program Information Department
DPD HQ - White Plains

SUBJECT: 1620 Program Number 5.0, 008
Simultaneous Equations A La King

Please reproduce this document and include it as part of the
documentation of the subject program to advise users of an
error condition,

ERROR: Under certain circumstanses, the j-th column was
chosen as a pivotal column when the 2;j element was
not the maximum of the 1-st row. Generally this
produced no ill effect; but occasionally a very small
element ( 10 "“") was chosen which destroyed all
accuracy,

CORRECTION: One card is to be added to the SPS source
deck, This new card will appear after the card which
bears page and line number 06180, This new card,
which will bear page and line number 06190 will read -

06190 bbbbbbCFbb TEMP 3-2

The card which follows 06190 bears page and line number
07010,

Because of the dynamic storage allocation technique used in
this program, this correction is given at the source level as
opposed to the object level.

This card is to added at the user's location and does not affect
any other portions of the program. Thus, the present directions’
for assembling and running may be followed,

P o
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ABSTRACT

D. Procedure Description
A, Identification The elimination method is employed with or without
pivoting.' After inversion, a matrix-vector
multiplication is employed for each constant vector.
'"Noisy'' mode may be employed if desired. Re-inversion
for accuracy test may also be requested.

I. Title
Simultaneous Equations A La King

2. Author and Date

D. N. Leeson . E. Execution Time
2/12/62 . '
. This is a function of:
3. Installation )
ERO 1. Matrix Rank
B. Purpose i 2. Mantissa Size
This program inverts matrices by the elimination 3. Presence or absence of division hardware
method and solves linear systems. All floating point
arithmetic is variable in precision thus minimizing error 4. Number of constant vectors
substantially.

- 5. Punch requests (variable)
C. Machine Configuration )
~F. Source Language

1. Core - 20,40,60,80 or 100K

SPS
The maximum rank which may be attacked is a
function of: G. . Accuracy
a. The mantissa size (2<L €45) Floating point, variable precision arithmetic reduces
b. Core available \ error in most cases to!,
2. Division - Not required but allows for inversiza 1x10 -G

of larger matrices if present. ‘
where G is the number of digits of input data. Accuracy

3. Edit Instructions - Not required. ) is the most important aspect of this program.
4, Indirect Addressing - Not required. T H. Capabilities and Limitations
5. Card 1/O - Required. If a mantissa size is chosen which is too small,
! ) round-off error produces inaccurate results. With 100K
6. Tape 1/0O - Not applicable. core, it is theoretically possible to invert a 99 x 99 matrix

with this program.
7. 407 Listing Device desirable but not mandatory.
- The source program must be assembled using SPS with
variable precision arithmetic tachtime a mantissa length or
matrix rank is altered.
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I, Check Out Status

The following cases were run successfuily.

Mat‘rix‘Rank Word Size Input Data Size Error
3 , 8 8 <10 -8
10%* ) 6 8 ' All accuracy lost
. 1o 10 ) 8 All accuracy lost
10% 15 ' 8 <10 -4
10% 20 » 8 <10 -8
10% 40 ’ 8 <10 -8
17 17 8 <10 -8
25 20 -8 <10 -8
30 45 8 <10 -8

* The matrix chosen for the 10 x 10 test was the classically
ill-conditioned Hilbert matrix.
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** j,e., obtain a significantly "better', in some sense,

approximation to the inverse than the identity matrix.

MACHINE REQUIREMENTS FOR
UTILIZATION OF THIS PROGRAM

Any card 1620 system with 20K core can utilize this program.
Indirect adt_iressing, étrip, fill, move flag and automatic division
are not prerequisites. The user with &irect divide may take ad-
vaqtage of this feature 'by utilizing the proper subroutine deck
during the ''assembly" phase of this program. The user with larger
core than 20K may utilize this routine for solutions of larger systems

than would be available to the 20K core owner.

.




INTRODUC TION

One problem which constantly plagues the numerical analyst
is rounding and truncation error. This undesirable situation
rears its head in all of computational mathematics and thus,
although this problem is for a specific application, the ideas
contained herein are more universal than the application would
imply.

Technically, there are three type of errors associated with any
computer program., These are: ’

. Errors contained in the input data.
2. Truncation errors.
3. Round-off errors.

Absolutely nothing can be done about the first type of errox
since this is a problem of measurement before the computer
goes into play. Truncation error arises from terminating an
infinite process such as series evaluation. One can always
extend the series further for better accuracy, Previously, it
was not uncommon to use a variable fixed point word but
floating point presented a problem in that one worked in single
precision or double precision arithmetic only and even this was
only possible on larger computers. This program allows for
complete variability of a floating point word thus attacking the
round-off error problem.

Every effort has been made to maintain accuracy and the user
has a variety of choices to make when he runs data under

control of this program; however, in a desire for the maintenance
of accuracy timing considerations were totally ignored. This is
not to say that the program was purposely built to run slowly.
Abraham Lincoln was once asked, "How tall a man should be?"
and his answer was '"Tall enough so that his legs reach the
ground'. This program will run until it is finished and beyond
this statement I can give no timing considerations. Two cases
were timed for general information; the first was the inversion

of a 10 x 10 matrix with a 45 digit mantissa and this ran 7 minutes
and 20 seconds. The second was a 30 x 30 matrix with a 40 digit
mantissa and this ran slightly over 2-1/2 hours. It is the
contention of this author that this program is not for the most
general use. There are an excellent collection of 1620 programs
to invert matrices and solve systems of simultaneous ecquations.
Because of speed factor it is preferable that these should be used.
Only in those cases of extremely large matrices or ill-conditioned
matrices where 8 digits of precision are not sufficient should this

routine be employed.

S

)

During the run of a matrix inversion or the solution of a system
of simultaneous equations the user has the option of:

Ll M S

5.

Pivoting. * :

Punching the source matrix.

Punching the inverted matrix.

Inverting the inverse for an accuracy
test. This is discussed in the section
entitled "Operating Instructions' and
“Alteration Switch Settings'.

Running with "NOISE'", This is discussed
in the section so headed.

* There is no rigorous statement which maintains that pivoting

always yields

a better inverse; thus the choice.




PARAMETER CARDS

The deck associated with this documentation is a symbolic programming
system source deck and not an object deck. It must be assembled * each
time the mantissa size or matrix rank is to be changed. The two cards
which describe these two variable parameters will become cards 1 and

2 of the SPS source deck,

The first card has as its label the symbol "LENGTH" punched in columns

6 - 11, Columns 12 and 13 of the same card are to be punched "DS'";

column 16 of this card will have a comma; and column 17 or columns 17
and 18 will have a one or two digit number specifying the length of the
mantissa requested for this particular assembly. One may, if one wishes,
have a page and line number in this card in columns 1 - 5. Note carefully
that the mantissa length is required in this card and not the length of the
floating point word which is, of course, two greater than the mantissa length.

The second card has as its label the one character symbol "N' punched
in column 6. In columns 12 and 13 the declarative "DS" is punched. In
column 16 a comma is punched and in column 17 or 17 and 18 a one or
two digit number which specifies the rank of the matrix in question.

Thus if one were using this program to invert 2 9 x 9 matrix with a mantissa
size of 21 the cards would read:

00001LENGTHDSbb, 21
00002NbbbbbDSbb, 9

Colu;
Colum

O O

where the small b's specified above represent blanks.

As a further example assume that one wisles to use this program to solve a
system of 30 x 30 simultaneous equations and utilizes a 45 digit mantissa size.
The parameter cards describing this would be as follows:

00001 LENGTHDSbb, 45
00002NbbbbbDSob, 30

# Assembly, in this instance, refers to nssembly utilizing SPS II for use
with variable precision floating point ariti metic. SPS I, using excess 50
floating point notation,may not be employ- d.

r7
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OPERATING INSTRUCTIONS

1. Assemble and compress the SIMULTANEOUS EQUATIONS A LA KING
source program preceding it by the two cards discussed on the

_previous page; the first of which has label "LENGTH" and the .

second of which has label "N",

‘2. Place behind the assembled program the data as described‘ in

the section entitled '"Data Preparation'. *
3. - Clear memory to zeros.
4. Set console switches described in the section so entitled.

5. Place the combined assembled deck and data in the read hopper
of the 1622 and depress the load key.

6. The assembled objeét program will load a;nd halt at the conclusion
of the loading procedure. Depress the start key on the 1620 console.

7. At the conclusion of inversion or simultaneous equation solution
a re-inversion of the inverse may be obtained by manually branching
to location 454. In this way,by knowing the difference between the
original input matrix and the input matrix as it appears after the
double inversion,one can estimate the accuracy of the results, ‘

8., Should there be a desire to invert matrices of the same rank,

or to solve systems of equations whose matrix of coefficients is of

the same rank, the program is completely initializable by branching to
location 402. However, the same mantissa size is to be assumed.

* Be sure to remove the 2 blank cards which appear at the end
of the compressed deck. These cards are a function of the non-process
run-out of the 1622,

~
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SWITCH 1 OFF
SWITCH 1 ON

SWITCH 2 "ON"

SWITCH 2 "OFF"
SWITCH 3 ""ON"

SWITCH 3 "OFF"

SWITCH 4 "ON"

SWITCH 4 "OFF"

ALTERATION SWITCH SETTINGS

- Pivoting for size is requested.
- No pivot.
- Punch the source matrix after reading

and floating same.

- Source matrix not punched.
- Punch the inverted matrix.
- Inverse matrix not punched. NOTE: If

using this program for matrix inversion,

as opposed to simultaneous equations
solution, Switch 3 must be "ON" or no
output will occur. This option is given
should one wish to solve a system of
simultaneous equations and merely receive
the solution vectors, instead of the inverted
matrix and solution vectors,

- Operate in the noisy mode, nine fill.

- . Operate in the standard mode, zero fill,
NOTE: See description of noisy mode.

O

SPECIAL NOTE

This program is always conditioned to solve simultaneous
equations with an infinite number of constant vectors. Thus, the program
always términates on a "READER NO FEED" condition. However, in
attempting' to solve a system of simultaneous equations the program will
first read :-‘m and invert the matrix of coefficients and then attempt to
read a constant vector. Consequently, inverting matrices with this
program consists of solving a system of simultaneous equations with no
constant vectors.

It is for this reason that blank cards placed after the last data
card should not be employed, since the program is conditioned to read
whatever is in the read hopper and such blank cards may damage the
simultaneous equations object program. However, this will have no
affect on. the results since the damage will be done after the problem
has been completed.

‘This warning is put in this program only in the event that a person
wishes to inver(; more than one matrix of the same rank with the same
mantissa size. The way this is performed is to invert number one,
obtain one's results, and receive the subsequent "READER NO FEED"
condition. Then branch to location 402 and place the second matrix

in the read hopper, etc., ad infinitum,

/0




INPUT DECK ARRANGEMENT FOR INPUT DECK ARRANGEMENT FOR MATRIX INVERSION
. SOLUTION OF SIMULTANEOUS EQUATIONS, .

9 constant vector n
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! / constant vector 2

matrix

t
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»
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matrix

SN SNy
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~compressed object deck

compressed object deck
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DATA PREPARATION

This author is convinced that no matter how one chooses a method of
data preparation someone is bound to desire it in another fashion. I
sincerely hope that the following description of data preparation will
be enjoyed by a majority of the users of this program.

Each piece of datum will occupy one card. It is punched in free form,
with decimal pointsanywhere.between columns 1 and 40 inclusive. The
plus sign is optional. A minus sign is, of course, mandatory. E type
format is not acceptable., The matrix of coefficients is punched by
rows: viz., element Al2 follows element All, etc. The following
example demonstrates data preparation for a 3 x 3 system of equations
with two constant vectors. ‘

3X1+2 Xz- 7X3= 15 15861
‘ BXI- 9 Xz-l-. 0004X3= -9 . 00009
9527. 56X1+17Xz+ 7X3= 0 38

Data input for the above problem punched anywhere between columns
1 and 40 inclusive.

3.
2,

-1.

8.

-9.

. 0004
9527. 56
17.

7.
15,
-9.
0.
15861,
.00009
38,

In the data listed above the decimal point is aligned for clarity, however,
this is by no means a restrictionof the system. The data may begin
anywhere between columns 1 and 40. ’

/3

O

DESCRIPTION OF CARD QUTPUT

If a 407 listing device is available to the user he may choose to wire
the panel as described in this program. However, if no such listing
device is available to him, or if an alternate’ listing device is available
to him, it is necessary to know the output format of the cards produced
by this program. They are as follows:

1. MATRIX CARDS. The mantissa of the floating
point number has its high order position in column
3 and extends for a maximum of 45 digits. If this
mantissa is negative a flagged zero appears in column
2 of the output card. The characteristic associated
witli this mantissa appears in columns 51 and 52,
If the characteristic is negative a flagged zero
appears in column 50. In columns 75 and 76 appears
the row index of this particular element. In 79 and 80
appears the column index of this element.

2, CONSTANT VECTOR AND SOLUTION VECTOR CARDS.
The description of these cards is identical with that
of the matrix cards except that there is, of course,
no row or column index in columns 75-76 and 79-80.

3. ALPHABETIC HEADER CARDS. Preceding the matrix,
inverse, solution vector or constant vector will be an
alphabetic card which states what is to follow. This
card is always alphameric and is punched in columns
1 through 17,

The user will note for printing purposes, if it is necessary for him to

wire his own panel, that an alphabetic card is determined by the presence
of a digit in column 1. No numeric card ever has a digit in column 1.

/4




NOISY MODE

During the normaiization operations associated with floating point
arithmetic the first significant digit appears at the high order position
of the mantissa; thus, the pumber .01 appears as 100,..0001 and not
as 010...0000. |

If a number requires normalization,the general concept is to
shift the number léft and int;'oduce low order zeros. This operation is
called zero fill; but zero fill is génerauy performed becapse of a complete
ignorance of what truly constitutes the ;iata beyond the last known digit,
Thus the number . 05x100 becomes . 50x1v0-l only because the digit following
the number 5 is not known. Introducing digits other tﬁan zero during this
fill operation is sometimes termed thé "noisy" mode. This fill operation
can be performed with any digit one wishes, zero fill, nine fill, and random
digit fill, but the ﬁse of this becomes interesting and significant when one
chooses to run a problem twice: once in the standard mode with zero ﬁil
and once in the noisy mode with nine fill, In this way, by examining the

difference between results, one can form an opinion about whether the

computation has been significantly affected by round-off error, The

noisy mode makes no attempt at anything cther than this.

If one runs the problem in both modes and no significant difference
is noticeable between results of zero fill and nine fill, it i~ highly
plausible that the results are good. Much numerical experiment of these

points remains to be done.

/5

The noisy mode may be employed at anytime the user desires
it. In general, filling operations have no affect if the word chosen is
larger than necessary. As an example of this one might consider the

inversion of a 10 x 10 matrix with a 6 digit mantissa which is generally

' too small. Running this problem twice, once in the standard mode and

once in the noisy mode,A the user might ﬁoiice that there is a; significant
difference between his results in case one as opposed to case two. O;xe
is able ‘to determine, thérefo;'e s that in addition to other factors,
round-off e-rror played a significant role in .the difficulties encountered.
This Vauthor presentvs the noisy mode for use in‘this program as a

tool for investigational purposes,

/6
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TABLE OF MINIMUM AND SUGGESTED LENGTHS FOR SPECIFIC N

The following table gives the statistically minimmum length for N ranging
from 2 to 99. Use of a length greater than the suggested length is, of

course, permissible should core size be available. *

* .See Table of Core Requirements For Specific N and LENGTI-i

/7
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TABLE OF LENGTHS FOR SPECIFIC N
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. TABLE OF CORE REQUIREMEN TS FOR SPECIFIC N AND LENGTH

ASSUMING AUTOMATIC DIVISION HARDWARE =*

", The following is a complete table showing core requirements for all possi-

bilities of this program. For instance, should one desire to inverta
30 x 30 matrix with mantissa length 12 it is noted in the attached document
that this requires 20, 510 positions. Thus an individual with one module
of core memory would, by necessity, choose the 1l digit mantissa which

requires a total core of 19, 575 positions.

For completeness, all possibilities are shown from the 2x 2 matrix w1th

- a mantissa size of 2 to a2 99 x 99 matrix with a mantissa leugth of 7.. Much

of this material is, of course, without meaning since a matrix of rank 99
probably could not be inverted with a mantissa size this small, However,
previous experience has shown that whenever anything is left out of a2
computer program gomeone is bound to ask just for that. Thus peculiar
cases such as a 2 x 2 matrix with a 45 digit mantissa and 99 x 99 matrix .
with a 2 digit mantissa are mcluded.

Also the atlached document demonstrates core requirementsvabove 60,00'0
positions.” This is for those cases where additional core up to 100 K is

available.

It is through the use of the following pages that compromises can be rha?:le

. ‘between desired mantissa size and available core; for instance, the

inversion of a 52 x 52 matrix with a 18 digit mantissa requires 62, 728 core
positions. A compromise of a 17 digit mantissa would allow this matrix

to be run successfully on a 17 digit mantissa which requires a tota.l of

55, 967 core positions.

The core requirements shown include everythmg necessary for the

solution of the problem.

% For software divide subroutine decks add 975 core positions. For
SPS subroutines with indirect addressing permitted add 109 core positions
for hardware divide or 1084 core positions for software divide.

20
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LENGTH CORE REQUIREMENT

3 11 7533
2 2 7352 3 12 7550
2 3 7363 3 13 7567
e B e - — 1374 -- - 3 34 - 1584
2 5 7385 3 15 7601
2 3 7396 3 16 7618
2 7 1407 3 17 1635
2 8 7418 3 18 1652
2 9 7429 3 19 7669
— 2 10— - b T SN e e e 3 20 7686
2. 11 7451 3 21 ) 7703
2 12 7462 3 22 7720
2 13 7473 3 23 7737
2 14 7484 - 3 24 7754
2 15 7495 3 25 7771
2 16— e —FBPE - - o . o - S 3 26 7788 —
2 17 7517 ' ' 3 27 7805
2 18 7528 : B .28 7822
2 19 7539 3 29 7839
2 20 7550 e -3 30 7856
2 21 7561 3 31 7873
2 22 F5F2-— - - 3 32 7890
2 23 7583 3 33 7907
2 24 7594 BB - 7924
2 25 7605 3 35 7941
-2 - 26 7616 \ ———... 3. 386 . — .. -1958
2 - 27 1627 ’ 3 37 7975
2 28 7638 3 38 7992 —
2 29 7649 3 39 8009
2 30 7660 U S — ¢ - 8026
C 2 31 7671 3 41 8043
2 32 7682 e B 2. . . 8060
2 33 7693 3 43 8077
2 3l 2704 - - - - JPR — 3 Lty 8094
2 35 7715 3 45 8111
2 36 7726 N LENGTH . . . .CORE REQUIREMENT
2 37 7737 4 2 7416
2 38 T748 4 3 P TS
2 39 7759 . & 4 1466
- 2 40 2776 - S, 4 5 1491 N
2 41 7781 - A [} 7516
2 42 7792 e & -7 7541
2 43 7803 4 8 7566
2 44 7814 s 9 7591
2 45 7825 - 4 10 7616
e e ¥ LENGTH— CORE-RT ! TN = e S 11 F64-1
3 2 7380 LY 12 7668
3 3 7397 SR 4 . 13 - 7691
3 4 T4l4 4 14 7716
3 5 7431 e = & - 15 7741
3 6 T448 4 16 1766
S U SHUORI S 465 . B h 17 7791
3 8 7482 2/ &4 18 7816
3 9 7499 &- 19 - 7841
3 10 7516 4 20 7866




: o3 om :ox o
. 23 Toes 5 33 8545
4 23 7941 5 3
_— P YA 7966 - 5 35 8615
4 25 7991 > 2 se1>
4 26 8016 s 35 8650
4 27 8041 5 37 865
4 28 8066 -2 38 8720
M 29 8091 5 39 8755 ‘
S+ S+ S 5 41 8825
. 32 9t 5 42 8860
4 32 8166 > 82 8360
4 33 8191 5 & 8895
. 2 B2e1 s 45 8965
4 35 8241 . went
v dy 36 8266 —— __._.N_—_LWL_—C—OR‘E—REOB«XRE.,SIZ
N 37 8291 I ,; . 1512
N 38 8316 e e 3 7559
4 39 8341 & e 7606
4 40 8366 b 3653
4 41 8391 6 6 1700
T e Dot 6 .8 7794
4 43 8441 6 e 1794
“ “s 8451 6 10 7888
4 45 8491 ¢ 10 7888
N LENGTH CORE REQUIREMENT - s 3935
5 2 7460 " 13 8029
T : ) 7530 o 6 14 8076
: . Lbpe . & .15 8123
4 : 158% 6 16 8170
5 6 7600 R - T £ 1L
4 . 1635 6 18 8264
3 8 7670 6 19 8311 R
) : . F3ee ’ 6 20 8358
5 ‘10 7740 - 8308
H n LS 7 6 22 8452
5 12 7810 8 22 b3
> 13 7845 ; 6 24 8546
5 14 7880 & 25 8593 I
5 15 2Q31 5
5 3 7915 goss
5 16 7950 ) Wzﬂ‘ ,,ngg ' aeae
H 1 7985 6 28 8734
5 18 8020 e g734
> 19 (8055 6 30 8828
5 20 8090 £ 21 8875 ~ e e s e e S
5 21 8125 S — ge7
5 22 8160 S 2555
> 23 8195 a 6 34 9016
5 264 8230 e 3 so1¢
5 25 8265 - 4 25 5063
3 26 8300 & 37 9157 I e _
5. 27 . ... 8335 . [, .
6 38 9204
5 " 28 8370 33 B 6 _.39 . 9251 8 4
4 29 8405 6 40 9298
5 30 8440 6
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6 41 9345 8 6 7948
6 42 9392 8 7 8025
6 43 9439 g g 8102
- B 44 9486 - — - - —-8179
6 45 9533 8 10 8256
N LENGTH CORE REQUIREMENT g i3 22?8
7 2 7572 2 ;
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7 36 9646 . RS ERE
7 37 9707 - 4 2 e
7 38 9768 ) 3 2 Tell
7 39 9829 4 ‘ To0¢
7 40 9890 4 5 8001
7 £1 o7 X T U
9 7 8191
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7 - 43 10073 - . . aap?
7 44 10134 ] S . sael
7 45 10195 : 10 Suzs
N LENGTH CORE REQUIREMENT 4 1 , - | )
e B e g R ;(7,1;,2 . B : 12 86668761 2 6
8 779 20 . 9 14 8856
8 4 4 9 15 8951
8 5 7871




9 16 9046 10 26 10560
' g 17 9141 10 27 10675
9 18 9236 10 - 28 10790
- RS - T X - N $333 10 29 —_—— 30905 -
9 20 9428 10 30 11020
9 21 9521 10 - 31 11135
9 22 9616 10 32 11250
9 23 9711 10 33 11365
9 24 98CH 10 34 11480
- s 25 9961 - - 10 35 — 331595 . .. -
9. 26 9996 10 36 11710
9 27 10091 10 - 11825
9 28 10186 10 38 11940
9 29 10281 —~16- .- 39 12055
9 30 10376 10 40 12170
S —9 31 10471 16 41 12285 — -
9 32 10566 10 42 12400
9 33 10661 e e = EIRE 12515
9 34 10756 : 10 - 44 12630
9 35 10851 PSS ¥« O — - L 12745 .
9 36 10946 N LENGTH CORE REQUIREMENT
- ] 37 11041 - 11 2 7892 e
9 38 11136 11 3 ) 8029
.9 39 1123} e ETT § SRS SRR - --8166
9 40 11326 11 5 8303
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9 42 11516 11 7 8577
— 3. —43 611 - 13 8 8714 e
9 &4 11706 11 9 - 8851
9 . - 45 11801 - 11 10 8988
N LENGTH CORE REQUIREMENT 11 11 9125
10 2 7800 e 11 12 9262
10 3 7915 11 13 9399
10 4 8836— - —— - 11 14 9536 e e
10 5 8145 11 15 9673
10 6 8260 11 16 - --9810 -
10 7 8375 11 17 9947
10 8 . 8490 11 18- e 10084
10 9 8605 11 19 10221
10 10 8320 — ——- 11- 20 16358 e e
10 11 8835 11 21 10495
i0 12 8950 . T T . 10632
10 13 9065 11 23 10769
10 14 9180 B o < ] 10506
10 15 9295 11 25 11043
— 10 16 2535 ——— e - e 11 2& 113186
10 17 9525 11 27 11317
10 18 9640 1n 28 . - 11454
10 19 9755 11 29 1159)
10 20 9870 e A0 30 11728
10 21 9985 11 31 11865
10 L 22 e -.10100 11 32 12002 .o
10 © 23 10215 11 33 12139 2{
10 24 10330 - el 34 12276
10 25 10445 11 35 12413
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11 36 12550

11 37 12687

11 38 12824
I T 12961

11 40 13098

11 41 13235

11 42 13372

11 43 13509

11 44 13646
— 11 45 e o}3783 - -

N LENGTH CORE REQUIREMENT

12 2 7992

12 3 8153

12 4 8314

12 5 8475

12 b e — 863

12 7 8797

12 8 8958

12 9 9119

12 10 9280

12 11 9441

12 12 9602 -

12 13 9763

12 14 9924

12 15 10085

12 16 10266

12 17 10407

12 18 10568 —- ———

12 19 10729

12 20 10890

12 21 11051

12 22 11212

12 23 11373

12 24- -11534 C

12 25 11695

12 26 11856

12 27 12017

12 28 12178

12 29 12339

12 30 . ..,_,.,-;25.00

12 31 12661

12 32 12822

12 33 12983

12 34 13144

12 35 13305

12 36 13466 o - -

12 37 13627

12 38 13788

12 39 13949

12 40 14110

12 41 14271
—— 12 S S 14432 -

12 43 14593

12 44 14754 c9

12 45 14915

N LENGTH CORE REQUIREMENT
13 : 2 8100
13 3 8287
13 b 844 - -
13 5 8661
13 6 8848
13 7 9035
- 13 8 9222
13 5 9409
13 16 - 9596
13 11 9783
13 12 9970
13 13 10157
- .13 14 - 10344
13 15 10531
13 16 10718 .
13 17 10905
13 .. 18 11092
13 19 11279
e 213 -20 . 11466
13 21 11653
13 22 -11840.
13 23 12027
13 24 12214
13 25 12401
- e 13 - 26 12588
13 27 12775
13 28 12962 - — ———-
13 29 13149
e 33 --—30 13336
13 ‘31 13523
e e R 32 13710
13 33 13897
13 34 314084 ——
13 35 14271
13 .36 14458
13 37 14645
e .13 38 14832
b 13 39 15019
13 40 15206 -
13 41 15393
13 42 15580
13 43 15767
13 44 15954
13 45 16141
—_ N LENGTH CORE REQUIREMENT- —v—
14 2 8216
14 - 3 8431
14 4 8646
14 5 8861
14 6 9076
14 b 9291 —— -
14 8 9506
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14 10 9936
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14 17 11441 15 28 PPELTS
14 18 11656 1s 59 16955
14 19 11811 . 15 30 15200 IO -
- 14 20—~ k205G 15 31 15445
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14 22 12516 15 33 15935
16 23 12731 15 . 34 16180
14 24 12946 " 15 35 16425
14 25 13161 S SRS
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14 27 13591 1B 38 17160
14 28 13806 ' 15 39 17405
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14 41 17246 Bl - - ) 16 10 10688
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N LENGTH CORE REQUIREMENT le 12 11242
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15 6 9320 e 16 17 12627
15 ? 9565 16 18 12904
15 8 9810 o 16, 19 13181 -
15 ? 10055 16 20 13458
15 10 10300 16 21 13735
15 11 10545 o e e e e e 16 22 14012
15 12 10790 . 16 _23 14289
15 13 11035 16 24 16566
15 14 11280 . 16. _.25 16843
15 15 11525 16 26 15120
15 16 11770 . 16 27 15397 . . [ -
15 1o oo ~12015- - o T 16 28 15674
15 18 12260 3/ e 16 .29 15951 J2
15 19 12505 16 30
15 20 . 12750
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16 31 16505
16 32 16782
16 33 17059
[ — 16— o34 . . - - 37336
16 35 17613
16 36 17890
16 37 18167
16 38 18444
16 39 18721
16 40 o1 8998 ot
16 41 19275
16 42 19552
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16 45 20383
e M LERGTH—— CORE-REQUIREMENT
17 2 8612
17 3 8923
17 4 9234
17 5 9545
17 3 9856
17 7 --1816F-- - ——
17 8 10478
17 9 10789
17 10 11100
17 11 11411
17 12 11722
17 13 12033
17 14 12344
17 15 12655
17 16 12966
17 17 13277
17 18 13588
17 19 ~13899 .. .
17 20 14210
17 21 14521
17 22 14832
17 23 15143
17 24 15454
P 17 25 e 3}5FH5- -
17 26 16076
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—— 17 31 17633
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35 18875
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18 7 10495
18 8 10842
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18 10 11536
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18 12 12230
18 - 13 12577
18 14 12924
18 -15 13271
18 16 13618
18 17 13965 -
18 18 14312
18 . - 19 14659
18 20 15006
18 .. 21 15353
18 22 15700
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18 24 16394
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18 26 17088
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18 28 17782
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18 30 18476

-18... .31 18823
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19 7 10841 20 17 15455
19 8 11226 20 18 15880

e 19 9 11611 20 19 - —16305-- -
19 10 11996 20 20 16730
19 11 12381 20 21- 17155
19 12 12766 20 22 17580
19 13 13151 20 23 18005
19 14 13536 . 20 24 18430
1Q lﬂ 2202} - e e . ——— — 29 25 _.__*855.5__ —_ [ - -
19 16 14306 20 26 - 19280
19 17 14691 20 - 27 19705
19 18 15076 20 28 20130
19 19 15461 e 2 - 20 20555
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19 24 17386 20 34 22680
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19 28 18926 20 38 24380
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19 32 20466 20 &2 26080
19 33 20851 R 20 £3 26505 —_—— -
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N LENGTH CORE REQUIREMENT 21 11 13455
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20 7 11205 21 17 16257
20 8 11630 e — 21 18 16724
20 9 12055 21 19 17191
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20 15 14605 21 25 19993
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21 37 25597 23 3 10177
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- 2) 41 -—2¥465 ol 23 7 12405
21 42 27932 _ 23 -8 12962
21 43 28399 23 9 13519
21 Py 28866 23 ~10 14076
21 &5 29333 23 11 14633
N LENGTH CORE REQUIREMENT na 12 153190~ —— - - -
e 22 2o 9432 23 - 13 15747
22 3 9943 23 ‘14 16304
22 4 10454 23 15 16861
22 5 10965 o 23 ... .. - 16 - 17418
22 -6 11475 23 17 17975
22 7 11987 23 18 18532
— 22 8 12496 o 23 19 19089
22 9 13009 o 23, .. 20 . 19646
22 10 13520 23 21 20203
22 11 14031 23 . 22— - 20760
22 12 16562 23 23 21317
22 13 15053 23 24 21874
22 14 15564 o - - - 23 25 22431
22 15 16075 — 23 26— - 22988
22 18 16586 23 27 23545
22 17 17097 i 23 .28 24102
22 18 17608 23 29 24659
22 1¢ 18119 23 30 25216 -~ -
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22 21 19141 23 -32 26330
22 22 19652 23 33 26887
22 23 20163 o 23 34 27444
22 24 20674 23 35 28001
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e 22 .. 32— 24162 C ' 23 43 32457
22 © 33 25273 3 7’ - 23 . YA 33014
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N LENGTH CCRE REQUIREMENT 32 %; ii?%g

24 2 9816 25 13 17225
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Rl ol - 11026 25 15 18535

24 5 11631 I 25 16 19190

24 6 12236 ) 25 17 19845

24 7 12841 o 25 - 18 20500

24 8 13646 25 19 21155

24 9 14051 o 25 20 21810 - -
e i @l o 3O 1 4 B 25 21 22465

24 11 15261 el 25 ... .22 23120

24 12 15866 25 23 23775

24 13 16471 el 25l .. 24 24430

24 14 17076 25 25 25085

24 15 17681 25 26 25740 = -
R 24 16 18286 -~ 25 27 26395

24 17 18891 . 28 .28 . 27050

24 18 19496 ) 25 29 27705

24 19 20101 ——— 25 .30 28360

24 20 20706 25 31 29015

24 21 21311 25 32 L e e R

24 22 21916 25 33 30325

24 23 22521 25 34 . 30980

24 24 23126 25. 35 31635

24 25 23731 e85 36 32290

24 26 24336 K 25 37 32945

24 27 24941 25 28 33600 - J—

24 28 25546 25 . 39 34255
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24 30 26756 25 41 35565

24 3] 27361 25 42 . 36220

24 32 27966 25 43 36875
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24 35 291781 N LENGTH-—-—CORE REQUIREMENT

24 36 30386 26 2 10232

24 37 30991 N Y S 10939

24 38 31596 | 26 4 11646

24 39 32201 26 5 12353 s -

24 40 32806 - - s - ; o 26 6 13060

24 41 33411 e 26 7 13767

24 42 34016 .26 8 14474

24 43 34621 . 26 9 15181

24 ys 35226 26 10 15888

24 45 35831 54 11 16595 e

N _LENGTH CORE REQUIREMENT - - s - 26 12 17302
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25 -3 10675 26 14 18716
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25 6 12640 26 17 20837 - : :

25 I . 13295 i ! ’ T 26 18 21544
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27 31 32521
26 21 236653 27 32 33282
26 22 24372 27 33 34043
26 23 25079 27 o34 34804
5 24 25786 27 35 35565
26 25 26493 27 16 36326
26 26 27200 27 37 37087
26 27 27907 27 38 37848
26 28 28614 27 39 38609
26 29 29321 27 40 ———- - -39370 - -
25 - .30 - 30028 27 41 40131
26 31 30735 27 42 40892
26 32 31462 i 27 43 41653
26 33 32149 27 k4 42414
26 34 32856 - 27 &5 43175
26 35 33563 N LENGTIH CORE REQUIREMENT
26 36 o 34270 - 28 2 10680
26 37 34977 . . 28 3 11497
26 38 35684 28 4 12314
26 39 36391 o 28 R 5 13131
26 40 37098 28 6 13948
26 41 37805 28 7 4765 - - - T
26 52 S38512 - e 28 8 15582
26 43 39219 o 28 9 16399
26 44 39926 28 10 17216
26 45 40633 e 28— 11 18033 co
- N LENGTH CORE REQUIREMENT 28 12 18850 '
27 2 10452 28 13 196567 e -
27 3 +H213 28 14 20484
27 4 11974 e 28— - 215 21301
27 5 12735 28 16 22118
27 6 13496 .28 17 22935
27 7 14257 28 18 23752
27 8 15018 28 19 24569
27 e R LS & 28 20 25386
27 10 16540 .28 . 21 26203
27 11 17301 28 o 27020
27 12 18062 2B 23 27837
27 13 18823 28 24 28654
27 1% 19584 28 25 29472Y e - Tt T T
27 15 20345 — - T 28 26 30288
27 16 21106 o 28 27 31105
27 17 21867 28 28 31922
27 18 22628 . 28 29 32739
27 19 23389 28 30 33556
27 20 24150 S8 o 38373 .
27 21 2491 - - - 28 32 35190
27 22 25672 L _ 28 .33 ..38007.
o 27 23 264633 28 34 36824
27 24 27194 28 5. 37641
27 25 27955 28 36 38458
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27 29 30999 28 40 £1726
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28 42 43360
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N LENGTH CORE REQUIREMENT
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29 4 12666
29 5 13541 -
29 6 14416
29. 7 15291
29 8 16166
29 9 17041
29 10 17916
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29 12 19666
29 13 20541
29 14 21416
29 15 22291
29 16 23166
29 17 24041 - -
29 18 24916
29 - 19 25791
29 . 20 26666
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N 22 28416
29 23 20201 -
29 24 - 30166
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29 26 31916
29 27 32791
29 28 33666
29 29 34541 -~ == -
29 30 35416
29 31 36291
29 32 37166
29 33 38041
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29 35 39791 - -
29 36 40666
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29 38 42616
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T 1 S —— ) . 46791 - -
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— 30 31 ... ... 38275
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30 33 4LQ14S. PR
30 34 41080
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30 37 e - 43885
30 38 44820
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30 40 46690
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N LENGTH CORE REQUIREMENT
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31 16 25370 iﬁ §7 38197
3% 17 28367 32 28 39258
31 18 27354 - 32 . 329 - 40319
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31 20 29358 32 21 42441
31 21 30355 32 32 43502
31 22 31352 32 33 44563
31 23 32349 32 34 45624
31 24 33346 32 35 --46685 -
e Bl 28 34343 ‘ - 32 36 47746
31 26 35340 32 37 - 48807
31 27 36337 T 32 38 49868
31 28 37334 32 19 50929
31 29 38331 32 40 51990
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PR § RE—— & N - 40325 o 32 42 54112
31 32 41322 e 32 43 55173
31 33 42319 - 32 44 56234
31 34 43316 e . 320 - .45 57295
31 35 44313 N LENGTH CORE REQUIREMENT
31 36 45310 33 2 —F1940 -
31 37 e e 46307 - e o ’ ’ 33 3 13067
31 38 47304 a3 4 14194
31 39 48301 33 5 15321
31 40 49298 e e 233 - 6 16448
- - 31 - -4l 50295 33 7 17575
31 42 51292 : 33 8 18702 —
31 43 52289 19829
31 44 53286 R g; R 13 20956
31 45 54283 33 11 22083
N LENGTH CORE REQUIREMENT e 33 _12 23210
32 2 11672 33 13 24337
32 3 12733 33 14 25464 - -
32 b 13794 - ) o o o 33 15 26591
32 5 14855 e e 233 16 27718
32 6 15916 33 17 28845
32 7 16977 e 33 ... .18 29972
32 8 18038 | 33 19 31099
32 9 19099 33 25 e 32225 -
32 10— - 20160 : - : C 33 21 ‘33353
32 11 21221 .. 33 . 22 34480
32 12 22282 33 23 35607
32 13 23343 _ ) 33 24 35734
32 1% 264404 33 25 37861
32 15 25465 N 313 26 38388 -
32 16— — — 26526 - - R T 33 27 40115
32 17 27587 . 33 28 41242
32 18 28648 33 29 42369
32 19 29709 ‘ ) 33 30 43496
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32 24 35014

2 25 36075 - 7 33 35 49131
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33 42 57020 35 . 8 20090
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33 45 ____w.ég_‘,,g} — R e e - R, 10 22620
N . LENGTH CORE REQUIREMENT , _ mg;»_“m"“;; gg:gg
34 2 12216 o 35 13 26415
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34 7 18191 — 35 18- 32740
34 8 19386 35 19 34005
34 9 20581 ————e3% 20 35270
34 10 21776 . : 35 21 36535
34 11 22971 —_ 3% 22 37800 -
34 A2 oo 24166 - - 35 23 39065
34 13 25361 i385 24 .. .. .40330
34 14 26556 35 25 41595
34 15 27751 i 3G .26 - 42860
- 34 —-16 -~ 28946 - 35 27 44125
34 17 30141 3% 28 45390 e
PN 18 31336 Rt
-1 : 35 29 46655
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34 22 36116 35 33 51715
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34 25 39701 35 36— -55510
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34 33 49261 [ |- R VY ~ - 65630
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i Bl &2 -6001 - 36 8 20814
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36 11 24825 37 22 41312
36 12 26162 ) 37 23 42723
36 13 27499 37  F AU VS & VA
e e e 36 14 - 28836 37 25 45545
36 15 30173 37 26 46956
36 16 31510 37 27 48367
36 17 32847 37 28 49778
36 18 34184 . 37 29 51189
36 19 35521 17 30 e 52630
36 20 -.---36858 . . T : 37 31 54011
36 21 38195 37 32 . 55422
36 22 39532 37 33 56833
36 23 40869 _ 37 34 58244
£ lh 42206 37 35 59655
36 25 43543 37 35 61066
36 26— i - 44BBY. : ; N 37 37 62477
36 27 46217 . 37 . ... 38 63888
36 28 47554 37 39 65299
36 29 48891 o 37 . 40 66710
36 30 50228 37 41 68121
36 31 5156% 37 42 69532 .- -
38 _.32 - - 52902 - B 37 43 70943
36 33 54239 37. 44 72354
36 34 55576 37 45 73765
36 35 56913 — No__.. _-LENGTH CORE REQUIREMENT
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36 37 59587 28 3 F4887 - — e e e n
3g ag 60924 —— - 38 4 16374
36 39 62261 ——eo._ .38 . ... .. 8 17861
) 36 40 63598 38 6 19348
36 41 64935 —..._38 .7 . 20835
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36 43 67609 38 9 23809
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N LENGTH CORE REQUIREMENT 38 12 28270
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37 5 17325 — - o i T 38 16 34218
37 6 18736 . 38 17 35705
37 7 20147 38 18 37192
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37 9 22969 38 20 40166
37 10 24380 38 _21 41683
a7 11 2579L—-— - - LTt e ag 22 43140
37 12 27202 e 38 . ... 23 _ __ . 44527
37 . 13 28613 38 24 46114
37 14 30024 , .38 . 25 47631
37 15 31435 38 26 49088
37 16 32846 aa 27 50575 ... . Tt
33 . . 17 34257 ’ . ’ 38 28 . 520582
37 18 35658 49 . ag ... 29 53549 go
37 19 37079

318490 38 30 55036
37 20




747
38 31 56523 39 41 31

TR - S
38 33 59497 39 44 — . —TF44b -
38—~ Bh . 60984 39 45 81011
38 35 62471 N LENGTH CORE REQUIREMENT
38 36 63958 40 2 14040
38 37 65445 40 _.3 15685
38 38 - 66932 40 4 17330
38 39 68419 40 5 18975
38 “0 69906- .- - o T 40 20620
38 41 71393 . 4D ”“,d,i . 22265
38 42 72880 : 40 s 23910
38 43 J4367 S 25555
38 44 75854 ' - 40 10 27200
38 45 T3 iREMENT 40 11 28845 : e e !
M LENGTS CORE REQU _ e 2884 |
39 2 13716 R S - S 32139 .
39 3 15281 40 . 14 33780 -
39 4 16846 .40 ._.._1s. 35425
39 5 18411 40 16 37070
39 [} 19976 —— O 7 BT S e e e e
39 7 21541 om e ’ CooTmTTmrmm s T 40 18- 40360
39 8 23106 —— WO 19 .. -42005 .
39 9 24671 40 20 43650
39 10 26236 40 21 ... ..45295. . e
39. .. —... 11 - -- . 27801 T © 40 22 46940
39 12 29366 : 40 o3 ABERE S
39 13 30931 40 24 ) 50230 '
39 14 32496 40 . __25.. . _ . 5187s
-39 . .. 15 34061 40 26 53520
39 16 35626 40 __27....._.. 55165
39 17 37191 ' 40 28 . 56810
39 18 38756 40 29 58455 e e e e
39 19 40321 T T e e 40 30 60100
39 20 41886 , 40 31 - 61745
39 21 43451 40 32 63390
39 22 45016 40 33 . ...-65035
39 23 46581 b 40 34 . 66680
39 24 48146 _ 40 3s 68325 - -
39 25 49711 e ) T m e m 40 36 69970
39 26 51276 e &0 37 71615
39 27 52841 40 38 73260
39 28 54406 : o 40 _ . _.39 74905
39 2% 55971 40 40 76550 )
39 30 57536 A0 41 78195 . T
a9 31 59101 T s e e — 40 2 79840
39 32 60666 e 40 43 . _ . 81485 - : - ;
39 . 33 62231 40 44 83130 :
19 34 63796 . . _&Q .. .45 84775 :
39 35 65361 ' N LENGTH CORE REQUIREMENT )
39 36 66926 41 2 16372 [ e s R
ag _.a7 68491 . .. .. S - - “1 3 16099 <523
39 38 70056 5’/ &1 & . 117826
a9 39 71621 41 5 19553
39 40 73186 , . R

D
O
AN
NS



41 6 21280
41 7 23007
41 8 24734
Sk -9 — 2646}
41 10 28188
81 11 29915
a1 12 31642
4l 13 33369
: 41 14 35096
. Al 15 - 36823
41 16 38550
41 17 40277
41 18 42004
41 19 43731
41 20 45458
SRS VN T S —— 47185
a1 22 48912
a1 23 50639
41 24 52366
41 25 54093
a1 26 55820
I—EY 27 FTTVE N
41 28 59274
41 29 61001
41 30 62728
41 .. 31 64455
81 32 66182
S S S SE—t 7.V S
41 34 69636
41 35 71363
41 36 73090
41 37 74817
41 38 76564
———— e} 39 . 3827}
41 40 79998
41 41 81725
41 42 83452
41 43 85179
41 44 86906
) 48 38633 . .
N LENGTH CORE REQUIREMENT
42 2 14712
42 3 16523
42 4 18334
42 5 20145
o2 é ﬁ_“e*g_ss,_ [
82 7 23767
42 -8 25578
42 9 27389
42 10 29200
42 11 31011
e 2} 2 -32822
42 13 34633
42 14 36444
42 15 38255

53

42 16 40066
42 17 41877
42 18 43688
—————— D39 s~ 4548G.
42 20 47310
42 21 49121
42 22 50932
42 23 52743
42 24 54554
- L2 25 ._.._55.365_.; —
42 26 58176
42 27 59987
42 28 61798
42 29 63609
42 30 65420
42 31 ——T23) - -
42 32 ‘ 69042
42 33 - 70853
42 34 72664
&2 35 74475
42 36 76286
42 37 78097 — — —
42 38 79908
42 39 81719
42 40 83530
42 . . 4l 85341
42 42 87152
42 43 88963 — . . ..
42 &4 90774
- 42 . &5 92585
N LENGTH CORE REQUIREMENT
. 43 . .2 15060
43 3 16957
a3 4 %Rgﬂ& ——— — —_—— -
43 5 20751
e &3 & -.22648
43 7 24545
— 3 8 26442
43 9 28339
43 10 30236 - -
43 11 32133
43 12 34030
43 13 35927
43 14 37824
43 15 39721
83 16 glé;g
43 17 43515
e 43 18 45412
43 19 47309
43 20 49206
43 21 51103
L3 22 53000 — S —
43 23 54897
43 24 56794 J4'
43 25 58691




43 26 60588 22 g? 2532;"
43 27 62485 44 38 86876
43 28 6‘#3?2 4s 39 - 88861
- 43 - 29 - 66279 9084
43 30 68176 - ZZ Zg 9283:
43 31 70073 44 42 94816
43 32 71970 P 43 96801
43 33 73867 44 44 98786
43 34 15764 _ B A 45 ~-—OVERLAP 100K - -
— 335 77661 N LENGTH CORE REQUIREMENT
43 36 79558 45 2 - 15780
43 37 81455 45 3 - 17855
43 38 83352 SN - S A 19930
43 39 85249 45 5 22005
43 40 87146 ' 45 6 24080 -
42 &1 89043 s e - R 7
43 42 90940 o ,,..._‘.:; SR, ; - ggégg
43 43 92837 a 45 9 30305
43 44 94734 e &5 10 32380
43 45 96631 i 45 11 34455
N LENGTH CORE REQUIREMENT 45 12 36530 m e -
ik 2 15416 ——— - - ) 45 13 38605
44 3 17401 45 14 40680
44 4 19386 45 15 42755
44 5 21371 —— &5 15 ~ 44830
&k, % 23356 45 17 46905
&4 7 25341 45 18 48989 e
Lk 8 27326 45 19 51055
[YY 9 29311 45 20 . ... - 83130
44 10 31296 45 21 55205
Py 11 33281 45 22— -—. 57280 .
ok i2 35266 45 23 59355
“h 13 37251 — e &S 24 g3430 . s
bl 14 39236 T - T T 45 25 63505
44 .15 41221 45 __26.. . . .. 65580
ok 16 43206 45 27 67655
“4 17 45191 45 28— - - 69730
4k 18 47176 ] 45 29 71805
bk 19 49161 a8 2n 73886 -
o ok 20 5146 - —mm - T 45 31 75955
P 21 53131 . e S 32 78030
LYY 22 55116 45 33 80105
L& 23 57101 DU X S 34 82180
ok 24 59086 45 35 84255
44 25 61071 : 45 3s 86330
“k 26 — 63056 — — ——— - — — — 45 37 88405
44 27 65041 4% 38 90480
. &b .28 67026 45 39 92555
44 29 69011 e _ &5 .. 40 94830
. 44 30 70996 45 41 96705
4h 31 72981 &5 42 98780 . -
32 14966 - o 45 43 OVERLAP 100K
ot 33 76951 55 AAAAA N __LENGTH CORE REQUIREMENT 56
o4 34 78936 46 2 16152
44 35 80921

C/"




46 3 18319
a6 4 20486
46 5 22553
B o 24820
46 7 26987
45 8 29154
86 9 31321
%6 10 33488
"t 11 35655
el 120 e — . 37822
46 13 39989
&6 14 42156
46 15 44323
46 16 46490
*6 17 48657
b 1B 50224
46 19 52991
4% 20 55158
45 21 57325
46 22 59492
46 23 61659
VS 214 61526 PR
46 25 65993
46 26 68160
%6 27 70327
ce e - A& . 28 S 7245
46 29 74661
Ad 30 ?‘,929
46 31 78995
46 32 81162
46 33 83329
46 34 85455
46 35 87663
46 36 89830
46 37 91997
46 38 943 64
46 39 96431
46 40 9898
46 41
"] LEMGTH
47 2 16432
47 3 18793
47 4 21054
47 5 23515
&7 6 25576
A% 7
&7 s 30098
47 8 32559
47 10 34620
47 11 36981
v 47 12 39142
e AT o 13 k1403
47 14 43664
47 15 45925

47 16 48186

OVE.'LAP 100K
CORE RECUINEMENT

27337 -

57

47 17 50447
47 18 52708
47 19 54969
47 R Qm e —BF 230 - - -
47 21 59491
47 22 61752
47 23 64013
47 - . 24 66274
47 25 68535
43 26 —T0796—-
47 27 73057
47 - 28 75318
&7 29 77579
47 - .. 30 79840
47 31 82101
47 32 84362~ e e
47 33 86623
— T Bl - - 88884
47 35 91145
- 41 .36 - 93406
47 37 95667
4.7 38 97928 i e s e e
47 39 OVERLAP 100K
e R LENGTH CORE REQUIREMENT
48 2 16920
LB 3. . 19277
48 4 21634
R AB 5 2399} e o e o -
48 [ 26348
48 1 28705
48 8 31062
48 . _ .8 -33419
48 10 35778
s8 11 38133 S
48 12 404590
PEIENE 1 E— 1 - 42847
48 14 45204
e m W8 15 47561
48 16 49918
£8 17 52275 - e
48 18 54632
48 19 - 56989
48 20 59346
.48 21 61703
48 22 64060
- 4B 232 65417
48 24 68774
. A8 . .._.25 71131
48 26 73488
— 48 27 75845
48 28 78202
H8 29 ﬂﬁiﬁg . -
LY} 30 82916
48 31 85273 58
48 32 87630




48 33 89987
48 34 92344
48 35 94701
S48 - . 38 97058
48 37 99415
48 38 OVERLAP 100K
N LENGTH CORE REQUIREMENT
49 2 17316
49 3 19771
49 'y —— mz_é_ —_— -
49 5 24681
49 6 27136
49 7 29591
&9 8 32046
49 9 34501
SR | S 7 S— Y-} P
49 11 39411
49 12 41866
49 13 44321
49 14 46776
49 15 49231
M Y6 B16B6—— o -
49 17 54141
49 18 56596
49 19 59051
a9 20 61506
49 21 63961
——hQ 22 46ale
49 23 68871
49 24 71326
49 25 73781
49, 26 76236
49 27 78691
A9 28 81346 -
49 29 83601
49 30 86056
49 31 88511
49 32 90966
49 33 93421
49 34 95876 — —
49 35 98331
49 36 OVERLAP 100K
N LENGTH CORE REQUIREMENT
50 2. 17720
50 3 20275
50 4 —22830 cc e e
50 5 25385
50 6 27940
50 7 30495
50 8 33050
50 9 35605
e 80l 10 38160
50 1l 40715
50 12 43270
50 13 25825

59

50 14 48380
50 15 50935
50 16 53490
50 17 - — - - 56045
50 18 58600
50 19 61155
50 20 63710
- 50 21 66265
50 22 68820
50 23 —F1315--
50 24 73930
50 - 25 16485
50 26 79040
I 50 -. - 2% .- 81595
: 50 28 84150
— B 29 B6I3H— —
50 30 89260
e = 50 - — 31 91815
50 32 94370
e e B0 - -33 96925
50 34 99480
~————OQVERLAP-30OK - -~ ~ - -
N LENGTH CORE REQUIREMENT
e = 28X L2 18132
51 3 20789
[ 8 & . ... 23446
51 5 26103
51 & 28760 — — —
51 7 31417
— . 5. _.._.. 8 34074
51 9 36731
— .5 10 39388
51 11 42045
51 12 VU % 2.5 SR
' 51 13 47359
e 81— 14 56016
51 15 52673
[ESSERENES IS % WS — ¥ .- .- 55330
51 17 57987
51 18 —60644 - --
51 19 63301
51 20 65958
51 21 68615
51 22 71272
51 23 73929
—_— A 2 76586
51 25 79243
— - 81.. - . .26 81900
51 27 84557
51 ‘.28 87214
51 29 89871
51 30 92528 . . - -
51 31 95185
—_— . .51 . 32 97842
51 33 OVERLAP 100K




= .

L LENGTH CORE REQUIREMENT gg sg gzgg§
52 : S 53 26 87788
52 3 21313 26 8r1ss
. . — B3 . 27— ...
2% g 523§§ 53 28 93522
52 6 29596 53 29 96389
52 7 32357 53 30 99256
52 8 35118 53 31 © OVERLAP 100K
: N LENGTH CORE REQUIREMENT

52 9 37879 ‘ N 6 RE Rea e
o SO es S 54 3 22391
52 11 43401 " 3 ' 22391
52 12 46162 E” ; 25366
44 13 ' a32s 54 6 . 31316
52 14 51684 ~ ” ¢ 31216
52 15 54445 i ? w201
o 3 Taeesr o 54 9 40241
o2 " ja44d4 54 10 43216
23 18 A s 11 46191
52 19 65::89 B e 1 se191
i 2 §3029 54 13 52141
52 21 71011 54 13 s2141
o 2 inie - q 54 15 58091
52 23 76533 54 . 16 61066
22 24 19294 ' 54 17 64041
52 25 82055 sk 18 ... ... 67016
22 - 28 sia1e s 19 69991
52 o217 87577 54 19 e
‘2 2ﬂ 911333 - e i el s e e v e e e o s 5
T g
52 30 95860 S 3 22 T8916
22 a a2l 54 .24 - 84866
52 32 OVERLAP 100X e 2 susee
N LENGTH CORE REQUIREMENT ¢ SR
53 2 _ 18980 T U . U _-____._it_______§$_~___~__gg§b1
53 3 21847 ——_ 54 . .28. - -- 96766
54 p eI 54 29 99741
gg Z :gzsé e 2854 30 . ..  QVERLAP 100K

’ ; b E REMENT
53 7 33315 - :q LENETH COZQRESQU{“mqémw‘Mﬁaawu
23— -—-8 26182 ’ T 55 3 22945
53 9 £9049 7 > 2 22945
53 10 41916 o p 28030
53 11 44783 a0 H 415
53 12 47650 o s 32200
53 13 50517 55 8 38370 -
51 14 53384 . e e e ¥ : 38370
33 15 26251 . .58 10 .. .. 44540
53 16 59118 : 55 11 47625
23 17 61982 . .55 ©12 50710
53 18 64852 . 12 4daes
53 19 67719 B 22 13 4 B
23— 20 o 70580 » 55 15 59965
53 .21 73453 6/ e .. B5.  __ 1&. 63050
53 22 76320

53 23 79187 55 17 66135




55 18 69220
55 19 72305
55 20 75390

. 58 21 78475
55 22 81560
55 23 84645
55 24 87730
55 25 90815
55 26 93900

e BB 27 86985
55 28 OVERLAP 100K
N LENGTH CORE REQUIREMENT
56 2 20312
56 3 23509
56 4 26706
56 —5 29903
56 6 33100
56 7 36297
56 8 39494
56 9 42691
56 10 45888
56 11 49085 -
56 12 52282
56 13 55479
56 14 58676

- 56 15 61873
56 16 65070
56 1’ 602&7
56 18 71464
56 19 74661
56 20 77858
56 21 81055
56 22 84252

< S - 24 20 S
56 24 90646
56 25 93843
56 26 97040
56 27 OVERLAP 100K
N LENGTH CORE REQUIREMENT
57 2 20772 -
57 3 24083
57 4 27394
57 5 30705
57 6 34016
57 7 37327

——e 3l B 40638 -
57 9 43949
57 10 47260
57 11 50571
57 12 53882
57 13 57193

e 87 Mo - 60504
57 15 63815
57 16 67126
57 17 70437

©

57 18 73748
57 19 77059
57 20 80370
e BFim e 2% 83681
57 22 86992
57- 23 90303
57 24 93614
57 25 96925
57 26 OVERLAP 100K
N LENGTH - - -CORE REQUIREMENT
58 2 21240
58 3 24667
58 4 28094
58 5 31521
58 6 34948
S8 4 ,..___3&3.15
58 8 41802
e - 58 - 9 - 45229
58 10 48656
- .- . 58 -11- 52083
58 12 55510
58 13 58937 . -
58 14 62364
B 58 15 65791
58 16 69218
e .58 17 - 72645
58 18 76072
I 58 19 79499 U
58 20 82926
_— . .58 21 86353
) 58 22 89780
————. — 88 23 93207
58 24 96634
58 25 Q\'I_EjD‘L'AjD 100% - — .
N LENGTH CORE. REQUIREMENT
————ee B 2 21716
59 '3 25261
e T T - AN 28806
59 5 32351
59 £ —35896 - - -
59 7 39441 '
— e 59 . 8. 42986
59 9 46531
e 59 10 50076
59 11 53621
S 59 12 871646
59 13 60711
- 89 - 14 64256
59 15 67801
— ... 59 ___ 16 . 71346
59 17 74891
o 59 18 78436 -
6 3 59 19 81981
O .59 . .. .20 85526
59 21 89071

64

R

S
(>




=

59 22 92¢18 2; 2 §‘§§§Z
59 23 96161 62 7 52747
59 24 99706 e B e Ak 655
e 2890 L .28 . .. . OVERLAR 100K 62 5 5056
N LENGTH CORE RIGUIREMENT 62 10 54480
60 2 22200 62 11 58391
60 3 25865 ey 12 62302
60 IS 29530 62 13 66213
60 5 33195 P 14 20124 — o ] -
o U ¥« A — —3&6859D 62 15 74035
€0 7 40525 ~ .82 - 16 77946
60 8 441990 62 17 81857
62 9 47853 - .82 18. 85768
60 10 51529 62 19 89679
60 11 5518+ &2 29 93590 cm. n
e £33 —3d e BB 3Y - e 62 21 97501
60 13 62515 e 2 .22 OVERLAP 100K
60 14 66132 N LENGTH CORE REQUIREMENT
60 15 69845 . 63 2 23700
60 16 73510 63 3 27737
60 17 77175 63 4 —BLITh— e e e S T
— B0 18 80849 - - 63 . 5 35811
60 19 845053 e 83 ... & 39848
60 . 20 88170 63 7 43885
60 21 918135 63 8 - .- - aT922. -
60 22 95500 63 9 51959
60 23 99165 53 10 55995 e -
e B0 24 OVERLAPID6 — - - 63 11 60033
N LENGTH CORE REQUIREMENT 3. 12 . 64070
61 2 226592 63 13 68107
61 3 26479 e B3 14 - 72144
61 4 30266 63 15 76181
61 5 34053 62 16 80218 e e
——e e B BIBHG - 63 17 84255
61 7 41627 Y S ¥ 88292
61 8 45414 63 19 92329
61 9 49201 e B3 20 - - . . 96364
61 10 52988 . 63 21 OVERLAP 100K
51 1 6775 M LENGTH — COREREGUIREMENT o o oo o o
SRS % WSS § S Y+ 5 V-3 S - o ' ' 64 2 24216
51 13 64349 - .. BG ... .3 28381
51 14 68136 64 4 32546
61 15 7123 YA 5 36711
61 16 75710 64 6 40876
61 17 79497 e - 45041
—————l 318 8328l o e i e 84 8 49206
61 19 87071 B 9 53371
61 20 908538 b4 10 57536
61 21 94845 b4 11 61701
61 22 98432 64 12 65866
61 23 OVERLAF 100K i 13- 760631 S e e e - -
o - M LENGTH.. ... CORE REGQUIRENEINT : 84 14 74196 66
62 T2 23192 - 85 . &4 15 78361
&2 3 27103 64 16 82526
62 4 31C14




©

64 17 86691

64 18 90856

64 19 95021

- 64 - — 20 99186

64 21 OVERLAP 100K

N LENGTH CORE REQUIREMENT

65 2 24740

&5 3 29035

65 4 33330
.- 65 5 37625

65 6 41920

65 7 46215

65 8 50510

65 9 54805

65 10 59100
R ¥ W .-63395 -

65 12 67690

65 13" 71985

65 14 76280

65 15 80575

65 16 84870
o e 65 17 —-89165 -

65 18 93460

65 19 97755

65 20 OVERLAP 100K

- N LENGTH CORE REQUIREMEN

66 2 25272

46 3 29699

66 4 34126

66 5 38553

66 6 42980

66 7 47407

66 8 51834

66 9 56261 -

66 10 60688

66 11 65115

66 12 69542

66 13 73569

66 14 78396
- 66 15 82823 -

66 16 87250

66 17 91677

66 18 96104

66 19 OVERLAP 100K

N LENGTH CORE REQUIREMENT
R 67 2 25812 e

67 3 30373

67 4 134934

67 5 39495

67 3 44056

67 7 48617
i e B - B ..-53178

67 .9 57739

67 10 62300

67 11 66861

67 12 71422
67 13 75983
67 14 80544
87 35 — — —~ -~ 85105 - - . -
67 16 89666 )
67 17 94227
67 18 98788
67 19 OVERLAP 100K
N LENGTH CORE REQUIREMENT
68 2 26360 - -
68 3 31057
68 4 35754
68 5 40451
68 - 6 45148
68 7 49845
68 9 59239
e - 68 210 63936
68 11 68633
e .. B8 32 73330
68 13 78027
68 14 82724 -
68 15 87421
-... 68 16 92118
68 17 96815
IR ¥ - . 18 ... _OVERLAP 100K
N LENGTH CORE REQUIREMENT
69 2 26916 3 R
69 3 31751
e B9 & 36586
69 5 . - 41421
— 69 B - 46256
69 7 51091
69 8 55924 S
69 9 60761
S p— L S -0 ... .65596
69 11 70431
QR 2 - 75266
69 13 80101
69 14 84936 - -
69 15 89771
-69. 16 94606
69 17 99441
69 18 OVERLAP 100K
N LENGTH CORE REQUIREMENT
10 2 27480 -
70 3 32455
w2 1Q & 37430
70 5 42405
.10 . [} 47380
70 . 7 52355
70 8 52330 s e
70 9 62305
70 10 67280 68
11 72255

70




>

70 12 77230 24 LENgTH cogge?EQUIREMENT
70 13 82205 74 B 35371
70 14 87180 o - 40926
L L - 92155 —_—e : 2
70 16 97130 16 5 23332
70 17 OVERLAP 100K 74 6 203
N LENGTH CORE REQUIREMENT T4 Z 231“2
1 2 28052 L 9 68701
71 3 33169 o o 24256
R 38206 TR e
71 6 48520 T4 12 85366
71 7 53637 74 13 90921
71 8 58754 b PO 14 96476
71 9 63871 74 15 OVERLAP 100K
71 10 68988 -——- _— N LENGIH —  CORE -REQUIREMENT
* 30 T T 75 2 30420
7 11 74103 15 3 36125
71 12 , 79222 R 4 41830
71 13 84339 18 s 47538
71 14 89456 oo 75 6 53240
71 . 15 94573 18 P S8948 .. ... ..
IS X 1& —-—96690 - - 75 8 64650
71 17 OVERLAP 100K 5. g 70355
N LENGTH CORE REQUIREMENT . 75 10 76060
72 2 28632 T T DS T 81765
12 3 33893 75 12 87470
72 4 39154 15 13 93175 o
i R & Ah&}S 75 14 98880
72 6 49676 S 7- S0 15 OVERLAP 100K
172 7 54937 N LENGTH CORE REQUIREMENT
72 8 60198 e 26 2 . .. 31032
72 9 65459 ) 76 3 36889
72 10 70720 2 . 42746 S
e 222 11 75981 - 76 5 48603
;5 ig 32285 Y 7 SRS U 54460
72 14 91764 U S S -1/
12 15 97025 - - 54 s 32031
72 16 OVERLAP 100K o 1a 77888
e M LENGTH _ CORE-REQUIREMEN 76 it 83745
73 2 29220 B 7 12 89602
73 3 34627 76 13 95459
73 4 40034 18 14 OVERLAP 100K
73 5 45441 N LENGTH CORE REQUIREMENT
73 6 50848 77 2 31652
— b 3 I S 56355~ - - - - 77 3 37663
73 8 61662 11 P 43674 .
73 9 67089 77 5 49685
73 10 72476 A 6 55696
73 11 77883 77 7 61707
73 12 83290 17 8 £1718 - «
3. 13 88597 . ‘ 77 9 73729
73 14 94104 6359 17 10 79740
73 15 39511 77 11 85751
73 16 OVERLAP 100K




-

»

77 12 917562 82 2 34872
17 13 977173 82 3 41683
7 14 OVERLAP 100K 82 4 48494
- M- - LENGTH CORE REQUIREMENT _ 82— 5 - - - 55305
78 2 32280 82 6 62116
78 3 38447 82 7 68927
78 4 44614 82 8 75738
78 5 50781 82 9 82549
78 6 56948 82 10 89360
e B LT - 63115 82 11 e 96171 .
78 8 69282 82 12 OVERLAP 100K
78 9 75449 N LENGTH CORE REQUIREMENT
78 10 81616 83 2 35540
78 11 87783 83 3 42517
78 12 93950 83 4 49494
I8 o 33— - OVERLAP 100K 83 5 — 56471 -
N LENGTH CORE REQUIREMENT 83 6 63448
79 2 32916 - 83 7 70425
79 3 39241 83 8 77402
79 4 45566 83 -9 84379
79 5 51891 83 10 91356
79 — & - 532}6 83 11l 98333 N
79 7 64541 83 12 OVERLAP 100K
79 8 70866 N LENGTH CORE REQUIREMENT
79 9 77191 84 2 36216
79 10 83516 -84 3 43361
79 11 89841 84 4 50506
79 12 96166 - m e S RS, 84 5 57651 — - —
79 13 OVERLAP 100K 84 6 64796
N LENGTH CORE REQUIREMENT 84 7 71961
80 2 3356¢ 84 8 79086
80 3 40045 . -84 -9 86231
80 4 46530 84 10 93376
80 B e~ 53015 - 84 —311 - - —QVERLAP. 100K~
80 6 59500 N LENGTH CORE REQUIREMENT
80 7 65985 B 8s 2 36900
80 8 72470 85 3 44215
80 9 78955 — 85. e 51530
80 10 85440 : b 85 5 58845
80 11— 91925 ) 85 6 66160 - —
80 12 98410 85 7 73475
80 13 OVERLAP 100% 85 8 80790
N LENGTH CORE REQUIREMENT 85 9 88105
81 2 34212 85 10 95420
81 3 40859 85 11 OVERLAP 100K
e B Y 4 471506 - P - N LENGTH CORE REQUIREMENT-
81 ) 54153 86 2 37592
81 6 60800 86 3 45079
81 7 67447 86 4 52566
81 8 74094 86 5 60053
81 9 80741 86 6 67540
U & B 10 . 87388 86 2o 75027 R
81 11 94035 7</ 86 8 82514
81 12 OVERLAP 100K 86 9 90001
N LENGTH CORE REQUIREMENT 86 10 97488
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86 11 OVERLAP 100K gg : g?ggg
N LEN3TH CORE REQUIREMENT 4 ; Seaan
87 2 38292 4 B o semy
e BT e 03 . o~ 45953 32 ; St
87 M 23614 92 s OVERLAP 100K
87 2 61273 N LENGTH CORE REQUIREMENT
87 s 68938 93 .2 42660
87 1 76597 93 3 51407
87 8 84258 33 3 Taver A
87 9 91919 . o - - —_—
87 10 99580 zg i ”27 ;?322é
87 11 OVERLAP 100K - 54 $ 5404
N LENGTH CORE REQUIREMENT e Y HEHE
88 2 39000 93 9 OVERLAP 100K
88 3 46837 Enos ORE REGUIRERENT ) o
8s i 4674 T ) ’ 9% 2 43416
8§ 5 62511 e Qb 73 .. 52351
88 6 70348 94 4 61286
88 7 78185 ek s o521
88 8 86022 94 6 79156
88 9 93859 oy § 28094 R
_— 88— 10 OVERLAP-100K - — T 94 8 97026
N LENGTH CORE REQUIREMENT > - _OVERLAP 100K
89 2 39716 N LENGTH CORE REQUIREMENT
89 © 3 47731 —— ... 95% .. 2. - 44180 .- -
- 89 -4 55746 95 3 53305
89 5 63761 95 4 62430 R, - - — -
89 4 71776 95 5 71555
89 7 79791 e e 80680
89 8 87806 s 7 89805
89 9 95821 95 B . ...98930  —
89 10 OVERLAP 100K 95 9 OVERLAP 100K
N LENGTH CORE REQUIREMENT M LENGTH ___ CORE. BEQUIREMENT.... i
90 2 ‘5“449—" T - - 96 2 44952
90 3 48635 _96 3 ... ..54269
90 4 56830 96 4 ) 63586
90 5 65025 98 5 . 72903 . -
90 6 73220 96 6 82220
90 7 81415 ' 7 91537 e —
90 8 39616 o - 96 8 OVERLAP 100K
90 9 97805 e oMo _LENGTH CORE REQUIREMENT
90 10 OVERLAP 100K 97 2 45732
N LENGTH CORE REQUIREMENT e & 55245
91 2 41172 97 4 64754
91 3 49549 97 5 74265
o1 4 57926 T 97 A 83776
91 5 66303 97 1. 93287
91 6 74680 97 8 OVERLAP 100K
91 7 83057 e M. . _LENGTH CORE REQUIREMENT
91 8 91434 98 2 46520
91 9 99811 98 3 56227 —
91 3 Qe OWERLAR - 100K - - 98 4 65934
N LENGTH CORE REQUIREMENT ;7':7 B 98 ... & 75641 7’%L
92 2 41912 98 6 85348
92 3 50473 '




98 7 95055

98 8 OVERLAP 100K

N LENGTH CORE REQUIREMENT
99 L 20 47316

99 3 57221

99 4 67126

99 5 77031

99 6 86936

99 7 56841

99 8 — - — —QYERLAP 100X

[€°]

SAMPLE PROBLEMS

The following pages illustrate the inversion of a finite segment of the

Hilbert matrix of order 10.%* Thus a;; B 1
L ! ETSR]

- This matrix was chosen because of its ill-conditioned nature. During the

run pivoting was requested and the noisy mode was not in use. The inverse
of the inverse was also requested at the conclusion of the inversion process.
Input data was 8 significant digits to all cases and a variety of word sizes

was employed ranging from too small (case 1} and too large (case 5).

* The author recognizes that this matrix is not genuinely the Hilbert
matrix but is a finite segment of the above., However, its conditiox;
number (the ratio of the maximum to the minimum eigenvalue) is probably
as high as the Hilbert mé.tr:ix itself and, wi;:hout question, it is certainly
ill-conditioned. Because of the fact that many of the elements of the
Hilbert matrix are non-terminating decimals no program can satisfactorily
invert the true Hilbert matrix unless it wishes to assume that each element
in the matrix is composed of two elements, p and q where p and q specify

the numerator and denominator respectively of the rational number 1
i4j-1
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LISTING OF DATA INPUT TO INVERSION PROGRAM

-

1.,00080000
« SNNNANNANN
333313313
«250NN000
«20000000
e 1665666

142857147

«12500000,
11111111
« 10000000
«50000000
«33333333
«25000000
e 200NNNNON
e 16ARRBREH
Y VILAANA
«128ANNNN
IASRRRAR
e 1AANNONA
+ 09030909
«33333333
«25000000
20000000
s VARABKAKA
PRV LEARA
«1728ANNNN
IERERERE!
P Kalalalaialalal
«090GNA9NY
+08333333
«25000000
«20ANNNNON
‘e 16666666
«14285714
«12500000
PASARRON]
10000000
«09N9N9N9
«NR233222
eN7632307
R LLLLLLT
016666666
CTAZPRETVL
12500000
eF1171111
« 10000000
+09030909
«0R8333373
07602207
oNT7142857
e YBARARAA
14285714
R ELLLLLY
PRARASAREI
«10NANANNA

74




+09N90909
«083333312
«07692307
07742857
NABREALE
e14285714
« 12800000
e11111711
«¥ARNNNA
«N9NBN909
+NB332233
07692307
ST LY A
406666666
«N625000n0
«12500000
oT11YIVIYT
<¥NNANNNNN

.H9nangne

«0R233333
«NT6£92307
«N7142857
«06666666
£06250000
«058R823572
W11111111
«10n0000N
«09N3N909
«0R333323
«07602307

«NTI4I2R5T
«06666665
«N6250000
#058R2352
eNSEE565R
«10000000

.09050909
«08333333 °

07692307

«07142857
«NBEREREH
LNE28NNNN

«N5882352
08555555 .
eN8263157
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LENGTH: 6

§0




=

VATRTY
1n109e
sSA”ANN
22122313
28AANA
2nnnnn
166666
142857
128000
ARR R RS
1ANNON
&EAANNA
1323313
250000
201000
186K65
V42857
128000
111111
raAn0n
eanaINgn
11‘213?
28AN0N
200000

TVR6666
149867
1281800
Ty
18nH07
909099

" 'R221313
28AN00N
2nnn0n
166666
1472857
1987nN0N
11111
1AANNN
9naeno9n
833233
769230
2nAanon
1665666
147857
125000
IARAEE!
tnnnon
9nonon

1823133
740213n
71478
165666
142857
128000
117111

144

01
on
00
00
00
00
20
0o
00
00
nn
00
00
00
00
09
00
a0
00
-01
06
00
00
00
00
00
00
00
-01

-01

00
00
00
00
0o
00
0o
-01
-01
-01
00
00
0o
00
00
00

. =01

~01
=01
-01
00
00
00
00

02

01
02
03
04
05
06
07
08
09
19
21
02
03
04
05
06
07
08
39
10
01
02
03
04
25
06
07
08
09
10
01
02
03
04
05
06
57
08
09
10
01
02
3
04
05
06
07
08
09
10
01
02
03
04

1AnONN
9nanan
822231
769230
714285
&K6666
142857
128000
1111
100000
909090
2212133
760230
714285
666666
625000

.

128A0n

111111
1nnnapn
0909n
833333
769230
714285
6AK666
/28000
LV ALY
ARRRRR!
1nnnon
ananan
3322312
7692130
714285
666666
625000
588235
585555
1r000N
ananan
A223121
76923n
714285
666666
625000
5882135
858565
526315

£2

0n
~-01
-1
-01
-01
~01
0o
oo
00
0o
-01
-01

" -01

-
-C1
-01

00

on
-01
~-01
-01
~-01
=01
-01
-01

00

20

=01

. -01

-01
-01
~01
-01
-01
-01

00
-01
-01
-01
-01
=01
-01
-01
-01
-01

06
né
56
06
06
06
c7
27
07
a7
07

27
07
07
07
nse
08
08
08
08
08
08

~
1%

08
n

n9
29
n9
09
09
29
39
c9
29
29
10
10
10
10
10
10
10
10
10

10

05
26
a7
-}
59
19
51
02
23
o4
05
06
37
08
09
10
01
92
93
o4
05
06
07
08
09
10
01
02
03
04
05
06
07
08
09
10
J1
02
03
04
05
06
07
08
09
10




“w

TANVERRE
109488
-1792%R4
24A17 Y
-Y22728
1n4862
-19E819
18012613
2622138
-2275813
1227622
-182258
T92A%42
=-738724
138832
-282651
712102
-222468
L1778 0n
79604
-2091356
236266
-598440
41n167

—138%12

284993
-2n8135
~-5N4R1n

58aR31
~5%8566

T it

- 197873
721370
-112245
454979
=622065
482420
g0491 N0
~14460?
- Y2764
-448458
654987
227273%
212718
-47%176
~147969
170564
2216182
116840
-7138
120748
-284N0n11
579950
~207452
-2422130

02
03
03

04
04
04
04
04
33
.03
04
04
05
05
05
05
05
05
- 05
03
04
05
- 06
06
06
05
06
06

06
03
04
06
06
06
05
06
07
07
06

03

05
06
06
06
07
N 07
06
05
N4
05

.06,

06

£3

071 .

01
nl
01
01
01
01
01
01
01
01
02
02
02
02
02
02

02,

02

02
03
03
03
03
03

03
03
03
03
04
04
04
4
04
04

04
04
04
05
05
05
05
05
05

05

05
05
05
06
06
06
06

01
n2
03
04
05
06
97
28
09
10
01
02
03
04
05
06

o7

08
09
13
0:
02
0z
Oy
0%
05
07
08
09
1c
01
02
03
34
05
06
07
08
09
10
01
02
03
04
0s
06
07
o8
09
10
01
02
03
04

2nn202
-251297
137390
667710
an4a541
~T1n4L4R6
AT424N0
-447200
-14R12n
114899
-23R8361
176740
341360
-516540
-39254)
2249112
3N6551
-830790
577220
=184472
142615
92nN56
-18802%
-188641

378031

-186309

~156807 .

625321
-488779
124427
«QQARL R

556740
-222275

218698

727623
-108R52
-282670
-897970

- 133617
~431370
47R887
-651138

180101
-652520
~139400

1n2762

®

06 95
06 06
06 07
06 08
06 039
06 10
07 01
07 02
07 03
07 04
07 05
.07 06
07707
07 08
07 09
07 10
08 01
08 02
08 03
08 04
o8 05
08 06
08 07
08 08

0809

08 10
09 01
29 02
09 03
09 04
09 05
59 06
39 07
09 08
09 09
09 19
10 01
10 02
10 03
10 04
10 05

10 07

10 08
10 09
10 10




o)

MATQTY
722819
2688773
118441
TIRTES
472201
295256
184508
YITAAD
53Q5QQ
2INTREA
289722
132091
773179
408507
232573
222158
14801Q

ERREYIYY
REEN2R
612047
121110
T16445
4651113

TASRRYT
242172
184925
145065
116243

HANNKTY
196560
286481
272347
179983
188102
128063
111234
Qgn351
*RILLYN
?8n364
21n8138
171117
181606
136136
122948
113963
105566
983787
921411,
962417
964216
964107
182894

01
02
03
04
35
0%
o7
jok:}
c9
12

292 .01

02
03
04
05
06
07
08
09
19
01
02
03
04

05

06
07
08
09

10

01
02
03
04

.05

06
07
08
09
10
01
02
03
04
05
06
Q1
C3
09
12
21
052
03
04

1n4272
1A2/NAKR
1n2264
999169
973315
942622
~1g8251n
204349
&R4652
676040
]N&150
RRYQON
Q2487
945480
951520
947900
~87973n
->208590
972550
420140
624230
TREREN
842170
RQR4LOA
1 556806
Q412055
~134637
-5£4£1230
-158520
229380

483890

658640
771610
£40161
899937
Q221772
~145171
-aR1NEN
-242890
259600
374230
573290
711488
807147
RT?2T66
Q18R41

-01 n6 05
-01 n6 06

-01 06 07

-02 06 08

-C2 c6 09

-02 26 19

-02 T 07 91

-02 97 02

=02 07 03

-02 07 04

) -02 97 095
-02 n7 05
T o T 07 07
-02 07 08

-02 07 09

-02 07 10

) -02 08 01
-02 08 02

- =03 08 03
-02 08 04

-02 28 05

-32 28 08

-02 28 07

=02 . 08 08

702 08 99

-02 08 19

-01 09 01
=02 09 02
-02 09 03
.Z02 09 04
- =02 39 05
-02 09 06

-02 09 07

-02 09 08

-02 09 09
e m02 09 10
-01 10 01

-02 10 02

-02 10 03

-03 10 04

-02 10 05
=92 10 0

-02 10 07

-02 10 08

-02 10 09

-02 10 10

f6




CASE 2

LENGTH: 10

87

AATRTY
rAnnoannnn
ENnnONNINn
213313333300
2500000000

2000000000
1666666600
1428571400,
12800N0AN0
111111100
1nAnnAnnnn

_.5nanonnnon
3333333300
2500000000
200000000
16666566600
1428571400
1250000000

1111111100

1000000000
80909naNNN
3333333300
28ANNNAANRN
20n000NN0N
TTYE6688668ND
1428571t4AN
175A0ANNANAN
111111100
1nanonnnnn
9090909000

' 8333333000

25AN000NND
26000100000
1666666600
1438571400

1260000000

1111111100
1000000000
9090903000
8333333000
7602307AN0
2000000000 _
1666666600

- 1428571400 _

1250n00000N

1111111100,

1000000000

90909090Q0_

8333333000
7692307000
7142857000
1666666600
1428571400

1250000000

1111111100

&

-01
-01
=01
00
Qo0

—— =0

=00

o1
01
n1
01

.01

01

01

01
01
D1

~.n2

02
02
02
52
02
02

02
02
03
n3
03

03

03
n3
03
03
03
03
04
04
04
04
04
04
04
04
04
04

.05

a5

.05

05
05
05
05
05
41
05
06
06
06
06

01
02
03
04

05

06
07
08
09
19
01
02
03
04
25
06
07
08
09
10
01
02
23

06

06
07
og
09
10
01
02
03
04
05
06
07
08
[¢1-]
10
01
02
03
04
05

06 -

07
08

09

10
01
02
03
04




o

1nnnonNnAnn 00 06 05
anoAIRTAND -01 neg 06
83231333nn0 -01 06 07
7692307000 -0 06 08
7142857000 -01 06 09

 K666656NNAN -01 06 10
1428571400 00 07 01
12500n0ANN 00 27 02
111111180 00 07 03
1080000ANN 00 07 04

" 8090%0%000 -01 07 05
8313333000 -01 07 06

T7692307A00 - - o1 ‘0707

7142857000 -01 07 08

T 6666666000 =01 07 09
6250000000 -01 07 10

" 1280000000 00 08 01
1111111100 I | 08 02

16000080000 B T T 00 08 03
angngngann B =01 08 04
8322333000 -01 08 05
7692307000 -01 08 0s
7142857000 -01 08 07
6666666000 -01 08 08

6250000000 T - -01 08 09
S282352AN00 -01 08 10

T ivivng 00 09 01
10000NNAND - o 00 0% 02

T9099909n00 -01 09 03
83333123800 - -01 09 04
7692307000 -01 09 05
7142857000 B -01 09 06
6666666000 -01 09 07
6250000000 B -01 09 08
5882352000 -01 09 09
5555555000 -01 .09 10

© 1060000000 00 10 01
9n0909023nN0 -01 10 02
8222333nn0 -01 10 03
7692307100 -01 10 04
7142857100 -01 10 05
6666666000 e -01 1006
"625000nn0Nn h -01 10 07
5882352000 -01 10 08
5555555000 -01 10 09
5263157000 -01 10 10

TNYERSF
1495325091 02 01 01
2K4R3180T N 03 a1 02

-7R61523740 04 01 03
41954263720 05 01 04
—B623070N40 05 01 95
EnANGRN22( T ‘05 01 06
48N028440N0 05 01 07
~4880980950 B . - 05 01 08
-1905558104 05 01 09
2N018N96R7 T T 7 08 01 19
3648423020 03 02 01

=1184434700 T 77 T TTos T T 02 02

4312199400 06 02 03
-2054718301 ’ 07 02 04
4n1R224700 07 n2 05
-92249086520 07 02 26

=?2754236429 L 07 02 07
2196064110 T T T T ey T 02 08
8923436620 06 02 09

-94944208563 h 06 02 10

~78610564130 04 03 01
4311915850 06 03 02

-5165913570 07 03 03
2328187544 B - 08 7703 04

-4291232n20 08 03 05
2319482150 - 08 03 06
2541805286 B} oo _08 . 03 07

-2334967740 o8 03 08

-10264110648 e _ 08 - 03 09
1038444102 08 03 10

4194580150 05 04 01

~2054285066 07 04 02
2327839301 08 04 03

~1012054357 09 04 04
1846893480 . _ ..0% .04 _05 .

~-8961431n90 08 04 06

<1141400257 09 04 07
9581451430 08 04 08
4851967650 _ 08 04 09

-4527232278 08 04 10

-8628592250 05 . 05.01
4016139340 07 05 02

-4289029n40 08 05 03
18462143236 09 05 04

-3221101740 = 09 a5 05
1293103040 09 05 06

2312262819 09 _ ___ 0% 07

~1617340320 09 05 08

~1099324184 o 09 05 09
8965270656 68 05 10
§NT71241n50 0% 06 J1

=2244396000 07 06 02

_ 221433700 S 08 __ 04 03

-R940450110 08 06 04




12898713'n 09 06 05 MATRIX.

1114689060 08 06 U6 9568499109 . ) =00 Gl U1
-17202468%8 09 06 07 4640252667 s © -00 - 91 Q2
5196355640 : 08 06 08 2023861022 -00 . g1 03
116829nn87 09 06 09 ’ 2228114092 ~-02 01 %4
~6R4R856119 B 08 06 10 1757373844 . -0C 01 05
421n3A210% 05 . 07 01 1447507527 R " o1 06
=228782224F o . o o7 . 07 02 S 1998874280 . -00 . 01 07
2546003075 o8 , 07 03 1NK6205867 Lo -0 01 08
=1143402782 , 09 . 07 04 ~ Q409969241 . -01 - 01 09
2216734941 09 - 07 05 8416473361 - - TR L1 T o1 10
17264526737 e 99 07 06 4629392215 =00 02 01
62071169533 08 07 0777 - Taprazi2s3s 0 T T T o =00 © "oz 02”
1457325306 o 09 07 08 ) 2233996331 ) -00 .02 03
~3613345365 08 .07 09 | F1766251362 - EREEY 1 0Z 04
=1284897879 . . . o ...08 B 07 10 . .. 1458039848 =00 02 05
~4877368070 05 08 01 1240100056 T T 02 06
_2194315907 o s 07 .98 02 1078076847 e i " -00 .02 o7
-7321]1 40006 08 08 03 QRANIALRDT a - LT 201 T 02 os
9RISIRTSAN ‘ , ) _ 08 K 08 04 8536710220 -01 a2 29
~-1616999970 09 08 05 7728716577 . -01 02 10
5214590880 ] L 08 06 _ 3008245060 i -00 03 01
1454357113 09 08 07 2728753428 T =00 - 03 02
-1204658649 o o 09 08 08 i 1766531251 . -00 03 03
=2581158870 o 08 08 09 B Y3 % & O A T T TS0 T 09 046
21555719237 o8 i 08 10 1245407310 -00 03 05
1915046635 05 09 01 11084515203 : © =00 03 06
.. 8964033934 i — . .06 09 02 .- .9601445270 L . . el 20 0307
=1521006009 08 0903 . 8611781287 =01 : 03 08
_A8T232776Y e 08 09 04 78N583928R6 . =03 03,09
-1703250378 09 09 05 7126995213 -01 03 10
_1YTOT374R85 _..09 09 06 2210343516 =00 04 01
-2595316709 08 09 07 1758251322 ) -00 . 04 02
~2575772546 , R __.08 .09 08 1458547131 =00 - . 04 03
TISN644AL5E 08 09 0% 1245631566 -00 04 04

6158820029 » L 06 09 10 _ - . 21086683879 _ ) -00 __0& 05
2095236184 05 | 10 01 9635466900 : -01 04 06
-9510764530 ‘ 06 10 02 . 8653730148 -01 - 04 07

1040331907 08 10 03 — 7852876985 S -01 - 04 08 .
~454599884% : o8 10 04 . 7187240925 -0y . 04 09

8983932320 o8 10 05 ) 6625311621 =01 04 10
-68645088R0 . b8 . 1006 _ 1738739068 -00 ... 05.01
~1287491n27 08 - 10 07 1448568970 -00 05 02

2567857871 . . 08 10 08 1240783106, ‘ -00 . 05 03

5637051600 06 . 10 09 » 1084912720 : -00 05 04
-8583903649 o 07 .. 10 10 © 9627198890 . . .=01 ©05 05

) a 8668156490 =01 .- 05 06
e e - - - - _1815767167°  __ __ __ . . =0} - 20507
7215837454 . =01 05 08
- < 6657762107 o S o =01, .05 09
61796804602 =01 05 10
1428686251 . -00 - 06 01
1229871898 -00 06 02
o —_ 1078891389 . . _ ... . . ... =00 06 03

9606727510 . =01 06 04




©

ALBETTTSAN

7877089492
722882302
571756186
61098828n5
£788719908
1210022428
1067505024
9519352120
RR18035650
TARRKRQI&ILN
7218145252
6674768904
62070211122
58N0245981
5442310500
1047945976
9423599060

' 8546507730

7812808150

17192020070

6660853297
A2016721131
5801028523

75448552652

5Y26814115)

9332150970

84320555070
7728997320
7144482690
5183350677
57011041589
5444700288
5126752881
4861211187
8243974610
7624003AR0
7069655290N
6580988950
6150391382
5769669635
S4314859R8AN
5129480105
4858484463
46141078091

73

06
06
06

06 <

06
a7
07
07
o7
07
o7
07
07
07
07
08
08
08
08
a8
08
28
08

" o8

[o].]
0%
09
09
c9

69"

09
09
09
09
09
10
10
10
10
10

10

10
10
10
10

CASE 3

LENGTH: 15

74




MATRTY . 100000RAAAANNA
1O/00NNNANNNNNAA 01 01 01 QOOOgHOGOr‘;gOOO?} —g{l) 82 gz
50000001NOCHCNN 00 01 02 R3232323AANNANNN -01 06 07
27232333AA0000N 00 01 03 769230700000000 ' -01 06 08
25000N0000200010 00 0l 04 - 7142857n00000N0 -01 06 09
200009900000000 o - ) ) 00 : 01 05 K666656NN00ANNN -01 06 10
166565660NNANNNAN 00 01 06 14285714nn0nNnnn ) i na n7 N1
142R5714A0NNNNN ’ 0o N1 o7 1280000naNnnnnan 00 07 02
128A0ANANANNANN 00 01 08 - 111111110n00000 o T ) 07 03
111111110000000 ) - 00 01 09 100000000000000 00 07 04
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01
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09
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02
03
04
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07
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09
10
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02

03

04
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06
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09
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02
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05
06
07
08
09
10
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MATRTY

999390940G99999599986C999995999531850699
46999006999988939599599999999653595888049
13133233299999999999999999999999644508663
2402990905396299239999992999999682663054
1999QC20Q9939239393999G698309G299713387179%
166666659339999999399999993999729728655624
1428571309999999999999999999999759804392
124999999599999999999939990Q99977776 7448
1111111099999999999999990999999793216265
999999999999°°9999°9909999?9998066459100
4999999999999999999999999999999596439118
3333333299999999999999999999999651894055
2499999999999999999999992999999693917925
1999999999999999999999999999999726860345
1666666599999999999999999996999753368520
1428571399999999999%59999999999775158183
1249999996999999996999990999999793387886
11111110999999993599999999999999808866480
99999099969999999995999999999998221749360
9090908999995995959999999999998337412827
3333333299999999999959599999999645963306
2499999999999999999999399999999694779116
1999999999999999999399999999999731718478
" 1666666599999999995999555999399760651935
1428571399999999999999999999999783921698
12499999999999999999959999993999803041865
111111109%999999999999999999999815033324
9999999999993999999999999999998326081130
9090908999999999999999999999998442773035

8333332999999999999999996999998544172214

2499999999999999$9999$999999999684848810
1999999999999999999999999999999728417250
1666666599999999999999999999999761348782
1428571399999999999939999999999787127024
1249999999999999999999999999999807850648
1111111099999999999999999999999824873570
9999999999999999999999999999998391076310

9090908999999999999959999999998511883316 -

8333332999999999999999999999998615715559
7692306999999999999599999999998705928522
1999999999999999999999999999999716100747

1666666599999999999999599555999755430879

14285713999999999999998999939999785131623
1249999999999999999996999999999808369868
11111110999969999999999999999998270645163
9999999999999999999599996599998423818580
9090908999999999999999999999998552035680

8333332999999999999999999599998660839650

T7692306999999999999999999999998754343963
7142856999999999999999999999998835575279
1666666599999999999969999999999741734014
1428571399999999999999999999999777.574229
1269999995999993999959999999999804619550
1111111n99999999999993999999999825771065

-00
-00
-00
-00
-00
-00
-00
-00
-00
-01
-00
=00
-U0
-00
-00
=00
-00
T =00
=01
-01
-G0
-00
=00
-00
-00
-00
-00
-01
-01
-01
-00
-00
-00
-00
-00
T =00
-01
-01
-01
-01
.-00
-00
-00
-00
-00
-01
-01
-01
-01
-01
-00
-00
-00
-00

V4

01
01
01
01
01
01
01
01
0l
0l
02

02

02
02
02
Q2
02
02
02
02
03
03
03
03

03
03
03
03
03
06
04
04

04

04
04
04
04
04
04

.05

05
05
05
05
05
05

05
05
06
06
06
o]

9999990909999099999999999999998427650340
0NAN9N8999995999999999999999998567182440
8333332999999999999999999999998683815836
7692306999999999999999999999998782778038
7142856999999999999999999999998867816055
6666665999999999999999999999998941686157
1428571399999999999999999999999763126557
1249999999999999999999999599999796044997
1111111099999999999999999999995820869903
9699999999999999999999999999398402782730
9nN9N9N8999999999999999999999998558682380
8333332999999999999999999999998686665840
7692306999999999999999999999998793632469
7142856999999999999999999999998884383439
6666665999999999999999999999998962359149
6249999999999999999999999999999030089745
1249999999999999999999999999999781245337
1111111099999999999999999999999811682631
99999999999999999999999959959998346240890
9090908999999999999999999999998525547610
8333332999999999999999999999998669550150
7692306999999999999999999999998787750577
7142856999999999999999999999998886530230
6666665999999999999999999999998970328264
6249999999999999999999359999959042324828
5882351999999999999999999999999104858231
1111111099999999999999899999999796786403
9999999999999999999999999999998250908080
9090908999999999999999999999998464147260
8333332999999999999999999999998630769890
7692306999999995999999999959998764563890
7142856999999999999999999999998874371914
6666665999999999999999999999998966129742
6249999999999999999999999999999043965301
5882351999999999999999999999999110835132
5555556999999999999999999999999168512764
9999999999999999999999599559958102625170
9090908999999999999999999999998367138990
8333332999999999999999999999998566336860
7692306999999999999999999999998721953830
7142856999999999999999999999998846892750
6666665999999999999999999999998949422670

-1
-01
=01
-vl
-ul
"‘-1
-00
-0¢
-00
-01
=01
-01

oy

=01
-01
-01
-00
-00
~01
-01
=01
-01
~01
-01

-01

-01
~-00
=01

-01

-01
-0l
-01
-01
-01
-01
-01

-0t

-01
=01
-01
-01
-01

 6249999999999999999999999999999035092004

5882351999999999999999999999999107758313
5555554909999999999999999999999170183946

5263156999999999999999999999999224399379

-01
-01
=01
~01

)




MATRIX

DESCRIPTION OF DECKS RECEIVED - : 100000000000 . el o1 01
¥ITH THIS PROGRAM 200000000000 o1 o1 02
300000000000 o1 o1 03
000000000000 -39 02 o1 .
200000000000 . ol 02 02
=300000000000 [:£ 02 03
500000000000 (23 03 01
There are three decks received with this program. These 700000000000 ’ o1t 03 02

are described as follows: 100000000000 al " 03 03

l.  The Simultaneous Equations A La King source program.
There are 439 cards in this deck which is sequentially
numbered in columns 78 through 80. The numbering
system is such that the first card is numbered 003 and
the last card 44l. This is to serve as a constant re-
minder that cards 00l and 002 are parameter cards
which must be supplied at the user's location.

2. A sample object program which was produced using
a mantissa length of 12 and a matrix rank of 3. There
are 226 cards in this deck sequentially numbered in
columns 76-80. These numbers are 00000 - 00225.
This deck was produced utilizing the subroutines with
hardware divide.

3. Data cards. There are 18 data cards sequentially
numbered 00! through 0l8. The sequence numbers
appear in columns 78-80. These cards may be used
as input to the sample object program. This data con-
sists of a 3 x 3 matrix (the first nine cards)and 3 con-
stant vectors (the last nine cards).

Items numbered 2 and 3, as specified above, were utilized to pro-
duce the next 16 pages in this document. The first eight pages
demonstrate the solution of the system of simultaneous equations
utilizing the O fill operation, as described in the section entitled
"NOISY" mode. The remaining eight pages demonstrate the solution
of the systemn utilizing the 9 fill operation as described in the section
entitled "NOISY''mode.
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INVERSE
-621621621611
-513513513508

324324324322
405405405401
378378378376
~-810810810801
270270270270
-810810810810
-540540540540

00
00
00
00
00
-01
00
-01
-01

/17

01
o1
o1
02
02
02
03
03
03

o1
02
03
o1
oz
03
01
oz
03

CONSTANT VECTOR
000000000000
100000000000
300000000000

-99

o1

Va4




SOLUTION . VECTOR

CONSTANT VECTOR
-100000000600 ol
459459459458 00 200000600000 o1
135135135136 00
~243243243243 -00 300000000000 ot

/120




77/

10

10

000000000001
000000000004
000000000008
YOLO3IA LNVISNOD

z/

00
00
00

v6GH6SVYESPEG-
ttigotgotlgol

POGLIGLIGLOS
YOLD23A NOILNTI0S

o



SOLUTION VECTOR
-824324324311
581081081075
154054054055

o1
ot
o1

/23

MATRIX
100000000000
2000000000¢C0
300000000000
000000000000
200000000000
~300000000000
500000000000
700000000000
100000000000

o1 o1
o1 01
o1 o1

-99 02
o1 o2
o1 02
o1 .03
o1 03
o1 03

124

N
9

o1

03
o1
o2
03
o1
02
03




INVERSE
-621621621611
~513513513308

324324324322
405405405401
378378378376
-810810810801
270270270270
~-810810810819
~540540540540

00
[o]¢]
00
00
00
=01
00
=01
=01

/RE

o1
01
01
02
o2
o2
o3
03
03

o1
o2
03
o1
02
03
o1
o2
03

COMNSTANT VECTCR
000000000C0C
100000000000
300000000800

/26




CONSTANT VECTOR

SOLUTION VECTOR -100000000000 : o1
455459459458 00 200000000000 o1
135135135136 00 300000000000 ) ol

-243243243243 =00

g




o

SOLUTION VECTOR
567567567557

108108108111
=-534534594595

oo

[]¢)
00

129

CONSTANT VECTOR
800000000000
700000000000
100000000000

ol
o1
o1

/30




SOLUTION VECTOR
-824324324311
581081081075
154054054054

o1l
Ql
o1

/3/

PROGRAM LISTING

The attached listing was assembled usiné a "LENGTH" Opérand of 15 and a
YN of. 10, All addresses above location 454 will be altered for different
parameter cz‘n:ds. A listing is given here only that the interested used may
sée the program instructions. Core locations will not correspond for

parameters other than those specified above,

132




[alal 1) 00001 LENGTN DS 15 L R 0002
0010 00001 N DS v10 0Nos
AROLY 00099 DS  sLENGTHE2 - C e - . 0006
00402 46 00434 00400 01025 GO RCh A01029 0008
0rale 1% N7%1% 00000 01026 TOM NOISE&100 ¢ e e . . 0010.
A0R26 40 02844 00000 01027 [} A02001 0012
[alaZ ST 01028 DORG #-3 e n e e e ... 0014
noas 15 07515 00009 01029 A01029 THM  RNOTSFE10049 onle
NAkes 49 02884 00000 01020 [ A02001 e e e e e e e .0018
[T LY 01031 DORG %#~3 0020
. O04%4 49 03134 00000 01032 . . . A, A0S230.. ... .. e 00220
[J2Y-39 01033 DORG #«4 N 0024
nnaTy 00017 01039 MTX ns L e e e e e e e m e e e e e e o e D026 L
r2177 arr00 01040 s NeN# 0028
n2179 00002 01050 PlvTBL DS 2 e e e e e i i ———————— ———- e e ~-0030_. .. e
02197 00018 01060 bs N#2-2 0032
62199 00002 01061 UPTBLE.DS 2 e 0036 . .
02217 00018 01062 05  N#2<2 0036
na2222 00NCS «0010 01070 TABLE DSA Nob . . . . o e s e e e e < - = 0038
n2227 oonns 0017
n22a6 00017 01080 [s1d L0 e e et e e e i e o . 008 ...
02244 00002 01090 ZERO pcC 29=99 % 0044
02261 00017 01091 D€ Le0.. . . oL U T, [ Y S -
n2261 00002 01092 ONE oc 21le» 0n0%0
n2220 01100 MASTER DS sTABLE=2. e et e e s o m e
02225 01110 TEMPY DS »TABLE63
02278 00017 01130 TEMP3 DS - . L. e e e -
02298 00017 01150 WORK DS L
N2448 nnys3 01160 DS .. NsL=-L. _— - -
n2498 annsn 01170 DNB 50
02528 00030 01180 BLANKS DNAR 30 . —- e -
n2%29 00001 01190 o 1.e
n2%69 noNGo 01191 DS 40 . e e i e
02609 00040 01192 KONZ DC 4040
n2s70 00041 01193 DC . 41405KONZ=39__ ——
02611 00080 . 01200 OUTPUT DAS 80
LYEZ1) 00008 01210 CMNT1 DAC 8,INVERSE® e
n27a7 00007 01220 CMNT2 DAC 7.MATRIXe
nr2a01 n0016 01230 CMNT3 DAC 16»SOLUTION VECTORE ... _ . . —— -
n2823 00016 01231 CMNT4 DAC 16,CONSTANT VECTOR®
N2864 15 0224% 0000J 02001 A02001 TOM ONE~LG1s1s1%1__ . _ -
A2676 16 05262 ~%974 02003 TFM  A171038&64¢PUNCH2
N2883 16 030%% -0477 02010 TFM  ADS1S0623eMYX.. ... .. ... - . .. .
02900 32 02221 00000 0%010 SF TARLF=1
n911 05011 TEMP69 DS [Ad D VSR RTOR
02912 32 02226 00000 05030 SF  TABLEGA
02924 16 02954 -2199 05031 TFM A0503366+UPTBLE -
02936 16 02989 000=1 05032 TFM  A05033611+1410
62948 16 00NN0 =0007 05033 A0S093 TFM R o . e
02950 11 02059 NNO=1 05034 AM  #=1y1010
02972 11 029%& 000-2 -0503% AM A0503366+2910 .
02984 24 029%9 02222 05036 4 A0%0335611+TABLE
. 2996 47 02948 01100 05037 ANH_ A0%033 _
05050 = READ DATA AND STORE IN ROW ARRA

- s e 433




013008 37 7288 A0S00 05070 AOS070 RACD INPUT 0127

63020 27 06378 06377 05090 . BT FLOAT:FLOAT=1 0124

03032 16 07527 ~305% 05150 A0%150 TFLS sDONE 0126

03046 49 07496 00000

63051 00005 ~0000

03056 00005 =72%4 -

63062 11 03088 «D017 08170 AM  A08180623,L ) 011y

03074 1& 03045 <2177 0%190 CM . AD%YIS0523 4 MTXENWNSL o3y

a3086 &7 01008 01200 08200 ARE  A0%070 n1as

03098 &7 Q;jzt gozco 08716 ANER A08220 ¢e 8;:;

0 02710 & %% 0% I LEBRELED~ 1139

ng‘}?z i 8331& nagﬂu egigg 5vn Suggufot&ﬁ a1l

A%134 24 B2720 A2227 BB23D ADSER0 TF  MASTERsTAALE 6lse3

03146 16 03386 ~2197 08231 TFM  A0616066+PIVTBLEN®2-2 0148

03158 46 03776 00100 03260 A05260 AC1 A09030 0147

03170 26 -0222% 02220 06010 TF  TEMP1,MASTER 0149

03182 12 02225 000-~1 06020 SM  TEMP14+1,10 0151

03191° 06021 TEMP& DS  +A05260533 0153

03194 16 03324 =0477 06030 TFM  A08120628,MTX 0155

03206 16 03432 =0477 06040 TEM  A06180628,MTX 0187
06050 # SEARCH 1ST ROW FOR AlJ MAX 61%9

03218 13 0222% -0017 06060 MM TEMP1sL o161

03230 32 0009% 00000 06070 SF.. 9% 0163

N3242 11 00099 =0477 06080 AM  994MTX 0168

03254 16 07%27 =3277 06100 TFLS TEMP3,2FRO 0167

03266 49 07496 00000

03273 000nS =2278

03278 00008 =2244

n3284 16 03191 N0O=1 06110 TFM  TEMP4y1410 0172

03206 16 NT7%527 «3319 06120 A06120 TFLS MTXGEN#NRL, 0174

03108 49 07496 00000

03318 00008 =2177

73320 00005 -0000

03126 23 02175 00000 06130 CF MTXGN#N#L~2 0179

(3328 16 07%27 =1361 06140 AO6140 FS  MTXEN#NAL,TEMPY 0181

03180 49 07416 00000 o

03387 anons «2177

63162 00008 ~2278

03337 06141 HOLD DS  9A06140=1 0186

03368 47 03434 01100 06150 ° BNP  A07010 0188

03380 26 00000 03191 06160 A06360 TF  +TEMPA 0190

03292 26 03447 03191 06170 TF  TEMPS,TEMPA 0192

N3404 1A N782T7 =2427 06180 A06180 TFLS TEMP3, 0194

03416 49 07496 00000

ATYE] 00008 «2278

3428 0000% =0000

03474 11 03324 =0017 07010 AOTO10 AM  A061206284L 0199

03446 11 03432 =0017 07020 AM  A061806284L 0201

03458 11 03191 000-1 07030 - AM  TEMP&s1,10 0203

03467 07031 TEMPS 0§ %2 6205

03470 24 03324 00099 07040 [4 A06120628,99 0207

03482 47 03796 01100 07050 ANH  A06120 0209

03494 11 03386 000-K 07060 AM  A061606642+1011 0211
07090 # PIVOY ) g 06213

A3506 12 03467 000-1 08010 SM TEMP5,1,10 0218

/3%

N3518 46 03776 01200 08020 Bz  A09030 0217

03530 13 03467 =0017 08030 MM TEMPS | 0219

N3542 32 00095 00000 08040 SF 9% 0221

n3554 11 00099 =0477 08043 AM  99MTX 0223

03566 16 03642 =04T7 08050 TFM  A0B090628,MTX 022%

03578 16 03667 ~0477 08060 TFM  AOBINOE234MTX ... ..0227

03590 26 031672 00099 08070 TF  AOBIN0G28+99 0229

03602 26 03697 00099 08080 TF  A0811062%,99 . 0231

03614 16 0T%27 =3637 08090 AOB090 TFLS MTXENWN®L, 0233

03676 49 07496 00000 .

03633 00008 =2177

03638 00005 ~0000 . - .

03644 16 07327 =3667 08100 AOS100 TFLS 4 - 0238

03656 49 07496 00000

03663 0000% ~0000

03668 0000% ~0000

03674 16 07527 =3697 08110 AO8110 TFLS sMTXGN®NWL 0243

03686 49 07498 00000 s

03693 00005 =0000

03698 00005 «2177 L - . .

N3T0A 11 03642 =0170 08120 AM  ADB090628sNeL 0248

03716 11 07887 ~0170 08130 AM  ADBIN0623,R¥L . 02%0

063778 11 03672 ~0170 08140 AM  ADSIOO05G28.N®L 02%2

03740 11 03697 -0170 08150 AM AO8110623 N80 _ - [N ..02%4

N3752 14 03642 -2177 08160 CM  AOB090L28 yMTXENSNSL 02%6

03764 47 03614 01200 08170 BNE  A08090 Ce e 0258
08180 * PIVOT COMPLETE 0260
09010 .» BEGIN ITFRATION FOR INVERSE 0262

031776 26 00079 02600 09030 A09030 TF  T9,KONZ . 0264

03788 16 07%27 =3811 09040 TFLS WORKEN®L=LONE. . . . .. . 0266

3800 49 07406 00000

03807 00005 ~2448 -

03812  0000% ~2261

N3818 16 07527 ~3841 09050 FO  WORKEN®L=LoMTX. 0271

N3830 49 07476 00000

n3837 00005 =2448 e e

03842 00N08 «0477

N1348 16 09919 =229% 09060 TFM  A091206234WORK. 0276

N3850 16 03924 «0494 0906% TFM  A091206284MTX6L 0278

03872 16 03949 -229% 09070 TFM  AD91305623,WORK 0280

03884 26 00079 02609 09110 A09110 TF  79,KONZ 0282

03896 16 07527 =3919 09120 A09120 TFLS » 0254

N1908 49 N7496 00000

n3915 00005 «0000

1920 0000% «0000

03926 16 07827 =3949 09130 AG9130 FM  JWORKGN#L=L 0289

N1928 49 NT486 NAONOO

1948 00n0% ~0000 -

n3950 0NONS w2448

N39%6 11 03919 =0017 09140 AM  AD912062%,L 029

03968 11 03924 ~0017 09130 AM  AD9120628)L 0296

71980 11 N31949 ~0017 09138 AM  AD913062%,L .. 0298

N3992 14 (3949 =2448 09160 (4] ADGYIROE 29 s WORKEN®L =, 0uno

N400A 47 038A4 01200 69170 ANE  AD®YY0 e n102

N4016 16 NGYTAT =N4TT 10010 © TFM  A10100623,MTX 0304

138
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n4028 14 04152 =0647 10020 TFM  A10100628 sMTXEN#L 030k
064040 16 04177 =0477 10030 TFM  A101105234MTX 0303
NGO%? 1A Da?NT «0664 10040 TFM  A101205234MTXEN#LEL 0310
na06s 16 04212 =0477 10050 TFM  A101205284MTX 0312
04076 16 04237 ~0477 10060 TEM  A101255234MTX 0114
n4LOBE 16 04242 ~0664 10065 TFM  A10125628 JMTXEN#LEL 0316
04100 16 046182 =229% 10070 A10070 TFM A101106284WORK 0318
04112 26 DOOT9 02609 10090 A10090 TF  799KONZ 0320
06124 16 DIR27 =4147 10100 A10100 TFLS » 0322
04118 49 07496 00000
041641 0neNs ~-0non
aulun 0nfhe zAngo
ARTRA 16 ATEAT 4137 1A11A AIBIIA FM o PE S
04166 49 07456 00000
04173 00005 -0000
04178 00005 «0000
04184 16 07827 «4207 10120 A10120 FS o 0332
04196 49 07416 00000
04203 00005 ~0000
04208 nOoONS ~-0000
Na214 16 07527 =6237 1012% A1012% TFLS » 0337
04226 49 07496 00000
04233 00005 ~0000
06238 000605 ~0000
N42644 11 04147 «0017 10130 AM  A10100623,L 0342
042%6 11 04177 =0017 10138 AM  A10110623,L 0344
04268 11 04182 «0017 10140 AM  A10110628,L 0146
04280 11 04207 =0017 1N145 AM  A10120623,L 0340
04292 11 04212 =0017 10150 AM  A10120628,L 03%0
4304 11 04237 ~0017 10155 AM  A10125623,L 0352
04316 11 04242 -0017 10160 AM  A1012%628,L 0354
047328 14 0A1R2 =2448 10170 CM A101710628 s WORKEN#L =L 03%6
4340 A7 04112 01200 10180 ANF A10090 0348
04352 26 04435 04152 10200 TF  A110105623,A10100628 0360
04364 26 04465 04147 10210 TF  A11020623,A10100623 0362
04376 26 06495 04147 10218 TF  A11030623,A10100623 0364
04388 26 0A500 04152 10217 TF  A11030628,A10100628 0366
04400 26 00079 02609 10220 TF  T99KONZ 0368
04412 16 07%27 =4435 11010 A11010 FM  sWORKEN#L =L 0370
04424 49 07656 N0000
nu43l 00005 =0000
n4436 00005 «2448
04642 16 07527 ~4465 11020 A11020 TFLS +2FRO 0378
04454 49 07496 00000
Nan61 00005 ~0000
LYY 00005 ~2244
04472 16 07527 -449%5 11070 A11030. FS o 0380
NaaBs 49 07416 NOOON
n&49y 00005 0000
nuu9e 000nS 0000
04502 11 04147 =0017 11040 AM  A10100623,L 0388
04514 11 04177 <0017 11050 AM  A10110623,L 0387
04526 11 04207 =0017 11060 AM  A10120623,L 0389
04538 11 04212 -=0017 11070 AM  A10120628,L X _—— .. .0791
04850 11 04227 «0017 11080 AM  A10125623,L /3é 0793
04562 11 04242 ~0017 11090 AM  A10125628,L 0395
04574 11 04152 =0170 11100 AM  A10100628,N#L. . . 0397
04586 14 04152 =2177 11110 CM  A10100528 +MTXENENSL 0399
04598 47 04100 01200 11130 BNF  A10070 . 0401
04610 16 NA6%T =2007 11140 TEM  AL1170623sMTXENSNSL aNeL 0403
04622 16 04662 =229% 11150 . TFM  A11170628+WORK 0405
Nna614 16 07827 ~4637 11170 AL1170 TFLS » 0407
04646 49 07496 00000 .
06653 00005 0000
066%8 00005 =0000
04664 11 04637 =0017 11180 AM  A111706234L 0412
04676 11. 04662 =0017 11190 AM  Al1170628,L 0414
04688 14 04662 =246% 11200 CM  A11170528,WORKEN*L 0416
04700 47.046%4 01200 11210 BNE A11170 . 0418
04712 172 02220 000-1 12010 SM  MASTFRs1,10 0420
04724 A7 03188 01200 12020 BNZ A03260 0422
04736 46 05232 00100 12021 BC1 A17101 0424
12030 #- INVERSE COMPLETE 0426
) 12040 # RE=PTVOT 0428
04748 16 0479% =2179 13010 TFM  A13030611,PTVTBL. 0410
04760 16 02220 000=-9 13020 TFM  MASTFR¢N~1410 0632
04772 16 03191 000~1 13021 Al3021 TFM TEMPAs1,10 0434
04784 26 02911 00000 13030 A13030 TF  TEMP69 0456
04796 .24 02911 03191 13040 [4 TEMPSOs TEMPA.. . . L. CA%
04808 46 05184 01200 13080 RE  A17080 0440
n&g20 21 02911 02220 13060 A TEMP69 yMASTER 0662
04822 21 03191 02220 13070 A TEMP4 yMASTER 0hés
048464 27 04926 02911 13080 BT  CALC,TEMP69 0bés
NaB%6 26 05050 00099 13090 TF  A16080528,99 .LH
04868 26 05075 00099 13100 TF  A18090623499 0450
04880 27 04926 03191 13110 BT  CALC,TEMP4 0452
nuB92 26 05080 00099 13120 TF  A18090628499 0494
04904 26 0510% 00099 13130 TF A16100523,99 0456
N4916 49 03010 00000 13131 B - Al4180612 0458
04923 131132 DORG -4 0460
04924 00002 14080 ps 2 . . 0662
08926 12 04925 N00=1 14090 CALC SM  CALC=1+1+10 0464
04938 13 0492% ~0010 14100 MM CALC=1sN 0486
049%0 26 05009 00N99 14110 TF  GOLD»99 0468
04962 13 05009 =0017 14120 MM GOLDWL 0470
NA9T4 32 00095 H0000 1417} SF 9% 0472
04986 11 00099 =0477 14140 AM  994MTX 04Te
04998 42 M0000 NOONO 14180 A14180 AR 0476
nsoN9 14200 GOLD DS vA14180511 0478
05010 26 02911 02222 16060 TF  TEMP69sTABLE 0480
N5022 16 07%27 =5045 16080 AL6080 TFLS: TEMP3, 0482
05034 49 07496 00000
05041 00005 «~2278
n80As N000OS -0000
NEO%2 16 07827 «~507% 16090 A16090 TFLS » 0487
05084 49 N7496 ONNOO
05071 00008 «0000
0%076 060005 =0000
N%082 16 07527 =510% 16100 Al6100 TFLS +TEMP3 0492
05094 49 07496 OONCH
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oy o 59

L 08101 00008 «0000
05106 00008 «2278
05112 11 0%080 ~0017 16120 AM  A16080528,L 0497
AR174 11 0%O78 <0017 16130 AM  A16090623sL 0499
. 68138 11 0%080 ~0017 16140 AM- A16090628sL 0501
05148 11 0510% =0017 16150 AM  A16100623.L 0503
08160 17 02911 000-1 16160 SM  TEMP694+1410 050%
T 0%172 47 05022 01200 16170 BNZ A16080 0507
085184 12 02270 000«1 17080 A17080 SM_ 'MASTERs 110 0%09
05166 11 04795 000-2 17050 AN’ A13030611+2910 0511
08208 14 0479% «2199 17891 €M A13030611+PIVIBLENS2 051
08220 47 04TY2 01200 17092 BNE  A13021 0514
08212 47 05268 00300 17101 A17101 ANCY #6368 0817
N%2a4 27 05846 05845 17102 BT  CLCD,CLCD~1 0519
05256 17 00000 ~5268 17103 A17103 ATM %612 03521
08268 16 05262 -5914 17104 TEM  A17103664PUNCHY 0521
. 17110 # RE-PIVOT COMPLFTE . 0529
18040 *# IF NO SOLUTION VECTORS 0527
18050 # PROGRAM HANGS UP WITH 0529
18060 + READER NO FEED CONDITION 0531
05280 1% 05341 00001 18070 Al8070 TDM A1813061,1 0533
05292 16 0543% =229% 18090 TFM  A18180623 yWORK 0%3%
05304 16 0%448 -6268 18100 TFM  A1819066sPUNCHY 0537
05316 37 072%5 00500 18110 A18110 RACD INPUT 05139
0%328 27 06378 06377 18120 BT  FLOAT#FLOAT=1 0541
0%340 41 05412 00000 18130 A1l8130 NOP A18180 0543
053152 1% 05341 00009 18140 TOM A1813061+9 0545
N%364 27 05846 0584% 18150 AT CLCD,CLCN=1 0547
8376 31 02610 02832 18160 TR OUTPUT=1,CMNT4=] 0549
05388. 1% 02641 00000 18161 TOM OUTPUTE30 . 0551
05400 39 02611 00400 18170 _WACD OUTPUT 0553
05412 16 07827 «5435 18180 A18180 TFLS +DONE 111
N5424 49 07496 00000
05431 0000% «0000
05436 00008 ~7234
5442 17 00000 ~5484 18190 A18190 RTM #5612 . 0540
.N%484 16 05448 =-6304 18200, TFM  #=6,PUNCHS 0562
05466 11 0543% =0017 18210 AM T A18180623.L 0564
05478 14 05435 =2465 18220 CM  A18180623 WORKEL®*N 0566
N5AS0 47 05316 01200 18230 ANE  A18110 0%68
19010 SOLVE SYSTEM BY MATRIX 0570
: 19020 # VECTOR MULTIPLICATION 0572
05802 27 05846 0%84% 19030 8T  CLCD,CLCD=1 0574
05514 31 02610 02800 19031 TR OUTPUT=1,CMNT3=1 0576
08526 1% 02641 00000 19041 TOM OUTPUTE30 0578
n5%28 39 02611 00400 19050 WACD OUTPUT ) 0580
05550 16 05585 =0477 18060 TFM  A19080611MTX 0582
05862 16 NSTB4 ~6268 19070 TFM  A1918066»PUNCHY 0564
NE8T4 16 05668 =0000 19080 A19080 TFM A19120628 0586
05586 16 05698 =229% 19090 TFM  A191305628sWORK 0588
N%598 16 07527 =5621 19100 TFLS DONEZERO 0590
0%610 49 07496 00000
08617 00005 ~7274
08622 00005 -2244 N X »
05628 26 00079 02609 19110 TF  7T94KONZ /32 0%9%
05640 16 07527 -5663 19120 A19120 TFLS MTXEN®N®L, 0597
05652 49 07496 00000
056%9 00005 ~2177
08664 00005 ~0000
05670 16 07527 =5693 19130 A19130 FM  MTXGN#N®L, 0602
05682 49 07456 00000 .
05689 00005 «2177
05696 00005 =0000 . . .
05700 16 07527 ~5723 19118 FA  DONE MTXGNEN#Y 0807
N8T712 49 07436 0000n . .
05719 N0ONS ~7234
ns724 00005 -2177 .
08730 11 05668 ~0017 19140 AM  A19120628,L 0612
05742 11 05698 ~0017 19150 AM  A19130628,L . -~ 0614
05758 14 05698 =246% 19160 CM  A19170628WORKEN#L 0616
05766 47 05628 01200 19170 ANF  A10120-12 0618
05778 17 00000 =5790 19180 A19180 RTM %512 0620
05790 16 03784 ~6304 19190 ; TEM  #=6,PUNCHA - 0622
05802 11 05535 ~0170 19200 AM  A19080611,N%L 0624
05814 14 &F5HS «2177 19210 €M A19080611sMTXEN¥NeL 0826
08826 47 w3574 01200 19220 ANF  A19080 0628
05838 M9 05280 000006 19230 ] A18070+40 . 0630
05846 192%0 DORG #-1 0632
05845 16 05864 -2611 79020 CLCO  TFM  CLCDE18,0UTPUT — _ 0534
0%8%8 16 00000 000~0 79030 TFM  s910 0636
08870 11 05864 000-2 79040 AM  CLCDE18+2+10 . . 06138
N5882 14 N3864 =2771 79050 €M CLCDE18,0UTPUTE160 0640
08894 47 0%8%8 N1200 79060 BNE  CLCDE12 . 0642
08908 42 00000 NO0ON 79070 L) 0644
05908 79080 DORG #=9 . 0646
05912 00008 79081 0s 5 0648
NS914 31 02610 02786 80020 PUNCHI TR  OUTPUT=1,CMNT2-1 06%0
N89%6 1% 62623 00000 80021 TOM  OUTPUTE12 0652
05918 39 02611 00400 80030 WACH OUTPUT 08%4
N%950 26 06262 05913 80031 TF  AB0240669PUNCH1~1 0656
N5962 49 06022 00000 80032 8 A80070 0558
05974 31 02610 02770 8000 PUNCHM2 TR  OUTPUT=1+CMNT1=1 0660
0%986 15 0262% 00000 80051 TOM  OUTPUTE14 0662
05998 39 02611 00400 80040 WACH OuTPUT 0664
06010 26 06262 05977 80061 TF  AB024066+PUNCH2=1 0666
06022 16 06098 <0477 BOOTO ABOOTO TFM AS0110628,MTX 0668
06034 31 02610 02449 80080 TR OUTPUT=1+BLANKS=T9 6670
N6046 16 02685 000-1 80090 TFM  OUTPUTET4s1410 0672
06058 16 02689 000~1 80100 ABO100 TFM  OUTPUTE7841910 0674
N6070 16 07527 ~6093 80110 A80110 TFLS OUTPUTEL=2y L0676
06082 49 07496 N0000
n6089 00008 «2624
06094 000N%S =A00n L
06100 27 07020 67019 80111 BT  SPREAD»SPREAD=1 0631
06112 33 02684 00000 80120 CF  OUTPUTETY | 0683
06124 33 02688 00000 80130 CF  OUTPUTET? 0685
16136 38 02610 00400 80140 WNCD OUTPUT=1 0687
06148 32 02684 00000 80150 SF . OUTPUTET ' 0689
06160 37 07688 00000 80160 . . SF OUTPUTETT _ 0691
06171 80161 TEMP9S DS

0693



0699

2,0 ‘ ) /q/

06172 11 06098 «0017 80170 AM  AB0110528,L
Ns184 11 02689 000-1 80180 AM  OUTPUTET8414+10 0697
06196 24 02689 02222 80190 4 OUTPUTE T8+ TABLE 0699
06208 47 06070 011060 80200 BNH A80110 0701
06220 11 0268% 000-1 80210 AM . OUTPUTETAS1410 070%
06232 24 02685 02222 80220 4 OUTPUTL T4 TABLE 070%
06244 47 06058 01100 60230 BANH A80100 0707
062%6 49 00000 00000 80240 ABD240 B 0709
06268 31 02610 02449 81020 PUNCH3 TR  OUTPUT=14BLANKS=79 0711
06280 26 06303 06267 81030 TF  PUNCH&=14PUNCH3=1 0713
N6292 49 06304 00000 81040 ) 612 0718
06304 16 07527 =6327 81050 PUNCHA TFLS OUTPUTEL=~24+DONE - 0717
NE%16 49 07496 00000
06323 00005 «2626
06328 00005 =7234
06334 27 07020 07019 81055 BT  SPREADsSPREAN=] 0722
06346 38 02610 00400 81060 WNCD OUTPUT~1 0724
06358 26 06376 06303 8106% TF  #G61ByPUNCHA=] 0726
06370 AR 00000 00000 81070 ] 0ol o728
06378 81080 DORG #-~3 0730
83000 # THIS IS THE FLOAT SUBROUTINE 0732
06378 16 07527 =6401 83020 FLOAY TFLS DONE,KON1 0734
06990 49 07496 00000
06397 00008 «7234
06402 00008 «725%1
06408:1% 06671 00003 835060 TOM A8718061+3 0719
06420 15 06733 00001 85080 TOM A88090861,1 0741
06432 15 06893 00001 85100 TOM DECPTS1s1 0743
06444 16 06810 -7218 85120 TFM  A89010669DONE=LEL 0743
06456 1% 06828 00001 85140 TDM  AB90%0s) 0747
06468 1% 06893 00001 85160 TOM DECPTE1s1 0749
06480 16 06498 ~7733 84010 “ TFM 486030664+ INPUTETS 0781
06492 14 00000 000-0 86030 ABS0%0 CM 510 0751
06504 47 06536 01200 86050 BNE  AB6140 07%%
06816 12 06498 000-2 86070 SM AB60306642410 0757
06529 00002 86090 RECMK DC  29@y#=2 07%9
06528 49 06492 0000N 86170 ] A86030 0762
06536 66130 DORG #-3 0784
06%36 11 06498 000~1 86140 AB6140 AM  AB603056+1910 0766
06548 26 06566 064698 88160 TF AB6180L61AB603066 0768
08860 31 60000 06424 86160 AB6IBO TR sRECMK~1 0770
06572 14 07255 000=0 87010 A8T010 CM  INPUT»y10 0772
06584 47 06684 01200 87030 BNE  A88010 0774
06596 31 07254 07256 87050 ABT050 TR  INPUT~1,INPUTE] 0776
06608 45 06572 07255 87070 BNR AB7010+INPUT o778
06620 32 07218 00000 87090 ABT090 SF  DONE-L§1 0780
06632 24 07232 07249 87110 4 DONE=2 4KON1~2 0782
06644 47 06670 01200 87130 ANF  AB7180 0784
NE6%6 16 DT234 O0ORR 87140 TFM . DONE 9941011 0788
06668 42 00000 00000 871460 AB 0788
06670 87170 DORG #-9 0790
06670 33 07232 00000 BT7180 A8T180 CF  DONE=-2 0792
06682 42 00000 NO0ON 87190 88 0794
06684 87200 DORG #-9 n79%
0668% 14 07255 600J0 88010 A88010 CM  INPUT,10410 . 0798
: /40
06696 46 06596 01200 88030 RF  ANTOSA 0f00
06708 14 072%% 000K 88030 CM  HPUT 20,10 onc2
N6720 46 06872 01200 88070 RE  SETSW 0804
06732 41 06780 00000 88090 A88090 NOP AB88170 0806
06744 14 0725% 000OPO 88110 €M INPUT.70,10 0308
06756 46 06596 01200 88130 BE LT0% 2910
06768 15 06743 00009 88150 TPM  ABBO906199 0812
06780 47 06892 01300 88170 A88170 f: cPT 0814
06792 1% 06893 00009 88190 THM  DECPTE1,9 os1e
06804 2% 00000 072%% 89010 AB9010 TD 4 INPUT 085t
06816 11 06810 0060-1 89030 AM  AB901066+1s10 0829
06828 11 07234 000=1 89050 A890%0 AM  DONE,1410 0822
06840 14 06810 ~7233 89070 CM  AB501056+DONF=1 082s
06852 46 06620 01200 89090 RE  A87090 2476
06864 A9 06996 00000 89110 R A870%0 0828
04872 89110 DORG #-1 083¢C
AEB872 1% N66TY 00007 59150 SETSW TDM  AB718061,2 0812
06886 A9 06%96 00000 89170 ] A870%0 - 08%4
06892 89190 DORG #-3 NERG
06892 41 07000 00000 90010 DECPT NOP A90180 . 0838
06904 31 072%4 072%6 90030 TR INPUT=1,INPUTEL 0440
06916 4% 06916 07255 90050 RNR  A90090 s INPUT 0842
06928 49 06670 00000 90070 A AB7000 n6as
06936 90080 DORG #~3 - LETYS
06936 14 07255 000POH 90090 A90090 CM  INPUT,70410 0848
06948 46 06980 01200 90110 RE  A90150 0850
086960 1% NEAIR NNNOA 90120 TDM  AB9050+4 0832
06972 49 N6RN4 NOOON 90130 ] A89010 08%
069R0 90140 DORG #-3 0856
06980 12 07294 0NC=1 90150 A90150 SM  DONE,1,10 . 0E5S
06992 49 08904 00000 90160 B DECPTE 2 0860
067000 90170 DORG #-3 062
07000 15 06828 00004 F0180 A90180 TOM AB905044 0364
07012 49 06%R6 00000 90190 8 ABTOS0, 48 0866
07020 90200 DORG #-3 0868
N7020 25 02659 02528 91010 SPREAD TD  OUTPUTE48sBLANKS 0870
N7032 26 02661 02626 91020 TF  OUTPUTES50,0UTPUTEL~2 0872
N7044 33 02660 00000 91040 CF  OUTPUTE49 0874
67056 44 OTNBO 02661 91050 ANF  #524,0UTPUTES0 0876
7068 1% N26%9 00N0~- 91070 TOM  OUTPUTEAS+0011 0878
N70R0 12 2661 HODON 91080 CF  OUTPUTESO 0880
N7092 26 02626 02624 91090 TF OUTPUTEL=2s0UTPUTEL=4 0882
07104 2% 02610 02528 91110 TD  OUTPUT=1,BLANKS 0884
07116 2% 02611 02528 91120 YD  OUTPUT,BLANKS .. 0886
07128 44 07152 02626 91140 BNF  #524,0UTPUTSL=2 0888
07140 1% 02611 0000~ 91160 TAM  OUTPUTO0s11. 0890
067182 13 02626 00000 91170 CF  OUTPUTEL~2 0892
07164 33 02612 00000 91180 CcF QuTPUTEL 0894
07176 42 00000 00000 91190 1) 0896
07234 00047 94070 DONE DS &7 0898
07281 00017 94089 pC L0 0900
07281 00002 94090 KON1  DC  2404% 0903
n728% 00001 94091 DAS 1 0906
. 07288 00002 94110 INPUT DC 2,0 0908
0T287 00002 94120 ne 0911



072%9
07261
07263
0726%
n7267
07269
07211
07273
0727%
01277

4 54
87381
67283
0728%
07287
07289
07291

0729% -

0729%
07297
07299
07301
07303
07308
n7307
07109
07311
0711
n731%
07317
07319
07321
n73213
n732%
07327
07329
n722%
07373
07338
07419
an&gn2

NOISE

DC 240
DC 20
oc 250
oc 2.0
bc 240
be 2,0
DC 240
DE 240
oC 2,0
"1 240
DE 2+
] b
DC 240
:1d 240
old 240
14 240
oC 240
nc 240
DC 2+0
0C 240
0C 20
2o 240
[+1of 240
DC 240
[ 240
[o1ef 240
DC 240
oc 2,0
oC 240
oc 240
pld 240
oC 240
bC 240
DC 240
DC . 2+0
nC 240
[o1of 240
oc 240
DAS 40
DAC 140
DEND GO

/4L

0914
0917
0920
0923
0926
0929
0932
093%
6938
0941

64

Wht
09%0
0983
09%6
0959
0962
0985
0968
0971
0974
0977
0980
0983
0986
0989
0992
0995

.. 0998

1001
1004
1007
1010
1013
1016
1019
1022
1025
1028
1030
1033




FLOW CHARTS

/143

THIS LOCATION MAY ALWAYS BE

O LOCATION 402.

REACHED BY MANUALLY BRANCHING

ZERO
FILL

INITIALIZE
L] TABLE FRO}
1 TON

READ DATA
CARD

STACK DATA
INTO MATRIX]

FLOAT

@ ;

NO

AST
CARD
YES
PUNCH ON
MATRIX Swe
) OFF

14




: MASTER=N

i=0

S

]

i=j+1 o

THIS IS THE ENTRY POINT FOR
RE-INVERSION OF THE INVERSE,

A BRANCH TO LOCATION 454

WILL YIELD A SECONDARY BRANCH
TO THIS VARIABLE ADDRESS.
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- ON
<w3 - INVERSE

: ‘ (READ CONSTANT
FLOAT VECTOR CARD

PROGRAM HANGS UP
IF¥-OM READER NO

{7 PEED AY THIS POINT
k=1 STACK
—
YES
ABLE), \
7 NO
NO v :

=0 H YES
PUNCH b ‘ .
VECTOR YES

> i=i+1

?(TABLE,+MASTER) , 12 (k+MASTERL, 1

{(k+MASTER) 1~ 3(TABLE y+MASTER),

NO
=N+1

ES




