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"SIMULTANEOUS EQUATIONS A LA KING" 

Modifications 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 rumou.nca­
ment indicates a change to the program decks or tapes, a 
complete new program, if needed, should be requested 
from the PrOCJl'.am. Distribution Center. 

Mr. D. N. Leeson 
IBM Corporation 
425 Park Avenue 
New York, New York 
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MEMORANDUM 

Eastern Regional Office 
October 16, 1962 

TO: Program Information Department 
DPD HQ - White Plains 

SUBJECT: 1620 Program Number 5. O. 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 circumstances, the j-th column was 
chosen as a pivotal column when the aU element was 
not the maximum of the I-st row. Generally this 
produced no ill effect; but occasionally a very small 
element ( 10 -20) was chosen which destroyed all 
accuracy. 

CORRECTION: One card is to be added to the SPS source 
deck. This new card will appear afte~ the card which 
bears page and line number 06180. This new card, 
which will bear page and line nUJ;l1ber 06190 will read -

06190 bbbbbbCFbb TEMP 3-2 

o 

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

Because of the dynamic storage allocation technique used in 
this program, this c;orrection 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 as sembling· and running maybe followed. 

DNL:mk 
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D. N. Leeson 
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ABSTRACT 

A. Identification 

1. Title 
Simultaneous Equations A La King 

2. Author and Date 
D. N. Leeson 
2/12/62 

3. Installation 
ERO 

B. Purpose 

This program inverts matrices by the elimination 
method and solves linear systems. All floating point 
arithmetic is variable in precision thus minimizing error 
substantially. 

C. Machine Configuration 

c 

1. Core - 20,40.60,80 or LOOK 

The maximum rank which may be attacked is a 
function of: 

a. 
b~ 

The mantissa size (2 ~L ~.45) 
Core available 

z. Division - Not required but allows for inversiui1 
of larger matrices if present. 

3. Edit Instructions - Not required. 

4. Indirect Addressing - Not required. 

5. Card 1/0 - Required. 

6. Tape I/O - Not applicable. 

7. 407 Listing Device desirable but not mandatory. 

() 

D. Procedure Description 

The ~limination 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. 

E. Execution Time 

This is a function of: 

1. Matrix Rank 

2. Mantissa Size 

3. Presence or absence of division hardware 

4. Number of constant vectors 

5. Punch requests (variable) 

F. Source Language 

SPS 

G •. Accuracy 

Floating point. variable precision arithmetic reduces. 
error in most cases to: 

1 x 10 -G 

where G is the number of digits of input data. Accuracy 
is the most important aspect of this program. 

H. Capabilities and Limitations 

If a mantissa size is chosen which is· too small, 
round-off error produces inaccurate results. With lOOK 
core, it is theoretically possible to invert a 99 x 99 matrix 
with this program. 

The source program mus t be assembled using SPS with 
variable precision arithmetic ~ach.time a mantissa length or 
matrix rank is altered. 
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It Check Out Status 

The following cases were run succeSSfUlly'. 

Matrix Rank Word Size Input Data Size Error 

3 8 8 <10 -8 

10* 6 8 AU accuracy lost 

10* 10 8 AU accuracy los t 

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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MACHINE REQUIREMENTS FOR 
UIfILIZA TION OF THIS PROGRAM 

Any card 1620 system with 20K core can utilize this program. 

Indirect addressing, strip, fill, move flag and automatic division 

are not prerequisites. The user with direct divide may take ad-

vantage 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 large.r systems 

than would be. available to the 20K core owner. 
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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: 

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

Absolutely nothing can be done about the first type of erroL 
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 ignor~d. 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 mo st 
general use. There are an excellent collection of 1620 programs 
to invert matrices and solve systems of simultaneous equations. 
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. 
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During the run of a matrix inversion or the solution of a system 
of simultaneous equations the user has the option of: 

1. Pivoting. * 
2. Punching the source matrix. 
3. Punching the inverted matrix. 
4. Inverting the inverse for an accuracy 

test. This is discussed in t:be section 
entitled "Operating Instructions" and 
"A~teration Swftch Settings". 

5. 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. 

(p 



PARAMETER CARDS 

The deck associated with this docUlnentation is a symbolic programming 
systenl 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"; 
colUfl'!.ll 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 mantis sa 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 "DSIt, 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 a 9 x 9 matrix with a mantissa 
size of 21 the cards would read: 

OOOOILENGTHDSbb.2l 

f]bbbbfbf 
where the small bls specified above represent blanks. 

As a further example assume that one wisl.es 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: 

OOOOILENGTHDShb.45 
00002N b b b b bDSub, 30 

* Assembly, in this instance, refers to :.t.ssembly utilizing SPS II for use 
with variable precision floating point ariti metic. SPS I, using excess 50 
floating point notation,may not be employt_ j. 
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OPERA TING 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 object program will load and 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-inversionof 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" 

ALTERA TION 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. 

Cf 
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SPECIAL NOTE 

This program is always conditioned to solve simultaneous 

equations with an infinite number of constant vectors. Thus. the program 

always terminates on a "READER NO FEED" condition. However. in 

attempting to solve a system of simultaneous equations the program will 

first read in 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 invert 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 
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INPUT DECK ARRANGEMENT FOR 
. SOLUTION OF SIMULTANEOUS EQUATIONS. 

:" 
/ 

constant vector n 

/ ' 

constant vector 2 

. I 
j 

~ 

constant vector 1 

matrix 

compressed object deck 

II 
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INPUT DECK ARRANGEM:NT FOR MATRIX INVERSION 

/~ 

motrix 

. c;ompressed object deck 
.:,! 
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DA TA PREPARATION 

This author is convinced that no matter how one chooses a method of 
data preparation someone is bound to desire it in anot her 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 point,anywhere~ between columns I 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 AIZ follows element All, etc. The following 
example demonstrates data preparation for a 3 x 3 system of equations 
with two constant vector's. 

3X
I

+Z X
Z

- 7X3= 

8X
I
-9 X

Z
+·0004X

3
= 

95Z7.56X
I
+17X

Z
+ 7X3= 

[ 
151 [158611 
-: .000:: . 

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

.3. 
Z. 

-7. 
8. 

-9 . 
• 0004 

9527.56 
17. 

7. 15. 
-9. 

O. 
1586~~ 

.00009 
38. 

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

/~ 

o o 
DESCRIPTION OF CARD OUTPUT 

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 

Z. 

point n~ber 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 
Z of the output card. The characteristic associated 
with 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. 

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 
I 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 normalization operations associated with floating point 

arithmetic the first significant digit appears at the high order position 

of the mantissa; thus. the number. 01 appears as 100 ••• 0001 and not 

as 010 ••• 0000. 

If a number requires normalization, the general concept is to 

shift the number left and introduce low order zeros. This operation is 

called zero fill; but zero fill is generally periol"med because of a complete 

ignorance of what truly constitutes the data beyond the last known digit. 

Thus the number. 05xl0
0 

becomes. 50x10-
1 

only because the digit following 

the number 5 is not known. Introducing digits other than zero during this 

fill operation is sometimes termed the "noisy" mode. This fill operation 

can be performed with any digit one wishes, zero fill, nine fill. and random 

digit fill. but the use of this becomes interesting and Significant when one 

chooses to run a problem twice: once in the standard mode with zero fill 

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 e
• highly 

plausible that the results are good. Much numerical experiment of these 

points remains to be done. 

/5 
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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 co-~sider 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. the user might notice that there is a significant 

difference between his results in case one as opposed to case two. One 

is able to determine, therefore, that in addition to other fac.tors, 

round-off error played a significant role in the difficulties encountered. 

This author presents the noisy mode for use in this program as a 

tool for investigational purposes. 

/6 
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TABLE OF LENGTHS FOR SPECIFIC N 

N MINIMUM LENGTH SUGGESTED LENGTH 
2 5 8 

TABLE OF MINIMUM AND SUGGESTED LENGTHS FOR SPECIFIC N 
3 6 9 
4 6 9 
5 6 9 
6 7 10 
7 7 10 
S 7 10 

The following table gives the statistically minimum length for N ranging 9 7 10 
10 7 10 

from 2 to 99. Use of a length greater than the suggested length is. of 11 7 10 
12 7 10 

course, permissible should core size be available. * 13 8 11 
14 8 11 
15 8 11 
16 8 11 

* See Table of Core Requirements For SpecificN and LENGTH 
17 8 11 
18 8 11 
19 8 11 
20 8 11 
21 8 11 
22 8 11 
23 8 11 
24 8 11 
25 8 11 
26 8 11 
27 8 11 
28 9 12 
29 9 12 
30 9 12 
31 9 12 
32 9 12 
33 9 12 
34 9 12 
35 9 12 
36 9 12 
37 9 12 
38 9 12 
39 9 12 
40 9 12 
41 9 12 
42 9 12 
43 9 12 
44 9 12 
45 9 12 
46 9 12 
47 9 12 
48 9 12 

17 

49 9 12 
50 9 12 
51 9 12 
52 9 12 
53 9 12 
54 9 12 
55 9 12 
56 9 12 
57 9 12 
58 9 12 If 59 10 13 
60 10 13 



61 
62 
63 
64 
65 
66 
67 
68 
69 
10 
11 
12 
13 
1" 
75 
16 
71 
18 
19 
60 
81 
82 
83 a.. 
I 
87 
88 
&g 
90 
91 
92 
93 ,.. 
9S 
96 
91 
98 
99 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

.10 
10 

c 

13 
13 
13 
13 
13 
13 
1.3 
13 
1.3 
13 
13 
13 
13 
13 
13 
13 
13 
13 
1.3 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
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. TABLE OF CORE REQUIREMENTS FOR SPECIFIC N AND LENGTH 
ASSUMING AUTOMATIC DIVISION HARDWARE * 

. I The following is a complete table showing core requirements for all possi­
bilities of this program. For instance, should one desire to invert a 
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 Ll digit mantissa which 
requires a total core of 19, 575 positions. . 

For completeness, aU possibilities are shown from the Z x Z matrix with 
a mantissa size of 2 to a 99 x 99 matrix with a mantissa length 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 a 
computer program someone is bound to ask just for that. Thus peculiar 
cases such as a Z x Z matrix with a 45 digit mantissa and 99 x 99 matrix . 
with a Z digit mantissa ~re included. 

Also the attached document demonstrates core requirements above 60.000 
positions. This is for those cases where additional core up to lOO K is 
availabLe. . 

It is through th~ use of the following pages that compromises can be made 
between desired mantissa size and availabLe core; for instance. the 
inversion of a 52 x 52 matrix with a L8 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 total of 
55.967 core positions. 

The core requirements shown include everything 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 L084 core positions for software divide. 

~i) 
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N LENGTH CORE REQUIREMENT 
2 2 1352 
2 3 7363 
L-------- ---4- --1314-
2 5 1385 
2 ~ 1396 
2 1 1407 
2 8 1418 
2 9 1429 

-----------2- 10 -- --------1-Jt.4Q-----
2 11 7451 
2 12 7462 
2 13 1473 
2 14 1484 
2 15 7495 
2 li>---- -- -------1-~--

2 11 7517 
2 18 7528 
2 19 7539 
2 20 1550 
2 21 1561 
2 --2-2---- -------1--5--1z- ----
2 23 1583 
2 24 1594 
2 25 1605 
2 -- 26 1616 \. 

2 21 1627 
2 28-- 763-8---------- ______ nn _____________ _ 

2 29 1649 
2 30 7600 
2 31 7671 
2 -32 7682 
2 33 7693 
2 34 ------ :r-+fJ-4. 
2 35 1715 
2 36 1726 
2 rf 7737 
2 38 7748 
2 39 7159 I '-

-----------2- 4 g 1-H-ft --
241 7781 
2 42 1192 
2 43 1803 
2 44 7814 
2 45 7825 

--J-~U-N_e;~l-----~O:1E-_f:[( ;: !: -~' ::: \ T---
3 2 1380 
3 3 1397 
3 4 7414 
3 5 1431 
3 6 1448 

1 ---146,-
3 8 1482 
3 9 1499 2/ 
3 10 7516 

3 11 1533 
3 12 7550 
3 13 7567 
~ 14 . ----- 75-8-Jt 
3 15 7601 
3 16 7618 
3 11 1635 
3 18 7652 
3 19 7669 
3---- ~O --~---

3 21 1103 
3 22 1720 
3 23 1737 
3 -2-4 7754 
3 25 7711 
3 26 11-8-8- --
3 27 1805 

__ -- --3-- ---a8 - 7822 
3 29 1839 

_ 3 ---- ----30 - 185-6 
3 31 1873 
3 ~2 --1-8-%----
3 33 1907 

- 3--- - - ---.-:j-4 7924 
3 35 1941 

-3------ -- -30- -7958 
3 37 1915 
3 38 7992 
3 

--3-
3 

----------- -- -3---
3 

39 
---40 

41 
--42 

43 

8009 
8026 
8043 
8060 
8071 

3 44 8Q9(1 
3 45 

_____ -N--- ----L.-E-N-G-T-H 
4 2 

4 4 

8111 
CORE REQUIREMENT 

7416 
- -- 1441 

7466 
" 5 7491 
'+ 6 1516 
4 - 1- 1541 
4 8 1566 
'+ 9 7591 
'+ 10 1616 
f, 11 7&4--1---
4 12 1666 
* -- _ --- 13 1~91 

4 14 1716 
4 -is 1741 
4 16 1166 
4 l+----------7--1-9-l--
4 18 1816 
4- 19 1841 
4 20 1866 

o 
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4 21 7891 
4 22 1916 
4 23 7941 

-- 4- - --- 2-4-- 1966 
4 25 7991 
,. 26 8016 
4 27 8041 
4 28 8066 
4 29 8091 
It 30 --~--
4 31 8141 
4 32 8i66 
4 33 8191 
4 34 8216 
4 35 8241 
It 3 fJ -3-2-6-6- -
4 31 8291 
4 38 8316 
4 39 8341 
4 40 8366 
~ 41 8391 

----4- 4 2 -84-1-6------
4 43 8441 
4 44 8466 
4 45 8491 

N LENGTH CORE REOUIREMENT 
5 2 7460 
§ 3 749;---- ------------ n_ --------- -------
5 4 1530 
5 5 1565 
5 6 1600 
5 7 1635 
5 8 1670 
§ 9 -nG-S-- ----
510 1140 
5 11 1175 
5 12 1810 
S 13 7845 
5 14 1880 
~ l§ -----1-9-t-5 
5 16 1950 
5 17 1985 
5 18 8020 
5 19 8055 
5 20 8090 
~ 2~---
5 22 S160 
5 23 8195 
5 24 8230 
5 25 8265 
5 26 8300 

---- --5.--~--- - -all,-
5 - 28 8370 
5 29 8405 as 
5 30 8440 

c 

5 '3t 8415 
5 ~~ 8510 
5 33 8545 
S --34---- -------8-5-8-G 
5 35 8615 
5 36 8650 
5 31 8685 
5 38- 8120 
5 39 8155 
5 It 0 8190-------
5 41 
5- ~2 
5 43 

-- --~ --44 
5 45 

8825 
8860 
8895 
8930 
8965 

N LEN~TH ~E REQUIREMENT 
6 2 1512 

-------- ---6. -------- - -3 n.59 
6 4 1606 

-----6 - ----~---.s 1653 
6 6 1700 
6 1 ---+J..4:1.- --- u __ --

6 8 1194 
- 6 --- - - -9- 78-41-

6 10 7888 
6---- 1-1 1935 
6 12 7982 
~ 1~ RCl?o 

6 14 8076 
- -.6-- --- - ----1-5 812 3 

6 16 8170 
l-l ---- - -- .a.217 

6 18 8264 
____ --'6oL-__ 19 6311 

6 20 8358 
----6---------21-- - --- a4-05 

6 22 8452 
----------______ ---h.. _____ -2-3________ -- ---8499-

6 24 8546 
6,. ?C; R'iQ-:;t 

6 26 8640 
---6 - - ---27 8-687 

6 28 8734 
Q - -29 8781 
6 30 8828 
~ 31 ~---
6 32 8922 

-6---- -----33-- 8-969 
6 34 9016 

--- 6 -35 9063 
6 36 9110 
6 31 91~--
6 38 9204 

--~ .-39 9251 
6 40 9298 

() 

ail-

C) 



o 

6 
6 
6 

-- --6 
6 

N 
7 
7 
7 

7 
1 
7 
7 
7 

41 
42 
l~ 3 
44 
45 

LENGTH 
2 
3 
4 

6 
7 
8 
9 

10 

9345 
9392 
9439 
9486 
9533 

CORE REQUIREMENT 
7572 
7633 
169t} 

---11S- 'j.-----
1816 
1817 
7938 
7999 
8060 

-- -8121-
7 12 8182 
1 13 8243 
7 14 8304 
1 15 8365 
7 16 8426 

-----------------+------1-1--- ------ -- - --84 S 7---
7 18 8548 
7 19 8609 
7 20 8670 
1 21 8131 
7 22 8192 

---------'1---- 23 8-&5--3--------- - ----- ------ ---
1 24 8914-
7 25 8975 
1 26 9036 
1 21 9091 
7 26 9158 

-----..--:] 29 9-2-1-9--
1 30 9280 
7 31 9341 
7 32 9402 
7 33 9463 
7 34 9524 

---------1----- ---3-~--- ----9-5-8-5-- --
7 36 9646 
1 31 9707 
7 38 9768 
7 39 9829 
7 40 9890 

--+1- --"01-----9--9----51------------ -------------- -------
7 42 10012 
1 - 43 10073 
1 44 10134 
7 45 10195 

N LENGTH CORE REQUIREMENT 
a.- -2--- 1640 
8 3 7711 
8 4 7194 26 
8 5 7871 

~ o 

8 6 7948 
8 7 8025 
8 8 8102 

- -8-119 
8 10 8256 
8 11 8333 
8 12 8410 
8 13 8487 
8 14 8564 
S H ~6-'4-1- -
8 16 8718 
8 17 8795 
8 18 8872 
8 19 8949 
8 20 9026 
e -2--1------ -----9-l-G-3-
8 22 9180 
8 -23 9257 
8 24 9334 
8 25 9411 
8 26 9488 
e 21- -9~6-3---
8 28 9642 
8 29 9719 
8 30 9196 

- -8- :n 9813 
8 32 9950 

33 HHl21 ---- -----------
8 34 10104 

. -- ---8 --3~- 10181 
8 36 10258 

-a._c- . ---}1-- 10335 
8 38 10412 

------18;)--------,3-9 1 () 4-3--9---- - ----- -- ---- --- --- -
8 40 10566 

- - ---8-----------l.'-1----- 10643 
8 42 10720 

--8-------~3_-- 10791 
I , 8 44 10614 

_____ -0--8 ___ 1;.5 -l---O--S-5-l--- -------- ---- --- ---
N LENGTH CORE REQUIREMENT . 

9 -2 1716 
9 3 1811 
9 4- 7906 
9 5 8001 

---__ ..9-__ --6. 8096-------___________________ _ 
9 7 8191 
98 8286 
9 9 8381 
9 -10 8416 
9 11 8571 
9 12 __ ~H 
9 13 8761 
~ -14 8856 26 
9 15 8951 



9 16 9046 
9 17 9141 
9 18 9236 

--- 9- - --- 1-9--- 9331 
9 20 9426 
9 21 9521 
9 22 9616 
9 23 9111 
9 24 9806 

---------9 2~---------_9__901_ 

9_ 26 9996 
9 21 10091 
9 28 10186 
9 29 10281 
9 30 10316 
9 ~------~-l---

9 32 10566 
9 33 10661 
9 34 10156 
9 35 10851 
9 36 109~6 
9 3 7 --H--G4--l----
9 38 11136-
9 39 11231 
9 40 11326 
9 41 114·21 
9 42 11516-
o 

9 44 11706 
9 45 11801 -

N LENGTH CORE REQUIREMENT 
10 i 7800 
10 3 1915-
10 It 89.-3-9--- - -
10 5 8145-
10 6- 8260 
10 7 8315 
10 8 8490 
10 9 8605 
10 10 ---8-1--2-Q--- ----
10 11 8635-
10 12 895-0 
10 13 9065 
10 14 9180 
10 15 9295 
1 0 16 ---94--1$----- - - - -
10 17 9525-
10 18 9640 
10 19 9755 
10 20 9870 
10 21 9985 

----------1-0-2--2----- ----- --1-0100 
10 . 23 10215-
10 24 10330 27 
10 25 10445 

c 

I '-

10 
10 
10 

26 
27 
28 

10560 
1067S 
10790 

1 0 2 9 1 0 9-G-5-
10 30 11020 
10 31 11135 
10 32 11250 
10 33 11365 
10 34 11480 
10 H 
10 
10-
10 

--1-0-----
- 10 

36 
37 
38 
3-9 
40 

10 41 
10 42 

-----1-0- -------4-3-
10 - 44 

-- --- ----1-0--- - - --4;-
N LENGTH 

~ 
11110 
11825-
11940 
1205S 
12110 

12400 
125-15-
12630 
12145-

CORE REQUIREMENT 
1.1_ ? 700,", 

11 3 8029 
-11- --4- --- -- -8-ll>6 
11 5- 8303 

--1-1- -- -----------6 ~O 

11 7 8511 
11 B B114 ---------
11 9 

- ------1--1-- 10 -
11 11 
11 12-
l! 13 

885-1 
8988 
9125-
9262 
9399 

11 14 9§3€> 
11 15 9613 

-----H- 16 ----9--810 
11 17 9947 
11 18 1~84 
11- 19 10221 
11 20 103~S 
11 21 

---- ------ -- -11-------------2-2----
11 23 

------------ ---1-1------- ---2-4 
11 25-

10495 
10632 
10769 
10906 
11043 

11 2& 111SQ 
11 27 11317 

----- 1--1-----2-8-- ------11-4-54-
11 29 11591 

---~~--- - -- 3-0 11128 
11 31 11865 
1} 32 12~----
11 33 12139 

-11---- 34 12216-
11 35 12413 

o 

21 

C-) 



" c o 

11 36 12550 
11 37 12687 

N LENGTH CORE REQUIREMENT 
13 2 8100 

11 38 12824 13 3 8281 
Ii 39 12961 1 3 -4--- --------3414 -
11 40 13098 
11 41 13235 
11 42 13372 

13 5 8661 
13 6 8848 
13 1 9035 

11 43 13509 13 8 9222 
11 44 13646 13 9 9409 

- ------- ----1-1---------- -45----- - - -----13-1 a 3 lJ 1 (j un 9~9-6 
N LENGTH CORE REQUIREMENT 13 11 9183-
12 2 7992 13 12 9970 
12 3 6153 13 13 10157 
12 4 8314 13 14 10344 
12 5 8415 13 15 10531 

--------l~------~--- ----8-6-3-6---- 13 1~ ~1-18-
12 1 8197 13 11 10905 
12 8 8958 13 18 11092 
12 9 9119 13 19 11219 
12 10 9280 - 13 - - 20 - 11466 
12 11 9441 13 21 11653 

--------------1-2- -------1-2------- 9602- 13 22118-40 
12 13 9763 13 23 12021 
12 14 9924 13 24 12214 
12 15 10085 13 25 12401 
12 16 10246 13 26 12588 
12 11 10407 13 21 12775 
12 18 ~8----- ----------- ------_. -"-- 13 2 8 ----l-2-%-2-
12 19 10129 13 29 13149 
12 20 10890 -----1-3--30 13336 
12 21 11051 13 31 13523 
12 22 11212 - -- ---1-3--- ----32 13110 
12 23 11373 13 33 13891 

---------1-2----------2-4------- -H5-3-Lt 1-3 3 4 -l-4{fS4-
12 25 11695 13 35 14271 
12 26 11856 13 -----36- 14458 
12 21 12011 13 31 14645 
12 28 12178 13 ---- 38-- 14832 
12 29 12339 13 39 15019 

------1-2-----~0_---- - - ------12 ~() 13 40 l~---------
12 31 12661 13 41 15393 
12 32 12822 13 42 15580 
12 33 12983 13 43 15161 
12 34 13144 13 44 15954 
12 35 13305 13 45 16141 

-------~--------J-&------.--_lj46_6_- - N lEt>!GTH COQ.E-aE-CHJI-RE-I4€-Nl-- .-----------~--- - .-. __ ._- -".-,---. 

12 37 13621 14 2 8216 
12 38 13188 14 - - 3 8431 
12 39 13949 14 4 8646 
12 40 14110 14 5 8661 
12 41 14271 14 6 9016 
12--- 42- - 14432 -----.1.-14-----1--------9-2-91 
12 - 43 14593 
12 44 14154 29 14 8 9506 

-14 --9 9121 30 
12 45 14915 - 14 10 9936 



H 11 
14 12 
14 13 

-.- -l+~-~-~----l4-- -----
14 15 
14 }6 
14 11 
14 18 
14 19 

10151 
10366 
10581 
10196-
11011 
11226 
11441 
11656 
11811 

1 i; 2~-----~ -1-2-0-36------
1~ 21 12301 
14 22 12516 
14 23 12731 
14 24 12946 
14 25 13161 
1 ~ 26 }-3-3-1-6------ ---
14 27 13591 
14 28 13806 
14 29 14021 
14 30 14236 
14 31 14451 
141 32 14~-------' 

14 33 14881 
14 34 15096 
14 35 15311 
14 -)0 15526 
14 31 15141 
1~ 38 }5956 
14 
14-
14 
14 
14 

39 
40 
41 
42 
43 

161-11 
16386 
16601 
16816 
11031 

14 !tit 17246--- -------
14 45 11461 
H LENGTH CORE REQUIREMENT 
15 2 . 8340 
15 3 8585 
15 4 8830 
u § 9015 --- ------
15 6 9320 
15 1 9565 
15 8 9810 
15 9 10055 
15 10 10300 
15 11 lCl$49--------- ---.-
15 12 10790 
IS 13 11035 
15 14 11280 
15 15 11525 
15 16 11770 

------lS-------l+- ---- --12015-
15 18 12260 
15 19 12505 
15 20 12750 

c 

15 21 12995 
15 22 13240 
15 23 13485 

----~1~S~--_2_4___---_l-~7 W-
15 25 13975 
15 2& 14220 
15 27 14465 
15 28 14710 
15 29 14955 
IS ]0 -1-~~--
15 31 15445 
15 --32 15690 
15 33 15935 
15 34 16180 
15 35 16425 
15 ] 6 -l-it~-- -
15 37 16915 

-------1-5-- ------ J.8.- 17160 
15 39 17405 

- ----15------- ----- --4-{) 11650 
15 41 I1B95 
1" IA '> , A 1 Ld'\ 

15 43 18385 
--15.4.4 -- -18.6-30 

15 45 18815 
lL __ _ - ---LEt«iTH. CORE REQUIREMENT 
16 -2 8412 
11, ';\ A7/.0 

16 4 9026 
- ---- -.c.l..6.-- --------5 9303-

16 6 9580 
-----16---------1-- 9351 

16 8 10134 
1 ~ 0 

16 10 10688 
a --1-1------- - ----m1-0-965-
16 12 11242 

------U.----l-3-- ------.- -- -H519 
! ' 16 14 11796 

l~ IS 12Q73 -------~---- ' .. _. __ .. - ---.--... _---------_._----
16 16 12350 

--------- -1-6- 11 12621 
16 18 12904 
16. 19 13181 
16 20 13458 
1-6 2-1 1 :!+~.5-
16 22 14012 
16 -- 2.3. 14289 
16 24 14566 
16_ ----25 14843 
16 26 15120 
1 6 27 15391------ ________ _ 

3/ 16 28 15614 
~6..._____ -29 15951 32 
16 30 16228 

o () 



o 

16 31 16505 
16 32 16782 
16 33 17059 

------- ------1.6-- - ----34- -11~36 

16 35 17613 
16 36 11890 
16 31 18161 
16 38 18444 
16 39 18721 

-------------1-6- ilO -----4$.9-9-8-----
16 41 19275 
16 42 19552 
16 43 19629 
16 44 20106 
16 45 20383 

------------ N LENGTH --~--Re:_QU__IR€MENT 
11 2 8612 
11 3 8923 
17 4 9234 
11 5 9545 
17 6 9856 

----------4-1 -f-------- - ----HH--61-
11 8 10478 
11 9 10789 
17 10 11100 
11 11 11411 
11 12 11722 

--------- 11 13 12033 
17 14 12344 
11 15 12655 
17 16 12966 
11 11 13277 
11 18 13588 
11 19 --1--l-8--99 ---
11 20 14210 
11 21 14521 
17 22 14832 
17 23 15143 
17 24 15454 
l-+----~--------~ -
17 26 16076 
17 27 16387 
17 28 16698 
11 29 11009 
11 30 11320 
11 31 }1{):2.rl---------- -
11 
11 
17 
17 
17 

--------------1--1------
11 
11 
17 

32 17942 
33 18253 
34 18564 
35 18875 
36 19186 

--3-1- ----1-9-4-91 
- 38 19608 

39 20119 
40 20430 

- ---_ ... _---- ... _---------------_ ... -._-

! 

33 

o 

17 41 20741 
17 42 21052 
17 43 21363 

------------1--7 44 21-674 
11 45 21985 
N LENGTH CORE REQUIREMENT 
18 2 8760 
18 3 9107 
18 4 9454 
U- S - ---- -- -9--8-01 
18 6 10148 
18 1 10495 
18 8 10642 
18 9 11189 
18 10 11536 
18 11 -----~--l--l-~-

18 12 12230 
l--B l-l 12517 
18 14 12924 
18 ---15 13211 
18 16 13618 

------- 18 11 1-396-~-
18 18 14312 
18 19 14659 
18 20 15006 
18- 21 1535) 
18 22 15700 
18 2~ ----l-b-S4--1--- -
18 24 16394 
18- -- 2S 16141 
18 26 11088 

--18---- -- ---Z1- 11-435 
18 28 17782 

----_.-- 18 29 ~ 
18 30 18476 
18--- ----31 - 13823 
18 32 19170 

--1-8- - - 33 19517 
18 34 19864 

---'--.. _.- 18 H ~--------------

18 36 20558 
18 l-1 20905 
18 38 21252 
18 39 21599 
18 40 21946 

--------- 1 8 It! 24293 
18 42 
18 43 
18 44 
18 45 
N LENGTH 
1 Q 2 

19 3 
19 4 
19 5 

22640 
22987 
23334 
23661 

CORE REQUIREMENT 
- - -----$-9-1-6-

9301 
9686 

10071 

o 

. - - ----"_ .. "._---_._-

3~ 



19 6 10456 
19 1 10841 
19 8 11226 
19 -9---------11-611-
19 10 11996 
19 11 12381 
19 12 12766 
19 13 13151 
19 14 13536 
19 1~ 1392-1-- q-------- -
19 16 14306 
19 11 14691 
19 18 15016 
19 19 15461 
19 20 15646 

--1-9 21 1-6--2-3--1 ---------
19 22 16616 
19 23 17001 
19 24 17386 
19 25 17711 
19 26 18156 

------·-19 27 18--§.4..l 
19 28 18926 
19 -29- 19311 
19 30 19696 
19- - 31 20081 
19 32 20466 

---------- 19 33 208 § 1 
19 
19-
19 
19 
19 

34 
35 
36 
31 
38 

212-36 
21621 
22006 
22391 
22776 

----·--------19 39 231&1 
19 
19 
19 
19 
19 

40 
41 
42 
43 
44 

23546 
23931 
24316 
24101 
25086 

--l-!i' ~-5 2 § 411 
N LENGTH CORE REQUIREMENT 
20 2 9080 
20 3 950S 
20 4 9930 
20 5 10355 

----20 (, l07eo----·--------
20 7 11205 
20 8 11630 
20 9 12055 
20 10 12480 
20 11 12905 

----4-0----12----- ---1333-0---
20 13 13155 
20 14 14180 
20 15 14605 

c 

35 

I • 

20 16 15030 
20 17 15455 
20 18 15880 
20 19 - -- - -ltr~{'}5--

20 20 16730 
20 21- 17155 
20 22 11580 
20 23 18005 
20 24 18430 
ZG 2§ ----1-~-
20 26 19280 
20 2-1 19105 
20 28 20130 
2-0---- - -- 29 l0555 
20 30 20980 
20 n . 2140-§ 
20 

------ - 20 
20 

--------- 20 
20 

32 
---ll-

34 
-----~;. 

36 

21830 
22255 
22680 

-- - 23-105 
23530 

20 37 23955 
20 38 24380 

----2-0 - -39--- 248 Q 5-
20 40 25230 

--20--- -- - 4-1-- - Z5655 
20 42 26080 
20 43 2650-5----- -
20 44 26930 

--------------21L -45--- 21355 
N LENGTH CORE REQUIREMENT 

-------421-------2--- . - 9252 
21 3 9719 
21 " lQHl~--------·--- --.- ------
21 5 10653 

--------U----------{t---- - 1112~-

21 1 11587 
------2l---------a------- - 12054 

21 9 12521 
21 10 129-3-&--------
21 11 13455 

--- --- -- - 21 - -- ---12- 13922 
21 13 14389 
21 14 14856 
21 15 15323 
2] 16 157~-----
21 17 16257 
21.- 18 16724 
21 19 17191 
21 20 11658 
21 21 18125 

----...... 2<-.''-----22-----1-;::·;;-9-2------------ -----
21 23 19059 

___ 2L - 24 19526 06 
21 25 19993 

o 

---- --- - -.-~.----.--.-

(-; 



" 
21 
21 
21 

----n--
21 
21 
21 
21 
21 

- ---------2-1------
21 
21 
21 
21 
21 

26 20460 
27 20921 
28 21394 
29 21661 
30 22328 
31 22195 
32 23262 
33 23129 
34 24196 
-;.?-------------24-6-~----

:~6 25130 
37 25597 
38 26064 
39 26531 
40 26998 

---------.21 -k-1 --- W}6?---- --
21 42 27932 
21 43 28399 
21 I}/.: 28£66 
21 il-5 29333 
N LENGTH CORE REQUIREMENT 

- ------2-~----__2_-- ---9-432--
22 3 9943-
22 4 10454 
22 5 10965 
226 11~76 
22 1 11961 

------2-2 8 12498 
22 9 13009 
22 10 13520 
22 11 14031 
22 12 14542 
22 1~ 15053-

----1-2----1--4- l-5~6-4- -- -- -- ---
22 15 16015 
22 16 16586 
22 17 11097 
22 18 17608 
22 19 18119 

---2-2----2-" ----186}G-
22 21 19141 
22 22 19652 
22 23 20163 
22 24 20674 
22 25 21185 

-----~-L-2--- --26-- ------2-H,.%---- ----------
22 21 22207 
22 28 22718 
22 29 23229 
22 30 23740 
22 31 24251 

--------2-2-- - 32-------- 21~1b2--
22 . 33 25273 
22 34 25764 
22 35 26295 

.. __ . __ ._-_ .. _-_ .. _--._------_._---- .. _-------_.----

37 

~ 

I ' 

22 36 
22 37 
22 38 

--------2-2----3--9-
22 40 
22 41 
22 42 
?2 43 
22 44 

26806 
21311 
21828 
283-39-
28850 
29361 
29812 
30383-

22 4 s----- ----
30894 

--- -3l-4-(}~ - -
N LENGTH 
23 2 
23 3 
23 - .4-
23 5 

--------2-3 6 
23 7 
23 ---8 
23 9 

- 23 -10 
23 11 

------U 12 
23 13-

- 23- -14 
23 15 
23 - - - --16 
23 17 

~ORE REQUIREMENT 
9620 

10117 
10734 
11291 

---- --H-8-4-8-
12405 
12962 
13519 
14076 
14633 
l-~ 9--(}- - --

15147 
16304 
16861 
17418 
17915 

---------..2-3 18 18532--- -
23 19 19089 
23- 20 19646 
23 21 20203 
23 --__2_2- 20160 
23 23 21317 

------.l2~ 2 it 21814-
23 25 22431 

---23- .--26- - 22988 
23 21 23545 
23 - ----28--- - 2-4102 
23 29 24659 

____ --4.2 3- 30 --2-~---

23 31 25773 
23 -32 26330 
23 33 26887 
23 34 27444 
23 35 28001 

----...... 23- 36 U~S8---
23 37 29115 
23 38 29672 
23 39 30229 
23 40 30786 
23 41 31343 

-----23---!,'2-------~_l___9_O__O 
23 43 32457 
23 . 44 33014 
23 45 33571 

o 

38 



N LENGTH CORE REQUIREMENT 
24 2 9816 
24 3 10421 

--- -- --2-4- ------- ---4 - 11026 
24 5 11631 
24 6 12236 
24 7 12841 
24 8 13446 
24 9 14051 
2-4--~----~------------146_§.b_- -.-
24 11 15261 
24 12 15866 
24 13 16471 
24 14 17076 
24 15 17681 
24 16 ---l-8-2-8-6--
24 17 18891 
24 18 19496 
24 19 20101 
24 20 20706 
24 21 21311 
24 22 ----21-9-1-6----- - -
24 23 22521 
24 24 23126 
24 25 23731 
24 26 24336 
24 27 24941 
2~ 28 2§§~6 
24 
24 
24 
24 
24 

29 
30 
31 
32 
33 

26151 
26756 
27361 
27966 
28571 

?~ ~O'7L , .. _._---_._-- -- ---- -"._--_ .. -~------

24 
24 
24 
24 
24 

35 
36 
37 
38 
39 

29781 
30386 
30991 
31596 
32201 

2'1 4{}- 32806 
24 41 33411 
24 42 34016 
24 43 34621 
24 44 35226 
24 45 35831 

.. ----.--- J,l--·--1..-U/4.TJ:t-·---~ORE_ -R~IREMEN-T 
25 2 10020 
25 --3 -10675 
25 4 11330 
25 5 11985 
25 6 12640 

'--'-----~ 1 -- --13-295 
25 8 13950 
25 9 14605 
25 0 10 15260 

o 

39 

I '-

o 

25 11 15915 
25 12 16570 
25 13 17225 
25 -1-4-------- -- }18-80-
25 15 18535 
25 16 19190 
25 17 19845 
25 18 20500 
25 19 21155 
2-S- 20 --21-a-l {} 0 
25 21 22465 
25 22 23120 
25 23 23775 
25- 24 24430 
25 25 25085 
25 26 25740 ---- ----.-- _ .. -
25 27 26395 

0------ ---~- ---0-- -28 . 27050 
25 29 27705 

----2~------ --30 2-8360 
25 31 29015 
2~ ]2 29670 
25 33 30325 

... -25------ 34 30980 
2~ 35 31635 

-------- ---..25----- 36 32290 
25 37 32945 
25 38 ]]600 -- ---.---- -------.- -.--~ --- .. 
25 . 39 34255 

----00 -~ ____ ---4.0-- -- -34910 
25 41 35565 

----.----2-5----- -42 36220 
25 43 36875 
25 44 ,}i-~----o---.---o-.oo- _. _____ . _0 ___ 0 

25 45 38185 
-----N-------LE-NG-TH--- ----C-ORE REOOIR€-MENl 

26 2 10232 
.-------.-2-6-- ------- . -3 10939 

26 4 11646 
--_0 26 § ----12-3~------· 

26 6 13060 
2~ 7 13167 

. 26 8 14474 
26 9 15181 
26 10 15888 ,,, 
26 

_-0--.26-__ _ 
26 

-------_.26 
26 

1 1 1&"C;OC; 

12 11302 
13 18009 
lit 18116 
15 19423 
16 20130 

-----'LJ6CL....----.1-l-----1Q..S.3.7-.----___ . __ _ 
26 

.2.6----
26 

18 21544 
19 22251 
20 22958 

~o 

It. 



o 
26 
26 
26 
26 

21 
22 
23 
2~ 

26 25 
26 26 
26 27 
26 28 
26 29 

-----'2-6-... ,J.{L.-.. 

26 31 
26 32 
26 33 
26 34 
26 35 

-----42r1Ol6'--- -J.6 ---
26 37 
26 38 
26 39 
26 40 
26 41 

----20-....------42------.- -
26 43 
26 44 
26 45 
N lEt4GTH 
27 2 

23665 
2i.'I372 
25079 
2:'186 
26493 
27200 
27907 
2861 /, 
29321 

--- ~OO-2B 

30135 
31442 
32149 
32856 
33563 

-3-4-2-70 -
34977 
35684 
36391 
37098 
37805 
38-5-1 
39219 
39926 
40633 

CORE REQUIREMENT 
10452 

27 4 11914 
27 5- 12735 
27 6 13496 
27 7 14257 
27 8 15018 

------2-+------- - ~--- -- .. --1571 ~ 
27 10 16540 
27 11 17301 
27 12 18062 
21 13 16G23 
27 14 19584 

-----42ri7-- IS --2-0 ~4~ ---
27 16 21106 
27 17 21867 
21 18 22628 
27 19 23389 
27 20 24150 

-----2+-------21-----·-· -- 2-41)-11--- . 
27 22 25672 

- 27 23 26433 
27 24 27194 
21 25 21955 
27 26 28116 

--~1 21 29411 
27 28 30238 
2729 30999 
21 30 31160 

~ o 

27 31 32521 
21 32 33282 
27 33 34043 

----+1---- -J.4 34&04 
27 35 35565 
27 36 36326 
27 37 37087 
27 38 37848 
21 39 38609 

---'----42H1'------4-(J. -----.- ·39370 
21 41 40131 
21 42 40892 
21 43 41653 

.21 ·44 42414 
27 45 43175 
N LENGTU------C;-Ol?E R€WIREMENT 
28 2 10680 
28 ~ 11497 
28 4 12314 
28 ~ 13131 
-28 6 13948 
28 1 ~.-

28 8 15582 
28 9 16399 
28 10 11216 

.---- .. - . - - 28 II 18033 
28 12 18850 
28 H 1%6+---·--·· 
28 14 20484-

-.-------. 28 - '15 21301 
28 16 22118 

-- --2.8 - ··11- 22935 
28 18 23152 

-----.2~e~---l_9_-----_2_4_~9 
28 20 25386 

---- --2A----. ·21 26203 
28 22 27020 

-.-. .28- .--- - -23 21831 
28 24 28654 

____ -2.8 25 2-~n·------· 

28 26 30288 
28- 21 31105 
28 28 31922 
28 29 32739 
28 30 33556 
28 31 34373 
28 32 35190 

-- -21.t- -- ·33.-· . ·36007 
28 34 36824 
28 35- 37641 
28 36 38458 

_ . ___ . ___ -2.8 _____ .3.1-.--. - .. -39.275-

fl 28 38 40092 
2& 39 ~0909 42 
28 40 41126 



28 41 
28 42 
28 43 

-_.-.U- -.----.- 4-4.--. 
28 45 
N LENGTH 
29 2 
29 3 
29 4 

42543 
43360 
44177 

---- 449-9-4 
45811 

CORE REGUIREMENT 
10916 
11191 
12666 

29 S 13·&41---- h 

29 6 14416 
29- 7 15291 
29 8 16166 
29 9 11041 
29 10 11916 
29 11 18-1-91---
29 12 19666 
29 13 20541 
29 14 21416 
29 15 22291 
29 16 23166 
29 11 2404+-----
29 18 24916 
29 19- 25791 
29 20 26666 

---29- ---·---21 21;4 1 
29 22 28416 
29 2] 29291 - ____ h _______ ----- . ------- - -------. -

29 24 30166 
29 ·25 31041 
29 26 31916 
29 21 32191 
29 28 33666 
;l9 29 ~l------

29 30 35416 
29- 31 36291 
29 32 37166 
29- 33 38041 
29 34 38916 
29 35 ----3-9-1-9-1--------
29 36 40666 
29- 31 41541 
29 38 42416 
29- 39 43291 
29 40 44166 
29 41 ~5041 

29 42 45916 
. --- -.29----------43- 46191 -

29 44 47666 
29 45 48541 
N LENGTH CORE REQUIREMENT 

______ 30 ~---------l-l-~C------

30 3 12095 ' 
30 4 13030 13 
30 5 13965 

o 

30 
)0 
30 

6 
7 
8 

14900 
15835 
16770 

30 9 - --.--- -11-195 . 
30 10 
)0 - - 11 
30 12 

- -- ---- --30- ------ -1-3--
30 14 
~n , c;. 

30 16 
------- - ---l-O- ------ -l-1 

30 18 
---3.0------ --1-9-

30 20 

18640 
19515 
20510 
21445-
22380 
?'J.'21'" 

24250 
25185 
26120 
21055-
27990 

30 21 28925 
30 22 29860 

-------.l-O-------~--- --30 79~ 
30 24 31730 

----··-3O"··------2~-- 32665 
30 26 33600 
30 21 34§~------
30 28 35470 

-·------3-0-------2-9· 14405 
30 30 37340 

------JO.-----3-L. - - - 3821 S. 
30 32 39210 
~n '2'2 bnlbc;. 

30 34 41080 
30 35 -42-015 
30 ·36 42950 
30 31 -----4388S 
30 38 44820 
~o ~o Ac;.7c;.c;. 

30 40 46690 
____ ...3.0.- 41 ------4-16-2S--

30 42 48560 
30 43 --- 49495--
30 44 50430 
30 45 51365-------·-
N LENGTH CORE REQUIREMENT 

--------31---- ---------2-------- --. 11412 
31 3 12409 

------3-1.- 4-- - 13406·-
31 5 14403 
~ 1 6. 1 c;./. nf'l __ ----.-- ,_ ------ -- -~-_ -T _._ 

31 1 16391 
______ .-3L-~ ___________ 1739 __ 

31 9 18391 
__ 3L-. __ l~- 19388 

31 11 20385 
31 12 21362----·-· 
31 13 22379 

-------- 3l _____ 14 23316 4f 
31 15 24373 

tJ () 



o 

31 
31 
31 
}l 

31 
31 
31 
31 
31 

-------------------3--1-------
31 
31 
31 
31 
31 

16 2 <:. 'l"" 
17 26367 
18 27304 
19 2836} 
20 29358 
21 30355 
22 31352 
23 32349 
24 33346 

--25.- - l4-J.43 
26 35340 
27 36337 
28 37334 
29 38331 
30 39328 

------------~l-------- J.-l -40325 
31 32 41322 
31 33 42319 
31 34 43316 
31 35 44313 
31 36 45310 

----------3-1------3-1- --- -46-30-1 
31 38 47304 
31 39 48301 
31 40 49298 
31 41 50295 
31 42 51292 

-----3-l-----4-~--------~·'J_9---
31 44 53286 
31 45 54283 

o 

- ------------------------

N LENGTH CORE REQUIREMENT 
32 2 11672 
32 3 12133 

----3-2----------4-- - -- 131-9-4 
32 5 14855 
32 6 15916 
32 7 16977 
32 8 18038 
32 9 19099 I 

--------3-2--- -----1-0---- --- 201&0 
32 11 21221 
32 12 22282 
32 13 23343 
32 14 244U4 
32 15 2S465 

----~---16_- ----rb5-2o. 
32 17 27587 
32 18 28648 
32 19 29709 
32 20 30770 
32 21 31831 

--------- 3-2 22 12892 
32 23 33953 
32 24 35014 15 
32 25 36075 

o 

32 26 37136 
32 27 38197 
32 28 39258 

------:J-2-- -- -- 29- 40319 
32 30 4138C 
32 31 42441 
32 32 43502 
32 33 44563 
32 34 45624 
3-2----~------- - --4-&U-~ 
32 36 41746 
32 37 48807 
32 38 49868 
II 39 50929 
32 40 51990 
3-2--~1--- 3--3-0H 
32 42 54112 
32 43 55173 
32 44 56234 
3-2 45 57295 
N LENGTH CORE REQUIREMENT 
3..3- 2---------l-l94-Q- --
33 3 13067 
33 4 14194 
33 5 15321 

-33 - - 6 16448 
33 7 17575 
4-~---_8_-----~---- -
33 9 19829 
33 10 20956 
33 11 22083 
33 12 23210 
33 13 24337 
3..3------l4-----------~~ -
33 15 26591 

-33- I-Q 27710 
33 17 28845 
33- -18 29972 
33 19 31099 
33 Z"i - )..2...2-b~--
33 21 33353 
33 22 34480 
33 23 35607 
33 24 36734 
33 25 37861 
~----2..b----_- 3.8-9-a~ .- -- - .. --
33 27 40115 
3:L-- 28 41242 
33 29 4.2369 
33 30 43496 
33 31 44623 
~-------32- 45.15.0 
33 33 46877 16 33 34 48004 
33 35 49131 



33 36 50258 
33 31 51385 
33 38 52512 

... ---3.3-- - .- - ~9- S3639 
33 40 54166 
33 41 55893 
33 42 57020 
33 43 58147 
33 44 59274 

--~3.,;)-3-- ~-·---·--4>0-4Q.l·· 
N LENGTH CORE REQUIREMENT 
34 212216 
34 3 13411 
34 4 14606 
34 5 15801 
34 6 16-9-9-6-
34 7 18191 
34 8 19386 
34 9 20581 
34 10 21776 
34 11 22971 

----;3~4t___- .l-a. ---.. - 24l-&f>. 
34 13 25361 
34 14 26556 
34 15 27151 
34 -- 16 28946 
34 11 30141 
"Itt.. 1 A 

34 19 
34 20 
34 21 
34 22 
34 23 

---,.'l3~4~ ----2-4.-.--
34 
34 
34 
34 
34 

25 
26 
21 
28 
29 

'11':l':lL 

325-31 
33126 
34921 
36116 
37311 

.. ----l.8-§..0.b--.. -.-. 
39101 
40696 
42091' 
43286 
44481 

·---,;3;J.A4f--- 3 Q -.-----~~ 

34 31 46811 
34 32 48066 
34 33 49261 
34 34 50456 
34 35 51651 
34 ~---- ~'+O----.--
34 37 54041 
34 38 55236 
34 39 56431 
34 40 57626 
34 41 58821 

______ .. __ . -34-.- ---. -42 -60016 
34 . 43 61211 
34 44 62406 
34 45 63601 

c 

_._"-------- -- _ .. _---------

I ;. 

fT 

N LENGTH CORE REQUIREMENT 
35 2 12500 
35 3 13165 
3S 4 -----.~~-
35 5 16295 
3; 6 17560 
35 1 18825 
35 ~8 20090 
35 9 21355 
3S 10 22620 
35 11 
·:n·-·-- ···-·-·-12 
35 13 

.. - -... --3S --- -. .---. --1-4-
'35 15 

23885 
25150 
26415 
21&80 
28945 

35 16 30210 
35 17 '31415 

- .--. 3-;"--. -.--.- .. -1-8- 32140 
35 19 34005 

- .. -~-.-.3_S_--__2_Q ·-3~210 

35 21 36535 
35 22 37800 
35 23 39065 

---- 35--------24- .. 40 :no 
35 25 41595 

-- 35- ----,--~6. 42860 
35 21 44125 
35 Z8 45390-... - .-----.. -
35 29 46655 
3..5..-. ____ .3.0 . 41920 
35 31 49185 

-__ 3 .... 5L- ..3.2:-':'.. . ... -··-50450 
35 33 . 51115 
35 )4 §2geO·-
35 35 54245 

-----~3~S-- ~-.-.. ·~~HO 
3537 56115 

-----~3:1_:S~-- --3-3------ .- S8.()40 
35 39 59305 
35 40 60S10 -----.-.-. 
35 41- 61835 

.35-.. ···----42 63100 
35 43 64365 

-- --.- .35- -.4.4 65630 
35 45 66895 
N I r:Nt:TIoI rnD£:" D~I'II1TD~u"'~I~ 

,- __ "~- T'_"V-~I'-T,;,."-"'-nr 

36 2 12792 
----.---.3.6-- -------3- 14129 

36 4 15466 
... --.-... -.-. 3.6.. __ . . ... 5 16803 

36 6 18140 
36 7 1 Qt..77 

36 8 20814 
_.- -.-- . .3.6. .. _ --9 22151 

36 10 23488 

o 

------ --_#- ----- --.--

+8 

() 



0 0 0 
't 

36 11 24825 37 21 39901 
36 12 26162 37 22 41312 
36 13 274?9 37 23 42723 
),6- 14- 28836 31-- ----2-4-- -4-4-1l4 
36 15 30173 37- 25 4~545 
36 16- 31510 31 26 46956 
36 17 32847 37 27 48367 
36 18 341~4 37 28 49178 
36 19 35521 37 29 51169 

------.3..6.---------2-0------- -- --10-8~8- 3~ -~ --------~ 
36 21 38195 37 31 54011 
36 22 39532 37 32 55422 
36 23 40869 37 33 56833 
36 24- 42206 31 34 58244 
36 25 43543 37 35 59655 
U-----U--- - - 44-8-8-G 3l 36 .1-%b-
36 27 46217 37 37 62477 
36 28 47554 37 38- 63888 
36 29 48891 37 39 65299 
36 30 50228 31 -40 66110 
36 31 51565 31 41 68121 
J--6-.------~-- - - - 52902- 3l " ~ &-<J-5-l-~-

36 33 54239 37 43 70943 
36 34 55576 31- 44 12354 
36 35 56913 37 45 73765 
36 36 58250 ti---- - -LENGTH CORE REQUIREMENT 
36 37 59587 38 2 13400 
36 n --bQ-9-2-4------- ----- - ----- --- 32 ~ 14 U1. --- ____ m ._- -- - -.- --

36 39 62261 38 4 16374 
36 40 63598 --38- - - 5- 11861 
36 41 64935 38 6 19348 
36 42 66272 -- --- -la-- 1 - 20835 
36 43 67609 38 8 22322 
36 44 ---oa.94-& - - 38 ~ ~9--

36 45 70283 38 10 25296 
N LENGTH CORE REQUIREMENT - --- 38- -l-l 26163 
37 2 13092 38 12 28270 
31 :3 14503 - 38 ---D-- 29757 
37 4 15914 ! '. 38 14 31244 
31 5 ·11-3-2-5--- 38 15 J-2-1-;~ 1- . 
37 6 18736 38 16 34218 
37 1 20147 38 11 35105 
37 8 21558 38 18 37192 
37 9 22969 38 19 38619 
31 10 24380 38 20 40166 
~-L- 11 2 ~19-1-- --- -- .-.. --_._. . . __ .- --"---- 38 21 -4-l-6-~ l--- - -.- - -- - -- - -- -.- ---.- -- - . 

37 12 21202 38 22 43140 

37 13 28613 
__ .3.8. -21 44627 

37 14 30024 38 24 46114 
37 IS 31435 38 25 476-:)1 

37 16 32846 38 26 49088 
---- -----3.l------- -1--1-- - 342~7 38 2:2 -~0--~1,> 

37 18 35668 49 38 28 52062 50 31 19 37079 3& --- 29 53549 
37 20 38490 38 30 55036 



38 31 56523 
38 32 58010 
38 33 59497 

-----~---»-- -l4 - -- --- 60984t-
38 35 62471 
38 36 63958 
38 37 65445 
31 38 66932 
38 39 66419 
3S 'tg -------- 69906--
38 41 71393 
3a 42 12880 
38 43 74367 
38 44 75854 
38 45 71341 

-------iN_---t.ENGTH <;GRE-REQ\JIREMENT 
39 2 13716 
39 3 15261 
39 4 16646 
39 5 18411 
39 6 19976 
39 1 -2-l.§+1---- -----
39 8 23106 
3~ 9 24671 
39 10 26236 

- 3-9 11 21801 
39 12 29366 
20 ,~ ~no~, 

39 
39 
39 
39 
39 
'20 

39 
39 
39 
39 
39 

14 
15 
16 
11 
18 

20 
21 
22 
23 
24 

32496 
34061 
35626 
37191 
38756 

41886 
43451 
45016 
46581 
48146 

39 25 4911-1----------
39 26 51276 
39 21 52841 
39 28 54406 
39 29 55971 
39 30 57536 
39 11 §9101 
39 32 60666 
39 33 62231 
39 34 63196 
39 35 65361 
39 36 66926 

------.;)39-------3-l-------- --6"9-1 
39 38 10056 
39 - 39 11621 
39 40 13186 

c 

39 41 
39 42 
39 43 
:39 't4 
39 45 
N LENGTH 
40 2 
4.0 --3-
40 4 
AO " 
40 
40-
40 

-- -40-
40 

6 
1 
8 

------..9-
10 

74751 
76316 
17881 

-19-446 -
81011 

CORE REQUIREMENT 
14040 
15685 
17330 

--~~----

20620 
22265 
23910 
25555 
27200 

I.Lfl__ 11 ., 0 0 J. c: 

40 12 30490 
- --4-0-- - -1-3 32135 

40 14 33180 -
---40-------1-5 35-425 

40 16 37070 
40 11 nl1~---------
40 18 40360 
_40-.------_..:_ 19- - - - -42005 -
40 20 43650 

------JLQ--------21- - - - - 45295-
40 22 46940 
40 7~ I.L~~A~ 

40 24 50230 
_____ ~4~0 -----25 51875-

40 26 53520 
-----'4~0.J__ -'---ll--- 55165 

40 28 56810 
4,0 29 5845S -----------.--. ________ . __ 
40 30 60100 

----4.0----31- 61145-
40 32 63390 

------4-0---- -3-3-----------65035 
I '_ 40 34 66680 

I.Ln ~" 'A'2~~ 

40 36 69910 
--- --- - 40 - -:n- 11615 

40 38 13260 
40 - - -39 14905-
40 40 76550 
an a1 ~g'0~ ----------... ------.--.----.--- _.- - - --------- - - --- "._-,----

40 42 79840 
----- - ~--- ---1l3- 81485 

40 44 83130 
__ 4Q _______ 45 84175 

N LENGTH CORE REQUIREMENT 
41 2 l~ ___________ _ 

0/ 41 3 16099 
__ U _________ ~ 17826 5e 

41 5 19553 

o ;'-\ 
~-) 

... 



o o 

41 6 21280 
41 1 23007 
41 8 24134 

----4 1 9 264-61 
41 10 28188 
41 11 29915 
41 12 31642 
41 13 33369 
41 14 35096 

-4-1------ - -15 -- --lOi-23 
41 16 38550 
41 11 40277 
41 18 42004 
41 19 43731 
41 20 45458 

--------.4-1------ -4-1-- ~ 113 ~ -
41 22 48912 
41 23 50639 
41 24 52366 
41 25 54093 
41 26 55820 

------------41------2-1---- ----- -!1!41 
41 28 59214 
41 29 61001 
41 30 62728 
41 31 64455 
41 32 66182 

-----4-1 33 67909 
41 34 69636 
41 35 71363 
41 36 73090 
41 31 74811 
41 38 16544 

------------41-------3-9----------1~--
41 40 19998 
41 41 81725 
41 42 83452 
41 43 85179 
41 44 86906 

------------4.1 " 5 ~"H----
N LENGTH CORE REQUIREMENT 
42 2 14112 
42 3 16523 
42 4 18334 
42 5 20145 

--------4-2----__+_ 21%~ - --.-
42 1 23161 
42 - , 25578 
42 9 21389 
42 10 29200 
42 11 31011 

---4-2---12-- -n·i22 
42 13 34633 
42 14 36444 5'3 
42 15 38255 

42 16 40066 
42 11 41817 
42 18 43688 

--------4-2--------1-9 ----- 4§.499 
42 20 41310 
42 21 49121 
42 22 50932 
42 23 52143 
42 24 54554 

------44·2-----~5--~lft~--
42 26 58116 
42 21 59981 
42 28 61198 
42 29 63609 
42 30 65420 
... 2 11 --it+ 2-3-1-- u 

42 32 69042 
42 3310853 
42 34 12664 
42 35 14415 
42 36 76286 
42 37 7-W9-1---- ---- -
42 38 79908 
42 39 81119 
42 40 83530 
42 41 85341 
42 42 87152 
42 43 -8-8-%1- ---
42 44 90774 

- 42 45 92535 
N LENGTH CORE REQUIREMENT 
43 - 2 15060 
43 3 16951 
"'3 4 IBBS4 
43 

- 43- _____ _ 
5 

--6 
1 

-- ---8-
9 

43 
43 
43 

20151 
- 22648 

24545 
2"42 
28339 

"':\ , n ~n.,~;:. 

43 11 32133 
43 12 34030 
43 13 35921 
43 14 31824 
43 15 39721 

- ___ 4..,..3_ 16 41613------
43 17 43515 

___ 43 la 45412 
43 19 41309 
43 20 49206 
43 21 51103 

____ -"4>-;13 2 2 s.~- .. -
43 23 54891 
43 24 56194 
43 25 58691 

o 
• 

--_.- -'~-.--

~4-



43 26 60588 
43 27 62485 
43 28 64382 
4-3-- 29 66279 
43 30 68176 
43 31 70073 
43 32 71970 
43 33 73867 
43 34 75764 

----- --·--4-3------~------H"l---
43 36 79558 
4~ 31 81455 
43 38 83352 
43 39 85249 
43 40 81146 
43 41 89943------ -
43 42 90940 
43 43 92831 
43 44 94134 
43 45 96631 
N LENGTH CORE REQUIREMENT 4. 2 l5-4U----------
44 3 17401 
44 4 19386 
44 5 21371 

- 44 -- -0- 23356 
44 1 25341 
1..1.. " 

44 

" 44 
44-
44 

9 
10 
11 
12 
13 

29311 
31296 
33281 
35266 
31251 

~4 14 39236 
44 
44-
44 
44 
44 
44-
44 
44-
44 
44 
44 

15 
It. 
11 
18 
19 

41221 
43206 
45191 
47176 
49161 

~IJ --~--- -------
21 53131 
22 55116 
23 51101 
24 59086 
25 61071 

1..1.. ,,, -6-3-0-S-e. - -. -'--- .. -- .. -. -- - -. -------.-. ----
44- 27 
44 28 
44 29 

.44 30 
44 31 

---- --4-4-----~--
44 33 
44 -34-
44 35 

CJ 

65041 
61026 
69011 
70996 
12981 
74964 
16951 
18936 
80921 

55 

() 

44 36 82906 
44 37 84891 
44 38 86876 

----...J4~4 .... ----l-9 8U01 
44 40 90846 
44 41 92831 
44 42 94816 
44 43 96801 
44 44 98786 
44 H----- -----O-V-€-Rt-AP1GOK 
N LENGTH CORE REQUIREMENT 
45 2 15180 
45 3 11855 

- ---- -- -45- -4 19930 
45 5 22005 
45 , 24 0-8-Q------------ . -- - -

4-5 1 26155 
---~----- 8- 28230 

4-5 9 30305 
---4-5----- - Ie 32380 

45 11 34455 
45 12 ~'5~ 
45 13 

----- ----4.5.-----14 
4-5 15 

_________ A.5.... ____ -16 

45 17 

38605 
40680 
42155 

-44830 
46905 

45 18 489S0 .7 .a. 0 '. O"'IH~ ----- ---
45 19 51055 
.4.5..----20.- -53130 
45 21 55205 
.5 --2-2--- 51280-
45 23 59355 
45 24 61430 
4-5 25 63505 

____ -"14 .... 5 -U-- H os,ao 
4-5 21 67655 

-'---_45.---2-S----- 69-730 
45 29 11805 
45 30 7~--------
45 31 15955 

-----.45---- 32 7a030 
4-5 33 80105 
.4.5-- 34- 82180 
45 35 84255 
45 36 86HO---------
45 37 88405 

-- --___ ----*.5-._ -- --- 38 90480 
45 39 92555 

- -As.. 40 94630 
45 41 96105 
"'S 42 -U1-a~----
45 43 OVERLAP lOOK 

- N _______ ...l.EtiGTH CORE REQUIREMENT 56 
46 2 16152 



o 

46 3 18319 
46 4 20486 
46 5 22653 

----4.6-- --- ---6- 24g2G 
46 7 26987 
4~ 8 29154 
~6 9 31321 
~6 10 33488 
46 11 35655 

-------At.f.. 12- H-822 
46 13 39989 
46 14 42156 
46 15 44323 
46 16 4~490 

46 17 48651 
-________ -16.6.---- ----1 S. --~{) e- 2-4 

46 19 52991 
46 20 55158 
46 21 57325 
46 22 59492 
46 23 61659 

---------40----14-- --It-:J.8-26 
46 25 65993 
46 26 68160 
46 27 10327 
46 - - 28 1249~ 
46 29 74661 
46 10 76-8-2-S------------. -------
46 31 18995 
46 32 81162 
46 33 83329 
46 34 85496 
46 35 81663 

------4-6------3-6-------89S3-<t 
46 31 91997 
46 38 9416~; 

46 39 96j31 
46 40 98~9a 

46 41 OVE.:LAP lOOK 
N LftJ..G+H----CCi';&:- PEe!)! il~¥!E!H 
47 
41 
41 
41 
47 
.... ., 
47 
47 
47 
47 
41 

-- .. ----4.-1--
41 
47 
47 

2 
3 
4 
; 
6 
1-
S 
9 

10 
11 
12 

---ll-- --- .. 
14 
15 
16 

16'·32 
}SIn 
2105.1-, 
23;15 
25S76 
2-1-}.} 1-- --- --
30095 
32359 
34620 
36~81 

39142 
---41-,+-0-,. 

43664 
45925 
48186 

57 

~ 

47 17 50441 
47 18 52708 
41 19 54969 

--------4-1---- -2 v..- - - 512 ~o-
47 21 59491 
47 22 61752 
41 23 64013 
41 24 66274 
47 25 68535 
t, 7 2& - -~196-- -
41 27 73051 
41 28 15318 
47 29 11579 
41 30 19840 
47 31 82101 
4 7 32 84 3fTC-- ----
47 33 86623 

--41.."--- 8888-4 
47 35 91145 
41 -3-6 - 93-406 
47 37 95667 
6.7 -:tR 

47 39 OVERLAP lOOK 
bl-------1.ENGTH CORE REQUIREMENT 
48 2 16920 

--~8---- -- -3- - - 19211 
48 4 2163~ 
48 § 23991------ -- -- - ---
~8 6 26348 

------- -48------- -1- -- 28705 
48 8 31062 

-___________ 48 -9- -33419 
48 10 35176 
48 11 H-l*--- ---.. --- ----- -.. ----- .-- -
4a 12 ~0490 

-- 4. 8.- ------ --- - 13- - .. 4-2841 
48 14 45204 

- --- - - 48 --IS --4n~61 

48 16 49918 
-------4.8 17 § 22 7§ -------

48 18 54632 
4!- 19 56989-
48 20 59346 
48 21 61103 
48 22 64060 
.8 23 66411 
48 
48--- -­
~8 

- -48-
48 
.Io.R 

48 
48-
48 

24 68774 
---25· 11131 

26 13488 
27 75845 
28 78202 
-1-~--------W-~S-9---

30 82916 
31 85213 
32 81630 

o 

58 



48 33 89987 
48 34 92344 
48 35 94701 
-48-- 3-6 910~8 
48 37 99415 
48 38 OVERLAP lOOK 
N LENGTH CORE REQUIREMENT 
49 2 17316 
49 3 19111 

--4-9---------4---- ---l-U2-b--------
49 5 24681 
49 6 21136 
49 1 29591 
49 8 32046 
49 9 34501 
49 10 --~§.6 -- _. 

49 11 39411 
49 12 41866 
49 13 44321 
49 14 46116 
49 15 49231 
49 l~-----H-bU--
49 11 54141 
49 18 56596 
49 19 59051 
49 20 61506 
49 21 63961 
"9 2 2 6' " Ht-------------
49 23 68811 
49 24 113~6 
49 25 13181 
4~ 26 16236 
49 21 18691 
49 28 81146 
49 29 83601 
49 30 86056 
49 31 88511 
49 32 90966 
49 33 93421 
49 ]l, ~ __ u. __ _ 

49 35 
49 36 
N LENGTH 
50 2 
50 3 
.. n 1.. 

50 5 
50 6 
50 7 
50 S 
50 9 

---------5..0.---- --- 10 
50 11 
50 12 
50 13 

CJ 

98331 
OVERLAP lOOK 

CORE REQUIREMENT 
11120 
20215 

--2-2i-1Q.-- - - ----
25385 
21940 
30495 
33050 
35605 

. »l~O-
40715 
43270 
45825 

59 

50 
50 
50 
§O 
50 
50 
50 
50 
50 
SO 
50 
50 
50 
50 -
50 
5-0--
50 

-;0 
50 
;0. 
50 

14 
15 
16 
-17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
21 
28 

48380 
50935 
53490 

- 561}45-
58600 
61155 
63110 
66265 
68820 

---1-l~1~-

73930 
16485 
19040 
81595 
84150 

~9 -86-N~-
30 
;1 
32 
II 
34 

89260 
91815 
94310 
9-6925 
99480 

50 35 --{w€Rt.AP--~ 
N LENGTH CORE REQUIREMENT 

---51-- . --- 2 18132 
51 3 20789 

-ll-------4 ._- 23446 
51 5 26103 
51 6 U'l6.O- ______ __ __ _- - --

51 1 31417 
5l- 8 34014 
51 9 36731 

-- -- --- 5.1- --------1.0. 3938$ 
51 11 42045 
51 12 ~4702 
51 13 47359 

-----------51- - - -----1-4- W016 
51 15 52613 

-----51-- ------10 - 5533{) 
I '- 51 17 51987 

51 IS ~~ 
51 19 63301 
51 2G 65956 
51 21 68615 
51 22 71272 
51 23 73929 

-- - -- - - -- - 51 24 1~5U-- ----.--
51 25 79243 
5.1 - --26- 81900 
51 27 84557 
51 28 87214 
51 29 89811 

--.;<5 ... 1- 30 ~~ .. 
51 31 95185 
51 32 91842 
51 33 OVERLAP lOOK 

o 

60 

C) 



o o o 
~ LENGTH CORE REQUIREMENT 53 24 82054 

2 18552 53 25 84921 
52 3 21313 53 26 87788 

---------52----- -4 24074 
52 5 26835 
52 6- 29596 
52 7 32357 
52 8 35118 
52 9 37879 

-----5~3,.. 21- --9O-6~5 

53 28 93522 
53 29 96389 
53 30 99256 
53 31 OVERLAP lOOK 
N LENGTH CORE REQUIREMENT 

52 10---- --- ---4G6-4-0- - ___ ~5;J.-'1+--1 ---~------ -19-4-16- -
52 11 43401 54 3 22391 
52 12 46162 54 4 25366 
52 13 48923 54 5 28341 
52 14 51684 54 6 31316 
52 15 54445 54 7 34291 

------S.2-----l.---- - --~1-?t}6 54 S 3n~---
52 11 599~7 54 9 40241 
52 18 62728 54 10 43216 
52 19 6~~89 54 11 46191 
52 20 6al50 54 12 49166 
~2 21 11011 54 13 52141 

------;5~2r___-- 2-Z--------1-1-112 54 14 551-H~ -
52 23 16533 54 15 58091 
52 24 79294 54_ 16 61066 
52 25 82055 54 17 64041 

- -- 52- - -26- 84816 - S4 18- -67016 
52 21 81577 54 19 69991 
§ 22 8 9-(»3-8---- 54 20 72966----- - -
52 29 93099 54 21 75941 
52 30 95860 ----54- 22 18916 
52 31 98621 54 23 81891 
52 32 OVERLAP lOOK 54--24 84866 
N LENGTH CORE REQUIRH1Et,T 54 25 81841 
53-- 2 189-8--0----n 54 26 90IH-e------ n 

53 3 21847 54 21 931091 
53 4 24114 ---.5.4 - ----2-8 - 9-6166 
53 5 ;7581 54 29 99741 
53 6 ;'0448 --54----3-0 O-VERLAP lOCK 
53 7 33315 N LENGTH CORE REQUIREMENT 

------;>-5·~ - -~--~;-'-l--32_ 55 2 -l~---
53 9 ~9049 55 3 22945 
53 10 41916 55 4 26030. 
53 11 44783 55 5 29115 
53 12 47650 55 6 32200 
53 13 50517 55 7 35285 
S-3--- 1 "-+i-~ 55 B ]8310 ---~---.-.- --_._--- ---------- - . 

53 15 56251 55 9 41455 
53 16- 59116 55 10 4.540 
53 17 61985 55 11 47625 
53 18 64852 . 55 12 50710 
53 19 61719 55 13 53795 

------5.-l---- ~ -- ---- --- 10.586 55 14 ~H_ 

53 . 21 73453 
53 22 16320. 6/ 55 15 59965 

55' 16- 63050 62 
53 23 . 19187 55 11 66135 



55 18 69220 57 18 73748 
55 19 72305 57 19 77059 
55 20 75390 57 20 80370 
5.5. ~l 78-475- -----~-1--- - -- 21 83681 
55 22 81560 57 22 86992 
55 23 84645 51-- 23 90303 
55 24 81730 57 24 93614 
55 25 90815 57 25- 96925 
55 26 93900 57 26 OVERLAP lOOK 

------5.5 -- - -- n --9b98-~ N-- bENGlH ~GR~R-E-GUIREMENT 
55 28 OVERLAP lOOK 58 2 21240 
N LENGTH CORE REQUIREMENT 58 3 -24667 
56 2 20312 58 4 28094 
56 3 23509 58 5 31521 
56 4 26706 58 6 34948 

-------5-~---_5_--------- -29903 58 1- --~~-

56 6 33100 58 8 41802 
56 7 36297 §:8 - 9- 45229 
56 8 39494 58 10 48656 
56 9 42691 58 11 52083 
56 10 45888 58 12 55510 

-------S-6------l-l------- ----- 49c-8-§--- 58 13 S89H- --
56 12 52282 58 14 62364 
56 13 55479 58 15 65791 
56 14 58676 58 16 69218 
56 15 61873 _ 58.. __ - ~1- 12645-
56 16 65070 58 18 76072 
S6 17 68261------ --" --.-- --- ---------- 58 39 70/.00 - - - .. ---
56 18 71464 58 20 82926 
56 19 14661 ----- __ 5.8-_ -21-- 86353 
56 20 77858 58 22 89780 
56 21 81055 --5a- 2~ 93201 
56 22 84252 58 24 96634 

--------------~------__2_3_---- ------& 1-449 58 2S OVe:R-bA-P-lOO~ 

56 24 90646 N LENGTH CORE- REQUIREMENT 
56 25 93843 - --~9--------------2 - 21116 
56 26 97040 59 3 25261 
56 27 OvERLAP lOOK --59 --- -------4 28806 
N LENGTH CORE REQUIREMENT 59 5 32351 

-----------5.-1---2--------------2041-2-- ---- 59 6 3~ -.------- ---
57 3 24083 59 7 39441 
51 4 27394 59 8 42986 
57 5 30705 59 9 46531 
57 6 34016 59 10 50016 
r7 1 37327 

-------- - ~ 7------8- - -------4G6-3-&--- -
59 11 53621 
59 12 ,+.U-O-

57 9 43949 59 13 60711 
57 10 47260 
57 11 50571 
57 12 53882 

59 14- - 64256 
59 15 67801 
59 16- 11346 

57 13 57193 59 11 14891 
- ~1-----14 -- ----- - f>O~04 

57 15 63815 
51 - 16 67126 63 

59 18 -18-4-:M-----
59 19 81981 

. 59. --20 85526 64 
57 11 70437 59 21 89071 

If. 

c o 



o 
59 22 
59 23 
59 24 

---- -------- --5 9- ~ S. 
N LENGTH 
60 2 
60 3 
60 4 
60 5 

- ------6-0--------------- --~----
60 7 
60 8 

92e15 
96161 
99706 

ovERl-\P lOOK 
CORE R~QUIREMENT 

22200 
25865 
29530 
33195 

-- -- J¢.-t'-b-t) 
40525 
44190 

60 9 47853 
60 10 51521 
60 11 5518~ 

--- - £0------11 ---- -------H,.8~;j 

60 13 62515 
60 14 6613J 
60 15 69845 
60 16 13510 
60 17 71175 

- -4-0- ------1--8--------- 8--0-8-4-1}-
60 19 84505 
60 - 20 88170 
60 21 91815 
60 22 95500 
60 23 99165 

--~-O- 24 --G-V~LAP lOOK 
N LENGTH CORE REQUIREMENT 
61 2 22692 
61 3 26479 
61 4 30266 
61 5 34053 
-6-1---------------0--------- -l-1S-49----
61 7 41627 
61 8 45-.14 
61 9 49201 
61 10 52988 
&1 11 56775 

-- ------0.1--------1-2 -------.-O-->~~--
61 13 64349 
b1 14 68136 
61 15 71~23 
61 16 75110 
61 17 79>+97 

-----------.. l-----l-a------8-3-2-3-4----------------------------
61 19 81071 
61 20 90353 
61 21 94645 
61 22 98432 
61 23 ovERLAr lOOK 

----- ---N.- -l..EN-GTH-- -CORE REC:UIRH;~NT 
62 2 23192 -
62 3 2110) 85 
62 4 3lC14 

o 

I , 

62 5 34925 
62 6 38836 
62 1 42141 

------6-2--- --- --- 8-------4&b5& 
62 9 50569 
62 10 54480 
62 11 58391 

- 62 12 62302 
62 13 66213 
62 14 ---1--O--l--2-4--
62 15 74035 
62 16 11946 
62 17 81857 
62 13 85168 
62 19 89679 
62 20 --9}~-----
62 21 97501 

---62- - 22 OVERLAP lOOK 
N LENGTH CORE REQUIREMENT 

-------- ---63. ··2 23100 
63 3 21737 
63 4 ---3-1---1--1-4- --- ---- -- - - -__ . 
63 5 35811 
63 --- 6 39848 
63 7 43885 

-----------63- - S- 47922 -
63 9 51959 
63 10 5599& 
63 11 60033 

- .--- - A3 .. -- --12- 64070 
63 13 68107 

---------6-3- 14 12144 
63 15 76181 
6 3 16 8 G--2-l--8------------
63 17 84255 

--------- -~~- - ----- -18 
63 19 
-63-- -- -2C-
63 21 

88292 
92329 
963-66 

OVERLAP lOOK 

o 

N L.ENGTH- ~~W~gHH------- - --- ---------- - ----------
64 2 24216 
64 3- 28381 
64 4 32546 
64 5 3-6711 
64 6 40876 

-------~64 7 4~·~1------------
64 8 49206 

-------64. 9 - - ~:nll 

64 10 57536 
-~4 11 61101 

64 12 65866 
------c6)..1;1; ___ ---l-J----·-~H-----------

64 14 14196 
-64- IS 1a36l 66 
64 16 82526 



64 11 
64 18 
64 19 

-- 6-4 2~ 
64 21 
N LENGTH 
65 2 
65 3 
65 4 

--.---6-5--~-

65 6 
65 1 
65 8 
65 9 
65 10 

-- -.. ---.. -- .. - .-~--.- -' ---l-l- -
65 12 
65 13 ' 
65 14 
65 15 
65 16 
6-5---. ----1-1 
65 18 
65 19 
65 20 
III lENGTH 
66 2 
66 ] 

66 It 
66 5 
66 6 
66 7 
66 8 

_____ . ____ ._._ 66 -9-. 
66 10 
66 11 
66 12 
66 13 
66 14 

86691 
90856 
95021 
99186 

OVERLAP lOOK 
CORE REQUIREMENT 

24140 
29035 
33330 

.. ----.--} 762 ~--
41920 
46215 
50510 
54805 
59100 

--b-}395 
61690 
71985 
16280 
80575 
84810 

- -89-Hr" . 
93460 
91755 

OVERLAP lOOK 
CORE REQUIREMENT 

25212 
29699 
34126 
385"53 
42980 
41401 
51834 
56261 
60688 
65115 
69542 
13969 
18396 

66 15 82S2-~--- - -
66 16 81250 
66 17 91611 
66 18 96104 
66 19 OVERLAP lOOK 
N LENGTH CORE REQUIREMENT 
67 -2-----~.a.l-2-----. 

67 3 30313 
61 4 34934 
67 5 39495 
61 6 44056 
67 7 48611 

-- 6.4--- - 8- - . - S3-118 
61 9 51739 
61 10 62300 
67 11 66861 

C) 

67 12 11422 
67 13 75983 
61 14 80544 

----~6CJ-71---- ~---.- --·»W5 
61 16 89666 
61 11 94227 
61 18 98788 
67 19 OVERLAP lOOK 
N LENGTH CORE REQUIREMENT 
68 2 -.--~ 
68 3 31057 

" It "1~ 
68 5 40451 

-U -6 45148 
68 7 49845 
68 S --"~ .. 
68 9 59239 

- --------" -10 63936 
68 11 68633 
o.a ·---·---1-2 13330 
68 13 78021 
I.A , J. 8-2--1-2-4--. -
68 15 81421 
68 16 92118-
68 11 96815 
6B ~8 OVERLAP lOOK 
N LENGTH CORE REQUIREMENT 
~Q , ?~O,~ 

-----------
69 3 31751 

-.6..9- ----- '.. 4- 36586 
69 5 41421 

---.6.9 - . --- -- -6... -4-625-6 
69 7 51091 
~Q A ~~O?~ 

69 9 60761 
--.- - --- _.69. ______ . -1-0- -----. - -65596 

69 11 70431 
.----- ---~9------__l2·- -.--... -7,,2-60 

69 13 80101 
~Q lh Dh02L 

69 15 89771 
.6-9 16 94606 
69 17 99441 
69 18 OVERLAP lOOK 
N LENGTH CORE REQUIREMENT 
70 2 27480 __ ____________ _ 

70 3 32455 
_ 10. ______ 4. _ 31430 

70 5 42405 
LO 6 47380 
70 1 52355 
70 8 -___ -S-~ .. _. ______ . _ ... __ . __ _ 

8r 10 9 62305 
10 10 61280 68 
70 11 72255 

.. ' 

o () 



o ~ o 

10 12 71230 N LENGTH CORE REQUIREMENT 
70 13 82205 14 2 29816 
70 14 87180 14 3 35311 

-1-0-- lS - 9~ 1 S5 -----71.J'i-1 --------4 49-926 
10 16 97130 74 5 46481 
10 11 OVERLAP lOOK 14 6 52036 
N LENGTH CORE REQUIREMENT 14 7 57591 
71 2 28052 14 8 63146 
11 3 33169 14 9 68701 

- ---1-1-- -- ---- ---4-- -- -------- -- - l8-2 &6 ____ -'7~4~ -W- 1-4-2 ~-----
71 5 ~3403 14 11 79811 
11 6 ~8520 74 12 85366 
71 1 53637 14 13 90921 
11 8 58754 74 14 96416 
11 9 63871 14 15 OVERLAP lOOK 

--------+1-----1-0--------- U9-8a to! L.H~G-Ht-----.(_OR€--_R.€W~EMHH 

71 11 14105 15 2 30420 
71 12 79222 15 3 36125 
71 13 84339 15 4 41830 
11 14 89~56 -15 5- -41535 
71 15 94573 15 6 53240 
-1--1-----16------- -9%% _____ 7£.;5;1--___ ~-----~ _________ . __ -

71 17 OVERLAP lOOK 15 8 64650 
N LENGTH CORE REQUIREMENT 15-- 9 - 10355 
12 2 28632 15 10 16060 
12 l 33893 15 11 81765 
72 4 39154 15 12 81410 

-72 § 4441-5--- 75 13 ~--------
12 6 49616 75 14 98880 
72 1 54931 - 7.5- - 1; OVERLAP lOOK 
12 8 60198 N LENGTH CORE REQUIREMENT 
12 9 65459 --16.-- - --- -2 31 032 
72 10 10120 16 3 36889 

-- -- ----- -- 72 1-1------15--9-31- 16 4 427-46------- .-

72 12 81242 
12 13 - 86503 

76 5 48603 
------ ----- -1.6---- - -- ---0 54460 

12 14 91764 76 1 60311 
72 15 97025 ~6--. "In 
12 16 OVERLAP lOOK I ' 76 9 12031 
li---lrE-m;J ~~--~~-R E-.QIJ-I Po Et-~E ~~ T 16 10 ---1-+U-8-- u -- -- _______ d_ 

73 2 29220 16 11 83745 
;3 3 346Z7 16. 12 89602 
73 It 40034 76 13 95459 
H- 5- ~5441 76 14 OVERLAP lOOK 
13 6 508~8 N LENGTH CORE REQUIREMENT 
73------:-+---------~~§_-- -- --- --
73 8 61662 
1}. 9 610-69 

77 , ~1~' 

77 3 37663 
____ 1.1_ _4_______ _ 43674 

73 10 12416 
13 11 11883 

17 5 ~9685 
11 6 55696 

13 12 83290 17 7 61701 
13- - -- -13- i8691 _____ 7~7'___ ----S-----.f;.1:J 1-&--

73 14 94104 
13 15 99511 88 77 9 13129 

77 - 10. 19140 70 
73 16 OVERLAP lOOK 17 11 85751 



17 12 91762 82 2 34812 
17 13 97773 82 3 41683 
11 14 OVERLAP lOOK 82 4 46494 
~- LENGTH CORE REQUIREMENT 82 ~ - --~~30-5 
18 2 32280 82 6 62116 
78 3 38441 82 7 68927 
78 4 44614 82 8 75138 
18 5 50781 82 9 82549 
78 6 56948 82 10 89360 

------l!-- -- --- ---1 -- - 6H1~ 82 11 96-111 
18 8 69282 82 12 OVERLAP lOOK 
78 9 75449 N LENGTH CORE REQUIREMENT 
18 10 81616 83 2 35540 
18 11 87783 &3 3 42517 
18 12 93950 83 4 49494 

------------l-a- -- -l.}--- OVERl.AP 100-K 83 S - S44-11 -
N LENGTH CORE REQUIREMENT 83 6 63448 
19 2 32916 - 83 1 70425 
79 3 39241 83 8 11402 
19 4 45566 83 9 84379 
79 5 51891 83 10 91356 

--------29-- ---- -- -6, ~321b 83 11 9-8-1-1-3 
79 7 64541 83 12 OVERLAP lOOK 
79 a 10866 N LENGTH CORE REQUIREMENT 
79 9 17191 84 2 36216 
79 10 83516 84 3 43361 
79 11 89841 84 4 50506 
79 12 -9&1~ --- 0" _______ _ •• ____ 84 S ---~1-
79 13 OVERLAP lOOK 84 6 64796 
N LENGTH CORE REQUIREMENT 84 7 71941 
80 2 33560 84 8 79086 
80 3 4004, 84 9 86231 
80 4 46530 84 10 93376 
~-------~ --- ~Ol~ -- 84- II -~-Rh--A--P---l~---

80 6 59500 N LENGTH CORE REQUIREMENT 
80 7 65985 85 -- -2 36900 
80 8 12470 85 3 44215 
80 9 78955 85 --4 51530 
80 10 85440- ! ' 85 5 58845 

-----U----H 91925 --- - -----8--5--------6 661~ 

80 12 98410 85 7 13475 
80 13 OVERLAP 100;:_ 85 8 80790 
N LENGTH CORE REQUIREM~~r 85 9 88105 
81 2 34212 85 10 95420-
81 3 40859 85 11 OVERLAP lOOK 
&l-----~--- -41~6 -------N L ENG11:I - co.R E- -R-E Q bI , R E;tIlH~ N + 
81 5 54153 86 2 31592 
81 6 608UO 86 - 3 45019 
81 7 67447 86 4 52566 
81 8 74094 86 5 60053 
81 9 80741 86 6 67540 
4-1-- 10 g7388 86 ----2 __ - -----_ --15-021 
81 11 94035 71 86 8 82514 
81 12 OVERLAP lOOK 86 9 90001 72 
N LENGTH CORE REaUIREMf~l 86 10 97488 

" 

CJ (j 



-0 

86 11 OVERLAP lOOK 
N LE~~TH CORE REQUIREMENT 
81 2 38292 

------81- ----- J. ItS953 
87 4 53614 
81 5 61275 
81 6 68936 
87 1 76597 
87 8 84258 

----------BL---~-- ---- -- 91-919 --_.-_._-----
87 10 99580 
87 11 OVERLAP lOOK 
N LENGTH CORE REQUIREMENT 
88 2 39000 
88 3 1t6837 

--------8..E--- -- ---4--------------~&_14__--------- -- ------

88 5 62511 
88 6 10348 
88 1 78185 
88 8 86022 
88 9 93859 
8 e 1 Q -{)-V€R-kA-P--H}O-K--------
N LENGTH CORE REQUIREMENT 
89 2 39716 
89 3 47731 
8-9 - -~ 55746 
89 5 63161 
89 6 7~ 
89 1 79791 
89 8 87806 
89 9 95821 
89 10 OVERLAP lOOK 
N LENGTH CORE REQUIREMENT 
90 -2.-- 4-044Q--------
90 3 48635 
90 4 56830 
90 5 65025 
90 6 13220 
90 7 81415 I ' 
90 ~-----~+lg.O----

90 9 97805 
90 10 OVERLAP lOOK 
N LENGTH CORE REQUIREMENT 
91 2 41172 
91 3 49549 
91 It 57926 - ------ --.----- - --~.-.---

91 5 66303 
91 6 14680 
91 1 83057 
91 6 91434 
91 9 99811 

----'---------9-1--------1-0------- --- OVERLAP - lWK 
N LENGTH CORE REQUIREMENT 
92 2 41912 "("3 
92 3 50473 

~ 

92 4 59034 
92 5 67595 
92 6 76156 
S-2- -+-- . -- -----84-1--1-1--
92 8 93278 
92 9 OVERLAP lOOK 
N LENGTH CORE REQUIREMENT 
93 2 42660 
93 3 51407 
93 4 6Ql~---
93 5 68901 
93 ---6 - -77648 
93 1 86395 

- g~ --$. 95142 
93 9 OVERLAP lOOK 
N I ~~r.TU CORE: REQUIRE-MBH-
94 2 43416 

--94-------- -3-- - - ---5235-1 
94 4 61286 

- - - 9-4 ---- ---~- -10-221 
94 -6 79156 
~__ __7 "''"0' 
94 8 
9.4-- -- - - - - -9.--
N LENGTH 
95- - 2-
95 3 
Qc:, "-

95 5 
- -95 -- . --- -0----

95 7 
---95---- --a- ----

95 9 

97026 
-OVERLAP lOOK 
CORE REQUIREMENT 

44120 --
53305 
~ 
71555 
3-0680 
69805 

-98-930-
OVERLAP lOOK 

N I ~N~T~ COR~ REQUIREMENT 
96 2 44952 

----- --2.6.---3--- -- --S4-2-69 
96 4 - 63586 

--------9.6------5---------- --12903----
96 6 82220 

o 

--- ---------- --_ ... _---_._-----

Q6 1 91531 . ----------------______ _ 
96 8 OVERLAP lOOK 

--ti - -----LEUGHi CORE REQUIREMENT 
97 2 45132 
9-7_ -- ----3- 55243 
91 4 64754 
Q7 I:; '7"- .,~C:: 

97 6 83776 
---~-----l- 93287 

91 8 OVERLAP lOOK 
----N -- ---!..Eli-G-lti CORE REQUIREMENT 

98 2 46520 
Q8 3 S62-2-1---
98 4 65934 
9& - 5 - 15-641 74 
98 6 85348 

• 



98 7 
98 8 
N LENGTH 

--. ------- --99. - ~ 
99 3 
99 4 
99 5 
99 6 
99 1 

------~-.--_8_ ---

c 

95055 
OVERLAP lOOK 

CORE REQUIREMENT 
- ··-4-131·6 

51221 
61126 
11031 
86936 
96841 

--GV~RtAP HWl( 

75 

o 

SAMPLE PROBLEMS 

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

Hilbert matrix of order 10. * Thus a .. = lJ 
i+j -1 

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 condition 

number (the ratio of the maximum to the minimum eigenvalue) is probably 

as high as the Hilbert matrix itself and, without 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 
i+j-l 
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LISTING OF DA TA INPUT TO ThryERSION PROGRA M 
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.,,,,,,,,,nn,, 
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.2~onOt')Oo 

.2n"no"00 
, .1666666(, 
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.12500000 
.11111111 
: 10000000 
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.n~~~~'I\'I\~ 

.07()qZ~07 

.?nnnonnn 
~_t~~_6~~,~(! 
.'.?~"7't... 
.1zs;nooO() 
.11111HJ 
.1000 00110 
.090Q()9I)Q 
.O'H~}~JL 

.• 01F,Q?~07 
.n7J4?R57 
.1f:,F,I,f,')1,f, 
.,42aC;714 
.' ,c.nt')/')"n 
."",."", 
.'I')nnf'lnl'l/') 
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.OQnQ090q 

.O~~~3"3~ 

.07F1Q2':!07 

.07 1 4?fPn 

.nM .. "",1:t6", 

.'42~S;714 
~ 12~tlOt)M---·- ---. 
• ""nll 
.tnnnnnt'n 
.n cMc)090Q 
.ne~~~~~~· 

.076Q2':!07 
,-;1\7 14?-8~i------
'.06666666 
.062~OOon· 
.1251'0000 
.1''''-''-;-'1 
.,nnnn""n 
.09n<:tn90Q---·-
.OA1J,3333 
.(176Q?~07 

.0714281:7 

.06666666 

.06250000 
-; 058A2~~i----· 
.1l'''~111 
.lonnonnn 
.09090909 
:.OR3~3~3--:j· --
.o"f.°?~07 
~o7i 4?A57----
.066M)~~_6 
.06?C;OOO'l 
·.OS;8~7.~C;2 
.o~e;~·~CjC;-~ 

.10nOOOOn 
-~-090Q0909 
.08333333 
.n 7 6923(n 
• 0" 1 4? ~ I) 7_ 
.0,.,,,,"6",,,,., 
.nl.?.::nnOn 
.nCj~~?~Cj:? 

.• f)~CjC;5Cj~ I) _ . 
• nCj2",3157 

o 

CASE 1 

LENGTH: 6 
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''''l00'' 00 ·02 04 6M666 -Cl 07 09 
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170564 01 05 06 
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07 
07 
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01 
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06---
07 ------06 
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07 
01 
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07 
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06 06 
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06 08 
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07 01 
07 02 
01 03 
07 04 
61 05 
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01 10 
08 01 
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08 06 
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09 04 
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'R4Q2c; 
14"1)65 
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Q41139 

---;Y-R-10QO -

6/'\'1""'7 
':196560 
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'''''147 
1!~~~ _______________ -_ -
'~t'll0' 
129063 
111234 
°fl""I5':! 
.744 ' " 
,,,n~6" 
71M3'" 
17}117 
11:,160~ 

1 ~6' 36 
''''294~ 

__ 1 D~~~_ 
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-01 
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::'01 
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-(\2 
-00 
-01 
-01 
-01 -- -
-01 
-01 
-01 
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=02---
-01 
-01 
-01 
-01 
-gJ_ 
-01 
-01 
-01 
-02 
-02 
-91 
-01 
-01 
-01 
-01 
-01 
-01 
-01 
-02 
-02 
-02 
-02 

_-Q2 
-01 

01 01 
01 02 
01 03 
:)1 04 
01')5 
01 06 
01 07 
01 ()8 
01 09 
oi 1') 
()2 01 
0202 
02 03 
02 04 
02 05 
02 06 
il2 07 
02 08 
02 09 
02 10 
03 01 
')3 02 
03 03 
:13 04 
')3 05 
03 06 
03 07 
03 08 
03 09 
,}3-10 
14 01 
04 02 
J4 03 
::14 04 
04_0? 
04 06 
C4 07 
04 08 
04 09 
04 10 
')5 Ql 
05 02 
05 03 
05 04-
05 05 
05 06 
05 01 
05 OS 
05 09 
05 1':; 
06 J1 
06 02 
06 03 
06 04 

o 
'''477, 
, "'2F\nl; 

''''?64 
09(n 69 
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04?622 

--f6"15J n 
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4f;465~ 
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DESCRIPTION OF DECKS RECEIVED 
----\'iITH THIS PROGRAM 

There are three decks received with this program. These 
are described as follows: 

1. 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 nu:rnbering 
system is such that the first card is nu:rnbered 003 and 
the last card 441. This is to serve as a constant re­
minder that cards 001 and OOZ are parameter cards 
which must be supplied at the user's location. 

Z. A sample object program which was produced using 
a mantissa length of lZ and a matrix rank of 3. There 
are ZZ6 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 l8 data cards sequentially 
numbered 001 through Ol8. 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 cop­
stant vectors (the last nine cards). 

Items numbered 2 and 3, as specified above, were utilized to pro­
duce the nexJ 16 pages in this document. The first eight pages 
demonstrate the solution of the system of simultaneous equations 
utilizing the 0 fiLL operation, as described in the section entitled 
"NOISY"mode. The remaining eight pages demonstrate the solution 
of the system utilizing the 9 fill operation as described in the section 
entitled "NOISY"mode. 

/1.5 

c () 

MATRIX 
100000000000 en 
200000000000 ell 
300000000000 81 
000000000000 -U 
200000000000 .'1 

-300000000000 Q\1 
~ooooooooooo en 
700000000000 G.11 
100000000000 01 

III, 

( ", 
,,--J 

01 01 
01 02 
01 03 
02 01 
02 02 
02 03 
03 01 
03 02 
03 03 



0 0 0 • 

CONSTANT VECTOA 
I NVEJ:<SE 000000000000 -99 
-621621621611 00 01 01 100000000000 01 
-513513513508 00 01 02 300000000000 01 

324324324322 00 01 03 
405405405401 00 02 01 
378378378376 00 02 02 

-810810810801 -01 02 03 
270270270270 00 03 01 

-810810810810 -01 03 02 
-540540540540 -01 03 03 

/17 lit 



SOL.UTIO~ VECTOR 
459459459458 
135135135136 

-243243243243 

c 

00 
00 

-00 

119 

o 

CONSTANT VECTOR 
-100000000000 

200000000000 
300000000000 

01 
01 
01 

/2tJ 

.. 
• 



• 

o 

o 

o 

... --000 

IX 
0000 
.... 000 
UOOO 
lIJOOO 
>000 
... ggg 
ZOOO 
<000 
.... 000 
11'1000 50:1,..-
U 

000 
000 



MATRiX 

SOLUTION VECT~ 
100000000000 01 01 01 

-824324324311 01 200000000000 01 01 02 

561081081075 01 300000000000 01 01 03 

154054054055 01 000000000000 -99 02 01 
200000000000 01 02 02 

-300000000000 01 02 03 

500000000000 01 03 01 
700000000000 01 03 02 
100000000000 01 03 03 

12.3 114 

c o ;< '\ 

~) " 



0 0 0 
INVERSE CONSTANT \lECTOR 

-621621621611 00 01 01 
000000000000 -99 

-513513513508 00 01 02 100000000000 01 
324324324322 00 01 03 300000000000 01 
405405405401 00 02 01 
378378378376 00 02 02 

-810810810801 -01 02 03 
270270270270 00 03 01 

-810810810819 -01 03 02 
-540540540540 -01 03 03 

/:<$ /J-b 



SOLUTION VECTOR 
~59~59459458 

135135135136 
-2432~32432~J 

c 

00 
00 

-00 

;l7 

o 

CONSTANT VECTOR 
-100000000000 

200000000000 
300000000000 

01 
01 
01 

. 12.8' 

( 
"'--_/ 

, 



o 
SOLUTION VECTOR 

567567567557 
108108108111 

-594594594595 

00 
00 
00 

12.1 

o 
CONSTANT YECTOR 

800000000000 
700000000000 
100000000000 

o 
01 
01 
01 

• 

1.30 



SOLUTION VECTOR 
-824324324311 

581081081075 
154054054054 

c 

01 
01 
01 

/3/ 

() 

PROGRAM LISTING 

The attached listing was assembled using a "LENGTH" operand of 15 and a 

"Nil of 10. All addresses above location 454 will be altered for different 

parameter cards. A listing is given here only that the interested used may 

.see the program instructions. Core locations will not correspond for 

parameters other than those specified above. 

13~ 

f 



.. 

"("101' 00001 LENGTH ~C; .15 OOc'll! 
("1"010 000"1 ,. OS .10 ona4 
""0'" OnoQ9 L OS .LENGTH1;2 0006 

0 
00402 "6 004'" 00400 01025 GO RC" AOI029 0008 
(\1'414 1" "''115 00000 01026 TOM NOIS~&100 

-.---.---~.- . 0010. 
1'("1476 ,,0 07116. 1'100011 01027 R A02001 0012 
1'''."l4 010211 OORG *-:1 -.---.--- .... _ ... _'0014 
"I'I.~4 1'1 07515 00009 01029 AOI029 TO!04 NOtS~&lM.9 01116 
""446 40 Cl?864 1'100011 OlO~O ~ A020111 ... _.-- --_ .. ---_.- 01)16 
",,4'1" 01031 OORG *-3 0020 
01'\."4 49 0'1'" 00000 010'32 . ,.. . AOU30 .. _ . __ ._'._ . . _____ .... __ .. M22_ -.. 
CI('I461 010H OORG *-.. 002 .. 

"".":P OOOP 010'9 !o4TX DC; .L .. _. __________ ._. __ . ____ . ______ ..... __ .. _____ . _ .. _.0026 __ .. 

1'217" 01700 010.0 OS N*N*L 0028 
"2119 ,,0002 01050 PIVTBL OS 2 ._. ___ . ____ ._ . __ ._. _____________________________ . ___ . __ ._oo~o_. _ 
02197 00018 01060 OS N*2-2 0032 
1'12199 00(102 01061 UPTBLE. OS 2 _.---OOj4. _____ 
02211 00018 01062 OS N*2-2 00'6 
"2222 (100(,,\ -0010 01070 TA~LE OS .. N.L _ --.--- .. - ---. • ____ . ___________ . __ .. _ ... ____ . ___ .. _. _ 0031. __ 

"222" 001'(''1 -001" 
"Zl4 .. (lOOP 010110 DC L.O . .. " .. -.- - - ... - .... , ... _.0041 •.. 
0224 .. 00002 01090 ZERO DC 2.-99.* 00 •• 
"2261 000·1" 01091 DC .L.o .. .. --_._._--_ .. . .• ____ ._.C041 ____ .. _ 
111161 00002 01092 ONf: DC 2.1.* M50 
"2220 01100 ",ASTER OS • TABLE-2 .. - .. --."._--._------._-- -_._--_. .0051 __ . 
('12225 01110 TE"'PI OS .TABLE&3 00'55 
01178 00017 01130 TEMP' OS .L -- --- ..... -.. -- .-. _.- _ ...... __ .. _, 0057 
""29' 00017 01150 wORK OS L 00'59 
"2 .... & OIl, .. , 01160 OS __ N*L-L. ----.-------.--------- 0°6..1.--. ___ 
~24ge ()O(l~" 0117n DNA 50 oon 
°2'};!8 00030 01180 "LANKS DNA 30 .. - ... -- -----.~-

.. ___ . ____ 0066 ___ 
1'J25~9 00001 01190 DC 1.", 0069 
"2'11'19 ,,0040 01191 OS 40 - ~ .....• -.. - ...•. - .. - ---. __ . __ .- --.-. ~.---.... .-. _: .. __ 0072 .. _. 
"<>609 ()OO40 01192 ICON2 DC 40.0 0074 
02570 00041 0119~ DC . 41,0 .KONZ.-.39 __ .-------- • ___ .. _ . ..D077 _ __ . ___ 
"7.611 00080 01200 OUTPUT OAS 80 0080 
"271.1 o~OO8 01210 eMNT1 OAC 8,INVERSE- . - .. - .. - .... - - _. -_ ... .0082 
1'l?7117 000()7 01220 C"MNT2 OAC 7.MATRfXII 00a5 
"'"('1 00"16 012)"0 CMNT3 OAC 16.S0LUTION VE'C.TOR~. - -. -. '--', .•. - . 0088 
()2&~" 00016 01231 eMNT4 DAC 16.CONSTANT VECTOR .. 0091 
n2864 l' 02'145 OOOOJ 02001 A02001 TO!04 .. ONE-UrI. 1 .11 ___ ... _______ . _____ -.-.. -- ----. ___ . __ ._0094 _._. 
fI 211 1(, 16 0'1:>6;> -'597. 02003 TFM A 17103&'6 .PUNCH2 0096 
t'l?IH1~ 16 0~0~5 -0477 02010 TFf14 A051 50&.2' .MTX ... . _009" 
MI)Il() ,,. o~,..t 00000 05010 C;F TAALI'-l 01 Of) 
"7911 05011 TEMP69 OS .* ... . 0102 .. 
n29\2 ,," on:>6 00000 050?J0 Sf&' TABLE~4 0104 
n29;>'" 16 029'14 -2199 .. 0'50'1 TF!04 .A05033&6.UPTBLE_ .. __ . ___ . __ . ______ ._ .. 0106 
()19,6 16 029'1'1 0(10-1 050'32 TFM A050~3&11.1.l0 01M 
t')29 .. /l 110 OO()OO -000" 050'~ A05033 TFIII 0110 
"19611 11 029'19 ()OO-1 0'50'. AM *-l.lt 10 0112 
""972 11 029'" 000-2 '0'503'5 A'" A05033&6.2.10 011. 
"2911" 24 02959 02222 05036 C AO'5033Hl.TABLE 0116 
"290.6 ." "2948 01101) 0'5031 "NH A050'3' .. --------- -----0118 

0'5050 • READ DATA··-AND STORE UntOw- 'ARR-iv --------.- nlZO 

o 
-------.---------------------------------------------------

o 



r'I'one' ~., n"?~~ M'IrJI'I 0507(\ A05070 RACD tNPIlT n1?7 
O~O70 ~7 06 .. 18 06 .. 71 05090 AT FLOAt.FLOAt-l 01i'4 
0'30,2 16 Ot'l?7 :"305; 0511S0 AO!!l'O TFLS .DOII~ 0126 
1'13044 ,~ 014~6 00000 
1'\30'11 Onon~ -01'100 
030'56 OMM -12~4 
1130112 11 r'I~M'I "OI'lP 0'170 AM AM1'10&23.l 1'11'1 
1'I'1~14 H 9~P~'5 .0.;1117 0'5190 ~~~ AO!!l '50&23 .MTXSH*IiI*L 01 'I' '-
1'1'1(;111\ l! o .. ntifll 1'1 12!,'1r'1 O'5~nn AO'101n Ill"'· 
0~~98 .,. n~l~' 00200 1'1,\2,,,, ~~f'- .r~~ .. n I'll '7 
OH10 2:t 8~$_6 on" Q!!U!I ~T ~b~~ Jil::eD-t IH'I9 
l'\~lU 17 ~l. -. ~~ ~'5 .~ "U Y t1 .~~u hlltl 

"'~l". ,,~ 9L1na fll!;!2! 1'111"0 AIISUO TF MASTER.TA"LI! 01;'3 
0'3146 16 OHII6 -'-19., 0'52"1 TFM A06160&6,PIVT8L&N*2-2 01'" 
O'HII8 46 0'1776 I'IOlon 05260 A05260 ACI A0903n nl;,7 
1'13170 26 onll'! 1'12221'1 06010 TF TEMP1,MASTER 0149 
03182 III 0222' 000-1 06020 SM TEMPl.l.10 01'B 
1'\'1191' 06021 TEMlt4 os ,AO'260&3' 015' 
0'1194 16 n .... ? -047., 06030 TFM A06120&28,MTIC 01'5 
1'1'1206 16 0""'2 -0417 06040 TFM A061M&28.MTX nl"7 

060'50 * SEARCH 1ST ROW FOR AIJ MAx 1'11'59 
1'\~218 13 02225 -0017 06060 101M TEMPl.L 0161 
11321\0 1\, 00011'5 onnon 06070 ~F 95 1'116' 
n~242 11 001'199 -0477 06080 AM 99,MTX 0165 
0"''14 16 07'?7 -3277 061M TFLS TEMP,.ZF.RO 0167 
n'l266 49 n74C16 (10000 
0'1271 ooon, -2278 
1'132"'8 000(1'5 -2l144 
11'3284 16 O'lCil 000-1 06110 TFM TEMP4.1.10 0172 
11'12<16 16 07'5'''' -~"'t9 06120 A06120 TFLS MUt.N*N*L, 0174 
O'3'OS' 49 074<16 OOOM 
(1331' 0001'15 -2177 
/'I,,,?O MOM -0001'1 
(1"26 1\1\ 0217' Mono 061~0 CF MTXt.N*N*L-2 0179 
1'1'3''''8 16 n7"?7 -1\'61 06140 A06140 F5 MTXt.N*N*L. T~""" 0181 
1'1"'10 49 07416 1'10000 

. 0""'17 OOM5 -2177 
1'13 .. ,,2 0000' -2278 
0',,,7 06141 HOLD DS .A06140-1 0186 
1'1"68 47 0341\4 01100 06150 B"'~ A07010 01118 
03'180 26 OOMn O'H91 06160 A06160 TF .TEM·P4 (ll90 
03'.\92 26 0'l4#.7 (')3191 06170 TF TEMP5,TF.M~~ 0192 
n~404 I#. 0"''I?7 -11421 06180 A061110 TFLS T£""'1\. n1'l4 
1'1'1416 4C1 074C16 OOOM 
/'I'I4?' 01'11'10'1 -lI77A 
03428 0000'5 -ooon 
0~.4'4 11 03';>4 -0011 07010 A07010 AM A0612(lt.28.L 01'19 
0'1446 11 0'4'2 -0017 07020 AM A0618O&211.L 021'11 
034'11 11 03191 000-1 070'0 AM TEMP4.1.10 020' 
0"141\7 010"11 TEMP5 05 .*-2 t'l?0' 
113471'1 24 0"?4 00099 07040 C A06120&28,"9 021'17 
(1'1482 47 03,96 1'11101'1 070'0 RNH A061,0 n2n'l 
n~494 11 01386 000-1( 07060 AM A06160&6.2.1011 0211 

07090 * PIVOT 0213 
0,,1'16 .Ill 0'467 nM-l 08010 SM T~MP5.1.10 021;'" 

.- - ~ .. ' .. /03'1 0 
----n3'118 46 1l"!716 1'11200 Oeo20 liZ A090,(I !l211 

1'1'1'1'10 1''1 (1346'" -0017 011031'1 ",114 TEMP5.L 0219 

1'1"42 " 00095 00001'1 08040 5" 95 0221 
11'15'14 11 00099 -0477 011045 Af14 9',"'TIC !lZ2~ 

1'1'1566 16 0"642 -1'1477 08050 TFM A08090&28.IoITIC 022'5 

OV;78 It. 0'667 -0477 08060 TFM A08100t.?,.MTX .... .. .-0227 

11'5'10 26 01\61;0 01'l0~9 08070 TF A081nO&28., .. 0229 
03602 26 .1'13697 00099 011080 TF A08110&2'h99 02'1 
03614 16 07"127 -36<17 08090 A08090 TFLS MTXt.",*"'*L. 02" 
1'1'16;:>6 49 0741'16 000 on 
1'13633 00005 -2177 
0'638 00005 -0000 
1'111644 16 075?7 -3667 08100 A08100 T~LS •. 02'8 
036'56 49 07496 (10000 
(I'66~ 001'11'1'1 -0001'1 
(13668 00M5 -01'101'1 
(13674 16 07517 -3697 08110 A08110 TFLS .MTX&N*"'*L 024' 
03686 49 07496 00000 
0'3693 OOnl'l' -Mon 
0'6911 OOM'} -2l77 
0'17(\4 11 03642 -0171'1 08120 AM A08090&28.II*L 02413 
0~716 11 01\667 -0170 081 '0 AM A08100&2, • " .. l. ... 0250 
n'l7?8 11 0'1672 -0170 08140 AM AOIIIClO&lIlI.N*L 02'2 
0'1740 11 n3697 -017n 011150 AM AOel! o &l.h!!!L _ ,. ' 0254 
on'!2 14 1'1'642 -2177 08160 CM A08090&28.MTX&II*N*L 02'16 
('1'1764 47 0'614 1'1120(1 08110 BNE A08090 .. 02'HI 

0111110 * PIVOT CO"'PLnE 0?-60 
09010 * BEGIN ITFRATlOfl FOR J"VEAS! 0262 

0'1716 21\ 00079 02,.,01'1 OqO'O A09MO TF 19.KOHZ Ol64 
!I 3788 III 1'17527 -3811 09040 TFL5 WOAK&"*L-L~QNIL . 0266 
"'8()0 49 1'17496 OMOO 
03111'17 00005 ·2448 
n3812 0000'1 -2261 
031118 16 07527 -3841 09050 FD WOAKU*L-L ''''TX. 0271 
('l~I'I'Io 49 07476 oooon 
"311'17 00005 -24411 
(nll"'2 nnM'5 .0477 

"'~4" 16 1'1"919 -219'\ 09060 TF,.. A0912o&1 ... WORlC 1'1276 
I'n360 16 0~1'I14 -0"'9. 0906' T,.M A091 10&211 .MTX&L 0278 
031172 16 03949 -2295 09070 TFM "n9130&23,WOItK nZ80 
n3!184 26 00079 02609 09110 A09110 TF 79.KONZ 0282 
036Q6 16 0"17 -3919 09120 A09120 TFLS , 0284 
11'908 49 07496 MOon 
n~915 1'1001'15 -0001'1 
n'9<,0 0000"i -ooon 
n"?6 11\ 07'127 -'1Q49 091'0 An91'10 FII>I ,WOAK&N*L-L 02e'9 
1'1'9"18 49 n741\6 noOM 
"'94'1 noM 'I -ooon 

0 n39'10 noM5 -2448 
1'1'9'16 11 (1'919 -0017 09140 AM A09120"-',L n2C14 
1'13968 11 n'l914 -0017 09UO AM A09120&28.L 0296 
11'9110 11 n'lQ49 -1'1017 091" AM AI'I91Mt.""L 0;><111 
(1'499" 14 0'1949 -2448 09160 eM A091 1101>1' .wOttic'"*L-L n~on 

"4004 47 0'118114 01200 n9170 R,.,. AO"110 n"n, 
n40t6 '" 04'47 -1'1477 1(')010 T"'" Al01OO"",,MTX 

135' 
(\'04 



fl402B 16 041~2 -0647 InOZO TFM A10100&211 .MTXt.N.L O~M 

04040 16 04177 -0477 100~0 TFM AI0110&2:3 ,MTX 030:) 
n400,;1 I" 04;11'7 -0664 10040 TFM Al 0120/;2, .MTX&"'.L&L n'IO 
n1lC"4 16 o,,?] ? -0477 IM50 TFM AI0120&?II.MTX 0<11,. 

0 
1'4076 16 042,7 -047'7 10060 TFM A10125&21.MTX 0114 
n4088 16 04242 -0664 1006~ tFM AI01Z,t.211.MTXt."'·l&L 0316 
(14100 16 041!!? -2295 IM70 Alo010 TFM A1011M211t~O~K o'nll 
041t:' '16 00019 M609 100<10 AI00110 TF 1C),KOHZ 0'20 
041~4 16 070,,, -4147 101nn Ai 0100 TFUj , M12 
041':1~ 49 07496 00000 
M14' Mon" -flOon 
nr.141\ ol'lnh~ ;:0"(1('1 
~1t'~1t ~ " Alii;!" "ltlH HlHt! AlIH~A F~ ;:fie" 
04166 49 074 .. 6 00000 
0417~ 00005 -0000 
04178 0(1 o nos -0000 
0411'14 16 07"" -4107 10120 AI0120 F., 0"2 
(14196' 49 07416 00000 
(1420' MOM -0000 
04208 noM5 -ooon 
n4,214 16 07527 -42n 10125 AlOl25 TFLS , 0"" 
04226 49 07496 0001\0 
042'13 (10005 -oono 
042"!8 01'1005 -0000 
1'14244 11 04147 -0017 101,0 AM AI0100&2:3,L 0342 
1'1420,6 11 04177 -0017 101 ''5 AM A10110&7.'hL n'44 
04268 11 0418'1 -onl7 11'114n AM AI0110&~I'I,L 0':141'> 
042110 11 042'('17 -0017 1n14'5 AM A101,0&''1.L 0'!4A 
04292 11 04212 -0017 10150 AM AI0120&28.L 0'50 
"4:304 11 042,7 -0017 10155 AM AI0125&23,L 0'152 
04'16 11 04242 -0017 10160 AM A1012'5&28.L 0354 
(\4'28 14 041117. -2448 10170 'CM A10110&~I'I,WORK&"'·L-L 0"'16 
"'4~40 47 04112 017.00 101110 "'NF A10090 0'1'\8 
04'10;2 7.6 044"15 04152 10200 TF A11010&23,A10100&28 0360 
04:364 26 0446S 04147 10210 TF A11020&23.AI0100&2:3 0362 
04n6 26 04495 04147 10215 TF AII030&23.~10100&23 0364 
n4:388 26 04500 04157. 10217 TF A1l0~0&28 ,A10100&28 0~66 

04400 21'> 00079 021'>09 10220 TF 79.KONZ 0'168 
04412 16 07 .. " -44'1'5 11010 All010 FM ,WOltlC&"*L-L 'I'no 
n4424 49 074'56 1')0000 
044''!l 00000; -ooon 
n44"16 0000'5 -2448 
04442 16 07'1~7 -446'5 11020 AI1020 TFLS ,Z~RO 0315 
044'>4 49 07496 00000 
n4l.61 00000; -0000 
(\4466 00005 -2244 
04472 16 07'5" -449'1 110'0 AlI0:30 F!i CI'I80 
04484 49 07416 oooon 
n44e/} 00('10'1 -ooon 
04496 00nn5 -ono!' 
04502 11 04147 -0017 11040 AM AI0100&2~.L 0"8'1 
04514 11 04117 -0017 11050 AM A10110&23,L 0387 
n45"6 11 04"07 -0017 11060 .6101 AI0120&2:3.L o 'HI 9 
04"8 11 n4212 -0017 11070 AM AI0120&28,L 0~91 
04'1'50 11 042--7 -001'7 110110 AM AI012""hL 

13.' 
0'9" 

0 
----------------- ---------------------------04'\62 11 047.42' -0017 11090 A 1.4 A10125&28,L 01;9'1 

04574 11 04152 -0170 11100 AM AI0100&28."'·L 0397 

04586 14 04152 -2177 11110 CM A10100&28,MTX& .. • .. *L 0'199 
04598 47 04100 01200 111:30 BNF A10070 0,,01 

04610 16 n46'57 -2007 11140 TFM AI1170&2~,MTX&H*H*L- .. *L 0"0'1 
n467.2 16 04662 -229'1 11150 . TFM AI1170&28.WORIC MO'S 

fl46'14 16 07'117 -4657 11170 All170 TFLS , M07 

04646 49 07496 00000 
(\46'>3 1'1001'1'1 -ooon 
046'\8 00005 -0000 
04664 11 046'57 -0017 11180 AM A11170&23.L MI2 

04676 11. 04662 -0017 11190 AM AI1170&28,L 041<11 
(\4688 14 04662 -246'5 112no Clol AI1170&28,WORK&"'·L 0416 
04700 47 .04634 01200 11210 BNE A11170 ()418 

04712 1" 022,0 000-1 12010 !iM MASTFR,l,lO 0420 
04724 47 031'18 01200 12020 8NZ A05260 04Z2 
04736 46 05232 00100 12021 ~C1 Al7101 0424 

120:30 * INVERSE CONPI.!TE 0426 
12040 • R~-PTVOT M;>a 

04748 16 0479'1 -2179 13010 TFM A130'0&11.PTVT8~. 04'0 
04760 16 02210 000-9 13020 TF,.. MASTFR .N-l • HI 01,'l2 
04772 16 0:3191 000-1 1:3021 A13021 TF'" TEMP/.,I.10 0434 
n4784 26 M911 00000 13030 A13030 TF TEMP'69 04.,6 
04796 24 029U 03191 B040 C TEMP69.TFMP .... C""HI 
04808 46 051114 01200 13050 ~E A17CI'IO 0440 
(\48?0 21 02911 02220 13060 A Tf'MP69 .MA~TF~ 0"f.2 
1'148<12 21 M19) 02220 13070 A TEMP4.MA<;TER 041 .... 
04844 27 04926 02911 13080 8T CALC.TEMP69 O1,4,(, 

048'16 26 0'50'i0 000</9 130</0 TF AI6080&28.99 C4e.;, 
04868 26 05075 00099 HIM TF A160</0&23.99 04':>0 
04880 7.7 049?6 0'191 1'1110 BT CALC.TFMP4 (41)2 

041!92 26 0'5011(\ 00099 13120 TF A16C90&18,99 04'!4 
n4904 26 05105 00n99 131'10 TF A161M&~'.'9 04'.16 
04916 49 05010 00000 1:3131 B A14180&12 04'18 
049'3 13132 O~G *-4 0460 
n4924 00002 14080 OS 2 0462 
n49'~ 1'- 049~'\ MO-l 140ClO (ALe ~M CAL<~-I".IO 0464 
(\4938 13 049"5 -COlO 14100 MM CALC-I.N 0466 
1149'10 26 05009 OMCICI 14110 TF GOLO.99 0468 
04962 1 'I 00,009 -0017 14120 14M GOLO,L 047C 
n4974 " OCOCJ'I 00000 141'n SF 95 C412 
04986 11 00099 -04'77 14140 AM 99.MTX 041. 
1'14qCJ8 4~ Mono MMO 141110 A14180 .A~ n476 
(10;009 14200 !';OLD DS ,A14180&11 0418 
05010 26 02911 C2222 16060 TF TEMP69.TAI'ILI! (1480 
nll022 16 07527 -5045 160&C Al60BO TFLS'· TE"'P:3. 0482 
050'14 49 07496 MOOt) 

0 
05041 000n5 -2n8 
n~046 MOO '5 -0000 
1'1.,00,2 16 07'5" -50H 1609C A160ClO TFLS , 0481 
00.064 40 07496 "1)000 
0.,071 00005 -Mon 
0'>076 MMo; -ooon 
n.,082 16 07517 -510'5 16100 A16100 TFLS ,TFMP'I 0492 
1)'5094 49 07496 OMM 

IJ7 



0'1101 ooMo; -0000 
O'H06 OCtn05 -2278 
0">112 11 0'1(10;0 -0017 161;!0 A'" A 16080&<'8.L M97 
01,174 11 0'1070; -0017 161'0 A'" AI6MO&n.L 0499 

,0'1"6 11 O'IMO -0017 1614n A'" A16M05-28.L 0501 
0'1148 11 O'Slno; -0017 16150 AM . AI6100&23..L 0'103 
M160 I? n2911 000-1 16160 SM TEMP69.1,10 0505 ~,. ,I 

0">172 47 05022 01200 16170 8HZ A16080 0'107 
0'111"4 12 OUl'O 000"1 17080 A17080 ~M MASTEl"! ,10 0'109 
00.1096 11 047"0; rH)O"~ 170'*0 AM 1.110'10&11.2,10 0'111 
0'1208 14-04795 -?199 1 "f091 eM Al ~0'!05-11 ,PtVT8Lr.N*2 O'H'" 
(\~Uo 47 04"f"f2 (1121'10 11092 '!111ft AUO:H 0'11'1 
tlU"I2 4T 05268 OO~OO lurn Al nOl ANC' *&'6 0511 
0'1244 27 00;846 05845 17102 8T CLCD,CLCO-1 0'H9 
0'120;6 17 oooon -5<'68 171(\3. AI7103. ATM .*&1? 0521 
M268 16 0'''62 -5914 17104 TFM Al7103.&6.PUNCHI 0'12' 

17110 * RE-PTVOT COMPL.I'TE 0'12'1 
18040 * IF NO SOLUTION VECTORS 0527 
18050 * PROGRAM HANGS UP WITH 0'129 
18060 * READER NO FEED. CONOITION 053.1 

M21!O III 0'1'41 noOOl 18070 1.18070 TDM 1.181'10&1,1 0'13.3. 
05292 16 0.,.,5 -22.90; 18090 TFM A18180&2~,WORK 0'1" 
(')'0'(1. 16 0'144" -6268 18100 TFM A18190&6,PUNCH3. 0'1'" 
0'l'H6 '17 072'1'i 00'100 18110 Al8ll0 RAcn INPllT 0'13.9 
0'S318 27 06H8 06H7 119120 8T FLOAT ,FLOAT-l 0541 
0'1".0 41 0'1412 00000 181'10 A1813.0 NOP A18180 0543. 
0'1"1 .. 2 III nos .... 1 (lOO09 18140 TOM A1813.0&1.9 0'14' 
0~"'64 21 0'11146 0'5840; 18150 AT CL.CD.CLcn-l M47 
"11"1'76 "II 02610 0211", 111160 Tit OUT"trT-l.CMNT4-1 O'H·' 
0'1"188,1'1 02641 OOOM 18161 TOM OUTPUT&30 , 0551 
0'1400 '9 0:>611 004M 18170 WACO OUTPUT 0553 
n5412 16 07'1'7 M54'35 18180 Al81110 TFLS .DONE 0'155 
0'1.24 49 07496 00000 
054"11 00005 -0000 
0'1436 000(\'1 -72"14 
M.4;! 17 noooo -'5.54 18190 A18190, ATM .*&12 ,0560 

,0 ... 114 16 (')'1448 -6'04 111200 TFM *-6,PUNCH4 0'162 
05466 11 054'1\5 -0017 111210 AM AI11180&2"1.L. 0564 
0.,.711 I.' 0'54"15 -2465 18220 CM AI8180623.WORK&L*N 0566 
"5490 47 05"'16 01200 U230 ANE A18110 0568 

19010 * SOL.VF SY5TEM IIY MATRIX 0'570 
19020 * VECTOR MULTIPLICATION n'}72 

nr.0;02 27 05846 0'\1145 19030 8T CLCD,CLCD-1 0'17. 
0'1'114 ''I 02610 02800 19031 TR OUTPUT-1.CMN"-1 0576 
0'1526 1'1 0?6.1 00000 19041 TOM OUTPUT&30 0578 
M5"18 34:/ 02611 00400 19050 WACO OUTPUT 0580 
0'1'5110 H. 0'10;115 -0477 18060 TFM A19080& 11 ,MTl( 0582 
0'l56? I" /)'17114 -6268 19010 TFM A1918o&6,PUNCH3. 0584 
" .. 5'14 16 00;668 -0000 19080 A19n80 TFM A19110&:>1I 0'186 
05'186 16 0'1698 -2295 19090 TFM A19130&211tWORK 051111 
nr.5CJ8 16 07'1?? -5621 19100 TFLS DONE .ZERO 0590 
05610 49 07496 00000 
0"617 00005 -72'4 
056;!2 00005 -2244 .. 
05618 26 00079 02609 19110 Tft 19,1(0"'Z 

13K 
0'595 

0 
0'1640 16 07517 -'166"1 19120 A19120 TFL.S MTX&N*N*L, 0'597 
0'\652 49 07496 00000 
(156'59 00005 -2177 
M664 00005 -0000 
0'5670 16 075?? -569' 19130 A 1913.0 FM MTX&N*N*L, 0602 
05682 49 07456 00000 
0'1689 0000'1 -1177 
05694 00005 -0000 
0~700 16 07'\27 -572' 19135 FA DONE ,"'TX""'*N*I. 0607 
01\ 712 49 074"6 oooon 
""719 000115 -723.4 
05724 no005 -2177 
0'1.,...0 11 0'1668 -0017 19140 AM A19120&28.L 0612 
0'17.2 11 056911 -0017 19150 A'" AI91,0&28.L - 0614 
0'170;4 14 05698 -246'5 19160 CM AI91"10&28,WORtc£.N*L 0616 
05766 47 056'" 01200 1'1170 IINF A191,0-17 MlS 
"'1778 17 ooono -5790 19180 A19180 IITM .*&1, 0620 
n'l790 16 C'l5734 -6'04 19190 TF'" *-6,PUNCH4 0622 
05802 11 0"585 -0170 19200 AM AI90l'!0&11,N*L 1')62. 
05814 1 '1-. C»lS1I5 -2177 19210 CM AI9080&11,MTXt..N*N*L 0626 
(1'111<'6 t,', C>'!574 01200 19Zzn IINF A1901l0 0628 
0511"18 1019 052M 00001') 19230 A A18070,,0 06'0 
00.846 192'10 DORG *-, 063.2 
051146 16 05864 -2611 79020 CLCO TFM CLCO&U .OUTPUT ' __ 063.0\ 
0'11'1'18 16 00000 000-0 790'30 TFM ,,10 06'36 
05870 11 b'l86. 000-2 79040 AM CLCD&18.2.10 06'38 
0'S811~ 14 0'111"4 -2771 79050 CM CLCD& 111.0UTPUT£. 160 0640 
01,89. 47 0'111'511 01200 79060 tlNF CLCO&12 0642 
0'5906 4? ooono oooon 79070 ~'" M44 
05908 790110 DORG *-9 0646 
0'1912 00005 790111 05 5 060\8 
05914 3.1 02610 0~786 80020 PUNCHI TR OUTPUT-1.CMHT.2-1 06'50 
no,q,6 III 0'6?3 00000 80021 TOM OUTP\JT&12 0652 
0'19"" '9 0~611 (10400 80030 WAcn OUTPuT 0654 
"'S9'10 26 06162 M91 ... 80031 TF A802.0&6,PUNCH1-1 06'16 
05962 49 06022 00000 11003.2 B 1.80070 ~6'58 
0'1.974 3.1 02610 02770 80050 PUNCH2 TR OUTPUT-l.CMNTl-l 0660 
05986 15 02615 00000 80051 TDM OUTPUT&!4 0662 
M99l'! ,~ 02611 00.00 80060 WA(n OUTPUT 066. 
06010 26 06262 0597'1 80061 TF A80240&6.PUNCH2-1 0666 
06022 16 060911 -0477 110070 A80070 TFM A8011 0&1.8 ,MTX 0668 
060'34 '1 02610 02449 800110 TR OUTPUT-l.BL.ANKS-?9 0670 
06046 16 c)2685 000-1 80090 TFM OUTPIIT&74.1.10 0672 
"60'18 16 0;>689 1'100-1 80100 A80100 TFM OUTPlIT&78.1.10 0674 
06070 16 OH?7 -609' 80110 A 110 110 TFL.5 OUTPlJT&L-2. 0676 
(16082 49 07496 1'10000 
1'16089 noM5 -26~~ 
1'160«14 0001'\5 -0000 0 06100 27 070<,0 07019 110111 BT 5PREAO.SPREAD-i 0681 
06112 '3'3 0?68. 00000 Boan CF OUTPUT&n ()68' 
061?4 "13 OZ688 00000 801'30 CF OUTPUT&77 0685 
061'36 3.11 01610 00400 8n140 WNCO OUTPUT-l , , 0687 
06148 '2 026114 00000 80150 SF OUTPtlT&n 0689 
06160 ..., (176118 00000 110160' • SF OUTPUT&'77 0691 
MI71 80161 T£I'I'98 OS .* 1,39 0693. 





1'72'19 MN" 941'1) DC 2.0 M14 
1'7261 00002 94140 DC 2.0 0917 
07263 00002 94150 DC 2.0 0920 
0726'1 OOM2 94160 DC 2.0 092~ "\ ('\7267 00002 94170 DC 2.0 0926 I 
(1726 9 00002 94180 DC 2.0 n929 ;,I 
07211 00002 941'10 DC z.o 1,932 
07273 OOM2 94200 DC 2.0 093' 
(')72711 nooo:.> 95010 DC 2.0 1)9'8 
(')7217 (10M2 95020 DC 2.0 0941 

~~nt g3~~t nSlg g~ 2.Q g;1~ ;",h 

1'17211' Mon2 95050 DC 2.0 n950 
07211' 00002 9'1060 DC 2.0 M'~ 
072117 00002 95070 OC 2.0 09'16 
1'17289 OOM2 9'10~0 DC 2.0 0959 
072'11 00002 95090 DC 2.0 0'162 
072il~ OOM2 9'1100 DC 2.0 096'1 
07295 00002 95110 DC 2.0 0968 
07297 00on2 9'1120 DC 2.0 0'171 
1'17299 0001'12 95BO DC 2.0 0'174 
1'\1'01 MOl'l2 95140 DC 2.0 0977 
01'03 01)1)02 95HO DC 2.0 09110 
1'7'05 (01)02 95160 DC 2.0 0'103 
nl,07 t"l'Ioo2 9'1171) DC 2.0 MII6 
07'109 00002 9'1111'1 DC 2.0 09119 
07'11 00002 9'1190 DC 2.0 0992 
07', , 00002 95200 Dt" 2.0 0995 
n7''Il'S Mnt'l' 96010 DC 2.0 n99a 
n"17 1'10002 96020 Dt" 2.0 1001 
07,19 0(01)2 960~0 DC 2.0 11)04 
07'121 MOM 96040 DC 2.0 1007 
n7'1'~ OOM' 96MO DC 2.0 1010 
1'7'12'1 00002 96060 DC 2.0 1013 
07'327 ooN\2 96070 DC 2.0 1016 
1'17'1?9 OOM? 960110 DC 2.0 1019 
0711'11 O(IM2 96090 DC 2.0 1022 
1'7''''' 00002 96100 DC 2.0 1025 
1'1'1'1'1 00040 96110 DAS 40 1028 
0741'1 OOOnl 99990 NOISE DAC 1.0 11)30 
nt'I41'2 99999 OF"" GO 10H 

o 

o 



o o 

. FLO W C fI A:..:R..:..;T::...:S~ __ 
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THIS LOCATION MAY ALWAYS BE 
REACHED BY MANUALLY BRANCHING 
o LOCATION 402. 

INITIALIZE 
L-----[;;;>I TABLE FRO 

1 TO N toe~9--_--J 

STACK DATA 
INTO MA TRDi<lr--. ____ --' 

o 

1# 



rJ 

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. 

I'l-S-, 

0 

NO 

. a l1=alj 

alj=al1 

5 

(', 
I.. ) 

/'/6 
~ ) 

'J" 



o 

o 

o 



c 

1 

~ (TABLEk+ MASTER) , i=a (k+ MASTERl.·, 1 

(k+MASTER) ,1= a(TABLE k:*"MASTER),1 

FLOAT 

/l/-CJ 

o 

PltOGRAM HANGS UP 
~RBADERNO 

FEED AT THIS POINT 

~~S=ANS+alj+vl 

ISO 

) 


