POLICY STATEMENT

Users of the computer are invited to make use of the various
programming 3ids and numerical analysis references to be found in
the lab.

Suggestions for improvement of laboratory facilities and
references will be appreciated by the staff of the laboratory.
Comments may be directed to any member of the staff.

Users of the laboratory are to leave the lab as clean as they

found it.

Users of the laboratory may not enter the maintenance area.

Viélation of the rules of the Laboratory may result in
(a) explusion from the laboratory,
(b) termination of computing privilefges,
(c¢) diseiplinary action by the Department, and
(4) disciplinary action by the University.

GOOD COMPUTING
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To

THE UNIVERSITY UP §ISCOANSIN
DEXT. OF BLiCTRICAL ENGINSELING

MEMORANDUM

L. He Davidson ueptember 10, 19 60

All EE Staff Subject Availability of

o L. H., Davidson

computing facilities

The attached materi 1 will be taugat in EE 182 the firsi
weck of classes this F211, and will be used as  art of the ex eri-
ment run the second week in ..is 183. It will be taught also in
s 34 the second week, nd used in .s 35 the third .eek. Subse-
quently, in both EE 182 mad &k 31, homuwork assignments will be -
mide frequently that require the students to use tuedigital
computer to study and solve sroblems related to the cour se
content. In addition, KE 42, assuming the majority of students
arc conchrrently registered in either v 34 or EE 182, will make
similar use of the computer in connection with course requirements.

In the light of this new facility on the part of our uper
class undergraduates, it is hoped that still other instructors
will take advantage of the opportunity Lo use a general purpose
digital computer as a tool in engineering education, analysis,
an¢ research. 1t is realized that for some stnff members this
will involve first becoming familiar with the computer :nd its use.
‘o this end, the staff of the computing laboratory .romises every
assistance in answerin questions, writing programs, and running
the machine, -

' Specifically, you arc cordially invited to attend either
“E 182 lecture, 8:50 or 1:20, on Priday, September 163 or the
B 34 lecture at 8:50 on hursday, September 22. Material on
digital computer srogramming will be presented, and FAT coding
will be discussed.

If any of us can help you in planning for increascd computer
usefulness, ylerse fcel Pree to ask.
J.

-

——=> Lo W, McClure

De L. Dictmeyer D. R. Smith
A. K. Scidmore L. C. Bjerke
J. F. McNall B, L. Weinberg
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PAT

ntroduction

PAT is a pseudo assembler translator available to users of the
WISC,; whereby the camputer can be programmed as a three address,
floating point, decimal machine with a large class of Special
functions available as special order types.

Each PAT order contains an order type which identifies the
crder, and one, twoy, or three addresses, These addresses refer to
three hundred memory positions numbered from 000 to 299 in which
instructions or numerical data may be stored. A program is executed
sequentidl 1y except when transfer instructions are encountered,

Classes of Orders

Thers are six classes of oxders available to PAT users:

1. Loading

2, Arithmetic

3¢ Control

Lo Comparison

5. Special Function
6 ° Counting

In the following discugsion the symbol =X= refers to the
address of X , and (X) refers to the contents of memory
position X 3

Note that all words prepared for or received from the computer
must consist of thirteen characters (excluding spaces or periods)
and a comma.

The I0AD instruction is z class to itself:
LOAD 000 0 == wVle wlim,

There may be only one IOAD instruction in a program, and it must be
the first instruction given to the computer. LOAD instructs the
computer to store the program that follows into memory positions
af= t0 «V= , Ab the end of this program the word fend," must be
ingserted; when this is encountered the computer stops. When the
computer is restarted the {irst instruction to be executed will be
the order stored in =~H= ,

The second c¢lass of orders available to PAT users consists
of arithmetic instructions, As typified by the ADD instructions

ADD 000 8 whw wBe whe,

each of these six order types specifies an arithmetic operation T,
the address of two operands A and B , and an address to which
the result R is to be sent.
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Control instructions specify the address of the nexb
instruesion, and thus interrupt the normal sequential cperation
of the program. The TRA instruction transfers control without
stopplng; HIR first hallts the compuiter, and transfers only when
camputation ig restarteds o

Comparison instructions combine some of the featuress of elasses
two and thred. They call for a subbtraction of two numbers, and a
transfer of conirol conditional upon the sign of this resulb.

This class of owders consists of a large number of special
function instructions. Howsver, three of these instructions dezerve
special attenbion here,.

The IN order instructs the camputer to leoad numerical data
into a specified band of sequential locabionsy the OUT order instructs
the compuber to punch numerical data from a similar band, The
format of the mumbers necessary for propsr operation of theses

orders is described under Numbers.

The CHK dinstruction tells tha compubter to check itself
for error-free operation, If any fault is found the computer will
stopy if the computer is restarted it will again check itself,
If no error is found the compuber will return control to the
program under progress.

The remaining special functions are all of the type which
operate upen 2 single operand to produce a single resulty e«Zes

SQR 010 i wh= 000 wRe,

delivers to «R= the square roobt of (A). A complete list of the
special functions presently available is found on the order summiry
sheet; other speclal functions may be added from time to time.

The accuracy of all special functions is at least 0.,001% and may
be much better in some cases. Further information about special
functions may be obtained from members of the staff of the
Gomputing Laboratory.

Counting instructions are available only in PATRICKg see
®Advanced Problems." page 3.

R st T e

Short Memory

Whenever an order requirass the result of the immediately
preceding order, a special coding must be used., To obtain the
immediately preceding result for either the A or B operand
of an order (or both), use the addvess 800 , which is known
as "“short wmemory." MNote, however, that neither the operand
nor the result of a special function may be cbtained this
ways in a special function instruction, and in the order
irmediately following it, use the actual addresses of the
oparandse :
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' Advanced Problens

For the student who is interested in solving mors advanced problems,
such as those invelving differential equations, matrices, or statistical
procedures, a more powerful version of PAT (known as PATRICK) is available,
Beyond thisg; the basic machine language of the WISC is the most flexible
tool for handling more involved programs. While for simple problems most
PAT programs will operate almost as fast as programs written in WISC
language, as the complexibty incresases so dees the spesed advantage as
well as the power of WISC.

Details of existing varianits of PAT and information on WISC
programming may be obtained from mombers of the staff of thse
Computing Laboratory.

Numberé

To conform to standard seientific notation, all rmumbers for
PAT consist of a ten digit number with the decimel point assumed
to follow the first digit, and a two digit exponent of the base
ten. Thus, numbers are represented in the form

P x 109

. where P must be in the range between ten and one in magnitudey
: and Q must be less than T6 in magnitude.

Both the significant digits and the exponent carty signs,
and the first character of a number .identifies the signs with
the following conventions: k

0 pesitive numberg positive exponent
y 5 positive numberg negative exponent
2 negative numbers positive exponent
3 negative numbersg negative exponent,

The reader familiar with binary numbers should be able to derive
this code from the two sign bits involved.

The following examples show the mammer in which mumbers are
prepared for input to the cemputer and the form in which numbers
are delivered as output from the compuber, A number is assembled
by giving the sign character descrihed sbove; the two digits of
the exponent, and the ten digits of the significant figure.

Number Input Qutput
0 000 0,000 00O 000, 00G0PO0000000 ,
2 000' 2,000 000 000, 0 0000,
=75 201 7,500 000 000, 201{7500000000,
- c0L5 102 4,500 000 000, 102},500000000,
\ =c00L67 303 1,670 000 000, 3031570000000,




Loading
LOAD

{program to be

Arithmetic
ADD
ADA
SUB
SUA
MPY
DIV
Control
=RA
&ﬂ HR
G%arison
™HNE
TNA

Special Function
CHK

IN
Gx/guj'{

SQR

SIN R
SIN D
Cos R
COS D
10G E
0¢ T
EXP E
EXP T
ARC R

. [ ARC D

PAT ORDER SUMMARY

000 0 wlfer Vo wlimy

Ioad program into positions eijw
to V=3 start at =N=g

loaded must be followed bys)

end,

000 8 =he =B= =Re,
000 9 whe «Bw whe,
000 & =ie wBe =fm,
000 b wie =B= =Bms
000 2 wAw =Be =hmg
000 3 =A= wBe =Rey

000 5 000 000 =Neg
000 6 000 000 «li=y

000 f whw =Be =l

000 4 000 000 000,
001 L «Fe 000 «lm,
002 4 <F= 000 =Im,

010 L =Aw= 000 =hwmg
005 L wA= 000 =Re,
015 li A= 000 =Rs,
006 L =A= 000 =Re,
016 L =A= 000 =Reg
007 Ui whw= 000 =Reg
017 L =A= Q00 =Re,
008 L whe 000 =Re,
018 L} =A= 000 =Rw,
009 I =Aw 000 =R=,
019 I} wh= 000 =Re,

(R) = (a) +
(R) = |(a)
(R} = (&) =
(&) = Ja)]
(R) = (4) x
(R) = (a) /

(B)
(3]
(B)
@)
(B)
(B)

4+

Next instruction from =Ne
Haltg next instruction from =Ne

Next instruciion from =Ne if
(A) = (B) < 0

Next instruction from =M= if
W)= < o

Check camputeri stop if not
working properly 2

Load mmerical data into positions
-Fc to eIf-

Punch mmerical data from positions
wfe 0 =l

(R) = square root of (4)

(R) = sin (A)g (A) in radians
(R) = sin (4)3 (A) in degrees
(R} = cos (A)s (A) in radians
(R) = cos (A); (A) in degrees
() = 2og (4) |
(R) = log,, (A)
(R) =&

(R) = m(A)

(R) = arctan (A);
(R) = arctan (A)3

(R) in radians
(R) in degrees
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— DECIMAL
# | TYPE COMMENTS N X
2042 |  Zosd Progrem el 0
In Aring in sonstant 038\ 0oz[ &
CHK Check the compuber 039 | k]| o
I Bring in & 0Ly 001 &
 SIND Form sln @ : ObU G5 | k| 197 w%'
MPY Suare gin & Ohel| os|2|198] 299 -
DIV | Pom3/2 sin° § R olall ==|3|600] 201 35
0T Punch O, i 9 /2 sin° & olld|0o2|L[357] we
TR Stopg ready to vepest ¢ A QLS| we 6| wu| wof §F
and ] Gl endy
Censbant 301)| we |2 o] e
8 : 197|001 |3 | wo| ww| «e
. 197|(O0L (L [500]| ew| ww
e 197(|202 1. [500] =
g 000 |0|038| 0kS) 038
Tk ke 001 |1 303 000] 10
B oo T T 000 |1 Jono] ool
_ s i 001 [1{397] 000{ 257
:I&Eﬁigag of problen %ape ready 015 | |397| 000 19
te be fed into computer. -( 000 |2 [298| 298| cco
ST L 000 |3 |450] 102{ 199
:(Xéstq use of comma ab ond of 002 |k |197| 000|199
esch vord.) 000 {6 |000| 000|039
oty
; 000 |2 [000| 000 000
SR ; o1 |3 j000| 200|000
Regulte prodused by ccmputer 001 |4 |5C0| 000|000
w3 ERET 203, [2. |500] coo| 000
-—\“K
0013000000000, 100999959918, 103021999958,
003500000000,  103P7INE7829, 10125000000,
2001500000000, 3012580190450, 302mho3alofs, | B
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Yo = Ji

By solving these two equations for the derivatives of Y and Yo in
terms only of yl and Yo s the eguations will be in the standard form

needed for numerical solution.

yi=y, + 6y

2 2 5
I =
3 So¥o

In order for a user to employ KS, it is necessary that he supply:

(a) the number of equations being solved;

(b) the storage locations of the variables;

(c) the initial values for all variables, and the value of the
increment to be used in stepping the independent variable;

(d) at what intervals results are to be listed;

(e) the number of dependeni variables to be listed in the results;

(f) the method of evaluating the derivatives of all the variables.

Ttems (a), (b), (d); and (e) are given in the linkage to :KS, as
described below. It is convenient to be able to specify item (d), the
number of integration steps between listings of the resultsy; to maintain
a reasonable balance betueen accuracy and quantity of dutput. Uhile
decreasing the step size increases the accuracy of the integration process,
the increased number of answers produced quickly passes the point of
diminishing returns. Thus it is desirable when using a small step size
to take a large number of steps between listings of the results,

In the preceding example, for instance, if it has been decided (by
some "guess" or previous knowledge) that a step size of 0,02 is required
to achieve the desired accuracy, it would not improve the accuracy of
plotted results to have the computer list some 50 pairs of numbers to
cover the range from O to 1. B8y having results listed following every
fifth integration,; the volume of output (and plotting effort) is reduced
to a reasonable size, yet adequate accuracy is retained,

For much the same reason, it is desirable to restrict the listing of
the dependent variables {item (e)]. If the original problem were a third
order differential equation of y as a function of x ; for instance, :KS
would punch out at each specified interval not only x , but also 3 y's
corresponding to y 5 ¥' , and y' . DBy setbting y = 1 in the L#2 word,

E

the latter two could be suppressed and only x and y would be punched.

It should be noted that RKS will supply the oubput of results without
any further programming.

Item (c), the size of the increment and the initial values of the
variables, is supplied by placing the appropriate values in the assigned
storage locations before transferring to RKS. 1¥S steps the independent
variable and computes the dependent variables using these storage locationss
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Item (f), the method of evaluating the derivatives of all the dependent
variables, is the heart of the integration system. Within 3KS, calculated
values are placed in the storage locations assigned to the dependent and
independent variables. Control is then transferred from RKS to the Function
Evaluation Block (F Block). The ¥ Block must replace each devendent variable
by the calculated value of the derivative of that vuriable as specified by the
equation(s) being solved. After computing all the derivatives, contrecl must be
transferred to location 003; which allows RKS to conmbinue with the computation,

The actual link between a PAT program and HKS is%'
L: 100 8 (L+2) 3ff 35f,
L+1: 000 5 00C 000 001,

142:  Opp y L+5 =F= =N,
I+3: 000 O 000 000 0On,

I+4:  Increment
1452 X, Tndependent variable
L+6s Y y.
e Dependent variable
s
L+n+5; b ¥ ¥,
where 1+2 is the address of the third link word

PP is the number of integration steps between listings

[Item (d) above]., Recommended values are 5, 10, or
203 given as OSlég Oalé, 1&16“

y is the number of dependent variables to be punched
out at each listing [Item (e) above].

IL+5 is the address of the fifth link word (indepegdent variable)
=F= 1is the address of the first order in the I Block

=Ne is the address of the first order in the master control
block to be executed following each integration step
(often called the "return® )

and 2 n is the number of equations being solved [Item (a) above]

The link given above is commonly used only for the initial transfer to
itKS because it causes RKS to set up the desired integration step sige,
determine certain constants, reset the counter used for determining when
te list results, and carry out the integration for one step. Referring to
the flow chart on page 16, it can be seen that there are a total of three
entrances to XS, The above link transfers to the first entrance {001) which
is the start of the set up block of :KS.

* A tape is available which may be fed through the Flexowriter to produce
the fixed portion of the lirk., This tape will stop at each place that
the user must supply data which is unique to his program.
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If the increment, number of points per listing, etc. are not to be
changed in the course of the integration, it is more efiicient to bypass

the set up block in RKS in subsequent linkages. This is possible by
transferring to the second entrance (002) from the master control block
following each integration step, which will cause RKS to integrate ahead

one step,

The third entrance (003} is used in conjunction with the F Block as
described above,

There are also two exits from RKS: one exit is used to transfer to the
F Block in the course of each integration step; the other exit is used to
transfer to the master control block following each step.

Although the 6+n words in the link must be stored in consecutive
locations, two different loading instructions must be used. The first
four link words must be loaded by a RPT instruction; hence, all addresses
contained in these words must be given in the hexadecimal equivalents of
the decimal addresses used, The remaining n+2 words (the increment and
the initial values of the variables) must be loaded by an IN instruction.

RKS uses the entire band of locations from 00L through 150 for its
program, and in addition, it uses a band of 2n locations (where n is
the number of equations being solved) following location 150 for temporary
storage of intermediate results, Furthermore, of course, 5+n consecutive
locations are needed for the link itself, Care should be exercised that
the PAT program using RKS does not place any instructions or data in memory
locations below 150 + 2n ,

Special loading procedures (Breakpoint Switches, etc.) must be used to
allow PAT to process a program containing a APT instruction and to insure
that RKS is avuailable, The person in charge of the computer will be able
to assist the user in these matters., It is further sugpgested that a member
of the computing staff be consulted whenever a system of more than nine
equations is being programmed,
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SIMULTANEQUS EQUATIONS ROUTINE

Solving a system of linear algebraic equations is a rather straighte
forward, although laborious, procedure involving considerable repetitious
calculation,® It is therefore natural to use a digital computer to obtain
the desired results with less labor and fewer chances for human error,

SER is a subroutine that solves a system of linear algebraic eguations
with real coefficients by the Crout method. The user of SER does not need
to understand the method employed if he can prepare the equations for
numerical solution and write the link which will cause SER to solve the
system,

It is necessary to write the equations in the standard matrix forms
i | e i e - S SR I Rl T
e Wiy a Sl i 8 L Rl i R

o o ] © o -] o o o Q (=] -3
a., x.+a w +8 X =
nl n2 *2 R N o m *n - In

The terms of the augmented matrix, deflned as the matrix of the
coefficients of the system with the colum of constants affixed to the
right side, must be stored in the computer sequentially by rows before
control is transferred to SER., That is, the following terms must be
loaded by an IN instruction into a band of consecutive locationss

-

8199 3929 © o o o 0 9 By Vs 8975 9oy 4 o o o ey By T

° e % ° L] » anl’ an2 5 e L o < o ’ ann , yn o

SER will solve the system of equations described by the augmented
matrix and store the solutions obtained in a band of n + 1 sequential
locations, The value of Xy will be placed in the first location in this
bandy; to be followed by Xy 5 Xq 5 eco Xp o The determinant of the system
will also be computed and stored in the location following X o

The bands of n(n + 1) sequential locations for the terms of the
augmented matrix and (n + 1) sequential locations for the results must
be chosen with care becuuse of their size., Since SER uses the entire band
of locations from 001l through 160, care must be exercised that neither the
# Hildebrandy; F. B.; Introduction to Numerical Analysis, McGraw=-Hill,

New York, 1956, pp. L42L=L33,

Kunzs Ko 5oy Numerical Analysis, McGraw=Hill, New York, 1957, pp. 215=2L3,

Nielsony; K. L., lMethods in Numerical Analysis, Macmillan Co., New York,
1956, pp. 178-198.
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PAT program nor any data is ever placed in locations below 1€0. Of course
the two bands chosen should not overlap each other, nor should they overe
write any of the PAT program, It should be further noted that SER destroys
the augmented matrix in the process of solution.

The accuracy of the results obtained from the Crout Methed cannot be
guaranteed because of the limitations of finite accuracy within the computer,
round=-offy; etc. The best results are obtained when the equations are arranged
so that a4 is the largest of the ®y coefficients,

An approximate analysis could be carried out to obtain a rough figure
for the accuracy of the results, but the analysis is as involved as the actual
solution, A fairly sensitive indicator of the accuracy of the results is the
magnitude of the determinant of the system: if the magnitude of the determinant
is much smaller (say a few orders of magnitude) than the solutions, very little
accuracy may be anticipated. However, this is not always a reliable guide since
the solution of a problem of a limited number of equations may be quite accurate
even when the determinant is small, The final check on the accuracy of the
solutions is to substitute the solutions back into the original equations.

If poor results are obtained, check with a member of the computing staff,
An improved version of SER is available which will produce better results in
some cases by the process of back=substitution and iteration. However, even
this method will not always give useable results because some matrices are
"ill=conditioned" for numerical solution,

The link between SER and the PAT program iss’

t
00

100 8 L+2 3f£f 35f,
L+#l: 000 5 000 000 ﬂ.

142: 000 D =A= =X= =Nej

— e

where J+2 1is the address of the third link word *
n is the number of equations being solved

=A= 1s the address of the first location of the band of
n(n + 1) sequential locations used for the terms
of the augmented matrix.

=¥= is the address of the first location of the band of
(n + 1) sequential locations to be used for the
solutions

and =N= 1is the address of the first instruction to be executed
after all the solutions have been obtained (often called
the "return™)

Because the link must be loaded by a RPT instructiony, all addresses
must be converted to the hexadecimal equivalents of the decimal addresses
used, In addition, certain procedures (such as Breakpoint Switches, etc.)
are required to allow PAT to process a program containing an RPT instruction,
and to insure that SER is available. The person in charge of the computer can
assist the user in these matters. Furthermore; it is suggested that a member

@ B e e W o w e o

# A tape is available which may be fed through the Flexowriter to produce the
fixed portion of the link. This tape will stop at each place that the user
must supply data which is unique to his program.
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of the computing staff be consulted when a system of more than nine is
being programmed,

LEAST SQUARES N

It is possible to construct many functions to represent emprical data
which is given in terms of data points (x,¥). Of the simplest functions,
the polynomials, many expressions could be found that would represent
the data in some "best® manner.® A polynomial of degree (m = 1) can be
constructed so that it will pass exactly through m data points, and serve
as a smoobth approximating function for points in between. If a polynomial of
degree less than (m - 1) is used to represent the datag it will not be
possible,; in general, to have the polynomial pass through all the data points,

A number of criteria may be used to determine what constitutes the Mbesth
representation of the data, One polynomial may pass through the twe end points
and the mide=point. Ancther may minimize the difference between the polynomial
and the data points., One of the most useful is the polynomial that minimiges
the sum of squares of the differences between the polynomial and the data
points o

1SN is a subroutine that will determine the coefficients afannth degree
polynomial that will minimige the sum of the squares of the differences
between the polynomial and m data points, This polynomial is then known
as the least squares nbh degree polynomial approximation to the given
~data, It is not necessary that the user understand the method used to
generate the coefficients of this polynomial as long as he is able to
call it into use, .

In many ways, ISN is the easiest of the subroutines for the user to
employ. It is necessary for him to specify to ISN only the degree of the
polynomial desired and the number of data points available, ISN will input
the data as required; compute the coefficients of the _desiged polynomial,
and punch out the (n + 1) coefficients in order of powers of

X o After completing this, LSN will transfer back to the beginning of
PAT and stop with the PAT display showings at this time the computer is
ready to load a new program.

ISN will produce a meaningful result only if the number of data points
is at least one greater than the degree of the desired polynomial,and if all
the data points are distinct. Howevery it is not necessary to supply the
data points in any particular order,

Because of the time required for input and handling of the data by LSN;
only the minimum number of data points consistent with the required accuracy
should be used, Of course it is undesirable to specify a polynomial of degree
higher than required for much the same reason, It is useful to note that if
the data shows a marked symmetry about some pointy; a translation of the axis
coupled with supplying data from cnly one side of the new origin will cause
the resulting polynomial to represent the entire data, If even symmetry
is shown in the data a polyncmial of even degree should be specified; if odd
symmetry is shown, a polynomial of odd degree,

# Hildebrandy, F, B., Introduction to Numerical Analysis, McGraw=Hill,
New York, 1956, pp. e5b=11ll, 36023,

Nielseny, Ko L., Methods in Numerical Analysis, liacmillan Co., liew York
9 ] o i o 9 2 »
1956, ppe 260=265,
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]
b\j the user s P"‘Oﬁ”‘x"’\

The user will have to write only the link to call ISN into play. The

data points must not be loaded,because LSN will . for the data from the
input tape reader when needed., This data must be listed in (x,y) pairs
with theYdependent variable £irst.

in

_—
The link between ISN and the PAT program is:

Lz 100 8 142 3ff 35f,
I#l: 000 5 000 0CO 001,
1423 000 0 OOn ==m 000,

where 1+2 1is the address of the third link word
n is the degree of the polynomial desired

and ==m 1is the number of data points available,

3ecause the link must be loaded with an RPT instruction, all data must
be given in the hexadecimal equivalents of the decimal numbers used. Since
the addresses are already filled in on the standard link to 1SN provided in
the laboratory, it will be necessary to convert only m from decimal to
hexadecimal ,

In addition, certain procedures (such as Breakpoint Switches, etc.) are
required to allow PAT to process a program containing an RPT instruction and
. to insure that ISN is available. The person in charge of the computer can
assist the user in these matters. Furthermore; it is suggested that a member
of the computing staff be consulted when a polynomial of degree higher than
nine is being programmed.,
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OPERATION TIMES

PAT and PATRICK programs

When writing long programs it is desirable tc be able to estimate the

running time that will be required.

The following table of operating times

can be used as a guidey; with the understanding that it will be only approximate
because the time required for a special function is somewhat dependent on the
value of the function being computed.

LOAD

ARITHMETIC
TRANSFER

CONPARISON

IN

OUT

SQR

SINR, COSR
SIND, COSD

ARCR, ARCD
EXPE, EXPT
LOGE, LOGT
DOK
MOVE
RST

CHK

39 + 2,7T + 2,15 seconds, where T is the total number
of special function and counting instructionsy, and S
is the total number of other instructions.

0,016 seconds.

0,032 seconds.

0,032 seconds if transfer does not take places
0.0L8 seconds if transfer does take place.

0.6 + 2,1N + 0,97 seconds where Z 1is the number of
zero, and N is the number of non-zero, numbers being
loaded,

0.6 + 2,TN + 0,9% seconds where 7 is the number of
gero, and N 1is the number of non=zeroy, numbers being
punched out,

1,2 seconds.
1.8 seconds,

1.0 seconds.
1.7 seconds,
1.6 seconds,
1.2 seconds.
1.2 seconds,
0,9 seconds,

1.2 seconds.




DECIMAL to HEXADECIMAL

CONVERSION TABLE

0000=0400
7 8 9
007 | 008 | 009
011 | 012 | 013
0lb | Ole | 01d
025 | 0206 | 027
02f | 030 | 031
039 | 03a | 03b
043 | 044 | 045
044 | Ode | 04F
057 | 058 | 059
061 | 062 | 083
06b | 06ec | 064
075 | 076 | O77
Q7¢ | 080 | 081
089 | 08a | 08b
093 | 094 | 095
094 | 0% | 09f
0a7 | 0a8 | 0a®
Obl | Ob2 | Ob3
Obb | Obe | Obd
0c5 | Qe | Oe7
Ocf | 0d0 | 0dl
0d9 | Gda | 0db
0e3 | Oed | Oed
Oed | Ose | Oef
0f7 | 0£8 | 0Of9
101 | 102 | 103
10b | 10e | 10d
11654 316 | .11%
11f 4 32001 12k
129 | 128 | 12b
133 | 134 | 135
13d | 13e | 13f
147 | 148 | 149
151 | 152 | 153
15b | 15¢ | 154
165 | 166 | 167
16f | 17C | 171
179 | 17a | 170
183 | 184 | 185
184 | 18e¢ | 18f
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USING THE FLEXOWRITER

The Flexowriter electric typewriter is used to prepare program
tapes for the computer and to list the answers and error punchouts
produced by the computer. The following important points should be
kept in mind when using the Flexowriter.

(1) Always use three sheets of paper in the Flexowriter to protect
the roller.

(2) BEvery key on the keyboard produces a unique combination of
holes on the tape when the PUNCH switch is on.

(3) All orders and numbers must consist of 13 characters (ignoring
spaces and a decimal point) AND a comma. It is desirable to
insert spaces in an instruction to separate the parts of the
order. It is also desirable to insert the decimal point (period)
in a number, and to insert spaces to make numbers the same
length as orders.

‘ ' (4) Errors in typing may be corrected either by over-punching (if
this is possible) or by removing the incorrect character with
the CODE DELETE switch and typing the correct character. It is
not good practice to try to glue holes back onto the tape!

(5) Place a Stop Code at the end of the tape using the STOP CODE"
switch. Advance the tape using the TAPE FEED switch. Place
some identification (including the name of the typist) on the
tape as unlabeled tapes WILL BE DESTROYED AT ONCE!

(6) Prepare a listing of the tape using the reading feature of the
Flexowriter. Always proof-read the listing so produced to
guarantee that the tape correctly represents the written program.

(7) It is possible to reproduce a tape using the combined reading
and punching feature of the Flexowriter. The START READ switch
will prevent reading while it is depressed; the STOP READ switch
will terminate reading when it is depressed.




PAT OPERATING INSTRUCTIONS

The console of the computer is divided into three areas:

(1) The computer console is the center third of the console and is
used to control the computer proper.

(2) The input console is the left third of the console and is used
to control the input tape reader, which is located near the
computer console.

(3) The output console is the right third of the console and is
used to control the output tape punch, which is located at the
right side of the console.

All switches will be referred to in this manual by stating the
name of the switch in capital letters within quotation marks separated
by double spaces from the remainder of the text; the same name appears
on the console by the switch.

Only those switches mentioned by name in this manual are té be
used by PAT users. While a PAT user may open the inputvand output

console doors to check the state of certain neon displays, no switches

nor tubes located within these consoles are to be touched.




Every user should have four items ready when he arrives
to use the computer: :

(1) a program that the user feels is correct,

(2) a tape which is a faithful copy of the program,
(3) a listing of the tape, and

(4) some sort of a check for the computer results.

In order to load a PAT or PATRICK program into the computer
the following steps must be performed in the order listed. Extreme
care must be exercised to ensure that all steps are executed in
the gxact manner described. Notify the engineer in charge if the
proper execution of any step does not result in the indicated
action.

STARTING

1 Sign in on the computer log.

2. Stop the computer by pushing the "STOP" button on the
computer console.

3 Clear the computer by pushing the "CLEAR" button on the
computer console at least three times.

4. Place a "Start PAT" tape into the input tape reader, being
careful to have the tape under the guides and the drive
wheel engaging the sprocket holes in the tape. (The "Start
PAT" label will be readable from the front of the console
when the tape is properly inserted into the reader.)

e Push the "CLEAR EMPTY" button on the input console.

6. Turn on the tape reader motor with the toggle switch located
to the left of the tape reader.

s Start the tape reader by pushing the "START" button on

the input console; the tape reader will stop automatically
when it reaches the end of the tape.




8.

9.

10a.

10b,

10c.

10d.

Start the computer by pushing the "RUN" button on the
computer console. The computer will stop at once with the
PAT display shown below displayed in the neon bulbs located
on the computer console.
000 © 90 o000 000
coe o eoe eoe o000
oo o o000 e0d oeo0
o

| ] ‘ ]
0o 000 ©0@© 000

Remove the "Start PAT" tape from the input tape reader.

If no subroutines nor counting instructions are to be used

in the program to be loaded, throw all "BREAKPOINT SWITCHES"
on the computer console down; skip to step 26.

If counting instructions but no subroutines are to be used

in the program to be loaded, throw "BREAKPOINT SWITCH # 7"

on the computer console up and all other "BREAKPOINT SWITCHES"
down; skip to step 26.

If it is known that the g#'broutine to be used with the program

to be loaded is available, throw "BREAKPOINT SWITCHES # 7 and # 8"
on the computer console up and all other "BREAKPOINT SWITCHES"
down; skip to step 26. ;

If the subroutine to be used with the program to be loaded
is not available}’ throw all "BREAKPOINT SWETCHES" on the
computer console down; proceed to step 1ll.

i
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11.

13.

15.

1e.

17.

18.

19.

LOADING A SUBROUTINE

Start the computer by pushing the "RUN" button on the
computer console. This will cause PAT to erase all traces
of previous programs and subroutines.

Locate the desired subroutine tape on the top of the console.
All subroutines are on heavy red tape and are identified by
a label giving the name of the subroutine on the leader.

Place the subroutine tape into the input tape reader, being
careful to have the tape under the guides and the drive
wheel engaging the sprocket holes in the tape. (The label
on the tape will be readable from the front of the console
when the tape is properly inserted into the reader.)

Wait until the computer completes erasing the previous program.
This will be indicated by the computer ceasing computation
while the RUN light neat the top of the console remains on.

Stop the computer by pushing the "STOP" button on the

computer console.

Clear the computer by pushing the "CLEAR" button on the
computer console at least three times.

Start the input tape reader by pushing the "START" button_
on the input console. The tape reader will stop automatically
when it reaches the end of the subroutine tape.3

Start the computer by pushing the "RUN" button on the
computer console. This causes the computer to load the

subroutine for future use.

The computer will stop automatically when the input tape
reader stops. The STOP light located near the top of the
console will come on. At this time remove the subroutine
tape from the input tape reader and rewind it.

3 It is convenient to wind long subroutine tapes unto the :

rewind spool while the tape is being read by the reader.




20.

21.

22.

23.

24.

25.

Clear the computer by pushing the "CLEAR" button on the
computer console at least three times.

Place a "Start PAT" tape into the input tape reader, being
careful to have the tape under the guides and the drive wheel
engaging the sprocket holes in the tape. (The "Start PAT"
label will be readable from the front of the console when the
tape is properly inserted into the reader.)

Start the input tape reader by pushing the "START" button
on the input console; the tape reader will stop automatically
when it reaches the end of the tape.

Start the computer by pushing the YRUN" button on the
computer console. The computer will stop at once with the
PAT display shown in step 8 displayed in the neon bulbs
located on the computer console.

Remove the "Start PAT" tape from the input tape reader.

Throw "BREAKPOINT SWITCHES # 7 and # 8" on the computer
console up and check that all other "BREAKPOINT SWITCHES"

are down.




LOADING A PROGRAM

26. Start the computer by pushing the "RUN" button on the
computer console, This will cause PAT to prepare to examine
the program to follow.

27. Set the Format Control (identified as "WORDS/LINE" ) on the

output console to the desired number of columns of results.

28. Push the "CLEAR EMPTY" button on the output console. This
button must be depressed quite firmly for proper operation.
Call the engineer in charge to check the proper operation
of this button if in doubt.

29. If any punched tape has been left in the output punch, advance
the tape by depressing the "TAPE FEED" button on the output
console. Tear off the unwanted tape and discard it.

30. Place the program tape into the input tape reader, being
careful to have the tape under the guides and the drive wheel
engaging the sprocket holes in the tape. (The line of
printing on the tape will be visible from the front of the
console when the tape is properly inserted into the reader.)

31. Start the tape reader by pushing the "START" button on the
input console. The tape reader will stop automatically only
when it reaches a stop code on the tape. PAT will now check
the program for logical errors and store the program in the
memory of the computer,




32a.

The computer will stop without producing any output if no
logical errors are found in the program.

Reset the timer located above the "BREAKPOINT SWITCHES"
if it is desired to obtain the running time of the program.
This timer is controlled by the computer and runs whenever

the computer is running.

¥ gl
25 Start the computer by pushing the "RUN" button on the

32b,

computer console., This causes the computerto start executing
the program.

When all the program tape has been read by the input tape
reader, turn off the tape reader motor with the toggle switch
to the left of the tape reader. Remove the program tape from
the reader.

Follow steps 33-39 when it is desired to remove an answer
tape from the output punch,

The computer will stop with the PAT display showing in the
neon bulbs on the computer console ONLY if a logical error
has been found.

Stop the input tape reader by pushing the "STOP" button
on the input console. Turn off the tape reader motor with
the toggle switch to the left of the tape reader. Remove
the program tape from the reader.

Follow steps 34-39 to remove the error tape from the output
punch,

Identify the error using the error codes listed in another
part of this manual. (It is convenient to be able to read
an error tape without listing it via the Flexowriter. Ges [ Leck

("- WA ”‘ u\g*\;" On (‘ gy ““*---C S 5
Correct the error in the program tape and ,rrange to use the

computer again.
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33.

35.

36.

37.

39.

REMOVING A TAPE

Stop the computer by pushing the "STOP" button on the
computer console whenever a tape is to be removed from the
output punch.

Wait until the punch stops punching if it is still punching
information onto the tape.

Place a stop code on the tape by depressing and releasing
the "STOP CODE"' button on the output console.

Advance the tape by depressing the "TAPE FEED" button on
the output console until all the information punched on the
tape is beyond the end of the punch.

Tear off the tape and put some identification (including
both the user's name and the date) on it at once. The
engineer is charge will destroy all unlabeled tapes
immediately and will destroy all properly labeled tapes
after 48 hours.

If it is desired to continue with the computation, restart
the computer by pushing the "RUN" button on thé computer
console.

Relinguish the computer and sign out on the computer log as
soon as you are through with the computer. This means both
when you finish a problem and when you leave the computer to

correct an error!




USE of BREAKPOINT SWITCHES S EP -3 1960

All switches are normally down for PAT.
. om——. -

BP 8 If this switch is up the drum will not be filled with the

halt orders to catch any transfers outside the program. This feature

will have to be used whenever an additional subroutine (RKS, PRS, etc.)

is used because that subroutine will ha‘ve to be loaded before control

is given to PAT. Lleye 17 £ puce it BP8 clown, = 1
It is suggested that "Start PAT" be fed in w which will cause 3,‘ >y

the drum to be filled with halt orders; " Then the des:.red subroutine

‘e loaded; ‘1‘hen "Start PAT" be fed in again % this time with BP 8

up; == fe?&owed——by the program.l.,a ~

Bp 7  If this switch is up PAT will allow ah} order type O and 1
orders to be processed. (This feature distinguishes between PAT ;
programs and PATRICK programs. " : 4

BP 6 If this sw1tch is up PAT will allow an un11m1ted number of
subroutine llnks. Nomally gnly 42 ty‘pb 4 and ty‘pe l “orders may be
‘ employed because the links for these orders (two link words per order)
: are stored in the band from 19c to 17f. Further subroutine links
will be placed in PAT space starting at the top of the space and
working down.

BP ¥ If this switch is up the computer will halt after comp‘btiné
each subroutine, The result of the subroutine will have been delivered
when the computer halts, and the order in the order register will be

the transfer instruction to return to the PAT program.

All other breakpoint switches may be used in other subroutines

(such as RKS, PRS, etc.) to control iteration, accuracy limits, form

of solutions, etec.

Charlés W. Mciélure
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IDENTIEYING AN ERROR
~PROCESSTNG— A~ PROCRAN

After loading a program as described on the preceding pages,
PAT will examine the program for logical errors. It is, of course,
impossible to detect all errors because PAT can not know what problem
is being solved, but it is possible to detect all violations of the
basic rules of PAT programming.

If no errors are found in the program, the computer will stop

with a transfer instruction displayed in the neons on the computer

console. The RN address of this transfer instruction will be the

address specified by the LOAD instruction as the first order of the
program to be executed. This address will be specified as a hexadecimal
number, and may be converted to a decimal number by the table in the
section on HEXADECIMAL NUMBERS.

If an error is found in the program, PAT will prepare an error
punchout describing the type of error, the address of the instruction
containing the error, and a copy of the incorrect instruction. After

producing the error punchout the computer will stop with the/PAT -

/ display showing in the neons on the computer console. PAT is now

ready to examine another program.

As indicated above, an error punchout will consist of two words

containing an error key describing the error found. Sescmwitive-

’Fhe ﬁ four characters are the error key; discard the next idamee S/ X
characters (which will always be zeros); the last three characters
give the address of the incorrect instruction. The second word

will be a copy of the incorrect order.
The following pages list all the error keys produced by PAT.

It is possible to have the program correct, but to ask for an
impossible special function (such as the logarithm of a negative number).
Such errors will produce error punchouts during running. The meaning
of these error keys are also listed. It should be noted that the
order calling for this impossible operation will be punched out with
the error key, but it will be in hexadecimal number form.




0001

0002

0010

0020

0100

0101

0102

0103

ERROR KEYS
" / L 2 - RS e o 3 <
el oy e e e Ma e oo e o et [

Program started with special order "end"

Loading instruction was incorrect
(a) Order type was not O
(b) -A- was greater than -B-
(e¢) -B- was greater than 299

Loading instruction does not agree with length of tape
(a) If the address in the error punchout is less than
or equal to —hL in the loading instrucfion, there were
not enough words between the loading instruction and "end"
(b) If the address in the error punchout is greater
than -Y~ in the loading instruction, there were too
many words between the loading instruction and "end"

Order has an impossible A address a

(a) Some character was greater tharn 9
(b) Total address was greater than 299 and not short memory

Order has an impossible B address
(a) Some character was greater than 9 "
(b) Total address was greater than 299 and not short memory

Order has an impossible R address
(a) Some character was greater than 9
(b) Total address was greater than 299

Order has an incorrect use of short memory in a normal order
(a) Should have used 800 to pick up preceding result

(b) Should not have used 800 to pick up preceding result
\ A
Order has an incorrect use of order type O or 1
(a) Breakpoint Switch 7 was not up
(b) Order type O with -A- greater than -B-

(c¢) Order type O with -B- greater than 299
Order called for a MOVE order with a step of greater than 100.
Order called for a non-existent type of counting instruction

Order called for a DOK order with $ K greater than 100




ERROR KEYS (Cont.)

0400 Order called for a non-existent type of special function

0401 Order would have called for more than 42 subroutine links.
Every order type 4 and order type 1 generates a sub-
routine link. Breakpoint switch 6 allows more links
at the expense of program space; consult with a staff

member for further details.

0480 Order called for preceding result with short memory in a
special function or counting instruction.

07cd Order used illegal order type 7, ¢, or d.

1001 An IN or an OUT order specified -F-= greater than -L-

1004 The MOVE instruction has been used more than 100 times without
being reset; or the MOVE instruction used an -A- or -R-
address outside the range of PAT (000-299)

1081 The angle being specified for the sine or cosine special

functions was outside the range of computability

1082 The number being specified for the exponential special
functions was outside the range of computability

1083 The number specified for the logarithm special functions
was less than‘Vzero.

orf—/ual +°

If the\computer ever halts during
check the f¢llowi .

e running of a program,

not produ¢e error punchouts.

g error stops whi

A mac HECK order:.' The computer will

stop with 00 9 3¢5 3ff 3He in the order

i

register.

! verf:l to DECON. Computer
will stof wi ' ordg MN/200 6 000 00 3b8 in the
ordex register/ Must restéif PAT. Check the range of 811 OUT orders.




If the computer ever halts during the running of a program,
check the following error stops, which do not produce error punchouts,
and follow the suggested procedure.

A machine error detected by the CHECK instruction.
The computer will stop with 3d4 in the order counter and
100 9 3e5 3ff 35e in the order register. Call the engineer in charge.

An unnormalized number has been delivered to DECON.

The computer will stop with 3b9 in the order counter and
200 6 000 000 3b8 in the order register. "Start PAT" must be fed
in, causing PAT to load a new program as described in STARTING PAT.
Examine the program to find an QUT instruction that caused a number
to be delivered to DECON that had not bé:generated by the program.

A transfer outside of the program.

The computer will stop with 200 6 3f9 355 -i~ in the order
register, where -i- is the address to which transfer has taken place.
"Start PAT" must be fed in, causing PAT to load a new prbgram as
described in STARTING PAT. Examine the program to find a transfer
outside the range of the program. PAT fills all unused locations
with halt orders to catch any transfers beyond the program.

A Tokesdatbind N andew -
L an [N o0 {or ™ bei~g exec wTed owd ‘T'L\n’.—e dee wal
Cuoualh words swpplied .. e Tape, Fhe cow rb*"w‘v" w |l e ‘

wp L4 Hie RUN Lt ow akd 000 O 000 35E 374 -

|
e ocder ‘r"{l‘{m/.
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HEXADECIMAL NUMBERS

The computer actually works only with binary numbers, and all
decimal numbers supplied to it are converted to binary notation.
However, to facilitate human understanding, the binary bits are
grouped into sets of four bits each, and the hexadecimal number

system is used for reading the binary numbers.

The orders displayed in the order register neons on the computer
console are grouped into sets of four bits vertically, and the entire
50 bit (13 hexadecimal characters) word can be read from the neons.
The light patterns for the sixteen combinations and the hexadecimal
equivalents are shown on mﬂt page. Once an address has been
read from the neons (a / the R address of the transfer order will
causes PAT to transfer to the program after loading), the hexadecimal-
decimal conversion tables can be consulted to find the corresponding

decimal address. The aseemd page following is such a conversion table.
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CLEARING INPUT and OUTPUT

The "CLEAR EMPTY" push buttons on both the input and the output

consoles must be depressed quite fimmly to cause proper operation.

It is suggested that a check be made on the proper operation
of the "CLEAR EMPTY" push button on the output console (the procedure

is the smme for the input console) whenever it is used.

Open the console door and check that all the neons on the
chassis indicated in the sketch below are out. If any neon is on,
depress "CLEAR EMPTY" again. If it is impossible to clear all

the neons, call the engineer in charge.
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0000001014001,
0014195000200,
0014201000201,
0024201000201,
0008198195202,
0002195201201,
0006000000007,
0004000000000,
0003202201000,
0084000000000,
0002196800000,
0002197000203,
0024202000203,
0002202199202,
000800200007,
0005000000002
end,

0000000000000,
0001000000000,
0007000000000,
1011000000000,
0002000000000,
0011000000000,
1011000000000,
1012500000000,
0001000000000,
0002500000000,
0011000000000,

—
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0
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0000080000011,

0000002000015,

EE 183 Exp 1 Eq (5)

Second Version with Error Correction

0000001014001,
0014195000200,
0014201000201,
0024201000201,
0008198195202,
0008195201201,
0006000000007,
0004000000000,
0003202201000,
0084000000000,
0002196000000,
0002197000203,
0024202000203,
0002202199202,
000e800200007,
0005000000002,
end,

0000000000000,
0001000000000,
0007000000000,
1011000000000,
0002000000000,
0011000000000,
1011000000000,
1012500000000,
0001000000000,
0002500000000,
0011000000000,

\ C‘"“T “ :
000a196800000, *

0002197000203,

0005000000002,

0000001014001,
0014195000200,
0014201000201,
0024201000201,
0008198195202,
0002195201201,
0006000000007,
0004000000000,
0003202201000,
0084000000000,
0002196000000,
0002197800203,
0024202000203,
0002202199202,
000800200007,
0005000000002,
end,

0000000000000,
0001000000000,
0007000000000,
1011000000000,
0002000000000,
0011000000000,
1011000000000,
1012500000000,
0001000000000,
0002500000000,
0011000000000,

0000001015001,
0014195000200,
0014201000201,
0024201000201,
0008198195202,
0008195201201,
0006000000007,
0004000000000,
0003202201000,
0084000000000,
0002196000000,
0002197800203,
0024202000203,
0002202199202,
000e800200007,
0005000000002,
end,

0000000000000,
0001000000000,
0007000000000,
1011000000000,
0002000000000,
0011000000000,
1011000000000,
1012500000000,
0001000000000,
0002500000000,
0011000000000,




1011000000000,
1011000000000,
1012000000000,
1014000000000,
1018000000000,
0001600000000,
0003200000000,
0006400000000,
1012500000000,
1011000000000,
1012000000000,
1014000000000,
1018000000000,
0001600000000,
0003200000000,
0006400000000,
0001000000000,
1011000000000,
1012000000000,
1014000000000,
1018000000000,
0001600000000,
0003200000000,
0006400000000,
0002500000000,
1011000000000,
1012000000000,
1014000000000,
1018000000000,
0001600000000,
0003200000000,
0006400000000,
0011000000000,
1011000000000,
1012000000000,
1014000000000,
1018000000000,
0001600000000,
0003200000000,
0006400000000,

EE 185 Expl Eq (5) b
Answers

ooou424843811,
0006052652743,
000687179051k,
0006997651761,
0006999999212,
0007000000000,
0007000000000,

0002307758601,
0003854696917,
0005586724218,
0006714664470,
0006988369099,
000699998067k,
0007000000000,

1016661375880,
0001268884299,
0002307758601,
0003854696917,
0005586724218,
0006714664470,
0006988369099,

1012744739203,
1015381854102,
0001034993356,
0001916956478,
0003308951569,
0005053738493,
0006458866792,

1026965116087,
1011386092418,
1012744739203,
1015381854102,
0001034993356,
0001916956478,
0003308951569,
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PAT including the new ERROR format

000018031£3e8,
\i® 0006000000181,

“ 10081883££35b,

1100835a18935a,
<019180001¢3ke,
1 50004135£01a3ka,

100835¢3££000,

10080003f£354,

101135d¢10000, .
\ae 10083553?&355; g

100839355180,

02d135£296350,

125135£254355,
\ %0 121135£1T435¢,
100235¢196800,
100e23780031k4 3
104135044354,
( .©100e23635a31k,

1002800196800, ..

100835e35e35e,
109135£17k35¢,

( Ao 200880035b800,

004135801¢354,
100eldd3551e2,

. 100e1db3551£4,
\e0100835237d352,
*100835e3fb35e,
5000600000034¢,

4 100e23735731h,
\{o 00d4135801c3ke,

100e3551e81f4d, - *

10050400001fa,
100e237357314,
200 129135£07835b,
100e35b3fe347,
100¢35¢3££206,
0005000000210,
210100e35b3F£31k,
001135219¢34¢,
001180019¢c3k4e,
119121£19¢35e,

712 100834e3££12b,

"129135£0b835b,
0041357297341,
100e3fe35b31k,
11700050002e6212,
-00d12350dce 34t
02d82d12d0000,
02¢2000000000,
24.°0000000064000,
:0291351’21855 5,
0002355355355,

- 00088003££357,
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019180019a347,
100835£3££000,
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12¢834£3r£181,
100a3£9355000,
00bLLODBD00DO

100835:31'1'35«1:

"' 10083eb3rr35e,

11d135£124350,
100e23735b31h,
1008800358356,

"' 103813510ac357,

100¢3571a31c8,
1008800350800,
00413570de 354,
1051357124350,
100235¢196800,
100e23780031k,

~ 1100e35531: ’
1004357359314,

10083fb3fb3te,
0005000000314,
0005000000314 9
100e35735631k4,
00d135701c3kd,
100¢3553£91FF,

* 10023fa3fa35e,

100e35735631k,
10023fa3f935e,
129135£01135¢,
0005000000210,
104135b0de35b,
101135b0de 350,
001135d04da354,
100a3513£3351,

100e350220314,

0005480000350,

1008240357357,

10024035731k,

100335e3fb350,
00412300dc34f,
100e24035631k,
000000012b000,
0000000000000,
0000000000001,
10113ee2¢1355,
000f3ea800254,
0003356800356,
0002357358357,

CWMc 10-12-60
00kl rali7a 7818, 10083r£31135e,
10081863rr55c,*- 7t Doo500000035a, *
0000001000001, '+ “* ‘019135d19¢ 3k,
004135d01¢348, 10080003££35¢,
10082385ff35b, 0005000000204,

*100601000034c¢, 0005000000000,
2005000000340, 10083k4e3££180,
000500000014f, 1005080000146,
100e8001ak355, '~ ' 00050000001ab, O
0005000000354, 000035£35f1a7,

. 000e3503511e6, 100e34d35231,
119135£0dc356, 119135f0dk35a,
100¢3561a31ba, 100e23635a314,
1008800351800, 1002800196800,

- 004135619¢354, T 100835e35e35¢e, "

- 111135£124350, 115135£17435¢,
100e23735b31, ' * 100235¢196800, -

. 1008800358357, 100237800314,
101135f0dc358, *'1011351’0&1;353‘, """
100e23635a31k, 100e23735b31k,
1002800196800, 1008800358358,
100e34£3ff1e9, - 11911del9c35e,
10113ee20135e, - - 100c35635731k,
100b3583££359, - 00057¢4000352,
0005000000186, - - 100eldb355149,

- 0005000000233, . 100e34d3521e8,
10083fb3££35e, 100ela635531k,

© 100934 L3LE3UL, 004135601¢352,
00050000001a6, 100e3553£91£6,

- 000500000031k, 100e1£0355149,
000500000031k, - 100e3fa355221,
10081e33££359, 0005000000352,
02b135£193347,. © - 12a135£01135a,
000500000031k, 125135b0de35b,
119135b0de35b, 0005000000210,
100¢35a3££208, - - 100e35c¢3££20b,
00d135b0de3uf, 10d121al9¢c35e,

. 0251218254354, 100a3503£3350,
001135001¢35d&, ' 100502040121c, ' -
10023735631k, 10081337359,
100835e3fb35e, ' ' * 100e35724022k, * * '+
029135231354, 02al135f171354,
0321357301341, 10083££35d354,
100c3££35blek, 100¢3fe35b231,
00412320dc34f, .00050002fc212,
00050002da212, 0000000009000,

' 0000289288242, 0228262000000,
0000285287241, 0227261000000,

- 00113ee321340, - 100e35b3f£d2sf,
0311351321355, 00083553££355,
000a35b3fe356, 000880032800,
00083fe3££358, 0002356356359,




',,

257 00083583ea358,

0002800312800,
.000835680035¢.,

-000500000034a, -
- Lo 0005083000313,

000880032800,
000880027e800
0008800280800,

1790008800282800 !

000880028h800

100e3££3403k4s,

000c90fdaa222,

2¥°103¢577d£40b3,

ooofrfrrrhced2,
0008306800800,

0005081000313, ...
2 9°00083££356356,
0005000000297, . .. -.
000235532357, -
00083573££358, . ..

000280035a800,
000£80035 829d

000330050e555;'u

0011800298356,
00083££3££358,
0003357800800,
000£8003592b3,
0005000000344,
11912¢119435e,

000c35b3ff3ka,

000335e35¢800,
0002800312800,
100b3££35£35¢,
100e356355246,
100824937 £35¢,

129135£048355,

100e3568002¢ek
10083f££35£35¢,
129135£048355,
10d4135£04a358,

100e2373572fa,

100e3573ff217,

100835£35635¢,

10080003¢£35¢,

~ 10088003£4d800,

129135b1b7356,

00050000002£2,

1058efa351296,
8000000000

2O O

119135625435,

025180009435e, - *

00113££600354,

......

& 1®255§196800 ’

0003359800800, 0002357800357, 0008356800356,
100e3£f34034a, 000335¢30d35¢, 10095&05::3&0,
'10083££35b35b,F - "' 000500001 , 7" 119126019d35e,
00113ee321340, '+ ' . ‘000935b3££800, = . -’ 000aBO03Te355,
0003355800355, 0002800800356, 0002800274800,

0002800356800, 000880027£800, 0002800356800,

0002800356800, 0008800281800, 0002800356800,
0002800356800, 0008800283800, 0002800356800,

..0002800355800,  000880027c35¢, 032135b32135¢,

7000335¢30¢35¢, ' 10093403f£F3N0, T 000500000034a,
. 30784d7eTh355, 105b31651d7e0, 304e501c3¢528,
+ 3028ebc62d66¢, 102cckOa5b5d1, """ EKnhhislbeahc,
000235b30¢800, 0005000000289, 000235b30¢800,
00038003£2355, 000£800310284, 119128c19d35e,
00083fe3££356, 000e3££355291, 000a3f£355355,
0008310355800, " ' ** ‘000800310800, ‘* * * " ‘0002355800355,
. 000a3r£356356, 000a3553fe355, 000e3£8800295,
0002800800800, "~ * 000a3f£800354, " ' * ‘000833359,
00083593ea359, 000a8003£e800, 0003358800800,
0003800359358, " 0008357800357, " "¢ 0002800312800,
000235735635¢, 00050CCCo034a, 0002356304350,
000£30£8002bd,, 00083£83r£356, 0009355311357,
0008357311800, - <  000280030e358, - - *i000b35b800357,
00083fe3ff35¢; - ' 00083fe3ff355, - 00083583fe358,
0002800359359, .000835¢80035¢, 0002800312800,
000235635¢35¢, - i 000e3ff35b3La, 00033fe35¢35¢,
- :000e3£1£35b2¢0, 00083f££3££35¢, 00050000003k4a.,
' .0005082000313, 000935b3££35e, 000a35¢35¢35¢,
. 00083ee3f£35¢, 02a135b29735¢, 031135b31135¢,
- 000a80035¢800, 0002800318354, 000880035¢35¢,
~ 000£80035a2¢8, 032135b32135¢, " 000500000034,
+ - 119135£04¢355, ©  -10d135£0dc356, 00412d501c¢35¢,
0005000341360, 11912d719d35e, 0005001000313,
' 000500034b34d3, - :i.7100835£3FF35¢, 019135d01c3ka,
:119135£048356, 10083553fc355, 10088003£¢800,
- 00d135529835¢, 004135f£01c3kc, 00050000003k4a,
00050000003k4a, 100835b3f£35¢, 019135d01c349,

-+ 129135047356, 0301354321356, 1191351048357,
:100e2403552fa, 10083553£¢800, 004180029835¢,
10Ce2373582¢8, - * ‘1231357011357, ' - "117135£011358,
10033563eb800, 100835£80035¢, 100¢35831£349,
0005000000349, * * ' * "10d12fbl9d35e, " 0005001004313,
019134701c349, 129135b1b8355, 10083££35035¢,
001180019¢347, 004130301c348, 0005000304347,
0301350321356, 1002355356800, 100a3££800356,
; 2005000000180, 2-.0000000000000, 001c90rdaa222,

©.002935d844ddab, 000b17217£742, 008feffIrLees,
-0288000000001., 1108000000000, 019134401c352,
' 101135209a35k4, 1003354240800, 10088003fc 354,
L00113££254358, . .100235419635k, 0201800054 35e,

01b180001435e, 000735e35£309,

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