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ABSTRACT
3

This paper, which is based on the technique published by Joel N.
Franklin};ETVEEVa method for generating digitally a time series with a
given power spectral density function. A computer program to carry out
this method was written for the Control Data Corporation 3200 computer,
and the program was tried on some specific example problems. Then for
each of these examples, the power spectral density function of the gen-
erated time series was compared with the specified, theoretical power

spectral density function.
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I. INTRODUCTION
A stationary Gaussian random process, x(t), is called a
time series if t represents discrete values of time. The collection
of functions of time x(t) = xr(t) is called a random process if r is
a random variable ranging over some measure space, R. The process is

called Gaussian if, for every finite collection of times t, < --- < tn’

1
the random variables x(tl), ---, x(tn) have a multivariate Gaussian
distribution. The process is called stationary if, for any increment
Ot, the random variables x(ti+Am) have the same joint distribution as the
random variables x(ti).l
A common method for obtaining a time series is to record on
magnetic tape the amplitude of a physical quantity, such as the pressure
waves in a large body of water, the atmosphere, or the earth or the waves
on the surface of a large body of water. This analog data can be thought
of as a time series which can be either analyzed by means of an analog
computer or converted into digital data and then analyzed by means of
a digital computer. This method for obtaining a time series can be time
consuming and the conditions which are necessary to obtain a time series
with gpecified statistical properties are often difficult to achieve;
therefore, a method is desired for computing numerically a time series
with given statistical properties.
This paper summarizes a technique, proposed by Joel N. Frankline,

for computing a stationary Gaussian random process with a given power
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spectral density function. It also contains a computer progrem for the
Control Data 3200 computer which applies this technique in computing a
specified stationary Gaussian random process along with four example
problems which have been tried on this program.

A. Applications

The method given in this paper can be used to generate a
stationary Gaussian statistical process with a specified power spectral
density function which satisfies the conditions (1.8). Forms for the
power spectral density function of many statistical processes can be
found in the literature; for example, the general form for the power
spectral density function of low frequency atmospheric turbulence 1is

given by Bendat.3

Problem four in Chapter III gives a specific example
of such a power spectral density function.

As stated previously, a time series can be obtained by recording
the amplitude of a statistical process, such as a pressure wave, at
regular time intervals. However, when a time series is obtained in the
field, the time series which is recorded on magnetic tape, called the
total time series, is a combination of the time series obtained from the
signal and the time series obtained from the noise. A signal is a
detectable physical quantity or impulse by which messages or information
can be transmitted, and noise is an unwanted detectable physical quantity
or impulse which exists either by itself or in interference with a
specified signal. Now if the power spectral density function of either
of the three time series mentioned above is known and satisfies the
conditions (1.8), a stationary Gaussian random process, which has the

same power spectral density function as the time series obtained from

the physical wave, can be generated digitally.




A problem of much interest is the study of detecting a known
signal in various noise backgrounds. By the method given in this paper
a time series can be generated which has the same power spectral density
function as the time series obtained from a specified noise background.
For example, suppose the time series of a noise-free signal of the
infrasound (pressure waves having a frequency lower than about 16 cycles
per second) produced by a thunderstorm is obtained. Then this time series
can be viewed under uny specified background conditions if the power
spectral density function of the time series of the specified noise back-
ground is known. This can be accomplished by combining these two time
series with the use of either the digital or analog facilities of a
computer. The magnitude of the time series of the signal can be varied
in relation to the magnitude of the time series of the noise, and by this
method, the time series of the infrasound produced by a thunderstorm at
a specified distance with a specified background can be simulated. The
power spectral density functions of these total time series can be used
in developing methods for detecting and tracking thunderstorms by giving
examples of the power spectral densities of the infrasound produced by
thunderstorms at various distances with various backgrounds.

The ability to obtain a time series for a given power spectral
density function could also be useful in the advancement of the theory
of optimum linear prediction and filtering. This theory is used in
designing engineering systems which either project into the future by
information obtained in the past or recover desired signals which have
been distorted by random noise disturbances. These systems can be applied
to communication, meteorological forecasting, and economic analysis.

A specific example is the technique of combining two independently
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obtained sets of related perturbed messages to obtain an improved estimate
of the message.

The last application to be mentioned is the study of smoothing
techniques such as the hanning and hamming windows.5 Here it is of interest
to learn how the minor lobes of a power spectral density function are
affected by the major lobe when these smoothing techniques are applied.
This can be done by constructing time series for which the distances be-
tween the major and minor lobes of their power spectral density functions
vary. The relative size of these lobes can also be varied along with the
distance between them; therefore the effect of a smoothing technique on a
given power spectral density function can be studied.

B. Summary of Method

The method under consideration for computing a stationary
Gaussian random process is the method proposed by Joel N. Franklin.6
In order to compute such a random process by this method, either the
autocorrelation function, which is defined in terms of the expected value
cperator, or the power spectral density function must be known.

The expected value operator E is defined as
N
Blx, ] = 1im% Zx. (1.1)
Nwo &= 7
i=1

if the limit exists, For a finite sequence x., the operation lim is

N— o
neglected. Throughout this paper it is assumed that E[x(ti)]-o for each

1

time series x(t).
The autocorrelation function is defined as
R(tl,ta) B E[x(tl)x(ta)] (1.2)
which is written as

R(7) = Elx(t)x(t-7)] (1.3)
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if x(t) is a stationary process.
The power spectral density function for a stationary process is

defined as

V(w) =me(-r) il (1.4)

-00

if the integral exists.
The Fourier transform indicated by (1.4) can generally be inverted;

therefore, if V(w) is known and can be inverted, R(7) can be found. Since

it is more natural to work with the power spectral density function and
since V(w) and R(7) are generally interchangeable, this method is designed
to construct a stationary Gaussian random process from a given power spec-
tral density function. Even though V(w) and R(7) are interchangeable, small
perturbations in V(w) may cause great changes in R(T). This case is illus-
trated by example problem four in Chapter III.

Franklin attacks the problem by considering the linear trans-

formation

:
x(t) = d/‘ g(t-s)v(s)ds : £1.5)

He then sets v equal to the Dirac delta function; therefore g(t) is the
response of a filter to a delta function input. It is shown by Davenport

7

and Root' that the power spectral density functions Vx(w) and Vv(w) of

x(t) and v(t), respectively, are related by
V() = | o) |°v, (@ , (1.6)

where G(w) is the Fourier transform of g(t).
Now if a random process v(t), known as white noise which has the

property that Vv(w)=l, is obtained, (1.6) becomes
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V(@) = V() = | 6w) |? (1.7)
It is shown by Davenport and Root8 that if
0<V(w)<m, V(w) = V(-w), and V(w)=0 as wte, (1.8)

and that if V(w) can be represented as a rational function (i.e., the

quotient of two polynomials) in w, then for real w, V(w) can be represented

V(w) = ’%%fz, (1.9)

where P and Q are polynomials with real coefficients and of degree m and n,

by

respectively, m<n, and the zeros of Q(£) lie in the half-plane Re £<O. Now

by (1.7) and (1.9), an obvious choice for G(w) is

G(w) = g i:’ p (1.10)
and if D is the differential operator, d/dt, we have
x(t) = g%% v(t) i (1.11)
The specified time series x(t) is found by first finding a steady-state
solution to the differential equation
Qp)e(t) = v(t) , (1.12)
for all real t and then combining the derivatives of ®(t) of order less
than n by
x(t) = P(D)o(t) . (1.13)
The first step in finding a solution @(t) to the differential
equation (1.12) is to generate a completely equidistributed sequence V
which is also a "white sequence." This sequence is to be used as the
digital representation of a white noise source.
A "white sequence" is defined to be a sequence for which
R(7) =0 for r # 0 . (1.14)

A sequence ) is said to be equidistributed by k's if k is a

positive integer and if for every set of k intervals (ai;bi), i=l, «-=-, Kk,

5 N N
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where O & a bi -~ %

k
1
5 Z l—'ﬂ(bi-ai) as N - o 4 (1.15)
e B Wl
(1=1,-~-,k)
n=l,"-,N

and a sequence equidistributed by k's for all k is called a completely
equidistributed sequence.

Let the notation (@} denote the fractional part of @. It is
shown by Franklin that for almost every 6 > 1, [Bn]is a completely equi=-

9

distributed sequence”; furthermore he suggests that the sequence vn=[6n},
where @ is a transcendental number greater than one, be used as the required
"white sequence." For example, if 6 = 2.72, v, = {2.72] = .72,
v, ® {2.722) = ,398L4, etc.

Because of computational difficulties which limit the length of
L™ for a given 6 > 1, several different sequences, vﬁl),~--, vgs),

(n=0,1,2,---), may be needed for a single application. These sequences

should be interlaced by

)

Sasl ™ Y 4 = v(e), g A = v(s), n=0,1,2-- (1.16)

ns+2 'n ? "ns+s n

A few of these difficulties will be

to form the required "white sequence."

pointed out in Chapter II, Section A.

Now that an equidistributed sequence % has been constructed on
the range 0 = v < 1, a sequence W which will be called the w-sequence, of
independent samples from the Gaussian distribution with mean O and vari-
ance 1 can be constructed by the method of Box and Muller.lo This method

is given by the two formulas,

5 H
o1 (=2 1n V2n-1) cos 2nvan

wo. * (<2 1n V2n-1) sin 2nv,  for n=1,2,3,---
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Now that the "white sequence," Yo and the w-cequence, v have
been defined, the next step in finding a solution to the differential
equation (1.12) is to consider the given power spectral density function
V(w), which must be a rational function satisfying the conditions (1.8),
and the given time increment At at which samples of the specified time
series are to be calculated.

The equation (1.12) can be represented as

alcp(n)(t) - a2cp<n'l)(t) +-eet g o 0(t) = W(t) for -a<t<e  (1.18)
where a.=1 and a;, 1sisn+l, are the real coefficients of the polynomial Q.

1

The vectors

2 ()] [et)

z,(t) ?'(t)

z(t) = : = : .y t = 0,At, 2At,~--- (1.19)

(n-1)
zn(t)J Lan (t)

must be found in order to compute thédspecified time series by the equation

(1.13). The vector z satisfies the differential equation

Llt) . pa(e) +£(t) , w<t<e (1.20)
where
e ]
0 1. QGr'=- 9
0 o SR 0
A= . . S . (1.81)
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and
Fin: 1
0
sx)w 1 (1.22)
0
v(t%

In order to find z(0), the solution vector (ml,ma, ~-y mn) must

first be found to the set of n linear equations in n unknowns given by

k-1 g-1 < J°» k=1, ==, n-l o
(;1) ZE: (-1 8 2(q-1)+" “{1/2, ken 2250
7 + 15qs gn+g-1)+l

The elements of this solution vector are then placed into the matrix M by
O, 14] odd

= j=1)/2 2N
('l)(J 4 m(j+i)/2 , i+j even iy

mij
forl & ¥, J 8.0,
The formulas (1.23) and (1.24) are proved by Franklin, 1l M is the positive
definite moment matrix for the vector z(t) for all time t, including t = O.
Since M is a positive definite, real, symmetric matrix, there exists a
lower-triangular matrix T with positive elements on the main diagonal such
that M = T T.* 5

Now it becomes necessary to define the sequence of n-dimensional

vectors,

1 Vel 2n+l

(1) (2)

W(O) - R, uadel (SEE e W - . i (1.25)
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10
whose elements are the elements of the w-sequence, and z(O) is determined
by

(0) = 2% . (1.26)
Franklin shows that if z(kAt) is known, the following steps are
needed to compute z((k+1)At). 2(0) has been computed in equation (1.26);
therefore, it is used as the starting value and z((k+1)At) is found by
induction. The first step in finding z((k+1)At) is to compute the matrix
exp(AtA) with elements € 4 L% 3 4 8n,

It then becomes necessary to solve the set of simultaneous

equations
- 'Bij=einejn, i<n or j<a
+ =(A .
Z(aik“ka' 83 e Rt (1.27)
k=1 {312 0 - 5o e
where My are the unknowns and aij are the elements of A for 1 = i,J = n.
o

The elements u, are also the elements of the symmetric moment matrix Mr;
lJ ~ ~

therefore,ui‘j = “ji' It also can be seen that bij = bji; therefore, the

n2 equations in n2 unknowns represented by (1.27) can be reduced to the
4n(n+1) equations in 4n(n+l) unknowns,
Z xHak Z % kMK +Z";jk"1k *Zajk“ki = 3 ol
ksj k>j ksi k>i
for 1 j=1isn,
When the solution to (1.28) has been found, the positive definite, real,
symmetric matrix M. is known, and therefore a lower triangular matrix Tr

*
can be found such that M =T T .,
Y RS

T, &, exp(atA), z(0), and w(k), k=1,2,-=~-, are now known, and

the last step in evaluating z((k+1)At) is carried out by
(k+1)

z2((k+1)At) = exp(AtA)z(kat) + T ¥ (1.29)

for k = 0,1,2,~~= .
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Now the solution ®(t) to the equation (1.12) and its first (n-1)
derivatives are known. Equation (1.13) becomes

x(t) = v.2z l(t) + bgzm(t) + -e- + bm

Vet +lzl(t), t = 0,At,2At,---  (1.30)

where bl # 0 and bi, 1 sis mtl, are the real coefficients of the poly-
nomial P and zi(t), 1 £1i3%n, are the elements of the vector z(t) as

defined by (1.19). This completes the process since the specified time

series x(t) has been obtained.
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II. COMPUTER PROGRAMS

The method for calculating a time series with specified power
spectral density function, as presented in Chapter I, is divided into
three separate programs. The first program, ISLASHO with subroutine
RANDOM, generates a "white sequence"” for a given 6 and buffers this
sequence out onto tape. The program CLLCNVRT, pronounced Call Convert,
with subroutine CONVERT then converts the "white sequence" into the
w-sequence by (1.17). This w-sequence is then buffered out onto a
second tape which is the input tape to the program GAUSSIAN. GAUSSIAN
then shapes the w-sequence into a time series with a given power spectral
density function. The power spectral density function is defined in this
program by the coefficients of the polynomials P and Q as defined by (1.9).
This specified time series is buffered out onto a third tape. The same
w-sequence can be shaped into any specified time series.

A. Generating a "White Sequence"

The purpose of the program ISIASHO is to generate a "white
sequence" as described in Chapter I, Section B.

For the purpose of this paper, the transcendental numter
greater than one was chosen to be e = 2,71828183. The "white sequence",

(e") for 1 s n s 4266, was then generated on the Control Data 3200

v =
n
computer.

The following approach was taken to the problem of generating
a "white sequence." The approach lc.ds to a description of the method
used.

For every n > 1, e” can no longer be stored to full accuracy as
as an eleven digit, floating point number; therefore, this is obviously

not the approach to take.

12
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13
It can be seen that about 1740 digits are necessary to store the

integer part of ehOOO since log (e ) ® 1740, Initially e is rounded to

nine digits; then for the assurance that the fractional part of en, L

will not start repeating, e" is saved with no round-off error. Since the
present approximation of e contains eight digits to the right of the decimal
point, (ehOOO] contains 32,000 digits, and therefore ehOOO consists of
approximately 53,7&0 digits. Now if these digits were stored in groups of
threes as fixed point numbers, ehOOO would require about 12,000 fixed point
numbers for storage. The storage capacity of the Control Data 3200 is about
32,000 2k-bit words; therefore, if two 12,000-word arrays are needed for the
multiplication, the machine still has the capacity to handle the program.

The largest fixed point number that can be stored in a 2h-bit word
is 240, = 8,388,000; therefore, all six-digit and most seven-digit integers
can be stored in one 24-bit word.

Now the properties that the Control Data 3200 can handle two
12,000, 24-bit word arrays and all six-digit integers can be stored in a
2h-%it word will be used in the program ISLASHO to raise any seven-, eight-,
or nine-digit number to powers and save the fractional part. The two
12,000-word arrays, IX and IY, are used to store the products as three-digit,
fixed point numbers. These products should be thought of as numbers repre-
sented in the base 1000. The notation used in equations (2.1), (2.4), and
(2.7) is that of "long hand" multiplication.

The number which is to be raised to powers is read into ISLASHO
as the three, three-digit, fixed point numbers, IX3, IX2, and IX1l, with IXl
containing the three right-most digits. In the method used in ISLASHO, we

first set IX(1) = IX1, IX(2) = IX2, IX(3) = IX3, and L = 3
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and then start the following procedure.
In step one we have
(L) -+ IX(3) mX(2) 1IX(1)
IX1 g (2.1)
THIM)  IXL) src: TN IN2)  II1)
IY(1) is computed by
nglz X IX1 .
IY(1) = R 4550 ) - (2.2)
also let
IX(1) X IX1
ICARRYl =1 ( 1000 ) .

R {%) is defined to be the remainder of a/b, and I (%’ is defined
to be the integral number of times b divides a where a and b are integers.
Then for 2 & 1 = L,
let I¥(i) = R(Ti) and ICARRY, = I(Ti)

where

IX(i) x IX1 + ICARRY, |

g " 1000 ' (2.3)

To terminate this step, set IY(L+1) = ICARRY. and increase L by one.

L

In step two we have

IX(L-1) +-° IX(3) x(2) Ix(1) ks
% 2 2.
IY(L+1) 1IY(L) IY(L-1) --- IY(3) 1Y(2) TYCLEY. 2

where IY(1) has the same value as in step one, L-1 has the same integer

value as L in step one, and T1Y(2) = R(Te) and ICARRY2 = I(T2) for

_ IX(1) x IX2 + I¥(2)
T, = 500 : (2.5)

Let IYZi; denote IY(i) as computed in the previous step.

Let 1Y(i) = R(Ti) and ICARRY, = I(Ti),

where

IX(i-1) % IX2 + TY(1) + ICARRY; ,

T, = 550 for 3sislL : (2.6)

TR
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Step two is also terminated by setting IY(L+l) = ICARRYL and then increasing
L by one.

In step three we have

IX(L-2) -+ IX(3) 1X(2) 1X(1)
IX3 (2.7)

I¥(L+1) I1¥(L) TI¥(L-1) I¥(L-2) --- 1Y(3) 7TY(2) 1IY(1)
where IY(1) and IY(2) remain invariant from step two, IY(3) = R(T%), and

ICARRY, = I(TB) where

3
(1) x X3 + TY(3)
T5 = 1000 i (2.8)
Let IY(i) = R(Ti) and ICARRY, = I (Ti)
where IX(i-2) x IX3 + TY(1) + ICARRY, .
L g 1000 (2.9)

fer- i § 1 % L.

To terminate step three we set
lCARRYL, if ICARRYL #0
I¥(L+1) =¢not defined, if ICARRY, = 0 , (2.10)

P _41&1, if ICARRY # 0

L, if ICARRY Ra

(2.11)
and then L = ﬁ.

It can be seen from equations (2.1) through (2.9) that no fixed
point number calculated by the above method will be greater than 9992 + 900+
999 = 99,999 which is a six-digit number and can therefore be nandled by
the Control Data 3200.

The IY array is then placed into the IX array and eight, nine,
or ten correct digits (depending on where the theoretical decimal point
is located in relation to the three digits of IX(i) which contains the
theoretical decimal point) after the theoretical decimal point are placed

into the floating point X array. The X array therefore contains numbers

between zero and one; this is the desired "white sequence." The process,

starting with step one and continuing through the placing of a new number
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into the X array, is repeated until L is even and IETOP < L £ 12,000 where
ISTOP ie an input parameter.

The entire IX array is placed on tape before ISLASHO terminates;
therefore, this calculation can later be continued. However, in order to
calculate many more than 4266 points in this "white sequence" by this
method, ISLASHO would have to be modified such that part of the IX and IY
arrays could be stored elsewhere than in the memory of the computer during
the calculation of each point of X because these two arrays would soon out
grow the storage capacity of the computer. Also the longer these arrays
become, the time needed to calculate each point of X increases until this
method would no longer be practical. For example, Vi lsns 500, was
computed in about 45 seconds as compared with thirteen minutes needed to
compute the 500 points, vn, 3501 S n § 4000. It was noted that if t minutes
were needed to compute a block of 500 points of ¥ approximately (t + 1.75)
minutes were needed to compute the next 500 points of vn. It therefore may

e e
n n

become necessary to generate several "white sequences,’ , for

different transcendental numbers and then interlace these sequences by the

method (1.16) to form the desired "white sequence.'




The following is the list of input parameters to the program
ISLASHO. The numbers in parentheses were the numbers used to find

{(e™) for 1 s n s L4266.

NO DEC the number of digits to the right of the decimal point

of the number which is to be raised to power. (8).
[ IX3, IX2, IX1 these three parameters each contain three digits of the
number which is to be raised to powrrs. (2.71828183 was
used; therefore, IX3 = 271, IX2 = 828, and IX1 = 183),

IF PRNT 5Q

i
=
-

the X array is buffered out onto tape and printed in
blocks of IBUF points,

= 0, the X array is only buffered out on tape in biocks

of IBUF points. (1).

IF PRNT ME

]
=
-

buffer out onto tape and print the entire IX array just
before the program terminates,
= 0, only buffer out onto tape the entire IX array (0).
ISTOP the program terminates when L is even and ISTOP < L s
12,000. ISTOP should never exceed six less than the
dimension on the IX and IY arrays. (11990).
IEUF the number of points of the "white sequence," X array,
that should be handled in one block. IBUF should be an
even number and not exceed the dimension of X which is

500 in the listing. Also IBUF = 588 if the subroutine

e e R R e e

SOLUTION in GAUSSIAN is not to be changed.

e
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The output tapc has the following form:
IBUF
l x(1) « =« -+ X{(IHUF)
!
IBUF

X(1Y wos o+« X(IBUF)

X(1) + - - - X(ICOUNT)

end-of-file

TI1) == o S a h)
end-of-file

ICOUNT the number of points in the last block of the X array.

m———g R — — e e
e

ICOUNT = IRUF.

I DEC the number of digits in the decimal part cf the last
number in memory.

L the number of three-digit numbers which compose the last
number in memory.

IX(1) — IX(L) the last number in memory put on tape as three-digit

numbers. IX(1) is the right most and IX(L) is the

the left most three digits of this number.
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B. Constructing the w-sequence

The only purpose of CLLCNVRT is to convert a "white sequence"
into its w-sequence by (1.17) and place this w-sequence onto tape. This
program 1s almost trivial, but it simplifies the programming of the problem.
It can be seen by (1.17) why it is desired that an even number of points
of the "white sequence" be placed on tape in each block. If the number of
points in a block is odd, the last point in that block will not be used by
the subroutine CONVERT in forming the w-sequence.

The program CLICNVRT has one input parameter, TF PRINT,

IF PRINT = 1, print and buffer out the w-sequence onto tape,
= 0, only buffer cut the w-sequence onto tape.
The output tape has the following form:
I BUF
w(1) «--- W(I BUF)
I BUF
w(1) --- W(I BUF)
end-of-file,
I BUF same as on input tape.

W(1) -+« W(I BUF)

a block of w-sequence points.




g | — iy el

yran. -y

20

C. Constructing a Specified Time Series

The program GAUSSIAN shapes the input w-sequence into a time
series x(t) with a given power spectral density function and a given
sampling time interval. The power spectral density function must be
defined by the real numbers ) l1sisn+1l, and bi’ 1l =1is mtl for

. \m !
P(iw) 2 bl(xw) + e 4 bm(lw) + b . 18
v(w) = Q].Ll) - = (2.12)
al(lw) + e 4 an(lw) * s

where m < n, w is real, and the zeros of alﬁn + eee + ang ta lie in

the halfplane ke (&) < 0. It should be noted that each of the n-dimensional
vectors in (1.25) is used to construct one point of the specified

time series; therefore, if the w-sequence consists of J points, the
specified time series will contain J/n points.

The numbers ass 1l s=1is n+l, are read into the vector SA; the
numbers bi’ l12is=mtl, are read into the vector SB; and the time interval
At is read into DT.

Subroutine FIND B places the numbers, ) 1 i ntl, into a
constant, n X n matrix B and constructs the n-dimensional constant vector
(o, +--, 0, 3] by (1.23).

The subroutine GAUSS P then finds the solution vector [ml,---, mn]

13

by means of Gaussian elimination with partial pivoting. Since the deter-
minant of the inpul matrix can be found by simply computing the product of
the elements on the main diagonal and multiplying this product by the proper
sign after the input matrix has been reduced to upper triangular form, the
determinant of the input matrix is always calculated by GAUSS P and printed

out by the program GAUSSIAN as a guide to the reliability of the solution

vector.
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The subroutine FIND CM places m,, 1 £ 1 $ n, into the positive

i

definite moment matrix M whose elements, m,

142
found by (1.24). Then as stated in Chapter I, Section B, a lower trian-

1s1i, j = n, have been

gular matrix T must be found such that
M=TT™* (2.13)
Since M is a positive definite, real, symmetric matrix, the
desired lower triangular matrix T can be found by Crout factorization.
Let ti be the elements of T and m, , be the elements of M. It is known

J iJ
that tij = 0 for j > i; therefore, only tij for j = i need to be computed.

Then by (2.13)
3

m; =§Z i tjk (2.14)
k=1
can be obtained. It is then suggested that tij’ for j = i, be computed in
the following order:
13i= 1ty 2L, vy nlii20 FA. e pPs vve3 AN

By this order,

t = m3 (2.15)

is computed first, and the other elements in the first column are given

by
3
Bay = ke Wy

for i =2, *ss,n . (2.16)

If the preceding columns k < j have been computed, the j£E diagonal element

can be computed by
J=1

2 |3
tij = [my -§: tjk ‘ (2.17)
k=1
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Now the elements below the diagonal can be computed by
J-1
L RN Z t. 0t
$3 ° "33 13 ik “jk (2.18)
k=1
for i = j+l, +++, n where j < n.  This method of Crout factorization is

carried out in the subroutine T T STAR.

The matrix exp(AtA), where A has the form as shown in (1.21) and
is constructed by the subroutine MAKE A, is computed by the subroutine
EXP ADT. This exponential matrix is defined by

2 k

exp(AtA)=I+§—?A+‘2‘%A2+--+%°—Ak+--- (2.19)

which is the same as

exp(AtA)

+

A sl ) [
D)% ]( el ew
]

The method of summatiocn given by (2.20), where the (k-l)Eh term is multi-

\\_//

plied by (At/k) A and then added to the previous sum, is used to calculate
exp(AtA) in EXP A DT.

The summation terminates when the condition that bij< € = max

chk
[Ianil x 10722} 1 5450 and a ; is an element of A} holds for every
k
bij’ l1si, j= n, where bij are the elements of B = é%— Ak for k & L. The

maximum of the above set was taken instead of the minimum so that the computer

would not set echk equal to some very small floating point numbers which
should actually be zero. However, if all ani are approximately the same
in magnitude, no problem should arise. If a 4 vary greatly in magnitude,
it may become necessary to define a floating point zero and change the sub-

routine to check for the minimum value of (|a 1sisn).

niI
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Let gij be the elements of A where
n A K\ (ot % (" x
A=M=A<TA>=<TM=<TA>A=BXA ; (2.21)

Now since AXB = BxA, the matrix multiplication for (2.21) can be defined by

R T T R W O i S 8
+ 2 )
S (2.22)
oy ™ bnn anl,
and an,j+l = bnj b bnnan,j+l’ 1= jsn-l i

This is the method of matrix multiplication used in EXPADT.

Now subroutine BIGSET constructs the 4 n(n+l) equations in the
same number of unknowns by’(l.28) where the %ij for 1= js1isSn are
defined by (1.27). The unknowns My 50 1sjs1is=n, can be written in the
form of an nxn lower triangular matrix L, and a one-to-one mapping f can
be defined which maps the elements on and below the main diagonal of L onto
an n-dimensional vector v where n = % n(n+l). This vector is then the
vector of unknowns associated with the n X n constant matrix defined by
(1.28). After the value of v has been found by GAUSS P, an inverse mapping
can be defined to take the elements of v back into L. L can then be made
into the desired real symmetric matrix Mr by replacing the zeros above the
main diagonal with the corresponding elements below the diagonal.

Let f:L - v be the mapping

& 0
2 e
g S
e - —_— (2.23)

5 0

bpp Mp2t * Mo

(“ll’ “211 4e unl; “22) e “n25 '*"33 Sleony P'nn)
= (Vl,vz, suey VB)
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When “13 is under consideration, all n elements in the first Jj-1
columns plus the upper i-1 elements in the JEE column less the upper trian-
gular set of zero elements have been mapped into v; therefore, it can intui-
tively be seen that for “ij’ lsjsisn, and Vies lsks 3, the mapping
f can be defined by

k=1+n (3-1) - (353 3 (3+1)] (2.24)
which reduces to
k=1+ (j-1)(2n-j)/2 . (2.25)

It must be shown that f, as defined by (2.24), is the mapping

indicated by (2.23). Let f(“ij) - (vk) be denoted by f (i,j) = k for

lsjsisnandlsks B. Therefore show that if 1 = j = 3 S n-1and

T-4i=1,0orifi=n, 15 jsn-l, and1 =3 = j+l, then k-k = £(T,3)-£(4,3)
= 1.
Case I:
Let 1 S j=J S n-1and i-i = 1; this implies that
k-k = £(1,3) - £(4,3)

=1 + (3-1)(2n-3)/2-i-(§-1)(2n-j)/2

=i-i=1
Case II:

Let i=n, 1 £ j s n-1, and i=j = j+l; this implies that
k-k = £(3, 3) - £(4,3)
=1+ (J-1)(2n-3)/2 - i -(3-1)(2n-3)/2
= j+L + (j+1-1)(2n-j-1)/2
-n - (j-1)(2n-§)/2
= J+l + (2nj-32-j)/2

-n - (2nj-32-2n+j)/2

= 1.

e AU AN
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Therefore f is the mapping indicated by (2.23). This mapping is
defined in the subroutine INDEX which is used by BIGSET. It is obvious
that f is one-to-one, and therefore f'l exists. f-l is defined by
taking the elements of the solution vector v in order from left to
right and placing them into the lower triangular matrix L in column order.

TTSTAR is then called to find the lower triangular matrix Tr such

Now that T , exp(AtA), and T have been computed and the vectors
w(k) for k = 0,1,2, +++ can be constructed from the w-sequence, z(0) can
be computed by (1.26) and the sequence of vectors z(kAt) for k = 1,2,+-+ can
be computed by (1.29). The input vector SB is also known; therefore, the
specified time series, x(t) for t = O, At, 2At, -++, can be computed by
(1.30). This process is carried out in the subroutine SOLUTION. This
completes the construction of the specified time series.

The card input to GAUSSIAN is of two types, problem data and
flags. The sole purpose of the flags is to control the flow of the program.
The flag NOSKIP is read once and only once each time the program is
compiled; all other input parameters must be read anew for each time series
that is to be generated.

The following is the list of problem data:

N n in equation (2.12). N is also used as a flag
in that GAUSSIAN terminates if N = Oj this is
to be used for normal exit.

M m in equation (2.12).

SA(1), -+, SA(N+1) a in equation (2.12).

“ .. a'
1 ? “n+l

SB(1),+++, SB(M+1) b in equation (2.12).

vttt bm+l
DT Ot, time interval at which samples of the time

series are to be calculated.
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NOSKIP

ISTOP

IPOWER T

IPOWER TR

IPCWERB

IPOWERC

IFT

IFTR

IFB
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The following is the list of flags:

the number of end-of-files (ie., previously
computed time series) which must be skipped on
the output tape before the first time series is
computed and then buffered out onto this output
tape.

the number of points of the time series which

are to be buffered out onto the output tape in
each block (except for the last block which
contains the remaining points). It is necessary
that ISTOP s 5604.

used when factoring the matrix M.

used when factoring the matrix Mr. IPOWER T

and IPOWER TR are called IPOWER in the subroutine
TISTAR. The check, "is [m, .| < T el X

is made before m, is used as a divisor in TTSTAR
where m,, are diagonal elements of M or Mr'

used when solving the set of equations (1.23).

used when solving the set of equations (1.28).
IPOWERB and IPOWERC are called IPOWER in the sub-
routine GAUSS P. The check, "is laiil < 10‘POWER7,"
is made before a, s is used as a divisor in GAUSSP
where a4 are the diagonal elements of the constant
matrix under consideration.

associated with IPOWERT.

associated with IPOWER TR.

associated with IPOWERB.
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IFC asscciated with IPOWERC. Let IF denote any of the
abcve four flags. If IF = 1 and a zero divisor
has been detected by its TPOWER, a diagnostic will
be given, but the calculation of this time series
will continue. However, if IF = O and a zero divi-
sor has been detected, & diesgnostic will be given,
but the program will go to the next time series.

IF N PRINT = 1 print the number of points which are in the fol-
lowing block of time series points.

= Ch do not print the number of points.

H
=

IF X PRINT print the computed time series in blocks of
ISTOP points.
= 0, do not print the time series points.

The data deck to GAUSSIAN must be stacked as follows:

NO SKIP (Format Ik)

N, M (Format 2TL) T

8A(1),+++, SA(N+1) (Format L¥20.6) Repeated

SB(1),-*, SB(M+1) (Format 4F20.6) for each

DT (Format F20.6) time series

ISTOP, IPOWERT, ITPOWERTR, IPOWERB, IPOWERC to be
(Format 5Ik4) generated.

TFNPRINT, IFXPRINT, IFT, IFIR, IFB, IFC

(Format 611) i

(Blank card; flags normal exit.)
The problem data are printed and labelled. The intermediate

matrices and vectors, which are found by the various subroutines are printed




N

' < '“ﬁ"ﬂ: B e R ST

28

unlabelled as they are calculated.

More than one time series can be shaped from the same w-sequence
each time GAUSSIAN is compiled. This input tape which contains the
w-sequence must te of the same format as defined for the output tape from
CLICNVRT. Each block of the w-sequence should not exceed 588 points.
GAUSSIAN terminates when and only when either N = O or a parity error has
been detected on either the input or output tape.

The output tape has the following form:

ISTOP

X(1) ¢ = » = X(ISTOP)

ISTOP
x(1) « « « « X(ISTOP)
IPRINT

X(1) <« - = - X(IPRINT)

end-of-file

ISTOP

X(1) « + + « X(ISTOP)

IPRINT

X(1) « ¢« « « X(IPRINT)

end-of-file.




'
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IPRINT

array of time series points.

number time series points in the last block.




IIT. "WHITE SEQUENCE,'" w-SEQUENCE, AND EXAMPLE TIME SERIES
A spectral analysis program similar to the program SPECT, as
found in a report by Ellis and Boston,15 is used to find the autocorre-
lation function and power spectral density function of the "white sequence"
generated by ISLASHO and four example time series generated by GAUSSIAN.
The autocorrelation function is defined by (1.3) and the power spectral
density function is defined by (1.4). In SPECT the time T in (1.3) and

(1.4) is taken at regular intervals AT, and therefore

T = 1Ar; 1=0,1,2, ***, (3.))
where 1 is called the lag number. For practical applications on the com~
puter, T can only take on finite values and the sequences considered will
only have a finite number of points; therefore a finite number of _ags
will be taken in SPECT. The maximum lag number will generally be about
ten percent of the number of points in the given sequence.

A. '"White Seguence"

The condition (1.1h) states that the autocorrelation function

TSNS e S sasd BRGSO BN TS s s

of a "white sequence" must be zero for all but the zeroth lag. The
"white sequence" under consideration is {enJ, 1 sns U266, It is also
stated in Chapter I, Section B, that the power spectral density function

of vn must be constant. The plots of the autocorrelation function and

the power spectral density fuaction of v, as computed by SPECT for time
interval Ar = .1 sec. and 1 = 200 lags are shown in Figures 1 and 2,
respectively. It can be seen from these two plots that the sequence 1

B . L2 .
{e") is a good numerical approximaticn to a "white sequence."

e
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B. w-Seguence

A short program, which is not listed, was written to find the
mean and the variance of the w-sequence. Let the mean be m = E(wi) and

the variance be defined as N

S § 2

¢" - z (wi-m) 2 (3.2)
i=l

where Wi 1s1isN, are the N points of the w-sequence. It .s stated in

Chapter I that the w-sequence, as constructed by (1.17), should have mean

0 and variance 1. The numerical w-sequence constructed from (e ) by

CLLCNVRT was found to have m ® - .029 and 02 = ,9577.

C. Four Example Time Series

Four example problems are now to be considered. The following
three steps are taken in the consideration of these examples:

(1) Given the constant coefficients of the polynomials
P(iw) and Q(iw) of the theoretical power spectral density
function V(w) as given by (2.12) and a time interval
At, GAUSSIAN is used to shape a time series with this
power spectral density function.

(2) A log-log plot of the theoretical power spectral densivy
function as a function of frequency f, is made where
f= g; and w is the angular velocity given in radians/sec.

(3) The actual autocorrelation function and power spectral
density function are then calculated by SPECT; the auto-
correlation function is plotted linearly against time

while the power spectral density function is plotted

against frequency on a log-log plot.

Only the power spectral density function is considered in the first

three examples; however, both the autocorrelation and the power spectral

VAT P om A
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density functions for example four are given by Richie16 and will therefore
be considered.

In all cases the theoretical and actual log-log plots of the
power spectral density functions were found to have approximately the same
shape; however, for each example, the two curves were found to differ by
some arbitrary constant. If the magnitude of the points of the power
spectral density function is specified and not just the shape,
the specified time series can be obtained by multiplying each point of the
original time series by the square root of the constant whose logarithm
is the difference between the theoretical and the actual curves.

It can be seen by (1.3) that if each point of the time series
x(t) is multipled by a scale factor s, then for every T, the autocorre-
lation function is multiplied by 52. Since the constant 52 can be removed
from the integral in (1.4), the power spectral density function is also
multiplied by 52.

Let ti and a; be corresponding points on the theoretical and
actual power spectral density curves, respectively, and if there exists
an s > 0 such that for every i where ti and a, are defined,
log 52 = log ti - log ) then ti = sLai. The converse is also true.
Therefore the specified magnitude of the power spectral density function
can be obtained by multiplying each point of the time series by the scale
factor s. This scale factor may have physical units.

In Figures 3 through 6 the crooked continuous curve is the
actual power spectral density function as computed by SPECT and the
smooth dotted curve is a multiple of the theoretical curve which gives
an approximate fit to the points of the actual power spectral density

function.
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The theoretical power spectral density function of example cne
is given to be

2
v (0) = (22—, (3.3)

w -6 + 25
which has zeros at the points (0,1/3) and (0,-1/3) and poles at the points

r, v, - r, and -r where r = (2,1). Therefore for all real w, the condition
0 < Vl(w) < o holds. Also for real w, the conditions Vl(w) = Vl(~w) and
Vl(w)a t » hold; therefore the three conditions, as stated in (1.8), exist
which insure that Vl(w) can be represented in the form of (2.12). Specif-
ically, Vl(w) can be represented as

3(iw) + 1
(iw)° + 2(iw) + 5
where §2 4+ 28 + 5 has zeros at (-1,2) and (-1,-2). Both of these zeros

(3.4)

Vl(m) =

lie in the halfplane Re § < O.
The theoretical power spectral density function of example two

is given to be

2 = 4 2
w + luw + ko~ + 36

The numerator of Ve(m) has zeros at the points r, ?, -r, and -T where

(3.5)

r = (6,1), and the denominator of Vg(m) is greater than zero for all real
w; therefore, for all real w, the condition 0 < Ve(w) < w holds. Also the
other two conditions of (1.8) hold; therefore Ve(w) can be represented, as

indicated in (2.12), by

v.( l (im)2 + 2(iw) + 37
(@) = 3 2

|(10)® + 6(10)% + 11(10) + 6
where g5 + 6§2 4+ 11& + 6 has zeros at (-1,0), (-2,0), and (-3,0). All

(3.6)

these zeros lie in the halfplane Re &€ < O.

The theoretical power spectral density function of example three
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is given to be

2
Vs(w) = —r 400n_ + 1 - (3.7)

I +1hwh+l+9w2+36

Vz(w) has zeros at the points (O, %6) and (0, - %6). The denominator of

this example is the same as in example two. It can be seen, as in examples

one and two, that V,(w) can be represented by

3
20(iw) + 1
(im)3 + 6(iw)2 + 11(iw) + 6

Vy(w) = (2.8)

Example four is an example problem which appears as channel 4 in

17

a report by Richie. The theoretical power spectral density function is

given to be

2 2 2
w” + (k" +c7) (3.9)
AR Y 4 (X v 5)°

where A = 2149.2, k = .658, and ¢ = 2.71. Since A, c, and k are positive

o
Vh\w) = LAk n
W o+

and k > ¢, the conditions (1.8) hold for real w. Therefore, Vu(w) can be

represented as

bl(ﬂn) + b, -
al(un) + az(u») +
where b, = 75.210999197, b, ® 53.521755647,8; = 1.0, a, = 1.316, ard
a, = 506405,
~
Both zeros of alﬁg + a2§ + a3 lie in the halfplane Re€ < O since
a, 2> O, 8, > 0, and a5 > 0. This fact can be shown by letting x = Re and

y = Imé and then assuming that there exists a &€ with x 2 O such that

al§2 + a2§ + a, = 0. This complex equation is equivalent to the following

3

two real equations:

al(xe-ye) + 32x+a.3 =0 (3.11)

and

2alxy tay=0 . (3.12)




L

By (3.12), y = O'since x 2 0. Then by (3.11), al(xz-ye) + a2x+a5$0

which is a contradiction; therefore both zeros of dl§2 + a2§ + a5 lie in the
halfplane Ret < O.

The actual power spectral density function of the time series
generated by GAUSSIAN for this example was found to differ from the ‘heoret-
ical power spectral density function only by a multiplicative constant;
however, the theoretical autocorrelation function given by Richie18 and the
actual autocorrelation function differed greatly. This illustrates the fact,
as pointed out previously, that small perturbations in V(w) may result in
great changes of R(7). These two autocorrelation functions are shown in
Figure 7, and the power spectral density functions are shown in Figure 6.

The degree and coefficients of the polynomials P and Q, which are
used as input parameters to GAUSSIAN, can be taken from equations (}.h),
(3.6), (3.8), and (3.10). These parameters, along with the time intervals
used in generating a time series for each of these examples, are also given

in Table 1.

- T
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3200 FORTEAN (Pe1) n2/037/766

PROGKAM | SLASH 0

DIMENSTON X (S00)

COMMONZDATA/NO DFCe | UFCe TX1e IX2e TX3e Le [THOUSy TCARRY
COMMOUN X ()2000)e TY(LZUOD)

1THOUS = 100D

KEwlinn &

1 FORMAL (1615)

e FORAAT (//)

3 FOrMAT (1H])

QR FOKRmAT (21 1)

1A FOWMAL (KF?20611)

17 FORMAT (2110)
TENI=1 a0k =)
TENZZ L o OE =2
TEN4=] o0k =3
TENa= o OF =4
TENS=] s OF =5
Tena=s ]l sk =6
TENT=) o0F=7
TENBS ] o UF=H
TENUE] bk =9
TENLO=] q0k=10
TeEN =1 o0k =1]

TENIZ=]l s0iE=17

PRTUT 3

HEAU 1o NO DFEC

KEAD le IX3a IxZe [X)

KEAD YHe IF FHNT SGe 1F PRNT ME
KEao {76 1STOVe TRUE

Ixc1)= 1x1

IxX(2)= a2

Ixt4)s 143

T DEC= NO DE(

| GR8 W:
1 cCount =1
I= wEC/ 3

I
Ik = {thC= [#3
1F (1IR) Se &
4 X(1) = [X2#TENT « 1X|#IENA
GO 10 6
S XX=TX3® ] 0e0b® (=]1) X2#10.08¢ (=3=1H)+TX1# 10,008 (=R=]R)
I=xx
X(1)=nx=]|
1 COUNnT = 1 COUNT <1
CALL HANDOM
1= 1 VEC/3
IR = | DEC ~1®13
IF(IK=1) He9e1l0
BOXCTCOUNTI=STIX () RTENIS[X(T=1)@TENGSIX(T=2)@TENQeIX(]=3)®TEN]?
LU T0 12
Q XX2IX(T41)RTENTSTX(T)RTENGeIX(T=1)RTENTIX(I=2)®TFN]O
6O 10 11
10 XX= [XC[el)STENZoTX([)*TENSeIX(I=])@TFNReTX([=?)*TENTI]
11 I= xx
XLY COUNY) = Ax=]
12 1F (L «Gla ISTUP) 60 16
A0 JJ = | COUNT/Z?
JJd= JJe2
TF (T COUNT JFue 00) 139 &
14 IF (1 COUNT = LlRUF) 6y 1S

~o




S

N

RS e e e e

p— | — e

NO ERRORS

30

3
32
i3
34
15

7

K
39
40
41\
4?

COMPASS Lo X

PHINT 1o 1 WUF
IF (1F PRNT Su) Ine 3]
PoTuT 16 (X(1)e T=1s 1 RUF)
PRINYT 2
HURFEH OUT (Se]) (T HUFs T HUF)
GO TO (329 339 33e T7)e UNITSTF (S)
HUFFER OUT(Se]) (X(1) e X(1 HUF))
GO TO (34s 35¢ 45¢ T7)e UNITSIF(S)
1 Count = |
GO 10 7
PRINT 1o T COunl
IF (IF PRNT Su) 37 34
PRINT 1he (X(1)e T=le 1 COUNT)
PRINT 2
HUFFER OUT(Sel) (T COUNTS [ COmy
GU 10 (3Ye 4Ue 40 T7)e UNITSTF(S)
HUFFEW ODT(Se ) (X))o K(T COUNT))
GO TO (4)le 42« 42« TT)e UNITSIFr (S)
b FILE S
IYcl)=1x1
Iv(2)=1x7
IY(3)=1x13
FRTOT 1e NO DEC
PRIGT te (IY(1)e I=19 3)
PRIuT 2
PRINT 17+ T DECy L
IF (IF PENT ME) 436 44
PRIWT 1s (IX(1)e I=1e L)
PRINT 2
KUFFER OUT (591) (T DECe T UVEC)
GO TO (45 464 ahe TT)e UNLTSTF (S)
HUBFER QUTC Se1) (Lel)
GO TO (4T7e 4R 4Rs TT)e UNITSTF(S)
BUFFER QUL (Se1) (IX(1)e IX(L))
GO TO (49¢ SOe S0 7T e UNTTSTF(S)
END FILE S
6O TO 9y
PRINT T8
FORMAT (P2SH PARITY FHRUR ON MAG TAPRF)
CONT INUE
END)

3200 FORTRAN DTAGNOSTIC RESILTS = FOR

1SLASHO




sa— ] m— e | — - —— — ——— vl

——

. A ——

I VISR ST

COMPASS= 3?2

oonoo
00001
00002
00003
00004
0000%
00006
00007
00010
00011
00012
00013
000)e
00015
00016
00017
00020
00021
00022
00023
00024
00025
00026
00027
00030
00031
00032
00033
00034
00035
00036
00037
00040
000¢4)
0o0v42
00043
00044
00045
00046
00047
00050
000S1)
00052
00053
nonsSe
00055
00056
00057
00060
00061
00062
00063
00064

(7e1)

01077777 01
14600000 14
40000007 a0
14177776 14
20000008 20
15 /7776 15
44000007 44
10177777 10
01000012 0}
01000022 01
20100000 20
50000002 S0
30000007 130
13077747 13
51000006 K1
41127340 41
40000007 40
01000007 0l
20000008 20
53500000 S3
20000007 20
40127340 40
14600000 16
40000007 40
14177776 14
20000005 20
15477776 15
44000034 44
10177777 10
01000037 o1
01000050 n]
20100000 20
50000003 S0
30000007 30
30127341 30
13077747 13
51000006 S1
41127341 41
40000007 40
01000034
20000005
15600001
53500000
20000007
40127340
14600000
40000007
1417717176
20000005
154117716
44000063
117

N1000066 01

2009202 D OO0 ~=~ 2D D000 DO02O0OO2PDIO20D20~DODODO~DIDIHIOTIOCOD2O0D20D2022D D= D=2

AN (M
ENTRY
77777 0 RANDOM uJe
00000 2 ENA
nnooneT o STa
17776 1 ENT
nooons o Lna
777716 0 INASS
PNOO0T 0O SwA
77777 1 INDEX] IS1
POOOLZ O uJe
L0022 0 uJe
cCooono 1 Lha
no0002 0 MUA
nNoooo7 o ana
77741 2 SHAQ
Noo0o6 0 nva
C27340 1 STn
nooono7 o STA
Ppo007 0 uJp
nNonosS 0 FINISHL LDA
no0Qo 1 TAl
noooo7 o LhA
C27340 1 STA
noo0oo 2 ENA
Dooo07 0 STa
77776 1 ENT
anoous 0 LDa
717776 0 INASS
P00034 0 Swa
TT777 1 INDEXZ 1St
AN0037 0O uJp
PNONSO 0O uJe
coooo0 1 LDaA
nNoo003 0 MUIA
000007 0 ADA
C?27341 1 ADA
77747 0 SHAG
nnonoe6 0 NnVa
C27341 ) SIa
nnoooT o STa
00034 0 uJe
NNoVUS 0 FINTSHZ DA
00001 2 IND
noooo 1 TAY
nooov7 0 Lba
C27340 | STA
00000 2 ENA
nnooov7 o STA
77776 1 ENT
nNoo0o0sS 0 LDA
111186 0 INA-S
Pno063 0 SwA
77777 1 INDFX3 ISs71
PNON6GA 0 uJe
——— —r . e b
pov mgTIm” r v

RANDOM 02/03/66 PAGE
e

0

CARRY
=191

L

=]

#e)
aa, ]
ve?
FINISH]
IXel
Ix1
CARRY
-24
THOUSAND
1Yel
CARRY
INDEX]
L

1

CARRY
IYel

n

CARRY
=1l

t

-1

“e]
wa,y)
ve?
FINISH?
IXel
Ix2
CARRY
IYelsl
-24
THOUSAND
IYelsl
CARRY
INDEX2

L
'

|
CARRY
Y.l
0
CARRY
=11
L

e
we)
LaEP!
"2

ke




e ———

o w——

b

COMPASS=-37

0006es
nnnke
unne?
aoaro
0007

00072
0073
00nta
vou7s
nonTea
0on77
on1on
00101

np10?2
ool03
00104
volos
00106
oo107
00110
00111

00112
v0ll3
00114
00115
00116
Qo117
on1zo
00121

nn12z
vola23
0nl1?a
00125
001726
aoler
00130
00131

00000
00001
00002
00003
00004
unons
10006
oonon7

0noono
27340

(e l)

pLoaon??
20100000
Sh0uouna
3na000a6 7
3ol l3ar
14077747
51000006
41127347
auuboou?
010000n3
20000007
041001 0%
2000000%
15600007
4000000%
ataaoltre
20000005
15600002
53500000
15600001
40000005
20000007
40127340
V@l 77776
20000009
19477776
44000120
10177777
nlovoles
0n10n0126
201217340
40100000
olovulzo
20000001
Ineo0000
40000001
0loo0uoo

/“
20
R
3
0

01
20
4an
n)
0
0
a0
0l

P =D DD ==~ DO~

= I

Luaooprr
copoon
nnoooa
naoog?
C27347

1774l
00006
C27347
nopoo?
COUTTR
noooof
Po010S
ROTUTNEY

nooone
nnopos
Puolls
nnooos

0nponoe

00000

06001
nnoonons
noooo7
C?27340

11716
Nnonoos

77778
roaleo

Iy
rO0123
PN0les
C?27340
conooo
PoOlco
nnoool
Hnanoen
nnnool
PN00uY

KANHOM

0

1

0

o

1

0

0

1

n

0

0 +FINTSH3

1

V]

2

0

0

0 ZERO

Z

1

2

]

0

i

1 CHANGF

0

0

0

1 INDF X4

]

0

1

1

0

0 FINISHa

7]

0

u
NODEC
INEC
Ix1
ix?
Ix3
L
THOUSAND
CARRY
1x
Iy

o
b7

uye FINISH3 (5 /03/66 PAGF
LOa ixel
Ml x3
ADA CARKRY
ADa [Y+241
SHAQ -4
nva THOUSAND
ST TY+2,1
STs CARRY
uJe [NDEX 3
tLha CARRY
AZ VeNF 7RO
Lba k.
INA ?
STa L
(TN CHANGE
LDa 2
Ina ?
TAY 1
INA 1
STa I
Lna CARRY
STa 1Yl
FNT =-lel
Lha L
INRSS -1
Swa LR
1Sy we,)
uJe a2
N1 FINISHS
Lha Tyel
STa TXel
uJye INDEX 4
LOA TOFC
ADaA NODEC
STa 1NFC
uJge RANDOM
DATA
H8SS 1
RS< 1
BSS 1
HSS 1
HSS 1
HSS 1
HSS 1
RSS 1
COMMON
HS< 12000
HSS 12000
END

NUMRER OF LINES WITH DIAGNOSTICS
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NO ERRORS

3200

FORTRAN (P7e1) 03/03/66A

PROGRAY (L)L Civeeld
FORAa (11)
FORGAL (%0 PATRLTEY PRMOR D (MITROL TADE)
FORAAL (24 FARITY FMbie 01 {furul TAPC)
FOwwal (f/7/77)
FrEAID e IF HRINT
Catl ConveRD (T OKINTe | PARTTY Lo T PARTTY O)
IFCE aTTy 1 FGs Y3 dae 2]
Prlt 4
PRIMT &
GO I0 39
IF (1 PARTITY O Fe 1) 12« 99
PRINT 2
PRINT &
CONT Lty
F N
3200 FORTRAN OTAGNOSTIC RESULTS = FOR CLILCNVRT




NO ERRORS
FQUIPs1=MT

LOAD+S6
RUN

S N -

20
21

23
T7
22

24
25

28

3
78

32
33

34
40

< —

3200 FORTRAN (Pe1)

SUKRKOO L sk COMVERT( [F PRTITe | PARTTY
OIMENS LU X (S500)
wE AL L Mak
FORAATL (1))
FORMAL (HE201410)
FORYAL (/7)
FORMAT ()R]
REwINY ]
REwWlh &
I PARLITY 1
I PARLITY O
PRINT &
RUFFER [N (Sel) (T HUFe IHUF)
GO 10 (2l 229 23« 771)9 UNITSTF(S)
END FILE 1
PRINT &
RETURN
[ PaRiITY I = 1
HETURN
[ Bur = 1 BUF
HUFFER IN (Sel) (X (1) e X (I RUF))
GO TO (249 259 23s T7)9 UNITSTF (5)
I RUF 72 = T HBUF/?
Pl = 341415926534
TPT = 2.0% P
LO 28 I=1s I HUF 2
12=1%2
I2mi= [e-1
X1= SURIF (=2,08%# NGFE(X(12M])))
Xe= TPIex(1[2)
X(T2M1)=X1#COSF (X 2)
X(I2)=X]1#SINF (X2)
BUFFER OUT (1e1)( T HBUFe T KUF)
GO TO (31« 329 32« TH)e UN(TSTF(])
I PARITY O = |
RETURN
I BUF = | RUF
BUFFER OUT (Jel) (X(1)y X(I RUF))
GO TO (33e 34e 344 TH) s UNITSTF(])
IF( IF PRINT FQe 1) 40s 20
PRINT 1e 1 HUF
PRINT 24 (X(I)y I=1e [ HUF)
PRINT 3
GO TO 20
END

0
0

37200 FORTRAN DTAGNOSTIC RESULTS = FOR

Te

N3/N3/7AA

T Pak]ITY

CONVERT

0)




[ —

ermetiacin

63
Y4
64
qS

LR
60

71

S0

1

3200 FOURTRAN (Ze1)

PROGRAM GAUSSIAN

COMMON SA(13)e SHR(12)e C(7Bs 79) s X(74)s T(12e« 12)s F (17
A(l2s 12)e BL12e 12)

FORMAT (S14)

FORMAT (4F2n.h)

FORMAT (///s ~5H THFE H MATRIX IS SINGHLAR)

FORMAT (//7)

FORMAT (KE20410)

FORMAT (///+ 264 S1IGSET MATRIX IS SINGULAR)

FORMAT (///« ~#7H PAKLIY ERROR ON [(NPUT TAPF)

FORMAT (///s #8H PARITY ERROR ON OUTPUIT TAPE)

FORMAT(///e 23H T TSTAK DOFS NOT ¢ X[ST)

FORMAT (///s 25H TR TRSTAR DOES NOI EXTST)

FORMAT (AI1)

FORMAT (14H DETERMINANT = ¢E20elUs/7)

FORYAT (1H])

FORMAT ( 36H CONSTANTS OF DENOMINATOR POLYNOMIAL )

FORMAT ( 14+ CONSTANTS OF NUMERATOR PO YNOMT AL )

FORMAT (%K N . AT

FORMAT (5Xe V13IHTIME INTERVAL )

FORMAT (lUXe SH(SFC) )

REWIND >~

HEAD 146 NO SKIP

O w1 I=1e NO SKTP

HUFFER It (291) (ISKIPs ISKIP)

GO TO(AZ2e 63e e 64) s UNITISTF ()

PRINT 65

FORMAT (40H PARTTY FRROK ON MAG TARF WHILF SKIPPING )

GO OTO »4

CONT Ty

READ) Lo Ne ™

IF (N JFQe ) 994 71

NPL = Ned

MP 1= e

PRIGT 100

PRIGT am

PRINT 1e No M,

READ 74 (SA(T)e T=1e wP1)

READ 2+ (SH(1)e T=1s MP1)

READ Ty 21

READ Ly ISTOPs [POWERTs IPOWERTRe [POwERBe TPOWFERC

READ j1e 1F N PRINTs IF X PRINTe 1FTe 1FTRe IFre [FC

PRINT &

PRIUT kA

PRINT Sy (SA(I)s I=1s NP1)

PRINT a

PRINT w7

PRINT S¢ (SH(I)e T=1s MP))

PRINT 4

PRINT A9

PRInT 70

PRINT 54 DT

PRINT 4

CALL FIND B(N)

DO 50 I=1s N

PRINT S¢ (C(IeJ)s J=1e NP])

PRINT 4

CALL GAUSS P (Ns KKy IPOWERBy DET)

PRINT 124 DET

31/13/66

172)




—

f
a

21

2n

S

4)

52

53

Sa

Lo

22

23

24

25

43

4?

S7

26

51

1F (KK) 214 20

PRINT 3

IF(1FA +EQe 1) 20« 60
CALL FIND C™M(N)

PRINT Se¢ (X(I)e T=1e N)
PRINT &

00 S]1 I=le N

PRINT S¢ (C(IsJ)e J=19e N)
CALL T T STak ( Ne KKeo IPOWFRT)
IF(KK) 4)1s 40

PRINT 9

IF (IFT FQe 1) 404+ 60
CALL MAKEF A(N)

PRINT 4

0O 52 I=1e¢ N

PRINT Gy (T(TeJ)e J=1e N)
PRINT &

DO S3 J=)e N

PRINT Se (A(IeJ)e J=1e N)
CaLL EXP A DT (Ne DT)
PRINT a

DO 5S4 T=14 N

PRINT Se (ELled)s JU=19 N)
Catl HIGSET(N)

NN= (N®(Ne])) /2

NNPY= NN+

PRINT &

DO SS I=14 NN

PRINY S (Clled)e J=1e NNPY)
CALL GAUSS P (NNe KKs IPOWFRCs DET )
PRINT 4

PRINT 124 DET

IF(KK) 22¢ 23

PRTNT »

LE (IFC L,EQe 1) 23e 60

I =0

PRINT 4

PRINT ¢ (X(I)e T=1e NN’
DO 24 I=)e N

Hho 24 J=1s N

L=lel

C(Ted)= x(L)

CtdeId= Xx(L)

PRINT &

DO 56 I=1s N

PRINT Sy (C(Tad)s J=)1s N)
NO 25 [=1e¢ N

DO 2% J=1s N

A(Tsd)= T(1ed)

CALL T T STAR(N, KKy [POWERTR)
IF (KK) 43y 47

PRINT 10

[F (LETK «Ede 1) 429 60
REWIND |

PRINT o

DO ST I=1e N

PRINT S¢ (T(ls J)s J=19 N)
PRINT 100

CALL SOLUTION(N«MoIPARITYIJIPARITYQeISTOP«IFNPRINTIFXPRINT)
IF(TPARLITYI) /26y 98
PRINT 7

GO T0 99




<

T T ST e e e SR R W SR R B e e e

9R LF ( IPARITYO)

27 PRINT A

99 PRINT 100
ENO

3200 FORTRAN

UNDEF INED SIMPLE VARIAKLES
ISKIP

2le 60

CTAGNOSTIC RESHLTIS = FNR

GAUSSTAN

un

n



3200  FORTRAN (2.1) 31/ 376K

.‘ SUKRKOUT INE FINDiN)
COMMON SA(13) «SHI12) K (THaT79)
INTEGER Qe QM)
NM)= Ne=] $ NP)= Ne)
bO 1 [=]1e NM]
{ 1 H(le NPL)= (1a0)
Hi(Ne NP1)= Yebn
U0 2 I=1e¢ N
DO 2 Jzle N
2 Bile J)= 04N
DO 3 K=le N
KM]= K=]1 $ KL=KM1/2.0 +.5] +]
KUz (NeKM])/2+¢]1 § A3= (=].i)%%Kn)
DO 3 Q=KLe KU
WMI= W=] $ K&= N=2®#(M]+K
3 H(KsW)=A3® (=] 4n)@2QM]“SA(K4)
EN

3700 FORTRAN DTAGNOSTIC RESULTS = FnR FINNK

NO ERRORS

\

TUTNONTEE e e A T G e G B e e




. —— o — e o e

NO ERRORS

3200 FORTR*N

SURCOUTINE FINNDCM(N)
COMMON SACT3) «SRET2) sCM(TRe T 4 SM(7H)
PO 1 I=ls N
DO ) J=le N
1 (M(TeJd)= 0.0
o 2 I=le N
A= =],
DO 2 Jz=le Ne ?
A=z =A $ K= (T+)/2
CM(Tey)= ARSM(K)
2 CM(Jel)= CM(T9)
FNo

3200 FORTRAN DTAGNNSTIC RFSULTS = FnR

,.1)

FINDCM

31/03/766

54
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3200 FORTRAN (2.1) 81/03/766

SURROUTINE T T STAR (Ne KKy IPOwWEWT)

COMMON SA(13)eSH(12)sCM(TRsTI) «eSM(TR) «T(12412)
o R R R R R R R R T ey

C THIS SUKROUTINE 1S DESTIGUED TO FACTOR o ROSITIVFE DFFINTTF

£ REALy SYMMETRIC MATHRIXs CMe INTO 4 LOWFR=TRIALGULAR MATHIXy Te

c wiTH POSITIVE ELFMENTS ON THE Malt DIAGONALe SUCH THAT Cm=] Te,

[ TR R TR TR R R R R R R R R R R R R R R R R Y

C KK=0 [F THF TRTANGULAR MATRIX SOLUTINN FYTSTSe Ife ALL THF

[ FLEMENTS ON THF MAIN OLAGONAL OF THE M MaTKIX ARF POSITIVE,

C KK=) IF THFE SOLUTION DOES NOI FXIST,

2R R SR R R R R R L T R R R R R R R TR R R R R R
KK="

TEN POWFR = loen®a (=[POWFRT)
NO A I=1e N
IF (CM(Iel) oLTe. TEN PUWER) 7« &
T KK=)
GO TO <
6 CONTINUE
B NM] = N=)
DO S I=1s NM)
P1= Je)
DO S JU=IP1s N
S T(Ied)= 060
T(lel)= SQARTF(CM(141))
DO 1 I=2s N
1 T(Tel)= CM(Tel)/T
DO 2 J=24 N
SUM= 1,0 $ JMi= J=|
DO 3 K=1, JM]
3 SUM= SUMe T(JeK)®T(JeK)
T(JeJ)=SURTF (CM(JeJ)=SUM)
JPI1= Je)
DO 2 [=JPle N
SUM=( .0
NO 4 K=le JM)
SUM= SUM+T(TeK)®T (JeK)
T(Ied)=(CM(TeJ)=SUM) /T (Js D)
ENO

N &

3200 FORTRAN NTAGNOSTIC RESULTS = FoR TTISTAR

NO ERRORS




e e

PN N RS N O G G G R e T el e s ey

!

‘v
B T e

e A———

NO ERRORS

3200 FORTRAN (Pe1)

SURROUT INE MAKF A (N)

31703766

COMMON SA(13) eSH(12) sCITReTI) o X(TH) 9T (12¢12)0F (12412)4A(12412)

NM]= N=]

NP2= e

DO 1 J=1e NM)
NO 1 J=le N
Alled)= 0.0
NO 3 [=]1e NM]
1IP1= [+])
A(TsIP) =100t
DO 4 I=1e N
Ni= NP/=|

4 A(Nol)= =S&(NID)

ENY

3700 FORTRAN OTAGNOSTIC RESULTS = FnR

:

MAKF A

. A




e ——

te

28

I

10

99

NO ERRORS
LOADsS6
RUN

AN R e e PEEE G e SR B e ey e

- — —— — Eve—"

m

3200 FORTRAN
SURROUTINE EXP A DT(NsUT)

(2.1) 19/n4/66

COMMUN SA(13)+SHI12) 9AN(12+12)9B(12512) sDUMMY (5874) +X(TR) 9T (12412)

1 WE(12912) A(12412)
NM] = N=]
FACN= .0

VO 1 I=1s N
0O 1 J=le N
AN(19J)= A(l4J)
E(Ted)= 040
VO 2 I=1s N
E(I«1)= 1a0
EPSCHK= (a0
DO 7 1=1s N
CHECK= ABSF(A(NST))
IF(CHECK +Gle EPSCHK) By7
EPSCHK= CHECK
CONTINUE
EPSCHR = EPSCHK#1,0E~12
TEN= OT/FACN
DO 12 [=1y N
DO 12 J=1s N
Hiled)= AN(14J)#TFN
DO 28 J=]ly N
DO 28 I=1y N
IF(ABSF(R(1sJ)) olL.Te EPSCHK) 2Hy 9
CONTINUE
60 TO 99
DO 6 I=1e N
DO 6 U=le N
E(Ted)= E(LleJd)+R(TeJ)
DO 11 I=1s NM]
1Pl = [+)
N0 11 J=1s N
AN(Iod) = HB(IPLJ)
HNN = HB(NeN)
AN(Nyol) = BNN®A(Ns1)
DO 10 I=]1y NM)
1Pl =1 « )
AN(Ne [P1) = K(NoT)+BNN®A(NyIPT)
FACN= FACN+¢l.0
GO TO S
COnT INUE
END

3200 FORTRAN DIAGNOSTIC RESULTS = FnR

EXPADT
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3200 FORTRAN (261) 31703766
|
| SUBROUTINE G4USS » (N« IF SINGLKe IPOWERs DET)
' COMMON SA(]13)s SR(12)s A(THy 79)s X(T#)
KEAL ™
INTEGER Ke RPle R4AX
‘ ISIGN =
NM] = N=)

NPY = MNe)
1F SINGLR = 0
! TEN POWER = 10,0%¢ (=[POWEKR)
HO 1 Hz)e NM)
AMAX = AKSF (A(R4R))
HMAX = R
RP)] = Re)
l NO 3 1=RP1y N
ABSFA = ABSF(A(14R))
IF( ARSFA ,GT. aMaAX) 2y 3
? AMAX = ARSFA
WMAX = |
3 CONTINUE
1F (AMAX +LTe TFN POWER) 54 4
5 IF SINGLR = ]
4 IF (R JFGe RMAX) 100e 9
l 9 DO - [=2Re N
ATEAR = A (Re])
A(Rel)= A(RYARG )
A A(RYAXe[) = ATEHD
l HTE P = A(ReNPY)
A(ReNPY) = A(NMaXe NP )
A(RCAXKgNFT) = RIFP
ISTN = =1S16N
10 U0 1 [=KkPle N
' o= =A{]eRrR}/A{(RW)
(0 7 JzRP1le N
7 86(Ted) = A(led)s “®A (M)
1 A(TIeNPL) = Alle NMP)) ¢+ MEBA(R, WP))
IF (AHSF (A(NeN)) L Te TENPOWER) 1]1e =
11 IF SINGLR =
u CONTINUE 3
Lo 21 I=1s N -
I IM] = [ = |
NN = N=[M)
XX = A(NNe NPV)
DO 22 J=1e IM]
NP1) = NP =
22 XA = XX=A(NNoNPI J)#X(NP1J)
l 21 X(INN) = XX/A(NNGNN)
DEY = 1,0
NO 31 I=1e N
31 DET = DET®A(I+1)
l NDET = DET#ISTGN
ENG

37200 FORTRAN HIAGNOSTIC RESULTS = FnR GAUSSP

NO ERRORS

NSRS N
<
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1200 FORTRAN (Z21)

SURROUTINE INOFX( JJeleJden?)
Jd= Je((I=1)®(NP=1))/2
END

3200 FORTRAN NDTAGNOSTIC RFSULTS = FoRr Tir x

NO ERRORS

11703766
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3200 FORTRAN

SUBKROUTINE RIGSFT (N)
COMMON SA(13)y SR(12)e C(T7Be T79)s X(TR)«
1 A(12s 12)s H(12y 12)
NN= (N2 (N+1))/2 S NNPl= NNe]
DO.7 I=1s N
DO 7 J=1e« N
7 B(IsJd)= E(IeN)®E(JoN)
HINeN)= K(NeN)=| .0
DO 1 [=1e NN
NO 1 J=1s NNP)
1 Clled)= 0,40
N2= 28N $  L=n
DO 2 J=le N

JP1= Je)

DO 2 I=Jds N
L=L+)

IP1= 1+]

no 3 k=14 )

CALL INOEX(JJeKe JaN?)
1T CILeJdN=CILeJI) s A (] eK)

Ul 4 K=UPle N

CALL INUDFEX{(JJeJexeN?)
4 CLeJII=ClLeJI) +A (1K)

DO 'S Kete |

CALL INDEX(JJeKeleN2?)
S CLed) = CULaJI) #A(JeK)

DO A5 K=IPle N

CALL INDEX(JJeTeKaN?)
A ClLaJNI=C(LeIJI) +A(J9R)
2 CILeNNP )= HIiTle D)

ENO

3700 FORTRAN DIAGNOSTIC RESULTS = FnR

poal

S TE———
(2.1) 31/03/766
T(12« 12)e E(124 12) 0

BIGSET
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3200  FORTRAN (2el) 31/03766

SURROUTINF SOLUTTON(NsMe IPARITY T4 IPARTITYO L ISTOR«IFNPRINT o TFXPRINT)

COMAON Sa(l14)e S12)e 2UO12) 7P L)12) s wP(]12) e WIADD) e X(5604) 4
) Twil?e 12)6 EL126 12)e T(12s 12)
TPAnTY]=n
IPanlTyo=on
HUFREW IN (1el) (MAXWe MAXW)
10 60 TO (3ue 3le 224 3)e UNITSTF (1)
A IWMAXE MAK W
HUFFER IN(lel) (wl])ew(lwMmax))
1 60 T0 (le 2¢ 22¢ Vs UNITSTF ()
3 IPARLIYL=)
e TURY
2 MP1= me)
MR Mep
Ilan
ISTawi=>
DO 4 I=1e N
/) =00
DO ¢ Jsie |
a4tz 2(1 et Lo ov ()
Y1) agn
DO~ [=1e MP]
J= WP re=]
S X(V)=a(])eSH(1)27())
7 D0 X I=ISTART ISTOP
IPRINT = [=i
9 I1= 1leN
1F (TWw™MAX oLTe T1) 109 11
10 TF(TI=N LEQe IwiiAX) 12 13
12 Ju= o
GO 10 14
13 JJ= TI=1wMAX
KL= [1=N
0 18 Kd=le JJ
KL= KL+)
158 wiK.))= wiKL)
14 HUFFER IN (191) (MAX We MAX W)
32 60 10 (37¢ 3¢ 8¢ 3) » UNITSTF (1)
A4 IF(IPHINTY 35e 22
35 TF(TF N PRINT (69, 1) Toe 71
T4 PRIGT 724 IPKINT
7?2 FPORMAT(/ /7741106 30H POINTS akkE [ THTYS UaTa <1 OCK o /)
T) IFCTF X PRINT ,#N04 1) 736 74
T3 PHTIGT PHy (X{(J)e J=le LIPRINT)
74 BUFFER OUT (201) (TIPRINTs IPRINT)
A2 GO 1O (62 63 K3e ?29) e UNITISTF ()
63 HUFFER OUT(2e1) (X(1) e X(IPRINT))
A4 GO 1O (bae P2e 224 25)e UNTITISTF ()
313 lwMAX= MAX 4 + J)
Jd=0Je
BUFFER In(lel) (Ww(JdJ) ew (INMAX)}
23 60 TO(23¢ 24e 224 3)9 UNITSTF (1)
24 1l='
GO O
11 JJ= 1l=N
DO 16 J=le N
Jd=JJde )
16 WP ()= wiJJ)
O 17 K=1e M
22P=0,.1)
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DO 18 J=le N
L2P= IZP+k (Ko ) R7 (J)+TR(KyJ) 2wk (J)
IP(K)= 22ZP
XX=0qel)
00 19 K=1y MP1
J= MP g
XX=XX+SH(K)#2P (J)
X(T)= XX
DO 4 J=)e N
(0= 7P (D)
IF(IF N PRINT .EQ. 1) 75 76
PRINT 724 [STOP
IF(TF X PHRINT 0. 1) 77y 78
PRINT 2He (X([)s [=19 ISTOP)
FORMAT (KE27410)
HUFFER OUT (261) (TSTOPS ISTOP)
GO TO (60s 61y Ble 25)9 UNLTISTF (2)
RUFFER OQUT (2ol (X(]1)e X(ISTOP))
GO TO (21s Ae 6 25) 9 UNITSTF (2)
1PArTTYO=]
KETURN
ISTART=)
GO 10 7
END FILE 2
CONTINUE
N

3200 FORTRAN OHTACNOSTIC RFESHLTS = FOR

UNDEF INED SIMPLE VARIBRLFS

MAX
FQUIPy2=T
LDAD«S6
RUN

SOLITTON

N




‘ Soende

i R e — P -— — e e o P e

-

@R 3

od e

APPENDIX

In addition to the "white sequence," {ei}, 1 i s 4266, discussed
in the text of this paper, seven other "white sequences” have been generated
by ISLASHO. These eight "white sequences" have been permanently stored on
magnetic tape; this tape is labeled Tape B.

The eight "white sequences" (in the order in which they are stored

on Tape B) are:

vil) = {ei], 1s1is Look; 6 = 9.6377843L = Log, oN

vge) = {ei], 1sis L010; 6 = 1.27323954 = L/x

v§5) - (6%), 151 s 4006; @ = 3.04800610 = 0.2(rumber of cm/ft)
vgh) - (6%), 151 5 4o06; & = 1.46459189 ~ ¥

v§5) = {ei}, 1 sis boo6é; 6 = 4,97149872 = log, 4«

v(6) = (6%), 1s1isbLo66; 0= 2.71828183 ~ e
v(7) = {ei}, 1sis Loo8; 6 = 2,30258509 = 1/N

vge) = {ei], 1sis UO06; 6 =5.72957795 = 0.1(180/x).

63
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IDEC(S)
L(8)

IX(B)(I) R IX(B)(L(B))
end-of-file

end-of-file,

64

Here IDEC, L, and IX(I) are defined the same as in the section of

the text on ISLASHO.
(1)

The "white sequence" vy

(s)

on Tape B can be used as direct input

to GAUSSIAN. In order to use B 2s1is8, as input to GAUSSIAN, either

the specified "white sequence" must first be placed on an auxiliary tape or

GAUSSIAN must be modified to skip over previous "white sequences."

The first 4000 points of each of the eight above "white sequences"

have been interlaced by the scheme

(1) (2) )
Oty e TS 2 Y e e Y F T T By e B Yy

for 1 s i = 4000. This 32,000 point "white sequence" has also been stored
permanently on a second magnetic tape which is labeled Tape C.
Tape C has the format:
500

vl . ° . . v5oo

500

V31,501 © V32,000
end-of-file
end-of-file.

Tape C can be used directly as input to GAUSSIAN.

R T R B R R
“w'sy r ‘ —:WM”— N e .‘—- e T — S




Tape B has the following format:

500
(1) (1)
\)l M . . . V5OO
500
(1) (1)
VBsol. PP Vhooo
L
% G
Yhoor” * Vhook
end-of-file
oec( L)
1(1)
By . (B
end-of-file
500
(8) (8)
i RSRRAR -
500
(8) (8)
Vzso1® © " Yhooo
6
(8) (8)
Yhoor" © Yhoo6
end-of-file
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