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CHAPTER 1
INTRODUCTION

Forecasting is a technique of estimating future values if the under-
lying process continues as it has in the recent past. TFor any forecasting
system the two essential requirements are past data and an adequate fore-
casting model, %

A forecasting model is constructed on the basis of past data. Such
a model will provide reasonably accurate forecasts as long as the actual
process does not change. However, any process 1s not static and is liable
to change with time. The forecasting system, by some means should be able
to detect these changes so that the parameters of the model can be updated
to meet the new situation.

A change in the process is immediately reflected in the magnitude
of the forecast errors. A forecast error is defined as the difference

between the actual observation and its prior forecast, Mathematically;

x(t) = xT(t) + eT(t)
where
x(t) = the observed value at time t
xT(t) = the forecast value for time t, which has been made
at time (t-1), where t is the forecast horizon,
and

eT(t) = error at time t with a horizon of T,



Unless otherwise stated the forecast horizon T is one. Whenever a change
in the process occurs, the predicted values start lagging the observed
values, This results in a change in the error magnitudes which can be
used to signal a process change, For this purpose a statistic is neec-
essary, The statistic should be expressed as a function of forecast -
errors,

The tracking signal is a function of forecast errors and is widely
used as a means for detecting process changes. It is a ratio of two
smoothed statistics derived from the forecast errors, If the forecasting
system is adequate the magnitude of the tracking signal lies close to
zero., When the process changes the forecast errors become large and the
tracking signal attains large values, To determine whether the process
has changed significantly one needs to specify an acceptable limiting
value for the tracking signal.

Confidence limits for the tracking signal could be evaluated if the
distribution of the tracking signal is known, The present work is an
'attempt to determine the distribution of the tracking signal and sub-
sequently to propose confidence limits. Two appreoaches were adopted;

1, Approximating the tracking signal distribution with some known
statistical distribution and then imposing confidence limits in
terms of the parameters of the approximating distribution.

2, Evaluating confidence limits by computer simulation,

The above approaches deal with a constant model and use single expon-
ential smoothing for predicting future values.

When the forecasting system is making satisfactory forecasts the

forecast error magnitude is small and the tracking signal magnitude



is close to zero. When a change takes place in process level, the
tracking signal grows larger and sometimes exceeds specified limits de-
pending on the magnitude of the change. At any such time two prcblems
may arise:

1, When should one confirm a change in the process

2, If a change in the process is confirmed how should the

forecast system be adjusted to recover rapidly from the
change,

The solutions to these problems are not unique. However, a change in
the process is usually confirmed when two successive values of the
tracking signal exceed a specified limit,

Considering the above problems, the behavior of the tracking signal
to a step increase in the process level was studied by simulation. A
step increase in the process level was introduced, after the effect of
the initial forecast conditions had been discounted to an acceptable
value. The magnitude of the step increase varied from 2.5 percent to
25 percent of the process mean., By specifying the limiting value of
the tracking signal and using various criteria a change in the process
level was confirmed, Various detecting rules were simulated 1000 times
and the probability of detecting a process change was obtained. These
probabilities were evaluated for smoothing constants ranging from 0,05

to 0,25,

LITERATURE REVIEW

The concept of the tracking signal was first introduced by Brown

[1]. If the forecasts are satisfactory, the average forecast error



and the sum of forecast errors will be cloge to zero. When there is a
change in the process, the sum of errors starts drifting away from zero.
The problem is to determine when a drift is large enough to imply a

process change, For this purpose Brown defined the tracking signal as:

Tracking Signal = Sum of errors
g g Mean absolute deviation of errors

n

The S.E, is computed by adding the error arising from every new obser-

vation to the previous sum of errors, Mathematically

Y(t) = Y(t-1) + e(t)
where
Y(t) = Sum of errors at time t

Y(t-1) = Previous sum of errors

and

e(t) = Error at time t,
The M.A.D. is a measure of the scatter of the data around the mean.
If e(t) represents the error having a statistical distribution p(e)

about the mean yu, then the M.A.D. Ae is defined as,
Ae = f | e - u| p(e) de

-0

In most cases u = 0 and the computation is considerably reduced. For

a general case, a normalized variable Z may be defined such that



where Ue 1s standard deviation of errors, The M,A.D. is then

5]

’ | |z o, | p(z) dz
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g f lz| p(z) dz

-0

Hence, the M.A.D, is proportional to the standard deviation of the errors.
For normally distributed errors, the constant of proportionality is
0.79788, For detecting a process change, the control limits for the
tracking signal are to be evaluated, For this purpose a constant

model has been considered. A constant model is one in which the obser-
vations are random samples from some distribution whose mean‘does not
change significantly with time. The observations x(t) from such a model

can be represented by:

x(t) = E(t) + e(t)
where
£(t) = Process mean
e(t) = Random noise with E[e(t)] = 0,

Var (e(t)) = oi and cov (EiEj) =0, for 1i#j

According to Brown pp. 289, the variance of S.E. say 02 for the above

Y,
model is given by:



where B Discount factor = (l-~a), o being smoothing constant., If the
errors are normally and independently distributed with mean zero, and
the noise samples are serially independent, the M.A.D. Ae evaluated by

Brown pp. 289 is

—— 2
By = 2/m o e
or
a = A 1/'”/2 g:-g— (lil)
€ e 2 :

Expressing - in terms of Ae, the variance of S,E., for a constant model

is:
1 20,2
2 =
oy 1,52 /2 5 Ae
- — 5 7/2 %&Ai
1-(1-a)
1 2=-a , 2
T a(2-a) /2 2 Ae
_ 2
w/ha Ae
Ae
e oy = 1/o o (1.2)



Since the standard deviation o, is proportional to M.A.D., the control

Y
limits for S,E. could be obtained in terms of Ae. The limiting values
of the S.,E., if divided by Ae, will be limiting values of the tracking
signal, These limiting wvalues will be pure numbers,

The definition of the tracking signal by Brown was modified by
Trigg [2] of Eastman Kodak, Trigg found that there were two dis-
advantages with Brown's definition. To quote Trigg pp. 271, the dis-
advantages are:

"1l) once the tracking signal haé gone out of limits it will not
necessarily return within limits even though the forecasting system 1t-
self comes back in control, Consequently, intervention i1s necessary to
set the sum of forecast errors back to zero if future false alarms are
to be avoided, Such interventions can be tedious and may tend to be
neglected when several hundred items are being forecast,

2) Ironicélly if the system starts to give exceptionally accurate
.forecasts the tracking signal may go out of limits. For example, if
perfect forecasts begin to occur, the M.,A,D. will tend to zero whilst
the sum of the errors will remain unaltered. This clearly leads to the
tracking signal tending to infinity,"

While considering these disadvantages Trigg modified the definition

of the tracking signal to:

Smoothed error
Smoothed mean absolute dev. of errors

Tracking Signal =

S.5
S.M. A,

+E.
D



where

S.5.E, = (1l-0) Previous 5.5.E. + o Latest Error

and
S.M,A.D. = (1-0) Previous 5.M.A.D. + o Latest absolute error,.

S.S.E. can attain positive or negative values but S.M.A.D. will always be
a positive quantity, Further, S.M.A.D, is always greater than 5.S.E.
However, at times they may be equal., Hence the tracking signal magnitude
is bounded by +1 and ~1, With this modification the disadvantages were
overcome, This modified definition allowed Trigg to find new control
limits for the tracking signal. In proposing the control limits he as-
sumed that S.5.E., and S.M,A.D. are independent and the S,M,A.D, a con-
stant, Trigg's appfoach to control limits was as follows: Let the error
i periods in the past be denoted by e Assume they are serially inde-
pendent and have a standard deviation of o, The smoothed error is

oo

S.S.E. = J a(l~a)l e

1=0 L

The smoothed error variance will be

@

Smoothed Exrror Variance = Z [a © (1—a)1 ei]
i=0

2

As 0 <o < 1, (1-0) will be less than unity and the above expression will

sum to:



22
o C

[1- (1-0)?]

Smoothed Error Variance =

Thus the two Sigma limits for S.S.E. are:

-—

&
T2 g E

Trigg assumed S.M.A.D, to be constant for small values of o, For a wide
range of distributions ¢ 7 1,2 » S.M.,A.D, Hence S.M,A.D, 1s approxi-
mately equal to ¢/1.2., The control limits for the tracking signal thus

becomes:

However, Trigg mentions that these limits do not hold good for high
values of o, Batty [3] shows these limits in error for a = 0,1. For
higher values of o, limits were obtained by simulation. For the simu—
lation, the errors were drawn independently and randomly from a normal
distribution, A cumulative probability table was obtained which gave
the limiting values of the tracking signal, According to Trigg, this
table should not be referred to when the forecasting system giving
rise to the errors is an adaptive system since this introduces auto-

correlation of the errors.
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Further, work in this field was carried out by Batty [3]. The
cumulative probability table obtained by Trigg [2] was based upon the
assumption that the errors are serially independent, Batty obtained a
similar cumulative probability table taking into account the correlation
between the two smoothed statistics., Moreover, the forecast errors were
also correlated since they came from an adaptive forecasting system, A
series of data was generated as observations by taking noise samples
from a normal distribution, TForecasts were calculated using an appropri-
ate level of smoothing. For each forécast 5.5.E. and 5,M,A.D, were cal-
culated, The cumulative probability table for the tracking signal was
obtained, The values in this table differed from those in Trigg's [2]

table by 20% for a smoothing constant equal to 0,1,
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CHAPTER II1

THE TRACKING SIGNAIL DISTRIBUTION APPROXIMATED BY A BETA DISTRIBUTLON

2,1 TINTRODUCTION

In this approach the tracking signal distribution is approximated
with a known statistical distribution. The selection of the approxi-
mating distributien depends on the shape of the tracking signal distri-
bution for different values of the smoothing constant, By simulation,
tracking signal frequency distributions were obtained for various values
of the smoothing constant ranging from 0.05 to 0.9, For small values of
¢, the distribution is symmetrical and unimodal. For moderate values of
¢, 1t becomes flat at the mode and finally becomes bimodal. For high
values of o, the distribution is U-shaped. This variability in shape
is illustrated in figure (2.1).

The beta family of statistical distribution was considered for ap-
proximating the tracking signal distribution. It has a finite range of
zero to one, The distributions from this family can adopt various shapes
depending upon their parameters. For example, the shape of the beta
distribution is:

a) symmetrical and unimodal when its parameters (m,n) are equal

and greater than one. (m=mn > 1)
b) rectangular when both parameters are equal to one, (m=n = 1)
¢) U~shaped when both parameters are equal and less than one,
(m=n < 1)

d) skewed when parameters are unequal. (m # n)



THIS BOOK
CONTAINS
NUMEROUS PAGES
WITH DIAGRAMS
THAT ARE CROOKED
COMPARED TO THE
REST OF THE
INFORMATION ON
THE PAGE.

THIS IS AS
RECEIVED FROM
CUSTOMER.



12

a = 0,05

At

=1.0

-0.75 -0.50 -0.25 0.0 0.25 0.50 0.75 10

Figure (2.1) Variability in the Shape of the Tracking Signal Distribution



Further, a bimodal distribution could be cobtained by combining two

beta distributions with appropriate parameters,

2,2 DETAILS OF EXPERIMENTAL WORK

2,2,1 SIMULATION FOR TRACKING SIGNAL DISTRIBUTION

For simulating the tracking signal distribution a constant process
has been consideréa with superimposed normal noise, The noise samples
are assumed to be normally and independently distributed with mean zero
and standard deviation of 1, Random normal deviates with a mean of 10
were generated as observations. Mathematically, the observations x(t)

could be represented as:

x(t) = £(t) + e(t)

where

E(t) = process mean

e(t)

noise samples,

These observations of the process were predicted by a forecasting system
using single exponential smoothing, Let the predicted values be repre-

sented by x(t)., The forecasting error at any time is given by:

ERR(t) = x(t) - x(t)

Two smoothed statistics were obtained from this forecast error.
Smoothed Error: 8S.S5.E.(t) = (l-a) S.S5.E.(t-1) + o ERR(t)

Smoothed Mean Absolute Deviation

S.MJA.D. (t) = (1-a) S.M.A.D.(t-1) + a |ERR(t)]|

13
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From these two statistics the tracking signal was evaluated,

5.5.E.

Tracking signal = S.M.A.D.-

The tracking signal ranges from -1 to +1. This range was divided into

80 equal interwvals, 20,000 values of the trécking signal were generated.
The frequency plot of the tracking signal revealed a great fluctuation
in frequency at tﬁé peak of the distribution. The fluctuation in the
frequency was smoothed out to a great extent by increasing the number

of simulations from 20,000 to 100,000. 20,000 simulations for each of

9 different wvalues of o (a total of 180,000 simulations) took a system
time of 0,083 hours in Fortran H level with an optimization level of 2,
The cost was $17.14. TFor 100,000 simulations with each of 9 different
smoothing constants {a total of 900,000) 0,342 hours and $70.24 were
required. If the number of simulations is further increased, The system
time will increase accordingly.

The tracking signal mean was approximately zerc but the standard
deviation varied with the smoothing constant. This variation i1s 1llu-
trated in figure (22), The range of the beta distribution is 0 to 1 and
that of the tracking signal distribution is -1 to +1. To map one dis-

tribution on the other, a linear transformation is necessary. The trans-

formation is given by:

B, s
B 2
where XB and XT are points on the beta and the tracking signal distribution,

Experiments were carried out with smoothing constants ranging from 0.1 to
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0.25. This is the usual range of the smoothing constant used in any

normal forecasting system.

2,2,2 Details of Experiment with o of 0.1

s reper—

The tracking signal distribution for o of 0.1 is unimodal and sym-
metrical., This 1s depicted in figure [23], This indicates that for
the purpose qf approximation, a beta distribution with equal parameters
greater fhan unit§~should be tried. For a closer approximation, the
mean and the standard deviation of the tracking signal distribution
should be equal to those of the approximating distribution, Consider a
beta distribution B(m,n), with parameters m and n respectiﬁely. The
mean and variance of this distribution in terms of its parameters is

given by [4].

m/(ﬁ+n).

Mean

Me 1l

[(mn+1) » (mn) 2]

Variance

For equal parameters (i,e. m=n} the mean of beta distribution is 0.5 and

the variance is:

2
Variance = = (2,1)

[(2mrD) - (2m)°]

- i
T 4(2mkD)

As the mean of the tracking signal distribution is approximately 0.5 on

the transformed scale, only the correspondence of the variance is to be
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Figure (2.4)
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The Tracking Signal Distribution for an o of 0.2
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considered. The standard deviation of the tracking signal is 0,1027 on
the transformed scale., Equating this with the above expression for var-
lance we have:

( 0.1027)2 = ZTﬁi;Ey

Solving the above equation, the parameters of the approximating dis-
tribution are m =-£ = 11,35, The probabilities of observations falling
in 80 equal intervals were obtained for the beta distribution for the
I.,B.M. scientific subroutine package program NDTR. From these prob-
abilities a theoretical frequency distribution for the tracking signal
was derived. FKnowing the theoretical and the observed frequencies for
the tracking signal, a chi-square test and a Kolmogorov-Smirnov test
were applied for the goodness of fit. A chi-square value'of 79,44 was
obtained which is more than the critical value of 73,3. The fit Qas in-
adequate at the 5% significance level, However, the fit was adequate

"by the Kolmogorov-Smirnov test. The value obtalned by this test was
0.00179 which is less than critical wvalue of 0,00430 at the 5% signifi-
cance level,

As the fit was inadequate by one of the tests, the tracking signal
distribution could not be approximated satisfactorily with a single beta
distribution., The next step was to investigate other values of o namely

.2 and ,01,

2.2.3 EXPERIMENT WITH o OF 0.2

[ Rk
e —pitinart

The tracking signal distribution for this value of o was a little flat

at the peak as illustrated in figure( 2,4), At this stage it was difficult
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Figure (2.5)

Comparison of Observed and Theoretical Tracking Signal Distribution
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to say whether this distribution is bimodal. So the first step was to ap-
proximate it with a single beta distribution. The frequencies in 80 of
the cells were evaluated. These frequencies differed significantly at the
peak, from the observed distribution as illustrated in figure (2.5). The
next approach was to approximate this tracking signal distribution with
some distribution which is flat at peak. This type of distribution could
be obtained By combining two beta distributions as illustrated in figure
[2,6]. Also, a bimodal distribution could be obtained by such combination
of two beta distributions with appropriate parameters,

Consider two beta distributions B(m,n) and B(n,m) with p.d.f's given

by:

_ I'(mbr) m=1 n-~1
B(m,n) = ?TETHFTHT . Xl (l—Xl)
,0<X, <1

L]

fl(xl)

I (ntm) e m-1
Bm =Tyt X2 K

, 0 <X, <1
= fz(Xz)

At any point x on the range of these distributions, it is assumed that

the ordinate f(x) of the resultant distribution is

f(x) = 1/2 [fl(x) + fz(x)], 0 <x<1 (22)

or
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1 1 1
[ fdx =12 [f £00dx+ [ £,(x)dx], EE g
0 0 0

1 1
As f fl(x)dx = f fz(x)dx = 1 the area under the resultant distribution
0 0

is also equal to one, Further, from equation (2.2),

1 1 1
f xf(x)dx =1/2(/ x£ (x)dx + / x£,, (x) dx]
0 0 0

The above equation states that the mean of new distribution is half the
sum of means of prior beta distributions. If the mean of the resultant

distribution is represented by u, then:

p = E(x) = l/ZIEl(x) + Ez(x)l.

Representing the means El(x) and Ez(x) in terms of parameters:

uo=1/2 [EEE +‘E%E] = 0.5

The variance o2 of the resultant distribution is given by:

62 = E(x%) - E>(x)

1, 1, 1 1 g
12(f x"£,(0dx + [ x"£,00)dx]) = {1/2[f xf;(x)dx+ [ xf,(x)dx]
0 0 - 0 0

172 B,65) + 1/2 By (0 = {172 [5G0 + Ey(0 1)

172 1) + 1/2 B, (D) = 1/4 E2Go) = 1/4 E5(0) = 1/2 Ej (%) E,(x)



1/2 El(xz) - 1/2 Ei(x) + 1/2 Ez(xz) 1/2 Eg(x) + 1/4 Ei(x)

+ 1/4 Eg () = 1/2 E () E,(x)

1/2 E{(x)) = 1/2 E2(x) + 1/2 By(x*) = 1/2 E5(x)

= 1/2 02 + 1/2 o5 + [1/2(u - u)]?
where
Hy and oi are the mean and variance of first beta distribution
(B(myn)),
and

Moo dg are mean and variance of the second beta distribution.
(B(n,m)).
Substituting the values of means and variances of the two beta distri-
butions in terms of thelr parameters, the variance of the resultant dis-

tribution is given by:

2 mn nm m n ,2
o =1/2 [ 1+ 172 ] 1+ 1/4 [ - —
(mrn+1) (mn) (nbmrt+1) (nm) L
mn m=-1
= 5+ /4 ]

(w+n+1) (min) "~

Rearranging,

24



2
2 (mn) + (m-n)
" 4 (mtn) (mtntl) (2.3)

o)

After transforming, if the variance of the tracking signal distribution
is equated with equation (2.3). The parameters of the approximating
distribution could be found. But the above equation contains two un-
knowns m and n, as such the parameters of the approximating distribution
could nof be foun&.easily. To obtain the parameters of the approximating
distribution the following approach was adopted. Let the variance of the
tracking signal distribution be denoted by‘Yz. Then,

2 (mw) + (mn)?

Y = ooy (mtntD)

or

2

2m+2m—l)n + 4Y2m2 - mz + 4mY" - m=20 (2.4)

(8¥-1)n’ + (4v2+8Y

The above equation has the form

An2 + Bn+ C=20

where

A= 4Y2—l

B = 4Y2 + 8Y2m + 2m -1
and

C = 4Y2m? - m2 + 4mY2 - m

For a particular value of Y and m, n will have two values ny and n,. The

roots of equation (2.4) were evaluated with different values of m and a

25



mn nl n2
4,939 5.416 5.416
5.000 5.191 5.787
5.100 5.119 6.097
5.200 5.099 6.357
5.300 5.101 6.595
5.400 5.116 6.820
5.500 5,139 7.036
5,600 5.168 7.247
5.700 5.202 7.452
5.800 5.239 7.655
5.900 5.279 7.854
6. 000 5.322 8.050
6.100 5,367 8.245

Table (2.1)

Two Values of n Corresponding to one Value of

m by Solving Quadratic Equation

D

Point ¢

26
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fixed value of Y, the standard deviation of the tracking signal distri-
buton., They are tabulated in Table [2,1]. A graph was plotted between
different values of m and the corresponding two values of n, This is
illustrated in figure [2.7]}. Equation [2.4] is quadratic in n and when
B2 = 4AC the two values n, and n, for a particular value of m will be-
equal., This is illustrated by point C in figure (2.7). Theoretical
frequency distribytions were obtained for various pairs of parameters,
These frequencies were compared with the actual frequencies of the
tracking signal, A chi-square test wés applied to test the goodness of
fit., Table (2.2) shows the chi-square values with different palrs of
parameters, It could be observed that the chi-square value is a minimum
for point C (figure (2.7)). In other words the distribution obtained
by combining appropriately two beta distributions corresponding to point
C was closest approximating distribution, For the tracking signal dis-
tribution, Further, the standard duration of the distribution was
0.150045 as compared with 0,15005 of the observed tracking signal dis-
ltribution. The standard deviation of the closest simple beta distri-
bution was 0.150119, Even the minimum chi-square value exceeded the
critical value of 100.70 at the 5% siénificance level, This shows that
the fit is inadequate and the tracking signal distribution cannot be
approximated with the resultant distribution obtained by combining two
beta distribution., This was confirmed by the Kolmogorov Smirnov test
carried out for point C in fipure (2.7). The computed value was ,00681
which exceeded the critical value of .0043 at 5% significance level,

As this approach fialed with higher values of the smoothing constant too,

it was tried with smoothing constants lower than 0.1,



1] n Chi-Square
Value
4,939 5.416 205.9
5.00 5.191 213.3
5.00 5.786 215,23
5.10 5.119 233.5
5.10 6.097 227.7
5.20 5.099 259.1
5.20 6.357 240,65
5.30 5.101 290.8
5.30 6.595 254.6
5.40 5.116 327.0
5.40 6.820 270.58

Table (2.2)

Parameters of the Beta Distribution and the
Corresponding Chi-Square Values

o

Point c¢
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2,2,4 EXPERIMENT WITH o OF 0,01

——

Figure [2.8] illustrates the tracking signal distribution for a of
0.01, It is unimodal and symmetrical with a standard deviation of 0,0306
on the transformed scale. The approach adopted for finding the parameters
of the approximating beta distribution, was same as that for 0.1, Thé
parameters of the approximating distribution were obtained from the

—

equation

D S
4 (Zmt 1)

with the calculated parameters a theoretical frequency distribution was
derived, These frequencies were compared with the observed frequencies
for the goodness of -fit, The fit was inadequate. The chi-square value
was 162,27 as compared with critical value of 32.70 for a 5% significance
level., The value obtained by the Kolmogorov Smirnov test was .00479

which exceeded critical value of 0,00473 at the 5% significance level.

2,3 CONCLUSION FROM THE EXPERIMENTAL WORK

From these three experiments it can be concluded that the tracking
signal distribution for a normal range of the smoothing constant cannot
be approximated adequately with a single beta distribution or a combined

beta distribution,
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CHAPTER III
THE TRACKING SIGNAL LIMITS BY COMPUTER SIMULATION

When the first approach failed to evaluate the limiting values of
the tracking signal, limits were proposed by simulation., Figure [3.1]
shows the frequency distribution of the tracking signal for a of 0,1,
For illustration let the confidence interval for the tracking signal be
95%. Referring to figure [3.1], one is interested in evaluating values
K, and KZ such that 95 percent of the tracking signals lie between Kl

1

and Kz. Further, a 95% confidence limits on the tracking signal means

that without any significant change in the process level, one value out
of 20, may exceed the limiting values Kl or K2. These limiting wvalues
may be evaluated separately., To evaluate Kl the cumulative frequency

of the tracking signal for first 40 intervals, corresponding to range

of -1 to 0 were plotted against the tracking signal magnitude, This

is illustrated in figure [3.,2], 100,000 observations of the tracking
signal were simulated., For 95% confidence, 2,5% of the tracking signals
will lie between limiting value Kl and -1, From figure [3.2], the

limiting value K, is read directly on the X axis. Corresponding to a

1
cumulative frequency of 2500 on Y axis. A similar procedure was carried
out to obtain the limiting wvalue K2 of the tracking signal lying between
0 and 1 from figure [3.3].. It could be observed that the frequency dis-
tribution of the tracking signal is apﬁroximately symmetrical about zera.
The limits Kl and KZ’ obtained above will be nearly equal in magnitude

but opposite in sign. So instead of evaluating two limiting values Kl

and K2 separately a value K could be evaluated such that the absolute
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value of K represents the limiting values of the tracking signal., For
this purpose, the tracking signal distribution was folded about zero.
The tracking signal which was classified into 80 equal intervals pre-
viously was reclassified Into 40 equal intervals, The frequencies in
these 40 intervals were approximately twice as much as those in the un-
folded distribution., Cumulative frequencies in each interval were cal-
culated, - Effectively; the cumulative frequencies were plotted against
the absolute values of the tracking signal. For o of 0.1, this curve
is depicted in figure [3.4]. Such pléts were obtained for the smoothing
constants varying from 0,05 to 0.5. This 1s depicted in figure [3.5].
From figure [3.5], the limiting values of the tracking signal were
evaluated for different smoothing constants and for various levels of
significance, These limiting values are tabulated in table [3.1]. For
illustration, the frequency corresponding to point P on the Y axis of
figure [3,4] is five percent of the total frequency. The corresponding
.value KL on the X axis of this graph gives the limiting value of the
tracking signal for o of 0,1 and for 5% significance,

A graph was next plotted between the limiting values and the cor-
responding significance level, for different smoothing constants figure
[3.6] from this figure one can find the limiting values of the tracking
signal for any level of confidence and for any.smoothing constant in-
cluded in the graph.

The entries of this table are approximately the same as proposed by
Batty. However, the details of simulation were not explained explicitly
by Batty. In particular there was no indication as to the number of ob-

servations generated, hence the reliability of the limits.
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CHAPTER IV
RESPONSE OF THE TRACKING SIGNAL TO PROCESS CHANGE

In this section, the behavior of the tracking signal to a process
change has been investigated, Consider a constant process, which in-
1 At a certain time Tl’ let the process level

change to a new mean of ay. Mathematically, the process can be repre-

itially has a mean of a

sented as:

Et = a; for t < Tl

and

£ = a2q fo% t > Tl

Effectively, at time T, a step increase of (az - al) has taken place in

1

the process level. Such‘a situation 1s illustrated in figure (4.1).

New Process Level a2

0ld Process Level al 1

Figure (4.1) Step increase in the process level

41
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Fraction of Smoothing Constant

the Step 'f'
0.05 0.1 - 0.15 0.2 0.25
0.1 2 1 - - -
0.3 6 3 2 - -
0.5 13 6 | 4 3 2
0.7 23 11 7 5 4
0.9 46 21 14 10 8

Table (4.1) No. of Periods Required to Achieve a Fraction 'f' of Step for
Various Values of the Smoothing Constants



45

As the forecasting system uses exponential smoothing to predict future ob-
servations, the forecasts will constantly lag the cobservations. According
to Brown [1l], using exponential smoothing, the predicted values can never
attain the new level in a finlte period. However, it can achieve a very
high fraction of the step (az—al) in a finite period, Brown pp. 114,

has developed a relation which evaluates the number of periods required

to attain any fraction of the step, for various values of the smoething
constant,

n = log (1-f) _ 1
log B

[

where n = number of periods required
f = the fraction of the step

discount factor = (1-0).

w
i

For various values of f and @, the number of periods required, were evalu-
ated using the above relation. The results are tabulated in Table (4.1).
Figure (4.2) illustrates relation between o, f and small periods required,
From this figure it can be said that a high value of the smoothing con-
stant is desirable for any forecasting system, for a rapid recovery from
process changes. Higher values of the smoothing constant will lead to
increased magnitude of the forecast errors. Figure (4.3) shows the effect
of the smoothing constant on forecast accuracy. Small values of a lead

to accurate forecasts but the forecasting system takes a longer time to
recover from the process change. Thus, these relative advantages and
disadvantages are to be suitably weighed while selecting a smoothing

constant, Figure (4,2) also helps in investigating the sensitivity of
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the tracking signal to process changes, It can be seen from this figure,
for an o of 0,1, the number of periods required to achieve 90% of the
step is 21, The tracking signal should give an indication of the process
change at a very early stage. If it does not give an indication, the
system will adjust to the new level by itself. For example after 21
periods the system will more or less achieve the new process level, From
the sensitivity peint of view this is the maximum period one can allow
for the tracking signal to give an indication of the process change., It
is desired to detect the process change before the system achieves 20
to 30 percent of the step. The sooner the detection, the more effective
the tracking signal,

The sensitivity of the tracking signal was studied by simulation
of a constant proceés. After the starting conditions were discounted, a
step in the process level was introduced., The magnitude of the step varied
from 2,5 to 25 percent of the process mean of 10, A change in the process
was confirmed by formulating different detection criteria., For all
criteria and all values of a, the control limits were set at a level
corresponding to a 99 per cent confidence. The detection criteria were
essentially based on examining a few tracking signals after incorporating
a step in the process level, Referring to figure (4.4) the criteria for
detecting process change were:

a) If one value of the tracking signal in two successive values

exceeded the limiting value
b) If one value of the tracking signal in 4 successive values

exceeded the limiting value



c)

d)

If one wvalue of the tracking sipgnal in 10 successive values
exceeded the limiting values

If any two consective values out of ten successive values ex-
ceeded the limiting value., These detection systems were simu-
lated 1000 times., The probability of detecting a process change

was evaluated, The results are tabulated in Table (4.2 to 4.5).

‘Figures 64.5 to 4,8) depict the relation between step size and

probability of detection for various detection criteria,

48
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RESULTS AND DISCUSSION

The results from the first detection system revealed that the prob-
ability of detecting a process change is low, Even with a 25 percent
change in the process mean, this system gives a 0.171 probability of
detecting a process change for an o of 0,05. The probability of detecting
increases with the smoothing constant., The probabilities obtained with
the second detection system are a little higher than those obtained by
first detection system, For an o of 0.05 and for a 25 percent change
in the process mean, a detection probébility of 0,643 is attained, Based
on the second detection system it can be concluded that the first de-
tection system is less effective in detecting process changes,

The third and fourth detection systems have approximately the same
probabilities of detection for higher magnitudes of the step. In both
systems of an o of 0,05 and a 25 percent change in the process mean,
the probability of detection is 1, However, for smaller magnitudes of
the step, the third detection system has a higher probability of detec-
tion. As compared with first two detection systems, the probability of
detection decreased with increased values of o, This reveals that with
higher values of a, the forecasting system often adjusts to the new
situation by itself. For all values of o and for all detection systems
the probability of detection corresponding to a step of zero percent is
referred to false alarms given by the tracking signal,

When the adopted detection criteria is one of these four, these prob-—
ability tables (4.2 to 4,5) will help in deciding whether the system needs
updating., However, the decision of updating the system is entirely left

to the one in charge of the system., The decision will essentially depend



upon considering the severity of penalties resulting from updating or not
updating the system,

The further work in this field can be carried out by investigating
various other detection criteria, Ancther effect which could be studied
is the change in detection probabilities that occur when specifying

different tracking signal limits at other confidence levels,
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APPENDIX A

- Comparison of Frequencies for Chi-Square and

Kolmogorov Smirnov Tests for Goodness of Fit
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Smoothing Constant = 0.1

Approximating Distribution = Beta Distribution with Parameters m = n = 11.35

Comparison of Frequencies for Chi-Square Test

OBSERVED THEORETICAL OBSERVED THEORETICAL

CELL NO, FREQUENCY FREQUENCY CELL NO. FREQUENCY FREQUENCY
1 0 0 21 304 284,33
2 .0 ; 0 22 372 390. 35
3 0 0 23 531 522.50
4 0 0 ' 24 685 683.11
S 0 0 25 219 873.73
6 0 0 26 1215 1094.78
7 0 0.02 27 1343 1345.45
8 - 0o - 0.07 28 1616 . 1623.48
9 0 0.22 29 1915 1925.15
10 0 0.59 30 2260 2245,22
11 0 1.43 3l 2576 2577.13
12 2 3.13 32 2850 2913.08
13 3 6.35 33 3257 3244.40
14 10 12,03 34 3511 3561.83
15 17 21.49 35 3787 3855.96
16 40 36.49 36 4079 4117.64
17 - 52 59.19 37 4445 4338.43
18 80 82,25 38 4528 4510.98
19 137 138.58 39 4512 4629.43

20 230 201.50 40 4557 4689.70
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OBSERVED  THEORETICAL OBSERVED  THEORETICAL

CELL NO.  FREQUENCY  FREQUENCY CELL NO,  FREQUENCY  FREQUENCY

a1 4633 4689.70 61 183 201.50

42 4644 4629.43 62 150 138,58

43 4441 4510.98 63 76 92.23

44 4456 4338.43 64 56 59.19

45 4164 4117.64 65 35 36.49

26 3850 3855.96 66 11 21.49

47 3526 3561.83 67 10 12,03

48 3149 3244.40 68 4 9.48

49 2953 2913.08 69 7 2.02

50 2561 2577.13 70 4 0.22

51 2308 2245,22 71 2 0.07

52 1977 1925.15 72 0 0.02

53 1706 1623.48 73 0 0

54 1295 1345,45 74 0 0

55 1094 1094. 78 75 0 0

56 893 873.73 76 0 0

57 696 683.11 77 0 0

58 524 522.50 78 0 0

59 368 390. 35 79 0 0

60 291 284,33 80 0 0

The Obtained Chi-Square Value = 79.44
The Critical Chi-Square Value = 73.30, for 55 degrees of freedom and 5%

significance level.



Smoothing Constant = 0,1

Approximating Distribution = Beta Distribution with Parameters m=n=11,35.

Comparison of Cumulative Frequencies for Kolmogorov Smirnov Test

CELL OBSERVED THEORETICAL CELL OBSERVED THEORETICAL
NUMBER  CUMULATIVE CUMULATIVE ~ NUMBER  CUMULATIVE  CUMULATIVE
RERQUENGY  NRGUTNCH FRE'(EUI;JNCY FREQUENGE
o e 5 o t
1 o 0.0 21 875 857.65
2 0 0.0 22 1247 1248,00
3 0 0.0 23 1778 1770.00
4 0 0.0 24 2463 2453.61
5 0 0.0 25 3382 3327.34
7 0. 0.02 27 5940 5767.57
8 0 0.09 28 7556 7391.05
9 0 0.31 29 9471 9316,20
10 0 0.90 30 11731 11561, 42
11 0 2.33 31 14307 14138, 55
12 2 5,46 32 17157 17051.63
13 5 i 0 33 20414 20296.03
14 15 23, 84 34 23925 23857, 86
15 32 45,33 35 27712 27713, 82
16 72 81,82 36 31791 31831.46
17 124 141,01 37 36236 36169. 89
18 204 233.24 38 40764 40680, 87
19 341 371,82 39 45276 45310,30

20 571 573.32 40 49933 50000.00




CELL OBSERVED THEORETI CAL CELL OBSERVED THEORETI CAL
NUMBER CUMULATIVE CUMULATIVE NUMBER CUMULATIVE CUMULATLVE
FR?%U?NCY FR%?U?NCY _ FR?%U%NCY FR%%U?NCY
0 L 0 t —

41 54566 54689, 70 61 99645 99628.18
42 59210 59319,13 62 99795 99766.76
43 63651 63830.11 63 99871 99858.99
44 - 68107 _ 68168, 54 64 99927 99918.18
45 72271 72286,18 65 99962 99954,67
47 79647 79703.97 67 99983 99988,19
48 82796 82948,37 68 99987 99994, 54
49 85749 85861.45 69 99994 99997.67
50 88310 88438,58 70 99998 99999 .10
51 90618 90683, 80 71 100,000 99999, 69
52 92595 92608,95 72 100,000 99999 .91
53 24301 94232,43 73 100,000 99999,98
54 95596 95577.88 74 100,000 100,000.00
55 96690 96672,66 75 100,000 100,000.,00
56 97583 97546,39 76 100,000 100,000.00
57 98279 98229.50 77 100,000 100,000,00
58 98803 98752.00 18 100,000 100,000.00
59 99171 99142,35 79 100,000 100,000.00
60 99462 99426.68 80 100,000 100,000.00

Maximum difference |f0 - ftl = 179

The obtained Kolmogorov Smirnov Value = LI = ,00179

The Critical Value"

1.36 _

1,36

Vn ¥100,000

100,000

= ,00430 for 5% Significance level,
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Smoothing Constant = 0,2
Approximating Distribution = Resultant distribution cbtained by combining

two beta distribution B(4,.939, 5.416) and
B(5.416, 4.939).

Comparison of Frequencies for Chi-Square Test

CELL  OBSERVED  THEORETICAL  CELL OESERVED THEORETI CAL

NUMBER FREQUENCY FREQUENCY NUMBER FREQUENCY FREQUENCY
1 o 0.01 21 1094 1028. 86
2 0 0.10 22 1291 1165.12
3 0 0.67 23 1391 1306.37
4 0 2.35 24 1508 1451,31
5 2 6,03 25 1654 1598,53
6 5 1271 26 1809 1746.53
7 14 23,48 27 1997 1893, 80
8 24 39,46 28 2111 2038.77
9 61 61,71 29 2216 2179.90
10 69 91.24 30 2206 2315, 63
11 115 128,92 31 2394 2444, 48
12 174 175.51 32 2441 2565.02
13 233 231,59 33 2642 2675.88
14 311 297,55 34 2738 2775, 82
15 398 373,61 35 2864 2863.71
16 459 459,78 36 2914 2938, 55
17 574 555. 86 37 2925 2999, 47
18 675 661,47 38 2932 3045.78
19 814 776.04 39 2981 3076.96

20 876 898,81 40 2992 3092, 64




CELL OBSERVED THEORETICAL CELL OBSERVED THEORETICAL

NUMBER  FREQUENCY FREQUENCY NUMBER FREQUENCY FREQUENCY
41 2960 3092.64 61 918 898.81
42 2939 3076.96 62 836 776,04
43 2968 3045.78 63 708 661,47
44 2860 2999,47 64 . 572 555.86
45 - 2896 . 293835 65 450 459,78
46 2809 i 2863.71 66 363 373.61
47 2851 2775.82 67 274 297.55

48 2764 2675,88 68 236 231.59
49 2609 2565,02 69 154 175,51
50 2364 2444, 48 70 100 . 128,92
51 2322 . 2315,63 71 85 91.24
52 2277 2179.90 72 56 61,71
53 2131 2038,77 73 i & 39,46
54 1968 1893.88 74 11 23,48
55 1745 1746,53 75 2 12,71
56 1655 1598,53 76 5 6,03
57 1528 1451.31 77 1 235
58 1334 1306.37 78 0 0.67
59 1260 1165,12 79 0 0.10
60 1050 1028, 86 80 0 0,01

205,977

The obtained Chi-Square Value

The critical chi-square value = 88,3, for 68 degrees of freedom and 5%

significance level,



Smoothing Constant = 0.2
Approximating Distribution = Resultant Distribution Obtained by Combining

Two Beta Distributions, B(4.939, 5.416) and
B(5.416, 4.939).

Comparison of Cumulative Frequencies for Kolmogorov Smirnov Test

CELL  OBSERVED THEORETICAL  CELL OBSERVED THEORETICAL
NUMBER CUMULATIVE  CUMULATIVE  NUMBER  CUMULATIVE  CUMULATIVE
FREQUENCY . FREQUENCY FREQUENCY  FREQUENCY
i A P £y '£,0
1 0 .02 21 5898 5825.77
2 0 .12 22 7189 6990.89
3 0 .79 23 8580 8297.26
4 0 3.14 24 10058 9748.57
5 2 9.17 25 11742 11347.10
6 7 " 21.88 26 13551  13093.63
7 21 45,36 27 15548 14987.43
8 45 84.82 28 17659 17026.20
9 106 146.53 29 19875 19206.10
10 175 237.77 30 22081 21521.73
11 290 366.69 31 24475 23966.21
12 464 542.20 32 26916 26531,23
13 697 773.79 33 29558 29207.11
14 1008 1073. 04 34 32296 31982.93
15 1406 1444.95 35 35160 34846. 64
16 1865 1904.73 36 38074 37785.16
17 2478 2460. 59 37 409999 40784.66
18 3114 3122. 06 38 43931 43830.44
19 3928 3898.10 39 46912 46907.40

20 4804 4796.91 40 49904 50000, 00




CELL OBSERVED THEORETICAL CELL OBSERVED THEORETICAL

NUMBER  CUMULATIVE CUMULATIVE NUMBER  CUMULATIVE CUMULATIVE
FR?%U?NCY FRF%U?NCY FRF%UENCEY FR?%U?NCY
0 t 0 t
41 52864 53092.68 61 96112 96101.98
42 55803 56169, 64 62 96948 96878.02
43 58771 59215.42 63 97656 97539.49
44 - 61631 - 62214.89 64 98228 58095. 35
45 64527 65153.44 65 98678 98555.13
46 67336 68017.15 66 99041 98928, 74
47 70187 70792.97 67 99315 99226.29
438 72951 73468.85 68 99551 99457.88
49 75560 76033.87 69 99715 99633. 39
50 77924 " 78478.35 70 99805 99762, 31
51 80246 80793.98 71 99890 99853, 55
52 82523 82973.88 72 89546 99015.26
53 84654 85012.65 73 99981 99954.72
54 86622 86906.45 74 99992 99978.20
55 88367 88652.98 75 99954 99990.91
56 90022 90251.51 76 99999 99896, 94
57 91550 91702.82 77 100,000 999599.29
58 92884 93009.19 78 100,000 100,000.00
59 94144 94174, 31 ?9 100,000 100,000.00
60 95194 95203.17 80 100,000 100,000.00

Maximum Difference |f; - ftl = 681

681
100,000

1.36 _ _1.36
/n ¥100, 000

The Obtained Kolmogorov Smirnov Value = = 0.00681

= 0.00430

The Critical Kolmogorov Smirnov Value =

for 5% Significance Level.



Smoothing Constant = 0,01

Approximating Distribution = Beta distribution with parameter m=n=132,5.

Comparison of Frequencies for a Chi-Square Test,

CELL OBSERVED THEORETI CAL CELL OBSERVED THEORETI CAL
NUMBER FREQUENCY FREQUENCY NUMBER FREQUENCY FREQUENCY
1 0 0.0 21 0 0.0
2 o0 T 0.0 22 0 0.0
3 0 0.0 23 0 0.0
4 0 0.0 24 0 0.0
5 0 0.0 25 0 0.0
6 0 0.0 26 0 0.0
7 0 0.0 27 0 0.0
8 0 0.0 28 2.1 0.05
9 0 0.0 29 6.1 0.34
10 0 0.0 30 9 2.15
11 0 0.0 31 14 11.31
12 0 0.0 32 40 49,54
13 0 0.0 33 122 181,63
14 0 0.0 34 489 560.11
15 0 0.0 35 1340 1459,17
16 0 0.0 36 3138 3223,22
17 0 0.0 37 6101 6055.08
18 0 0.0 38 9656 9696.,51
19 0 0.0 39 13146 13259.65

20 0 0.0 40 15801 15501,23




CELL OBSERVED THEORETICAL CELL OBSERVED THEORETICAL

NUMBER FREQUEN CY FREQUENCY NUMBER FREQUEN CY FREQUENCY
41 15977 15501, 23 61 0 0.0
42 13394 13259.65 62 0 0.0
43 9604 9696.51 63 0 0.0
4 5891 6055,08 64 0 0.0
45 3082 3223,22 65 0 0.0
46  1ase T 1459,17 66 0 0.0
47 512 560,11 . 67 0 0.0
48 169 181,63 68 0 0.0
49 41 49,54 69 0 0.0
50 7 11,31 70 0 0.0
51 o0 2,15 71 0 0.0
52 0 0.34 72 0 | 0.0
53 0 0.05 73 0 0.0
54 0 0.0 74 0 0.0
55 0 0.0 75 0 0.0
56 0 0.0 76 0 0.0
57 0 0.0 77 0o 0.0
58 0 0.0 78 0 0.0
59 0 0.0 79 0 0.0

60 o 0.0 . 80 0 0.0

The obtained chi-square value = 162,27
The critical chi-square value = 327, for 21 degrees of freedom and at

5% significance level.



Smoothing Constant =

0.01

Approximating Distribution = Beta distribution with parameters m=n=132,5

Comparison of Cumulative Frequencies for Kolmogorov Smirnov Test,

CELL OBSERVED THEORETICAL  CELL OBSERVED THEORETICAL
NUMBER CUMULATIVE CUMULATIVE NUMBER CUMULATIVE CUMULATIVE
FR??UFNCY FR%?U?NCY FR%?U%NCY FR?%UFNCY
0 t 0 £
1 'Vo 0 21 0 0
2 0 0 22 0 0
3 0 0 23 0 0
4 0 0 24 0 0
5 0 0 25 0 0
6 0 0 26 0 0
7 0 0 3 0 0
8 0 0 28 2 0
9 0 0 29 8 0
10 0 0 30 17 2
11 0 0 31 31 13
12 0 0 32 71 62
13 0 0 33 193 243
14 o' 0 34 682 803
15 0 0 35 2022 2262
16 0 0 36 5160 5485
17 0 0 37 11261 11540
18 0 0 38 20917 21236
19 0 0 39 34063 34495
20 0 0 90 49 864 49996

71



12

CELL OBSERVED THEORETI CAL CELL OBSERVED THEORETLCAL
NUMBER  CUMULATIVE CUMULATIVE NUMBER  CUMULATIVE CUMULATIVE
FR}E%U};:NCY FREC'!IfJEI:ICY FR]E‘.(EUI'SNCY FR]EI(EU’?"NCY
0 t 0 t

41 65841 65497 61 100,000 100,000
42 79235 78756 62 100,000 100,000
43 88839 88452 63 100,000 100,000
44 94730 94507 64 100,000 100,000
45 97812 97730 65 100,000 100,000
46 99271 99189 66 100,000 100,000
47 99783 99749 67 100,000 100,000
48 99952 99930 68 100,000 100,000
49 99993 99979 69 100,000 100,000
50 100,000 . 99989 70 100,000 100,000
51 100,000 100,000 71 100,000 100,000
52 100,000 100,000 72 100,000 100,000
53 100,000 100,000 73 100,000 100,000
54 100,000 100,000 74 100,000 100,000
55 100,000 100,000 75 100,000 100,000
56 100,000 100,000 76 100,000 100,000
57 100,000 100,000 77 100,000 100,000
58 100,000 100,000 78 100,000 100,000
59 100,000 100,000 79 100,000 100,000
60 100,000 100,000 80 - 100,000 100,000

Maximum Difference Ifo - ftl = 479

. , _ 479 _
The obtained Kolmogorov Smirnov Value = 160,000 0.00479
The critical Kolmogorov Smirnov Value = Lo 08, o 2B = 0,00473

Ya /100,000



APPENDIX B

COMPUTER PROGRAMS
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ILLEGIBLE
DOCUMENT

THE FOLLOWING
DOCUMENT(S) IS OF
POOR LEGIBILITY IN

THE ORIGINAL

THIS IS THE BEST
COPY AVAILABLE



74

FCHTRAN [V G LEVEL 18 MAIN DATE = T1095 17717735
CCCCCCCLCCLCCLCcooLecececcoccecceccocccccccccececcocccocLeccecococcececcococecoceecocecee
[ C
G PURPODSE c
C C
C THF PURPQOSE OF THIS PRCGRAMME IS TO SIMULATE TRACKING SIGNAL c
C DISTRIBUTION USING SINGLE EXPONENTIAL SMUOTHING Cc
c Cc
c DESCRIPTION OF PARAMETERS Cc
C C
c ALPHA-THE VALUE OF SMOCTHING CONSTANT ,WHICH VARIES FROM D TO0 1 C
C ; C
Cc STEP-THE NESIRED INCREMENT IN THE YALUE OF SMOOTHING CONSTANT. c
C c
C LIMIT-STOPPING CRITERLIA FOR THE PROGRAMME OR THE LAST VALUE OF C
C SHOOTHING CONSTANT FOR WHICH SIMULATION 15 CARRIED QUT c
G c
Cc XEAN-THE MEAN OF THE PROCESS C
C z C
C STODEV-THE STANDARD DEVIATION OF ASSUMED NORMAL DISTRIBUTION c
C CF NODISE c
C . C
o o o o o i o o o off o o o % ok o o o o o o 0 i o i o of % O o o o off o o o o ol o o o o o o o8 o o o o 4 o o o s o o o o o o o f o 04 8

ceel DIMENSION MTU(8O)

ccaz 1 FORMAT(3I10:2F10a4%)

0Cca3 2 FORMAT 1% 2 [10,"% IY'I10," IX'9Il0," NCOUNT? F10.%y" MEAN' 4yF1C. 4%y

) 1' STODEY® o Flueb," ALPHAY)

00Ca TL0 FOEFAT {3FB.4g13)

¢20% 120 FUORART (LD, "MEANY, 10X, *STDEVY)

NCe 121 FUSHATE SXpCH.4, 10X, F3.4&)

ocnl <123 FUHMAT{*1 | T516GY)

Ccog 124 FURFAT{IS3, lGxe16)

0C1l0 CC 200 NRUN =1,4

ool READ{Llel) IY,{XsNCOUNT. XEAN,STDDEV

GCl2 12 WKITE(342) [Y IXeNCUUNT, XEAN,STDDEVsALPHA

GCl13 DO 3 I=1480

0Cl4 MTL1)=0

[543 8] 3 CONTINUE

0QLé FACT=5QKT({2./(2.-ALPHA}

G117 SHAD=, TI7T38*FACT*#STDDEY

ccis XHAT=XEAN

cclo SSE=G.

0620 BETA=1.—-ALPHA

o021 STRSIG=0.0

€c22 SQTSIG=0.0
C
C GENERATION OF UNIFORM RAMNDCM NUMBER
Cc

0C23 EU 101 E=1,NCOUNT

GC24 1Y=1Y+{X

0025 ) IF{IY4LT.0} T¥Y=IY+2147483264T7+1

CCc26 RA=]Y*,45566)35-9

cg27 ly=IY#*[X

cc28 IFCIYLLTa0) IY=IY#2147483647+1

CQ29 RE=IY¥*,4656613E-9

GENERATION OF TWO RANCCM MORMAL DEVIATES

o0



FCRTRAN IV G LEVEL

0C30
0C31
03z
€C33
0034
0c35

0036
€C37
0G38
0039
QC40
cC4l
0C42
0043

0C44
CC4S
0C4s
0047
o]}
0C49

€C50
cesl
Gus2
0C53
0C54
0055
CCs56
CC57
0058
cC59

cC60
0Cel
0Cs2

0C63
0064
0C6S
0066

IaEal el

[algXpl

(e Nelsl

ano

aNsNgl

101

122

11

12
200

18 MAIN DATE = 71095

LA=SCRT{-2.D2%ALUG(RA)}
LH=6.2832%RB
XA=UA*COS(UB)
XB=UA*SIN(UB)
X=XA*STDDEV+XEAN
RD=XB*STDDEV+XEAN

EVALUATION OF TRACKING SIGNAL

CO 101 II=1,2

ERR=X-XHAT
SSE=ALPHA*ERR+BETA*SSE
SMAD=ALPHA*ABS(ERR ) +BETA*SMAD
TRSTG=SSE/SHMAD
XHAT=ALPHA#X+DETA®XHAT
STRSIG=STRSIG+TRSIG
SCISIG=SQTSIG+TASIG*TRSIG

CLASSIFICATION OF TRACKING SIGNAL INTO 80 CELLS

NT=TRSIG*40.+41.

TF (NT. GT. BQ } NT=80
IFINT.LT«1 ) NT=1
FTINT)I=MT(NT)+1

X=RD

CONTINUE

CoTAIN MEAN AND STANDARD DEVIATVION GF TRACKING SIGNAL

CMEAN=STRSIG/ (2%NCOUNT)
ST0ev=(SOTSIG/(2=LCOUNY)-({CHEAN)} %2 ) 230,5
CO 122 J=1,41,40

JJ=J+39

PRINT 123

CO 122 I=J,44

PRINT 124, ,.MT(1I)

CONTINUE

PRINT 120

PRINT 121 ,CMEAN,STOEY

INCREMENT IN THE VALUE OF ALPHA FOR NEXT SIMULATION

ALPHA=ALPHA+STEP
[F (ALPHA-XLIMIT) 11,12,12
GU TO 13

RESET VALUE OF ALPHA FCR SIMULATION WITH A NEW SET OF DATA

ALPHA=D.1
CONT INUE
sTOP
END

75
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FCRTRAN IV G LEVEL

cCel
ocg2

003
GCas
0Cos5

cCCce
0co7

OO0 N0 0N ONO 000NN O0OO0O0O00O

xR zR3!

[z NNyl

1c
20

30
40

76

18 MAIN DATE = 71095 16/00/48

CDTR
.C......‘..I.I...."I...."......"l...-...'.'....‘........‘.I.IUICDTR
CDTR

SUBROUTINE CDTR . COTR

: ' COTR

PURPDSE , . CDTR
COMPUTES P(X) = PROBABILITY THAT THE RANDOM VARIABLE U, COTR
OISTRIBUTED ACCORDING TD THE CHI-SQUARE DISTRIBUTION WITH G COTR
DEGREES OF FREEDCM, IS LESS THAN OR EGUAL TO X, F(GsX), THECDTR

ORDINATE OF THE CHI-SQUARE DENSITY AT X, IS ALSO CUMPUTED. CDIFR

) CDTR
USAGE CDTR
CALL COTRI(X4G,P4C,1ER) CDTR

_ CDTR

DESCRIPTIGN OF PARAVETERS ' : CDTR
X - INPUT SCALAR.FOR WHICH P(X) [S COMPUTED. CDTR

G - NUMBER OF CEGREES OF FREEDOM OF THE CHI-SQUARE COTR
DISTRIBUTICN. G IS A CONTINUOUS PARAMETER. CDTR

P - OUTPUT PROBABILITY, - coTR

D - OUTPUT DENSITY. COTR
IER - RESULTANT ERROR CODE WHERE COTR
IER= Q0 -—- NC ERROR COTR

IER==1 —== AN INPUT PARAMETER IS5 INVALID. X IS LESS CDTR

THAN Q0.G, DR G IS LESS THAN 0.5 DR GREATER CDTR
THAN 2#%10*%(+5). P AND D ARE SET TO -1.E75. CDIR
IER=+1 ~== IRVALIL CUTPUT. P IS LESS THAN Z2ERD OR COTR
5 GREATER THAN ONE, OR SERIES FOR Tl {SEF CDTR
MATHEMATICAL OUESCRIPTIOMY HAS FAILEDLD TO LOTR
COCNVERGE., P IS SET TO 1.ET75. COTR
ColR
REMARKS ' DR
SEE MATHEMATICAL DESCRIPTION. CDTR
CDTR
SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED CDTR
DLGAM COTR
NDTR CDTR
: : ) COTR
METHOD : CDTR
REFER TO R.Es BARGMANN AND S.P. GHOSH, STATISTICAL CDTR
CISTRIBUTION PROCRAMS FOR A COMPUTER LANGUAGE, COTR
I1BM RESEARCH REPCRT RC-1094, 1963. COTR
CDTR
.ll--l......llc-.ltol.l.-...lc..------.l..t..lca-lionl----ll.a--.lCDTR
CDTR

SUBROUTINE CDTRUXsG,P4CoIER)
LOUBLE PRECISION XX,0L XXy X2Z41OLXZ2+sGG+1G2+OLT3,THETA THPL CODTR
1ELG2C04T11ySEReCCy XTI FACTLOG, TERMsGTHsA24A,B,4C,DT2,073,THPIL CDTR
: CDTR
TEST FOR VALID INPUT DATA CDTR
COTR
IF{G-(.5-1.E-5)) 590,1C,1Q CDTR
[F{G-2.E+5) 20,208,590 : CDTR
IF(X) 590,30, 30 COTR
CDTR
TEST FOR X NEAR 0.0 CDTR
COTR
1F(X-1.E-8) 40440480 - GliFs
P=0.0 COTR



FCRTRAN IV G LEVEL

cicsa
ccos9
CC1lo0
0C11
€C12
0c13
0C14

CCls
C1s
CClL7
ccls

ec19
cczo
ccal
cczz
€c23
acaa

€ca2s
0C2s
ecz7
(]
€C2e
€Cag
ccal
cc32
cC23
0C34

CC35
0C36
CC3r
cc3s
€cas
£c40
CC41
0C42
0C43
CCh4
CCa5

GC46
CCat
CCu8
CCas

[Nl al

[N e Ryl

nHOO

Izl RaNel

[aNelel

50
60
1C

80
90

1CC

18 COTR DATE = 71095

IF{G-2.) 50,60,70
C=1.E75

GO 70 610

L=0.5

GG T4 610

C=0.0

CO 1O 610

TEST FOR X GREATER THAN l.E+6

IF(X-1.E+6) 100,100,90
C=0=0

F=1.0

GC TO &10

SET PROGRAM PARAMETERS

XX=DBLEIX)
CLXX=0DLOG(XX)
CLX2=0L0OG(X2)
GG=DBLE(G)
€2=G66/2.00

COMPUTE ORDINATE

© CALL DLGAMIGZ,6LGZ241ICK)

110
12G

130

14C

15C
166
170

18C

190

200

LD=1G2~1.D0)#DLAX~M2~G2¥.69314T18U5599453 ~GLG2
IFIDD-1.68082) 12G,110,120

IF{LD+1.58002) 130,130,140

L=1.E75

CO TO 150

C=0.0

GO T4 150

CD=DEXP(DD)

C=SNGL{DD)

TESTYT FOR G GREATER THAN 10400.0
TEST FOR X GREATER THAN 20C0.0

[F{G-1000.) 160,160,16¢C
IF{X=-2000.) 19G,190,17C
F=1.0

CO TO 610

A=DLOGIXX/GG) /3.D0
A=DEXP(A} :
B=2.00/19.00%GG)
C={A-1.00+8)/DSQRT(B}
SC=SNGL{C}

CALL NDYR(SC,P,DUMMY)
GO TO 490

COMPUTE THETA

K= [DINTIG2)

THETA=G2- DFLOAT LK)
IF(THETA-1.0-8) 200,200,210
THETA=0.00

77

16700748

CDTR
CDTR
CDTR
COTR
CDTR
COTR
COTR
COTR
COTR
CDIR
CDTR
CDTR
CDTR
COTR
CDTR
CDTR
COTR
CODTR
CDTR
COTR
CDTR
CDTR
CDTR
CDTR
CDBTR
COTR
COIR
CD¥R
CDTR
COTR
COoTR
CGTR
CDTR
COTR
CDTR
CDYR
CDTR
COTR
CDTR
CDTR
CDIR

590
600
619
620
630
640
650
660
670
680
693
700Q
TL0
720
730
740
750
T60
770
780
790
800 -
810
829
830
&41)
350
450
BR7O
840
430
G0
914G
220
933
940
950
960
970
980
990

COTR1000C
CDTR101Q
CDTR1020
COTR1030
COTR1040
CDTR1050
COTR10&0
COTRLQTO
COTR1I0ED
CDOTR1C3V
CDTR1100
COTR1110
CDTR1120
CDTR1130
COTR1140
CDTR1150
CDTRL1160
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FCRTRAN IV G LEVEL 18 CDIR LATE = T1095 16700748

0C50 210 THP1=THETA+1.00 : ) COTR1170
c CDTR1180

C SELECT METHOD OF COMPUTING T1 COTR1190

c : CDTR1200

€C51 IF(THETA) 230,230,220 CDTR1210
CC52 220 IF{XX-10.D0} 260,260,320 " LDTR1220
o CDTR1230

c COMPUTE T1 FOR THETA EQUALS 0.0 CDTR1240

c CDTR1250

C{53 230 IF(X2-1.68D02) 250,240,240 CDTR1260
CCE4 ~ 24C T1=1.0 CDTR1270
CC55 GO ¥O0 400 ‘ COTR1280
CCse 25C T11=1.D0-DEXPI=-X2] CDTR1290
CC57 T1=5NGL(T11} ’ : COTR1300
ccs58 GO TO 400 CDTR1310
c CDTR1320

c COFPUTE T1 FOR THETA GREATER THAN 0.0 AND COTR1330

c X LESS THAN OR ECQUAL TO 10.0 CDTR1340

c CDTR1350

. 0C59 260 SER=X2#(1.C0/THP1 -X2/(THP1+1.D0}) ) CDTR1360
acec J=+1 : CDTR1370
CCel CC=DFLOAT(J) CDTR1380
0Cé2 CO 2/C IT1=3,30 ; CDTR1390
CCe3 XI=UFLCAT(ITL) CDTR1400
CCed CALL DLGAMIXIFAC,I0K) COTR1410
0Ce65 TLGOG= AI*0LA2-FAC-DLOGIXI+THETA) CDTR1420
CCee © TERP=DEXPITLOG! o COTRL433
£ TERH=DSIGNI{TEKM,CC) . COTR 1440
QC&8E SER=SER+TERM CCTRlL50
CCes (r=-CC : ‘ COTRLALY
<Cic IF{DACGSITERM)~1D-9) 280,270,270 CDTR1470
0C7ri 27C CONTINUE CDTR1480
cc72 GO TO 600 ’ CDTR1490
CcC113 28C IFISER) 600,600,290 CDTR1500
CC74 29C CALL DLGAM(THP1,GTH,ICK) CDTR15190
QcC75 TLOG=THETA*DLX2+4DLOG(SER)}-GTH CDTR1520
CCr¢ IF(TLOG+1.6BLG2) 300,3C0,310 CDTR1530
cc?7 3GC T1=0.0 CNTR1S540
0Cc78 CG TO 400 COTR1550
cci9 310 TLL=DEXP(TLOG} COTR1560
ocec T1=SHGLIT11} CDTR1570
ocel GO TO 400 : ’ COTR1530
c COTRL159D

C COMPUTE T1 FCR THETA GREATER THAN 0.0 AND CDTR16Q7

C X GREATER THAN 10.0 AND LESS THAN 2000.0 CDTR1610

c i CDTR1620

ccez 32C A2=0.D0O CDTR1630
cces CO 34C I=1,25 CDTR1640
0C84 XI=DFLDAT(1) ; CDTR1650
ccas CALL DLGAM(THP1,GTH,ICK) CDIR1660
cCeé Tll==(13.DC#*XX} /X1 +THPLl*DLOG{13.D0%*XX/XI[) -GTH-DLOG(XI) CDTR1670
ocay [F{T11+41.68002) 340,34C,330 CDTR1680O
cCes 330 TLI=DEXP(T11l) CDTR1690
cces A2=A2+TIll : CDTR1700
0Cs0 34C CUNTINUE CDTR1710
cCal A=1.01282051+4+THETA/156.D0-XX/312.00 CDTR1720
acse E=DABS{A} . CDTR1T3D

€Cs3 C= —X2+THPL¥DLX2+DLOGI(E)~-GTH-3,.,951243718581427 COTR1740



FCRTRAN IV G LEVEL

0C94
cC9s
CCcse
0c97
ccss
CcCs9
glcc
clcl
cic2
0103

ClCs
€105

0106
c107
Clog
g1c9
0110
Cl11
cliz
Cli3
Clls

0115
0116

al17
c1i8
Cl19
€120
glat
clzz
€123
cl24
c125
Cl2é&

c127
cl2s
cl2s
glic
0121
0132
0123
Cl34

[z alyl

oo

[aNaNaNel

CaoOo

[ R 2]

3s5¢
3860

370

380
390

400
410

42Q

430

440

450

460

41C
48C

490
500
510
520

540

18

IF(C+1.68D02) 370,37
IF (A) 360,370,380
C=-DEXPIC)

CO 70 390

(=0.00

GO 70O 390

C=NEXP{C}

C=A2+C

Ti1=1.D0-C
T1=SNGLI(TLl1}

TSELECT PROPER EXPRESSION FCR P

IFIG-2.) 420,410,410
IF(G-4.) 450,460,460

CDIR
0,250

DATE = 71095

COMPUTE P FOR G GREATER THAN ZERQ AND LESS THAN 2.0

CALL DLGAMITHPL ,GTH,

1CK}

CT2=THETA*DLXX=X2-THPL#.6931471805599453 -GTH

IF(DT2+1.68002) 430,
F=T1

CO TO 490
CT2=DEXP(DT2)
T2=SNGLI(DT2)
P=T1l£T2¢T2

GG TO 490

4304440

COMPUTE P FOR G GREATER THAN OR EQUAL 70 2.0

AND LESS TEAN 4.0

P=T1
GO TO 490

COMPUTE P FOR G GREATER THAN OR EQUAL TOQ 4.0

AND LESS THAN DR EQLAL TO 100Q.0Q

CT3=0,D0

CO 480 13=2,K
THPI=DFLOAT(13)+THET
CALL DLGAM(THPI 4GTH,
CLT3=THPL*DLX2~-DLXX~
IF(DLT3+1.68002) 480
CT3=DT3+DEXP(DLT3)}
CONTINUE
T3=SNGL{DT3)
F=T1-T73-T3

SET ERROR INDICAT

IFIP) 500,520,520
IF{ABS(P)-1.E-7) 510
P=0.0

GO TO 610

IFll.~P} 530,550,550
IF(ABS{1le=P)-1.,E-T7)
P=1,0

€0 TO 610

A

ICK1}
X2-GTH
v4EQ, 470

OR

1510,6C0

54C 540,600

79
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CDTRL750
CDTRL760
CDTR1770
CDTR1789
CDTR1790
CDTR1800
CDTR1B10
COTR1820
. CDTR1830
CDTR1B4O
COTR1B50
CDTR1860
CDTR1870
CDTR1880
CDTR1890
COTR1900
COTRL910
CDTR1920
CDTR1930
COTR1940
CDTR1950
CDTR1960
COTR1970
CDTR1980
CDTR1993
CRik2000
CoTR29210
ChTRZ0ZO
CDTR2030
COVTRZD4D
COTR2050
CDTR 2060
CDYR2010
CDTR2080
CDTRZ2090
"COTRZ100
CDTRZ110
CDTR2120
CDTRZ130
CDTR2140
CDTR2150
CDTR216J
CDTR2170
CDTRZ2180
CCTR2150
CDTR2200
CDTR2210
CDTR2220
CDTR2230
COTR2240
CDTR2250
COTR2260
CDTR2270
COTR2280
COCTR2290
CDTR2303
COTR2310
CDTR2320
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€135 55C IF{P-1l.E-8) 5604560,57C CDTR23130
0136 560 P=0.0 CDTR2340
C137 GO Ta 610 CDTR2350
c13e S7C IF({l.0-P}-1.E-8B) 580,580,610 CDTRZ2360
Cl3g 580 P=1.0 COTRZ23T0
0140 GO TO 610 CDTR238D
0141 590 IER=-1 CDTR2390
Cla2 C==1.E75 COTR2400
Cl43 P==1.E75 CBTR2410
Cl44 CO TO 620 CDTR2420
€145 600 I[ER=+1 CDTR2430
Cl4é : ’ P= 1.E75 CDTR2440
Cla7 GO TO 620 CDTR2450
G148 610 IER=0 CDTR2460
Cl49 620 RETURN CDTR247Q

€150 END . CDTR2480



FCRTRAN IV G LEVEL 18 MAIN DATE = 71095 16700748

c NDTR

cl.l‘l“........l..l..‘..l.l.l‘...."l".l"‘.'.'CO.‘I‘...'..I....IDQCCQNUIR

c NDTR

c SUBROUTINE NOTR NDTR

c NDTR

c PURPOSE NDTR

c COMPUTES Y = P({X) = PROBABILITY THAT THE RANDOM VARIABLE U,NDTR

c DISTRIBUTED NORMALLY(O,1}, IS LESS THAN DR EQUAL TO X. NDTR

C F{X), THE ORDINATE OF THE NORMAL DENSITY AT X, IS ALSO NDTR

c COMPUTED. ’ NOTR

c . NOTR

" C ~USAGE NDTR

C CALL NDTRI(X,P,D) NOTR

c NDTR

c DESCRIPTION OF PARANETERS NOTR

C X==INPUT SCALAR FOR WHICH P{X) IS COMPUTED. NDTR

c P--0OUTPUT PROBABILITY, NOTR

c 0--0UTPUT DENSITYa NOTR

C NDTR

Cc REMARKS NDTR

c MAX1MUM ERROR IS 0.000CCO7. NDTR

c ; ) NOTR

c SUBROUTINES AND SUBFROGRAMS REQUIRED NDTR

c NONE NDTR

c NDTR

c METHOQD NDTR

c - * BASED ON APPRCXINMATICNS TN O+ HASTINGS, APPROGAIMATIONS FOR  DTH

c DIGITAL CUMPUTERS, PRINCETON UNIV. PRESS. FRINCETOM, Nedoy NOTR &

C 19055, SEE ECUATION 26.2.17y HANDBOOK OF MATHEMATICAL NOTR

c FUNCTIONS, ABRAMUWITZ AND STEGUN, COVER PUBLICATICNS, INCe; KDTR

C NEW YORK. " WGTR

c NGTR

C'II--I..‘.--.---‘-..I..‘.-’I.-.IIIVIIl..I.I--..‘.......-‘.....l'...-‘.'QF:DTR

c NDTR
CCC1 SUBROUTINE NDTR(X,P,0)

c NDTR
gcce AX=ABSI(X) ) NDTR
ccas3 T=10/11.04.2316419%AK} . NOTR
cCC4 C=0.3989423*%EXP(-X2X/2.0) NDTR
cccs P = 1.0 - D*T*{{({1a33C274%T - 1.821256)%T + 1,7HL4TE)I*T — NDTR

1 0.3565638)1%T + 0.3192815) NDTR
CCcs IF(X)1,2,2 . NDTR
ccar 1 P=1.0-P NDTR
ccos 2 RETURN NEOTR
ccce END NDTR

81

260

ELels)
30
320
330
340

360
aro
330
390
400
410
420
430
440
450
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ccC1
ooz
oco3
CCC4
cCces
CCoé

cco?
ccee
0co9
0clo

cCll
ccl2
cc13

szl lzalzlelislalsialalaRa sl e ial el e Na sl e R el el el e Ra N el e N el e N e RN el ol nl 2]

o000

aom

owm >
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OLGA
..0..I...Dl.l.....l.l.l..ll....Ill.'.........ll....l.lll......l..IDLGA
DLGA
SUBRDUTINE DLGAM DLGA
DLGA
PURPOSE ) DLGA
COMPUTES THE DOUEBLE PRECISION NATURAL LOGARITHM OF THE DLGA
GAMMA FUNCTION OF A GIVEN DOUBLE PRECISION ARGUMENT. DLGA
DLGA
USAGE DLGA
CALL DLGAM(XX,DLAG,IER) DLGA
- DLGA
DESCRIPTION OF PARANETERS DLGA
XX - THE DOUBLE PRECISION ARGUMENT FOR THE LOG GAMMA DLGA
FUNCTION, : DLGA
DLNG - THE RESULTANT DOUBLE PRECISION LOG GAMMA FUNCTION DLGA
VALUE. : DLGA
IER - RESULTANT ERROR CODE WHERE DLGA
IER= 0----NO ERRUR. DLGA
1ER=-1-=--XX 1S WITHIN 10#%*%(-9) OF BEING ZERD OR XX ODLGA
1S NEGATIVE. CLNG 1S SET TO -1.0075S. DLGA
IER=#1-~-~-XX 1S5 GREATER THAN 10%%*7G., DLNG IS SET TO DLGA
DLGA
REMARKS DLGA
NONE . . DLGA
. ‘ DLGA
SUBROUTINES AND FUNCTION SUBPROGRAFS REQUIRED CLGA
NONE ' DLGA
: BLGA
METHOD DLGA
THE EULER-MCLAURIN EXPANSION TO THE SEVENTH DERIVATIVE TERM DLGA
IS USEU, AS GIVEN BY M. ABRAMOWITZ AND T.A. STEGUN, DLGA
"HANDBLOK OF MATHEMATICAL FUNCTIONS', U. S. DEPARTMENT OF DLGA
COMMERCE, NATIONAL BUREAU OF STANDARDS APPLIED MATHEMATICS DLGA
SERIESy 1966, EQUATION 6.l.4l. DLGA
DLGA
..........'......'...‘C........l.'l......"-.l-...I...’...IIDIOCOIDLGA
DLGA
SUBROUTINE OLGAMIXX,DLNG,IER) DLGA
COUBLE PRECISION XX,Z2Z,TERM,RZ2,DLNG DLGA
IER=0 DLGA
1Z=%X . ULGA
IF{XX~1.D10) 2,2,1 : DLGA
IF(XX=1.D70) 849,9 DLGA
: DLGA
SEE IF XX IS NEAR ZERO OR KEGATIVE OLGA
‘ DLGA
IF(XX-1.D-9) 3,3,4 : DLGA
IER=~1 ‘ DLGA
CLNG==-1.D75 DLGA
GO TO 10 DLGA
DLCA
XX GREATER THAN ZERC AND LESS THAN OR EQUAL TO 1.D+10 DLGA
DLGA
TERM=1.D0 DLGA
IFI27-18.D0) 6,46,7 : DLGA
TERM=TERM*Z2 " DLGA

280
2399
360
313
320
3130
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
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0014 1Z=171+1.00 DLGA
CC15 €0 TO 5 DLGA
0Cl1e T R22=1.D0/22%%2 DLGA
cCcL7 CLNG =(ZZ-0,5C01#DL0OG(ZZ)-22 +0.9189385332046727 -DLOGI(TERM) + DLGA

1(1.00/22y%{,83333333333333330~-1 ={RZ2¥(2TTTTITTITVTTI7T7ID-2 +(RZ2*DLGA
20.7936507T9365079360-3 - (RZ2%(,5952380952380952D0~-3))11111) OLGA

cCcls GG TO 10 OLGA
c DLGA

c XX GREATER THAN 1.D+10 AND LESS THAN 1.D+70 DLGA

c DLGA

cC19 - 8 CLNG=ZZ#*(DLOG(ZZ)-1.00) DLGA
ccza C0-TO 10 DLGA
o ’ DLGA

c XX GREATER THAN OR EQUAL TO 1.D+70 DLGA

c DLGA

ccz21 9 IER=+1 DLGA
ccz22 CLNG=1.D75 DLGA
cc23 LC RETURN OLGA

CCZ+4

END DLGA

590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
70



FORTRAN

0001
GCoz

0Q03
0C04
0Co5
0006
ccar
ocos

1V G LEVEL
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gl gl

10
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BDTR
.‘I.....‘....I.....'..‘..llI..tl.l.l.."..'...l‘.............'IOIQBDTR
BOTR
SUBROUTINE BDTR BDTR
BOTR
PURPOSE BOTR
COMPUTES P{X) = PROBABILITY THAT THE RANDOM VARIABLE U, BOTR
DISTRIBUTED ACCORDING TO THE BETA DISTRIBUTION WITH BDTR

PARAMETERS A AND B, IS LESS THAN DR EQUAL TO X. FlA,B,X)y BDIR
THE ORDINATE OF THLC BETA DENSITY AT X, IS ALSO COMPUTED. BDTR

: BDTR
~USAGE BDTR
CALL BDTR(X,A,B,P,D,IER) BDTR
BOTR

UDESCRIPTION OF PARAMETERS BOTR
X = INPUT SCALAR FOR WHICH PiX) IS COMPUTED. BDTR

A ~ BETA DISTRIBUTION PARAMETER (CONTINUDUS)Y. BDTR

B - BETA DISTRIBUTION PARAMETER (CONTINUOUS). BLUIR

P = OUTPUT PROEABILITY, ’ BDTR

D = OUTPUT DENSITY. BDTR
TER - KESULTANT ERRUR CODE WHERE BDTR
1ER= 0 —--= NC ERROR : BDTR
IER=-1,+1 CCTR HAS BEEN CALLED AN AN ERRDOR HAS BDTR
OCCURRED. SEE CDTR. BDTR

TER=-2 —== AN INPUT PARAMETER IS INVALID. X IS LESS BOTR

THAN 0.0 OR GREATER THAN 1.0, 0GR EITHER A OR BDTR

B IS LESS THAN U.5 UR GREATER THAN 10*&31+5). BOTR

P AND D ARE SET TU —~l.E?5. LOTR

[ER=#Z ~-= LhVALID CUTPLT. P 'S LESS THAN ZERC (R BDIR
LREATEKR THAN OME. P IS SET T0 l.E75. HLTR

BOITR

REMARKS BDTR
SEE MATHEHMATICAL DESCRIPTION. BDTR
8DTR

SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED BOTR
DLGAM BDTR
NDTR BOTR
CDTR BDTR
BDTR

METHOD BDTR
REFER TO R.t. BARGMANN AND S.P. GHOSH, STATISTICAL BDTR
DISTRIBUTION PRUGRAMS FOR A COMPUTER LANGUAGE, 3 BDIR
IBM RESEARCH REPCRT RC-1094,y 1963, BDTR
BDTR
‘.I‘......'I...‘...'..ll..."..l.......'....I.CII.ICII-QIIODIOQIIIBDTR
BDTR

SUBROUTINE BOTRI(X,AyB,PsD,IER)
COUBLE PRECISION XX y0LXXDLLXpAABB+GLlyG24G34G44DL,PPyXOyFFyFN, BDTR

1X1+55:CCyRR,OLBETA BDTR
' BDTR

TEST FOR VALID INPUT DATA BDTR
BOTR

IF{A-(.5-1.E-5)) 640,1C,10 BDTR
[FIB-1.5-1.E-51) 640,20,20 BDTR
1F(A=1.E+5) 30,30,6%0 BDTR
IF{B=1.E4¢5) 42,40,4640 BOTR
1F(X) 640,50,50 ' ‘ BDTR
IF(l.-X) 640,60,60 8DTR

265
270
28.
29
352
31
322
33:
340
350
36u
374
38
39,
425
41
42
430
440
450
46

480
490
SJu
512
529
$30
540
552
560
STv
582
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c BOTR 59
C COMPUTE LDGIBETA{A,B)) BDTR 640
c BOTR 613
0C09 60 AA=DBLEL(A) BDTR 62y
0Cc10 BB=DBLE(B) BDTR 630
oc1t CALL LLGAM(AA,GLl,I10K) _ BDIR 64y
0c12 CALL DLGAMIBB,G2,10K) BDTR 65
0cl3 CALL DLGAM(AA+BB.G3,I0K) BDTR 66J
0Cl4 DLBETA=GL+G2-G3 , , BDTR 670
c BDTR 6B
[ TEST FOR X NEAR Q.0 OR 1.0 BDTR 69
C T BDTR 7309
0015 IF{X-1.E~-8) H0,80,70 BDTR 713
0016 70 IF((l.-X)-1.E~-8) 130,130,140 BDTR 720
oCcL7 80 P=0.0 BDIR 734
ccls IF(A-1.) 90,100,120 ; BDTR 749
0ocl19 90 D=1.E+75 BDTR 75
0c20 €GO TO 660 BDTR 762
0021 100 CD=-DLBETA BDTR 773
0c22 IF(DD+1.68002) 120,12C,110 BOTR 784
0023 110 CD=DEXP(OD) BDTR 790
cC24 C=SNGL(DO) BDTR 820
0c25 GO TO 660 BDTR 819
0026 120 0=0.0 BDTR 823
oc27 G0 TG 660 BODTR 835
0cz8 130 P=1.0 BDTR 84v
0629 - IF(B-14) S04100,120 , BDTY 850U
[ BOTR B6O
C SET PROGRAM PARAMETERS _ ' EDTR 874
C s, © BOTR 884
oQaIn 140 XX=DBLEIX) ; BOTR B89L
CC3l LLXX=DLOG{XX) BDOTR 9uJ
0c32 DL1X=DLOG(1eDC-XX) : BOTR 91.
0033 X0=XX/{1.D0-XX} BDTR 920
cC34 D=0 _ BOTR 934
C BOTR 944
c COMPUTE ORDINATE BOTR 959
c ' BDTR 962
cCas DD=(AA-1.00)*%DLXX+{BB~1.D3)*DL1X~-DLBETA BDTR 974
0C36 IF(DD-1.68002) 1504150,160 BDTR 985
cC37 150 IF(DD+1.68002) 170,170,18 , BUTK 990
0c38 160 D=1.E75 : : BDTR10)J
cC39 G0 TO 190 BDTRI1DLy
0040 170 £=0.0 , : BDTR1029
ccal GO TO 190 BDTR103V
0C42 18C CO=DEXP{DD) BOTR1040
cc4? C=5NGL (DD) BDTR1050
C BDTR1060
C A OR B OR BOTH WITHIN l.E-8 OF 1.0 BOTR1070
C BOTR1080Q
CC44 190 IF{ABS(A-1l.)-1.E-8) 2€0,200,210 BOTR1090
€C45 20C IF(ABS(B-1le)-1.E-B) 220,220,230 BDTR1100
oCab 210 IF(ABS(B-1.)-1.E-8) 260,260,290 BDTRL110
cCat 220 P=X BOTR1120
cC48 GO TO 660 : . BOTR1130
0c49 230 PP=BR%OLLIX _ BDTR1140
€Cs0 IFIPP+1.68C002) 240,240,250 ‘ BOTRLL50

CC51 240 P=1.0 ' BOTR1160
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ccs2
€C53
CCS4
€C55
0Cs6
CcCs57
0cs58
0¢s9
CCé0
CcCol
0cs2
0Cé3

0064
CCes
CCée
0Ce7
ccen
cCeq
ccrc
oC71
€cre
GC713
GCT4
ooy ]
CCré
Co1?
cevs

cC19
CCEC
coel
ccez
cces
oceq
0cas
CCee
oce7
ocas
ccee
0c¢so
cC9l
ccs2
C€Cs3
0C94
0C95
cCsé
¢caT
cc9s
cCs9
cilco
0101
ciG2
01032

IV G LEVEL

2z iz

[N K

250

260
210

28C

29GC
G0
31¢

320

330
34¢C
a50

360
arc

380
390

4Co
410

420

18 BDTR DATE = 71095

GO TO 660
PP=DEXP(PP)
PP=1.00-PP
P=SNGL(PP)
€ TO 6C0
FP=AA*DLXX
1IF(PP+1.68002) 270,270,280
P=0.0

GO TO 660
PP=DEXPIPPF)
P=SHGL(PP}
GO 10 600

TEST FOR A OR B GREATER THAN 1000.0

IF{A-10004) 300,3C0,31C
[F(B-10004) 330,330,32C
XX=2,D0%AA/ X0
XS5=SNGLIXX)

AA=2 ,00%88

CF=SNGL{AA)

CALL CDTR U XSDF 4P,DUMMY,IER)
P=1.0-P i
CO TO 4670

xX=2.00%¥BR*X0Q
XS=SNGLI{XX])

- AA=2 JBOXAA

CF=SHNGL (AN}
CALL CDTRIXS,DF,P,DUMMY,1ER])
GO TO 676G

SELECT PARAMETERS FCR CCNTINUED FRACTION COMPUTATION

IF{X-.5) 340,340,380
IF{AA-1.DQ) 35G,350,360
RR=AA+1.D0

¢cC T4 370

RR=AA

LD=DLXX/5.D0
CO=DEXP{DD]
CC=(RR-1.D0)-(RR+BB~1.CO}*XX*CD +2.00
IF(DD) 420,420,430
IF(BB-1.00) 39C,390,40C
RR=BB+1.D0O

GO TO 410

RR=BB

CD=DL1%/5.,00
CD=DEXP{DD)
CO={RR~-1.D0}-(AA+RR~1.CO}*(1.CO-XX)*CD +2,.00
IF(DOD) 430,430,420

10=1

FF=0L1X

ELLX=DLXX

ELXX=FF

XU=1.D0/X0

FF=AA

£A=DBB

BB=FF

86
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BOTR1170
BDTR1180
B80TR1L19G
EDTR1200
BDTRL1Z21D
8DTR122%
BOTR123)
BOTR1240
BETR1250
BOTR1269
BOTR1270
BOTR1280
BDOTR1290
BOTR1300
BDTR1310D
BETRL320
BOTR1330
BBTR1340
BDTR1350
BDTR1360
BDTR1370
BDTR13890
BDTR1392
BDTR14CO
BOTR1413
BDTR1420
BLTR1430
BOTR i340
LDCTR21450
BOTRL460
BOTR1470
BOBTR1480
BDTR149C
BDTRLS500
BDTR1510
BDTRISZ0
BDTR153¢
BDTR1540
BDTR1S55G
BOTR1560
BDTR1570
BBIR1580
BOTR159J
BRTRYEG
B8DTR1610
BOTR1620
BOTR1&3D
BDTR1640
BOTR1650
BDTR1&660
BDTR1670
BDTR168D
BOTR1693D
BDTR17CO
B8DTRITIO
BOTR172D
BDTR1730
BDTRLT40
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ClCs

c1C5
Clcé
0107
cilcs
€1Cs
€110
Cl11

cillz2
c113
Cils
Clls
Clle
0117
olls
0119
0120
gl2t
cl2z2
€123
0lca
€125
Cl2s
cleéy
€icsa
0129
clac
c131
€132
c12z2
0134
0135
cile
0137
Clie
cl2s

Cl40
Clal
Cla2
0143
0144
Cl45
Claé
0147
Clas
Cl49
cliso
€151
0152

aoo

[aRa Nzl

[aNalgl

430

44C

450
460

47C

480

49C

50¢C

51C
s2¢
530
S4C

550
560

510
58C
590

600
610

620
630

18 BDTR DATE = T1095
G2=G1
TEST FOR A LESS THAN 1.0

FF=0.00

IF(AA-1.D0) 440,440,47C
CALL DLGAM{AA+1.D04+G4, 10K}
CO=AA¥DLXX+BB#CL1X+G3-C2~G4
IFIDD+1.680D02) 460,460,450
FF=FF+DEXP(DD)

LFA=AA+1.D0O

COMPUTE P USING CONTINUED FRACTION EXPANSION

FN=AA+DB-1.DQ

RR=AA-1,D0

I[1=80 :

XI=DFLOATLII)

<s-ttBB—xl)*(RR+xI)1/ltRR+2 CO*XI-1.00)%{RR+2.D0%X1))
$5=55%X0

CO 480 I=1,79

11=80~-1

XI=DFLOATIIT)

CO=(XI*#(FN+XI))/((RR*2. DD*X[+1.DG]¥(RR+2 DO*X1})
Lo=0D0#*X0
Ltut{BB—aI}*!RR+XIIIII(RR+2.DO#XI-1000¥*[RR+2.C0*XI))
CC=CE#*XU

$S=CC/ 1. DO+CE/ (1.00-551)

CONTINUE

€5=1 .10/ 1.D0-55}

IFI55) 650,650,490

CALL DLCAM{AA+BBE+G),ICK)

CALL DLGAM({AA+1.DC,G4,10K} :
CC=61-G2-G4+AA*DLAX+(BB-1.D0)*DLLX
PP=CC+DLOGISS) '

IF{PP+1,.68DC2) 500,500,510

PP=FF

G0 TO 520

PP=DEXP(PP)+FF

[FIID) 540,540,530

FP=1.C0-PP

P=SNGL{PP]

SET ERROR INDICATOR

IF{P) 550,570,570
[FIABS{P)-1.E-7) 56045€0,650
P=0.0 '

CO TO 6560

IF{1.-P) 580,6004600
[F(ABS{L.-P}-1.E-7}) 590, 590’650
P=1.0

GO TO 660

IFIP-1.E-8) 610,610,620

P=0.0

GO TO 660

IF{t1.0-P)-1.E-8) 630,630,660
P=1.0
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BDYR1750
BDTR1760
BDTR1770
BDTRL780
BOTR1790
BOTR 180D
. BOTR1810
BOTR1820
BOTR1830
BOTR1840
BOTR185Q0
BDTR1860
BOTRLIBTO
BDTR1BBO
BOTR1890
BDTR1900
BOTR1910
BDTR1920
BDTR1930
BDTR1940
BOTR1950
BDTR19&0
BDTR1970
80TR1230
BDTR1990
BOTRZ300
BDTR2010
BOTR2Q20
BDOTRZO30
BOTR2043
80TRZ0%O
BDTR 2060
BOTR2073
BOTR2089
BDTR2093
BDTR2100
BDTR2119
BDTR212D
BDTR2130
BDTRZ214D
BDTRZ2150
BDTRZ169
BDOTRZL170
BDTR2180
BDTRZ190
BDTR2200
BOTR2210
BDTRZ222Q
BDTR 2230
BOTR2240
BOTR2250
BDTR2260
BOTRZ270
BDTR2280
BDTR2290
BOTRZ2300
BDTR2310
BDTR2320
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cls3
0154
C155
Cl5¢
C157
158
€159
0lé0
0lél
Cle2
Cl63
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640

650

6860
670

18

GO TO 660
1ER=~2
C=-1.E75
P=-1.E75
CO TaQ 670
1ER=1+2

P= 1.E75
GO TO 670
1ER=0
RETURN
END
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BDTR2330
BOTR2340
BDTR2350
BDTR2360
BOTR2370

BDTR2380

BDTR2390
BDTR2400
BDTR2410
BDTRZ2420
BDTR2430
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THE PURPOSE OF THIS PRCGRAM IS TO OBTAIN THE PROBABILITIES

LNDER A RESULTANT DISTRIBUTIUN BY COMBINING Tw0O BETAA

UNDER A RESULTANT. DISTRIBUTION 8Y COMBINING TwO BETA DISTRIBU-
TIONS B{MyN) AND BI(NsM)sM AND N BEEING THE PARAMETERS.WHEN N AND
M ARE ECUAL THE RESULTANT CISTRIBUTION IS ALSO A BETA DISTRIBU-
TION WITH PARAMETERS M AND Ny BOTH BEEING EQUAL

OO0 O0O0

CESCRIPTICON OF PARAMETERS---

RESP= éRDBABILITY OF ECUAL INTERVALS ON THE RANGE OF BETA DISTRI-
BUTION

FINP=PROBABILITY OF EQLAL INTERVALS ON THE RAMGE OF THE RESUL-
TANT DISTRIBUTION

FREQCY=THEORETICAL FRECUENCY COF THE TRACKING SIGNAL
NTRSIG=0BSERVED FREQUENCY OF THE TRACKING SIGNAL
NCELL= NUMBER OF POINTS CN THE RANGE CF THE BETA DISTRIBUTION

AT WHICH THE PROBABILITIES ARE TO BE EVALUATED.THIS INCLUDES
END POINT ZERO ALSO.

OO0 0CN00000 OO0

NCELLL=NUMBER OF INTERVALS ON THE RANGE OF THE BETA CISTRIBUTION.C
i c
ATIME= NUMBER OF TIMES THE PROGRAM 1S USED TO COMPARE THE TRACK- C
ING STGHAL FREQUENCIES WITH LIFFERENT RESULTANT DISTRIBUTIONS C

y c

NRUM=NUMBER OF RUNS T Bt MADE WITH DIFFERENT VALUES CF SMOOTHINGC
CONSTANTS,. c
c

STEPl= INCREMENT IN THE VALUE OF X.THIS INCREMENT DEPENDS ON THE C
MUMBER OF INTERVALS. c
C

NUMBER=MULTIPLYING FACTOR,WHICH IS THE SAME AS NUMBER OF TRACKINGC
SIGNALS GENERATED TO UEBTAIN THE ACTUAL FREQUENCY OF THE TRACKING C
SIGNAL.WHEN THE PROBABILITY FINP{I) IS MULTIPLIED BY THIS NUMBER C
THE THEORETICAL FREQUEACY OF THE TRACKING SIGNAL IS OBTAINED. c

C
Ccceccccccececcccoocecocecccoccocccoccooccoccceccccceccccoceccececeoeceececececcecce
cCC1l CIMENSION P(9C) 4RESP{8C),FINPIBO) FRECCY!BO),NTRSTIG{80)
ccaz 1 FURMAT (418)
CCc3 11 FORMAT (4F9.5)
CCG4 12 FORMATI(5F9.6,15)
cCC5 18 FORMAT(3X, (X)X, (M) 46Ky (N} 95X, "PIX)"46Xs'D? 45X, '1ER?)
CCC6 28 FORMAT (2F1ll.6,Fll.2) ‘
ccot 5C FORMAT (lH—3l16X"MEAN',15X,+'ST.DEV.')}
ccos 6C FORMAT (2(10X,El4.6))
0cos 80 FORMAT (2014)
cClc - 90 FOURMAT (1H-,4*THE CHI-SCUARE VALUE IS =',El4.6)
0cl11 98 FORMAT (1H=43X,"RESP(I)" 35X "FINPLLI)",3X,"FREQCY(I "]
0c12 89S FURMAT ['1°,'OBSERVED FREQUENCY OF THE TRACKING SIGNAL®Y)
cCl3 100 FORMAT(lH-,2016)
CCl4 READ 14NCELLNTIME,NRUN HUMBER
acis KCELLL=NCELL-1

cCleé CO 70 JJ=1,NRUN
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cC1?
CC1e
CC1s9
ecza
ccz21
0caz2
€ca3

CC24
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CC30
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cc2z2
€C33
€C24
CCitk

cCae

ac37

ocas
0c3g
CC40
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0C42
CCa3
CCa4
CC4S
CCas
CCa?
CC48

oo 0 [aNalalel

[aXaNal aNaNgl

(aNalal

[aNaXKal o000 OO0

13

26

14

31
10

33

27
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READ THE CBSERVED FREQUENCIES OF THE TRACKING SIGNAL TO CALCULATE
THE CHI-SQUARE VYVALUE.

READ 80, (NTRSIGII),I=1,NCELLL)}
FRINT 39

PRINT 1C0,{NTRSIGI(I)4I=14NCELLL)
CO 40 J=1,NTIHME

READ 1l1.X,A48,STEPL

PRINT 18

L0 26 I=1,NCELL

CALCULATE PROBABILITY AT THE EQUIDISTANT PQINTS ON THE RANGE OF
ThE BETA DISTRIBUTION.THIS IS CUMULATIVE PROBABILITY.

CALL BDTRUX,A,B,4PR,0,IER}
P{I)=PR
PRINT 12,X+A,B,P{I),D,IER

CHECK WHETHER PROBABILITY AT THE LAST PCINT ON THE RANGE IS
EVALUATED.
IF (X-1.0) 13,14414

IF NOT GiVE AN TNCREMENT IN THE VALUE CF X.

X=X+STEPL

CCNT FNUE

L0 10 I=2,NCELL
IfF (1-2) 10431,31

CBTAIN PROBABILITY OF INDIVIDUAL INTERVAL FROM CUMULATIVE
FROBABILITY BY SUBTRACTION

RESP{I-Li=P(01)-P(1-1}

COMNTINUE

CHISC=0.0

CO 33 I1=1,NCELLL

CALCULATE THE PROBABILITIES OF THESE INTERVALS UNDER THE RESULTANT
CISTRIBUTICN.
FINP(I)={RESP(I}+RESP(NCELL~-I))/2.0

CBTAIN THE THEORETICAL FRECUENCIES.
FREQCY(1)=FINP(I)*NUMBER
CALCULATE THE CHI-SCUARE VALUE.

CHISQ=CHISQ+((NTRSIG(L)-FREQCY(I)}**2)/FREQCY(I)
CONT INUE

CO 27 I=1,.NCELLL

PRINT 98

PRINT 28,RESPIY),FINP(IL),FREQCY({I)
COUNT INUE

SUMX=0.0

SSuUMX=0.0

Xx=STEP1

CO 45 I=14NCELLL
SUMX=SUMX+X*FINP(I)
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0C49 SSUMX=SSUMX+X*22%FINP(I)
CCs0 X=XK+STEPL
CC51 45 CONTINUE
C
C CALCULATE THE MEAN AND STANDARD DEVIATION OF THE RESULTANT
c CISTRIBUTION. :
cCs52 XMEAN=SUMX -
0Cs53 XSTDEV={SSUMX-SUMX*&2)2*%0,5
0C54 PRINT 50
CCSS PRINT 60, XMEAN:XSTDEV
0c56 g = PRINT 90,CHISQ
cCcs7 40 CONTINUE
ccss 70 CONTINUE
0cs9 : STOP

0Ce0 END
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CCCLcceccecceecccecececcceococoecoceccocecccocecececcecccecccccecoccecececcecceececccee

c

THIS PROGRAM CALCULATES THE PROBABILITY OF DETECTING A PROCESS c
CHANGE y WHEN THE PROCESS LEVEL IS SUBJECTED TO A STEP. THIS PROGRAM
CAN BE USED UNLY WHEN THE DETECTION CRITERLA 1S--UNE VALUE OF
THE TRACKING SIGNAL AMCNG ANY NUMBER UF SUCCEEDING VALUES 4
EXCEEDS THE LIMITING VALUE AFTER STEP IS5 LNCURPORATED.
CESCRIPTION OF THE PARAMETERS---

NALPHA=NUMBER OF SMOOTFHING CONSTANTS FOR WHICH SIMULATION IS TO
Bt CARRIED 0QUT

NSIMU=NUMBER OF SIMULATICNS TO BE CARRIED CUT.

MNSTEP=NUMBER OF STEPS CF DIFFERENT MAGNITUDE INCORPORATED IN THE
PROCESS LEVEL.

NUMBER=PERIOD AT WHICH THE STEP IS TO BE INCORPCRATED
ALPHA=SMCOTHING CONSTAAT

XEAN=PROCESS MEAN

STODEV=STANDARD OEVIATION OF RANDOM NOISE

XINC=A MULTIPLTER WHICF ALTERS THE MAGNITUDE OF STEP 7O EE
INCCRPORATED IN THE PRCCESS HMEAN

XLTMEIT=LIMITING VALUE CF THE TRACKING SIGNAL T0O BE SPECIFIED BY
THE USER

NCOUNT=NUMBER TQ BE SPECTFIED WHICH IS HALF THE NUMBER OF THE
TRACKING SIGNALS TO BE GENERATED.

2 kuizizlalzizlalxizknialaisialzizlakalalnlziakaaiala e Na Naly)

BY PRCPERLY SELECTING VALUES FOR NCOUNT AND NUMBER THE CRITERIA C
FOR DETECTING THE PROCESS CHANGE CAN BE VARIED.FOR EXAMPLEs WHEN C
NCOUNT IS 30 ANCG MUKFBER IS 26,10 SUCCEEDING VALUES OF THE TRALKING

COoOOOOOOOOOONOONOOOO0 OO0 00000000 N0O0O00Onnn

SIGNAL WILL BE TESTED FOR CONFIRMING A CHANGE IN THE PROCESS c
AFTER STEP IS INCURPUORATED. c
c

ocol CIMENSION ICOUNT(Z0)4KCUNT(20),SHACI20]},SSE(Z0),XDL20),TRSIG{201,X
1FAT(2C)»PROB(2D)ERRI2(), XKOURTL20)

GCC2 1 FORMAT{4144,5FB.4) . '

ccca 2 FORMAT(TLY 4" NSTIMUT 45Xy "NSTEP? 55X, *NCOUNT " ,5X, "NUMBERy 6X, "ALPHAY,
LEX )y "XEANY s SX *STDDEV 'y EXy " XINC®  6X, " KLIMIT® )

cCC4 3 FORMAT( L6y TX e 12+BRe 129X I1298XyF543)5KsF5.29TKeF301,4TX9F543,5X
1+F5.3)

cCos 6 FORMAT (318)

0c0é6 140 FORMAT (1H-411FB8.4)

ccor READ 64 1Y+ T1XyNALPHA

cccs CO 5 IJ =14NALPHA

0cco READ 14NSIMUyNSTEP¢NCOLNT NUMBER ¢ ALPHAy XEAN,STDDEV ¢ XINCXLIMIT

cClce PRINT 2 ‘

0c1l1 PRINT 3,NSIMU,NSTEP,NCCUNT yNUVMDERyALPHA,XEAN, STODEV y XINC,XLIMIT

oclz2 FACT=2./(2.-ALPHA])

acl3 CO 8 I=1,NSTEP

cCls 8 KOUNTI(1)=0D
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€c22
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CC35
UC36

0044
0C45
0C46
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CC49
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0051
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c
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c
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c
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c
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CO 10 L=1,NSIMU

CD 20 I=1,NSTEP

ICOUNTIT)=0
SMAG({T)=0.T79T88*FACT*STDDEY
SSE(11=0.0

XHAT (I }=XEAN

CONTINUE

BETA=1.-ALPHA

CENERATE RANUOM NUMBER BETWEEN ZERQO AND ONE

C8 30 1=1,NCOUNT

IY=1Y*IX

IF{IY.LTe0) [Y=IY+21474B364T+1
RA=IY*,4656613E-9

IY=1IY*IX '
IF{IY.LT.C) IY=IY42147483647+1
RE=1Y#*.4656613€-9
LA=SCRT(-2.0%ALOG(RA)}
UB=6.2832%RB

CALCULATE TWO RANDOM NCRMAL DEVIATES

XA=UA*COS(UB)
XB=UA£SIN{UB)

CHECK IF TIME HAS REACRED TO INCCRPORATE THE STEP

IF ((-MUMBER] 40,50,50
A=YA:STDNEV+XEAN
RO=Xu*S5TODEV+ XEAN

CARRY QUT SMCOTHING PRCCESS

CO 45 [I=1,42

CO 46 J=1,NSTEP

xpiJi=x

ERR(J)=XD(JI=XHAT(J)
SSE(JI=ALPHA*ERR(JI+BETA*XSSE(J)
SMAD{U)=ALPHA*ABS LERR(J)} ) +BETA=SMAD{J)
TRSIGIJ)I=SSE(J)/SMADLY)

SMOOTHING CARRIED QUT CN THE CBSERVED VALUE OF THE PROCES TQ
EVALUATE THE NEXT FORECAST

XHAT(J)=ALPHA*XD(J)4BETA¥XHAT(J)
CONTINUE

X=RD

CONTINUE

GO T4 30

x=XA®STDDEV+XEAN
RD=XB*STDDEV+XEAN

CO 70 K=142

INCORPORATE STEP OF DIFFERENMT MAGNITUDE IN THE OBLSERVATIONS OF
THE PROCESS

DO 80 J=1,NSTEP



94

FCRTRAN IV G LEVEL 18 MAIN DATE = 71095 20/40/58
cCcs53 XD(J)=X+(J-1}&XINC
CCE4 ERR(JY=XD(J}-XHAT(J)
0Cs55 SSE{J)=ALPHA*ERR(JI+BETA*SSE(J)
0Ccse6 SMAD(J)=ALPHA®ABS(ERR{J]} )+BETA*SMAD(J)
C
c EVALUATE THE TRACKING SIGNAL
C
€057 TRSIG{JI=SSE(JI/SMADII
c
C CHECK IF THE TRACKING SIGNAL HAS EXCEEDED THE LIMITING VALUE
C . :
ccs8 I# (ABS(TRSIGIJII-XLIMIT) 65,75,75
o
C IF IT HAS EXCEEDED DETECT A CHANGE [N THE PROCESS BY MOVING THE
C CETECTION COUNTER ICOUNTICOUNT WILL HAVE A VALUE O OR 1.
[ 0 FOR NO CHANGE IN THE PROCESS AND 1 FOR CHNAGE IN THE PROCESS
C
€C59 75 ICOUNTIJ)=1
CC60 65 XHAT (J)=ALPHA*XD(J)+BETA*XHAT(J)
CCél 80 CONTINUE
0ce2 X=R0D
0cse3 70 CONTINUE
CCe4 30 CONTINUE
c
c COUNT THE NUMBER OF TIMES A CHANGE HAS BEEN DETECTED IN THE TOTAL
c NUMBER OF SIMULATIONS CARRIED OUT
c - . -
CLss ro 8¢ J=1,NSTEP
Clet KUUNT I ) =KAQUNT{J)+TCOURTIU)
Ce7 ‘ 30 CUNTINUE
ccee 10 COMTINYE
0Cs9 XNSIMU=NSIMU
c
c CALCULATE PROUBABILITY CF DETECTING A CHANGE WITH DIFFERENT
c FAGNITUDE COF STEP INCREASE IN THE PRCCESS LEVEL
c
0C70 CO 120 I=1,NSTEP
CC71 XKOUNTIT)=KCUNTILI)
0c72 12C PROB(II=XKOUNTLIL)/XNSIMY
0Cc73 PRINT 140, tPROBII)yI=1,NSTEP)
CCT4 5 CONTINUE
0C75 STOP

0076 END
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THIS PROGRAM CALCULATES THE PROBABILITY OF DETECTING A PROCESS
CHANGE y WHEN THE PROCESS LEVEL IS SUBJECTED TO A STEP.THE PRO-
CRAM CAN BE USED ONLY WHEN ThHE CRITERIA FOR DETECTION 15 BASED
CN A SUCCESSIVE NUMBER OF THE TRACKING SIGNALS EXCEEDING THE
LIMITING VALUE AMONG ARY NUMBER OF SUCCEEDING VALUES,AFTER A
STEP IN THE LEVEL OF THE PROCESS IS I[NCOKPORATED.

g NeNaNaEaNalel

CESCRIPTION OF THE PARAMETERS---

NALPHA=NUMBER OF SMOOTHING CONSTANTS FOR WHICH SIMULATION IS TQ
BE CARRIED OUT

NSIMU=NUMBER CF SIMULATIONS TO BE CARRIED 0QUT.

NSTEP=NUMBER OF STEPS CF DIFFERENT MAGNITUDE INCORPORATED IN THE
PROCESS LEVEL.

NUMBER=PERICD AT WHICH THE STEP IS TO BE INCORPORATED
ALPHA=SMOOTHING CONSTANT

XEAN=PROCESS MEAN

STODEV=STANDARD DEVIATICN OF RANDOM NOISE

XiNC=a MULTIPLIFR WHICF ALTERS THE MAGNITUDE OF STEP TO BE
INCORPORATED IN THE PRCCESS MEAN

XLIMIT=LIHMITING VALUE CF THC TRACKING SIGNAL TODO BE SFECIFIED &Y
THE USER

MCOUNT=NUMBER TO BE SPECIFIED WHICH IS HALF THE NUMBER OF THE
TRACKING SIGNALS TQ BE GENERATED.

[zlsRaks s NN liaNaslpRa s e ial s ol e Ra o NN aRa e N e Relake RaN e e Ns NNl a R 2!

cccoeeceececececcececoocecceccceeccccoccoccecoceccccecoceccecceececececcceoceceoecoceccecececee

ocol CIMENSION TCOUNTI(Z20) sKCUNT (201 4SHACI201,S3E(Z0)4XD(20G),TRSIGI20) X
IFAT{20) +PROB(2C) +ERR{2C) o XKOUNT{2Q ), ICTECT (20}

cccz 1 FCRMATI{4I4,5F8.4)

ccea 2 FORMAT('1 " ' NSINMU? 55Xy *NSTEP® :5X, "NCOUNT",5X, "NUMBER ", 6X%, *ALFHA",
1€Xy "XEAN® ySXy *STDDEV s €X, *XINC! y6X o *XLIMIT?) ‘

CCC4 3 FORMATI( 163 TXsI298Xg 299Ky 1298X9sF503s5XsF 502y TXeF3alyTX,;F5.3,06%
1+F5.3)

Qcos 6 FORMAT (31I8)

0Co6 140 FORMAT (1lH-¢11F8.4)

0CCT READ 6,41Y,IXsNALPHA

ocas CU 5 IJ =14+NALPHA

ocea READ 1sNSIMUSNSTEP+NCOLNT,NUMBER yALPHA s XEANSTODEV XINC,,XLIMIT

cC1c FRINT 2

0cll PRINT 34NSIPUNSTEPsNCCUNT NUMBER,ALPHA ,XEAN,STDDEV ;XINC,XLIMIT

oc12 FACT=2./02.-ALPHA)

cCl3 CO 8 L=14NSTEP

CCl4 B KOUNT(I)=0

CC15 CO 1GC L=1,NSIMU

CClé CO 20 I=1,NSTEP

CC17 ICQUNTILI) =0

ccie SMALGIT}=D.T9T8B*FACT*STDDEV
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ccl9 SSE(1)=0.0
0c20 XHAT (1 )=XEAN
oczl 20 CONTINUE
0c22 BETA=1.-ALPHA
c
c GENERATE RANDOM NUMBER BETWEEN ZERO AND ONE
c
0023 CO 30 I=1,NCOUNT
cc24 I¥=1Y#1x &
cc2s IFIIY.LT.0) IY=I1Y+2147483647+1
0C26 . RA=IY#,4656613E-9
ccz21 : IV=1Y*IX
0C28 IFLIY.LT.0) IY=1Y+2147483647+1
0c29 RB=1Y#,4656613E-9
ccae LA=SQRT(-2.0%ALOG(RA})
0c3l LB=6.2832%RB
- C
c CALCULATE TWO RANDOM NCRMAL DEVIATES
c
0C32 XA=UA%COS(UB}
0c33 XB=UA*SIN{UB)
c
c CHECK IF TIME HAS REACHED TQ INCORPORATE THE STEP
c
cC34 1F (I-NUMBER) 40450,50
£C3s 40 X=XA*STODEV4+XEAN
cC3s - RD=XB*STODEV+XEAN
g
v CARRY QUT SMCOTHING PRCCESS
' C
ecaz L0 45 II=1,2
6C38 L0 46 J=1,NSTEP
' EL X0tJ)=X
oc40 ERR(J)=X0( J)~XHAT{ J}
0041 SSE{J)=ALPHAYERR{J )} +BETAXSSE(J)
cC42 SMAD (J)=ALPHA%ABS (ERR(J} }+BETA%SMAD(J)
€C43 TRSIG(J)=SSE(J}/SMAD{J)
c
c SMOOTHING CARRIED OUT CN THE OBSERVED VALUE DF THE PRGCES TO
C EVALUATE THE NEXT FORECAST
¢
0C44 XHAT (J)=ALPHASXD(J)+BETAS*XHAT(J)
CC45 46 CONTINUE
CC4t X=RD
0C47 45 CONT[NUE
cC48 €0 TO 30
6C49 5C X=XA*STDDEV+XEAN
0cs0 RD=XB#STDDEV+XEAN
0051 CO 70 K=1,2
c
c INCORPORATE STEP OF DIFFERENT MAGNITUCE IN THE QBSERVATIONS OF
c THE PRACESS
c
ccs2 CO B0 J=1,NSTEP
€cs3 XDUJ)=X+{J-1)#XINC
0C54 ERR{JI=XD(JI-XHAT (D)
€Cs5 SSE(J)=ALPHA%ERR{JV+BETA*SSELS)

0C56 SMAD(J)=ALPHA*ABSIERR(J) ) +BETA*SMADL YD)



FORTRAN IV G LEVEL

0C57

€cs8

0Cs9

CCé&0
0Cé1l
CCe2
CcCel
CCé4
0C65
CCo6
CCen

aces
CCes
cC70
0071
ccr2

0c73
2674
cC75
CCre
ec?7
co78
CcC79

[ RN aNal IzEnlulel lalelel [aEalel

OSOO0

zNaReN el

-
1%}

65
260

70
30

30
1¢

12¢

97

18 MAIN DATE = 71095 16706757

EVALUATE THE TRACKING SIGNAL

TRSIGUJ)=SSEtJ) /SMAD(J)

CHECK IF THE TRACKING SIGNAL KAS EXCEEGED THE LIMITING VALUE
IF (ABS{TRSIGLJ))I-XLIMIT) 65+75,75

IF YES COUNT THE NUMBER OF TIMES THE TRACKING SIGNAL EXCEEDS THE
LIMITING VALUE SUCCESSIVELY.

ICOUNTI)) =ICOUNT(J) +1

CETECT ACHANGE IN THE PROCESS IF TWO OR MORE SUCCESSIVE VYALUES
CF THE TRACKING SIGNAL EXCEED THE LIMITING VALUE.

IF (ICOUNT(J)s GE« 2) IDTECT{J)=1
GO Tu 200

ICOUNT(J)=0
XHAT{J)=ALPHA*XD(J)+BETA*XHAT (J}
CONTINUE

X=RD

CONT INUE

CONTINUE

COUNT THE NUMBER OF TIMES A CHANGE HAS BEEN DETECTED IN THE TOTAL
NUMBER OF SIMULATIONS CARRIED OUT

CO 90 J=1,NSTEP

KOUNT (J)=FOUNT{J}+IDTECT(J)
CONTINUE

CONTINUE

XNSTMU=NSIFU

CALCULATE PROBABILITY CF DETECTING A CHANGE WITH DIFFERENT
PAGNITUDE OF STEP INCREASE IN THE PROCESS LEVEL

GO 120 I=1,NSTEP
XKNUNT(1}=KOUNTI(I)

PROBII }=XKOUNT (1) /XNSINMU
PRINT L40,(PRCB{I),I=1,NSTEP)
CONTINUE

STOP

END
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ABSTRACT

The purpose of this thesis is twofold:

1) To approximate the tracking signal distribution with some known
statistical distributdion.
2) To evaluate the limiting values of the tracking signal,

Attempts were made to approximate the tracking signal distribution
for three different values of o (0.01, 0.1, 0.2), For an o of 0.01 and
0.1, the approximating distribution was a single beta distribution,
Whereas for an o of 0.2, the approximating distribution was a resultant
distribution obtained by combining two beta distributions appropriately.
The procedure essentially involved generation of the tracking signal
distribution and the approximating distribution and their comparison.
The goodness of fit was tested by a chi-square test and a Kolmogorov

Smirnov test., The results obtained are tabulated below:

ALPHA CHI-SQUARE TEST KOLMOGOROV
' ' SMIRNOV TEST
0.01 Inadequate Inadequate
0.1 Inadequate Adequate
0.2 Inadequate B Inadequate

These results lead to a conclusion that the tracking signal distribution
cannot be adéquately approximated with a beta or combined beta distri-
bution. Thus, it was not possible to evaluate the tracking signal
limits by the above procedure. The limits were then evaluated by

simulation,



In the latter phase of this thesis, the effectiveness of the
tracking signal in detecting a process change was studied by simulation,
For detecting a process change various criteria were formulated, Es~—
sentially, all the criteria were based on testing a few tracking signal
values after a step increase is incorporated in the process mean, For
the first three criteria, the number of the tracking signals tested were
2.4 and 10 respectively, A change in the process was detected when one
value among these tested values exceeded the gpecified limit, In the
fourth criterion , 10 values were tested but a change was detected when
any two successive values among these 10, exceeded the specified limit.
Theoretically, the first detection criterion is the best one as it gives
an Indication of a process change at a very early stage. However, the
results revealed that the tracking signal is very insensitive to process
changes, with first detection criterion., As compared with other criteria,
the first criterion registered a low probability of detecting process
changes. Based on the probabilities from third and fourth criterion, the
tracking signal was comparatively effective in detecting process changes.
However, with these two criteria, a corrective action to be undertaken

is delayed.



