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ABSTRACT

This is an empirical analysis of the distribution of the
durations of overshoots in a stationary gaussian stochastic
process. The problem arose as a result of the National Aero-
nautics and Space Administration's need for a distribution
formula for the duration time that certain atmospheric variables,
such as wind speed or ambient temperature, exceed a specified
level during a time interval of arbitrary length.

This analysis utilizes computer simulation and statistical
estimation. Realizations of stationary gaussian stochastic
processes with selected autocorrelation functions are computer
simulated. Analysis of the simulated data revealed that the
mean and the variance of a process were functionally dependent
upon the autocorrelation parameter and crossing level. Using
predicted values for the mean and standard deviation, by the
method of moments, the distribution parameters could be esti-
mated. Thus, given the autocorrelation parameter, crossing
level, mean, and standard deviation of a process, the proba-
bility of exceeding the crossing level for a particular length

of time could be calculated.



CHAPTER 1
INTRODUCTION

The purpose of this thesis is to report the results of
an empirical analysis of the duration of overshoots above an
arbitrary level in a stationary gaussian stochastic process.
The study was conducted for the Terrestrial Environment Branch,
Aerospace Environment Division, Aero-Astrodynamics Laboratory,
George C. Marshall Space Flight Center, Alabama and was sup-
ported under NASA contract no. NAS8-~29286. The results
presented in this thesis are applicable in the prediction of
extreme properties of such natural processes as wind speed,

ambient temperature, and sea state.
1.1 Statement of the Problem

The problem dealt with by this thesis concerns the
frequency distribution of the duration of overshoots above an
arbitrary level in a gaussian stochastic process with an
exponential autocorrelation function. A gaussian stochastic
process 1is a stochastic process which has a gaussian distri-
bution at any point in time. Such a process is stationary if
it has a mean independent of time and an autocorrelation
function dependent only on the distance between successive
time points.

The problem is of general theoretical interest but
numerical results are sparse. Rice (1945) did the fundamental

work in studying both the crossing frequency and duration.



Favreau, Low, and Pfeffer (1956) studied the duration problem
and hypothesized the negative exponential density for duration
time--this hypothesis was disproved by Longuet-Higgins (1962).
The recent texts by Kramer and Leadbetter (1967) and Kuznetsov
(1965) give excellent summaries of the work in this area.A To
the author's knowledge this is the first investigation of
duration times that is based on an extensive simulated data

set.
1.2 Organization of the Analysis

Chapter 2 contains a description of the development of
the simulation model and its underlying assumptions. In
Chapter 3, the analysis of the model and our conclusions are
presented. Chapter 4 contains a discussion of the application
of the results of this analysis to specific problems con-

cerning atmospheric variables.



CHAPTER 2

Simulation Model

Our first objective was to design a mathematical model
of a stationary gaussian stochastic process with an exponential
autocorrelation function. To do this, we made the following
assumptions:
1) The process had a multivariate normal distribution.
2) The autocorrelation function, R(t), was exponential,
i.e., R(1) = exp(-B|T|).

3) The process was stationary, i.e., R(ti,tj) = R(T),

where 1 = ]ti - tj

4) The expected value of a random variable X at time t

was zero, i.e., E[X(t)] = 0.
5) The variance covariance matrix I was symmefrical and
positive definite.
In the remainder of this chapter, we shall use X(t) to
denote a stochastic process satisfying the above conditions.
The process was considered over a time interval of
[0,99], each realization consisting of 100 equally spaced
points in the interval. 1In the case of a specific application,
the interval of interest may e [0,T]. X(t) would then be
sampled at 100 equally spaced points in the interval. These
points would be to,tl,...,t99, where ti = (I%ﬁ)T, T =r0,0,.%99:
The autocorrelation parameter B wculd also require modification.
Odell (1971) presents the method of simulation used here.

A summary of that technique follows.



Let X denote the vector [X(to), X(tl)""’x(tgg)] -

where

where E is the expectation operator.

variance covariance matrix.

Lo Tua

“ denotes matrix transposition.

Thus for each element of

0 <i, j < 99, we have

Let L = (0.
i

L is, of course, the

13’
Ojy = E[X(ti) . X(tj)] = R(ti,tj) R(tT), where T
Hence we see that
'-R(O) R(1) R(2) R(99)—
R(1) R(0) R(1) R(98)
: R(2) R(1) R(0) R(97)
R(99)  R(1) ' R(0) |

j) = E(X+X7),

By assumption, X satisfies a multivariate normal distribution
with mean py = 0 and covariance matrix Z. We write X N N(p,z).

From Odell (1971, pg. 37) we have the following:

Theorem: If the 100 x 1 vector Y ~ N(u,Z),

Y is a fixed 100 x 1 vector, and
V = AY + y, then
V~VvN@AuU+ vy, ALAT).

We generated the vector Y » N(Q, I), where I is the identity
matrix. We factored the covariance matrix I into AA” by the
Crout method. Thus, if V = AY, it follows that V ~ N(0,Z).
The vector V constituted a realization of the process X(t).
The vector Y = (Yo’yl""’y99) was formed by generating a
sequence of 100 independent standard normal variates.

Hamming (1962) provides the technique for generating Y. This

=

ig summarized below.

metho



An approximation to normally distributed random numbers
may be obtained from a sequence Xy s k=1, 2,...,K of uni-

formly distributed random numbers by the formula

K
r x, - X
k 2 o -
y, = k=1 . To utilize this method, the value of K
vV K/12

, 12

was fixed at 12, reducing the formula to = X Xp - 6.
k=1

Thus, we were able to produce a sequence
Y = (Yo'Y1'°"'Y99) of standard normal variates with mean 0

and unit variance. Hence, we had ¥ ~ N(0,I).

For each autocorrelation function, we generated 250
realizations which required 250 random vectors Y;j,i=l,...,250,
each of which required 100 standard normal variates. Each
normal variate required 12 uniformly distributed random num-
bers. Hence, for each autocorrelation function,

250 x 100 x 12 = 300,000 uniformly distributed random numbers
were required. The power residual method was used to generate
these random numbers, each one being normalized to (0,1).

That is,

To = normalized (sn), where s, = A ro_q-

The computer used for the generation was a Univac Series .
70/46 which has an integer capacity of 234 1.
In order to transform each vector Y, into a realization

V:

Vi via Vi= A Y4, it was necessary to factor I into A*A”. Since

£ is a symmetrical, positive definite matrix, it can be

factored into a lower triangular matrix and its transpose.



The factorization was accomplished using the Crout factorization
method, Odell (1971, pg. 38). This method is summarized in
Carter and Madison (1973).

The autocorrelation function R(t) = exp(-B8|Tt|) determines
the degree of association between pairs of values of X(t). We
simulated the process for twelve autocorrelation functions by
assigning B, the autocorrelation parameter, the values
008, ,0810, .025, .0650, .075, .10, .25, .50, .78, 1.0, 2.5, 5.0.
With B = .005, the process had a correlation above .61 through-
out and .99 for successive pairs of points. For B = 5.0,

R(2) = .00004539, meaning that the values were essentially
independent after two time intervals. The range of B values

used proved to be appropriate for analysis purposes.



CHAPTER 3
Data Analysis

With the data sets generated, as described in Chapter 2,
the first problem was that of determining the durations of
overshoots above selected levels. From Sveshnikov (1966), we
see tﬁat in a continuous random process X(t), X:D»*R, two con-
ditions must be met in order for an overshoot above a level a
to occur in the interval (t,t + dt). They are that at a given
time t we have X(t) < a, while X(t + dt) > a. We say that an
overshoot occurs between ti and tj provided X(ti) < a,

X(tj) < a, and X(t) > a for all te(ti,tj)r\D. In the discrete
case, we see that the two conditions required for an overshoot
to occur above a lével A are that X(tn) < A, while X(tn+l) > A,
some n. We say that an overshoot occurs between t, and tm
provided X(tn) < A, X(tm) < A, and X(ti) > A for n < i < m.
Figures 1 and 2 illustrate an overshoot in the continuous case

and one in the discrete case, respectively.

XA X@A
x
Q_ /‘_—\ A X
s X
\\\\\\ )
. v > T T Y T >
. t.‘ tl 't *n tn‘\ tn’l tno; t
Figure 1. Figure 2.

In the continuous case, the duration of the overshoot between

ti and tj would clearly be (tj - ti)' In the discrete case,



to determine the duration we can only count the number of points
t. between t and t such that X(t,) > A, while X(t ) < A, and
i n m i n: =
X(tm) < A, which ism - n - 1.
Each realization in our data set consisted of 100 points

X(to), X(tl),..., X(t..). So for a given level A, we located

99
each overshoot, that is we found i such that X(ti_l) < A, while
X(ti) > A, and then counted the points until X(tj) < A; the
duration was j - 1i. (0 < i< j <99). The gquestion soon
surfaced of whether to ;ount as overshoots those points that
began above A, X(to) > A, or which ended above A4, X(t99) > A.
Noting that for small B values the system has a lot of memory,
if the process began with X(to) > A, it was probable that it
would stay above A for a long time. Similarly, if the process
exceeded A somewhere between t. and tgg’ it was likely to stay

0

above A up to and including t For larger B values, we did

99°
not feel that counting these so called TO0 and T99 overshoots
would appreciably affect our results. We therefore decided to
include these types of overshoots in our counting.

We counted overshoots above levels A = 0, .5, .75, 1, 1l.25,
1.5, 1.75, 2. 2.5, 3, 3.5, 4. Recalling that the process has
a mean 0 and unit variance, we were equivalently considering
overshoots above the mean, .5 standard deviations above the
mean, .75 standard deviations above the mean, etc. In applications,
for a process with mean u and variance 02, the overshoots above

level A would be equivalent to overshoots above the value of

A * 0 + M.



The value 3.0 was selected as the upper limit of the A
levels for analysis purposes. In the independent case, only
.13% of the values would be above 3.0, and in the more cor-
related cases, the number of points above 3.0 and thus, the
number of overshoots, would likely decrease. Zero was selected
as the lower limit.

The durations of the overshoots for each pair, level A
and autocorrelation parameter B, were determined and the sample
mean X and standard deviation S2 were computed as usual.

Table 1 contains the means for each pair (A,B), and Table 2,

the standard deviations.
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Our next step was to plot the mean X vs. the crossing
level A and the standard deviation S vs. the crossing level.
Several of these curves are shown in the figures 3 and 4.

Our search for estimating equations thus began. The curves
indicated an expdnential trend, becoming flatter and con-
verging as the B value increased. So we graphed the same
data on log paper. These plots were much straighter, but
there was still some curvature left in them. Suspecting an
exponential characteristic again, we tried log-log paper; the
results were not satisfactory. We decided that the curvature
left from the log paper could probably be taken care of with
a quadratic function.

We ran polynomial regression analyses, BMD (1973), for X
as a function of A and 1nX as a_function of A. We concluded
that we could best fit the curves using 1nX as a quadratic
function of A. We did the same for the standard deviation S
and concluded that our best fit would be obtained by con-
sidering S as a quadratic function of A. We thus had the

following:

T . 2
1nX = ao + alA + a2A and (ITI.1)

S = bo + blA + b2A2, where the coefficients

ai,bi,i=0,l,2 were dependent on B, the

autocorrelation parameter.

Table 3 gives the simple correlation coefficients for

equations (III.1l) for each B value. Of course, the presence

12



of the quadratic term did, in every case, increase the

correlation between observed and predicted values.

13
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TABLE 3

SIMPLE CORRELATION COEFFICIENTS

For Standard

Beta For Means Deviations
0G5 -0.95346 -0.96940
.010 -0.90484 ~-0.94986
.025 -0.98143 ~-0.98375
. 050 . —-0.81609 -0.85630
.075 ~0.99292 ~0.95819
.100 -0.99394 -0.95653
.25 -0.97928 -0.91802
.50 -0.93697 -0.91145
v 15 ~-0.95889 -0.94079
1.0 ~0.94336 -0.94624
2.5 ~0.87894 -0.91315
5.0 -0.87083 -0.91963
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It is clear from the table that the models (equations III.1)
are adequate for each B value.

At this point, for gggﬁ_ﬁ, we had the coefficients
agrajg a, for the mean and bO'bl'bz for the standard deviation.
To determine the relationship between B and the constant terms
for the mean, we plotted ap as a function of B. There was
little doubt that this curve behaved in an exponential manner.
The same phenomenon was observed in plots of other coefficients
as functions of B for both the mean and standard deviation.
We considered the coefficients as functions of 1nB, and then
ran polynomial regression analyses of degree two and three.

Choosing the third degree, we obtained very good fits. Hence

we have the following:

a, = ¢q + c,(lng) + c2(1n8)2+ c3(ln8)3, an@

(IIX.2)

- 2 3
bi = do + dl(lns) + dz(lns) + d3(ln3) ‘

for i = 0,1,2.

The coefficients cy and di' i=0,1,2,3, are presented in Table

4 for each coefficient ai’bi’ i=0,1,2.

17



TABLE 4

Prediction Coefficients

Means
c0 cl c2 c3
aO 0.92590 -0.31129 0.06417 0.00988
aj ~0.64060 0.02881 0.02002 -0.00026
a2 0.11763 0.01749 -0.01017 -0.00131
Standard
Deviations
d d d d
0 1 2 3
b0 1.88589 -1.02364 0.56796 ~-0.09535
bl ~-1.17242 0.74806 -0.38702 -0.01600
b2 0.20194 -0.16723 0.07649 0.01833

18



Using the last set of coefficients, we were ahle to

predict the values agra, 2 b .b ,b2 for each B wvalue. Hence,

17270 "1
for each B walue and each A level, using (III.2) and substituting
into (III.l), we could predict X and S as functions of B and A.

In summary, we have:

X predicted

|l

exp[ao(lnB) + a, (1nB) A + az(lnB)-AZ], and

1
by (InB) + by (1ng) A + b2(1n8)~A2, where

S predicted

ao(lnB) is a function of 1lnB, etc.

19



Figures 3 and 4 picture some of the obseryed curyes
together with the corresponding predicted curves for the
means and standard deviations, respectively. As can be seen
from the plots, for both the means and the standard deviations,
the predicted curves match the observed curves quite well.
For the means, the predicted values at A=0 are, consistently,
slightly less than the observed values. Throughout the range
of A values, the predicted curves for the means and standard
deviations appear to fit equally well. Overall, the fits were
much better than one would normally expect in such an analysis.

An interesting phenomenon was observed while viewing
the plots of the linear and quadratic coefficient curves.
Figures 5 and 6 picture the plots of the linear coefficients
a; vs. the quadratic coefficients a; for the means and stan-
dard deviations, respectively. There is definitely a high
correlation between these values. The author has no concrete
explanation to proffer. It may be simply coincidence, it may
be related to the polynomial regression program used, or it
may be a common occurence in such a situation. From a
statistical standpoint, the similarity means that given the
linear coefficient, we are also given prior knowledge of the
quadratic coefficient. Thus the linear and quadratic terms
would not be totally independent. At any rate, we do not
believe that our results were significantly affected by this

event.

20



FIGURE 5

LINEAR COEFFICIENTS VS. QUADRATIC COEFFICIENTS

FOR THE MEANS

QUAD.

-l -9 -8 -7 6 -5 4 =3 =2 -l
LINERAR

21



FIGURE 6

LINEAR COEFFICIENTS VS. QUADRATIC COEFFICIENTS

FOR THE STANDARD DEVIATIONS
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We constructed frequency tables for each A leyel within
each B, and then made plots of observed cumulative frequencies.
Some of these are presented in Appendix A. The cumulative
plots resembled some type of gamma distribution. We decided to
first try the exponential distribution which is a special case
of the gamma. We used as estimates of theta 1/observed mean,
1/observed standard deviation, l/predicted mean, and 1/predicted
standard deviation. The results were not altogether bad, but
the estimated frequencies were consistently high for low A
levels. We next tried the gamma distribution whose density

function 1is

K - -
f(x;a,b) = Ta) " ¥l o e bX, for x>0, 0 elsewhere.

The gamma distribution is a two parameter distribution (the
exponential is a special case) and therefore provides us a
richer family of curves to use. The gamma distribution, its
many uses and properties, is well described in Johnson and

2

Kotz (1970). The mean U and variance 0% are given by:

2
p = a/b and 02 = a/bz. Noting that %2 = b and %Q = a, when

given the process mean X and variance Sz, we can, by the
method of moments, easily estimate the parameters a and b for
the gamma distribution pdf for any of our processes.

Using the corrected mean (X - 1/2), we utilized the gamma
distribution with parameters a = (X —.5)2/S2 and b = (X —.5)/S2
to find the predicted probabilities of overshoots of duration

1,2,3, etc. For example, for a particular B value and A level,



we used either the predicted or observed values of the mean
and variance to calculate a and b. Then, to determine the
probability of the occurence of an overshoot of duration 1,

we integrated as follows:

3/2 . a -
Probability = [ b cx2l oo eTEX L gy,
1/2 T'(a)
1 .a
= 7 BT . (x -.5)371 . eb(x-.5) gy,
o If(a)

We then used the Kolmogérov—Smirnov goodness of fit test to
determine our degree of accuracy. The results were quite
favorable. Appendix B presents the results of the distribution
fitting for the A and B values presented in Appendix A.

Takle 5 gives an overall scenario of the goodness of fit
results. Upon viewing the table several points become clear.
The gamma distribution gives excellent results for most A and B
combinations. Especially important is the consistently excel-
lent results for A values above 1l.5--the range of A values
utilized most frequently. The combination of A and B values
where the gamma model fails is guite interesting. When
comparing the predicted mean and variance with the observed
values one notes little difference and, in fact, the gamma
model using the observed values was not satisfactory either.

There are three, possibly related, reasons why the model
fails in these cases. The first is the very conservative
nature of the Kolmogorov-Smirnov test when the model parameters

are estimated from the data (indirectly using the predicting

24



equations) and the data are discrete although the model is
a continuous one. The second reason is the possible inadequacy
of the gamma model. A survey of Appendix B shows the rejection
always occurs at the first frequency because the gamma model
underestimates the frequency. This suggests that a more com-
plex model (perhaps a four parameter gamma) might be more satis-
factory. lowever, the third reason is, in the author's opinion,
the real culprit. Quite simply, the sample sizes are too
large. It is an interesting phenomenon in statistics that in
goodness of fit problems too much data poses as many problems
as does too little data. Lancaster (1969, pp. 174-75) discusses
this problem and recommends utilization of moderate sample sizes.
In no case where the fit is bad would it have been so if the
same cumulative proportions had been observed with sample sizes
under 500.

Of course, to actually verify that this phenomenon
actually causes the problem would be difficult, if not impos-
sible. However, it is pertinent to note that the difficulty
starts when the sample sizes become large while the mean and
variance predictions remain guite accurate and, as one can
observe in Appendix A, the actual shape of the sample cumu-

lative distribution curves remalin consistent.



Condensed Summary of

TABLE 5

Fitted Models

26

Using Predictive Equations

*Good Fit at a < .01 1t Bad Fit due to mean overestimation
**Good Fit at o < .05 u¥y Bad Fit due to mean underestimation

0 No data 0?4 Bad Fit due to variance overestimation

o?¢Bad Fit due to variance underestimation

A

B 0. -5 .75 1.0 1.25 1.5 1.75 2.0 2.5 3.0 3.5 4.0
.005 | pt  ** * % * * % * % * % * % * % 0 0 0
.010 u+ * * * * * % * * % * % * % 0 0 0
.025 | *% % *% * % * % * * % * % * % 0 0 0
050 | ** % * % * % * % * % * % * % * % *% * % 0
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CHAPTER 4
Applications

This chapter presents the procedures to utilize the
results obtained in Chapter 3. The computer program developed
to do the necessary calculations is presented in Appendix C.

The analysis was conducted using a standard normal process
(0 = 0, 0 = 1) and duration times above a level A were counted.
However, a simple transformation permits the use of any mean
and variance, and duration times below a specified level can
bé addressed using the symmetry of the normal distribution.

A final note involves the time intervals. In most
processes the sampling and estimation procedures use data
gathered at regular intervals and the results are, to some
extent, dependent on the interval widths. Questions must be
posed in this context, e.g., it is not reasonable to request
the probability of a duration time exceeding five seconds when
the autocorrelation parameter is estimated based on samples at
one minute intervals--the autocorrelation parameter estimate
must also be based on (or modified to correspond to) data
gathered at one second intervals.

Our simulation process, hence the B values, used unit
intervals corresponding to serial correlation coefficients of
lag 1, lag 2, etc. Should a B value using the actual time
intervals be given, it must be modified to represent the auto-
correlation parameter of a process sampled at unit intexrvals
and the time period of these intervals must agree with the

-

. ; = . - . .
1M M Ad vt AvyYror + n +he nryrobhiao 3 3 3
time period referred to in the problem under consideration.
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This transformation procedure is summarized as follows. Assume
a value B8” has been calculated using intervals 1~ = 0,L,2L,3L...
giving R(1”) = exp(-8~°| 1|). This corresponds to the function
R(17 = exp(-B°h| 1) where 7= 0,1,2,... . Thus 8 = B"h would
be the autocorrelation parameter estimate corresponding to
intervals of unit length.
As an example, assume a wind speed process where
U =24 m/s, 0o =8 m/s, and B” = .026 based on samples measured
at 10 minute intervals. We desire to calculate the probability
of exceeding 30 m/s for 3.2 minutes. The B~ value is for
" =0, 10 sec., 20 sec.,... . The gquantity
B=B"h= .026 » 10 = .26 is for 7 = 0,1 sec., 2 sec.,... and
is the value we would utilize in calculating the probability.
The computer program required the following inputs:

1) Process mean Y,

2) Process standard deviation o,

3) Process autocorrelation parameter (modified

to reflect intervals of unit length if necessary),
4) The crossing level L under consideration, and
5) The number of time units x (perhaps fractional)
that the duration lasts.

The output gives

1) The u, o, B, and L values,

2) The adjusted crossing level A (= |L-ul|/o),

3) Predicted mean and variance of the process, and

4) Pr {Exceeding L for x time units}.
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Referring to the example in the preceding paragraph the

inputs would be:

1)
2)
3)
4)
5)

Table 6 gives the

inputs.

u

]

B

L

X

24,

8,

.26, (the .026 value was modified),
30, and

3.2,

computer results corresponding to these

The question concerning the applicability of these results

to nonnormal processes remains. The answer must necessarily

be the same as given in Carter and Madison (1973, pp. 35-36).
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PREDICTION PROGRAM OUTPUT

-
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-
N
N

. 30,000 ADJUSTED LEVEL = 0,750

= 24,000 AISTRIGUTIRG “tEa™ - 2.71¢

(AR TANCE 74232
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APPENDIX A

SAMPLE CUMULATIVE DISTRIBUTION CURVES
FOR AUTOCORRELATION PARAMETERS:
025, 075, .25, J15; 1.0; 2.5, 5.0

AND A-LEVELS: 0., .75, 1.25, 1.75, 2.5
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APPENDIX B

KOLMOGOROV-SMIRNOV GOODNESS OF FIT TESTS
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KOLMOGORDV=SMIRNOV GONDNESS OF FIT TEST
USING PREDICTED VALUES

A=LEVEL = 0000 AUTOCORRELATION PARAMETER = 0,025
DRSERVED MEAN = 12,15096 OBSERVEN VARIANCE = 342492211
PREDICTLD MEAN = 11.,60841 PREDICTED VARIANCE = 330,403C0
GAMMA DISY PARAMETERS? ALPHA = 0637327 BETA = 0,03361
NUMRER CUMULATIVE CUMULATIVE

DURATION OBSERVED OGSERVED FXPECTED DIFFERENCE
1 306 0eZ28281 0:.31413 =0,031322

2 140 0e1220 040324 0, 00896

3 72 et 7874 De46498 001277

4 54 052865 051314 0,01551

5 66 Qeb7116 Deb5287 0,01829

& 36 060644 058672 0,0177%

T 42 0eb4325 D616419 0,02707

& 28 Q066913 064223 0,02690

G 15 068299 066550 001749

106 19 D. 700558 0,60649 0,01407

11 11 D.71072 0, 70554 0,00518

12 23 Qe71198 0.72295 0.,00%03

13 ie De 7307 Qe T35%2 0.,00415

14 Q Qa75139 075264 ~0,00225

15 14 Qeil433 076724 =0,002%2

i6 8 O 77172 0977‘7:6 =0, 00814

17 12 0.70281 0.72159 =0, 00878

18 10 Qe 79205 QebNEZ52 =0, 01047

19 15 0.80591 0.81273 =0,00682

20 10 Defirulb 0.82228 =0,00712
OVER 20 200 1.00000 1.00000 0,00000

? '}“v"\’A
x!wHL

NUMBER

nF OVERSHAOOTS

= 1082
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KNLMOGOROV~SMIRNOV GOODNESS OF FIT TEST
USING PREDICTED VALUES

A=LEVEL = 0,750 AUTODCHNRRELATION PARAMETER = 0,025
ORSERVED MEAN = 7.792122 DBSERVED VARIANCE = 147,27245
PREDICTED MFAN = 8.12091 PREDICTEN VARIANCE = 153,98528
GAMMA DIST PARAMETERS:  ALPHA = 0e37717 BETA = 004949
NUMBER CUMULATIVE CUMULATIVE

DURATION OBSERVED OBSERVED FXPECTED DIFFERENCE
1 239 0.31782 0,35727 w0, 03945

2 114 046961 045791 0,01150

3 62 0,55186 Qe52666 0,02520

4 44 0e61037 057952 0403085

5 37 065957 0,62248 0403710

6 29 0.69814 065853 003961

7 23 Q72872 0,68%43 0 03929

8 18 075266 o.71&32 03633

Q 9 076463 0:74000 o 02463

10 14 0.73324 0.,76101 o. 2223

1} 14 0.80186 0.77%981 ofﬁia

i2 10 0.81516 0.79670 09026{3

13 i2 DeB2112 0.81197 01914

14 12 0.84707 D.b2582 0,023:5

15 10 086037 083543 GeO21%4

16 8 87101 0,8499¢4 O O“iﬂi

17 6 0.87899 0,86047 0,01852

18 3 o.cz;t, 0.8T014 0,012C4

19 4 8830 0,87902 0,00928

20 3 o &6329 0,E8RT20 0.,005G8
OVER 20 8] 1.00000 1,00000 0,00000

TOTAL NUMBRER nNF QVE iNTs = 752
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KNLMOGOROV~SMIRNOV GOODNESS OF FIT TEST
USING PREDICTED VALUES

A-LEVEL = 1.250 AUTOCORRELATION PARAMETER = 0,025
NRSERVED MEAN = L«JZ DBSERVED VARIANCE = 954577929
PREDICTED MEAN = e 32318 PREDICTED VARIANCE = 83,74115

GAMMA DIST PARAMETERS: ALPHA = 0¢40493 BETA = 006954
NUMBER CUMULATIVE CUMULATIVE
DURATIDN OBSERVED UBSERVED EXPFECTED DIFFERENCE

1 164 0e2R588 037552 0,01026

2 61 0ab29¢1] 048763 0064178

3 38 Qeb1882 056381 0,05501

4 22 067059 0.62177 0,04882

5 17 0e71059 0,66825 004234

6 15 074588 og?n&?o 0,03918

& 10 075059 Qe7éc96 002362

9 5 0.80235 0,72102 0,011323

10 13 0e£3294 0.81202 0,02091
i1 6 084706 0.6%049 001657
iz 7 0.86353 0 B846EQ 001573
13 7 0e88000Q 0,86128 plave
i 4 Q.88041) 0, 87418 0,01523
15 4 Q. 86582 0.,8R571 0,0131})
16 0 0.89682 D.R0605 0,00277
17 ? 090353 0.90034 =y OU; i
18 P 0e0E824 0,91371 =0, 00547
19 2 091294 0.92126 -o,vow,a
20 2 0e%1765 092809 ~0,01044
GVER 20 as 1.00000 1,00000 0,00000
TOTAL NUMBER OF QVERSHOOTS = 425
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KDLMOGORDV-SMIRNOV GDODNESS OF FIT TEST
USING PREDICTED VALUES

A-LEVEL = 1,750 AUTOCORRELATION PARAMETER 0,025

DBSERVED MEAN = 5,10377 OBSERVED VARIANCE = 37,66846
PREDICTED MEAN = 4,87560 REDICTED VARIANCE =  40,48451

GAMMA DIST PARAMETERS: ALPHA = 047292 BETA = 0,10808

NUMRER CUMULATIVE CUMULATIVE
DURATION DBSERVED GBSERVED FXPECTED DIFFERENCE
1 76 0,35649 0328100 002251
2 35 Veb2358 0.5115¢4 001205
3 16 0.61321 0.60003 0,01318
4 12 Qeb6981] Q66632 0003249
5 T QeT0283 Q71638 =0:01555
6 11 Qe THLT2 076037 =0,00566
7 L Qe 79717 0,7%488 0:;00229
8 2 080660 0.82359 »0,01698
9 3 0.82075 084771 =0,02695
10 1 0.82547 0. 860812 =0,06265
11 6 0,85377 0,E5550 =0403172
i2 T QeBEHLTY 0,50036 =0,01357
13 3 090004 0,91313 ~0,01219
14 4 0»9?6’8 0.97414 =0,01276
15 1 091509 0:92265 ~0,01955
16 3 0.9292R 0.%41289 ~0,01264
17 2 0.9386R 094905 =0, 01027
18 O 093868 0,95527 ~0,01659
19 3 0D.,95283 0.96070 0, 0078

NVER 20 10 1.00000 1.00000 0,00000

TOTAL NUMBER

OVERSHOOTS

= 212
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KOLMODGORDOV=SMIRNQOV GOODNESS OF FIT TEST
USING PREDICTED VALUFS

A-LEVEL = 2.500 AUTOCORRELATION PARAMETER = 0,025
ORSERVED MEAN = 2.64286 OBSERVEN VAPIANCE = 6,946388
FPREDICTED MEAN = 2624129 PREDICTEN VARJANCE = 9.37086
GAMMA DIST PARAMETERSY ALPHA = 060192 BETA = 0029253
NUMBEER CUMULATIVE CUMULATIVE

DURATION DRSERVED C3SERVED EXPECTED DIFFERENCE
1 22 0e52381 0,38289 017092

2 6 Deb66H66T Qe 56617 012049

3 5 Qe7857]) 0.67599 Del0Q%72

4 080952 Qe T6L5L 0404301

5 Z 085714 Q0.B82075 0402639

6 1 088095 Q.8768] 0,00414

7 4 007619 021007 0,06612

8 0 097619 093419 004200

g 0 0:.97619 0.,95175 002444

10 0 0.97619 0,96457 0,01162

1] 0 De2@7619 0.97395 000724

12 0 0De27619 Q.52083 =0,00%404

13 0 097619 0,9r587 =0,00968

14 1 1.0000¢ 0. 9RO58 001042

15 0 1.00000 2079231 0,0076%

16 0 1.,00000 0.,90433 0,00567

17 0 1.00000 0,99501] 0,00419

18 Q 1,00000 0.992690 000210

19 0 1.00000 0,99771 000229

20 0 100000 0.992830 0,G0170
OVER 20 0 1.00000 1.000060 0,00000

TOTAL NUMPBER OF QVERSHONOTS = 42
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KOLMOGOROV~SMIRNOV GOODNESS OF FIT TEST

A-LEVEL

SERVED Mt

PREDICTED MF

GAMMA DIST PARAMETERS:

DURATION

DVER

TOTAL

OB DT DWW N

12
14
15
16
17
18
19
20

20

NUMBER

= 0,000

AN
\N

H

NUMBER
DBSERVED

463
231
126
101
70
67
62
52
42
29
24
27
20
21
12
19
23
i8
9
25

166

0oF QVERSHODTS

T.32331

0.(3"1() fo
1.00000

= 1607
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'G5 PREDICTED VALUES

0?1044

1,00000

AUTOCORRELATION PARAMETER =
772678 QuSERVED VARIANCE =
PRIEDICTED VARIANCE =
ALPHA = 0e46509 BETA =
CUMULATIVE CUMULATIVE
GBSERVED EXPECTED
0.28811 0:.31691
0.43186 0:.428%6
0.51027 Q50670
0573212 0.,56763
061668 061732
0.65837 0,65899
0 6G6GE 0. 69486
0.7293}% 0.72534
0.75544 0,75222
077349 0.77588
Qe 7 (543 079682
Oelll 3 0,813546
O riff? 0,83210
0873074 0,84702
Qe51821 Q. 86044
0.85003 o.»7253
Qetith e 34 0.60345
De8B7EES 8, 50934
088114 0:90220

DIFFERENCE

0,075

109,755E86
100,10458

006616

~0,02880

0,00320

000357

OQOOSQQ
=0, 00064
w0,00062

0 00729

000297

0400322
=0, 00239
0400840
=0,01023
-‘"().01/:{"’:3
—Ogﬂlﬁkﬁ
w02
"'O‘OZ( r’)
=0 01001
=)y Ol e
-0,02115
-0 013574

000000



KOLMOGORDV~SMIRNQV GOUODNESS OF FIT TEST
USING PREDICTED VALUES

0,075

A-LEVEL = 0.750  AUTDCORRELATION PARAMETER =
OBSERVED MEAN = 4,65253 DBSFRVEN VARIANCE =  35,19763
PREDICTED MEAN =  4.82534  PREDICTEN VARIANCE = 40,96538
GAMMA DIST PARAMETERS: ALPHA &  0,45669 BETA =  0,10559
NUMBER CUMULATIVE CUMULATIVE

DURATION  DBLSERVED OBSERVED EXPECTED DIFFERENCE
1 430 0¢35744 0,29145 «0,03401

2 200 0:52369 0.52048 0,00321

3 127 062926 0,60740 0,02186

4 80 0.69576 067233 0402343

5 67 0e75145 0,72322 0,02823

6 54 079634 0s 76425 003209

7 33 082377 0,79795 0,02582

8 33 0,8512) 0,82600 0,02521

9 25 067199 0.,B84957 0402242

10 18 0,88695 0,86953 001742

11 19 $ 90274 0.87656 0,01620

12 9 1e91022 ). 90111 0,00012

13 14 0.92186 0,91363 04008623

14 7 0:52768 0,92444 0,00324

15 9 092516 0s53379 000137

16 10 0694347 0,94101 0,00156

17 6 0e54846 0,54697 ~0,00051

18 10 0+95677 0.,95612 000165

19 5 0:96093 0,96049 0,00044

20 7 0e96675 0,96519 0,00156
DVER 20 40 1.06000 1,00000 0,00000

TOTAL NUMBER

0F

OVERSHONTS

® 1203
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KOLMOGORQOV-SMIRNOV GONDNESS OF FIT TEST
USING PREDICTED VALUES

A=LEVEL = 14250 AUTOCDRRELATION PARAMETER = Q0,075
ORSERVED MPEAN = 3,58428 OBSERVEN VARIANCE = 19.36978
PREDICTED MEAN = 3.715¢63 PREDICTED VARIANCE = 20,39255
GAMMA DIST PARAMETERSS ALPHA = 050706 BETA = 0415769
NUMRER CUMULATIVE CUMULATIVE

DURATION OBSERVED OBSERVED EXPECTED DIFFERENCE
1 304 0423299 0:.,41976 0,00423

2 123 0s59554 056756 0,02798

3 79 0,70572 066461 0g04111

4 532 Qe 77964 BeT3461 004503

5 25 081450 0, 78736 0402715

6 30 0056325 0,82813 002821

7 22 0.88703 0, 86019 002686

8 12 090377 0, 88570 001806

9 13 092190 0.,90619 001571

10 6 0¢93026 0.92274 0,00752

11 8 0e%41472 C.93620 0400522

12 6 e $469779 0,94719 0,00260

13 1 095119 0.,95620 =0,00201

14 8 QeG6H234 Q,?(’:gél '.'0.0012(‘)

15 4 096792 0,96971 0, 00179

16 2 067211 0.97476 =0, 00266

17 2 097490 0.,27894 =0, 00405

18 3 0.97908 De9R241 =0 U0323

19 3 098047 0,98529 -0,00482

20 0 026047 0:98769 =0,00722
OVER 20 14 1,00000 1.,00000 000000

THTAL NUMPER 0OF QVERSHOODTS = TY7
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KOLMOGORDV=SMIRNQV GODDNESS OF FIT TEST
USING PREDICTED VALUES

A-LEVEL = 1.750 AUTOCORRELATION PARAMETER = Q0,075
NESERVED MEAN = 3,00961 ORSERVED VARIANCE = 9,40695
PREDICTED MEAN = 2.09981 PRERICTEN VARIANCE = 9,27850
GAMMA DIST PARAMETERS? ALPHA = 062068 BETA = 025864
NUMPER CUMULATIVE CUMULATIVE

DURATION OBSERVED DESERVED EXPECTED DIFFERENCE
1 129 0.413646 0543796 =0, 02450

2 65 De62179 061528 0,00651

3 40 Q75000 0.,72709 002291

4 22 0.82051 80286 001765

5 13 0e86218 0.85598 0,00620

6 8 0,88782 089296 =0, 00614

7 g 0:,91346 092147 =0 00801

8 G 092628 094159 «0,01531

9 8 094231 095640 =0,01409

IQ 5 Occ‘z"W""J OQQ("?‘Es "‘0900(302

11 2 0eQ6474 0,97550 ~0e01076

12 5 0,98077 Qﬁ;(1r7 =0,00080

13 2 0e98718 0.,9861 0,00106

16 i ogeﬂnﬂﬂ 0,989 52 0,00036

15 1 059359 050209 0,00150

i6 0 D9 “ﬁ“ 0O 9”401 «0,00042

17 1 099679 09954 0_00&;3

18 0 0099679 Oy ”,£C$ 0,00023

19 0 099679 0,90739 =0,000&0

20 0 099679 095802 =0,00122
OVER 20 1 1.00000 1.00000 0,000Q0

TOTAL NUMBER OF OVERSHOOTS

= 312
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KOLMOGORDV~SMIRNOV GODDNESS OF FIT TEST

USING PREDICTED VALUVES
A-LEVEL = 2.500 AUTOCORRELAYTION PARAMETER = 0,075
ORSERVED MEAN = 2.12000 NDSEFRVED VARIANCE = 3,30559
PREDICTED MEAN = 2.065026 PREDICTED VARIANCE = 2462239
GAMMA DIST PARAMETERS?t ALPHA = 0:91646 BETA = 0459116
NUMBER CUMULATIVE CUMULATYIVE

DURATION DBESERVED OBSERVED EXPECTED DIFFERENCE
1 25 050000 0.4R862 0,01158

2 14 078000 072594 005406

3 4 Q86000 0. 85167 0,00833

4 3 022000 091930 000070

6 1 056000 0:97591 ®040159}

T 0 096000 0988680 w0, 02600

8 1 0.28000 099276 =0,01276

9 0 098000 0.929603 =0,01603

10 1 1.00000 0,99782 0,00218

11 0 1:.000600 0,99880 0,00120

1 2 O 1 ° () ()UC’ () o ] (K: Q > 4 .'; ’,‘? 0 [} CIU {J ‘ ’i‘;

13 0 1.00000 0.09064 0,00026

14 0 1.00000 0,92980 0400020

15 0 1.00000 0.99989 0,00011

16 0 1.00000 0,99994 0,00006

17 0 1.00000 0,99%97 0 GOGOHD

18 0 1.00C00 0,99998 000002

19 0 1.00000 0,99999 0,00001%

20 0 1,00000 0999299 0,00001
IVER 20 0 1.,00000 1,00000 0,00000

TOTAL NUMBER nOF OVERSHOODTS = 50

50



KOLMOGOROV~-SMIRNOV GOODNESS OF FIT TEST
USING PREDICTED VALUES

A-LEVEL

= 0,000

AUTOCORRELATION PARAMETER

0,250

OGBSERVED MEAN 4434698 CRSFRVEN VARIANCE 20,87042

0on

PREDICTED MEAN 4,22208 PREDICTED VARIANCE = 21,62711
GAMMA DIST PARAMETERS: ALPHA = 0666140 BETA = 017488
NUMBER CUMULATIVE CUMULATIVE

DURATION NBSERVED DBSERVED EXPECTED DIFFERENCE
1 890 0621415 0,32685 =0,01270

2 485 0405325 0.48415 0,00120

3 arl 059513 059468 0,00068

4 218 Qeb67208 (067692 =0, 00684

5 187 Qe72809 074044 =0, 00225

6 125 0.78574 0.79024 ~000451

T 130 PeB2163 0, 82975 0, 00188

8 79 0e85981 086134 =0, 00182

9 T4 0. 88563 0.88675 =0,00112

10 58 0% uuil 090720 «0,0011%

11 52 092646 0:.92397 000049

12 44 0.“.i A2 1093755 0, 00245

13 27 0094952 0,24E63 0,000%0

14 26 Os 91??0 0.95769 0,00101

15 26 056708 095511 0007277

16 17 0.97308 0,97121 0,00267

17 9 De277706 '« PR A z“ 0,000454

16 13 20164 0,00121

19 7 0.98412 0.,00038

20 10 098765 0,00111
OVER 20 35 1.00000 1,00000 0,00000

TOTAL NUMBER 0OF OVERSHOOTS = 28332
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A-LEVEL = 0,750

KNLMOGOROV-SMIRNOV GOODNESS OF FIT TEST
USING PREDICYED VALUES

ORSERVED MEAN

PREDICTED

MEAN

GAMMA DIST PARAMETERS:

DURATION

st e
=DM D WN

P I el
o

15

bt et et s
D~

20
OVER 20

TOTAL

NU}

ANt
[12R

R

NU
0Bs

nF

AUTOCORRELATION PARAMETER =
= 2.63016 OBSERVED VARIANCE =
= 2476463 PREDICTED VARIANCE =

ALPHA = 066957 BETA =

MBER CUMULATIVE CUMULATIVE

ERVED NBRSERVED EXPECTED

929 004049 0:42646

423 0664106 067383

266 076719 074067

164 0846495 0.81827

110 069711 OeBTL34

68 092935 0. 20827

48 Oe?SZil 0&?3@?&

35 096871 0:.95269

23 097961 0:,96585

18 0.986815 0.97528

7 V99167 098207

6 059431 0.98607

1 0,95478 099051

3 0.99621 0.993209

1 055668 0,29695

1 090716 0,99631

3 QeGOEHA 099730

o] De9SEESE 0:.,992203

1 009%505 0@998%5

0 0e?9905 (055894

2 1.00000 1.00000
QVERSHUOTS = 2109

52

0250

570580
Te65495

029584

DIFFERENCE

0,00403
0,01724
0’02652
0*02&68
0,02577
0,02108
0, 0L785
0,01601
0,01376
001287
0400940
000724
G 00427
0.,00312
0 OO17EH
0,00084
0s 00127
OQOG“S’ 5
0400050
0400011

0,00000



KOLMOGDROV=SMIRNQV GOUDNESS OF FIT TEST
USING PREDICTED VALUES

A-LEVEL = 1.250  AUTOCORRELATION PARAMETER = 0,250
GESERVED MEAN =  2,03783  NRSERVED VARIANCE = 276502
PRENTCTED MEAN =  2.16745  PREDICYED VARIANCE = 3,39810
GAMMA DIST PARAMETERS: ALPHA =  0¢81822 BETA =  0,45070
NUMBER  CUMULATIVE  CUMULATIVE
DURATION  GBSERVED  OBSERVED EXPECTED DIFFERENCE
1 655 04536865 0,48331 0,05534
2 254 0474753 0, 70469 0,04285
3 139 0,86184 0,82761 0,03424
. 73 0.92188 0, 89828 0,02359
5 42 0,85641) 92958 0,01683
6 22 0697451 0.96395 0401055
7 17 0 9BB4E 0,97862 0,01007
8 3 0499095 0.98705 000350
9 5 0699507 0.99221 000285
10 2 0.99671 0.99531 0400140
11 1 0606753 0,99717 0,00035
2 2 0000511 099079 0500089
13 0O NeG5G18 099597 000021
14 0 0,50918 0.95938 ~0,00020
5 0 0459518 0,99962 ~0e 00044
16 0 099918 0,99977 -0,00059
17 0 0,95718 0,99906 -0,00068
18 0 0.95%18 099952 =0, 00074
19 0 0.95015 199995 ~0,00077
20 0 0456918 L96597 -0,00079
OVER 20 1 1,06000 1,00000 0,00000

TOTAL NUMBER nF QVEREKOOTS

= 1216
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KOLMDGOROV=-SMIRNQYV GODDNESS OF FIT TEST
USING PREDICTED VALUES

A-LEVEL = 1,750 AUTOCRRELATION PARAMETER = 0,250
OBRSERVED VARIANCE =

PREDICTED VARIANCE =

ORSERVED MFAN
PREDICTED MEAN

1'7213’0
197&&25

1,43016
140658

ou

GAMMA DIST PARAMETERS! ALPHA = 1.13992 BETA = 0,90023
NUMRER CUMULATIVE CUMULATIVF

DURATION OBSERVED GBSERVED EXPECTED DIFFERENCE
1 307 0.60672 0.5313) 0,07541%

2 115 0.83309 0.,79747 0,02653

3 41 0,91502 0:91418 0,00084

4 22 0.25850 0:.964600 =0,00550

5 10 0.,97826 0.98498 =0,00672

6 5 098814 0:99376 =0, 00562

7 5 0992802 099742 0,00061

8 } 1.00000 0.99693 0,00107

9 0 1.00000 0.99956 000044

10 0 1.00600 0.99982 0.00018

11 0 1.00000 0.,99993 0.,00007

12 O 1.00000 0.999927 000003

13 0 1.00000 0.99929Q 0,00001

14 0 1.00000 095999 0,00001

15 8 1,00000 1,00000 0,00000

16 0 100000 1.00000 000000

17 0 1.00000 1,06000 0,00000

18 0 100000 1,00000 000010

19 0 1.00000 1.00000 0,00000

20 0 1.00000 1,00000 0,00000
OVER 20 0 1000600 1.00000 0,00G00

TOTAL NUMBE

ER

nFE OVERSHOOTS

= 506
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KOLMOGOROV-SMIRNQOV GOODNESS OF FIT TEST
USING PREDICTED VALUES

A=LEVEL = 2.500 AUTOCORRELATION PARAMETER, = 0,250
NRSERVED MEAN = 1,38272 OBSERVEN VARTANCE = 0,85353
PRENICTED MEAN = 136699 PREDICTED VARIANCE = 0,48802
GAMMA DIST PARAMETERSS ALPHA = 166867 BETA = 1,83802
MUMBER CUMULATIVE CUMULATIVE
DURATION MESERVED OBSERVED EXPECTED DIFFERENCE
1 64 0.79012 0:.65623 0,12389
2 10 091258 092382 »0,01024
3 3 PeGL0O62 098654 =0,03432
4 2 097531 0:.99718 n0,02187
5 1 0:98765 $99949 001104
6 1 1,00000 0:99991 0,00009
T ¢ L.00000 0:.99998 0,00007
g 0 1.00000 1,00000 000000
9 0 1.00000 1,00060 0500000
10 0 1.00000 1,00000 0,00000
11 0 1.00000 1,000G00 0,00000
12 0 100000 1,00000 0.,00000
13 0 1.00000 1,00000 0000010
14 0 1.00000 1,00000 0,00000
15 0 100000 1.00000 0,00GULD
16 0 1.00000 1.00000 0,00000
17 0 1.00000 1,00000 0200000
18 0 1.00000 1,00000 0,00000
19 0 100000 1.000600 000000
20 0 1.00000 1000060 000000
OVER 20 0 1.00000 1,00000 000000

TOTAL NUMBER

noF

QVERSHOOTS

= 81
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KOLMOGOROV~-SMIRNOV GOODNESS OF FIT TEST
USING PREDICTED VALUES

A-=LEVEL = 0,000 AUTOCHRRELATION PARAMETER = 0,750

DESERVED MFAN

PREDICTED MEAN

2.89229
277466

ORSERVER VARIANCE =
PREDICTEND VARIANCE =

6406546
4e07132

LLI 1]

GAMMA DIST PARAMETERSS: ALPHA = 1.04078 BETA = 0,45756
NUMRBER CUMULATIVE CUMULATIVE

DURATION  OBSERVED OBSERVED FXPECTYED DIFFERENCE

1 1628 De37228 0,34775 0,02453

2 912 055084 0.58128 =0,00045

3 610 072033 0,73232 ~0,01159

4 412 081454 0,82925 «0,01470

5 280 0.87857 0,89123 -0,01265

6 161 0.,91539 0.,93078 =0¢D1539

7 122 094329 0.95508 =0,01269

8 93 0696456 097202 =0,007%6

9 43 097439 0.98222 ~0,00763

10 39 096231 0.908871 =0, 00540

11 20 0,25708 0:.992583 ~0¢ 00455

12 14 042108 092545 =0 00T

13 12 099353 0.,95711 000229

14 10 0,99611 0.99817 ~0,00206

5 & 06%57%% 092084 =0 00050

16 2 0.99840 099926 =0 00086

17 2 090808 0.9%953 =0,00068

18 1 0+999¢ 0.99970 -0y CO0E2

19 0 059909 0.99981 «0,00073

20 1 0.,99931 0,99988 ~0,00057

NDVER 20 3 1.00000 1,00000 0,00000

TOTAL NUMBER OF OVERSHONTS = 4373
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KOLMDGOROV~SMIRNOV GOODNESS OF FIT TEST
USING PREDICTED VALUES

A-LEVEL = 0,750 AUTDCNRRELATION PARAMETER = 0,750
OBSERVED MEAN = 1,78643 (OBSERVEN VARIANCE = 1:62950
PREDICTED MEAN = 1.816846 PREDICTED VARIANCE = 1.71290
GAMMA DIST PARAMETERS! ALPHA = 1601425 BETA = 0476927
NUMBER CUMULATIVE CUMULATIVE

DURATION OBSERVE DuSERVED FXPECTED DIFFERENCE
1 16860 0:58161 0,52991 005171

2 T43 0.81395 0,.78086 0,02308

3 305 090932 0.89804 0,01127

4 141 095341 0,9526) 0,00080

5 75 097686 0:,97799 =0,00113

6 39 0.98906 0. 98978 =0, 00072

7 20 0.,99531 0.92%52 000006

8 T Qe 99750 099780 Qe 000320

9 3 0e990844 0.92698 =0 00054

10 2 090006 099953 =0,00046

11 1 099937 0.99278 «0,00041

i2 1 029969 0.,99990 (0021

12 } 100000 096995 0000065

14 0 100000 0.99998 0,00002

15 0 LeQUGOO Qe G999 OeGOONT

16 0 100000 1,00000 D,00000

17 0 1600000 1,00000 0,00000

13 0] 1.00000 1,00000 000000

19 0 1.00000 1,00000 000000

20 0 1.00000 1.,00G00 000000
OVER 20 0 1.00000 1,00000 000000

TRTAL NUMRER OF OVERSHDOTS = 3198
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KOLMOGOROV~-SMIRNQOV GUODNESS OF FIT TEST
USTNG PREDICTED VALUES

A-LEVEL = 1.250  AUTOCORRELATION PARAMETER = 0,750
NRSERVED MEAN = 1,45505  OBSERVED VARIANCE = 0468482
PREDICTED MEAN = 1,47133  PREDICTEP VARIANCE = 0,73183
GAMMA DIST PARAMETERS: ALPHA =  1,28920 BETA = 1432726
NUMBER — CUMULATIVE  CUMULATIVE

DURATION  OESERVED OBSERVED EXPECTED DIFFERENCE
1 1254 069167 0:.62912 0,06256
2 383 0.90292 0.8R6%94 0,0159
3 116 0,96691 0:96711 =0,00021
4 38 0e28787 099065 000278
5 16 0.99669 0.99738 =0,00069
6 4 099890 0.99627 =0, 00037
7 2 1.00000 099980 000020
8 0 1.00000 099994 0,00006
9 0 1.00000 (99998 0,00002
10 0 1.00000 1,00000 0.,00000
11 0 1.06000 1,00000 000000
12 0] 1.00000 1,00000 0,00000
13 0O 100000 1,00000 0.,00000
14 0 1,00000 1,00000 000000
i5 0 1o COOQOO 1,00000 Ge OLOGO
16 0 1. COODO 1.00000 0:00000
17 0 LeOGULOO 100000 000000
18 0 1.00000 1,G0000 0,000600
19 0 1.00000 1.00000 000000
20 ¢ 1.00000 1,00000 0,00000
DVER 20 0 1.00000 1.,00000 000000
TOTAL NUMBER OF OVERSHODTS = 1013
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KNLMOGNRAV~-SMIRNOV GNNDONESS OF FIT TEST
USING PREDICTED VALUFS

A=LEVEL = 1,750 AUTOCORRELATION PARAMETER = Q,730
OBSERVED MEAN = 1,2%9041 (IBSERVED VARIANCE = 0,292792
FREDICTED MEAN = 125889 PREDICTED VARIANCE = 0428063

GAMMA DIST PARAMETERS: ALPHA =  2,05222 BETA =  2,70423

NUMBER CUMULATIVE CUMULATIVE

DURATION OGBSERVED OBSERVED FXPECTED DIFFERENCE
1 595 0.70187 0,76012 0046175
2 125 094612 0.96907 =0,02295
3 30 098555 095700 =0,01146
4 9 099737 099974 »0,00236
5 1 0.99869 0:.99998 =0,00129
6 i 1.00000 1:00000 0,00000
T 0 1.00G00G 1,00000 -0 00000
8 0 1.00000 1,00000 000000
9 0 1.00000 100000 000000
10 0 1,00000 15,000600 0,00000
11 0 1.00000 1.00000 0,00000
12 0 1.00000 1. 06000 0,00080
13 0 1e0GOOO 1,00600 0,00000
14 0 1.00000 1.00000 0,00000
15 0 100000 1.00000 000000
16 0 1.00000 1:,00000 0,00000
17 0 1.00000 1,00000 0,00000
18 0 100000 1,00000 0,00000
19 0 1.00000 1.00000 0,00000

20 0 1,00000 1900000 ()'OOOO
OVER 20 0 1,00000 1,00000 0,00000

TOTAL NUMBER nF OVERIHDNOTS = 761
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KOLMDGOROV=SMIRNOV GUODNESS OF FIT TEST
USING PREZDICTED VALUES

A-LEVEL = 2500 AUTODCORRELATION PARAMETER = 0,750
OBSERVED MEAN = 1.10489 OBSERVED VARIANCE = 0,14984
PREDICTED MEAN = 1.10643 PREDICYED VARIANCE = 007902
GAMMA DIST PARAMETERS! ALPHA = 4beb65376 BETA = Te6T7402
NUMBER CUMULATIVE CUMULATIVE
DURATION DBSERVED O8SERVED FAPECTED DIFFERENCE
1 131 0s91608 0:90746 0,00862
2 10 Q098601 099659 =0e 01357
3 1 099301 1.00000 «0400699
4 1 100000 1,00000 0400000
5 0] 1,00000 1,00000 0,00000
6 0 1.00000 1,00000 0,00000
7 0 100000 100000 0,00000
8 0 1.00000 1.00000 000000
9 0 1.000600 1.00000 0,00000
10 0 1.00000 1.00000 0,00000
11 0 1.,00000 1,00000 0,00000
12 o] 100000 1.00000 000200
13 0 100000 1,00000 0,;00000
14 0 1.,00000 1,00000 0,00000
15 0 Le 00000 s DOQOC 0eGOOGO
16 0 1.,00000 1,00000 0,00000
12 0 1.00000 1.00000 000000
i8 0 1.00000 1. 06000 000000
19 0 100000 1,00000 0,00000
20 ¢ 1,00000 1.00000 0,00000
OVER 20 0 1.000060 1.00000 0,00000
TOTAL NUMBER OF QVERSHOOTS = 143
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KOLMOGDROV~-SMIRNQOV GOODNESS OF FIT TEST
USING PREDICTED VALUES

61

A-LEVEL = 0,000 AUTOCORRELATION PARAMETER = 14000
ORSERVID MEAN = 2605607 OBSERVED VARTJANCE = 4o48415
PREDICTED MEAN = 2+52414  PREDJCTED VARIANCE = 3,55658
GAMMA DIST PARAMETERS? ALPHA = 115199 BETA = 056912
MU'”FP CUMULATIVE CUMULATIVE
DURATION DBSERVED OBSERVED EXPECTED DIFFERENCE
1 1925 029765 036326 003428
2 1104 Qe G2570 0.618657 0,00713
3 6869 Qe76802 0775320 =0,00728
4 412 0.,65313 0. 66879 m0,01567
5 262 0.90725 092381 =0,016856
6 178 094402 0.925592 =0,01190
b 4 101 Q:.94488 0976457 =0,00969
8 59 097707 098536 =0,00629
9 43 0,98595 0,99159 «0,00564
10 i8 0,98 967 0,99517 =0,00550
11 18 06553 0. "77ﬁ% “Qo 0204
i2 9 0a0957 0.99842 ~0, U017
13 5 0.?%57? Q. '“009 -0,002C01
14 7 QG 0,99948 =0y Oﬁlf&
15 5 0e287 0,92%70 w0 400
16 3 059928 0.99583 w0.000éE
17 2 QsC0 '”Z Qg*wauo =0, 0G00L1L
18 1 1.0000 0400006
19 0 1o CO(GO 000003
20 0 1.00GC00 0.2%;98 000002
CVER 20 0 1,00000 1,00000 0,00000
TOTAL NUMBER 0F QVERSHONTS = 484}



KOLMOGOROV-SMIRNQOV GOODNESS DOF FIT TEST
USING PREDICTED VALUES

A-LEVEL = 0.750 AUTOCORRELATICON PARAMFTER = 1,000
DBSERVED MEAN = 1.66055 NERSERVEN VARTANCE = 120226
PREDICTED MEAN = 166799 PREDICTEN VARIANCE = 1625477

GAMMA DIST PARAMETERS?: ALPHA = 1.08720 BETA = 093084

NUMBER CUMULATYIVE CUMULATIVE

DURATICON DBSERVED OBSERVED FXPECTED DIFFERENCE
1 2151 061971 0:56719 0,05252
2 770 De84154 0,82263 0,01891
3 302 0e92855 0.92822 0,00023
4 140 0.96689 0:.97114 ~0,00225
5 61 0.98646 0,98844 ~0,00198
6 21 099251 0.9953%8 w0, 00287
7 15 Qe Q0683 092816 ~0,00123
8 7 0.99685 0,99927 «0,00042
’/ i 096914 099971 «0,00057

10 1 099942 0.99988 =0400046
11 0 029942 2 99995 w0005 3
12 o) 099942 0,99968 «0g00056
13 1 099971 092979 ~0e000UED
14 1 1,00000 1,00000 0,00000
15 0 1.00000 1,00000 0,00000
16 0 1.00000 1,00000 0,00000
17 0 1,00000 1,00000 0,00600
18 0 1.00000 1,00000 000600
19 0 1.00000 1,00000 0,00000
20 0 1.00000 1,00000 0,00C00
OVER 20 0 1.00000 1,00000 0,00000

TOTAL NUMBER OF ODVERSHOOTS = 3471
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KOLMOGODROV~SMIRNOV GOODNESS OF FIT TEST
USING PREDICTED VALUES

A-LEVEL = 1,250 AUTOCORRELATION FARAMETER = 1,000

DRSERVED MFCAN = 1037456 NRSEFRVEN VARIANCE = 0,57043
PREDICTED MEAN = 1036199 PREDICTEDN VARIANCE = D.54155

GAMMA DIST PARAMETERST ALPHA = 1627205 BETA = 1459172

NUMBER CUMULATIVE CUMULATYVE

DURATION ODLSERVED OBSERVED EXPECTED DIFFERENCE
2 Qe92170 092107 0,00063

3 Qe %7406 0.%9818¢4 =0 00777

4 0.%9252 099595 =0,00343

5 099751 0,99911 »0,00161

6 4 0.99950 099981 =0,00031

T 0] 099950 029296 =0,00046

8 1 1.,00000 0.99999 000001

9 0 1.00000 100000 0,00000

10 0 1.00000 1.00000 0,00000

Py 0 L.0GOOO0 1,0006060 0,000350

4 0 1.00000 1,00000 D00000

14 0 1eCHOOO 1,00000 0,00000

15 0 100000 100000 0e00OCO

14 0 1.00000 1,00000 0,00000

17 0 100000 1.00000 0e0000UD

18 0 1.00000 1.00000 000020

19 0 1.00000 1.00000 000000

20 0 L. OQGGQO 1.00000 0,00000
OVER 20 Q 1,00000 1,00000 0,00000

TOTAL ¢} F DVERSHOOTS = 20056
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KOLMOGOROV=SMIRNOV GDOONESS OF FIT TEST

USING PREDICTED VALUES

A-LEVEL = 1,750 AUTOCORRELATION PARAMETER = 1,000
OBSERVED MEAN = 1422261 OBRSCRVED VARIANCE = 032530
PPEDICTED MEAN = 11795 PREDICTED VARIANCE = D.20484
GAMMA DIST PARAMETERS: ALPHA = 2025402 BETA = 331716

NUMBER CUMULATIVE CUMULATIVE

DURATION OBSERVED OBSERVED FXPECTED DIFFERENCE
1 722 083276 0.79859 003417
2 110 095963 0,9R515 =0,02552
3 26 098962 0,99915 =0,00954
4 6 099654 0.999%6 «0,00342
5 2 099885 100060 ~0,00115
6 i 1.00000 1:.00000 000000
T ¢ 1.00000 1000060 000000
8 0 1,00000 1,000060 0400000
9 0 1,00000 1.00000 0,00000
10 0 1.00000 1,00000 0,00000
11 O }vC’()OQ 1;0\'?("\73 OQOQPQO
12 o] 100000 1,00000 0,00000
13 0 1,C0000 100000 G GONGO
16 0 1,00000 1,00000 0,00000
15 0 1.00000 1.00000 0, 00000
16 0 1,.00000 1. 00000 0,00000
17 0 1.00000 1.,00000 0.000600
8 0 1.00000 1.00000 000000
19 0 1,00000 1.00000 0,00000
OVER 20 o] 1.00000 i.00000 0400000

TOTAL NUMBER MF OVERSHDOTS

= 867
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KNLMOGORNV~-SMIRNOV GODDNESS OF FIT TEST
USING PREDICTED VALMJFS

A-LEVEL = 2,500 AUTOCURRELATIUN PARAMETER = 1,000
ORSERVLD MEAN = 1.,12043 aasraVED VARIANCE = Opal&24}
PREDICTED MEAN = 1.06140 PRCEDICTED VARIANCE = 0,04707
GAMMA DIST PARAMETERSS ALPHA = 6eGGE1LD BETA = 1192505
NUMBER CUNMULATIVE CUMULATIVE
DURATION NDBSERVED OESERVED FXPECTED DIFFERENCE
1 122 088406 0:96205 ~0407799
2 14 098551 0.99999 =0,01448
3 2 1.00000 1,00000 0,00000
4 0 1.00000 1.00000 0,00000
5 0 100000 1.00000 000000
6 ¢ 1,00000 1,00000 0,00000
7 o 1.00000 1500000 000000
8 0 1.00000 1. 00000 0,00000
9 0 1.00000 100000 0,00000
10 0 1.06000 1,00000 0,00000
11 0 1.00000 1,00000 0,00000
12 0 1.00000 1.00000 0,Q0GC0
13 0 1.00000 1,00000 0400000
16 0 1.00000 1.00000 0,00000
15 0 1.000C0 1.00000 0,00000
16 0 leQuO0OD 1,00000 0,00000
17 0 1.00000 100000 0000600
18 0 1.0G00GG 1,00000 0,00000
1¢ 4] 1.00C000 1.00000 0, 00000
20 0 LeQOO00 1,00000 GgOGUUD
OVER 20 0 1.00000 1,00000 0,00000
TOTAL NUMETR 0OF QOVERSHOOTS = 128
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KOLMOGORODV~SMIRNOV GOUDNESS OF FIT TEST
USING PREDICTED VALUES

A-LEVEL = 0,000 AUTOCORRELATION PARAMETER = 2,500
CESERVED MELN = 207269 NRSERVED VARIANCE = 2210172
PREDICTED MEAN = 2.01808 PREDICTED VARTANCE = 1,826358

MUMBER

OVERSHOOTS

z Koy

66

GAMMA DIST PARAMETERS® ALPHA = 1426181  BETA = 0,83119
NUMRER CUMULATIVE CUMULATSVE
DURATION DRSERVED BUOSERVED EXVECTED DIFFERENCE
i 2890 0482095 044830 0,03465
2 1526 Qe 73797 0.,73182 600614
3 703 0eB85545 0:87403 -0,01858
4 419 0:92547 0:.94186 «0,01630
5 226 0.96324% 0.,97245 =0,01022
& 102 098028 Qe 9RTET w0, 00769
T 60 029031 0:.9924587 =0,00427
é 34 099599 0.99756 =0,00157
Q 9 0e$9749 0.99891 =0,00142
10 8 D P0RB3 0,99951 =0,00068
11 4 0.,59950 0,99578 -0,00028
12 2 0229832 0929990 () ODOGT
K} 1 Lo 0GOOO 0995996 0,00C04
14 0 1.00000 0.99958 0,00002
15 0 1.00000 0s%9359 CaCGOCY
16 0 1,00000 1,00000 0,00000
17 0 1.00000 1,00000 0,00000
16 0 1,00000 1,00000 0,00000
1¢ 0 1.00000 1.00000 0,00000
20 0 1,00000 1,00000 0,00000
20 0 1,00000 1.00000 0400000



KOLMOGOROV~-SMIRNAV GOODNESS OF FIT TEST
USING PREDICTED VALUES

A"LEVEL = 04750 AUTOCORRELATION PARAMETER = 2,500
DBSERVED MEAMN = 1.22962 OBSERVED VARIANCE = 0pa44%02
PREDICTED MEAN = 1438232 PREDICTER VARIANCE = 0,64758

GAMMA DISY PARAMETERS: ALPHA = 1420215 BETA = 1426249

NUMBER CUMULATIVE CUMULATIVE
DURATION DBSERVED OBSERVED EXPECTED DIFFERENCE
1 3204 0e74658) 0,67181 007400
2 813 0.92506 0:90726 0,02750
3 206 0.983201 097466 0.00835
4 60 0099697 099319 0,00379
5 11 099953 0.99819 0,00135
6 2 1.00000 0:,99952 000048
7 0 1.00000 0:99987 0,00013
] 0 1.00000 0.99997 0,00003
G 0 1.00000 0:.99999 0,00001
10 0 1.00000 1.00000 0,00000
11 0 1.006G600 1,00000 0, 00000
12 0 1.00000 1,06000 0,00000
13 0 1.0C000 1,00000 0,00000
14 0 1.00000 1,00060 0,00000
ih 0 1.00000 1,00000 0,CC0C0
16 0 1.00G00 1. 000000 0400000
17 0 1.00000 1.00000 0, 00000
18 0 1.00000 1,00000 0,00050
19 0 1,00000 1.,00000 0.,0C000
20 0 1.00000 1.00000 Ge GUGLO
DVER 20 0 1,00000 1,00000 000000

YOTAL NUMBER

R -
F OVEF

= 4750
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KOLMDGOROV=-SMIRNOV GOODNESS OF FIT TEST
USING PREDICTED VALUES

A-LEVEL = 1,250 AUTOCORRELATION PARAMETER 24500

DRESERVED MEAM = 1,164612 (58ERVED VARIANCE = 0415547
PREDICTED MEAN = 1,16076  PREDICTED VARIANCE = 0,27002

GAMMA DIST PARAMETERS: ALPHA = 1:61670 EBETA = 2044703

68

NUMBER CUMULATIVE CUMULATYVE
DURATION OsSERVED EXPECTED DIFFERENCE
1 0.87109 0,79428 007671
2 098563 0927509 0,01054
3 0699915 0,99732 0,00163
4 2 1.00000 099973 0,00027
5 ¢ 1.00000 099997 0,00003
6 0 1,00000 1, 00000 000000
7 0 1.006000 1,00000 0,00000
8 0 1.00000 1,00000 0400000
9 0 1.00000 1,000060 0.,00000
10 0 1.00000 1.00000 0,00000
11 0 1,00000 1,00000 0,00000
12 0 1.00000 1, 00000 O,(":C;"’f-”:ﬁ
13 0 1.,06000 1.06000 0.,00C080
14 0 1.,00000 1.00000 000000
]3 O leUi“_,‘U‘NI l? :'\’l'mll.ﬂ:) Up\l\” \r\
14 0 1:00000 1.00000 ey eleleleli)
17 0 1,00000 1.,00000 0,00000
18 0 1.00000 1.00000 0o 000U
19 0 100000 1.00000 0,00000
20 0 1.,00000 1,00000 0,00000
OVER 20 1,00000 1,00000 000000
NUMBRER DVERESHOOTS = 2506



KOLMOGOROV~-SMIRNOV GDODNESS OF FIT TEST
USING PREDICTED VALUFS

A-LEVEL = 1,750 AUTOCORRELATICN PARAMETFER = 2,500
NRSERVED MFAN = 1.05657 NRSERVER VARTANCE = 0,05529
PREDICYTED MEAN = 1037311 PREDICTENR VARIANCE = 0,08885
GAMMA DIST PARAMETCRS: ALPHA = 324706 BETA = 640453
NUMBER CUMULATIVE CUMULATIVE
DURATION OBSERVED OBSERVED EXPECTED DIFFERENCE
1 935 DeG4b44 0:92290 0,02154
2 54 099699 0.99928 «0, 00029
3 1 1.00000 1.00000 0,00000
4 0 1,00000 1.00000 0,00000
5 0 1.00000 100000 0.,00600
6 0 1, 00000 1.00000 0,0000G
T 0 1.00000 1.00000 0,00000
8 0 1.00000 1,00000 0400000
9 0 1.00000 1,00000 0,00000
10 0 1.00000 1,00000 0,00000
11 0 1.00000 1.00000 0,00600
12 0 100000 100060 000050
13 0 1.00000 1:00000 0,00000
14 0 100000 1,00000 0,00000
15 (0 1.00000 100000 000000
16 0 LeQUGOOQ 100000 Ce OCOCO
17 0 100000 1:00000 0,00C00
16 0 1400000 1.0000¢ 060CTT0
19 0 1.00000 1.,00000 0,00000
20 0 1.00000 1.00000 04000H0
this ey 0 1.00000 1,00000 0,00600
TOTAL NUMBER OF OVERSHOOTS = 990
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KOLMOGORAV-SMIRNOV GNNDNESS OF FIT TEST
USING PREDICTED VALUES

A-=LEVEL = 24500 AUTDCORRELATION PARAMETER = 2,500
ORSERVED MEAN = 1.01527 UBSEFRVED VARIANCE = 0.015064
PREDICTED MEAN = 0496298  PREDICTED VARIANCE = 0400719
GAMMA DIST PARAMETERSS: ALPHA = 324,56425 BETA = 67,28482
MUMBRER CUMULATIVF CUMULATIVF
DURATION DBESERVED NDBSERVED EXPECTED DIFFERENCE
1 129 098473 1.00000 =0,01527
2 € 1,00000 1,00000 0,00000
3 0 1.00000 1,00000 0:,00000
4 0 1,00000 1,00060 0,00000
5 0 1,00000 1300000 0400000
) 0 1.00000 1000060 0,00000
T 0 1,00000 1,00000 0, 00000
8 0 1,00000 1,000060 0,00000
9 0 1.00000 1. 00000 0,00000
10 0 1,00000 1.00000 0,00000
11 0 1,00000 1,00000 0,00000
12 O 1.00000 1.,006000 0,00000
132 0 1.00000 1,00000 000060
14 0 1,00000 1.00000 DL,00000
15 0 1000000 1100000 UQOCIOQO
16 0 Le GOOO0 1,00000 000000
17 0 1.00000 1,00000 0D,0CC00
18 0 1.000600 1,00000 000000
19 0 1.00000 1.00000 0,00000
20 0 1.00000 1.00000 0,00000
OVER 20 ¢ 1.00000 1,00000 000000
TOTAL WUMBER 0OF OVERSHOUTS = 131
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KNLMOGOROV=SMIRNQOV GNODMESS OF FIT TEST
USTNG PREDICTED VALUES

A-=LEVEL = 0,000 AUTOCORRELATION PARAMETER = 5,000
DESERVED MEAN = 1.54846 ORSERVED VARIANCE = 1,76510
PREDICTLD MEAN = 1.88194 PREDICTED VARIANCE = 1,72155
GAMMA DIST PARAMETERS® ALPHA = 110933 BETA = 0,80273
NUMBER CUMULATIVE CUMULATIVE

DURATION OBSERVED UDASERVED EXPECTED DIFFERENCE
1 3218 0.50877 0,50156 0.00722

P 1588 0.7T5984 C. 76606 w(, 00622

3 791 088490 089180 =0, 00690

5 180 097407 097730 =0,00323

6 87 028783 0. 98966 =0,00183

7 37 0e99368 0e99520 =0,00162

8 26 099779 0,99787 =0,00008

G 10 0929937 0,99903 000033

io 3 De202204 0,929%6 0.00028

11 0 DeaT04 099980 0,00006

2 1 1.00000 OGQE"?'YE 0.0 )

13 0 L+00G00 0:999%6 0,00004

]_ I;. O 1 « OGLIO0 0(‘9“;‘;."?5 r\“(\{'“(' _'_“‘x_fj

15 0 LeQuUUGUG 099999 000001

16 0 100000 1,00000 0,0C000

17 0 1.00000 1.00000 0, 00000

1e 0 100000 1.00060 0,00000

19 0 1.00000 1.000G60 0.,060000

20 0 1.00000 1.00000 000000
UOVER 20 0 1.00000 1,00000 0,00000

TOTAL NUMRER OF OVERSHODTS =

(- e
DAL
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KOLMOGOROV~-SMIRNOV GONDNESS OF FIT TEST
USING PREDICTED VALUES

A-LEVEL = 0.750 AUTOCORRELATION PARAMETER = 5,000

ORSERVED MEAN = 129446 (ORSERVED VARIANCE = 0,37522
PREDICTED MCAN = 133485 PREDICTED VARIANCE = 042210
GAMMA DIST PARAMETERS! ALPHA = 10667320 BETA = 1497216

NUMBER CUMULATIVE CUMULATIVE
DURATION DBSERVED UESERVED EXPECTED DIFFERENCE
1 3348 Q77019 0.69057 007961
2 766 0,925100 0.93979 001121
3 159 0.58758 0.9Rr958 =0,00200
4 b1 099701 099829 «0,00128
5 12 0.,99977 0,99973 0,00004
6 1 100000 0:999%6 0000064
7 O 1.00000 0295999 Ge GGOOL
8 0 1.00000 1,00000 0,00000
9 0 1.00000 1,000600 000000
10 O 1,00000 1,00000 0,00000
11 0 1.00000 1. 00000 0.,00000
12 0 1.00000 1.,00G00 0, 00000
13 0 1.00000 1,00000 0,00000
14 0 l1.,00000 1,00000 0,00000
15 0 1.,00000 1,00000 0,00000
16 0 1.00000 1,00000 0.,00000
17 0 1. 00000 1,00000 0,00000
18 0 100000 1,00060 0,00000
19 0 1.00000 1,00000 0,00000
20 0 1.00000 1.00000 0e0OQLTLO
OVER 20 0 1.00000 1,00000 0,00000

TOTAL NUMBEIR

OF OVERSHOOTS

= 4347
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KOLMOGOROV-SMIRNOV GONDNESS OF FIT TEST
USING PREDICTED VALUES

A-LEVEL = 1.250 AUTOCORRELATION PARAMETER = 5,000
OBSERVED MEAN = 112870 OBSERVENR VARIANCE = 0413993
FREDICTED MCAN = 116004 PREDICTED VARIANCE = 0,11470
GAMMA DIST PARAMETERS: ALPHA = 356518 BETA = 5457021
NUMEER CUNULATIVE CUMULATIVE
DURATION ODBSERVED GLGSERVED EXFECTED DIFFERENCE
1 2066 0eB88631 0:,66011 0.,02621
4 242 0.290132 099751 =0,00738
3 20 0.9987) 0,99998 «0,00126
4 1 0,99914 1.00000 *0,00086
5 2 1,00000 1,00000 CeOQGGO
& 0 1,00000 1,00000 000000
i 0 1.00000 106000 (sFSeleleiels
8 0 1.00000 1.006G00 000000
9 0 1,00000 1.00000 000000
10 0 1.00000 1.00000 G 00000
11 e 1,00000 1,00000 000000
12 0 100000 1.06000 0,00000
13 0 1.00000 1,00000 0,000030
14 O 1.00000 1.00000 Opo(“’\'r
15 0 LoQO000 1.,00000 000600
16 0 1.060000 1.00000 0,00000
17 0 1,00000 1,00000 0,00000
18 0 100000 1.00000 0,00000
19 0 1.06000 1,00000 0,00000
20 0 1.06000 1,00000 0,G0000
OVER 20 0 1.00000 1,00000 0,00000
TOTAL NUMBER OF OVERSHOOTS = 233
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KOLMOGORDV~SMIRNOV GOODNESS OF FIT TEST
USING PREDICTED VALUES

A-LEVEL = 1.750 AUTOCORRELATION PARAMETER = 5,000
OLSERVED MEAN = 1.0374 OESERVED VARIANCE = 0,02821
PREDICTED MPAN = 1.03076 PREDICTED VARIANCE = 001720

GAMMA DIST PARAMETERS: ALPHA = 16,37617 BETA = 30,85400

NUMBER CURULATIVE CUMULATIVE

DURATION OOSERVED OBSERVED FXPECTED DIFFERENCE
1 900 0696360 0.99837 «0,03478
2 33 099693 100000 «0,00107
3 1 1,00000 1,00000 0,0000G0
G 0 1,00000 1.,00000 0400000
5 0 1,00000 1:00000 0,0000GC
6 o] 1:00000 1.0000600 0,00000

7 0 1,00000 100000 000000
a8 0 1.00000 1,00000 0,00000
9 0 1.,00000 1.,00060 0,0GOOO
10 O 1.00000 1,00000 0,00000
11 0 1.00000 1.00000 0,00000
iz 0 1,00000 l,g;()l"*'é'.r'i() 0.00600

13 0 leuf 00 1.00000 0,00000
14 0 0“"""3 1,00G00 0.000C0
15 0 1 L0000 1: 00000 0 cRouo
1(\ o ]Q L)\J\)D 1,0(‘000 Df‘!-‘*'\
17 0 1.00000 1,00000 o@oawtu
16 0 100000 1,00000 0300000
19 0 1.00000 1,00000 0,0Hth
20 0 100000 100000 0, 00000
20 0 1,00000 1,00000 0,00000

TOTAL RNUMBER oOF QOVERSHDOTS = G634
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KOLMDGOROV-SMIRNOV GOODNESS OF FIT TEST
USING PREDICTED VALUES

AUTOCORRELATION PARAMETER 5,000

1]

A=LEVEL = 2,500

DRECAVENR VARTANCE
PREDICTEND VARIANCE

000699
0.,00019

OBSERVED MFAN
PREDICTFD MEAN

1,00704
0.98610

GAMMA DIST PARAMETERSS ALPHA =1228.77140 BETA =2540,329040

NUMRER CUMULATIVE CUMULATIVF
DURAYIMNN OBSERVED DBSERVED EXPECTED DIFFERENCE
1 141 099296 1.00000 ~0,00704
2 1 1.00600 1,00000 000000
3 0 1,00000 1.00000 000000
4 0 1.00000 1,00000 0500000
5 0 100000 1300000 0,00000
6 0 100000 1:00000 0,00000
7 0 1:.00000 1,00000 0,00000
8 0 1.00000 1,00000 0400000
9 0 1.00000 1500000 0,00000
10 0 1.00000 1.00000 0,00000
11 0 1,00000 1.00000 0,00000
12 0 1.00000 1.00000 0.,00000
13 0 100000 1,00000 0,000C0
16 ¢ l.00000 1,00000 000000
15 0 106000 1500000 0400050
16 0 1.00000 1,00000 0.00000
17 0 1.06000 1,00000 000000
16 0 1.00000 1,00000 000000
19 0 1,00G6G00 1,00000 0,00080
2 0 1.00060 1,00000 0,000Q0
ODVER 20 0 1,00000 1,00000 0,00000

TOTAL NUMRER

nr

OVERSHOOTS

B 142
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APPENDIX C

PREDICTION PROGRAM
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CALCULATE THe PRNZABILITY OF
LEVEL FOR X TIME UNITS

FRR A GIVEN PRUCESS,
EXCEEDIMG A SELECTED CRDSSIMNG

o

3
£
(%2
m

.

OO0

alala R ol

—

o

KRERQUIRED [HPUT ¢ 1) PRIUCESS MEAN, MU
2) PROCFSS STAWNDARD DFVIATINN, STPEV
3) AUTOCURRELATIUN PARAMETER, BFETA
4) CRMOSSING LEVEL, L
5) DURATION, X
REAL “lysL
IMTEGF K c,ﬁ
I/70 ASSIS™HMENTS
C = 5
P o= 4
INPUT PARAMETERS
REL i(Ca0n) Mliag STLEVABETASL X
SIG A = STIOF V=%

CALCULATE ADJUSTEDR CRNSSING LEVEL

tL=-MU)/STDEV

ALVL =
= ARS(ALVL)

ALVL

CALCULATE CHEFFICTEMTS

R = ALUGIRETA)

AY = V22570 = 0L3VI29%R 4+ 0,056 1 7TRREED + N NO9RRRRFX]
Al = =0,h4060 + 0.028@1*R + ,.97002*4:*3 - n 00026%Rx%3
A2 = L117423 4 D,N1TAORK = O,00 01 JHR%%2 w D, 0D13]%R%x3
0 =  1.8EBR9 . L.\?a»a Ao+ Vo0 (GORR%T%2 = O,N7540%Rvauns
Bl =z =1417242 + e TOBNEMR e JeB3GT02%R%%7 - Do LAQM#R kA
2= (.2019% - ”.1&723@« + 0e0THLTRRFED + DGO 1RART ¥

CALCULATE FReEMNICTED MEAN AND VARIANCE
o= oal o4+ AlEalVL o+ A2%mALVLEwmQ
PHEAIN = EXPIR)

o + 1R ALVL o+ R2EFALVLEwNR
PVYAL = Jakp

CALCULATE FRANARTILITY

= 1- -

FIa“ATS

OF EXCEEDING
GAMX (X g PHELNM,F

JAR)

EETAS Ly ALVL MU, PAFAN, SIGMA,F

L FOP X TIME UMITS

Re Xy PROPM

20 FUUGAT(5F10,3)

€3 Frin ATV ,60X, VAUTOCORRELATLION PARAMETER 2',F11,3//41X,'CROSSING
1LEVEE 2ty 11,3, ADJUSTEY LEVFEL =V ,F11,3//6)1%,'"PROCESS
2MF AL =t,rl].3,! DISTRIGUTTION MEAM =11 143//741X,'PROCESS
3 VAYIAMCE ='sF11e3s" DISTRIABJTINN VARTANCE =',F11,3///50Xs 'PROBA
GRTLITY F BXCEEDING THE CXiJSSTar LEVFEFL FnNrt/s5e6X,F11,3,!
5 7-"0'?’.' .")
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%
14

47

21
25

—
v

DOYRLE PRECISION I
DAURLE PRECISION
INFLICIT REAL%2(
DoUBLE PRECISIQON

NF = XAAR®%2,/VAR
DX = (T%XNAF)/VAK
ny = nx

PDF = DE

LvSl" = ."_{D
IF(DX.CT.0.00) 6D
'.“ An.“‘!‘ = _‘.“"\P!

GO T 99

IF(rF.CT.0,000) GD
5AMY = 1,70

G To 99

IF{IDF ,CEa200,D0)
IF{tUF oGE22.00) 44

-~

o] = OF
DUF = UATEDLUG(DY
IF(ODF LE~F0.D0)

OFG DEXP(DLUF)
DFH CFG

UM = NgiM 4+ DFG
nF BFSROY/(DAL
3 AL+ lelID

I
(24T 5
("

{

uwon

-
it u

200 0O

IF(rC LY, O h) GO
ITF(MAL.GT.200,.00)
it T8 T

EH = UEE
TRADRC/NSUM LE L,
] TR 1.2

Ll = LAL + 1.D0

(PAT . “14‘2‘..‘(“'{‘(\)
s LOE o+ DG
G T 1A

Yol = 9 sk

DYst = ((DY/DF ) e%C
MHTX = YDOREX(DYN

GAMX = 0MIX + DS

5 T 9¢
HAMX = N8N
G TO 99
H = oo DaxDAL
DnrF = AT
o™ T 2~
JEX = ~LOGIDY)
Ay = . f
.

YA { = ‘."‘\

4 = 1 44

Divg = DY

R =

NCOMPLETE GAMMA, GAMX (X,DF),

FUNMCTION GAAX(T,XBAR,VAR)
0

YijeEMX

TO 2
O 4

LANDL DY LLELDFY)Y G TO 20
Y

ND, (T

) = DY = ULGGMIDAL + 1.09)

6N T 10

+ l-f\’j)
1 T 25

T3 13
GD T 25

Nel4) GO T 15

G2 Ty 2%
DY/ar)

e GEGDF+3, DORDSGRT(DF)Y))

PUNCHED ON

Tii 40

+323223333332333 = 1,00 + 1,N0/0H)I*DSIRT(DH)

)
T
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42 JAK = DK = DF
NAKP = DK
CAR*DAR + DAK®DAL

DAL =
DAL = ©3K#D8H 4 DAK%®DAL
DAM = POKP*DAL + NDAKP#DAH
DAY = DHKP¥NBL + DAKP*DRH
DEA = NAL/ZNRL

DF3 = UAH/DAH
IF(PFR,EQ.D.DD) GO TO 45

IF(nNACS((NFA=-PF1)/DFB),LE.1.D=13) GO TO 41
DX = Ok + 1,D0
570 TN 42
41 MWx o= DFX + DLOGIDFR)
GA4X = 1,Dn
[F{NEX.OFE,=20.00) GAMX = 1,00 = DEXP(DFX)
GVTY s
45 GARY = 1,00
6N TN 99

ol I 5 108l
B ax

"‘l.
ErD
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w

DOUBLE PRECISION FUNCTIDN YDRMX(DZ)
IMPLICIT REAL*8(D)

DP1 = .39K942280401433

DX = DARS(DZ)

IF(NX.0T.3,00) GEB TO 10

DAL = G.DO

DEL = 1.00

DAH = X

DHE = l.f

DAN =z )00

DAN = WAL + 1.D0

DAT = «(2,.0N%NAN = 1,M0) *uX=%DX
r_)p]v = 4"”4,‘»'”1“ - I.DO
DAL = DOI*DAH + DATIXDAL
NRL = DATHNRH + LAT*NRL
DAL = DXxDX - DATX

JRL = 2,00 + DRI

DAY = USI*DAL + DAT=DAR
DiH = DRIFORL 4+ ODAI*DEH
DFA = nNAL/DRL

DFB = NAH/DBH

IF(NFR.EQ.0.DO) GN TO 20
1F(NARSC(DFR=DFA)/DFA) ,LE.1,D-14) GD TO 20
6N To &

pe

DAL = 0,00

DAL = 1.B0

DAH = 1.00

NPy = X

DB = DX

DAN = 1400

DFA = 1.D0/DX

DAY = DAY 4+ 1.D0O

DAT = DAY - 1.00

DAC = DHI%*DAH + DAT*DAL
DRC = DET¥NDRH ¢+ DAT*DRL
DFB = LAC/DBEC

DAL = DAM

DRL = DMH

DAH = DAC

DRH = DBRC

IF(NFN  EG.0,DO) &N TD 20
IF(HAﬂit(“Fb-LFA3/DFb) LE.1l.D=14) GO 70O 20
DFA = ['Fa

GN T 18

YORMX = DPI*DFR=DEXP(-DX%DX/2,.D0)

IF(NX, LEL2,N0) YHRMX D,5DN = YOrRMX
IF(D2.6T.0,00) YORMX 1.00 = YORMX

RETURM

END
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DNURLE PRECISION FUNCTION DLGGM(DX)
IMPLICIT REAL*g(D)
DY=DNX
DTERM=1.D0
IF(NDX)1s122
1 DLGGM=0,.D0
RETURN
IF(DY=-18,00) 3,354
D'I'EP.M:DTERM*DY
DY=sDY+1,DO
GN TD 2
4 DLGAM= (DY=,500)% DLOG(DY)=DY+1,D00/¢12,00%DY)=1,D0/(360,D0%DY*%3)
1 #1007/ (1260.D0%DY*%5) =1,00/ (1680.D0*%DY*%7) +,918938533204673D0
2=-DLNGIDTERM)
RETURN
END

w N
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