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ABSTRACT

In high quality processes, events related to non-quality rarely occur and the times
between these events (TBE) is likely to follow a skewed distribution like the gamma
distribution. In order to monitor TBE data, an Adaptive Exponential Weighted
Moving Average (AEWMA) control chart is proposed in this paper. This chart is
designed to perform well over a range of shifts instead of being only efficient for
a particular shift. An extensive performance analysis shows that, for most shifts,
the Average Run Length (ARL) of the proposed chart performs better than other
already existing control charts. In order to help the quality practitioner, some guide-
lines for choosing the most effective scheme in practice are provided. Finally, an illus-
trative example of the proposed scheme is also presented. Supplementary materials
for this article are available online.
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1. Introduction

As the most important tool in Statistical Process Monitoring (SPM), control charts
are widely used for the monitoring of a process. Traditionally, control charts, such
as the X, S? and R charts, are implemented for the monitoring of continuous
characteristics in a process. For the monitoring of the number of non-conforming
items in a process, the traditional approach is to use attribute charts, such as the
¢ or u charts, see Montgomery [1]. Nowadays many processes produce a very small
number of non-conforming items, like parts per million (ppm). These processes are
usually called “high quality processes”, where the occurrence of events (the occurrence
of non-conforming items) are usually modelled as a homogeneous Poisson process.
Instead of using the traditional attribute charts for monitoring the number of events,
some researchers suggested to monitor the Time Between Events (TBE) which is, by
definition, an exponential or a gamma distributed random variable in a homogeneous
Poisson process (see Gan [2] and Zhang et al. [3]). TBE control charts have been
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applied in several areas, such as in the monitoring of the inter-failure time in a failure
process (Xie et al. [4]), in health-care management (Xie et al. [5]), in earthquake
occurrences (Santiago and Smith [6]) or in forest fires (Rahali et al. [7]).

Recently, TBE control charts have received much attention for the monitoring
of high quality processes. For instance, Rakitzis [8] proposed a run rules Shewhart
type chart for monitoring exponential distributed data. When process parameters
are estimated, Kumar and Chakraborti [9] studied the conditional properties of a
Phase IT Shewhart chart for monitoring TBE type data. Kumar [10] investigated the
properties of a Phase II exponential chart conditioned on a given Phase I sample, by
deriving the exact expression of the distribution function of the conditional average
run length (CARL). In addition, Xie et al. [11] pointed out that, although monitoring
the failure occurrence process using an exponential TBE chart is straightforward, it
may also causes many false alarms if the control limits are too wide and, therefore,
they suggested to increase the sensitivity of such a control chart by monitoring the
time between r > 2 failures, which is know to be a gamma distributed random
variable. Following this, Zhang et al. [3] studied the performance of a Shewhart
Gamma chart. Moreover, based on a class of absolutely continuous exponential
distributions, Ali [12] evaluated the performance of TBE charts in terms of ARL,
the expected quadratic loss, continuous ranked probability and the relative ARL. For
other studies on Shewhart TBE charts, readers may also refer to Zhang et al. [13],
Yang et al. [14], Ali and Pievatolo [15], Ali and Shah [16] and Ali et al. [17].

By only using the information in the current data, Shewart type charts are known
to be able to detect large shifts quickly, while they are rather not sensitive to small
shifts in processes. Apart from Shewhart type charts for TBE data, some studies
on the Cumulative Sum (CUSUM) and exponentially weighted moving average
(EWMA) charts for TBE data have also been conducted to improve the detection of
small shifts. These charts are usually called memory type charts because they also
use past samples information. Gan [2] first studied the properties of the one- and
two-sided exponential EWMA charts. Khan et al. [18] proposed an EWMA control
chart for monitoring exponential distributed data by transforming the sample data
to approximate normal random variables and by constructing the EWMA statistic
using the current and the previous moving average (MA) statistic for each subgroup.
Liu et al. [19] investigated a CUSUM scheme for monitoring TBE data. The idea was
also to transform the TBE data to approximate normal ones and then to apply the
CUSUM scheme on these transformed data. The comparative studies showed that the
proposed scheme had comparable performance with the exponential CUSUM chart.
Qu et al. [20] proposed a weighted CUSUM chart with an additional power parameter
to detect shifts in TBE. The results showed that the efficiency of the proposed chart
can be actually improved by using this additional power parameter. For more research
works on TBE control charts, readers can refer to the review conducted by Ali et al.
[21].

As pointed in Capizzi and Masarotto [22], a single EWMA chart cannot perform
well for small and large shifts simultaneously in the process. To offer a more balanced
detection against different shifts, they suggested an adaptive EWMA (AEWMA)
chart to monitor process shifts. This chart can be seen as a smooth combination of
a Shewhart chart and an EWMA chart. The results showed that this scheme gives
a good protection against a wide range of shifts. From then on, several studies have



been conducted on AEWMA type charts. Motivated by the work of Capizzi and
Masarotto [22], Shu [23] extended the idea of the AEWMA chart for monitoring
the process location to the case of monitoring the process dispersion. It has been
shown that the AEWMA dispersion chart performs relatively better at both small
and large changes of the process dispersion than the EWMA and other dispersion
charts. Ugaz et al. [24] presented a family of adaptive control charts for monitoring
the mean of a process by using a time-varying smoothing parameter. The proposed
charts are efficient for a wide range of shifts, especially for small shifts. Considering
measurement errors in the quality characteristic, Tang et al. [25, 26] studied the
performance of the AEWMA mean and AEWMA median charts using a linearly
covariate error model, respectively. When the process parameters are estimated
from Phase I samples, the performance of the AEWMA chart was investigated in
Saleh et al. [27] using a Markov chain approach. Moreover, considering the so-called
between-practitioners variability in the estimated process parameters of the AEWMA
chart, the standard deviation of ARL combined with the average ARIL measures
were used in Aly et al. [28] to re-evaluate the chart’s performance. Tang et al. [29]
introduced a new adaptive EWMA-type chart for monitoring the count data and
they used a discrete-time Markov chain method to compute the exact run length
properties of the proposed chart. Aly et al. [30] developed an AEWMA control chart
for monitoring Zero Inflated Poisson (ZIP) processes and a Markov chain approach
was used to obtain the properties of the proposed chart. The results showed that the
Z1P AEWMA chart performed better than other competing charts for a wide range
of process shifts. For more recent literatures on adaptive EWMA type charts, readers
may also refer to Tang et al. [31], Tang et al. [32] and so on.

The literatures on the efficiency of EWMA type charts showed that they can
only be constructed to perform well for either small or large shifts and, in order to
circumvent this problem, AEWMA schemes have been proposed and they have been
proven to show a good sensitivity for both small and large shifts simultaneously.
The successful application of AEWMA charts motivates our investigation into the
potential benefits of applying the AEWMA scheme to monitor TBE data. To the
best of our knowledge, AEWMA TBE charts have not been studied in the literature
so far. The purpose of this work is to fill this gap and to increase the sensitivity of
TBE type control charts for both small and large shifts simultaneously.

As it has been shown in Acosta-Mejia and Pignatiello Jr. [33] for monitoring the
process variance or in Xie et al. [4] for monitoring TBE data, a common problem with
two-sided control charts for skewed distributions are their ARL-biased performance
(i.e. some out-of-control ARL values are larger than the predefined in-control ARL
value, see Morais et al. [34]). Since ARL-biased control charts cannot be effectively
used for detecting all shifts in a process, to overcome this issue, one-sided charts
for monitoring skewed distributions have been suggested, see Gan [2], Castagliola
et al. [35], Zhang et al. [36] and so on. Thus in this paper, we consider two separate
one-sided AEWMA charts for the detection of increasing and decreasing shifts in
TBE data, respectively. Actually, if a two-sided AEWMA TBE chart is implemented
for monitoring both increasing and decreasing shifts in the process, control limits of
two-sidled AEWMA TBE chart can be chosen following the algorithms in Tran and
Knoth [37] to ensure its ARL-unbiased property.

In the subsequent section, control charts for Gamma distributed TBE data



are introduced and the construction of two one-sidled AEWMA TBE charts are
presented using a Markov chain approach. Section 3 studies the design procedures
and performance of the one-sided AEWMA TBE charts. Moreover, some comparisons
are also made with the EWMA and Shewhart charts in this section. Then, a real data
example is implemented to show the usage of the AEWMA TBE chart in Section 4.
Finally, some conclusions and recommendations are made in Section 5.

2. Control charts for Gamma distributed TBE data

2.1. Gamma distributed TBE data

In a homogenous Poisson process, the inter-arrival time Y;, i = 1,2, ..., 7, between two
consecutive failures is an exponentially distributed random variable with the probabil-
ity density function (p.d.f.) f(y|6) = %e_%, where 6 is the scale parameter (or mean)
of the distribution. The sum X = Y7, Y; of the these r inter-arrival times between
consecutive failures follows a Gamma(r, #) distribution with the following p.d.f.,

F(z|r,0) = "’F(Hf S0 (1)

where the mean E(X) and variance V(X) of X are 70 and 76%, respectively. When
0 = 6y, the process is deemed to be in-control, where 6, is the known in-control value
of the scale parameter. Without loss of generality, fp = 1 is assumed in this paper.
Otherwise, 8§ = pfy(p # 1) means that the process is out-of-control. An increase (a
decrease) in 6y corresponds to p > 1 (p < 1), which is equivalent to an increase (a
decrease) in the expected time between events. Following the work of Xie et al. [11],
our aim is to construct control charts for monitoring changes in parameter 6 of a
Gamma distributed TBE random variable. If we are just interested in monitoring the
time between two consecutive failures, the Gamma(1,0) distribution in Eq. (1) reduces
to the exponential distribution, and the constructed control charts are for monitoring
changes in 6 of an exponential distributed TBE random variable. It should be pointed
out that 0y is assumed to be known here. If this parameter is not known in advance, it
has to be estimated from a preliminary in-control samples. The unknown 6y case will
be studied in future investigations.

2.2. The EWMA TBE chart for Gamma distributed data

The standard EWMA chart uses a fixed weight A € (0, 1] to construct the monitoring
statistic Z; = AXy + (1 — N\)Zy—1,t = 1,2,3,..., where X; is the sample at time ¢
and Zy = rby, and the upper (UCL) and lower (LCL) control limits of the EWMA
TBE chart are determined by the constraint on the desired in-control performance.
A process is considered to be in-control when Z; € [LCL,UCL]. Otherwise, when
Zy ¢ [LCL,UCL], the process is deemed to be out-of-control. It can be seen that
when A = 1, the EWMA-TBE chart reduces to the Shewhart TBE chart.

Moreover, instead of using only a single two-sided EWMA chart for TBE data and
to overcome the ARL-biased problem, Gan [2] suggested to implement two separate
one-sided EWMA TBE charts for exponential distributed data. Similarly, for Gamma



distributed TBE data, two one-sided EWMA charts are also defined as follows,

e First, an upper-sided EWMA chart for detecting an increase in the TBE data
with the monitoring statistic,

7" = max(ro, \NX¢ + (1 — N Z;" ),

with the initial value ZJ = rfy and the upper control limit UCL™.
e Second, a lower-sided EWMA chart for detecting a decrease in the TBE data
with the monitoring statistic,

Zy = min(rfo, AX; + (1 = \)Z,_,),

with the initial value Z; = rf and the lower control limit LCL™.

2.3. Adaptive EWMA TBE chart for Gamma distributed data

Because the EWMA chart cannot be designed to have a good sensitivity at both small
and large shifts simultaneously, by adapting the weight A\ in the EWMA statistic as a
function of the prediction error e, = Xy — Z;_; , Capizzi and Masarotto [22] suggested
the AEWMA chart with the following monitoring statistic,

Zy=Zi 1+ d(er) =wl(e) Xe + (1 —wler)) Zi-1, (2)

where w(er) = ¢(er)/er is the weight of the AEWMA statistic and ¢(e;) is a score
function. For the sake of simplicity, the score function ¢(e;) used here is limited to the
Huber’s score function, i.e.

e+ (1=XN) xk ife<—k
ple)=¢ Axe if le] <k , (3)
e—(1-A)xk ife>k

where k£ > 0. Note that when k — oo, ¢(e) = Ae and the AEWMA chart converges
to the EWMA chart. When k& — 0, ¢(e) ~ e and the AEWMA chart converges to the
Shewhart chart. If other score functions are used, similar methods can also be used
to study the properties of the AEWMA chart.

Similar to the two separate one-sided EWMA charts for monitoring TBE data, two
separate one-sided AEWMA charts are also suggested for monitoring the increase or
decrease in TBE Gamma data. The monitoring statistics are, respectively, given by,

e First, an upper-sided AEWMA chart is suggested for detecting an increase in
007

Z;r = max(r6p, Z;r_l + ¢(er)) = max(rfy, w(e) Xy + (1 — w(et))Zj_l),

with the initial value Zar = rfp. An out-of-control signal is given when Z;"
exceeds the upper control limit UCL™ of the chart.



e Second, a lower-sided EWMA chart is suggested for detecting a decrease in 6y,
Z; =min(rby, Z,_, + ¢(e)) = min(rby,w(e) Xe + (1 —wl(er))Z, ),

with the initial value Z, = rfly. An out-of-control signal is given when Z,” is
smaller than the lower control limit LC' L™ of the chart.

If the aim is to detect both an increase and a decrease in TBE data, one can also use
the combinations of these two one-sided AEWMA charts.

2.4. A Markov chain method to compute the ARL of the proposed
AEWMA chart

As one of the most widely used criterion, the ARL is usually used to evaluate the
performance of a control chart. The ARL is defined as the expected number of
charting statistics plotted on the chart until for the first time it gives an out-of-control
signal. For fair comparisons, with the same in-control ARL (hereafter denoted as
ARLy), the smaller the value of the out-of-control ARL (hereafter denoted as ARL1),
the better the performance of the control chart. Other metrics, such as the median
run length (M RL) or other percentiles of the run length (RL) values, can also be
used to evaluate the performance of control charts, but this paper only focus on the
ARL metric to conform more with the most SPM literatures.

For the upper-sided AEWMA chart, a discretized Markov chain proposed in Lu-
cas and Saccucci [38] is used here to approximate its RL properties. This procedure
involves dividing the interval [rfy, UCL*] into p sub-intervals (H; — A, H; + Al,j =
1,2,...,p—1,p, each with width 2A, where A = %p—re(). Similarly, p sub-intervals

of width 2A, where A = % can also be used for the lower-sided AEWMA
chart. It can be seen that Hj is the midpoint of the jth subintervals and we define
Hy as the “restart state” of the chart. The regions above UCL™ (for the upper-sided
chart) or below LCL™ (for the lower-sided chart) are considered as absorbing. When
the number p of sub-intervals is large enough (in this paper we choose p = 200), this
approach can effectively evaluate the RL properties of the chart. Then the probability
Q;; that the control statistic Z;" (Z,") moves from state i to state j in one step is
given as follows,

— For the upper-sided AEWMA chart,

Ori = P(Zf <rby| 2, =H)), if =0, (4)
WO P(Hj A< ZE<Hj+A|Z7 = Hy), if j=1,2---,p

— For the lower-sided AEWMA chart,

Ori = P(Z7 >rby| Z_, = H;), if j=0, (5)
WU P(Hj A< Z <Hj+A|Z, = H), if j=1,2,---,p



Using the score function ¢(e) in Equation (3), the inverse function ¢~1(z) is,

z—(1=X) xk if 2z < =Mk,
o1 (z) =< z/A if |z] < Ak, (6)
S (1—Nxk  if 2> Ak

After some manipulations,the transition probability Q; ; is given as follows:

— If j = 0 (for the upper-sided AEWMA chart),

Qip = P(Xi<9¢ '(rbo—H;)+ H,),
= F (¢_1(T90 — Hz) + Hl) ,

— If j = 0 (for the lower-sidled AEWMA chart),

Qi,O = 1—-P (Xt < gﬁ_l(reo — Hz) + H,L) R
= 1—F (¢ '(rby— H;) + H;) ,

- Ifj:]-727)p

Qz‘,j = P(Hi-l-qﬁ*l(Hj—Hi—A)<Xt§HZ-+¢*1(Hj—HZ~+A))7
= F(Hi+¢ "(Hj—H;+A)—F(H;+¢ ' (H; — H; — A)),

where F(z|r,0) = ﬁ(ﬂ Iy t—le~3dt is the cumulative distribution function (c.d.f.)
of X.

Then the transition probability matrix Q with probabilities @); ; corresponding to
the p 4 1 transient states is,

Qoo Qo1 - Qop-1 Qo.p
Q1,0 Qi1 - Q1p—1 Q1p
Q= : : : :
prl,O C2p71,1 T Qp*Lp*l QP*LP
QP,O Qp,l T Qp,pfl Qp,p

The RL distribution of the proposed AEWMA TBE chart can be obtained by the
transition probability matrix Q and the initial probability vector q = (1,0,...,0), i.e.,
the initial state is assumed to be the “restart state”. Since the (RL) of the AEWMA
TBE chart is a Discrete Phase-type (DPH) random variable of parameters (Q, q), the
p.d.f. frr(¢|Q,q) and the c.d.f. Frr(¢|Q,q) of the RL distribution of the AEWMA
TBE chart is (see Neuts [39] and Latouche and Ramaswami [40]),

frRfQ.a) = 4'QHI-Q)1, (8)
Fro(llQ,q) = 1-q'Q'1, (9)

where I is the (p+1, p+1) identity matrix and 1 is a (p+1, 1) vector of 1’s. Moreover,



the expected time to absorption of the Markov chain is ARL = E(RL),

ARL=q"(I-Q)'1. (10)

3. Performance of the proposed one-sided AEWMA TBE charts

In order to investigate the performance of the proposed one-sided AEWMA TBE
Gamma charts, the chart parameters (\, k, UCL™) or (A, k, LC'L™) have to be selected
first. Following the works in Shu [23] and Su et al. [41], the joint effect of A and &
on the ARL performance of the AEWMA chart is first investigated to provide some
insight into the choice of the design parameters. Then, the nearly “optimal” design
parameters of the AEWMA chart for both a small shift p; and a large shift py in TBE
data are obtained using a sequential searching procedure providing a good overall
performance of the chart.

3.1. The joint effect of parameters A and k

Following the works in Shu [23] and Su et al. [41], several contour plots of ARL;
values for different shifts of the upper-sided AEWMA TBE chart as a function of
parameters (A, k) are presented in Figure 1 when the desired ARLy = 200 and r = 2.

(Please Insert Figure 1 Here)

It can be concluded from Figure 1 that, when the purpose is to detect a relative
small increase in the process, for instance, when p = 1.2 in (a) and p = 1.5
in (b), the ARL; value tends to increase as A increases or as k decreases. The
suggested values of A and k for detecting small increasing shifts in the process are
smaller than 0.2 and are within the range [5.5, 7], respectively. On the other hand,
if the purpose is to detect a relative large increase in the process, for instance,
when p = 5 in (d), the ARL; value decreases as A increases or k decreases. The
suggested values of A and k for detecting large increasing shifts in the process
are roughly within the ranges [0.2, 0.7] and [3.5, 5.5], respectively. Similar conclu-
sions of the trends in ARL as a function of A and k also hold for other cases of
r = 1 (exponential) or r > 2. For simplicity, these contour plots are not presented here.

As the counterpart of the upper-sided AEWMA TBE chart, the ARL; of the
lower-sided AEWMA TBE chart also shows similar performance as A and k change,
i.e. if the aim is to detect a small decreasing shift in the process, the ARL; value
tends to increase as A increases or as k decreases. On the other hand, if the aim is to
detect a large decreasing shift in the process, the ARL; value tends to decrease as A
increases or k decreases. For simplicity, all the contour plots of the ARL; values for
different shifts of the lower-sided AEWMA chart as a function of parameters (A, k)
are not presented here.



3.2. Design procedures of the AEWMA TBE chart

Because the two-stages procedure proposed in Capizzi and Masarotto [22] to search
the optimal parameters of the AEWMA chart is complicated and requires extensive
computations, Shu [23] proposed a sequential searching procedure to find the “nearly”
optimal parameters of the AEWMA type chart. This approach is simple and requires
less computation work. In this paper, we also adopt this sequential searching approach
to the AEWMA TBE chart. Details of the procedure are summarized as follows,

(1) Choose a desired in-control value ARLg, the parameter r of the Gamma distri-
bution, a small shift p; and a large shift po.

(2) Find the optimal value of the smoothing parameter A of the one-sided EWMA
TBE charts for the specified small shift p; with the constraint on the desired
ARLy.

(3) Choose a small constant « to control the efficiency loss at p; due to the intro-
duction of parameter k. Similar to Shu [23], a=0.05 is also chosen for discussion
in this paper.

(4) Set the smoothing parameter A of the AEWMA TBE chart to be the same as
the one obtained in Step (2), then find the optimal parameters k and UCL" or
LCL™ of the AEWMA TBE charts that have the minimum ARL; value at po
under the constraint that the percentage increase in ARLq at pp is smaller than
Q.

It can be seen that the optimal parameter A of the EWMA chart is used as the
approximately optimal one for the AEWMA chart. This is due to the attractive
property of the parameter k which can be defined in order to increase the AEWMA
chart’s performance at large shifts, with a large percentage, while causing only a small
loss in the chart’s performance at small shifts (see Shu [23]). Moreover, it should be
pointed out that the above “nearly” optimal design procedure is not intended for
the detection of any particular level of shifts. We will show lately that these design
approach can provide a reasonably good detection performance over the specified
range of shifts [py,p2].

For different values of the desired ARLy and the range of shifts [p1, p2], Tables
1 and 2 present the optimal parameters of the upper- and lower-sidled AEWMA
TBE charts, respectively. These parameters are optimized using the foregoing
procedures. For example, in Table 1, when ARLy = 200 and r = 1, if a prac-
titioner expects a good overall performance of the upper-sided AEWMA chart
for shifts within the range [1.2,10], then the “nearly” optimal parameters are
(\, k,UCL™) = (0.02,4.900, 1.2063). Here, the parameter A = 0.02 is first obtained by
minimizing the ARL; of the upper-sided EWMA TBE chart for a small shift p; = 1.2,
with the constraint on the desired ARLg. This gives the minimum ARL; = 54.4766
of the upper-sided EWMA TBE chart for py = 1.2. Then if we choose a constant
a=0.05 and set the parameter A\ = 0.02 in the upper-sided AEWMA TBE chart,
the optimal parameters (k, UCL™) = (4.900, 1.2063) are obtained by minimizing the
ARL, of the upper-sided AEWMA TBE chart for a large shift po = 10, with the
constraint that the desired ARLy is satisfied and the ARL; of the AEWMA chart for
p1 is smaller than (14+a)x 54.4766=>57.2004. For other cases in Tables 1 and 2, the
optimal parameters (A, k, UCL™) can be obtained similarly.



(Please Insert Tables 1 and 2 Here)

From Tables 1 and 2, several conclusions concerning the optimal parameters of the
one-sided AEWMA TBE charts can be drawn as follows,

e For fixed range of shifts [p1,p2] and ARLy, the optimal parameters (\, k, UCL™)
or (A, k, UCL™) tends to increase when r increases, with the exception of the
case p; = 2.5 and py = 5, where no obvious trend of k£ can be noted. For example,
in Table 1, when p; = 1.2, po =8, ARLg = 200 and r increases from 1 up to 4,
the optimal parameter A increases from 0.02 up to 0.05, k increases from 4.900
up to 7.775 and UCL™ increases from 1.2063 up to 4.7800, respectively.

e For fixed values of r, ARLy and po, the optimal parameters A tends to in-
crease and k tends to decrease when p; increases. For example, in Table 1, when
ARLg =200, r =1 and ps = 5, the optimal parameter \ increases from 0.02 up
to 0.17 and k decreases from 4.900 down to 4.250 as the parameter p; increases
from 1.2 up to 2.5. This may be due to the fact that a large value of A or a small
value of k is more sensitive to large changes in p;. This is also consistent with
the results in Capizzi and Masarotto [22] and Shu [23].

e For fixed values of r, p1 and po, the optimal parameter A tends to decrease and
k tends to increase when the desired ARLg increases. For example, in Table 1,
when r = 1, p; = 1.2 and po = 5, the optimal parameter \ decreases from 0.02
down to 0.01 while & increases from 4.900 up to 6.125 as ARLq increases from
200 up to 500.

3.3. Comparisons with one-sided EWMA and Shewhart TBE charts

To study the performance of one-sidled AEWMA TBE charts, for some combinations
of the design parameters (A, k,UCL") and (), k, LCL™) presented in Tables 1 and 2,
ARL, values of one-sided AEWMA TBE charts are shown in Tables 3 to 10 when
ARLy = 200 and r € {1,2,3,4}. For comparisons, some ARL;j values of one-sided
EWMA and Shewhart TBE charts are also presented in these tables. In our study,
the optimal parameters of the upper-sided AEWMA chart are designed for the
range of shifts [p1, p2], where a small increasing shift p; € {1.2,1.5,2,2.5} (see the
bolded entry in each table) and a large increasing shift ps = 8. For the lower-sided
AEWMA chart, we consider the optimal parameters designed for the range of shifts
[p1, p2], where a small decreasing shift p; € {0.9,0.8,0.7,0.6} (see the bolded entry
in each table) and a large decreasing shift ps = 0.1. For example, in Table 3, for
r = 1, the optimal parameters (A, k, UCL™) = (0.02,4.900, 1.2063) of the upper-sided
AEWMA chart are obtained following the sequential searching procedure presented
in Section 3.2 when [p1, p2] = [1.2, 8]. Due to the space limitation, ARL; values of the
upper-sided AEWMA TBE charts for shifts larger than 5 are not listed in Tables 3 to 6.

(Please Insert Tables Tables 3 to 10 Here)

From these tables, it can be generally concluded that, for small increasing or small
decreasing shifts in the process, the proposed AEWMA TBE schemes perform much
better than the Shewhart TBE charts and perform similarly to the EWMA TBE
charts. For large increasing or decreasing shifts in the process, the AEWMA schemes
perform better than the EWMA TBE charts and perform similarly to the Shewhart
TBE charts. Some detailed conclusions are listed as follows,

10



e For shifts increasing from p; up to p2, the upper-sided AEWMA TBE chart
either performs better than the upper-sidled EWMA chart or the upper-sided
Shewhart chart. For instance, in Table 3, when r = 1, p; = 1.2 and the designed
parameter (\,k,UCL™) are (0.02,4.900,1.2063), it can be seen that ARL; values
of the upper-sided AEWMA chart are smaller than the upper-sidled EWMA
chart when the shifts are in the range [1.8,5]. For shifts in the range [1.2,3.3],
the ARL values of the upper-sided AEWMA chart are all smaller than the ones
of the upper-sided Shewhart chart. Similar conclusions also hold for other cases
presented in Tables 3 to 6.

e As r increases, the range of shifts for which the upper-sided EWMA scheme
performs better than the upper-sided AEWMA TBE chart becomes narrower,
which also means that the AEWMA scheme performs better than the EWMA
scheme in a wider range of shifts. For example, the range of shifts for which the
AEWMA chart is better than the EWMA chart changes from [1.8,5] to [1.5,5] as
r increases from 1 up to 4 (see columns 3 to 5 and 12 to 14 in Table 3). Similar
conclusions also hold for other cases in Tables 4 to 6.

As r increases, the range of shifts for which the upper-sided Shewhart scheme
performs a little better than the upper-sided AEWMA TBE chart becomes
wider. While the upper-sided Shewhart TBE chart performs much worse than the
upper-sided AEWMA TBE chart for small increasing shifts. For example, when
r increases from 1 to 3, the range of shifts for which the upper-sided Shewhart
chart performs a little better than the upper-sided AEWMA chart changes from
[3.4,5] to [2.5,5] (see columns 3 to 5 and 9 to 11 in Table 3), while for a small
increasing shift, like p = 1.4, the ARL; = 44.01 of the upper-sided Shewhart
chart is much larger than ARL; = 29.24 of the upper-sided AEWMA chart when
r = 1. Similar conclusions also hold for other cases in Tables 4 to 6.

e For shifts decreasing from p; down to ps, the lower-sided AEWMA TBE chart
either performs better than the lower-sidled EWMA TBE chart or the lower-
sided Shewhart TBE chart. For instance, in Table 7, when r = 2, p; = 0.9 and
the optimal parameters (A\,k,LCL™) are (0.01,2.425,1.8773), it can be seen that
ARL7 values of the lower-sided AEWMA chart are smaller than that of the
lower-sided EWMA chart when the decreasing shifts are smaller than 0.8. For
decreasing shifts from 0.9 down to 0.175, the ARL; values of the lower-sided
AEWMA chart are all smaller than the ones of the lower-sided Shewhart chart.
Similar conclusions also hold for other cases presented in Tables 7 to 10.

e As r increases, the range of shifts for which the lower-sided Shewhart scheme
performs a little better than the lower-sided AEWMA TBE chart becomes wider.
While the lower-sided Shewhart TBE chart performs much worse than the lower-
sidled AEWMA TBE chart for small decreasing shifts. For example, when r
increases from 2 to 4 in Table 7, the range of shifts for which the lower-sided
Shewhart chart performs a little better than the lower-sided AEWMA chart
changes from [0.1,0.15] to [0.1,0.325] (see columns 6 to 8 and 12 to 14 in Table
7), while for a small decreasing shift, like p = 0.85, the ARL; = 146.25 of the
lower-sided Shewhart chart is much larger than ARL; = 53.21 of the lower-
sided AEWMA chart when r = 2. Similar conclusions also hold for other cases
in Tables 8 to 10.

e For a fixed increasing or decreasing shift p, the ARL; values of the one-sided
AEWMA, the one-sided EWMA and the Shewhart TBE charts decrease as the
value of r increases. For example, in Table 3, as r increases from 1 up to 4,
the ARL; values of the upper-sided AEWMA TBE chart decreases from 57.19

11



down to 28.24 for a shift p = 1.2. While, in practice, one has to be careful when
using a large value of r because this means that more observations should be
collected to check the status of the process. This should depend on how long one
can reasonably wait in a given context before a decision has to be made (see Xie
et al. [11]).

3.4. Comparisons with one-sided run rules Shewhart TBE charts

From the research works in Section 3.3, it can be seen that the one-sided AEWMA
TBE charts perform much better than the one-sided Shewhart TBE charts for small
shifts in the process. While it it known that the Shewhart TBE chart’s performance
for the detection of small to moderate shifts can be improved by applying different
run rules schemes, see Cheng and Chen [42], Santiago and Smith [43], Rakitzis [44]
and Kumar et al. [45] and so on. Several run rule schemes were suggested in these
research works, which were only focused on two-sided Shewhart TBE charts. As we
are concerned with one-sided type charts, we suggest to study the performance of the
one-sided run rules Shewhart TBE charts and make some comparisons with one-sided
AEWMA and Shewhart TBE charts. Concerning one-sided run rules Shewhart
charts, Amdouni et al. [46] proposed one-sided 2-of-3 and 3-of-4 Shewhart charts for
monitoring coefficient of variation in a short production run. These run rules can be
concluded as: an out-of-control signal is given if the last n of m monitoring statistics
fall in the interval (a,b), where n < m and a < b. Motivated by this, the performance
of one-sided Shewhart TBE charts with 2-of-3, 3-of-4 and 4-of-5 run rules are also
presented in this section as a comparison with the proposed one-sided AEWMA TBE
charts. A Markov chain approach is used to obtain the run length properties of the
run rules Shewhart TBE charts. More details can be found in Amdouni et al. [46],
Castagliola et al. [47] and Tran [48].

The ARLs of the aforementioned run rules one-sided Shewhart TBE schemes are
given in Tables 11 and 12, along with the proposed one-sided AEWMA TBE charts
and the traditional one-sided Shewhart TBE charts. The 2-of-3, 3-of-4 and 4-of-5 run
rules TBE charts are denoted as RRy 3, RR34 and R4 5 in these tables. The optimal
parameters (A, k,UCL™) and (A, k, LCL™) of the one-sided AEWMA TBE charts
are from Tables 3 and 7. Control limits of all other charts are selected to ensure
ARLg = 200. It follows from Table 11 that all the upper-sided run rules Shewhart
TBE charts perform worse than the upper-sidled AEWMA TBE chart. For some
smaller increasing shifts (p < 1.5), run rules Shewhart TBE charts perform better
than the chart without run rules. For shifts larger than 1.5, the upper-sided Shewhart
TBE chart generally performs better than the chart with run rules. For example,
when r = 2 and p = 1.5, the ARL; = 21.89 of the 2-0of-3 run rules chart is smaller
than ARL; = 23.79 of the Shewhart chart. While, if p = 2.5, the ARL;, = 5.53 of the
2-o0f-3 run rules chart is larger than ARL, = 4.92 of the Shewhart chart.

Considering lower-sided TBE charts in Table 12, for shifts decreasing from 1
down to 0.6 (0.6 < p < 1), the lower-sidled AEWMA TBE chart performs better
than all the lower-sided run rules Shewhart TBE charts. While, for moderate
to large decreasing shifts, especially when r is large, lower-sided Shewhart TBE
chart with or without run rules perform better than the lower-sided AEWMA
TBE chart. For example when r = 4, if 0.15 < p < 0.575, the 4-of-5 run rules
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Shewhart TBE chart performs better than the lower-sided AEWMA TBE chart. If
0.125 < p < 0.475, both the 2-of-3 and 3-of-4 run rules Shewhart TBE charts perform
better than the lower-sided AEWMA TBE chart. Moreover, it is pointed out that, for
most decreasing shifts except for some large decreasing shifts, lower-sided Shewhart
TBE charts with run rules perform uniformly better than the charts without run rules.

(Please Insert Tables 11 to 12 Here)

3.5. Comparisons with one-sided DEWMA TBE charts

In this section, one-sided Double EWMA (DEWMA) TBE charts presented in
Alevizakos and Koukouvinos [49] are briefly introduced as a comparison with the
proposed one-sided AEWMA TBE charts. The upper-sidled DEWMA and lower-
sidled DEWMA TBE charts are constructed by plotting only one charting statistic
Zy = AW + (1 — )\)th1 (Zo = 7“90), where W; = A X + (1 — )\)Wtfl (W() = ?"90). To
detect an increasing or a decreasing shift in the process, the statistic Z; is compared
with an upper control limit (UCL™) or a lower control limit (LC'L™), respectively.
An out-of-control signal is triggered when the charting statistic Z; falls above UCL™
(for the upper-sided chart) or below LCL~ (for the lower-sided chart). For more
details on the properties of the one-sided DEWMA TBE charts, reader can refer to
Alevizakos and Koukouvinos [49].

The ARLs of the one-sidled DEWMA TBE charts and the proposed one-sided
AEWMA TBE charts are presented in Tables 13 and 14. The optimal parameters
(A, k,UCL™) and (\, k, LCL™) of the one-sided AEWMA TBE charts are from Tables
3 and 7. Moreover, the smoothing parameter A in the one-sided DEWMA TBE charts
are set to be the same as the ones of the one-sidled AEWMA TBE charts and the
control limits of the DEWMA charts are selected to maintain ARLy = 200.

It can be seen from Table 13 that the upper-sided AEWMA TBE chart performs
better than the upper-sided DEWMA TBE chart for the detection of large shifts in
the process. While for the detection of small shifts in the process, the upper-sided
DEWMA TBE chart is better than the upper-sidled AEWMA TBE chart. For
example, when r = 2, if p > 1.4, the ARL; values of the upper-sided AEWMA
TBE chart are smaller than the ones of the upper-sided DEWMA TBE chart. While
for the detection of small shifts (p < 1.3), the ARL; values of the upper-sided
DEWMA TBE chart are smaller than the ones of the upper-sided AEWMA TBE
chart. In addition, for other optimal parameters (A, k,UCL") of the upper-sided
AEWMA TBE charts from Tables 4 to 6, similar conclusions can also be drawn
from the ARL; comparison of two upper-sided TBE charts. For simplicity, these
results are not presented here. Moreover, these conclusions drawn for the upper-sided
TBE charts also apply for the lower-sidled AEWMA TBE chart and the lower-
sidled DEWMA TBE chart. For example, in Table 14, when r = 2, if p < 0.350,
the ARLy values of the lower-sided AEWMA TBE chart are smaller than the
ones of the lower-sided DEWMA TBE chart. While for other values of p, the lower-
sided DEWMA TBE chart performs better than the lower-sided AEWMA TBE chart.

(Please Insert Tables 13 to 14 Here)
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4. A real data example

In this section, a real data example from Hellenic Air Force (HAF) presented in
Alevizakos and Koukouvinos [49] is used to illustrate the implementation of the
proposed charts. As a critical quality characteristic, the time X between consecutive
accidents of the F-16 supplied by Greece from 1988 to 2017 are recorded in Table 15.
It can be noted that the first accident happened at 1456 days after the first accept
of F-16. It is assumed that 6y = 1500, which means that the process is in-control
if an accident occurs about every four years on average. By using the chi-square
goodness-of-fit test, it has been tested that the TBE data in Table 15 follows a
Gamma(1,615) distribution, see Alevizakos and Koukouvinos [49]. Then the specified
decreasing shift is p = 615/1500 = 0.41 in the out-of-control process in this case.

(Please Insert Table 15 Here)

In order to give good protection against the shift p = 0.41, the lower-sided
AEWMA TBE chart is designed for the shift range [0.6,0.1], leading to the optimal
parameters (A, k, LCL™)=(0.07,0.9,0.6544) when ARLy = 200 and r = 1 (see Table
2). As a comparison, the designed parameters (A, LCL™) of the lower-sided EWMA
TBE chart and lower-sided DEWMA TBE chart are (0.07,0.6414) and (0.07, 0.8326),
respectively. In addition, if Shewhart TBE charts are used for the process monitoring,
the lower-sided Shewhart TBE chart with 4-of-5 run rules is suggested as it performs
better than the Shewhart TBE chart with 2-of-3 or 3-of-4 run rules for the detection
of a shift size p = 0.41. It can be noted from Table 12 that the designed control limits
LCL™ of the lower-sided Shewhart TBE chart without and with 4-of-5 run rules are
0.005 and 0.2425, respectively.

Since all the conducted discussions in this paper assume 6y = 1, the real dataset in
Table 15 has to be scaled by dividing them by 1500. These scaled data are presented
in Table 16 along with the corresponding charting statistics of the lower-sided
AEWMA, EWMA and DEWMA TBE charts. From Table 16, it can be noted that,
at time ¢ = 12, the statistic Z;;, = 0.6534 (see the bolded entry) of the lower-sided
AEWMA chart is smaller than LC L™ = 0.6544, which implies that a decreasing shift
in the process happened. For the lower-sided EWMA and DEWMA TBE charts, the
13th and 15th charting statistics Z;3 = 0.6286 and Z;5 = 0.8228 (see the bolded
entries) are smaller than the corresponding control limits LCL~ = 0.6414 and
LCL™ = 0.8326, respectively.

(Please Insert Table 16 Here)

Figure 2 displays the corresponding lower-sidled AEWMA, EWMA and DEWMA
TBE charts, along with the Shewhart TBE chart with and without run rules, for the
real dataset. As it can be seen from graphs (a), (b) and (c) in Figure 2, these three
charts detect the shift after the process running for some time and the AEWMA TBE
chart detects the decreasing shift in the process a little quicker than the EWMA and
DEWMA TBE charts. While we can also observe from the graph (d) that no point
is below the LCL™ of the Shewhart TBE chart and from the graph (e) that, points
2,4,7,15 and 16 are below the LC'L™ of the 4-of-5 run rules Shewhart TBE chart.
Considering the schemes of the Shewhart type charts with- or without run rules,
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there is no shift detected by Shewhart TBE charts.

It is pointed out that the advantage of the AEWMA TBE chart is for the detection
of a wider range of shifts. If the actual shift size is not p = 0.41, say for example
p = 0.3, the ARL; values of AEWMA, EWMA, DEWMA, Shewhart and 4-of-5
run rules Shewhart TBE charts are obtained as 9.57, 10.44, 12.95, 60.35 and 11.97,
respectively. This also shows the advantage of the AEWMA TBE chart.

(Please Insert Figure 2 Here)

5. Conclusions and recommendations

In this article, one-sided AEWMA charts are proposed for monitoring TBE data
based on the Gamma distribution. The proposed one-sidled AEWMA TBE charts
can be seen as a smooth combination of a Shewhart TBE chart and an EWMA TBE
chart. A Markov chain approach is used to obtain the run length properties of the
chart and the “nearly” optimal parameters of the one-sided AEWMA TBE charts
are presented. We also compared the performance of the proposed schemes with the
one-sided EWMA and one-sided Shewhart TBE charts. The numerical results showed
that the one-sidled AEWMA TBE charts either perform better than the EWMA TBE
chart for moderate to large shifts or perform better than the Shewhart TBE chart for
small shifts. Compared with Shewhart TBE charts, the losses of one-sided AEWMA
charts for the detection of large shifts is negligible compared with the improvement
for the detection of small shifts. Moreover, through the comparison of the one-sided
AEWMA TBE chart and the one-sided DEWMA TBE chart, it can be concluded
that the one-sided AEWMA TBE chart performs better than the one-sided DEWMA
TBE chart for the detection of large shifts in the process. While for the detection of
very small shifts in the process, the one-sided DEWMA TBE chart performs better
than the one-sidled AEWMA TBE chart. Finally, we applied the AEWMA TBE chart
to a real example.

It should be pointed out that many other issues can also be studied in future
research works. For instance, other one-sided modified AEWMA control charts can
be used to monitor the TBE data and the properties of the proposed scheme need
to be further investigated when the process parameters are estimated from in-control
samples. In addition, when two one-sidled AEWMA TBE charts are simultaneously
used or a two-sidled AEWMA TBE chart is used, the ARL-biased problem will be
investigated in the future.
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Table 1. Optimal parameters of the upper-sided AEWMA TBE chart for shift range [p1, p2] when ARLg €
{200, 370,500} and r € {1,2,3,4}
ARLg = 200
r=1 r=2 r=3 r=4
1 P2 A k UCL™ A k UCL™ A k UCL™ A k UCL™
1.2 {5,8,10,13} 0.02 4.900 1.2063 0.03 6.175 2.3883 0.04 7.075 3.5800 0.05 7.775 4.7800
1.5 {5,8,10,13} 0.05 4.650 1.4230 0.09 5.725 2.8828 0.11 6.400 4.2330 0.14 6.950 5.6628
2 {548,10,13} 0.11 4.300 1.7885 0.18 5.100 3.5394 0.25 5.550 5.3477 0.30 5.825 7.0813
2.5 {810,13} 0.17 4.025 2.1370 0.28 4.600 4.2430 0.37 4.675 6.3942 0.45 4.225 8.6824
5 0.17 4.250 2.0761 0.28 4.725 4.1883 0.37 4.675 6.3942 0.45 4.550 8.5146
P1 P2 ARLO =370
1.2 {58,10,13} 0.01 5.725 1.1427 0.02 7.075 2.3332 0.03 8.000 3.5398 0.04 8775 4.7541
1.5 {58,10,13} 0.04 5.425 1.4074 0.07 6.550 2.8278 0.10 7.325 4.2697 0.12 7.925 5.6408
2 {58,10,13} 0.09 5.050 1.7553 0.16 5.950 3.5384 0.21 6.475 5.2488 0.26 6.850 6.9887
2.5 {8,10,13} 0.14 4.775 2.0778 0.24 5475 4.1598 0.32 5.750 6.2372 0.39 5.700 8.3706
5 0.14 4.950 2.0425 0.24 5.525 4.1413 0.32 5.750 6.2372 0.39 5.700 8.3706
P1 P2 ARLQ = 500
1.2 {5\8,10,13} 0.01 6.125 1.1541 0.02 7.500 2.3550 0.03 8.450 3.5711 0.03 9.200 4.6573
1.5 {58,10,13} 0.04 5.825 1.4289 0.07 6.975 2.8656 0.09 7.750 4.2369 0.11 8375 5.6148
2 {58,10,13} 0.09 5.400 1.7908 0.15 6.350 3.5301 0.20 6.925 5.2472 0.24 7.325 6.9249
2.5 {8,10,13} 0.13 5.125 2.0663 0.22 5875 4.1074 0.30 6.225 6.1837 0.37 6.275 8.3035
5 0.13 5.300 2.0353 0.22 5925 4.0904 0.30 6.225 6.1837 0.37 6.275 8.3035
Table 2. Optimal parameters of the lower-sided AEWMA TBE chart for shift range [p1, p2] when ARLg €
{200, 370,500} and r € {1,2,3,4}
ARLy = 200
r=1 r=2 r=3 r=4
p1 02 A k LCL™ A k LCL™ A k LCL™ A k LCL™
0.9 {0.3,0.2,0.1} 0.01 1.775 0.9139 0.01 2425 1.8773 0.02 2925 2.7291 0.02 3.525 3.6793
0.8 {0.3,0.2,0.1} 0.02 1.550 0.8511 0.04 1950 1.6421 0.05 2.525 2.4630 0.06 3.150 3.2788
0.7 {0.3,0.2,0.1} 0.04 1.175 0.7604 0.07 1.675 1.4675 0.10 2.300 2.1557 0.12 2875 2.8862
0.6 {0.3,0.2,0.1} 0.07 0.900 0.6544 0.12 1.500 1.2494 0.16 2.075 1.8776 0.19 2.600 2.5352
P1 P2 ARLO =370
0.9 {0.3,0.2,0.1} 0.01 2.450 0.8898 0.01 3.225 1.8431 0.01 3.650 2.8097 0.02 4.100 3.6211
0.8 {0.3,0.2,0.1} 0.02 2.025 0.8201 0.03 2425 1.6595 0.04 2.675 2.4891 0.05 3.250 3.2935
0.7 {0.3,0.2,0.1} 0.04 1.550 0.7222 0.06 1.750 1.4753 0.08 2.350 2.1926 0.10 2925 2.9083
0.6 {0.3,0.2,0.1} 0.06 1.050 0.6567 0.10 1.550 1.2727 0.14 2.100 1.8780 0.17 2.650 2.5264
P1 P2 ARLy = 500
09 {0.3,0.2,0.1} 0.01 2.725 0.8787 0.01 3.575 1.8267 0.01 4.050 2.7891 0.02 4.475 3.5906
0.8 {0.3,0.2,0.1} 0.02 2.250 0.8058 0.03 2.675 1.6356 0.04 2.900 2.4597 0.05 3.300 3.2644
0.7 {0.3,0.2,0.1} 0.03 1.650 0.7559 0.05 1.825 1.5135 0.07 2.375 2.2226 0.09 2975 2.9367
0.6 {0.3,0.2,0.1} 0.06 1.175 0.6386 0.09 1.575 1.2912 0.13 2.125 1.8888 0.16 2.675 2.5303

19



[qa! 19°T 6¢°1T 07’1 06T 08T 8L°T 6€°C 61 68°C 69°€ G0°¢ 00°¢

€C'1 791 0¢'T 4! €6°1 ¢Sl 18T e 96°T G6'¢C 99°¢ cre 067
Gc'l 99T el 4! 96°T Gq'T @81 8¥'¢C 00c c0'¢ €LE 8T°€ 087
9¢'1 69T yET Il 00c 86T 88T €4°C ¥0°¢ 60°€¢ 18°€ gc'e 0LV
8¢C'T L1 9¢€'T 6V'T €0'c 191 6’1 84°¢C 80°¢ ar'e 68°€ €e'e 09%
0¢'T GLT 8€'T 16T L0°¢ 791 L6'T €9°C €1'e Gc'e L6°€ e 0y
¢l 64T 71 Pel ¢l'e L9°T 10°¢ 69°C 81°C €e'¢ 90¥ 6V°€ o'y
Vel 8’1 ¥l 86T 9I'c TL°T 90°¢ GL'e €C'C Ve qr'vy 8G°€¢ o€y
9¢'T 981 9’1 19°T 1¢°¢ GLT ¢l'e 18°¢ 6¢°C €9°¢ 9y 89°¢ 0c'v
6€°T 16°T 06T 991 9¢'¢ 6L°T 81°C 88°C Ge'c ¥9°€ 9E¥ 8L°€ 0Ty
vl G6°'T €91 69°T 1€°¢C 81T ¥c'e G6°¢ [qige 9L'€ vy 68°¢ 00¥
St 00°¢ L8°T PLT LE°C 68T 1€°¢ €0°¢ 6V°¢C 68°¢ 69F 107 06°¢
671 G0°¢ 19T 64T Ve V61 6€°C 1T°€ L8°¢ €0v oLy Yy 08¢
€41 0T'c 99T 781 0S¢ 10°¢ 8¥'¢C 0c'€ 99°C 61T'¥ 98'¥% LeV 0L°€
LG6°T 9T'c TL°T 16°T 8G'C L0°C L8C 0¢'€ GL'C 9E¥ 10°¢ [4ia% 09°€
9’1 €CC 9L'1 86°T 99°¢ vi'e 89°C 1w'e G8'C ey LTS 69V 0¢°'€
89°T 0€¢ 8’1 G0'c VLe €C'C 6L°C cq'e 96°¢ Ly ge'g 9LV 0y'€
VLT LEC 68T Vi'e V8¢ 1€°¢ ¢6°C 79°€ 80°¢ 86V yaeg 96°% 0¢°€
18T i 161 ve'e 76°¢C 1v'e L0°€ 8L°€ 1¢'€ s GL°G LTS 0c'e
68T G9'c G0'c Ge'c G0°¢ ¢8'c €C'¢ €6°¢ 9¢°¢ ¢q'g 86°G 0¥ 01°€
66T 99'C q1'e 8¥'¢C LT°€ ¥9c or'e 60V €4°¢ g8°¢G €29 99°G 00°€
0T'c 9.°¢ 9¢'¢ €9°C 1€°€ 8L°C ¥9°€ LCV 1L°€ ¢c9 16°9 §6°G 06'c
€CC 88C 8€C 08¢ Lve ¥6°C 68°¢ vy c6°¢ €99 €89 L9 08¢ -
8¢C €0°¢ ¢4'c 00°¢ 79°¢ 1€ 8T 0L¥ 1% ¢l LT°L ¥9°9 0L°C
96c 81°¢ 89°C vee €8¢ 1€€ (G 96y [dia% L9°L LG°L G0°L 09°¢
LL°C 9¢°¢ 18°C (GRS 90¥ RS 6y qc's oLy €€'8 c0'8 16°L 0s'c
€0°¢ JASRS 60°€ 18°€ 1€V 18°€ 0¥ 8G"G L0°G 60°6 €9'8 G0'8 0v'c
ge'e 8¢ ¥€€ 8¢ 19v L'y 86°G L6°G 8¥°G 10°0T [N 89°8 0€'c
GL¢ (7% ¥9°€ 08 96V 6V°Y 699 €79 L6°G ¢l'll ¢8'6 176 0¢'c
9C'V Wy 007 9" LE°G €6V 8G°L 169 ¥s'9 Lyl ¥9°01 8¢ 0T 0T'c
€67 987 i 0€'9 18°G Lv'G 1.8 9L Ve L VIVl €911 VeI 00'¢
18°G 9¢°¢ 00°¢ 0y°L 679 19 LT°0T €7'8 01’8 9291 g8'¢cl ¥9'¢t 06T
10°L 10°9 69°G 068 8¢ 869 OTct G¥'6 61°6 86'8T 8EVT gt 08T
1L'8 989 199 L6°0T 1€°8 808 €LV 8L°0T 19°0T L8¢Ce 9€'91 6€°91 04T
0TI 08 98°L G6°¢T 1L°6 656 cy8l 8GCl vacl [qxé 061 €61 091
10°GT 0.6 196 [4a]! LTI GLTT 6L°€C 454! 6C°C1 0C've GL°Cc V¢'€e 0S'1
0¢'Tc €eel 6v°cl Ly'Ge G871 0T"¢T1 66°'T¢ 8061 cS61 107¥ G€'8¢ ¥¢'66 0r'1
96°T€ 8691 67°LT €ELE 0€°0c 96°0¢ 0¢'S¥ 08°G¢ €L°9¢ 68'8G 0§°L€ 90°6€ 0€'T
44 G6'9¢ ¥¢'8¢ 988G ¥9'1€ LT'EE G6°L9 3c6e STy 0L¢8 8V ¥4 61°LG 0T
00°00¢ 00°002 00°00g 00°002 00°002 00°00¢ 00°00g 00°00g 00°00¢ 00°00g 00°00g 00°00g 00T
GLL6°01 0L2LV 008L7 8€LC°6 c8EGE 008¢°€ T0€V"L 695€°C €88€°C €86¢°G 8G8T'T €90¢'1 +101
- - GLLL - - GLO"L - - GLT9 - - 006'% o d
- S0°0 G0°0 - ¥0°0 ¥0°0 - €00 €00 - 00 00 X
pregmoys  VINMHE - VINMAVY jregmoys  VINMH - VINMAVY jreymoys  VINMH - VINMAY jregmoys  VINMHE - VINMAV
= E=+4 c=+4 I=4

[8‘c 1] @8ue1 9y1ys 10] pazruarydo are
s1ojowrered jreyo uaym {} ‘¢ ‘g T} D +4 pue 00z = 07y} JO SUOIJRUIQUIOD JUSISHIP I0J SHIRYD H T, MeYmays pue VINMH ‘VINMAY Popis-toddn oty jo sonfea L7yy *g o[qel,

20



(44! 0r'T g1 0r'T 79T 47! 8LT G0'c €8T 68°C 1¢°¢ 16°¢C 00°G

€C'1 71 9¢'T vl 99°'1 971 181 60°C 98T G6'C LC°€ 96°C 067
Gc'T eV'T 8C'T 47! 69T 8V'T 8T [qé 68T 4IRS €ee c0'€ 087
9¢'1 91 6C'T 91 (A 161 881 9T'c €61 60°€ 0v'e 60°€ 0LV
8C'T 8V'1 1€T 67T GLT €a'1 61 0cc 16T 9T'€ FATS ar'e 097
0€'T 05T €e'T 16°T 8L°T 94T 161 §¢'¢ 10°¢ §c'e [A°RS ¢c'e 087y
el €41 Ge'T 45! 18T 6G°T 10°¢ 6¢°C G0'c €e€ ¢9'€ 0€€ or'v
Ve 991 LET 8¢'T 8’1 9’1 90°¢ vee 0T'c V'€ 0L°€ 8¢'€ 0€v
9¢'T 64T or'T 19°1T 68T 99°'1 [qé 6€°C qI'e €4'€ 6L°€ FAS 0cv
6¢°T 91 eV'T 99T €6°'T 69T 8T°C lieé 0¢'c 79°€ 88'€ 9¢°€ 0TV
4! 99’1 91 69T L6'T €L vee 16°¢ 9¢'¢ 9L.°€ 86°€ 99°€ 00v
YT 69T 671 VLT ¢0'c LLT 1€°C 16°¢C [5x4 68°€ 607 LL°€ 06°€
6V'1 €LT Sl 6L°T L0°¢ 8’1 6€°¢C ¥9'c 6€°¢C €0y 0c'v 88°¢ 08¢
€a'1 LLT 9¢'T 781 €1'¢ 18T 8V°¢ 1L°¢ 9¥°'¢ 617 €ev 107 0L°€
L9°1 8’1 09T 16°T 61°¢C €6'T L9°C 6L°¢C (4 9EY 9y STy 09°¢
91 181 99T 86T Gc'e 661 89°C 88°C €9°¢ vev 097 6V 0¢°€
89T €6°'T 04T G0'¢ GE'C 90°c 6L°C 86°C (oé Ly 9LV vy 0v'€
VLT 66T 9L'T ¥1'¢ 0v'c V1'¢ 6'C 80°€ €8¢ 867 €67 €97 0¢'€
18T 90°¢ €8T ve'e 8¥'¢C (qaxé L0°€ 61°¢ 76°C vea ¢l's 8T 0c'€
68T €1'¢ 06T Ge'c 8G'C ¢E'C €C'E (423 L0°€ (4R €e°¢ v0°¢S 0rT'¢
66T 1¢°¢ 86T 8V'¢C 89°C [qieé are 9¥°€ [qas G8'¢ Gg ¢ 8¢'G 00°€
0T'¢ 1€°¢ L0°¢ €9°C 08¢ vee ¥9°€ 19°€ 8¢'¢ ¢c9 18°G va'¢g 06°¢
€C¢C 17'c 4 08¢ €6°C 89°C 68°€ 6L°€ 9¢°€ €99 609 8¢ 08¢
8€'C €8¢ 0€'¢ 00°€ 80°€ €8°C 8TV 86°¢ 9L°¢ (W) 179 LT°9 0L°C
9¢¢ 99°¢ (A vee vee 00°€ 4 1¢v 007 L9°L LL°9 g6'9 09°¢
LLC ¢8'¢C 09°¢ (GRS Ve 1¢°€ 67 9V LSV €e'8 8T°L 669 0¢'¢
€0°¢ 00°€¢ 6L°¢C L8°€ 99°¢ Ve 0¥ 9Ly 8G¥ 60'6 99°L 062 0v'e
Gee 1¢°€ 10°€ 8¢V ¢6°€ cLE 86°G 116 G667 10°0T ¢C'8 608 0€'¢
GL¢ 9¥°€ 8¢'¢ 087 €CTV 90'¥ 699 ¢q'¢ 6€°¢G ¢I'TT 188 618 0¢'c
9¢'v 9L°€ 19°€ 977G 197 Ll 867 09 ¢6°'G Lvel 496 €9°6 (é
€67 VI'v 107 0€'9 207G 967 TL°8 €99 8¢9 VIvI 19°0T 99°0T 00°¢
18°6G 197 €av 0v'L G9°¢ 09°G LT°0T 6€°L 7. 9¢'91 08°'TT V61T 06T
10°L €C°G 1¢°¢ 068 079 ar9 0Tt 8€'8 87’8 86'8T T€€T 8G'€T 08T
TL°8 90’9 €19 L6°01 7. €4°L €LV 0.6 €66 L6°C¢ 0€°GT GLGT 04T
0C'TT €L VL G6°E€T ¢8'8 11°6 V81 GG'TT G6°TT cv'Le T0°8T ¢L'8l 09T
10°GT 10°6 G7°6 [a! 7601 V11 6L°€¢ yrad! 9671 0C'v€ 16°T¢ 66°CC 0S'T
00°00¢ 00°00¢ 00°00¢ 00°00¢ 00°00¢ 00°00¢ 00°00¢ 00°00¢ 00°00¢ 00°00¢ 00°00¢ 00°00¢ 00T
GLL6'0T 0LTG"¢G 8¢99°6G 8€LT'6 6¢Cclv 0geev T0EV"L 9608°C 8C88'C €86¢°§ 808€°T 0€er'T +10101
- - 0869 - - 0079 - - gcLg - - 0¢9v A d
- ¥1°0 [4NY - 11°0 11°0 - 60°0 60°0 - 600 G0°0 X
jregmoys  VINME - VINMHEY regmoys  VINMH - VINMHVY pregmoys  VINME - VINMHY pregmoys  VINMH - VINMHVY
=4 e=4 c=4 IT=:

[8¢G 1] @8uea1 9y1ys 10] pazruarydo are
s1ogourered jreyo woym {§ ‘¢ ‘g 1} D 4 pue 07 = 0TYV JO SUOIIRUIGUIOD JUSIOPIP 10) Spreyd F ], Heymays pue YINMHA ‘VINMAY popis-1oddn oyy jo senfea 7Yy % 9IqeL,

21



¢l 6C'1 ¢G'l 0r'T 671 0r'1 8LT 68T 9.1 68°C ¥6°C 6L.°C 00°¢G

€C'T 0e'T €T vl 16T w1 18T 6T 6L°T G6'C 66°C ¥8'¢ 067
GCc'1 el Gc'1 Wl €41 €Vl G8'1 G6°T 81 c0'€ G0'¢ 06°¢ 08v
9¢'T Vel 9¢'T 9T Ga'T 91 88T 86T 98T 60°€ 1T°€ 96°C 0.7
8¢C'T Ge'1 8C'T 671 8¢'T 8V'1 61 c0c 68T 9T'€ LT°E c0'€ 097
0€'T LET 0e'T 16T 191 16T 16T 90°¢ €6°T Gce vee 60°€ 0sv
el 0v'1 el Pe'l €91 €q'1T 10°¢ 0T'¢ L6'T €e'¢ 1€°€ 9T'€ 0y
¥ET 'l Vel 8¢'T 99°1T 9¢°'1T 90°¢ ¥1'c 10¢ €r'e 8¢'¢ vee 0€v
9¢'1T ! 9¢'T 19T 0L°T 69°T [qé 61°¢C 90'¢ €4°¢ 9¥°€ ¢ee 0cv
6€°T AN 8¢'T 991 €L'T €91 31°C ¥¢'e 11°¢ ¥9°¢ ga'e 7€ 0TV
4! 0S'T T 69T LLT 99T vee 0€c LT°C 9L.°€ v9°€ 0g°€ 007
Y1 €41 Wl VLT 18T L1 1€°C Ge'e €CC 68°€ VL€ 09°€ 06'€
671 94T VT 6T 98T LT 6€°C [qé 6¢°C €0V ¥8'€ oL'e 08°€
€91 091 16°T 781 06T 08T 87'¢C 8V'¢C 9¢€'¢C 1% 96°¢ 8¢ 0L°€
L8971 791 a1 16°T 96°T g8l 16°¢C 9¢c e 9€v 807 L6°€ 09°€
a9'1 69T 69T 86°T a0'¢ 16°T 89°C ¥9'c ¢8'c ey [day 1Ty 0s°€
891 VLT V9T G0'c 80°C 86T 6L°C €LC 19°¢ QLY 9€v 9¢'v o€
VLT 6L°T 04T v1'e G1'e G0'c (qixé ¢8C 1L°¢ 867 4% Wy 0¢€
181 G8'1 9L'T ¥e'c €CC €l'e L0°€ €6°C €8¢ ve'a 0LV €97 0c'€
68T 6T €8T Ge'e 1€°¢ (qaxé €C¢E G0'€ G6'C ¢q'¢ 067 87 0T°€
66°T 00¢ 16°T 8¥'¢C 17'e (4 ar'e 8T°€ 01T'¢ G8'¢ ¢rg L0°G 00°¢
0T'c 80°C 00°¢ €9°C ¢S'C Ve ¥9°€ €ee 9¢'€ ¢c9 9¢°¢ €€'¢ 06°¢
€C'C 8T°¢C 0T'c 08¢ ¥9°¢c L9C 68°¢ 0§°€ e €99 €9°¢ €9°¢ 08¢
8€°C 6¢°C C¢G'¢ 00°€ 8L°C (gé 8TV 69°€ G9°€ (W) G6°¢ L6°G 0L°C
9¢¢ [ LEC vee ¥6°C 06°¢ (41 06°¢ 68°¢ L9°L 0€'9 ge9 09°¢
LLT L6°C €4°C (GRS €T'€ 1€ qing 9TV LTV €E'8 1.9 089 0¢¢
€0°¢ yLC €L°C 18°€ gee 9¢°€ 0¥°'G i 677 60°6 8T°L €e’L 0v°'¢
Ge'e G6°C L6°C 8¢V 19°€ 99°¢ 86°G 087 687 10°0T VL'L ¥6°L 0€¢
GL€ 1¢°€ LC°€ 08'v €6'€ a0y 699 (e 9¢°¢ ¢I'TT 178 698 0c'¢
9¢'¥y (G*R3 79°€ 9¥°¢ eV vy 8G°L (2 §6°¢G Lyel ¢c'6 656 0T'c
€67 ¢6°€ 1Ty 0€'9 08'v ¥0°g 1.8 8¢9 699 A4t 1¢°0T 12701 00°¢c
00°00¢ 00°00¢ 00°00¢ 00°00¢ 00°00¢ 00°00¢ 00°00¢ 00°00¢ 00°00¢ 00°00¢ 00°00¢ 00°00¢ 00T
GLL6°0T ¢1€9’9 €180°. 8€LC6 06€0°G LLVEG 10€7°2 887E€€ V6EGE €86¢°¢ V7691 G88L°T +101
- - Ge8'¢ - - 069G - - 00T"¢ - - 00€7 A d
- 0€°0 0€0 - gco gzco - 8T°0 8T°0 - 17°0 17°0 X
MOUMOYS  VINMH  VINAWAY  Heqaous VINMH VINMEY  4Rqaoug VM VINMAY  Heqaoqs  VIWME  VINMAY
=d c=d =4 T=4

[82] @Sue1 yy1ys 10J pozrurydo ore
s1ojotrered qreyod waym {§ ‘¢ ‘g 1} S « pue 00g = 07}/ JO SUOIIRUIQUIOD JUSISJIP 10] $1Teyd H ], 11eymaYs pue YINMH ‘VINMAY popis-teddn a1 Jo senfea 17y °g o[qe],

22



(44! Gc'1 (44! 07’1 47! 6€°T 8L'T 18T VLT 68°C €8'C GL'¢ 00°¢

€T 9g'T €T a1 9T 71 187 78T LLT 56'C 887 18°C 06'%
5’1 8C'T ve1 Tl i €T w1 18T 08T co'e €6°C 98°C 087
9g'T 6C'T 92T 9r'T 04T T 88T 06T 78T 60°€ 66°C (i 0LF
8C'T €T L1 G (4 i 6’1 76T 18T aT'e <0'¢ 66C 097
0€'T €e'1 62T 16T 9T 04T 26T 86T 16T e ere S0°€ 0S¥
€T €T €T PaT 84T (4 10C e 96T €ee 6T°€ €r'e o'y
veT LeT eet 8T 19T e 90'C 90°C 00C ere 9g°€ 1c'e 0€7
9¢'T 68T 9¢'T 197 7T 65T ere 0T'C 70°C €ge 7ee 62°¢ 0z'%
6E'T a1 €T 99'T 19T 291 8T'C 6T'g 01'e 79°€ e 8e'e 01'¥
o't i 71 69'T LT 99T (44 0C'c ¢T'e 9L€ 16°¢ 87'e 00
T 87T A PLT LT 0LT 1€°C 9G'C 12°C 68°¢ 19°€ 8G'€ 06°€
67T 16T LT 61T 61T QLT 6€C e 8C'T €0y L€ 69°¢ 08°¢
€T = 16T 78T 78T 08T 87'C 6€C G€'e 617 €8¢ ws'e 0L€
16T 84T o1 16'T 68T 8’1 157 e €r'e 9€'y 56'¢ 56'¢ 09°€
a1 €91 09'T 86T 56T 16T 89°C 44 sT 0% 80'F 01’y 0g°¢
89T 89T <1 50°c 10°C 86'T 6LC €9°¢ 19°C SLy €y 9z'7 ov'e
PLT €Lt LT AN 80°C 90°C (i €Le LT 86'% 657 i 0e'e
18T 6LT 8LT (e 9T'C <T'e L0€ €8°C 78°C (S 197 €97 0z'€
68T 98T @ G€'e (e (44 €ee %6°C L6'C gg's LLT 8y 01'e
66T €6'T 76T 87'C 7EC o e 60°€ ere 8'¢ 667 0T'g 00°€
01z 20T 70T €97 e 87T 7'e vee 6G°€ ce'9 (3 8€°¢ 06C
€ee e 91'C 08'C 8GC €9°C 68°€ e 67°€ €9'9 (48 69°G 08'C
8€C €CT 6C'C 00°€ cLe 08°C 8T'Y 09°¢ cLe erL 8¢ 509 0LC
96T 18T ] (43 68C 00°¢ 497 €8¢ 86°¢ L9°L 02’9 179 09'C
LLG €5°C €9°C cee 80°€ €ce i 607 627 €e's 299 569 09'C

00002 00002 00°00% 00°00Z_ 00002 00°00% 00°00Z____ 00002 00°00% 00002 00002 00°00% 00T
GLL6'0T  OI8S'L  ¥G89'S 8€LT’6  STPL'G  TH6E'9 10€7°L  €E€88°¢  0EVeTV €862°S  VOL6'T  0LTT 4701
- - ey - - 5L9Y - - 009 - - 560y | J
- 570 &0 - LE°0 L€°0 - 8¢°0 820 - LT°0 LT°0 Y
Weumoys  VINMA  VINMAY  MRUMoYS VNG VINMAY  HeUMoys  VINAG VINMAY  HRYmaoyg VINAG - VINAWEY
p= =1 =14 1=

[8¢G'g] @8ue1 9y1ys 10§ pazruarydo are
s1ojowrered jreyo uaym {} ‘¢ ‘g T} D + pue 00z = 07y} JO SUOIJRUIGUIOD JUSISYIP I0j SHIRYD H T, Meymoys pue VINME ‘VINMAY Popis-toddn oty jo sonfea 7yy °9 o[qel,

23



ITT 4] GL'¢ ¢Sl 909 €6°G 19°€ ¢9'8 gL G7°0¢ L6°TT 8701 00T°0

8T'T 69°G 19°¢ L6'T 629 66°G L6¥ 06'8 1872 ¥°6e 0821 Z8°01 GzT0
ec'T 06°G 107 9¢°C 659 €09 96°9 116 00'8 £1°0¢ 291 CI'TT 0ST°0
181 009 Q¥ 8Z°¢ €89 61°9 07'8 9¢°6 12°8 1968 L0°€T 0G°TT GLT°0
1€¢ 01°9 96°% LI¥ 2oL 0%°9 Ly 01 99°6 ¢F'8 (0jal0ig 67°€1 98° 11 00Z°0
98°C 829 0€°g el €zl €9°9 LLTT 86°6 €L'8 6¢°SY G6'CT 9z°¢1 ¢ze 0
eae 679 19°G 9%°9 VL 189 08T 1¢°0T 206 8¢°0S ida 89°¢T 0820
vey €L'9 06°G 68°L €Ll T2 80°ST 89°0T 76 9¢°G¢ 96°%1 vI€el €LT0
08°g 86°9 0z°9 €66 208 L1872 80°1¢ LOTT 196 Ge 09 zsS1 €9°¢e1 00€°0
€99 Vel 069 0¥ 11 ce'8 sfs}) eVe 6711 7001 7£°89 zr 91 CIvI ¢ze0
9L eGL 18°9 16°¢1 99'§ G6'L 6L°LC 61T v 01 £ 0L LL9T eL¥I 08¢0
0¢°6 78 W) 18761 20’6 8T8 67 1€ Sard! 98°01 1€°GL 8P LT 9¢°GT GLE0
LO°TT L1°8 VL 0G°8T 6 ¥9'8 ey L6CT A 0808 ¥2'81 F0°91 0070
11°¢T 768 7L 19°1¢ 686 706 19°6¢ GGeT €8T 62°G8 L0°61 0891 ¢zH 0
oy el 668 €z'8 29T €e01 LV'6 10°%¥ 6171 6£°CT 8Z°06 86761 79°LT 0870
€0'ST 076 99'8 GT'SC ¢80T G6°6 G9'8¥ 68°F1 10°€T 9%°66 86°0% L8681 GL¥0
86°0¢ 68°6 e1'6 66°1¢ SNt {F°0T c5es 99°CT 69°€T GZ'001 L0°T% 2961 00S°0
62°¥C P01 69'6 61°9¢ 20721 SO°TT £9°8G 16°91 LVl ¥2°601 8T°€T 18°0¢ 6ZS0
66°L¢C 90°TT v 01 cL 0V 6L°C1 GLTT L6°€9 Gy LT VeGr €z 01T 29T CI'ee 0S5°0
11°2¢ GLTT 6801 G9'GH 09°¢T 16721 ¥6°69 16°8T €891 1¢°GIT zr9g 89°¢C 650
L9°9¢ €6zl 7911 ¢6°09 [ udt 6£°€1 ste)) 1L°61 Ly L1 0Z°02T 18°2% TSt 009°0
TLT¥ ey el 05°CT €9'9¢ LG°GT 79T 6£°18 90°1¢ 6L°ST 61°GCT 1L°6% 9%°L¢ €290
LT LY il 16°¢1 9,29 8L9T 09°GT 99°L8 09°¢ €800 ST0¢T 88°1¢ 18°62 0S9°0
LE°€8 99°GT 6971 1£°69 8T°ST 10°LT L1¥6 8EVC GI'CC 91°GeT LEFE €eze GL9°0
90°09 LO°LT 0191 62°9. €861 0L°8T 16°00T 9%°9¢ A 74 ST OF1 6T LS L0768 0040
L€°29 GL'ST o8 LT 72°€8 08°1¢ ¢L0¢ 88°201T 06°8¢ ¥6°9¢ VIGhT 19°0¥% LG°6¢ GzL0
£eGL 820 €661 G916 74 62°€C 60°GTT 78°1¢ e1°0¢ €1°0ST e 60 7% 0G0
86°€8 0£°€¢C 09°2¢ 90°00T 1122 LV 9C €6zl GeGe LO¥E TT°GST 1€°6¥ 676 GLLO
L£°€6 9%°9¢ 209z 96°80T 08°0¢ €5°0¢ 12°0€T 0L°6€ 66°8¢ 01°097 10°6S 66°CS 008°0
€6 e0T1 9¢°0¢ 16°0¢ SE'8TT 26°Ge 6L°G¢ 11°8¢T LTSF rdalsiy 60691 G6°T9 ¥8°€9 6z80
1S¥HIT 00°9¢ ¢e9g €e'8CT CL 1Y GL'TY sraloa L1728 12°€S 80°0LT zs 0L 8¢°€L 0S8°0
G 9z1 0G°¢eh 06 F¥ £8°8¢T 81°0S A4S €9¥GT 9¢°19 6S°€9 90°GLT 0218 G0"G8 6180
60681 a2 ¢L9¢ 68671 €6°T19 8619 ¥ €91 0L°€L 9z°LL G0"08T L9¥6 8€°66 0060
00°002 20°002 66°66T 00°002 10°00¢ 86°661 00°00¢ €100 98°661 00°002 €0°002 00°002 000'T

TTL90  LL99°¢ €6L9°¢ 6L£€°0  ¥S0LT 162L°C ce0T'0 C6SS'T CLLS'T €000 £206°0 6€16'0  _TOT

- - Ggse - - GT6'C - - GGV’ - - GLL'T y d
- 200 200 - 200 200 - 10°0 10°0 - 10°0 10°0 X
HRUYMOYS  VINMH  VINMAY JRUMOYS  VINMH  VINMAY HRUYMOYS  VINMA  VINMAY JRUMIYS  VINMHA  VINMAY
= g=4d g= =4

[1°0°6°0] @8ue1 yrys 10§ pozrurdo ore
s1ojourered jreyp uoym { ‘g ‘z 1} D +4 pue 00z = OTYY JO SUOIYRUIQUIOD JUSIOPIP I0] SHIRyD ], 1eymoys pue VINME ‘VINMAY Popls-Iomo] oy} jo senfea I7yy *L o[qelL

24



ITT 007 6T eS'T 00°G L0°€ 19°¢ 1¢°9 86°G G¥°0¢ 70T V6 00T°0

8¢C'T S0V LT°C L6'T €0°¢ 6V°€ L6V 679 L0°9 ¥¥'q¢ 6L.°0T VL6 STAN(]

€a'1 617 Gq'e 9¢°¢ (AR 18°€ 969 GL9 gc'9 €¥°0¢ VT G0°0T 0ST°0

181 0v'y €6°C 8C'¢ 4] €y 07’8 L6'9 L9 17°6¢ 16°TT 8¢'0T GLT°0

1€°C 97 6C'€ LTV [£5R PASH % L7001 0g'L 1279 0v"0v 06'TT €L°01 00¢°0

98¢ 08'% ¢9°€ (4a] 6L g 68°F LLel i G6'9 6€°G7 ceel OT'TT Gcc0

€4°¢ 967 76°€ 979 L6°G 61°G 0€°GT () 1¢°L 8¢°09 LL°CT 0G°'TT 06¢°0
vev €r'g qcv 68°L 619 6V°'G 80°8T 0’8 8Y°L 9¢°G¢ 9¢'€l V61T GLc0

0€°G (4 96V €46 €79 6L°G 80°1¢ V€8 8L°L G€'09 8L'ET 1vel 00€°0

€79 €8¢ L8V 0V’ TT 0.9 609 cETe 698 1T°8 7€'49 GeETVI ¢6°cCl gceo

9L, 9L.°G 8T°G 16°€T 669 ar9 6L°LC L0°6 97’8 €60 L6'71 LV'ET 0G€°0

0€°6 ¢c0'9 0¢°¢ 18°GT 0€’L 9.9 6V 1€ 67°6 a8'8 1€°G €9°G1 6071 GLEO
LOTT 1€°9 ¥8'¢ 0G'8T g9°L QW) eV ge G6°6 LC'6 0€°08 9€91 LLTVT 0070
TT€T 99 619 1v'1e 70’8 4y 19°6€ Gy°0T1 GL'6 6¢'G8 ST'LT ¢qal Gcro
[qa! 169 849 (4 ¢4 97’8 G6°L 10°¥¥ T0°TT 8¢ 0T 8¢'06 €0°8T 9¢°9T 0s7°0
€0°8T Ge'L 669 G1'8¢ €6'8 €78 G987 €911 1801 9¢'G6 66'ST T€LT GL7°0
86°0¢ 6L°L i) 66'T€ 976 96°8 ¢Geq ¢eel VaTl Gc o0t G0°0¢ 8¢'8T 006°0
6¢7C L2'8 96°L 61°9¢ G0'0T 966 €989 60°€T 1€¢lT ¥¢ 501 €¢'1¢ 6461 Gcao
66°L¢ €88 7e'8 €L°0¥ ¢L 01 g4 16°€9 96°€T S8T'ET €C01T §a'¢e 86°0¢ 06490
11°¢¢ 97°6 026 G996y 6711 €0°'TT 7469 G671 0T 1¢°GTT ¥0'v¢ L8°C¢ GLG°0
19°9¢ 8T°0T G6°6 G6°04 9¢¢l €6'TT Ge'GL 6091 8€°GT 0c'0¢T ¢L'G¢ 0r've 009°0
LTy ¢O'TT €8°0T G9°9¢ 8C'ET 00°€T 6€'18 0¥°LT 8L°9T 61°GCT 79°L¢ ¢4'9¢ G290
LT LV 10°¢T 88'TT 9.°29 L8771 9ev1 99°.8 G6°81 V8T 8T'0€T ¥8°6¢ 66'8¢ 049°0
LE€ES 61°€T E€TET 1€°69 86°GT 8L°GT LT76 ¢L0¢ 0¥°0¢ 9T'GET 8¢'¢E 88'T¢ GL9°0
90°09 0971 9971 6¢'9. L9°LT €9°LT 16°00T 98°'¢¢ 6.°¢¢ ST'ovt Ge'ge 6¢'G€ 00270
LE°L9 €€91 Ga91 VL'€8 CL61 06°6T 88°L0T ¥¥'4¢ 69°G¢ 454! G8'8¢€ 1€°6€ GcL0
€€°G.L 6781 €6°8T 49916 9¢'ce GL¢Ce 60°GTT 098¢ 9¢°6¢ €T°04T 66°CcV 80 7¥ 0620
86°€8 ¢e'1e L6°1¢ 90°00T A ¥€°9¢ €6°¢cl 06°¢€ 69°€€ TT°GGT 96°LV 816V GLL70
LE°€6 9L7¢ ¥6°G¢ 96'80T ¢S'6¢ 96°0¢ 1¢°0€T 6¢°L€ qais 01091 86°€¢G 09°9¢ 0080
007002 0¢°00¢ 6661 00°00¢ 66°661 98'661 007002 007002 €0°00¢ 00°00¢ ¢0°00¢ ¢0°00¢ 000°T
¢cl90 LC8C'E 88LC°¢€ 6L€€°0 €Car'e 0€97°¢C GeorTo 88T9'T 191 G000 65€8°0 TTG8°0 -TOT

- - 0ST°€ - - Gcee - - 0S6°'T - - 0641 o d
- 900 900 - G0°0 G0°0 - ¥0°0 700 - ¢00 00 X
jreymoys  VINME - VINMHV preymoys  VINMH - VINMHEVY preqmoys  VINME - VINMHEY preymoys  VINME - VINMHEVY
=+ e=4 c=4 1=

[1°0‘8°0] @Suex y1ys 10§ pozrurido ore
s1ogowrered qreyd waym {§ ‘¢ ‘g‘T} O 4 pue 00g = 0TYV JO SUOIIRUIQUIOD JUSISJIP 10} s1Ieyd Hd, I, Meymays pue VINMH ‘VINMHY POPIsS-1omo] 911 Jo senfea T7yy ‘g 9[qel,

25



IT'T G0'€ L9°T eS'T 007 ¢r'e 19°¢ S 007 G¥°0¢ 98’8 ¢l'8 00T°0

8C'T 0z'¢ 78T 16T 0¥ N4 L6F e Ge'¥ At V16 ce'g ¢g10
ea'T S 11°¢ 9% PI¥ 10°¢ 969 9.°G L9¥ e 08 6 £9'8 0ST°0
181 79°¢ 18¢ 8C'¢ (07 0g'e 07’8 96°G 86°F 17°G¢ LL6 €6'8 GLT0

1€°C 6L°€ €9°C LT¥ 67'F 65°¢ Y01 919 8Z°S 07" 0% eT0T1 96 00Z°0
98°C 6°¢ 06 e 89°F 98°¢ LLTT 6£°9 8G'G 6¢°G¥ o801 196 62T 0
es G0'¥ 91°¢ 9%°9 88'F AN 0g°61 ¥9°9 68°G 8¢°08 ¥6°01 666 08Z°0
ey 61°F e 68°L 60°G oy 80°8T 16°9 129 9¢°6G 68°TT 0701 6T 0
08°G Gy 69°¢ €66 1€°G L% 80°1¢ 12°L ¥G9 609 68°TT 98°0T 00€°0
€79 Sy 16°¢ 0F' 1T 6G'g 10°G Ve ¥QL 06°9 7269 vl 9¢°TT 6ze0
9.°L QLY STV 16°¢T 18°G e 6L°LC 16°L 8C'L €e0L 10°¢T 16°TT 08¢0
0£°6 66°F el L8761 019 L9°¢ 691 0e'8 0LL 16762 G9°¢eT e 6Le°0
LOTT GZ'S L8¥ 0G'8T €r'9 709 St TL'8 91°8 0£°08 GEFT €TeT 0070
11°¢T ¥6°G TS 1912 6.9 ¥ 19°6¢ €6 99'8 62768 erer 1071 GZF 0
st 18°S 68°G 297G 0z 889 107¥ LL6 €6 8206 86°CT 0671 0S¥°0
€0'8T ¥2'9 109 GT1°8% 99°L L8°L G9'8¥ 8¢°01 98°6 9Z°G6 ¥6°91 16°GT GL¥0
86°0¢ 999 879 66'T¢ 8T'8 €6°L e L0°TT 68701 Gz 00T 00°8T L0°LT 006°0
6C°VC iaw) 00°L 61°9¢ LL8 96'8 £9'8¢G G8'TT AN 75 0T 0C'6T 6£°8T 6zS0
66°LC 0LL 19°L ¢L 0% ey 6 06 16°€9 €Lel 8eeT €011 GG 0% 16°61 0860
11°2¢ 7e'8 1€°8 G9°GF 7 01 G101 7669 GLET 16°¢T 1¢°GTT 60°0G 19'1¢ G870
L9°9¢ 016 ¥1°6 660G 9T°TT 9111 Ge Gl ¥671 e8°FI1 0Z°021 G8'€T 1L°€¢ 009°0
1L°T¥ 66°6 e10T1 699G 6Tl 92T 6£°T8 9T 0791 617621 88°G% 80°9% 6290
LT LY LOTT AN 929 e 08¢l 99°L8 96°L1 8T'8T 8T°0¢T €T°ST GR'ST 089°0
L8°€S L87TT 8LCT 1€°69 1T°CT 96°¢T LT96 16761 ¥6°0¢ 91°GeT 16°0¢ 60C¢ 6290
90°09 86°€T 68T 6¢°9. €0'LT eLLT 16°00T 92°0 LT€T ST OV1 0C'7¢ 68°G¢ 0040
00°00¢ 66°66T L6661 00°00¢ 10°00¢ 80°00¢ 00°00¢ 66°66T 81°00¢ 00°00¢ 06661 68661 000'T
ecl90 9126°C 7988 6L£€°0 L3L1'T L8GT°% Ge0T'0  LE97'T GLIT'T G00°0 80720 709.°0  _TOT

- - GL8'T - - 00€°¢ - - GLO'T - - 0SL'T y d
- g1°0 g10 - 10 10 - L0°0 2070 - 700 700 '
JeUYMIS  VINMH  VINMAY preymoys  VINAA - VINAAY Jreymats  VINAME - VINAAY preymoys  VINAMA - VINAAY
v = A m = A ¢ = A 1= A

[1°0°2°0] @Suer y1ys 10§ pozruydo ore
siogowrered qreyd waym {§ ‘¢ ‘g ‘1} O 4 pue 00g = OTY} JO SUOIIRUIQUIOD JUSISJIP I0] s1Ieyd Hd,I, Meymays pur VINMHA ‘VINMHY POpPIs-1omo] o131 Jo senfea 7y ‘6 o[qel

26



ITT 00°€ 6€T eS'T 0c'€ ¢c0'c 19°€ 8V'V AR G¥°0¢ YA €49 00T°0

8C'T 00°¢ 09T 26T gv'e 9¢'¢ L6V oLy €7'e [T LLL 989 gcro

€41 10°€ 18T 9¢°¢ 99°€ 6V°C 969 067 L€ €¥'0¢ 808 8T°L 0ST°0

18T 90°¢ ¢c0'c 8C'€ 18°€ €LC 078 90°G 107 17 g€ 6¢'8 (4 GLT0

1€°C Gr'e ve'e LTV G6°¢ 86°C Ly'01 ST 1€V 0v'ov VL8 18°L 0020

98¢ LC€ 9¥°'¢ ¢c's 607 €CE LL°CT 97°G 197 6¢°G¥ 1176 ve's Gce0

€4°¢ ore 69°C 979 acy 6V°€ 0€°GT 69°G 67 8¢°09 ¢5'6 998 0620
VeV 6G°€ €6°C 68°L 1Y 9L°€ 80°8T 96°G S 9¢°G4 966 60°6 GLc0

0€°¢ LLE 8T°¢ €46 (% S0y 80°T¢ §¢'9 09°¢ §€09 01 LG°6 00€°0

€79 96°€ Ve 01T L8V Gev cETC L899 L6°G ¥€°99 L6°01 TT°0T Gceo

9L°L LTV cLe TG°€T €T'g 89 6L°L¢ ¢6'9 8¢9 €¢°0L 9¢'TT TL°0T 0G€°0
0€'6 17y c0v L8°GT (4 €0'G 6V 1€ (4 €89 1€°G. 0ccl 0v'1T GLEO
LO'TT L9V Gey 09'8T GL¢ (4 €V°Ge 947 el 0€°08 16°¢CT LT°CT 0070
TT€T L6’V 1LV 1v'1e 9 G8'G 19°6€ 9¢'8 88°L 6¢'G8 TL°€T GO°€T qcro
489! 1€°¢ 116 (4 ¢4 ¥4'9 €e9 10°7v a8'8 16°8 8¢'06 0971 GOVI 047°0
€0°8T 69°G LG9°G G1'8¢ a0’ 889 G9'8¥% 97°6 €C'6 9¢°G6 09°¢T 0c°qT GLy0
86°0¢ €19 609 66'1€ JAS) 1672 ¢G€g 61°0T L0701 Gc o0t .91 G491 006°0
6C7¢ 999 699 61°9¢ 0c'8 Gc'8 €9°8¢ €0'TT €0'TT V¢G0T ¢0'8T 70'8T Gcao
66°L¢ Gc'L 0v'L €L°0¥ 76’8 11°6 16°€9 00°¢tT L1°CT €¢0TT 6761 08'61 064°0
11°¢e 96°L ve'8 G9°Gy 86 o1 7469 E€TET 0S°€T T¢STT 8T'T¢ €8'T¢ GLG0
L9°9¢ 18°8 vc'6 G6°09 G801 GE'TI S vyl 60°GT 0c'0cT €T'€C 81'V¢ 0090
007002 20°00¢ 11°00¢ 00°00¢ ¢0°00¢ ¢1°00¢ 00°00¢ 98°661 G6°66T 00°00¢ 00°00¢ 81°00¢ 000°T
¢cl90 0919°¢ ¢5E9c 6,€€°0 12€6°T 9LL8T GgeoT’o 9LLC'T 67’1 G000 v179°0 ¥799°0 -T0T

- - 009°¢ - - GL0°¢ - - 00G°T - - 006°0 o d
- 61°0 61°0 - 910 910 - ¢ro ¢ro - 200 200 X
jreyqmoys  VINME - VINMHEV regmoys VINMH - VINMHEV pregmoys  VINME - VINMHEY reymoys VINMH - VINMHV
=4 e=+ c=4 Ir=:

[1°0°9°0] @Sue1 y1ys 10j pozruydo ore
s1ojotrered 1retd ueym {f ‘¢ ‘g ‘T} O + pue 00g = OTY} JO SUOIIRUIqUIOD JUSISPIP I0J SIIeTD ], MeUMIYS pue YINMH ‘VINMHAY POPIS-Tomor a1} jo senfea 17y QT 2[Rl

27



0Ty ¢r'e  9I%¢ 62T 07’1 GV 8¢E €T 0S'T SL'T 6T 68°C ev9  ¥ee 70T c0'¢ 00°G
115 2 X A 4 08’1 ol 9TF  60E  €£T [ 87 961 e6°C 99 1€¢ 07 are 067
[A 5 2 4 SN 4 e A [T RS P T 4 [0 a1 00C 20'e 649 8e'¢ LTV 8T'¢ 087
eIy cre 61T vel 971 0gF €8t LET 8¢ 881 70'C 60°¢ 899 LS STh At 0Ly
PIT 9T'E 02T 9¢'T 671 €Y GEE 68T 191 261 80z 9T'¢ L9 GGG eee 097
[ ) S S d 8e'T TeT ey Lee  TFe 79'T 16T [ cz'e 889  T9°¢ e 0g'F
91 61'E  €2T 1 vel 9eF  68€  TPT 19T 102 81z eee 86'9 TG 67'¢ o'y
8I'7  02€  G2T Pl 86T g€V are  LVe L1 90z frare ere 0T, 8¢ 8¢'e 0e'y
617  Tre L3¢ o7'T 1971 Wy Fe 09T QLT ¥4 62°C £c'e €T’L  96°C 89°¢ 0z
15y ¥CE 63% 0g'T ¢l [ S S e 4 6L1 81°C 6eT 79'e 98, 609 8L¢ 01Ty
@y 9Te  1€T €61 691 Wy 19e L8T P81 iad e 9L°¢ 9L TT9 68°¢ 007
ver  8¢e  YET 2671 PLT 0y ¢ge 19T 681 1€ 67'C 63°¢ 99'L  9€9 107 06°¢
Ly 1ee LT 191 611 veT  69E 99T 761 622 16T €07 €L gg9 a4 08¢
6cT  vee  0FC 99'T 78T 65T €9t 0LC 10T Cid 59T 61T 208 699 1T oL
ey Lee ehe LT 161 vOF 89t QLT 20T 167 aLT 987 °es 189 vy 09'€
9T OveE  LVe 9L'T 861 697  TLE 18T AR 897 @T vey s S0L 657 05°¢
667 ve  agT 81 €0z v 08%  88% €T 6LC 962 954 898 0%L 9LY ov'e
Wr o 6ve LGT 681 a4 7 L8E 96C 1€ e6°C 80'¢ 867 ¢6's oL 967 0e'e
6VF  ¥SE €9T 16T iad 067  g6€  T0E e 20°€ &3 & 6 8L ARE 0z'e
ver 09t 0LT S0°C ce'g 667  C0F  el'e ecT €z'e 98'¢ 44 866 €18 0v'¢ 0r'e
197 L9€  LLT [N 8V'e [ KT & . A 79C e ece R e6'6  LPS 99°¢ 00°¢
697  9L€ 98¢ 92'C €9'C ges LoV Lee 8LC 79°¢ L€ feal) 9¢°0T <88 g6'c 06'C
8LF  G8E  L6T 86T 08 (ST 6 S (e 76C 68°¢ e6'e €99 70T 626 179 08
687  L6€  60°€ 6T 00'¢ TTS 8YV 89 e 8TV oy arL LETT 6L6 799 0LC
c0e  0IF  €gE 89°C 7T e LY 88E 1€°¢ oy oy L9°L 6611 98701 S0°L 09C
IR 4 S 4 18°C ese v6'G  00¢  el'F vee a6y oLy €e'8 0Lel €011 1672 05°C
L6 9VT T9e 60°¢ 18°¢ ge9 8¢S OFF 8¢ ov's ¢6'C L0°¢ 60°6 eeer  ISTI G0'8 oV
19¢ 1LV L8°€ vee 8T 9¢'9  19'¢  GL¥ 84 86°¢ a9 87'¢ 1001 1671 €431 898 08
166 10¢ 617 79'e 08'% L69 €09 8T'G 677 699 L0°L 166 [4R0 89'¢T  PREl 6 02C
629  OVS 097 00F 97's 0L G¢9  TL¢ €67 8¢'L v8'L 769 17°eT OT'LT  ST'GT 82°0T 01'c
8L'9  68¢  €1'G a4 0£'9 9IS @@L 079 7S L8 18°8 veL PIPT €8'8T €891 PeII 002
€L 6e9 8¢ 00°¢ ov'L Y06 608 TI€L P19 LT0T 90°0T 01’8 9z'91 660z 06'ST v9°el 06'T
€8 CrL  LL9 69°¢ 06'8 1201 S¢6 oS8 869 o1l [IRN 61'6 86'8T  GL'ET  PSIT LTFT 081
9¢'6 1.8 018 199 16701 eI 801 1G0T 808 eLvl 66'€T 19°01 1600 ¥ELE 10CE 691 0LT
0TI L&TT  SS0T 00T 98°L e6eT  VIFT  TE€T  S9El 656 TSt ST'LT 24! orle TTCE 896 £0°6T 09'T
06T ST'PT TFE€T  ITEL 19°6 a8t CoLT  FLOT 9891 IR 6L'€T 68'12 6261 0zFe  LL8E  LT9E vT'€T 0T
0z1Z  08'8T  €I'ST  €I'ST 67'el D) A T A S ¢ S (X 4 01°GT 66'1¢ LT°6C Tg61 1077 088V 8G'Gh 7262 o1
96'T¢  0T'LC ¢99%¢ STLT 67°LT ee’Le 86'CE  6TTE  £9TE 96°0¢ 02'Sy 6T 1Y €L'9z 68'8C 199 186G 90°6¢ 0e'T
gees  L8'€F  LLE  GIeh 72’8 988G 1976 ¢S ¥eTs L1EE ¢6'L9 79'29 eTIY 0,78  T9C8 €678 61°L8 021
T€C6  TYe8 0P8 0F'98 LL°6G 86'T0T  LVT6  SST6  0£T6 18°99 G901 v6701 8¥LL Goeel  €T'STT L0°€Tl £6°96 011
00°00¢ _ 00°00¢ 00°00% 00700 00°00% 00°00Z__ 00°00Z  00°00% _00°00%  00°00% 00002 00°00Z__ 00°00% 00°00% __ 00°00Z 00°00% 00°00% 001
GLLETOT  928€'S GLTT9 ©699L  00SLF 8eLT'6  LI9TT 9VI6T L6029  00SS'E 1067°L 968G L1997 €88€C €862°C  GSEST  LVT0C €90cT 4701
- - - - (6LL°L'60°0) - - - - (6L0°L70°0) - - - - (6LT°9°€0°0) - - - - (67200) (1) ¢
peymoyg  STyy  VeEyy Sy VINMAY yreymoys  STyy  Veyy  Styy  VINWAY peymoys  STyy  Veyy  fTyy  VINMAY peymoug  Shyy  Veyy  fyy  VINMAY
=1 e=1 g=1 T=1

{7'e2 1} > 4 pur 00z = 07y USUM )BT FET SO[MI UNI pue YINMAV Popis-1oddn oty jo senfea 73y “TT 21qBL

28



[iR 007 00€  00C oL [ 007 00€  20% €6°G 107 ¥0E  8¢T TGL G0z as 76'G 8701 001°0
821 007 00€  10% e 161 007  10e 807 66°G €0F €'t 89T 8L e 167 99°L 2801 cz1'0
€41 007  00€  T0¢ 107 95g 07 €€ 6IC €09 607  STE 86T 008 £roe 87'¢ 656 GT'TI 0S1°0
18T 007 10¢  60C ver 8T'E 07 80e 98T 619 617  09€  6VE 128 7ee 61°9 PLTT 0g'TT GLT'0
1€ 07 € 6IC 96'% AR 9% LTI'E  697C 0v'9 cer  0%e 11T '8 0%'0F 0L 6071 9811 002°0
98°C €07 60€ €87 08°G & Iy 1€€ 067 €99 8T 617 8T €L8 68°ch £0'8 99'91 9721 62z 0
€oe 907 LT'E  TST 19°G 979 Wy 6ve  sTE 18°9 87 99F  1LG 206 8609 81'6 an 8921 02°0
veF Iy 8ee 8T 06°¢ 63°L 9er  TLe Qe A9 vee €8S €L9 vE'6 98¢ 6701 €7'ee PIEl cLz’0
0g°¢ wy  SFe  60€ 07'9 €66 9¢y G0V 1€V ) L6 16¢ 062 19°6 Ge09  L6TI €9 £9°¢T 00£°0
€79 vET 99t 8PE 02’9 o711 87 Y 86T y) 9 1L9 16 70°01 vES9  €9°€T €062 a8 cze0
9L 97 €6€  96'€ 189 16°€T ere  @v  LLG 6L ¥6'9  G9L  8L0T £r o1 ee0L 096l c9'ee eLTT 05€°0

(7874 S S eTL L8°GT ¥ee 6VS 149 8T8 €L, vLS  egTl 98°0T TeCL  8GLT 17'9€ 9g°GT GLE0
YOS 0LF €8S LiL 0g'ST v0'9 L9 I8L 79’8 998 0001  1G¥1 ze 1l 0£°08 6861 1507 70'91 0070
we s G09 8L W1z ¥9'9 669 606 706 9L'6  9VTT  TLOT e8'11 6268 9VTT cLTY 08'9T azro
arel 8¢ G¥C  €0L £2'8 29T L€, S6L 8G0T L¥'6 €Ol ET'El Va6l 6¢7cl 8206  63°SC 0267 79'L1 0St°0
£0'8T ¢r9 199 618 99'8 Q1’8 ve’s 606 1Tl 66 16T S0ST  €0°Ce 10°€1 92'¢6  07'ST 18°€G LG'8T cLy0
86°0% 9T'L  TYL  LS6 £1'6 66'1¢ 826  TPOT 0871 8701 eVl VeLl STC 69°€T Gz 00T 8TE VLSS 2961 005°0

627% 108 298 6I'TL €96 61°9¢ eS0T 20Tl 1991 8011 0z'9T  GL6T  09'8T iads PZC0T  99°GE 18°€9 180G ¢zs0
66'L2 G0'6 V66  OT'El 7201 €L0F  66'TT  SS'ET  ST6I GLTT 67T 6G7C  €vee veal €20TT G968 01'69 [ 8«4 0950
1ree 0€0T  TIGTT GECT 68°01 GGy ELET 9091  8TTT 1921 eI'TC T89T  G99¢ £e'9T Teerr I 097L 89'€T GLG0
199¢  T8TT  OFEl  66LT POII G6'0¢  08'ST 19T GL'GT 6g°€l AR c A A T T30 ¥ LT 0z'0z1  S6'8F 6109  1£08 e 009°0
ILTP 99°€T  99°¢T 801 0521 G996 9T'ST  09T¢  0L'62 jiaat 99'.%  T9EE  OV'OV 6L°8T 6T°¢T  T2FS  88°G9 2298 o' LT 629°0
LTy 68°CT LE8T  OLHG 19°¢1 9L'29  LUTc  0T'Se  0T¥e 09°¢1 L9TE  8T'8E 861G £6°02 81061 0665 6'1L V€6 1862 099°0
LEES 698T  19TC T6'ST 6971 1€69  €97¢  8T6C  0£68 T0°LT LT'9e  TGer  L0'SS [a%«4 9T'GET  F0'99  FE'SL  89'86 GeTe cL9'0
9009  S8'TC  67'GT  €8°€E 0191 62°9L  TLST  €6'EE  LOGY 0L'8T S0 A G A VR ) [da7d CTOVT  897L  2I'S8 2SOl LL°GE 0040
L1829 186C  EI0E  FS6E 8Ll PLES  8GEE  OF6E 691G cL0z €Sy 109 €6'1L 76'9% PGPl @8'6L  08T6  L6'TTT 16768 czL’0
€e'qaL  TL0E  89°GE  9T'OF €6'61 GOT6  £E6E  68°GHF  €6'8S 6262 6£7G  62°€9  9L6L £1'0¢e €I0ST  0G'L8  88°66  €6'STI 607 0GL°0
86'¢8  P99E  1€TH  I8°€S 0922 90001  €T'9F  9€'€S  ST'L9 1¥'9T 0229  €9TL V'S8 L07€ TTCST  ¥L'S6 98°L0T  60°921 6767 GLLO
L6 G8'EF €50¢ 9979 20'9z 96'80T  6IFS 1079  €F9L €508 80'1L 1808  0V'L6 66'SE 0T°09T  LSF0T LZ'OTT Li'eel 66'6S 008°0
€GE0T €97 896G G8°TL 1508 SE'STT  TL'€9  T0TL  LLOS 6L°6E LTI 1016 6T°L0T e 60°OT  COFIT TT°GeT  90'TPT 78°€9 Gz8°0
ISFIT 9889 F60L LSS qaty €6'82T  66FL  8GE8  £€'86 cLeh 29e6 €80T E6°LIT 1665 80°0LT  TI'¥el 6£FEl  G'8¥1 8€'EL 058°0
Ge'9zl  FF9L  9EFS 20’86 067 €8'8ET 62’88 2696 ITTII z1es 8G'GOT SSFIT  LE'62T 6'€9 90°GLT  68FET ETFPT  GR'9GT G0'G8 cL8°0
60661 TPT6  2€00T EVETT TL9g 68°6VT  66'€0T  STTIT €46l 86'79 €202 9L'STT  C9TVT 9z LL GO'0ST  LEOPT €EFET  90°¢OT 8€°66 006°0
8LTET 06T 8T'6IT FO'IET €6°¢L Zg191  6v'eel ¥6'621 R IvT 16'28 LLOET SOFPT  I8¥ST 8766 PO'G8T  6SSST  00°G9T  6F'ELT  SO'LIT c26'0
OF'L9T  89°GET SLTFT  E€T'IGT 2966 PLELT  STERT  TC0ST  €0°6ST  AG'SOT TPGST  86'09T 06'89T  L0°02T €0°06T  SGTLT LT'OLT 11281 €6'8ET 056°0
6T°€8T  L9FIT GF'S9T TOFLT  98'SET 9G'08T  06'69T E€FELT 0G'SLT  T9GHT 97°06T  TPOLT LG'6LT V6'E8T  29°€ST TOG6T  LE'G8T €9°L8T G6°06T  21'99T ¢L6°0
0000 00°00¢ 0000z 00°00% 66661 0000z 00°00¢_00°00& 0000z 86661 00002 00°00% 00°00%  00°00%  98°661 00002 00°00Z 00°00% 00°00Z  00°00% 0001
2TLY0  9TLET 68€6'T LG6ET R 6LEE°0  0S6GT ¢29TT €6€8°0  16TLT Ge0T'0  L998°0 GOEO0 ER9£°0  €LLS'T G000  SZPE0 9IPT'0 LPSO0  6£160  _TOT
- - - - - - - - (e26220°0) - - - - (sEretoo) - - - - (artoo) () d

peymoys STy ey STy VINMAY yeymeys  STyy  FEyy £y VINMAY yeymoys  STyy  TEyYy  Ehyy  VINMAY yreymoys STy Peyy Sy VINMAY

p= g= 7= T=1

{F'e 2 1} > 4 pue 00z = 07y USYM SHIBYD HEL SO[NI UNI POPIS-10M0] PUR VINMAY POPIS-10M0[ o1y Jo sonfea 73y ‘T OIqeL

29



Table 13. ARL; values of the upper-sided AEWMA and DEWMA TBE charts when ARLy = 200 and
re{1,2,3,4}

r=1 r=2 r=3 r=4
AEWMA DEWMA AEWMA DEWMA AEWMA DEWMA AEWMA DEWMA
P A 0.02 0.02 0.03 0.03 0.04 0.04 0.05 0.05
k 4.900 - 6.175 - 7.075 - 7.775 -

UCL™ 1.2063 1.0250 2.3883 2.0781 3.5800 3.1482 4.7800 4.2300

1.00 200.00 200.38 200.00 200.09 200.00 200.01 200.00 200.18
1.10 96.50 72.56 77.47 60.34 66.82 52.47 59.76 47.14
1.20 57.17 42.98 41.14 33.96 33.18 28.54 28.24 24.93
1.30 39.05 30.98 26.73 24.53 20.96 20.57 17.49 17.76
1.40 29.24 24.83 19.52 19.75 15.11 16.58 12.49 14.28
1.50 23.23 21.21 15.29 16.94 11.75 14.17 9.67 12.25
1.60 19.23 18.72 12.54 14.98 9.59 12.54 7.86 10.85
1.70 16.39 16.89 10.61 13.60 8.08 11.39 6.61 9.82
1.80 14.27 15.47 9.19 12.50 6.98 10.49 5.69 9.04
1.90 12.64 14.39 8.10 11.64 6.14 9.76 5.00 8.42
2.00 11.34 13.50 7.24 10.93 5.47 9.17 4.45 7.89
2.10 10.28 12.76 6.54 10.30 4.93 8.66 4.00 7.47
2.20 9.41 12.12 5.97 9.82 4.49 8.25 3.64 7.10
2.30 8.68 11.60 5.48 9.38 4.12 7.87 3.34 6.78
2.40 8.05 11.09 5.07 9.00 3.81 7.55 3.09 6.50
2.50 7.51 10.65 4.72 8.66 3.54 7.25 2.87 6.25
2.60 7.04 10.29 4.42 8.36 3.31 7.01 2.68 6.02
2.70 6.63 9.96 4.15 8.08 3.11 6.77 2.52 5.82
2.80 6.27 9.63 3.92 7.81 2.94 6.56 2.38 5.65
2.90 5.95 9.35 3.71 7.59 2.78 6.36 2.26 5.48
3.00 5.66 9.09 3.53 7.39 2.64 6.19 2.15 5.33
3.10 5.40 8.86 3.36 7.19 2.52 6.02 2.05 5.19
3.20 5.17 8.63 3.21 7.01 2.41 5.88 1.97 5.05
3.30 4.96 8.42 3.08 6.85 2.31 5.73 1.89 4.94
3.40 4.76 8.25 2.96 6.70 2.23 5.61 1.82 4.82
3.50 4.59 8.06 2.85 6.55 2.14 5.49 1.76 4.72
3.60 4.42 7.90 2.75 6.41 2.07 5.37 1.71 4.62
3.70 4.27 7.74 2.65 6.28 2.01 5.26 1.66 4.53
3.80 4.14 7.58 2.57 6.17 1.94 5.16 1.61 4.44
3.90 4.01 7.46 2.49 6.05 1.89 5.07 1.57 4.36
4.00 3.89 7.32 2.42 5.95 1.84 4.98 1.53 4.28
4.10 3.78 7.21 2.35 5.84 1.79 4.89 1.50 4.21
4.20 3.68 7.09 2.29 5.74 1.75 4.80 1.46 4.14
4.30 3.58 6.97 2.23 5.65 1.71 4.73 1.44 4.07
4.40 3.49 6.86 2.18 5.56 1.67 4.66 1.41 4.00
4.50 3.41 6.76 2.13 5.49 1.64 4.59 1.38 3.95
4.60 3.33 6.67 2.08 5.40 1.61 4.52 1.36 3.89
4.70 3.25 6.57 2.04 5.32 1.58 4.46 1.34 3.84
4.80 3.18 6.48 2.00 5.26 1.55 4.40 1.32 3.78
4.90 3.12 6.39 1.96 5.18 1.52 4.34 1.30 3.74
5.00 3.05 6.32 1.92 5.12 1.50 4.28 1.29 3.68
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Table 14. ARL; values of the lower-sidled AEWMA and DEWMA TBE charts when ARLg = 200 and
r e {1, 2,3, 4}

r=1 r=2 r=3 r=4
AEWMA DEWMA AEWMA DEWMA AEWMA DEWMA AEWMA DEWMA
p A 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.02
k 1.775 - 2.425 - 2.925 - 3.525 -

LCL~ 0.9139 0.9950 1.8773 1.9934 2.7291 2.9499 3.6793 3.9425
1.00 199.84 202.24 199.63 201.29 199.97 200.78 200.04 199.99
0.975 165.99 134.07 153.46 113.70 145.60 117.03 138.89 109.90
0.950 138.83 94.66 119.95 74.48 108.56 79.34 99.64 71.46
0.925 116.97 71.41 95.40 53.57 82.97 58.03 73.95 51.70
0.900 99.32 56.27 77.20 41.33 64.98 45.67 56.73 40.60
0.875 85.00 46.33 63.55 33.81 52.12 37.67 44.90 33.61
0.850 73.35 39.08 53.18 28.72 42.75 32.39 36.56 28.98
0.825 63.81 34.00 45.20 25.18 35.79 28.66 30.51 25.66
0.800 55.96 30.19 38.97 22.46 30.53 25.88 26.02 23.28
0.775 49.47 27.19 34.05 20.43 26.47 23.69 22.60 21.45
0.750 44.07 24.90 30.12 18.92 23.29 21.97 19.93 19.93
0.725 39.56 23.00 26.93 17.61 20.75 20.55 17.82 18.71
0.700 35.76 21.46 24.31 16.59 18.70 19.40 16.10 17.72
0.675 32.54 20.21 22.14 15.72 17.01 18.43 14.69 16.84
0.650 29.80 19.13 20.32 14.98 15.60 17.57 13.51 16.09
0.625 27.45 18.25 18.78 14.32 14.41 16.84 12.50 15.41
0.600 25.43 17.44 17.46 13.78 13.39 16.18 11.64 14.85
0.575 23.67 16.74 16.32 13.28 12.51 15.60 10.89 14.32
0.550 22.14 16.15 15.33 12.85 11.75 15.08 10.24 13.85
0.525 20.80 15.60 14.46 12.43 11.08 14.61 9.65 13.43
0.500 19.62 15.10 13.69 12.08 10.48 14.17 9.13 13.04
0.475 18.57 14.66 13.00 11.74 9.95 13.78 8.66 12.68
0.450 17.63 14.26 12.38 11.44 9.47 13.41 8.23 12.35
0.425 16.79 13.89 11.83 11.15 9.04 13.08 7.84 12.05
0.400 16.04 13.56 11.32 10.90 8.64 12.77 7.47 11.76
0.375 15.35 13.24 10.85 10.66 8.28 12.49 7.13 11.50
0.350 14.73 12.95 10.43 10.43 7.95 12.21 6.81 11.26
0.325 14.15 12.67 10.03 10.23 7.65 11.96 6.50 11.03
0.300 13.62 12.42 9.67 10.03 7.37 11.71 6.20 10.82
0.275 13.13 12.18 9.33 9.84 7.11 11.47 5.90 10.59
0.250 12.68 11.95 9.02 9.65 6.87 11.26 5.61 10.36
0.225 12.26 11.74 8.72 9.45 6.63 11.09 5.30 10.16
0.200 11.86 11.53 8.45 9.28 6.40 10.96 4.96 10.04
0.175 11.49 11.34 8.21 9.13 6.19 10.81 4.54 9.99
0.150 11.15 11.17 8.00 9.04 6.05 10.54 4.01 9.93
0.125 10.82 11.06 7.81 9.00 5.99 10.21 3.41 9.71
0.100 10.48 10.99 7.51 9.00 5.93 10.02 2.75 9.25

Table 15. Time between consecutive accidents of F-16 from December 1 of 1988 to December 31 of 2017
No. X (Days) No. X (Days)

1 1456 9 499
2 231 10 087
3 691 11 561
4 122 12 047
) 718 13 448
6 1147 14 1561
7 225 15 53
8 706 16 280
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Table 16. The scaled dataset and the corresponding values of the monitoring statistics of different TBE

charts
AEWMA EWMA DEWMA
No. X/1500  Z; Z; Z

1 0.9707 0.9979 0.9979 0.9999
2 0.1540 0.9389 0.9389 0.9956
3 0.4607 0.9054 0.9054 0.9893
4 0.0813 0.8477 0.8477 0.9794
) 0.4787 0.8219 0.8219 0.9683
6 0.7647 0.8179 0.8179 0.9578
7 0.1500 0.7711 0.7711 0.9447
8 0.4707 0.7501 0.7501 0.9311
9 0.3327 0.7209 0.7209 0.9164
10 0.3913 0.6978 0.6978 0.9011
11 0.3740 0.6751 0.6751 0.8853
12 0.3647 0.6534 0.6534 0.8690
13 0.2987 0.6286 0.6286 0.8522
14 1.0407 0.6574 0.6574 0.8386
15 0.0353 0.6139 0.6139 0.8228
16  0.1867 0.5840 0.5840 0.8061
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Figure 1. Contour plots of the ARL; values of the upper-sided AEWMA chart for Gamma TBE data when
ARLo = 200 and r = 2.
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Figure 2. Lower-sided TBE charts for the scaled TBE dataset in Table 16
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