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Abstract

Online monitoring of the multivariate coefficient of variation (MCV) can be of
interest in many real situations in which the dispersion of a multivariate process
is meant to remain constant with regards to its position. To this aim, several
control charts have been recently proposed in the literature. In this paper, new
one-sided adaptive charts to monitor the MCV is proposed. The chart applies a
variable sampling interval (VSI) strategy on an exponentially weighted moving
average (EWMA) scheme, aiming at benefiting from the known advantages of
both approaches. Formulas to optimally determine the parameters of the chart
are derived and presented. The proposed chart is shown to outperform compet-
ing charts under most circumstances. The presence of the measurement errors
is considered to understand their effects on the charts. An illustrative example
is also included.

Keywords: Multivariate Coefficient of Variation; EWMA; Variable sampling

interval; Average time to signal (ATS); Measurement Errors.

1. Introduction

Statistical tools for quality control and improvement are a key element for

companies and industry. Statistical process monitoring (SPM) provides practi-
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tioners with concrete instruments to ensure stability in production processes.

Quality has been sometimes defined as inversely proportional to variabil-
ity [1]. From this point of view, it makes perfect sense the existence of control
charts aimed at monitoring different variability measures of a process such as
the range, the standard deviation or the coefficient of variation (CV). The (uni-
variate) CV is defined as the quotient between the standard deviation and the
mean. Because of this, it can be regarded as a relative measure of the disper-
sion of the quality characteristic of interest. In social sciences, the CV is also
considered an inequality or diversity measure (see [2], for instance).

Because of its definition, monitoring the CV is useful in situations in which
the dispersion of a process is meant to be kept constant with regards to its
mean [3]. This is the case of different applications in engineering and in health,
biological and social sciences, as reported by Teoh et al. [4] and Haq and Khoo
[5], among others. A considerable number of control charts for monitoring the
CV have been developed, starting with the Shewhart-like one by Kang et al.
[6], which has been later improved by other authors by adding different features
such as adaptive and memory schemes [7, 8, 9, 10, 4, 11, 12]. See the recent
work by Haq et al. [12] for a more complete review on this topic.

The CV-based approach has been also extended to a multivariate setting
in the last years. The first (Shewhart-like) control chart for the multivariate
CV (MCV) is due to Yeong et al. [13]. Lim et al. [14] managed to improve
the sensitivity of this first proposal by using a run-sum approach. Khatun et al.
[15] adapted the Shewhart-like approach to short run processes, and Abbasi and
Adegoke [16] investigated the phase I. Khaw et al. [17] presented three adaptive
charts for the MCV, while Khaw et al. [18] presented a synthetic chart. Haq
and Khoo [5] and Giner-Bosch et al. [3] respectively developed an adaptive
and a non-adaptive exponentially weighted moving average (EWMA) chart for
the MCV. The synthetic approach was also investigated by Nguyen et al. [19].
Chew et al. [20] presented a new adaptive chart. Ng et al. [21] addressed the
optimal design of control charts for the MCV from an economical perspective.
Chew et al. [22] were the first in investigating run-rules charts for the MCV. Yet
another adaptive chart for the MCV was presented by Nguyen et al. [23]. Chew

et al. [24] investigated the run-rules scheme in short-run processes. Recently,



Chew et al. [25] also researched into run rules for the MCV. Chew and Khaw
[26] developed a new adaptive chart. Finally, Ayyoub et al. [27] studied the
impact of measurement errors in the performance of Shewhart-like charts for
the MCV. Since most of these papers were published within a short period of
time, many of them do not refer to or include comparisons with each other.
Suérez-Cabello [28] used design of experiments (DOE) in order to examine the
performance of the charts for the MCV presented in nine of the aforementioned
papers [13, 14, 17, 18, 5, 3, 19, 20, 23]. It was found that the EWMA chart by
Giner-Bosch et al. [3] showed the best performance among the non-adaptive (i.e.,
fixed-parameter) charts being compared. Predictably, this chart was found to
be outperformed by the adaptive charts under consideration, with the exception
of the variable-sampling-interval Shewhart-like chart by Nguyen et al. [23]. The
variable-parameter chart by Chew et al. [20] was found to be the adaptive chart
with the best performance. See [29] for further information on the use of DOE
to calibrate or compare methods.

As already mentioned, adaptive charts usually result in better performance
than non-adaptive ones, since the former offer more degrees of freedom and,
thus, allow for better customisation than the latter. A control chart can be said
to be adaptive if any of the parameters involved in its design is allowed to vary
over time according to the current situation of the process [1, 30]. One of the
possibilities is setting the time between consecutive samples free, which results
in a so-called wvariable-sampling-interval (VSI) chart: basically, the sampling
interval will be reduced if the process is more likely to be out of control, and
will be increased when is more likely considered to be stable [30]. This idea was
introduced for the first time in SPM by Reynolds Jr. et al. [31]. Interesting the-
oretical results regarding VSI charts have been developed by Reynolds Jr. et al.
[31], Runger and Pignatiello [32], and Runger and Montgomery [33], among
others. Cui and Reynolds Jr. [34] developed a VSI chart with run rules for the
process mean. The first VSI cumulative sum (CUSUM) chart for the process
mean was devised by Reynolds Jr. et al. [35]. The first VSI EWMA chart for
the process mean is due to Saccucci et al. [36], who proved that their chart
outperforms the non-adaptive EWMA and the VSI Shewhart-like charts, and
outperforms the VST CUSUM chart for small shifts. Yeong et al. [11] presented a



VSI EWMA chart for the (univariate) CV, showing that it significantly outper-
forms other competing charts for the CV. A VSI EWMA distribution-free chart
developed in [37] has been shown to be more efficient than the basic Arcsine
EWMA Sign control chart.

The well-known EWMA scheme [38] manages to improve the sensitivity of
Shewhart-like charts to detect process shifts —particularly, small ones— [1]
by integrating information of past observations Yy, Y7,...,Y;_1 into each new
observed value Y;. It does so by computing and monitoring a weighted average
Z; of all present and past observations, recursively expressed as Z; = AY; + (1 —
AN Zi_q.

In this paper, two one-sided VST EWMA charts for the MCV are developed.
This is expected to combine the advantages of the VSI and the EWMA ap-
proaches. Why did we choose the EWMA scheme to be the base of the VSI
strategy? Because, as said before, it has been proven to be the most promising
scheme for monitoring the MCV among the non-adaptive ones. Besides, despite
some other adaptive strategies have been already proposed, a VSI EWMA can
be regarded as a good compromise between simplicity and power. Moreover, the
effect of the measurement error is also analysed for this VSI EWMA scheme.
To the best of our knowledge, this adaptive scheme has not been previously ad-
dressed for the MCV including an evaluation of the effect of measurement error,
and this is the reason why we are studying this impact in the present paper.
Note that we will be using the same approach for modelling measurement error
as other papers such as the one by Ayyoub et al. [45] (see section 6), but this is
the first time that this model is studied on a VSI EWMA chart for the MCV,
as far as we are aware of. It is also important to note that in the study on VSI
EWMA for MCV, Ayyoub et al. [39] studied only the upward case due to the
asymmetry of the distribution of the sample MCV.

The structure of the paper is organised as follows: a brief review of the
distribution of the sample multivariate coefficient of variation squared is given
in Section 2. The implementation of the VSI EWMA control charts for the
multivariate CV squared is described in Section 3. The design of the optimal
one-sided VSI EWMA control charts for the MCV is presented in Section 4.

Section 5 discusses the performance of the proposed control charts without the



measurement errors. Section 6 is devoted to describe the linear covariate error
model for the MCV. The effect of the measurement errors is discussed in Sec-
tion 7. An illustrative example is presented in Section 8, and some concluding

remarks are given in Section 9.

2. The distribution of the sample multivariate coefficient of variation

squared

We present, in this Section, a overview of the distribution of the sample
multivariate coefficient of variation. Let us consider a random sample of size n,
that is, X1, Xo,...,X,, from a p-variate normal distribution with mean vector
p and positive definite covariance matrix X, ie., X; = (;1,%i2,...,Tip) ~

N(p,X),i=1,...,n. According to [40], the multivariate CV is defined as
11
v=(p'E ) (1)

This definition is also used in [13] and [14]. Let X and S be the sample mean

and the sample covariance matrix of Xy, Xo,..., X, i.e.,
- n A (2]
i=1
and
1 & < <
S= X; - X)(X; - X)".
T L - XX =)

Then, the sample multivariate coefficient of variation 4 is defined as
i=(X's7X)E 2)

In a recent study, Giner-Bosch et al. [3] derived the cdf (cumulative distribution

function) of 42 based on Yeong et al. [13] as

F»y2($|n,p,’7)=1—FF(m|p,n—p,:2>, (3)

where Fr(. | p,n — p,n/7?) is the non-central F distribution with p and n — p

degrees of freedom and non-centrality parameter n /2.

3. Implementation of VSI EWMA-~2 control charts

In [23, 3], both VSI and EWMA schemes were developed to monitor the
MCYV. Our study investigates a scheme combining both EWMA and VSI schemes



to improve the performance in monitoring the MCV. Two separated one-sided
charts are proposed due to the skewness of the distribution of 42, as specified
in [19, 13]. We firstly recall the fized-sample-interval (FSI) EWMA scheme for

monitoring the MCV-squared as follow, for ¢ > 1,

e To detect the increase in the MCV-squared, an upward EWMA control

chart that monitors the following statistic is proposed:
Z; = max(po(7*), (1 = A1) Zi2, + AT57)

with the initial value Z§ = 10(4?), the corresponding lower control limit

is LCLY = 1g(5?), and the upper control limit UCLY is defined as:

UCLJ'_:/J()(’AYQ)-‘FKU\/%Uo(’Yg). (4)

e To detect the decrease in the MCV-squared, a downward EWMA control

chart that monitors the following statistic is proposed:

Z; =min(uo(5%), (1 = A7) 2 + A7%7)
with the initial value Z; = 1o(4?), the corresponding upper control limit
is UCL™ = po(4?), and the lower control limit LCL™ is defined as:

LOL™ = pol3) ~ K| 52 o0(4?) (5)

The value of the computed MCV-squared in sample i, 42, is calculated as in
(2). In this definition, A" € (0,1] and Ky > 1, A~ € (0,1] and Kp > 1, are the
smoothing and chart parameters of the upward, downward, chart, respectively.
The process is initialised to the expected value of 42, o(5?), when it is in control
or on target, i.e., when the parameter ~ is constant and equals an assumed value

Y0, to(3%) = E(3?In,p,¥ = Y). And 0((5?) is the standard deviation of 42

when the process is in control or on target, oo(52) = /Var(32[n,p,y = o).
Analytical expressions to calculate both jg(52?) and oo(52) are provided by
Giner-Bosch et al. [3].

It is proven that the EWMA chart is sensitive to small and moderate shifts

[1]. In comparison with others, however, it is less sensitive toward large shifts.

The incorporation of the VSI feature into EWMA chart is then expected to



improve this insensitivity toward large shifts and increase the performance of
the charts in general. In the VSI EWMA-42 control charts, the control limits
UCLT and LCL™ are hold the same as those in original FSI charts. The
difference is that the sampling interval, i.e., the time between two successive
samples 47 and 42 " 1, is allowed to change based on the current value of YZ-Jr or
Y;”. For the upward (downward) control chart, a longer sampling interval, hp,,
is used when the control statistic falls within central the region [uo(5?), UW L]
([LW L=, uo(5%)]), in which

. A .
UWLT = MO('Y2) + Wy m00(72)a

. | A .
LWL = NO(’YQ) - Wb ﬁUO(WQ)a

with UW L' is the upper warning limit of the upward chart, and LWL~ is
the lower warning limit of the downward chart. The short sampling inter-
val, hg, is applied when the monitored statistic falls within the warning region
[UWL*T, UCL*] in upward case, or [LCL™,LWL™] in downward case. An
out-of-control signal is given at time 4 if Z;" > UCL* for the upward chart,
or Z; < LCL~ for the downward chart. Thus, in VSI EWMA scheme, the
control interval is separated into three regions: the central region, the warn-
ing region, and the out-of-control region. A graphical view of the operation of
an upward VSI EWMA-~? control chart is illustrated in Figure 1. The warn-
ing limit UW LT for upward chart and LW L~ for downward chart are defined
through the new parameters called the warning limit coefficients, 0 < Wy < Ky
and 0 < Wp < Kp. They represent the relation between the warning region
and the safe region in the sense that when the value of Wy or Wp is smaller,

the central region is narrower compared with the warning region.

4. Design of optimal VSI EWMA-~2 control charts

We first present a method to compute the average time to signal (ATS)
for the two one-sided VSI EWMA-~2 control charts. The AT'S measures the
expected time before the control chart signals an ‘out-of-control alarm’ after the
occurrence of an assignable cause or the issue of a false alarm. When a process

is in-control (i.e., when v = 7p), the average time for the chart to signal a false



Out-of-control region
UCL*t
Warning region
& Time to next sampling: hg
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— Time to next sampling: hp,
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Figure 1: Tllustration of three regions of the upward VSI EWMA-v2 control charts.

alarm is denoted by AT'Sy; otherwise, when there is a real shift in the process
(i.e., when v = 1 # =), the average time for the chart to rise an alarm is
denoted by AT'S7. The size of the shift is usually denoted by
2!
T= bt (6)
By its meaning, it is desirable to design a chart with smaller AT'S; while the
AT is still the same in comparison with others. For a FSI model, the ATS is

a multiple of the ARL and the fixed sampling interval hp, namely,
ATS™! = hp x ARLFS, (7)
For a VSI model, the ATS is computed as:
ATSVS! = E(h) x ARLVS!, (8)

where E(h) is the average of sampling interval time.

The ATS measure is approximated using the discrete Markov chain approach
proposed by Brook and Evans [41]. In this method, we partition the control
interval into a set of s subintervals corresponding to s 4 2 states of the Markov
chain. The more number of subintervals s is, the better the approximation to
the original continuous setting is. The width of each subinterval is 26 where
6 = w for the upward chart, § = M# for the downward

chart. The value of s is chosen so that each midpoint H;, j = 1,...,s can be
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H, +

Hji1+
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Figure 2: Subdivision of the in-control range into s equally spaced subintervals of width 24.

considered as the representative of the sub-interval (H; — 0, H; + 6]. Figure 2
illustrates the subdivision of the in-control range for an upward chart.

Among the s + 2 states of the Markov chain, the state 0 corresponds to the
line Hy, the in-control transient state j corresponds to the j** sub-intervals,
j =1,..,s, while the state s + 2 presents out-of-control or absorbing state. If
the statistic Z;" or Z; fall into a sub-interval j, the Markov chain is in the
transient state j for sample i*"; if not, the process reaches absorbing state. The

transition probability matrix P of this discrete Markov chain is

Q0,0 QO,,l Qo,s To
Qo Qi1 - Q1s ™M

QS,O Qs,l cee Qs,s Ts
0 0 e 0 1

In this formula, Q is the (s 4+ 1,s 4+ 1) matrix of transient probabilities, 0 =
(0,0,...,0)T and the (s + 1) vector r satisfies r = (1 — Q1) (row probabilities
must sum to 1) with 1 = (1,1,...,1)7. Denote q the (s + 1,1) vector of initial
probabilities associated with the p+1 transient states, i.e., q = (qo,q1,-..,qs)” .
The transient probability @; ;, ¢ =0,1,...,s, of the matrix Q is defined by



o if j =0,

for the upward chart : Q; o = Fj2 (w D, M — P, 'y),

A2V (13— )
for the downward chart : Q;0 =1 — F2 (M

pvn_p77>7

o if j=1,2,...,p, for both upward and downward charts,

H;+6—-(1-MNH;
Qi,jF’Yf( ’ A\

panpav)

H;—6—(1-\H;
S |

p7n_p77)7

where F2(.) is the cdf of 47 as defined in (3) while A is either AT or A~
corresponding to upward or downward case. The vector q of initial probabilities,
concerning the zero-state condition, equal q = (1,0,...,0). As introduced by
Brook and Evans [41], and reproduced by Lucas and Saccucci [42], the AT'S is

calculated as follows:
ATS =qT(1-Q) g (9)

where I is the s x s identity matrix, g is the vector of sampling intervals corre-
sponding to the states of the Markov chain. The element g; of the vector g is
the sampling interval when the control statistic is in the state j,

hs if Hj € [UWL*, UCL"] or H; € [LCL™,LWL™]

9; = (10)
h if Hj € [uo(32),UWL*Y] or Hj € [LWL™, uo(5%)].

From (8) and (9), the expected sampling interval E(h) can be deduced as:

_qd'0I-Q)'g
T aTI-Qr

the denominator in (11) is the formula for ARL as in [41].

E(h) (11)

Without loss of generality, in this paper, it is assumed that the constant
sampling interval in FSI control charts is supposed to be time unit, i.e. hp = 1,
which leads to AT'SF®! = ARL by plugging hr into (7). For the sake of
comparison between the two types of control charts (FSI and VSI), when the
process is in-control, the constraints are made the same for both average time

to signal AT'Sy and average sampling interval Ey(h). Lucas and Saccucci [42]

10



suggested that it is optimal to use two sampling intervals for detecting a specified
shift of the process target value. As proposed in [11, 43], A fixed couple (hg, hr)
is typically chosen for a VSI scheme. Since hg represents the shortest feasible
time interval between subgroups from the process, it is reasonable to fix the value
of hg according to the manufacturing conditions. However, it is more practical
if the value of hj is considered by the scheme. Once the control statistic is
in central region, the process is still in the safe state and the next sampling
interval can be chosen freely as long as it does not affect the performance of the
chart. Therefore, we propose to have the warning limit coefficient Wy (Wp) fixed
instead of the value of hz. The optimal parameters to estimate now are (AT,
Ky, hy) for upward chart, and (A=, Kp, hy) for downward chart, using fixed
values of hg. For a given shift size 7, we estimate the combination (A\™*, K, h} )

or (A™*, K}, h}) such that
e for upward chart,

(A+*3Kfjah2) = argmin ATS(n7)‘+aKU7WUa’YO7p7T7 hLahS) (12)
(/\+,Ku,hL)

subject to the constraint
ATS(n, Nt K, Wy, y0,p, 7 = 1,h} ,hg) = ATS,
Eo(h) = 1;
e for downward chart,

(A7*7K57h*L): argmin ATS(n7>‘73KD7WD7'YOap7T7hL7h'S) (13)
(Af,KD,hL)

subject to the constraint
ATS(n, A\, K},,Wp,v0,p,7=1,h} ,hg) = AT'Sy

Eo(h) = 1.

5. Numerical performance one-sided VSI EWMA MCYV control charts

without the presence of measurement errors

In this Section, we present the numerical results to evaluate the performance

of both upward and downward VSI EWMA-+? control charts. The problems

11



(12), (13) are solved to find the optimal parameters that minimise AT'S subject-
ing to the corresponding constraints. For the sake of comparison, the AT'Sy is
set to 370.4 and Ey(h) = 1. The optimisation solving is implemented with Mat-
lab using Levenberg—Marquardt algorithm [44] based on a number of following

scenarios of parameters:

e v € {0.1,0.2,0.3,0.4,0.5};

p {234}

n € {5,15};

7€ {0.5,0.75,0.9,1.1,1.25,1.5};

Wu,Wp € {0.1, 0.3,0.6, 0.9};

hs € {0.1,0.5}.

These parameters are chosen to cover a large scale of possible scenarios. The
shifts 7 < 1 present the downward cases and the upwards cases presented by
7> 1. With n = 5 and n = 15, it is enough to demonstrate the performance
of the charts with respect to small sample size and large sample size. As well
the values of Wy (Wp), we analyse the variation of the performance from the
large warning region to the small warning region. In the Tables 1-6, we present
the optimal values of (\™*, K};, h} ) for the upward chart, (A\™*, K}, h}) for the
downward chart, and the values of AT'S; for each scenario. Moreover, in each
table, the second column is devoted to indicate the values of the charts without
using variable sampling interval, which was proposed by Giner-Bosch et al. [3],
for the sake of comparison.

As observed in these tables, using variable sampling interval technique im-
proves the performance of the control charts in all cases, the values of AT'S;
are smaller notably than the EWMA charts. For example, in the set-up vy =
0.5,7 = 1.1,n = 5,p = 2, the AT'S; of EWMA chart is 74.71, the AT'S; is
improved to 44.77 when VSI is integrated with hg = 0.1 and W = 0.1. The
implementation of VSI is simple and does not complicate the calculation sig-
nificantly. With respect to the change of W in these examples, the increase

of W is equivalent to the smaller Ay, which shrinks the warning region. As a

12



result, the performance is better when W is small. For instance, in the set-up
Y0 =0.1,hg =0.1,7 = 0.75,n = 5, p = 2, the values of AT'S; with W = 0.3 and
W = 0.9 are 7.65 and 9.48, respectively. Similar to the other control charts using
VSI technique, smaller values of hg, hg = 0.1, the better results are obtained,
compared to hg = 0.5.

It is noted that the higher 7 increases the average number of samples needed
to detect a process shift, especially when with the small shifts. However, when
the sample size is increased, the performance of the control charts are greatly
improved. The increase of sample size is also important when there are more
variables monitored. For example, in the case of p = 4 (Tables 5, 6), with the
shift size 7 = 0.9, 79 = 0.5, the other parameters are hg = 0.1, W = 0.1, the
average time to signal AT'S; is 78.51 with sample size n = 5, and 15.83 with
the sample size n = 15. Therefore, a large sample size is highly recommended

when the practitioner require to monitor many variables simultaneously.
PLEASE INSERT TABLES 1-6 HERE

Finally, the comparisons with the other former methods such as Synthetic
MCV [19], Adaptive MCV [17], and Run Sum MCV [14] are executed. Table 7
presents the comparison of VSI EWMA MCV control chart with the adaptive
MCYV and synthetic MCV control charts. Only the upward control charts are in-
vestigated and the parameters used in [17] are vo = {0.1,0.3,0.5},p = {2,3},7 =
{1.25,1.5} and n = 5. We can see that the VST EWMA outperforms both VSSI
and synthetic designs in most cases. Only one case with p = 2,vy = 0.1 with
large shift 7 = 1.5, the VSSI method obtains a slightly better result than VSI
EWMA ie. ATS; = 4.19 compared to ATS; = 4.33. In Table , we show the
comparison with the Run Sum MCV, and our proposed design, VSI EWMA,

outperform the Run Sum method in every scenario.

PLEASE INSERT TABLES 7-8 HERE

6. Linear covariate error model for the multivariate coefficient of vari-

ation

We briefly present, in this section, the linear covariate error model for the

sample MCV, which has been considered in [45, 46]. Considering a set of in-

13



dependent samples {X;1, X2, ..., X;,} selected at time i—th, i = 1,2,..., and
Xij, 3 =1,2,...,n, is a p—variate random vector following a multivariate nor-
mal distribution with the mean vector g and the covariance matrix 3, where
both are known. Due to the measurement error, the true value of X;; cannot
be observed directly. Instead, we can only assess this value via m observations
X551 X2, -+ X f,m > 1. The relationship between the true value and

measured value is suggested by the following linear covariate error model:
:jk:A+BXij+€ijk7 ]{3:1,2,...,771, (14)

where A a p—variate constant vector, B is a p X p diagonal constant matrix, and
€ijk is a random vector of errors following a multivariate normal distribution
with the null mean vector and the covariance matrix X, €;;1 is independent of
X;;. As described in [45], from (14), the following relation is derived
ik = B~( e — A) =X+ B~ e (15)
Then, ij ;. follows a multivariate normal distribution with the mean vector p
and the covariance matrix X + (B~1)TX.B~!. Consequently, the sample mean
vector Z:j follows a multivariate normal distribution with the mean vector p
and the covariance matrix X+ -1 (B~!)T3.B~!, the detail can be found in [45].
The population MCV with measurement error (v*) based on the quantity Z;
is then given by

1
~1 3
1
N = (NTz—l <I+ m(B_l)TEEB‘l) u) . (16)
Ayyoub et al. [45] also showed that the population MCV with measurement

error can be written as:

1
. mB2 2
= <mB+9) ’ a7)

where #? is the measurement error ratio, B is the diagonal element in matrix
B, and v is defined as (1).
—x*
Let Z, and S; be the sample mean and the sample covariance matrix of

=k ok —
Z,,,2,,...,7Z

*

in» 1€,

=x* 1 - —%
Z; = gZZm
j=1

14



and

% 1 - —* =F ok T
S = n—1 Z(Zij - Zi)(zij _Zi) :
j=1

Then, the sample multivariate coeflicient of variation 4; is defined as

) T\ T3
= (2 sz (19)
By replacing v with v* in (3), the cdf of 4*? is obtained as follows
. n(n — p) n
Fs =1—Fp | ——— -D,— 19
S22 | nyp, ") F<(n1)pzp,n p’v*Q)’ (19)
where Fr(. | p,n — p,n/y*?) is the non-central F distribution with p and n — p

degrees of freedom and non-centrality parameter n/v*2.

7. Effect of the measurement error on one-sided VSI EWMA MCV

control charts

We investigate, in this Section, the statistical performance of the one-sided
VSI EWMA-~2 control charts in the present of the measurement errors. Us-
ing the linear covariate error model, we can calculate the ATS; values with
the specific values of n,p, B, m,~g, and 62 for the downward and upward VSI
EWMA-~2 control charts. For the EWMA model, we assume the value A = 0.2,
which is a good compromise solution for the EWMA chart to detect effectively
small process shifts [47].

Figures 4, 5, 6, 7, 8, and 9 illustrate the effect of the measurement error
on the performance of both downward and downward VSI EWMA-+2 charts
under a single measurement per sample, i.e., m = 1. In particular, we plot the
AT Sy curves with respect to the shift size, 7 € [0.75,0.95] for downward cases,
7 € [1.05,1.25] for upward cases, with p = 2,n = 5 and various values of mea-
surement error. The VSI parameters in these illustrations are hg € {0.1,0.5}
and W € {0.3,0.9}. Specifically, we plot in Figures 4, 5, and 6 the AT'S; curves
for a fixed B = 1 and some measurement error ratio 62 € {0,0.3,0.5, 1}; Figures
7, 8, and 9 display the ATS; curves for a fixed 62 = 0.3 and several values of
the linearity error B € {1,5}. There are few noteworthy observations obtained

from these results:
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As observed in Figures 4, 5, 6, the ATS curves corresponding to larger
values of 2 are above the ones corresponding to the smaller values of 62.
That is to say the ATS will get larger when we have more measurement
error ratio #2. Moreover, the gap becomes larger when the shift size 7 gets

smaller.

On the effect of the linearity error B, from the Figures 7, 8, and 9, the
ATS curves corresponding to smaller B are above the ones corresponding

to the larger B. And the gap is also larger with the smaller shift size 7.

From these Figures, we observe that the effect of the measurement error
on the ATS is more significant on the upward charts than the downward
charts. In addition, the gaps between the ATS curves are larger and clearer

with the bigger values of 7.

PLEASE INSERT FIGURES 4-9 HERE

8. Illustrative example

In this Section, an illustrative example is presented, in order to help prac-

titioners to apply the upward VSI EWMA chart for the MCV. The data are

taken from Giner-Bosch et al. [3]. In this example, the rate of return of some

investments in p = 3 different industrial sectors and in n = 5 geographical re-

gions is considered. The MCV of the rate of return is regarded as a measure of

the relative volatility or risk of the investment, and this is why it makes sense

to monitor it over time.

Let us consider the following input information, which should be obtained

from previous knowledge of the process:

e p = 3, the number of quality characteristics composing the process.

n = 5, the sample size.
~o = 0.0404684, the target value of the MCV (or an estimation of it).

hs = 0.5 hours, the shortest possible time between two consecutive sam-

pling operations.

7 = 2, the (undesirable) shift to detect in the MCV, defined as in (6).
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o Wy = 0.9, the warning limit coefficient (see Sections 3 and 4 for more

details).
e ATSy = 370.4 hours.
From this input information, the following can be computed [3]:

e 1o(%?) = 0.000819114, the expected value of the sample MCV squared

when the process is in control or on target.

e 0o(%?) = 0.000820298, the standard deviation of the sample MCV squared
when the process is in control or on target. The in-control value of ATS

is set to include AT'Sy = 370.4.

Using this information, we can calculate the optimal values for the parame-
ters of our VST EWMA chart for the MCV, according to the procedure described

in Section 4, the result being:

o AT* = 0.2886.
o K = 4.0808.
o hj =1.1352.

From these values for the chart parameters, the limits for the control chart

(see Section 3) are easily computable:
e UCL = 0.002193755, according to (4).
e UWL = 0.001122284, according to (6).

Besides, the average time to detect the undesired shift of 7 = 2 in the MCV
of this process happens to be AT'S; = 2.135 hours. The illustration of the

upward chart for monitoring 42 is shown in Figure 3.

9. Concluding remarks

In this paper, two new one-sided control charts for the MCV (aimed at de-
tecting increase and decrease in dispersion, respectively) have been proposed,
basing on applying a VSI scheme on an EWMA strategy. Formulas to determine

the optimal values of the parameters governing the performance of the charts
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Figure 3: The upward control chart with hg = 0.5.

were derived by using Markov chains. The performance of the chart was com-
pared against several competing charts. The proposed VSI EWMA chart was
found to outperform the run-sum chart by Lim et al. [14], the variable sample
size and sampling interval (VSSI) chart by Khaw et al. [17] and the synthetic
chart by Nguyen et al. [19] in most cases. Consequently, the method can be
regarded as an advisable way to monitor the MCV of a normally distributed
multivariate process. Furthermore, the evaluation of the effect of measurement
errors in the performance of the chart, in the line of Ayyoub et al. [27], has
been conducted in this study. From this study, the measurement error was
found to have a significant effect on the performance of the charts when the
shift size is small and/or the value of vq is large. When ~ is small, the role of

the measurement error is negligible, especially in the downward charts.

Acknowledgements

VGB’s research work was supported by the Ministerio de Ciencia e Inno-

vacion of Spain under grant no. PID2019-110442GB-100.

18



References

1]

[10]

Montgomery DC: Introduction to Statistical Quality Control, John Wiley
& Sons, Hoboken, NJ, 7th edn., 2012.

Allison PD: Measures of Inequality. American Sociological Review , 1978;

43(6):865-880.

Giner-Bosch V, Tran KP, Castagliola P, Khoo MBC: An EWMA control
chart for the multivariate coefficient of variation. Quality and Reliability

Engineering International , 2019; 35(6):1515-1541.

Teoh WL, Khoo MBC, Castagliola P, Yeong WC, Teh SY: Run-sum con-
trol charts for monitoring the coefficient of variation. European Journal of

Operational Research , 2017; 257(1):144-158.

Haq A, Khoo MB: New adaptive EWMA control charts for monitoring uni-
variate and multivariate coeflicient of variation. Computers and Industrial

Engineering , 2019; 131:28-40.

Kang C, Lee M, Seon Y, Hawkins DM: A control chart for the coefficient
of variation. Journal of Quality Technology , 2007; 39(2):151-158.

Castagliola P, Celano G, Psarakis S: Monitoring the Coefficient of Variation
Using EWMA Charts. Journal of Quality Technology , 2011; 43(3):249-
265.

Calzada ME, Scariano SM: A synthetic control chart for the coefficient
of variation. Journal of Statistical Computation and Simulation , 2013;

83(5):853-867.

Castagliola P, Achouri A, Taleb H, Celano G, Psarakis S: Monitoring the
coefficient of variation using a variable sample size control chart. Inter-
national Journal of Advanced Manufacturing Technology , 2015; 81(9-
12):1561-1576.

Tran PH, Tran KP: The efficiency of CUSUM schemes for monitoring the
coefficient of variation. Applied Stochastic Models in Business and Industry

, 2016; 32(6):870-881.

19



[11]

[13]

[15]

[16]

[19]

Yeong W, Khoo MB, Tham L, Teoh W, Rahim M: Monitoring the coeffi-
cient of variation using a variable sampling interval ewma chart. Journal

of Quality Technology , 2017; 49(4):380-401.

Haq A, Bibi N, Chong Khoo MB: Enhanced EWMA charts for monitor-
ing the process coefficient of variation. Quality and Reliability Engineering

International , 2020; n/a(Early view).

Yeong WC, Khoo MBC, Teoh WL, Castagliola P: A Control Chart for the
Multivariate Coefficient of Variation. Quality and Reliability Engineering
International , 2016; 32(3):1213-1225.

Lim AJX, Khoo MBC, Teoh WL, Haq A: Run sum chart for monitoring
multivariate coefficient of variation. Computers and Industrial Engineering

, 2017; 109:84-95.

Khatun M, Khoo MB, Lee MH, Castagliola P: One-sided control charts
for monitoring the multivariate coefficient of variation in short production
runs. Transactions of the Institute of Measurement and Control , 2019;

41(6):1712-1728.

Abbasi SA, Adegoke NA: Multivariate coefficient of variation control charts
in phase I of SPC. The International Journal of Advanced Manufacturing
Technology , 2018; 99(5-8):1903-1916.

Khaw KW, Khoo MB, Castagliola P, Rahim M: New adaptive control
charts for monitoring the multivariate coefficient of variation. Computers

and Industrial Engineering , 2018; 126:595-610.

Khaw KW, Chew X, Yeong WC, Lim SL: Optimal design of the syn-
thetic control chart for monitoring the multivariate coefficient of variation.

Chemometrics and Intelligent Laboratory Systems , 2019; 186:33—40.

Nguyen QT, Tran KP, Castagliola P, Celano G, Lardjane S: One-sided syn-
thetic control charts for monitoring the multivariate coefficient of variation.
Journal of Statistical Computation and Simulation , 2019; 89(10):1841—
1862.

20



[20]

[22]

[26]

28]

Chew X, Khoo MBC, Khaw KW, Yeong WC, Chong ZL: A proposed
variable parameter control chart for monitoring the multivariate coeffi-
cient of variation. Quality and Reliability Engineering International , 2019;

35(7):2442-2461.

Ng WC, Khoo MBC, Chong ZL, Lee MH: Economic and Economic-
Statistical Designs of Multivariate Coefficient of Variation Chart. REV-
STAT - Statistical Journal , 2019; (Forthcoming papers).

Chew X, Khaw KW, Yeong WC: The efficiency of run rules schemes for
the multivariate coefficient of variation: a Markov chain approach. Journal

of Applied Statistics , 2020; 47(3):460-480.

Nguyen QT, Tran KP, Heuchenne HL, Nguyen TH, Nguyen HD: Variable
sampling interval Shewhart control charts for monitoring the multivariate
coefficient of variation. Applied Stochastic Models in Business and Industry

, 2019; 35(5):1253-1268.

Chew X, Khaw KW, Lee MH: The efficiency of run rules schemes for the
multivariate coefficient of variation in short runs process. Communications

in Statistics-Simulation and Computation , 2020; :1-21.

Chew X, Khaw KW, Yeong WC: The efficiency of run rules schemes for
the multivariate coefficient of variation: a markov chain approach. Journal

of Applied Statistics , 2020; 47(3):460-480.

Chew X, Khaw KW: One-sided Downward Control Chart for Monitoring
the Multivariate Coefficient of Variation with VSSI Strategy. Journal of
Mathematical and Fundamental Sciences , 2020; 52(1):112-130.

Ayyoub HN, Khoo MB, Saha S, Castagliola P: Multivariate coefficient of
variation charts with measurement errors. Computers and Industrial Engi-

neering , 2020; 147:Article 106633.

Suarez-Cabello MJ: Grdficos de control para el coeficiente de
variacion — multivariante: estado actual y andlisis compara-
tivo, Master’s Thesis, Universitat Politecnica de Valencia, 2019,

http://hdl.handle.net/10251/129499.

21



[29]

[31]

[32]

[38]

[39]

Ridge E, Kudenko D: Tuning an algorithm using design of experiments,
in Bartz-Beielstein T, Chiarandini M, Paquete L, Preuss M (eds.), Ezper-
imental Methods for the Analysis of Optimization Algorithms, Springer,
New York, chap. 11, 2010; 265-286.

Tagaras G: A Survey of Recent Developments in the Design of Adaptive
Control Charts. Journal of Quality Technology , 1998; 30(3):212-231.

Reynolds Jr MR, Amin RW, Arnold JC, Nachlas JA: X charts with variable
sampling intervals. Technometrics , 1988; 30(2):181-192.

Runger GC, Pignatiello JJ: Adaptive Sampling for Process Control. Journal
of Quality Technology , 1991; 23(2):135-155.

Runger GC, Montgomery DC: Adaptive sampling enhancements for She-
whart control charts. IIE Transactions , 1993; 25(3):41-51.

Cui RQ, Reynolds Jr MR: X-Chart with runs and variable sampling inter-
vals. Communications in Statistics - Simulation and Computation , 1988;

17(3):1073-1093.

Reynolds Jr MR, Amin RW, Arnold JC: CUSUM Charts With Variable
Sampling Intervals. Technometrics , 1990; 32(4):371-384.

Saccucci MS, Amin RW, Lucas JM: Exponentially weighted moving aver-
age control schemes with variable sampling intervals. Communications in

Statistics - Simulation and Computation , 1992; 21(3):627-657.

Tran PH, Tran KP, Huong TT, Heuchenne C, Nguyen TAD, Do CN: A
variable sampling interval ewma distribution-free control chart for moni-
toring services quality, in Proceedings of the 2018 International Conference

on E-Business and Applications, 1-5.

Roberts SW: Control Chart Tests Based on Geometric Moving Averages.
Technometrics , 1959; 1(3):239-250.

Ayyoub HN, Khoo MB, Saha S, Lee MH: Variable sampling interval ewma
chart for multivariate coefficient of variation. Communications in Statistics-

Theory and Methods , 2020; :1-21.

22



[40]

[41]

[42]

[43]

[44]

[45]

[46]

Voinov V, Nikulin M: Unbiased Estimators and their Applications: Volume
2: Multivariate Case, vol. 362, Springer Science & Business Media, 1996.

Brook D, Evans DA: An Approach to the Probability Distribution of Cusum
Run Length. Biometrika , 1972; 59(3):539-549.

Lucas JM, Saccucci MS: Exponentially weighted moving average control

schemes: properties and enhancements. Technometrics , 1990; 32(1):1-12.

Castagliola P, Achouri A, Taleb H, Celano G, Psarakis S: Monitoring the
coefficient of variation using a variable sampling interval control chart.

Quality and Reliability Engineering International , 2013; 29(8):1135-1149.

Marquardt DW: An algorithm for least-squares estimation of nonlinear
parameters. Journal of the society for Industrial and Applied Mathematics

, 1963; 11(2):431-441.

Ayyoub HN, Khoo MBC, Lee MH, Haq A: Monitoring multivariate coeffi-
cient of variation with upward shewhart and ewma charts in the presence
of measurement errors using the linear covariate error model. Quality and

Reliability Engineering International , ; n/a(n/a), doi:10.1002/qre.2757.

Ayyoub HN, Khoo MB, Saha S, Castagliola P: Multivariate coefficient of
variation charts with measurement errors. Computers & Industrial Engi-

neering , 2020; 147:106633, doi:https: //doi.org/10.1016/j.cie.2020.106633.

Nguyen HD, Tran KP, Celano G, Maravelakis PE, Castagliola P: On the
effect of the measurement error on shewhart t and ewma t control charts.

The International Journal of Advanced Manufacturing Technology , ; :1-16.

23



7'0LE = 09IV Pue {G' TG T T'T‘6'0°GL°0°60} =< {S090°€0‘C0‘T0} = Ok ‘g =u ‘g =d 10§ (uwn[od puodss) s3reyd YINMH ISJ Jo
TTYY O X pue DTy ] Y 9s0U3 Ypm pareduiod syreyn [013u0d AA-YINMHE ISA Ut Jo TS Ly Ty A L x pue TGy Ty ‘dp‘_x siejowrered oy, (T 9[qe],

(268 “LIT'T ‘TLLT'E “€080°0)  (62'8 ‘PITT ‘TELT'E ‘6880°0) (22’8 ‘€TF'T ‘99LT€ ‘€680°0)  (G€'8 ‘COL'T ‘€LEEE ‘9F60°0) (SF°9 ‘6051 ‘065T°¢ ‘TL80°0)  (86°G ‘TLE'T “LTTH'E ‘FEOT'0)  (PL'G ‘OLOT ‘6G0L°E LFET'0)  (€8'G ‘PE0'T ‘TOP6'E ‘LFIT'0)  (L6°0T ‘T688'C ‘8LE0O'0)  0S'T
(60°TT ‘PITT ‘6LLY'T “LEC0°0) (00T ‘TET'T ‘€9LGT ‘G9€0°0)  (LF'6T ‘GOS'T ‘8ILGT F8E0'0)  (OF'6T ‘TF6'T ‘9665°C ‘66£0°0) (0L°9T ‘TTIE'T 6€L9°C ‘0FF0°0)  (FO'GT ‘60F'T ‘TLGS'T ‘99G0°0)  (9L'ET ‘0L8'T ‘TGSGL'T ‘68V0°0)  (LV'ET FGGT ‘OIT6°C ‘€650°0)  (€1°92 FSOLT ‘T920°0)  ST'T
(€6°99 ‘160°T ‘9916'T ‘0¥10°0)  (13°€9 ‘60T ‘PS68°T ‘G€10°0) (1676 ‘0TS “LG9L'T ‘80T0°0)  (9€'8S ‘008G ‘88LL'T “0TT0°0) (88°6 “OLT'T ‘TTE0°C ‘6910°0)  (€€G “€8€T ‘69661 “CPT0°0)  (GCLY ‘OP6'T “LST6'T ‘0PT0°0)  (LL'PP ‘SOT'€ ‘9T00°C ‘T9T0°0)  (T2°FL “€GLE°T “9200°0)  OT'T
(€809 ‘OPT'T 880L°T *9920°0)  (ET°2G ‘G8E'T “LGTL'T €820°0) (997G ‘080°C TIEL'T ‘6620°0) (2V'€S ‘9L6°€ ‘LEEL'T FOE00) (62728 ‘TLE°T ‘861L'T ‘6620°0)  (6L°GP ‘€69°T ‘€1EL'T ‘00£0°0)  (LO'TV ‘0F6'C ‘R63L°T ‘T€€0°0)  (L6'8€ ‘GST'9 ‘PTEL’T ‘GPe0'0)  (LZ'TL ‘GLOL'T ‘€920°0)  06°0
(0791 ‘96T°T ‘Z8G9'T “0911°0)  (6€°GT ‘8GET ‘08¥9'T F2e1'0) (IS ‘960°C ‘TOPY'T FL21°0)  (L6F1 ‘GEI'E T€PI'T ‘GG21°0) (L6721 ‘Gre’T ‘G999°T “TLIT°0)  (LF0T “PE9'T ‘STIO'T “€SPT'0) (826 ‘€08 V68T ‘96¢1°0) (676 ‘89€°F ‘68241 “F991°0)  (6€1¢ ‘6LL9°T ‘GE0T°0)  GL°0

(60°G ‘PLO'T “TLIET ‘169€°0)  (PL'F ‘G9T'T FIFGT ‘TeFF0)  (9LF ‘€SL°T ‘OL9T'T ‘0917°0)  (61°C ‘6F2'C ‘€55CT ‘182 0) (L2°€ ‘6211 608€°0)  (F6°Z ‘OPFT ‘€TOT'T ‘6285°0)  (20°€ ‘L6T'C ‘TOET'T ‘€685°0)  (€9°€ ‘098°C ‘9280°T ‘8029°0)  (PL'0 ‘922€’T ‘T¥9E'0)  0S0

¢0=0L

(TT°L “LPT'T ‘8LIF'E “0FOT°0) 0ST°T ‘GPLY'E ‘S0TT°0)  (66°9 ‘99F°T ‘8209°€ ‘TLE1°0)  (GT°L ‘SOL'T ‘8PT1LE ‘8TFT0) (L6°G ‘€STT 2869°€ ‘GOFT'0)  (TT°G ‘OLF'T L869°€ ‘00FT°0)  (PO'G ‘GTL'T ‘S8TI6'¢ FELT'0)  (S8T'G ‘960°C ‘00€T¥ ‘STIE'0)  (61°6 ‘L1ST'E ‘LG80°0)  0S'T
(T8L1 ‘TGTT “LLELT ‘63V0°0)  (LT'LT “L8T'T ‘9LE8T ‘91¢0°0) (3891 ‘89¢°T ‘608 ‘V0S0°0)  (68°91 “080°C ‘THI6'C ‘LGC00) ( ‘GLET ‘L806'C ‘67S0°0)  (TL'TT ‘0TS'T ‘TTS6°'C ‘9860°0)  (10°2T “LL6°T ‘LOZ0'E ‘TF90°0)  (96'TT ‘€09°C ‘T6ST'E ‘99L0°0)  (£97GC ‘6199°C ‘¥8E0°0)  GT'T
(8T°8G ‘0€T°T ‘69212 “L910°0)  (2V°SG ‘6921 ‘8V20C ‘IV10°0)  (0T°ES ‘9V9°T PE60°C ‘810°0)  (¥2'2¢ ‘FIE'T ‘GL60T ‘6310°0) (0809 ‘Cre'1 ‘82ET'T ‘6610°0)  (28°GP “G0CT “LOLT'C “0810°0)  (EL°TF ‘GOT'C ‘6S61°C ‘8810°0)  (PL'OF ‘€2€°€ ‘GLIET ‘P610°0)  (86°99 “LLE6'T ‘TE10°0) OL'T
(7296 ‘8LT'T ‘€888'T ‘7920°0)  (ST'ES ‘CCH'T ‘09681 F220°0)  (86°0G ‘G80°C ‘OV68'T ¥L20°0) (V66 ‘L88'E ‘L868'T “0820°0) ( 66T TST6'T ‘€1€0°0) (18T ‘6GL°T ‘RL6S'T 6220°0)  (L9°LE ‘TE0'E ‘TGI6T ‘€1€0°0)  (LR'GE ‘990°0 ‘6816°T ‘22€0'0)  (1€°L9 ‘0ILR'T ‘0F20°0) 060
(60°GT “2LT'T ‘PSO6'T ‘TETT'0)  (B€'PT ‘GTHT 0006°T ‘0L11°0)  (L8'ET ‘SG0°C ‘6E68'T ‘T121°0)  (L0FT ‘IL6'C ‘TE68'T ‘G2T1°0) ( TE°T 18881 ‘29e1'0)  (09°6 ‘€FLT ‘26981 ‘08ET°0) (LG8 ‘8L8°C ‘6LPST T2S1'0) (988 ‘661'F ‘¥8E8°T ‘2¢91'0)  (18°0Z ‘8226'T ‘€001°0)  GL°0

(€47 ‘C2T'T ‘68241 ‘€88€°0) (€% ‘SPE'T “9L8F'T ‘FFEr0)  (09°F ‘08L°T ‘PGeS’T ‘€16€°0) (L6 “S9T'C ‘TL8F'T “€68F0) PICT PROGT ‘0907°0) (89T ‘6LGT ‘TPLE'T ‘¥2€g0)  (96'C ‘F0TT ‘€EPET ‘L€9S0)  (97°€ ‘FELT ‘€682T ‘'G029°0)  (97°9 ‘09941 ‘TLEE0) 0G0

7o="0

(6279 ‘GST'T ‘T6PP€ ‘€921°0)  (61°9 ‘LOT'T ‘GOLGE ‘SOPT'0)  (€2°9 ‘PCF'T ‘6665°€ FIGT'0)  (8€'9 ‘T8Y'T ‘TIGL'E “0081°0) (8L ‘OLT'T ‘T009°€ ‘GT4T°0) (097 ‘8SP°T ‘PE69°E “L89T°0) (6T ‘63L'T ‘6L8%°€ ‘0605°0)  (SLF ‘P30T ‘0990 ‘L165°0)  (IT'8 ‘€99€°€ ‘661T°0)  0¢'T
(00°9T “LOT'T ‘ZTPRT ‘8FG0°0)  (LV'ST ‘TIET ‘TLERT ‘0950°0)  (IT°GT ‘609°T FOL6C ‘5290°0)  (€€°GT ‘FI0°T ‘T966°C ‘8890°0) (€721 ‘00€°T ‘€L96°C “0990°0)  (9F°TT ‘TGS T ‘60¢6°'C ‘PP90°0) (€670 ‘THO'C ‘9€0T°€ ‘2080°0)  (66°0T ‘619°C ‘€06T°E ‘F060°0) (860 “P8LL'T ‘L6V0'0)  GT'T
(69°€S ‘PPI'T 20912 ‘8L10°0)  (90°TG ‘00€°T ‘8891 ‘I810°0)  (VI'6V ‘GOLT ‘€S61°C ‘0610°0)  (24'8Y ‘€0V'C ‘LOIE'T ‘G610°0) (F2°9% ‘9221 ‘080€°C ‘0620°0)  (98°TF ‘29S°T ‘G6LE'C ‘6120°0)  (F'8€ ‘T98'C ‘6L0E°C ‘0620°0)  (12LE ‘99G°€ ‘OPTET ‘€620°0) (9629 “CPR0°C ‘9610°0)  OL'T
(97°€S ‘2811 ‘92¥6'T ‘8¥20°0)  (29°0G ‘8TF'T L9V6'T ‘€520°0)  (0G'S¥ ‘I80°C ‘8996°T ‘G920°0)  (€G°LY ‘CIL'E ‘€€96°T FL200) (€9°FF ‘OPE'T T000°C ‘9€€0°0)  (E€°6€ ‘PLLT ‘€8L6'T ‘9620°0)  (99'GE ‘S66°C 2000°C ‘98€0°0)  (0R'EE ‘SFL'G ‘F066°T ‘L1€0°0)  (LF'P9 ‘€L26'T ‘2620°0) 060
(TE'FT “06T'T ‘T8T0°C ‘6211°0)  (G9°€T ‘62T ‘99107 ‘6VTT°0)  (€2°€T ‘690°C “L0T0C ‘681T°0)  (CFE€T “F08'C ‘6666'T “7L2T°0) (5201 ‘GEET ‘0P66°'T ‘6TET'0)  (L6'8 ‘C9L'T “T686'T “99€T°0)  (ST'8 ‘0I8'C ‘PRIG'T ‘R0ST'0) (968 ‘696°€ ‘98F6'T ‘6V9T°0)  (9€°'6T “FEEO'T “0660°0)  GL°0

(667 TPT'T L9991 ‘89L€°0)  (LTF ‘TLE'T 02291 LETF0)  (9F'F ‘€SLT FIL9T ‘€T07°0)  (08'F ‘COT'T ‘TE09'T ‘00€¥°0) (ET°€ ‘T€TT ‘62FST ‘€P8F'0) (69T ‘FEOT LTICT ‘981¢°0)  (68°C ‘06T°C FGLY'T ‘T8FG0)  (FE'E ‘GE9T ‘9207 T ‘5089°0)  (92'9 ‘9T69'T ‘99¢€°0) 00

¢0= 0L
(PP “L8T'T ‘0214°¢ ‘2841°0) (63 ‘LOV'T ‘GeLOE ‘GV61°0)  (G€V “LEL'T ‘VOER (87 ‘010°C ‘T986°¢ ‘¥e85°0)  (LVL ‘TITV'E ‘TRET0
‘900°C ‘LETO'E ‘88LO'0 (L&1T ‘21€°T ‘2L96°C ‘26L0°0)  (3L0T “€LS°T “€1S6°C “P0L0'0) (80T ‘€90°C ‘GE0T'E ‘0680°0)  (8€°0T ‘F29°C ‘SPT'E ‘P00T'0)  (IT'6T ‘L9ES'T ‘98¢0°0) 62’1

¢ Z99°T ‘EreL ) ) ) ) )
) ) ) ) )
PT'C ‘9E92°C ‘6120°0) (89°€¥ ‘16¢°T “I8YEC F520°0)  (FO'6€ ‘08G°T ‘G2ee'C ‘€020°0)  (27'98 ‘SIE'T ‘080€°C L620°0)  (PP'Ge ‘L09°€ ‘T0S€°E ‘6620°0)  (99°6S ‘€9S1°Z ‘0810°0)  OL'L
) ) ) ) )
) ) ) ) )
70) ) ) ) 0)

(2L'¢ ‘1LT'T ‘2689 ‘6€91°0)  (LL'G ‘G0F9°E ‘9981°0)
8PPT ‘L1ET ‘6168°C ‘0790°0) (981 ¢ ‘1096°2 ‘P1L0°0)

(6L°¢ ‘09T°T “990¢°€ * )
( )
(99°8F ‘22€'T ‘922ec ‘€020°0)  (28°9F ‘€212°2 ‘0030°0)
( )
( )
)

(V67T ‘PLI'T ‘8€06°C “€590°0
Gw.ggﬁ.iiﬁﬁago
A
A

°L602°0

G8ET 0 0S'T

POIE ‘€8T ‘60L6'T ‘€FT0°0
I8'ET “96T'T ‘TI80°C LETT0
(Gry “LPT'T ‘6959°T ¢

‘08L°€ “T000°C ‘9280°0 (6127 "LVET '€0£0°C '02€0°0)  (LL°LE '8LL'T 'LE20'C 80E0°0)  (E1°F€ '€56'C 'SPT0'C '9620°0)  (€F°2E ‘6€8°¢ '20E0°T ‘02€0°0) (429 “LSS6'T 6520°0) 060
‘018G 0620°G ‘12810 (€26 99€°T TT90°Z ‘GTET0)  (G9'8 ‘€GL'T ‘GS€0C ‘TeGT'0) (282 ‘68L°C ‘0LEOT ‘60ST'0)  (80°8 006'€ ‘GFI0'C ‘T89T'0)  (LL'8T ‘G960 ‘9860°0)
160G ¢ (162 ‘298’1 0624°T ‘861¢°0) (€9 2291 (L&°¢ 6897 ToLY'T '66890)  (TT°9 "8GOL'T 695E°0)
70 =0

L8'8Y “TTH'T ‘€8L6°T 1920°0)  (68'9F ‘SVOT ‘¥686°T ‘€920°0)
0Z°€T ‘€EV'T ‘8080°C ‘OFTT0)  (08°CT “120°C ‘65L0°C ‘98TT°0)
TLET "9ZOL'T “€607°0 (8€'F ‘0GL'T ‘TSIL'T ‘396€°0)

SL°0

T'0)
)
)
)
)
70)

6L9'T ‘€ 06T 2806°0) (98 ‘88T°C ‘LGLS'T

(69°G “TOT'T ‘9904°€ ‘06L1°0)  (LV°G ‘CLE'T 9T€GE ‘T6LT°0)  (€9°G ‘0971 T92I€ ‘8€0Z°0)  (L9°G ‘6F9'T ‘PELLE ‘88T 0) (227 ‘0621 ‘9904°€ ‘06L1°0)  (ST°F ‘29T ‘T619°€ ‘6102°0) (9T ‘OPL'T ‘L8]L'E ‘€2¢T’0) (€67 ‘T00°C ‘6626°¢ ‘L108°0)  (E1°L ‘69¢V°€ ‘LVST0) 0S'T
(67T ‘LLT'T “9€06'C *2890°0)  (F6'ET ‘PEET ‘01S6°C F7L0°0)  (GLET ‘ST9°T ‘BOL6'C ‘89L0°0)  (68°€T “000°C ‘€2E0°E ‘6780°0) (CTTT ‘8TET ‘€L96°'C ‘79L0°0) (€01 ‘0481 ‘600°€ ‘GL80°0) (266 ‘0L0°C ‘9€0T°€ ‘1960°0)  (FO'OT ‘F29°C ‘RGLT'E ‘G90T°0)  (FF'8T ‘9298°C ‘€F90°0) 62’1
(G767 ‘€9T°T ‘980€°C ‘TF20°0)  (V&'L¥ ‘62€T ‘€€2CC ‘L020°0)  (6G°GY ‘SELT ‘PLELT T120°0)  (01°GY ‘9EV'T ‘0982°C ‘TET00) (ze'ey ‘L6TT ‘I8VET ‘6520°0)  (9€'8E ‘F09'T ‘LLEE'T ‘9520°0)  (S7°GE ‘S0E'T ‘0GLE'T ‘9220°0)  (9V'FE ‘€€9'E ‘LG9¢€'T ‘8920°0)  (23'8¢ ‘L8RI'Z ‘P610°0) OL'T
(250G ‘98T°T ‘0000 ‘9520°0)  (£6°2F ‘GTF'T ‘0966'T ‘0520°0)  (I6°GF ‘080°C ‘6900°C ‘€920°0)  (£0°GY ‘FTL'€ ‘FIT0'C FLEO0) (6L°TF ‘FPET FOLOC ‘2620°0)  (€0°L€ “L8L'T ‘0690°C (9€°€€ ‘R16°'C ‘TFEOT ‘2620°0)  (89°TE ‘TEL'S ‘€1S0°C ‘Tee0'0) (€719 ‘TIL6'T ‘8530°0) 060
(29'€T ‘86T'T ‘PETT'T ‘6ETT°0)  (S6°2T ‘TehT ‘GGTT'E ‘SETT'0) (G921 980G ‘TITT'E ‘€81T°0)  (SL'2T ‘TOL'G ‘TLOT'E ‘€2eT0) (87°6 ‘09€'T ‘9F60°T ‘8€€T0)  (2F'8 ‘LIL'T ‘5690'C (89°L “OPL'G ‘66L0°C ‘€TST'0)  (06°L ‘LT®'E ‘LTG0'T ‘069T°0)  (EF'8T ‘28GT'C ‘G860°0) G0

(2e7 ‘9GTT ‘861L'T ‘TTEF0)  (TTF ‘TLET ‘GLPL'T FL0P°0)  (TI€F ‘STLT L6GLT ‘0L6€°0)  (09'F ‘L20°T ‘GTELT ‘88TY0) (182 ‘9921 ‘89191 ‘663¢°0) (092 ‘PEIT ‘€8€9°T ‘860¢°0) (I8 ‘060 ‘PSST ‘1019°0)  (38°€ ‘Gveg ‘Th1¢T ‘5169°0) (09 ‘TY08'T ‘G8SE0)  0¢°0

170=0
60=m 90=M £€0= A T0=M 60= M 90= M €0=M To=m 184 L

¢0=5Yy 0=y

24



7048 = OSLV Pue {¢' 16z’ T T'T‘6°0°GL0°C0} =< {G0P°0'€0°C0T0} = Ok ‘GT = u ‘g = d 10§ (UWN[0D PUodes) sreyd YINMH ISd Jo
TTYY O X pue DTy ] Y 9s0U3 Ypm pareduiod syreyd [013u0d AA-YINMHE ISA Ut 3o TS Ly Ty A L x pue TGy Ty ‘dp‘_x siejowrered oy, g 9[qe

(262 ‘GPT'T ‘9T16L°¢ ‘9£T'T ‘8TIR'E ‘690£°0)  (G0°€ ¢ '209€°0) 61T ‘61S0'F L68€°0) (022 ‘eveT :'809€0)  (18°C ¢ CITY ‘502h'0) (26T (972 ‘62L'T ‘T0LET ‘8166°0)  (9L°€ °¢
(T0°2 ‘0LT'T “0972€ © POET TLETE ‘9981°0) (069 ‘¢ "€ ‘8LET0) TOR'T ‘6SPE'E LTST0) (¢0°¢ ‘0081 ¢ :6eeT0) (9w P98¢°¢ ‘0191°0)  (BLV (067 ‘LSTT ‘8LE9E ‘168T°0) (666
(01°62 “0LT'T ‘G09V°C THET P609T ‘L9€0°0)  (0€7€T ¢ ‘1070°0) ‘99€°C ‘2209 ‘SEV0°0) (2961 “L1€°T ¢ T00)  (89°LT ¢ ‘9886°C ‘Ver0'0)  (8€°91 ° (L1°91 ‘808°€ ‘P8YLC ‘L990°0)  (€9°1¢€ ¢
(2622 ‘001 “LE61°C © ‘0ZPT ‘€L61°T ‘9£90°0) (0112 ‘G ‘£990°0) ‘L96°'C FH0TT ‘L890°0) (er°L1 ‘8g€°T Pr90°0)  (grar 8902°C ‘60L0°0)  (FOFT (10wt ‘8912°C ‘€¥80°0)  (9L°6C
(T€°¢ “PLT'T ‘THR0°C © G 29T ‘€880 ‘8¥62°0)  (¥2'G ‘P62°0) C'C ‘€60°C ‘€L90°C ‘€6TE0) (69°¢ ‘voeT ¢ L67e0)  (9z€ ‘epe0e ‘LLee0)  (pre (Lre’ ‘€996'T ‘81G1°0) (8L
(12T °0TT'T 0829°T © ‘GeTT ‘GR99T ‘7298°0) (€0 ‘69L8°0) ‘€29'T ‘8GG'T ‘L88R'0) (eeTLLrn’ ‘82¢6'0)  (p91° 20P9°T ‘L€26'0) (68T (022 * OTT9T ‘1L66'0) (812 ‘¢!
¢0=0L
(26T ‘OPT'T ‘68PLE © 2T T608°¢ ‘€08¢°0) (69 "€ ‘8¥E0) . FRY'T PRI6'E ‘TE8F°0) Vo1 vess’e ‘sver0) (20T 99L6°€ ‘ST6Y'0) (91T ° (62T ‘96417 ‘9289'0)  (97°€ ¢
(8T°9 ‘OLT'T ‘F96T°E POET ‘8LETE ‘gesT’0) (119 € 1L91°0) TE8°T “GLVEE ‘9FRT0) ‘G0ET ‘00L8°€ ‘0291°0)  (vEV ¢ 7961°0)  (GET ¢ (ery ‘epeE ‘10L2°0) (928 ¢
(2re ‘Z81°1 ‘9128°C ¢ (09°T2 ‘€5€°T “IP69°C ‘09¢0°0) (86702 * ‘€LV0°0) ‘98€°C ‘G199 ‘S1S0°0) ‘0geT 7090°0)  (6L°GT ° ‘8€19°C ‘8LV0°0) (6971 ° (6671 ¢ ‘6LLL°T ‘8990°0) (648 °
(1112 ‘10281 ‘19¥2°C © (£1°0 ‘0€F'T ‘1262 2990°0) (6761 * 7690°0) ‘098°C ‘1092 ‘61L0°0) 6ot 2490°0) (GO ¢ ‘6v92C ‘L5L0°0) (1821 (e8°21 ‘89L2°T ‘L680°0) (€922 ¢
(P67 ‘CLT'T ‘GE9T'T ¢ (6L ‘2LET ‘TeL1T ‘600€°0) (267 ¢ ‘Cr0€°0) : ‘G20°C 86FT'C T68E0) 00€°T ¢ PrLE0)  (G0€ PRIT'C ‘689¢°0)  (2oe (8g¢ ‘6££0'C ‘8LLY'0)  (68'9 ¢
(P91 GTT'T ‘92221 © (9L°T '622'T “009L'T ‘€968°0) (96T * ‘1688°0) ‘€09°T ‘9LGL'T “9T06°0) (ee1 ‘vogT ‘9968°0) (29T T7er6'0) (P81 (9 ‘RLILT ‘0000'T)  (S0E ¢
7o="0
(1€ ‘66T°T ‘6989°€ © (¢ ‘6121 ‘8eeL’e ‘88pp0) (VT "¢ ‘G602°0) ‘9GTT ‘88G8'E ‘ETLG0) (P81 ‘€pTT ‘66LL'E ‘PESP0) (68T ‘8968°¢ ‘0699°0)  (€0C ¢ (9172 ‘6696°¢ ‘069L°0) (88
(99°¢ ‘1211 ‘eL6T°E (8¢ ‘P01 ‘eegT’e ‘G6L1°0) (VGG 2 ‘0961°0) ‘L8L°T ‘0EEEE 6912°0) (20w ‘0181 ‘gegze ‘2L81°0) (98¢ ‘e8zee ‘0912°0)  (06°€ ¢ (TT°F ‘6LTC ‘P928'e ‘160€°0)  (eV°L
(09702 ‘88T°T ‘10V9°C * (69°61 ‘T9€'T 9509 ‘000°0)  (1T°6T * Pr50°0) ‘91€°C “LTR89'T ‘8850°0) (08°CT ‘8€€°T ‘9660°0) (o€ ¢ ‘I769°C 2090°0)  (2r€r ¢ (over * ‘666L°C TrL0'0)  (0€79C ¢
(69761 ‘P01 ‘LL8TT © (P8'ST ‘GIF'T F¥62C ‘5690°0)  (2T'8T * 2eL0°0) ‘T9L°C FEOET ‘06L0°0) (59T F9€°T ¢ ‘01200) (67Tl ‘9¢1€°T 2480°0) (6811 ° (e611 ‘L£2€°T ‘0960°0)  (96°9T ¢
(€97 “I8T'T *9688°C © (€97 ‘2eeT ‘L9€2T ‘280€°0)  (99F 621€°0) ‘TLE'T ‘LVIT'T GREE'0) (80¢ ‘ereT ‘9z8¢°0) (68T ° P12 ‘008¢°0)  (60°€ * (17e F001°T ‘O¥67°0) (099 ¢
(6S°T ‘CTT'T ‘G0S8°T (04T “TETT L2S8'T ‘7L88°0) (88T ‘6 ‘6006°0) PLET STPR'T ‘9816°0) (0£'T ‘c0gT * ‘261600 (09T Tes'T 2096'0) (18T ° (602 ‘6L6'T ‘6908'T ‘6666'0) (V6T ©
ep=0
(ET°C “OPT'T €829°€ © (L1'2 ‘€121 ‘0999°¢ ‘€015°0) (82T * 2 T186°0) RET°T 909L" 0) (€41 ‘vea'T ‘0L89°¢ ‘peec0) (08T ‘60€9°0) (€61 ° (802 LL18°E ‘6Lr80) (29T ¢
(ET°C “€LT'T ‘P16T°€ ¢ (L0°G ‘621 ‘90zT'e ‘110¢°0)  (€1°G ‘1022°0) G TEL'T ‘6LOEE “LIVT 8 (eLe ‘L0811 ‘vere0)  (09°€ ‘e6ec0)  (L9€° (s8¢ ‘90L°¢ ‘aehe0) (989
(LT°61 ‘6811 ‘P129°C © (6F°8T ‘29€°T ‘0629 ‘2550°0)  (10°8T ‘9650°0) 29T “T669°C “F190°0) (€471 ‘6EET Tre00)  (6eer ‘6650°0)  (€9°2T ° (8g7er ¢ ‘78087 ‘0280°0)  (0L7T ¢
(6981 ‘€021 ‘GLTIET * (68°LT ‘€TF'T ‘292€C ‘02L0°0)  (€€°LT * ‘CrL0°0) ‘T9L'C ‘GSEET ‘18L0°0) (e8°€1 ‘€961 ¢ ‘6eL00)  (peer ‘LereT ‘ve800) (v IT ¢ (ge1r * ‘L8G€°T ‘9001°0)  (GL¥T ¢
(ery “18T°T ‘6LLE'T (P€'7 ‘09€'T ‘TP8CT ‘GE1€°0)  (8FF ‘€S 702€°0) ‘TE6'T ‘€T9T°T 9GFE0) (e6 ‘g1eT ‘e68¢°0)  (LLT° ‘122 ‘¢68¢°0) (96 ¢ (8¢ ‘00$T°T ‘0L05°0) (229 6
(G6°T ‘QIT'T “6V16°T © (99T ¢ ‘9GT6'T ‘9968°0) (€8T ° ‘G606°0) ‘99T “TS06'T ‘8126°0) (06T ‘6021 © 5826°0)  (S8F'T ‘06€°T LF8]'T ‘68L6°0)  (SL°T° (60 ¢ TPL8'T ‘6666'0) (98T
z0="0%

(60 ‘CET'T ‘ge8CE © (L0°Z ‘212’1 ‘0819°¢ ‘8€94°0)  (81°¢ : 7829°0) LTVT “G169°€ ‘TH69°0) (L9°1 ‘zez1 260600 (LTt ‘€€89°¢ ‘06L9°0) (88T (e0c POILE PG06°0) (9T ¢
(887 “€LT'T ‘6481°€ (e8°% ‘2621 ‘c01T’e ‘9912°0)  (16F ‘RLET0) G TEL'T ‘OV6TE ‘6192°0) (¢g¢ ‘goe1 ‘ceee0)  (gre ‘96L2°¢ ‘2ese0)  (ege (eLe” ‘zLeve ‘019g°0) (199
(8€°8T “06T°T ‘69992 ‘1290°0)  (L9°LT *99€°T ‘LTF9'C ‘2850°0)  (8¢'LT ‘6€90°0) ‘T0E°C 6T1LT ‘8890°0) (SOPT ‘THET ‘1290°0)  (eLer £969°C ‘5990°0) (20T ¢ (s0°er * ‘10187 ‘2980°0)  (pL'€T ¢
(TT'8T ‘00T ‘8G€€C ‘9690°0)  (62°LT ‘€21 ‘THPET ‘8€L0°0)  (6L79T * 29L0°0) T2L'T ‘OVSE'T 66L0°0) (Lzet‘oLeT ‘86L0°0)  (I8'TT 229€'T ‘v480°0)  (98°0T (601 © ‘66Le7T ‘9£01°0) (1072 ¢
(TEF ‘OLT'T ‘€90€C ‘T22€'0)  (€TF ‘TGE'T ‘Ge1€T ‘9L1€°0) (967 ‘062€°0) ‘606'T “TT62°C ‘90S€°0) (68°2 ‘81€T se0) (e 19¢°C ‘296€°0) (16T ° (T2°¢ ‘€9 ‘66L1°T ‘9STS°0) (509 ¥
(66T ‘TET'T ‘€8G6'T ‘TF68°0)  (PO'T ‘06T°T ‘8PS6'T F206°0) (08T * ‘0916°0) T€PST “€FF6'T ‘0826°0) (621 ‘80T * cLe6'0) (VTS ‘06T6°T ‘1886'0)  (LLT ¢ (€02 ‘986°'T ‘0916°T ‘6666°0) :ﬁ.

10=04L
90=M £€0= A T0=M 60=m 90=m o= M
¢'0=5Y 0=5y

25




F'0LE = 09IV Pue {G' TG T T'T‘6'0°GL°0°60} =< {g090°€0‘C0‘T0} = Ok ‘g =u ‘g =d 10§ (uwn[od puodss) s3reyd YINMH ISJ Jo
TTYY O X pue DTy ] Y 9s0U3 Ypm pareduiod syreyd [013u0d AA-YINMHE ISA Ut 3o TS Ly Ty 7 ‘L x pue TGy Ty ‘dp‘_x siejowrered oy, g 9[qe],

(8F'TT P21 ‘6T88°C ‘GFS0°0)  (OT'TT ‘2€'T ‘FOLO'E ‘8290°0)  (S6°0T ‘8€F'T ‘€30T'E ‘€020°0)  (60°TT ‘86L'T ‘T€GT'E ‘G0800) (98'8 ‘PeT'T ‘TEPT'E ‘9820°0)  (61'8 ‘60F'T ‘86TZ'E ‘0080°0)  (PR'L ‘0EL'T ‘STOF'E ‘9960°0)  (68'L ‘88T'C FCTO'E ‘S61T°0)  (ES'FT ‘GS6L'C ‘L8FO'0)  0C'T
(PP°2T ‘0TT'T ‘8GPPT “€0€0°0)  (ST'9T ‘THT'T ‘G00¥°'C F820°0)  (T€'GT ‘PEST TEH'T ‘€0£0°0)  (LT'GT ‘CHO'T ‘LE6V'T GT€0°0) (262 ‘618°T ‘8904°C ‘TEL0°0) (20T ‘LEV'T ‘PRYGT ‘TLEO'D)  (LO'8T ‘TO6'T ‘0£LS°T ‘€9£0°0)  (9T'8T ‘GL9°T ‘GSTL'T ‘GPP0O'0)  (1€°€€ ‘TIETT ‘0820°0) ST'T
(92°T8 ‘880°T “GLIR'T ‘TIT0°0)  (29°2L ‘FOTT ‘€TOL'T ‘TOT0°0)  (E8°EL ‘GTST ‘9£69°'T ‘0600°0)  (V6'1L ‘GET'T FG69°T “0600°0) (L9PL “LLT'T 0T96°T “€VT0°0)  (GF°L9 “96€°T “OVTI6'T ‘GET0'0) (L2709 ‘TL6'T “L988T ‘9210°0)  (PGLG ‘LET'€ ‘0L08T ‘0TT0°0) (€968 “08FE'T ‘8900°0) OT'T
(1692 ‘6VT°T ‘22691 “0020°0)  (9G°2L ‘€6€T ‘€VILT ‘6220°0) (I1€69 ‘G60°C ‘6L0L°T ‘0220°0)  (99°L9 ‘T8ET ‘L60LT TTT00) (12729 ‘69¢°T ‘92691 ‘0020°0)  (S0°09 ‘€L9°T ‘680L°T ‘1220°0)  (L8'ES ‘0L6°C ‘VOZL'T ‘0V20°0)  (VR'0G F66°9 ‘8GTL°T ‘0920°0)  (9¥'88 ‘69891 ‘Z610°0)  06°0
(60722 ‘0GT'T ‘681L°T ‘1€80°0)  (89°02 ‘GOF'T ‘2GTLT ‘€980°0) (8661 69691 ‘L960°0)  (68'6T ‘GTS'E ‘2I0L'T ‘F060°0) (06°9T ‘2Le'T ‘820L'T ‘€260°0)  (LE'FT ‘LOLT ‘€6L9'T ‘9S01°0)  (€8'ZT ‘L16°C ‘61991 ‘L021°0) (2921 ‘686'F ‘F099°T ‘0911°0)  (8¥'8% ‘8TEL'T ‘FFL00)  GL°0
(669 ‘L60°T “L¥RE'T ‘9282°0)  (PG'9 ‘TIE'T ‘TLLE'T ‘T€62°0)  (2€'0 ‘T8S'T ‘69VE'T ‘651€°0)  (LL'O ‘S6F'T ‘OVEET F92€0) (90°G “29T'T 9G9€°T ‘8T0€°0)  (0£'F ‘FICT ‘690€°T ‘CLFE'0)  (0R'€ ‘8OV'C ‘€EVE'T ‘910F°0)  (SE'F ‘96T°€ ‘GLCT'T ‘S18F°0)  (S2'6 ‘6FOV'T ‘0€L5°0)  0S°0
¢0=0L
(196 “LPT'T ‘09¥5°€ ‘6180°0) ‘LGTT OPREE ‘6560°0)  (FE'6 LIFT TLLEE ‘TS60°0) (676 ‘COL'T ‘6801°0) (97°2 ‘G9T°'T ‘29¥T'E ‘6180°0)  (00°L ‘SS¥'T ‘TLIV'E ‘P660°0) (289 ‘L8L'T ‘LI¥! ) (96'9 ‘29TT ‘OpEs'E TeGT0)  (LTTT “L€60°€ ‘T890°0)  0G'T
(L9762 “LVT'T ‘TELET ‘9£€0°0) ‘68T ‘6£69°T ‘T0V0°0) (9128 ‘1691 ‘P699°C ‘L880°0) (9122 ‘8¥0°C ‘6270°0) (TT61 ‘8981 ‘TETLC ‘TIH0°0) (PP LT “€TCT ‘TV69'C ‘TOP0'0) (€91 ‘G80°C ‘G0L8'T ‘TIC0°0)  (9T°9T ‘00L°C ‘9VE6'C ‘L850°0) (0863 “L80S'T ‘90€0°0)  GT'T
(P0°€L ‘STT'T ‘9100 ‘9£10°0) ‘09T ‘G0L6'T ‘6210°0)  (PL'99 ‘82T ‘2000 ‘G€10°0)  (14°99 ‘6,6 ‘9£10°0) (19°¢9 ‘6121 ‘PEVOC “OV10°0) (396G ‘88F°T “PS60°C ‘6S10°0)  (6SFC ‘G60°C ‘€PE6'T ‘6110°0)  (PI'EG ‘LEV'E ‘LLVOC ‘LV10°0) (6818 “PSIST ‘6600°0) OL'T
(2072L ‘0LT'T ‘6918 ‘1120°0) ‘R0F°T FRORT ‘€020°0)  (91°G9 ‘TOT'Z ‘02181 ‘9020°0)  (S9°€9 ‘LFI'F ‘89181 ‘1120°0) (9€°29 ‘G0E'T “LOTRT ‘T120°0)  (8€'GS ‘PELT ‘L8OS'T ‘€020°0)  (86'6V ‘8L6°C ‘PIES'T ‘€620°0)  (€2°LY ‘€L5°0 ‘TOFS'T ‘8620°0)  (66'€8 ‘T€8L'T ‘I810°0)  06°0
(570 ‘L8T'T “LG8R'T ‘¢6L0°0) PEPT OPLRT FLRO0)  (9L'8T ‘G60°C ‘29981 ‘8260°0)  (EL'RT ‘TIE'E ‘O1L'T F680°0) (92°CT ‘PET ‘GPIR'T ‘6660°0)  (ET'ET ‘06L°T ‘T6SR'T ‘T260°0)  (28'TT ‘900°€ ‘98¢8'T ‘SGTT'0)  (0R'TT ‘088°F ‘6528’ T ‘0LTT0)  (86'9G ‘GE68'T ‘GELOD)  GL'O
(P59 ‘TET'T ‘STIST ‘8ETE°0) T9ET ‘90SHT ‘08¢€°0)  (60°9 ‘906°T ‘2GS T ‘620€°0)  (0S°9 ‘TEF'T ‘6367 T ‘T92E0) 2T T L99FT LeFE0)  (BL°€ ‘689 ‘609€'T ‘80€F°0)  (69°€ ‘T8F'T ‘626€'T ‘TFOF0)  (0TF ‘690°€ ‘TP6TT ‘G687°0)  (88'8 ‘089G'T ‘€€L5°0)  0S0
7o="0
(148 “CCT'T ‘PE8T'€ ‘6360°0) (€68 ‘PLG'T ‘SPSEE ‘€50T°0) (€8 ‘T6V'T ‘TO6V'E ‘T6TT'0)  (LF'8 ‘GEL'T ‘PW6SE ‘THET0) (69°9 ‘28T ‘199€°¢ ‘L101°0)  (G3°9 ‘TLV'T ‘9L9¢°€ ‘T0ET°0)  (L1°9 “06L'T ‘€€69°¢ ‘G6V1°0) (€9 ‘GET'TC ‘TaL8E ‘€08T°0) (G801 ‘64€3°€ ‘9L80°0)  0¢'T
(8€°TZ ‘TIT'T ‘8TILT ‘GeV0°0)  (29°0T ‘LOET 0L69°C ‘STFO'0)  (LT°0Z ‘664 T ‘TELLT ‘G9P0°0) (1270 ‘THO'T ‘OVF8'C ‘91S0°0) (PTLT ‘2681 ‘068L°C ‘9LV0°0)  (LL°GT “66C°T ‘PEE6'T ‘G8G0°0)  (88FT ‘080°C ‘6068°C ‘TG¢0°0)  (PFT ‘€0L°C ‘T600°€ ‘0290°0)  (09°9Z ‘TEVY'T ‘T8E0°0)  GT'T
(28°29 ‘PET'T ‘€980°C ‘PST0°0) (8879 ‘8LE'T FIL6'T 'L210°0) (2229 ‘GLO'T ‘€€00C F€10°0) (I€719 ‘THV'E 2€I0°T ‘8V10°0) (P€09 ‘G921 ‘L9L2°C ‘€120°0)  (88°'FG “PES'T ‘€960 ‘LET0°0)  (LE°0¢ ‘G2E'C ‘T621°C ‘9910°0)  (L9°8F ‘€0G°€ ‘PP ‘0L10°0)  (26°9L ‘66T ‘€210°0) OL'T
(9289 ‘2LT'T ‘L0981 “€610°0)  (F0'G9 ‘TTF'T ‘€6S8'T ‘0020°0) (6229 ‘190°C ‘GT98'T ‘2020°0) (1809 ‘F00F ‘€998°T “9020°0) (L6'8G ‘T2E'T ‘L9881 ‘G220°0) (P2 ‘6EL°T ‘GLIS'T ‘8020°0)  (ST'LY ‘6£0°€ ‘298S'T 9220°0)  (OL'F¥ ‘T0E'9 ‘TI68°T ‘LE20°0)  (2L°08 ‘09281 ‘GL10°0)  06°0
(SF°6T ‘96T'T FRI6'T ‘0680°0)  (TG'ST ‘FEF'T ‘6296'T ‘9L80°0)  (88'LT ‘GTI'Z ‘L8I6'T ‘6060°0)  (68'LT ‘6LT°€ ‘8096'T ‘€680°0) (PEFT ‘66€°T 6296'T ‘TS60°0)  (0F'TT ‘T6LT ‘68€6'T ‘OF0T°0)  (9T'TT ‘ST0'E ‘TFE6T ‘6611°0)  (|T'TT ‘66GF ‘6LI6T ‘6L11°0)  (68'G% ‘T6L6'T ‘TEL0°0)  GL°0
(LT°9 “TGT'T 8609'T ‘PTTE0)  (TI6°G ‘T6E'T ‘€6SGT ‘Tege’0)  (I16°G ‘IS8T L6091 FIIE0)  (LT'9 ‘TFE'T ‘TLYCT ‘GLTE0) (8T'F ‘86T’ “T6SS'T ‘6LF€°0)  (29'€ “LL9°T ‘90SF'T ‘Gger'0)  (8S'E ‘0EVG ‘999F°T ‘¢617°0)  (LO'F ‘000°€ ‘908€°T ‘LT6V'0)  (19'8 FEIO'T ‘9FLT'0)  0Z0

£0=0L

(68°L ‘Z9T'T “09G€°€ ‘TTTT0) LT°T TPIVE L61T°0)  (69°L ‘89V'T ‘GELV'E ‘6821°0) (982 PILT ‘1€29" T0) 8Z°T ‘OPLY'E ‘0621°0)  (I8'G ‘08T ‘8LIS'E ‘OPPT°0)  (LL'G ‘T6L'T ‘TP69" ) (€6°G FITT ‘8298°¢ ‘6202°0)  (00°0T ‘990€°€ ‘€F0OT°0)  0G'T
(1002 ‘69T°T “068L°C ‘6670°0) (€61 ‘9TET ‘8808 F1G0°0)  (96'ST ‘€09°T ‘0128 F250°0) (2061 ‘GE0°T ‘6688°C T8I0°0) (86°CT ‘G0E'T ‘6698°C ‘G990°0) (2T “69S°T “L808'C ‘P1G0°0)  (66°€T ‘P60 ‘0086 ‘8090°0)  (00°FT ‘90L°C ‘G2€0°€ ‘L120°0)  (€0°GT ‘TETL'E ‘PFHO'0)  GT'T
(69779 ‘OPT'T ‘8GLT°C ‘Z810°0) (€819 ‘ZOET ‘€960°C ‘810°0)  (6G°6G ‘G89°T ‘0¥90°C ‘010°0)  (2L'8S ‘TIV'T ‘TGEI'T ‘9910°0) (8T8 ‘€921 ‘TLLT'C ‘Z810°0) (602G ‘€9S°T ‘G8€T'C “€020°0)  (F6LF ‘9L2'C “00€T'C ‘89T0°0)  (LF9F ‘TPG€ ‘PPI'C ‘8810°0)  (88°€L “G9T0°C ‘8€T0°0) OL'T
(26°99 ‘GLT'T ‘€988'T ‘1020°0)  (T0°€9 “I2H'T ‘TETI6'T ‘7220'0) (12°09 TITE ‘LL8S'T ‘T020°0)  (06'8S ‘G16°€ ‘TF68'T ‘L020°0) (28'9¢ ‘STE'T ‘LET6'T ‘€620°0)  (99°0¢ ‘TELT ‘PS8]'T ‘7020°0)  (SP°GY ‘886°C ‘€ST6'T ‘9220°0)  (€0°€F ‘TET'9 ‘09¢6'T ‘L650°0)  (0S'8L ‘G8FR'T ‘FL10°0) 060
(I8'8T ‘66T ‘8L10°C ‘TF80°0)  (06°LT ‘TFF'T ‘TFI0C ‘GL80°0)  (8T'LT ‘TET'E ‘60T0°C ‘2060°0)  (8€'LT “F0T°€ ‘9010°C F060°0) (FO°ET ‘T9€°T ‘TF00°C ‘960°0)  (T6°TT ‘TOS'T ‘0£66°'T ‘TFOT'0)  (9L°0T ‘SF6'Z ‘98L6°T “TFIT'0)  (LL'OT ‘SFF'F ‘01L6°T ‘T611°0)  (P1'GT ‘TL20T ‘0€2L0°0)  SL°0

(T0°9 ‘09T°T “€F99'T ‘6FTE0)  (9L°G ‘T6E'T ‘GRIQT ‘SLFE'0)  (8L'G ‘LLST ‘FRLOT ‘TS0£°0)  (21°9 ‘T62°C ‘69¥9'T ‘TLTE0) (POF ‘€LT'T ‘8609'T ‘GPGe0)  (0F'€ ‘00L°T ‘€LIGT ‘T62F0)  (29°€ ‘8TF'C ‘SFEST ‘€TTF0) ‘996F°T ‘8T67°0)  (GF'8 ‘GGTL'T ‘€6LT0)

z0="0%

(L¥°2 'GOT'T ‘299€°€ “I8TT°0)  (G€°L ‘OLE'T T6CV'€ ‘00€1°0)  (LE'L ‘T8F'T ‘69€5°€ ‘T6V1°0)  (I1S7L “00L°T ‘T€€9°E “0891°0) (08°G ‘0621 ‘SELV'E ‘LLET0)  (99°G ‘PRY'T ‘9L9G°€ ‘06GT°0)  (PS'C ‘T6L'T F989'E ‘T6LT°0)  (IL'G ‘TOT'T PIPRE L612°0)  (9G°6 ‘OTFE'E LGTT0)  0S'T
(62°61 ‘CLT'T ‘268L°C ‘C190°0)  (€9°8T ‘Z2ET ‘L808°C ‘1€50°0) (6281 ‘00L8'7 ‘6850°0)  (LE'8T ‘0£0°C ‘PI16'C ‘¥290°0) (GECT “TTET ‘20L8°C ‘G8¢0°0)  (ST'PT “08C°T ‘6808°C ‘2€50°0)  (0S°€T ‘T0OT'C ‘C1E6'C ‘€P90°0)  (PGE€T ‘FOL'T ‘STHOE ‘66L0°0)  (ST'FE ‘8LFL'C ‘T8F0°0)  GT'T
(€0°€9 ‘2411 ‘1622 ‘0020°0)  (F2'09 ‘FIET ‘099T°C ‘0810°0) (208G T0€1°2 ‘6910°0)  (62°LS ‘TLF'T ‘G6¥1°C ‘GLI00) (25°6G ‘982°T “662€°C ‘0F20°0)  (99°0G ‘G9S°T ‘LPIT'C ‘0810°0)  (L9°OF ‘662°C ‘09L8°C ‘6120°0)  (ST'GY ‘899°€ ‘LETE'E ‘9610°0)  (22°CL ‘0290°C ‘0S10°0) 0L’
(€99 ‘08T°'T F226'T ‘6120°0)  (08°T9 ‘OTF'T ‘TET6'T ‘T120°0) (016G ‘L60°% ‘R006°'T ‘T0Z0°0)  (I8'LS ‘T98°€ ‘0606°T ‘8020°0) (FPR'GC ‘TTET ‘6288'T ‘06T0°0)  (PE'6F ‘6VL°T ‘€8T6'T ‘T120°0)  (LV'FF ‘196G ‘€6¢6'T ‘52e0'0)  (60°GF ‘R€0°9 ‘GF6'T ‘8630°0)  (12°LL ‘TO9R'T ‘FLI00) 060
(0F'ST ‘0T “LFP0C ‘TF80°0)  (G°LT ‘GSF'T ‘OTFOC ‘TL80°0)  (96°9T ‘63T°C ‘ZREDT ‘€060°0)  (SO'LT “PST'E ‘6LE0°T “9060°0) (6£°€T ‘€SE'T ‘GEE0T ‘SF60°0) (YT ‘G8L'T ‘0G20°C ‘6E0T'0)  (SF°0T “LI0'E ‘€800°C ‘6ETT0)  (FS'OT ‘T9EF ‘T666'T ‘2051°0)  (0L°FG ‘T€S0T ‘TELOD)  GL'O

(66°G ‘€OT'T “€TOL'T ‘GTT€'0)  (99°G ‘86ET ‘TOSOT LFPE0)  (IL'G ‘0S8'T ‘€269 ‘881€°0)  (£0°9 ‘652°C ‘GLLI'T “€62€0) (86°¢ ‘0831 ‘P9LYT ‘169€°0) (V€€ ‘60L°T ‘639CT ‘Lagh0)  (LV'€ ‘0LEC ‘SPECT ‘TLEF0) (06 ‘T88'T ‘999F°T ‘€661°0) (168 ‘T6CL'T ‘06L6°0)  0¢°0

10=04L
60=m 90=M £€0= A T0=M 60= M 90= M €0=M To=m 184 L

¢0=5Yy 0=y

26



7048 = OSLV Pue {¢' 16z’ T T'T‘6°0°GL0°C0} =< {G0P°0'€0°C0T0} = Ok ‘GT = u ‘¢ = d 10§ (UWN[0D PUOdes) syreyd YINMH ISd Jo
TTYY O X pue DTy ] Y 9s0U3 Ypm pareduiod syreyd [013u0d AA-YINMHE ISA Ut Jo TS Ly Ty A L x pue TGy Ty ‘dp ‘Y siejowrered oy, f 9[qe],

(0T°€ ‘0ST'T “90PL°¢ ‘P592°0)  (TT°€ ‘GET'T ‘€TLL'E ‘€922°0)  (3T°€ ‘FOF'T ‘LLOG6'E ‘T62€'0)  (PE'E ‘66S°T ‘T066€ ‘T9€0) (€7 ‘65T’ “L806'E ‘G62€°0) (€T ‘T6ET ‘90907 ‘TH6E'0) (€77 ‘FRET TG0CF ‘66L7°0) (L8 ‘€SL'T ‘62TEF ‘679¢°0) (107 ‘806¢°€ ‘TL1E°0)  0C'T
(9F°2 ‘€LT'T 0ePT'€ ‘STIT'0)  (0€°L ‘GOE'T ‘G618 ‘T9T1°0)  (T€L ‘6SS°T ‘62PC € ‘S0ET'0)  (0G°L “€88°T ‘8P0E'E ‘8EVT0) (8€°G ‘00€'T ‘TOPE'E ‘GTET0)  (L0°G ‘OTG'T ‘8LEE'E ‘68FT°0) (667 ‘0L8'T ‘TSP ‘S6L1°0)  (61°G ‘00€°C ‘928G°€ “L¥IZ'0)  (L6'6 ‘FT90°€E ‘0860°0) ST'T
(L7°92 ‘PLIT €909 “29€0°0)  (I7°GT ‘0€€°T ‘0GLVC ‘9¥€0°0)  (T9FE ‘PELT L9TGT ‘I8€0°0)  (PGTT ‘I8E'T ‘01LST ‘€1V0°0) (06°0 “LTET ‘CTLET ‘PIPO'0) (3881 “089°T ‘G88C'C “Lev0'0)  (IF°LT ‘€0E'C VOV ‘0LV0°0)  (LT'LT ‘098°€ ‘S0TLC ‘P€S0°0)  (0€°€€ ‘T0EH'E ‘G1€0°0) OT'T
(62772 ‘1021 ‘9€81°C “£950°0)  (FI°€T ‘6211 ‘T681°C ‘G660°0) (9€'2T ‘G20°T ‘€V61C ‘G290°0) (VE'TT ‘T10°E ‘TL6T'T ‘€V90°0) (LG'8T ‘09€°T ‘6681°C ‘6620°0)  (SF'OT ‘99L°T ‘P661°C ‘6990°0)  (P6'FT ‘018°C ‘PLOC'E 62L0°0) (98T ‘€6€F ‘021¢°C ‘98L0°0)  (§7°1€ ‘TILT'T ‘G€S0°0) 060
(996 ‘PLI'T F160°C ‘2982°0)  (GV°G ‘28E'T ¥860°C ‘T8LT'0)  (PG'G ‘ThLL ‘€660°C ‘TLLE0)  (€8'C ‘9TI'T ‘G6L0°T ‘6662°0) (P8°€ ‘90€'T ‘€1F0°T ‘6EFE0)  (9F°€ ‘TGO'T ‘GSP0T ‘066€°0)  (09°€ ‘TFE'C ‘6720 ‘629€°0)  (€6°€ ‘GLO'T ‘TELE'T ‘6€Th'0)  (98°L ‘0621°C ‘9THE0)  GL'O
(IS8T ‘€TT'T F989'T ‘T0OI8'0)  (€6°T 0V ‘60L9°T ‘668°0)  (FI'T ‘TSH'T ‘F699'T ‘90¥8'0)  (£€72 ‘669°T ‘T199°'T F9GR0) (CE°T ‘61T ‘6699°T ‘TTG8°0)  (LG°T ‘62T ‘2SFO'T L888°0)  (26°T ‘99T ‘G129 ‘9gF6°0)  (F2'T ‘690°C ‘€0T9T ‘20L6°0)  (9€7C ‘0689°T ‘8308°0)  0S°0
¢0=0L
(122 ‘TPT'T ‘ROTL'E ‘6V2€'0) (VLT ‘665'T ‘€GLL'E ‘6L86°0)  (FR'C ‘998’ ‘TIC8'E ‘0T07°0) ;10! ‘0657°0) (607 ‘GVE'T ‘€TE8°E ‘G68€°0) (1T ‘FLET ‘T€V6°E ‘TIOF°0)  (P2'g ‘0LE'T LTLOF ‘699¢°0) (86T ‘€2L'T TIVLF ‘TFP9°0)  (9V°'€ $209°€ ‘TeLT0) 0S'T
(999 “€LT'T “9L9T°€ ‘6VET0) ‘R0E°T 961C°¢ “LLVT°0) (8779 ‘8FS'T ‘0642°€ ‘I8GT0) TIR'T ‘GPLT0) (pL7 ‘T1€°T ‘09T ‘OPGT°0) (097 ‘61¢" ‘0961°0) (67 ‘TO8'T ‘8pePE ‘9112°0) (0L ‘19T ‘GLVSE ‘0892°0)  (LL'8 ‘€S0T°€ ‘6021°0) ST'1
(82762 ‘08T°'T $904C “28€0°0)  (08°2T ‘LPE'T ‘69€4C ‘TIV0°0) (12 ‘€CLT TIRYC ‘8VP0°0)  (91°2C ‘65€°C ‘V€LIT “L8V00) (88T “L2€T ‘L1LET ‘0VP0'0) (62791 “0V9°T ‘G88C°C “Ger0'0)  (19°GT ‘GIE'T “90L9°C ‘PEC0'0)  (8F'CT ‘TET€ ‘TIVLT ‘8190°0)  (ET°0€ “C68F'C VLE0'0) OL'T
(8€°2z ‘€021 ‘9€€TT ‘7650°0)  (€€71T ‘PEV'T “TOVET F290°0)  (99°0T ‘I86°T ‘€SPEC ‘2990°0)  (99°0Z ‘L68°C ‘T6VL'T ‘GLI00) (16°9T ‘€9€°T “LIPTC ‘€€90°0)  (L6'FT ‘€LL°T ‘LEST'T ‘G0L0°0)  (LO'ET ‘G2L'T ‘G19¢°C 69L0°0)  (09°€T ‘LLT'¥ ‘8L92°C ‘6680°0)  (61°6% ‘1722 ‘S550°0)  06°0
(92°G ‘€LT'T L9912 ‘8F62°0)  (60°G ‘9LE'T ‘TPLI'C F482°0)  (02°G ‘92L°T ‘02LI'C ‘FL8E'0)  (97°C ‘850°C ‘€¥ST'C ‘T01€°0) (16°€ ‘O1€'T ‘0621°C ‘FIFE0)  (22°€ ‘8E9T “L1T1'T ‘C0GE'0)  (L€'€ ‘BGT'C TR60°C ‘G6L€°0)  (EL°€ ‘909°C ‘IEV0C ‘T0SH'0)  (€€°L ‘L108°T ‘T0SE0) L0
(PL'T STT'T ‘02LL°T ‘2€€8°0) (98T 2681 ‘00921 ‘6998°0)  (40°C ‘R6GLT 6998'0)  ($2'C 6191 ‘62GL'T ‘01L0) (P€'T 2021 ‘2eGLT ‘GeL80)  (GGT ‘LTP'T ‘9S€L'T “L806°0) (88T “LEL'T ‘TGTL'T ‘9L66°0)  (6T°C ‘960 ‘THOL'T ‘2686°0)  (€2°C ‘6ELL'T ‘G688°0) 050
7o="0
(672 ‘TPT'T ‘9809°¢ ‘F28€°0)  (LV'T ‘PETT ‘TLIL'E ‘Teeb0)  (LGT ‘0SE°T FIRL'E ‘G8LY'0)  (69°C ‘0LF'T ‘0LPS'E ‘G9£5°0) (T6'T ‘6V'T ‘TLGL'E ‘989P°0)  (L6'T ‘PLE'T ‘6PPSE ‘€p€S0)  (IT°C ‘69T ‘TG6°E ‘6L19°0) (VT ‘6691 ‘POL6'E ‘0L5L°0)  (90°€ ‘PS8SLE PIEED)  0¢'T
(06°G ‘€LT'T “TOLT'E ‘08GT°0)  (08°G “LOET ‘G61T°E ‘LILT'0)  (98'G “LEGT ‘O8GZE ‘6V81°0) (V0’9 “GO8'T ‘PELIEE ‘GPOT0) (L7 ‘T1€T ‘65VT'E ‘G0ST°0) (60 ‘9TGT ‘6V0€'E “L102°0)  (3T'F ‘09T ‘2S0V°'E ‘9¢he’0) (€67 ‘S0C°C ‘9809 ‘9682°0)  (8]'L ‘€LTT'E ‘LEVT0) GT'T
(12712 ‘98T°T “L1LGC ‘FOV0°0) (€80T ‘FOET ‘€88GC ‘08V0°0)  (2€°0T ‘6L T TOVIC F€50°0)  (9€°0 ‘8EE'T ‘6LG9°C F4G0°0) (€891 “LE€°T ‘€0V9°C ‘G6S0°0)  (PE'GT LV “TV69'C ‘8650°0) (92T ‘LIE'C ‘€969°C ‘0090°0) (12T ‘€08°€ ‘089L°C ‘9690°0)  (€L°LC ‘TLEC'T ‘TEV0'0) OL'T
(L8°02 ‘9021 ‘652 ‘€€90°0)  (96'6T ‘0F'T ‘0082°C ‘2990°0) (0661 ‘Ge8Z'Z ‘0890°0)  (G€°6T ‘808 ‘0062°C ‘G0L00) (09°GT ‘69€°T ‘228 ‘5990°0)  (I6°ET ‘LFL'T ‘8S6T'C ‘€FL0°0)  (FO'TL ‘09L°C ‘GHOE'T ‘T180°0) (P92 ‘600'F ‘611E'C ‘6880°0)  (€F°LE L192°C ‘GLS0°0)  06°0
(667 ‘€8T°T 02222 ‘910€°0)  (I8'F ‘RGE'T ‘GEETT ‘6262°0) (267 FI6T°T L965°0) (8T ‘500 ‘LETT'T ‘GHTE0) (82°€ ‘L1€'T ‘008T°T ‘TF9€°0)  (S0°€ ‘2€Y'T ‘Te8I'Z ‘F19€°0)  (22°€ ‘TET'C ‘TESIT ‘G66€°0)  (99°€ ‘814°C F2OI'C ‘TLIV'0)  (26'9 ‘P65T°T ‘89ST0)  GL'O
(89°T ‘0ZT'T “LOPRT ‘€2F8°0)  (08'T ‘66T°T ‘8TPRT ‘€448°0) (86T T9ES'T ‘6698°0) (9T “T6S'T ‘TOES'T ‘€388°0) (66°T ‘20T ‘SOTR'T ‘€6T6°0)  (2G°T ‘TOF'T ‘Z8OR'T ‘0666°0)  (S8'T ‘LIL'T ‘GT6L'T ‘0226°0)  (€1°C ‘886°T ‘Te8L'T 2866'0)  (21'C ‘L8FS'T ‘TEFR0)  0S°0

£0=0L

(F2'g ‘ev1'T F2e9'e ‘€evy0) (82T ‘16T F€99°€ ‘LI8V0) POILE OPPS0) (61T 6PV ‘GrIL” 0) (I8 ‘OPET ‘€€89°€ ‘820G°0)  (98°T ‘8GET 186°0)  (66°T ‘92¢'T ‘TSIS'E ‘GE0L0)  (PI'T ‘089°T ‘Teh8'€ ‘866L°0)  (LL°T ‘TTISE TI6E0)  0S'T
(P7°G ‘PLIT ‘6VLT'E ‘8LLT'0)  (L€°G ‘T6TT “OPOT'E ‘688T°0) 1062°€ ‘6202°0)  (19°C ‘8LL°T ‘F668°€ ‘20€T" 8 (g6°¢ ‘T1€°T ‘09¥2°€ ‘2902°0)  (18°€ ‘L1GT ‘062z’0)  (98°€ ‘TPR'T ‘LGLE'E 6892°0) (L0 ‘GLI'T ‘82IVE ‘G0ZE0)  (LT'L ‘9SET'E ‘9€91°0) GT1
(0€°0Z ‘0611 “TO¥9Z ‘0950°0)  (0G°61 ‘G9ET ‘9G09°C ‘0250°0) ‘6er9T ‘7990°0)  (TT°6T ‘12€2 ‘96,92 ‘0190°0) (29T ‘TPE'T ‘G0V9°G ‘0990°0)  (FEPT ‘P91 8660°0)  (2€'€T ‘CIET ‘L2ILT ‘9990°0)  (E€'ET ‘LLI'E ‘0I8LT ‘19L0°0)  (G0°9Z ‘TLIST ‘8LVO'0) OT'T
(S8°6T ‘T0Z'T ‘STOEZ ‘0F90°0)  (86'ST ‘OTF'T ‘€60€C ‘9290°0) ‘086°T ‘SFIET ‘€020°0)  (TF'ST ‘GFL'T ‘661€°C ‘T€L0°0) (8L'FT ‘09€°T 0Z1E€C ‘6890°0)  (SO'ET ‘L9L'T ‘OLTE'T ‘08L0°0)  (S6'TT ‘90L°T ‘6S€E°C FFRO'0)  (L6'TT ‘888'E ‘€PFE'E ‘1660°0)  (S1°9Z ‘2682 ‘€650°0)  06°0
(627 “LLT'T 60482 ‘9L0€°0) (097 ‘T9E'T ‘FLLET €868°0) (L7 ‘€99 ‘FLEC “920€°0)  (L6'F ‘896'T “€LST'T ‘0LEE0) (TT°¢ ‘12T ‘86222 ‘21L€°0)  (26'C ‘L09'T ‘G922 ‘20LE0)  (0T°€ “€80°C ‘896T°C ‘GTTF0)  (¢F'€ “99F°C ‘TLFT'C “9087°0) (299 ‘STOE'E ‘T8980)  GL°0
(FO'T FETT THO6'T ‘€268°0)  (GL'T ‘96TT ‘C006'T ‘T998°0)  (£6'T ‘TOP'T ‘LG88'T ‘€868°0) (60T ‘0LG'T ‘6888°T ‘TT68°0) (TET ‘01T 2988'T ‘€868°0)  (TG'T ‘T6E'T ‘T6SR'T ‘6296°0)  (I8'T ‘L89'T ‘STSR'T ‘2286°0) (60T ‘096°T ‘LPPT ‘6666'0)  (£0°Z ‘FI06'T ‘FS8°0)
z0="0%
(€12 “9€T°T “TG8G°E ‘0LLV°0)  (ST°C 02€T ‘6€29°¢ ‘822G 0) (LT ‘€E€T '00L9°C ‘T68G0)  (S€T LEV'T ‘8GOL'E ‘€€G90) (VLT ‘2ve'T ‘06€9°€ ‘85rG0)  (08°T ‘LGE'T FS69'€ ‘¢e9'0)  (P6'T ‘03T ‘GIPL'E ‘26eL’0)  (80°C ‘899°T ‘98GL°E ‘T198'0) (19T ‘68€S°€ ‘V6TH0) 0C'T
(8T°G ‘PLT'T ‘SILT'E PI61°0)  (IT°G ‘T62T ‘€861°€ ‘0€02°0)  (ST°G ‘Ceq’L ‘02¥E€ ‘L62e’0)  (9€°C ‘TOL'T ‘¥88T'€ 8LV 0) (92°€ ‘60T ‘09¥2'€ ‘9222°0)  (F9°€ ‘RIG'T ‘T1LT'E ‘e8ee’0)  (IL'€ ‘GES'T ‘ISGE'E ‘8982°0)  (26°€ ‘PCT'C ‘LVEr'e ‘21¥e’0)  (16'0 ‘9LET°E ‘€LLT0) GT'T
(9%°61 “T6T°'T ‘20¥9C “£450°0)  (IL'ST ‘G9ET ‘€029C ‘€4G0°0)  (8T'ST ‘G9L°T 9999°C ‘86G0°0)  (9€'8T ‘01E'T ‘8169°C “L¥90'0) (S0°GT ‘REE°T 006 ‘91S0°0)  (€9°ET ‘PFI'T ‘6099°C ‘16G0°0)  (LL'TT ‘SIE'T ‘TIEL'T T690°0) (0821 ‘TIT'E ‘€88L°C ‘G080°0)  (G0°GT ‘248G ‘01S0°0)  OL'T
(€2°6T ‘86T'T ‘061€C ‘7990°0)  (FE'ST ‘9GF'T ‘082€C F690°0)  (8L'LT ‘€96°T ‘8TEET ‘STLO'0)  (S8'LT ‘90L'T ‘€8€E'T ‘8FLO0) (9TFT ‘CLET OTEET ‘6020°0)  (09°TT ‘CSL'T ‘99¥E'C ‘0080°0)  (SG'TT ‘TL9°C ‘TGSGE'T L980°0)  (9G'TT ‘STR'E ‘€P9¢€°C ‘8E60°0)  (8€'GT ‘090£°C F090°0)  06°0
(8G'F ‘T8T'T FR6TT ‘60TE'0)  (SFF ‘€S THOLT ‘T0€°0)  (29F ‘FLI'T ‘6665°C ‘980€°0)  (98'F ‘CF6'T ‘€¥8T'C 02€€0) (£0°¢ ‘€T€'T ‘2Pee'c ‘8¢L6'0)  (98'T LT9T ‘L895°C ‘¢9L6°0)  (€0'€ ‘€S0 ‘THGE'T ‘T61F°0)  (PE'E ‘617G ‘0SLT'T ‘€687°0)  (F1'9 FLTE'T ‘9998°0) G0
(29T ‘PETT ‘90P6'T “€698°0)  (EL°T ‘LETT ‘69€6'T FTL80) (06T ‘LOF'T ‘60£6'T ‘6788'0)  (90°C ‘85S'T ‘8GT6'T ‘8968°0) (26T 21ET €286'T ‘TC06°0)  (0G°T ‘L6€'T ‘8S06'T ‘PGF6'0) (IS8T ‘689'T ‘9L8R'T ‘ST66°0)  (L0T ‘€V6'T ‘€P8YT ‘6666'0)  (86'T ‘0EF6'T ‘08¢8°0)  0S°0
10=04L
60=m 90=M £€0= A T0=M 60= M 90= M €0=M To=m 184 L

¢0=5Yy 0=y

27



F'0LE = OGS LV Pue {GT°GZTT'T6°0°GL°0°G0} =< {S070°C0T0T0} =0k ‘g=1u ‘p=d 10§ (UWnN[Od puooss) spreyd YINMH IS 30
TTYY O L pue DTy A Y 9s0U3 Ypm pareduiod syreyd [013u0d A-YINMHE ISA Ut Jo TS Ly Ty A L x pue TGy Ty ‘dp ¢ siejowrered oy, G 9[qe],

(T6°8T ‘GTT'T ‘TOPYC ‘€F€0°0)  (6T'8T ‘66T°T ‘0608°C FTF0'0)  (28'LT ‘T8F'T ‘09L8°C ‘6S70°0)  (L8LT ‘96L'T “€LL6'T ‘9TS0°0) (T9°ST “625'T ‘T68L°T ‘€TFO'0)  (LT'FT “L3F'T ‘REE6'C ‘T6F0°0)  (FF'ET ‘008°T ‘SEFO'E ‘2680°0)  (SE'ET ‘GLE'T ‘9T98'E ‘T0L0°0)  (R0'ET ‘€129 ‘GEL0°0)  0S'T
(62°2F ‘CTT'T ‘9.8 ‘8020°0)  (PR'OF ‘SET'T ‘TRET'T ‘9610°0)  (8E'6€ ‘€EG'T ‘FLLT'T ‘B0T0°0)  (96'8€ FI0T ‘LESTT ‘0180°0) (P0°L€ ‘TITT F62€T ‘62T0°0)  (99°€E ‘STH'T ‘88ETT L610°0)  (96°0€ ‘CHE'T ‘PITET ‘6120°0)  (20°0¢ ‘TE8'T ‘TOLF'E FLE00)  (L96F ‘TIFOC ‘9FT0°0)  ST'T
(9£721T “I80'T “022L'T ‘6800°0)  (P9°L0T ‘2OZ'T ‘OVILT ‘P800°0)  (FI'€0T ‘L0ST ‘GP69°'T ‘1800°0)  (29°00T ‘6TT°Z ‘€LIF'T ‘9G00°0) (L8'GOT “9LT'T “6096'T ‘8210°0)  (6°L6 ‘PLE'T ‘TIOL'T ‘T600°0) (99768 ‘€16'T ‘GP69'T ‘1800°0) (P68 ‘61T°€ ‘CP69'T ‘1800°0) (6611 ‘C6TET ‘€F00°0) OT'T
(66°0TT 2411 ‘6€99°T ‘TL10°0)  (G2°G0T ‘PLET ‘9629'T ‘8F10°0)  (L9°00T ‘Z80°C ‘9029 ‘Z¥10°0)  (8V'86 ‘910 ‘T¥I9°T ‘8E10°0) (98°001 “€L2'T ‘6€99'T ‘TL10°0)  (8%°06 ‘PLO'T ‘96291 ‘8P10°0) (PG 28 ‘996°C ‘96291 ‘8P10°0)  (1G'8L ‘T6L'9 ‘CLI9'T ‘GL10°0)  (ST'€ET “G96S°T ‘8210°0) 060
(0T°9€ ‘2LT'T 612LT ‘9L70°0)  (06°€€ ‘6EF'T ‘GPIL'T ‘2eS0°0)  (242€ ‘81T CEILT 6250°0)  (VO'CE 62€Y ‘FTILT ‘F€G0°0) (L8°82 ‘8621 ‘9211 “€€20°0)  (€9°PC ‘06L°T ‘€PIL'T ‘€250°0)  (66'1C ‘861°€ ‘8€69°T ‘G290°0) : T LVE9 ‘GG89°T '€990°0)  (€€°GY LGTLT ‘THV00)  GL°0
(92°TT “LETT ‘€SPP'T ‘TOLT'0)  (TO'TT ‘ISE'T ‘G68€°T ‘661°0)  (S9°0T ‘ZFI'T ‘969¢°T ‘€805°0)  (L6'0T ‘€IT'E ‘P88E'T ‘F86T°0) (99'8 ‘2EE'T ‘GPeT ‘T08T°0)  (S6°9 ‘699°T ‘€EEET ‘0822°0)  (91°0 ‘8L6°C ‘L2GT'T L6L8°0)  (99°9 ‘06T ‘T0GET ‘9962°0)  (LL'GT ‘LLSY'T ‘€FIT°0) 0S50
¢0 =0k
(TO9T ‘TPT'T “29P0°€ “09¢0°0)  (SG°GT ‘8ST'T ‘PLI6'C F0G0'0)  ( GV TELOE ‘6L50°0)  (OF'ST ‘98L'T “LTPT'E ‘9590°0) (86°2T ‘63T ‘GOF0'E ‘09S0°0)  (ST'ZT ‘OVF'T ‘8LT0'E ‘8VS0'0)  (PO'TT “L€8°T ‘1L0°0)  (TL'TT ‘2€€°T ‘STSH'E ‘TL80°0) (€261 ‘0998°G ‘GFF0°0) 0T
(89°2€ ‘PET'T ‘9GP “2520°0)  (2T°9€ ‘99Z°T ‘FOOF'C ‘0F20°0)  (90°GE ‘6VG'T ‘L9SE'T ‘9620°0)  (08°PE T60T ‘FWLY'T ‘LITO0) (632€ ‘1951 “€0V9°C ‘98€0°0)  (9V°6T ‘6LF'T ‘GTOV'C ‘TP30°0)  (€7°LT ‘000°C * 9€£0°0)  (L8°9% ‘GE8'C 0829 ‘T€E0°0)  (LETP ‘L6LTT ‘T0G00) ST'T
(LE'€0T “GOT'T ‘GeT6'T ‘GTT00) (€666 ‘LIET ‘0LILT ‘I800°0)  (92°G6 ‘99G°T ‘2€69°'T ‘L200°0)  (6€7€6 ‘€8T'C ‘99GL°T ‘L8000) (T1°96 ‘20T ‘1000 ‘0£10°0)  (F6'88 ‘LEV'T ‘0TL6'T F210°0)  (91°28 ‘LT0°Z ‘9969°T ‘8L00°0)  (89'8L ‘06Z°€ ‘GL6L'T F600°0)  (|8V'TTT ‘ILPS'T ‘6500°0) OT'T
(07°G0T “TGT'T “€269°T ‘8P10°0) (007001 ‘OLE'T ‘TILY'T “LET00)  (29°G6 ‘TE1°C ‘€261 ‘8V10°0)  (91°€6 ‘0L9'F ‘€269°T ‘8¥10°0) (2066 ‘68T “L12L'T ‘1210°0)  (IF°G8 ‘TELT ‘€PIL'T ‘€910°0)  (8F'LL ‘ST0°€ ‘P269°'T ‘8F10°0)  (€2°€L ‘T19°L ‘G869°T T2G10°0)  (IR'LIT ‘96€9'T ‘€210°0)  06°0
(T07€ ‘28T°T ZI08'T ‘6670°0)  (90°2€ ‘SEV'T ‘¥66LT ‘€10°0)  (9L°0€ L2TT ‘GL6LT ‘G2G0°0)  (C€0€ LET'Y ‘GG6L'T ‘LEGO0) (2992 ‘6261 €96L'T ‘26<0°0)  (10°€T ‘66L°T ‘GPRL'T ‘5090°0)  (09°0Z ‘002°€ ‘6£8L°T ‘6090°0)  (0L'6T ‘PS€'9 ‘B0LL'T ‘€L90°0)  (PI'€F ‘€LOR'T ‘66F0°0)  GL°0
(6UTT ‘GPT'T ‘STICT ‘6T8T°0) (290 ‘COF'T ‘TT9F'T ‘6902°0)  (0Z°0T ‘98T°T ‘€2LF'T ‘2105°0) (€201 ‘G86'C ‘999F'T ‘T#08°0) (F6°L ‘GGTT ‘888F'T ‘0661°0)  (99°9 ‘GTLT F6IF'T ‘8822°0)  (68'G ‘SF6'C ‘R6€ET ‘€FLE'0)  (9€°9 ‘SFO'F ‘€63 ‘0£0€°0)  (61°GT ‘TFPST F99T°0) 050
70 =0k
(0571 “0ST'T “63PT°€ ‘1990°0)  (PS'€T ‘89T ‘G880 “0190°0)  (89°€T ‘P6V'T ‘Tge € ‘F1L0°0) (BT ‘S6LT “L6EE'E ‘GTR0°0) (8P'TT ‘0L ‘TEPT'E ‘3G90°0)  (6L°0T “OLV'T ‘6612°¢ ‘G1L0°0)  (SP°OT ‘TEST ‘68G€°€ ‘€€80°0)  (6S°0T ‘GLE'T ‘€9LEE ‘LVOT'0)  (LGLT “GTT0E ‘L6C0°0)  0¢'T
(6E7€ “LVT'T ‘GTLET ‘60€0°0)  (PO'EE “€8T°T ‘GT6V'C ‘9L20°0)  (G1°2€ ‘68¢°T ‘€904°C ‘2820°0)  (20°CE FLOT ‘L609°T ‘LEE00) (9T°62 ‘L9Z'T ‘8079°C ‘TFE00) (€292 ‘TTST P8RIGC ‘L1€0°0)  (90°GT ‘TS0°C ‘90V9°C ‘TVE0°0)  (PL'TT ‘€28°C ‘L8TL'C ‘0880°0)  (S8°0F ‘L0TV'E ‘SF20°0) GT'T
(L2°26 ‘€1T°T ‘8226’1 ‘€110°0)  (8€'€6 ‘€52 ‘€VI6'T ‘T110°0)  (06'68 ‘64T ‘PG8LT ‘0600°0) (G288 ‘8LTT ‘696L°T ‘T600°0) (2006 ‘602 ‘0196'T ‘0210°0)  (E1°€8 ‘8LF'T F2E0C ‘GE10°0)  (S6°9L ‘CTI'Z ‘G000°C ‘8210°0)  (IT'PL ‘892°€ ‘REPST ‘6600°0)  (8R'GOT ‘L8TL'T ‘Z800°0)  OL'L
(V10T “2GT'T ‘STEL’T ‘L¥T00)  (PT'96 ‘T6€'T ‘€VILT ‘TPI0°0)  (FP8°16 ‘880°C L€69'T ‘IE€10°0)  (£S768 ‘€9GF ‘LE6YT ‘TET0°0) (0T°T6 ‘28T ‘8T2L'T LF10°0)  (0L°I8 ‘FOL'T ‘€PIL'T ‘ZF10°0)  (80'FL ‘896°C ‘LLOL'T ‘8E10°0)  (€8'69 ‘T8E'L ‘€9€L°T LG10°0)  (68'ETT FSGO'T ‘SI10°0)  06°0
(PF'ze ‘€611 ‘99G8'T ‘G6F0°0)  (TL°0€ ‘TFF'T ‘8PG8'T F050°0)  (1S'6Z ‘6L1°T ‘8TS8'T ‘2250°0) (9063 ‘L66'¢ ‘€0SR'T ‘TFS0°0) (20°6Z ‘0S€'T ‘G0GR'T ‘66S0°0)  (8'1C ‘608 ‘ZIFR'T ‘5090°0)  (£9°6T ‘OTT'E ‘GOER'T ‘8€90°0)  (PL'RT ‘OT'9 ‘L8ZR'T ‘€890°0)  (PG'TF ‘08G8'T ‘TSH0'0)  GL°0
(GL°0T ‘8GT'T T6SS'T ‘888T°0)  (LT°OT ‘€2F'T ‘0L8CT ‘9F02°0) (686 ‘Z61°T ‘TSES'T ‘G008°0)  (FE0T ‘996 ‘024°T ‘9¥08°0) (6F°2 ‘8LT'T ‘6FEST ‘9008°0)  (2€'9 ‘8ELT ‘LOSHT ‘06F2°0)  (0L°G ‘TF6'E ‘F66€T ‘TFLE'0)  (81°9 ‘G00'F ‘8TGE'T ‘620€°0)  (GLFT ‘9€09'T ‘629T°0) 050

£0="00

(8L°21 “€LT'T ‘L61T'E ‘PPLO0) 9°TT ‘88T V88T’
(21'1€ ‘G621 ‘€842 ‘€2€0°0) €0€ 8841 ‘0995°C ‘T1€0°0

( verT 0) (L )
( ) (g )
(69°€6 ‘G211 ‘eer0e ‘8€10°0)  (GL°68 ‘P9T'T ‘CC16'T ‘T110°0)  (GP'98 ‘0691 ‘0L88'T ‘9010°0)
( ) ( )
( ) ( )
( 0) )

9T1LE°C "GTE0°0,

9080°0 (P91 “¢S01°€ ‘8P90°0
‘088'C “PGLLT “1EV0°0, (v9°8¢ ‘PL8Y'T ‘8L20°0)  GT'1

TVET 8LEY" ) )
) )
‘8LY°€ ‘0200 ‘6210°0)  (I€20T “€FIL’T ‘9800°0) OT'T
) )
) )
) )

00°0T “PLV'T ‘SPSE'E 0060°0)  (GL'6 ‘€S8'T ‘6ELY'E ‘€660°0)
L0°GT ‘TEG'T ‘0689°C ‘€2€0°0)  (09°€Z ‘060C ‘TOF9'T ‘8¥E0°0)

LG0T ‘8LT°T ‘TIVE'E ‘89L0°0)  (( )
( )
(19°6 ‘967°T ‘2960 ‘1610°0)  (€9°€L ‘LST°T ‘9200°C ‘6210°0)
( )
( )
)

GT°LT ‘RLT'T LOVYT ‘SVE00

I8°CT ‘TLLT ‘LETV'E ( )
( )
(20°98 ‘8€3'T ‘00€1°C ‘6510°0)
( )
( )

)

92°0€ 9L0°C ‘8GS9°'T "9GE00

( 0760°0)
( )
(20°G8 ‘€2€'C ‘9828'T ‘G600°0)
( )
( )
( )

ISTT0 0S'T

f

OT°€T "SST'T
TETE ST

‘GPE°L ‘GOGLT ‘GGT00) (2@ TTT “L999°T ‘60T00)  06°0

TH6'S PRIST 0690°0) (€707 ‘GI68'T THIO°0

P68°E LLLET TITE0)  (SPFT ‘LGE9T “LTLT O
z0="0%

€2°6L FILT 009L°T ‘T910°0)  (6L'TL ‘9€6°C ‘SLIL'T ‘GE10°0)
(86'8T ‘€50°¢ ‘8ELY'T ‘8€90°0)
(2576 ‘¢ 3LT0)

TT°L8 ‘92SY ‘9S0L°T ‘6210°0 9€°88 ‘20T ‘€F8L'T '8LT00.
12'8T ‘TI6'¢ ‘0988°T ‘€¥50°0

T0°0T ‘L06'C ‘'8894°T ‘TS0Z°0

L°86 “GST'T ‘6TEL'T “LETO0 (LL°€6 “99€T ‘PE69'T ‘V210°0) 8€'68 ‘GLOT ‘LV69'T FT10°0
P1E 'S6T'T '2888°T ‘8050°0 (GL°62 ‘SG¥T ‘0988'T ‘T¥S0°0) £9'8C ‘GTT°T ‘G988'T ‘9250°0
97°0T ‘89T'T ‘8609'T * (766 “LGP'T ‘GELST LT0G0) (L9°6 ‘6ST°C ‘8ELYT ‘TE0E0

L6°0C ‘PES'T ‘OFLS'T '9€90°0
(LT°9 “OPL'T ‘088F'T ‘0LFT 0

TT'PE ‘8GET '8488'T ‘9VS0°0
‘962 T “TP8G'T ‘GL6T 0

SL°0

G6°C TTrvT

(TG°2T “LGTT “TOPE'E ‘1620°0) (22Tl “LLTT ‘661°€ ‘9920°0) (€121 ‘S8F'T ‘GEee’e ‘9980°0)  (LECT ‘GOL'T ‘0GVF'E ‘9660°0) (0T°0T ‘6L2°T ‘€99€°€ ‘T060°0)  (99°6 ‘TSV'T ‘6V8€°€ ‘1660°0)  (V€'6 ‘08T ‘TVEV'E ‘6860°0)  (67°6 ‘€¥e'e ‘61€9°¢ ‘Teel’0)  (€4°GT ‘TLST'E ‘01L0°0)  0S'T
(€2°T€ ‘9GT°T ‘91LGC ‘61€0°0)  (L0°0€ ‘00€'T ‘G88G°C ‘L2€0°0)  (€€762 ‘919'T ‘80F9°C ‘€5€0°0)  (62°62 FLOT ‘I889°C ‘6L€0°0) (92°9¢ ‘G821 ‘8TIL'T ‘T6€0°0)  (STHT ‘685 T ‘0684C ‘82€0°0)  (08'2 ‘TOL'E ‘1SG9°C ‘1980°0)  (29°22 ‘PI8°C ‘296L°C ‘IPP0°0)  (€P°LE ‘GIEST ‘T0€0°0)  GT'T
(1716 ‘TET'T ‘8¥80°C ‘SF10°0)  (8L°28 ‘892°T ‘€¥16'T ‘T110°0) (0978 ‘TS9°T ‘6000°C ‘6210°0)  (62°€8 “€0V'C ‘T000°T ‘6210°0) (98°€8 ‘9621 0980 ‘6F10°0)  (9G°2L ‘90G°T ‘0L60°C ‘2S10°0)  (08'TL ‘TLI'Z ‘RT00°C ‘6210°0)  (S7°69 ‘S2S°€ 2000°C ‘6210°0)  (8E'00T ‘GRLL'T “2800°0)  OT'T
(2926 ‘OPT°T ‘€P0L'T ‘5210°0)  (01°G6 ‘€8€°T ‘OFTL'T ‘0£10°0)  (L628 ‘690°C ‘0469'T ‘TE10°0)  (0L°GR ‘SLV'¥ ‘9LTL'T ‘9ET0°0) (7298 ‘66T ‘OF8L'T “0LT0°0)  (88°2L ‘689°T ‘9GTL'T ‘0€10°0)  (LF'OL ‘€16°C ‘TSTL'T ‘Ge10°0)  (02'99 ‘G8T'L ‘995L°T ‘€S10°0)  (89'60T ‘LLS9'T “L0T0°0)  06°0
(68°0€ ‘F6T'T “9806'T ‘20¢0°0)  (F&'6 ‘6FF'T ‘0906°'T ‘€7G0°0)  (E1°8% ‘L61°T ‘LI06'T F€G0°0)  (GL'LT ‘098'€ “LS06'T ‘9¥S0°0) (89'63 ‘€SE'T ‘LFO6'T ‘26C0°0)  (99°0C ‘Te8'T ‘LV68'T ‘€690°0)  (LG'8T FET'E ‘LEGS'T ‘0V90°0)  (TL'LT ‘€S8'C ‘6¥88'T ‘T690°0)  (6L°6€ ‘T606'T ‘T&H0'0)  GL°0
(T€°0T “€LT'T ‘G989 ‘LERT'0) (I8°6 ‘€7 “9009'T ‘TT0Z°0)  (PS'6 ‘OPT'C ‘T96GT F€0T'0) (886 ‘GL8'T ‘€€6ST ‘8POT" 3 (80°2 ‘90€°T ‘8609'T “L96T°0)  (80°9 ‘RGLT ‘€LIGT ‘TFFE0)  (67°G ‘616 ‘TIOP'T ‘€6LE°0)  (P6'C ‘098°€ ‘610F'T ‘660€°0)  (LEFT FI99T ‘61LT°0) 0G0
10=0L
60=M 90 =AM =M 1'0=M 60=M 90 =M £€0= M 1'0=M 184 L

§'0=5Yy 10=5y

28



70LE = 05V Pue {¢' TG TT'T‘6'0°6L°0°60} =< “{G090°€0‘C0°‘T0} = Ok ‘GT = u ‘p = d 10§ (uwn{oo puooes) spreyd YINMH ISd Jo
TTYY O Y pue DTy A Y 9s0U3 Ypm pareduiod syreyd [013u00 AA-YINMHE ISA Ut Jo TS Ly Ty A L x pue TGy Ty ‘dp‘_x siejowrered oy, 19 9[qe],

(T€°€ “LPT'T ‘0269°¢ ‘62.F2°0)  (T€'€ ‘6657 ‘OPEL'E ‘T692°0)  (0F'€ ‘G6E'T ‘GSP8E ‘620€°0)  (9G°€ ‘09G°T ‘€8€6'€ ‘60¥E0) (LF'2 ‘6981 FT88'e ‘OLTE0)  (9F°T ‘68€°T ‘0086'¢ ‘F65€°0) (99T ‘609°'T ‘TeST'Y ‘69FF°0)  (ILT ‘98L°T FEITF ‘0L1¢°0)  (0€F ‘0955°€ ‘090°0) 0S'T
(L6°2 ‘PLTT 62PT°€ “TITT0)  (08°L ‘TOE'T ‘82CT'E ‘6211°0)  (6L°L ‘€LS°T TOIEE ‘9621°0)  (86'L “L06'T ‘90LE'€ ‘LGET0) (92°G “L0€T ‘TOPE'E ‘LOET0) (V'S ‘0TG'T ‘GL8T'E “€6ET°0) (667G ‘6681 ‘OTTH'E ‘GL9T°0)  (IG°G ‘OPE'T ‘TSEGE ‘T00Z°0)  (FO'OT ‘09€0°€ ‘€€60°0) SGT'T
(P1°82 ‘GLT'T ‘TL0SC ‘69€0°0) (169 ‘OPE'T ‘6067°C F4€0°0)  (TT°9Z ‘96L°T ‘6667°C ‘09€0°0)  (20°9Z ‘80V'C ‘6€¥S'C ‘T6£0°0) (L6°2T ‘81€°T ‘22LST ‘T1v0°0) (1203 “089°T ‘G96F'C ‘8¢€0°0) (8981 ‘8CT'C “L06S'T ‘9gV0°0)  (TE'8T ‘9TE€ ‘LLLIT ‘66V0°0)  (08°G€ ‘696€°C ‘L630°0) OT'T
(L8°G2 “€0T°T ‘6921 ‘L2S0°0)  (PO'PE ‘€EV'T TE8T'T ‘€9G0°0)  (SL'ET ‘9L0°T ‘€881 ‘T8G0°0)  (EL°€T ‘090°€ VI6T'T ‘86S0°0) (88°61 ‘€9€'T ‘9281 ‘G80°0)  (29°LT ‘TLL'T ‘9861°C ‘1190°0)  (66'GT ‘T€8'C ‘VEOT'T ‘8L90°0)  (ER'CT ‘98FF ‘L802°C ‘82L0°0)  (E€°€€ ‘1891 ‘86V0°0) 060
(209 “PLT'T ‘6S0T°C ‘8992°0)  (€8°C ‘G8€'T ‘FOTT'C ‘9192°0)  (68°G ‘92112 ‘2692°0)  (81°9 ‘291°C ‘T¥60°C ‘208Z0) (ITF ‘L1€T ‘€F80°T ‘€162°0)  (69°€ ‘LG9'T ‘16S0°C ‘L61E'0)  (SL'E ‘TLE'T ‘LTh0T ‘€8€€’0)  (2I'F ‘PEL'T ‘T1€66'T ‘166€°0)  (IP'8 ‘€IFLT ‘1956°0) GLO
(68°T ‘6211 ‘8E8L'T ‘1999°0)  (€0°T ‘8GT'T ‘TFILT ‘€16L°0) (32T ‘€269'T ‘TP8L0)  (PF'T ‘099°T ‘LFLY'T ‘LTI80) (66T ‘B6T'T ‘8€99°T ‘9T€8°0)  (6G°T ‘ETF'T ‘9629'T ‘1868°0)  (S6°T ‘TGL'T L6091 ‘TEF6'0) (62T ‘€60° ‘0019'T Fe¥6'0) (672 ‘S66L°T ‘09€9°0) 0S0
¢0=0L
(68'C “OPT'T ‘889°€ ‘0¢080) PETT 686L°E LTEE'0)  (00°€ ‘OLE'T ‘TTERE ‘6VLE°0)  (ET'E ‘61S'T F006'E ‘RTEH0) (122 ‘€52'T ‘2008°€ ‘P€96°0) (22 ‘L8E'T FEI6'E ‘TOEF'0) (€T ‘06¢'T ‘98V0°F ‘00£6°0) (672 ‘SPL'T ‘095TF ‘8709°0)  (0L°€ ‘GLLE'E ‘6658°0)  0S'T
(00°L “LLT'T “0EPT'€ GLET0) 60E°T ‘S6TE°E ‘€SPT°0)  (68'9 ‘09G°T ‘TEETE ‘88PT'0)  (80°L ‘€98'T ‘0T63'E ‘TFIT0) (01°¢ ‘60T “L661°¢ ‘G0PT°0) (187 ‘L3S ‘GT6T°€ ‘TVIT°0) (8L ‘9881 ‘CTOV'E ‘TL6T'0) (867 ‘T6TT ‘PPICE ‘92€3°0)  (9€'6 “LG80°€ ‘€PIT0)  GT'T
(Pe-6g ‘GLT'T ‘99972 ‘65€0°0) (227 ‘TGET ‘S0TGT L8E0°0)  (VG'€T ‘PELT ‘6VSGC ‘Tev0'0)  (09'€T ‘P8E'T ‘8LEST ‘8GV00) (8861 L2€T ‘GTLET ‘9670°0)  (T0'8T “PEYT ‘6€69°C ‘€S50°0)  (89°9T ‘6E€°C ‘CTHY'T ‘66V0°0) (2491 ‘Z8¢°€ ‘0LIL'T ‘8L60°0)  (L8°T€ “LG9V'C ‘PGe0'0) OL'T
(€8°€2 ‘G0Z°T ‘8V2TT *9950°0)  (2L°2T ‘9€V'T ‘€LETT '€290°0)  (L671T ‘G66°T ‘LVETT ‘0190°0) (V61T ‘6V6'C ‘98€L°C “0£90°0) (60°8T ‘L9€'T ‘8622 ‘8850°0)  (£0°9T ‘Z8L'T ‘8TYE'C ‘€990°0) (291 ‘TGL'T ‘G2Ge'E ‘R1L0°0)  (6V'P1 FLTF ‘€652°C ‘6LL0°0)  (96°0€ ‘S11ZC ‘610°0) 060
(29°G ‘€8T°T ‘6GL1°C ‘P1LT'0)  (€F°G ‘TRE'T ‘GLLI'C ‘G692°0)  (€9°G ‘GPL’T ‘TLLI'C ‘8692°0)  (6L°C ‘S60°C ‘Z09IT'E ‘06T 0) (L2°€ ‘61T ‘1621°T ‘€82€°0)  (€F°€ ‘P91 ‘99212 ‘€16€°0)  (99°€ ‘T6T'C ‘6901°C ‘67¢€’0)  (I6°€ ‘L99°C ‘T2G0°C ‘S1eh0)  (98'L ‘PS0T'T ‘€¥€C0)  GLO
(P8'T ‘2ETT “LERL'T ‘P6LL°0)  (L6'T ‘LGT'T ‘GO8L'T ‘SFRL0)  (9T°C ‘0SF'T ‘0£9L'T ‘TFIR0)  (9€7C ‘669°T ‘BIGLT ‘€FER0) (L&T 0T8T ‘ToeL'T ‘9668°0)  (LG°T ‘TIF'T ‘TFILT ‘6016°0)  (I6°T ‘€2L°T 2691 ‘T€96°0) (22 ‘T€0°C ‘22691 ‘T€96°0)  (0F'C ‘L06S'T ‘9829°0)  0S°0
7o="0
(862 ‘GPT'T “L£99°€ ‘0€9€°0) (19T ‘63CT ‘0£0L°€ ‘T46€°0)  (ILT ‘TOE'T ‘BELL'E ‘TLIP'0) (€8 ‘98F'T ‘PLESE €T0G0) (20 ‘9eT'T ‘LTPL'e ‘PETP0) (90 ‘GRE'T ‘8PEYE ‘6867°0)  (61°C ‘CLET ‘TSE6°E ‘TL090)  (€€C ‘TEL'T ‘TYS6'E ‘6€89°0)  (98°€ ‘THLEE VITE0D)  0¢'T
(6279 ‘LLT'T ‘TOST'E ‘T8VT°0)  (61°9 ‘86T ‘€681°€ ‘8LGT°0)  (€2°9 ‘8FS'T ‘G6€T°€ ‘GEL1°0) (119 ‘928'T ‘GE6TE ‘ST61°0) (6577 ‘90€'T ‘920T°€ ‘6T9T°0)  (9€°F ‘L8G'T ‘6282'€ ‘TS8T'0)  (LEF ‘TLY'T ‘€E8E'E ‘09¢2°0) (84T ‘OVE'T ‘6287°€ ‘8692°0)  (IV'8 ‘€60T°€ ‘VSET0) GT'T
(60°€Z ‘G8T°'T ‘GTLGT ‘8GV0°0)  (G1°2T ‘€9€°T “L88GT FLV0°0)  (09°12 6265°C ‘8L¥0°0) (0912 T9€T ‘THEI'T ‘1250°0) (€0°8T 9€€°T ‘TOVO'C ‘28¢0°0)  (PE'OT “LV'T “0V69°C ‘6850°0)  (€2°GT ‘8EE'T POLY'T ‘T9¢0°0)  (9T°CT ‘I6E°€ ‘6TFLC ‘0690°0)  (S€6T ‘€VISE “L0F0'0) OL'T
(1622 ‘6611 ‘LLGEC ‘LLG0°0)  (G2'1C ‘92F'T ‘9992°C ‘6090°0) (€508 ‘6GLET ‘L990°0)  (9G°02 ‘TIR'T ‘99LE°C ‘0990°0) (TL°9T ‘TLET 6SLET ‘9990°0)  (68'FT ‘LGL'T ‘028%°C ‘0690°0)  (2G'€T ‘G6L°T ‘€36¢°C ‘8GLO'0)  (LV'ET ‘L0T'F ‘100€°C ‘L280°0)  (01°6Z ‘9972 ‘6£50°0)  06°0
(82°¢ “G8T'T ‘PGee' ‘9¥82'0)  (E1°C ‘€8€°T ‘€LEC'T '8892°0)  (€8°G ‘20€2T ‘€8L2°0)  (67°¢ ‘THOT ‘9€1E'T ‘T00E0) (29°¢ ‘12€T ‘T6L1C ‘GPPe0)  (€2°€ ‘GPO'T ‘0T8T'C ‘02v€°0)  (6€°€ ‘69T ‘99GT°C ‘FrLE0)  (6L°€ '8LGT ‘LG0T'C ‘G8€7°0)  (0F'L ‘€LST'T ‘€TFE0)  GL°0
(62T ‘GETT FFPRT ‘F208°0)  (I6°T ‘6¥C'T FREYT ‘T€180)  (01°C ‘SEF'T ‘28TYT ‘Tee8'0) (LT ‘OT9'T ‘TOG8'T ‘LLFR0) (96°T ‘€TE'T FIIRT ‘GCS8°0)  (99°T ‘0GF'T FTORT ‘L988°0)  (ET°€ ‘PCL'T ‘8GLET ‘9990°0)  (61°C ‘8T ‘699L°T ‘9296'0)  (I€T ‘€LFS'T ‘GL6L'0)  0S0

£0=0L

(L6 ‘epT'1 '9819°€ ‘TrIr0)  (IV'C ‘9881 ‘G199°€ ‘80¢r0)  (14°C ‘6VET ‘908L°€ ‘P60¢°0) (29T “€9F'T “POLL'E ‘T89G0) (68T ‘GPT'T ‘V0R9'E ‘L8IF0) (V6T ‘99€°T ¢ ‘6L7¢°0)  (L0T ‘OPST ‘€628°E ‘68¢9°0) (22T ‘00LT ‘LLIR'E ‘12GL0) (96T ‘TLEG'E TLIL0) 0ST
(08°¢ “9LT'T ‘209T°€ ‘¢991°0)  (2L°¢ ‘2681 ‘T06T°€ ‘TLL1°0)  (LL°G ‘89¢2°¢ ‘8V61°0)  (96°G ‘86L'T ‘1L8T'E ‘LG1T0) (cev ‘e1et ‘6evee ‘'ve61°0) (S0 LT /80¢°0) (607 ‘19T ‘619¢°€ P0S20) (067 ‘018 ‘CIGHE ‘9862°0)  (GLL ‘61E1°€ ‘8€CT0)  GT'T
(1912 ‘6811 ‘POP9C ‘1950°0)  (€L°02 ‘R9€°T ‘L88S'C ‘P610°0) (2208 20v9T ‘1950°0)  (82°02 ‘PPET ‘6L99°C ‘TLS00) (9291 ‘OPE'T ‘T0V9°G ‘1¢90°0) (38T ‘G99'T ‘0290°0) (€271 ‘9£€T ‘€889°C ‘1190°0) (0271 ‘P2T'€ ‘9OLGLT ‘60L0°0)  (8G'LT ‘LGPST ‘0S70°0) OT'T
(P11 F03°'T ‘7S82°C ‘6660°0)  (12°02 ‘OTF'T ‘PE6E°T ‘1€90°0)  (€9°6T ‘6661 ‘L662°C ‘6990°0)  (9G°6T ‘86T ‘BFOE'T ‘7RI00) (28°GT ‘G9E'T “T96TC ‘€F90°0)  (86'ET ‘9LL°T ‘6STEC ‘SFLO'0)  (RL'TL ‘€FL'T ‘61E'T ‘06L0°0)  (SL'TT ‘L86°E ‘LOEE'T ‘9980°0)  (9L°LT ‘8TLE'T ‘9950°0)  06°0
(F0°¢ ‘88T'T ‘66222 ‘1928°0) (167 ‘69€'T ‘GTLE'C ‘€282°0) (207G “€89°T ‘9692°C ‘098¢°0) (L&' “F0O0'C ‘FEST'T ‘GLOE D) (€€°¢ ‘92€T '8p22T ‘FI¥E0)  (0T°€ ‘1891 ‘ST ‘809€°0)  (92°€ ‘TET'C ‘TG6T°C ‘298€°0) (8¢ ‘GTGC ‘TIPT'C ‘026570)  (60°L ‘896T'C ‘89FC'0)  GL°0
(PL'T FEUT “LG88°T ‘Cee8'0)  (98'T ‘OPTT ‘€888°T ‘128°0)  (L6°€ ‘6S6°T ‘65L8°C ‘9990°0) (12T ‘065 ‘TELS'T ‘€L480) CET F6TET FER00)  (GGT PIFT ‘SESR'T ‘G668°0)  (ST'E ‘LEL'T ‘8GLTT ‘9960°0)  (FI'T ‘G86°T ‘8ITYT ‘6926'0) (€2 ‘LG68'T ‘TETS0)
z0="0%
(62°2 ‘8ET'T ‘0L8G€ ‘€9VP°0) (62T ‘PETT T82Y€ ‘T68V°0) (66T ‘THe'T ‘66L9°€ ‘G19¢°0) (097 ‘09V'T ‘20ELE ‘G219°0) (28T ‘P21 ‘6279°€ ‘8206°0)  (L8'T ‘9T ‘6S0L°E ‘¢68¢°0)  (10°C ‘€ECT LPOL'E ‘6V0L°0)  (ST°T ‘989°T ‘068L°€ ‘0008'0)  (8L'T ‘S6ES'E ‘RZ0OV0)  0C'T
(26°G ‘OLT'T “L6GT°€ ‘06L1°0)  (V1°G ‘0621 ‘€L8T°€ ‘T061°0)  (I1G°G ‘CES'T ‘61€C°€ F602°0)  (89°C ‘ISL'T ‘T6LLE ‘STEL0) (207 ‘TI€T ‘65hT'e ‘8CT1E°0)  (L8°€ ‘LEG'T ‘269T'E ‘16ge’0)  (26°€ ‘PG8'T FSPEE ‘0292°0)  (PI'F ‘S81°C ‘6,2 ‘081€°0)  (LE'L ‘T9TL'E ‘P99T0)  GT'T
(22702 ‘16T “TO¥9Z *£950°0)  (06°6T ‘69€T ‘6264 ‘9160°0) (V61 ‘TLLT TOVIC ‘2950°0) (6761 ‘€EE'T ‘60L9°C L090°0) (90°9T ‘FPET ‘921LC ‘G990°0)  (LGFT ‘TSY'T ‘LOTI'T ‘0960°0)  (E9'ET ‘FEE'T ‘8R69°C ‘GF90°0)  (PO'ET ‘L0T°€ ‘F99L°C ‘67L0°0)  (€5°9% ‘TFOST ‘08F0°0) OL'T
(6702 ‘T0Z'T FT0£ ‘€190°0)  (€5°6T ‘TEF'T ‘8GTET ‘TL90°0)  (€6'8T ‘T86'T ‘TITET FL90°0)  (L6'8T ‘65L°T ‘LITE'T ‘T0LO0) (6T°GT ‘€LE°T F6TET ‘€FL0°0)  (0G'ET “LIL'T ‘663 ‘9FLO'0)  (FE'TT ‘01L'T ‘96€€°C ‘TI80°0)  (2€C1 FI6'E ‘687E°C T680°0)  (96°9C ‘€88TC “L950°0)  06°0
(06'F ‘G8T'T ‘TO6TC ‘€F62°0)  (S8LF ‘T9E'T L96T°C ‘T982°0)  (I6F ‘969°T ‘GT6TC ‘8062°0)  (PI'C ‘I86'T ‘OLLE'T ‘€T1€0) (P2°€ ‘6161 ‘0972T ‘L956°0)  (T0°€ ‘€€9T ‘09FTT ‘895€°0)  (ST'E ‘€60°C ‘€618C ‘8e6€°0)  (09°€ ‘LLF'T ‘BOLT'C ‘S097°0)  (68'9 ‘T6TET ‘€0SE0)  GL°0
(2L°T 'GTT'T ‘62261 ‘90€8°0)  (PR'T ‘LVTT ‘TOZ6'T ‘0668°0)  (L6°€ ‘LS6'T ‘8ELTT ‘0£50°0)  (LT°C ‘8LG°T ‘G906'T ‘T€IR0) (PET ‘0TET L988'T ‘8606°0)  (PS'T ‘OTF'T “€988'T ‘G806°0)  (PI'E ‘€2LC ‘8GLTT ‘0€50°0)  (B1°T ‘PI6'T ‘69S8T ‘0686'0)  (LI'C ‘TLT6'T ‘6088°0) 0S°0
10=04L
60=m 90=M £€0= A T0=M 60= M 90= M €0=M To=m 184 L

¢0=5Yy 0=y

29



p T Syn MCV  VSSIMCV  VSI EWMA

Yo = 0.1

2 1.25 27.08 16.99 10.04

1.50 9.19 4.19 4.33

3 1.25 34.92 26.37 13.54

1.50 12.40 6.28 5.71
Y = 0.3

2 125 30.18 20.88 10.99

1.50 10.53 4.94 4.75

3 1.25 38.67 31.93 14.84

1.50 14.20 7.55 6.32
Yo = 0.5

2 125 37.77 30.62 13.47

1.50 13.93 6.79 5.83

3 1.25 47.97 45.14 18.16

1.50 18.92 10.81 7.89

Table 7: Comparison with the VSSI MCV control charts [17] and synthetic MCV [19], for
different values of n = 5, p = {2,3}, v0 = {0.1, 0.2, 0.3}, ARLo = 370.4 and upper shifts
r = {1.25,1.50}.

p T VST EWMA RS MCV VSI EWMA RS MCV VSIEWMA RS MCV

Y = 0.1 Yo = 0.3 Y0 = 0.5

2 0.50 3.2 6.4 3.3 6.7 3.62 7.2
0.75 7.9 28.9 8.4 30.7 9.51 34.7
0.90 31.7 122.1 33.8 127.2 38.94 137.3
1.10 34.5 88.3 37.2 94.4 44.87 108.2
1.25 10.0 23.8 11.0 26.6 13.47 33.5
1.50 4.3 7.8 4.8 8.9 5.82 11.9

3 0.50 3.9 9.6 4.1 10.0 44 10.7
0.75 10.5 43.7 11.2 46.4 12.6 52.1
0.90 42.1 153.8 44.7 159.3 50.8 169.7
1.10 45.2 107.1 48.7 113.3 57.5 127.7
1.25 13.5 32.3 14.8 35.9 18.2 44.9
1.50 5.7 10.8 6.3 12.5 7.9 17.0

Table 8: Comparison with the run sum control charts, for different values of n = 5, p = {2, 3},

v = {0.1, 0.2, 0.3}, 7 = {0.5,0.75,0.9,1.10, 1.25,1.50} and ARLo = 370.
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Figure 4: ATS curves of the downward (left) and upward (right) VSI EWMA MCYV charts for
p=2,7 = 0.1,n = 5 with measurement paraggeters B =1,m =1, and 6% € {0,0.3,0.5,1}.
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Figure 5: ATS curves of the downward (left) and upward (right) VSI EWMA MCYV charts for
P = 2,7 = 0.2,n =5 with measurement paraggeters B =1,m =1, and 6% € {0,0.3,0.5,1}.
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Figure 6: ATS curves of the downward (left) and upward (right) VSI EWMA MCYV charts for
0.3,n 1, and 62 € {0,0.3,0.5,1}.
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Figure 7: ATS curves of the downward (left) and upward (right) VSI EWMA MCYV charts for
p=2,v = 0.1,n = 5 with measurement paragpeters 92 =03,m=1,and B € {1,5}.
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Figure 8: ATS curves of the downward (left) and upward (right) VSI EWMA MCYV charts for
p=2,v = 0.2,n = 5 with measurement paragmeters 92 =03,m=1,and B € {1,5}.
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Figure 9: ATS curves of the downward (left) and upward (right) VSI EWMA MCYV charts for
p=2,7 = 0.3,n =5 with measurement paraggeters 62 =0.3,m =1, and B € {1,5}.
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