N

N

On the choice of a capability index for asymmetric
tolerances

Daniel Grau

» To cite this version:

Daniel Grau. On the choice of a capability index for asymmetric tolerances. Quality technology &
quantitative management, 2010, 7 (3), pp.301-319. hal-00220397

HAL Id: hal-00220397
https://hal.science/hal-00220397
Submitted on 28 Jan 2008

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-00220397
https://hal.archives-ouvertes.fr

ON THE CHOICE OF A CAPABILITY INDEX FOR
ASYMMETRIC TOLERANCES

Daniel Grau
Laboratory of Applied Mathematics, CNRS UMR 5142
IUT de Bayonne, Université de Pau et des Pays de I’Adour,
3 Av. Jean Darrigrand, 64100 Bayonne, France

Email: danidl.grau@univ-pau.fr
Fax : 33 (0) 559 57 43 79

Abstract:For a process normally distributed and a target located at the mid-point of a two-
sided tolerance interval, Vannman suggests a family of indices depending on twmetpesa

In order to choose the parameters which allow to obtain an index that is sensitive to
departures of the mean from the target, we need to take the properties ahasoestito
account. For a target not located at the mid-point of the interval of tolerancea@ih®earn
suggest a family of indices generalizing Vannman’s. The moments of thesesiade given,
then their expected values and mean square errors are studied to choose antirsdex tha
sensitive to the deviations of the mean from the target.

Keywordsand phrasesasymmetric tolerances, capability indices, estimation.

1. Introduction

The capability indices of a process are used in industry in order to measure the
capability of a process to produce according to some tolerdngdf For a targef located
at the mid-pointn of the tolerance interval, the most frequently used capability indices are
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whered = (U - L)/2 is half of the Iength of the tolerance interval= (U + L) /2 the

midpoint of the tolerance interval,the process mean amthe process standard deviation
under stationary controlled conditions, dd denotes "expected valueC, represents the

potential capability of the process, that is to teymaximum capability which can be
obtained in the optimal conditions of fabricatiohem the meap is on the target =m. C,,

is directly related to the expected percentageateonforming items when the studied
characteristic of the process is normally distiouandu = m. However, after Taguchi’s
works, the concept of quality should not be exdlelyi focused on the probability of non-
conformance. Keeping the process on target isvaspimportant. The three other indices




take into account this new aspect, in a differeay.wn this approach, Vannman (1995)
generalizes the previous indices by proposingriiex
d-ulu-T|

3o +v(u-T)
However, the infinity of choices thus offered does simplify the task of the user. This is the
reason why Vannman studies the properties of tiea®rs ofC(u, v) and offers a limited

choice of one or two pairsi{) considering a certain number of criteria of ogatitty. For
asymmetrical tolerances, that is to say when tigeetas not on the mid-point of the tolerance
interval, VAnnman (1997) suggests the generalizatio
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Whenu moves away fronT towards the closest tolerance limit this indexrdases faster
than when it goes towards the farthest tolerama#, lwhich is an advantage since the index

must respond faster to the deviations towards tleagvside. Howeve€ , (u, V) is not
always maximum i and shows a singularity when the mean moves agvegrtls the
farthest tolerance limit. The generalizatifig’j(u, V) suggested by Chen and Pearn (2001) in

the case of asymmetrical tolerances is not hindeyetiese disadvantages:
d —uA
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where A=max{d(u-T)y D,,d(T-x) O}, A = max{d* w-TYD,,d (T-uy D} ,

D,=U-T, D =T-L,andd =min{D,,D} .

In an article accepted in 1995, but which to ounwledge, has not been published yet, Chen

and Pearn (2001) indicate that they obtain theqnas of the estimatcé;,(u, v) of

C,(u V)=

C,(uv)= ,u=0,v=0,

C;(u, V). Nevertheless, the propertiesé)j(u, V) have been studied for the usual special
cases, by Pearn and Chen (1998), as well as by,Reéarand Chen (2004) for the index
C,« =C,(1,0), by Chen, Pearn, and Lin (1999) for the ind&x = C (0,1), and by Pearn,
Lin, and Chen (1999, 2001) for the ind€x, = C (1,1).

To begin with, the objective of this paper is teggthe formulas for the r-th moment
of é;(u, V). This enables us in particular, to give ta;gk identical expressions of the

moments of order 1 and 2, but simpler than PeamdsChen’s (1998).
Then, following Vannman’s approach (1995) concegrilre symmetrical case, the properties

of the estimatoré;(u, v) will be used to choose the paitsvj which come up to criteria of
optimality.

2. Estimation of C_(u, V)

The studied characteristic of the process is swggbasrmally distributed with mean
and variance? . Two natural estimators (ﬂ;(u, V) can be considered, differing in the way

the variance? is estimated. As Vannman (1995), we define thienasors é;’n(u, v) and
é;,n_l(u,v) as
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m andC, ,,(u, V) = m
whereA=max{d(X-T)/ Q,,d(T- X) B}, A =max{d (X-T) Q.d (T- X) B},
X=(2Lx)/n =320 (% =X/ r.andst, =37 (% - X)),

Later on, we will consider only the estimalég,n(u, V) since the two estimators are related by

A n-1 ~, n-1
Comi(WV) =7 C( T ]

By a demonstration identical to Pearn’s, Lin’s, &ften’s (1999), assuming that
5=Jn(u-T)/o, 1=3% etD =nd /o, we obtain
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where (-u) should be interpreted as 1 when 0, also for the case= 0, and,F,(a,b; ¢ 2)is
the Gaussian hypergeometric function (Abramowitd &tegun (1965)) with parameters

a=r/2,b=(1+i+])/2, c=(n+i+j)/2, 7, =1-(d/ D)’ v, andz =1-(d/ Q)" v
When the manufacturing tolerances are symmefric i), thend  =d=D, = D,

Con(u V)=

D'=D=+n d/o, and the expression in (1) reduces to

E(C',;,n(U, V)) :3—];;;(— @'Uj(%) a'/2
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which is identical to that obtained in Vannman @pPfr the symmetrical case.
When the process is on target, thatis T, which is equivalent t& =0, the expression in

(1) reduces to
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In the special case when=0, the expression in (1) reduces to
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Furthermore, ifu =T,
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In the special case when=0, the expression in (1) reduces to
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Furthermore, ifu =T,
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In the special case when, V) = (0,0), using lemma 1 of appendix 1,
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When (u,v) = (0,1) we obtain the expressions given by ChearRand Lin (1999)
for C,,, =C,(0,1). When(u,v) = (1,1) we obtain the expressions given by Pearn, Lin, and
Chen (1999) forCpmk =C o(L1). When(u,v) = (1,0), the equation (2) allows to obtain thetfirs

two moments in the following form :
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These expressions are identical but simpler (sperajx 1) that those given by Pearn and
Chen (1998), except for a coefficient since thdgudate E( ot (L O)) and E( ot (L 0))

3. Optimality Criteria

Here we take up with slight modifications, the aygmh suggested by Vanmann
(1995) for symmetrical tolerances, which we extenthe case of asymmetrical tolerances.
Several studies are carried out according to tiséipo of the target within the tolerance
interval. This position is located by the parameteb, which will be studied for the values

1, 4/3, 2, and 4. Whed/ D, = 1 the target is located at the midpoint of tHeramce interval,
which is the symmetrical case already studied byrivénn (1995). For the valueg D, =

4/3, 2, 4, the target is located at the quartenhefinterval fn;U] starting fromm, at the
midpoint of the intervalrf;U], and at the three-quarters of the interval]] starting fromm.

Of course the results are identical and will thasbe studied for a target located on the side
of the lower limitL. One of the purposes of Vanmann was to find aexrsgnsitive to



deviations from the target value, especially inchse whemw is small, because in such a case
it is more difficult to detect the fact that theopess is not capable as it is not on the target.

SinceC (u,V) = (1— uA/ d)(1+ vA/ o )_1/2 G (0,0), for any value ofs within the tolerance
interval, we havé:;(u+ X V+ Y < C%( u v, for any x, y= 0. This shows that if we want the

index to be sensitive to deviationsgofrom T, thenu andv should be large. Of course, the
index being unknown, we wish its estimator to bhesgeze. However it would be useless to
have a very sensitive estimator if it was not t®@éathat is to say if its bias and its mean
square error (MSE) were important. Various caldéolest have been carried out varying the
parametersi=(4-T)/o =0, 2.0(0.5)b=d /o =2, 6(1),n = 10, 50(10)u = 0, 5(1), and
=0, 5(1). Only integer values afandv were utilized since it seems not to be of anyrege

to consider more complicated indices The resultsvsimat in general, the largerandv are

the more sensitive the estimator is, but alsodhger the bias and the MSE are. However this
is not always true wheais equal to 0 or close to 0. For example lfer2,n = 10,a= 0, the

bias and the MSE cﬁt +(0,1) are equal to 0.084 and 0.037, whereas thoﬁ:p n€0,5) are
equal to -0.035 and 0.034. Hor 2,n = 10,a = 0.1, the bias and the MSE O‘t)’n(o,l) are

equal to 0.056 and 0.036, whereas thosé;qI(O,S) are equal to -0.026 and 0.034. We thus

should find a compromise between the quality aedstmsitivity of the estimator. Hence the
following strategy :

Step 1:

Whena = 0, choosing the values ofandv that will give simultaneously small values of the
relative bias and the mean square error.

It is the most important property, for a reliabsimator is essential when the process is
working in optimal conditions. In practice, we aalktte the relative bias and the MSE for the
various values ab andn, which gives us 25 possible cases. We keep ttarg @,v) which

are simultaneously the best, in these 25 situations

Step 2:

Selecting the values ofandv for which the estimator od:',;(u, V) has an expected value that

is sensitive to departures from
An estimator is all the more sensitive to the diésres of Zfrom T, as its expected value
decreases quickly whgnmoves away fronT. In order to measure the sensitivity of the

estimatoré;,vn(u, V), we use the quantity call&equal to the quotient oE(CA:;,n(u, v)) when

az0 by E(é;,,n(u, v)) whena = 0. By way of comparison, we calculate the sensitof the
index C,(u, V), also calleds, equal to the quotient & (u,v) whenaz 0 by C_(u,V) whena
= 0, that is to say the quotient 6f (u, v) whenaz 0 by C_(0,0). The smalleSis, the more

the expected value of the estimator decreaseghandhe more sensitive the estimator is.
The expressions df(é;,vn(o,v)) and C;(O,v) allow to note that the sensitivity is independent

of b whenu = 0, and thus depends only @aandn in that case.

Unfortunately an index cannot have the best seitgifor any value of, b, andn. As we
need an index, especially sensitive wilaems small, we will first examine the greatest u
of b. If necessary, we will compare then the sensytifat the lowest values aodi|| because
the index must quickly detect the deviations ofrtiesan. In practice we will eliminate the
least sensitive pair and keep only three for the siep.

Step 3:



Choosing an index according to the quality of thgngators for any , and to the sensitivity,
and the facility of interpretation for the pradiitier.

At the previous steps, the indices were kept feirttow values of relative bias and MSE
whena = 0. It is now necessary to compare them for alyesofa. For indices having rather
similar properties, the practitioner will no doydsefer indices he is able to interpret, even if
that means a slight loss in the quality of thenegtors and the sensitivity. Whatever the

position of the mean within the tolerance interves, always havec_(u, v) < C (0,0),
equality happening only when the mean is on tr@taﬂ'hus,c;(o, 0) represents the
potential capability, that is to say the maximurpatality to be hoped for in the optimal
conditions of production. When the mean moves dn@y the target and reaches the
tolerance bounds, we ha@%(u, v)=d (1- u)/(?,\/a2 + vd) , Which is thus positive ifi = 0,

null if u =1, negative iti > 1. Of course the case= 1 provides the easiest interpretation
because the index varies betw@;}(0,0) when the mean is on the target and 0 when the

mean reaches the interval bounds. The nasé is the least interesting because the index can
take negative values within the tolerance interVhk interpretation is made easier since it is
linked tou, withu = 1,u =0, theru > 1 in order of preference.

In the next paragraphs, we give the results of stg for various positions of the
target. All the calculations which have been cdroat cannot be given here. Only some
tables of results allowing the reader to follow #u®pted strategy are given in appendix 2.

4. Optimal indiceswhen d/D, =1

Step 1:
We are in the situation wheae= 0. As an example, consider the case wher80. Wherb =

2 and 6, Table 1 gives the relative biasfléfn(u, V), and Table 2 gives the mean square error

MSE of é;’n(u, v) multiplied by 100. If in each one of these 4 table choose the 8 best

pairs, the common pairs selected arg)(= (0,2), (0,3), (0,4), (1,0), (1,1), (1,2). Foet
valuesn =10, 50(10) and =2, 6(1), we obtain 25 tables which are not repoed here. By
selecting the 8 best pairs out of these 25 tatlles;ommon couples selected arg@)(= (0,2),
(0,3), (0,4), (1,2).

Step 2:

For example, table 3 gives the sensitivity of thﬁmatoré;’n(u, v) and of the inde>C;(u, V)
for the previous pairs when= 10, 30, 50, antd = 2, 6. We note that the least sensitive is
é;’n(O,Z), then é;,n(o,s). For é;’n(0,4) and é;’n(l, 2) the situation is less clear. So, we
compare them fdp = 6. In that case again, the comparison is noioaisv Then we restrict
ourselves to the small valuesafand reach the conclusion tré]‘g;,n(o,4) is the most

sensitive. The study for the other valuesghot given here, leads to the same conclusions.
At this stage we retain only the paitsy = (0,3), (0,4), (1,2).
Step 3:

For these 3 pairs Table 4 gives the relative t]iaéLg(u, v)whenn=30,b =2, 6 and Table 5
gives the MSE of:;,n(u, v) multiplied by 100 whem = 30,b = 2, 6(1). We note that

é;]n(O,B) and c“:',;,n(o, 4) are very similar and slightly better théj’n(l, 2). All the results
which are not given here lead to the same congaigsio conclusion, as Vannman (1995)



shows it, if we had to retain one index, the chevoalld beCL (0, 3) if the quality of the
estimator is to be privileged because it is alnnogétiased when the process is on target,
while C',;(O,4) and C; (4,2) have a small but negative bias. If sensitivitthis main criterion
to be retained , we will seleﬂ;, (0,4). The facility of interpretation, which seems an

important criterion for the practitioner is not éakinto account by Vannman. If this criterion
is chosen, we recommend to lE“@(l, 2).

5. Optimal indiceswhen d/D, = 4/3

Step 1:
a=0. Whem =30,b =2, 6, Table 6 gives the relative biascb;fn(u, V), and Table 7 gives

the MSE ofé;,n(u, v) multiplied by 100. If in each one of these 4 table choose the 10

best pairs, the common pairs selected ax € (0,1), (0,2), (0,3), (0,4), (1,0), (1,2), (1,2)
(2,0). For the other values nfandb not given here, the 4 best common pairs are adain
from the 10 best pairs of each table, and ax@ € (0,2), (0,3), (0,4), (1,2).

Step 2:

Table 8 gives the sensitivity of the estimafq;rn(u, v) and of the inde>C;(u, v) for the

previous pairs when = 10, 30, 50, and = 2, 6. We note that the least sensitivéiﬁ(o, 2).
We compare the 3 others for= 6 and the small values ai.| We note that the most sensitive
estimator isC, ,(0,4), then C_ (0,3), and finallyC_ (1, 2). The study for the other values

of n, not given here, leads to the same conclusionthig\stage we retain only the paiusvj
= (0,3), (0,4), (1,2).
Step 3:

For these 3 pairs Table 9 gives the relative bﬁaé;q(u, v)whenn = 30,b =2, 6 and Table
10 gives the MSE oé',;’n(u, v) multiplied by 100 whem = 30,b = 2, 6(1). We note that

é;,n(O,S) and é;,n(o, 4) are very similar and slightly better théj,n(l, 2) with regard to the

relative bias. As regards the MSE it is difficdtrhake a distinction between the 3 estimators.
All the results which are not given here lead ®¢hme conclusions. As a conclusion for the
case d/Du = 4/3, if we must retain one index, th@ae could be done according to the
criterion to which preference is given:

If the quality of the estimators is chosen : ret@i,’;(O,B) which is the least biased when the

process is on target.
If it is the sensitivity : retairC_(0,4).

If it is the facility of interpretation : retaiﬁ:;(l, 2).
6. Optimal indiceswhen d/D, = 2

Step 1:

a=0. Whem =30,b =2, 6, Table 11 gives the relative biasfté,fn(u, V), and Table 12 gives
the MSE ofé;,n(u, v) multiplied by 100. If in each one of these 4 table choose the 10
best pairs, the common pairs selected @k € (0,1), (0,2), (1,0), (1,2), (1,2), (2,0). Rbe



other values of andb not given here, the 4 best common pairs are addamom the 10 best
pairs of each table, and are\j = (0,1), (0,2), (1,1), (1,2).
Step 2:

Table 13 gives the sensitivity of the estima&fté,rn(u, v) and of the inde>C;(u, v) for the
previous pairs when = 10, 30, 50, and = 2, 6. We note thaﬁ;vn(l, 2) is the most sensitive
and é;’n(o,l) the least sensitive. We compare the 2 otherb fo6 and the small values of

|a]. We note that the most sensitive estimatdﬁ;jjg(o, 2), then é;vn(l,l). The study for the

other values o , not given here, leads to the same conclusiontigstage we retain only
the pairs (,v) = (0,2), (1,1), (1,2).

Step 3:

For these 3 pairs Table 14 gives the relative dnlia@;'n(u, v)whenn = 30,b =2, 6 and Table

15 gives the MSE oé',;’n(u, v) multiplied by 100 whem = 30,b = 2, 6(1). These two tables,

as well as those made for the other values of éin@npeters do not allow to distinguish one
estimator from the other 2.

In conclusion, ford/D, = 2, we recommend to uﬁ;vn(l, 2) which is the most sensitive, and
the interpretation of which is easy.

7. Optimal indiceswhen d/D, =4

Step 1:
a=0. Whem =30,b =2, 6, Table 16 gives the relative biasfté,fn(u, V), and Table 17 gives

the MSE ofé;,n(u, v) multiplied by 100. If in each one of these 4 tablMe choose the 7 best

pairs, the common pairs selected arg)(= (0,1), (1,0), (1,1), (2,0), (3,0). For the atkalues
of n andb not given here, the 4 best common pairs are aidemom the 7 best pairs of each
table, and areu(v) = (0,1), (1,1), (2,0), (3,0).

Step 2:

Table 18 gives the sensitivity of the estima&fté,rn(u, v) and of the inde>C;(u, v) for the

previous pairs when = 10, 30, 50, antd = 2, 6. As we have already not@{,(u, 0) and

consequently its expected value become negative tieemean approaches the tolerance
bounds. As it is not very judicious to measuredsygability using a negative quantity, we did
not copy out such values on table 18. No pair, dgeh = 6 anda = -0.5, 0.5 allows any
conclusion. Therefore in table 18 we have addedahees of the sensitivity for values of the
mean nearer to the target, consideang-0.1 and 0.1. As can be noted, the rank is
completely reversed according to whether the meavesitowards the lower or the upper
limit. It is then impossible to draw any conclusimoncerning the sensitivity of these 4
estimators.

Step 3:

For these 4 previous pairs, Table 19 gives theiveldias ofé;’n(u, vVywhenn=30,b=2,6
and Table 20 gives the MSE 6f, ,(u,v) multiplied by 100 whem = 30,b = 2, 6(1). As in

the previous case, the negative values have natdmmed out on these tables. These two
tables, as those carried out for the other valfiseoparameters, allow to note ti(a;;(o,l)

and C,(1,1) on the one hand; (2,0) and C,(3,0) on the other hand, are very similar, but



none can be considered as better than the othederlthese conditions, since none of the
estimators is preferable for its sensitivity orrgsiability, only the criterion of interpretatida

retained. This is the reason why we recommendstlae)ﬂc;(l,l) for d/D, = 4.

Appendix 1

In order to obtairE(é;]n(u, O)) and E(é;’n(u, 0))2, the following preliminary results

are used:
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2.
E(é;,,n(u, O)) is obtained from the equation (2), by using theni@das of duplication

of the function,
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E(é;’n(u, O))2 is obtained from the equation (2), by using theni@das of duplication
of the functionT,
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Appendix 2

Table 1:d/D, = 1. Relative bias oé;,‘n(u, V) when the process is on target ane 30.

b=2 \Y;
u 0 1 2 3 4 5
0 0.026| 0.009| -0.004 -0.01j7 -0.029
1 -0.032| -0.048 -0.062 -0.074 -0.085 -0.095
2 -0.108| -0.121] -0.1383 -0.143 -0.153 -0.1p62
3 -0.184| -0.194 -0.204 -0.213 -0.220 -0.228
4 -0.260| -0.268 -0.276 -0.282 -0.288 -0.294
5 -0.336| -0.341] -0.347 -0.351 -0.3%56 -0.360
b=6 \Y;
u 0 1 2 3 4 5
0 0.026| 0.009| -0.004 -0.01j7 -0.029
1 0.019| 0.001] -0.01%5 -0.028 -0.040 -0.0b1
2 -0.006| -0.023 -0.039 -0.051 -0.062 -0.073
3 -0.032| -0.048 -0.062 -0.074 -0.085 -0.095
4 -0.057| -0.072 -0.086 -0.097 -0.108 -0.117
5 -0.082| -0.097 -0.110 -0.120 -0.130 -0.140

Table 2:d/D, = 1. 100 MSE of é;vn(u, V) when the process is on target ane 30.

b=2 \Y;

u 0 1 2 3 4 5

0 0.872| 0.805| 0.857 0.904 0.972
1 0.973| 1.074| 1.193 1.348 1.494 1.654
2 1.775| 2.016| 2.252 2.472 2.687 2.894
3 3.401| 3.699| 3.983 4.22f 4.466 4.692
4 5.850| 6.122| 6.383 6.614 6.838 7.049
5 9.121| 9.286| 9.458 9.638 9.801 9.965
b=6 \Y;

u 0 1 2 3 4 5

0 7.852| 7.558 7.709 8.138 8.752
1 8.056| 7.715| 7.738 8.558 9.332 10.237
2 7.995| 8.319| 8.902 10.028 11.147 12.281
3 8.756 | 9.663| 10.73)f 12.135 13.495 14.883
4 10.341] 11.749 13.244 14.8Y3 16.465 18.044
5 12.748| 14.57% 16.422 18.244 20.027 21.Y64
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Table 3 :d/D, = 1. Sensitivity ofé;,vn(u, V) andC_(u,v), when (,v) = (0,2), (0,3), (0,4),
(1,2) (top to bottom), and whdn= 2, 6 (left to right)

Sensitivity of C; ,(u, V) Sensitivity of
C,(u,v)

a n=10 n=30 n=>50
0.842 0.8420.827 0.8270.823 0.823 0.816 0.816
0.809 0.8090.778 0.7780.770 0.770 0.756 0.756
0.784 0.7840.730 0.7300.729 0.729 0.707 0.707
0.734 0.8090.677 0.7770.659 0.770 0.612 0.749
0.593 0.5930.583 0.5830.581 0.581 0.577 0.577
0.535 0.535%0.513 0.5130.508 0.508 0.500 0.500
0.496 0.4960.459 0.4590.459 0.459 0.447 0.447
0.359 0.5210.321 0.4990.312 0.49% 0.289 0.481
0.428 0.4280.428 0.4280.427 0.427 0.426 0.426
0.374 0.3740.366 0.3660.363 0.363 0.359 0.359
0.340 0.3400.321 0.3210.323 0.323 0.316 0.316
0.135 0.3380.119 0.3290.116 0.327 0.107 0.320
0.330 0.3300.333 0.3330.333 0.333 0.333 0.333
20 0.284 0.2840.281 0.2810.280 0.280 0.277 0.277
" 10.256 0.2560.245 0.2450.247 0.247 0.243 0.243
0.009 0.2310.003 0.2280.002 0.227 0.000 0.222

0.5

1.0

15

=N ~NH-OHS—CO

Table 4 :d/D, = 1. Relative bias oé;,‘n(u, v) when (,v) = (0,3), (0,4), (1,2) (top to bottom),

b =2, 6 (left to right), and = 30.
a 0 0.5 1.0 1.5 2.0
-0.004 -0.004 0.025 0.025| 0.022 0.022| 0.013 0.013| 0.008 0.008
-0.017 -0.017 0.029 0.029| 0.024 0.024| 0.014 0.014| 0.008 0.008
-0.061 -0.014 0.037 0.026| 0.043 0.025| 0.051 0.017|undef. 0.0123

Table 5:d/D, = 1. 100 MSE of é;vn(u, v) when (,v) = (0,3), (0,4), (1,2) (top to bottom),

andn = 30.
a 0 0.5 1.0 15 2.0

(on

2 0.857| 0.828 | 0.258 | 0.074 | 0.026
0.904 | 0.907 | 0.234 | 0.061 | 0.021
1.204| 1.212| 0.401| 0.121 | 0.044
3 1.927| 1.863 | 0.581 | 0.166 | 0.059
2.035| 2.040 | 0.526 | 0.136 | 0.047
2.266 | 2.303 | 0.804 | 0.249 | 0.092
4 3.426| 3.312| 1.032| 0.295| 0.106
3.617 | 3.627 | 0.935| 0.242 | 0.084
3.748 | 3.762 | 1.349 | 0.424 | 0.158
5 5.354| 5.175| 1.613| 0.460 | 0.165
5.652 | 5.668 | 1.461 | 0.379 | 0.131
5.649 | 5.589 | 2.037 | 0.646 | 0.242
6 7.709| 7.452 | 2.323 | 0.663 | 0.238
8.139 | 8.161 | 2.104 | 0.545 | 0.188
7.971| 7.783| 2.867 | 0.915| 0.344
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Table 6 :d/D, = 4/3. Relative bias oé;,n(u, V) when the process is on target ane 30.

b=2 v
u 0 1 2 3 4 5
0 0.023| 0.005| -0.011 -0.025 -0.037
1 -0.017| -0.035 -0.051 -0.065 -0.078 -0.089
2 -0.077| -0.094 -0.10Y -0.120 -0.130 -0.140
3 -0.138| -0.152 -0.163 -0.174 -0.183 -0.192
4 -0.199| -0.210 -0.220 -0.228 -0.236 -0.243
5 -0.260| -0.268 -0.276 -0.283 -0.289 -0.295
b=6 Y
u 0 1 2 3 4 5
0 0.023| 0.005| -0.011 -0.025 -0.037
1 0.024| 0.003] -0.014 -0.029 -0.042 -0.055
2 0.004 | -0.01 -0.033 -0.047 -0.060 -0.0[72
3 -0.017| -0.035 -0.051 -0.065 -0.078 -0.089
4 -0.037| -0.055 -0.070 -0.083 -0.095 -0.106
5 -0.057| -0.074 -0.089 -0.104 -0.113 -0.123

Table 7 :d/D, = 4/3. 100 MSE of é;’n(u, V) when the process is on target ane 30.

b=2 Y,

u 0 1 2 3 4 5

0 0.872| 0.868| 0.919 1.001 1.101
1 0.928| 1.031] 1.176 1.338 1.505 1.675
2 1.422| 1.674] 1919 2.1583 2.3718 2.593
3 2.475| 2.801] 3.095 3.366 3.619 3.8%56
4 4.088| 4.412| 4.707 4977 5.228 5.463
5 6.261| 6.508| 6.752 6.985 7.205 7.414
b=6 Y

u 0 1 2 3 4 5

0 7.850| 7.815| 8.274 9.00f 9.905
1 8.184| 7.842| 8.305 9.131 10.152 11.283
2 7.986| 8.319] 9.229 10.386 11.6p5 13.005
3 8.349| 9.279| 10.58f7 12.038 13.546 15.072
4 9.270| 10.724 12.379 14.088 15.796 17.482
5 10.752| 12.653 14.606 16.534 18.414 20.238
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Table 8 :d/D, = 4/3. Sensitivity ofé;,n(u, v) andC_(u,V), when (,v) = (0,2), (0,3), (0,4),
(1,2) (top to bottom) and whdn= 2, 6 (left to right)

Sensitivity of C;,,(u, V) Sensitivity of
C,(u,v)

a n=10 n=30 n =50
0.405 0.405%0.406 0.4060.405 0.405% 0.404 0.404
0.352 0.3520.346 0.3460.344 0.344 0.339 0.339
0.319 0.3190.308 0.3080.305 0.305% 0.298 0.298
0.184 0.3350.174 0.3310.169 0.330 0.162 0.323
0.515 0.51%0.512 0.5120.511 0.511 0.508 0.508
0.456 0.4560.444 0.4440.440 0.440 0.434 0.434
0.417 0.4170.400 0.4000.394 0.394 0.385 0.385
0.320 0.4540.301 0.4440.295 0.441 0.279 0.432
0.685 0.68%0.672 0.6720.668 0.668 0.662 0.662
0.629 0.6290.603 0.6030.597 0.597 0.585 0.585
0.590 0.5900.555 0.555%0.546 0.546 0.530 0.530
0.540 0.6400.502 0.6170.484 0.611 0.464 0.596
0.909 0.9090.887 0.8870.881 0.881 0.870 0.870
0.885 0.8850.850 0.85()0.840 0.840 0.822 0.822
0.866 0.8660.819 0.8190.806 0.806 0.781 0.781
0.857 0.8920.802 0.8590.785 0.850 0.740 0.827
0.764 0.7640.744 0.7440.738 0.738 0.728 0.728
0.724 0.7240.686 0.6860.675 0.67% 0.655 0.655
0.696 0.6960.643 0.6430.628 0.628 0.600 0.600
0.658 0.7310.603 0.6990.586 0.689 0.546 0.667

}

]

D

-2.0

-1.5

-1.0

0.5

0.491 0.4910.477 0.4770.474 0.474 0.468 0.468
0.436 0.4360.412 0.4120.407 0.407 0.397 0.397
0.400 0.4000.370 0.3700.363 0.363 0.351 0.351
0.292 0.4290.259 0.4070.245 0.402 0.234 0.390
0.339 0.3390.336 0.3360.335 0.33%
0.293 0.2930.284 0.284/0.282 0.282
0.264 0.2640.252 0.2520.249 0.249
0.105 0.2660.093 0.2580.090 0.256 0.083 0.250
0.256 0.2560.257 0.2570.257 0.257 0.256 0.256
0.219 0.2190.216 0.216/0.214 0.214 0.212 0.212
)
)

1.0

0.333 0.333
0.277 0.277

15 0.243 0.243

2.0 0.197 0.1970.191 0.191/0.189 0.189 0.184 0.184

0.007 0.1780.002 0.1750.001 0.174 0.000 0.171

Table 9 :d/D, = 4/3. Relative bias oé;,n(u, v) when (,v) = (0,3), (0,4), (1,2) (top to
bottom),b = 2, 6 (left to right), and = 30.

a|-2.0 -1.5 -1.0 -0.5 0 0.5 1.0 15 2.0

0.009 |0.013 |0.020 |0.022 |-0.011 |0.036 |0.026 |0.014 [0.008
2 0.008 [0.013 |0.021 |0.023 |-0.025 |0.045 |0.028 |0.014 |0.008
0.020 [0.022 |0.028 [0.029 |-0.051 |0.048 |0.051 |0.055 |undef.

0.009 |0.013 |0.020 |0.022 |-0.011 |0.036 |0.026 |0.014 |0.008
6 0.008 |0.013 |0.021 |0.023 |-0.025 |0.045 |0.028 |0.014 |0.008
0.011 |0.015 |0.021 [0.025 |-0.014 |0.033 |0.029 |0.018 |0.012
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Table 10 :d/D, =4/3

. 10 MSE of é;’n(u,v) when (,v) = (0,3), (0,4), (1,2) (top to
bottom), anch = 30.

O

a -2.0

-1.5

-1.0

-0.5

0

0.5

1.0

15

2.0

0.037
0.030
0.057

0.096
0.081
0.141

0.287
0.270
0.389

0.728
0.787
0.903

0.919
1.001
1.176

0.987
1.057
1.327

0.206
0.177
0.310

0.049
0.039
0.077

0.016
0.013
0.026

0.083
0.067
0.121

0.216
0.183
0.298

0.646
0.607
0.805

1.637
1.771
1.829

2.069
2.252
2.307

2.221
2.379
2.607

0.464
0.399
0.644

0.110
0.088
0.165

0.037
0.029
0.056

0.148
0.120
0.210

0.384
0.325
0.513

1.148
1.078
1.374

2.910
3.149
3.095

3.677
4.003
3.872

3.949
4.230
4.324

0.825
0.708
1.101

0.196
0.156
0.285

0.065
0.051
0.098

0.232
0.187
0.323

0.600
0.509
0.787

1.794
1.685
2.096

4.547
4.921
4.699

5.747
6.255
5.871

6.170
6.609
6.479

1.289
1.107
1.680

0.306
0.244
0.438

0.102
0.079
0.151

0.334
0.269
0.461

0.864
0.732
1.120

2.584
2.426
2.973

6.548
7.086
6.643

8.274
9.007
8.305

8.885
9.517
9.071

1.856
1.594
2.381

0.441
0.351
0.624

0.147
0.114
0.216

Table 11 :d/D, = 2. Relative bias oé;,‘n(u, V) when the process is on target ane 30.

b=2 v
u 0 1 2 3 4 5
0 0.009| -0.01 -0.036 -0.053 -0.068
1 -0.006| -0.037 -0.060 -0.078 -0.093 -0.107
2 -0.057| -0.083 -0.103 -0.119 -0.133 -0.145
3 -0.108| -0.130 -0.14Y -0.161 -0.173 -0.183
4 -0.159| -0.176 -0.190 -0.202 -0.213 -0.2p2
5 -0.209| -0.222 -0.234 -0.244 -0.2%2 -0.260
b=6 v
u 0 1 2 3 4 5
0 0.009| -0.01 -0.036 -0.053 -0.068
1 0.028 | -0.006 -0.030 -0.050 -0.067 -0.081
2 0.011| -0.022 -0.045 -0.064 -0.080 -0.094
3 -0.001| -0.037 -0.060 -0.078 -0.093 -0.107
4 -0.023| -0.053 -0.074 -0.091 -0.106 -0.119
5 -0.040| -0.068 -0.089 -0.105 -0.120 -0.132
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Table 12 :d/D, = 2. 100 MSE of é;,n(u, V) when the process is on target anel 30.

b=2 v

u 0 1 2 3 4 5

0 0.914| 1.063] 1.265 1.482 1.7Q2
1 0.934| 1.183| 1.487 1.785 2.069 2.337
2 1.332| 1.791, 2.194 255 2.876 3.1Y2
3 2.187| 2.739] 3.184 3.566 3.903 4.208
4 3.499| 4.027| 4.456 4.824 5.150 5.445
5 5.269| 5.654| 6.011 6.3290 6.618 6.881
b=6 v

u 0 1 2 3 4 5

0 8.230| 9.565| 11.384 13.341 15.3116
1 8.305| 8.697| 10.55p 12.699 14.880 17.021
2 8.127| 9.503| 11.828 14.260 16.639 18.926
3 8.406 | 10.648 13.383 16.067 18.619 21.031
4 9.142 | 12.134 15.221 18.121 20.819 23.337
5 10.336| 13.959 17.342 20.420 23.239 25.844
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Table 13 :d/D, = 2. Sensitivity ofC, ,(u,v) andC;,(u,v), when (V) = (0,1), (0,2), (1,1),

(1,2) (top to bottom), ankl= 2, 6 (left to right)

Sensitivity of C; ,(u, V)

Sensitivity of
C,(u,v)

n=10

n=230

n =50

0.596 0.59¢
0.487 0.487%
0.4320.544
0.352 0.444

»0.602 0.604%
10.481 0.481
0.422 0.543
10.336 0.434

?0.602 0.602
10.477 0.477
0.417 0.541
10.330 0.429

0.600 0.600
0.468 0.468
0.400 0.533
0.312 0.416

-1.5

0.713 0.713
0.609 0.60¢
0.5810.671
0.495 0.5743

$0.712 0.714%
)0.595 0.59%
0.562 0.664
$0.468 0.554

20.711 0.711
»0.589 0.589
0.554 0.660
10.459 0.547

0.677 0.677
0.577 0.577
0.5300.648
0.433 0.529

-1.0

0.858 0.85§
0.782 0.783
0.776 0.832
0.707 0.75§

30.844 0.844
20.754 0.754
0.739 0.810
$0.659 0.723

10.840 0.84(
10.745 0.74%
0.727 0.803
$0.645 0.713

0.832 0.832
0.728 0.728
0.6930.786
0.606 0.687

0.999 0.99¢
0.985 0.985
0.986 0.994
0.970 0.98(

)0.970 0.97(
»0.943 0.943
0.9330.958
0.906 0.93]

0.962 0.962
$0.930 0.93(
0.916 0.947
10.885 0.915

0.949 0.949
0.905 0.905
0.8700.922
0.829 0.875

0.5

0.734 0.734
0.658 0.65§
0.623 0.699
0.565 0.62¢

10.721 0.721
30.616 0.61¢
0.5790.675
)0.497 0.57§

10.717 0.717%
»0.603 0.603
0.565 0.667
30.477 0.5643

A NS

0.707 0.707
0.577 0.577
0.5300.648
0.433 0.529

1.0

0.462 0.463
0.370 0.37(
0.2710.401
0.219 0.32%

20.454 0.454
0.348 0.34¢
0.244 0.38¢
20.188 0.291

10.452 0.457
30.343 0.343
0.238 0.382
10.181 0.29(

Ao e b

0.447 0.447
0.333 0.333
0.2240.373
0.167 0.278

1.5

0.316 0.314
0.243 0.243
0.096 0.247
0.074 0.184

»0.318 0.31¢
$0.237 0.237
10.087 0.243
)0.065 0.18]

30.317 0.317%
10.234 0.234
$0.084 0.247
10.062 0.17§

0.316 0.316
0.229 0.229
0.079 0.236
0.057 0.172

2.0

0.238 0.23§
0.181 0.181
0.006 0.165
0.005 0.125

30.242 0.2473
10.178 0.17§
»0.002 0.165

20.243 0.243
30.177 0.177%
»0.000 0.164

SO

»0.002 0.12]

10.001 0.12(

0.243 0.243
0.174 0.174
0.000 0.162
0.000 0.116
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Tableau 14 d/D, = 2. Relative bias oé;,‘n(u, v) when (,v) = (0,2), (1,1), (1,2) (top to

bottom), anch = 30.
al-20 |-15 |-10 |05 | O 0.5 1.0 1.5 2.0

0.009 |0.014 |0.020 |0.026 |-0.016|0.050 [0.029 |0.014 |0.008
2 0.015 {0.019 |0.026 |0.033 |-0.037|0.051 |0.052 |{0.055 |undef.
0.013 |0.017 |0.023 |0.028 |-0.059|0.080 |0.061 [0.058 |undef.
0.009 |0.014 |0.020 |0.026 |-0.016|0.050 |0.029 [0.014 |0.008
6 0.013 |0.018 |0.025 |0.032 |-0.006|0.035 |0.030 [0.018 |0.012
0.010 |0.015 |0.021 |0.026 |-0.030/0.058 |0.035 [0.019 |0.013

Tableau 15 d/D, = 2. 100cMSE of é;’n(u, v) when (,v) = (0,2), (1,1), (1,2) (top to

bottom), anch = 30.
a| 20| 15| -10| -05 0 0.5 1.0 15 2.0

(e

2 0.062| 0.139| 0.327| 0.670| 1.063 | 1.082| 0.165| 0.035| 0.011
0.100| 0.202| 0.413| 0.749| 1.183| 1.349| 0.291| 0.070| 0.023
0.067] 0.153| 0.368| 0.752| 1.487| 1.416| 0.187| 0.038 | 0.012
3 0.139| 0.313| 0.737| 1.507| 2.391| 2.435| 0.372| 0.080| 0.026
0.220| 0.445| 0.912| 1.651| 2.376| 2.669 | 0.609 | 0.150| 0.051
0.147] 0.332| 0.792| 1.617| 2.957 | 2.920| 0.404 | 0.084 | 0.027
4 0.247| 0.556| 1.309| 2.679| 4.251| 4.329| 0.661 | 0.141 | 0.046
0.389| 0.787| 1.611| 2.916| 4.025| 4.444| 1.044| 0.261 | 0.088
0.257| 0.581| 1.380| 2.818| 4.958 | 4.965| 0.704 | 0.147| 0.047
5 0.387| 0.868 | 2.046| 4.186| 6.642 | 6.764| 1.033| 0.221| 0.071
0.606 | 1.226| 2.511 | 4.545| 6.132| 6.672| 1.596 | 0.401| 0.136
0.398] 0.899| 2.132| 4.353| 7.491| 7.552| 1.086| 0.228 | 0.073
6 0.557| 1.250| 2.946| 6.028 | 9.565| 9.740| 1.487| 0.318 | 0.103
0.872| 1.765| 3.613 | 6.536 | 8.696 | 9.355| 2.264 | 0.572| 0.195
0.570| 1.287| 3.048 | 6.223/10.555/10.679 1.551| 0.327| 0.104
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Table 16 :d/D, = 4. Relative bias oé;,‘n(u, V) when the process is on target ane 30.

b=2 v
u 0 1 2 3 4 5
0 -0.041| -0.082 -0.111 -0.133 -0.151
1 0.001| -0.074 -0.112 -0.138 -0.1%8 -0.174
2 -0.043| -0.107 -0.141 -0.164 -0.183 -0.198
3 -0.086| -0.141 -0.170 -0.191 -0.208 -0.221
4 -0.130| -0.174 -0.199 -0.218 -0.233 -0.245
5 -0.173] -0.207 -0.228 -0.245 -0.2%58 -0.269
b=6 v
u 0 1 2 3 4 5
0 -0.041| -0.082 -0.111 -0.133 -0.1%1
1 0.030| -0.052 -0.092 -0.120 -0.141 -0.1b9
2 0.016| -0.063 -0.102 -0.129 -0.149 -0.166
3 0.001| -0.074 -0.112 -0.138 -0.158 -0.174
4 -0.014| -0.085 -0.121 -0.147 -0.166 -0.182
5 -0.028| -0.096 -0.131 -0.155 -0.174 -0.190

Table 17 :d/D, = 4. 100 MSE of é;,n(u, V) when the process is on target anel 30.

b=2 v

u 0 1 2 3 4 5

0 1.532| 2.344, 3.027 3.604 4.104
1 0.957| 2.081 2.997 3.716 4.307 4.810
2 1.340| 2.821) 3.785 4512 5.099 5.595
3 2.142| 3.750, 4.707 5.414 5.982 6.458
4 3.365| 4.870, 5.764 6.424 6.954 7.398
5 5.008| 6.179| 6.956 7.541 8.016 8.417
b=6 Y,

u 0 1 2 3 4 5

0 13.783] 21.099 27.241 32.440 36.933
1 8.410| 15.242 22.922 29.201 34.458 38.975
2 8.300| 16.891 24.881 31.267 36.565 41.095
3 8.608 | 18.731 26.974 33.441 38.763 43.293
4 9.338| 20.760 29.202 35.721 41.050 45.569
5 10.487| 22.978 31.565 38.109 43.427 47.923
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Table 18 :d/D, = 4. Sensitivity ofé;,n(u, v) and C;(u, v), when (,v) = (0,1), (1,1), (2,0),
(3,0) (top to bottom), ank= 2, 6 (left to right)

Sensitivity of C;,,(u, V) Sensitivity of
C,(u,v)

a n=10 n=30 n =50
0.716 0.716|0.696 0.696| 0.686 0.686| 0.686 0.686
0.648 0.694/0.619 0.671| 0.605 0.659| 0.563 0.627
0.8350.951/0.7790.931/0.763 0.925| 0.714 0.905
0.729 0.9240.653 0.8940.633 0.886 0.572 0.857
0.8390.839/0.807 0.807|0.793 0.793| 0.759 0.759
0.791 0.824/0.747 0.787/0.728 0.772| 0.678 0.732
0.917 0.976| 0.857 0.955|0.840 0.949| 0.786 0.929
0.866 0.8340.776 0.9320.751 0.923 0.679 0.893
0.982 0.982/0.929 0.929/0.911 0.911| 0.868 0.868
0.9630.976/0.894 0.918/0.871 0.898| 0.806 0.848
1.001 1.0010.934 0.980|0.916 0.973| 0.857 0.952
1.002 1.0010.898 0.9690.870 0.960 0.786 0.929
1.104 1.104|1.037 1.0371.013 1.013 0.962 0.962
1.1191.109/1.036 1.0361.006 1.011 0.927 0.950
1.075 1.0221.013 1.0040.993 0.998| 0.928 0.976
1.122 1.0341.020 1.0060.989 0.996 0.893 0.964
1.056 1.0561.045 1.0451.037 1.037 0.998 0.998
1.067 1.0591.057 1.0491.048 1.040 0.991 0.996
1.053 1.0131.033 1.0111.030 1.009 0.986 0.995
1.068 1.0191.053 1.0161.045 1.014 0.979 0.993
0.927 0.9270.923 0.9230.923 0.923 0.928 0.928
0.912 0.9200.903 0.9170.900 0.916 0.882 0.913
0.942 0.9820.940 0.9810.938 0.980 0.900 0.967
0.904 0.9730.906 0.9710.903 0.970 0.850 0.950
0.564 0.5640.504 0.5040.485 0.485 0.447 0.447
0.484 0.538/0.406 0.472/0.382 0.451| 0.3350.410
0.5730.872|0.545 0.857|0.535 0.852| 0.500 0.833
0.302 0.8040.285 0.7830.277 0.77% 0.250 0.750
0.282 0.282/0.261 0.261| 0.255 0.255| 0.243 0.243
0.166 0.245/0.140 0.222(/0.134 0.216] 0.121 0.202
-0.001 0.7000.000 0.6860.000 0.681 0.000 0.667

0.539 0.522 0.517 0.500
0.1800.180(0.1740.174{0.171 0.171| 0.164 0.164
0.054 0.1390.047 0.1330.045 0.130 0.041 0.123

0.525 0.514 0.511 0.500

0.269 0.261 0.258 0.250
0.1330.133/0.130 0.130{0.129 0.129| 0.1240.124
0.004 0.0910.001 0.0880.001 0.087 0.000 0.083

0.35( 0.343 0.341 0.333

0.00¢ 0.00(¢ 0.00¢ 0.000

-2.0

-1.5

-1.0

0.1

0.5

1.0

15

2.0
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Table 19 :d/D, = 4. Relative bias oé;,n(u, v) when (,v) = (0,1), (1,1), (2,0), (3,0) (top to
bottom), anch = 30.

a| -2.0 -1.5 -1.0 -0.5 0 0.5 1.0 1.5 2.0

0.014| 0.019| 0.027 | 0.034 | -0.041| 0.081 | 0.032| 0.015| 0.008
0.015| 0.020| 0.027 | 0.035|-0.074| 0.121| 0.067 | 0.060 | undef.
0.044 | 0.044 | 0.044 | 0.044 | -0.043| 0.044 | undef.
0.044 | 0.044| 0.044 | 0.044 | -0.086| 0.043

0.014| 0.019| 0.027 | 0.034 | -0.041| 0.081 | 0.032| 0.015| 0.008
0.014| 0.019| 0.027 | 0.034 | -0.052| 0.092 | 0.039| 0.020 | 0.013
0.044| 0.044| 0.044 | 0.044 | 0.016| 0.044 | 0.044 | 0.044| 0.044
0.044 | 0.044| 0.044| 0.044 | 0.001| 0.044| 0.044| 0.044 | undef.

Table 20 :d/D, = 4. 100t MSE of é;’n(u, v) when (,v) = (0,1), (1,1), (2,0), (3,0) (top to
bottom), anch = 30.

a| -2.0 -1.5 -1.0 -0.5 0 0.5 1.0 15 2.0

(e

2 0.123| 0.238 | 0.456| 0.765| 1.531| 1.143| 0.102| 0.019 | 0.006
0.118| 0.230| 0.444| 0.755| 2.081| 1.357 | 0.109| 0.020| 0.006
0.540| 0.647| 0.763| 0.889| 1.340| 1.883 | 1.646
0.400| 0.533| 0.689| 0.865| 2.142| 3.742

3 0.276| 0.536| 1.027 | 1.721 | 3.446| 2.571| 0.230| 0.043 | 0.013
0.268| 0.521| 1.005| 1.702 | 4.223| 2.887 | 0.241| 0.045| 0.014
1.498| 1.676| 1.863| 2.059 | 2.334| 2.628 | 1.894 | 1.646
1.216| 1.456| 1.718| 1.999| 3.014 | 4.238| 3.704

4 0.491| 0.952| 1.825| 3.060 | 6.126| 4.571| 0.409| 0.077 | 0.024
0.480| 0.932| 1.795| 3.032| 7.130| 4.988 | 0.423| 0.079| 0.024
2.953| 3.201| 3.460| 3.726 | 3.826 | 3.869 | 2.640| 1.894 | 1.646
2.529| 2.875| 3.243| 3.630| 4.382| 5.230| 3.952

5 0.767| 1.488| 2.852 | 4.781| 9.572| 7.142| 0.639| 0.120 | 0.037
0.753| 1.462| 2.813 | 4.745|10.803 7.660 | 0.657| 0.122| 0.038
4.904 | 5.224 | 5.553| 5.889| 5.814| 5.607 | 3.881| 2.640| 1.894
4.338| 4.790| 5.266 | 5.758| 6.247 | 6.719 | 4.697 | 3.766

6 1.104| 2.142 | 4.106 | 6.884|13.783/10.285| 0.921| 0.173| 0.054
1.087| 2.111 | 4.059 | 6.840|15.242/10.904| 0.942| 0.176| 0.054
7.352| 7.743 | 8.143| 8.550| 8.300| 7.842| 5.620| 3.881 | 2.640
6.644 | 7.203| 7.785| 8.383| 8.608 | 8.705| 5.939| 4.262| 3.704
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