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Traditional methods for evaluating contingency table models based on chi square

statistics or quantities derived from them are not attractive in many applied research

settings. The two-point mixture index of fit, 7 , introduced by Rudas, Clogg and
Lindsay (RCL: 1994) provides a new way to represent goodness-of-fit for contingency
tables. This study: (a) evaluated several techniques for dealing with sampling zeros when
computing 7z~ in contingency tables when the independence assumption holds; (b)
investigated the performance of the estimate, 7, in various combinations of conditions,
as a function of different sizes of tables, different marginal distributions and different
sample sizes; and (c) compared the standard error of 7" and confidence interval
estimated by using a method proposed by RCL, with the “true” standard error based on
empirical simulations in various scenarios especially when encountering small sample
sizes and 7° close to zero. The goals of this study were achieved by Monte Carlo
simulation methods and then were applied to two real data examples. The first is a 6x3

cross-classification of fatal crashes by speed limit and land use with 37,295 cases based



on 2004 USDOT traffic data and the second 4x4 cross-classification of eye color and

hair color with 592 cases reported in RCL.

Results suggest that: 7~ is positively biased from zero in a range from 2.98% to

40.86% in the conditions studied when the independence assumption holds. Replacing

zero with larger flattening values results in smaller 7z". For each table size, 7" is
smallest for all extremely dispersed row and column marginal distributions. For all
extremely and most slightly dispersed marginal distributions tables with small sample

size and small table size, using structural zero technique is superior to other sampling

zero techniques. The lower bound for 7" using the RCL method is generally close to the
"true" estimate based on empirical parametric simulation. However, under some
circumstances, RCL method underestimates the lower bound value even though the
magnitude is relatively small and the difference shrinks as the sample size increases. This
study will provide guidance for researchers in the use of this important method for

interpreting models fit to contingency tables.
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CHAPTER I
PURPOSE AND RATIONALE

Background

Traditional methods for evaluating contingency table models based on chi square
statistics or quantities derived from them are not attractive in many applied research
settings. According to Rudas (1998), “First, when the model is not true, a comparison of
the data to what could only be expected if it were is of very little meaning; second, the
actual distribution of the statistic may be very different from the reference distribution if
some of the underlying assumptions are violated.” In addition, conventional methods are
sensitive to sample size; often a model is rejected when fitted to a large data set even
though the model may represent a reasonable summary of the data for practical purposes.
In sharp contrast to chi-squared tests of fit methods, which rely heavily on size of the
table, sample size and actual true probabilities, the mixture index of fit proposed by
Rudas, Clogg and Lindsay (RCL: 1994), provides a novel way to represent
goodness-of-fit for contingency tables. It has an intuitive rationale that does not assume a
simple model that describes the entire population in contrast to the underlying idea of
classical significance tests. Also, the new index is not sensitive to sample size in the way
in which chi-square-related quantities are. More specifically, it is assumed that there are
two components (subgroups) in the population. One of them, of size 1- 7, where model H
holds true, describes the fraction of population consistent with model H (e.g.,
independence); the other one, of size 7, which is completely unrestricted, represents the
part of the population that is outside of model H. Moreover, RCL introduced an

expectation-maximization (EM) algorithm to obtain maximum likelihood estimates of

7" and derived a way to construct a lower-bound estimate of 7#". As summarized by



Dayton (2003), 7° possesses the following appealing properties: 1. 7" is always

located on the 0, 1 interval; 2. 7" is unique; 3. Z" is invariant when frequencies in a
contingency table are increased or decreased by a multiplicative constant. Properties and
applications of the mixture index of fit are further explored in Clogg, Rudas and Xi

(1995), Xi (1996), Clogg, Rudas and Matthews (1997). Furthermore, the two-point

mixture index, 7~ can be applied when models are fitted to virtually any contingency
table (RCL). It also has been applied in differential item functioning (Rudas & Zwick,
1997), latent class analysis (Dayton, 1999), regression models with normal and uniform
error structures (Rudas, 1999) and logistic regression model (Verdes & Rudas, 2002).

Purpose of Study

As noted by RCL, there are issues that require further examination and have not

been studied in RCL or any other related research. In particular:

(1) z° is positively biased in finite samples; that is, even if H holds so that, in theory,

* A

0, 7" will have expectation greater than zero for finite samples.

T
(2) Sampling 0’s can greatly affect estimation so it is useful to study the effect of using
flattening constants or redefining model H by regarding the sampling zeros as structural

Zeros.

(3) Although the estimated lower confidence bound of 7#° introduced by RCL gives
inferential information that free of bias, it tends to be problematic when 7~ is close to
zero or sample size is small; thus a parametric simulation seems to be necessary to
examine this measure of precision for 7" . As an aside, SAS code written for this study

makes these analyses more accessible to researchers in various disciplines.



Significance of Study

The current study has described the work on the evaluation of the mixture index of fit
for contingency tables. It assesses the performance of 7z~ in various scenarios including
sampling zeros and structural zero effects on 7 , the bias of 7z~ in various
combinations of conditions such as different sizes of tables, different marginal
distributions and different sample sizes when the independence assumption holds, and the
accuracy of the measure of precision for z". This study will provide guidance for
researchers in the use of this important method for interpreting models fit to contingency

tables.



CHAPTERII
REVIEW OF LITERATURE

Mixture index of fit

Following Rudas and Zwick (1997), suppose H is a hypothesized probabilistic
model for a contingency table and P represent the true. The two-point mixture model is:
P=(1-7)0 + ny (2.1)
where @ is the probability distribution comes from H, and y is an unspecified

probability distribution. The mixture parameter, 7, defined on the 0, 1 interval,
represents the proportion of the population that does not belong to model H. The model in

equation 2.1 is not unique and is true for any model based on any contingency table. The
index of fit,7 , however, is defined as the smallest possible fraction, 7 for which H
holds: 7" =inf{z|P=(1-7)p+ry,pec H}.

Consequently, as shown by RCL, 7" is unique and it describes the minimum
fraction of frequencies that must be excluded from the contingency table in order that P
be fitted exactly by the model for the rest of the cases. It also indicates the residuals
associated with the mixture index of fit which are quite different from conventional

residuals in chi-squared analyses.
As summarized by Dayton (2003), 7z~ possesses the following appealing properties:

1.7" is always located on the 0, 1 interval; 2. Z* is unique; 3. 7° is invariant when
frequencies in a frequency table are increased or decreased by any multiplicative constant.
Properties and applications of the mixture index of fit are further explored in Clogg,

Rudas and Xi (1995), Xi (1996), Clogg, Rudas and Matthews (1997). Furthermore, the

two-point mixture index, 7~ can be applied when models are fitted to virtually any



contingency table (RCL). It also has been applied in differential item functioning (Rudas
& Zwick, 1997), latent class analysis (Dayton, 1999), regression models with normal and
uniform error structures (Rudas, 1999) and logistic regression model (Verdes & Rudas,
2002).

EM algorithm for calculating the mixture index of fit

RCL suggested a procedure that involved repeated application of an EM algorithm
(Dempster, Laird, and Rubin, 1977) to compute maximum likelihood estimates for
mixture models. Based on RCL, the observed data matrix is IxJ contingency table while
the complete (unobserved) table is an IxJx2. As above, @ is defined for the probability
distribution designated by H in the first component whereas in the second component it is
unspecified (y ). The two components have distribution 1-77 and 7, which are assumed
fixed for the each EM cycle. Let Qji, i=1,..., I, j=1,..., J, k=1, 2, denotes the cell
probabilities in the complete data matrix. Note only the marginal Q;j+ can be observed: i.e.
Qjj+=fi/n=P;.

0) _
++1 _1_7['

Step 1: Let Q;,?) represent initial estimates i.e., Q'”) =7 and Q

Step 2: For the first component®, set O\ = (1-7)P"",
where f;}H ) represents the maximum likelihood estimate of P;; under model H (here H is
a row-column independence model, ]%;H) = ﬁ+f+j/n2).

For the second component, set 02 =7z(1J)", O =1-7 and Q') =7, meet the

ij ++1 ++2
requirement for this choice of starting values.

Step 3: At cycle s, the E (expectation) step of the algorithm is defined by

g =p, 05 /0y, foralli, j and k.

j j+ 2



Step 4: The M (maximization) step is i](sl‘+1> =(1-r) l;fl) , Where ;Tl) is the maximum

(s) — M)(s) H(s)

i = 9@y » Where

likelihood estimate of Pin cell (i, j) under hypothesis H, i.e.

O =gil/(1-x) and QF) =g') /(1- ). For the second component, it turns out to be

1

0" =r(ef2 /¢,
Step 5: Repeat cycling between the E- and M-steps until a certain predefined criterion
attained. For example, the criterion might be that the difference between Q;;+ for two

successive cycle less than 107 .
The overall procedure to get estimate 7" 1is as follows: (1.) Set the initial estimate,

77 to zero; (2.) Obtain maximum likelihood estimates of the parameters in the

components of the two-point mixture using an expectation-maximization (EM) algorithm

as above, and, (3.) Successively increase 7"~ by some small increment (e.g., .01was used
in the example below) with re-estimation of the parameters at each step. The value of the
likelihood ratio chi-square fit statistic, G?, becomes zero (approximately, if the
convergence criterion is set to <10™) and the step at which this first happens yields the
final estimate of the lack of fit index, 7z~ (Dayton, 2003; RCL). In addition, RCL
implemented this approach in their FORTRAN program, Mixit, and also it was described
in detail by Xi (1994).

To exemplify this procedure, we consider a fictional 4 x4 frequency table with a

total sample size of 489:



Table 1. Fictional 4x4 frequency table

Col/Row 1 2 3 4 Sum
1 10 20 40 80 150

2 5 10 20 40 75

3 15 30 69 120 234

4 2 4 8 16 30

Sum 32 64 137 256 489

When 7" =0, which, in effect, represents the original frequency table, there is no

evidence for lack of independence (G*=0.4811, Chi-Square=0.4813, degrees of

freedom=9, P value >0.05) and

0.020074  0.040147  0.085940  0.160588
B g e o 0.010037  0.020074  0.042970  0.080294
g T 0.031315  0.062629  0.134066  0.250518
0.004015  0.008029  0.017188  0.032118
At Step 2, when 7" is increased to 0.01,
0.019873  0.039746  0.08508 0.158982
o 0009936 0019873  0.04254 0.079491
00031002 0.062003  0.132725  0.248012
0.003975  0.007949  0.017016  0.031797
0.000625  0.000625  0.000625  0.000625
o ., |0.000625  0.000625  0.000625  0.000625
2 =) 200000625 0.000625  0.000625  0.000625
0.000625  0.000625  0.000625  0.000625
0.020455  0.040910  0.081819  0.163634
R o ]0.010227 0020453  0.040907  0.081813
tStep 3, g, =
0.030680  0.061359  0.130879  0.245428
0.004090  0.008181  0.016361  0.032723



9.64E-08 1.51E-07 7.87TE-17 2.73E-07
5.84E-08 9.83E-08 1.43E-16 2.53E-07

And g -
Y 3.06E-12 1.80E-12 0.010243 7.89E-13
3.15E-08 5.64E-08 4.73E-16 1.85E-07

After EM iteration, Step 3 and Step 4, the algorithm attains the convergence

criterion and results in

0.020290 0.040576 0.083681 0.162299
0.010143 0.020287 0.041838 0.081145

On- 0.030969 0.061937 0.127736 0.247743
0.004057 0.008114 0.016734 0.032455
9.41E-08 1.47E-07 7.68E-17 2.66E-07

0 5.70E-08 9.59E-08 1.39E-16 2.47E-07

2~

2.99E-12 1.76E-12 0.009999 7.70E-13
3.07E-08 5.51E-08 4.62E-16 1.81E-07

Since G*=0.1022, which is much greater than zero when 7#*=. 01, we need to

increase 7" to 0.02 and repeat the above EM cycle. Then, G*= 7.435E-8 when 7" =. 02

and thus, .02 is the estimated mixture index of fit for this table with

0.020310 0.040657 0.081802 0.162668
0.010157 0.020328 0.040899 0.08133

0.030646 0.061334 0.123404 0.245397
0.004061 0.008128 0.016354 0.032521

90y



0.000140 0.000242 7.60E-08 0.00093
6.83E-05 0.000123 5.01E-07 0.00047
0.000029 1.54E-05 0.017699 3.54E-06
2.87E-05 5.18E-05 5.30E-06 0.000199

Qg/‘z =

As a matter of fact, the independence for row and column would be true if the
frequency in cell (3, 3) were 60 instead of 69; thus, 7" =9/489=. 0184. Note that the

algorithm used to find 7" was rounded to .01, so the value of 7" =. 02 calculated above
is correct within rounding.

This stepwise computational approach for two-way tables can be applied to virtually
any frequency tables (RCL). Also they suggested a 10% value of 7°, as representing
“reasonable” fit for an exemplary 4 x4 contingency table in their original paper. However,
as noted by Dayton (2003), there is no absolute standard for the index that represents
suitable fit in real data settings.

In addition to the above-mentioned procedure that involved repeated application of
the EM algorithm proposed by RCL, Xi (1994) and Xi and Lindsay (1996) employed
nonlinear programming (NLP) techniques to solve the estimation problem for z* with

respect to optimization. Dayton (2003) further extensively discussed this NLP for

calculating 7.

Lower Bound and Standard error estimation for two-point mixture index

Generally speaking, 7" may overestimate lack of fit due to random fluctuation of
sample data. Therefore, RCL proposed an appropriate lower 95% confidence bound, 7,

based on a G” fit statistic equal to 2.70, the 90™ percentage point of the

one-degree-of-freedom chi-square distribution. Their method is capable of finding the

lower bound using the same iterative procedure to compute 7. (Mixit, the



above-mentioned FORTRAN program in RCL can also be used to find a lower-bound
estimate of 7). Furthermore, based on the definition of 7, the confidence interval is
one-sided due to the fact that all values of 7 greater than 7° would result in models
that perfectly fit the observed frequencies (i.e., G* =0 if #>7") (RCL, Dayton 2003).

Also, the standard error of 7" can be estimated using re-sampling techniques such as

the jackknife (Dayton, 1999, Dayton, 2003). Clogg, Rudas and Xi (1995) advised that the

difference of 7#° and its lower bound 7, provides a measure of the effect of sample

sizeon 7~ which means although the point estimator of 7" does not depend on sample
size, the confidence interval of 7", on the contrary, will be shorter for the larger sample
than for the smaller sample which seems actually very attractive. (Clogg, Rudas, and
Xi,1995)

In practice we must be careful about using 7, when 7z close to zero and when the
sample size is small. In such cases, they suggested using one of the two methods (RCL):
1. Replace the critical value of the y* statistics with DF degrees of freedom with the

original critical value 2.70, or
2. Simulate the null distribution.

The standard error could be derived based on lower 95% confidence bound of a
standard normal distribution, i.e. se= (7" -7, )/1.645.

Sampling zeros and Structural zeros

According to RCL, the effect of sampling zeros on 7" will rely on the structure of
the data and the suitability of the model, H, for the data. The occurrence of a sampling

zero will force the estimate of the row or the column total in ® to zero under the

10



assumption of an independence model. Typically, 7" will tend to be overestimated by a
fraction that is directly related to the smaller of the observed row marginal proportion and
the observed column marginal proportion related to the cell with a sampling zero. The
sampling zero is an indication of the possibility of an extreme departure from
row-column independence in case of relatively large marginal probabilities, and therefore
7#° would be expected to be comparatively large. Rudas and Zwick (1997) replaced zero
frequencies with small positive flattening constants in data from a study by Zwick,
Thayer and Wingersky (1994) to investigate the sampling zero effect on the performance
of 7" . The analysis was conducted with various choices of flattening constants (0.0001,
0.001, 0.01, 0.1 and 0.5). Although they concluded that increases in the flattening values
result in decreases in the estimates for 7, the effect was very small in their example.
Structural zeros, also called logical zeros (Knoke and Burke, 1980), arise when it is
logically impossible to observe positive cell counts for particular combinations of row
and column variables. To demonstrate structural zeros, a typical example of the logical
impossibility of observing male obstetrical patients was presented by Fienberg (1980).
In practice, researchers could evaluate the variationin 7~ by setting some to-be-ignored
cells to structural zeros. Generally, sampling zeros refer to table cells for which the
observed frequency is equal to zero but the expected frequency is greater than zero while
the expected value is equal to zero in the case of structural zeros. The impact of sampling
zeros and structural zeros on 7~ can be, under certain circumstances, very large and

thus, is worthy of additional study.

11



CHAPTER I1I
METHODS

Research Design

This study: (a) evaluated several competing techniques for dealing with sampling
zeros for the two-point mixture model index, 7 , in contingency tables when the

independence assumption holds; (b) investigated the performance of the estimate, 7, in
various combinations of conditions, as a function of different sizes of tables, different

marginal distributions and different sample sizes; and (¢) compared the standard error of

7#° and confidence interval estimated by use of a method proposed by RCL with the

“true” standard error based on empirical simulations in various scenarios especially when

encountering small sample sizes and 7° close to zero. These goals were achieved by
Monte Carlo methods that simulated a variety of scenarios.
The following aspects of the simulation were implemented:

1. Size of two-way contingency table: 2x2, 2x3, 2x4, 2x6, 3x3, 4x4 and 6x6. These
table sizes were chosen because they provided a reasonable range of contingency
table sizes in real data settings and are typical of what is found in practice.

2. Marginal distribution: evenly distributed, slightly and extremely dispersed

distribution for each different size of tables. Row and column total proportion for
2x2 table:
{P1=.5,Py=.5Py=.5Pr=5},
{P1:=.9,Py=.1,P=9,P»= 1},
{P1=.5,Py=.5Py=9,Pr= 1}.
2x3 table:

{P1+:. 5, P2+:. 5, P+1:. 8, P+2:. 1, P+3:. 1},

12



{P1+:. 5, P2+:.
{P1+:. 9, P2+:.

{P1+:. 9, P2+:.

2 x4 table:

{P1+:. 5, Py=.
{P1+:. 5, Py=.
{P1+:. 9, Py=.

{P1+:. 9, Py=.

2x 6 table:

{P1+:. 5, Py=.
{P1+:. 5, Py=.
{P1+:. 9, P2+:.

{P1+:. 9, P2+:.

3x3 table:

{PH:. 4, P2+:

5, P+1:. 33, P+2:. 33, P+3:. 33},
1, P+1:. 8, P+2:. 1, P+3:. 1},

1, P, = 33, P.y=. 33, P,3=. 33}.

5, Py=. 25, Pyr=. 25, P43=. 25, Py=. 25},
5, Py=. 4 PH=. 4, P=. 1, P=. 1},
1, Py=. 25, P1,=. 25, Pi3=. 25, P4~ 25},

1, P+1:. 4, P+2:. 4, P+3:. 1, P+4:. 1}.

5, Pi= 167, Po=. 167, Pis=. 167, Pi=. 167, Ps=. 167, P.s=. 167},
59 P+1:- 39 P+2:' 39 P+3:- 17 P+4:' 17 P+5:' 17 P+6:‘ 1}9
1, Py=. 167, Piy=. 167, P13=. 167, Pyu=. 167, P1s=. 167, P1s=. 167},

I,Py=.3,Pp=3,Ps=1,Py=1Ps=1,P= 1}

. 4, P3+:. 2, P+1:. 4, P+2:. 4, P+3:. 2},

{P1+=. 33, Py=. 33, P3,=. 33, P,,=. 33, P,,=. 33, P.3=. 33},

{P1+=. 33, P,=. 33, P3,=.33, P,1=. 4, P,,=. 4, P.s=.2}.

4 x4 table:

(P1,=. 25, Py,=. 25, P3,=. 25, P4;=. 25, Pyy=. 25, Pio=. 25, P.3=. 25, P,4=. 25},

{PH:. 4, P2+:

. 4, P3+:. 1, P4+:. 1, P+1:. 4, P+2:. 4, P+3:. 1, P+4:. 1},

{P1+:. 25, P2+:. 25, P3+:. 25, P4+:. 25, P+1:. 4, P+2:. 4, P+3:. 1, P+4:. 1}

6x 6 table:

{P1+=. 167, Pr.=. 167, P3;=. 167, P4,=. 167, Ps;=. 167, Pg:=. 167, P1,=. 167,

13



Piy=.167, Pi3=. 167, P.y=. 167, P.s=. 167, P1s=. 167},

{P1+=.3,Py=.3,P3= 1, Py= 1,Ps;=. 1, P;=. 1, Py 1= 3, Pr=. 3, Pi3=. 1, P4=. 1,

P.s=. 1, Py=. 1},

{P1=. 167, Pyy=. 167, P3,=. 167, P4sy=. 167, Ps;=. 167, Pe,=. 167, Py1=. 3, P1r=. 3,

Pis=.1,Pu=.1,Ps=1,Pis= 1}.

These marginal distributions were chosen because they represented a reasonable
range of different values. Also, the extreme marginal values were used to ensure zero cell
frequencies in the observed tables.

3. Sample size for simulated contingency table: 5 per cell, 10 per cell, 20 per cell and 30
per cell. They were chosen because they entailed a practical variety of sample sizes and
were large enough to demonstrate a sample size effect on the mixture index of fit.

4. Techniques for zeros cells: treating as sampling zeros, replacing with different small
flattening constants (here we used .1, .5 and 1 to represent extremely small, moderately
small and small flattening constants range), and redefining model H by regarding the
sampling zero as structural zero.

5. In each of the above scenarios, a 95% lower confidence limit based on empirically
simulated 7"s was calculated and compared with the limit derived following RCL.

The complete procedure to estimate 7° is as follows: (1.) Set the initial estimate,
7° to, zero; (2.) Obtain maximum likelihood estimates of the parameters in the
components of the two-point mixture using an expectation-maximization (EM) algorithm,
and (3.) Successively increase 7" by some small increment (e.g., .01 has been used in
this study) with re-estimation of the parameters at each step. The value of the likelihood

ratio chi-square fit statistic, G*, becomes zero (approximately, since the convergence

14



criterion was set to 107) and the step at which this first happens yields the final estimate,
7" . (RCL, Dayton 2003)

For each table size, sample size and marginal distribution, 1000 frequency tables,
were randomly generated based on the specified cumulative distribution to estimate 7"
and the 95% lower bound 7, . For example, for a 2x2 table with sample size of 10 per
cell and marginal distribution {P;,=. 9, P.=. 1, Py=. 9, P,,=. 1}, the consequent
cumulative distribution is {0.81, 0.90, 0.99, 1}. To generate each of the 1000 simulated
data tables, SAS (SAS institute, 2005) generated 40 uniform random numbers on scale 0,
1 and locate them into appropriate cumulative categories according to their positions. (e.

g., numbers less than or equal .81 were placed in cell 1, .81; numbers between .81 and .9
in cell 2; numbers between .90 and .99 in cell 3 and the rest in cell 4.) The value of 7°

and associated 95% lower bound 7, following RCL were obtained for each generated

data table, thus for each scenario, 1000 7" and 1000 95% lower bound 7, using RCL

method were generated. This was repeated for each of the 96 scenarios. Also for each
scenario, four techniques for sampling zeros cells were compared including treating zero
cells as sampling zeros, replacing with different small flattening constant (here we
used .1, .5 and 1), and redefining model H by regarding a sampling zero as a structural

Zero.
The mean of the 1000 z* values for each scenario was calculated and served as the

final parameter estimate; the mean of the 1000 7, values was also computed to be the
estimate 95% 7, using RCL method. Since the empirical distribution of 7 is notably

skewed for the generated sets of 1000 7" values (see Figure 1 for a histogram for a case
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with relatively small bias which shows extreme skewness and for a case relatively large

bias for which skewness is still somewhat apparent), we cannot use the regular normal
assumption to compute the standard error and confidence interval for 7#*. Instead, 50"

#* value among the 1000 values (i.e., 5™ percentage point) was adopted and treated as

“true” 95% lower bound based on empirical simulations.

Histogram for rr {.5.5} cc {9.1} 30 per cell Histogram-rr {.167(6]} cc {167(6)} 5 per cell
03 016
0.25 4 0141
012
£ 0 2 014
E 045 1 E 008
£ o1l £ 008
003 4
0.0z
O | Y | O | R | RN | P ” . ﬂ el o .ﬂ."'.”.n.”.”.” IIIII H IIIIII H HH”H””I‘II‘I ey

001 002 003 004 004 005 006 007 005 0.09 040 & & & & @& 9 9 % & § &
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Bin

Figure 1: Histograms for 7 with small parameter bias (left) and large parameter bias
(right).

Typically, 7z° will tend to be overestimated by a fraction that is directly related to
the smaller of the observed row marginal proportion and the observed column marginal
proportion related to the cell with a sampling zero (RCL). As noted above, in practice,
researchers could test the z* variation by setting some to-be-ignored cells to structural
zeros to resolve. In this study we focused this issue on any frequency tables with only one
structural zero and the procedure using EM based methodology to obtain 7" . The
two-point mixture using an expectation-maximization (EM) algorithm which RCL
proposed could still be applied to structural zero condition with minor modification.

Step 1: obtain 7z° treating zero cell as sampling zero. In this step the entire row or

column with which smaller of observed row marginal proportion and the observed

16



column marginal proportion would result in zero in the first component, @, which is
defined as the probability distribution designated by H.

Step 2: pull the proportion back from the second component, r , an unspecified
probability distribution outside of model H for the entire row or column with zeros in
component @ at step 1.

Step 3: temporally cross out the other column or row that contains the zero cell but not
been forced zero at step 1.

Step 4: apply the same EM based procedure in the remaining contingency table while
fixing all cell proportions in component 1, ® and component 2, y except the row or
column has frequency pulled back in step 2.

Step 5: after iteration converges, subtract original 7° at step 1 with the sum of the

proportion pulled back in @ and the final value is the estimate of 7° using structural
zero technique.
For the other sampling zero techniques, procedures are same as sampling zeros, just

replacing the zero cell with different small flattening constant (.1, .5 and 1) and recall

associated 7.

Simulation Details

The simulation code was written in SAS/IML version 9.1 (SAS institute, 2005). The
EM algorithm was used to calculate the mixture index of fit. Each simulation consisted of
1,000 replications with convergence criterion set to 10”. Data were randomly generated
according to cumulative proportion resulted from the different combination scenarios.

The method proceeded in the following manner:

(1) A sample contingency table was randomly generated based on cumulative proportion
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resulted from different factors combinations. (table size, sample size and marginal
distribution).
(2). EM algorithm based method for mixture index of fit (RCL) was implemented. 7°

and 95% lower bound 7, were generated and saved in a matrix.

(3). Replicate step 1 and step 2 for 1000 times therefore 1000 7z° and 7, were

obtained and exported into an external file.
Additionally, if any of 1000 generated contingency tables contains zero cell(s),

Replacing with different small flattening constants 0.1, 0.5 and 1 respectively when

evaluating performance of 7" using replacing flattening constants techniques.

The only difference between structural zero and other sampling zero technique
procedure is in the above-mentioned step 1. If frequency tables generated by SAS
UNIFORM contains 1 or less than 1 frequency zero, it would proceed to step 2 otherwise

it would regenerate table until meets the requirement.

Results of the discrepancy measure of 7" were tabulated, plotted and presented for
various combinations of conditions, as a function of different sizes of tables, different

marginal distributions and different sample sizes in Appendix A. Comparison outcomes
of each competing techniques for the sampling zeros and structural zero effects on 7°

were plotted and presented and the standard error differences of 7° between the method
proposed by RCL, and the “true standard error” which based on empirical parametric
simulation in various scenarios were also presented in the appendix A.
Fatal crashes by speed limit and land use frequency table

Table 2 presents fatal crashes by speed limit and land use in the United States in

2004 from Traffic Safety Facts 2004: A compilation of Motor Vehicle Crash Data from
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the Fatality Analysis Reporting System and the General Estimates System. The National
Highway Traffic Safety Administration (NHTSA) provides descriptive statistics about
traffic crashes of all severities, from those that result in property damage to those that
result in the loss of human life. The Fatality Analysis Reporting System (FARS) became
operational in 1975; it keeps track of data on a census of fatal traffic crashes within the 50
states, the District of Columbia, and Puerto Rico. According to NHTSA, a crash must
involve a motor vehicle traveling on a traffic way customarily open to the public, and
must result in the death of an occupant of a vehicle or nonmotorist within 30 days of
crash in order to be included in FARS. The fatal crashes by speed limit and land use table
contains 37,295 cases (omitting 958 cases for the unknown speed limit category). There
are three categories (Rural, Urban and Unknown) in Land Use variable, and six
categories in Speed limit variable (30 mph or less, 35 or 40 mph, 45 or 50 mph, 55mph,
60 mph or higher and no statutory limit). Urban and rural are defined as “‘an urban area
is an area whose boundaries shall be those fixed by responsible state and local officials in
cooperation with each other and approved by the Federal Highway Administrations, U. S.
Department of Transportation. Such boundaries are established in accordance with the
provisions of Title 23 of the United States Code. Urban area boundary information is
available from state highway or transportation departments. In the event that boundaries
have not been fixed as above for any urban place designated by the Bureau of the Census
having a population of 5000 or more, the area within boundaries fixed by the Bureau of
the Census shall be an urban area. A rural area is any area which is not within urban
areas” (NHTSA).

This data table is used to compare the conclusion using traditional chi-square and
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related model fit methods and the mixture index of fit introduced by RCL. More
specifically, compare different sampling zero techniques impact on 7" since there is one
zero cell in the contingency table.

Table 2. Fatal crashes by speed limit and land use

Land Use
Speed Limit Rural Urban Unknown
30 mph or less 944 2929 27
35 or 40 mph 1951 4463 41
45 or 50 mph 3496 3559 46
55 mph 9646 2121 91
60 mph or higher 5484 2347 27
No statutory limit 92 31 0

Source: USDOT Traffic Safety Facts 2004 (Fatality Analysis Reporting System,).
Note: Omit 958 cases for the Unknown Speed Limit category.

Cross-classifying eye color and hair color contingency table
The second example is a cross-classification of eye color and hair color table (Snee,
1974), a 4 x4 table with sample size of 592.

Table 3. Cross-classification of eye color and hair color

Eye color Hair color

Black Brunette Red Blonde
Brown 68 119 26 7
Blue 20 84 17 94
Hazel 15 54 14 10
Green 5 29 14 16

Source, Snee (1974) and Diaconis and Efron (1985).
RCL utilized this data example in their paper to study the properties of mixture
index of fit. In this study, this example was used to compare the difference between

sampling zero and structural zero. The 16 cells were force to be zero one-by-one in turn

to study the relationship of data structure and suitability on 7" as well as the impact of
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sampling zero and structural zero on 7°.

Statistical Analysis

In order to effectively compare 7z° and 7, across difference combinations of

scenario, confidence intervals and conventional z test tests for a single proportion, two
proportions were adopted (Fleiss, Joseph L., 1981). If a 95% lower confidence bound
does not contain zero; we can conclude that there is evidence for some lack of fit of the
null model which means two proportions P1 and P2 are significantly differently from

each other at significance level .05.
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CHAPTER 1V
RESULTS

Parameter Estimates and Bias

The parameter estimates 7~ from the various simulations are presented in
Appendix A where tables are appropriately prefixed along with the estimates under
different sampling zero techniques denoted by the column headings.

The convergence of the repeated EM algorithm for estimating the mixture index of

fit 7" works smoothly for the step of each EM cycle at which 7 is assumed fixed with
the criterion for the difference between the maximum likelihood estimates for two
successive cycle being 107, (here the criterion of 107 is precise and provides the same
results as using a criterion of 109, Also, the convergence at the step of the likelihood

ratio chi-square fit statistic, G°, becoming zero (approximately, if the convergence

criterion is set to <10”) by successively increasing #° by small increment (e.g., .01)
works satisfactorily except that in 6 cells out of total 480 (96 scenarios times 5 sampling

zero techniques) did not converge at 10~ but only converged at 1072).

7z is significantly positively (p<.05, using conventional z test for proportions)
biased from zero by .02298 (2 x 2 table, slightly dispersed row and column marginals with
sample size equals to 30 per cell) to .4086 (6 x6 table, evenly dispersed row and column
marginals with sample size equals to 5 per cell) for the conditions studied (all table sizes,
marginal distributions, and sample sizes) when the independence assumption holds. The

magnitude of bias, however, varies across situations. As shown in Figures 2 and 3, for

2x2, 2x3, 2x4, 2x6 tables, when table size increases, 7~ consistently increases for

constant sample size (5, 10, 20 and 30 per cell) and marginal distribution (evenly, slightly
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and extremely dispersed) with the exceptions of 2x4 extremely dispersed table with
sample size 20 and 30 per cell. The same conclusion applies to symmetric tables of sizes

2x2, 3x3, 4x4, 6x6. In particular, for sample size 5, 10, 20 and 30 per cell evenly

dispersed table, 7" increases from .1252 to .4086; .096 to .3031; .0775 to .2242

and .0668 to .1867 for 2x2 to 6x6 table, respectively. For sample size 5, 10, 20 and 30

per cell extremely dispersed table marginals, 7" increases from .0598 to .3629; .0568
t0.2593; .0476 to .1942 and .0396 to .1626 for a 2x2 table to a 6x6 table, respectively.
Moreover, with few exceptions, for each frequency table, as sample size increases, 7°
significantly decreases (p< .05, conventional z test for proportions). For each size of
contingency table, 7~ is smallest for extremely dispersed row and column marginal
distributions while largest for evenly distributed row and column table. The only
exception is 2x2 table where a slightly dispersed table contains slightly smaller 7°
values on average than extremely dispersed frequency table, partly due to a convergence
problem (used less than .001 instead of otherwise .00001) as shown in Appendix A.

For all two-way tables, replacing zero with larger flattening values results in
smaller 7z~ . For all extremely dispersed and most slightly dispersed (4 out of 6
scenarios) row and column marginal distributions with small sample size (5 per cell) and
small table size (2x2, 2x3, 2x4, 3x3) tables, the value of 7° is smaller using structural
zero compared to using sampling zero or any other replacing with positive flattening
constants techniques.

Also, Figures 4, 5, and 6 show that for all sample size in 2x2, 2x4 table, 5, 10, 20
per cell for 2x3 table and 10 per cell for 2x6 tables with extremely dispersed row and

column marginal distributions, 7° is significantly smaller (p< .05, conventional z test
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for proportions) using structural zero technique compared with sampling zero. However,

7" values for the different techniques become closer to each other when sample size
becomes moderately large (30 per cell) using all the various sampling zero techniques
(including structural zero). Note that the techniques of replacing zero cell with flattening
constants include virtually any number of simulated zero cells for each table while the
structural zero technique used in this study can only accommodate one zero cell per
frequency table. Because the number of zero counts and patterns are somewhat different
among these techniques, especially when encountering small sample sizes such as 5 per
cell and 10 per cell with extremely dispersed marginal distributions for which the
percentage of number of two or above sampling zero cells could go up to 86.2% (2x6
small sample size with extremely dispersed marginal table), it might influence the
comparison results between structural zero and using sampling zero or any other
replacing with small positive flattening constants techniques. However, for comparatively
large sample size (20 per cell and 30 per cell) tables with any marginal distributions or

evenly dispersed tables with any sample size, the comparison results remain valid.

Notable difference for average 7" values between sampling zero and structural

zero techniques appears for different marginals when sample size is small (5 per cell).
Figures 7 to 9 display the structural zero technique influence on 7z° for different

marginal distributions with 2x3, 2x4 and 6x6 table. Again, 7~ is lowest for extremely
dispersed marginal distribution, followed by slightly dispersed table and biggest for
evenly distributed table and 7° is consistently smaller when adopting structural zero
technique compared to sampling zero. The magnitude of difference, however only

significantly smaller (p< .05, conventional z test for proportions; sample size equals to 5
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per cell) using structural zero for extremely dispersed 2x3 table, slightly dispersed
({P1=.5, P,,=5, P, =8, Pp=.1, Pis=.1}) 2x3 table; extremely dispersed 2x4 table,
slightly dispersed ({P;+=.9, P»;=.1, P,;=.25, P;,=25, P;5=.25, P,4=.25}) 2x4 table and
extremely dispersed 6 x 6 table.

Averaging over results, of the sampling zero techniques that were compared,

replacing with larger flattening constants such as 1 and structural zero technique appear

to be more superior to the others in the sense that 7" is consistently smaller. Between
these two methods, structural zero technique performs better for all extremely and most
slightly dispersed row and column marginal distributions tables with small sample size
and small table size while in most other cases replacing with larger flattening constant

(i.e., 1) appears to be more superior in relation to parameter bias.
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Lower Bound Comparisons of RCL and “True” Estimates

The 95% lower bound of 7 using RCL method and empirical based “true”
estimates from various simulations are listed in Appendix A where tables are
appropriately prefixed along with the estimates under different sampling zero techniques
denoted by the column headings.

As shown in Appendix A25 — A48, the 95% lower bound for 7" using RCL
method is generally close to the "true" estimate based on empirical parametric simulation.
However, under some circumstances (marked in red in Appendix A, most of them from
symmetric frequency tables and any difference of “true” lower bound - RCL method
lower bound < .01 is due to rounding error), RCL method underestimates the lower
bound value even though the magnitude is relatively small and the difference from the

“true estimate” decreases as the sample size increases.
Similar to parameter estimators for 7°, the “true” estimates of 95% lower bound of
77 as shown in Figures 10 and 11, for 2x2, 2x3, 2x4, 2x6 tables, when table size

increases, the lower bound of 7 consistently increases within the same sample size (5,
10, 20 and 30 per cell) and marginal distribution (evenly, slightly and extremely dispersed)
with exceptions for 2x3 and 2 x4 extremely dispersed tables with sample size 5 (remain
nearly unchanged). This conclusion also applies to 2x2, 3x3, 4x4, 6x6 symmetric
tables. Additionally, with few exceptions, for each frequency table, as sample size
increases, the 95% lower bound decreases.

As displayed in Figures 12 and 13, for each size of contingency table, lower bound

77 is generally smallest for extremely dispersed row and column marginal distributions,

followed by slightly dispersed row and column marginal distributions; while largest for
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evenly distributed row and column tables. Different techniques for dealing with sampling
zero seem to have no effect on the lower bound of 7" on either the method following
RCL or the “true” lower bound based on empirical simulations.

Confidence Interval and Standard Errors

From Figures 14 and 15, we can see that given the same table size, extremely

dispersed row and column marginal distributions consistently provide narrower
confidence intervals (7 -7, ) than evenly dispersed row and column tables using both
RCL method and empirical based “true” estimates. Also, when sample size increases,
confidence intervals become narrower for each table size and roughly shrinks to same

confidence intervals for different marginal distribution with same table size using both

estimation methods.
Standard errors of 7° in different combination of scenarios are also tabulated in

Appendix A. It is apparent that since RCL method underestimates the lower bound of 7"
in many cases and, thus, leads to a higher standard error compared with empirical based

“true” lower bound estimates.
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Figure 12. 7, Comparison between RCL method and Empirical Simulation method
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Figure 14. Confidence Interval of 7"~ following empirical simulation method
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Examples

The first example is a 63 cross-classification of fatal crashes by speed limit and
land use with 37,295 cases based on a 2004 USDOT traffic database. This data table is
used to compare the results using traditional chi-square and related model fit methods

with the mixture index of fit introduced by RCL. More specially, we compare different

sampling zero techniques impacts on 7° since there is a zero cell in the contingency
table.

The value of the Pearson Chi-Square statistic is 7200.090, and the likelihood ratio,
G? statistic is 7600.540 both with degrees of freedom equal to 10 (P<. 01). Thus, an

independence model is not tenable based on these chi-squared tests of fit. As displayed in

Table 4, the mixture index of fit 7~ is .294, which means about 29.4% of the total of
37,295 cases (or, 10, 965 cases) have to be removed in order to attain perfect model fit.

The mixture index of fit provides an interpretation that is consistent with traditional

Chi-Square analyses. Furthermore, 7° only decreases to .293 when replacing sample

zero with the flattening constant 0.1 and further reduces to .291 when replacing with .5

and 1 as well as using the structural zero method. The amount of change in 7", as well
as its 95% lower bound using different sampling zero techniques, is extremely small in

this example. This occurs due to the very small percentage (0.62%) of Unknown land. In

fact, it would not substantially effect 7", even if the whole column were zeros.

The second example is a cross-classification eye color and hair color in a 4*%4 table
with sample size of 592 presented by Snee (1974). RCL utilized this data example to
study the properties of the mixture index of fit. In this paper, this example is used to

compare the difference between sampling zero and structural zero. The 16 cells were set
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to zero one-by-one and the results are presented in Table 5. The percentage differences
between use of the sampling zero and structural zero techniques range from 5.00% to
40.00%, (note that six of these differences are statistically significant (p<0.05) using
conventional z tests for proportions.) The largest percentage reduce in 7° using

structural zero occurs when Hair black and eye color Hazel is set to zero.
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CHAPTER V
CONCLUSIONS AND DISCUSSION

This study was primarily focused on three areas. The first, the performance of the
estimate, 7 , in various combinations of conditions, as a function of different sizes of
tables, different marginal distributions and different sample sizes. The second area
encompassed evaluating several techniques for dealing with sampling zeros when
computing 7 in contingency tables when the independence assumption holds. The
third was comparing the standard error of 7z° and confidence interval estimated by use
of a method proposed by RCL, with the “true” standard error based on empirical
simulations in various scenarios especially when encountering small sample sizes and
7" close to zero.

Parameter Estimates and Bias

In general, when table size increases, 7° consistently increases for constant
sample size and marginal distribution with few exceptions for both symmetric and
non-symmetric tables. For each frequency table, as sample size increases, with few
exceptions, 7° decreases as well as its lower bound. For each size of contingency table,
7z is smallest for extremely dispersed row and column marginal distributions while
largest for evenly distributed marginal tables.

7" is positively biased from zero by 2.98% to 40.86% in the designs studied (all
table sizes, marginal distributions, and sample sizes) when the independence assumption
holds. The magnitude of bias, however, varied across different situations. Large table
sizes with small sample sizes were heavily biased, 40.86% of 7~ biased from zero

when table size is 6%6 with evenly dispersed row and column marginals and small
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sample size. However, 7~ is still a reasonable descriptive index for model goodness of
fit of contingency tables when independence assumption holds for small table size (2% 2,

2X3,2x4, 3%X3 2%X6) tables with moderately large (or above) sample size (the largest

7" in such cases was no greater than .1).

Sampling Zero Techniques

As expected, for all two-way contingency tables, replacing zero with a larger

flattening values resulted in smaller 7" as well as its lower bound. For extremely and

most slightly dispersed row and column marginal distributions tables with small sample

sizes and small table sizes, the value of 7" 1is substantially smaller using structural zero
compared to using other techniques. Note that the techniques of replacing zero cell with
flattening constants include virtually any number of simulated zero cells for each table
while structural zero technique using here was based on only one zero cell per table.
Because the number of zero counts and patterns are somewhat different between these
techniques especially when encountering small sample size, it might affect the
comparison between structural zero and using sampling zero or any other replacing with
small positive flattening constants techniques.

Different techniques for dealing with sampling zero seem to have no effect on the
lower bound of 7z° on either the method following RCL or the “true” lower bound
based on empirical simulations.

Confidence Interval and Standard Error

As hypothesized, similar to parameter estimators for 7", when table size increases,

the “true” estimates of 95% lower bound of 7° consistently increases within the same

sample size and marginal distribution for both symmetric and non-symmetric tables
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with few exceptions Additionally, with few exceptions, for each frequency table, as

sample size increases, the 95% lower bound decreases. Lower bound of 7° is
generally smallest for extremely dispersed row and column marginal distributions,
followed by slightly dispersed row and column marginal distributions; while largest for
evenly distributed row and column tables. As a result, given the same table size,
extremely dispersed row and column marginal distributions consistently provide

narrower confidence interval than evenly dispersed row and column tables.

The 95% lower bound for 7° using the RCL method is generally close to the
"true" estimate based on empirical parametric simulation. However, under many
circumstances, the RCL method underestimates the lower bound value although the
magnitude is relatively small and the difference from the “true estimate” decreases as
the sample size increases.

Recommendations

Among all the sampling zero techniques that were compared in terms of

parameter bias, replacing with larger flattening constants such as 1 and structural zero

technique appear to perform better in the sense that 7° is consistently smaller.
Between these two techniques, structural zero technique is generally recommended for
extremely and slightly dispersed row and column marginal distributions tables with
small sample sizes and small table sizes while in other cases replacing with larger
flattening constant (i.e., 1) is preferred.

Based on the current findings, RCL standard error estimates were comparatively
conservative. In general, it is preferable in practice to use variance estimates that tend to

be conservative (i.e., large) rather than liberal (i.e., small). However, it would be
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valuable to investigate the standard error of 7° using re-sampling methods to provide
better guidance for users.

Implications for Future Research

1. Evenly distributed, slightly and extremely dispersed marginal distributions for
each different size of tables were manipulated in the current study. It would be valuable
to investigate more diversified marginal distribution in future studies.

2. As noted, the limitation of structural zero technique with number of zero cells
might affect the results when compared with other sampling zero techniques. It would
be of interest to investigate structural zero technique applied in two-point mixture index
model in contingency tables with more than one zero when the independence
assumption holds.

3. In order to attain reasonable execution times for the simulation, in this study,
an increment of .01 was adopted to successively increase 7~ when estimating 7"

using an EM algorithm. For very small true values of 7", it would be necessary to use a

value of .001 or even .0001 in order to obtain a more detailed picture, especially for the
lower bound of 7".

4. In future study, it would be beneficial to investigate the standard error of 7"
using other re-sampling methods (e.g., jackknife) and compare with RCL to provide a
more concrete guide.

5. The larger value of flattening constants (e.g., 1) might affect the original data
structure when sample size of a contingency table is small (e.g., 5 per cell) and thus the
results could be slightly influenced. Alternative ways to define the flattening constants

such as a percentage to total sample size is of interest in future study.
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6. Finally, it would be valuable to evaluate the performance of 7z~ under

conditions where the independence assumption does not hold.
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MARGINAL DISTRIBUTION LEGEND FOR APPENDIX A

Case 1: {P;+=. 5 Pyy=.5 Py= 8 Piy=1, P3=. 1}

Case 2: {P;=. 5, Pyy=. 5, Py;=. 33, P1,=. 33, P:3=. 33}

Case 3: {P;+=. 9, Pyy=. 1, Py;=. 33, P1,=. 33, P:3=. 33}

Case 4: {P;.=. 9, Py,=.1, Pyj= 8 Piy= 1, P3=. 1}

Case 5: {P;+=. 5, Pyy=. 5, Pyj=. 25 Piy=.25 Pi3=. 25 P.4=. 25}

Case 6: {P;=. 5 Pyy=.5 Pyj=.4Py=4,P3;=.1 Piy= 1}

Case 7: {P;+=. 9, Pyy=. 1, Py;=. 25, P;=. 25, Py3=. 25, P.4=. 25}

Case 8: {P;+=. 9, Pyy=. 1, Py;= 4, Pi,=. 4, Py3=. 1, P1y=. 1}

Case 9: {P;.=. 5, Pyy=. 5, Py;=. 167, P1,=. 167, P13=. 167, P14=. 167, P1s=. 167,
Pis=. 167}

Case 10: {P;+=. 9, P,.=. 1, Py;=. 167, P,;=. 167, Py3=. 167, P1,=. 167, P,5=. 167,
Pis=. 167}

Case 11: {P;=. 5, P»1=.5 Py=.3, Pi,=.3, Py3= 1, Piy= 1, Pys=. 1, Pis=. 1}

Case 12: {P;+=. 9, Pyy=. 1, P1;=. 3, P.,=. 3, P.3=. 1, Pyy=. 1, Pys=. I, Pis=. 1}

Case 13: {P;+=. 5, P>=. 5, Py;=. 5, P,=. 5}

Case 14: {P;=.9, Py,= 1, P,;=. 9, Pi,= 1}

Case 15: {P;+=. 5, P>=. 5, Py;=. 9, P,=. 1}

Case 16: {P;i=.4, P>1=. 4, P3,=.2, P j=. 4, Pr,=. 4, Py3=. 2}

Case 17: {P;+=. 33, P>y=. 33, P3:=. 33, P1;=. 33, Py»,=. 33, P13=. 33}

Case 18: {P;=. 33, P>1=. 33, P3+=. 33, Py;=. 4, P.,=.4, P13=. 2}

Case 19: {P1+:. 25, P2+:. 25, P3+:. 25, P4+:. 25, P+1:. 25, P+2:. 25, P+3:. 25,
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P.y=. 25}
Case 20: {P;.=. 4, Py,=. 4, P3;=. 1, Pyi=. 1, Ps=. 4, Ps;=. 4, P.3=. 1, P,=. 1}
Case 21: {P;.=. 25, Py,=. 25, P3:=. 25, P4,=. 25, P+;=. 4, Ps,=. 4, P.s=. I,
Po= 1}
Case 22: {P;.=. 167, P>.=. 167, P3,=. 167, Ps.=. 167, Ps.=. 167,
Psi=. 167, Pry=. 3, Pis=. 3, Pos=. I, Poy=. I, Pys=. I, Pis=. 1}.
Case 23: {P;.=. 167, P».=. 167, P3.=. 167, P4,=. 167, Ps.=. 167, Ps,=. 167,
P.j=. 167, Ps=. 167, Pys=. 167, Pry=. 167, P.s=. 167, P.s=. 167}
Case 24: {P;.=. 3, P,=. 3, P3,=. 1, P;.=. 1, Ps;=. I, Pg.=. 1,

P+1:. 3, P+2:. 3, P+3:. ], P+4:. ], P+5:. ], P+6:. ]},
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APPENDIX A: RESULTS TABLES

Table Al: 7°

and 7* Using Sampling Zero Techniques — Case 1

{P1+=.5, P2+=.5,
P+1=.8, P+2=1, 5 per cell 10 per cell 20 per cell 30 per cell
P+3=.1}

Pi Star No of Pi Star No of Pi Star No of Pi Star No of

Zeros Zeros Zeros Zeros

Sampling zero 0.0974 598 0.0700 136 0.0533 4 0.0443 0
Replace with .1 0.0951 598 0.0698 136 0.0533 4 0.0443 0
Replace with .5 0.0851 598 0.0688 136 0.0533 4 0.0443 0
Replace with 1 0.0757 598 0.0677 136 0.0533 4 0.0443 0
Structural zero* 0.0658 522 0.0645 130 0.0542 4 0.0451 0

NOTE: 1. * denotes accommodate only one zero cell each simulated frequency table for structural zero technique.

Table A2: 7#° and 7° Using Sampling Zero Techniques — Case 2

{P1+=.5, P2+=.5,
P+1=.33, P+2=.33, 5 per cell 10 per cell 20 per cell 30 per cell
P+3=.33}

Pistar NOOf  pigrer Noof g, Noof g Noof

Zeros Zeros Zeros Zeros

Sampling zero 0.1698 28 0.1256 0 0.0921 0 0.0766 0
Replace with .1 0.1697 28 0.1256 0 0.0921 0 0.0766 0
Replace with .5 0.1691 28 0.1256 0 0.0921 0 0.0766 0
Replace with 1 0.1683 28 0.1256 0 0.0921 0 0.0766 0
Structural zero* 0.1700 28 0.1294 0 0.0946 0 0.0786 0

NOTE: 1. * denotes accommodate only one zero cell each simulated frequency table for structural zero technique.
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Table A3: 7#° and 7° Using Sampling Zero Techniques — Case 3

{P1+=.9, P2+=1,

E:;:gg 5 per cell 10 per cell 20 per cell 30 per cell
P+3=.33}

Pistr  0°%  pistar DO pistar DO pigar T

Sampling zero 0.0800 746 0.0600 311 0.0462 36 0.0390 8
Replace with .1 0.0771 746 0.0594 311 0.0461 36 0.0390 8
Replace with .5 0.0605 746 0.0552 311 0.0459 36 0.0389 8
Replace with 1 0.0502 746 0.0512 311 0.0456 36 0.0389 8
Structural zero* 0.0481 656 0.0481 286 0.0455 36 0.0393 8

NOTE: 1. * denotes accommodate only one zero cell each simulated frequency table for structural zero technique.

Table A4: ©°

and 7° Using Sampling Zero Techniques — Case 4

{P1+=.9, P2+=1,
P+1=.8, P+2=1, 5 per cell 10 per cell 20 per cell 30 per cell
P+3=.1}

Pi Star No of Pi Star No of Pi Star No of Pi Star No of

Zeros Zeros Zeros Zeros

Sampling zero 0.0844* 960  0.0745" 804 0.0604" 507  0.0520" 308
Replace with .1 0.0673 960 0.0660 804 0.0590 507 0.0520 308
Replace with .5 0.0416 960 0.0375 804 0.0441 507 0.0454 308
Replace with 1 0.0517 960 0.0295 804 0.0328 507 0.0391 308
Structural zero* 0.0440 849 0.0321 653 0.0330 424 0.0388 257

NOTE: 1. * denotes accommodate only one zero cell each simulated frequency table for structural zero technique.
NOTE: 2. # denotes convergence criteria G-Square<.01 instead of .00001.
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Table A5: 7#° and 7° Using Sampling Zero Techniques — Case 5

{P1+=.5, P2+=.5,
P+1=.25, P+2=.25, 5 per cell 10 per cell 20 per cell 30 per cell
P+3=.25, P+4=.25}

A~k No of Ak No of A~k No of A~k No of

4 Zeros 4 Zeros 4 Zeros 4 Zeros
Sampling zero 0.1873 44 0.1414 1 0.1031 0 0.0858 0
Replace with .1 0.1871 44 0.1414 1 0.1031 0 0.0858 0
Replace with .5 0.1865 44 0.1414 1 0.1031 0 0.0858 0
Replace with 1 0.1857 44 0.1412 1 0.1031 0 0.0858 0
Structural zero* 0.1869 44 0.1450 1 0.1060 0 0.0879 0

NOTE: 1. * denotes accommodate only one zero cell each simulated frequency table for structural zero technique.

Table A6: 7°

and 7° Using Sampling Zero Techniques — Case 6

{P1+=.5, P2+=.5,
P+1=4, P+2=4, 5 per cell 10 per cell 20 per cell 30 per cell
P+3=.1, P+4=.1}
A~k No of A No of Ak No of Ak No of
7[ Zeros 4 Zeros 7[ Zeros 7[ Zeros
Sampling zero 0.1673 406 0.1255 49 0.0940 0 0.0782 0
Replace with .1 0.1654 406 0.1255 49 0.0940 0 0.0782 0
Replace with .5 0.1594 406 0.1251 49 0.0940 0 0.0782 0
Replace with 1 0.1543 406 0.1248 49 0.0940 0 0.0782 0
Structural zero* 0.1505 352 0.1272 48 0.0974 0 0.0811 0

NOTE: 1. * denotes accommodate only one zero cell each simulated frequency table for structural zero technique.
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Table A7: #° and 7° Using Sampling Zero Techniques — Case 7

{P1+=.9, P2+=1,
P+1=.25, P+2=.25, 5 per cell 10 per cell 20 per cell 30 per cell
P+3=.25, P+4=.25}

Ak No of A% No of A% No of A% No of

i Zeros Zeros Zeros Zeros
Sampling zero 0.0908 851 0.0711 441 0.0541 72 0.0460 11
Replace with .1 0.0877 851 0.0705 441 0.0540 72 0.0460 11
Replace with .5 0.0697 851 0.0635 441 0.0534 72 0.0459 11
Replace with 1 0.0582 851 0.0577 441 0.0528 72 0.0458 11
Structural zero* 0.0615 702 0.0570 383 0.0523 71 0.0465 11

NOTE: 1. * denotes accommodate only one zero cell each simulated frequency table for structural zero technique.

Table A8: 7°

and 7° Using Sampling Zero Techniques — Case 8

{P1+=.9, P2+=1,
P+1=4, P+2=4, 5 per cell 10 per cell 20 per cell 30 per cell
P+3=.1, P+4=.1}
A No of Ak No of Ak No of Ak No of
T Zeros Zeros Zeros Zeros
Sampling zero 0.0942 942 0.0822 722 0.0732 370 0.0730 177
Replace with .1 0.0849 942 0.0762 722 0.0629 370 0.0544 177
Replace with .5 0.0660 942 0.0567 722 0.0545 370 0.0517 177
Replace with 1 0.0703 942 0.0510 722 0.0480 370 0.0487 177
Structural zero* 0.0675 800 0.0530 560 0.0488 281 0.0490 146

NOTE: 1. * denotes accommodate only one zero cell each simulated frequency table for structural zero technique.
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Table A9: 7#° and 7° Using Sampling Zero Techniques —Case 9

{P1+=.5, P2+=.5,
P+1=.167, P+2=.167,
P+3=.167, P+4=.167, 5 per cell 10 per cell 20 per cell 30 per cell
P+5=.167,
P+6=.167}

~ No of % No of % No of A% No of

Zeros 4 Zeros 4 Zeros T Zeros

Sampling zero 0.2123 64 0.1552 0 0.1138 0 0.0937 0
Replace with .1 0.2122 64 0.1552 0 0.1138 0 0.0937 0
Replace with .5 0.2114 64 0.1552 0 0.1138 0 0.0937 0
Replace with 1 0.2106 64 0.1552 0 0.1138 0 0.0937 0
Structural zero* 0.2108 63 0.1582 0 0.1161 0 0.0957 0

NOTE: 1. * denotes accommodate only one zero cell each simulated frequency table for structural zero
technique.

Table A10: 7° and 7° Using Sampling Zero Techniques — Case 10

{P1+=.9, P2+=1,
P+1=.167, P+2=.167,
P+3=.167, P+4=.167, 5 per cell 10 per cell 20 per cell 30 per cell
P+5=.167,
P+6=.167}

% No of % No of % No of A No of

Zeros 7 Zeros 7 Zeros T Zeros

Sampling zero 0.0968 938 0.0818 579 0.0628 91 0.0544 13
Replace with .1 0.0951 938 0.0842 579 0.0634 91 0.0544 13
Replace with .5 0.0749 938 0.0709 579 0.0618 91 0.0543 13
Replace with 1 0.0630 938 0.0630 579 0.0609 91 0.0542 13
Structural zero* 0.0744 790 0.0649 484 0.0617 87 0.0553 13

NOTE: 1. * denotes accommodate only one zero cell each simulated frequency table for structural zero technique.
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Table All: 7* and 7° Using Sampling Zero Techniques —Case 11

{P1+=.5, P2+=.5,
E:;Z? E:i:‘? 5 per cell 10 per cell 20 per cell 30 per cell
P+5=.1, P+6=.1}
A No of " No of " No of " No of
Zeros T Zeros T Zeros T Zeros
Sampling zero 0.1975 278 0.1432 11 0.1029 0 0.0871 0
Replace with .1 0.1968 278 0.1432 11 0.1029 0 0.0871 0
Replace with .5 0.1941 278 0.1432 11 0.1029 0 0.0871 0
Replace with 1 0.1911 278 0.1431 11 0.1029 0 0.0871 0
Structural zero* 0.1872 255 0.1462 11 0.1050 0 0.0890 0

NOTE: 1. * denotes accommodate only one zero cell each simulated frequency table for structural zero
technique.

Table A12: 7° and 7" Using Sampling Zero Techniques — Case 12

{P1+=.9, P2+=1,
P+1=.3, P+2=.3,
P+3=1 P+4=1. 5 per cell 10 per cell 20 per cell 30 per cell
P+5=.1, P+6=.1}
~ No of A~ No of A~ No of A~ No of
Zeros T Zeros T Zeros T Zeros
Sampling zero 0.0995 980 0.0907 783 0.0712 328 0.0614 126

Replace with .1 0.0941 980 0.0888 783 0.0716 328 0.0614 126
Replace with .5 0.0732 980 0.0680 783 0.0652 328 0.0599 126
Replace with 1 0.0736 980 0.0588 783 0.0604 328 0.0584 126
Structural zero* 0.0809 837 0.0641 582 0.0628 259 0.0599 105

NOTE: 1. * denotes accommodate only one zero cell each simulated frequency table for structural zero technique.
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Table A13: 7° and 7" Using Sampling Zero Techniques — Case 13

{P1+=.5, P2+=5,

P+1=.5, P+2=.5) 5 per cell 10 per cell 20 per cell 30 per cell
A% No of Ak No of Ak No of Ak No of
Zeros 4 Zeros 4 Zeros 4 Zeros
Sampling zero 0.1252 17 0.0960 0 0.0775 0 0.0668 0
Replace with .1 0.1252 17 0.0960 0 0.0775 0 0.0668 0
Replace with .5 0.1248 17 0.0960 0 0.0775 0 0.0668 0
Replace with 1 0.1243 17 0.0960 0 0.0775 0 0.0668 0
Structural zero* 0.1260 17 0.1015 0 0.0820 0 0.0712 0

NOTE: 1. * denotes accommodate only one zero cell each simulated frequency table for structural zero technique.

Table A14: 7° and 7° Using Sampling Zero Techniques — Case 14

{P1+=.9, P2+=1,

P+1=.9, P+2=1} 5 per cell 10 per cell 20 per cell 30 per cell
~ No of A% No of A% No of A% No of
Zeros T Zeros T Zeros T Zeros

Sampling zero 0.0598* 877  0.0568" 701 0.0476" 489 0.0396" 322
Replace with .1 0.0413 877  0.0463 701 0.0434 489 0.0383 322
Replace with .5 0.0285 877  0.0231 701 0.0272 489 0.0302 322
Replace with 1 0.0420 877  0.0230 701 0.0182 489 0.0223 322
Structural zero* 0.0262 695  0.0235 546 0.0185 356 0.0215 276

NOTE: 1. * denotes accommodate only one zero cell each simulated frequency table for structural zero technique.
NOTE: 2. # denotes convergence criteria G-Square<.01 instead of .00001.
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Table A15: 7° and 7" Using Sampling Zero Techniques — Case 15

{P1+=.5, P2+=5,

P+1=.9, P+2=1} 5 per cell 10 per cell 20 per cell 30 per cell
A% No of Ak No of Ak No of . No of
Zeros 4 Zeros 4 Zeros T Zeros
Sampling zero 0.0559 602 0.0445 239 0.0343 27 0.0298 3
Replace with .1 0.0555 602 0.0444 239 0.0343 27 0.0298 3
Replace with .5 0.0451 602 0.0418 239 0.0342 27 0.0298 3
Replace with 1 0.0385 602 0.0392 239 0.0340 27 0.0298 3
Structural zero* 0.0310 561 0.0351 228 0.0321 28 0.0296 2

NOTE: 1. * denotes accommodate only one zero cell each simulated frequency table for structural zero technique.

Table A16: 7° and 7" Using Sampling Zero Techniques — Case 16

{P1+=.4, P2+=4,
P3+=.2, 5 per cell 10 per cell 20 per cell 30 per cell
P+1=4, P+2=4,
P+3=.2}
A% No of A% No of A% No of Ak No of
4 Zeros 4 Zeros 4 Zeros T Zeros
Sampling zero 0.2162 242 0.1619 24 0.1163 0 0.0983 0
Replace with .1 0.2140 242 0.1618 24 0.1163 0 0.0983 0
Replace with .5 0.2075 242 0.1614 24 0.1163 0 0.0983 0
Replace with 1 0.2022 242 0.1608 24 0.1163 0 0.0983 0
Structural zero* 0.2015 230 0.1650 24 0.1204 0 0.1023 0

NOTE: 1. * denotes accommodate only one zero cell each simulated frequency table for structural zero technique.

60



Table A17: 7° and 7°

Using Sampling Zero Techniques — Case 17

{P1+=.33, P2+=.33,
P3+=.33,

P+1=.33, P+2=.33, 5 per cell 10 per cell 20 per cell 30 per cell
P+3=.33}

% No of A No of A No of A No of

4 Zeros 4 Zeros Zeros Zeros
Sampling zero 0.2338 50 0.1747 0 0.1277 0 0.1079 0
Replace with .1 0.2336 50 0.1747 0 0.1277 0 0.1079 0
Replace with .5 0.2323 50 0.1747 0 0.1277 0 0.1079 0
Replace with 1 0.2312 50 0.1747 0 0.1277 0 0.1079 0
Structural zero* 0.2347 49 0.1820 0 0.1353 0 0.1145 0

NOTE: 1. * denotes accommodate only one zero cell each simulated frequency table for structural zero technique.

Table A18: 7° and 7" Using Sampling Zero Techniques — Case 18

{P1+=.33, P2+=.33,

EE:ZZ3P+2=4 5 per cell 10 per cell 20 per cell 30 per cell
P+3=.2}

% No of A No of A No of A No of

4 Zeros 4 Zeros 4 Zeros 4 Zeros
Sampling zero 0.2267 165 0.1645 4 0.1187 0 0.0993 0
Replace with .1 0.2258 165 0.1645 4 0.1187 0 0.0993 0
Replace with .5 0.2217 165 0.1645 4 0.1187 0 0.0993 0
Replace with 1 0.2180 165 0.1644 4 0.1187 0 0.0993 0
Structural zero* 0.2190 165 0.1696 5 0.1228 0 0.1030 0

NOTE: 1. * denotes accommodate only one zero cell each simulated frequency table for structural zero technique.
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Table A19: 7° and 7°

Using Sampling Zero Techniques — Case 19

{P1+=.25, P2+=.25,
P3+=.25, P4+=.25

P+1=.25, P+2=.25, 5 per cell 10 per cell 20 per cell 30 per cell
P+3=.25, P+4=.25}

% No of A No of Ak No of A No of

4 Zeros 4 Zeros Zeros Zeros
Sampling zero 0.3060 70 0.2280 0 0.1684 0 0.1422 0
Replace with .1 0.3046 70 0.2280 0 0.1684 0 0.1422 0
Replace with .5 0.3032 70 0.2280 0 0.1684 0 0.1422 0
Replace with 1 0.2280 70 0.1684 0 0.1422 0 0.1422 0
Structural zero* 0.3092 65 0.2374 0 0.1771 0 0.1493 0

NOTE: 1. * denotes accommodate only one zero cell each simulated frequency table for structural zero technique.

Table A20: 7 and 7°

Using Sampling Zero Techniques — Case 20

{P1+=.4, P2+=4,

Ef::l Ei;:l 5 per cell 10 per cell 20 per cell 30 per cell
P+3=.1, P+4=.1}

% No of A No of Ak No of A No of

4 Zeros 4 Zeros 4 Zeros 4 Zeros
Sampling zero 0.2350 937 0.1873 620 0.1402 161 0.1178 38
Replace with .1 0.2052 937 0.1715 620 0.1378 161 0.1174 38
Replace with .5 0.1996 937 0.1607 620 0.1354 161 0.1171 38
Replace with 1 0.1919 937 0.1408 620 0.1178 161 0.1171 38
Structural zero* 0.2027 779 0.1642 529 0.1377 154 0.1207 38

NOTE: 1. * denotes accommodate only one zero cell each simulated frequency table for structural zero technique.
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Table A21: 7° and 7" Using Sampling Zero Techniques — Case 21

{P1+=.25, P2+=.25,
P3+=.25, P4+=.25

P+1=4, P+2=4, 5 per cell 10 per cell 20 per cell 30 per cell
P+3=.1, P+4=.1}

% No of A No of A No of A No of

4 Zeros Zeros Zeros Zeros
Sampling zero 0.2587 707 0.1909 140 0.1391 0 0.1145 0
Replace with .1 0.2442 707 0.1897 140 0.1391 0 0.1145 0
Replace with .5 0.2330 707 0.1882 140 0.1391 0 0.1145 0
Replace with 1 0.1912 707 0.1391 140 0.1145 0 0.1145 0
Structural zero* 0.2375 562 0.1888 136 0.1419 0 0.1166 0

NOTE: 1. * denotes accommodate only one zero cell each simulated frequency table for structural zero technique.

Table A22: 7° and 7" Using Sampling Zero Techniques —Case 22

{P1+=.167, P2+=.167,
P3+=.167, P4+=.167,
P5+=.167, P6+=.167.

P+1=.3, P+2=3, 5 per cell 10 per cell 20 per cell 30 per cell
P+3=.1, P+4=.1.
P+5=.1, P+6=.1}
A% No of Ak No of Ak No of Ak No of
Zeros Zeros Zeros Zeros
Sampling zero 0.3680 709 0.2710 52 0.0940 0 0.0782 0
Replace with .1 0.3645 709 0.2710 52 0.0940 0 0.0782 0
Replace with .5 0.3512 709 0.2707 52 0.0940 0 0.0782 0
Replace with 1 0.3399 709 0.2702 52 0.0940 0 0.0782 0
Structural zero* 0.3404 573 0.2741 52 0.0974 0 0.0811 0

NOTE: 1. * denotes accommodate only one zero cell each simulated frequency table for structural zero technique.
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Table A23: 7°

and 7* Using Sampling Zero Techniques — Case 23

{P1+=.167, P2+=.167,
P3+=.167, P4+=.167,
P5+=.167, P6+=.167.

P+1=.167. P+2=.167. 5 per cell 10 per cell 20 per cell 30 per cell
P+3=.167, P+4=.167,
P+5=.167, P+6=.167}
% No of A No of Ak No of Ak No of
4 Zeros Zeros Zeros Zeros
Sampling zero 0.4086 183 0.3031 0 0.2242 0 0.1867 0
Replace with .1 0.4079 183 0.3031 0 0.2242 0 0.1867 0
Replace with .5 0.4054 183 0.3031 0 0.2242 0 0.1867 0
Replace with 1 0.4028 183 0.3031 0 0.2242 0 0.1867 0
Structural zero* 0.4088 173 0.3146 0 0.2337 0 0.1940 0

NOTE: 1. * denotes accommodate only one zero cell each simulated frequency table for structural zero technique.

Table A24: 7°

and 7° Using Sampling Zero Techniques — Case 24

{P1+=.3, P2+=.3,
P3+=.1, P4+=1,
P5+=.1, P6+=.1.
P+1=.3 P+2=3, 5 per cell 10 per cell 20 per cell 30 per cell
P+3=.1, P+4=1.
P+5=.1, P+6=.1}
~ No of A% No of A~ No of A~ No of
T Zeros Zeros Zeros Zeros
Sampling zero 0.3629 953 0.2693 359 0.1942 15 0.1626 0
Replace with .1 0.3536 953 0.2681 359 0.1942 15 0.1626 0
Replace with .5 0.3175 953 0.2629 359 0.1941 15 0.1626 0
Replace with 1 0.2933 953 0.2579 359 0.1940 15 0.1626 0
Structural zero* 0.3020 752 0.2605 314 0.2001 15 0.1684 0

NOTE: 1. * denotes accommodate only one zero cell each simulated frequency table for structural zero technique.
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Table A25: 95% Lower Bound- 7, - Case 1

{P1+=.5, P2+=.5,
P+1=.8, P+2=.1, 5 per cell 10 per cell 20 per cell 30 per cell
P+3=.1}

RCL Empirical RCL Empirical RCL Empirical RCL Empirical
Sampling zero 0.021  0.0300 0.0154  0.0200 0.0136  0.0200 0.0124  0.0200
Replace with .1 0.017 0.0300 0.0149  0.0200 0.0136  0.0200 0.0124  0.0200
Replace with .5 0.013 0.0200 0.0139  0.0200 0.0135 0.0200 0.0124  0.0200
Replace with 1 0.011  0.0200 0.0132  0.0200 0.0135 0.0200 0.0124  0.0200
Structural zero 0.016  0.0173 0.0146  0.0200 0.0136  0.0200 0.0124  0.0200

NOTE: 1. Highlighted color denotes

T ;. difference between RCL method and empirical simulation method.

Table A26: 95% Lower Bound- 7, - Case 2

{P1+=.5, P2+=.5,
P+1=.33, P+2=.33, 5 per cell 10 per cell 20 per cell 30 per cell
P+3=.33}

RCL Empirical RCL Empirical RCL Empirical RCL Empirical
Sampling zero 0.026  0.0500 0.020 0.0400 0.017 0.0300 0.0156  0.0200
Replace with .1 0.026  0.0500 0.020 0.0400 0.017 0.0300 0.0156  0.0200
Replace with .5 0.025 0.0500 0.020 0.0400 0.017 0.0300 0.0156  0.0200
Replace with 1 0.024 0.0500 0.020 0.0400 0.017 0.0300 0.0156  0.0200
Structural zero 0.025 0.0600 0.020 0.0400 0.017 0.0300 0.0156  0.0200

NOTE: 1. Highlighted color denotes T ;. difference between RCL method and empirical simulation method.
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Table A27: 95% Lower Bound- 7, - Case 3

{P1+=.9, P2+=1,
P+1=.33, P+2=.33, 5 per cell 10 per cell 20 per cell 30 per cell
P+3=.33}

RCL Empirical RCL Empirical RCL Empirical RCL Empirical
Sampling zero 0.0153  0.0200 0.0155  0.0200 0.0129  0.0100 0.0120 0.0100
Replace with .1 0.0127  0.0200 0.0139  0.0200 0.0127  0.0100 0.0120 0.0100
Replace with .5 0.0106  0.0200 0.0117  0.0200 0.0123  0.0100 0.0119  0.0100
Replace with 1 0.0101  0.0100 0.0110  0.0200 0.0120 0.0100 0.0119  0.0100
Structural zero 0.0111  0.0100 0.0115  0.0131 0.0119  0.0165 0.0118  0.0100

NOTE: 1. Highlighted color denotes T ;. difference between RCL method and empirical simulation method.

Table A28: 95% Lower Bound- 7, - Case 4

{P1+=.9, P2+=1,
P+1=.8, P+2=.1, 5 per cell 10 per cell 20 per cell 30 per cell
P+3=.1}

RCL Empirical RCL Empirical RCL Empirical RCL Empirical
Sampling zero 0.0110  0.0300 0.0121  0.0200 0.0141  0.0100 0.0148 0.0100
Replace with .1 0.0105 0.0100 0.0107  0.0200 0.0127  0.0100 0.0108 0.0100
Replace with .5 0.0105 0.0200 0.0102 0.0100 0.0102 0.0100 0.0101  0.0100
Replace with 1 0.0107  0.0300 0.0103  0.0100 0.0100 0.0100 0.0101  0.0100
Structural zero 0.0111  0.0217 0.0107 0.0125 0.0110  0.0100 0.0114  0.0100

NOTE: 1. Highlighted color denotes T ;. difference between RCL method and empirical simulation method.
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Table A29: 95% Lower Bound- 7, - Case 5

{P1+=.5, P2+=.5,
P+1=.25, P+2=.25, 5 per cell 10 per cell 20 per cell 30 per cell
P+3=.25, P+4=.25}

RCL Empirical RCL Empirical RCL Empirical RCL Empirical
Sampling zero 0.0348  0.0800 0.0277  0.0600 0.0218  0.0400 0.0189  0.0400
Replace with .1 0.0345  0.0800 0.0275  0.0600 0.0218  0.0400 0.0189  0.0400
Replace with .5 0.0336  0.0800 0.0276  0.0600 0.0218  0.0400 0.0189  0.0400
Replace with 1 0.0328 0.0800 0.0276  0.0600 0.0218  0.0400 0.0189  0.0400
Structural zero 0.0335 0.0700 0.0276  0.0600 0.0218  0.0400 0.0189  0.0400

NOTE: 1. Highlighted color denotes T ;. difference between RCL method and empirical simulation method.

Table A30: 95% Lower Bound- 7, - Case 6

{P1+=.5, P2+=.5,

P+1=4, P+2=4, 5 per cell 10 per cell 20 per cell 30 per cell
P+3=.1, P+4=1}

RCL Empirical RCL Empirical RCL Empirical RCL Empirical

Sampling zero 0.0326  0.0600 0.0246  0.0500 0.0201  0.0400 0.0177  0.0300
Replace with .1 0.0303  0.0600 0.0245 0.0500 0.0201  0.0400 0.0177  0.0300
Replace with .5 0.0260 0.0600 0.0241  0.0500 0.0201  0.0400 0.0177  0.0300
Replace with 1 0.0236  0.0500 0.0238 0.0500 0.0201  0.0400 0.0177  0.0300
Structural zero 0.0307  0.0580 0.0245 0.0500 0.0201  0.0400 0.0177  0.0300

NOTE: 1. Highlighted color denotes T ;. difference between RCL method and empirical simulation method.
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Table A31: 95% Lower Bound- 7, - Case 7

{P1+=.9, P2+=1,
P+1=.25, P+2=.25, 5 per cell 10 per cell 20 per cell 30 per cell
P+3=.25, P+4=.25}

RCL Empirical RCL Empirical RCL Empirical RCL Empirical
Sampling zero 0.0223  0.0300 0.0195  0.0300 0.0157  0.0200 0.0139  0.0200
Replace with .1 0.0165  0.0300 0.0167  0.0300 0.0153  0.0200 0.0139  0.0200
Replace with .5 0.0117  0.0200 0.0129  0.0300 0.0143  0.0200 0.0138  0.0200
Replace with 1 0.0107  0.0200 0.0117  0.0200 0.0137  0.0200 0.0136  0.0200
Structural zero 0.0126  0.0200 0.0122  0.0200 0.0134  0.0200 0.0133  0.0200

NOTE: 1. Highlighted color denotes 7 ,difference between RCL method and empirical simulation method.

Table A32: 95% Lower Bound- 7, - Case 8

{P1+=.9, P2+=1,

P+1=.4, P+2=4, 5 per cell 10 per cell 20 per cell 30 per cell
P+3=.1, P+4=.1}

RCL Empirical RCL Empirical RCL Empirical RCL Empirical

Sampling zero 0.0182 0.0300 0.0175 0.0300 0.0172  0.0200 0.0165 0.0200
Replace with .1 0.0147  0.0300 0.0144  0.0300 0.0146  0.0200 0.0147  0.0200
Replace with .5 0.0119  0.0200 0.0122  0.0200 0.0124  0.0200 0.0125 0.0200
Replace with 1 0.0114  0.0400 0.0118  0.0200 0.0120 0.0200 0.0118  0.0200
Structural zero 0.0123  0.0286 0.0125 0.0200 0.0130  0.0200 0.0122  0.0200

NOTE: 1. Highlighted color denotes T ;. difference between RCL method and empirical simulation method.
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Table A33: 95% Lower Bound- 7, - Case 9

{P1+=.5, P2+=.5,
P+1=.167,
P+2=.167,
P+3=.167, 5 per cell 10 per cell 20 per cell 30 per cell
P+4=.167,
P+5=.167,
P+6=.167}

RCL Empirical RCL Empirical RCL Empirical RCL Empirical
Sampling zero 0.0580 0.1100 0.0416  0.0800 0.0325  0.0600 0.0275  0.0500
Replace with .1 0.0578  0.1100 0.0416  0.0800 0.0325  0.0600 0.0275  0.0500
Replace with .5 0.0570  0.1100 0.0416  0.0800 0.0325 0.0600 0.0275  0.0500
Replace with 1 0.0562 0.1100 0.0416  0.0800 0.0325 0.0600 0.0275  0.0500
Structural zero 0.0578 0.1100 0.0416  0.0800 0.0325 0.0600 0.0275  0.0500

NOTE: 1. Highlighted color denotes T ;. difference between RCL method and empirical simulation method.

Table A34: 95% Lower Bound- 7, - Case 10

{P1+=.9, P2+=.1,
P+1=.167,
P+2=.167,
P+3=.167, 5 per cell 10 per cell 20 per cell 30 per cell
P+4=.167,
P+5=.167,
P+6=.167}

RCL Empirical RCL Empirical RCL Empirical RCL Empirical
Sampling zero 0.0330 0.0400 0.0287  0.0400 0.0201  0.0300 0.0176  0.0300
Replace with .1 0.0230  0.0400 0.0235  0.0400 0.0195  0.0300 0.0176  0.0300
Replace with .5 0.0132  0.0300 0.0165  0.0400 0.0182  0.0300 0.0174  0.0300
Replace with 1 0.0114  0.0300 0.0138  0.0300 0.0174  0.0300 0.0173  0.0300
Structural zero 0.0136  0.0326 0.0146  0.0300 0.0167 _ 0.0300 0.0169  0.0300

NOTE: 1. Highlighted color denotes T ;. difference between RCL method and empirical simulation method.
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Table A35: 95% Lower Bound- 7, - Case 11

{P1+=.5, P2+=5,
P+1=.3, P+2=.3,
P+3=.1, P+4=1,
P+5=.1, P+6=.1}

5 per cell 10 per cell 20 per cell 30 per cell

RCL Empirical RCL Empirical RCL Empirical RCL Empirical

Sampling zero 0.0530  0.1000 0.0379  0.0700 0.0284  0.0500 0.0253  0.0400
Replace with .1 0.0519  0.1000 0.0379  0.0700 0.0284  0.0500 0.0253  0.0400
Replace with .5 0.0490  0.1000 0.0378  0.0700 0.0284  0.0500 0.0253  0.0400
Replace with 1 0.0462  0.0900 0.0378  0.0700 0.0284  0.0500 0.0253  0.0400
Structural zero 0.0508  0.0900 0.0379  0.0700 0.0284  0.0500 0.0253  0.0400

NOTE: 1. Highlighted color denotes T ;. difference between RCL method and empirical simulation method.

Table A36: 95% Lower Bound- 7, - Case 12

{P1+=.9, P2+=.1,
P+1=3, P+2=3,
P+3=.1, P+4=1,
P+5=.1, P+6=.1}

5 per cell 10 per cell 20 per cell 30 per cell

RCL Empirical RCL Empirical RCL Empirical RCL Empirical

Sampling zero 0.0299  0.0400 0.0286  0.0500 0.0237  0.0300 0.0202  0.0300
Replace with .1 0.0199  0.0400 0.0216  0.0500 0.0207  0.0300 0.0192  0.0300
Replace with .5 0.0130  0.0300 0.0143  0.0300 0.0162  0.0300 0.0171  0.0300
Replace with 1 0.0121  0.0400 0.0128  0.0300 0.0143  0.0300 0.0158  0.0300
Structural zero 0.0152  0.0400 0.0141  0.0300 0.0144  0.0300 0.0150  0.0300

NOTE: 1. Highlighted color denotes T ;. difference between RCL method and empirical simulation method.
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Table A37: 95% Lower Bound- 7, - Case 13

Lli111=55pli22’;=55} 5 per cell 10 per cell 20 per cell 30 per cell
RCL Empirical RCL Empirical RCL Empirical RCL Empirical
Sampling zero 0.0186  0.0100 0.0152  0.0100 0.0138 0.0100 0.0131  0.0100
Replace with .1 0.0183  0.0100 0.0152  0.0100 0.0138  0.0100 0.0131  0.0100
Replace with .5 0.0177  0.0100 0.0152  0.0100 0.0138  0.0100 0.0131  0.0100
Replace with 1 0.0172  0.0100 0.0152  0.0100 0.0138 0.0100 0.0131  0.0100
Structural zero 0.0167  0.0160 0.0152  0.0100 0.0138 0.0100 0.0131  0.0100

NOTE: 1. Highlighted color denotes 7 ,difference between RCL method and empirical simulation method.

Table A38: 95% Lower Bound- 7, - Case 14

Lli111=99pli22’;=11} 5 per cell 10 per cell 20 per cell 30 per cell
RCL Empirical RCL Empirical RCL Empirical RCL Empirical
Sampling zero 0.0102  0.0100 0.0102  0.0100 0.0105 0.0100 0.0113  0.0100
Replace with .1 0.0102  0.0100 0.0101  0.0100 0.0102 0.0100 0.0106  0.0100
Replace with .5 0.0101  0.0100 0.0101  0.0100 0.0100 0.0100 0.0101  0.0100
Replace with 1 0.0101  0.0200 0.0101  0.0100 0.0100 0.0100 0.0100 0.0100
Structural zero 0.0102 0.0115 0.0100 0.0100 0.0101  0.0100 0.0103  0.0100

NOTE: 1. Highlighted color denotes T ;. difference between RCL method and empirical simulation method.
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Table A39: 95% Lower Bound- 7, - Case 15

{P1+=.5, P2+=J5,

P+1=.9, P+2=1} 5 per cell 10 per cell 20 per cell 30 per cell

RCL Empirical RCL Empirical RCL Empirical RCL Empirical

Sampling zero 0.0126  0.0100 0.0124 0.0100 0.0114 0.0100 0.0111  0.0100
Replace with .1 0.0114  0.0100 0.0117  0.0100 0.0114  0.0100 0.0111  0.0100
Replace with .5 0.0102  0.0100 0.0109  0.0100 0.0112  0.0100 0.0111  0.0100
Replace with 1 0.0100 0.0100 0.0106  0.0100 0.0111  0.0100 0.0111  0.0100
Structural zero 0.0106  0.0100 0.0105 0.0100 0.0109 0.0100 0.0108 0.0100

NOTE: 1. Highlighted color denotes T ;. difference between RCL method and empirical simulation method.

Table A40: 95% Lower Bound- 7, - Case 16

{P1+=.4, P2+= 4,
P3+=.2,
P+1=.4, P+2=4,
P+3=.2}

5 per cell 10 per cell 20 per cell 30 per cell

RCL Empirical RCL Empirical RCL Empirical RCL Empirical

Sampling zero 0.0518  0.1000 0.0370  0.0700 0.0256  0.0500 0.0227  0.0500
Replace with .1 0.0485 0.1000 0.0367  0.0700 0.0256  0.0500 0.0227  0.0500
Replace with .5 0.0430 0.1000 0.0360 0.0700 0.0256  0.0500 0.0227  0.0500
Replace with 1 0.0400  0.0900 0.0355  0.0700 0.0256  0.0500 0.0227  0.0500
Structural zero 0.0494  0.1000 0.0367  0.0700 0.0256  0.0600 0.0227  0.0500

NOTE: 1. Highlighted color denotes T ;. difference between RCL method and empirical simulation method.

72



Table A41: 95% Lower Bound- 7, - Case 17

{P1+=.33, P2+=.33,
P3+=.33,
P+1=.33 P+2=.33, 5 per cell 10 per cell 20 per cell 30 per cell
P+3=.33}

RCL Empirical RCL Empirical RCL Empirical RCL Empirical
Sampling zero 0.0543  0.1100 0.0385  0.0800 0.0269  0.0600 0.0242  0.0500
Replace with .1 0.0536  0.1100 0.0385  0.0800 0.0269  0.0600 0.0242  0.0500
Replace with .5 0.0521  0.1100 0.0385  0.0800 0.0269  0.0600 0.0242  0.0500
Replace with 1 0.0507 0.1100 0.0385 0.0800 0.0269  0.0600 0.0242  0.0500
Structural zero 0.0526  0.1100 0.0385 0.0800 0.0269  0.0600 0.0242  0.0500

NOTE: 1. Highlighted color denotes 7 ,difference between RCL method and empirical simulation method.

Table A42: 95% Lower Bound- 7, - Case 18

{P1+=.33, P2+=.33,

Ei::23P+2=4 5 per cell 10 per cell 20 per cell 30 per cell
P+3=.2}
RCL Empirical RCL Empirical RCL Empirical RCL Empirical

Sampling zero 0.0547  0.1100 0.0373  0.0800 0.0270  0.0600 0.0229  0.0500
Replace with .1 0.0525 0.1100 0.0372  0.0800 0.0270  0.0600 0.0229  0.0500
Replace with .5 0.0479  0.1000 0.0372  0.0800 0.0270  0.0600 0.0229  0.0500
Replace with 1 0.0451  0.1000 0.0371  0.0800 0.0270  0.0600 0.0229  0.0500
Structural zero 0.0535 0.1031 0.0372  0.0800 0.0270  0.0600 0.0229  0.0500

NOTE: 1. Highlighted color denotes T ;. difference between RCL method and empirical simulation method.
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Table A43: 95% Lower Bound- 7, - Case 19

{P1+=.25, P2+=.25,
P3+=.25, P4+=.25

P+1=.25 P+2=.25, 5 per cell 10 per cell 20 per cell 30 per cell
P+3=.25, P+4=.25}
RCL  C™PMC ReL Empirical  RCL Empirical RCL  Empirical

Sampling zero 0.1192  0.2000 0.0862 0.1400 0.0626  0.1000 0.0529  0.0900
Replace with .1 0.1174 0.2000 0.0862 0.1400 0.0626  0.1000 0.0529  0.0900
Replace with .5 0.1158 0.2000 0.0862 0.1400 0.0626  0.1000 0.0529  0.0900
Replace with 1 0.0862 0.1400 0.0626 0.1000 0.0529  0.0900 0.0529  0.0900
Structural zero 0.1184 0.2000 0.0863 0.1500 0.0626 0.1100 0.0529  0.0900

NOTE: 1. Highlighted color denotes 7 ;. difference between RCL method and empirical simulation method.

Table A44: 95% Lower Bound- 7, - Case 20

{(P1+=.4, P2+=4,

P3+=.1, P4+=1
Pi1=4 P+2=4. 5 per cell 10 per cell 20 per cell 30 per cell
P+3=.1, P+4=.1}

RCL Elmp'“c RCL Empirical RCL Empirical RCL Empirical
Sampling zero 0.0806 0.1400 0.0687 0.1100 0.0511 0.0900 0.0428 0.0700
Replace with .1 0.0622 0.1200 0.0552 0.1000 0.0478 0.0900 0.0423  0.0700
Replace with .5 0.0599 0.1100 0.0501 0.0900 0.0457 0.0900 0.0417  0.0700
Replace with 1 0.0774  0.1100 0.0525 0.0900 0.0430 0.0700 0.0417  0.0700
Structural zero 0.0776  0.1140 0.0690 0.0950 0.0516 0.0800 0.0426  0.0700

NOTE: 1. Highlighted color denotes T ;. difference between RCL method and empirical simulation method.
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Table A45: 95% Lower Bound- 7, - Case 21

{P1+=.25, P2+=.25,
P3+=.25, P4+=.25

Pi1=4 P+2=4, 5 per cell 10 per cell 20 per cell 30 per cell
P+3=.1, P+4=.1}
RCL Empirical RCL Empirical RCL Empirical RCL Empirical

Sampling zero 0.1005  0.1600 0.0729  0.1200 0.0522  0.0900 0.0430 0.0700
Replace with .1 0.0833  0.1500 0.0711  0.1200 0.0522  0.0900 0.0430 0.0700
Replace with .5 0.0729  0.1400 0.0693  0.1200 0.0522  0.0900 0.0430 0.0700
Replace with 1 0.0735 0.1200 0.0522  0.0900 0.0430 0.0700 0.0430 0.0700
Structural zero 0.0971  0.1457 0.0728 0.1200 0.0522  0.0900 0.0430 0.0700

NOTE: 1. Highlighted color denotes T ;. difference between RCL method and empirical simulation method.

Table A46: 95% Lower Bound- 7, -Case 22

{P1+=.167,
P2+=.167,
P3+=.167,
P4+=.167,
P5+=.167, 5 per cell 10 per cell 20 per cell 30 per cell
P6+=.167. P+1=.3,
P+2=.3, P+3=1,
P+4=.1. P+5=1,
P+6=.1}

RCL Empirical RCL Empirical RCL Empirical RCL Empirical
Sampling zero 0.2306  0.2800 0.1615 0.2100 0.1145 0.1500 0.0939 0.1200
Replace with .1 0.2247  0.2800 0.1615 0.2100 0.1145 0.1500 0.0939 0.1200
Replace with .5 0.2080  0.2700 0.1610  0.2100 0.1145 0.1500 0.0939 0.1200
Replace with 1 0.1956  0.2600 0.1605  0.2100 0.1145  0.1500 0.0939  0.1200
Structural zero 0.2121  0.2610 0.1615 0.2100 0.1145 0.1500 0.0939  0.1200

NOTE: 1. Highlighted color denotes T ;. difference between RCL method and empirical simulation method.
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Table A47: 95% Lower Bound- 7, - Case 23

{P1+=.167, P2+=.167,

P3+=.167, P4+=.167,
P5+=.167, P6+=.167.

P+1=.167. P+2=.167, 5 per cell 10 per cell 20 per cell 30 per cell
P+3=.167, P+4=.167.
P+5=.167, P+6=.167}
RCL Empirical RCL Empirical RCL Empirical RCL Empirical
Sampling zero 0.2490  0.3200 0.1782  0.2300 0.1293  0.1700 0.1068  0.1400
Replace with .1 0.2481  0.3200 0.1782  0.2300 0.1293  0.1700 0.1068  0.1400
Replace with .5 0.2451  0.3200 0.1782  0.2300 0.1293  0.1700 0.1068  0.1400
Replace with 1 0.2422  0.3200 0.1782  0.2300 0.1293  0.1700 0.1068  0.1400
Structural zero 0.2476  0.3200 0.1782  0.2400 0.1293  0.1800 0.1068  0.1400
NOTE: 1. Highlighted color denotes 7 ;. difference between RCL method and empirical simulation method.
Table A48: 95% Lower Bound- 7, - Case 24
{P1+=.3, P2+=3,
P3+=.1, P4+=1,
Ei::; Ef;:; 5 per cell 10 per cell 20 per cell 30 per cell
P+3=.1, P+4=.1.
P+5=.1, P+6=.1}
RCL Empirical RCL Empirical RCL Empirical RCL Empirical
Sampling zero 0.2309  0.2900 0.1594  0.2000 0.1097  0.1400 0.0916  0.1200
Replace with .1 0.2121  0.2800 0.1573  0.2000 0.1096  0.1400 0.0916  0.1200
Replace with .5 0.1727  0.2500 0.1509  0.2000 0.1095 0.1400 0.0916  0.1200
Replace with 1 0.1535  0.2300 0.1455  0.2000 0.1094  0.1400 0.0916  0.1200
Structural zero 0.1843  0.2300 0.1547  0.2000 0.1097  0.1500 0.0916  0.1200

NOTE: 1. Highlighted color denotes T ;. difference between RCL method and empirical simulation method.

76



BGE0°0 | £BE00 | 9850°0 | 05900 |E6E00 |GAF00 | 9FA00 | 1GL00 | SFS00 | 8900 | F6500 | GE0L0 | G900 |£8800 | 00FL0D [ZGFLD DI8T [BININIIG
FFE0D | LLEOD [@95000 | v1e00 | 22200 [6Sk00 | 12900 | 55200 | 0Z500 | 6900 (95800 | 15000 [6L200 [92800 [ E8LLD [LRFLD L U adg|day
FFE0D | LLEOD [@95000 | v1e00 | 22200 [6Sk00 | 12900 | 55200 | 07500 | 6900 (95800 | 15000 | rZi00 L2800 | 1ELLD [ZFFLD 5 Upe aaejday
vPEOD | LLEOO [@9500 | v1900 | 22200 [Gsko0 | 12900 | 55200 |0Z500 | 6900 (95800 | 15000 [ 8ZL00 52800 | 26LL0 [OFFLD LU @ g day
vPEOD | LLEOOD [89500 |01e00 | 22200 [GSk00 | 12900 | 55200 |0Z500 | 6900 (95800 | 15000 [ 62200 |F2800 |8ELLD [BEFLD 0Jaz Audiles

3s 10 3s 1 3s 10 3s 10

3s 1 3s I 3s [t 3s [t

pasen pasen pasen pasen pasen pasen pasen paseq

AL oy | M qay | M | qom | M g0 | M | o | ™M | o | ™M | o | ™M | 0
{ge=g+d
a2 dad gg a2 Jad oz l@aiad ol Nlaaad g 'tE=T+d 'FE=l+d
'G=+d 'S =+ Ld}

g osvy) - K SO doidg pavpungy pup ( Tig- i) padsg souspyie]) %06 05K 9L

TGLOD [GELOD | LSZ0°D | AZE00 [ 80Z00 [L¥E0°0 [ZPE00 | L0F00 | 0LZ00 | E0S00 |SPPOD | GEFOD | 56200 | #OE0D | S8¥0°0 | LOSOD 0J8T |EINIINIIS
LFLO0 | #6L00 [E¥200 |61E0D [ 20200 [Z¥200 | £EE00 | £6E0D |0GEOD | LEEOO | £2#0°0 | #FS00 | BEEO0 | LGEODD | 25500 [Z¥90°0 L Upa a0e|day
LFLO0 | #6L00 [E¥200 |61E0D [ 20200 [Z¥200 | SEE00 | £6E0D | 26E00 | FEEO0 [88F0°0 | 6F50°0 | 96E0°0 [GEFOD | 15300 (2200 5 Upe aaejday
LFLO0 | #6400 [E¥200 |6LE00 20200 | W¥E00 | SEE00 | £6E0D | E0EOD | #EEO0 [ 86¥00 | GFS0°0 | 96E0°0 |#2¥00 | 15300 08200 L a0e|day
LFL00 | #EL00 [EF200 |61E00 [zozon [Z¥zo0 |SeE00 | 26E00 | #0E00 | ZESO0 [00S00 |9vs00 |Owk00 |29¥00 | #4300 (89200 0Jaz Audiles

3s 1 3s 1 ag 12 ag 1

3s 1 3s I 3g f 3s f

pasen pasen paseqn pasen pasen paseqn pasen paseq

L B T e I e I S I LY P o TN P B LT P RV L T pp
{1'=g+d
EERELNIS [ERREL NS @aiad gy |83 lad g "I'=F+d 'B=1+d
'T=+7d G =+ Ld}

[ osp) - S fo o penpuvgy pun ( Ty - 1) pacequ] souspiio] %06 <68V S194L

77



CALOO [ L9000 | 832070 | FL20°0 [OFLOO | EELO0 [0EC00 |GLEO0 [GLLOO [OEL00 | 96100 (w1200 | 92000 | 00Z0°0 | £EC20°0 |BEZEOD QAL |BINIINILS
L4100 (94000 | BEOD | 0BZ00 | BELDD | BELOOD [ 822000 | 82200 [SLL0°0 [ LLL00 |SELO0D [E6L00 | Z2L0°0 | 6FI00 [ LLE0O |OLFOD L Lillas aae|day
CLEZOO [FLE00 | PSEOD | ZSE0°0 | L0200 | 90Z0°0 | LPEQD | BEE00 [ A910°0 [ SO0 | SAZ00 [ 242000 | bELOO | 6RLOO [ 9LE00 | LEEDD G Ui a0E|day
CCZO0 [ LSE00 | 0ER0°0 [ Z1P0°0 | 86200 | LBZO0 [06F0°0 | £9F0°0 [ 6AZ0°0 | 9EE0°0 | 09F0°0 [ £SS0°0 | 8FE0°0 | SFPEO'D | £L50°0 | 8950°0 L L aoe(day
GEZO00 [ 92200 | 0EF0°0 | 2LE0°0 [ 90E0°0 | LBZO'0 [ ¥OS00 | £9F0°0 | LEE0D | GLEQD | SES0°0 [ #290°0 | OEE0°0 | 9FF0°0 | FFSO0 | FELOD 048z Audles
J5 |2 J5 |2 35 ba J5 |2
a5 ba J5 |2 J5 [ 35 ba

paseq naseq paseq paseq naseq paseq paseq naseq

AL o [ B oy | M g0 [ MY oy [ ™M | oy | B | qom | MY | o | M | oy
{1 =£+d
@2 1ad gg @2 1ad nr [ERRELEI IERRELR* "I'=T+d '8 =l+d
"|'=+7d 'B=+1d}

posp) - A fodauy paopungs pun ( Ty - ) paserg asuspfial w06 fICY 21981
BLLO°0 [ L9000 | EBE00 [ 542000 [ 9LL0°0 | #FOZ0°0 [0O6C0°0 | 9EE0°0 [ 21200 | E220°0 | 6FEOD [ 99E0°0 | VEEOO | #CCO0 | OBE0D |B9E0°0 Qdaz |BInlandls
QL1000 [F9L00 | BEE00 | 042000 [ 9LC00 | FOZO°0 [ 9SE0°0 | SEE00 [GSL0°0 | vFE00 | TLEOD [ £0F00 | ¥FE00 | FFIO0 | ZOFDD | LOFOD L i 8 0E|da
94100 [ #9L00 | BEEO00 | 042000 [ 8LEODD | FOZO0 [ BSEDD | 95800 [ #LE0°0 | S920°0 | 25800 [ SEFODD | 9FE0°0 | E0E0°D | SOFRDO | BEFOO G Ll Baeda
QAL0°0 [ F9L00 | 0BZ00 | 042000 [0ZZ0°0 | E0Z0°0 [ 19E0°0 | PEE00 [OFZ0°0 | LLE20°0 | FEEOD [ SSFOD | LFE00 | LEED'D | LSOO | FFY0°0 L Ll BB E
QAL0°0 [ F9LO0 | OBZ00 | 042000 |0ZZ0°0 | E0Z0°0 [ Z9E0°0 | £EE0°0 [ EFZ0°0 [ OLZ0°0 | 00F00 | #FFO0 | P9E0°0 | EEED'D | 00900 | LP90°0 018z Audules
J5 ! J5 |2 35 bl J5 !
35 bl 35 bl 35 b 35 bl

paseq paseq paseq paseq paseq paseq paseq paseq

WBTUL, 19y WL, 10y WEL, 10y WBTUL, 19y WL, 10y WML, 104 WBTUL, 19y WL, 10y
1EE=E+d
[ERREL RIS [ERRELRIFS jlaatad gL |32 Jad g ' =f+d 'EE=l+d
"I'=+Td 'B=+ Ld}

cosp) - ¥ fdaug pmpungy pup ( Ty- ) padeq eouspiue)) %06 1 ICY SqEL

78



LLED'D [ 98E0°0 | LSOO | #E90°0 | BFEQDD | OL¥0°0 [ #LS0°0 [ #L20°0 [ OLFOO | GE90°0 | £LL000 | L2010 | 2850°0 [ 62400 | S260°0 [6ELLO 043z [BINIINITS
EBZ00 | B9E0°0 | ZEBFO0 | 50900 [ 82E0°0 [ 0S#0°0 | OFS00 | OFL0°0 | SS¥00 | #LO0°0 [ 8FL000 |0LOL'O | #E90°0 | #EL00 | E¥OLO | LOELO | Lp B0ENdE Y
EBZO0 | BYE0D | ZBFO0 | S090°0 [ BZEQ'D | 0SPO0'0 | OFSO0 | OFL00 | Q5F0°0 | FLO00 [ LSL0°0 |0LOL'D | #0900 | LLBOO | FEROOD | FEELD CRTTERETE
EBZO00 | B9E0°0 | ZBFO0 | 50900 [ 8ZE0°D [ 0SP0°0 | OFS00 | OFL0°0 | BSFO0 | FLO00 [ SSL000 |0LOL'O | bP900 | LEBOO | PSOL0 | LSELD | Lt B day
EBCO'0 | B9E0°0 | ZEBFO0 | 50900 [ BZE0°0 | 0S¥0°0 | OFS00 | OFL00 | BSFO0 | E£190°0 [ 55200 |B00L'0 | 25900 |6L800 |£L000 | LFELD oJaz Audes
35 12 35 b 35 b 3s 12
35 12 35 I 35 I 35 I

paseq paseq paseq paseq paseq paseq paseq paseq

WAL, 194 WBNIL, 10y WAL, 104 WENL, 10y Ww3MIL, 104 WEMUL, 10y WaMIL, 104 WAL, 194
{1'=r+d"1'=C+d
[ERREDRS [EMFEDRFS [ERFELR laalad g b=T+d 'F=l+d
'G=+7d 5=+ L d}

g osvry - Y fPiau papuy pup (1= i) padanig aouspiie)) 9406 5V AqnL
LEEOD [ GLFO0°0 | 62F0°0 | 6390°0 | WO¥P00 | 21500 [ 0990°0 [2#80°0 [ LLE0°0 | FLL00 | 058000 |w2L10 | LLAOO [ EEGODO (69110 [ FEGLO 043z [EINIINITS
BLZ0°0 | L0¥0°0 | BEFO0 | BO900 | #BE0°0 | FEFOO | LEQDD | £180°0 | v6¥F00 | LEY00 [ELE00 |9ELL0 | EF90°0 | 0OEEO0 | L5010 [ OESLO | Lps BENdE Y
8LZ0°0 | L0¥0°0 | BEFO0 | BOY0°0 | #8E0°0 | FEFOD | LEQDO | £180°0 | S6F00 | 26900 [ FLEOO |BELL'D | LF90°0 | GEEO0 | S80L0 | BGEZSLO FRTTERETE
8L20°0 | L0¥0°0 | BSFO0 | BOY0°0 | #8BE0°O | FEFO'O | LEQD'O | £180°0 | S6F00 | EG90'0 [ #LEOO |BELL'O | L5900 | 82600 | LAOLO | 92510 | Ui B day
800 | L0¥0°0 | BSFO0 | BOY0°0 | ¥BE0°O | FEFOD | LEQD'O | £180°0 | S6¥00 | TEY00 [ #LEOOD |BELL'D | 25900 | LZA00 | £L0L°0 | SESLO oJaz Audes
35 12 35 b 35 b 3s 12
35 12 35 I 35 I 35 I

paseq paseq paseq paseq paseq paseq paseq paseq

WAL, 194 WBNIL, 10y WAL, 104 WENL, 10y Ww3MIL, 104 WEMUL, 10y WaMIL, 104 WAL, 194
{57 =F+d
'GT=E+d
a1 tad ge [laatad gF laatad gl [18alad g '57 =7 +d
'GT=l+d
'G=+2d 5=+l d}

Sasn) - Y fosaug papuniy pur ( Ty - i) ppasegu] sauspiue]) %06 SV 1981

79



8100 | #ECO0 | 06C0°0 | B9E0°0 | SLL0°0 |8LE0°0 | 8820°0 | 85E0°0 | LOZO'0D | 9FZO°0 | OEE0°0 | SOFPO'0 | LECO'O | SECO'O | BBE0°0 | CS50°0 048z [BIniandls
SLI00 | SEC00 | L8200 |QLEQD |0LL00 |GLE00 | DBE0°0 | 09800 | 62100 | BECOD | 0LED'D |EGEQ'D | #ELO0°0 | 852070 [ £0E0°0 | BBS00 L Ytien B2 dE Y
CEIOD | BECO0 | LLEQD | LEEQ'D | OLZO0 | 9520°0 | SFE00 | OZF0'0 | ECE0°0 | LAZO'D | L9C0°0 |SFFO0 | 0BE0°0 | BEEO'O | 09F0°0 | LRS00 G Yian 82e(day
GOC00 | Z¥CO0 | FFEQD | BEEQD | L9C00 | E6C0°0 | GTF00 | £8¥0°0 | LBE0'0 | QLE0°0 | TOF0°0 | 8L90°0 | FEEO'O | LZFO'O | BFS0°0 [ COLOO L Ypen aag|day
CCEQD | EFEQD | 0ES0°0 | #E5S0°0 | ECE00 | OFE0D | CESOD | 0950°0 | LLE0°0 | PEEO'D | TTSO0'0 | 8FS0°0 | LGEO'O | C9F0°0 | CFI0°0 [ 092070 oJaz Budwes
s bo] s |2 3Js |2 s 12
35 b 35 b 35 I 35 a

paseq paseq paseq paseq paseq paseq paseq paseq

WML, 10y WAL, 104 WAL, 10y WML, 19y WAL, 194 WL, 10y WML, 19y WAL, 10y
{1=F+d 'L =£+d
[ERRELN [EERELNTT laatad gy laadadg v =r+d 't =l+d
"|'=+2d 5=+ 1d}

g asp)) - A fo o papuvyy pun ( Ty - 1) adequp aouspiic]) 906 <05 S94L
L9Lorn | LoZon [ S9z00 | LEe00 (981070 [ 9EZ0°0 [ EZE00 | 6SE00 | 5ZZ0°0 | ZLZ0°0 | 0LE00 [BFP00 [ 25200 | LECOO | SLF00 | 88F00 0JaL [BINIINILS
L5100 | 96100 | BSZ00 | ZZE0D | BRLOO | BEZO'D | BZE0D | LBED'D | BEC0'0 | OBEO'0 | LLE0°0 |09¥0°0 | CEZO'D | BAZO'O | £BEO0D | Sik00 L Upaa 80E(day
BSLO0 | 96100 | BSZ00 | ZZE0D | EOZ0'0 | BEZO'D | PEEOD | LBED'D | POZ0'0 | BOEO'D | SEEO'0 | £050°0 | Z0OEO0'OD | £SE0°0 | LGFO°O | ORS00 TR
BSLO0 | SELOO | 08200 | LEED'D | £AOZ0°0 | 9EZ0°0 | OFE0'D | 8BEOD'D | 9%¥20°0 | LZE0°0 | SOFO'0 | BESO'O | LSEO'D | EEFOOD | L450°0 [ ZLL0°0 L Yllan B2E|day
5100 | SEL00 | 09200 | LEEDD | L0200 | #ECOD | LFEOD | SEE0D | 0SE0°0 | ELEOD | FLFOD | QLS00 | OLEDD | LLFO°O | 809070 [ 939070 4Bz fudwes
s bo] 3s |2 35 |2 s I
Js |2 3Js |2 3Js [ s |2

paseq paseq paseq paseq paseqy paseq paseq paseqy

WAL, 19y WAL, 194 WAL, 19y WAL, 19y WAL, 194 WAL, 19y WAL, 19y WAL, 104
{52 =F+d
'GT=E+d
[ENRELN [EERELNTTS jeatad gy laadadg '"5T =T +d
'GT=l+d
"L=+fd R =+ LAY

[ 2SD)) - I [0 40udg panpwns pup Ty - 1) poassiuy acuapyion oLf 6 Y aIgEL

80



FGIO0 | PECOD | £5200 | FOEOD |EGLOD | FLC00 | ZME0D |05F00 |ZLZ00 |B0C00 | GFE0D | FOS00 | #5200 |GOEOO | BLFOD | 60900 0JaZ [EINIONIS
L¥100 [ 57200 | Z¥E00 |B9EOD | 82100 | POZ00 |BOSOD | SEFO0 | LOZOO | BEZOD | DESOD |Z6F00 |O0ZO0 | #LEDD | DESOD | 91500 L Ui aaeyday
B¥LO00 | #7200 | S¥Z00 | BIEOD | ¥ELOD | S92000 | SLEDD | LEF00 | 8800 | LESOD | GOSOD | #PS00 | £LZ0°0 | G4E00 | BFFOD | 91800 5 U aoeday
B¥L00 [ #7200 | #PZ00 | 29500 | E0Z0°0 | /9200 | #ECOD | OFFOD | G9Z0°0 | BIS00 | Z#F00 90800 | SEEOD | SEPO0 | WSSO0 | LZL0D T EFELED
B¥L00 [E7Z00 | #PZ00 |B9E00 |BELOD |B5Z0°0 |BZE0D | iZF00 | ¥SE00 | ECE0D | GLF00 26500 |SFEOD |8BEQDD | 89S0°0 | BEQ0D ERENEE

3z fe) 35 12 35 1 3z 1

3z 12 3z 1 3z 1 3z 1

pasen pasey pasey pasen pasey pasen pasey pasen

IO I IRCL TP Rl TN IRyl (LT (Rl IPCTTTI i IR TP vy VT T vl (RCTUTTI e
{£91'=9+d 281 =5+d
191=F+d 191 =C+d
jlaadad g 1o dad oz ([EERELRT (EERELRS L=z ed 181 = Lo
"L'=+7d 'E=e Ld

0 2s0) - A fo 1wy peopungy puv ( Ty~ ) poadapuf sauapiion) 9406 TeTY SquL

8700 [SLFOD [ 45F00 22900 | LPEDD 20500 | 1AS0°0 | 958070 | 94¢0°0 | BOL00 | £8400 [994L0 |£4L90°0 |0OSE00 | 20010 | DESLD DIAZ [RINPINIS
09700 | EOFDD | LEFD0 | £990°0 | LZE0°0 | SEFOD | BESOD | ¥LE0D | LGPOD | OB90°0 | 25400 |95LL0 | LLO0D | GEEOD | 90010 | FFSLD | Ui aaeday
99700 [E0F00 | ZEF00 | £990°0 | LZE0°0 |SEFOD |SESOD | #LE0D | LGP00 | 0B90°0 |Z5400 |954L0 | L1900 |BEBOD | #LOLD | FPSLD 5 U aoe(day
09700 | EOFDD | LEFD0 | £990°0 | LZE0°0 | SEF0D | BESOD | ¥LE0D | LGPOD | OB90°0 | 25400 |95LL0 | L2900 | BEBOD | ZZ0LD | FFSLD TR ET R
B970°0 | E0FDD | LEF00 | £990°0 | LZE0D | SEFOD |SESOD | FLE0D | LGPOD | OB90D | 25000 |95LL0 | 2900 | SEEOD | EZO0LD | FRSLD ez Bultues

35 1 35 1 35 fe 35 fe

35 12 3z 1 3z 1 3z 1

pase pased pased pasen pased pased pased pased

cat e T P B B T B B e T B B B Bt I B T PO B B I Bl W ot
{191'=9+d 191 =5+d
[ERPELNTS 183 1ad gg [EEPELR] aaiadg 291'=F+d 19l =E+d

1aL=g+d 191 =l+d
"G+ e d)

6 sD) - W f-0E paoprny puv (T~ 1) padetu] eauapyue)) %C6 LY SIqEL

81



gEL00 | 2LE0°0 | GEEO0 | 8FF0°0 | OOZ00 | S620°0 | 82E00 | S8¥0°0 | LOZ0°0 | #OE0°0 | LFEOD'D | 00500 | 8FE0°0 | GEEDD | BOF0O0 | L590°0 el |eInjondls
ELLOD | BSE0°0 | PEC00 | 92F0°0 | SEL00 | DBE0°0 | POCO0 | O9F0°0 | SLLO°0 | OBZ0°0 | 8820°0 | L9F0°0 | #FOC0°0 | PLEOD [ 9EE0°0 | SL90°0 | Yl BaEday
ZELO00 | 09Z0°0 | GEEZ00 | 82¥0°0 | FLEDD | 86Z0°0 | £SE0°0 | O6F0°0 | LEZO'D | AZE0°0 | OBE0°0 | LESOO | Z920°0 | 99E0°0 | ZE+0°0 | £090°0 G LUl BaEday
LELOD | ASE0°0 | FLEDD | EZROO | ES20°0 | GOEDD | 9LF0°0 | GOSO0 | 9EE0°0 | GOFO'O | 8BE0D | Z490°0 | GEED'D | LS¥O°0 | LFSOD | EFL00 L Llle, 22E dEy
LELDD | 0S20°0 | FLEDD [ ZLF00 | LSE0°0 | GBE00 | CLF0°0 | SLF0°0 [ SFCO0 | BLE0°0 | LOFOD | E290°0 | L9200 [ £2F0°0 | SESO0D | 96900 oJ8z Auldues

35 ba 35 ba a5 b 35 b

J5 ba 35 ba a5 [ 35 [

paseq paseq paseq paseq paseq paseq paseq paseq

WETUL, 104 WL, 104 WL, 104 WL, 104 WML, 19y WML, 104 WML, 104 WML, 104
f.nmﬁ_”tnmi
L'=F+d |'=E+d
|1aadad e |1aadad of laadad gl l@atad g o7 ed o4
"|'=+Td ‘B =+ Ld}

7] 250 - A fo oy popuvy puv ( Tg- a0) aseny aauspifio] %06 SO0V 21941
BECOD | LBECD | OBF00 | LEQO°0 | FEEDD | S9F0°0 | 0SS0°0 | 9940°0 | E9%0°0 | 6S90°0 | 29£0°0 | ¥80L0 | LSOO | GZA00 | 2L60°0 | F9E1°0 laz [eInjanils
QEZ0°0 | SLEDTD | LAROO | BL90°0 | LEEDD | ES¥00 | GESO0 | S¥LA0°0 | FFEOD [ OF90°0 | LELD'O | ESOL0 | #1L90°0 | LBEO0 | LLOLVD |GBFFLO | Yl BaEday
QEZ0°0 | SLE0TD | LAROO | SL90°0 | LEEO0 | ES¥0°0 | GESOD | SFLA0°0 | SFFOD | ORS00 | EEL0°0 | ¥SOL0 | ZL50°0 | £880°0 | L¥B0°0 | LSFLO G LUl BaEday
9EZ0°0 | SLE0°0 | LAFROO | SL90°0 | LEEDD | ES¥0°0 | GESOD | SFLA0°0 | SFFOD | OF90°0 | £2L0°0 | €S040 | 8850°0 | L8800 | 89600 |6FFLO L Ullee B0E|dE Y
98Z0°0 | SLE0°D | LAFROO | BL90°0 | LEEDD | ES¥0°0 | GESOD | SkA0°0 | SFEOD | OFS0°0 | ZEL0°0 | £5S0L°0 | E6S0°0 | GLBOD | 5L60°0 |SFFLD 0Jaz Aujdues
35 ba 35 ba a5 [ 35 [
= ba 35 ba a5 [ 35 [

paseq paseq paseq paseq paseq paseq paseq paseq

WL, 194 WL, 194 WL, 194 WL, 194 WML, 994 WML, 994 WML, 994 WML, 994
11=8+d"'1'=G+d
"I'=f+d '|'=£+d

d d d d e =
[ERRED N jlaadad gz laatad gl |laatad g Eo7id el ey
"Gr=+7d G+ L4}
[T2SDD) - & fodoug paopungy puv ( 1= ) padequ] eauspyial) o508 651 #1911

82



0000 | 69000 (SEL00 [ ELL00 | 5000 | L5000 | 53000 | #800°0 | £800°0 | £800°0 | SEL00 | SELOO | 63000 | L6000 [ L¥LO°0 | 09L0°0 043 |BIN1INILS
SLO000 [ SL00°0 |E2L00 | ECLO0 | 0S00°0 | 05000 | €8300°0 | £800°0 | 6L000 | 8L000 |08L00 |GELO0 | FELOD [ FELOO | OZEZ00 |GLEOD L Upan aaeday
2100 (200 | E0E0°0 | £020°0 | SO0 | S0L00 | ELL00 | £A10°0 [ 08000 | BL00°0 | LELOO |OELODO | ELLOO [ZLL00 | SBL00 | FELOO G Ul B e|day
cAL00 (89100 [EGE00 | L4200 | EOE0DD |E0Z00 | #EE00 | EEEQD | LECOD | OET00 | €E9E0°0 | CHEDD |OBLOOD | BELOO [ ELE0D | LLEDD L U aaelday
0gLon (224000 | 9620°0 | 8200 | 8220°0 | S220°0 | 9800 | LAEDD | S820°0 | £320°0 | 89¢0°0 | 99+0°0 | £E0E0°0 | £0E0°0 | 86¥0°0 | 96F0°0 ouaz Audues
35 (ke 35 (ke 35 bal] 35 bal]
35 12 35 12 35 12 35 12
paseq pased pased pased pased pased pased pased
AL gy [ ML gy | ML | qay | M | gy | M qoy | M | oy | M | qoy | M | oy
11=t+d '6'=l+d
[ERREL RIS (ERRELRIF 2adad gL laziadg ez d Eee L)
pI 2D - X S0 AR PICTHEP PR w.,wh-....,w_ﬁ\_._ JRALETHT BRuapLion) oL s 270 S
CLE0D [ ESEDD | £190°0 | LBSO0 | 8E¥0°0 | SLF00 | OZL0°0 | £890°0 | 955070 | #2500 | SLG0°0 | £E980°0 | 89900 | #9900 | G6OL'0O | E60OLO Az [eIN1INILS
Qre00 | LCEO0D [ 39500 | 3ESO0 [ 0LF00 | L8200 | SL90°0 | £290°0 | £EES00 | LEFOD | 09800 | 8080°0 | SE90°0 | LS900 [EvLL0 | LLOLD L Ul ade|day
Fe00 | LCE0D [ 8950°0 | 8ESOO [ 0Lk0'D | £8E00 | 5L90°0 | AE90°0 | £EZS0°0 | LEFOD | 0980°0 | 8080°0 | 8690°0 | LS90°0 [ 8¥ L0 | LLOLO TR
QFE0°0 | AZE0D | 8950°0 | BESOO | 0MFO0D | £3E0°0 | SL90°0 | LE90°0 | £250°0 | L6F00 | 0930°0 | 80800 | 00L0°0 | 0%900 | €5LL0 | GROLO L Uuan aae(day
Qre00 | LCEQD [ 3950°0 | 3ESO0 [ 0OLF00 | £8E00 | 5L90°0 | £290°0 | £EES00 | LEFOD | 0980°0 | 8080°0 | LOL0O0 | 8F90°0 [ £SELO | L9010 Az Audwies
35 (bl 35 (bl 35 [ 35 [
35 12 35 10 35 ja] 35 ja]
paseq pased pacEd pased pased pacEd pased pasEd
and and and and and and and and
WAL, 104 WAL, 104 WAL, 104 WAL, 104 WAL, 104 WAL, 104 WML, 104 WAL, 104
e sad 0 a3 1ad 07 laasad gl 181 1ad g {5=2+d'5'=1+d

'G=+Td Gl d)

§] as0) - WA fo oy pampunis puv ( 11f- ar) prasane aauapyia) o6 1OV SR

83



SLEDD | #RFO0 | EES00 | 95L0°0 | £9E0°0 | ££50°0 | FOS00 | BYEO0 | ££50°0 [ 08L0°0 | 05600 |E821L°0 | L1900 [S260°0 |SLOLDO | LESLD Q3L |BIN}INIS
EGZ00 | BSFOD | ESFO0 | 9540°0 [ EOFOD | LSSO0 | £990°0 | L0600 | 25500 | £9.40°0 | 80600 | FSEL°0 | 28900 [ 986070 [ E2LL'0 [ E291L°0 | Ul @ae|day
EEZ0°0 | 65SF00 | E8F00 | 9500 | £0F00 | LSS0°0 | £990°0 | L060°0 | SSS0°0 [ £9:L00 | vL600 | ¥SEL0 | #5900 (000L0 | SL0L0 | SkSL0 G L Bae|de
EEZ00 | BSFO0 | EBFO0 | 9SL0°0 | E0F00 | LSSO°0 | E990°0 | L0B0°0 | 3550°0 | 19:£00 | 81600 | LSEL0 | £E690°0 (90010 |OFLL'OD | SS9L0 L Ul Bae(dad
EGZ00 | BSFOD | ESFO0 | 9540°0 [ EOFOD | LSSO0 | £990°0 | L0600 | GES00 | B5L0°0 |6LG00 | 6FEL0 | 90400 | BEEO0 [ E9LL0 [ FFYL0 043z Audues
35 12 35 12 35 12 35 12
35 [ 35 (b 35 [ 35 [

pased pased pased pased pased pased paseq pased

WAL, 104 WAL, 104 WAL, o4 WAL, 104 WAL, 104 WAL, o4 WAL, 104 WAL, 104
. Az=tEed
139 1ad og 139 1ad 0z 1 sad g 18 48 g ¥y =i+d mwﬁmm
v=+Zd ¥ =+1d}

91 as0D - fosaug paopunis pun ( Ty - ) pradsneg asuspyio] %6 L0y 2191
GLLOO | #LEOO | 96L0°0 | 88100 | SEL00 |BE2LO0 | LEEO0 | ELE00 [ ESL00 [ 6FL00 | LSE00 | 9Fe0°0 | 82100 (#2400 | OLEODD | FOSOD Q3L |BININILS
QZL00 [ €100 (86100 | L3100 [8FL0O0 |BELOD |0OFZ00 |BECOD | 8LLOD | FLLO0D | ZBE00 | LBE0°0 |ELLO0D [ELL0°0 [ SBEODD [ S8E0°0 | Ul @ae|day
Qeeon | eLi00 | 86L0°0 | L8100 | AFLOO |OFLOD | CFPEQD | OEE00 [ EGLO0 (83100 | SLEQD | BOEDD | ELCO0 [ELE0°0 | LSEQD | B¥EOQD G L Bae|de M
QZ o0 | #LE00 | 86LO0 | L8100 | 8FLO0 |BELDD | EFE00 | BEE00 | GOZ00 [BEL00 | vPEQD | B2E0°0 | 94200 | 8920°0 | S5F00 | L¥FO0O L Ul B0e(dad
QZL00 [ FLLOO [ B6LO0 | L8100 [ 8FLOD |BELDD | EFZOO0 | BECO0 | GOTOD |SELOD | SFEQD | LEEDD | BLAZO0 | £920°0 | 65F0°0 [ EEF00 043z Audues
35 ja] 35 ja] 35 12 35 12
35 [ 35 (b 35 [ 35 [

pased pased pased pased pased pased pased pased

WAL, 104 WAL, 104 WAL, o4 WAL, 104 WAL, 104 WAL, o4 WAL, 104 WAL, 104
{1'=f+d'B'=l+d

aa lad aa lad aaJad aalad R i

Il 0 Il g Il ol Il G G=+7d G =+ L}

ST asD) - ¥ fodoudg paopunyy pun ( Ty ap) padsiu] aouspyie) %56 - £0F 21981

84



ZTZE00 | Z8P00 | OEGOD | 20800 | ZBEGD | EEC00 | BZO00 | BCE0T | PG00 | SOBOD |GEE0D |PZELD [GOLOD [G00V0 (08550 G510 OI8Z [EINYanIG
BGZO0 | #9900 | EBFOD | P92000 | ZGEDD | 85500 | 28500 | L0600 |EL50D | #2400 |PPEOD |E4Z00 | L0400 | 15000 | 08100 | BZLLD L i aEiday
REZO0 | $9P00 | EBFO0 | 9200 | ZGE0D | 85500 | 26500 | L0600 |E0G00 | #2400 |GPE00 |E4Z00 |OFLOD |85040 | 24200 | GELLT TR Er
RECO0 | $9%00 | EBFO0 | #9200 | ZGEQD | 85500 | 28500 | 20600 | #hG00 | #2400 |GPEOD |E4Z00 |POL00 |E5040 | 85100 | EELLD I s aaEIdES
BGZO0 | $9P00 | E6F00 | #9200 | ZGE0D | 85500 | 26500 | V600 | FhG00 | #2400 |GPE00 |£4Z00 |0LA0D |Gv040 | 28440 | OZL00 0152 BUGLES

s 12 s 12 35 12 s 12

35 15 35 15 35 15 35 15

paseq paseq paseq paseq paseq paseq paseq paseq

e T B I B I B B P B I e B P B B T PR B (R YorW
[7'=C+d
Y=zed p=led

al1lad alalad alalad a1 .lad A .
I 0E I 0z I ol I G erat
'tE=+Td B =+ Ld}
QF 250 - I founidy pavpuviy pun { 11 - ) ppacaiug eonapiion o5 s L00Y aiqul

ZEEDD |BPS00 | GrO00 | E0B0D | BGFO0 |BSE00 |£5A00 |5B0LD | 02800 |£4800 |0Z0L0 |BEFL0 | 8500 | L0000 | L7200 | 22810 S EFATINTETE
ZGEOD |BOSO0 | BZG00 | ZE80°0 |ZLP00 |£1000 | 22000 |B0000 | G500 | 82800 | ZPE00 |ZOELD | LELOD | 26040 | 24240 | GOGL T NTEEEGER,
ZGEDD |BOSO0 | BZG00 | ZE800 |ZLPOD |£1800 | 12800 |B00LD |9500 | 82800 | ZPE0D |ZBELD |#FA00 |60 | E2200 | ZOBLD T i adEday
ZGE00 |B0S00 | BZG00 | 28800 |CIFO0 |£1800 | 22800 |80000 |G1500 | 82800 | ZFE00 |Z8EL0 | V5L00 | ¥6040 | 82250 | 00610 OEEEEER
ZGEOD |BOS00 | BZG00 | 288000 |CLPO0 |£1900 | 22800 |B0000 | 91600 | 82800 | ZPE00 |ZUELD | 26400 | 16000 | BEZH0 | GELL D D1az BUOIES

as 12 as 19 as 19 as 12

ag 15 ag 15 ag 15 ag 19

paseq paseq paseq paseq paseq paseq paseq paseq

AL gy | AL g | AL g | B gy | ML BT g ML | BT ey
{£E=E+d
‘ee=z+d 'BE=l+d

d d d d e

a2 1ad pe 182 1ad oz a2 1ad 0 82 Jad g fEird

E=end 'BE =4 L)

L] 2SDD) - A fo oy paopuvyy prn (D= 1) rasstig souspifio %56 S COV S19YL

85



BOE0D |GIPO0 | 20500 | VL0 | VSO0 | £Z500 | ZZ500 | 18800 | 1ZP00 | G500 | 26900 | ZGR0D | BEGOD |08L00 | L6500 | 15Z 10 0182 [EINYINIIS
GEC00 |BEFOD | L2P00 |E5L00 | 60D | GEPOD |B2F00 | GFZ00 | GOE0D | L6500 | GOG00 | £GE00 | BEFDD | 8BGO0 |GLEOD | GF b0 EECGER
GBC00 |BLPOD | LZP00 |E500 | G200 | BPG00 | FSP00 | 868000 | OEPOD | ZL800 | Z0L0°0 | 90110 | PFG00 | GPE0D | GREOD | BEE LD o aaEday
BBCO0 |ZGPO0 | P2P00 | 1GL00 | OBZOD | LS00 |82P00 | O0BOD | PEPDD | G000 |GLL0D | 28140 | BIG00 | 69800 | 25600 | OEFba BCEEEEER
OBZO0 |G5v00 | 82600 |05200 |GOE00 | PG00 |Z0G00 | L6E00 | OLF00 | 12Z00 | E£L000 |SELLD | BZ500 | GEGOD | 05600 | GPGL0 015z BUIOLIES

35 19 35 19 a5 12 35 19

s 12 as 12 33 12 ag 12

pazey paszeq pazey pazey pase paseq pazey pazey

AL g [ ML gy | EML ) gy [ AL gy | M gy | M| qay | M | g | AL 0y
{1'=p+d ' 1'=E+d
p=z+d 'F=l+d
22 Jad ge 122 Jad 07 a3 dad ol [EERELR oS
Y=eZd b= ld

0C 250D - A fo doudy pavpungy prv (1= 1) poadsiu] aonapyion 9406 190V 819Ul

|GE00 | 99500 | £6G00 | PG00 |B0POD | 96000 | 12900 | GFLL0 |ZEG00 |GIB0D |FLE00 |Z4GH0 | PAa00 | 66140 | ZE0LD | Z06LD 0182 [BINJINIS
TLEDD |EP5O0 | 22500 |E6B00 | L1600 | ESEZ0- | 22600 | £6800 | 91700 | £780°0 | FE900 | BS0L0 | SEG0D | 29800 | 08600 | £L1F L0 L i aaEday
TIE0D |EPG00 |ZZ500 |E6E00 |G1P00 | £FE00 | #8900 | 85010 | SEG0D | 28800 | 08800 | LPL0 | 22400 |BEIL0 |ZE0LD | FLE LD o aaEday
JLEDD |EPG0D | 22500 |EGE0D | 8400 | CPO0D | BU00 | G040 | GEGOD | 2900 | 0GA0D | Z4PL0 | 9EA00 |BELL0 |GF0bD | T46 0 BCEEEEER
TLE0D |EPGO0 | 22500 |E6E00 | 81700 | £FO00 | ¥BA00 | 85010 | GEGOD | 29800 | 08800 | LLPL0 | PFA00 |SELL0 | 08000 | G950 01az BUITLIES

as 19 as 1 a3 12 as 19

as 19 as 19 3g 19 ag 19

pazey paseq pazey pasey pase paseq pazey pazey

AL oy [ ML gy | AL qay | M| qon | M | qoy | M | qon | M | o | M| 0y
{5T=h+d 'ST=E+d
[EEPEL R llaa dad 0z laadadgl 18 Jad g S =C+d SL=l+d

ST =+pd '5T'=+Ed
'GZ'=+Zd 'GT=+1d}

61 250D - A fosaug paopuryy puv ( Ty - ) passiuy asuapifie) w06 L0V G0

86



B/Z0°0 |BEYO0 | ZGP00 [ 81200 |90E0D | 12500 |£0500 | 85800 |OBEDD | 58000 | 1¥900 82100 | ZBF00 | 08400 |EBLOD | EBZ L0 Y EFAEINTRIT
BSZ00 | BL¥00 | 9200 | £800°0 | 28200 |B6F00 | FOFO0 | 61800 | 90E0°0 | L0000 | 20900 | 26010 | OBFO0 | 24800 |BELO0 | EFFLO | U Baeday
BSZ00 | BL¥00 | 9200 | £800°0 | 28200 |B6FOD | FOFO0 | GLBOD | BOEOD | L9000 | L0G00 | 2600 | FEFOD | 14BOD |Z1800 | EEFLO G Ui BoEIdad
BSZ00 | BL¥00 | 9200 | £800°0 | 28200 |B6¥00 | FOFO0 | G100 | LZE0D | 89000 |0L900 |GROLD | ¥150°0 | 0G800 |5¥800 | BBE LD L U aaeday
BSZ00 | BL¥00 | 92700 | £800°0 | 28200 |B6F0D | FOFO0 | G100 | LZEOD | 89000 |0L900 |GAOLD | GEGOD | GEBOD | 08800 | FLELD 018z BUIUIES
g 12 g 1 g 12 as 1
ag 12 as 12 ag 12 as 12
paseq paseq paseq paseq paseq paseq paseq paseq
ETITPN sl LIV Rvieull IFTTTVR Rl VLTIV srooull ITUTP sl LIV Revieull I TTTPR Bhernll (TIPS vy
[1'=8+d '} =G+d
L=ped 'L =Ed
'£=7+d 'E=l+d
183 Jad ge 183 18d o7 183 ad gy llaatad g 101'=00 161 =4 C
9L =+bd 191 =+Ed
191 '=+2d 181 =+ Ld}
7T S - A ST nug pavpungy puw | Ty - ar) pradsg sowapifio]) o406 Y04V S1GHL
EBZ00 | BFP00 | 9000 | ZE2000 | GLEDD |GFGOD0 | 61500 | Z6800 |8LF00 | 50400 | 88900 |65LL0 | 85500 |E5800 | Z4600 | FOF LD DJAZ BTG
V2700 | GEFOD | GPFOD |5LZ00 | LZZ00 |GEFDD |GFPOD |GLZ00 |BBZO0 | BZG00 | V6¥00 | GOB00 | EEFO0 | GLZ00 | 20200 | L4000 | U Baeday
LZZ00 | GEFOD | GPFOD |5LZ00 | BAZOD |BZG00 | LGFOD | BAB00 | FLFOD | 224000 | 28900 | 88410 | 59500 | £4600 | 0EBOD | 40910 G Ui BoEIdad
VZZ00 | GEFOD | GPFOD |GLZ00 |BRZOD |BZG00 | LGFOD | BAB00 |EZFOD | LZL00 | J6A00 | 98440 | 24500 | 8600 | ZFBO0 | BOGLD CEECEER
L2700 | GEFOD | GPFOD |5LZ00 |BBZO0 |BZG00 | LGFOD |6AB00 | LEFOD | 24200 |GOZ00 | 08410 | 00800 | 20600 | 28600 | 28510 013z BUIUIES
g 12 g 1 g 12 as
ag 12 as 12 ag 12 as 12 12
AN, _”_._m.wm_g BN, ﬂ_._m.wm_g AL, u._m.an AL, _“_._m_wm_g AN, _”_._m.wm_g BN, ﬂ_._m.wm_g AL, _“_._m_wwg AL, | paseq 10y
{L=p+d 1 '=E+d
a1 lad g Iaa 1ad oz faalad q nea1ad g F=i+d ¥=l+d

ST =+pd 'G5 =+Ed
"G =+7d 5T =+ 1d}

[T 2SD)) - Y fo oy popuniy pun ( T - ) ppasarg sauspyion w06 60V ST

87



FEZO0 | £9%0°0 | ¥E¥0°0 | 89200 [ S0E0°0 [0SS0°0 | LOSO'O | #0600 | B9E0°0 | E¥9O0°0 | 50900 (85040 [ LE¢0°0 [SL400 [O0Z4000 | 22010 Bdaz |elnjandls
5200 | LE¥OD'D | QEZ¥0°0 | OLLDO [BZE0D (¥ LS00 [ OFSO0 | 9¥30°0 | ESE0°0 | E890°0 | BLS0°0 [ #2LL0 [ SBEQD [ 0S800 | EEQ00 | BEELD AR ER
B5S20°0 | Ler0'0 | QEF0°0 | OLLDD [GZEOD [FLSO0 | LPSOQ | 9F30°0 | £8E0°0 | LB90°0 | GEY0°0 [OZLL0 [(OLPOO | L2200 | 54900 | 6FF L0 G Ul 32E|da
B5S20°0 | Ler0'0 | QEF0°0 | OLLDD [GZEOD [FLSO0 [ EFS00 | 9F30°0 | FLYOD | FL90°0 | 189070 [GOLLO [ LFFPO0 (09800 | 92400 |SLELO RTERETER
65200 | Lev0'0 | 9EF0°0 [ OLL00 [0DEEDD (#1500 [ £¢500 | SF80°0 | LEFO'OD | 8990°0 | E6BY0°0 [6BEOLO [ E¥FP00 [ EOBO0 | 6£L00 | OEELD oJaz Budes
35 12 35 12 35 12 E 12
35 |2 35 |2 35 |2 35 |2
paseq paseq paseq paseq paseq paseq paseq paseq
arl arl anJd ar arl arl arl ar
WAL, 1oy WAL, 1oy WAL, 1oy WAL, 1oy WAL, 1oy WAL, 1oy WAL, 19y WAL, 19y
{1'=0+d"1'=5+d
L=ped 'L'=E+d
'£=g+d 'E=l+d
[ERREDL Rl 123 1ad g7 [ERRELRE larladg Jmang =ty
V=+id L=+Ed
'£'=+fd 'E'=+ Ld}
pT ISV - Y FTLOuE paopunyy pun ( Ty - 1) rassp] asuspyian w6 LTI gL
BZEDD | 0ESO'0 | OFSO0 | 4800 [ 92E0°0 [SE90°0 | LE50°0 | #¥OLD | #SPO0 | 62800 | 9¥L0°0 | #9EL0 [ OFS00 (09600 | 89800 | 21910 Bdai |elnjanils
FECO00 | 98F0°0 | L9¢¥0°0 (66200 [ GEEOD [LL50°0 | ZFS0°0 | 6FE0°0 | FFFPO0 | 65L0°0 | LELOO [GFELO [E£050°0 [ LE600 | B280°0 | 80910 L Ul 31EIdEY
FEC00 | 98¥0°0 | L9¥0°0 | BARLOO [ BGZEDD (L4500 [ E#S00 | GFEOD | FEF00 | BSL0°0 | LELDD [BFELO [6LS00 | FLB00 | #5800 | EOSLO G Ul 82E|da M
FEC00 | 98¥0°0 | L9¥0°0 | BALOO [ BZEOD (L4500 [ E¥S00 | GFEOD | FEF00 | BSL0°0 | LELDD [GBFEL0 [ #ESOD | LLBOD | 62800 | L6SLO RTERETER
FEL00 | 98F0°0 | L9¥0°0 | GELO0 [ GZEOD (L4500 [ E¥S00 | GFEQD | FFPPO0 | 654070 | LELDD [GFEL0 [ BESO0 [ 0L600 | 98800 | GESLO oJaz Buljdues
35 |2 35 |2 35 |2 35 |2
35 12 35 12 35 12 35 12
paseq paseq paseq paseq paseq paseq paseq paseq
ar arl anrJ 2l ar arl arl 2l
WAL, 1oy WAL, 1oy WAL, 1oy WML, 1oy WAL, 1oy WAL, 1oy WAL, 19y WML, 19y
{191=9+d
9L =G+d taL=t+d
491=C+d "tAL=T+d
flaaiad pg laaJad oz laziad g llaa1ad g Y9l =l+d 491 =+84

4al=+ed Al =R d
48l =+Ed tal =+ d

2al=+ld}

£C 2SDD - A f0 4 aug pevpunly puv ( T 1) padaiu] aauapiio] o6 1LY AHL

88



APPENDIX B: SAS PROGRAMS

/* Structural zero scenario*/
/* This program performs mixture index of fit and 95% lower bound when
encountering zero cell in data table using structural zero technique*/

filename junk dummy;
proc printto log=junk; run;
dm 'log;clear;out;clear;"';
options ps=50 nodate nonumber formdlim=' "';
proc iml;
%$let rr=6; %$let cc=6; /* set table size*/
%let n=180; /*set total sample size=table size* x per cell*/
%$let iter=1000; /*number of iterations*/
savepi=J(&iter,4,9); /*matrix to save all 1000 mixture index of fit and
95% lower bound, before and after implementing of structural zero
technique*/
rsum={.3,
.3,

.1,
.1,
.1,
C1}s
csum={.3 .3 .1 .1 .1 .1}; /* set row and column marginal distributions*/
actuall=rsum*csum;
*print actuall;
/*cum=j (&rr, &cc, 0)*/;
cum=cusum (actuall) ; /* calculate cumulative proportions */
*print cum;
COUNTO0=0;
countlzero=0;
do ii=1 to &iter; /* number of iterations to simulate*/
SKIP:
COUNTO0=0;
count=j (&rr, &cc, 0);
cum=cusum (actuall) ;
do m=1 to &n;

random=round (uniform(1000), .001); /* Generate n=sample size Uniform
distributed proportions between 0 and 1, rounded to .001%*/

do i=1 to &rr;
do j=1 to &cc;
if random<cum([i,j] then
do;
count[i, jl=count[i, J]l+1;

/* Allocate cell proportions to associated categories according to
cumulative distributions*/

j=&cc;
i=&rr;
end;
end;
end;

end;
*print count;
do i=1 to &rr;
do j=1 to &cc;
if count[i, j]=0 then do;
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/*print ii;

print "Count contains 0";*/

COUNTO=COUNTO+1;

*PRINT II;

if COUNTO>=2 then do;

ii=11i;

GOTO SKIP;
/* 1if table contains more than 1l zero cell, thandiscard the table and simulate
a new one */

end;

/*j=&cc;

i=&rr;*/

end;

end;
end;

actual=count/sum(count) ;
/*print actual;*/
rowsum=actuall[, +]; /*calculate row totals*/
coloumsum=actual [+, ]; /*calculate column totals*/
e=(actuall[,+]*actual[+,]); /*calculated expected proportions*/

do i=1 to 100; /* increment =.01 each iteration */
Pi=1/100;
Q2=j (&rr, &cc, i/ (&rr*&cc*100)) ; /* initial Q2 matrix */
Ql=e* (1-1/100); /* initial Q1 matrix */

Q0Q2=j (&rr, &cc, i/ (&rr*&cc*100)) ;
gl=j (&rr, &cc,0);
g2=j (&rr, &cc,0);
d=3(1,1,1);
do while (sum(d)>.0001); /* convergence criteria **/
do k=1 to &rr by 1;
do j=1 to &cc by 1;
gllk, jl= actuallk,jl*Ql[k, J1/(QLl[k,J1+Q2[k, J1);
g2k, jl= actuallk,jl*Q2[k, J1/(Q1[k,J1+02([k, J1);
end;
end;
do k=1 to &rr;
do j=1 to &cc;
gllk, jl1=(1-1/100)*gl[k, j]/sum(gl);
Q02 [k, ]121/100*g2[k/ jl/Sum(gZ);
end;
end;
QQl=(gll[,+]1*gl[+,]1)/(1-1/100); /*QQ1 after EM algorithm**/
001=(1-1/100) *QQ1/sum (QQ1) ;

d=sum (abs ( (abs (QQ1+Q0Q2) *sum (count) —abs (02+Q1) *sum (count)))) ;
/*print d;*/

Q1=0Q01;

02=002;

/*PRINT Q1;
PRINT actual;*/
end;
/*print Q1;
print Q2;*/
ff=(Q1+Q2) *sum (count) ; /* expected frequencies*/
/*print ff;*/
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dd=sum (abs (actual*sum (count)-ff))/2/sum(count) ;
chinew=sum( (ff-actual*sum (count) ) ##2/£ff); /*calculate
chi-square*/
do m=1 to &rr;
do n=1 to &cc;

if count[m,n]=0 | ff[m,n]=0 then G2[m,n]=0;

else G2[m,n]=(count[m,n])* (LOG (count[m,n])-LOG(ff[m,n]));
end;

end;

Gsqu=2*sum(G2) ; /* calculate G-square value */
chinew=sum ( (ff-count) ##2/ff) ;

/*PRINT PI;

PRINT GSQU;

PRINT CHINEW;*/

If Gsqu< 2.71& pi<savepi[ii,2]then savepil[ii,2]=pi;
/*Save lower bound of mixture index of fit into second column of savepi
matrix*/ If Gsqu<.00001 then
do;
if pi=1 then GOTO SKIP; X=SUM(COUNT) ;
/*PRINT X;*/
001=QQ1*sum (count) ;
** * print QQ1;
QQ2=Q02*sum (count) ;
*PRINT QQ2;
savepil[ii,1l]l=pi; /*save mixture index of fit into first column of savepi
matrix*/
*print ii;
savepil[ii,3]=savepi[ii,1];
savepil[ii,4]l=savepil[ii,2];
/*print chinew; */
i=100;
end;
end;
*print savepi;
*PRINT COUNTO;
p=0;
g=0;
do a=1 to &rr;
do b=1 to &cc;
if count[a,b]=0 then do; /* check if any zero cell in data table*/
countlzero=countlzero+l;
p=a;
ag=b;
end;
end;
end;

if p*=0 then do; CC=QQ1[P,+];

if QQl[+,gl<=.01 then do;

/* if the column of first component QQ1 sums less than .01 then follow the
below procedure to compute new mixture index of fit and lower bound using
structural zero technique and save in third and fourth column of matrix
savepi*/

CC=QQl [P, +];

QQlsum=sum (QQ1l) ;

Q01[,gl=001[,gql+Q02[,ql; /*pull the column frequency back from QQ2 for
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column of first component QQ1 adds less than .01*/
if p=1 then count=QQl([2:&rr,];
else if p=&rr then count=QQl[l:&rr-1,];
else count=QQ1[1l:p-1,1//QQ1[p+1l:&rr,];
*PRINT COUNT;
sum=sum (count) ;
*PRINT SUM;
rowsum=count [, +];
coloumsum=count [+, ];
*print sum, rowsum, coloumsum;
expt=rowsum*coloumsum;
e=expt/sum**2;
f=sum(e) ;
*print f£;
*print e;
actual=count/sum;
do i=1 to 100;
Pi=1/100;
*print pi;
Q2=j (&rr-1,&cc, i/ ((&rr-1) *&cc*100)) ;
Ql=e* (1-1/100) ;
Q02=j (&rr-1, &cc,i/ ((&rr-1) *&cc*100)) ;
gl=j (&rr-1, &cc,0);
g2=j (&rr-1, &cc,0);
d=j (&rr-1, &cc,1);
do while (sum(d)>.00001);
do k=1 to &rr-1 by 1;
do j=1 to &cc by 1;
gllk, jl= actuallk,3j]l*Qllk, 31/(Q1[k,J1+Q2[k,
g2[k, jl= actuallk,jl*02[k, j1/(Q1[k,jl1+0Q2[k,
end;
end;
do k=1 to &rr-1;
do j=1 to &cc;
gllk, 31=(1-1/100)*gllk, j1/sum(gl);
QQZ[kI ]1:1/100*92[k/ jl/Sum(gZ);
end;
end;
if g=1 then do;
do k=1 to &rr-1;
do j=2 to &cc;
Q02[k, 31=0;
end;
end;
end;
if g=&cc then do;
do k=1 to &rr-1;
do j=1 to &cc-1;
Q02 [k, 31=0;
end;
end;
end;
else do;
do k=1 to &rr-1;
do j=1 to g-1;

Q02 [k, 31=0;
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end;
do j=g+l1 to &cc;
002 [k, 31=0;
end;
end;
end;
QQ1=(glf[,+]1*gl[+,]1)/(1-1/100);
001=(1-1/100) *QQ1/sum(QQ1) ;
d=sum (abs ( (abs (QQ1+QQ2) *sum—-abs (Q2+Q1) *sum) ) ) ;
f£f=(QQ1+QQ2) *sum;
Q1=001;
02=002;
end;

do m=1 to nrow(QQ2);

do n=1 to ncol (QQ2):;

G2=j (nrow (QQ2) ,ncol (QQ2),0) ;

if count[m,n]=0 then G2[m,n]=0;

else G2[m,n]=(count[m,n])* (LOG (count[m,n])-LOG(ff[m,n]));
/*compuate new G-square using structural zero technique*/
end;
end;
Gsqu=2*sum (G2) ; /*calculate new G-square statistic*/

chinew=sum( (ff-count) ##2/ff) ; /*calcualate new chi-square
statistic*/
/* print QQ1;*/
If Gsqu< 2.71 then do;
Q01=QQ1*sum;
pinew=1- (CC+sum(QQl)) /X;
if pinew<savepi[ii, 4] then savepi[ii,4]=pinew; /*input new lower
bound of mixture index of fit into fourth column of matrix savepi*/
if savepi[ii,4]<0 then savepi[ii,4]1=0;
end;
If Gsqu<.00001 & chinew<.00001 then do;
pinew=1-(CC+sum(QQ1l)) /X; /*save new mixture index of fit into third
column of matrix savepi*/
savepi[ii, 3]=pinew;
1i=100;
end;
*end;
end;
end;

else if QQ1[P,+]<=.01 then do; CC=QQl[+,Q];

/* if the row of first component QQ1 sums less than .01 then follow the
below procedure to compute new mixture index of fit and lower bound using
structural zero technique and save in third and fourth column of matrix
savepi*/

QQlsum=sum (QQ1l) ;

QQ1[P,]1=0Q1[P,]1+QQ2[P,]; /*pull the row frequency back from QQ2 for column
of first component QQ1 adds less than .01*/

*print QQ1;

if g=1 then count=QQl[,2:&cc];

else if g=&cc then count=QQ1[, l:&cc-1];

else count=QQ1[,1:g-1]||QQ1[, gtl:&cc];

sum=sum (count) ;
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*PRINT SUM;
rowsum=count [, +];
coloumsum=count [+, ];
*print sum, rowsum, coloumsum;
expt=rowsum*coloumsum;
e=expt/sum**2;
f=sum (e) ;
*print f£;
*print e;
actual=count/sum;
do i=1 to 100;
Pi=1/100;
*print pi;
Q2=j (&rr, &cc-1,1i/ (&rr* (&cc-1)*100));
Ql=e* (1-1/100) ;
Q02=7j (&rr, &cc-1,1i/ (&rr* (&cc-1) *100)) ;
gl=j (&rr, &cc-1,0);
g2=j (&rr, &cc-1,0);
d=j (&rr, &cc-1,1);
do while (sum(d)>.00001);
do k=1 to &rr by 1;
do j=1 to &cc-1 by 1;
gllk, jl= actuallk,3j]l*Qllk, 31/(Q1l[k,J1+Q2[k,
g2[k, jl= actuallk,jl*Q2[k, 31/(Q1l[k,3jl1+Q2[k,
end;
end;
do k=1 to &rr;
do j=1 to &cc-1;
gllk, j1=(1-1/100)*gl[k, j]l/sum(gl);
Q02 [k, ]1:1/100*92[k/ jl/Sum(gZ);
end;
end;

if p=1 then do;
do k=2 to &rr;
do j=1 to &cc-1;
Q02[k, 31=0;
end;
end;
end;
if p=&rr then do;
do k=1 to &rr-1;
do j=1 to &cc-1;
002 [k, 31=0;
end;
end;
end;
else do;
do j=1 to &cc-1;
do k=1 to p-1;
Q02[k, 31=0;
end;
do k=p+l to &rr;
002 [k, 31=0;
end;
end;
end;
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*end;
QQl=(gl[,+1*gl[+,]1)/(1-1/100);
001=(1-1/100) *QQ1/sum(QQ1) ;
d=sum (abs ( (abs (QQ1+QQ2) *sum—-abs (Q2+Q1) *sum) ) ) ;
f£=(QQ1+QQ2) *SUM;
Q1=001;
02=002;
end;

do m=1 to nrow(QQ1l);

do n=1 to ncol (QQ1l):;

G2=7 (nrow (QQ1l) ,ncol (QQ1),0

);
if count[m,n]=0 then G2[m,n]=0;
else G2[m,n]=(count[m,n])* (LOG (count[m,n])-LOG(ff[m,n]));
end;
end;
*print G2;

Gsqu=(2*sum(G2)); /*compuate new G-square using structural zero
technique*/
chinew=sum( (ff-count) ##2/ff); /*compuate new chi-square using
structural zero technique*/
If Gsqu< 2.71 then do;
001=001*sum;
pinew=1- (CC+sum(QQ1l)) /X;
if pinew<savepi[ii, 4] then savepi[ii,4]=pinew; /*input new lower
bound of mixture index of fit into fourth column of matrix savepi*/
if savepi[ii,4]<0 then savepi[ii,4]1=0;
end;
If chinew<.00001 & chinew<.00001 then do;
pinew=1- (CC+sum(QQ1l)) /X;
savepi[ii,3]=pinew; /*save new mixture index of fit into third
column of matrix savepi*/
i=100;
end;
end;
end;
end;
end;
pistar=savepil[+,3]/&iter; /*new pi star is the average is 1000
iterations*/
pistarL=savepi[+,4]/&iter; /*new lower bound of pi star is the average
of 1000 iterations*/
b= (&iter,1,0);
empirank=j (&iter,1,0);
b=savepil[,3];
empirank=b;
bl[rank (b), ]=empirank;
piempilL=b[50,1]; /*find the 5 percentage number from the 1000 sorted new
pi start array*/
title "SZ rr.3.3.1.1.1.1 cc .3.3.1.1.1.1 &n";
print pistar;
print pistarLl;
print piempilL;
print countlzero;
*print countlzero;
filename out 'C:\SAS\SZ\SZ rr.3.3.1.1.1.1 cc .3.3.1.1.1.1 n equal 180';
file out;
do i=1 to nrow(savepi);
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do j=1 to ncol (savepi);
put (savepil[i, j1) 6.3 +4 @; /*output savepi matrix to an external
file*/
end;
put;
end;
*close file out;

quit;
run;
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/* Sampling zero and replacing with different flattening constants
scenario*/

/* This program performs mixture index of fit and 95% lower bound when
encountering zero cell in data table using different sampling zero
techniques*/

filename junk dummy;

proc printto log=junk; run;
dm 'log;clear;out;clear;';

options ps=50 nodate nonumber formdlim=' "';

$macro Rudasl (nopercell,replwith, rr, cc, iter);
proc printto log=junk; run;
proc iml;count0=0;noofzero=0;nooflzero=0;
savepi=J(&iter,2,9);
rsum={.3,

.3,
14

14

I =

14
L1}
csum={.3 .3 .1 .1 .1 .1}; /* set row and column marginal distributions*/
actuall=rsum*csum;
do ii=1 to &iter;
count=j (&rr, &cc, 0);
n=&nopercell*&rr*&cc;
cum=cusum (actuall); count0=0; /*calculate cumulative proportions*/
do m=1 to n;
random=round (uniform(1000), .001); /* Generate n=sample size Uniform
distributed proportions between 0 and 1, rounded to .001*/
do i=1 to &rr;
do j=1 to &cc;
/* Allocate cell proportions to associated categories according to
cumulative distributions*/
if random<cum([i,j] then
do;
count[i, jl=count[i, J]+1;
j=&cc;
i=&rr;
end;
end;
end;
end;
do i=1 to &rr;
do j=1 to &cc;
if count[i, j]1=0 then do;
count[i, jl=&replwith; /*if zero, then replace with designated
flattening constants*/
countO=count0+1; /*count number of zeros*/
*9j=&cc;
*i=&rr;
end;
end;
end;
if count0>0 then noofzero=noofzero+l;
if count0=1 then nooflzero=nooflzero+l;
actual=count/sum(count) ;
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*print count;

/*print actual;*/

rowsum=count [, +];
coloumsum=count [+, ];
e=(rowsum*coloumsum) /sum (count) **2;

do i=1 to 100; /* increment =.01 each iteration */
Pi=1/100;
Q2=j (&rr, &cc,i/ (&rr*&cc*100)); /*initial Ql1*/
Ql=e* (1-1/100) ; /*initial Q1*/

QQ2=7j (&rr, &cc, i/ (&rr*&cc*100)); /*initial QQ2*/
gl=j (&rr, &cc,0);
g2=j (&rr, &cc,0);
d=3(1,1,1);
do while (sum(d)>.00001); /*convergence criteria*/
do k=1 to &rr by 1;
do j=1 to &cc by 1;
gllk, jl= actuallk,J]l*Ql[k, J1/(Q1l[k,Jj1+02[k, J1);
g2[k, jl= actuallk,3]1*0Q2[k, F1/(Qllk,31+02[k, 31);
end;
end;
do k=1 to &rr;
do j=1 to &cc;
gllk, j1=(1-1/100)*gl[k, j]l/sum(gl);
Q02 [k, J]1=1i/100*g2[k, jl/sum(g2);
end;
end;
QQl=(gl[,+1*gl[+,]1)/(1-1/100);
QQ01=(1-1/100) *QQ1l/sum(QQ1) ;
d=sum (abs ( (abs (QQ1+QQ2) *sum (count) —abs (Q2+Q1) *sum (count) ) ) ) ;
ff=(Q1+Q2) *sum (count); /*expected frequency*/
/*print d;*/
Q1=001;
Q2=002;
/*PRINT Q1;
PRINT actual;*/
end;
/*print Q1;
print Q2;*/
/*print f£;*/
dd=sum (abs (count-ff) ) /2/sum(count) ;
do m=1 to &rr;
do n=1 to &cc;

if count[m,n]=0 | ff[m,n]=0 then G2[m,n]=0;
else G2[m,n]=(count[m,n])* (LOG (count[m,n])-LOG(ff[m,n]));
/*calculate G-square statistic*/
end;
end;

Gsqu=2*sum (G2) ;
chinew=sum( (ff-count) ##2/ff); /*calculate chi-square statistic*/

If Gsqu< 2.71& pi<savepi[ii,2]then savepi[ii,2]=pi; /*generate 95%
lower bound of mixture index of fit and save into second column of matrix
savepi*/

If Gsqu<.00001 then
do;
savepi[ii,1]=pi; /* generatemixture index of fit and save into first column
of matrix savepi*/
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/*print chinew; */
i=100;
end;
end;
end;
*print savepi;
pistar=savepi[+,1]/&iter; /*pi star is the average is 1000 iterations*/

pistarlL=savepi[+,2]/&iter; /*pi star lower bound is the average is 1000
iterations*/

b= (&iter,1,0);

empirank=j (&iter,1,0);

b=savepil[,1];

empirank=Db;

bl[rank (b), ]=empirank;

title "rr.3.3.1.1.1.1 cc.3.3.1.1.1.1 nopercell &nopercell repl withh
&replwith iter &iter";

piempil=b[50,1]; /*find the 5" percentage number from the 1000 sorted new
pi start array*/

print pistar;

print pistarLl;

print piempil;print noofzero;print nooflzero;

*print countO;

filename out "C:\sas\sz\sz rr.3.3.1.1.1.1 cc.3.3.1.1.1.1 nopercell
&nopercell rep &replwith iter &iter";
file out;
do i=1 to nrow(savepi);
do j=1 to ncol (savepi);
put (savepil[i, j]) 6.2 +3 @; /*output savepi matrix to an external

filex*/
end;
put;
end;
*close file out;
quit;
run;

proc printto;run;

%$mend Rudasl;

$Rudasl(5, 0, 6, 6, 1000)
$Rudasi(5, 0.1, 6, 6, 1000)
$Rudasl(5, 0.5, 6, 6, 1000)
%Rudasl(5, 1, 6, 6, 1000)
%$Rudasl1 (10, 0, 6, 6, 1000)
%$Rudas1 (10, 0.1, 6, 6, 1000)
%$Rudas1 (10, 0.5, 6, 6, 1000)
%RudasIi (10, 1, 6, 6, 1000)
%Rudasl1 (20, 0, 6, 6, 1000)
$Rudasl1 (20, 0.1, 6, 6, 1000)
%$Rudasl1 (20, 0.5, 6, 6, 1000)
%$Rudasl1 (20, 1, 6, 6, 1000)
%Rudas1 (30, 0, 6, 6, 1000)
%$Rudasi (30, 0.1, 6, 6, 1000)
%$Rudas1 (30, 0.5, 6, 6, 1000)
%$Rudas1 (30, 1, 6, 6, 1000)
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