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PART T

COMPARISON OF SMALL SAMPLE POWER OF THE TWO TESTS
FOR EQUALITY OF TWO NORMAL POPULATIONS
IN THEIR MEANS AND VARIANCES



1. INTRODUCTION

Let two independent samples X , sese, xm and Yl’ seea Yn be taken from

1°
normal populations N(ul, 012), N(uz, 022), respectively. There are cases of
practical interest to test the equality of variances and the equality of the
means at same time rather than equality of means or variances alone. For in-
stance, it has been recognized ([5], p. 324) that the application of different
treatments to otherwise homogenous experimental units often results in the

treatment groups differing not only in means but also in variances. Thus,

researchers are sometimes interested in the following hypothesis:

H: 6gQ
o o
against
H: 0e0-Q
a o
on the basis of LSERRRREIR. SRR SR 4

2 2
where 8 = {ulg 112, Ul s 02 ))

f2

{e]-m<ui<+m,o< oi-2_< « for i =1, 2},

= - 2 _ 2
Q {B[pl =u, and 0;° = 0,"}.

The need for such a comprehensive test has been recognized and various test
procedures have been proposed. Neyman and Pearson [3] suggested likelihood
ratio test (L-test). Sukhatme [6] derived the exact distribution of the
likelihood ratio test statistié under Ho' He also tabulated the critical
values of the L-test at significance level 0.05 and 0.01 for various sample
sizes. Using Fisher's methods of combining two independent test statistics
[2], Sukhatme [6] also considered Q-test. 1In [4], Perng and Littell proved
that the Q-test is asymptotically optimal in the sense of Bahadur

efficiency [1].



The objective of this paper is to compare the small sample power of the

L-test and the Q-test by simulation.

2. TEST STATISTICS

First we define the following notation:

- 1 m
= ih%
§=1 %y
n i=l"i
n =2
58, =4I, X,-%)
n D
55, = 4L, (¥,-¥)
m 2 m 2
S8 = igl(xi—u) + igl(Yi-U)
m n
U= (&% + 45;Y)/N
N = (wn

)
T=@-3%) I:(m + n) (88, + ssz):l ~

(m +n - 2) mn

F = [SSZ{m ~ 1] [8S;(n - 1)]'1

{2[1 - G(F)] if G(F) > %
H =

2 G(F) if G(F) < %
where G is the distribution function of the central F with (n - 1) and
(m - 1) degrees of freedom.
Now we describe the two tests. First the L-test:

Reject H if LLL
o o

(2.1)
accept H ifL>1L
a °

m
where L = EE}LQ N SSZ[n L
S5/ SS/N

The approximate critical values L0 have been tabulated in [6] at significance

level 0.05 and 0.01 for various sample sizes. Sukhatme [6] has also shown



that the approximate critical values agree to the exact values to three
decimal places for m = n = 5, 12, 20, 60 and m = 5, n = 15. We checked
some of the approximate critical values in [6] by simulation. We found that
the approximate critical wvalues given by Sukhatme agree to three decimal
places with our simulation results. Hence, Sukhatme's approximate critical
values were adopted to compute the power of the L-test.

Next we describe the Q-test [4].

reject Ho if Q 2 co
accept Ha if Q < <,

vhere Q = -2 log P, []T| > t] -2 1log P, [H < h], t is the observed value
o o

of ITI, h is the observed value of H, and P [A] means the probability of

H
o

event A where Ho is true. Under Ho, T has central t-distribution with
{m + n - 2) degrees of freedom, H has uniform distribution over (0, 1) [4].

Thus, the probabilities PH []Tl > t] and PH [H < h] can be easily calculated

o o
hence the value of Q. Since under Ho’ Q has chi-squared distribution with 4

degrees of freedom, the critical value c, can be found from chi-square table.
3. METHOD OF COMPARISON

Since the exact distributions of the test statistics L and Q under Ha
are unknown, it is not possible to compare the exact power of the two tests.
A Monte-Carlo study of the small sample power of these two tests was made.

2
Normal deviates X ,eees, Xm; Yl,---, Yn were generated from N(ul, o) ) and

l'!
N(uz, 022) respectively. Since both these tests are designed to detect the

1 and Hos and 012 and 022, hence in our Monte Carlo study,

we fixed the value of ul to be zero, and the value of 012 to be one, and

difference between u

varied the values of Hy and 022. Both equal and unequal sample sizes were

considered: (1) m = n = 10, 12, and 15; (2) (m, n) = (10, 12), (10, 15),

(12, 15), (15, 30); and (3) with interchange of m and n in (2). In each



simulation test statistics L and Q are computed based on the same generated
normal deviates. Each simulated analysis was repeated a thousand times and
the number of rejections of the null hypothesis Ho at five and one percent
levels was counted. A computer program was written for this Monte Carlo study.
A more complete description of the program may be found in Appendix B.

Since all the simulation results led to similar conclusion about the
power of the two tests, we shall only present one part of our simulation
results. (For more details see Appendix B). For the equal sample sizes case
the simulation results, for m = n = 15 and a = .05 are presented in Table la.
Figure la' is the graph of simulated power function based on values of
Table la except for Hy = 0. The results form = n = 15 and a = .01 are
given in Table 1b  and its corresponding graph in figure 1b (except for
My = 0). It is apparent that both tests have almost the same power at each
alpha level for various values of Hy and 022. The same general pattern is
observed for m = n = 10, 12 and 30. Similar results are obtained for m#n
case where m and n are close, for example (m, n) = (10, 12), (10, 15),
and (12, 15).

For (m, n) = (15, 30) the simulation results are presented in Table 2a
for @ = .05; and for a = .01 the results are summarized in Table 2b. The
values of Table 2a and 2b (except for U, = 0) are graphed in Figure 2a and

2b, respectively. For u, = 0, Q-test has greater power function of as high as

2

5.3% (over both alpha leveis) when o, <1 and the superiority reversed in favor

2

of L-test te the extent of 9.0% (over both alpha levels) when o, > 1. Similar
reversals of power occurred at different values of My but differences in powers
of tests are considerable lower.

The simulation results with (m, n) = (30, 15) are presented in Tables 3a

and 3b for a = .05 and @ = .01, respectively. Figures 3a and 3b indicate the

simulated power curves and are based on the values (except My = 0) from Tables



3a and 3b respectively. The difference between the powers of the two tests at

various values of Hy and o, are almost 9.3 percent over both alpha levels.

2
However, contrary to the case (m, n) = (15, 30), now L-test is better than

Q-test for o, £ 1 and Q-test is better than L-test for o, > 1. Though this

2 - 2
switch in power existed for each Hy considered but the differences in powers
decreases as Hy increases.

In general, the power functions are almost identical for Q and L-tests
when sizes are equal or almost equal while for unequal samples neither test

has an advantage -- as criss-cross in power made one test better for certain

values of 02 and favored other test otherwise.

4. COMPARISON OF THE ACCEPTANCE REGIONS OF THE TWO TESTS

To find some insight why the power functions of the L-test and the Q-test
are so close, we shall examine the acceptance regions of the two tests.
We first note that L (see (2.1)) can be written in terms of T and F of

the following form.

A g b n 2
_ _ N, \N n-1 N n-1 T -1
L=L(T, F) =N @ () [ FNaET a1
Let L be the critical value of the L-test at significance level o and

o, m, N

sample sizes (m, n). Then the boundary curve of the acceptance region of the
L-test in (T, F) plane is the set of all (T, F) which satisfy the following
equality

LLTy B) = Lu, m, n.

Similarly, the set of all (T, F) which satisfy the following equality gives
the boundary curve of the acceptance region of the Q-test at given significance

level o and sample sizes (m, n).

2 = - -
X 2log Py (T | > T) -2 log P

(H < h)
l-a, 4 o mn

H
o



where x?2 is the (1 - a) the quantile of the chi-square random variable with
four di;:éeg of freedom. 1In addition, we also generated two sets of 100 pairs

of (T, F) values as follows: paired (T, F) values of set I were computed from
samples of normal deviates generated from normal populations N(0, 1) and N(-1, 1).
Set 1L of (T, F) values were computed from normal deviates generated from N(0, 1)
and N(1, 4).

The acceptance regions of the two tests apd the two séts of (T, F) values
for (m, n) = (15, 15}, (15, 30), (30, 15) and for a= 0.05, are presented in
Figures 4a, 5a and 6a, respectively. Corresponding graphs for a = 0.01 are
given in Figures 4b, 5b and 6b respectively. These graphs suggest that for
equal sample sizes the acceptance regions of Q-test and L-test are almost the
same. However, for unequal samples, there are distinct differences in the sizes
of acceptance regions for two tests. Switch occurs in the sizes of acceptance
regions for reversing the sample sizes. The switch in size of acceptance
regions were aiso observed for other unequal samples sizes. Conéequent to

differential size in acceptance regions unequal number of (T, F) values in each

set I and II were excluded from acceptance regions of Q and L -tests.
5. CONCLUSION

Simulated power functions of (Q-test and L-test were compared. For equal
sample sizes or approximately equal sample sizes both tests have similar power
functions. However, for unequal sample sizes, the power functions of the two
tests have larger difference, although no one test dominates the other test.
To test the equality of two normal populations, it seems reasonable to require
that the sample sizes of the two samples be close. If this is the case,
together with the fact that Q-test is readily computed by using well-known
tables while L-test needs special tables, we would suggest to use Q-test

instead of L-test.



Table la. Simulated power functions of Q and L-tests for m = 15, n = 15,
a = .05, simulations = 1000, Wy = 0.0, o, = 1.0.
Power of the Tests
9 Q L Q L Q i Q L
Hy 0.0 uz = 0.25 By = 0.75 Hy = 1.50
0.2 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
0.4 0.838 0.854 0.869 0.874 0.988 0.989 1.000 1.000
0.6 0.350 0.362 0.394 0.403 0.800 0.796 1.000 1.000
0.8 0.114 0.119 0.129 0.129 0.552 0.564 0.984 0.989
1.0 0.054 0.056 0.088 0.082 0.368 0.382 0.944 0.954
1.2 0.093 0.087 0.106 0.108 0.364 0.376 0.905 0.916
1.4 0.159 0.166 0.179 0.177 0.420 0.422 0.897 0.895
1.6 0.297 0.306 0.335 0.327 0.488 0.474 0.895 0.891
1.8 0.448 0.472 0.460 0.472 0.622 0.629 0.891 0.889
2.5 0.852 0.860 0.863 0.879 0.894 0.896 0.961 0.962
3.2 0.579 0.984 0.978 0.980 0.982 0.983 0.997 0.997
3.9 0.999 0.999 0.995 0.995 0.994 0.996 0.999 0.999
4.6 0.998 1.000 0.999 0.999 0.999 0.999 0.997 0.998
Table 1b. Simulated power functions of Q and L-tests for m = 15, n = 15,
a = .01, simulations = 1000, W, = 0.0, o, = 1.0.
Power of the Tests
92 Q L Q L Q L Q L
Hy 0.0 Hy = 0.25 My = 0.75 My = 1.50
0.2 . 997 .996 1.000 1.000 1.000 1.000 1.000 1.000
0.4 .615 .643 0.676 0.688 0.951 0.945 1.000 1.000
0.6 .135 . 147 0.166 0.158 0.577 0.562 0.982 - 0.984
0.8 .033 .034 0.041 0.043 0.294 0.301 0.896 0.915
1.0 010 .011 0.020 0.019 0.153 0.166 0.785 0.819
1.2 .019 .019 0.033 0.032 0.162 0.159 0.712 0.720
1.4 .045 . 045 0.045 0.048 0.184 0.179 0.712 0.723
1.6 .099 .109 0.114 0.127 0.238 0.230 0.715 0.704
1.8 +202 217 0.217 0.234 0.356 0.354 0.737 0.728
2.5 .609 .641 0.646 0.684 0.706 0.728 0.864 0.860
3.2 .903 .915 0.909 0.922 0.912 0.925 0.959 0.968
3.9 .981 .986 0.982 0.985 0.978 0.982 0.991 0.992
4.6 .993 .994 0.997 0.998 0.992 0.993 0.994 0.994




Table 2a. Simulated power functions of Q and L-tests for m = 15, n = 30,
o = .05, simulations = 1000, Wy = 0.0, o, = 1.0
Power of the Tests
% Q L Q L Q L Q L
Hy 0.0 By = 0.25 v, = 0.75 u, = 1.50
0.2 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
0.4 0.950 0.945 0.969 0.966 0.999 0.995 1.000 1.000
0.6 0.558 0.505 0.632 0.587 0.919 0.908 1,000 1.000
0.8 0.141 0.114 0.219 0.194 0.724 0.703 0.995 0.994
1.0 0.047 0.050 0.087 0.080 0.517 0.535 0.986 0.988
1.2 0.064 0.073 0.092 0.110 0.461 0.483 0.969 0.970
1.4 0.136 0.173 0.187 0.227 0.492 .0.507 0.947 0.950
1.6 0.332 0.356 0.359 0.422 0.617 0.633 0.954 0.958
1.8 0.481 0.571 0.531 0.594 0.723 0.749 0.958 0.962
2:5 0.909 0.945 °  0.906 0.947 0.957 0.973 0.994 0.997
3.2 0.989 0.993 0.997 0.999 0.998 0.999 0.999 0.999
3.9 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
4.6 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Table 2b. Simulated power functions of Q and L-tests for m = 15, n = 30,
a = .01, simulations = 1000, Hy = 0.0, 01 = 1.0.
Power of the Tests
9 Q L Q L Q L Q L
My 0.0 My = 0.25 Hy = 0.75 My = 1.50
0.2 1.000 0.999 1.000 1.000 1.000 1.000 1.000 1.000
0.4 0.890 0.874 0.920 0.901 0.990 0.989 1.000 1.000
0.6 0.293 0.259 0.369 0.324 0.822 0.793 1.000 1.000
0.8 0.041 0.032 0.074  0.062 0.484 0.462 0.982 0.982
1.0 0.012 0.011 0.023 0.022 0.265 0.270 0.931 0.944
1.2 0.017 0.023 0.024 0.031 0.220 0.232 0.877 0.887
1.4 0.041 0.057 0.052 0.068 0.249 0.263 0.823 0.833
1.6 0.111 0.154 0.138 0.178 0.320 0.340 0.840 0.843
1.8 0.193 0.270 0.238 0.302 0.432 0.474 0.845 0.849
2.5 0.701 0.787 0.686 0.773 0.809 0.860 0.957 0.962
3.2 0.943 0.966 0.958 0.980 0.960 0.983 0.994 0.995
3.9 0.996 0.998 0.997 0.999 0.995 0.999 1.000 1.000
4.6 0.999 1.000 1.000 1.000 1.000 1.000 0.999 0.999

T




Table 3a. Simulated power functions of Q and L-tests for m = 30, n = 15,

a = .05, simulations = 1000, by = 0.0, 9y = 1.0.

Power of the Tests

9 Q L Q L Q L Q L

u, = 0.0 u, = 0.25 u, = 0.75 My = 1.50
0.2 1.000 1.000 1.000 1.000 1.000  1.000 1.000  1.000
0.4 0.910  0.941  0.949  0.967  0.998  0.998  1.000  1.000
0.6 0.375  0.436  0.459  0.499  0.904 . 0.913  1.000  1.000
0.8 0.089  0.113  0.160  0.178  0.638  0.653  0.999  1.000
1.0 0.057  0.054  0.086  0.088  0.520  0.524  0.985  0.985
1.2 0.122  0.092  0.164  0.145  0.509  0.487  0.968  0.964
1.4 0.261  0.234  0.324 0.281  0.601  0.554  0.968  0.966
1.6 0.449  0.400  0.523  0.487  0.727  0.682  0.965  0.963
1.8 0.656  0.617  0.680  0.638  0.845  0.811  0.971  0.965
2.5 0.953  0.947  0.966  0.955  0.979  0.972  0.998  0.992
) 0.998  0.998  0.999  0.998  0.997  0.996  0.998  0.998
3.9 1.000  1.000 1.000 1.000 1.000 1.000 1.000  1.000
4.6 1.000 1.000 1.000 1.000 1.000 1.000 1.000  1.000

Table 3b. Simulated power functions of Q and L-tests for m = 30, n = 15,
a = .01, simulations = 1000, Hy = 0.0, 9, = 1.0.
Power of the Tests
%3 Q (7 Q L Q L Q L
Ty ™= 0.0 My = 0.25 u, = 0.75 oy = 1.50
0.2 0.999 1.000 1.000 1.000 1.000 1.000 - 1.000 1.000
0.4 0.705 0.798 0.790 0.858 0.978 0.982 1.000 1.000
0.6 0.115 0.166 0.192 0.232 0.686 0.700 0.998 0.999
0.8 0.014 0.025 0.044 0.054 0.359 0.370 0.978 0.982
1.0 0.007 0.007 0.018 0.019 0.242 0.248 0.933 0.935
1.2 0.034 0.028 0.044 0.037 0.262 0.248 0.883 0.888
1.4 0.109 0.087 0.136 0.111 0.360 0.324 0.905 0.892
1.6 0.223 0.192 0.292 0.260 0.501 0.448 0.911 0.895
1.8 0.418 0.376 0.439 0.402 0.642 0.592 0.918 0.899
2.5 0.887 0.868 0.893 0.880 0.929 0.918 0.978 0.974
3.2 0.990 0.989 0.986 0.985 0.991 0.990 0.995 0.995
3.9 0.998 0.998 0.998 0.996 0.999 0.997 1.000 0.999
4.6 1.000 1.000 1.000 1.060 1.000 1.000 1.000 1.000
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Figure 2bh. POWER OF Q-TEST AND L-TEST
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Figure 3b. POWER OF Q-TEST AND L-TEST
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Figure 5a. ACCEPTANCE REGIONS OF Q-TEST AND L-TEST
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APPENDIX A

SIMULATION OF L,

To check a few of the L.05 and L.01 values from Sukhatme [6] a
computer program was written. A copy of the program is at the end of
this Appendi§. Two independent samples Xl,....,Xm and Yl"""Yn are
generated from normal population N(0,1) and statistic L is computed in
each simulation. Thus generated twenty thousand L-values are sorted and
0.5, 1.0, 2.5, 5.0, 7.5, and 10.0th percentile L-values are printed off
by the program. Simulated L-values are in close agreement with those

given by Sukhatme [6] for two sample sizes considered here.

(m, n) Lo L os
Sukhatme's Simulated Sukhatme's Simulated
( 10, 10 ) 0.587 0.591 0.707 0.709

( 5, 20) 0.632 0.627 0.742 0.743
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APPENDIX B

SIMULATION OF POWER FUNCTION
OF Q-TEST AND L-TEST

A copy of the simulation program that computes powers of Q- and L-
tests is at the end of this Appendix. 1In Part I simulation results for
(m,n) = (15,153, (15,30), and (30,15) are presented in detail for the
significance level .05 and .0l. In those simulations the second normal
population had by = 0.0, 0.25, 0.75, and 1.5 and 0, was varied.

Here the results of simulated power are presented where My = 0.0,
1.0, and 2.0 for various values of Op- First population is N(0,1). The
sample sizes considered are: (1) m =n = 10, 12, and 15; (2) (m,n) =
(10,12), (10,15), (12, 15), and (15,30); and (3) with interchange of m
and n in (2). Each of (m,n) listed above was considered at « = .05.
Significance level of .0l was considered for (m,n) = (10,10), (12,12),
(10,12), and (12,10).

For the equal sample sizes the simulation results for m = n = 10,
12, and 15 and a = 0.05 are presented in Tables Bla, B2a, and B3, re-
spectively. Corresponding plots of simulation results are in Figures
Bla, BZa, and R3, respectively. For g = .01, simulation results for
m=nmn = 10 and 12 are presented in Tables Blb and B2b, respectively;
corresponding pictures are in Figures Blb and B2b, respectively. Perusal
of the tables and figures clearly indicates that both Q-test and L-test

have similar powers for various values of Uy and 02.
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Simulation results for o = .05 and (m,n) = (10,12), (10,15), (12,15),
and (15,30) are presented in Tables B4a, B5, B6, and B7, respectively.
Corresponding graphs are included in Figures B4a, B5, B6, and B7, respec-
tively. The results for g = .01 and (m,n) = (10,12) are in Table B4b
and Figure B4b. For Uy = 0.0, Q-test has greater power function of as
high as 4.2% when o, < 1. However, when oy > 1, L-test becomes better to
the extent of 7.2%. Reversals of power are consistent at U, = 1.0 and 2.0
but the degree of difference is quite low.

With the interchange of the sample sizes the simulation results for
(m,n) = (12,10), (15,10), (15,12), and (30,15) and o = ,05 are summarized
in Tables B8a, BS, B10, and Bll, respectively. Corresponding plots of
the simulation results are presented in Figures B8a, B9, B10, and Bl1l,
respectively. The results of o = .01 for (m,n) = (12,10) are in Table BS&b
and its plot in Figure B8b. Contrary to above, L-test for Y, = 0.0 has

2

higher power to the extent of 6.2% when 02 <1 and the power is as low as

4,27 when Oé > 1. Similar switch in power exists for other values of Y,
considered but the differences are low.

In order to further investigate the switch in power for unequal sample
sizes, a simulation study was carried out where the first sample in each
simulation was generated from N(0,4) and the second normal population,
N(uz, U%), were as discussed in Part I. A case of (m,n) = (10,12) was
considered. TFor @ = ,05 the results are summarized in Table Bl2a. Its
corresponding plot is in Figure Bl2a (except u2 = 0.0). Table B12b and
Figure B12b (except uz = 0.0) contain the results for a = .0l. It is ap-

parent that switch in power is consistent with the previous results and

the point of switch has now shifted around o, = 2.0.
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Table Bla. Simulated power functions of Q and L-tests for m = 10, n = 10,
a = .05, simulations = 1000, My T 0.0, 9, = 1.0.

. ) Power of the Tests

) Q L Q L Q L
My = 0.0 My = 1.00 My = 2.00

0.2 0.995 0.994 1.000 1.000 1.000 1.000
0.4 0.618 0.640 0.965 0.967 1.000 1.000
0.6 0.209 0.213 0.762 0.760 0.999 0.998
0.8 0.064 0.067 0.576 0.578 0.990 0.991
1.0 0.047 0.044 0.415 0.424 0.955 .0.963
1.2 0.058 0.054 0.376 0.378 0.924 0.931
1.4 0.112 0.106 0.402 0.402 0.900 0.903
1.6 0.173 0.182 0.477 0.474 0.883 0.881
1.8 0.301 0.324 0.506 0.507 0.886 0.875
2,5 0.637 0.657 0.745 0.742 0.938 0.934
3,2 0.861 0.877 0.892 0.903 0.953 0.953

Table Blb. Simulated power functions of Q and L-tests for m = 10, n = 10,
o = .01, simulations = 1000, Hy = 0.0, gy = 1.0,

Power of the Tests

02 Q L Q L Q L
Hy = 0.0 Hy = 1.00 u2 = 2.00
0.2 0.932 0.943 1.000 1.000 ; 1.000 - 1.000
0.4 0.312 0.340 0.848 0.845 1.000 1.000
0.6 0.062 0.068 0.501 0.505 - 0.991 0.990
0.8 0.009 0.014 0.284 0.301 0.912 - 0.927
1.0 0.008 0.009 0.148 0.172 0.836 0.855
1.2 0.010 0.011 0.161 0.170 0.736 0.762
1.4 0.027 0.027 0.185 0.186 0.681 0.696
1.6 0.052 0.056 0.212 0.210 0.660 0.664
1.8 0.093 0.100 0.254 0.246 0.635 0.628
2.5 0.313 0.341 0.451 0.459 0.753 0.740
3.2 0.592 0.633 0.667 0.688 0.832 0.834
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Table B2a. Simulated power functions of @ and L-tests for m = 12, n = 12,

a = .05, simulations = 1000, My = 0.0, 9 = 1.0.

Power of the Tests

9, Q L Q L Q L
Hy = 0.0 My = 1.00 My = 2.00
0.2 0.998 0.998 1.000 1.000 1.000 1.000
0.4 0.729 0.746 0.989 0.991 1.000 1.000
0.6 0.231 0.240 0.865 0.860 1.000 1.000
0.8 0.072 0.075 0.651 0.664 0.998 0.999
1.0 0.047 0.046 0.496 0.514 0.985 0.989
1.2 0.072 0.075 0.473 0.484 0.968 0.972
1.4 0.149 0.147 0.500 0.494 0.936 0.941
1.6 0.230 0.237 0.569 0.565 0.936 0.938
1.8 0.347 0.360 0.599 0.584 0,935 0.931
2.5 0.736 0.760 0.800 0.813 0.954 0.956
3.2 0.925 0.938 0.935 0.941 0.979 0.981

Table B2b. Simulated power functions of Q and L-tests for m = 12, n = 12,
a = .01, simulations = 1000, My = 0.0, Gl = 1.0.

Power of the Tests
02 Q L Q L Q [ §

u, = 0.0 u, = 1.00 My = 2.00

0.2 0.981 0.988 1.000 1.000 1.000 1.000
0.4 0.430 0.452 0.942 0.936 1.000 1.000
0.6 0.081 0.088 0.637 0.626 0.996 0.997
0.8 0.014 0.017 0.361 0.373 0.967 0.977
1.0 0.008 0.009 0.266 0.286 0.909 0.926
1.2 0.010 0.009 0.245 0.252 0.863 0.884
1.4 0.034 0.036 0.251 0.249 0.861 0.866
1.6 0.061 0.072 0.274 0.263 0.818 0.828
1.8 0.130 0.139 0.339 0.328 0.810 0.802
2.5 0.436 0.461 0.593 0.599 0.862 0.859
3.2 0.739 0.768 0.803 0.821 0.927 0.925
3.9 0.891 0.911 0.934 0.947 0.966 0.968
4.6 0.966 0.977 0.980 0.981 0.982 0.984




Table B3, Simulated power functions of Q and L-tests for m = 15, n = 15,
a = ,05, simulations = 1000, Wy = 0.0, Gl = 1.0.
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Power of the Tests

9, Q L Q L Q L
Hy = 0.0 ¥, = 1.00 My = 2.00

0.2 1.000 1.000 1.000 1.000 1.000 1.000
0.4 0.853 0.860 0.998 0.998 1.000 1.000
0.6 0.319 0.332 0.949 0.945 ~ 1,000 1.000
0.8 0.102 0.106 0.776 0.777 1.000 1.000
1.0 0.057 0.056 0.586 0.596 1.000 1.000
1.2 0.092 0.093 0.573 0.583 0.992 0.994
1.4 0.156 0.158 0.619 0.606 0.994 0.993
1.6 0.262 0.273 0.681 0.675 0.981 0.982
1.8 0.445 ~0.451 0.750 0.746 0.985 0.983
2.5 0.842 0.867 0.911 0.912 0.987 0.988
3.2 0.971 0.972 0.989 0.991 0.997 0.997
Table B4a. Simulated power functions of Q and L-tests for m = 10, n = 12,

a = .05, simulations = 1000, By = 0.0, Gl = 1.0.

Power of the Tests
g, Q L Q L Q L
My = 0.0 Hy = 1.00 My = 2.00

0.2 0.996 0.995 1.000 1.000 1.000 1.000
0.4 0.713 0.705 0.978 0.976 1.000 1.000
0.6 0.269 0.262 0.819 0.801 1.000 1.000
0.8 0.081 0.072 0.611 0.613 0.991 0.992
1.0 0.042 0.041 0.477 0.488 0.965 0.976
1.2 0.066 0.071 0.415 ©0.425 0.950 0.960
1.4 0.110 0.132 0.410 0.420 0.919 0.929
1.6 0.188 0.208 0.475 0.489 0.906 0.914
1.8 0.292 0.327 0.522 0.535 0.921 0.919
2.5 0.651 0.692 0.770 0.794 0.944 0.944
3.2 0.879 0.905 0.911 0.933 0.968 0.973
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Table B4h, Simulated power functions of Q and L-tests for m = 10, n = 12,
a = .01, simulations = 1000, My = 0.0, o, = 1.0

Power of the Tests
9, Q L Q L Q L

u2 = 0.0 u2 = 1.00 u2 = 2.00

0.2 0.980 0.982 1.000 1.000 1.000 1.000
0.4 0. 449 0.452 0.923 0.912 1.000 1.000
0.6 0.074 0.076 0.571 0.571 0.998 0.998
0.8 0.021 0.017 0.324 0.335 0.959 0.963
1.0 0.010 0.011 0.220 0.227 0.853 0.872
1.2 0.016 0.019 0.174 0.188 0.772 0.801
1.4 0.028 0.031 0.183 0.188 0.727 0.741
1.6 0.041 0.051 0.223 0.230 0.720 0.724
1.8 0.095 0.114 0.253 0.261 0.702 0.709
2.5 0.316 0.361 0.504 0.534 0.787 0.782
3.2 0.651 0.702 0.684 0.729 0.854 0.866
3.9 0.824 0.868 0.854 0.888 0.921 0.936
4.6 0.910 0.938 0.948 0.960 0.959 0.972
Table B5. Simulated power functions of Q and L-tests for m = 10, n = 15,
a = .05, simulations = 1000, u, = 0.0, o, = 1.0.

Power of the Tests
oy Q L Q L Q L

By = 0.0 My = 1.00 Hy = 2.00

0.2 0.999 0.999 1.000 1.000 1.000 1.000
0.4 0.785 0.763 0.984 0.980 1.000 1.000
0.6 0.310 0.282 0.877 0.867 1.000 1.000
0.8 0.104 0.094 0.674 0.661 0.995 0.995
1.0 0.047 0.044 0.516 0.523 0.986 0.988
1.2 0.066 0.078 0.466 0.474 0.961 0.970
1.4 0.102 0.119 0.452 0.465 0.948 0.955
1.6 0.174 0.204 0.515 0.538 0.920 0.928
1.8 0.289 0.349 0.561 0.577 0.924 0.927
2.5 0.655 0.726 0.774 0.804 0.952 0.956
3.2 0.950 0.979 0.981

0.868 0.918 0.930
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Table B6. Simulated power functions of O and L-tests for m = 12, n = 15,

¢ = .05, simulations = 1000, My = 0.0, 0 = 1.0.

Power of the Tests

02 Q L Q L Q L
My = 0.0 My = 1.00 My, = 2.00
0.2 1.000 1.000 1.000 1.000 1.000 1.000
0.4 0.835 0.837 0.995 0.992 1.000 1.000
0.6 0.327 0.321 0.904 0.900 1.000 1.000
0.8 0.105 0.098 0.732 0.733 0.999 1.000
1.0 0.044 0.041 0.573 0.586 0.996 0.996
1.2 0.079 0.084 0.520 0.530 0.983 0.988
1.4 0.118 0.135 0.524 0.529 0.968 0.968
1.6 0.227 0.263 0.576 0.572 0.961 0.963
1.8 0.358 0.395 0.681 0.686 0.966 0.968
2.5 0.761 1 0.798 0.878 0.890 0.981 0.980
3.2 0.928 0.945 0.967 0.970 0.998 0.998

Table B7. Simulated power functions of Q and L-tests for m = 15, n = 30,

¢ = .05, simulations = 1000, ul = 0.0, o, = 1.0.

Power of the Tests

o, Q L Q L Q E
M, = 0.0 M, = 1.00 M, = 2.00
0.2 1.000 1.000 1.000 1.000 1.000 1.000
0.4 0.948 0.938 1.000 1.000 1.000 1.000
0.6 0.536 0.494 0.990 0.987 1.000 1.000
0.8 0.144 0.123 0.904 0.899 1.000 1.000
1.0 0.053 0.057 0.790 0.791 1.000 1.000
1.2 0.073 0.081 0.698 0.710 1.000 1.000
1.4 0.180 0.218 0.717 0.731 0.996 0.996
1.6 0.282 0.354 0.752 0.761 0.997 0.997
1.8 0.515 0.584 0.816 0.834 0.996 0.996
2.5 0.922 0.949 0.971 0.981 0.998 0.999
3.2 0.993 0.998 0.999 0.990 1.000 1.000
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Table B8a. Simulated power functions of Q and L-tests for m = 12, n = 10,

o = .05, simulations = 1000, v = 0.0, Ul = 1.0.

Power of the Tests

g 2 A Q L Q L Q L

My = 0.0 u, = 1.00 M, = 2.00
0.2 0.993 0.995 1.000 1.000 1.000 1.000
0.4 0.616 0.660 0.977 0.975 1.000 1.000
0.6 0.224 0.243 0.782 0.785 1.000 1.000
0.8 0.067 0.075 0.594 0.603 0.991 0.994
1.0 0.046 0.043 0.443 0.463 0.963 . 0.967
1.2 0.065 0.064 0.422 0.418 0.955 0.962
1.4 0.127 0.120 0.456 0.441 0.938 0.938
1.6 0.226 0.219 - 0.528 0.506 0.926 0.916
1.8 {)..351. 0.347 0.588 0.566 0.922 0.912
2.5 0.704 0.697 0.820 0.812 0.950 0.946
3.2 0.896 0.897 0.940 0.942 0.976 0.974

Table B8b. Simulated power functions of Q and L-tests for m = 12, n = 10,
o = .01, simulations = 1000, My = 0.0, oy = 1.0.

Power of the Tests

o, Q L Q L Q L
W, = 0.0 Hy = 1.00 Hy = 2.00
0.2 0.958 0.972 0.999 0.999 1.000 1.000
0.4 0.329 0.374 0.882 0.884 ~ 1.000 1.000
0.6 0.060 0.072 0.528 0.535 0.997 0.997
0.8 0.013 0.017 0.298 0.316 0.948 0.962
1.0 0.008 0.006 0.235 0.250 0.864 " 0.887
1:2 0.013 0.011 0.192 0.204 0.801 0.824
1.4 0.032 0.032 0.224 0.214 0.770 0.777
1.6 0.056 0.054 0.274 0.263 0.754 0.749
1.8 0.121 0.125 0.319 0.291 0.755 0.735
2.5 0.424 0.427 0.574 0.569 0.826 0.815
3.2 0.745 0.751 0.782 0.780 0.904 0.893
3.9 0.898 0.906 0.910 0.912 0.938 0.938
4.6 0.951 0.954 0.966 0.964 0.975 0.976
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Table B9, Simulated power functions of Q and L-tests for m = 15, n = 10,
o = .05, simulations = 1000, ul = 0.0, Ul = 1.0.

Power of the Tests
9, Q L Q L Q L

Hy = 0.0 By = 1.00 By = 2.00

0.2 0.996 0.998 1.000 1.000 1.000 1.000
0.4 0.659 0.738 0.985 © 0.984 1.000 1.000
0.6 0.207 0:257 0.832 0.840 1.000 1.000
0.8 0.078 0.087 0.618 0.641 0.995 0.997
1.0 0.043 0.047 0.522 0.530 0.983 0.986
12 0.069 0.066 0.521 0.520 0.971 0.973
1.4 0.154 0.137 0.527 0.503 0.956 0.953
1.6 0.264 0.231 0.608 0.577 0.942 0.937
1.8 0.413 0.376 0.658 0.628 0.946 0.931
2.5 0.777 0.761 0.872 0.861 0.975 0.965
3.2 0.953 0.949 0.965 0.959 0.983 0.979
Table B10. Simulated power functions of Q and L-tests for m = 15, n = 12,
a = .05, simulations = 1000, My < 0.0, o = 1.0

Power of the Tests
9y Q L Q L Q L

Hy = 0.0 My = 1.00 Hy = 2.00

0.2 1.000 1.000 1.000 1.000 1.000 1.000
0.4 0.766 0.806 0.995 0.995 1.000 1.000
0.6 0.275 0.303 0.879 0.879 1.000 1.000
0.8 0.095 0.106 0.700 0.723 0.998 0.999
1.0 0.054 0.056 0.559 0.572 0.994 0.996
1.2 0.089 0.089 0.536 0.537 0.987 0.989
1.4 0.149 0.137 0.554 0.546 0.971 0.971
1.6 0.287 0.279 0.632 0.612 0.972 0.968
1.8 0.429 0.425 0.720 0.704 0.969 0.965
2.5 0.842 0.839 0.912 0.904 0.986 0.987
3.2 0.952 0.951 0.970 0.967 0.994 0.992
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Table B1l. Simulated power functions of @ and L-tests for m = 30, n = 15,

a = .05, simulations = 1000, Hy = 0.0, o, = 1.0.

Power of the Tests

02 Q L Q L Q L
My = 0.0 Hy = 1.00 My = 2.00

0.2 1.000 1.000 1.000 1.000 1.000 1.000
0.4 0.907 0.933 1.000 1.000 1.000 1.000
0.6 0.393 0.455 0.987 0.989 . 1.000 1.000
0.8 0.090 0.104 0.872 0.889 1.000 1.000
1.0 0.045 0.046 0.783 0.788 1.000 1.000
1.2 0.099 0.081 0.752 0.739 0.998 0.998
1.4 0.295 0.264 0.786 0.764 0.999 1.000
1.6 0.476 0.434 0.851 0.819 0.999 0.999
1.8 0.667 0.627 0.878 0.855 0.998 0.997
2.5 0.960 " 0.951 0.986 0.979 0.998 0.998
3.2 0.997 0.995 0.996 0.996 0.999 0.999

Table Bl2a. Simulated power functions of Q and L-tests for m = 10, n = 12,

o = .05, simulations = 1000, M = 0.0, 9 = 2.0,

Power of the Tests

02 Q L Q L Q L Q L
Hy = 0.0 u2 = 0.25 . My = 0.75 u2 = 1.50
0.2 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
0.4 0.997 0.997 ° 0.991 0.991 0.997 0.997 1.000 1.000
0.6 0.924 0.918 0.924 0.924 0.944 0.943 0.990 0.986
0.8 0.733 0.716 0.721 0.711 0.811 0.808 0.936 0.924
1.0 0.440 0.435 0.468 0.460 0.589 0.574 0.837 0.821
1.2 0.241 0.233 0.261 0.249 0.355 0.352 0.669 0.647
1.4 0.136 0.129 0.160 0.143 0.210 0.202 0.520 0.508
1.6 0.082 0.078 0.075  0.071 0.149 0.147 0.399 0.394
1.8 0.057 0.052 0.068 0.067 0.119 0.115 0. 320 0.323
2.5 0.076 0.084 0.074 0.084 0.105 0.111 0.274 0.279
3.2 0.200 0.221 0.170 0.194 0.208 0.227 0.346 0.349
3.9 0. 343 0.387 0.343 0.385 0.422 0.465 0.483 0.516
4.6 0.555 0.604 0:552 0.607 0.578 0.625 0.627 0.662




Table B12b. Simulated power functions of Q and L~tests for m = 10, n = 12,
a = .01, simulations 1000, ul = 0.0, o, = 2.0.
Power of the Tests
9, Q L Q L Q L Q L
By 0.0 uz = 0,25 Hy = 0.75 U, = 1.50
0.2 1.000 1.000 0.999 0.999 0.999 0.999 1.000 1.000
0.4 0.974 0.974 0.973 0.971 0.986 0.987 0.999 0.999
0.6 0.767 0.771 0.767 0.778 0.838 0.831 0.958 0.952
0.8 0.450 0.456 0.431 0.441 0.548 0.538 0.810 0.788
1.0 0.202 0.201 0.205 0.206 0.323 0.307 0.597 0.570,
1.2 0.090 0.086 0.093 0.090 0.150 0.133 0.404 0.380
1.4 0.034 - 0.034 0.054 0.051 0.070 0.064 0.243 0.239
1.6 0.021 0.018 0.016 0.014 0.046 0.041 0.173 0.171
1.8 0.013 0.014 0.008 0.008 0.030 0.029 0.115 0.114
2.5 0.020 0.023 0.018 0.017 0.027 0.028 0.100 0.102
3.2 0.059 0.068 0.042 0.054 0.065 0.070 0.135 0.139
3.9 0.114 0.145 0.116 0.140 0.170 0.197 0.218 0.228
4.6 0.247 0.291 0.244 0.300 0.262 0.317 0.320 0.347
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Figure Bla. POWER OF Q-TEST AND L-TEST
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Figure Blb. POWER OF Q-TEST AND L-TEST
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Figure B2a. POWER OF Q-TEST AND L-TEST
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Figure B2p. POWER OF Q-TEST AND L-TEST
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Figure B4h.  POWER OF Q-TEST AND L-TEST
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Figure B6. POWER OF Q-TEST AND L-TEST
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Figure B7. POWER OF Q-TEST AND L-TEST

49

m = 15, n = 30, simulations = 1000, o =
ul = 0.0, Gl = 1.0
. 80
o—m Power of Q-test vs 02 at uz = 0.0
.60 +—+ Power ol L-test vs d, at u, = 0.0
&—=+ Power of Q-test vs 02 at u2 = 1.0
.40
»—x Power of L-test vs 02 at u2 = 1.0
¢—+ Power of Q-test vs o, at u, = 2.0
2 2
. 20
»—» Power of L-test vs 02 at u2 = 2.0
. 00+
£01
6
40
20
[ = = 7 § T T T T = e
0. Qg D.u4G 0.60 L.20 . B0 2.00 2. 40 2.80 5.4

3.60



POMER

)

Figure B8a.

POWER OF Q-TEST

AND L-TEST

50

m= 12, n = 10, simulations = 1000, a = .05
s, M1 T 0.0, Ul = 1.0
s—a Power of Q-test vs 9 at My = 0.0
.60
r—4 Power of L-test vs ) at p, = 0.0
a—+ Power of Q-test vs g, at u, = 1.0
.40 ' 2 2 )
»—x Power of L-test vs ) at §i,; = 1.0
50 e—e¢ Power of Q-test vs 2 at by = 2.0
»—x Power of L-test vs 5 at Hy = 2.0
LG9
.56
B60-
.11U1|
.20
ca T T T T T : ;
G.02 0.40 g.580 1.20 £ 2.4Ju 2.ud .50 3 24



POWE R

c

(@]

. 804

W40

201

s Fi

RO}

Figure B8b. POWER OF Q-TEST AND L-TEST

12, n =

Power
Power
Power
Power

Power

Power

=1.0

of Q-test
of L-test
of Q-test
of L-test
of Q-test

of L-test

10, simulations

Vs

Vs

Vs

vs

vs

at

at

at

1000, o = .01

0.0

0.0.

1.0

1.0

51




52

Figure B9. POWER OF Q-TEST AND L-TEST
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Figure Bl1l. POWER OF Q-TEST AND L-TEST
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0052 Fr=y
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0054 IF(1=1) 141,42

0055 1 5523 =72.D0
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2057 G 1O 3

20583 2 SX=5X+YFL

0959 S501  =6503 4+ ({FN=YFL=-SX)*{FNeYFL=-5X))/DJJ

0060 3 0JJd=NJJ+FN+FY :

0061 9 CONTINUE

0v62 $511=5593 .

0063 XPAP=5X
< = GFNEPATES NNRMAL RAMGOM DEVIATES AND COMPUTES SUM OF SQUARES IN SECOND #
c ® SAMPLE AND PNOLED SUM OF SQUARES. *

0364 D7 L1 K=sl,.22 :

025 R=m ]

DRELY Fiy=h

\Joh-’ YF['—'”‘“V‘IxIlJIIS'IH)

9363 SX=SX+YrL

0049 SSU3 =557 . +#LIFN=YFL-SX)*[FMN*YFL-SX})/DJJ

€79 DJI=DJJ+=HeRn

2071 Jd=J+1 :

0C72 FJ=J -

oc73 [FlJd=1)4+4,5

2074 4 $532=0.00

9875 SY=YFL

2976 GO TO 6

Q977 5 SY=SY+YFL c

0073 $502=8812+ L{FJ=YFL=SY})= (S VYFL=-SY))/Cdd

01723 6 CJI=CUJ+FI+FY

0cB8o 11 CoATINMUE

0on1 XBAR=XRAR/PN]

0032 YRAR=SY /P2

0u43 MEANL(ITIT1)=MEANLITT, IT])+X 34

J3%4 MEAM2(TI,ITI)=MEati2(1T,T11)+Y3AR

qoas VARLEITS 1T I)=VARITIT, ITI345591

0036 VAR2U11 4J11)=VAR24T1,111)+5522
c * CMMPUTES Q STATISTIC. *

QCR’? FMN=(535Q2%DF1)/(55Q17DF2)
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FORI2ANM v 5 LEvIL 21 MAIN LATE = 16357 23121724

00%a CALL FSUMTE ML, NDEZ,MNNRL, BP2013)
JgiHs PEEEES I e T [
BN Ma=2 G4
Jon1 TRIGMN L. .5) HAN=2 . TP%A
092 TMM =YL AR =N T ) OSOF TUPL-(SSI1#5S 320/ (FA*PNLI=PN2) )
a5 PROB=TPRRGA (TN )
(o]0 [ IF{T4R,GT,04) PENY=],-P204
Jous PR Yi=2,%2277
G = OUHTOKS FUR ANGHMENTS AF LG VALUZS. *
00%4h [FIHYNG LFUel)  H¥M= 1 E=29
07 IF(PRR LML 0.)) P2JH=,1F=20
2073 CMN==2, DLOGI 221 )=2 . =0LUS (il )
c COMPLTZS # F SEJEATITIS 715 3 STATISTIC FNROALPHA .55 AND .01, ®
Q059 TR(OMNLGTLCI5AMT) INONTYI=ICONTL+1
o100 IFIOAN,GEL,CISNR2) ICONT3=I00NT3+1
C * CO4PYTE=S  LR= STATISTIC. *
2101 : $SOL=S5QL/ N1
0122 S802=88q2 /92
0103 SSNI=88Q1==PK}
014 §S72=55732 :+pK2
D135 5S03=55n3 /P
0106 S$SN3=5503=x*PL 2
T LAABOA =§801+SSN2/5803
C * COMPUTZIS # OF REJICTINNS OF LR= STATISTIC FNOR ALPHA .05 AND .0l *
0103 IF(LA~ANA, (S LaMDA) ICONT2=ICONT2+]
01us - IFILAMIOA  LE. PLAMDA) ICOMNT4=ICINT4&+]
o110 19 CHATINUE
0111 PCONTL=ICCHNTL
0112 PCCHT2=1CONT2
0113 PCONT3=ICOAT3
0114 PCONT4=1CONTS
G ® COMPUTCS PELATIVE FREQUENCY OF REJECTIONS OF 0 AND L¥=- STATISTICS. *
0115 PN=2COMNTL/ PRI PS :
oll6 PLP=PCOMT2/PEPS
0117 PQ2=PLONMT3/PREPS
0118 2LR2=PCNTSL /PREPS
G119 * PLNTHLII 1) =I5
Ja120 PLOT(I1,2%111)=29
o121 CPLOT(IT,2:111+L)=PLR
2122 PLOTL{TII 1)=IS
0123 PLUTLIIT,2*111)=PQ2
0124 PLAOTI(I1,2=111+1)=2LR2 -
0125 1S=15+521 ]
0126 IF(T1S.GT.S2GT) IS=IS+S211
2127 22 CONTIMNYE
2123 MULTII)=IM
2129 IM=TM+(I11=421)
013) 23 CORTINUS
c = PRINTS PWER JF ) AND LP- TESTS FOR ALPHA ,05. *
0131 ARIT={A,102) MU
Gl32 122 FORMAT(L P, 05X, 'SIGMA 2" 3 %44( " 40 2= ,F5,.2,10X))
0133 N 24 1=1,L
013 COWRITE(G,239) (PLIT(I,J),J=1,9)
0135 2030 FORMAT(Y 1, 9F10.%)
C w WRITES PJw=R PILNTS CM DISK FNR PLCTTING PURPISES, *
2136 WRITS(LL) (PLOT(T 4d) od=1s9) o (PLOTL(L4Jd) 3Jd=1,9)
0137 2% CONTINUE

0138 s WRITE(6,104%)



FORT2AN IV G
0139

01449
0l4l

0142
0143
Ol44
0145

0l46
0la7
01«8
0149
ol1%)
0151
als?
0153
0154

0155
0156
0157
0158
0159
0160
o161
0152
0163
0164

FOPTRAN IV G

0091
Q332
29093
0034
0005
0024
0JI7
0303
069
0010.

L=V

1u4
C

133

135

25

51

OO

201

222

203
52

LEVEL

¢

Jl MATH OATT = (6357 23721727
EORUATILALST)

* oy ITFS  HEADITNGS I PYWEP FIPILTION T-"LF.

WATT g 12 )L M2 AL PHAZ  MLEDS, LANTAZ, T 189

FoadaT (e -'|"=I,Il.ﬂ¥,'V='.I3,WK.'AL?H$='1F#.?,ﬁ3"ACPLICATIUﬁS="
1T4+64% s V0 ITICAL LAMBOA="  FHa 344K, "CHISOUARE =1 ,F 8. 4)

WeITE(h,105)

FUTANTL/S)

WRITE(H,10L) 5

WRITE(A,122) MU

* 02 INTS 2094 P 1= ) ANT L= TESTS FUP ALPHA L,Ol.

nn 25 I=1,L

WRITE(G 200) (PLOTL(T,d)0d=142)

N St T1l=1,4%

N 51 Il=1,1L

HEARLOTTLITE)=HZANLOIT, 111} /2528

MEAMI (LI, TII)=HEAN2( 1L, 111)/PREPS

VARIUIT o117)=NSART{VARL(II, 111}/ (DFL=*PREPS}} ’
VARZ2(UTTILITII=0SORTIVARZITILITI) /A{DF2%PEFPS))

CONTINUE

« PRINTS MZAN AND STD, DEVIATIONS 0OF NORMAL RANDODM DEVIATES F2R VAR JOUS
= COMAINATIONS 0F YEAN AND VARIANCES OF Twn RORMAL PIPULATIOUNS.
WRITZ(E4201)

FORMAT{*1®, "SAHMPLE #1' 49X,"SAMOLE A2t

Nno 52 I=1|L

WRITE(6,202) (MEANLI(I,J),J= lv4lrl*LANZlI;J}sJ 1,4)
FORAATIL/LXY s "MEAN 3 4F 10044 10Xy4F10e4)

WRITE(6 203 ) IVARL{T 4 U )y d=1y4 ) (VAR2(I4J)sd=1,4)

FORMAT(® '3 STD'44F1l0e% 10X 4F104%)

CONTINUE :

STOP

END

21 MA TN DATE = 76357 23727725

# THIS FUNCTIOH GENCRATES MNORMAL RANDOM DEVIATES.
REAL FUNCTION DEV=A(IX,IJ.5 M) A
REAL=8 SyM,YTL,DFLIAT

YFL=0.000

09 1 I=1,12

IX=IX*(5539

1J=1J2262147

YFL=YFL#DFLOAT(IX+1J)

DEV=(YFL¥ .23283065~9)%5+M

RETURN

END

60

*
*



FIRTIAM IV G LEVEL 7] Al TATE = To3L7T 2327726

C * THIS SUAFOUT INT CUHPNTTS U2PTR Tall ARCAS JF F= =ANDGM VARTAALD

001 S120UTIME FSUA(FeJ X FPRIR)

J3i2 THELICIT t7al Rl V=, 7=7)

2003 I517.6GY 216060 T 11163

VIV I XA=.5+]

ans XR=,5%%

006 TeEmP=ydeX 2l

JU07 XA=XA~F JTEMP

00018 Fp2af=1.,9

2399 IF{F llNaUedeNR.XKaLELDO) 5 T L1986

o019 Xo=¥n/1EMp

0011 A2=XA+XB

0012 ClN=0.

0013 GN=1.

0014 IF(FaGlal.D) GG TN 11120

ocls TzHM2=XA

0J16 A=XR

ACL7 XaA=T=w~p

JO1R TEMa=X"

J019 XC=XX

0oN240 XX=TEMP

3221 CNN=1,

2022 SGN==-1,

2023 11120 T2P=Aa8

0J2% BNT=XH+]1,

0025 XSu4=1,

QAc2é TERM=1,

0027 11120 TEMP=XSUM

0928 TERM=TERN* (TAOP/ROT ) :XC

0029 XSUA=XSUM+TERM

023) TOP=TUP+].

0031 BIOT=RJT+l.

0032 TF{XSUM.GTL.TEMP) GO TO 11130

0033 FPRO3=CUN+S GNEDEZXPIXA*DLIGI XX )+X3*DLIGI XC)+DLGAMA(AB ) -ILGAMA( XA)
1-DLGaAMA(X3) )=XSUM/XB

0034 GS TD 1%86

0035 11199 FPO3=0.0

VKT IF(X.,EQ.1 ) FPROA=1,E50

0037 1985 RETU2AM

0038 . END

FORTRAN IV G LEVEL 21 MA LN NATE = 76357 23/27/26
C * THIS SU2RJUTIN= CNMPUTFES LOWER TAIL ARFEAS OF T- RAND2M VARIA3LE.

0971 REAL FUNITIGY TPRM=3(T,0F)

0092 IMPLICIT REAL=R(A-H,C=1)

0003 INTEGFR DF

0334 . B=DARS(T)

2075 X=H%[1,-e25/0F)/DSQ®T(1.+2&R/(2.%0F))

DN TPROA=] ¢ d00-5.00=1/ (102044 .985734T0=2"X+2,11410301" =2+ XX
14#3.27762630=-32X2%234+3,800360-5"X*%4+4, 389060 =-5% x*=2+5,I230-peXs%xg)
2=%16

2337 IF(T.LT.3D) TPROB=1,.,-TPPNAR

J008 RETURN

0009 EMD
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APPENDIX C

COMPARISON OF THE ACCEPTANCE
REGIONS OF THE TWO TESTS

A copy of the computer simulation program that generates pairs
of (T,F) values determining the boundary curves of the acceptance regions
of the Q- and the L-tests is given at the end of this Appendix.

The acceptance regions of the two tests and two sets of (T,F)

values ( < 100 pairs in each set) for ¢ = .05 and (m,n) = (10,10),
(10,12), and (12,10) are plotted in Figures Cl3a, Cl4a, and Cl5a, re-
spectively. Corresponding pictures for o = .01 are in Figures Cl13b,
Cl4b, and Cl5b, respectively. These graphs indicate that for equal
sample sizes the acceptance regions of both the tesﬁs are almost similar.
Switch occurs in the sizes of acceptance regions upon interchénging

the sample sizes.
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Figure Cl13a. ACCEPTAWCE REGIONS OF Q-TEST AND L-TEST

% F vs T for uz = -1.0, 02 = 1.0

2

—p F vs T for Q-test :

— F vs T for L-test = i o s
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Figure C13b. ACCEPTANCE REGCIONS OF Q-TEST AND L-TEST

m= 10, n = 10, ¢ = .01
= 0.0, g, = 1.0

1 1
* Fovs T tor o, =-1.0, ag = L0 S
e Fvs T for uy, =1.0, o, = 2.0 *a

2 2

— F vs T for (-test

— F vs T for L-test

{ o T T
2400 3. g
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F vs T for u

F vs

F vs

ACCEPTANCE REGIONS OF Q-TEST AND L-TEST

2:

-1.0, ©

T for Q-test

T for L-test

2

= 1.0
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Figure Cl4b. ACCEPTANCE REGIONS OF Q-TEST AND L-TEST

m=10, n =12, a = .01

13.s0, 1 1
12.00 u F \;5 T fOI.' u2 = -1-0, 02 = 1.0
{ & Fwvs T for uy = 1.0, o, = 2.0 . .
10.501 _p- F vs T for Q-test
j (N T for L-test
9. 001
7.501
6.0
4. 504 .
3. 001 T,
e
1-50'
U-IUS' T T v T = T -=[ T T - ~ T — - 7: - —_—— S
-5.00  -4700 -3.00 -2.00 -1.00 000 1.G0  2.00  3.00 4.00 5.0
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Figure Cl5a. ACCEPTANCE REGIONS OF Q-TEST AND L-TEST

m= 12, n = 10, a = ,05

W = 0.0, g, = 1.0 3, .

00 .
1 _ o o , .
x Fvs T for Hy = 1.0, g, 1.0 -
S for u, = 1.0 =2.0 °
e Fwvs T oruz— .,_02— -0
—p F vs T for Q-test ' E
. 034 :
—— Fvs T for L-test . . *
. 001

. GO

. CGA

. CO

. 00

004
U
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Figure C15b. ACCEPTANCE REGIONS OF Q-TEST AND L-TEST

. F vs T for Hy = -1.0, 0, = 1.0
e F vs T for u2 = 1.0, 02 = 2.0 -
* =

- F vs T for Q-test %

—— F vs T for L-test

T
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FOPTRAN [V G LFVTL 21 MATH DATE = Ta0NT 19/21/132
& 2 OTHIS ProoGhfd GEUIEEATES TA4 ) 5-TS5 0F PAL-S 7 [T1,F) VALYES THAT OpTeid) =
C * Tell ROUNCLEY GQURVES NF THE ACCCPTANCE FEGICNS iF THE Q=TZ5T 4ND L=-T-ST=
C = (0T TESTT N SOMALITY GF e AMS A0 VAT IAMGCES OF TW.d S I2MAL PA2JLAT T8 )=
e = A AT U TE TS {(Te ) WAL b5 LWL i GEUIETATEL I TACH SET. >
C SOSIGRIFICAMCS LEVTL ov) Sade D SIAD3 31 ARD w2 ARe SPECIFTEN. IM ADND - =
C  TIO, TwE SETS OF HUMORED PALRS IR [ T,F) VALLFS AF= GEMERATEN: PAIRED =
G A AT ,F) VALUSS T | SaCH SET AR CUMPUTED Fes SAMPL=S 2= H02\) GIVIATES
it = GIMESATEG FEeH IR#an PToULATION »{dy 1) AND THS MTAN AM) VAT ANCE OF *
c ® THE SECOMN NORYAL POPJILAT [N COJLD 82 SPECIFIEL. =
0091 I¥PLICIT a-20%8 {A=-H,C=/)
29922 QAEAL®3 LAMTALAT (1200 ,A7(133D)
0003 REAL:S ™1 INM140151,142,152
L # RZADS SAYPLE SIZ:S, CRITICAL VALUE GF L-STATISTIC, ALPHA LEVEL, MEAN *
C * AND VARTIANCF SOCOIFICATINHS FOR NORMAL PORPUYLATICONS ETCasees =
ugna PEADIS 3999 ) NLpH2,LAMy LPRAZIX TJe M1y S Lo IVl ISLe 124 IS24FINC.FCy
177,
0395 999 FOPYMATI213,F242, T12:1X, 016, 1X,01941X,8F4.2,F2.2,2F2.0)
JJ36 CHISNF=9,4277
J307 IFILPHIEN. 1) CHISOR=13.277
00CA ALPHA=LPHA#®,91
< = SCHD W THE VAXTABLES REAC INH. &
000s WETTT(64.10) NLyN2,ALPHALAMDA ZCHISQR yIX s I JeTINCHFC,TC
0010 10 FORMATIY ¥, 0=t (T3 4X,0N=9, 13,4, "ALPHA= " F4,2 4%,y 'LAMSDNA=Y ,F5, 3,
14X, "CHISQUARZ=Y ,F6, 342X, "IX=9,19,2X,01J=",145/L X420X,'F [NOAEMENT=0
2yF0a242XKy"F TRUNCATE="yF6a242Xs'T TRUNCATE=1,F8,.2)
ocl1 NSIZE=N1+K2 .
0012 PL=MSIZE
0GL3 PL2=PL/?.
Q014 EHEELS ]
0015 PR1=PMN1/2,
0gls PM2=H2
0317 PK2=PN2/2,
ocis LAMDA=LAMDAR®PLZ
0019 NDFi=N1=-1
0022 NDF2=N2-1
0021 NDF3=NSIZcC-2
wdz? NF1=MDF1
0023 DF2=NNF2
0024 DF3=NDF3
00?5 PL=PLwx0l 2
0026 PNl=PN1**PK]
g027 PN2=P2¥+wPK 2
0028 C=PM1=PNZ=L A"IDA
0029 FINC2=2 ,%FINC ) 2
c * NEWTON-RAPHSON TECHNIGCUE CF FINODING ROOTS FOLLIWS TO DETERMINE CORRES- =
c * PONNING VALUES OF T FOx EACH VALUE TF F THAT DETERMINE THE BOUNDARY o
C = LURVF OF THEL ACCEPTAMCE REGIDON NF Q-TEST, *
0330 WARITE(6,1)
0031 1 FORMAT(//1 X " Q-TESTI//1X 45X " F'39X,*'T")
0932 ICCUNT=D
' C %* F=VALUL 1S INITIALIZED. *
0023 F¥N=1.000
0034 DA 79 I=1,2
2035 IF [1.EQ.2) THAX=AT (I1CCUNT)
00306 IF {1.570.2) FMAX=AF(ICOUNT)
0037 IF‘[-FQ-?' FMh=43
0038 CALL FSUS(FMN,NOF2,NDFl,FPRCB)

0639 GMN=]1,-FPRCR



FURTEAM

Ua4d
0041
0042
93943
D3C4%
J045
3046
0C%7
0048
2C49
305D
23051
aG6s2
V353
nnss
0055
2336
o037
QORBA
0059
0CGI
uhnl
00A2
00&3
00h4
0055 .
Q066
0067
ocLa
0069
Qc7¢8
0uTl
0ovr2
Q073
J0T4
ag7s
[ Evir g
D077
al78

0C7s

0039
00”1
.J082

oces
0084
2085
0036
Q0137
0ars
0GRS

0Cso

v 6 LENTL

C o

[aNeNa

39

)

50

51

62

63

70

o “ATH
Hl= 2 m G o

TFLGNGGT . 05) HAN=2 . $FPRTY
hE- e |
Ptz TOE D { T, M0ER)

EROu=2.¢{]1.-FKi'3)

T QA" LS o 0.4)) HMN=_,1E=-24
IF{rs0halza0,.0) PROB=,12-27
FT=CHISOT# 2., DLCGIHMEY+2,DLTGIPRA)
IF{FT) 50,50,40

T=T+,5

G0N TN 3N

CALL FRUR{FMN NDNF24KNFL1,FPROJY
GY¥N=] ., —FP2NY

HYh= 2 g GMN

TFIGMNGGEL.5) HMN=2 ,#FpPRIR
IF(HMNLF. 0. 0) HMN=,.1E=-20
IF[RPFO0R.LE«CeD) PROB=,1E-29
FT=CHISCR+2 .=CLOGIHMN)+2.=DLOG(PRIB)
NET=2,/PE0R

TYR=T+FT/DFT

TFITHMN) T0,51,51
AROR=TPEOS ( THN,MOF3)
PRO3=22. 51 .=PEMNRE)

IF(HMN, LE.0.D) HMN=,1£-20
IF{P2R.LE.0.0) PROB=,1E-20
FT=CHISArR+2 . ¥OLGS{HMNI+2  #0LCGIPROIY
IF{UARS{ TMN=T)=,1C-10)63,63,62
T=THN

GO 7D 50 -

ICMINT=ICOUNT+]

AF(TCCUNT J=FMR

AT{ICOUNT) =THR

FMM=FMN+FINC

IF{l.FD.2) FMN=FMN=-FINC2

GO T 20

CONTINUE

FMIN=AF(ICCUNT)
TMIM=AT(ICOUNT)}

- WL05=23
* SUARDUTINE DeL IS CALLED TO SORT AND CHUOSE A MAXIMUM OF TWO HUNDRED OF=

89

¥ PAIRFD {T,F) VALUES,

LAT:

Taind

CALL DUL(AF AT, ICOUNT ¢MNLAG,FYMAL,THAX, FMIN,THINY}

* MNCWTON=-RAPHSON TECHN]QUE OF FINDING FGOTS FOLLCWS TO DETERMINE CORRES=-
¥ PONDIMG VALUES OF T.FOR EACH VALUE OF F THAT DETERMINE THE BGUNDARY
* CURVE OF THE ACCEPTANCE REGION OF L-TEST.

WRITE(6,2)

FORAAT(// /1Ky "LR-TEST //1Xy5X+"F1 49X, 'T ")

ICOUNT=2

* F-VALUE IS INITIALIZED.
Fup=1,.

nn 120 I=1,2

IF (1.E0.,2) TNAX=AT(ICCUNT)
IF {1.EQ.2) FMAX=AF(ICOUNTI]
lF(l.EQ-Z’ F:‘\N=oa

T=.01

15/21/13

FT=Cx({ le#NF2XFMN/DF L) (1.+T =T /JDF3))%%PL2-PLc(1F22FMNSIF] ) 2%PK

12
1F(FT)90,90,100

70

*

#*

* "
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FIAFTFAN JV G LEVEL 21 MATH NDATE = 76357 15/21/13
upsl 90 T=T+.5
a092 GDTY a2
0093 lJp NET=02PL2% ({1 #DF22FANS/OFL) +~PL2)={(1l.+T *7 SfDF3)2+¥(PL2-1.})}%2,.2
1T /DE2
2094 TeN=T=FT/DFT
naes IF{T™MMN) 120, S5, 4B
J0°h A9 FT=0={( 1a+DF2%F I/ OF L) o+ TEUNTHMN/DFA) J = PL2=-PL=(OF2%FMN/DF 1) =%DK
12 "
CCs7 TF{DAHS{TMR-T}I=-,15-10) 119,119,113
0098 113 T=T4n
QLSS G TC 199
0130 119 ICAUMT=ILCULNT+1
01d1 AF{ICNUNT J=FMN
0102 AT{ICTOUNT ) =TMN
0103 Frii=FMr+FTNC
J104 : IFl1.E0.2) FMN=FMN=FINC2 : .
0105 . G2 TD 80
0136 120 CONTINUE
0107 FHIN=AF [ICCUNT)
2108 THMIM=AT(ICCUNT)
0109 NLNG=24
c * SUARRGUTTINE CEL I5 CALLED TO SORT AND CHORSE A MAXIMUM (OF TH0 HUMDRED OF=®
c = PATRED (T.F) VALUES. ®
J110 CALL DELUAF AT, ICOUNT NLOG, FMAX , THAX yFMIN,T 4TI N}
C %* SURRCUTINE CCHMP IS CALLED TO GENERATE RUMINZED PAIKS 2F (T,F) VALUES IN =
C * THE FIRST SET. : *
oill NLECG=11
0112 WRTTE(6,3) MLl.S141IM1,IST
0113 3 FORMAT( /71Xy "Ml 1=y Fba2pAX " SIGMA 157 ,F6.2/1X 4" MU 2=y FHa244X,'51
IGMA 2=V FR 211K 0% VR ,,GX T 1) .
0l14 CALL COMPUIX,TJaNEyN2ZyS14M1 4,181,141 NLOG,FC,TC)
C ® SUARDUTINE CNM2 IS CALLED TO GENERATE HUNDRED PAIRS JF (T4F) VALUES IN *
c * THE SECOND SET. *
0115 NL(G=18 .
0116 WRITE{6 43) M1,S51,1IM2,152
0117 CALL CCMP{IXyTJyNLiN2Z3S1sML 152,142 NLDG,FC,TC)
J118 $T0P

0119 END



FARTRAN IV G LEVEL

0091
2302
0213
p VL
0335
2096
0327
0008
2429
07190
0011
nolz
ocl3
NCcl4
0015
0016
aoL7
2313
0019
0020
0521
nagz2
0023

0024
2025
0026
0Cc27
0028
naza
0030

0031
0032
0033
0634

OO0

c

21 MATE DATE = 76357

TH]S SRS T T F Codl

Hote oW

AND L-TFST.

SLRmITINT CILUAF gAT o 1O THNT o NLIS o F¥AL, THAX, FMIN, TV IN)
MPLICET RTAL S (a=Hy 3=7)
SRl AFLICUUNT ) LATLICCUNT)
PEAL=4 X]1,X2

TRC=T00UNT /100 +.99
IFOICSUNTLELL1UD} INC=] L3
K=0

NG 1 I=1, ICOUNT, INC

L=K+]l

AF{K)}=4F( 1)

AT (RK)}=ATI(1)

CORNTINUE

1=x/2

AF(T) =FMAX

AT(IY=TMAX

AFIKI=FMIN

ATIK)=TNMIN

CELL SNRT(AF AT K)

DI 2 T=1,K

X1l=AF(IY

X2=ATI(T)

WRITE(& ,60) X1.%2

60 FCRMAT(Y *,2F10.4%1

= WRITFS PAIRED (T,F) VALUES ON DISK FOR PLOTTIMG PURPDSES.
WRAITE(NLEG) X1geX2

CONT INUE

DO 3 I=1,4K

J=1-1

X1=AF{K=J)

X2==1.%AT [K=J)

WRITF(6,60) X1.X%X2

% WRITES PAIRED (T,F) VALUES ON DISK FOR PLOTTING PURPOSES.
WRITEINLOG)Y X1 X2

CONTINUE

FETURN

END

157210713
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FNeTaay IV 6 LEVIL 21 AATH NATE =- 76357 15/21/713

C = THIS SUGRTCUTING L4275 UPPEL TAIL AREAS UF F RAMNDDCY VARIAZLE,

0J01 SURANUTING FSUMF  J4K,EPRPLCA)

20u?2 T*PLICIT REALYSLA-H,-7)

n093 [F{F 0T &13GD6)GS T 11199

Judh XA=.%")

0JJ5 A=, S%f

0CI6 THEMo=Xa+X I F

QU0 T XX=XA=F/TRMP

30498 FPiNA=],.3

039 IF(F.LEeda0ORXXeLEL.D.0) GO TO 16986

0ol XC=Xy/TEMP

04511 AR=XL+XR

0912 CUN=0 .

Qacl12 S6M=1.

2914 IF{(F,GC.1.0) GD T2 11120

dcls TF™2=XA

0ols XA=X3

017 X3=TEMP

0018 Torp=XC

Jole XC=XX

090720 XX=TEMP

0021 cCaM=1,

0922 SGN==1.

0023 11120 TAP=AB

0g24% ACT=XRe],

0025 : XSU’-‘-‘-?].-

aczs’ TFR¥=1,

0027 11130 TEM2=XxXSuM

2023 TERM=TERM=(TOP /ROT) *XC

0GC2S XSUM=XSUM+TEFM ’

J030 T0P=T"2rl.

00321 BNT=RCT +1.

0Qgz22 IF(XSUN.GT, TEMP) GN TC 11130

9033 FPRIA=CON+SGN=OCEXP ( XA=DLOG( XX )+ XB3=DLOG( XC)+DLGAMA( AR) =DLGAMA(XA)
1-DLGAMALXB) )= XSUM/XB

0034 GJ TD 19R6

0035 11199 FPRNB=0.0

Q036 - IF(X.EQ.1 ) FPRC3A=L.ESY

0037 1986 RFTUIN

0033 " END

FORTRAN IV G LEVEL 21 . MAIN DATE = 76357 15/721/13

G ¥ THIS SUARRDUTINF COMPUTES LOWER TAIL AREAS OF T RANDCM VAQIABLE.

0001 REAL FUNCTICN TPRTB3=R(T,DF)

0032 IMPLICIT REAL*8{A-H,0~2)

0Co3 INTEGFR DF

0094 B=}ABS(T)

0335 X=2] 1= 25/NF}/OSNFT{1.+3%R/(2.%DF))

0006 TPRAE=1.0D0-5,00-1/{1.00) %4 ,986734TH-2%X+2.11%12)610-2=X=X
1+3,.277620630=3% X"k 3+ 3, R0036D=-52X*e 44, 889000 -57 X705, 353 N=5%L*x%4)
2%%15

0G07 IF(T.LT.0)} TPRCR=1.-TPRCAH

0038 RETUPN

2009 END



FaToan

2091
0352
0Cu?
JUN 4
0025
0Co5
9997
0393
0369
2C10
0011
2012
0013
0014
0015
9016
0017
0013
00158
1023
0021
0022
0023

0024
0025
0026

IV 6 LEVEL

~
~

19

29
39

49

FORTRAN IV G LEVEL

2001
0092
0033
0004
0005
0COA
29207
0008
0CusS
0010

c

21 YA LN DATE = T6357

= THIS SUARAIT IE S50TS PALRED (T,F) VALUDS.
SURRTUTING SOPTLA.3,NRERS)
AEAL*E A(NPIPS)Y A(MREAS),Y1,Y2
I[F (NRZ05,LT.2) RITULN
M=iEPS

I=4

IF (4,6T.15) I=3

J=4/1

M=% {.l

P M=t REPS-M

DN 40 J=1.KM

Yl=A0J+4)

Y2=3{J+M)

Jl=J+1

N 20 TI=1yJd4M

I=J1-11

IF(A(1).GT.YL) GO TN 30
AfrsM)=aAL1)

Afr+4)=8(1)

CONT INUE

1=1-1

AlT+4)=Y1

B(I+4)=Y2

CORTINUE

IF (M.GT.1) GO TO 10
RETURN

END

21 MAIN DATE = 76357

% THIS FUNCTIOIN GENERATES NCRMAL RANDCM DEVIATES.

FEAL FUNCTICN DEV=3(IX,1J+5,M)
REAL*8 SyM,YFL,DFLDAT
YFL=0.0l)

DG 1 I=1,412

IX=1X*£5539

1J=1J%262147
YFL=YFL+DFLOAT(IX+1J]
DEV=(YFL%.,2328306E-9) *5+M
RETURN

END

15721713
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FOFTRAN IV G LEVEL

c
c
c
c
c
1
2
3
9
c
201
c
c
202
c
200

21 MAIN DATE = T6357

& B

® PAPYLATICN CCULD BE SPECIFIEN.

SUIRTUTING COMO{TXy LI elil g N2 oS1 oMLy IS 1M, ALDS,FC,TC)
IMOLICIT REAL*8 {(A-H,0=-2)

RPEAL*B M, IM;I5,¥1

REAL¥4 FMN,TMN,F,T,ABS

F=Ff,

T=1C

PL=H1+N2

PN1=M1

PN2=MN2

DF1=H1-1

(IF2=N2-1

DF3=t1+4N2-2

D9 230 J=1,100

=M1

8=51

L=N1

N3 201 I=1,2

N=0 .

DJJ=0.D0

DO 9 K=1,L

1=N+1

FN=1

# GENEKATES NORMAL RANDOM DEVIATES.
YEL=DEV{IX,IJsS¢eM)

IF(N=1) 141,42

sso =0.D0

SX=YFL

GhH TN 3

SX=3X+YFL )

559 =55Q +({FNEYFL=SX)*(FN=YFL=SX))/DJJ
DIJ=CIJI+FN+FN

CONTINUE )

IF{I.EQ.2) GO TN 201

= COMPUTES SUMS OF SQUARES IN THE FIRST SAMPLE.
$5Q21=55Q

XBAR=SX/PN1

L=N2

M=IM

S=15

CCNTINUE .

* COMPUTES SUMS 0OF SQUARES IN THE SECCND SAMPLE,
§502=550

YBAR=SX/PN2

* COMPUTES T AND F VALUES.

FMM= (SSQ2%NFL)/7(SSQL*DF2)

TMN={YBAR-XBAR) JOSQRT{PL*(SSQL+5532)/(DF3*PNL1=PN2) )
KRITE(S5,202) FMN,TMN

FOGRMATIY *,2Fl0.4)

IF(FMN.GT.F ) GO TO 290

IFTABSIT™N).GT.T ) GO TO 200

* WRITES (T,F) TN DISK FCR PLOTTING PURPNSES,
WRITF(NLOG) FMA,THN

CCNTINUE

FETUFN

END

15721713
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Simulated power functions of Q-test and L-test for testing equality
of N(ul, Ui) and N(UZ’ Ug) were compared. Generally, the parameters of
the first normal population were fixed at “1 = 0.0 and Ui = 1.0 and var-
ious values of Hoy and U% were considered. Both equal and unequal sample
sizes were used: (1) m =n = 10, 12, and 15; (2) (m,n) = (10,12), (10,15),
(12,15), and (15,30): and (3) with interchange of m and n in (2). Sig-
nificance levels of .05 and .0l were used. Acceptance regions of the
two tests were compared for the sample sizes and 0 levels.

For equal sample sizes both tests have almost similar power func-
tions and acceptance regions. However, for unequal sample sizes, the
powers of the two tests differ and switch occurs in their power functions
around Gi/ d% = 1.0, so that no test appears dominating. Similarly,

acceptance regions differ with a switch in their sizes when sample sizes

are unequal.



