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Penkhae Supatsaksakun 2008: Comparison of the Three Multinormality Testing Methods: H, T and
0. Master of Science (Statistics), Major Field: Statistics, Department of Statistics. Thesis Advisor:

Assistant Professor Boonorm Chomtee, Ph.D. 230 pages.

The main objective of this research was to compare type I error and power of the test for the three
multinormality testing methods: H, T, and O, in known and unknown parameters for the three distributions
which were multivariate normal distribution, multivariate lognormal distribution and multivariate student-t
distribution. In the study, simulation technique was used to generate data for 2, 3, and 4 variables (p), for 20,
30, and 50 of sample sizes (n) at 0.05 and 0.10 significant levels (0’.) Each situation was simulated for 1,000

iterations. The results were as follows;

1. For type I error, in conditions of known and unknown parameters, normal distributions datum,
and 2, 3, 4 variables, T statistic was the best method that can controll type I error in every sample sizes, co-
variances, and significant levels. While O statistic can controll type I error when sample sizes equal to 30 and
50 in every co-variances, and significant levels. But H statistic can controll type I error for 2 variables, and

every co-variances at 0.10 significant level.

2. For power of the test, the results were seperated into 2 parts as following: Part I: For known
parameters cases, | statistic was the maximum power of the test for sample sizes equal to 20, every variables,
significant levels and distributions. For lognormal distribution datum, T statistic was not significantly different
from O statistic in term of power of the test for sample sizes equal to 30 and 50, every variables, and
significant levels. In case of student-t distribution datum, O statistic was the maximum power of the test when
the sample sizes equal to 30, 50, and 2 variables. Furthermore, T statistic was not significantly different from
O statistic when considered power of the test for 3, 4 variables, and every significant levels. Part 2: For
unknown parameters cases, T statistic was the maximum power of the test when sample sizes equal to 20,
every variables, significant levels, and distributions. For lognormal distribution datum, O statistic was the
maximum power of the test when sample sizes equal to 30, and T statistic was not significantly different from
O statistic when considered power of the test for sample sizes equal to 50, every variables, and significant
levels, except O statistic was the maximum power of the test for 2 variables, and significant levels equal to
0.05. Finally, for student-t distribution datum, O statistic was the maximum power of the test when sample

sizes equal to 30 and 50, every variables, and significant levels.
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21 -2.362571 -0.782888 0.430371
22 1.714009 -0.055894 -0.631549
23 -0.672493 -0.205110 -0.372728
24 -0.203646 0.611413 -1.570825
25 -0.198767 -0.796494 0.239094
26 1.240275 0.384569 2.308814
27 0.671698 1.136020 0.495279
28 1.704119 0.358825 1.021102
29 0.314310 -0.385502 0.027640
30 -1.046709 -0.161222 0.170505

1 a 4
1. NIANTIVAINITNADTUDINITUINLI

ANNATIUVDINTNATOU AD

9 A a @ Aa 1 A
H0 : Yoyan1ndszrnsnumsienuasdnaaiuads nunawesamae

0 1 03 03
p=0] wazmaIadanulssiusm X =03 1 03
0 03 03 1

] { a o ! J
H, : Yoyalildnnniszannsiimsusnusstnaawdunls ilinaaes

0 1 03 03
Amae p=|0| uazwaiadanuulslsusi X =03 1 0.3
0 03 03 1



ad a o td'
1.1 AEmsnagoumsuanuastnaviareauilsnaue lag J.p. Roystons (H,

= o Y o dy
1983) mmmmmmm%mu

Taei e= = . C=

X 1-W g —u
O (x) = (2n)% jexp(——tzj dt, z = (( ) )
g o
2
W (XZa,v;) _y- PRA
2(v,=V) n
e 21 < n < 2000
x=1In(n) -5
A =0.480385 + 0.318828x - 0.0241665x> + 0.00879701x*
+0.002989646x°

In p=-1.91487 - 1.37888x - 0.04813209x* + 0.1066339x"
-0.03513666x" - 0.01504614x°

In 6 =-3.73538 - 1.015807x - 0.331885x” + 0.1773538x’
-0.01638782x* - 0.03215018x” + 0.003852646x°

111 Seadwudeya Y, = X, mintdesliun

112 Mmuwumadanaaey W, ¥ad Y, Aa9131990 2

41



M319N 2 Laasnsmumadanagey W, v Y,

i Yy 30441 3041 (Y1(3071+1) - Yy ) lei

1 -2.362571 0.4254 1.8863887 5.5817417
2 -1.135648 0.2944 0.9139354 1.2896964
3 -1.046709 0.2487 0.6865906 1.0955997
4 -0.983972 0.2148 0.5774019 0.9682009
5 -0.758605 0.1870 0.3737906 0.5754815
6 -0.672493 0.1630 0.2927413 0.4522468
7 -0.602509 0.1415 0.2280640 0.3630171
8 -0.597081 0.1219 0.1951747 0.3565057
9 -0.592955 0.1036 0.1576424 0.3515956
10 -0.512862 0.0862 0.1138907 0.2630274
11 -0.203646 0.0697 0.0610115 0.0414717
12 -0.198767 0.0537 0.0342347 0.0395083
13 -0.160362 0.0381 0.0208465 0.0257160
14 -0.143135 0.0227 0.0103840 0.0204876
15 0.009759 0.0076 0.0022470 0.0000952
16 0.305413 0.0000 0.0000000 0.0932771
17 0.314310 0.0000 0.0000000 0.0987908
18 0.386791 0.0000 0.0000000 0.1496073
19 0.438751 0.0000 0.0000000 0.1925024
20 0.671698 0.0000 0.0000000 0.4511782
21 0.808376 0.0000 0.0000000 0.6534718
22 0.928690 0.0000 0.0000000 0.8624651
23 1.004024 0.0000 0.0000000 1.0080642
24 1.009251 0.0000 0.0000000 1.0185876
25 1.123466 0.0000 0.0000000 1.2621759
26 1.240275 0.0000 0.0000000 1.5382821

27 1.704119 0.0000 0.0000000 2.9040216




M13199 2 (919)

43

i Y, 30,41 30,41 (Y1(307i+1)_ Yn) Y
28 1.714009 0.0000 0.0000000 2.9378269
29 1.968752 0.0000 0.0000000 3.8759844
30 2.071817 0.0000 0.0000000 4.2924257
sum 5.554344 32.763053
30 2
{ 23301 (Y1(30»i+1)_ Yy )}
LL3  fwum W, = == -
Y
=1
2
(5.554344)
= -——— =0.9416319
32.763053
A
. ; ((I_Wl) _“)
L.1.4 auum z, = ——-
c
Tag x=In(n) -5 o 20 < n <2000

e

uae

x =1n(30) - 5= -1.598803

% = 0.480385 + 0.318828(x )+ - 0.0241665(x )’

+0.00879701(x )" +0.002989646(x )’ 1ilo 20 < n <2000

A =0.480385 + 0.318828(—1.598803)

- 0.0241665(-1.598803)" + 0.00879701(-1.598803)’

+0.002989646(-1.598803)’

=0.095654

In p=-1.91487 - 1.37888(x) + - 0.04183209(x)’

+0.1066339(x )’ - 0.03513666(x )" - 0.01504614(x)’

ilo 20 < n <2000
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In p=-1.91487 - 1.37888(-1.598803)
- 0.04183209(-1.598803)" + 0.1066339(-1.598803)’
- 0.03513666(-1.598803)" - 0.01504614(-1.598803)’

n=0.722211

waz  Ino=-3.73538 - 1.015807(x)- 0.331885(x)’
+0.1773538(x)’ - 0.01638782(x)* - 0.03215018(x )’
+0.003852646(x)° 1iio 20 < n <2000

In 6 = -3.73538 - 1015807 (-1.598803)
-0.331885(-1.598803)" + 0.1773538(-1.598803)’
-0.01638782(-1.598803)" - 0.03215018(-1.598803)"
+0.003852646(-1.598803)’

o = 0.0336635
o 2 (1-0.9416319)" " - 0.722211
Wiy 7, = = 1.1832543
0.0336635

2
.15 fMwwm k, = {(I)“ [ld)(—zl)}}
2

=3.6476226

L16  amum Y, = X,-b,X,
30

ZXIiXZi
_ =l

A
Tﬂﬂm b21 - 30

X
i=1
_ 83905955

= —— =0.2560993
32.763053

.17 Gesdwudoya Y, antiesliuin

1.1.8  dwumadanadeny W, 494 Y, Aa013199 3



M1 3 uaaansmuIuaadanagey W, veq Y,

45

i 30441 Yy 3041 (Y2(30—i+1) B YZi) Yzzi

1 0.4254 -1.570079 1.2899032 2.4651493
2 0.2944 -0.884227 0.6300070 0.7818582
3 0.2487 -0.872820 0.4926063 0.7618140
4 0.2148 -0.855348 0.3907956 0.7316196
5 0.1870 -0.780625 0.3218042 0.6093758
6 0.1630 -0.745590 0.2696696 0.5559043
7 0.1415 -0.562554 0.1741559 0.3164671
8 0.1219 -0.553711 0.1483861 0.3065957
9 0.1036 -0.494851 0.1175005 0.2448771
10 0.0862 -0.465997 0.0856188 0.2171528
11 0.0697 -0.408476 0.0601444 0.1668525
12 0.0537 -0.390363 0.0266998 0.1523831
13 0.0381 -0.177835 0.0093258 0.0316253
14 0.0227 -0.077599 0.0020657 0.0060216
15 0.0076 -0.032885 0.0002016 0.0010814
16 0.0000 -0.006365 0.0000000 0.0000405
17 0.0000 0.0134031 0.0000000 0.0001796
18 0.0000 0.0669354 0.0000000 0.0044803
19 0.0000 0.1068395 0.0000000 0.0114147
20 0.0000 0.4544278 0.0000000 0.2065046
21 0.0000 0.5272607 0.0000000 0.2780038
22 0.0000 0.6393239 0.0000000 0.4087351
23 0.0000 0.6635666 0.0000000 0.4403206
24 0.0000 0.6682300 0.0000000 0.4465314
25 0.0000 0.9088251 0.0000000 0.8259630
26 0.0000 0.9402526 0.0000000 0.8840750
27 0.0000 0.9639986 0.0000000 0.9292933




M13199 3 (919)

1 3041 Yy 3041 (Y2(30—i+1)_ YZi) Yzzi
28 0.0000 1.1079055 0.0000000 1.2274546
29 0.0000 1.2557421 0.0000000 1.5768883
30 0.0000 1.4621331 0.0000000 2.1378333
sum 4.0188845 16.726496
30 2
{ £330+ (Y2(30»i+1) - Y, )}
LL9 Ml W, = == =
LY
i=1
2
(4.0188845)
= -————— =0.9656196
16.726496
A
o : ((I_Wz) _“)
1110 fudu z, =
(1-0.9656196)" " - 0.722211
= =0.0657116
0.0336635
2
LL1T dmmm k, = {db{zdb(-zz)}}
=2.8376782
L112 damrwm Y, = X;- by, X,- by X,
30
2 ZXZiXZﬁ
Tagh b, = =——
2%
i=1
_ 840172 _ o

 18.875322



b31 -

30
ZXIiXSi

_ =l

30

2 X
i=1

_11.148631

32.763053

=0.3402806

1.1.13 Fesdwudoya Y, antiesliun

1.1.14 Mmuumadanaaey W, 193 Y, A30151399 4

MmN 4 udaansmuIuaadanagoy W, v09 Y,

47

1 3041 Y 30441 (Y3(3o-i+1)' Y; ) Y321

1 0.4254 -2.063382 1.6063736 4.2575457
2 0.2944 -1.778174 0.9911611 3.1619037
3 0.2487 -1.488951 0.6872409 2.2169747
4 0.2148 -1.362025 0.5306922 1.8551128
5 0.1870 -1.189503 0.4010949 1.4149166
6 0.1630 -1.024578 0.2757468 1.0497603
7 0.1415 -0.745203 0.1902936 0.5553282
8 0.1219 -0.440449 0.1076646 0.1939955
9 0.1036 -0.428671 0.0733009 0.1837592
10 0.0862 -0.289771 0.0470165 0.0839672
11 0.0697 -0.250482 0.0306443 0.0627413
12 0.0537 -0.247302 0.0198550 0.0611582
13 0.0381 -0.234096 0.0125429 0.0548010
14 0.0227 -0.100600 0.0026024 0.0101204
15 0.0076 -0.051086 0.0004917 0.0026097
16 0.0000 0.0136157 0.0000000 0.0001854
17 0.0000 0.0140412 0.0000000 0.0001972




M13190 4 (91D)

48

i 30441 Y; 3041 (Y3(30—i+1) - Y ) Y321

18 0.0000 0.0951145 0.0000000 0.0090468
19 0.0000 0.1224373 0.0000000 0.0149909
20 0.0000 0.1891781 0.0000000 0.0357884
21 0.0000 0.2556642 0.0000000 0.0653642
22 0.0000 0.2788658 0.0000000 0.0777661
23 0.0000 0.4427712 0.0000000 0.1960463
24 0.0000 0.5996279 0.0000000 0.3595536
25 0.0000 0.6671202 0.0000000 0.4450494
26 0.0000 0.9553899 0.0000000 0.9127698
27 0.0000 1.1086086 0.0000000 1.2290130
28 0.0000 1.2743821 0.0000000 1.6240498
29 0.0000 1.5885414 0.0000000 2.5234639
30 0.0000 1.7127665 0.0000000 2.9335692
sum 4.9767214 25.591548

L1115 dmmm W,

1.1.16 fumua z,

i=

2
{ ‘301 3041 (Y3(30-1+1)‘ Y )}

_ (4.9767214)°

30

2

2V,
i=1

=0.96781

25.591548

(0%

(1-0.96781

O

-0.722211

)0.095654

0.0336635

=-0.06937



1.1.17

1.1.18

1.1.19

1.1.20

1.1.21

1.1.22

2
Audum k, = {CD“ B(D(Z3)}

=2.7407169

>k

A G= -
m
_ 3.6476226 + 2.8376782 + 2.7407169
3

=3.0753392
. —_— >3
funmm  ©= ——=, ¢, =corr(k;. k;)

(m*-m)

= 1.2640999

AMUIUMA e = 2 m
var(G) 1+(m—1)€

= 3 =0.850292

1+(3-1)(1.2640999)

o . € <
Annum H= — >k, ~ x
m -

0.850292

49

= = (36476226 + 2.8376782 + 2.7407169)

2.6149363

nummsdaaula

= =~ 1 aa Ao Y o 1 Aa ~
wseuneumananagoy H TIﬂTu'Jﬂl"lﬂﬂ‘]JﬂTJﬂf]@]iu@niNWu'JfWI

{ ] I a 1w Y @ o
n1 Neermursanuiusdase (dH) tminu 1 ITAVUIAINY 0.05

H=2.6149363 < 3.841
Al seNSUaNUATIM H, Nszautisdidmy 0.05
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1 9 d'd a [ d'd
a311 Yoyauanilsznnsnimsuanuaslnaaudinls ni

0 1 03 03
namesANmas p = | 0| wazmaiadanulssiusm X =03 1 03
0 03 03 1

1.2 A5msnaasumsuanuadlnavianealulsiiaus Iag K. V. Mardia 4tag J. T.

2
=1

Kent (T, 1991) Faanansamuialdea
T=T, +T,

Taof T, = énb“’ waz T, = %n[b;p- 6b, + 3p(p + 2)]

b I S 1 2 % 4
lp — 2 Dij’ bz,p - —ZDw bz,p ) Dij
n o= ni5 n o=

o 1 a Y v dy
mmmmmsmmaﬂﬂmu

Jd a
NAMBIANNABVRILTEIINT

0
p=10
0

wa3ndanuetlslsius mveseinng
1 03 03

>=103 1 03
03 03 1



dunesaveuNasnFANuuTYsINTmvessemng
1.1607143 -0.267857 -0.267857

> =1-0.267857 1.1607143 -0.267857
-0.267857 -0.267857 1.1607143

n n

o - 1
121 fwwm b, = —> > D]
’ n iy =

1

51

= ——| (0.8783384) + (-0.121486) +..+ (13555241) |

2

" (30)

=1.6489217

[} 1 1 1
122 fMwmd by, = —> D}
' n i

1

P

=11.32024

o ! *® 1 = =
123 fwmmb,, = — > > D;
’ n oy =1

b;, = (3(1) ; [(0.8783384)4 + (-0.121486)" +...

+ (1.3555241)" | = 37.685458

o . 1
124  auu T, = —nb,
6 P

= é(SO)(1.6489217) = 8.2446085

125 A T, = %n[bzp- 6b, +3p(p + 2)]
1

=18.455021

b,, = %[(0.8783384)2+ (1.6687918)" +..+ (1.3555241)’ |

- a(30){37.685458 -6(11.32024) + 3(3)(5)}
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126 Amum T=T, +T,

= 8.2446085 + 18.455021
=26.699629

127  navimsaaauls

= =\ 1 aa Ao Y o 1 Aa ~
wseuneumananagey T TIﬂTu'Jﬂl"lﬂﬂ‘]JﬂTJﬂf]@]iu@niNWu'JfWI

A4 NUUIAAIDEUMIND 30 IUIUAM 59191 3NTLeUTedIn 0.05

9

T =26.699629 < 146.8789
Ay seuSUTNUATIM H, Nszautisdidmy 0.05

1 9 A a @ A
a31/9 veyamanlszmnsiimaunuaalnaeudintls 1l

0 1 03 03
naweimmasp = | 0| uazwasadanuulslsmim X =03 1 03
0 03 03 1

1.3 35msnageumsuanuasnarateauilsiaue lae Charles L. Dunn (O,

E4

& o Yo A
1995) mmmmmmm”l@mu

| ¥, -2, W, - <0
Tagi A(‘PM-EJ_ 2 2
0 ¥~ >0
T2
1
Iy o S 2(x,x
lI’LJ:cosl(Di Dj);1<_],D = ( )
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4
Yo A

o ! a J
mmmmwwmmaﬁ"l@mu

J 1 A
NAMBIANUNABVILTZHINT

u:

0
0
0

a 4 [
wasnsAunlsisiuswvestlsyansg

Z:

1 03 03
03 1
03 03

0.3
1

a 4 a o 1
dunesaveuNaIngaNuulsUsIuTveslszns

1.3.1

[1.1607143
-0.267857
| -0.267857

1.0000000
0.0000000
| 0.0000000

Audum D, =

D30

-0.267857
1.1607143
-0.267857

-0.267857
-0.267857
1.1607143

-0.314485
1.0482848
0.0000000

-0.248623
-0.248623
1.0773645

1

3 (Xi'”)
[(xi-u)' > (Xi-ﬂ)}

0.3258792

=10.7001071

-0.635337
0.8696787

= -0.489349

0.0647823

-0.899026
=10.1375696
0.4157241



132 fwawi W, =cos™ (D] D,);i <]
¥, = 1.6713104
W, =1.1473347

W5 = 2.1628141

n-1 n 2
S5 (a3
133 mudae O = ——=*!

4 n Fiy e
Tagn A(‘Pij-—j =
2

0 =0.3910601

134 navimsaaauls

=) = 1 an d' o Y o 1A d'
nfeuifisumananaaey O Adwaldnuaingaluaiseruani
N7 NYUIAAI0E1UNIND 30 S1uIudW MY 3 NIzauTivdIAty 0.05

0= O 3910601 < 0.4443
muu goNsUaNNATIN H, ‘lfliwﬂ‘UuEJﬁWﬂﬂJ 0.05

a31n mauammﬂﬂs MnsRIMsuenulndausus il

0 1 03 03
namesAumasp = | 0| wazwaIadanulsdsiusm X =03 1 03
0 03 03 1

2. 3ol NS IuA WIS NN eI TN

ﬁNNﬁ‘ﬁWHﬂl@\iﬂﬁ‘ﬂﬂﬁﬂ‘U Ao

H, : Yoy aJJwmﬂiwmmmmw%mmﬂﬂﬁmmmuﬂi

H, : doyalildunnnlszannsfiimsuenusnfamudans



ad a o td'
2.1 AEmsnageumsuanuasnavareaulsieaus lag 1. p. Royston (H ,

= o Y o dy
1983) mmmmmmm”l@mu

Taei e= = . C=

e 21 < n < 2000

x=1In(n) -5

) = 0.480385 + 0.318828x - 0.0241665x* + 0.00879701x*

+0.002989646x"

In p=-1.91487 - 1.37888x - 0.04813209x> + 0.1066339x"
£ 0.03513666x* - 0.01504614x

In o = -3.73538 - 1.015807x - 0.331885x> + 0.1773538x
- 0.01638782x* - 0.03215018x° + 0.003852646x°

211 Fesdwudeya Y, = X, mintlesliun

212 Mwumddanaaey W, ¥ad Y, A%9135190 5

55



d‘ o 1 an
AN S LAAINITIAMUIUATDANATDOU W1 UDN Y1

i Yy A30-i41 3041 (Y1(3071+1) - Yy ) (Yli '?1 )2
1 -2.362571 0.4254 1.8863887 6.520416
2 -1.135648 0.2944 0.9139354 1.7598345
3 -1.046709 0.2487 0.6865906 1.5317739
4 -0.983972 0.2148 0.5774019 1.3804171
5 -0.758605 0.1870 0.3737906 0.9016348
6 -0.672493 0.1630 0.2927413 0.7455157
7 -0.602509 0.1415 0.2280640 0.6295606
8 -0.597081 0.1219 0.1951747 0.6209764
9 -0.592955 0.1036 0.1576424 0.6144906
10 -0.512862 0.0862 0.1138907 0.4953366
11 -0.203646 0.0697 0.0610115 0.1556977
12 -0.198767 0.0537 0.0342347 0.1518712
13 -0.160362 0.0381 0.0208465 0.1234128
14 -0.143135 0.0227 0.0103840 0.1116058
15 0.009759 0.0076 0.0022470 0.0328264
16 0.305413 0.0000 0.0000000 0.0131042
17 0.314310 0.0000 0.0000000 0.0152203
18 0.386791 0.0000 0.0000000 0.0383578
19 0.438751 0.0000 0.0000000 0.0614105
20 0.671698 0.0000 0.0000000 0.2311287
21 0.808376 0.0000 0.0000000 0.3812278
22 0.928690 0.0000 0.0000000 0.5442758
23 1.004024 0.0000 0.0000000 0.6611063
24 1.009251 0.0000 0.0000000 0.6696337
25 1.123466 0.0000 0.0000000 0.8696056
26 1.240275 0.0000 0.0000000 1.1011049

27 1.704119 0.0000 0.0000000 2.2897121




= '
M139N 5 (71D)

i Yy A30-i41 3041 (Y1(3071+1) - Yy ) (Yli '?1 )2
28 1.714009 0.0000 0.0000000 2.3197406
29 1.968752 0.0000 0.0000000 3.1606172
30 2.071817 0.0000 0.0000000 3.5377000

sum 5.554344 31.669316

2
|:za30 i+l (Yl 30-i+1) 1)}

2.13 MU W, =

3

(Yll 1)
i=1
_ (5.554344)°
= =0.9741523
31.669316
(0w
214 M z= ———
(¢}

Tagil - x=In(n) -5 o 20 < n <2000
x =1n(30) - 5 = -1.598803

waz A =0.480385 + 0.318828(x)+ - 0.0241665(x )’
+0.00879701(x )" +0.002989646(x )’ 1ilo 20 < n <2000
A =0.480385 + 0.318828(-1.598803)
- 0.0241665(-1.598803)" +0.00879701(-1.598803)°
+0.002989646(-1.598803)°

=0.095654

waz  Inp=-1.91487 - 1.37888(x) + - 0.04183209(x)’
+0.1066339(x )’ - 0.03513666(x )" - 0.01504614(x)’
iilo 20 < n <2000
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In p=-1.91487 - 1.37888(-1.598803)
- 0.04183209(-1.598803)" + 0.1066339(-1.598803)’
- 0.03513666(-1.598803)" - 0.01504614(-1.598803)’

n=0.722211

waz  Ino=-3.73538 - 1.015807(x)- 0.331885(x)’
+0.1773538(x)’ - 0.01638782(x)* - 0.03215018(x )’
+0.003852646(x)° 1iio 20 < n <2000

In 6 = -3.73538 - 1015807 (-1.598803)
-0.331885(-1.598803)" + 0.1773538(-1.598803)’
-0.01638782(-1.598803)" - 0.03215018(-1.598803)"

+0.003852646(-1.598803)’

c = 0.0336635

_(1-0.9741523)""" - 0.722211
- 0.0336635

=-0.513549

Wy z,

2
2.1.5  fMuwwm k, = {(I)“ [lq)(-zl)}}
2

=2.4712755

2.1.6  muma Y, = X,-b, X,
30 _ _
Z(Xli_Xl)(XZi_XZ)

o :
— _i=1
lagn b, = =L —

> (XX, )

i=1
_ 7.9387362
31.669316

=0.250676

2.1.7  Gesdwudoya Y, antiesliun

2.1.8  Awaadanagey W, 103 Y, A3 6



M1 6 uaaINIMUINAadaAnagey W, 109 Y,
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1 A30-i41 Y, 3041 (Y2(30—i+1) - Y, ) (Yzi 'Yz )2
1 0.4254 -1.572861 1.2896964 2.7282593
2 0.2944 -0.889564 0.6331812 0.9378903
3 0.2487 -0.868435 0.4928773 0.8974132
4 0.2148 -0.858563 0.3922688 0.8788068
5 0.1870 -0.780572 0.3216316 0.7386644
6 0.1630 -0.746668 0.2701873 0.6815351
7 0.1415 -0.551877 0.1721869 0.3978586
8 0.1219 -0.547618 0.1475088 0.3925040
9 0.1036 -0.485555 0.1167090 0.3185907
10 0.0862 -0.464292 0.0849409 0.2950396
11 0.0697 -0.403439 0.0597392 0.2326352
12 0.0537 -0.387983 0.0262671 0.2179646
13 0.0381 -0.190648 0.0100702 0.0726474
14 0.0227 -0.068357 0.0021110 0.0216797
15 0.0076 -0.036532 0.0001980 0.0133208
16 0.0000 -0.010479 0.0000000 0.0079856
17 0.0000 0.0246393 0.0000000 0.0029424
18 0.0000 0.0736619 0.0000000 0.0000273
19 0.0000 0.1011628 0.0000000 0.0004964
20 0.0000 0.4536515 0.0000000 0.1404511
21 0.0000 0.5211017 0.0000000 0.1955569
22 0.0000 0.6409803 0.0000000 0.3159528
23 0.0000 0.6624622 0.0000000 0.3405640
24 0.0000 0.6649919 0.0000000 0.3435230
25 0.0000 0.9109228 0.0000000 0.6922894
26 0.0000 0.9393829 0.0000000 0.7404592
27 0.0000 0.9676415 0.0000000 0.7898907
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1 A30-i41 Y, 3041 (Y2(30—i+1) - Y, ) (Yzi 'Yz )2
28 0.0000 1.1133790 0.0000000 1.0701810
29 0.0000 1.2611873 0.0000000 1.3978423
30 0.0000 1.4588655 0.0000000 1.9043504

sum 4.0195738 16.767322

2
{ 301 3041 (Y2(30»i+1)_ Y )}

i=

219  dwmim W, =

30

S(v,-%)

i=1
_ (4.0195738)’
16767322

=0.9635989

((1 - W, )k - H)

o
_ (1-0.9635989 -0.722211
- 0.0336635

2.1.10 Mudmm z, =

)0.095654

=0.1835948

2
2111 M k, = {CDIBCD(-ZZ)}}

=2.9264166

2.1.12 M Y, = X,- b, X,- by, X,
30

2 (XK, ) (XK, )

d &
Tagh by, = -

30

— \2
(X X,)
i=1
- BABY ) 454072
18.6886437
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2 (XX, ) (X K; )

— _i=1
b31 -

30

2 (X,

i=1

_11.025702

~ 31.669316

X, )2

=0.3481509

2.1.13 Fesdwudoya Y, antiesliun

2.1.14  Muwamddanaaey W, 483 Y, A3015199 7

M31aN 7 udaansmuiuaadanagoy W, 109 Y,
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i 3041 Y; A30-i41 (Y3(30—i+1) - Yy ) (YSi '?3 )2
1 0.4254 -2.080668 1.6092799 4.4189456
2 0.2944 -1.777673 0.9969031 3.2368826
3 0.2487 -1.485180 0.6824758 2.2699665
4 0.2148 -1.364977 0.5302174 1.9222098
5 0.1870 -1.202892 0.4016111 1.4990383
6 0.1630 -1.023253 0.2760197 1.0914254
7 0.1415 -0.748900 0.1920235 0.5934557
8 0.1219 -0.447451 0.1085636 0.2198777
9 0.1036 -0.422339 0.0711884 0.1969583
10 0.0862 -0.294631 0.0479942 0.0999141
11 0.0697 -0.254636 0.0315271 0.0762290
12 0.0537 -0.243379 0.0196251 0.0701402
13 0.0381 -0.231711 0.0123843 0.0640959
14 0.0227 -0.090808 0.0021806 0.0126043
15 0.0076 -0.045423 0.0003728 0.0044734
16 0.0000 0.0036356 0.0000000 0.0003177
17 0.0000 0.0052530 0.0000000 0.0002627
18 0.0000 0.0933355 0.0000000 0.0051660
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—\2
i Q3041 Y; 3041 (Y3(30—i+1)_ Y5 ) (Y3i 'Y3)
19 0.0000 0.1220789 0.0000000 0.0101241
20 0.0000 0.1976900 0.0000000 0.0310568
21 0.0000 0.2621461 0.0000000 0.0579296
22 0.0000 0.2648072 0.0000000 0.0592176
23 0.0000 0.4431448 0.0000000 0.1778177
24 0.0000 0.6081564 0.0000000 03442121
25 0.0000 0.6701200 0.0000000 0.4207592
26 0.0000 0.9447614 0.0000000 0.8524847
27 0.0000 1.1034463 0.0000000 1.1706933
28 0.0000 1.2589926 0.0000000 1.5314857
29 0.0000 1.6085465 0.0000000 2.5188422
30 0.0000 1.7023121 0.0000000 2.8252622
sum 4.9823668 25.781848
30 2
{ 233041 (Y3(30-1+1)‘ Y )}
2115 fuam W, = ==——
—\2
2 (YY)
i=1
2
(4.9823668)
= ——— =0.9628471
25.781848
A
o (e )
2.1.16 MU z, =
(¢}
(1-0.9628471)" " - 0.722211
= =0.2259465
0.0336635

2.1.17 dwdme k,

fo ]

=2.9590109
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m

2k

2.1.18 fam G= L

m
_ 2.4712755 +2.9264166 + 2.9590109
3
=2.7855677
. L XX
2119 fwmi ©= <, ¢, =corr(k;. k;)
(m-m)
= 1.1445975
o . 2 m
2120 Muwwa e = = —
var(G)  1+(m-1)¢

= S =0.9120773

1+(3-1)(1.1445975)

o . e -«
2121 fwam H= =Yk ~ %2
1

09120773

H (2.4712755 +2.9264166 + 2.9590109)

=2.540653

2.1.22 wnasmidaaula

=) = 1 ana d' o Y o 1A d'
neuienmadanaaeon H fidwialdnuadngaluaisiawuini
{ ] I a 1w v o o w
1 NesrnuranNuiludase (df) i 1 szauiedifgy 0.05
H =2.540653 < 3.841
9 v
ATy gouTUauNNAT I H, Nszautisdinny 0.05

1 9 d‘d a o
a311 Yoyauanmlsznnsnimsuanuaalnaaiudiuls
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2.2 A5msnagsumsuantadlnavianealulsiiaues Iae K. V. Mardia uag J. T.

Kent (T 1991) Feansadnuan laaadi
T=T, +T,
I ~ 1 . 1 «
agh T, = gnbl,p uaz T, = ﬁn[bz"’_ 6b,,+ 3p(p + 2)}

n 1 n 1 n n
3 — 2 oo - 4
Dij’ bZ,P - ZDii’ bZ,P ) Dij

1 iy n o =

Y v

o 1 a 4 dy
ﬂ1u’lﬂlﬂ1ﬂ35“1&!1"”51%1@]@51@@\11‘!

NARB AR AEVBIRIDENS
0.1909395

X = | 0.0788835
0.0214605

wa3aFANNNLTUIIUTWVRIEIRE
1.0920454 0.2737495 0.3801966

S =10.2737495 0.644436 0.2927493
0.3801966 0.2927493 1.0569647

dunesaveuNasndANuNLTYsINTWVeIdI08N
1.10507 -0.330423 -0.305983

S' =-0.330423 1.8738852 -0.400158
-0.305983 -0.400158 1.1670017
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1 n n

3
— Di'
n iy e

Auu b, =

- [(1.0603529)3+ (-0.602791)" +...+ (1.7718179)3]

b =
1p (30)2

=0.7890019

o ' 1 N 2
A b, = HZDii
i=1

b, = 3—10[(1.0603529)2+ (1.3968588)" +..+ (1.7718179)2}

P

=12.188508

fuwmmb, ) = % n ZH:ij
=1 j=1
s (10603529 + (-0.602791)" +...+ (1.7718179)' |

b
2,p (30)2

=37.627841

. . 1
UM T, = gnbl,p

= é(30)(0.7890019) =3.9450093

Anum T, = %n[bzp— 6b,,+ 3p(p + 2)]

= %(30){37.627841 - 6(12.188508) +3(3)(5)}

=11.87099
A T=T, + T,

=3.9450093 + 11.87099
=15.815999
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227 thasmidadaula

=) = 1 ana d' o Y o 1A d'
nfeuifisumananaaey T s lanumingalumsawuind
n6 NIIUA TN 3 NIzauTedIATy 0.05

T =15.815999 < 37.65
AU gouTUaNNAT I H, Nizautivdidn 0.05

a1 deyammnlszannsiimsuanuasdndaudauls

ax a o ~
2.3 AmMsnageumsuanuasnaviatedudsitave lag Charles L. Dunn (O,
A o Y v dy
1995) cﬁ\iﬁ]il1§ﬂﬂ1u3mllﬂﬂ\1u

T T
. - IJ—E, Ti’j_a <0
Taan A(‘Pi,j-—j:
0 L¥,-= >0
2
L
g o S 2 (x,x
‘I‘i’j:cosl(Di Dj);1<J,Di: ( )

o 1 a N Yo dy
ﬂ1u’]ﬂlﬂ1ﬂ35“1'[1!1"”5']%&@]@5[1@@\11!

NARBIAIRAEVBIFIDENS
0.1909395

X = | 0.0788835
0.0214605

wasaEANNLLTUIIUTINVRIEIRE
1.0920454 0.2737495 0.3801966

S =10.2737495 0.644436 0.2927493
0.3801966 0.2927493 1.0569647



a 4 a J 1 @ ]
DUNBTAVUNATNFANUULTUTIUIINVOIA DS

1.10507  -0.330423 -0.305983 |
S'=1-0.330423 1.8738852 -0.400158
-0.305983 -0.400158 1.1670017 |

| 1.027996 -0.150875 -0.159784 ]
S2 ={-0.150875 1.3490528 -0.176575
-0.159784 -0.176575 1.053704 |

1

S2(x,X)
[(xi %) S'l(xi—i)}
0.0731644
D, = | 0.8779013
-0.473219
0.8207767

D, = | -0.550659
0.1519894

231 dwdme D, =

-0.946503
D,, = | -0.122833
0.2984024

232 fwmi W, =cos” (D] D, );i <]
W, =2.0889725
¥, =0.9682631

W, = 16971313

3y {A(‘P nﬂ

T~y iy
233  fmuae 0= ——=!

n(n—l)
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| i - ‘I‘i,j—g <0
Taoh Al W, -— | =
L] 2 E
2

0 =0.393797

234 thasmidadaula

=) = 1 aa d' o Y o 1A d'
nSeuisuamadanaaey O Adwraldnuamingaluasanuini
N7 NYUIAAI0E1UNIND 30 a5y 3 NszauTivd Aty 0.05
0 =0.393797 < 0.4443
9 v
AU gouTUauNAT I H, Nszautisdidny 0.05

1 9 d‘d a %
a311 Yoyauanlsznnsnimsuanuaalnaaiudiuls
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Normal Probability Plot
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=
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'
ISP ! 9 w =
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Y
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2. AIADUMIUINUIINT I avIAmLs X, Iﬂﬂnl‘]gf}Normal Probability Plot

Normal Probability Plot
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I
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Basic Statistical Measures Tests for Location: MuO=0
Location Variability Test -Statistic- ---p Value---
Mean 0.07888 Std Deviation 0.80277 Student's t t 0.538216 Pr > |t| 0.5945
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WA 11 1eA9 Normal Probability Plot VoI wls X,
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EX]

IS

9 A A A = Y
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anuualslsruminu 1
d' Y Aaa = a % 1
100N 11 Taglsadanaaaun nageumsuanuadilnfuesdindls x, wun

'
o w =

A p-value ¥oIAILAT X, UAWNAD 0.5945 Faliamnnnszaviisdfni 0.05

Y
v o [ a U v )

AMNUU UTVTVUATIU H ﬁszﬂuuaawﬁmtlos

v
1 1

1 9 A A Aa A o
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Normal Probability Plot
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Q—Q Plot for Assessing Normality
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NAa e lUMINATDUMILINUAITAUAUN-N 4 A0l nIal lunT eI imes

YDINIITLUINL
AN AL ATRE HUUNATOL

wlsdsau dlediAny f10814

W H T 0 !
6, =03 0.05 20 0.000  0.019 . T
6, =03 30 0.000  0.058  0.999 o
6, =03 50 0.000  0.093  0.999 o
6,, =0.3 0.10 20 0.000  0.027 . T
c,, =03 30 0.000  0.074  0.999 o
c,, =03 50 0.000 0.113 0.999 0
i 1)
6, =0.6 0.05 20 0.000  0.021 . T
c,; =0.6 30 0.000 0.064 0.999 0
c, =0.6 50 0.000 0.096 0.999 0
c,, =0.6 0.10 20 0.000 0.028 o T
c,, =06 30 0.000  0.079  0.999 o
6, =0.6 50 0.000  0.116  1.000 o
(LL‘U‘U‘ﬁ 2)
6, =09 0.05 20 0.000  0.024 . T
6, =09 30 0.000  0.067  0.999 o
6, =09 50 0.000  0.079  0.999 o
,, =0.9 0.10 20 0.000  0.035 . T
6, =0.9 30 0.000 0077  0.999 0
c,, =09 50 0.000 0.103 0.999 0

(MUVN 3)
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AN A1 ATRE HUUNAADY

wlsdsau dediAny #0819

W H T 0 !
6, =0.3 0.05 20 0.000  0.020 . T
c,, =0.3 30 0.000  0.048  0.999 o
6, =03 50 0.000  0.071  0.999 o
6, =0.6 0.10 20 0.000  0.032 . T
c,, =0.6 30 0.000  0.064  0.999 o
c,, =0.6 50 0.000  0.090  0.999 o
(LL‘U‘U‘ﬁ 4)
6, = 0.6 0.05 20 0.000  0.031 . T
6,5 =0.6 30 0.000 0055  0.999 0
c, =0.6 50 0.000 0.082 0.999 0
6,, =0.3 0.10 20 0.000 0.043 o T
c,, =03 30 0.000 0.069 0.999 0
o, =0.6 50 0.000 0.103 0.999 0
(LL‘U‘U‘ﬁ 5)
6, =0.6 0.05 20 0.000  0.023 . T
6, =0.6 30 0.000  0.062  0.999 o
6, =0.6 50 0.000  0.080  0.999 o
6, =0.6 0.10 20 0.000  0.031 . T
c,, =0.6 30 0.000  0.079  0.999 o
c,, =03 50 0.000 0.101 0.999 0

(MUVN 6)
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AN TEAY VUIA HUUNATDL DUA

wlsdsau dediAny #0819

39U o T o 1 2
6, =03 0.05 20 0.000  0.025 . T -
c,=023 30 0.000  0.064  0.999 0 T
c,=03 50 0.000  0.096  0.999 0
6,, =09 0.10 20 0.000  0.032 . T -
6, =09 30 0.000  0.079  0.999 0 T
o, =09 50 0.000  0.114  0.999 0 T
(LL‘U‘U‘ﬁ 7)
6, = 0.6 0.05 20 0.000  0.025 . T -
G, = 0.6 30 0.000 0.051 0.999 0
O = 0.6 50 0.000 0.067 0.999 0 T
G,y =0.9 0.10 20 0.000  0.031 . T -
c,, =09 30 0.000 0.072 0.999 0
c,, =09 50 0.000 0.086 0.999 0
(LL‘U‘U‘ﬁ 8)
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aza181i1 (DO: Dissolved Oxygen) tiazaanuanisnveairlugivesilTed (BOD:

Biochemical Oxygen Demand)

AUNATIUVDINITINATOY A0
9
H, : 10y a11”Ii]1ﬂﬂiw%1ﬂi‘1/mﬂ”|§m]ﬂmlﬂﬂﬂ@]ﬁ”l?J@]’JmJi

H, : oy a"l,u"l,ﬂmmﬂﬂs LT T SCTIENATENO - TNaP 2N P

1

4 Y
A aa o

2
cwuauawun%gawuﬁmmmmmﬁ

rmmasmaaamawﬁmin

29.78
X = | 5.9826667
18.242333

a J 1 @ 1
WA NFAMULY U IUTINVIAI0619

5.1582069 1.182469  -0.977745
S =1 1.182469 5.2087237 -3.387175
-0.977745 -3.387175 65.425246
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a 4 a J 1 @ ]
DUNBTAVUNATNFANUULTUTIUIINVOIA DS

0.2045376 -0.045994 0.0006755
S’ =1-0.045994 0.209017 0.0101338
0.0006755 0.0101338 0.0158194

an A o = £
1. Asmsnageumsienuasdnavateausitaus lae 1. p. Royston (H , 1983) ¢§3

o Y v dy
ﬁ]lﬂﬁﬂﬂ”lu’.]mllﬂﬂﬂu

Taen e= = ,C=

e 21 < n < 2000

x=In(n) -5

) = 0.480385 + 0.318828x - 0.0241665x> + 0.00879701x"*

+0.002989646x"

In = -1.91487 - 1.37888x - 0.04813209x> + 0.1066339x>
- 0.03513666x" - 0.01504614x

In 6 =-3.73538 - 1.015807x - 0.331885x2 + 0.1773538x
- 0.01638782x* - 0.03215018x° + 0.003852646x°



1.1 Gesdraudoya Y, = X, 9ntieslaun

1.2 Muumadanadey W, 189 Y, A3015199 28

M3199 28 uaaINIMUIUAIADANATEY W, U813 Y,
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i Yy A30-i41 3041 (Y1(3071+1) - Yy ) (Yli '?1 )2
1 24.7 0.4254 4.12638 25.8064
2 25.9 0.2944 2.00192 15.0544
3 26.9 0.2487 1.44246 8.2944
4 26.9 0.2148 1.22436 8.2944
5 27.5 0.1870 0.8789 5.1984
6 27.6 0.1630 0.7335 4.7524
7 27.7 0.1415 0.566 4.3264
8 28 0.1219 0.41446 3.1684
9 28.2 0.1036 0.33152 2.4964
10 28.7 0.0862 0.22412 1.1664
11 29.1 0.0697 0.10455 0.4624
12 29.4 0.0537 0.0537 0.1444
13 29.5 0.0381 0.03048 0.0784
14 29.7 0.0227 0.01135 0.0064
15 29.8 0.0076 0.0000000 0.0004
16 29.8 0.0000 0.0000000 0.0004
17 30.2 0.0000 0.0000000 0.1764
18 30.3 0.0000 0.0000000 0.2704
19 304 0.0000 0.0000000 0.3844
20 30.6 0.0000 0.0000000 0.6724
21 31.3 0.0000 0.0000000 2.3104
22 314 0.0000 0.0000000 2.6244
23 314 0.0000 0.0000000 2.6244
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i Yy A30-i41 3041 ( Y1(3071+1) - Yy ) (Yli '?1 )2
24 31.7 0.0000 0.0000000 3.6864
25 321 0.0000 0.0000000 5.3824
26 322 0.0000 0.0000000 5.8564
27 32.6 0.0000 0.0000000 7.9524
28 32.7 0.0000 0.0000000 8.5264
29 32.7 0.0000 0.0000000 8.5264
30 344 0.0000 0.0000000 21.3444

sum 12.1437 149.588

1.3 Audum W, =

1.4 MUIUM z =

Taeh

uae

X =

X =

A=

A=

2
{ 301 3041 (Y1(30»i+1)_ Yy )}

i=

30

2 (Vi %)

i=1

(12.1437)°
=~ =0.9858374
149.588

(0-%) )

o

In(n) -5 1o 20 <n <2000
In(30) - 5

-1.598803

0.480385 + 0.318828(x )+ - 0.0241665(x)’
+0.00879701(x)" +0.002989646(x)’ il 20 < n <2000
0.480385 + 0.318828(-1.598803)

- 0.0241665(-1.598803)" +0.00879701(-1.598803)'
+0.002989646(-1.598803)’



=0.095654

waz  Inp=-1.91487 - 1.37888(x) + - 0.04183209(x)’
+0.1066339(x )’ - 0.03513666(x)" - 0.01504614(x)
iilo 20 < n <2000
In p=-1.91487 - 1.37888(-1.598803)
- 0.04183209(-1.598803) + 0.1066339(-1.598803)’
- 0.03513666(-1.598803)" - 0.01504614(-1.598803)’

5

w=0.722211

waz  Ino=-3.73538 - 1.015807(x)- 0.331885(x)’
+0.1773538(x)’ - 0.01638782(x )" - 0.03215018(x )
+0.003852646(x)° 1o 20 < n <2000

In o = -3.73538 - 1.015807(-1.598803)
-0.331885(-1.598803)" + 0.1773538(-1.598803)’
-0.01638782(-1.598803)" - 0.03215018(-1.598803)"
+0.003852646(-1.598803)’

5

o = 0.0336635

o 2 (1-0.9858374)" """ - 0.722211

WUz, = =-1.684588
0.0336635

1

2
1.5 Auium k, = {(I)“ [ECD(—Zl):l}

=2.1417106

1.6 Muum Y, = X,-b, X,
30

2 (XX, ) (XuX,)

d =
Tagh b, = -

30

> (X, XK)

i=1

175



176

342916

= =0.2292403
149.588

1.7 Gosdwudoya Y, antiesliun
1.8 Aamadanadoy W, 189 Y, A913199 29

M3199 29 udaINMsmIuIMAIddANaToU W, 109 Y,

1 3041 Yy 30441 (Y2(30—i+1) - Y, ) (Yzi ‘?2 )2
1 0.4254 -5.094577 4.0194813 122.70532
2 0.2944 -4.875222 2.2959247 117.89374
3 0.2487 -4.386158 1.7282475 107.51253
4 0.2148 -3.138614 1.1686126 83.197762
5 0.1870 -2.698146 0.6969963 75.356506
6 0.1630 -2.625981 0.5670874 74.108823
7 0.1415 -2.549957 0.4294812 72.805661
8 0.1219 -2.326564 0.3163553 69.043321
9 0.1036 -2.188906 0.2254664 66.774592
10 0.0862 -2.003057 0.1690228 63.77179
11 0.0697 -1.939665 0.1267358 62.763342
12 0.0537 -1.149197 0.0521141 50.863479
13 0.0381 -1.108437 0.0307429 50.283756
14 0.0227 -1.037324 0.0100145 49.280271
15 0.0076 -0.964109 0.0015266 48.257687
16 0.0000 -0.763234 0.0000000 45.507179
17 0.0000 -0.596158 0.0000000 43.280937
18 0.0000 -0.301538 0.0000000 39.491229
19 0.0000 -0.178729 0.0000000 37.962794

20 0.0000 -0.121361 0.0000000 37.259158




135199 29 (510)

177

— \2
i Q3041 Y, 3041 (Y2(30—i+1) ) YZi) (Yzi 'Yz)
21 0.0000 -0.042236 0.0000000 36.299449
22 0.0000 -0.012589 0.0000000 35.943093
23 0.0000 0.2686387 0.0000000 32.650116
24 0.0000 0.4852464 0.0000000 30.221629
25 0.0000 0.8530821 0.0000000 26.312638
26 0.0000 1.0291069 0.0000000 24.537755
27 0.0000 23018542 0.0000000 13.548381
28 0.0000 2.5629674 0.0000000 11.694343
29 0.0000 2.9234356 0.0000000 9.3588949
30 0.0000 4.3541332 0.0000000 2.6521212
sum 11.837809 1541.3383
30 2
{z 3041 (Y2(30»i+1) - Y, )}
19 M W, = ==——
= \2
2 (Ya- Vo)
i=1
2
(11.837809)
= ———— =0.0909169
1541.3383
R (Y
110 Mudum z, =
(¢}
(1-0.0909169)" " - 0.722211
= =7.9823303
0.0336635

2
111 dwmm k, = {(I)“ B(D(zz)}
=4



112 dwdaa Y, = X;- b, X,- by X,

2 (XX, ) (XX, )

Tagh b,

b, =

113 Gesdwudeya Y, vindesliinn

30

i=1

-98.22809
151.052978

2 (XX, ) (X Ks )

> (X Xe)

=-0.650289

_-28.3546
149.588

30

i=1

S, X)

=-0.189551

.14 fnumadanagey W, a4 Y, A4015199 30

MM3199 30 udaansmuImaadaAnaTey W, v09 Y,

178

i A30.i41 Y; A30-i41 (Y3(30—i+1) - Yy ) (YSi '?3 )2
1 0.4254 15.92862 13.509251 5.3532681
2 0.2944 17.012685 6.7956676 1.512036
3 0.2487 17.336541 5.3574134 0.8204598
4 0.2148 17.59604 4.3261156 0.4176957
5 0.1870 18.177437 3.3383649 0.0042116
6 0.1630 19.471669 2.4533943 1.5112662
7 0.1415 21.707598 1.7203063 12.008056
8 0.1219 22.423871 1.3477545 17.485256
9 0.1036 22.694195 1.1017467 19.819074
10 0.0862 23.262068 0.8369265 25.197732
11 0.0697 23.589122 0.5350561 28.588154
12 0.0537 24.010056 0.3719404 33.26663
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135199 30 (510)

1 A30-i41 Y; 3041 (Y3(30—i+1) - Y ) (Y3i 'Y3 )2
13 0.0381 24.870741 0.1894359 43935784
14 0.0227 25.185321 0.0689037 48.205081
15 0.0076 25.222653 0.0057651 48.724858
16 0.0000 25.981214 0.0000000 59.89027
17 0.0000 28.220726 0.0000000 99.568323
18 0.0000 29.842811 0.0000000 134.57109
19 0.0000 30.936321 0.0000000 161.13731
20 0.0000 31.26568 0.0000000 169.60756
21 0.0000 32.971191 0.0000000 216.93926
22 0.0000 33.328816 0.0000000 227.60196
23 0.0000 33.480101 0.0000000 232.18958
24 0.0000 33.865239 0.0000000 244.07519
25 0.0000 34.523168 0.0000000 265.06557
26 0.0000 36.029656 0.0000000 316.38884
27 0.0000 37.736243 0.0000000 380.0125
28 0.0000 38.878211 0.0000000 425.83945
29 0.0000 40.095795 0.0000000 477.57377
30 0.0000 47.685204 0.0000000 866.88262

sum 41.958041 4564.1928

30 2
[21 A30.i+1 (Y3(30—i+l) - Y5 )}

1=

115 Muma W, = =

>(Yy %)

i=1

(41.958041)"
=~ =(.3857149
4564.1928
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A
o . ((1_W3) _“)
116 M z, =
(&)
(1-0.3857149)" " . 0.722211
= =6.8990786
0.0336635
1 2
117 amdmm k, = {(I)1 [EQJ(-%)}}
=4
Sk
118 Aum G= -
m
_ 21417106 + 4 + 4
3
=3.3805702
. o XXcy
119 dmnmi o= ———, ¢, =corr(k. k;)
(m- m)
=1.7060157
o ' 2 m
120 M e= = —
var(G)  1+(m-1)¢C
= 3 =0.6799589

1+(3-1)(1.7060157 )

o ' e -
121 Mwwi H= — >k, ~ %
m-

H = 29799989 5 1417106 + 4 + 4)

=2.2986487
I'd v A
122 thammsaaauls

=) = 1 aa d' o Y o 1A d' d‘
seuneumadanadouy H ﬂﬂ1uﬂﬂl"lﬂﬂﬂﬂ1’3ﬂi]@lﬁluﬂﬁﬁN“L!’Jﬂ“lfl Nl n

] I a 1w v v o w
I NNY U AT (df) tmMNY 1 5TAVUYE 2 0.05
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H =2.2986487 < 3.841
AU gouTUaNNAT I H, N3zautisdinny 0.05

1 9 d‘d a o
a311 Yoyauanlsznnsnimsuanuaalnaaiudiuls

2. Avmsnagsumsuanuadlnaviateaualsniaue Iae K. V. Mardia 1ag J. T. Kent

(T, 1991) Faenusofun laaail
T=T, +T,

Tagil T, = énb“’ wag T, = %n[b;p- 6b, + 3p(p + 2)]

[

SunaAnlszamnines 188
NAMBSAMABYDIIIBE1

29.78
X = | 5.9826667

18.242333

mas Al 515U 19819

5.1582069 1.182469  -0.977745
S =1 1.182469 5.2087237 -3.387175
-0.977745 -3.387175 65.425246
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a 4 a J 1 @ ]
DUNBTAVUNATNFANUULTUTIUIINVOIA DS

0.2045376 -0.045994 0.0006755
S’ =1-0.045994 0.209017 0.0101338
0.0006755 0.0101338 0.0158194

2.1 Aunum b, = iz n ZD3
n iy =
by, = (3(1) ; [(1.9875591)3 + (1.0762331) +..+ (7.4967495)3]
= 2.1000201

o 1 1 I
22 fwmA b, = — > D;
' n i

b, = 3—10[(1.9875591)2 + (1.0762331)" +..+ (7.4967495)2}

P

= 14503783
o 1 % 1 L = 4
2.3 Mmwumb, , = — Dj;
n i=l j=1
b;, = (3(1))2 (1.9875591)" + (1.0762331)" +..+ (7.4967495)4}
=48.087131

o . 1
24 M T, = gnbl,p

= é(SO)(Z.lOOOZOl) =10.5001

2.5 A T, = in[b;p- 6b, +3p(p + 2)]

- %(30){48.087131 -6(14.503783) +3(3)(5)}

=7.5805411
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2.6 A T=T, + T,

=10.5001 + 7.5805411
=18.080641

4 v A
2.7 tnaMmMsaaaule

=y =1 U aa d' o Y 1A dl dl
nSeuiisusananaaey T Afwaalanuaingaluaisewuini ne 0
AW TR 3 szAUTBTIAY 0.05

T =18.080641 < 37.65
Ay seNSUaNUATIM H, Nszautisdidmy 0.05

a1 Jeyawmnszannsiimsuanuesdnaaudauls

ax a o ~

3. AmMInageumsuanuasdnaviatedudsitave lag Charles L. Dunn (O, 1995)
£ o Y v dy
%Qﬁ1u153ﬂ1u3m1ﬂﬂﬂu

| ¥, -2, W, - <0
Tagh A(Tid_gj = 2 2
0 ¥~ >0
T2
1
R ' . . S2 Xi'i
lI’u:cosl(Di Dj);1<_],Di= ( )



o 1 a S Y
ﬂ'luqmﬂ']ﬂﬁgu']mw'ﬁ']ul@]@itlﬂ
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[

E4
~
U

NANDI AN AEUDIAIDE1

29.78
5.9826667
18.242333

X =

was a1l sl N0 19819

5.1582069
S =
-0.977745

1.182469
1.182469  5.2087237

-0.977745
-3.387175

-3.387175 65.425246

a 4 a J 1 @ 1
DUNBTAVIUNATNFANUULTUTIUIINVOIA DS

0.2045376
-0.045994
0.0006755

S' =

0.4493686
-0.050969
0.0027547

9,]
0l
1l

3.1 e D, =

-0.045994  0.0006755
0.209017 0.0101338
0.0101338 0.0158194

-0.050969 0.0027547
0.4539864 0.017761
0.017761 0.1244842

1
S2(x,X)

[(xi x) S'l(xi—i)}

0.1855244
0.3236325
-0.927816
-0.679364
0.6781454
-0.280328

D =

-0.34135
0.0705342
0.9372859



32 A W, =cos™ (D] D, );i <]
W, = 1.2094609
¥, = 1.2006679

W5 = 0.9036147

n-1 n T 2
4 T
3w
3.3 Mudua O = !
n(n—l)

| i - ‘I‘i,j—g <0
Tagd A| W, -— | =
L] 2 E
2

0=0.4123371

4 v A
3.4 panmsaaauly

=) = 1 aa d' o Y o 1A d' d‘
seuneumananadou O “Vlﬂ1uﬂﬂlVlﬂﬂ‘UﬂTJﬂi]@lﬁlugniNNU’Jﬂﬂ N7 N

YUIAAIDIIUNMINY 30 1G5 3 szausdAy 0.05

0=0.4123371 < 0.4443
AU gouTUaNNAT I H, Nszautisdinny 0.05

a1 Jeyammnszannsiimsuanuesdnaaudauls
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E4

A o 9 <] Yo A
Lﬂﬂu1mﬂyjﬂu1wa@@ﬂ§1wqﬂﬂﬂu

Surface Plot of TEMP vs BOD, DO
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30 4
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25 4
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DO 12
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Y 9
L= v A

Tumsasnrgeudeyanimsusnuasdnaamdndsvie L dunoudsil

Ja o @
1. A5EUMILINUIINTIHaveIAIMLs X, Iﬂﬁlnl‘]gf}Normal Probability Plot

Normal Probability Plot

34.5+ +X++
| ++++
| *k kK
| **+*+
| *kok kg
29.5+ *kkkk*k
| ***+
| ++***
| +H*4*
| +H++*
24 . 5+++++ *
T S T
-2 -1 0 +1 +2
Basic Statistical Measures Tests for Location: Mu0O=0
Location Variability Test -Statistic- ---p Value---
Mean 29.78000 Std Deviation 2.27117 Student's t t 71.81844 Pr > |t| <.0001

N 30

Goodness-of-Fit Tests for Normal Distribution

Test ---Statistic----  ----- p Value-----
Kolmogorov-Smirnov D 0.08166819 Pr > D >0.150
Cramer-von Mises W-Sgq 0.02560689 Pr > W-Sq >0.250
Anderson-Darling A-Sq 0.17513752 Pr > A-Sq >0.250

NN 39 11e7A9 Normal Probability Plot VoI wls X,

ANNATIUUDINTNATOVAD

9y pRp a
I{OI UBUAD xl1nﬂ1ﬂﬂi$%1ﬂiwmﬂ1suﬂﬂuﬂﬂﬂﬂﬁ

v gy A A
L UUA Xl1N1ﬂm1ﬂ1ﬂﬂ53%1ﬂ5%uﬂ15uﬂﬂuﬂﬂﬂﬂﬁ

1 U

H

1N 39 Tagldadanadouil nadeumsusnusalndvesdnis x, wudi

= )

p-value Yo M5 x, TAUMIAD 0.0001 Feliantosnszauiivdni 0.05 wazldns

NATDY Goodness-of-Fit Tests Tﬂﬂ@jﬂmﬁaaﬂjﬂﬂ Kolmogorov-Smirnov WU M p-value UB9

]
9 w I

auls x, A 0.150 Fadiannnnszauiedingh 0.05



o w

9 v
auiy dQasauuagiu H, Nszauiisdingy 0.05

g
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1 9 n Y Ao a 1 A
ﬁ§ﬂ31maya Xl1“1@%1ﬂ1ﬂﬂ35%1ﬂﬁﬂhﬂ1iuﬂﬂuﬂiﬂﬂﬁlMﬂh1%1ﬂﬂi$%1ﬂﬁﬂﬂﬂ1§

a Jd 2
LANHATAAUAUN-N

Ja o @
2. AIRADUMIUINUIINT I avIALs X, Iﬂﬁlnl‘]gf}Normal Probability Plot

Normal Probability Plot

++++
+H++

Mu0=0

---p Value---

12.5+
I
I
| *+*+
| +r4k4
| Frh kK
| **+**
| ++***
| Ak kkkk*k
| *pk k4
| +x 44
1.5+ +*++
TS S Ly e Sy,
-2 -1 0 +1
Basic Statistical Measures Tests for Location:
Location Variability Test -Statistic-
Mean 5.982667 Std Deviation 2.28226 Student's t t 14.35786

N 30

Goodness-of-Fit Tests for Normal Distribution

Pr > |t| <.0001

Test ---Statistic----  ----- p Value-----
Kolmogorov-Smirnov D 0.08261777 Pr > D >0.150
Cramer-von Mises W-Sq 0.03516336 Pr > W-Sq >0.250
Anderson-Darling A-Sq 0.22946231 Pr > A-Sq >0.250

NN 40 11e7A9 Normal Probability Plot VoI wls X,

ANNATIUVDINTNATOUAD

9

H, : Yoya x, ¥nseminsnumsuanuagilnd
H, : Yoya x, lu'ldunindsemnnsniinmsuanuasing
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1IN 40 Taeldananagouii naaeumsuanuastnavesdnds x, wua
@ A [ Y & A Y 1 @ v o w ~ 9
p-value ¥@d01l5 x, UAUNIAY 0.0001 FelAiosnNnszaviadrAni 0.05 uazlyms
NATDU Goodness-of-Fit Tests Tﬂﬁlﬂiﬂﬂﬁaaﬂlm Kolmogorov-Smirnov WL A p-value U84

£ = 1 % d! S 1 1 U v o v td'
dals X, UAUNINY 0.150 INAWINNNTEAUUITIATYN 0.05

9
Y

auiy dQasauuagiu H, Nszauiisdiigy 0.05
v 9 A Aa ' A
a3 doya x, wanlszannsninmsuanusang uaanilszmnsninmsuen

a I A
LA UAUN-N

3. asdeUMIHINUINSaTTavesdnls x, Tagld Normal Probability Plot

Normal Probability Plot

37.5+ *t+++++
| *okpkppid
| ++++++
22 .5+ kkkkkpk
| +++****
| kkhkkkkkkk*x
7.5+ * LR LS
Tk e e e
-2 - 0 +1 +2
Basic Statistical Measures Tests for Location: Mu0=0
Location Variability Test -Statistic- ---p Value---
Mean 18.24233 Std Deviation 8.08859 Student's t t 12.35288 Pr > |t| <.0001

N 30

Goodness-of-Fit Tests for Normal Distribution

Test ---Statistic----  ----- p Value-----
Kolmogorov-Smirnov D 0.11153228 Pr > D >0.150
Cramer-von Mises W-Sgq 0.06759446 Pr > W-Sq >0.250
Anderson-Darling A-Sq 0.44197478 Pr > A-Sq >0.250

NN 41 11eA9 Normal Probability Plot VoA s X,

AVUAFIUVYBININATOUAD

Y A a
H, : oya x, 1191nilszmnsdiinsunuacilng
H, : doya x, lildmndszmnsilimaunuaand



nnnd 41 Taeldananagouii naaeumsuanuastnavesdnds x, wua

v
o Y a2

p-value ¥o9d )3 x, HAUMINY 0.0001 Faliadosniszautivdinni 0.05 uazldms
NATDU Goodness-of-Fit Tests Tﬂﬁlﬂiﬂﬂﬁaaﬂlm Kolmogorov-Smirnov WL A p-value U84

£ = 1 % d! S 1 1 U v o v td'
dals X, UAUNINY 0.150 INAWINNNTEAUUITIATYN 0.05

9
Y

auiy dQasauuagiu H, Nszauiisdiigy 0.05

9 A a ' P
fﬁqﬂ’ﬂ vola x, 10ndsgnnsnumsuenusdnd uanianlsesnsninisuan

a I A
LA UAUN-N

4. ATABUMIUINUIITINVOIRMT X, , X, 1Az X, 1A8]% Chi-square Plot

Q—Q Plot for Assessing Normality
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WA 42 1EA9 Chi-square Plot YoM suanuaslnaaua s

4 4
@ 9y

= vy = Y o AR A
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ﬁ?ﬂ!!ﬁ%ﬂlﬂ!ﬁﬂﬂ!!ﬂ%

a5

Q

9 9
v A

av 3
Tumsiteassindumanlseumeunsoumsuanuansalunsniuguany
AaAAaaUY 3NN 1 (Type I error) LALSIUIIMINATOLYBIITMINAGOUMILINLIIUNA
g ad A ad a g d’
nanedals 3 25 Ao AMmInadeumsuanuasdnanaredlsitauslag 1. P. Royston (H ,
an a @ A .
1983) A3msnadeumsuanuasdnanaredlsiidus lag K. V. Mardia uae J. T. Kent (T,
1991) agasMsnageumsuanuslnavianeduilsniawe Iag Charles L. Dunn (O, 1995)
qu’ 1 a 4 ] 1 a 4 4 1" A
nensamummmesuaz linsumwsimesyoansuanus ilonwaaglisms
an A A Y ax Yo
nadouIs laansomuauanuamanaeulsznni 1 14 uaziimsnadoulalisiung
{ o @ 1 : @
nmsnadougInga Taenssiaosdoyadedauuia 20, 30 uag 50 Fuiludumuvesdoya
< | [ 3 o o 53 1 3
PIAAN NAN Loz lva MuUIAY MrUAIUIUATIIMIAY 2, 3 1Az 4 Laznadoy

9

a { o o o 3’ z 1 4
duudgunTzauTsd 1Ay 0.05 az 0.10 Taesiig 1,000 AT lunaazanIUMTal
1 a = 1 a ¢
UM 1 NIAUNIIUMININTNBIVBIN TN
1.1 ussuisuanuamnsalumsavguanuaaianaoulsznni 1

Lﬂ' IS) a v ad a
wedszmnsumsuanuasilng 2,3ua2 4 dls AImInaaounsuInuang
nanealsniaue Iag K. V. Mardia ttag J. T. Kent (T , 1991) #10150A7UANAN

d' d' Y LY L] d'd U 1 d'd
aaanaaulszani 1 llﬂnﬂsllu”lﬂﬁili’]mﬂ%ﬁﬂ‘bl”l nﬂmmmuﬂiﬂiammmﬂm Hagnn

'
9 w =

seautsdvyRany tagdismanaaeumsuanuasnavateauilsiiaus Taeg Charles L.

A ~ v A Y ' S
Dunn (O, 1995) ﬁ13Jﬁﬂﬂjﬂﬂllﬂ’ﬂllﬂa1mﬂﬂ@uﬂizlﬂ‘ﬂ‘ﬂ 1 1@&%@%“1@@]3’081%1]1! 30 uag

]
v I3

50 innaranuudsilsusundne uazynszauisdingiane dH3Tmsnageumsuan

g

uastnavatedaudlsiieue Tag 1. P. Royston (H , 1983) #11150A2UANAINAAIAIAADY

9

Uszinni 1 dledwauduilsund 2 Annaanuulsdsiuswiane uagszauivdinny
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1.2 uf3sumeunsiuiansnagoy
= = 1 o = X
1.2.1 Mm3lseuiesuaisiuiansnagaunsal 2 auals

4 Y] 1 I an 1 o
Wevadmediuiu 20 adanadou T ldmdnemsnadeugegann

o v

MILINUAATNNTEAVU BT ATY

A ] 1 I aa Y1 o 1 [
WoUHIRAI08191] Y 30 aneneagoy T 1Wﬂ191u1ﬂﬂ151ﬂﬂﬁﬂﬂllﬂllﬁﬂWTQ

aa A v v o w A = <3 J aa
naoanagey O ‘V]‘V]‘ﬂigﬂlluﬂﬁ1ﬂﬂlulll'ﬂﬂigGlﬂﬂillﬂqitlﬂﬂllﬂﬂa@ﬂuﬂiuﬂﬂ Uagana
o v A

naaeu O ldmdwnamsnageugeganynszaviisdniolsznnslinmsuaniog

a I A
ANAAUN-N

A o 1 I aa Y1 o 1 [
WoUHIAAI08191] Y 50 anenadgou T 1Wﬂ191u1ﬂﬂ151ﬂﬂﬁﬂﬂllﬂllﬁﬂWTQ

aa A v v o w A = <3 J aa
Nnaoanagey O ‘V]‘V]‘ﬂigﬂlluﬂﬁ1ﬂﬂlulll'ﬂﬂigGlﬂﬂillﬂqitlﬂﬂllﬂﬂa@ﬂuﬂiuﬂﬂ Uagann

Il
9 o )=}

nageu O TraAdunamsnageuggannnszauisdngielsemnslimsuanuasaadd

J

=
AUN-A
1.2.2 msufseuneumsiuiansnaaounsal 3 auils

A @ 1 I an Y1 o
WevuIan0e1u 20 ddanadey T 1ﬁﬂ191u1%ﬂ13ﬂﬂﬁﬂﬂq3q@
o @ d‘d
i

fMTUNNMTLINUILAENNTEAUTBAAYNANHN

A % ] [~ aa 9 o 1 1
WevuIane1u 30 ananadey T 1Wﬂ1@1u1%ﬂ13“ﬂﬂﬁfJ‘UllﬂJLWIﬂﬂN
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MINWUINT 12 uaasmdulseans {a

.1} vosanANATOy W,
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i ¢ 3 4 S 6 7 8 9 10 B 12 13 14 15 16 17 18
1 | 0.7071 0.6872 0.6646 0.6431 0.6233 0.6052 0.5888 0.5739 0.5601 0.5475 0.5359 0.5251 0.5150 0.5056 0.4968 0.4886
2 0.1677 0.2413 0.2806 0.3031 0.3164 0.3244 0.3291 0.3315 0.3325 0.3325 0.3318 0.3306 0.3290 0.3273 0.3253
3 0.0875 0.1401 0.1743 0.1976 0.2141 0.2260 0.2347 0.2412 0.2460 0.2495 0.2521 0.2540 0.2553
4 0.0561 0.0947 0.1224 0.1429 0.1586 0.1707 0.1802 0.1878 0.1939 0.1988 0.2027
5 0.0399 0.0695 0.0922 0.1099 0.1240 0.1353 0.1447 0.1524 0.1587
6 0.0303 0.0539 0.0727 0.0880 0.1005 0.1109 0.1197
il 0.0240 0.0433 0.0593 0.0725 0.0837
8 0.0196 0.0359 0.0496
2 0.0163
i % 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
1 | 0.4808 0.4734 0.4643 0.4590 0.4542 0.4493 0.4450 0.4407 0.4366 0.4328 0.4291 0.4254 0.4220 0.4188 0.4156 0.4127
2 1 03232 0.3211 0.3185 0.3156 0.3126 0.3098 0.3069 0.3043 0.3018 0.2992 0.2968 0.2944 0.2921 0.2898 0.2876 0.2854
3 | 0.2561 0.2565 0.2578 0.2571 0.2563 0.2554 0.2543 0.2533 0.2522 0.2510 0.2499 0.2487 0.2475 0.2463 0.2451 0.2439
4 | 0.2059 0.2085 0.2119 0.2131 0.2139 0.2145 0.2148 0.2151 0.2152 0.2151 0.2150 0.2148 0.2145 0.2141 0.2137 0.2132
5 ]| 0.1641 0.1686 0.1736 0.1764 0.1787 0.1807 0.1822 0.1836 0.1848 0.1857 0.1864 0.1870 0.1874 0.1878 0.1880 0.1882
6 | 0.1271 0.1334 0.1399 0.1443 0.1480 0.1512 0.1539 0.1563 0.1584 0.1601 0.1616 0.1630 0.1641 0.1651 0.1660 0.1667
7 | 0.0932 0.1013 0.1092 0.1150 0.1201 0.1245 0.1283 0.1316 0.1346 0.1372 0.1395 0.1415 0.1433 0.1449 0.1463 0.1475
8 | 0.0612 0.0711 0.0804 0.0878 0.0941 0.0997 0.1046 0.1089 0.1128 0.1162 0.1192 0.1219 0.1243 0.1265 0.1284 0.1301
© 9 | 00303 0.0422 0.0530 0.0618 0.0696 0.0764 0.0823 0.876 0.0923 0.0965 0.1002 0.1036 0.1066 0.1093 0.1118 0.1140
10 0.0140 0.0263 0.0368 0.0459 0.0539 0.0610 0.0672 0.0728 0.0778 0.0822 0.0862 0.0899 0.0931 0.0961 0.0988
" 0.0122 0.0228 0.0321 0.0403 0.0476 0.0540 0.0598 0.0650 0.0697 0.0739 0.0777 0.0812 0.0844
12 0.0107 0.0200 0.0284 0.0358 0.0424 0.0483 0.0537 0.0585 0.0629 0.0669 0.0706
3 0.0094 0.0178 0.0253 0.0320 0.0381 0.0435 0.0485 0.0530 0.0572
14 .0.0084 0.0159 0.0227 0.0289 0.0344 0.0395 0.0441
15 0.0076 0.0144 0.0206 0.0262 0.0314
16 0.0068 0.0131 0.0187
17 0.0062
i 0 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
I | 0.4096 0.4068 0.4040 0.4015 0.3989 0.3964 0.3940 0.3917 0.3894 0.3872 0.3850 0.3830 0.3808 0.3789 0.3770 0.3751
2 | 0.2834 0.2813 0.2794 0.2774 0.2755 0.2737 0.2719 0.2701 0.2684 0.2667 0.2651 0.2635 0.2620 0.2604 0.2589 0.2574
3 | 0.2427 0.2415 0.2403 0.2391 0.2380 0.2368 0.2357 0.2345 0.2334 0.2323 0.2313 0.2302 0.2291 0.2281 0.2271 0.2260
4 | 02127 0.2121 0.2116 0.2110 0.2104 0.2098 0.2091 0.2085 0.2078 0.2072 0.2065 0.2058 0.2052 0.2045 0.2038 ©0.2032
5 | 0.1883 0.1883 0.1883 0.1881 0.1880 0.1878 0.1876 0.1874 0.1871 0.1868 0.1865 0.1862 0.1859 0.1855 0.1851 0.1847
6 | 0.1673 0.1678 0.1683 0.1686 0.1689 0.1691 0.1693 0.1694 0.1695 0.1695 0.1695 0.1695 0.1695 0.1693 0.1692 0.1691
7 | 0.1487 0.1496 0.1505 0.1513 0.1520 0.1526 0.1531 0.1535 0.1539 0.1542 0.1545 0.1548 0.1550 0.1551 0.1553 0.1554
8 | 0.1317 0.1331 0.1344 0.1356 0.1366 0.1376 0.1384 0.1392 0.1398 0.1405 0.1410 0.1415 0.1420 0.1423 0.1427 0.1430
9 | 0.1160 0.1179 0.1196 0.1211 0.1225 0.1237 0.1249 0.1259 0.1269 0.1278 0.1286 0.1293 0.1300 0.1306 0.1312 0.1317
10 | 0.1013 0.1036 0.1056 0.1075 0.1092 0.1108 0.1123 0.1136 0.1149 0.1160 0.1170 0.1180 0.1189 0.1197 0.1205 0.1212
11 | 0.0873 0.0900 0.0924 0.0947 0.0967 0.0986 0.1004 0.1020 0.1035 0.1049 0.1962 0.1073 0.1085 0.1095 0.1105 0.1113
12 | 0.0739 0.0770 0.0798 0.0824 0.0848 0.0870 0.0891 0.0909 0.0927 0.0943 0.0959 0.0972 0.0986 0.0998 0.1010 0.1020
13 | 0.0610 0.0645 0.0677 0.0706 0.0733 0.0759 0.0782 0.0804 0.0824 0.0842 0.0860 0.0876 0.0892 0.0906 0.0919 0.0932
i4 | 0.0484 0.0523 0.0559 0.0592 0.0622 00.0651 0.0677 0.0701 0.0724 0.0745 0.0765 0.0783 0.0801 0.0817 0.0832 0.0846
15 | 0.0361 0.0404 0.0444 0.0481 0.0515 0.0546 0.0.575 0.0602 0.0628 0.0651 0.0673 0.06%4 0.0713 0.0731 0.0748 0.0764
16 | 0.0239 0.0287 0.0331 0.0372 0.0409 0.0444 0.0476 0.0506 0.0534 0.0560 0.0584 0.0607 0.0628 0.0648 0.0667 0.0685
17 | 0.0119 0.0172 0.0220 0.0264 0.0305 0.0343 0.0379 0.0411 0.0442 0.0471 0.0497 0.0522 0.0546 0.568 0.0588 0.0608
18 0.0057 0.0110 0.0158 0.0203 0.0244 0.0283 0.0318 0.0352 0.0383 0.0412 0.0439 0.0465 0.0489 0.0511 0.0532
19 0.0053 0.0101 0.0146 0.0188 0.0227 0.0263 0.0296 0.0328 0.0357 0.0385 0.0411 0.0436 0.0459
20 0.0049 0.0094 0.0136 0.0175 0.0211 0.0245 0.0277 0.0307 0.0335 0.0361 0.0386 |
21 0.0045 0.0087 0.0126 0.0163 0.0197 0.0229 0.0259 0.0288 0.0314
2 0.0042 0.0081 0.0118 0.0153 0.0185 0.0215 0.0244
23 0.0039 0.0076 0.0111 0.0143 0.0174
24 0.0037 0.0071 0.0104
25 0.0035

n: Shapiro S.S. and Wilk M.B. Biometrika, 1965, v.52, p.603.
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a Y =) ' a s
wanuasdnd 2 @uds nsainsiummnsimes

!Nﬂ%ﬂ‘]ﬁﬂ?ﬁ“!ﬂiﬂi?uéﬂu YUIANIDE ﬂ'Ji’)‘i«!ll‘i’lfllﬁ 0.95 ﬂ'Ji’)‘i«!ll‘i’lﬁl‘?'l 0.90

1 0.3 20 77.1210 48.0069

0.3 1 30 71.0357 47.6447
50 67.6146 46.4303

1 0.6 20 73.2246 46.0245
0.6 1 30 69.3128 45.2603
50 63.4377 43.6548

1 0.9 20 72.2640 46.4400
0.9 1 30 69.0049 45.6706

50 64.6682 44.5686
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a d v
mnsnaanuulsilsiusau

Y} v o’d‘ o’d'
vinamega  aleulnan 0.95  aleulnan 0.90

1 0.3 0.3 20 160.8392 113.3859
0.3 1 0.3 30 146.8789 107.9012
0.3 0.3 1 50 134.0195 101.3290

1 0.6 0.6 20 158.4294 109.3535
0.6 1 0.6 30 146.3631 104.3923
0.6 0.6 1 50 132.5978 100.4927

1 0.9 0.9 20 154.4133 108.9524
0.9 1 0.9 30 146.3530 103.5989
0.9 0.9 1 50 131.7322 99.4058

1 0.3 0.3 20 155.9561 110.3407
0.3 1 0.6 30 147.8931 106.9518
0.3 0.6 1 50 134.9641 100.4824

1 0.3 0.3 20 159.9558 111.3934
0.3 1 0.9 30 149.0520 107.3785
0.3 0.9 1 50 134.4757 100.9202

1 0.6 0.6 20 161.6813 112.3890
0.6 1 0.9 30 152.1025 108.2878
0.6 0.9 1 50 138.1303 102.6922

1 0.3 0.6 20 164.5226 113.1633
0.3 1 0.9 30 148.8410 108.0981
0.6 0.9 1 50 131.2143 100.6792
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MINHINT N5 meﬂ'wmau"lmﬁﬁ 0.95 118z 0.90 vosananadoy T lumsnagouns

a Y =~ ' a s
wantadnd 4 auds nsainsiuammnsimes

!Nﬂ%ﬂ%ﬂ?]“!!ﬂiﬂﬁ?ﬂﬁ'ﬁlﬂl YHIARIDENS mau"lﬂﬁﬁ 0.95 meu"lmd“?i 0.90

1 0.3 0.3 0.3 20 298.2553 216.4188
0.3 1 0.3 0.3 30 268.7970 202.3533
0.3 0.3 1 0.3 50 242.4996 190.5111
0.3 0.3 0.3 1

1 0.6 0.6 0.6 20 287.3816 208.6053
0.6 1 0.6 0.6 30 263.1250 197.4450
0.6 0.6 1 0.6 50 235.2842 186.5615
0.6 0.6 0.6 1

1 0.9 0.9 0.9 20 290.5006 210.6601
0.9 1 0.9 0.9 30 264.4477 198.2352
0.9 0.9 1 0.9 50 240.5798 188.4911
0.9 0.9 0.9 1

1 0.3 0.3 0.3 20 288.0855 213.2758
0.3 1 0.6 0.6 30 262.6300 200.5916
0.3 0.6 1 0.6 50 236.7953 187.1133
0.3 0.6 0.6 1

1 0.6 0.6 0.6 20 290.6592 212.8360
0.6 1 0.3 0.3 30 266.4274 199.5342
0.6 0.3 1 0.6 50 236.5643 186.6284
0.6 0.3 0.6 1

1 0.6 0.6 0.6 20 293.9961 213.9188
0.6 1 0.6 0.6 30 264.2889 203.1208
0.6 0.6 1 0.3 50 240.3749 189.9412
0.6 0.6 0.3 1
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!Nﬂ%ﬂ%ﬂ?]“!!ﬂiﬂﬁ?ﬂﬁ'ﬁlﬂl YHIARIDENS mau"lﬂﬁﬁ 0.95 mau"lmd“?i 0.90

1 0.3 0.3 0.3 20 289.7241 212.2870
0.3 1 0.9 0.9 30 264.0717 202.1889
0.3 0.9 1 0.9 50 236.4674 188.1344
0.3 0.9 0.9 1

1 0.6 0.6 0.6 20 289.8601 208.2135
0.6 1 0.9 0.9 30 264.0389 200.3812
0.6 0.9 1 0.9 50 238.9288 190.8322
0.6 0.9 0.9 1
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MINUINT N6 meﬂ'wmau"lmﬁﬁ 0.95 118z 0.90 vosananadoy T lumsnagouns

a o = ] U a 4
wanuasnavianeauys ﬂiﬂ!"lﬂJTliﬁJﬂ”IW”li”lﬂJmai

p df arevlnad 0.95 Ao lnan 0.90
2 9 16.92 14.68

3 25 37.65 34.38

4 55 7331 68.79

5 105 129.91 123.94

6 182 214.47 206.83

7 294 334.98 325.47

i3 Mardia K. V. Biometrika, 1991, v.24, p.356.
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MINNUINT 17 !,Lﬁﬂ\‘]?‘hﬂﬁ’f)u]hlé’ﬁ 0.95 118z 0.90 vasadanadey O lumsnagoums

wanuasdnaviateauils

p n Ao lnad 0.95 Ao lnan 0.90

2 30 0.8207 0.8045
50 0.8216 0.8120
70 0.8220 -
100 0.8220 -

3 30 0.4443 0.4357
50 0.4538 0.4487
70 0.4580 -
100 0.4610 -

4 30 0.2904 0.2849
50 0.3035 0.3003
70 0.3090 -
100 0.3130 -

5 30 0.2087 0.2048
50 0.2237 0.2213
70 0.2300 -
100 0.2340 -

6 30 0.1587 0.1557
50 0.1745 0.1728
70 0.1810 -
100 0.1860 -

f31: Charles L. Dunn. Communication in Statistics: Part A Theory and Method, 1995, v.24,

p.2548.
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9

foe19 Tl sunsun 15l uanudseidulUsunsy SAS Felszneuals 2 411 Ap

o 9 Y < 4 Y
1. Iﬂﬂlﬂiuﬂ15%’|ﬁ@\15ll’f]3&l'ﬁalﬁuﬂ’lﬁll%ﬂllﬁ]\ia@ﬂu@iu@aﬁﬁWﬂ@nllﬂi Hazn19

a d A @
LANLAITAAAUN- N8RS

o 1 aa 1 a 4
2. Tdsunsumssuiamaaanagey H , T uag O TupsAns AN INNDT

waz linsummnniwes
= 1 = = [ 1 dy
m3euTdsunsuanee Iseazideadene 1

o o ya < ¢ o a
1.1 Tﬂsuﬂmmimaawamﬁlwummfommaaﬂuamaa 3 awdls nsany

MMNN03

dm 'log' clear; dm 'output' clear;
proc iml;
do i =1 to 1000;
seed = 19;
n = 20;
sigma = {1 0.3 0.3,0.3 10.3,0.3 0.3 1};
mu = {0,0,0};
sig_inv = inv(sigma);
P nrow(sigma) ;
m repeat (t (mu),n,1);
g root (sigma) ;
4 normal (repeat (seed,n,p));
XX = z*g+m;
X = exp(xx);
print x;
end;
quit;

o Y Y a Jd A Y =
1.2 Tﬂiuﬂiuﬂ”liﬁ]”lﬂi’]ﬂﬂl’f)lqua‘lﬁllﬂ”lill"i]ﬂlﬁ]ﬂﬁ@]ﬁlﬂlﬁ/]-% 3 s nsans Iy

1 a J
ATNIITUIABT

dm 'log' clear; dm 'output' clear;
proc iml;
do i =1 to 1000;
call randseed(19);
x = 3(20,3,.);
call randgen(x,'T',20);
print x;
end;
quit;



2.1 Tsupsusnnamananagey H vesmsuanuasdnaviateaiils nsainsiuy

1 a ? Ao o ' o
AMWITNRNDT NUIUIUAY 59N 3

dm 'log' clear; dm 'output' clear;

********************************************************************,-

xrxkkx*xxk generate data for normal distribution 3 variables *****xxx;
'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k************************,-

proc iml;
do ii =1 to 1000;
seed = 19;
n = 20;
sigma = {1 0.3 0.3,0.3 1 0.3,0.3 0.3 1};
mu = {0,0,0};
sig_inv = inv(sigma);
= nrow(sigma) ;
= repeat (t(mu),n,1);
root (sigma) ;
= normal (repeat (seed,n,p));
= z*g+m;

< NQ BT
Il

********************************************************************,-

xrKAKFkxkAKF*x calculate H statistics for 3 variables ****xxxdddkkxxx;
'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k************************,-

n = nrow(y);
p = ncol(y);
ybar = (1/n)*t(y)*j(n,1,1);

g =1i(n)-(1/n)*j(n,n,1);

s (1/(n-1)) *t (y) *q*y;

s_inv = inv(sigma) ;

ybar_t = t(mu);

y_b = repeat(ybar_t,n,1);

if n=20 then a =
{0.4734,0.3211,0.2565,0.2085,0.1686,0.1334,0.1013,0.0711,0.0422,0.0140,0,0,0,0,0,0,0
+0,0};

if n=30 then a =
{0.4254,0.2944,0.2487,0.2148,0.1870,0.1630,0.1415,0.1219,0.1036,0.0862,0.0697,0.0537
.0381,0.0227,0.0076,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0};

if n=50 then a =
{0.3751,0.2574,0.2260,0.2032,0.1847,0.1691,0.1554,0.1430,0.1317,0.1212,0.1113,0.1020
.0932,0.0846,0.0764,0.0685,0.0608,0.0532,0.0459,0.0386,0.0314,0.0244,0.0174,0.0104,0
o035, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0} ;

if n<=20 then x = log(n)-3;

if 20<n<=2000 then x = log(n)-5;

if 6<n<=20 then lamda = 0.118898+0.133414*x+0.327907* (x**2);

if 20<n<=2000 then lamda = 0.480385+0.318828*x—
0.0241665* (x**3)+0.00879701* (x**4)+0.002989646* (x**5) ;

if 6<n<=20 then 1lnmu = -0.37542-0.492145%x-1.124332* (x**2)-0.199422* (x**3);

if 20<n<=2000 then lnmu = -1.91487-1.37888*x-0.04183209* (x**2)+0.1066339* (x**3)—
0.03513666* (x**4)-0.01504614* (x**5) ;

if 6<n<=20 then lnsig = -3.15805+0.729399*x+3.01855* (x**2)+1.558776* (x**3);

if 20<n<=2000 then 1lnsig = -3.73538-1.015807*x-0.331885* (x**2)+0.1773538* (x**3)—
0.01638782* (x**4)-0.03215018* (x**5)+0.003852646* (x**6) ;

x1l = y[1l:n,1:1]-y_b[l:n,1:1];

x2 = y[l:n,2:2]-y_b[l:n,2:2];

x3 = y[1l:n,3:3]-y_b[l:n,3:3];
1 =y[l:n,1:1];
2 y[1l:n,2:2];
3 =vy[1l:n,3:3];
1
2
3

= repeat(x_1,1,3);
= repeat(x_2,1,3);
= repeat(x_3,1,3);
)
i

KoX X X X X
I wN e
|

3
c

exp (lnmu
sig = exp(lns
/*Y1=X1*/
call sort (y,{1 3},{3});
ay_1l = y[n:1,1:1]-y[1l:n,21:1];

;
g)i

215
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ayl = at#ay_1;

sayl = sum(ayl[,]);
y_yb = y[l:n,1:1];
y_yb2 = y_vyb##2;

sy_yb2 = sum(y_yb2[,]);

wl = (sayl**2)/sy_yb2;

ul = (1-wl)**lamda;

z1l = (ul-mu)/sig;

k_1 = (1/2)*probnorm(-z1);
k_11 = inv(probnorm(k_1));
kl = k_11**2;

/*b21*/

x12 = x1#x2;

sx12 = sum(x12[,]1);

b_21 = sx12/sy_yb2;
/*Y2=X2-b21X1*/

y2 = x_22-((b_21)#(x_11));
y22 = y2([1:n,2:2];

sy2 sum(y22[,]1);

sy22 = repeat(sy2,n,1);
call sort (y2,{1 3},{3});

ay_2 = y2[n:1,2:2]-y2[1:n,2:2];

ay2 = attay_2;

say2 = sum(ay2[,]);

y2_22 = y2[1l:n,2:2];

y2_2 = y2_22#42;

sy2_2 = sum(y2_2[,1);
/*W2%/

w2 = (say2**2)/sy2_2;

u2 = (l-w2)**lamda;

z2 = (u2-mu)/sig;

k_2 = (1/2)*probnorm(-z2);
k_22 = inv(probnorm(k_2));
k2 = k_22**2;

/*b31,0b32*/

y_ybb = y[1l:n,2:2];
y_ybb2 = y_ybb##2;
sy_ybb2 = sum(y_ybb2[,]1);
x13 = x1#x3;

x23 = x2#x3;

sx13 = sum(x13[,]);

sx23 = sum(x23[,1);

b_31 = sx13/sy_yb2;

b_32 = sx23/sy_ybb2;
/*Y3=X3-b32X2-b31X1*/

y3 = x_33-((b_32)#(x_22)) - ((b_31)#(x_11));

y33 = y3[1:n,3:3];

sy3 = sum(y33[,1);

sy33 = repeat(sy3,n,1);
call sort (y3,{1 3},{3});

ay_3 = y3[n:1,3:3]-y3[1:n,3:3];

ay3 = at#ay_3;

say3 = sum(ay3[,]);

y3_22 = y3[1:n,3:3];

y3_2 = y3_22#42;

sy3_2 = sum(y3_2[,1);
/*W3*/

w3 = (say3**2)/sy3_2;

u3 = (1-w3)**lamda;

z3 = (u3-mu)/sig;

k_3 = (1/2)*probnorm(-z3);
k_33 = inv(probnorm(k_3));
k3 = k_33**2;

/*G*/

G = (k1+k2+k3)/p;

/*Compute Correlation Matrix*/

cl = vecdiag(sigma);

c2 = 1/sqgrt(cl);

c3 = diag(c2);

corr = diag(c2)*sigma*diag(c2);

/*cij=corr (ki, kj)*/
x = log(n);

new = 0.21364+0.015124* (x**2)-0.0018034* (x**3);
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do i =1 to p;
do j = i+1 to p;

corr_ij = corr[i:i,j:j];
c_ij = ((abs(corr_ij))**lamda)* (1-(mu* (abs(corr_ij))*((1-
(abs (corr_1ij))) **mu)) /new) ;
count = count//c_ij;
sum_c = sum(count[,]);
end;
end;
/*e,H*/
e = p/(1+(p-1)*sum_c);
H = e*G;
print H;
end;
quit;

217

2.2 Tdsupsusmunamananaaey H voamsuanuasdnavatedils asal lunsiu
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dm 'log' clear; dm 'output' clear ;

R R o kR R I
’

FxHxAxHkAx*k generate data for normal distribution 3 variables ****x*xxx;
********************************************************************,-

proc iml;
do i =1 to 1000;
seed = 19;
n = 20;
sigma = {1 0.3 0.3,0.3 1 0.3,0.3 0.3 1};
mu = {0,0,0};
= nrow(sigma) ;
= repeat (t(mu),n,1);
= root(sigma) ;
= normal (repeat (seed,n,p));
= z*g+m;

< NQ 3T

********************************************************************,-

khkkkkkkkkxkxx* calculate H statistics for 3 variables ****xxkkxkkhshsk.
'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k************************,-

n )i
p ) i
y_ /n)*t(y)*3j(n,1,1);
q = 1/n)*j(n,n,1);
s = (1/(n-1))*t(y) *q*y;
s_inv = inv(s);

ybar_t = t(y_bar);

y_b = repeat(ybar_t,n,1);

if n=20 then a =

{0.4734,0.3211,0.2565,0.2085,0.1686,0.1334,0.1013,0.0711,0.0422,0.0140,0,0,0,0,0,0,0,0

,0,0};
if n=30 then a =

{0.4254,0.2944,0.2487,0.2148,0.1870,0.1630,0.1415,0.1219,0.1036,0.0862,0.0697,0.0537,0

.0381,0.0227,0.0076,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0};
if n=50 then a =

{0.3751,0.2574,0.2260,0.2032,0.1847,0.1691,0.1554,0.1430,0.1317,0.1212,0.1113,0.1020,0
.0932,0.0846,0.0764,0.0685,0.0608,0.0532,0.0459,0.0386,0.0314,0.0244,0.0174,0.0104,0.0

03s5,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0} ;
if n<=20 then x = log(n)-3;
if 20<n<=2000 then x = log(n)-5;
if 6<n<=20 then lamda = 0.118898+0.133414*x+0.327907* (x**2);
if 20<n<=2000 then lamda = 0.480385+0.318828*x—
0.0241665* (x**3)+0.00879701* (x**4)+0.002989646* (x**5) ;

if 6<n<=20 then Ilnmu = -0.37542-0.492145*x-1.124332* (x**2)-0.199422* (x**3);
if 20<n<=2000 then lnmu = -1.91487-1.37888*x-0.04183209* (x**2)+0.1066339* (x**3)—

0.03513666* (x**4)-0.01504614* (x**5) ;

if 6<n<=20 then lnsig = -3.15805+0.729399*x+3.01855* (x**2)+1.558776* (x**3);
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if 20<n<=2000 then 1lnsig = -3.73538-1.015807*x-0.331885* (x**2)+0.1773538* (x**3)—

0.01638782* (x**4)-0.03215018* (x**5)+0.003852646* (x**6) ;
x1l = y[l:n,1:1]-y_b[l:n,1:1];
x2 = vy[l:n,2:2]-y_b[l:n,2:2];
x3 = y[1l:n,3:3]-y_b[l:n,3:3];

= y[l:n,1:1];

y[1l:n,2:2];

=vy[l:n,3:3];

repeat(x_1,1,3);

repeat(x_2,1,3);

= repeat(x_3,1,3);

exp (lnmu) ;

sig = exp(lnsig);

/*Y1=X1%/

call sort (y,{1 3},{3});

ay_1l = y[n:1,1:1]-y[1l:n,21:1];

ayl = at#ay_1;

sayl = sum(ayl[,]);

y_yb = y[1l:n,1:1]-y_b[l:n,1:1];

y_yb2 = y_vyb##2;

sy_yb2 = sum(y_yb2[,]);

I wN =
Il

wl = (sayl**2)/sy_yb2;

ul = (1-wl)**lamda;

z1l = (ul-mu)/sig;

k_1 = (1/2)*probnorm(-z1);
k_11 = inv(probnorm(k_1));
kl = k_11**2;

/*b21*/

x12 = x1#x2;

sx12 = sum(x12[,]1);

b_21 = sx12/sy_yb2;
/*Y2=X2-Db21X1*/

y2 = x_22-((b_21)#(x_11));

y22 = y2[1:n,2:2];

sy2 = sum(y22([,]1);

sy22 = repeat(sy2,n,1);

call sort (y2,{1 3},{3});

ay_2 = y2[n:1,2:2]-y2[1:n,2:2];
ay2 = atay_2;

say2 = sum(ay2[,]);

y2_22 = y2[1l:n,2:2]-y_b[l:n,2:2];
v2_2 = y2_22#42;

sy2_2 = sum(y2_2[,1);

/*W2%/

w2 = (say2**2)/sy2_2;

u2 = (l-w2)**lamda;

z2 = (u2-mu)/sig;

k_2 = (1/2)*probnorm(-z2) ;

k_22 = inv(probnorm(k_2));

k2 = k_22**2;

/*b31,b32*/

y_ybb = y[1l:n,2:2]-y_b[l:n,2:2];
y_ybb2 = y_ybb##2;

sy_ybb2 = sum(y_ybb2[,]);

x13 = x1#x3;

xX23 = xX2#x3;

sx13 = sum(x13[,]);

sx23 sum(x23[,]1);

b_31 = sx13/sy_yb2;

b_32 = sx23/sy_ybb2;
/*Y3=X3-b32X2-b31X1*/

y3 = x_33-((b_32)#(x_22))—-((b_31)#(x_11));
y33 = y3[1:n,3:3];

sy3 = sum(y33[,]1);

sy33 = repeat(sy3,n,1);

call sort (y3,{1 3},{3});

ay_3 = y3[n:1,3:3]-y3[1:n,3:3];
ay3 = affay_3;

say3 = sum(ay3[,]);

y3_22 = y3[1:n,3:3]-y_b[1l:n,3:3];
y3_2 = y3_22#42;

sy3_2 = sum(y3_2[,1);

/*W3*/
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w3 = (say3**2)/sy3_2;
u3 (1-w3) **lamda;

z3 = (u3-mu)/sig;

k_3 = (1/2)*probnorm(-z3);
k_33 = inv(probnorm(k_3));
k3 = k_33**2;

/*G*/

G = (k1+k2+k3)/p;
/*Compute Correlation Matrix*/
cl = vecdiag(s);
c2 1/sqgrt(cl);
c3 diag(c2);
corr = diag(c2)*s*diag(c2);
/*cij=corr (ki, kj)*/
x = log(n);
new = 0.21364+0.015124* (x**2)-0.0018034* (x**3);
do ii =1 to p;
do j = 1i+1 to p;

corr_ij = corr[ii:ii,j:j];
c_ij = ((abs(corr_ij))**lamda)* (1-(mu* (abs(corr_ij))*((1-
(abs (corr_1ij))) **mu)) /new) ;
count = count//c_ij;
sum_c = sum(count[,]);
end;
end;
/*e, H*/
e = p/(1+(p-1)*sum_c);
H = e*G;
print H;
end;
quit;

2.3 Tdsunsudmnamananadey H veamsuanuaddnaviarsainils nsal

' a s Ao v 1w
NIIWAMNITINRNDT AT UMM 4

dm 'log' clear; dm 'output' clear;

********************************************************************,-

FxFAxFxx*k generate data for normal distribution 4 variables *****x*xxx;
********************************************************************;

proc iml;
do ii =1 to 1000;
seed = 19;
n = 20;
sigma = {1 0.3 0.3 0.3,0.310.30.3,0.30.310.3,0.30.30.31};
mu = {0,0,0,0};
sig_inv = inv(sigma);
= nrow(sigma) ;
= repeat (t(mu),n,1);
= root(sigma) ;
= normal (repeat (seed,n,p));
= z*g+m;

<N Qg BT
I

R R R o kR R I
’

khkkkkkkkkxkxx*x cglculate H statistics for 4 variables ****xkkkxkkhshsk.
********************************************************************;

n = nrow(y);
p = ncol(y);
ybar = (1/n)*t(y)*j(n,1,1);

g = 1i(n)-(1/n)*j(n,n,1);
s (1/(n-1)) *t (y) *q*y;
s_inv = inv(sigma) ;
ybar_t = t(mu);

y_b = repeat(ybar_t,n,1);
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if n=20 then a =
{0.4734,0.3211,0.2565,0.2085,0.1686,0.1334,0.1013,0.0711,0.0422,0.0140,0,0,0,0,0,0,0,0
+0,0};

if n=30 then a =
{0.4254,0.2944,0.2487,0.2148,0.1870,0.1630,0.1415,0.1219,0.1036,0.0862,0.0697,0.0537,0
.0381,0.0227,0.0076,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0};

if n=50 then a =
{0.3751,0.2574,0.2260,0.2032,0.1847,0.1691,0.1554,0.1430,0.1317,0.1212,0.1113,0.1020,0
.0932,0.0846,0.0764,0.0685,0.0608,0.0532,0.0459,0.0386,0.0314,0.0244,0.0174,0.0104,0.0
035,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0} ;

if n<=20 then x = log(n)-3;

if 20<n<=2000 then x = log(n)-5;

if 6<n<=20 then lamda = 0.118898+0.133414*x+0.327907* (x**2) ;

if 20<n<=2000 then lamda = 0.480385+0.318828*x—
0.0241665* (x**3)+0.00879701* (x**4)+0.002989646* (x**5) ;

if 6<n<=20 then lnmu = -0.37542-0.492145*x-1.124332* (x**2)-0.199422* (x**3);

if 20<n<=2000 then lnmu = -1.91487-1.37888*x-0.04183209* (x**2)+0.1066339* (x**3)—
0.03513666* (x**4)-0.01504614* (x**5) ;

if 6<n<=20 then lnsig = -3.15805+0.729399*x+3.01855* (x**2)+1.558776* (x**3);

if 20<n<=2000 then lnsig = -3.73538-1.015807*x-0.331885* (x**2)+0.1773538* (x**3)—
0.01638782* (x**4)-0.03215018* (x**5)+0.003852646* (x**6) ;

xl = y[1l:n,1:1]-y_b[l:n,1:1];

x2 = y[l:n,2:2]-y_b[l:n,2:2];

x3 = vy[1l:n,3:3]-y_b[l:n,3:3];
= vy[l:n,4:4]-y_b[l:n,4:4];
= y[l:n,1:1];
y[l:n,2:2];
= vy[l:n,3:3];
=vy[l:n,4:4];
= repeat(x_1,

b
S

NNMMINNMM
W N s W N

|

]

D

o}

O

©

o

= repeat
exp (lnmu) ;

sig = exp(lnsig);

/*Y1=X1*/

call sort (y,{1 4},{4});

ay_1l = y[n:1,1:1]-y[1:n,1:1];
ayl = at#ay_1;

sayl = sum(ayll[,]);

y_yb = y[l:n,1:1];

y_yb2 = y_vyb##2;

s wN e
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-
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sy_yb2 = sum(y_yb2[,1);

wl = (sayl**2)/sy_yb2;

ul = (1-wl)**lamda;

z1 = (ul-mu)/sig;

k_1 = (1/2)*probnorm(-z1);
k_11 = inv(probnorm(k_1));
k1l = k_11**2;

/*b21*/

x12 = x1#x2;

sx12 = sum(x12[,1);

b_21 = sx12/sy_yb2;
/*Y2=X2-b21X1*/

yv2 = x_22-((b_21)#(x_11));
y22 = y2[1l:n,2:2];

sy2 = sum(y22[,])
sy22 = repeat(sy2,n,1);

call sort (y2,{1 4},{4});

ay_2 = y2[n:1,2:2]1-y2[1:n,2:2];
ay2 = atay_2;

say2 = sum(ay2[,]);

y2_22 = y2[1l:n,2:2];

y2_2 = y2_22#42;

’

sy2_2 = sum(y2_21[,1);
/*W2%/

w2 = (say2**2)/sy2_2;

u2 = (l-w2)**lamda;

z2 = (u2-mu)/sig;

k_2 = (1/2)*probnorm(-z2) ;
k_22 = inv(probnorm(k_2));

k2 = k_22**2;
/*b31,b32*/
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y_ybb = y[1l:n,2:2];
y_ybb2 = y_ybb##2;
sy_ybb2 = sum(y_ybb2[,]1);
x13 = x1#x3;

xX23 = x2#x3;

sx13 = sum(x13[,]1);

sx23 = sum(x23[,]);

b_31 = sx13/sy_yb2;

b_32 = sx23/sy_ybb2;
/*Y3=X3-b32X2-b31X1*/

v3 = x_33-((b_32)#(x_22))—((b_31)#(x_11));
y33 = y3[1:n,3:3];

sy3 = sum(y33[,]);

sy33 = repeat(sy3,n,1);
call sort (y3,{1 4},{4});
ay_3 = y3[n:1,3:3]-y3[1:n,3:3];
ay3 = at#ay_3;

say3 = sum(ay3[,]);

y3_22 = y3[1:n,3:3];

y3_2 = y3_22#4#2;

sy3_2 = sum(y3_2[,1);
/*W3*/

w3 = (say3**2)/sy3_2;

u3 = (1-w3)**lamda;

z3 = (u3-mu)/sig;

k_3 = (1/2)*probnorm(-z3);
k_33 = inv(probnorm(k_3));
k3 = k_33**2;
/*bdl,b42,b43*/

y_ybbb = y[1:n,3:3];
y_ybbb2 = y_ybbb##2;
sy_ybbb2 = sum(y_ybbb2[,]);
x14 = x1#x4;

x24 = x2#x4;

x34 = x3#x4;

sx14 = sum(x14[,]);
sx24 = sum(x24[,]1);
sx34 = sum(x34[,]);

b_41 = sx14/sy_yb2;

b_42 = sx24/sy_ybb2;

b_43 = sx34/sy_ybbb2;
/*Y4=X4-p43X3-b42X2-b41X1*/

v4 = x_44-((b_43)#(x_33))—((b_42)#(x_22))—((b_41)#(x_11));
y44 = y4[1l:n,4:4];

sy4 = sum(yd44[,]);

sy44 = repeat(sy4,n,1);

call sort (v4,{1 4},{4});

ay_4 = y4[n:1,4:4]-y4[1:n,4:4];
ay4 = attay_4;

say4 = sum(ay4l[,]);

v4_22 = y4[1l:n,4:4];

va_2 = ya4_22#42;

sy4_2 = sum(y4_21[,1);

/*Wa*/

wd = (say4d**2)/syd_2;
u4d = (l-wé)**lamda;
z4 = (ud-mu) /sig;

k_4 = (1/2)*probnorm(-z4);

k_44 = inv(probnorm(k_4));
k4 = k_44**2;
/*G*/

G = (k1+k2+k3+k4) /p;
/*Compute Correlation Matrix*/

cl = vecdiag(sigma);

c2 = 1/sqgrt(cl);

c3 = diag(c2);

corr = diag(c2)*sigma*diag(c2);

/*cij=corr (ki, kj)*/
x = log(n);
new = 0.21364+0.015124* (x**2)-0.0018034* (x**3) ;
do i =1 to p;
do j = i+1 to p;
corr_ij = corr[i:i,j:31;



c_ij = ((abs(corr_ij))**lamda)* (1-(mu* (abs(corr_ij))*((1-
(abs (corr_1ij))) **mu)) /new) ;
count = count//c_1ij;
sum_c = sum(count[,]);
end;
end;
/*e,H*/
e = p/(l+(p-1)*sum_c);
H = e*G;
print H;
end;

quit;
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2.4 Tilsupsudmunamadanaaey H veimsuanuadndviaredials ngal la
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dm 'log' clear; dm 'output' clear ;

B R R o kR R
’

xxxkkx*xxk generate data for normal distribution 4 variables *****xxx;
********************************************************************,-

proc iml;
do i =1 to 1000;
seed = 19;
n = 20;
sigma ={1 0.3 0.3 0.3,0.3 1 0.3 0.3,0.30.310.3,0.30.30.31};
mu = {0,0,0,0};
= nrow(sigma) ;
= repeat(t(mu),n,1);
= root(sigma) ;
= normal (repeat (seed,n,p));
= z*g+m;

< NQ 50
I

R R o kR I
’

khkkkkkkkkkxx*x cglculate H statistics for 4 variables ****xkkxkkkhshsk.
********************************************************************,-

n
P ;
y_| n)*t(y)*j(n,1,1);
q = /n)*j(n,n,1);

s = (1/(n-1))*t(y)*a*y;
s_inv = inv(s);

ybar_t = t(y_bar);

y_b = repeat(ybar_t,n,1);

if n=20 then a =

{0.4734,0.3211,0.2565,0.2085,0.1686,0.1334,0.1013,0.0711,0.0422,0.0140,0,0,0,0,0,0,0,

+0,0};
if n=30 then a =

{0.4254,0.2944,0.2487,0.2148,0.1870,0.1630,0.1415,0.1219,0.1036,0.0862,0.0697,0.0537,

.0381,0.0227,0.0076,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0};
if n=50 then a =

{0.3751,0.2574,0.2260,0.2032,0.1847,0.1691,0.1554,0.1430,0.1317,0.1212,0.1113,0.1020,
.0

.0932,0.0846,0.0764,0.0685,0.0608,0.0532,0.0459,0.0386,0.0314,0.0244,0.0174,0.0104,0
035,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0};

if n<=20 then x = log(n)-3;

if 20<n<=2000 then x = log(n)-5;

if 6<n<=20 then lamda = 0.118898+0.133414*x+0.327907* (x**2);

if 20<n<=2000 then lamda = 0.480385+0.318828*x—
0.0241665* (x**3)+0.00879701* (x**4)+0.002989646* (x**5) ;

if 6<n<=20 then lnmu = -0.37542-0.492145*x-1.124332* (x**2)-0.199422* (x**3);

if 20<n<=2000 then lnmu = -1.91487-1.37888*x-0.04183209* (x**2)+0.1066339* (x**3)—
0.03513666* (x**4)-0.01504614* (x**5) ;

if 6<n<=20 then lnsig = -3.15805+0.729399*x+3.01855* (x**2)+1.558776* (x**3);

if 20<n<=2000 then lnsig = -3.73538-1.015807*x-0.331885* (x**2)+0.1773538* (x**3)—
0.01638782* (x**4)-0.03215018* (x**5)+0.003852646* (x**6) ;

xl = y[1l:n,1:1]-y_b[l:n,1:1];

0

0

0
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c

sig =
/*Y1=
call
ay_1
ayl =
sayl
y_yb
y_yb2
sy_yb
wl =
ul =
z1l =
k_1 =
k_11
k1l =
/*b21
x12 =
sx12
b_21
/*Y2=
y2 =
y22 =
sy2 =
sy22
call
ay_2
ay2 =
say?2
y2_22
y2_2
sy2_2
/*WZ*
w2 =
uz =
z2
k_2 =
k_22
k2 =
/*b31
y_ybb
y_ybb
sy_yb
x13 =
x23 =
sx13
sx23
b_31
b_32
/*Y3=

y3_2
sy3_2
/*W3*

y[l:n,2:2]-y_b[l:n,2:2];

y[1l:n,3:3]-y_b[l:n,3:3];

y[1l:n,4:4]-y_b[l:n,4:4];

y[1l:n,1:1];

y[l:n,2:2];

y[1l:n,3:3]1;

y[1l:n,4:4];

= repeat(x_1,1,4);

repeat(x_2,1,4);
4)
4)

’

repeat (x_3,1,
repeat (x_4,1,
exp (lnmu) ;
exp(lnsiqg);
X1*/
sort (y,{1 4},1{4});
= vy[n:1,1:1]-y[1:n,1:1];
attay_1;
= sum(ayll[,]);
= y[l:n,1:1]-y_b[l:n,1:1];
= y_vyb##2;
2 = sum(y_yb2[,1);
(sayl**2)/sy_yb2;
(1-wl)**lamda;
(ul-mu) /sig;
(1/2) *probnorm(-z1) ;
= inv(probnorm(k_1));
k_11**2;
*/
x1#x2;
= sum(x12[,1);
= sx12/sy_yb2;
X2-b21X1*/
X_22-((b_21)#(x_11));
y2[1l:n,2:2];
sum(y221[,1);
= repeat(sy2,n,1);
sort (y2,{1 4},{4});
= vy2[n:1,2:2]-y2[1:n,2:2];
attay_2;
= sum(ay2([,]);
= y2[1l:n,2:2]-y_b[l:n,2:2];
= y2_224#2;
= sum(y2_2[,]);
/
(say2**2) /sy2_2;
(1-w2) **lamda;
(u2-mu) /sig;
(1/2) *probnorm(-z2) ;
= inv(probnorm(k_2));
k_22**2;
,b32*/
= y[l:n,2:2]-y_b[l:n,2:2];
2 = y_ybb##2;
b2 = sum(y_ybb2[,]);
x1#x3;
x2#x3;
= sum(x13[,]);
sum(x23[,1);
= sx13/sy_yb2;
= sx23/sy_ybb2;
X3-b32X2-b31X1*/
x_33-((b_32)#(x_22))-((b_31)#(x_11));

’

= y3[1:n,3:3];
= sum(y33[,]);

= repeat(sy3,n,1);
sort (y3,{1 4},{4});
= y3[n:1,3:3]1-y3[1:n,3:3]1;
atay_3;
= sum(ay3[,]);
= vy3[1:n,3:3]-y_b[l:n,3:3];
= y3_22##2;
= sum(y3_2[,]);
/
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w3 = (say3**2)/sy3_2;
u3 (1-w3) **lamda;

z3 = (u3-mu)/sig;

k_3 = (1/2)*probnorm(-z3);
k_33 = inv(probnorm(k_3));
k3 = k_33**2;
/*b4dl,b42,b43*/

y_ybbb = y[1l:n,3:3]-y_b[l:n,3:3];
y_ybbb2 = y_ybbb##2;

sy_ybbb2 = sum(y_ybbb2[,]1);

x14 = x1#x4;

x24 = x2#x4;

x34 = x3#x4;

sx14 = sum(x14[,1);
sx24 = sum(x24[,]1);
sx34 = sum(x34[,]);

b_41 = sx14/sy_yb2;

b_42 = sx24/sy_ybb2;

b_43 = sx34/sy_ybbb2;
/*Y4=X4-043X3-b42X2-b41X1*/

véd = x_44-((b_43)#(x_33)) - ((b_42)#(x_22))-((b_41)#(x_11));
v44 = y4([1l:n,4:4];

sy4 = sum(y44[,]);

sy44 = repeat(sy4,n,1);

call sort (y4,{1 4},{4});

ay_4 = y4[n:1,4:4]-y4[1:n,4:4];
ay4 = atay_4;

say4 = sum(ay4l[,]);

v4_22 = y4[1l:n,4:4]-y_b[l:n,4:4];
va_2 = ya4_22#42;

sy4_2 = sum(y4_21[,1);

/*Wa*/

w4 = (say4**2)/syd_2;
u4d = (l-wé)**lamda;
z4 = (ud4-mu)/sig;

k_4 = (1/2)*probnorm(-z4) ;
k_44 = inv(probnorm(k_4));

k4 = k_44**2;

/*G*/

G = (k1+k2+k3+k4) /p;

/*Compute Correlation Matrix*/

cl = vecdiag(s);

c2 = 1/sqrt(cl);

c3 = diag(c2);

corr = diag(c2)*s*diag(c2);
/*cij=corr (ki, kj)*/

x = log(n);

new = 0.21364+0.015124* (x**2)-0.0018034* (x**3) ;
do ii =1 to p;
do j = 1i+1 to p;

corr_ij = corr[ii:ii,j:j1;
c_ij = ((abs(corr_ij))**lamda)* (1-(mu* (abs(corr_1ij))*((1-
(abs(corr_ij))) **mu)) /new) ;
count = count//c_ij;
sum_c = sum(count([,]);
end;
end;
/*e,H*/
e = p/(1+(p-1)*sum_c);
H = e*G;
print H;

end;
quit;



2.5 Tsupsusmnamananagey T voamsuanuasnavaleaiuils nsal
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NINUMNITIURNDT

dm 'log' clear; dm 'output' clear;

********************************************************************,-

xxxkkx*xkxk generate data for normal distribution 3 variables *****xxx;
********************************************************************,-

proc iml;
do i =1 to 1000;
seed = 19;
n = 20;
sigma = {1 0.3 0.3, 0.3 1 0.3, 0.3 0.3 1};
mu = {0,0,0};
sig_inv = inv(sigma);
p = nrow(sigma);
= repeat (t(mu),n,1);
root (sigma) ;
= normal (repeat (seed,n,p));
= z*g+m;

X NQ B
Il

********************************************************************,-

FrAAKFkxkAKF*x calculate T statistics for 3 variables ****xxxdddkkxxx;
********************************************************************,-

n = nrow(x);
p = ncol(x);
xbar = (1/n)*t(x)*j(n,1,1);

tx = t(x);

nx_bar = mu#j(p,n,1);
xx = tx-nx_bar;

s_inv = inv(sigma) ;
txx = t(xx);

g_matrix = txx*s_inv*xx;

betalhat = (sum(g_matrix#g _matrix#g_matrix))/(n*n);

beta2hat = trace(g_matrix#g_matrix)/n;

beta2ghat = (sum(g_matrix#g_matrix#g_matrix#g_matrix))/(n*n);

t3 = n*betalhat/6;
t4 = n* (beta2ghat-(6*betalhat)+((3*p)*(p+2)))/24;
t=t3+t4;
print t;
end;
quit;

2.6 Tlsunsudinamananadey O voamsuanusdnavaltedils nsal

NIV DT

dm 'log' clear; dm 'output' clear;

R R R o kR R
’

FxFxAxHkxx*k generate data for normal distribution 3 variables *****x*xxx;
********************************************************************,-

proc iml;
do ii =1 to 1000;
seed = 19;
n = 20;
sigma = {1 0.3 0.3, 0.3 1 0.3, 0.3 0.3 1};
mu = {0,0,0};
= nrow(sigma) ;
= repeat (t(mu),n,1);
= root(sigma) ;
= normal (repeat (seed,n,p));

N Q 3T
I
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X = z*g+m;

********************************************************************,-

xrKAKFKkxkAKF**x calculate O statistics for 3 variables ****xxxdddkxxxx;
********************************************************************;

n = nrow(x);

p = ncol(x);

s_inv = inv(sigma) ;

s_invl = inv(root(sigma));
rs_inv = t(s_invl);

tx = t(x);

nx_bar = mu#j(p,n,1);
xx = tx-nx_bar;

do i =1 to n;
xxx = xx[1l:p,1i:1];
SXX = rS_1nv*xxx;
XsSx = sqgrt (t(xxx)*s_inv*xxx);
d = sxx/xsx;
end;
do i =1 to n-1;
x1l = xx[l:p,1i:1]1;
sxl = rs_inv*xl;
xsxl = sqgrt(t(xl)*s_inv*xl);

d_i=sx1/xsxl;
do j = i+l to nj;
x2 = xx[1l:p,j:31;
sx2 = rs_inv*x2;
xsx2 = sqrt(t(x2)*s_inv*x2);
d_j = sx2/xsx2;
sv = arcos(t(d_1i)*d_j);
a = sv-(3.141592654/2);

if a < 0 then aa = (sv-(3.141592654/2))**2;

if a >= 0 then aa = 0;

count = count//aa;
suma = sum(count([,]);
end;
end;
o = (4*suma)/ (n*(n-1));
print o;

end;
quit;
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i Month & Year  Temperature (X 1) DO (Xz) BOD (X3)
1 October 2005 30.6 7.5 7.5
2 November 2005 26.9 9.09 13
3 December 2005 29.4 4.8 14
4 January 2006 322 7.08 11
5 February 2006 29.5 6.75 16
6 March 2006 28.7 5.43 24
7 April 2006 31.4 4.5 30
8 May 2006 313 23 8.5

9 June 2006 32.7 6.9 14.5
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i Month & Year = Temperature (X 1) DO (Xz) BOD (X3)
10 July 2006 29.8 6.71 13.25
11 August 2006 29.7 5.7 21.6
12 September 2006 30.3 4.32 16.67
13 October 2006 30.2 4.92 13.5
14 November 2006 27.7 3.8 11.75
15 December 2006 30.4 4.78 16
16 January 2007 24.7 5.62 9
17 February 2007 27.6 8.89 6
18 March 2007 29.8 7.1 21
19 April 2007 314 9.5 23.9
20 May 2007 31.7 8.12 12.3
21 June 2007 34.4 12.24 19
22 July 2007 32.6 6.71 19.3
23 August 2007 32.1 4.22 245
24 September 2007 32.7 3.11 20
25 October 2007 29.1 7.7 24
26 November 2007 26.9 3.84 10
27 December 2007 28 6.24 24.5
28 January 2008 259 4.9 32
29 February 2008 28.2 1.37 31.5
30 March 2008 27.5 5.34 39
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