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3- Multi-variate cumulative sum (MCUMSUM) 
4 - Average run length (ARL) 
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 �� ?@�)^(F
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�K��� 7F�$ i�H �� �(X�< "�)8,� �� �$�� ��

 ����# ?@��
 �� ��#�*����,� W4@ ���I% ����

%�	 F)��/�=α(���D� 7���H ������ �(X� ���I%

� ��	5
�# ����9 �	  "��X �.

99992.02/ == αLUCL  
9720.05.0 == LCL

0.82152/1 == −αLLCL  
�� ���# ���\� 7�<v���3� ������)���� ������

 ����#y��^z(��	��������  � F ����� 7���H ?2�

 ������#^^����^vE����	��F E	�����%–E����	��F�H

 �#5! ������ ��
 �K��� ���1% �� �	�P� ������  � F ��

^y ��ozk	�U �� �	�P�s?�@� ����H ����D� �����
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 ���%�L*�����,� W4�@ ����I% ��� ��# �I@�2%sv

����# 7F�$ �� �X��^?@� ��# �K���.

�K��� ������� 7F�$  � ���R�@� �� ��# �% ����L%

��# ����U ��o������ 7���H �F�< �U�< ���1%
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J�����H ��	5
���D� �	�
 "��(�)��	���!����

�# ����9 =�N�� .����# :C#^������ ?�3UF

 *� �� F ?@� ���LH �	�\� �� �� ��	5
 ���D� 7���H

��9 ���L� �%��
 ~8%�H ��P� "����D� �� 7���H  � c

��# �% ����L% ���2%.
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�� �3�N� �� �� ����� �����D� ���������  � ��	5


��	���%�% �Z<8% �#�� ���% "�I@�2% �� ��#

 *�@��#��H ����  �����	��`��2% ���V�
 F ��	  �

�%#����% kI@ �%� 0	 ���!  � ���R�@� �H

 "��X ���H ���D�% ��S �3�N� Q�$ ���������

���! .*� M �%� �� ?@� 0	� �	�$ ������ ?	P%

 ��*������ 7������	�����I@�2% �Z�  � F ���� ���@

7�%� �� *�����H F ���� �����9 ��H ���@ ����� ���

 �	��1%��F��� 7F�$  � ��<��:�����H �� ��:��- 

c��/�@�?@� .:������ 7F�$  � ���R�@� �K��� ���

  � ������ �Z� ���% *����,� .(�/% m�4@ �� ��#

�� �H ��# �% kI@ *�����H 0�@���% ��<����	��

���������	���% c��9 7����  � �� �	�� �� ���#

��	��� �	�
 �� ��9 "������ F ���� �	�@��# .�%����

 *����-8) �� ���1% ����U �� ��# �K��� ������%�H

 ���%� �I@�2% F 7F�$ �3@��L�� ��H �% i�H
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����= ���8>:�?�" 1��= @�����������	 ����� ����� 1�"�%� � ������L�� A��B C%� D���= C% 

���������� -
.��
. ��� 

sample Covariance L
statisticMean Variance Mean Variance

1 33.40 6.58 68.49 103.84 17.85 0.99 
2 28.22 18.65 68.02 209.96 54.81 0.97 
3 30.11 4.79 66.57 103.43 15.89 0.96 
4 33.15 15.63 76.12 122.77 31.32 0.96 
5 34.27 7.37 69.92 97.61 21.59 0.99 
6 32.01 10.40 72.39 67.41 10.09 0.96 
7 32.74 14.55 70.11 145.79 35.41 0.99 
8 31.44 14.58 70.88 92.54 27.02 0.98 
9 32.00 10.10 69.04 101.01 28.15 0.89 
10 30.81 12.62 64.12 42.10 9.25 0.92 
11 30.12 45.19 69.61 742.37 142.29 0.82 
12 28.93 21.34 59.65 326.96 24.55 0.88 
13 30.12 60.02 69.90 552.85 90.97 0.76 
14 33.46 89.48 66.87 712.80 164.40 0.72 
15 29.99 77.68 74.07 833.87 227.77 0.81 
16 33.46 156.86 64.95 1398.89 379.65 0.63 
17 25.56 57.43 57.40 555.85 103.27 0.78 
18 34.27 158.06 75.92 1464.86 407.95 0.64 
19 30.10 187.05 73.09 1732.46 512.44 0.64 
20 26.96 79.83 58.95 1398.53 257.39 0.68 

E���= F+=>:C�5G�HI���"�%� ����� ���2�L����� ����J �	 1�
�� K� �	 A������������� �	 ����� 

1x
2x

�%��� ����#

���%�L
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����= C"
��>:7�?
� ��� F����
� 1�"�%� 1����LL

clear;clc;tic 
L=[]; 
for n=3:30 
l1=0; 
N=1e+6; 
k=1; 
d=[0.005;0.01;0.02;0.025;0.05;0.05;0.95;0.975;0.98;0.99;0.995]; 
A=gamma(2*n-3)/(gamma(n-1)*gamma(n-2)*2^(2*n-5)); 
while k<�� 

l1=l1+1/N; 
B=(l1^(2*n-4)*log((1+(1-l1^2)^.5)/l1)/log(10)); 
C=.5*betainc(l1^2,n-2,0.5)* beta(n-2,0.5); 
y=A*(B+C);%y=P(L1<l1) 
if y > d(k)   

L(n-2,k)=l1; 
k=k+1; 
end 

end%while 
end%for 
Toc 
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���= C"
�� �H:Q	 �� ���(������ 7F�$L

n 0.005 0.01 0.02 0.025 0.05 0.5 0.95 0.975 0.98 0.99 0.995 

3 0.04863 0.07169 0.10614 0.12060 0.17979 0.72120 0.99612 0.99903 0.99938 0.99984 0.99996 

4 0.23017 0.27877 0.33821 0.36010 0.43809 0.85920 0.99827 0.99957 0.99972 0.99993 0.99998 

5 0.38035 0.43171 0.49051 0.51120 0.58186 0.90620 0.99889 0.99972 0.99982 0.99996 0.99999 

6 0.48685 0.53510 0.58858 0.60700 0.66851 0.92970 0.99919 0.99980 0.99987 0.99997 0.99999 

7 0.56369 0.60781 0.65575 0.67210 0.72580 0.94380 0.99936 0.99984 0.99990 0.99998 0.99999 

8 0.62112 0.66127 0.70435 0.71890 0.76635 0.95320 0.99947 0.99987 0.99992 0.99998 1.00000 

9 0.66546 0.70210 0.74105 0.75410 0.79651 0.95990 0.99955 0.99989 0.99993 0.99998 1.00000 

10 0.70064 0.73423 0.76970 0.78160 0.81980 0.96500 0.99961 0.99990 0.99994 0.99999 1.00000 

11 0.72920 0.76016 0.79268 0.80350 0.83833 0.96890 0.99965 0.99991 0.99994 0.99999 1.00000 

12 0.75283 0.78151 0.81151 0.82150 0.85340 0.97200 0.99969 0.99992 0.99995 0.99999 1.00000 

13 0.77269 0.79938 0.82721 0.83640 0.86592 0.97450 0.99972 0.99993 0.99996 0.99999 1.00000 

14 0.78961 0.81457 0.84051 0.84910 0.87646 0.97670 0.99974 0.99994 0.99996 0.99999 1.00000 

15 0.80420 0.82762 0.85191 0.85990 0.88548 0.97850 0.99976 0.99994 0.99996 0.99999 1.00000 

16 0.81690 0.83896 0.86179 0.86930 0.89326 0.98000 0.99978 0.99995 0.99997 0.99999 1.00000 

17 0.82807 0.84891 0.87044 0.87750 0.90006 0.98130 0.99979 0.99995 0.99997 0.99999 1.00000 

18 0.83795 0.85770 0.87807 0.88480 0.90604 0.98250 0.99981 0.99995 0.99997 0.99999 1.00000 

19 0.84676 0.86553 0.88485 0.89120 0.91135 0.98350 0.99982 0.99996 0.99997 0.99999 1.00000 

20 0.85466 0.87254 0.89092 0.89700 0.91609 0.98450 0.99983 0.99996 0.99997 0.99999 1.00000 

21 0.86180 0.87886 0.89638 0.90210 0.92035 0.98530 0.99984 0.99996 0.99997 0.99999 1.00000 

22 0.86826 0.88458 0.90133 0.90680 0.92420 0.98600 0.99985 0.99996 0.99998 0.99999 1.00000 

23 0.87415 0.88978 0.90582 0.91110 0.92770 0.98670 0.99985 0.99996 0.99998 1.00000 1.00000 

24 0.87953 0.89454 0.90992 0.91500 0.93088 0.98730 0.99986 0.99997 0.99998 1.00000 1.00000 

25 0.88448 0.89891 0.91368 0.91850 0.93380 0.98780 0.99987 0.99997 0.99998 1.00000 1.00000 

26 0.88903 0.90292 0.91714 0.92180 0.93648 0.98830 0.99987 0.99997 0.99998 1.00000 1.00000 

27 0.89324 0.90663 0.92033 0.92480 0.93895 0.98880 0.99988 0.99997 0.99998 1.00000 1.00000 

28 0.89714 0.91007 0.92328 0.92760 0.94124 0.98920 0.99988 0.99997 0.99998 1.00000 1.00000 

29 0.90077 0.91327 0.92603 0.93020 0.94336 0.98960 0.99989 0.99997 0.99998 1.00000 1.00000 

30 0.90415 0.91624 0.92858 0.93260 0.94534 0.99000 0.99989 0.99997 0.99998 1.00000 1.00000 

α
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