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One-sided EWMA control chart for auto-correlated process

of count data and its performance analysis

Zhang Min, Nie Guohua, He Zhen

(College of Management and Economics, Tianjin University,Tianjin 300072, China)

Abstract: This paper considers one-sided exponentially weighted moving-average control chart for auto-

correlated processes of count data. Based on the floor and ceil rounding function, one-sided AF-EWMA and

AC-EWMA control charts are built to monitor the first-order inter-valued auto-correlated process with Poisson

count data. Bivariate Markov chain model is used to calculate the average run length of these charts. On the

basis of ARL values, performances of the control charts is analyzed and compared. For detecting positive

shifts of the mean, it is shown that the performance of AF-EWMA chart is better than that of AC-EWMA and

AR-EWMA charts. Besides, AF-EWMA chart is robust to the change of control chart starting value.
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ã.d	,DÚ�>MA��ã(X cãÚpã)[7]ÚCUSUM[8]��ã�ÑUéÕáÑtOêL§?1k��

i�,cÙ´CUSUMÚEWMAU
�©(¯/uÿÑL§þ��� £.

,
3¢S�¹¥,OêL§¥�êâ  �3g�'[9],~Xy�ã,«;¾�a/<êò��K�

�e��ãa/T;¾�<ê.Ó�,OêL§�3g�'��¹3�E�±9ÑÖ��ÊH�3.�éO

êL§�3�g�'¯K, Weiß[1]Ägò��g£8wÄ²þ�. INARMA $^�ÚOL§��+�,ï

áC–��ã!í���ã!̂ ���ã±9£Ä²þ��ã,é�3g�'�Ñt INAR(1)OêL§?1


k��i�.4|²�[2]�éÑt INMA(1)L§ïá
^���ã±9í���ã.

d	,3c¡�Þ��E�!ÑÖ�±9��¥)i�¥,  F"�i��Cþ���Ð,ÏdI

�i���´Cþþ���þ £. Weiß[10]ïá
üýEWMA��ã±i�g�'ÑtOê INAR(1)L

§,÷^�E´Ù3ïáVý��ã[11]�¤^� roundo�Ê\��¼ê.�´,�XGan[6]Q�Ñ,|

^ round��¼êïá�lÑ EWMA��ã�·ÜuI�éCþ?1Výi��L§.Ïd�©�é�

Ii�Cþ�þ £�Ñt INAR(1)L§,��|^Ù¦ü«��¼ê(�þ��¼ê ceil±9�e��¼

ê floor)ïáþýEWMA��ã,ÏL��Markovó�.O�²þ$1ó�(average run length, ARL),¿é

Äu floor, roundÚ ceil��¼ê�n«��ã5U?1'�©Û.

2 ggg���'''ÑÑÑtttOOOêêêLLL§§§

éu�3g�'�lÑL§ïÄ,ÚOÆ+�/Ï�����f(binomial thinning operator)[12],òDÚ

�g£8wÄ²þARMA(p, q)�.=z���.g£8wÄ²þ INARMA( p, q)�.,éÐ/£ã
lÑ

g�'L§.

½Â 1 -X��lÑ�ÅCþ,�����{0, 1, · · · , n},½Â�ÅCþα ◦ X :=
X
∑

i=1

Yi. Ù¥Yi´Õ

áÓ©Ù�ÑlB(1, α)�Ëã|�ÅCþ,¿�Yi�XÕá,K¡“◦”������f.

½Â 2 - εt, t = 1, 2, . . .�ÕáÓ©Ù�Cþ,����� {0, 1, . . . , n},-α ∈ (0, 1),e,�lÑL

§ {Xt}k±eS�ª,K¡TL§� INAR(1)L§,=

Xt = α ◦ Xt−1 + εt, t = 1, 2, . . . , (1)

Ù¥¤k�f�m�pÕá,�f� εt�mÕá,z��� t��f±9 εt©O� {Xs}s<t
Õá.

�©ïÄé��Ñt INAR(1)OêL§,=b� εt ∼ Po(µ(1 − α)),X0 ∼ Po(µ).d INAR(1)�.�½

Â,��Xt ∼ Po(µ)[1,11−13],Ù¥Po(·)�Ñt©Ù¼ê.TL§�A�XL 1¤«.

L 1 Ñt INAR(1)L§�A�

Table 1 Properties of Poisson INAR(1) process

E[Xt] = Var(Xt) =µ; ρk:= Corr(Xt,Xt−k) =αk

pk := Pr(Xt = k) = e−µ · µk

k!
; E[Xt|Xt−1] = αXt−1 + µ(1 − α)

pk|l := Pr(Xt = k|Xt−1 = l) =
min(k,l)

∑

j=0
C

j

l
αj(1 − α)l−jPr(εt = k − j)

3 ÑÑÑtttINAR(1)LLL§§§üüüýýýEWMA������ããã

3.1 ������ããã���ïïïááá

Xc¤ã,OêL§  �3g�'��¹[14] .éu�©ïÄ�Ñt INAR(1)L§,dui��L§�
3g�',¦�Ã{2¦^Gan[6]JÑ�?�EWMA��ã?1i�,¤±�e5�SNò�7ïá�
é INAR(1)L§�üý��ãÐm.�!3©z[6]�Ä:þ,�éÑt INAR(1)L§,æ^ floorÚ ceil��
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¼ê,�ï�ü«Ñt INAR(1)L§üýEWMA��ã�

Qf
t = floor(λXt + (1 − λ)Qf

t−1) , t = 1, 2, . . . , Qf
0 = q0, (2)

Qc
t = ceil(λXt + (1 − λ)Qc

t−1) , t = 1, 2, . . . , Qc
0 = q0, (3)

Ù¥ {Xt}´Ñt INAR(1)L§, floor(x)L«�u�u x����ê, ceil(x)L«�u�u x����

ê.�­ 0 < λ 6 1,�λ�1�,¤�ï�ü«��ãÑ�~5>MA��ã(c–��ã),Ï
 c–ãE´þã
ü«��ã��«AÏ�/. q0�éÄ��ã�Ð©�,3~5�EWMA��ã¥, q0���i�L§�É

�þ�.

duXtÑlÑt©Ù, Xt±9Qf
t (½Qc

t )Ñ��K�ê,¤±éui��ÚOþQf
t(½Qc

t )ïáþý�
�ã�,-��e� LCL=0,��þ�UCL=h,h��u"��ê.�Qf

t(½Qc
t ) > UCL = h�, EWMA�

�ã�´,L²L§?u��G�.

3.2 ������Markov���...���ïïïááá

Brook�[15]òMarkov�.$^�ÚOL§��+�,é��ã�ARL?1O�.�´,éu�©¤�
ï�ü«Ñt INAR(1)L§üýEWMA��ã,duXt�m�3��g�',d�e��éi��ÚOC
þQf

t(½Qc
t )ïáMarkov�.,òÃ{í�ÑÙVÇ=£Ý
.Ïd,�!�éCþ|

(

Xt, Q
f
t

)

½ (Xt, Q
c
t)ï

á��Markov�.,�ÑÄu floor(±e¡AF-EWMA)±9 ceil(±e¡AC-EWMA)��¼ê�ü«��
ãARL�O�L§,Äu round��¼ê���ã(±e¡ AR-EWMA)�ARLO�L§�ë�©z[10].

d��ã��n��,� 0 6 Qf
t(½Qc

t) < h�L§?uÉ�G�.éuAF-EWMA��ã5`,�
�
ÑÉ�G�eMarkov�.�¤k=£G�,-Qf

t = q, 0 6 q < h,Kfloor(λXt + (1 − λ)Qf
t−1) = q,=

q 6 λXt + (1 − λ)Qf
t−1 < q + 1, (4)

��Xt�����

(q − (1 − λ)Qf
t−1)

λ
6 Xt <

(q + 1 − (1 − λ)Qf
t−1)

λ
.

d��Ä�´?uÉ�G���Markov=£G�,¤± 0 6 Qf
t−1 6 h − 1.d	,duXt´g�'O

êL§,��Ñ��K�ê.nÜ±þ^�,��yQf
t = q,Xt�U�±e�ê,=

⌈

q − (1 − λ)(h − 1)

λ

⌉

6 Xt 6

⌈

q + 1

λ
− 1

⌉

, (5)

Ù¥ ⌈·⌉L«�þ��¼ê.

ÏdAF-EWMA��ã¤kÉ��=£G��

Sfloor =

{

(x, q) ∈ {0, 1, . . . ,

⌈

h

λ
− 1

⌉

} × {0, 1, . . . , h − 1}

∣

∣

∣

∣

⌈

q − (1 − λ)(h − 1)

λ

⌉

6 x 6

⌈

q + 1

λ
− 1

⌉}

. (6)

Ón,éuAC-EWMA��ã,e-Qc
t = q, 0 6 q < h,Xt�����

(q − 1 − (1 − λ)Qc
t−1)

λ
< Xt 6

(q − (1 − λ)Qc
t−1)

λ
,

��yQc
t = q,Xt�U�±e�ê.

⌊

q − 1 − (1 − λ)(h − 1)

λ
+ 1

⌋

6 x 6

⌊ q

λ

⌋

, (7)

KAC-EWMA��ã¤kÉ�=£G��

Sceil =

{

(x, q) ∈ {0, 1, . . . ,

⌊

h − 1

λ

⌋

} × {0, 1, . . . , h − 1}

∣

∣

∣

∣

⌊

q − 1 − (1 − λ)(h − 1)

λ
+ 1

⌋

6 x 6

⌊ q

λ

⌋}

, (8)
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Ù¥ ⌊·⌋L«�e��¼ê.

3.3 ARL���OOO���

éuAF-EWMA��ã,33.2!�Ñ¤kMarkov=£G���,�ïG�=£VÇÝ
 Tfloor�

Tfloor =
(

pf , ((m, i) → (n, j))
)

(9)

Ù¥ pf((m, i) → (n, j))�Äu floor¼ê�dG� (m, i)=£�G� (n, j)�VÇ, (n, j), (m, i) ∈ Sfloor,Ý


Tfloor¥��L«¤kÉ�=£G��m�=£VÇ.=£VÇO�úªí�Xe:

pf((m, i) → (n, j)) = Pr(Xt = n,Qf
t = j

∣

∣ Xt−1 = m,Qf
t−1 = i)

= Pr(Qf
t = j

∣

∣ Xt = n,Xt−1 = m,Qf
t−1 = i)Pr(Xt = n|Xt−1 = m,Qf

t−1 = i)

= Π[j,j+1)(λn + (1 − λ)i)Pr(Xt = n|Xt−1 = m), (10)

pf
1(q0 → (n, j)) = Pr(X1 = n,Qf

1 = j
∣

∣Qf
0 = q0)

= Pr(Qf
1 = j

∣

∣ X1 = n,Qf
0 = q0)Pr(Xt = n|Qf

0 = q0)

= Π[j,j+1)(λn + (1 − λ)q0)Pr(X1 = n), (11)

Ù¥ q0´AF-EWMA��ã�Ð©�, Π[a,b)(x)�«5¼ê,=

Π[a,b)(x) =







1, a 6 x < b

0, ÄK.

-u(m,i)L«Ð©G� (X1, Q
f
1) = (m, i)�¹e�²þ$1ó�,½Âu = (u(m,1), u(m,2), . . .),�

âMarkovL§�5�k

u = (I − Tfloor)
−1, (12)

I´�=£Ý
 Tfloor�Ó�ê�ü Ý
.

pf
1(m, i| q0)L«3Ð©�� q0��¹e,Ð©G�� (m, i)�VÇ,Kd q0=£�Ð©G���,L§

�²þ$1ó��
∑

(m,i)∈Sfloor

u(m,i)p
f
1(m, i| q0).

dulÐ©� q0�Ð©G� (X1, Q
f
1) = (m, i)��u®²=£�g,Ïd3À�Ð©�Qf

0 =

q0�, AF-EWMA��ã�ARL[9,11]�

ARLf(q0) = 1 +
∑

(m,i)∈Sfloor

u(m,i)p
f
1(m, i| q0). (13)

éuAC-EWMA��ã,aq�½ÂG�=£Ý
 Tceil = (pc((m, i) → (n, j))),Ù¥ (n, j), (m, i) ∈

Sceil.d�,Äu ceil¼ê�dG� (m, i)=£�G� (n, j)=£VÇ�

pc((m, i) → (n, j)) = Pr(Xt = n,Qc
t = j|Xt−1 = m,Qc

t−1 = i)

= Π(j−1,j](λn + (1 − λ)i)Pr(Xt = n|Xt−1 = m), (14)

pc
1(q0 → (n, j)) = Pr(X1 = n,Qc

1 = j|Qc
0 = q0)

= Π(j−1,j](λn + (1 − λ)q0)Pr(X1 = n). (15)

Ó��±��3À�Ð©�Qc
0 = q0�, AC-EWMA��ã�ARL�

ARLc(q0) = 1 +
∑

(m,i)∈Sceil

u(m,i)p
c
1(m, i| q0), (16)
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Ù¥d�� u(m,i)�du = (I − Tceil)
−1¦�.

4 ���ýýý©©©ÛÛÛ

4.1 nnn«««������ããã555UUU'''���

�
'�AF-EWMA!AC-EWMA±9AR-EWMA��ãéÑt INAR(1)L§�i��J,�©|

^MATLAB 2010a?1?§O�,©OO��É�þ� µ0�2.5, 5Ú10�,±9L§þ�u)ØÓ £

§Ý(5%, 10%, 20%, 50%, 100%, 200%)�,n«��ã���ARL,±'�§�éuÑt INARL(1)L§�

i��J.Ù¥,g�'Xêα0©O� 0.25, 0.5, 0.75,Ð©� q06�Ñ� 0.duTL§�lÑ.��ê

â,d�,Ã{ÏLN!þ��� h,¦�L§É�ARLTÐ�uýk�½Ð�,�A½ARL0.�´,�


�yU
^|/'�n«��ã�i�5U,�©©OÀ�n«��ã�þ��� h,¦�nö3Ó��­

ëêλe�ARL0¦þ�C.TÜ©O�(J�L 2�L 4, states�LMarkovó�.¥?uÉ�G��¤

k=£G�ê.

L 2 µ0 = 2.5�n«��ã�ARL�

Table 2 ARL values of three control charts whenµ0 = 2.5

µ
α0 ��ã λ h q0 states

2.5 2.625 2.75 3 3.75 5 7.5

0.25 AR-EWMA 0.25 6 0 69 764.9 450.54 326.68 161.56 38.28 12.11 4.96

AF-EWMA 0.25 4 0 37 761.82 447.67 323.93 159.08 36.32 10.66 4
AC-EWMA 0.25 7 0 88 765.8 451.41 327.53 162.37 38.97 12.67 5.36

AR-EWMA 0.35 6 0 49 926.71 551.62 401.31 197.79 43.32 11.69 4.14

AF-EWMA 0.35 5 0 39 938.34 558.99 406.78 200.37 43.35 11.3 3.88
AR-EWMA 0.45 6 0 37 394.68 256.78 197.18 109.3 29.95 9.04 3.24

AF-EWMA 0.45 5 0 30 394.2 256.28 196.67 108.82 29.56 8.76 3.06

AC-EWMA 0.45 7 0 45 395.12 257.21 197.59 109.68 30.27 9.3 3.41
AR-EWMA 0.8 8 0 21 713.99 476.93 370.88 208.9 54.23 13 3.19

AF-EWMA 0.8 8 0 21 895 603.47 471.54 267.61 69.21 15.87 3.55

0.5 AR-EWMA 0.25 6 0 69 324.18 222.49 176.78 106.19 35.39 12.92 5.23
AF-EWMA 0.25 4 0 37 321.53 220 174.39 103.99 33.6 11.53 4.28

AC-EWMA 0.25 7 0 88 325.01 223.3 177.57 106.95 36.04 13.45 5.63

AR-EWMA 0.35 6 0 49 365.17 250.79 199.06 118.73 37.71 12.49 4.46

AF-EWMA 0.35 5 0 39 365.47 250.86 199.02 118.49 37.29 12.08 4.2
AR-EWMA 0.45 7 0 49 1220.94 792.17 605.66 329.49 81.2 19.58 5.06

AF-EWMA 0.45 6 0 41 1220.65 791.84 605.31 329.13 80.88 19.32 4.89

AC-EWMA 0.45 8 0 58 1221.29 792.52 606 329.81 81.49 19.82 5.24
AR-EWMA 0.8 8 0 21 535.49 372.9 297.81 178.56 53.97 14.87 3.71
AF-EWMA 0.8 8 0 21 757.05 522.51 414.72 244.75 70.58 18.26 4.19
AR-EWMA 0.9 9 0 16 800.72 560.02 447.91 268.46 79.21 20.43 4.49
AF-EWMA 0.9 8 0 16 976.65 667.73 526.82 306.49 84.86 20.49 4.11
AC-EWMA 0.9 9 0 17 976.65 667.73 526.82 306.49 84.86 20.49 4.11

0.75 AR-EWMA 0.25 7 0 94 858.67 600.67 481.46 291.92 92.56 28.2 8.43
AF-EWMA 0.25 5 0 56 856.77 598.85 479.68 290.24 91.09 26.97 7.51

AC-EWMA 0.25 8 0 116 859.35 601.34 482.12 292.56 93.13 28.69 8.81

AR-EWMA 0.45 7 0 49 728.09 516.93 417.99 258.1 83.95 24.88 6.36
AF-EWMA 0.45 6 0 41 727.77 516.61 417.68 257.81 83.68 24.65 6.19

AC-EWMA 0.45 8 0 58 728.36 517.19 418.26 258.36 84.19 25.1 6.55

AR-EWMA 0.8 8 0 21 491.08 358.39 294.73 188.91 66.29 20.5 4.93
AF-EWMA 0.8 8 0 21 715.06 513.95 418.57 262.25 87.1 25.48 5.79

AR-EWMA 0.9 9 0 16 1262.51 879.35 702.17 420.44 125.43 32.82 6.65
AF-EWMA 0.9 8 0 16 1316.53 913.09 727.22 432.9 127.28 32.53 6.2
AC-EWMA 0.9 9 0 17 1316.53 913.09 727.22 432.9 127.28 32.53 6.2

5: states�LMarkovó�.¥?uÉ�G��¤k=£G�ê.lL¥\o��NÜ©,�±²w/wÑ3n«��

ã¥, AF-EWMA��ãéuþýÑt INAR(1)L§�i��J`uÙ¦ü«��ã.
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L 3 µ0 = 5�n«��ã�ARL�

Table 3 ARL values of three control charts whenµ0 = 5

µ
α0 ��ã λ h q0 states

5 5.25 5.5 6 7.5 10 15

0.25 AR-EWMA 0.25 9 0 154 393.82 223.76 136.8 61.98 16.2 6.74 3.41

AF-EWMA 0.25 7 0 104 392.37 222.38 135.49 60.78 15.24 6.03 2.93

AC-EWMA 0.25 10 0 182 394.37 224.29 137.32 62.46 16.6 7.05 3.63
AR-EWMA 0.3 9 0 127 274.09 170.97 112.34 55.72 15.22 6.04 2.95
AF-EWMA 0.3 7 0 86 288.49 172.23 109.47 52.06 13.59 5.18 2.51
AC-EWMA 0.3 10 0 148 259.92 157.12 101.18 49.47 14.1 5.95 3.04
AR-EWMA 0.45 10 0 96 642.22 379.44 235.45 103.49 19.97 5.71 2.39
AF-EWMA 0.45 9 0 84 655.34 385.7 238.54 104.28 19.91 5.62 2.28
AC-EWMA 0.45 11 0 109 642.48 379.69 235.69 103.72 20.16 5.86 2.48
AR-EWMA 0.8 12 0 43 555.69 357.84 238.48 116.09 23.74 5.47 1.66

AF-EWMA 0.8 12 0 43 743.17 477.76 317.71 153.71 30.45 6.49 1.73

0.5 AR-EWMA 0.35 10 0 133 669.34 414.06 268.02 126.72 27.78 8.13 3.12
AF-EWMA 0.35 9 0 115 683.91 422.89 273.56 129.07 28 8.1 3.11
AR-EWMA 0.45 10 0 96 334.18 221.77 152.78 80.03 20.71 6.37 2.48
AF-EWMA 0.45 9 0 84 334.75 222.02 152.86 79.97 20.59 6.28 2.37
AC-EWMA 0.45 11 0 109 334.4 221.98 152.99 80.23 20.88 6.51 2.57
AR-EWMA 0.8 12 0 43 437.3 294.76 205.08 107.91 26.04 6.48 1.77

AF-EWMA 0.8 12 0 43 623.94 418.31 289.13 149.76 34.19 7.83 1.88
AR-EWMA 0.9 13 0 28 530.43 360.31 252.06 133.32 31.67 7.32 1.71
AF-EWMA 0.9 12 0 28 558.14 376.64 261.94 137.18 31.96 7.29 1.7
AC-EWMA 0.9 13 0 31 557.25 376.13 261.64 137.07 31.95 7.29 1.7

0.75 AR-EWMA 0.3 10 0 156 311.96 223.19 164.51 96.55 30.57 10.21 3.78

AF-EWMA 0.3 9 0 137 473.7 329.96 237.27 133.34 38.59 11.91 3.94

AR-EWMA 0.35 10 0 133 324.91 231.1 169.44 98.49 30.39 9.71 3.33
AF-EWMA 0.35 9 0 115 325.38 231.4 169.62 98.53 30.31 9.64 3.32
AR-EWMA 0.4 10 0 112 256.59 185.87 138.46 82.59 26.52 8.54 2.94

AF-EWMA 0.4 10 0 116 405 286.65 208.96 119.89 35.49 10.7 3.35
AC-EWMA 0.4 11 0 128 256.83 186.1 138.69 82.8 26.72 8.71 3.07

AR-EWMA 0.9 13 0 28 700.86 484.91 345.3 188.77 48.09 11.16 2.04
AF-EWMA 0.9 12 0 28 753.52 517.5 366.11 197.98 49.39 11.27 2.04
AC-EWMA 0.9 13 0 31 753.51 517.5 366.11 197.98 49.39 11.27 2.04

5: states�LMarkovó�.¥?uÉ�G��¤k=£G�ê,lL¥\o��NÜ©,�±²w/wÑ3n«�

�ã¥, AF-EWMA��ãéuþýÑt INAR(1)L§�i��J`uÙ¦ü«��ã.

lL2�L4�±wÑ,3�3g�'�Ñt INAR(1)L§¥,n«��ã�Xg�'Xêα0�O

\,n«��ãþ�ÑO\.d	,�X\�Xê λ�eü,n«��ãéuL§� £�i��J�Ð,~

X©¥L 2�L43 £Ø�L100%�, λ��,��ãU
�¯�uÿ�L§��,d(Ø�Gan[6]|^?

�EWMAi�ÕáÑtL§�¤��(Ø��.

±þ©Û`²,��ã�i��J�\�Xêλ���',Ïd�e5�±�½Ó��\�Xê,±

'�n«��ã�i��J.lL2�L4�O�(J,cÙ´L¥�N�Ü©,�±²w/wÑ3n

«��ã¥, AF-EWMA��ãéuþýÑt INAR(1)L§�i��J`uÙ¦ü«��ã.3L§þ

� £����ÿ, AF-EWMA��ã�i��J��U�Ù¦ü«��ã�±��,$��Ð,
3

L§þ� £����ÿ, AF-EWMA��ã'Ù§ü«��ãLyÑ�Ð�5U(ARL��).±L 3¥

��|êâµ0=5, α0=0.25, λ=0.3�~, AR-EWMA!AF-EWMA±9AC-EWMAn«��ã�þ�©

O�9, 7Ú10,d�, AF-EWMA��ã�É�²þ$1ó�ARL0�288.49,�uAC-EWMA�ARL0±

9AR-EWMA�ARL0,Ó�3þ�©O £
 10%Ú 50%��,Ùi��J©O`u AR-EWMAÚAC-

EWMA��ã(~X,3þ� £
 10%�, AF-EWMAã�ARLÚAR-EWMAã�ARL©O� 109.47,Ú

112.34),Ï
U
�¯/uÿ�L§��.

AF-EWMA��ãØ
±þÌ�`:,lL 2�L 4�êâ��±uy,3λ�Ó,n«��ãARL0'

��C��ÿ, AF-EWMA��ã�G�ê(states)��,ùÒ¦�3O�L§¥G�=£Ý
�5��,l
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��/\¯O��Ý.cÙ´3�� µ0(~X µ0 = 10), AF-EWMA��ã�O��Çò²wpuÙ¦ü

«��ã.

L 4 µ0 = 10�n«��ã� ARL�

Table 4 ARL values of three control charts whenµ0 = 10

µ

α0 ��ã λ h q0 states
10 10.5 11 12 15 20 30

0.25 AR-EWMA 0.3 15 0 348 303.68 148.70 81.93 33.49 9.10 4.29 2.37

AF-EWMA 0.3 14 0 320 554.34 251.49 128.93 46.49 10.32 4.43 2.34

AC-EWMA 0.3 17 0 432 778.16 336.28 164.65 55.08 11.28 4.86 2.63

AR-EWMA 0.35 17 0 374 3793.06 1445.2 615.72 152.49 15.71 4.9 2.4

AF-EWMA 0.35 16 0 345 4916.62 1801.87 742.72 174.47 16.48 4.98 2.37

AR-EWMA 0.45 17 0 269 882.90 415.63 213.84 71.96 11.2 3.76 1.95

AF-EWMA 0.45 16 0 249 956.69 443.64 225.38 74.41 11.27 3.72 1.91

AC-EWMA 0.45 18 0 290 883.05 415.78 213.98 72.09 11.30 3.84 2.00

AR-EWMA 0.55 18 0 217 915.52 450.67 238.96 82.33 11.78 3.47 1.65

AF-EWMA 0.55 17 0 203 929.00 449.99 235.79 80.12 11.43 3.39 1.57

AR-EWMA 0.80 19 0 98 418.73 235.42 140.01 57.51 9.86 2.63 1.12

AF-EWMA 0.80 19 0 100 659.22 359.6 207.72 80.76 12.10 2.83 1.12

AC-EWMA 0.80 20 0 106 655.84 358.2 207.12 80.64 12.10 2.83 1.12

0.5 AR-EWMA 0.25 16 0 484 470.53 243.28 138.36 57.20 13.96 5.86 3.07

AF-EWMA 0.25 14 0 392 469.85 242.63 137.74 56.63 13.50 5.51 2.82

AC-EWMA 0.25 17 0 533 470.83 243.56 138.64 57.45 14.17 6.02 3.18

AR-EWMA 0.35 17 0 374 967.18 483.43 262.14 95.79 16.21 5.17 2.43

AF-EWMA 0.35 16 0 345 1052.17 520.54 279.81 100.82 16.66 5.25 2.41

AC-EWMA 0.35 18 0 402 566.75 302.07 173.72 70.18 14.17 5.01 2.48

AR-EWMA 0.45 17 0 269 400.86 225.57 135.59 58.22 12.15 4.00 1.98

AF-EWMA 0.45 16 0 249 410.71 230.12 137.83 58.87 12.18 3.97 1.93

AC-EWMA 0.45 18 0 290 401.00 225.7 135.72 58.34 12.25 4.08 2.02

AR-EWMA 0.80 20 0 108 751.27 424.40 253.11 103.85 16.71 3.56 1.18

AF-EWMA 0.80 20 0 107 967.33 542.36 320.78 129.24 19.69 3.91 1.18

AC-EWMA 0.80 20 0 106 506.76 295.23 181.23 78.32 14.03 3.21 1.13

0.75 AR-EWMA 0.35 18 0 418 944.40 540.64 328.42 141.38 26.86 6.98 2.68

AF-EWMA 0.35 17 0 388 957.64 547.86 332.62 143.06 27.16 7.06 2.66

AC-EWMA 0.35 19 0 448 654.60 389.76 245.22 111.91 23.57 6.6 2.72

AR-EWMA 0.45 18 0 300 576.35 348.26 221.74 102.79 21.55 5.53 2.15

AF-EWMA 0.45 17 0 279 577.77 349.00 222.14 102.92 21.54 5.5 2.11

AC-EWMA 0.45 19 0 323 576.46 348.37 221.85 102.90 21.64 5.6 2.20

AR-EWMA 0.80 19 0 98 342.13 218.14 145.41 72.28 16.24 3.67 1.14

AF-EWMA 0.80 19 0 100 513.06 317.98 206.47 98.01 20.09 4.15 1.15

AC-EWMA 0.80 20 0 106 512.97 317.94 206.44 98.00 20.09 4.15 1.15

5: states�LMarkovó�.¥?uÉ�G��¤k=£G�ê,lL¥\o��NÜ©,�±²w/wÑ3n«��

ã¥, AF-EWMA��ãéuþýÑt INAR(1)L§�i��J`uÙ¦ü«��ã.

4.2 ÐÐÐ©©©���ééé������ããã555UUU���KKK���

34.1!ARL�O�¥,b½EWMA��ã�Ð©�����½�,= q0=0.�e5,ò&?FIR(fast

initial response)��½,=Ð©� q0�À�éuAF-EWMA��ã5U�K�.�©±µ0 = 0�~,éÐ©

� q0D�ØÓ��,*	 q0�CzéuÑt INAR(1)L§�üýAF-EWMA��ã5U´ÄkK�.�À

�
üa q0��,= q0 = µ0(L«Ð©G� q0�þ�µ0), q0 6= µ0(L«Ð©G� q0Ø�þ� µ0).� q0 6=

µ0�,©O�Ä
��(q0 > µ0)±9K�(q0 < µ0)�FIR. ARL�O�(JXL 5¤«.

dL5�±wÑ,éuÑt INAR(1)�þýAF-EWMA��ã,UCÐ©� q0,éÙi�5U¿vké

�K�. q0�À���Cþ��� h,d�É��ARL0±9��� ARL~�ÌÝaq,�¿vk²wU

CARL�eü�Ý.Ïd,�©¤�ï�Ñt INAR(1)þýAF-EWMA��ãéu FIR���'�°�,�
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�ã�Ð©�CÄ¿Ø¬²wUC��ã�5U.

L 5 FIRéAF-EWMA��ã5U�K�(µ0 = 10)

Table 5 The effect of FIR on the AF-EWMA chart’s performance (µ0 = 10)

µ
α0 λ h q0 states

10 10.5 11 12 15 20 30

0.25 0.3 14 0 320 554.34 251.49 128.93 46.49 10.32 4.43 2.34
10 320 544.94 243.50 121.99 41.01 6.93 2.33 1.12
11 320 540.27 240.08 119.37 39.32 6.19 1.92 1.04

0.35 16 0 345 4916.62 1801.87 742.72 174.47 16.48 4.98 2.37
10 345 4910.13 1796.16 737.62 170.27 13.75 3.28 1.35
12 345 4903.65 1791.25 733.77 167.69 12.58 2.68 1.12

0.45 16 0 249 956.69 443.64 225.38 74.41 11.27 3.72 1.91
10 249 952.80 440.14 222.20 71.73 9.46 2.54 1.12
12 249 949.39 437.40 219.94 70.10 8.62 2.08 1.04

0.55 17 0 203 929.00 449.99 235.79 80.12 11.43 3.39 1.57
10 203 926.49 447.70 233.68 78.29 10.13 2.48 1.08
13 203 923.70 445.35 231.68 76.78 9.32 2.10 1.04

0.5 0.35 16 0 345 1052.17 520.54 279.81 100.82 16.66 5.25 2.41
10 345 1047.31 516.07 275.68 97.24 14.12 3.56 1.36
12 345 1044.23 513.44 273.40 95.46 13.09 2.96 1.12

0.45 16 0 249 410.71 230.12 137.83 58.87 12.18 3.97 1.93
10 249 407.79 227.39 135.28 56.61 10.50 2.78 1.12
12 249 406.09 225.88 133.93 55.48 9.76 2.31 1.04

0.75 0.35 17 0 388 957.64 547.86 332.62 143.06 27.16 7.06 2.66
10 388 954.28 544.66 329.57 140.26 24.91 5.40 1.58
13 388 951.68 542.25 327.33 138.31 23.51 4.49 1.19

0.45 17 0 279 577.77 349.00 222.14 102.92 21.54 5.50 2.11
10 279 575.75 347.05 220.25 101.15 20.05 4.33 1.25
13 279 574.30 345.67 218.95 99.97 19.12 3.65 1.07

0.8 19 0 100 513.06 317.98 206.47 98.01 20.09 4.15 1.15
10 100 512.66 317.59 206.07 97.62 19.72 3.82 1.08
15 100 511.49 316.46 204.98 96.60 18.89 3.33 1.04

5: states�LMarkovó�.¥?uÉ�G��¤k=£G�ê.

5 (((ååå���

�ég�'Ñt INAR(1)L§,�©�ï
üý AF-EWMA��ã�AC-EWMA��ã,éCþ�þ 

£�L§?1i�.©Oïá
ü«��ã���Markovó�.,�Ñüö�²þ$1ó�ARL�O�ú

ª.3É�ARL0�C�Ä:þ,ÏL��ARL��,é'©Û
þãü«��ã� AR-EWMA��ã�i

�5U.©Û(JL²�©�ï�þýAF-EWMA��ãéui�Ñt INAR(1)L§þ��þ� £äk

²w�`³,äk±en�A::

(1)3 £����ÿ, AF-EWMA��ã�i��J�Ù¦ü«��ã�±��,$��Ð,
3 £

����ÿ, AF-EWMA
�¯/uÿÑL§� £;

(2)3\�Xê λ�Ó,ARL0'��C��ÿ, AF-EWMA��ã�G�ê(states)��,l
O��Ç

²w`uAC-EWMAÚAR-EWMA��ã;

(3) AF-EWMA��ãéu FIR'�°�,Ä�ØÉ��ãÐ©� q0�K�.
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