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|}=Hu; R= "OQm xQ=W= |}xrtHOvJ w xv=oOvJ |]N 'xO=U |]N |=yp}=iwQB x@
|xv}W}B QwQt x@ \ki 'OwW|t R=e; V}=B |}=OD@= pL=Qt u=ty R= xr=kt u}= QO xm

Q=Qk xO=iDU= OQwt |DavY |=yOv}=Qi V}=B |=Q@ xOQDUo Qw]x@ Ov}=Qi |Q=t; pQDvm
l} OQmrta xm OwW|t ZQi '|Q=t; Ov}=Qi pQDvm |=yOQ@ Q=m QFm = QO "OQ}o|t
|i}m |xYNWt l} `} RwD |xr}Uw x@ Ov=wD|t pwYLt l} |oS} w =} Ov}=Qi
Cr=L QO =} OwW pQDvm xQ}eDtlD |rQDvm |=yQ=Owtv |xr}Uw x@ w OwW h}YwD
|=yQ=Owtv |xr}Uw x@ w h}YwD |i}m |xYNWt u}OvJ `} RwD |xr}Uw x@ |rm
pwYLt =} Ov}=Qi l} C}i}m '\}=QW R= |Q=}U@ QO "OwW pQDvm xQ}eDtOvJ pQDvm
OwW|t h}YwD pkDUt Q}eDt OvJ =} l} w MU=B Q}eDt u}@ |}x]@=Q |xr}Uwx@
w =yp}=iwQB V}=B 'Q}N= u=}r=U pw]QO "Ovt=v|t p}=iwQB =Q x]@=Q u}= u=kkLt xm
u}= QO "CU= xOw@ u=kkLt R= |Q=}U@ xHwD OQwt xO=U |]N |=yp}=iwQB xS} wx@
OwHw pkDUt Q}eDt l} w MU=B Q}eDt l} u}@ xO=U |]N |x]@=Q l} 'p}=iwQB

"OQ=O
xrLQt wO l}miD T=U= Q@ =yp}=iwQB V}=B =@ \@DQt C=k}kLD '|iQ] R=

pw�Ut xOvU} wv �
"1398 7 7 VQ}PB '1398 3 11 x}LqY= '1397 4 17 Ci=} QO %M} Q=D

DOI:10.24200/J65.2019.51025.1884



"""=
yxO

v=t|
k=@Q

@|vD
@tp

QDvm
|=y

Q=Ow
tv|

L=Q]Q=Owtv l} [16]lDv=R TBU "CU= xOW |UQQ@ Cr=L Q=yJ QO Ov}=Qi Tv=} Q=w w
l} [17]u=Q=mty w u=w}r=U "OQm |L=Q] |Dkwt |=yOv}=Qi V}=B |=Q@ CUSUM

x@ C@Uv xOW xOy=Wt Q=OQ@ Qy h=QLv= R= xm OvOQm x�=Q= xOvvmR=e; OwN pQDvm Q=Owtv
?r=k QO \w@ Qt |=yxQ=t; w xO=iDU= Ov}=Qi V}=B |=Q@ |r@k C=Oy=Wt s=tD u}ov=}t
"Ovm|t xO=iDU= MEWMA w nv}rDy T 2 Ovv=t xQ}eDt OvJ pQDvm |=yQ=Owtv
OQmrta Q@ =yv; Q}F-=D w |R=UT=UL u}v=wk |wQ Q@ |}xar=]t [18]|Q@vUwm TBU
|xvwtv 5 R= xvwtv 4 |R=UT=UL uwv=k 'xar=]t u}= QO xm O=O s=Hv= Q |xQ=t;
|=Q@ uwv=k u} QD?U=vt u=wva x@ Q=}at h=QLv= l} Q=OWy OwOL R= GQ=N |r=wDt
xDN=vW CUSUM-Q w EWMA-Q |k}irD |=yQ=Owtv VN@C}=[Q OQmrta
xO=O xaUwD xOvvmR=e; OwN pQDvm |=yQ=Owtv R}v |]N |=yp}=iwQB V}=B |=Q@ "OW
Q=Owtv l} [19]u=Q=mty w wR "OwW|t xDN=OQB =yv; QwQt x@ xt=O= QO xm CU= xOW
|DWoR=@ |=yxOv=t|k=@ |x}=B Q@ xO=U |]N p}=iwQBV}=B |=Q@ xOvvmR=e; OwN pQDvm
|xOvvmR=e; OwN pQDvm Q=Owtv l} [20]u=Q=mty w |Q}t= u}vJty "OvOQm O=yvW}B
xaUwD xO=U |]N |=yp}=iwQB |=yQDt=Q=B u=tRsy V}=B |=Q@ =Q Max-CUSUM

u=tRsy hWm |=Q@ =Q xOvvmR=e; OwN V}=B Q=Owtv l} [21]u=Q=mty w nv=UD "OvO=O
XNWt=v `} RwD =@ |]N |=yp}=iwQB QO uw}UQoQ ?}=Q[ w Tv=} Q=w QO C=Q}}eD
V}=B |=Q@ =Q xOvvmR=e; OwN pQDvm Q=Owtv xU [22]|Q}t= w |wQUN"OvOQm O=yvW}B =]N
=Q QwmPt |=yp}=iwQB '=yQ=Owtv u}= "OvOQm O=yvW}B l}DUHr uw}UQoQ |=yp}=iwQB
V}=B 'Ov=pkDUt |=yQ}eDt w sv}@ `} RwD =@ MU=B Q}eDt l} u}@ \=@DQ= Qou=}@ xm

"Ovvm|t
xm COtx=Dwm O}rwD |=yOv}=Qi V}=B |=Q@ |O}OH OQm} wQ 'wQ V}B |xr=kt QO
"CU= xOW x�=Q= 'CU= xO=U |]N p}=iwQB l} CQwYx@ =yv; QO |i}m |xYNWt
u=ty R= w u=tR pw] QO xO=U |]N p}=iwQB |=yxOv=t|k=@ |O=yvW}B OQm} wQ QO
u}@ |=yhqDN= `k=w QO =yxOv=t|k=@ "OvQ}o|t Q=Qk V}=B OQwt Ov}=Qi ẁQW |=OD@=
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|xQ=t; =@ T |xQ=t;?}mQD R= u=tR pw] QO Ov}=QilJwm C=Q}}eD x@ |O=yvW}B VwQ

%Ow@ Oy=wN Q} R CQwYx@ |}=yv |xQ=t; xm OwW|t xO=iDU= EWMA

Zj = �Tj + (1� �)Zj�1: (12)

%OwW|t xDWwv Q} R CQwYx@ VwQ u}= pQDvm OwOL T=U= u}ty Q@ TB

UCL = LT

s
�(n� 1)

(2� �)(n� 3)
; n � 4 ; LCL = �UCL (13)

|vw}UQoQ |x]@=Q l} =@ yij w xi u=}t |x]@=Q 'Ov}=Qi uOw@ pQDvm CLD Cr=L QO
"OwW|t xO=O V}=tv Q} R CQwYx@

yij = A0 +A1xi + "ij ; i = 1; 2; :::; n; (1)

pkDUt xm OvDUy �2
" Tv=} Q=w w QiY u}ov=}t =@ p=tQv |iO=YD |=yQ}eDt =y"ij xm

p}=iwQB QO i = 1; 2; : : : ; n |=R= x@ xi pkDUt Q}eDt "OvDUy (i.i.d) `} RwDsy w
'A0 xO=U |]N p}=iwQB pOt |=yQDt=Q=B "Ovm|t P=ND= =Q |D@=F Q}O=kt xO=U |]N
xQy@ =@ 'QwmPt |xvwtv QO i = 1; 2; : : : ; n C=Oy=Wt =@ s=j |xvwtv QO �2 w A1

"OvwW|t xOR u}tND Q} R ?} Q==v |=yxOvvmOQw;Q@ R= uDUH

a1j =
Sxy(j)

Sxx
; (2)

a0j = �yj � a1j �x; (3)

MSEj = 1
n� 2

nX
i=1

(yij � a1jxi � a0j)2; ` (4)

�yj = 'Sxx =
nP
i=1

(xi � �x)2 '�x = (1=n)
nP
i=1

xi \@=wQ u}= QO xm
Qy xm CU= K[=w "OvDUy Sxy(j) =

nP
i=1

(xi � �x)yij w (1/n)
nP
i=1

yij

QDj}kO =yQDt=Q=B x@ \w@ Qt |=yu}tND 'OW=@ QDW}@ pQDvm CLD |=yxvwtv O=OaD xJ
"Ow@ Oy=wN

|O=yvW}B |=yVwQ "3
h=QLv=V}=B |=Q@ xQ=t;l} w =yxOv=t|k=@ u}ov=}tV}=B |=Q@ xQ=t; wOVN@ u}= QO
=@ u}ov=}t V}=B |=yxQ=t; R= s=Om Qy ?}mQD R= xm CU= xOW x�=Q= =yxOv=t|k=@ Q=}at
QO xO=U |]N |=yp}=iwQB V}=B |=Q@ pQDvm Q=Owtv wO 'Q=}at h=QLv= V}=B |xQ=t;
|x�=Q= =@ |O=yvW}B |=yVwQ xt=O= QO "CU= xOW x�=Q= COtx=Dwm O}rwD |=yOv}=Qi

"OvwW|t K} QWD QwmPt |=yxQ=t;

=yxOv=t|k=@ u}ov=}t V}=B |=Q@ Q |xQ=t; "1"3
|xawtHt u=wva x@ =Q ej = (e1j ; e2j ; : : : ; enj) ; j = 1; 2; 3; : : : Q=OQ@
Q=Okt u=}t Cw=iD xOv=t|k=@ R= Qw_vt "O} Q}o@ Q_v QO n |xR=Ov= =@ =yxOv=t|k=@
xOt; 5 |x]@=Q QO xm CU= u; |xOW |v}@V}B Q=Okt w MU=B Q}eDt |xOW xOy=Wt

"CU= �2
" Tv=} Q=w w QiY u}ov=}t =@ p=tQv =yxOv=t|k=@ `} RwD "CU=

eij = yij � a0j � a1jxi ; i = 1; 2; :::; n ; j = 1; 2; 3:::: (5)

GQOvt p}=iwQB |x]@=Q A1 'A0 |=yQDt=Q=B |=yu}tND ?}DQD x@ a1j 'a0j u; QO xm
R=}v =yxOv=t|k=@ u}ov=}t x@ |O=yvW}B VwQ |Q}oQ=mx@ |=Q@ "OvDUy 1 |x]@=Q QO

%OwW|t x�=Q= Q} R CQwYx@ u}ov=}t u}= xm CU=

�ej = (1/n)
nX
i=1

eij : (6)

�2=n Tv=} Q=w w QiY u}ov=}t =@ p=tQv `} RwD |=Q=O (�ej) =yxOv=t|k=@ u}ov=}t
xm|}=Hu; R= "Ovvm|t |wQ}B N(0; �2) `} RwD R= �ej

p
n Q}O=kt xH}Dv QO "CU=

\UwD xm Q |xQ=t; Q=Okt 'CU= swrat=v Tv=} Q=w w swrat u}ov=}t Cr=L u}= QO
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yxO

v=t|
k=@Q

@|vD
@tp

QDvm
|=y

Q=Ow
tv|

L=Q]"ARL0 = 200 |=R= x@ =yQ=Owtv pQDvm OwOL (L) C@=FQ}O=kt "1 pwOH
n = 4 QMCC TMCC

L�(L�e; Lr) 2 954 3 415
L�(LMSE) 2 965 2 965

|O=yvW}B |=yVwQ OQmrta |@=} RQ= "4
|@=} RQ= |R=Ux}@W C=ar=]t R= xO=iDU= =@ |O=yvW}B |=yVwQ OQmrtaVN@ u}= QO
OQmrta xm =Hu; R= "CU= pQDvm R= GQ=N ARL xar=]t u}= QO|@=} RQ= Q=}at "OwW|t
xDU@=w (�) Ov}=Qi QO |}=Hx@=H ẁkw pLt x@ xar=]t u}= QO xOW x�=Q= |=yQ=Owtv
"CU= xDiQo CQwY Ov}=Qi QO |}=Hx@=H ẁkw pLt |wQ |D}U=UL p}rLD 'CU=
x@=Wt 'CU= xDiQo Q=Qk xO=iDU= OQwt |R=Ux}@W C=ar=]t |=QH= |=Q@ xm |r}=iwQB
|=Q@ "CU= [1]u}=@r; w nvm xr=kt QO xOW xDiQoQ=m x@ xO=U |]N p}=iwQB pOt
pOt "O}}=tv xaH=Qt [1]u}=@r; w nvm xr=kt x@ p=Ft u}= |xQ=@ QO QDW}@ C=aq]=
QDV}B xm Qw]u=ty xm CU= yij = 3 + 2xi + "ij CQwYx@ Q_vOQwt p}=iwQB
xm CU= (i.i.d) u=Usy `} RwD =@ pkDUt p=tQv |iO=YD Q}eDt l} "ij OW xDio sy
"Ovm|t P=ND= =Q 8 w 6 '4 '2 Q}O=kt pkDUt Q}eDt "OQ=O �2 Tv=} Q=w w QiY u}ov=}t
C=ar=]t QO "CU= 200 Q@=Q@ |O=yvW}B |=yVwQ |=Q@ pQDvm CLD ARL Q=Okt
QO =OD@= QO pQDvm CLD |x}rw= |xvwtv 5 O=OaD xar=]t u}= QO xOW s=Hv= |R=Ux}@W
"CU= 50 w 25 '20 '15 '10 '5 Q}O=kt Ov}=Qi QO Q}}eD O=ONQ pLt "CU= Q=}DN=
QO "CU= 0 2 =@ Q@=Q@ EWMA |=yxQ=t; QO |R=UQ=wty ?} Q[ Q=Okt u}vJty
QO w Ov=xOW x@U=Lt |R=Ux}@W j} Q] R= xm pQDvm Q=Owtv ?}=Q[ Q=Okt 1 pwOH
pQDvm OwOL u}= =@ "CU= xOW xOQw; 'OvQ}o|t Q=Qk xO=iDU= OQwt pQDvm OwOL s}_vD
xr=kt u}= |xOW |L=Q] pQDvm |=yQ=Owtv |=Q@ pQDvm CLD |xr=@vO pw] \UwDt
"CU= xOW =QH= pQDvm OwOL u}= |x}=B Q@ |R=Ux}@W C=ar=]t xm CU= 200 =@ Q@=Q@
QDt=Q=B QO C=Q}}eD x@ \w@ Qt |R=Ux}@W G}=Dv ?}DQD x@ 4 w 3 '2 |=ypwOH QO
u}vJty "Ov=xOW |UQQ@ xO=U |]N p}=iwQB Q=}at h=QLv= w ?}W '-=O@t R= ZQa
-=O@t R= ZQa |=yQDt=Q=B QO u=tRsy C=Q}}eD x@ \w@ Qt |R=Ux}@W G}=Dv 5 pwOH QO
|=yVwQ OQmrta |xU}=kt Q@xwqa pw=OH u}= QO "CU= xOW x�=Q= Q=}at h=QLv= w
QO VwQ u}= xm CU= xOW s=Hv= R}v [19]u=Q=mty w wR VwQ =@ xU}=kt '|O=yvW}B
|xQ=@ QO QDW}@ C=aq]= |=Q@ "CU= xOW xO=O u=Wv SS Chart =@ 5 =D 2 pw=OH
Q}O=kt 'VN@ u}= pw=OH QO "O}vm xaH=Qt [19]u=Q=mty w wR |xr=kt x@ VwQ u}=
\=kv� hrDNt |=y� Q}O=kt w |Owta uwDU QO \w@ Qt |=yQDt=Q=B |=y|}=Hx@=H
pN=O O=Oa= u=ty pQDvm R= GQ=N ARL Q}O=kt w xOW QmP |ki= Q]U QO �Q}}eD
QMCC |O=yvW}B |=yQ=Owtv w �SS Q=Owtv� ?}kQ Q=Owtv |=Q@ xm OvDUy pwOH
(ARL) pQDvm CLD |xr=@vO pw] \UwDt =OD@= QO "Ov=xOW xU}=kt TMCC w
R= GQ=N ARL Q}O=kt TBU w xOW u}}aD 200 pO=at QwmPt |=yQ=Owtv |=Q@
pQDvm R= GQ=N ARL Q}O=kt "Ov=xOW x@U=Lt =yQ=Owtv u}= |=Q@ (ARL1) pQDvm
OyO|t u=Wv =Q �|}=yxvwtv� |]=kv O=OaD \UwDt Ck}kL QO \w@ Qt pw=OH QO
=D OvwW sUQ Q=Owtv |wQ O}=@ s)=� xvwtv QO \w@ Qt QDt=Q=B QO Q}}eD O=H}= R= Oa@ xm
ARL1 xm |Q=Owtv Qy �OwW hWm � ODi}@ pQDvm OwOL R= GQ=N �xvwtv� x]kv l}
w CU= xO=O X}NWD =Q \w@ Qt QDt=Q=B QO Q}}eD QD`} QU |va} 'OW=@ xDW=O |QDtm
nvQQB CQwYx@ |OOa Q}O=kt pw=OH QO =H Qy "OwW|t ?wULt |QDy@ Q=Owtv
QO ,qFt "CU= \}=QW u; QO \w@ Qt Q=Owtv QDy@ OQmrta Qou=}@ 'Ov=xOW xO=O V}=tv
'10 Q}}eD |x]kv w 0 2 |xR=Ov= x@ -=O@t R= ZQa QDt=Q=B QO Q}}eD \}=QW QO 2 pwOH

=yxOv=t|k=@ |oOvm =QB V}=B Q=Owtv "3"3
Q=Okt =} =yxOv=t|k=@ |oOvm =QB XN=W R= =yxOv=t|k=@ |oOvm =QB V}=B w pQDvm |=Q@
%OwW|t x@U=Lt Q} R CQwYx@ xm OwW|t xO=iDU= (MSE) =y=]N `@ Qt u}ov=}t

MSEj = ( 1
n� 2 )

nX
i=1

e2
ij : (14)

CUw}B QO u; C=@F= xm OwW XNWt MSEj `} RwD =D CU= sRq xt=O= QO
`} RwD |=Q=O MSEj xDiQo CQwY C=@U=Lt T=U= Q@ TB "CU= xOt; ?
Q=Qk Qj s=v x@ |}xQ=t; QO =Q MSEj Q=Okt p=L "CU= Gamma(n2 ;

n�2
2�2 )

%O};|t CUO x@ 15 |x]@=Q xm s}yO|t

Qj = ��1

2664Gj
0BB@

nP
i=1

e2
ij

n� 2

1CCA
3775 ; (15)

|atHD `} RwD `@=D Gj w OQ=Ov=DU= p=tQv |atHD `} RwD `@=D Twmat ��1 u; QO xm
|}=Hu; R= "CU= �0 = n�2

2�2 w� = n
2 'n � 3 |=yQDt=Q=B =@ s=j |xvwtv |=Q@ =t=o

�0 |x@U=Lt |=Q@ 'CU}v XNWt COtx=Dwm O}rwD |=yOv}=Qi QO �2 Tv=} Q=w xm
%OwW|t O=yvW}B �2 u}tND |=Q@ Q} R |x]@=Q &OR u}tND =Q u; O}=@

�̂2 = MSEj�1 = (1/j � 1)
j�1X
k=1

MSEk ; j = 2; 3; : : : (16)

�0 = n�2
2�2 QDt=Q=B x@ \w@ Qt |x]@=Q QO �2 |=Hx@ MSEj�1 Q=Okt xH}Dv QO

%CU= 17 |x]@=Q CQwYx@ MSEj `} RwD w OwW|t |Q=Po}=H

MSEj � Gamma
�
n
2 ;

n� 2
2�MSEj�1

�
: (17)

Ov}=Qi lJwm C=Q}}eD x@ |O=yvW}B VwQ C}U=UL V}=Ri= Qw_vtx@ u=wD|t p=L
%OQm xO=iDU= Q} R CQwYx@ EWMA |xQ=t; =@ Q |xQ=t; ?}mQD R= u=tR pw] QO

Zj = �Qj + (1� �)Zj�1 (18)

%OwW|t x@U=Lt Q} R CQwYx@ xQ=t; pQDvm OwOL Q=Okt

UCL = LMSE

r
�

2� � ; LCL = �UCL (19)

|R=Ux}@W R= xO=iDU= =@LMSE Q=Okt wCU= |R=UQ=wty?} Q[ 0 < � < 1 xm
CUO x@ xOW u}}aD V}B R= pQDvm CLD ARL Q=Okt xm OwW|t x@U=Lt |}xvwox@

"O};
x=Dwm O}rwD |=yOv}=Qi QO xO=U |]N p}=iwQB |=yxOv=t|k=@ V}=B Qw_vtx@
sy =@ Q=}at h=QLv= V}=B pQDvm Q=Owtv w u}ov=}t V}=B pQDvm |=yQ=Owtv 'COt
4QMCC |=ys=v =@ =RHt pQDvm |=yQ=Owtv '?}mQD u}= pY=L xm OvwW|t xO=iDU=
V}=B =Q =yxOv=t|k=@ |oOvm =QB w u}ov=}t u=tRsy Qw]x@ xm CU= 5 TMCC w

"Ov=xOW |@=} RQ= w xO=iDU= |R=Ux}@W C=ar=]t QO QwmPt |=yQ=Owtv "Ovvm|t
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1|

xQ=t
W'

36
�1

|xQ
wO'

�13
99

u=DU
@=D�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt "hrDNt Q}}eD \=kv |=R= x@ w A0 + �0� x@ A0 R= -=O@t R= ZQa QDt=Q=B QO Q}}eD =@ ARL pQDvm R= GQ=N Q}O=kt "2 pwOH

� = 50 � = 25 � = 20 � = 15 � = 10 � = 5 |=yQ=Owtv
�0pQDvm

159 9687 177 0927 185 6416 186 6831 188 9515 196 9573 QMCC

0 2154 6688 177 9402 182 4339 182 5946 184 1718 189 1019 TMCC

131 1669 164 9457 169 8513 184 9964 195 0188 205 7338 SS Chart

50 7453 100 8151 115 9874 133 9679 152 7533 187 7110 QMCC

0 444 4982 87 6575 99 8917 116 2269 131 8204 164 3321 TMCC

29 0417 64 7510 80 4018 102 9992 140 0570 175 6720 SS Chart

11 6179 34 3835 48 9972 75 8939 112 4107 171 3773 QMCC

0 610 7674 27 0214 37 5989 56 0830 82 9505 128 3855 TMCC

8 7284 15 3840 20 3131 33 6196 60 7730 133 8455 SS Chart

5 6029 9 8145 16 4193 33 7645 70 7058 156 1643 QMCC

0 85 6185 8 0655 11 9213 20 7313 43 6201 96 3172 TMCC

5 0627 6 0742 6 7949 9 8316 21 8295 79 0885 SS Chart

3 9410 4 7546 6 4065 12 2150 38 9989 147 6361 QMCC

1 03 9745 4 6217 5 3685 8 6472 20 0113 70 5806 TMCC

3 7467 4 0362 4 2449 4 6390 7 1288 39 7675 SS Chart

3 0895 3 3604 3 6239 3 3554 22 3272 134 7002 QMCC

1 23 1464 3 4592 3 7001 4 4656 9 8872 50 4485 TMCC

2 9831 3 1540 3 2547 3 4446 3 9995 15 9084 SS Chart

2 5770 2 7300 2 8718 3 3171 10 9081 115 9064 QMCC

1 42 6352 2 8169 2 9307 3 2254 69385 33 0584 TMCC

2 5018 2 6389 2 7033 2 8040 3 0920 5 4151 SS Chart

2 2071 2 3264 2 3565 2 7064 5 6857 100 3522 QMCC

1 62 2726 2 4104 2 4896 2 6672 3 5251 24 2743 TMCC

2 2129 2 3160 2 3449 2 4268 2 5995 3 7105 SS Chart

1 9455 2 0106 2 0784 2 1719 3 6151 78 2945 QMCC

1 82 0049 2 1088 2 1866 2 2502 2 6257 15 1911 TMCC

1 9938 2 0571 2 0847 2 1746 2 3050 2 8982 SS Chart

1 7366 1 7968 1 8161 1 8565 2 2016 59 1828 QMCC

21 8070 1 8667 1 8208 1 9682 2 2628 9 5056 TMCC

1 8249 1 8907 1 9356 1 9714 2 0900 2 4822 SS Chart

QO |QDW}@ C=Q}}eD Q=Okt xJ Qy u}vJty "CU= Qo}O Q=Owtv wO x@ C@Uv QDt=Q=B QO
�pQDvm R= GQ=N ARL� ARL1 u=R}t =@ \w@ Qt |=yQ=Owtv 'OQ}o Q=Qk Q_vOt QDt=Q=B
R= "Ovvm|t hWm QD`} QU =Q C=Q}}eD |DQ=@a x@ w Ovvm|t hWm =Q C=Q}}eD |QDtm
|=yxvwtv sUQ R= TB xJ Qy |va} � OwW|t QDoQR@ =y� Q=Okt QOkJ Qy |iQ]

pQDvm |=yQ=Owtv |=Q@ OvDUy pQDvm R= GQ=N ARL Qou=}@ xm pwOH pN=O O=Oa=
195 0188 w 184 1718 w 188 9515 ?}DQD x@ SS w TMCC w QMCC

nvQQB CQwYx@ 'CU= TMCC Q=Owtv x@ \w@ Qt QDtm OOa xmu}= x@ xHwD =@ xmCU=
Q}}eD QD`} QU hWm QO TMCC Q=Owtv QDy@ OQmrta |vat x@ w Ov=xOW xO=O V}=tv
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yxO

v=t|
k=@Q

@|vD
@tp

QDvm
|=y

Q=Ow
tv|

L=Q]"hrDNt Q}}eD \=kv |=R= x@ w A1 + �1� x@ A1 R= -=O@t R= ?}W QDt=Q=B QO Q}}eD =@ ARL pQDvm R= GQ=N Q}O=kt "3 pwOH
� = 50 � = 25 � = 20 � = 15 � = 10 � = 5 |=yQ=Owtv

�1pQDvm
196 0581 197 5144 197 9545 198 3664 198 3721 199 2364 QMCC

0 025192 3201 192 4897 192 9268 193 1337 193 8723 194 6863 TMCC

171 2609 187 6509 197 6523 198 7620 204 3728 213 2705 SS Chart

130 9271 163 6148 169 8407 176 9915 183 4744 195 0618 QMCC

0 05124 0327 155 0779 162 2420 168 8232 172 7844 183 0988 TMCC

98 6926 136 4497 151 2526 169 6028 188 4076 200 8713 SS

60 0746 108 3039 123 2214 138 2637 156 8387 183 3758 QMCC

0 07552 9579 96 4355 110 0122 124 9981 139 9364 165 3826 TMCC

36 7283 74 7283 88 4680 116 7277 141 9054 179 1507 SS

23 3005 59 8669 75 2740 99 5954 126 9103 176 7421 QMCC

0 120 2509 49 7880 61 9946 81 3580 106 2426 146 3214 TMCC

15 3763 30 1551 43 6794 65 0866 96 5237 158 9588 SS

10 2216 29 1067 41 1876 64 5223 104 7581 169 0396 QMCC

0 1259 4869 21 6363 31 8949 46 7108 75 4959 128 9017 TMCC

8 0360 12 6335 18 1663 29 8190 58 4783 126 7220 SS

6 2756 12 2326 20 0257 39 8050 74 2325 159 4377 QMCC

0 156 3093 10 7096 14 6950 25 0609 50 0045 106 1116 TMCC

5 7110 6 9692 8 3133 13 1073 30 4895 94 1792 SS

4 8021 6 8719 10 3896 23 9235 54 5389 148 7258 QMCC

0 1754 7978 6 4159 7 9186 12 9732 32 3031 89 4141 TMCC

4 4532 5 0113 5 6182 6 7445 12 6443 70 2235 SS

3 8501 4 7517 6 1625 12 0943 39 2361 141 0669 QMCC

0 23 9359 4 4423 4 9906 8 0781 19 0706 68 7632 TMCC

3 7235 3 9770 4 3118 4 6205 6 6890 43 8098 SS

3 2882 3 6132 4 1037 6 9400 23 6268 131 1030 QMCC

0 2253 3189 3 6830 4 0012 5 2433 12 4464 54 2497 TMCC

3 2020 3 4312 3 5027 3 8138 4 8148 22 2185 SS

2 8438 3 0160 3 2455 4 6297 15 6442 122 2519 QMCC

0 252 8971 3 1463 3 3170 3 9226 7 4682 39 3252 TMCC

2 8392 2 9805 3 1100 3 2653 3 6765 12 5980 SS

OQ=Ov=DU= h=QLv= w u}ov=}t V}=B |=yQ=Owtv pt=W s=Om Qy TMCC w QMCC

R}v |Qo}O |=yp}rLD u=wD|t hrDNt |=y|}=Hx@=H hWm Q_vt R= 'OvDUy =]N
'CU= Q_vOt =]N OQ=Ov=DU= h=QLv= QO C=Q}}eD xm 4 pwOH QO ,qFt "O=O s=Hv=
w 10 '15 '5 Q}}eD \=kv QO w 2 2 u=R}t x@ QDt=Q=B Q}}eD =@ xm OQm x_Lqt u=wD|t

|=yxvwtv R= |QDW}@ C=aq]= xJ Qy Qo}O CQ=@ax@ OyO MQ QDt=Q=B Q}}eD |QDW}@
OwHw pQDvm CLD Cr=L QO =yQDt=Q=B R= |QDy@ u}tND =} OW=@ TQDUO QO x}rw=
'|va} &O};|t CUO x@ \w@ Qt Q}}eD hWm |=Q@ |QDtm ARL1 x=ov; - OW=@ xDW=O
|O=yvW}B pQDvm |=yQ=Owtv xm |}=Hu; R= u}vJty "OvwW|t hWm QD`} QU C=Q}}eD
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Ovyt "hrDNt Q}}eD \=kv |=R= x@ w � x@ � R= OQ=Ov=DU= h=QLv= QO Q}}eD =@ ARL pQDvm R= GQ=N Q}O=kt "4 pwOH

� = 50 � = 25 � = 20 � = 15 � = 10 � = 5 |=yQ=Owtv
pQDvm

65 2033 91 2399 97 6651 109 2061 120 7902 150 1077 QMCC

1 265 8380 92 1518 98 5644 109 9014 121 4480 150 1275 TMCC

48 5466 60 1132 65 3690 68 1024 72 0458 79 4236 SS Chart

11 4389 19 6672 24 5550 31 9693 48 6103 90 1495 QMCC

1 411 4930 20 0130 24 9976 32 8808 49 2423 91 5992 TMCC

14 5341 18 1258 19 7061 23 4284 28 9458 34 3750 SS Chart
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5 8333 13 3474 38 0465 83 1826 140 9929 QMCC

1 15 0702 10 9498 29 5817 76 6035 137 8991 TMCC

4 3140 6 6116 15 2024 47 8800 96 0524 SS Chart

5 3386 10 2912 25 4727 52 2785 83 2120 QMCC

1 24 7532 8 5928 20 8217 51 0095 81 5491 TMCC

4 2790 6 3474 12 6046 28 4644 51 4742 SS Chart

4 7886 7 2502 15 6833 28 6919 42 7035 QMCC

1 34 2867 6 9613 12 6024 26 3705 44 0923 TMCC

4 2498 5 9772 10 1400 19 0288 30 3964 SS Chart

3 7989 5 4626 8 7986 14 9999 20 2732 QMCC
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|=Q@ |}=yVwQ |xaUwD xm OwW|t O=yvW}B |D; C=k}kLD |=Q@ |D=ar=]t |xv}tR
|=yp}=iwQB pt=W =yp}=iwQB `=wv= Q}=U QO =yxOv=t|k=@ |oOvm =QB w u}ov=}t V}=B
OQwt COtx=Dwm O}rwD |=yOv}=Qi QO |}xrtHOvJ w xv=oOvJ |]N 'xQ}eDt OvJ |]N
|=yOv}=Qi QO xO=U |]N |=yp}=iwQB |=yQDt=Q=B V}=B u}vJty "OQ}o Q=Qk xHwD

"OW=@ |D; j}kLD |=Q@ |@U=vt |xv}tR Ov=wD|t COt x=Dwm O}rwD

|R=Ux}@W C=ar=]t j} Q] R= xv}W}B QO OwHwt |=yVwQ R= |m} =@ |O=yvW}B
R= |O=yvW}B pQDvm Q=Owtv xm OyO|t u=Wv |R=Ux}@W G}=Dv "CU= xOW xU}=kt
pw] \UwDt T=U= Q@ nQR@ w \UwDt |=y|}=Hx@=H hWm QO |@U=vt OQmrta
|=yxvwtv O=OaD C=Q}}eD u}vJty "CU= Q=OQwNQ@ pQDvm R= GQ=N (ARL) xr=@vO
OW pY=L xH}Dv u}= w OW |UQQ@ |}=Hx@=H O=ONQ R= V}B x}rw= pQDvm CLD
QO xm |}=Hu; R= "Ovvm|t =O}B Ow@y@ =yQ=Owtv OQmrta x}rw= |=yxvwtv V}=Ri= =@ xm

=yCWwv=B
1. average run length
2. exponentially weighted moving average
3. cumulative sum
4. Q-MSE control chart
5. T-MSE control chart
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