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uwRwt lQLDt u}ov=}t |@}mQD pQDvm Q=Owtv OQmrta Ow@y@ |=Q@ Q=DWwv u}= QO
lQLDt u}ov=}t � |atHD `tH |@}mQD pQDvm Q=Owtv u}vJty w |atHD `tH � |}=tv
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MEC l}Uqm pQDvm |=yQ=Owtv 3 VN@ QO "CU= xOW |iQat Q=Ox@DQ |xawtHt
MEC-RSS |O=yvW}B pQDvm |=yQ=Owtv 4 VN@ QO "CU= xOW K} QWD MCE w
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uwRwt lQLDt u}ov=}t l}Uqm pQDvm |=yQ=Owtv =@ |OOa p=Ft l} R= xO=iDU= =@
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|xawtHt |Q}oxvwtv R= pt=m |xNQJ l} u}= "O@=}|t xt=O= QN; |xawtHt R=

"CU= m |xvwtv |xR=Ov= =@ Q=Ox@DQ
|atHD `} RwD `@=D w f(x) p=tDL= |r=oJ `@=D =@ xar=]t OQwt Q}eDt X
"CU= �20 w �0 =@ Q@=Q@ ?}DQDx@ X Tv=} Q=w w u}ov=}t u}vJty 'CU= F (x)

R= xOt;CUOx@ m |xR=Ov= =@ xO=U |iO=YD |Q}oxvwtv l} X1; X2; :::; Xm

xm|r=LQO 'OwW|t xO=iDU= Ov}=Qi QO lJwm C=Q}}eD |}=U=vW |=Q@ |atHD `tH
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"O=O X=YDN= uRw |atHD `tH pQDvm Q=Owtv |=yxQ=t; |xDWPo C=aq]= x@ Q=Owtv
6xQ}eDtOvJ |}=tv uwRwt lQLDt u}ov=}t |xDi=}s}taD pQDvm Q=Owtv [9]wq w utQOv}r
u=tRsy Qw]x@ O}=@ QDt=Q=B l} R= V}@ |Dkw xQ}eDtOvJ |=yOv}=Qi V}=B |=Q@ =Q
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C=Q}}eD R= |QDW}@ |xvt=O |@}mQD pQDvm |=yQ=Owtv u}= "OvOQm O}rwD 9xr=@vO pw]
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l} [15]Qr}t w |U=@a "OQ=O |atHD `tH w |}=tv uwRwt lQLDt u}ov=}t l}Uqm
V}=B |=Q@ =Q 11u}ov=}t h=QLv= T=U= Q@ |}=tv uwRwt lQLDt u}ov=}t pQDvm Q=Owtv
pQDvm Q=Owtv x@ C@Uv |QDy@ OQmrta pQDvm Q=Owtv u}= &OvOQm x�=Q= Ov}=Qi |oOvm =QB
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Ovyt pQDvm Q=Owtv |OwQw u=wvax@ EWMA l}Uqm pQDvm Q=Owtv |xQ=t; pQDvm Q=Owtv

"OwW|t xDiQoQ_vQO CUSUM l}Uqm
MEC+

t = max
�0; (Zt � �0)� at + MEC+

t�1
�

MEC�t = max
�0;�(Zt � �0)� at + MEC�t�1

�
: (8)

MEC�t w MEC+
t 'CU= u=tRx@ xDU@=w xm CU= PN-=t Q=Okt at '8 |x]@=Q QO

|Wy=m w |W}=Ri= C=Q}}eD hWm |=Q@ ?}DQDx@ xm OvDUy CUSUM |=yxQ=t;
|xQ=t; T=U= Q@ Zt "MEC+

0 = MEC�0 = 0 u}vJty "OvwW|t xO=iDU=
%OwW|t h} QaD Q} R CQwYx@ EWMA

Zt = (1� �)Zt�1 + �Xt (9)

%=@ CU= Q@=Q@ Zt |xQ=t; Tv=} Q=w w u}ov=}t "CU= Z0 = �0 |x}rw= Q=Okt
E(Zt) = �0;

Var(Zt) = �20
m

�
�

2� �
�
1� (1� �)2t�� : (10)

xm|v=tR=D "OvwW|t sUQ bt pQDvm OL p@=kt QO MEC+
t w MEC�t |=yxQ=t;

CLD Cr=L QO Ov}=Qi OvwW sUQ pQDvm OL pN=O QO MEC+
t w MEC�t Q}O=kt

MEC+
t Qo = "OwW|t sqa= pQDvm R= GQ=N Ov}=Qi CQwY u}= Q}e QO w CU= pQDvm

pkDvt hOy Q=Okt R= QDq=@ x@ Ov}=Qi u}ov=}t xm OwW|t xDio OwW sUQ bt R= QDq=@
x@ Ov}=Qi u}ov=}t xm OwW|t xDio OwW sUQ bt R= QDq=@ MEC�t Qo = w 'CU= xOW
h} QaD Q} R CQwYx@ bt w at Q=Okt wO "CU= xOW pkDvt hOy Q=Okt R= QDu}}=B

%OvwW|t

at = a� �pVar(Zt) = a�� �X

r
�

2� �
�
1� (1� �)2t�

bt = b� �pVar(Zt) = b�� �X

r
�

2� �
�
1� (1� �)2t�: (11)

Q=Owtv QO �pQDvm OL h w PN-=t Q=Okt k� k w h Q}O=kt Ovv=t C@=F Q}O=kt b� w a�
uwJ 'Ov=syt Q=}U@ b� w a� |=yQ=Okt ?=NDv= "OvDUy CUSUM l}Uqm pQDvm

[22]"OvQ=O CUSUM OQmrta |wQ Q@ |O=} R Q}F-=D
l} |=Q@ "OwW|t u}}aD EWMA |xQ=t; Tv=} Q=w x@ xHwD =@ bt w at Q}O=kt
OQm u}}aD |}xvwo x@ |R=Ux}@W R= xO=iDU= =@ u=wD|t =Q b� Q=Okt a� R= C@=F Q=Okt
CLD Cr=L QO xr=@vO pw] \UwDt ARL0 "O}; CUOx@ x=wNrO 15 ARL0 xm
Q=Okt ,qwtat "OwW|t xO=iDU= pQDvm |=yQ=Owtv OQmrta OQw;Q@ |=Q@ xm CU= pQDvm

"�Zt h=QLv= ?ULQ@� OvQ}o|tQ_vQO Q}}eD |xR=Ov= hYv =Q a�

MCE |@}mQD l}Uqm pQDvm Q=Owtv "2"3
R= ?}mQD l} sy MCE |Q=YDN= s=v =@ CUSUM-EWMA pQDvm Q=Owtv
|va} &CU= MEC |wor= Tma Q@ =t= "CU= EWMA w CUSUM |=yQ=Owtv
Q=Owtv |OwQw u=wvax@ CUSUM l}Uqm pQDvm Q=Owtv xQ=t; pQDvm Q=Owtv u}= QO

%CU= xQ=t; wO Q@ |vD@t MCE Q=Owtv "OwW|t xDiQoQ_vQO EWMA pQDvm
MCE+

t = (1� �c)MCE+
t�1 + �cC+

t

MCE�t = (1� �c)MCE�t�1 + �cC�t : (12)

XSRS = 1
m

mP
i=1

Xi =@ Q@=Q@ � R= xO=U |iO=YD |Q}oxvwtv OQw;Q@ "CU= f(x)

"CU= Var(X) = �20
m Tv=} Q=w =@

=@ Q@=Q@ X11; X12; :::; X1m;X21; X22; :::; X2m; :::; Xm1; :::; Xmm
"CU= m s=Om Qy |xR=Ov= =@ xO=U |iO=YD |Q}oxvwtv m

xvwtv u}t=i |@}DQD |xQ=t; xOvyOu=Wv Xi(1:m); Xi(2:m); :::; Xi(m:m)

=@ Q=Ox@DQ |xawtHt |=yxQ=t; "CU= Q=Ox@DQ |xawtHt |wor= R= xO=iDU= =@
Xi(i:m) xm |}xvwo x@ OvwW|t xO=O u=Wv X1(1:m); X2(2:m); :::; Xm(m:m)

"CU= m |xR=Ov= =@ xawtHt u}t=i R= |@}DQD |xQ=t; u}t=i |xOvyOu=Wv
X(i:m); i = 1; 2; :::;m|@}DQD|xQ=t;u}t=ip=tDL=|r=oJ`@=Df(i:m)(x)

%OwW|t xO=O V}=tv Q} R CQwYx@ w CU= m |xR=Ov= =@ Q=Ox@DQ |Q}oxvwtv l} R=
f(i:m)(x) = m

�
m�1
i�1

� fF (x)gi�1f1� F (x)gm�if(x); (1)

%=@ CU= Q@=Q@ X(i:m) Tv=} Q=w w u}ov=}t T=U= u}= Q@

�(i:m) =
+1Z
�1

xf(i:m)(x)dx (2)

�2
(i:m) =

+1Z
�1

(x� �(i:m))2f(i:m)(x)dx: (3)

%=@ CU= Q@=Q@ xat=H u}ov=}t R= Q=Ox@DQ |xawtHt OQw;Q@ xH}Dv QO
XRSS = 1

m

mX
i=1

Xi(i:m); (4)

%Tv=} Q=w =@
Var(XRSS) = 1

m2
mX
i=1

�2
(i:m) = �20

m
� 1
m2

mX
i=1

(�(i:m) � �0)2:

(5)

"OvDUy pQDvm CLD Cr=L QO Ov}=Qi Q=}at h=QLv= w u}ov=}t ?}DQDx@ �0 w �0

OvO=O u=Wv 1
t

tP
i=1

�(i:t) = � |x]@=Q R= xO=iDU= =@ [21]wDwt|m =w w |W=y=m =D
%CU= �0 R= ?} Q= uwO@ OQw;Q@ l} XRSS xm

E(XRSS) = 1
m
E(

mX
i=1

Xi(i:m)) = 1
m

(
mX
i=1

�(i:m)) = �0; (6)

xm O=O u=Wv w OQm |U} wvR=@ 7 |x]@=Q CQwYx@ =Q 5 |x]@=Q u=wD|t u}vJty
"CU= Var(XRSS) < Var(XSRS)

Var(XRSS) = Var(XSRS)� 1
m2

mX
i=1

(�(i:m) � �0)2: (7)

w MEC OwHwt l}Uqm |@}mQD pQDvm |=yQ=Owtv "3
MCE

MEC l}Uqm |@}mQD pQDvm Q=Owtv "1"3
|=yQ=Owtv C}U=UL Ow@y@ |xR}ov= =@ MEC s=v =@ EWMA-CUSUM Q=Owtv
u}= QO "CU= xOW x�=Q= Ov}=Qi QO lJwm C=Q}}eD hWm |=Q@ XwYNx@ pQDvm
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"""u
}ov=

}t|
@}mQD

pQDv
m|

=yQ=
Owtv

|xa
UwD|x}rw= Q=Okt "CU= RSS |Q}oxvwtv T=U= Q@ xvwtv u}ov=}t =@ Q@=Q@ XRSS Q=Okt

%=@ CU= Q@=Q@ ZRSS xQ=t; Tv=} Q=w w u}ov=}t "CU= ZRSS;0 = 0
E(ZRSS;t) = �0; (17)

Var(ZRSS;t) =
�

�
2� �

�
1� (1� �)2t��Var(XRSS;t)

Var(XRSS;t) = Var(XRSS) = �20
m
� 1
m2

mX
i=1

(�(i:m) � �0)2:

(18)

"OvwW|t sUQ b0t |rQDvm OL p@=kt QO MEC�RSS;0 w MEC+
RSS;0 |=yxQ=t;

%OvwW|t h} QaD Q} R CQwYx@ b0t w a0t Q=Okt wO
a0t = a

0� �pVar(ZRSS;t)

b0t = b
0� �pVar(ZRSS;t): (19)

QO �pQDvm OL h w PN-=t Q=Okt k� k w h Q}O=kt Ovv=t C@=F Q}O=kt b0� w a0�
|xQ=t; Tv=} Q=w x@ xHwD=@ b0t w a0t Q}O=kt "OvDUy CUSUM l}Uqm pQDvm Q=Owtv
=Q b0� Q=Okt a0� R= C@=F Q=Okt l} |=Q@ "OvwW|t ?=NDv= EWMA-RSS

CUOx@ x=wNrO ARL0 xm OQm u}}aD |}xvwo x@ |R=Ux}@W R= xO=iDU= =@ u=wD|t
Q=Okt xr=kt u}= QO "OvQ}o|t Q_vQO Q}}eD |xR=Ov= hYv =Q a0� Q=Okt ,qwtat "O};
pQDvm Q=Owtv QDW}@ C}U=UL Ea=@ =Q} R &CU= xOW xDiQoQ_vQO a0� = 0 5

[23]"OwW|t lJwm C=Q}}eD |=Q@ XwYNx@ CUSUM

RSS |Q}oxvwtv |wor= =@ MCE |@}mQD pQDvm Q=Owtv "2"4
(MCE-RSS)

|Q}oxvwtv |wor= =@ CUSUM-EWMA |@}mQD pQDvm Q=Owtv VN@ u}= QO
Q=Owtv |}=Q=m V}=Ri= Qw_vtx@ MCE-RSS |Q=YDN= s=v =@ Q=Ox@DQ |xawtHt
|xQ=t; |@}mQD pQDvm Q=Owtv u}= QO "CU= xOW x�=Q= CUSUM-EWMA l}Uqm
l}Uqm pQDvm Q=Owtv |OwQw u=wvax@ [19] CUSUM-RSS l}Uqm pQDvm Q=Owtv

"CU= xOW xDiQo Q_vQO EWMA

MCE+
RSS;t = �cC+

RSS;t + (1� �c)MCE+
RSS;t�1

MCE�RSS;t = �cC�RSS;t + (1� �c)MCE�RSS;t�1: (20)

|=yxQ=t;C+
RSS;t; C

�
RSS;t "CU=MCE-RSSpQDvm Q=Owtv|R=UQ=wty QDt=Q=B�c

"OvDUy CUSUM-RSS pQDvm Q=Owtv
C+

RSS;t = max
�0; (XRSS;t � �0)� k + C+

RSS;t�1
�

C�RSS;t = max
�0;�(XRSS;t � �0)� k + C�RSS;t�1

�
: (21)

u}ov=}t Q=Okt w �0 Q=Okt u}@ hqDN= Q=Okt hYv OwOL ,qwtat w PN-=t Q=Okt k
Q=}at h=QLv= OL=w QO � Q}}eD Qo = "OwW|t ?=NDv= �1 pQDvm R= GQ=N Cr=L QO
Q=Okt =} Q}}eD hYv =@ Q@=Q@ k x=ov; OwW u=}@ � = j�1 � �0j=�XRSS

CQwYx@
%CU= Q} R

k = �
2�XRSS

= j�1 � �0j
2 ; (22)

0 < �c � 1 "OvDUy l}Uqm CUSUM pQDvm Q=Owtv |=yxQ=t; C�t w C+
t

u}ov=}t =@ CU= Q@=Q@ q=@ \@=wQ |=yxQ=t; |=Q@ x}rw= Q=Okt "CU= |R=UQ=wty QDt=Q=B
Tv=} Q=w wu}ov=}t "(MCE+

0 = MCE�0 = �c)C�t wC+
t l}Uqm |=yxQ=t;

xm|v=tR "OvDUy t u=tR =@ Q}eDt pQDvmCLDCr=L QOl}Uqm CUSUM |=yxQ=t;
=@ Q@=Q@ C�t w C+

t |=yxQ=t; u}ov=}t '(t ! 1) Ovm p}t C}=yv|@ CtU x@ t
R}v C�t w C+

t Tv=} Q=w |=Q@ ẁ[wt u}= u}vJty "Ow@ Oy=wN �c C@=F Q=Okt
%s} Q=O t!1 Cr=L |=Q@ "CU= jO=Y

E(C+
t ) = E(C�t ) = �c

Var(C+
t ) = Var(C�t ) = �2

c; (13)

CQwYx@ MCE pQDvm Q=Owtv |q=@ pQDvm OL 'Tv=} Q=w w u}ov=}t u}= R= xO=iDU= =@
%OwW|t h} QaD Q} R

UCLt = �c + Lc�c

r
�c

2� �c
�
1� (1� �c)2t�: (14)

|R=Ux}@W R= xO=iDU= =@ xm CU= MCE pQDvm Q=Owtv |q=@ pQDvm OL ?} Q[ Lc
=@ C@Ft CyH QO Q}}eD Qy "O}; CUOx@ x=wNrO ARL0 xm OwW|t h} QaD |}xvwox@
QDW}@ q=@ pQDvm OL R= MCE+

t Q=Okt xm|DQwY QO "OW Oy=wN |UQQ@ MCE+
t

Q}}eD Qy x@=Wt Qw]x@ "CW=O Oy=wN q=@ CtU x@ Q}}eD l} Ov}=Qi u}ov=}t OwW
pQDvm OL R= QD=Qi MCE�t Q=Okt xJv=vJ "OwW|t |}=U=vW MCE�t \UwD |ivt

"CW=O Oy=wN u}}=B CtU x@ Q}}eD l} Ov}=Qi u}ov=}t 'OwQ@ q=@

MCE w MEC |O=yvW}B |@}mQD pQDvm |=yQ=Owtv "4
RSS |Q}oxvwtv |wor= CLD

|wor= CLD |O=yvW}B MEC |@}mQD pQDvm Q=Owtv "1"4
(MEC-RSS) RSS |Q}oxvwtv

|Q=YDN= s=v =@ EWMA-CUSUM(RSS) |@}mQD pQDvm Q=Owtv VN@ u}= QO
EWMA-CUSUM |@}mQD pQDvm Q=OwtvC}U=UL Ow@y@ hOy =@ MEC-RSS

EWMA- Q=Owtv |xQ=t; |O=yvW}B pQDvm Q=Owtv u}= QO "CU= xOW x�=Q= l}Uqm
"OwW|t xDiQoQ_vQO l}Uqm CUSUM pQDvm Q=Owtv |OwQw u=wvax@ RSS

MEC+
RSS;t = max

�0; (ZRSS;t � �0)� a0t + MEC+
RSS;t�1

�
MEC�RSS;t = max

�0;�(ZRSS;t � �0)� a0t + MEC�RSS;t�1
�
:

(15)

MEC�RSS;t w MEC+
RSS;t 'CU= u=tR x@ xDU@=w PN-=t Q=Okt a0t '15 |x]@=Q QO
%u}vJty 'OvDUy CUSUM u}}=B w q=@ |=yxQ=t; ?}DQDx@

MEC�RSS;0 = MEC+
RSS;0 = 0

%OwW|th} QaD Q} R CQwYx@ ZRSS;t Q=Okt [18] EWMA-RSS x} Q=t; T=U= Q@
ZRSS;t = �XRSS + (1� �)ZRSS;t�1: (16)
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1/
1|

xQ=t
W'

34
�1

|xQ
wO'

�13
97

u=DU
@=D�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt ARL0 = 200 =@ EWMA(SRS) pQDvm Q=Owtv ARL1 Q}O=kt "3 pwOH

"�0 + ��0 x@ �0 R= |}xrB Q}}eD CLD
� = 0 75 � = 0 5 � = 0 25 � = 0 1

�
L = 2 803 L = 2 79 L = 2 683 L = 2 445

200 49 201 86 201 7 201 73 0
67 24 46 32 29 72 22 71 0 25
17 58 11 66 8 65 8 52 0 5
6 68 5 02 4 60 5 20 0 75
3 44 3 03 3 15 3 79 1
1 14 1 22 1 53 2 02 2
1 001 1 003 1 01 1 35 3

ARL0 = 200 =@ EWMA(RSS) pQDvm Q=Owtv ARL1 Q}O=kt "4 pwOH
"�0 + ��0 x@ �0 R= |}xrB Q}}eD CLD

� = 0 75 � = 0 5 � = 0 25 � = 0 1
�

L = 2 803 L = 2 79 L = 2 683 L = 2 445
199 14 200 80 200 41 199 53 0
32 54 20 82 13 83 12 19 0 25
6 42 4 89 4 48 5 09 0 5
2 61 2 46 2 69 3 28 0 75
1 58 1 67 2 002 2 48 1
1 006 1 001 1 02 1 31 2

1 1 1 1 002 3

=@ EWMA-CUSUM(SRS) pQDvm Q=Owtv ARL1 Q}O=kt "5 pwOH
"�0 + ��0 x@ �0 R= |}xrB Q}}eD CLD a� = 0 5 w ARL0 = 200

� = 0 75 � = 0 5 � = 0 25 � = 0 1
�

b = 5 82 b = 8 56 b = 14 34 b = 23 4
200 32 199 74 200 64 198 71 0
25 24 23 83 23 91 26 86 0 25
8 78 9 38 11 18 14 77 0 5
5 29 6 05 7 85 11 02 0 75
3 87 4 63 6 27 9 09 1
2 10 2 73 3 94 5 94 2
1 7 2 01 3 01 4 79 3

=@ EWMA-CUSUM(RSS) pQDvm Q=Owtv ARL1 Q}O=kt "6 pwOH
"�0 + ��0 x@ �0 R= |}xrB Q}}eD CLD a� = 0 5 w ARL0 = 200

� = 0 75 � = 0 5 � = 0 25 � = 0 1
�

b = 5 8 b = 8 58 b = 14 37 b = 23 5
200 92 199 32 201 14 201 59 0
12 92 13 07 14 60 18 27 0 25
5 16 5 93 7 72 10 87 0 5
3 38 4 11 5 67 8 34 0 75
2 59 3 28 4 64 6 96 1
1 66 2 01 3 01 4 73 2
1 004 1 9 2 15 3 95 3

20 |x]@=Q |=yxQ=t; |=Q@ x}rw= Q}O=kt "CU= xOW h} QaD 5 |x]@=Q QO �2
XRSS

xm
"MCE+

RSS;0 = MCE�RSS; 0 = �c CU= Q@=Q@ C+
RSS;t; C

�
RSS;t u}ov=}t =@

%x=ov; (t!1) OwW O=} R Q=}U@ t Q=Okt Qo =
E(C+

RSS;t) = E(C�RSS;t) = �cRSS

Var(C+
RSS;t) = Var(C�RSS;t) = �2

cRSS : (23)

CUSUM l}Uqm pQDvm Q=Owtv Q=}at h=QLv= w u}ov=}t =@ Q@=Q@ �cRSS w �cRSS

pQDvm OL 'Tv=} Q=w w u}ov=}t u}= R= xO=iDU= =@ "OvDUy RSS |Q}oxvwtv |wor= =@
%OwW|t h} QaD Q} R CQwYx@ MCE-RSS pQDvm Q=Owtv |q=@

UCL = �cRSS + Lc�cRSS

r
�

2� � (1� (1� �c)2t) (24)

R= xO=iDU= =@ xm CU= MCE-RSS |@}mQD pQDvm Q=Owtv pQDvm OL ?} Q[ Lc
"O}; CUOx@ ?wr]t ARL0 xm CU= xOW u}}aD |}xvwo x@ |R=Ux}@W

OQmrta |xU}=kt "5
=@ MCE-RSS w MEC-RSS |O=yvW}B pQDvm |=yQ=Owtv OQmrta VN@ u}= QO
hrDNt C=Q}}eD CLD Ov}=Qi u}ov=}t V}=B |=Q@ u}W}B l}Uqm pQDvm |=yQ=Owtv

"CU= xOW xU}=kt �Q=}at h=QLv= ?ULQ@ u}ov=}t QO Q}}eD u=R}t� �
|=yQ=Owtv w l}Uqm pQDvm |=yQ=Owtv OQmrta |xU}=kt Qw_vtx@ xr=kt u}= QO
Q=Ox@DQ |xawtHt w xO=U |iO=YD |Q}oxvwtv VwQ ẁv wO Qy R= |O=yvW}B pQDvm
p=tQv `} RwD T=U= Q@ C=Oy=Wt s=tD w xOW xO=iDU= m = 4 |xvwtv |xR=Ov= =@
QO ARL1 T=U= Q@ pQDvm |=yQ=Owtv R= s=OmQy OQmrta "CU= xOW O}rwD OQ=Ov=DU=
x@U=Lt � = 0; 0 25; 0 5; 0 75; 1; 2; 3 C=Q}}eD CLD pQDvm R= GQ=N Cr=L
Cr=L QO ARL Q=Okt "�Ovm|t Q}}eD �0 +��0 x@ �0 R= u}ov=}t Q=Okt�CU= xOW
?rDt Q=Ri=sQv R= xO=iDU= =@ wrQ=mCvwt |R=Ux}@W VwQ R= pQDvm R= GQ=N w pQDvmCLD
"CU= xOW Q=QmD xr=@vO pw]\UwDt OQw;Q@ |=Q@ Q=@ 50000|R=Ux}@W w xOW x@U=Lt
� = 0 1; 0 25; 0 5; 0 75 Q}O=kt R= xO=iDU= =@ pQDvm |=yQ=Owtv ARL0 Q=Okt
|@}mQD w |mD pQDvm |=yQ=Owtv |=Q@ u}vJty "CU= xOW xDiQoQ_vQO 200 =@ Q@=Q@
CUOx@ G}=Dv "CU= xOW xDiQoQ_vQO 0 5 Q@=Q@ k w a� PN-=t Q}O=kt |atHD `tH
"CU= xOW xO=O u=Wv 8 =D 1 |=ypwOH QO pQDvm |=yQ=Owtv OQmrta |=Q@ xOt;
Q=Owtv |=Q@ w 6 pwOH QO MEC-RSS |O=yvW}B pQDvm Q=Owtv |=Q@ ARL Q=Okt

"CU= xOW xO=O u=Wv 8 pwOH QO MCE-RSS |O=yvW}B pQDvm
xOW VQ=Ro CUSUM-SRS pQDvm Q=Owtv |=Q@ ARL Q=Okt 1 pwOH QO
ARL0 Q=Okt x@ uO}UQQw_vtx@ CUSUM-RSS pQDvm Q=Owtv |=yQDt=Q=B "CU=
'ARL0 = 200 =@ CUSUM(SRS) pQDvm Q=Owtv ARL1 Q}O=kt "1 pwOH

"�0 + ��0 x@ �0 R= |}xrB Q}}eD CLD k = 0 5
3 2 1 0 75 0 5 0 25 0 �

1 003 1 22 2 96 4 85 11 43 49 23 199 36 h = 1 107
'ARL0 = 200 =@ CUSUM(RSS) pQDvm Q=Owtv ARL1 Q}O=kt "2 pwOH

"�0 + ��0 x@ �0 R= |}xrB Q}}eD CLD k = 0 5
3 2 1 0 75 0 5 0 25 0 �

1 1 005 1 55 2 51 6 43 35 94 200 25 h = 0 445
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"""u
}ov=

}t|
@}mQD

pQDv
m|

=yQ=
Owtv

|xa
UwDQ=Owtv u}vJty "CU= QDlJwm EWMA-SRS pQDvm Q=Owtv R= C=Q}}eD s=tD QO

Q=Owtv R= |QDtm ARL Q=Okt C=Q}}eD s=tD QO MCE-RSS |O=yvW}B pQDvm
pQDvm Q=Owtv OQmrta � nQR@ Q}O=kt |=Q@ XwYNx@ "OQ=O EWMA-SRS pQDvm

"CU= QDy@ EWMA-SRS pQDvm Q=Owtv R= MCE-RSS |O=yvW}B
xOW xO=O u=Wv EWMA-RSS pQDvm Q=Owtv |=Q@ ARL Q=Okt 4 pwOH QO
pQDvm Q=Owtv pQDvm OL?} Q[�L Q=Okt �C@=F Q=Okt Qy |=Q@ R}v 4 pwOH QO "CU=
ARL0 xm CU= xOW u}}aD |}xvwox@ |R=Ux}@W R= xO=iDU= =@ �EWMA-RSS

pQDvm Q=Owtv =@ MEC-RSS |O=yvW}B pQDvm Q=Owtv |xU}=kt "OwW pY=L x=wNrO
|=Q@ lJwm C=Q}}eD QO |O=yvW}B pQDvm Q=Owtv xm OyO|t u=Wv EWMA-RSS

pQDvm Q=Owtv OQmrta |xU}=kt R= u}vJty "OQ=O |QDy@ Q=}U@ OQmrta �nQR@ Q}O=kt
xm CiQo xH}Dv u=wD|t EWMA-RSS pQDvm Q=Owtv =@ MCE-RSS |O=yvW}B
OQmrta |O=yvW}B pQDvm Q=Owtv � � 0 75 nQR@ C=Q}}eD QO � Q}O=kt s=tD |=Q@

"OQ=O |QDy@
xOW xO=O u=Wv MEC-SRS pQDvm Q=Owtv |=Q@ ARL Q=Okt 5 pwOH QO
Q=Owtv |q=@ OL� b� Q=Okt � Q=Okt Qy |=Q@ a� = 0 5 C@=F Q=Okt T=U=Q@ &CU=
xm OQm u}}aD |}xvwox@ |R=Ux}@W R= xO=iDU= =@ u=wD|t =Q �MEC-SRS pQDvm
pQDvm Q=Owtv |=Q@ ARL Q=Okt 7 pwOH QO u}vJty "O}; CUOx@ x=wNrO ARL0
Qy |=Q@ k = 0 5 C@=F Q=Okt T=U= Q@ xm CU= xOW xO=O u=Wv MCE-SRS

u=wD|t =Q �MCE-SRS pQDvm Q=Owtv pQDvm OL ?} Q[� Lc Q=Okt � R= Q=Okt
R= "O}; CUOx@ x=wNrO ARL0 xm OQm u}}aD |}xvwo x@ |R=Ux}@W R= xO=iDU= =@
Q@ |O=yvW}B |@}mQD pQDvm |=yQ=Owtv =@ |@}mQD pQDvm Q=Owtv wO u}= u}@ |xU}=kt
pQDvm Q=Owtv ẁv wO Qy|L=Q] xmCiQo xH}Dv u=wD|t RSS |Q}oxvwtv |wor= T=U=
|Q}osWJ Ow@y@ Ea=@ RSS |Q}oxvwtv |wor= T=U= Q@ MCE w MEC |@}mQD
'lJwm C=Q}}eD s=tD QO � Q}O=kt s=tD |=Q@ |@}mQD pQDvm |=yQ=Owtv OQmrta QO

"OwW|t \UwDt w nQR@
MEC-RSS |O=yvW}B pQDvm Q=Owtv |=Q@ ARL Q=Okt |xOvyOu=Wv 6 pwOH
MCE-RSS |O=yvW}B pQDvm Q=Owtv |=Q@ ARL Q=Okt |xOvyOu=Wv 8 pwOH w
?} Q[� Lc Q=Okt � R= Q=Okt Qy |=Q@ u}W}Bl}Uqm pQDvm |=yQ=Owtv Ovv=t "CU=
MEC- pQDvm Q=Owtv |q=@ OL� b� Q=Okt w �MCE-RSS pQDvm Q=Owtv pQDvmOL
x=wNrO ARL0xm OQm u}}aD |}xvwo x@ u=wD|t |R=Ux}@W R= xO=iDU= =@ =Q �RSS

|O=yvW}B Q=Owtv wO |=Q@ pQDvm R= GQ=N ARL Q=Okt |xU}=kt R= "O}; CUOx@
Q=Owtv OQmrta � � 0 25 C=Q}}eD QO � Q}O=kt s=tD |=Q@ xm CiQo xH}Dv u=wD|t
C=Q}}eD Q}=U |=Q@|rw "CU= QDy@ MCE-RSS pQDvm Q=Owtv R= MEC-RSS pQDvm
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