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w}UQoQwD= |xDU@ty OwN |=yxO=O |=Q@ |Q=t; Ov}=Qi pQDvm |=yVwQ 2 VN@
|=yxO=O |=Q@ Ov}=Qi pQDvm Q=Owtv 3 VN@ QO TBU "OvwW|t xO=O xaUwD p |x@DQt
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w QiY u}ov=}t =@ p=tQv `} RwD l} R= xm CU= t u=tR QO Ov}=Qi `} RwDsy w

w uwr= 'xDU@tyOwN |=yxO=O |=Q@ OQ=Ov=DU= pQDvm |=yQ=Owtv |}=Q=m sOa OQwtQO
�85 QO 'xDU@tyOwN |=yxO=O R= xvwtv 235 |=Q@ xm Ov=xO=O u=Wv [1]Vv=Q=mty
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Ov=xOQm |UQQ@ 5xQ}eDtOvJ |atHD `tH |=yQ=Owtv Q@ =Q |oDU@tyOwN QF= 'xr=@vO
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"OQ=O xOW KqY= CQ=ywW Q=Owtv w =yxOv=t|k=@ Q=Owtv x@ C@Uv |QDy@ OQmrta

|}=tv uwRwt lQLDt u}ov=}t |xOWKqY= Q=Owtv "4"2
(EWMA)

CUO x@ 5 |x]@=Q j} Q] R= 'OwW|t xO=O u=Wv Wx;t =@ xm EWMA |xQ=t;
%O};|t

Wx;t = �Xt + (1� �)Wx;t�1 (5)
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w |oDU@tyOwN Cr=L QO |rQDvm Q=Owtv |xr=@vO pw] \UwDt xm OwW|t p}OaD
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w}UQoQwD= |=ypOt j} Q] R= xm |D=Oy=Wt |=yxOv=t|k=@ xm OwW|t xO=iDU=C}ak=w
|W=v C=Oy=Wt =@ u=wD|t u}=Q@=v@ "Ov=|]N pkDUt 'Ov};|t CUO x@ p |x@DQt
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V}=B |=Q@ u}kkLt Qo}O [9w8]"Ov=xOQm KQ]t 10�2 w 1 |x@DQt� w}UQoQwD= lQLDt
O}OH |WwQ sQ=yJ |xHQO R= w}UQoQwD= lQLDt u}ov=}t pOt l} |=yxOv=t|k=@

[11 w 6]"Ov=xOQm x@U=Lt =Q =yxOv=t|k=@ Q=Owtv |xr=@vO pw] \UwDt R}v w [10]x�=Q=

xOW KqY= |=yxOv=t|k=@ pQDvm Q=Owtv "3"2
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"� = �0 5 w � = 0 3 |=R=x@ s}Ok VwQ w O}OH VwQ OQmrta |xU}=kt "2 pwOH
xr=@vO pw] \UwDt
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xOWKqY= |=yxOv=t|k=@ EWMA Q=Owtv � = 0 3 |=R=x@ xm u}= x@ xHwD =@
pw] \UwDt =@ |O=yvW}B VwQ |xr=@vO pw] \UwDt [3]OQ=O =Q OQmrta u} QDy@
w � = �0 2 |=R=x@ �s}Ok VwQ� xOW KqY= |=yxOv=t|k=@ Q=Owtv |xr=@vO
'xU}=kt |R=Ux}@W Q=QmD 10000 R= xO=iDU= =@ Ov}=Qi u}ov=}t QO hrDNt |=yp=kDv=

"CU= xOW x�=Q= 1 pwOH QO u; |xH}Dv w
OQ=Ov=DU= h=QLv= ?}=Q[ |=R=x@ 'O};|tQ@ 1 pwOH C=aq]= R= xm Qw]u=ty
xr=@vO pw] \UwDt OvwW|t h} QaD Ov}=Qi u}ov=}t QO p=kDv= u=wvax@ xm � � 0 8
xm |Dkw xar=]t u}ty Qo = "CU= |t}Ok VwQ |=Q@ Q}O=kt u}= R= QDy@ O}OH VwQ QO
O}OH VwQ QO |oDU@tyOwN Q=Okt xm u}= p}rOx@ 'OwW s=Hv= CU= � = �0 5
xOW KqY= |=yxOv=t|k=@ EWMA Q=Owtv u=m =tm w CU= ��� = 0 80 Q@=Q@
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KqY= Cr=L u}= QO xD@r= "Ovm|t pta s}Ok VwQ R= QDy@ O}OH VwQ � < 0 6
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=yxOv=t|k=@ |}=tv uwRwt lQLDt u}ov=}t Q=Owtv "5"2
|=Q@ u=wD|t =Q OQ=Ov=DU= �EWMA� |}=tv uwRwt lQLDt u}ov=}t Q=Owtv
We;t |xQ=t; Q=m u}= |=Q@ "OQ@ Q=m x@ p |x@DQt w}UQoQwD= pOt |=yxOv=t|k=@

%OwW|t h} QaD 7 |x]@=Q CQwYx@
We;t = �et + (1� �)We;t�1 (7)

%OQm x@U=Lt 8 |x]@=Q R= =Q We;t |@} QkD Tv=} Q=w u=wD|t u}vJty
�2
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�
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Q=mx@ =yxOv=t|k=@ pQDvm |=Q@ |oO=Ux@ =Q OQ=Ov=DU= EWMA Q=Owtv u=wD|t u}=Q@=v@
Q=Owtv x@ C@Uv |QDh}a[ OQmrta 0 � pP

i=1
�i � 2 Cr=L QO Q=Owtv u}= "OQ@

EWMA |xOWKqY= Q=Owtv 'CQwYu}= Q}e QO w OQ=O EWMA |xOWKqY=
[4]"CW=O Oy=wN |QDy@ OQmrta

xOW KqY= |=yxOv=t|k=@ EWMA Q=Owtv "6"2
QO "OwQ|t Q=m x@ xOW KqY= |=yxOv=t|k=@ |=Q@ EWMA Q=Owtv VwQ u}= QO
KQ]t xOW KqY= |=yxOv=t|k=@ pQDvm Q=Owtv OQwtQO xm xJv; Q}_v Cr=L u}=
w xOWKqY= EWMA Q=Owtv R= 0 � pP

i=1
�i � 2 |=R=x@ Q=Owtv OQmrta 'OW

[4]"Ow@ Oy=wN QDy@ =yxOv=t|k=@ EWMA

x@DQt w}UQoQwD= pOt x@ 1 x@DQt w}UQoQwD= pOt p}O@D "3
QDq=@ |}=Q=m =@ 1

h} QaD 9 |x]@=Q CQwYx@ Wx;t |xQ=t; EWMA Q=Owtv |}=Q=m V}=Ri= |=Q@
%OwW|t

Wx;t = (�� �)Wx;t�1 + �Xt (9)

pOt R= At = Xt �Wx;t |xQ=t; xm CU= xOW xO=O u=Wv hr= CUw}B QO
CU= xOt; ? CUw}B QO u}vJty "Ovm|t |wQ}B ��� QDt=Q=B =@ 1 x@DQt w}UQoQwD=
OwW|t pkDvt u}ov=}t x@ xm |@Uv Q}}eD Q=Okt �� � < 1 w � < 0 |=R=x@ xm
u}= "Ow@ Oy=wN QDW}@ Xt x@ \w@ Qt |=yxO=O R= At |xQ=t; x@ \w@ Qt |=yxO=O QO
R= w Ot=Hv=|t pQDvm |=yQ=Owtv OQmrta Ow@y@ x@ hQ] l} R= |@Uv Q}}eD V}=Ri=
V}=Ri= pOt QO OwHwt|oDU@tyOwN Q=Okt '��� > � w� < 0 uwJ Qo}O hQ]
=@ Cr=L u}= QO "OwW QHvt pQDvm |=yQ=Owtv |}=Q=m Vy=m x@ CU= umtt xm O@=}|t
OQw; CUO x@ u=vJ pQDvm |=yQ=Owtv |=Q@ =Q � Q}O=kt u=wD|t |R=Ux}@W R= xO=iDU=
|xt=vQ@ w G CUw}B QO |R=Ux}@W QO xOW xO=iDU= VwQ "O@=} V}=Ri= =yv; |}=Q=m xm

"CU= xOW xOQw; O CUw}B QO R}v Visual Basic u=@ Rx@ |}xv=}=Q |xOWOm
At |xQ=t; |=Q@ pQDvm |=yQ=Owtv |=yOQmrta '� < 0 hrDNt Q}O=kt |=R=x@
|=yQ=Owtv ẁv |Q}oQ=mx@ OQwtQO "Ov=xOW xU}=kt |R=Ux}@W R= xO=iDU= =@ Xt w
=@ 1 |x@DQt w}UQoQwD= pOt R= xQ=t; u}= xm u}= x@ xHwD=@ 'At |xQ=t; |=Q@ pQDvm
u=oOvQ=ov \UwD xOW KQ]t sD} Qwor= R= u=wD|t 'CU= Q=OQwNQ@ � � � QDt=Q=B

[3]"OQm xO=iDU= pOt u}= OQwtQO
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wQ"� = �0 03 w � = �0 6 |=R=x@ s}Ok w O}OH VwQ OQmrta |xU}=kt "5 pwOH
xr=@vO pw] \UwDt

(�) OQ=Ov=DU= h=QLv= ?} Q[s}Ok VwQ O}OH VwQ
123 89 124 74 0 10
41 53 41 28 0 20
28 18 28 49 0 25
13 51 13 62 0 40
7 67 7 67 0 60
5 39 5 38 0 80
4 18 4 19 1 0
2 77 2 76 1 5

|wQ At = Xt �Wx;t p}O@D =OD@= Qo = xm CU= xO=O u=Wv � > 0 w 1 |x@DQt
|=Q@ Q=Owtv OQmrta 'OvwW =B Q@ ?U=vt pQDvm |=yQ=Owtv TBU w OwW p=ta= =yxO=O
nQR@ C=Q}}eD |=R=x@ w 'QDy@ 'u}ov=}t \UwDt w lJwm C=Q}}eD |=R=x@ At |=yxO=O
u}ov=}t x@ xm |@Uv Q}}eD Q=Okt xm CU= Cra u=O@ u}= "Ow@ Oy=wNv QDy@ 'u}ov=}t
u=Wv R}v |[=} Q pOt QO xm xvwou=ty� CU= |OL Q}}eD l} OwW|t pkDvt At
x=Qtyx@ pt=a u}= w OwW|t pkDvt u}ov=}t x@ sOk 5 R= TB p=Ft |=Q@ w '�OW xO=O
C=Q}}eD |=R=x@ O}OH VwQ |}=Q=m xm OwW|t ?@U |oDU@tyOwN Q=Okt V}=Ri=

"O@=} Vy=m |r@k VwQ x@ C@Uv u}ov=}t QO nQR@

pOt l} x@ 2 x@DQt w}UQoQwD= pOt l} p}O@D "4
QDq=@ |}=Q=m =@ 2 x@DQt w}UQoQwD=

'1x@DQt w}UQoQwD= Ov}=Qi R= |W=v |=yxO=O |=Q@ |O=yvW}B VwQ x@=Wt R}v =Hv}= QO
CQwYx@ Wx;t |xQ=t;

Wx;t = �Xt�1 + �Xt�2 + (�1 � �)Wx;t�1 + (�2 � �)Wx;t�2
(10)

h} QaD At = Xt�Wx;t CQwYx@ At xJv=vJ CQwY u}= QO "OwW|t h} QaD
Q=OQwNQ@ �2�� w �1�� |=yQDt=Q=B =@ 2x@DQt w}UQoQwD= Ov}=Qi R= At x=ov; 'OwW

"��y CUw}B� CU=
|=yxO=O xm OwW ?=NDv= u=vJ O}OH VwQ QO � Q=Okt xm CW=O xHwD O}=@
pOt |=]N QYva Tv=} Q=w uOw@OwOLt Q=m u}= |xtRq "OvW=@ =DU}= xOWp}O@D
xOWp}O@D 2 x@DQt w}UQoQwD= pOt xm u}= Q@ sra =@ p=L "CU= 2x@DQt w}UQoQwD=
QY=va |=Q@ Tv=} Q=w |x]@=Q T=U=Q@ 'CU= �2 � � w �1 � � |=yQDt=Q=B |=Q=O

%OW=@ Q=QkQ@ 11 |x]@=Q O}=@ pOt u}= |=]N

�2
x = 1

1� (�1 � �)2 � (�2 � �)2 � 2 (�2��)(�1��)2
1��2+�

> 0 (11)

xH}Dv 'OvwW xO=O Q=Qk 11 |x]@=Q QO �2 = 0 2 w �1 = 0 4 Q}O=kt xJv=vJ p=L
p}O@D |=yxO=O � = �0 19 ?=NDv= =@ CQwY u}= QO w Ow@ Oy=wN � > �0 2
�1 = 0 4 |=R=x@ |R=Ux}@W |xar=]t G}=Dv R= |}xYqN "Ow@ Ovy=wN =DU}= xOW

"CU= xOW x�=Q= 6 pwOH QO � = �0 19 w �2 = 0 2 w
|oDU@tyOwN Q}O=ktCU= xOW?=NDv=� = �0 19uwJ xmCW=O xHwD O}=@
xH}DvQO "Ow@ Ovy=wN �2�� = 0 39 w �1�� = 0 59 =@ Q@=Q@ O}OH VwQ QO

|xar=]t "O@=}|t Vy=m |O=yvW}B Q=Owtv |}=Q=m � � 0 6 xm |Dr=L QO "CU=
R= pY=L G}=Dv w xOW s=Hv= R}v � = � 09 w � = 0 9 |=R=x@ |R=Ux}@W

"CU= xOt; 4 pwOH QO Q=QmD 10000
'CU= xOW ?=NDv= � = �0 09 uwJ Cr=L u}= QO xm CW=O xHwD O}=@
T=U=Q@ w Ow@ Oy=wN �� � = 0 99 =@ Q@=Q@ O}OH VwQ QO |oDU@tyOwN Q=Okt
u} QDy@ xOWKqY= |xOv=t|k=@ CQ=ywW Q=Owtv [3]'u=oOvQ=ov |O=yvW}B sD} Qwor=
VwQ u}= x@ xQ=W= 4 pwOH swU uwDU QO s}Ok VwQ� CW=O Oy=wN =Q OQmrta
VwQ � < 1 2 |=R=x@ xm OwW|t XNWt Q=Owtv wO OQmrta |xU}=kt R= "�OQ=O

"Ovm|t pta s}Ok VwQ R= QDy@ O}OH
=yxOv=t|k=@EWMA Q=Owtv �s}Ok� OwHwtVwQu} QDy@� < 0 Q}O=kt OQwtQO
pkDvt =yxOv=t|k=@ x@ xm |Q}}eD Q=Okt s}Ok VwQ QO xm u}= Q@ sra =@ [3]"CU=
|Q}}eD |OL Q=Okt xDWPo |=ypqODU= T=U=Q@ 'CU= (1��)��x =@ Q@=Q@ OwW|t

%=@ CU= Q@=Q@ OwW|t pkDvt O}OH VwQ |=yxOv=t|k=@ x@ xm
(1��+�)��x

� 1��
1��+�

�
= ��x(1��)

=@ OwW|t pkDvt =yxOv=t|k=@ x@ O}OH VwQ QO xm |Q}}eD |OL Q=Okt u}=Q@=v@
Ow@ Oy=wN Q@=Q@ OwW|t pkDvt s}Ok VwQ QO =yxOv=t|k=@ x@ xm |Q}}eD |OL Q=Okt
xm OwQ|t Q=_Dv= 'OwW|t pkDvt =yxOv=t|k=@ x@ sOk OvJ R= TB Q=Okt u}= uwJ w
|R=Ux}@W C=ar=]t QO xH}Dv u}= "OW=@v s}Ok VwQ R= QD?wr]t O}OH VwQ OQmrta
� = �0 6 |=R=x@ Q=QmD 10000 R= pY=L |R=Ux}@W G}=Dv "OQwN|t sWJ x@ R}v
VwQ wO OQmrta 'Q=_Dv= j@=]t "CU= xOW xYqN 5 pwOH QO � = �0 3 w

"OQ=O sy=@ |R}J=v hqDN=
w}UQoQwD= Ov}=Qil} R= |W=v |=yxO=O |=Q@ |R=Ux}@W C=ar=]t 'xYqN Qw]x@

"� = �0 65 w� = 0 3|=R=x@ s}OkVwQ w O}OHVwQ OQmrta|xU}=kt "3 pwOH
xr=@vO pw] \UwDt

(�) OQ=Ov=DU= h=QLv= ?} Q[s}Ok VwQ O}OH VwQ
282 63 257 71 0 10
166 83 139 43 0 20
128 18 107 38 0 25
63 51 56 47 0 40
33 53 33 84 0 60
21 25 24 25 0 80
15 35 19 27 1 0
9 02 13 34 1 5

"� = �0 09 w� = 0 9|=R=x@ s}OkVwQ w O}OHVwQ OQmrta|xU}=kt "4 pwOH
xr=@vO pw] \UwDt

(�) OQ=Ov=DU= h=QLv= ?} Q[s}Ok VwQ O}OH VwQ
354 91 344 07 0 10
320 86 298 22 0 20
295 89 272 40 0 25
263 51 256 47 0 40
232 93 197 69 0 60
111 10 98 93 0 80
82 02 77 15 1 0
46 49 50 32 1 5
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"CU= |v=Um} ,=@} QkD OQmrta

|}=Q=m =@ AR(p) pOt l} x@ AR(p) pOt l} p}O@D "5
QDq=@

=yxO=O xm |Dkw |rm Cr=L QO AR(2)w AR(1) |=yOv}=Qi R= |t}taD CQwYx@
CQwYx@ =Q Wx;t u=wD|t 'OvW=@ Q=OQwNQ@ AR(p) Ov}=Qi l} R=

Wx;t = �Xt�1 + �Xt�2 + � � �+ �Xt�p + (�1 � �)Wx;t�1+

(�2 � �)Wx;t�2 + � � �+ (�p � �)Wx;t�p (12)

QO OwW h} QaD At = Xt � Wx;t CQwYx@ At xJv=vJ p=L "OQm h} QaD
�1 � � |=yQDt=Q=B =@ AR(p) pOt R= At xm CU= xOW xO=O u=Wv K CUw}B
xm xJv; Ovv=ty 'Cr=L u}= QO "Ow@ Oy=wN Q=OQwNQ@ �p � � � � � w �2 � � w
xJv=vJ xm O=O u=Wv u=wD|t 'OW xO=O u=Wv 2 w 1 x@DQt w}UQoQwD= |=yOv}=Qi OQwtQO
u}ov=}t QO \UwDt w lJwm C=Q}}eD |=R=x@ O}OH VwQ 'OW=@ 0 � pP

i=1
�i � 2

"Ow@ Oy=wN Q=OQwNQ@ |QDW}@ |}=Q=m R= s}Ok |=yVwQ x@ C@Uv

|Q}oxH}Dv "6
xOWxDN=vW |=yQ=R@= u} QD|wk R= |m} pQDvm |=yQ=Owtv 'Ov}=Qi l} |Q=t; pQDvm QO
|i}m |xYNWt l} x@ \w@ Qt xm |Ov}=Qi R= |W=v C=Oy=Wt xJv=vJ =t= "OvDUy
=} �� |oDU@tyOwN ẁv x@ xDU@ �� pQDvm |=yQ=Owtv 'OvW=@ xDU@tyOwN CU=
u}= QO "OvQ=O QF=sm w h}a[ Q=}U@ |OQmrta =} Ovvm|t O}rwD x=@DW= |=yQ]N nvR
'OW p=ta= 2 w 1 x@DQt w}UQoQwD= |=ypOt |wQ xm |r}O@D R= xO=iDU= =@ =OD@= Q=DWwv
xOW x�=Q= =ypOt u}= |=Q@ uwvm =D xm =Q |}=yQ=Owtv u} QDy@ OQmrta xm OW xO=O u=Wv
u=wD|t 'CU= \UwDt w lJwm OL QO Ov}=Qi u}ov=}t QO Q}}eD xm |}=yCr=L QO
w O@=}|tv Ow@y@ =yQ=Owtv OQmrta 'Ov}=Qi u}ov=}t QO nQR@ C=Q}}eD |=Q@ "OQm KqY=
l} OwW|t pkDvt Ov}=Qi u}ov=}t x@ xm |@Uv Q}}eD Q=Okt xm CU= Cra u=O@ u}=
|=Q@ |O=yvW}B VwQ "OwW|t pkDvt u}ov=}t x@ s=o OvJ R= TB w CU= |OL Q}}eD
u}= |k]vt \U@ "OW xO=O s}taD p |x@DQt w}UQoQwD= ẁv R= xDU@ty OwN |=yxO=O
u; QO xm OW=@ |}=yOv}=Qi R= |W=v |xDU@tyOwN |=yxO=O pt=W CU= umtt p}O@D
|oDU@tyOwN =yQ}eDt u}= R= l} Qy QO xm |Qw]x@ OQ=O OwHw xDU@ty Q}eDt OvJ

"CU= KQ]t R}v

w �2 = 0 2 w �1 = 0 4 |=R=x@ s}Ok w O}OH VwQ OQmrta |xU}=kt "6 pwOH
"� = �0 19

xr=@vO pw] \UwDt
(�) OQ=Ov=DU= h=QLv= ?} Q[s}Ok VwQ O}OH VwQ

324 72 301 91 0 10
241 63 199 81 0 20
198 14 160 22 0 25
116 05 97 13 0 40
63 47 63 12 0 60
40 32 47 39 0 80
29 30 39 16 1 0
16 57 28 66 1 5

�2 = �0 2 w �1 = �0 4 |=R=x@ s}Ok w O}OH VwQ OQmrta |xU}=kt "7 pwOH
"� = �0 3 w

xr=@vO pw] \UwDt
(�) OQ=Ov=DU= h=QLv= ?} Q[s}Ok VwQ O}OH VwQ

150 31 149 04 0 10
53 95 52 91 0 20
36 22 36 47 0 25
16 83 16 77 0 40
9 27 9 34 0 60
6 49 6 39 0 80
4 93 4 93 1 0
3 19 3 20 1 5

xOWKqY= |=yxOv=t|k=@ EWMA Q=Owtv 'u=oOvQ=ov |O=yvW}B sD} Qwor= T=U=Q@
xO=iDU= R}v O}OH VwQ QO Q=Owtv u}= R= p}rO u}tyx@ w [3]OQ=O =Q OQmrta u} QDy@
|t}v ,=@} QkD xmCU=XNWt �yCUw}B QO xOWC@F G}=Dv x@ xHwD =@ =t= &CU= xOW
R= p=L u}= =@ "OQ=O OwHw R}v O}OH VwQ QO s}Ok VwQ QO OwHwt |@Uv Q}}eD R=
� < 0 7 |=R=x@ O}OH VwQ OQmrta xm CU= XNWt VwQ wO OQmrta |xU}=kt
V}=Ri= Q}F-=D 'O}OH VwQ QO xm CU= Cra u=O@ u}= w CU= s}Ok VwQ R= QDy@

"CU= u}ov=}t x@ xOWpkDvt Q}}eD V}=Ri= R= QDsm VwQ |=]N QY=va Tv=} Q=w
EWMA Q=Owtv �s}Ok� OwHwt VwQ u} QDy@ �1 + �2 < 0 Q}O=kt OQwtQO
OW xDio 1x@DQt w}UQoQwD= |=yOv}=Qi OQwtQO xm xJv; Ovv=t w [3]CU= xOv=t|k=@
OQmrta x@=Wt |OQmrta s}Ok VwQ xm O=O u=Wv sy |R=Ux}@W j} Q] R= u=wD|t
|=R=x@ Q=QmD 10000 R= pY=L |R=Ux}@W G}=Dv 'p=Ft u=wvax@ "OQ=O O}OH VwQ

CWwv=B
1. Statistical Process Control (SPC)
2. auto-correlated
3. auto-regressive
4. Average Run Length (ARL)
5. Multivariate Cumulative Sum (MCUSUM)
6. Exponential Weighted Moving Averages (EWMA)
7. Backward Shift Operator

8. adjustment
9. residuals
10. auto-regressive moving average
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(1�(���)2) |x]@=Q R= At
x@ At x@ xOW pkDvt Q}}eD C@Uv =@ CU= Q@=Q@ OwW|t pkDvt At Q}O=kt x@ xm
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"CU= QDnQR@ 1 R= � < 0 |=R=x@ Q}N= CQ=@a Q=Okt xm OwW|tC@=F|oO=Ux@ w
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|R=Ux}@W C=ar=]t QO =yv; R= xm '2 w 1 x@DQt w}UQoQwD= |=ypOt O}vm ZQi
p=tQv `} RwD R= =yv; QO =]N QY=va w 'QiY u}ov=}t |=Q=O 'OW xO=iDU= Q=DWwv u}=
|=Q@ O}OH VwQ sD} Qwor= CQ=Jwri ,qFt 'CQwYu}= QO "OvW=@ Q=OQwNQ@ OQ=Ov=DU=

CUw}B
hr= CUw}B

At = Xt �Wx;t = �(Xt�1 � �) + �+ "t � �Xt�1�
(�� �)Wx;t�1

(�� �)(Xt�1 �Wx;t�1) + �(1� �) + "t = (�� �)At�1+

�(1� �) + "t

"OQm Oy=wN |wQ}B �� � QDt=Q=B =@ '1x@DQt w}UQoQwD= pOt R= At xH}Dv QO

? CUw}B
|Q}}eD Q=Okt p=L "O}; OwHw x@ Q}}eD Ov}=Qi u}ov=}t QO ��x Q=Okt x@ O}vm ZQi

%OwW|t x@U=Lt u}vJ OwW|t pkDvt At = Xt �Wx;t |xQ=t; x@ xm
At = Xt �Wx;t = Xt �

tX
i=1

�(�� �)i�1Xt�i

E(Xt) = �! �+ ��x

! ��x �
tX
i=1

�(�� �)i�1��x = ��x � ���x
1� (�� �)

At x@ Q}}eD u}= ��x � ���x1�(���) = ��x( 1��
1��+� ) |xR=Ov=x@ xH}DvQO

Tv=} Q=w '1x@DQt w}UQoQwD= pOt |=]N Tv=} Q=w |x]@=Q T=U=Q@ "OwW|t pkDvt
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O=SvK
qi

Q@=Y
OtL

tw
|m=

}vu
=wN=

|kD
O}U y(2) = 0

CCR = correlation + correlation1

For j = 1 To 10000

For i = 3 To 10000

Call normal

x(i) = correlation * (x(i - 1) - x(0)) + correlation1 *

(x(i- 2) - x(0)) + x(0) + sigma

ewma1(i) = landa1 * x(i - 1) + landa1 * x(i - 2) + (correlation

- landa1) * ewma1(i - 1) + (correlation1 - landa1) * ewma1(i{

2)

y(i) = x(i) - ewma1(i)

ewma2(i) = landa2 * y(i) + (1 - landa2) * ewma2(i { 1)

e(i) = y(i) - (correlation - landa1) * y(i - 1) - (correlation1

- landa1) * y(i - 2) + (CCR - 2 * landa1) * ewma2(i)

ewma3(i) = landa3 * e(i) + (1 { landa3) * ewma3(i { 1)

If (ewma3(i) > 25.69 * ((landa3 / (2 { landa3)) ^ 0.5))

Or (ewma3(i) < -25.69 * ((landa3 / (2 { landa3)) ^ 0.5))

Then

sign(j) = i - 2

GoTo 1

End If

Next i

1:

Next j

For k = 1 To 10000

sum = sum + sign(k)

Next k

Form1.Text1.Text = sum / 10000

Form1.Show

End Sub

�y CUw}B
At = Xt �Wx;t = �1(Xt�1 � �) + �2(Xt�2 � �)+

"t � �Xt�1 � �Xt�2 � (�1 � �)Wx;t�1

�(�1 � �)Wx;t�2 = (�1 � �)(Xt�1 �Wx;t�1) + (�2 � �)

(Xt�2 �Wx;t�2)� (�1 + �2)�+ "t =

(�1 � �)At�1 + (�2 � �)At�2 � (�1 + �2)�+ "t

(�2 � �) w (�1 � �) |=yQDt=Q=B =@ 2 x@DQt w}UQoQwD= pOt R= At xH}DvQO w
"Ow@ Oy=wN Q=OQwNQ@

|xR=Ov=x@ xJv=vJ "CU= QDW}@Xt pOt R=At pOt|}=Q=m xm OwW|tC@=F p=L
Q=Okt xm OQm C@=F ? CUw}B x}@W u=wD|t O}; OwHw x@ Q}}eD Ov}=Qi u}ov=}t QO ��x
Oy=wN ��x � ���x1�(�1��) � ���x1�(�2��) =@ Q@=Q@ At Q}O=kt x@ xDi=}p=kDv= Q}}eD
Q} R |x]@=Q R= At Tv=} Q=w '2x@DQt w}UQoQwD= pOt Tv=} Q=w |x]@=Q T=U=Q@ "Ow@

"|R=Ux}@W |xar=]t CQ=Jwri "1 pmW

x@ 2 x@DQt w}UQoQwD= Ov}=Qi OQwtQO xm xOWKqY= |=yxOv=t|k=@ EWMA Q=Owtv
Qw]x@ =yVwQ Q}=U x@ \w@ Qt |=ysD} Qwor= "CU= 1 pmW j@=]t xOW xDiQo Q=m

"Ov=\U@ p@=k x@=Wt

O CUw}B
Private Sub new modi�ed ewma residuals Click()

Randomize

correlation = Form2.Text1.Text

landa1 = Form2.Text16.Text

landa2 = Form2.Text17.Text

landa2 = Form2.Text18.Text

correlation = Form2.Text1.Text

correlation1 = Form2.Text19.Text

constant=(1-(correlation^2)-(correlation1 ^2)

-2 * correlation1 * (correlation ^ 2)/(1- correlation1)) ^ (-0.5)

x(0) = Form2.Text2.Text * constant

x(1) = 0

x(2) = 0

e(0) = 0

e(1) = 0

y(1) = 0
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v}=Qi

|Q=
t;p

QDvm
QOO

}OH
|W

wQ

%O};|t CUO x@
�2
"

1� (�1 � �)2 � (�2 � �)2 � 2 (�2��)(�1��)2
1�(�2��)

=

�2
x(1� �21 � �22 � 2 �2�211��2 )

1� (�1 � �)2 � (�2 � �)2 � 2 (�2��)(�1��)2
1�(�2��)

=@ Ow@ Oy=wN Q@=Q@ OwW|t pkDvt At Q}O=kt x@ xm |@Uv Q}}eD Q=Okt u}=Q@=v@
%=@ Oy=wN Q@=Q@ xm At Q=}at h=QLv= x@ At x@ xOW pkDvt Q}}eD C@Uv

��x � ���x1�(�1��) � ���x1�(�2��)vuut �2
x(1��21��22�2 �2�211��2 )

1�(�1��)2�(�2��)2�2 (�2��)(�1��)2
1�(�2��)

Q}O=kt |v} Ro}=H =@ u=wD|t CQ=@a u}= |xv}W}@ Q=Okt uOQw; CUO x@ |=Q@
xv}W}@ u}ov=}t x@ xDi=}p=kDv= Q}}eD Q=Okt u; |=R=x@ xm � ?U=vt Q=Okt x@ '�1; �2

"O}UQ 'OwW|t

K CUw}B
Wx;t = �Xt�1 + �Xt�2 + � � �+ �Xt�p + (�1 � �)Wx;t�1

+(�2 � �)Wx;t�2 + � � �+ (�p � �)Wx;t�p

At = Xt �Wx;t = �1(Xt�1 � �) + � � �+ �p(Xt�p � �)

+"t + �� �Xt�1�
�Xt�2 + � � � � �Xt�p � (�1 � �)Wx;t�1�
(�2 � �)Wx;t�2 � � � � � (�p � �)Wx;t�p =

(�1 � �)(Xt�1 �Wx;t�1) + (�2 � �)(Xt�2 �Wx;t�2)+

� � �+ (�p � �)(Xt�p �Wx;t�p)+

�(1�
pX
i=1

�i) + "t = (�1 � �)At�1 + (�2 � �)At�2 + � � �+

(�p � �)At�p + �(1�
pX
i=1

�i) + "t

"CU= Q=OQwNQ@ p x@DQt w}UQoQwD= pOt R= At xH}Dv QO
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