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le=@ |k}@]D (EWMA 3) pQDvm Q=Owtv |xaUwD

|=yp}=iwQB V}=B |=Q@ Q}eDt |Q}oxvwtv |xrY=i
xO=U |]N

�OWQ= T=vWQ� � |J|�=J u}ov
xw=U C=k}kLD w swra OL=w |tqU= O=R; x=oWv=O '|UOvyt |vi |xOmWv=O

�Q=}Wv=O� �|Q}t= u}ULQ}t=
Oy=W x=oWv=O '`}=vY |UOvyt xwQo

|=yp}=iwQB V}=B |=Q@ Q}eDt |Q}oxvwtv |xrY=i =@ |k}@]D pQDvm Q=Owtv l} xar=]t u}= QO
h}YwD pkDUt Q}eDt l} w MU=B Q}eDt l} u}@ |]N |x]@=Q l} \UwD xm xO=U |]N
|}=tv uwRwt lQLDt u}ov=}t pQDvm Q=Owtv 3 R= Q=DWwv u}= QO "OW xO=O xaUwD 'OwW|t
xO=U |]N |=yp}=iwQB V}=B |=Q@ �VSI� Q}eDt |Q}oxvwtv pY=wi =@ (EWMA 3)

Q=OWy =D u=tR \UwDt R= xO=iDU= =@ |O=yvW}B pQDvm Q=Owtv OQmrta "CU= xOW xO=iDU=
|xQ}HvR OQm} wQ R= u; |x@U=Lt |=Q@ xm OwW|t |Q}oxR=Ov= �AATS� xOW p}OaD

VSI pQDvm Q=Owtv OQmrta |OOa p=Ft l} R= xO=iDU= =@ "CU= xOW xO=iDU= hwmQ=t
xm xOW xO=O u=Wv w 'xU}=kt �FSI� C@=F |Q}oxvwtv |xrY=i =@ pQDvm Q=Owtv =@ |O=yvW}B
"CU= QDW}@ �FSI� |=yQ=Owtv x@ C@Uv �VSI� pQDvm |=yQ=Owtv QO Q}}eD hWm CaQU

neginchaichi@yahoo.com
amiri@shahed.ac.ir

'hwmQ=t |xQ}HvR 'EWMA 3 pQDvm Q=Owtv '|Q=t; Ov}=Qi pQDvm %|O}rm u=oS=w
"xOW p}OaD Q=OWy =D u=tR \UwDt 'Q}eDt |Q}oxvwtv |xrY=i

xtOkt "1
hrDNt |=yp}=iwQB |xrtH R= pmW|Hwt w u}q}BU= p}=iwQB '|]NQ}e p}=iwQB

"CU=
|=yp}=iwQBV}=B XwYNQO QDW}@ xOW s=Hv= C=k}kLD '=yp}=iwQB `=wv= u}@ QO
1 R=i QO xO=U |]N |=yp}=iwQB V}=B |=Q@ =OD@= "CU= xOw@ xO=U |]N
Q}}eD |x]kv OQm} wQ u; p=@vOx@ w [2]OW O=yvW}B F |xQ=t; Q@ |vD@t |WwQ
|]N |=yp}=iwQB V}=B |=Q@ "OW x�=Q= [3]xDi=}s}taD |}=tvCUQO C@Uv T=U=Q@
pQDvm Q=Owtv R= xO=iDU= |SD=QDU= "1 [4]%OW KQ]t |SD=QDU= wO 2 R=i QO xO=U
=@ |}=tv uwRwt lQLDt u}ov=}t pQDvm Q=Owtv ?}mQD |SD=QDU= "2 &T 2 |xQ}eDtOvJ
(EWMA 3) pQDvm Q=Owtv xU R= xO=iDU= |Oa@ C=ar=]t QO "|oOvm =QB Q=Owtv
[5]"OW O=yvW}B =]N |oOvm =QB w ?}W '-=O@t R= ZQa V}=B |=Q@ u=tRty CQwYx@
Q}eDt pkDUt Q}eDt xm |v=tR '2 R=i QO xO=U |]N |=yp}=iwQB V}=B u}vJty
|=yp}=iwQB V}=B R}v |Qo}O u}kkLt [6]"CiQo Q=Qk |UQQ@ OQwt 'CU= |iO=YD
u=v; [7]"OvOQm |UQQ@ p-value OQm} wQ R= xO=iDU= =@ =Q 2 R=i QO xO=U |]N
xO=iDU= =yp}=iwQB V}=B |=yVwQ OQmrta Ow@y@ |=Q@ |R=UT=UL u}v=wk R=
xm |v=tR 'xO=U |]N |=yp}=iwQB V}=B 2 R=i |=yVwQ OQmrta [8]"OvOQm
xU}=kt xr=@vO pw] \UwDt Q=}at h=QLv= R= xO=iDU= =@ OvwW|t OQw;Q@ =yQDt=Q=B
`@ Qt u}ov=}t T=U=Q@ EWMA pQDvm Q=Owtv l} 'C=ar=]t |xt=O= QO [9]"OW
wO x=Qtyx@ =]N Q=}at h=QLv= V}=B Qw_vtx@ pQDvm CLD p}=iwQB R= C=i=QLv=

Qw_vtx@ xm CU=yVwQ w =yxw}W R= |OvtDQOk |xawtHt |Q=t; Ov}=Qi pQDvm
R= pQDvm Q=Owtv "OQ}o|t Q=Qk xO=iDU= OQwt =yOv}=Qi C}i}m Ow@y@ w QF-wt V}=B
pwYLt C}i}m QO xm CU= |Q=t; Ov}=Qi pQDvm QO xHwD OQwt |=yQ=R@= u} QDsyt
"O}Wwm xRwL u}= OQmrta Ow@y@ |=Q@ O}=@ u}=Q@=v@ "OQ=O |}=RUx@ Q}F-=D |HwQN
O=yvW}B =Q pQDvm Q=Owtv u}rw= 1924 p=U QO CQ=ywW QDr=w QDmO xm u}= R= TB
xOQDUo CQwYx@ w Ci=} xaUwD pQDvm |=yQ=Owtv |=Q@ |awvDt |=yxw}W 'Owtv
u}ov=}t pQDvm Q=Owtv "OW xOQ@ Q=m x@ |Q=t; Ov}=Qi pQDvm QO x}rw= Q=R@= u=wvax@
CQwYx@ w OW |iQat [1]CQ@ wQ \UwD Q=@u}rw= �EWMA� |}=tv uwRwt lQLDt
Ov=lJwm C=Q}}eD xm |t=ovy XwYNx@ 'Ov}=Qi C=Q}}eD |}=U=vW Qw_vtx@ xOQDUo
Q}eDt xQ=wty Ov}=Qi |Q=t; pQDvm |r@k |=yVwQ QO "CiQo Q=Qk xO=iDU= OQwt
CU= |YNWt |Q=t; `} RwD |=Q=O xm '|i}m |xYNWt l} u=wvax@ =Q MU=B
w V}=B OQwt xQ}eDtOvJ =} xQ}eDtl} R= sa= pQDvm |=yQ=Owtv Q@ s}UQD =@ w
C}i}m |rta |=yC}akwt R= |Q=}U@ QO =t= "s}OQm|t ZQi 'OQ}o Q=Qk CQ=_v
Q}eDt u}@ |vw}UQoQ |x]@=Q l} \UwD =Q pwYLt l} OQmrta =} Ov}=Qi l}
=Q x]@=Q u}= u}kkLt xm s}vm|t O=H}= pkDUt Q}eDt OvJ =} l} w MU=B
'|}xrtHOvJ p}=iwQB 'xv=oOvJ |]N p}=iwQB 'xO=U |]N p}=iwQB "Ovt=v|t p}=iwQB

pw�Ut xOvU} wv �
"1394 1 23 VQ}PB '1393 12 4 x}LqY= '1392 11 15 Ci=} QO %M} Q=D
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wDx�=Q= |Q}oxH}Dv 6 VN@ QO ,=D}=yv w xOW xU}=kt C@=F |Q}oxvwtv |xrY=i T=U=Q@
"CU= xOW

|=yp}=iwQB V}=B |=Q@ EWMA pQDvm |=yQ=Owtv "2
xO=U |]N

xO=U |]N |=yp}=iwQB V}=B Qw_vtx@ EWMA 3 pQDvm Q=Owtv VN@ u}= QO
"OwW|t K} QWD

?}W w -=O@t R= ZQa V}=B |=Q@ EWMA pQDvm |=yQ=Owtv "1"2
|xOy=Wt 'xOW |Qw;`tH u=tR pw] QO xm |iO=YD |xvwtv u}t=j |=Q@ O}vm ZQi
Q}eDt u}@ |x]@=Q CU= pQDvm CLD Ov}=Qi xm |t=ovy "s}W=@ xDW=O =Q (Xi; Yi;j)

%R= CU= CQ=@a pkDUt |=yQ}eDt w MU=B
yi;j = A0 +A1Xi + "i;j i = 1; 2; :::; (1)

Tv=} Q=w w QiY u}ov=}t =@ p=tQv `} RwD sy w pkDUt |iO=YD |=yQ}eDt u; QO xm
MU=B Q}eDt Q=Okt yi;j "CU= C@=F |Q}O=kt x |iO=YD Q}eDt Q}O=kt "CU= �2

R=i QO =Q x Q}O=kt u}kkLt "OyO|t u=Wv j |xvwtv QO x Q}eDt s=i K]U QO =Q
Ea=@ Q=m u}= "OwW QiY Q@=Q@ xOW Om Q}O=kt u}ov=}t xm [5]OvOQm Om |}xvwo x@ 2
R= xvwtv Qy |=Q@ ?}W w -=O@t R= ZQa C=a@ Qt pk=OL |=yxOvvmOQw;Q@ OwW|t
=Q |rY= pOt u} Ro}=H pOt =yu; x Q}O=kt uOQm Om R= Oa@ "OvwW pkDUt Qo}Om}

"OvOQm |iQat 2 |x]@=Q CQwYx@
yi;j = B0 +B1X 0i + "i;j i = 1; 2; :::; (2)

|=yxOvvmOQw;Q@ "CU=X 0i = Xi� �X wB1 = A1 'B0 = A0+A1 �X u; QO xm
%R= CU= CQ=@a s=j |xvwtv |=Q@ �2 w B1 w C=a@ Qt pk=OL

b0j = �yi;

b1j =
Sxy(j)

Sxx ( j)
;

MSEj = 1
n� 2

nX
i=1

(yij � b1jx0i � b0j)2: (3)

CQwY QO xm |rmWt uwO@ '=RHt |xQ}eDtlD pQDvm |=yQ=Owtv R= VwQ u}= QO
|O=yvW}B VwQ "CU= xOW xO=iDU= 'OW Oy=wN pY=L =yxOvvmOQw;Q@ uOw@ xDU@ty
Q=Owtv xU R= xO=iDU= 'pOt |=yQDt=Q=B QO Ci}W hWm |=Q@ 2 R=i QO u}kkLt u}=
u}= QO xm Ow@ =]N |oOvm =QB w ?}W '-=O@t R= ZQa V}=B |=Q@ EWMA pQDvm
EWMA "OwW|t xO=iDU= ?}W w -=O@t R= ZQa V}=B |=Q@ pw= Q=Owtv wO R= xr=kt

"OwW|t x@U=Lt 5 w 4 \@=wQ R= xO=iDU= =@ ?}DQDx@ ?}W w -=O@t R= ZQa
EWMAI(j) = �Ib0j + (1� �I)EWMAI(j � 1); (4)

EWMAS(j) = �Sb1j + (1� �S)EWMAS(j � 1): (5)

%Ovvm|t C}a@D Q} R |=yQDt=Q=B =@ p=tQv `} RwD R= EWMAS w EWMAI u}vJty
EWMAI � N

�
B0;

�2

n
� �I
2� �I

�
;

EWMAS � N
�
B1;

�2

Sxx
� �S
2� �S

�
:

|]N p}=iwQB ?}W w -=O@t R= ZQa V}=B |=Q@ Qo}O EWMA pQDvm Q=Owtv
[10]"OW O=yvW}B �� CU= xOy=Wt wO pt=W \ki p}=iwQB Qy xm |v=tR �� xO=U
TQDUO QO =yp}=iwQB V}=B |=yVwQ `=wv= XwYNQO R}v |Qo}O OOaDt C=ar=]t

[13�11]"CU=
|Q}oxvwtv MQv R= xO=iDU= 'pQDvm |=yQ=Owtv QO |Q}oxvwtv |=Q@ |DvU OQm} wQ
C@=F |Q}oxvwtv |xrY=i w xvwtv xR=Ov= |=yQDt=Q=B u; QO xm CU= �FSR� C@=F
hWm C}r@=k QO pQDvm |=yQ=Owtv Ow@y@ Qw_vtx@ Q}N= |=yp=U QO "OvwW|t ZQi
MQv =@ pQDvm |=yQ=Owtv R= xO=iDU= =@ x]@=Q QO |O=} R Q=}U@ C=k}kLD 'C=Q}}eD
C@=F |Q}oxvwtv MQv =@ pQDvm |=yQ=Owtv R= xO=iDU= |=H x@ �VSR� Q}eDt |Q}oxvwtv
x@ xHwD =@ |Q}oxvwtv |xrY=i w xvwtv |xR=Ov= =yQ=Owtv u}= QO "CU= xOW s=Hv=
=yu; QO |Q}oxvwtv |xrY=i xm |rQDvm |=yQ=Owtv "Ovm|t Q}}eD |r@k |xvwtv G}=Dv
|}xv=Wv Qo = =yQ=Owtv u}= QO "OvwW|t xO}t=v VSI pQDvm |=yQ=Owtv 'CU= Q}eDt
xR=Ov= R= CQwY u}= Q}e QO w lJwm xvwtv xR=Ov= R= OwW xO}O Ov}=Qi QO C=Q}}eD R=
pQDvm Q=Owtv w [14] �XVSS pQDvm Q=Owtv 'x]@=Q u}= QO "OwW|t xO=iDU= nQR@ xvwtv

"CiQo Q=Qk |UQQ@ OQwt [15] VSS CUSUM

=yQ=Owtv u}= QO xmCU= �VSI� Q}eDt |Q}oxvwtv |xrY=i R= xO=iDU= Qo}O VwQ
|Q}oxvwtv |xrY=i OW=@ xDW=O OwHw =yQDt=Q=B QO Q}}eD ẁkw Q@ |v@t |t�qa Qo =
|Q}oxvwtv |xrY=i OW=@ xDW=Ov OwHw |Q=OWy Qo = =t= 'OwW|t ?=NDv= x=Dwm |Oa@
Q}eDt |Q}oxvwtv MQv =@ pQDvm |=yQ=Owtv QO [19�16]"OwW|t ?=NDv= Ovr@ |Oa@
u}kkLt "OwW|t xDiQo Q_v QO Q}eDt |Q}oxvwtv |xrY=i w xvwtv xR=Ov= '�VSR�

[20]"Ov=xO=O O=yvW}B =Q VSR EWMA pQDvm Q=Owtv
=t= 'xOW s=Hv= VSR|k}@]D pQDvm |=yQ=Owtv =@ x]@=Q QO |O=} R Q=}U@ C=k}kLD
|]N |=yp}=iwQBV}=B |=Q@ VSR |k}@]D pQDvm |=yQ=Owtv XwYNQO C=ar=]t
CaQU V}=Ri= Qw_vtx@ =Q T 2VSSI Q=Owtv R= xO=iDU= u}kkLt "CU= lOv= xO=U
|=yQ=Owtv u=v; [21]"OvO=O O=yvW}B |]N p}=iwQB |=yQDt=Q=B QO =yCi}W |}=U=vW
xrY=L G}=Dv w [22]'|UQQ@ =Q VSIFT w T 2VSSI 'T 2VSI 'T 2VSS pQDvm
?} Q[ uOQm |k}@]D =@ =Q MEWMA Q=Owtv u}vJty "OvOQm xU}=kt sy =@ =Q
uOQm|k}@]D |=Q@ VSI VwQ R= [24]|Oa@ C=k}kLD QO [23]"OvOQm xar=]t |R=UQ=wty
R= "OW xO=iDU= |]N |=yp}=iwQB V}=B Ow@y@ Qw_vtx@ MEWMA pQDvm Q=Owtv
VwQ w [25]VSI ELR VwQ x@ u=wD|t xRwL u}= QO xOW s=Hv= C=k}kLD Qo}O

"OQm xQ=W= [26] VSIEWMA 3
OQm} wQ R= xO=iDU= =@ EWMA 3 VSI Q=Owtv |L=Q] Q[=L Q=DWwv QO
xOW O=yvW}B xOW p}OaD Q=OWy =D u=tR \UwDt Vy=m hOy =@ w hwmQ=t |xQ}HvR
VwQ u; QO xm CU= u}= [26]u}W}B |O=yvW}B VwQ =@ xar=]t u}= Cw=iD "CU=
xQ=t; l} x@ xQ=t; xU ',=}v=F w CU= xOQm Q}}eD |oOvm =QB V}=B |=Q@ swU |xQ=t; ,qw=
Q[=L Q=DWwv QO =t= "Ovvm|t |k}@]D Q}eDt |Q}oxvwtv |xrY=i =@ =Q u; w xOW p}O@D
\UwDt |x@U=Lt "CU= |k}@]D =yQ=Owtv u}= w xOW xDiQoQ_v QO =RHt Q=Owtv xU
Qo}O R= EWMA 3 VSI |k}@]D pQDvm Q=Owtv QO xOW p}OaD Q=OWy =D u=tR

"CU= xar=]t u}= |=y|Qw;wv
EWMA 3 pQDvm Q=Owtv 2 VN@ QO xm CU= u}vJ Q=DWwv u}= Q=DN=U
Q=Owtv w ?}W w [5]-=O@t R= ZQa V}=B |=Q@ EWMA Q=Owtv wO pt=W |O=yvW}B
3VN@ QO "OwW|t|iQat [24]=]N|oOvm =QBV}=B |=Q@ |O=yvW}B swU EWMA

OQmrta 4 VN@ QO "OwW|t s=Hv= |O=yvW}B EWMA 3 Q=Owtv |k}@]D |UQQ@
"OwW|t |UQQ@ hwmQ=t |xQ}HvR R= xO=iDU= =@ |k}@]D |O=yvW}B pQDvm Q=Owtv
EWMA 3 Q=Owtv =@ |O=yvW}B |k}@]D pQDvm Q=Owtv OQmrta R}v 5 VN@ QO

24
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[27]hwmQ=t |xQ}HvR C=@U=Lt QO xm CU= |=m `@ Qt |atHD `} RwD `@=D F (:)

xO=U |]N uw}UQoQ QO uwJ '|O=R; |xHQO |x@U=Lt |=Q@ "CU= xOW xO=iDU=
=@ Q@=Q@ |=m `@ Qt `} RwD |O=R; |xHQO 'OwW|t xOR u}tND B1 w B0 QDt=Q=B wO

"CU= n� 2

VSI |k}@]D EWMA 3 pQDvm Q=Owtv "3
|rai |xvwtv C}akwt 'Q}eDt |Q}oxvwtv |xrY=i =@ |k}@]D pQDvm |=yQ=Owtv QO
'EWMAI pQDvm |=yQ=Owtv "Ovm|tu}}aD =Q |Oa@ |xvwtv |=Q@ |Q}oxvwtv |xrY=i
u}@ |x}L=v "1 %OvwW|t s}UkD xk]vt wO x@ s=Om Qy EWMAE 'EWMAS

|x}L=v "2 &OwW|t xO}t=v �|RmQt |xk]vt� xm u}}=B Q=OWy OL w q=@ Q=OWy OL
pQDvm OL w q=@ Q=OWy OL u}@ |x}L=v =} u}}=B Q=OWy OL w u}}=B pQDvm OL u}@

"OwW|t xO}t=v �Q=OWy |xk]vt� xm q=@
'-=O@t R= ZQa |=Q@ EWMA pQDvm Q=Owtv 3 Q=OWy w |RmQt |xk]vt OwOL

%CU= xOW xO=O u=Wv Q} R \@=wQ QO ?}DQDx@ Q=}at h=QLv= w ?}W
%-=O@t R= ZQa pQDvm Q=Owtv |RmQt |xk]vt

RI1 = (B0 �WI�

s
�I

(2� �I)n;B0 +WI�

s
�I

(2� �I)n ) (9)

%-=O@t R= ZQa pQDvm Q=Owtv Q=OWy |xk]vt
RI2 = (B0 � LI�

s
�I

(2� �I)n;B0 �WI�

s
�I

(2� �I)n )

[(B0 +WI�

s
�I

(2� �I)n;B0 + LI�

s
�I

(2� �I)n )

(10)

%?}W pQDvm Q=Owtv |RmQt |xk]vt
RS1 = (B1 �Ws�

s
�S

(2� �S)Sxx
; B1 +Ws�

s
�S

(2� �S)Sxx
)

(11)

%?}W pQDvm Q=Owtv Q=OWy |xk]vt
RS2 = (B1 � Ls�

s
�S

(2� �S)Sxx
; B1 �Ws�

s
�S

(2� �S)Sxx
)

[(B1+Ws�

s
�S

(2��S)Sxx
; B1+Ls�

s
�S

(2��S)Sxx
);

(12)

%Q=}at h=QLv= pQDvm Q=Owtv |RmQt |xk]vt
RE1 = (�WE

s
�E

(2� �E)
;WE

s
�E

(2� �E)
); (13)

%Q=}at h=QLv= pQDvm Q=Owtv Q=OWy |xk]vt
RE2 = (�LE

s
�E

(2� �E)
;�WE

s
�E

(2� �E)
)

[(WE

s
�E

(2� �E)
; LE

s
�E

(2� �E)
): (14)

B0�LI�
q

�I
(2��I )n CQwYx@ EWMAI Q=Owtv |=Q@ u}}=B w q=@ pQDvm OwOL

"OwW|th} QaDB1�LS�
q

�S
(2��S)SXX

CQwYx@ EWMAS Q=Owtv |=Q@ w
wR VwQ T=U=Q@ xr=kt u}= QO xm Ow@ 6 |x]@=Q CQwYx@ [5]|O=yvW}B swU |xQ=t;

"OwW|t u} Ro}=H O}OH |xQ=t; [24]u=Q=mty w
EWMAE(j) = maxf�E ln(MSEj) + (1� �E)

EWMAE(j � 1); ln(�20)g: (6)

w B0 w CU= |R=UQ=wty C@=F |=yQDt=Q=B (0 < �I ; �S ; �E < 1) u; QO xm
Qou=Wv ?}DQDx@ LS w LI "CU= ?}W w -=O@t R= ZQa QDt=Q=B Qou=}@ ?}DQDx@ B1
xR=Ov= QDt=Q=B n w CU= ?}W w -=O@t R= ZQa |=yQ=Owtv |=Q@ pQDvm OwOL ?} Q[

"CU= xvwtv
EWMAI(0) = B0;EWMAS(0) = B1;EWMAE(0) = ln�20

wR |xQ=t; R= xO=iDU= =@ EWMA 3 Q=Owtv |L=Q] "2"2
p}rOx@ =t= 's} Q=O RmQtD EWMA 3 pQDvm Q=Owtv |k}@]D |L=Q] Q@ xr=kt u}= QO
'OQ=Ov |YNWt `} RwD =]N |oOvm =QB V}=B |=Q@ [5]u=Q=mty w s}m |xQ=t; xm u}=
=]N |oOvm =QB V}=B |=Q@ [24]O}OH |xQ=t; l} jwi |xQ=t; R= xO=iDU= |=Hx@

"OwW|t O=yvW}B
zj(�) = ��1fF [(n� p)�2

j=�
2];n� pg

EWMAE(j) = �Ezj(�) + (1� �E)EWMAE(j � 1);

EWMAE � N
�

0; �E
2� �E

�
;

�̂2
j = 1

n� p
�
yj �X�̂j

�T �
yj �X�̂j

�
;

�̂j =
�
X 0X

��1 XT yj : (7)

F (0; �) 'OQ=Ov=DU= p=tQv |atHD `} RwD `@=D Twmat Qou=}@ ��1 '7 |x]@=Q QO
Q}O=kt pt=W xm CU= |L=Q] T} QD=t X w '|O=R; xHQO � =@ |=m `@ Qt `} RwD `@=D

"CU= n� pT} QD=t l} w CU= C=Oy=Wt
Ov}=Qi xm |t=ovy '=]N Q=}at h=QLv= V}=B |=Q@ |O=yvW}B pQDvm Q=Owtv QO
OwOL Qo}O hQ] R= "CU= n R= pkDUt zj(�) `} RwD 'CU= |Q=t; pQDvm CLD
s=Hv= |oO=Ux@ pQDvm Q=Owtv |L=Q] w Ow@ Oy=wNv xvwtv xR=Ov= Q}F-=D CLD pQDvm
CU= T=UL =]N |oOvm =QB Vy=m x@ |O=yvW}B pQDvm Q=Owtv u}vJty "OwW|t
|Wy=m Ci}W hWm x@ QO=k [5]u=Q=mty w s}m |O=yvW}B Q=Owtv xm |DQwY QO
'CU= pQDvm R= GQ=N Cr=L QO Ov}=Qi xm |t=ovy "CU}v =]N Q=}at h=QLv= QO
�3 "Ovm|t Q}}eD zj(�)

�3 x@ OwW|t xO=iDU= =]N |oOvm =QB V}=B |=Q@ xm |}xQ=t;
QO "CU= pQDvm R= GQ=N Cr=L QO =]N Q=}at h=QLv= QO xO=O MQ Ci}W Qou=}@
[(n� p)�̂2

j=�2] CQ=@a 'zj(�) |x]@=Q QO xm CU= syt ẁ[wt u}= uDiQo Q_v
zj(�)
�3 |xQ=t; xm CU= |Dr=L p=tDL= Qou=}@ 8 |x]@=Q "CU= �2

n�p `} RwD |=Q=O
"CU= xDiQo Q=Qk pQDvm |xOwOLt uwQO

F (F�1(�(�3LE
r

�E
2� �E );n� 2)=�23 ;n� 2)

�F (F�1(�(��3LE
r

�E
2� �E );n� 2=�23 ;n� 2); (8)
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"""|
Q}ox

vwtv
|xr

Y=i
=@|

k}@]
DpQ

DvmQ
=Owt

v|
xaU

wD

FSI w VSI pQDvm |=yQ=Owtv |xU}=kt "2"3
pQDvm |=yQ=Owtv "OQm xU}=kt Qo}Om} =@ Q@=Q@ \}=QW CLD O}=@ =Q pQDvm |=yQ=Owtv
xU}=kt sy =@ pQDvm CLD Cr=L QO Q@=Q@ |Q}oxvwtv |xrY=i \UwDt =@ FSI w VSI

"OvwW|t

E

"
tm jEWMAI j < L; jEWMAS j < L; jEWMAE j
< L j�1 = 0; �2 = 0; �3 = 0

#
= t0

t4:p(EWMAI 2 RI1 j�1 = 0):p(EWMAS 2 RS1 j�2 = 0)

:p(EWMAE 2 RE1 j�3 = 0)

+ t3:p(EWMAI 2 RI1 j�1 = 0):p(EWMAS 2 RS2 j�2 =0)

:p(EWMAE 2 RE1 j�3 = 0)

+ t3:p(EWMAI 2 RI1 j�1 = 0):p(EWMAS 2 RS1 j�2 =0)

:p(EWMAE 2 RE2 j�3 = 0)

+ t3:p(EWMAI 2 RI2 j�1 = 0):p(EWMAS 2 RS1 j�2 =0)

:p(EWMAE 2 RE1 j�3 = 0)

+ t2:p(EWMAI 2 RI2 j�1 = 0):p(EWMAS 2 RS2 j�2 =0)

:p(EWMAE 2 RE1 j�3 = 0)

+ t2:p(EWMAI 2 RI2 j�1 = 0):p(EWMAS 2 RS1 j�2 =0)

:p(EWMAE 2 RE2 j�3 = 0)

+ t2:p(EWMAI 2 RI1 j�1 = 0):p(EWMAS 2 RS2 j�2 =0)

:p(EWMAE 2 RE2 j�3 = 0)

+ t1:p(EWMAI 2 RI2 j�1 = 0):p(EWMAS 2 RS2 j�2 =0)

:p(EWMAE 2 RE2 j�3 = 0) = t0 (17)

|x]@=Q QO =Q 15 |x]@=Q QO xOWx@U=Lt Cq=tDL= w xOW h} QaD |=yu=tR Qo =
u=wD|t u; T=U=Q@ xm O};|t CUO x@ 3 xHQO |xrO=at l} 's}vm u} Ro}=H 17

"OQm x@U=Lt =Q Q=OWy OwOL

�(w)3 [8t4 � 24t3 + 24t2 � 8t1]

+�(w)2
"�12t4 + 24�(l):t3 + 24t3 � 48�(l):t2
�12t2 + 24�(l):t1

#
+�(w)

" 6t4 � 24�(l):t3 � 6t3 + 24�(l)2:t2 + 24�(l):t2
�24�(l)2:t1

#
�t4 + 6�(l):t3 � 12�(l)2:t2 + 8�(l)3:t1
�t0

h
8�(l)3 � 12�(l)2 + 6�(l)� 1

i
= 0 (18)

Q=OWy OwOL |x@U=Lt |=Q@ "CU= OQ=Ov=DU= p=tQv |atHD `} RwD `@=D Qou=}@ �(:)

%s} Q=O R=}v Q} R |=yC}OwOLt x@ 18 |x]@=Q R= xO=iDU= Q@ xwqa

0 < t1 < t2 < t3 < t0 < t4 <1

0 < t1 < t2 < CQwYx@ |Q}oxvwtv |xrY=i 4 |O=yvW}B |k}@]D VwQ QO
"CU= xOW h} QaD t3 < t4

Q=Qk |RmQt j]=vt uwQO EWMAE 'EWMAS 'EWMAI |=yxQ=t; Qo =
uwQO xQ=t; wO Qo = "(t4) OwW ?=NDv= Ovr@ O}=@ |Oa@ |Q}oxvwtv |xrY=i OQ}o@
|Oa@ |Q}oxvwtv |xrY=i OQ}o@ Q=Qk Q=OWy |xk]vt uwQO |Qo}O w |RmQt |xk]vt
uwQO Qo}O |=D wO w |RmQt |xk]vt uwQO =yxQ=t; R= |m} Qo = "OwW|t ?=NDv= (t3)
uwQO xQ=t; xU Qo = "CU= (t2) |Oa@ |Q}oxvwtv |xrY=i OQ}o@ Q=Qk Q=OWy |xk]vt
=yPi "Ow@ Oy=wN (t1) x=Dwm |Oa@ |Q}oxvwtv |xrY=i OQ}o@ Q=Qk Q=OWy |xk]vt
t3 'p1 =@ t4 ẁkw p=tDL= xm CU= xOW h} QaD |=yu=tR ẁkw =@ Q_=vDt Cq=tDL=
"OwW|t x@U=Lt p8 =@ t1 w p5 + p6 + p7 =@ t2 ẁkw p=tDL= w p2 + p3 + p4 =@
\ki VN@ u}= QO "CU= 15 |x]@=Q CQwYx@ jwi |=yu=tR =@ Q_=vDt Cq=tDL=
|xwLv R= |y=o ; |=Q@ "CU= xOW O}k Cq=tDL= |x@U=Lt R= pY=L |}=yv G}=Dv

"OwW xaH=Qt hr= CUw}B x@ Cq=tDL= |x@U=Lt

p1 = 2�(WI)� 1
2�(LI)� 1 :

2�(WS)� 1
2�(LS)� 1 :

2�(WE)� 1
2�(LE)� 1

P2 = 2�(WI)� 1
2�(LI)� 1 :

2�(LS)� 2�(WS)
2�(LS)� 1 :2�(WE)� 1

2�(LE)� 1
P3 = 2�(WI)� 1

2�(LI)� 1 :
2�(WS)� 1
2�(LS)� 1 :

2�(LE)� 2�(WE)
2�(LE)� 1

P4 = 2�(LI)� 2�(WI)
2�(LI)� 1 :2�(WS)� 1

2�(LS)� 1 :
2�(WE)� 1
2�(LE)� 1

P5 = 2�(WI)� 1
2�(LI)� 1 :

2�(LS)� 2�(WS)
2�(LS)� 1 :2�(LE)� 2�(WE)

2�(LE)� 1
p6 = 2�(LI)� 2�(WI)

2�(LI)� 1 :2�(LS)� 2�(WS)
2�(LS)� 1 :2�(WE)� 1

2�(LE)� 1
P7 = 2�(LI)� 2�(WI)

2�(LI)� 1 :2�(WS)� 1
2�(LS)� 1 :

2�(LE)� 2�(WE)
2�(LE)� 1

P8 = 2�(LI)�2�(WI)
2�(LI)�1 :2�(LS)�2�(WS)

2�(LS)�1 :2�(LE)�2�(WE)
2�(LE)�1

(15)

EWMA 3 FSI Q=Owtv |L=Q] "1"3
'EWMAI |=yxQ=t; xm u}= p=tDL= 'C=@U=Lt uOQm xO=U Qw_vtx@ Q=DWwv u}= QO
xm u; \QW x@ �� OvQ}o@ Q=Qk |RmQt |xk]vt uwQO EWMAE w EWMAS

Q=Qk pQDvm OwOL pN=O xQ=t; 3 Qy |DQ=@ax@ =} 'OW=@ |Q=t; pQDvm CLD Ov}=Qi
"CU= xOW ZQi Q@=Q@ �� OvQ}o

p(jEWMAI j < WI j jEWMAI j < LI ; �1 = 0)

= p(jEWMAS j < WS j jEWMAS j < Ls ; �2 = 0)

= p(jEWMAE j < WE j jEWMAE j < LE ; �3 = 0) (16)

%xm OQ=O ẁ[wt u}= Q@ CrqO 16 |x]@=Q
LI = LS = LE = L; WI = WS = WE = W;

�I = �S = �E = �

VSI Q=Owtv x=ov; 't1 = t2 = t3 = t4 = t0 w WE = WS 'WI = 0 Qo =
"OW Oy=wN p}O@D t0 C@=F |Q}oxvwtv |xrY=i =@ FSI Q=Owtv x@
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|Q}
t=u

}UL
Q}t=

w|
J|

�=J
u}o

v

|O=yvW}B VwQ |=Q@ ATC |x@U=Lt "1"4
ATC = b0(I�Q)�1t

b0 = (p1; p2; p3; p4; p5; p6; p7; p8; 0; 0; :::; 0) (21)

|xrY=i u; QO xm CU= 1; 2; :::; 64 |=yCr=L |=Q@ x}rw= p=tDL= T} QD=t b0

|xrY=i x@ jraDt p4 w p3 w p2 Cq=tDL= "CU= p1 p=tDL= |=Q=O t4 |Q}oxvwtv
p=tDL= w 't2 |Q}oxvwtv |xrY=i x@ jraDt p7 w p6 w p5 Cq=tDL= w 't3 |Q}oxvwtv
T} QD=t Q w CU= 64 � 64 |v=ty T} QD=t l} I "CU= t1 x@ jraDt p8
i = 1; 2; :::; 64 R= pij(tm) Q=Po p=tDL= =@ u; |=yx}=QO xm CU= Q=Po p=tDL=
64-1 |=Q@ |Q}oxvwtv |xrY=i Q=OQ@ t "OvwW|t u}}aD j = 1; 2; :::; 64 x@
=@ x]@=Q QO xOW KQ]t C=L}[wD =@ j@=]t w CU= 1 pwOH QO xOW h} QaD Cr=L
|=Q@ u=wD|t 3 VN@ QO Q=OWy w |RmQt j]=vt x@ pQDvm |=yQ=Owtv |Ov@s}UkD
Cq=L R= |O=OaD x@ 1 pwOH QO "OQm u}}aD =Q Q_=vDt u=tR Cr=L 64 R= l} Qy
sOa =} OwHw uDiQo Q_v QO =@ Cq=L u}= "CU= xOW xQ=W= Q=Po p=tDL= T} QD=t
CtUk u}= QO "CU= xOW u=}@ Q=OWy =} |RmQt j]=vt QO p}rO =@ h=QLv= OwHw
CU= Q}PBu=mt= xOW x@U=Lt Cq=tDL= x@ xHwD =@ x}rw= p=tDL= T} QD=t |x@U=Lt
R= w xOWv x�=Q= p=tDL= u}= |x@U=Lt |=Q@ |WwQ u}W}B C=k}kLD QO xm |r=L QO

"CU= xOW xO=iDU= Cq=kt Q}=U |x}rw= p=tDL= Q=Okt
t4 |Q}oxvwtv |xrY=i =@ 3 |x}=QO x@ 1 |x}=QO R= Q=Po p=tDL= 'p=Ft |=Q@

%OwW|t x@U=Lt u}vJ
p1;3(t4) =p(TAC1 > t4):p(TAC2 > t4):p(TAC3 > t4)

:p(EWMAI 2 RI1 j�1 = 0)

:p(EWMAS 2 RS1 j�2 = 0)

:p(EWMAE 2 RE2 j�3 = 0)

=e�1t4 :e�2t4 :e�3t4 :(2�(L)�2�(W ))2:(2�(W )�1)

xaH=Qt ? CUw}B x@ Q=Po p=tDL= T} QD=t |=yx}=QO |x@U=Lt R= |y=o ; Qw_vtx@
"OwW

|OOa p=Ft "5
u=tR \UwDt |x@U=Lt w |O=yvW}B pQDvm Q=Owtv |HvUQ=@Da= |=Q@ VN@ u}= QO
|OOa p=Ft l} R= |O=yvW}B |k}@]D EWMA 3 Q=Owtv xOW p}OaD Q=OWy =D
w s}m |xr=kt p=Ft u=ty VN@ u}= QO xOW xO=iDU= |OOa p=Ft "OwW|t xO=iDU=
Q}eDt "ij u; QO w xOW KQ]t y = 3 + 2xi + "ij CQwYx@ xm CU= [6]u=Q=mty
%=@ CU= Q@=Q@ xi C@=F Q}O=kt "CU= 1 Tv=} Q=w w QiY u}ov=}t =@ p=tQv |iO=YD
x@ Q} R xO=U |]N p}=iwQB X 0i = Xi � �X |x]@=Q R= xO=iDU= =@ xm 8 w 6 '4 '2

%O};|t CUO
y = 13 + 2x0i + "ij

Q=Okt xm xOW |R=Ux}@W |}xvwox@ EWMA Q=Owtv xU pQDvm OwOL |=yQDt=Q=B
Q=Okt Qw_vt u}tyx@ "O}; CUO x@ 200 Q@=Q@ pQDvm CLD |xr=@vO pw] u}ov=}t pm
QDt=Q=B CU= |vDio "CU= 4 Q@=Q@ LE 'LS 'LI |=Q@ |R=Ux}@W R= xOt; CUO x@

OQmrta |@=} RQ= "4
xO}t=v Q=Owtv |Q=t; |}=Q=m 'pQDvm Q=Owtv QO Ov}=Qi |=yCi}W |}=U=vW CaQU
Ci}W hWm CaQU 'Q}eDt |Q}oxvwtv |xrY=i =@ pQDvm |=yQ=Owtv |=Q@ "OwW|t
pk=OL \UwD Q=OWy =D u=tR \UwDt AATS "OwW|t |Q}oxR=Ov= AATS \UwD
CLD Q=Owtv xm CU= |v=tR COt Qou=}@ TSCi "CU= pQDvm Q=Owtv xU R= |m}

"CU= i QDt=Q=B =@ |}=tv `} RwD |=Q=O w Ov=t|t |k=@ pQDvm
TSCi = exp(�it); t > 0; i = 1; 2; 3 (19)

%R= CU= CQ=@a ODi}@ j=iD= p}rO =@ h=QLv= u}rw= =D OWm|t pw] xm |v=tR COt
T1 = min(TSC1 ; TSC2 ; TSC3)

T1 = exp(1 + 2 + 3)

AATS = ATC � 1
1 + 2 + 3

(20)

=D Ov}=Qi ẁQW R= u=tR \UwDt R= CU= CQ=@a �ATC� xQwO l} QO u=tR \UwDt
CUO x@ |O=yvW}B Q=Owtv xU Qy =} l} R= CUQO Q=OWy l} pk=OL xm |akwt
|=v@t Q@ "OwW|t xO=iDU= hwmQ=t |xQ}HvR OQm} wQ R= ATC |x@U=Lt |=Q@ "O};
Ov=wD|t pQDvm R= GQ=N Cr=L� CU= pQDvm R= GQ=N =} pQDvm CLD Ov}=Qi xm u;
=]N |oOvm =QB w ?}W '-=O@t R= ZQa QDt=Q=B l} R= V}@ =} l} QO Ci}W |=R=x@
Q=OWy w |RmQt j]=vt QO EWMA |xQ=t; xU |Q}oQ=Qk pLt w �ODi}@ j=iD=

"OwW|t O=H}= Cr=L 64 O=OaD '1 pwOH j@=]t

"Q=Po p=tDL= T} QD=t hrDNt Cq=L "1 pwOH
Q=OWy =@ h=QLv= Q=OWy =@ h=QLv= Q=OWy =@ h=QLv= Cr=L

EWMAE 3 p}rO EWMAS 2 p}rO EWMAI 1 p}rO
|RmQt 'Q}N Q}N |RmQt 'Q}N Q}N |RmQt 'Q}N Q}N 1
|RmQt 'Q}N Q}N Q=OWy 'Q}N Q}N |RmQt 'Q}N Q}N 2
Q=OWy 'Q}N Q}N |RmQt 'Q}N Q}N |RmQt 'Q}N Q}N 3
Q=OWy 'Q}N Q}N Q=OWy 'Q}N Q}N |RmQt 'Q}N Q}N 4
|RmQt'Q}N Q}N |RmQt 'Q}N Q}N Q=OWy 'Q}N Q}N 5
|RmQt 'Q}N Q}N Q=OWy 'Q}N Q}N Q=OWy'Q}N Q}N 6
Q=OWy 'Q}N Q}N |RmQt 'Q}N Q}N Q=OWy 'Q}N Q}N 7
Q=OWy 'Q}N Q}N Q=OWy 'Q}N Q}N Q=OWy 'Q}N Q}N 8
|RmQt 'Q}N Q}N |RmQt 'Q}N xr@ |RmQt 'Q}N Q}N 9
|RmQt 'Q}N Q}N Q=OWy 'Q}N xr@ |RmQt 'Q}N Q}N 10

...
...

...
...

...
...

...

|RmQt 'Q}N xr@ |RmQt 'Q}N xr@ |RmQt 'Q}N xr@ 57
|RmQt 'Q}N xr@ Q=OWy 'Q}N xr@ |RmQt 'Q}N xr@ 58
Q=OWy 'Q}N xr@ |RmQt 'Q}N xr@ |RmQt 'Q}N xr@ 59
Q=OWy 'Q}N xr@ Q=OWy 'Q}N xr@ |RmQt 'Q}N xr@ 60
|RmQt 'Q}N xr@ |RmQt 'Q}N xr@ Q=OWy 'Q}N xr@ 61
|RmQt 'Q}N xr@ Q=OWy 'Q}N xr@ Q=OWy 'Q}N xr@ 62
Q=OWy 'Q}N xr@ |RmQt 'Q}N xr@ Q=OWy 'Q}N xr@ 63
Q=OWy 'Q}N xr@ Q=OWy 'Q}N xr@ Q=OWy 'Q}N xr@ 64
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"""|
Q}ox

vwtv
|xr

Y=i
=@|

k}@]
DpQ

DvmQ
=Owt

v|
xaU

wD"EWMA 3 |O=yvW}B pQDvm Q=Owtv QO FSI w VSI pQDvm |=yQ=Owtv AATS |xU}=kt "2 pwOH
xOW xQ}NP u=tR OYQO AATS ATC t0 t4 t3 t2 t1 n � L W

97 790 0 634 6 884 1 634 2 141 1 129 0 946 0 103 4 0 2 4 1 364 VSI 112 171 18 421 1 634 1 634 1 634 1 634 1 634 4 0 2 4 - FSI

92 344 0 865 7 115 1 742 2 328 1 418 0 961 0 108 4 0 2 4 1 649 VSI 211 299 17 549 1 742 1 742 1 742 1 742 1 742 4 0 2 4 - FSI

93 306 0 874 7 124 1 551 2 298 1 120 0 991 0 114 4 0 2 4 1 353 VSI 313 062 19 312 1 551 1 551 1 551 1 551 1 551 4 0 2 4 - FSI

91 951 0 879 7 129 1 815 2 147 1 243 0 985 0 102 4 0 2 4 1 359 VSI 410 931 17 181 1 815 1 815 1 815 1 815 1 815 4 0 2 4 - FSI

93 306 0 887 7 137 1 538 2 297 1 083 0 991 0 114 4 0 2 4 1 353 VSI 513 256 19 506 1 538 1 538 1 538 1 538 1 538 4 0 2 4 - FSI

92 031 1 039 7 289 1 552 2 078 1 371 0 955 0 107 4 0 2 4 1 629 VSI 613 040 19 290 1 552 1 552 1 552 1 552 1 552 4 0 2 4 - FSI

89 469 1 152 7 402 1 814 2 080 1 182 0 991 0 101 4 0 2 4 1 341 VSI 710 94 17 190 1 814 1 814 1 814 1 814 1 814 4 0 2 4 - FSI

89 068 1 244 7 494 1 728 2 393 1 308 0 942 0 107 4 0 2 4 1 298 VSI 811 384 17 634 1 728 1 728 1 728 1 728 1 728 4 0 2 4 - FSI

|}=U=vW QO EWMA 3 FSI pQDvm Q=Owtv R= QDy@ xW}ty |OOa p=Ft T=U=Q@
xO=iDU= =@ xm =yQ=Owtv AATS |xU}=kt j} Q] R= xH}Dv u}= w Ovm|t pta =yCi}W
VwQ OQmrta |xU}=kt "Ot; CUO x@ 'OW x@U=Lt hwmQ=t |xQ}HvR OQm} wQ R=
=yp}=iwQB V}=B C=}@O= QO OwHwt |k}@]D |=yVwQ Q}=U =@ |O=yvW}B |k}@]D
QO xar=]t u}vJty "OQm |UQQ@ |D; C=ar=]t QO u=wD|t =Q nv=w w |r VwQ Ovv=t
�VSSI� Q}eDt |Q}oxvwtv |xrY=i w xR=Ov= =} �VSS� Q}eDt |xvwtv xR=Ov= |xv}tR
|=Q@ |D=aw[wt Ov=wD|t EWMA 3 pQDvm Q=Owtv �VP� Q}eDt |=yQDt=Q=B =}

"OwW ?wULt |D; C=k}kLD

s�qa CUQyi
&-=O@t R= ZQa V}=B |=Q@ |}=tv uwRwt lQLDt u}ov=}t %EWMAI

&?}W V}=B |=Q@ |}=tv uwRwt lQLDt u}ov=}t %EWMAS

&=]N |oOvm =QB V}=B |=Q@ |}=tv uwRwt lQLDt u}ov=}t %EWMAE

&OQ=Ov=DU= p=tQv |atHD `} RwD `@=D %�(0)

&|O=R; xHQO � =@ |=m `@ Qt |atHD `} RwD `@=D %F (0; �)

l} R= CUQO Q=OWy l} pk=OL xm |v=tR =D Ov}=Qi ẁQW R= u=tR \UwDt %ATC

&O}; CUO x@ |O=yvW}B Q=Owtv xU Qy =}
R= |m} pk=OL \UwD Q=OWy =D Ov}=Qi uOW pQDvm R= GQ=N u=tR \UwDt %AATS

&pQDvm Q=Owtv xU
&C@=F |Q}oxvwtv MQv %FSR

&Q}eDt |Q}oxvwtv MQv %VSR

&Q}eDt |xvwtv xR=Ov= %VSS

&Q}eDt |Q}oxvwtv Q=@ wO u}@ |xrY=i %VSI
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p9;j(t4) p=tDL= Q=Okt =@ Q@=Q@ 64 =D 1 uwDU |=Q@ jwi Cq=tDL= Q}O=kt u}=Q@=v@

"OwW|t x@U=Lt =yti |v} Ro}=H =@ \ki w CU=

p10;j(t3) = p11;j(t3) = p12j(t2) = p13j(t3) = p14j(t2) =

p15j(t2) = p16j(t1) = p9;j(t4)

j = 9� 16; 33� 40; 49� 56; 57� 64

w 32 =D 25 '16 =D 9 '8 =D 1 |=yuwDU w 17 Q]U |=Q@ p17;j(t4) p=tDL= Q=Okt
R= 17 Cr=L QO p}rO =@ h=QLv= OwHw ' ẁ[wt u}= p}rO w CU= QiY 56 =D 49
EWMAI Q=Owtv QO h=QLv= u}= OwHw sOa w EWMAI Q=Owtv |=Q@ 2 pwOH

"CU= xOW QmP |=yCr=L |=Q@
p17;j(t4) = 0 j = 1� 8; 9� 16; 25� 32; 49� 56

=D 17 uwDU w 17 Q]U |=Q@ Q=Po p=tDL= T} QD=t |=yx}=QO |x@U=Lt Qw_vtx@
=D 17 |=yCr=L |=Q@ EWMAI Q=Owtv QO p}rO =@ h=QLv= ẁkw x@ xHwD =@ '24
"OwW|t xO=iDU= Q} R |x]@=Q R= Q=OWy =} |RmQt |x}L=v QO =yxvwtv |Q}oQ=Qk w 24

p17;j(t4) = p(TAC2 > t4):p(TAC3 > t4)

:p(EWMAI 2 RIr j�1 6= 0):p(EWMAS 2 RSm j�2 = 0)

:p(EWMAE 2 REn j�3 = 0) = e�2t4 :e�3t4 :�Ir :�Sm :�En

j = 17� 24; r = 1; 2; m = 1; 2; n = 1; 2

'40 =D 33 uwDU w 17 Q]U |=Q@ Q=Po p=tDL= T} QD=t |=yx}=QO |x@U=Lt Qw_vtx@
Q} R |x]@=Q R= EWMAS w EWMAI Q=Owtv QO p}rO =@ h=QLv= ẁkw x@ xHwD =@

"OwW|t xO=iDU=

p17;j(t4) = p(TAC2 < t4):p(TAC3 > t4)

:p(EWMAI 2 RIr j�1 6= 0):p(EWMAS 2 RSm j�2 6= 0)

:p(EWMAE 2 REn j�3 = 0) =

(1� e�2t4):e�3t4 :�Ir :�Sm :�En

j = 33� 40; r = 1; 2; m = 1; 2; n = 1; 2

'48 =D 41 uwDU w 17 Q]U |=Q@ Q=Po p=tDL= T} QD=t |=yx}=QO |x@U=Lt Qw_vtx@
|x]@=Q R= EWMAE w EWMAI Q=Owtv QO p}rO =@ h=QLv= ẁkw x@ xHwD =@

"OwW|t xO=iDU= Q} R
p17;j(t4) = p(TAC2 > t4):p(TAC3 < t4)

:p(EWMAI 2 RIr j�1 6= 0):p(EWMAS 2 RSm j�2 = 0)

:p(EWMAE 2 REn j�3 6= 0) =

e�2t4 :(1� e�3t4):�Ir :�Sm :�En

j = 41� 48; r = 1; 2; m = 1; 2; n = 1; 2

"OwW|t xO=iDU= Q} R |x]@=Q R= Q=OWy =} |RmQt
p9;j(t4) = p(TAC1 > t4):p(TAC3 > t4)

:p(EWMAI 2 RIr j�1 = 0):p(EWMAS 2 RSm j�2 6= 0)

:p(EWMAE 2 REn j�3 = 0) = e�1t4 :e�3t4 :�Ir :�Sm :�En

j = 9� 16; r = 1; 2; m = 1; 2; n = 1; 2

'40 =D 33 uwDU w 9 Q]U |=Q@ Q=Po p=tDL= T} QD=t |=yx}=QO |x@U=Lt Qw_vtx@
Q} R |x]@=Q R= EWMAS w EWMAI Q=Owtv QO p}rO =@ h=QLv= ẁkw x@ xHwD =@

"OwW|t xO=iDU=

p9;j(t4) = p(TAC1 < t4):p(TAC3 > t4)

:p(EWMAI 2 RIr j�1 6= 0):p(EWMAS 2 RSm j�2 6= 0)

:p(EWMAE 2 REn j�3 = 0) =

(1� e�1t4):e�3t4 :�Ir :�Sm :�En

j = 33� 40; r = 1; 2; m = 1; 2; n = 1; 2

'56 =D 49 uwDU w 9 Q]U |=Q@ Q=Po p=tDL= T} QD=t |=yx}=QO |x@U=Lt Qw_vtx@
|x]@=Q R= EWMAE w EWMAS Q=Owtv QO p}rO =@ h=QLv= ẁkw x@ xHwD =@

"OwW|t xO=iDU= Q} R
p9;j(t4) = p(TAC1 > t4):p(TAC3 < t4)

:p(EWMAI 2 RIr j�1 = 0):p(EWMAS 2 RSm j�2 6= 0)

:p(EWMAE 2 REn j�3 6= 0) =

e�1t4 :(1� e�3t4):�Ir :�Sm :�En

j = 49� 56; r = 1; 2; m = 1; 2; n = 1; 2

=D 57 uwDU w 9 Q]U |=Q@ Q=Po p=tDL= T} QD=t |=yx}=QO |x@U=Lt Qw_vtx@
w EWMAS 'EWMAI |=yQ=Owtv QO p}rO =@ h=QLv= ẁkw x@ xHwD =@ '64

"OwW|t xO=iDU= Q} R |x]@=Q R= EWMAE

p9;j(t4) = p(TAC1 < t4):p(TAC3 < t4)

:p(EWMAI 2 RIr j�1 6= 0):p(EWMAS 2 RSm j�2 6= 0)

:p(EWMAE 2 REn j�3 6= 0) =

(1� e�1t4):(1� e�3t4):�Ir :�Sm :�En

j = 57� 64; r = 1; 2; m = 1; 2; n = 1; 2

R= 16 =D 10 |=yCr=L |=Q@ EWMAS Q=Owtv QO p}rO =@ h=QLv= OwHw p}rO x@
'8 =D 1 |=yCr=L |=Q@ EWMAS Q=Owtv QO h=QLv= u}= OwHw sOa w '2 pwOH

"CU= QiY =yx}=QO u}= p=tDL= Q=Okt '2 pwOHR= 48 =D 41 w 32 =D 17

p10;j(t3) = p11;j(t3) = p12;j(t2) = p13;j(t3) = p14;j(t2) =

p15;j(t2) = p16;j(t1) = 0
j = 1� 8; 17� 32; 41� 48
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|Q}
t=u

}UL
Q}t=

w|
J|

�=J
u}o

v

QO t4 |=Hx@ t3 |v} Ro}=H =@ p21;j(t3) w p19;j(t3) 'p18;j(t3) Q=Po Cq=tDL=
t2 |v} Ro}=H =@ p23;j(t2) w p22;j(t2) 'p20;j(t2) Q=Po Cq=tDL= w p17;j(t4)
"OvwW|t x@U=Lt t4 |=Hx@ t1 |v} Ro}=H =@ p24;j(t1) Q=Po p=tDL= w t4 |=Hx@
p17;j(t4) p=tDL= Q=Okt =@ Q@=Q@ 64 =D 1 uwDU |=Q@ jwi Cq=tDL= Q}O=kt u}=Q@=v@

"OwW|t x@U=Lt =yti |v} Ro}=H =@ \ki w CU=

p18;j(t3) = p19;j(t3) = p20;j(t2) = p21;j(t3) = p22;j(t2) =

p23;j(t2) = p24;j(t1) = p17;j(t4) j = 1� 64
"OwW|t s=Hv= x@=Wt j} Q] x@ Q=Po Cq=tDL= Q}=U |x@U=Lt

=D 57 uwDU w 17 Q]U |=Q@ Q=Po p=tDL= T} QD=t |=yx}=QO |x@U=Lt Qw_vtx@
w EWMAS 'EWMAI |=yQ=Owtv QO p}rO =@ h=QLv= ẁkw x@ xHwD =@ '64

"OwW|t xO=iDU= Q} R |x]@=Q R= EWMAE

p17;j(t4) = p(TAC2 < t4):p(TAC3 < t4)

:p(EWMAI 2 RIr j�1 6= 0):p(EWMAS 2 RSm j�2 6= 0)

:p(EWMAE 2 REn j�3 6= 0) =

(1� e�2t4):(1� e�3t4):�Ir :�Sm :�En

j = 57� 64; r = 1; 2; m = 1; 2; n = 1; 2
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