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"OwW|t pQDvm Q=Owtv 1 ẁv |=]N p=tDL= V}=Ri= Ea=@ VwQ u}= R= xO=iDU= |i=m
|=yxYNWt u}@ |oDU@ty Q=DN=U uDiQov Q_v QO l =O}U VwQ pmWt u}vJty
xm xOW xO=O u=Wv w xDiQo Q=Qk xHwD OQwt ,=Q}N= xm |Qo}O |xw}W "CU= |i}m
[20]AQDU=Cw@ |xw}W 'OQ=Ov =Q �l =O}U w |vwQivw@� xOWO=} |=yVwQ CqmWt

"CU=
OQwt |=yQDt=Q=B u}tND Qw_vtx@ [21]uwQi= \UwD Q=@ u}rw= AQDU=Cw@ |xw}W
u}= QO |U=U= ZQi "CU= xOW O=yvW}B |iO=YD |=yQ}eDt `} RwD T=U=Q@ R=}v
C=Oy=Wt Q=OQ@ pqkDU= w u=tR pw] QO |iO=YD |=yQ}eDt `} RwD uOw@C@=F xw}W
p=tDL= Q=}at T=U=Q@ u=v}t]= |xrY=i OQmrta =OD@= 'xw}W u}= QO "CU= Qo}Om} R=
x@ TBU "OwW|t xOR u}tND |O=yvW}B w OwHwt |=yVwQ QO pw= ẁv |=]N
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R= l} Qy =@ \@DQt pw= ẁv |=]N p=tDL= u}vJty "CU}v � Q=Okt Q@=Q@ |i}m

"CU}v |w=Ut ,=twRr =yxYNWt

Pr

0BBBBB@
�11 +Q(�=2)�11 � x11 � �11 +Q(1��=2)�11
; :::; �1p +Q(�=2)�1p � x1p � �1p +Q(1��=2)�1p
; �21 +Q(�=2)�21 � x21 � �21 +Q(1��=2)�21
; :::; �2q +Q(�=2)�2q � x2q � �2q +Q(1��=2)�2q

1CCCCCA=1��

(6)

C=@F= '|iYw � Q}eDt |xYNWtOvJ |=yOv}=Qi s-=wD `} RwD `@=D |oO}J}B x@ xHwD =@
OQmrta |UQQ@ Qw_vtx@ wQ u}= R= "CU}v Q}PBu=mt= |DL=Qx@ 6 |x]@=Q |[=} Q
VN@ QO 'pQDvm Q=Owtv |L=Q] QO xO=iDU= Qw_vtx@ |O=yvW}B u=v}t]= |xrY=i

"OwW|t xO=iDU= |R=Ux}@W VwQ R= |Oa@

23



"""Q}
eDt

w|
iYw

|xY
NW

tOvJ
|=y

Ov}=Q
iV

}=BCLD xr=@vO pw] \UwDt |=Q=O pO=at Qw]@ =} [25]'OvW=@ QDsm =} 0 005 OwOL
|=Q@ 5 |x]@=Q CkO OwW|t x_Lqt xm xvwou=ty "OvW=@ QDW}@ =} 200 pQDvm
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Q=Okt R= hqDN= w pw= ẁv |=]N p=tDL= 1 pwOH "OwW|t xOR u}tND 2 w 1\@=wQ
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1. multivariate exponentially weighted moving average

(MEWMA)
2. multivariate cumulative sum (MCUSUM)
3. particle swarm optimization
4. simulated annealing
5. support vector machine
6. normal to anything (NORTA)
7. signal rule
8. Gaussian Copula
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