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"OwW|t x@U=Lt 1 |DWoQ@ |x]@=Q R=
M (i; j) =8>>>>>>>>>>>>>><>>>>>>>>>>>>>>:

(xi � yj)2 ; i = 1; j = 1
(xi � yj)2 +M (i; j� 1) ; i = 1; j � 2
(xi � yj)2 +M (i� 1; j) ; i � 2; j = 1

(xi � yj)2 +Min

8>>>><>>>>:
M (i� 1; j)
M (i; j� 1)

M (i� 1; j� 1)

; i � 2; j � 2
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xrUrU |Ov@xWwN '|Ov@CtUk |Ov@xWwN %OvwW|t s}UkD xwQo OvJ x@ |Ov@xWwN
u}= QFm = QO [18]"xm@W Q@ |vD@t |Ov@xWwN '|r=oJ Q@ |vD@t |Ov@xWwN '|@D=Qt
"CU= sD} Qwor= |OwQw u=wvax@ w OwW|t u}}aD Q@ Q=m \UwD xWwN O=OaD '=yl}vmD
|Ov@xWwN l}vmD |xawtHtQ} R xm O} wOt=m |Ov@xWwN sD} Qwor= R= j}kLD u}= QO
x@ R=}v sOa R}v sD} Qwor= u}= ?=NDv= Cra "OwW|t xO=iDU= CU= |Ov@CtUk

"CU= sD} Qwor= |=QH= pL=Qt QO |Q}ou}ov=}t
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|Q}oxR=Ov= |=yVwQ 'TBU "OwW|t |iQat |v=tR |=y|QU Cy=@W |Q}oxR=Ov=
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l} =@ Ov=wD|t \ki |v=tR |QU l} R= xO=O Qy xm CU= u; |=vat x@ x]kv x@ x]kv
Cy=@W |Q}oxR=Ov= VwQ Q}_v � TmaQ@ w OW=@ x@=Wt Qo}O |v=tR |QU R= xO=O
w x]kv OvJ x@ x]kv l} Cy=@W "lQDWt |xr=@vOQ} R u} QD|vqw] w |UO}rk=
R= V}@ =@ Ov=wD|t |v=tR |QU l} R= xO=O l} xm CU= u; |=vat x@ 'R}v TmaQ@
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|QU |xU}=kt p=Ft u=wvax@ "OQ=O C}ty= ẁkw u=tR 'h} QaD u}= QO Qo}O CQ=@a
"|v=tR |xQwO u=ty QO Qo}O CmQW VwQi |v=tR |QU =@ CmQW l} VwQi |v=tR
u}@ Cy=@W |=v@t Q@ |v=tR |QU wO u}@ Cy=@W |=vat x@ pmW QO Cy=@W
|QU pmW \ki w OQ=Ov |D}ty= u=tR 'Cy=@W ẁv u}= QO "CU=yv; |=yxr=@vOQ} R
R}v pOt QOCy=@W "OQ=OvC}ty= sy|[Qa w|rw] O=a@=|DL "OQ=OC}ty=|v=tR
[20]"CU=|v=tR |=y|QU x@ xOW VR=Q@ pOt w =yQDt=Q=B uOw@ u=Um} u=R}t |=vat x@
j=@]v= %OQ=O OwHw |rm OQm} wQ wO '|v=tR |QU wO Cy=@W |Q}oxR=Ov= |=Q@
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w n1 =@ Q@=Q@ ?}DQDx@ SV w SU |=yxr=@vO pw] O}vm ZQi� SV w SU Q}_v Qo}O
XNWt LCSS(SU ; SV ) w LCSS(Sx; Sy) Q}O=kt O=vDU= x@\ki �OW=@m1
QDW}@ =yv; pw] xm Q=Okt Qy w OW=@ Cw=iDt sy =@ Ov=wD|t =yxr=@vO u}= pw] =Q} R� OQm
\@=wQ R= =Pr '�OQ=O OwHw R}v OW=@ QDnQR@ =yv; LCSS Q=Okt xm u}= u=mt= OW=@
sim(SU ; SV ) = 2�LCSS(SU ;SV )

m1+n1 w sim(Sx; Sy) = 2�LCSS(Sx;Sy)
m+n

sim(SU ; SV ) Q=Okt =@ Sim(Sx; Sy) Q=Okt xm =vat u}O@ "OwW|t xO=iDU=
x@ C@Uv xr=@vO wO u; QDW}@ x@=WD |=vatx@ Ow@ QDW}@ xm s=OmQy w OwW|t xU}=kt

"CU= sy x@ C@Uv Qo}O |xr=@vO wO x@=WD =@ xU}=kt QO 'sy
'OQm xO=iDU= |v=tR |QU |=yxO=O |=Q@ R}v VwQ u}= R= u=wD@ xm u}= |=Q@
xO=iDU= |v=tR |QU wO R= xO=O wO Cy=@W u}}aD |=Q@ (2) Cy=@W R=Ht OL R=
"OwW|t |U} wvR=@ 3 |x]@=Q CQwYx@ 2 |x]@=Q 'C=L}[wD u}= =@ [28]"OwW|t

M (i; j) =8>>>>><>>>>>:
0 ; i = 0:or:j = 0

1 +M (i� 1; j� 1) ; jxi � yjj �2; i � 1:or:j � 1
Max

(
M (i� 1; j)
M (i; j� 1)

;2< jxi � yjj ; i � 1:or:j � 1
(3)

'|v=tR |QU wO R= xO=O wO p[=iD jr]tQOk x=oQy 'OwW|t xOy=Wt xm u=vJ
"Ov=x@=Wt Qo}Om} =@ xO=O wO x=ou; OW=@Cy=@W R=Ht OL Q=Okt =@ |w=Ut =} QDlJwm
p@k =D =yv; lQDWt |xr=@vOQ} R u} QD|vqw] pw] x@ pw] OL=w l} \}=QW u}= QO
|xr=@vOQ} R u} QD|vqw] pw] CQwY u}= Q}e QO "OW Oy=wN xi=[= xO=O wO u}= R=
xm CU= |]}=QW QO =yv; lQDWt |xr=@vOQ} R u} QD|vqw] pw] =@ Q@=Q@ =yv; lQDWt

"OW=@ QDsm |m} =yxr=@vO u; pw]
Cy=@W R=Ht OL Q=Okt x@ COW x@ VwQ u}= |Q}oQ=mx@ R= pY=L |xH}Dv
'OW=@ �xv=Q}oCNU�lJwmCy=@W R=Ht OL Q=Okt Qo = 'K[=w u=}@ x@ "CU= xDU@=w
OL Q=Okt Qo = w Ow@ Oy=wN QDx=Dwm R}v lQDWt |xr=@vOQ} R u} QD|vqw] pw] x=ov;
lQDWt |xr=@vOQ} R u} QD|vqw] pw] x=ov; 'OW=@ �xv=Q}opyU� nQR@ Cy=@W R=Ht
xawtHt C}y=t R= |y=o ; sOa Cra x@ xm CU= u; C}ak=w "Ow@ Oy=wN QDOvr@ R}v
Ea=@ Qt= u}= w CU= Q=wWO Q=}U@ Cy=@W R=Ht OL Q=Okt u} QDy@ ?=NDv= 'xO=O
|Q}oxH}Dv |=]N 'Cy=@W R=Ht OL Q=Okt ?U=vt=v ?=NDv= CQwY QO xm OwW|t

[29]"O@=} V}=Ri= R}v
|=y|QU Cy=@W |Q}oxR=Ov= Qo}O |=yVwQ x@ C@Uv R}v VwQ u}= '|rmQw]x@
h=Oy= =@ hrDNt C=k}kLD QO w [27]CU= Q=OQwNQ@ |QDy@ OQmrta R= |v=tR
|}xO=O |=yuDt |Ov@xDUO Qw_vt x@ VwQ u}= R= "CU= xOW xO=iDU= |awvDt
=Q=m |v}@V}B sDU}U l} |L=Q] Qw_vt x@ u}vJty [30]"CU= xOW xO=iDU= R}v
|} wor= j=@]v= |=ysD} Qwor= |Q}oQ=m x@ =@ VwQ u}= R= '|v=tR |QU |=yxO=O |=Q@
nv}J@ |=Q@ |Q=mD@= OQm} wQ l} |L=Q] |=Q@ VwQ u}= R= [31]"CU= xOW xO=iDU=
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"OwW|t xO=iDU= xOW|}=U=vW |=ywor=C}i}m|@=} RQ= |=Q@|W}=tR; xO=O xawtHt
=yxawtHt u}= |Ov@xwQo xm OQm u=wva O}=@ 'xOW ?=NDv= |=yxawtHt K}[wD QO
|=[a= O=OaD w |v=tR |QU pw] 'xWwN O=OaD Q}_v |}=y|oS} w Q=}U@ Q}F-=D Cra x@
QO uwvm =D w CU}v QU}t |w=mxO=O G}=Dv |wQ Q@ |W}=tR; w |WRwt; |=yxawtHt
C@=@ R= =yxWwN C}y=t xm u}= ut[ "CU= xOWv s=Hv= |Ov@xwQo u}= '|k}kLD I}y
l} |=[a= |m}ORv =} |QwO u=R}t Qou=}@ ?}DQDx@ xm � sm =QD w |oOvm =QB |=y|oS} w
� CU= Qo}Om} =@ =yxWwN Rm =Qt |m}ORv =} |QwO u=R}t Qou=}@ w Qo}Om} x@ xWwN
R= R}v =t 'j}kLD u}= QO =Pr "CU= |w=mxO=O |HwQN Q@ Q=PoQF= Q=}U@ pt=wa R= R}v
|w=mxO=O R= xrY=L G}=Dv |Ov@xwQo 'xH}Dv QO w xO=O |=yxawtHt u}= |Ov@xwQo
|w=mxO=O |@=} RQ= |=yQ=}at O}O R= w |rm CQwYx@ =Q G}=Dv w s}vm|t |Q=OOwN

"s}vm|t |UQQ@
x@ |o}=Uty u} QDl}ORv l}vmD R= j}kLD u}= QO 'OW xQ=W= R}v ,q@k xm u=vJ
|@=} RQ= 'Q=m u}= R= hOy "OwW|t xO=iDU= |v=tR |QU l} |xOQ |}=U=vW Qw_vt
w s}vm |UQQ@ xm =vat u}O@ "CU= pY=L G}=Dv QO Cy=@W |Q}oxR=Ov= VwQ Q}F-=D
Q}}eD |DtU xJ x@ w QOkJ l}vmD G}=Dv 'Cy=@W |Q}oxR=Ov= VwQ Q}}eD =@ s}v}@@
|W}=tR; xawtHt |v=tR |=y|QU |xOQ OwW|t ZQi l}vmD u}= QO "Ovm|t
|WRwt; xawtHt|v=tR |=y|QU =@ =yv;Cy=@W u=R}t |xU}=kt =@ w OvDU}vXNWt

%OQ}PB|t s=Hv= s=o wO QO Ov}=Qi u}= "OwW|t s=Ok= =yv; |xOQ u}}aD x@ C@Uv
|v=tR |=y|QU lD lD =@ (TS) |W}=tR; xawtHt |v=tR |QU Cy=@W "1 s=o

&OwW|t x@U=Lt Q_v OQwt Cy=@W |Q}oxR=Ov= VwQ CLD |WRwt; xawtHt
|xOQ =@ CU= Q@=Q@ xm OwW|t xO=O X}NWD (TS) |v=tR |QU |xOQ "2 s=o
Cy=@W |Q}oxR=Ov= VwQ CLD u; =@ |WRwt; xawtHt |v=tR |QU u} QDx}@W

"Q_v OQwt

|w=mxO=O |=yl}vmD "3
|o}=Uty u} QDl}ORv l}vmD "1"3

d w |v=tR |QU xO=O xawtHt l} Qou=}@ DB '|v=tR |QU l} Qou=}@ TS Qo =
uDi=} p=@vO x@ '|o}=Uty u} QDl}ORv l}vmD 'OW=@ Cy=@W |Q}oxR=Ov= VwQ Qou=}@
sOa Q=Okt u} QDsm |=Q=O xm |}xvwox@ CU= DB |xawtHt R= |v=tR |QU l}
u=wD|t =Q l}vmD u}= xD@r= "OW=@ TS |v=tR |QU =@ �Cy=@W u} QDW}@� Cy=@W
sOa Q=Okt xm DB xawtHt R= |v=tR |=y|QU R= |}xawtHt uDi=}� CQwYx@
QO "OQm h} QaD R}v �OW=@ QDsm |YNWt Q=Okt R= TS |v=tR |QU =@ =yv; Cy=@W
|v=tR |=y|QU R= |YNWt O=OaD uDi=} R= CU= CQ=@a l}vmD u}= 'Qo}O |i} QaD
"OvW=@ TS |v=tR |QU =@ Cy=@W sOa Q=Okt u} QDsm |=Q=O xm DB xawtHt R=

O}wOt=m sD} Qwor= =@ |Ov@xWwN l}vmD "2"3
"CU= |Ov@CtUk |Ov@xWwN |=yl}vmD R= |m} O} wOt=m |Ov@xWwN sD} Qwor=
Qy QY=va xm |Qw]x@ 'OwW|t s}UkD xwQo u}OvJ x@ xO=O xawtHt 'sD} Qwor= u}= QO
"OvQ=OQwNQ@ |QDsmCy=@W R= =yxwQo Q}=U QY=va =@ w OvQ=O sy x@ |}q=@Cy=@W xwQo
xO=iDU= xwQo u; �xOv}=tv� RmQt u=wvax@ xwQo Qy O} wOt R= 'xrLQt Qy QO sD} Qwor= u}=

"Ovm|t
|Ov@CtUk sD} Qwor= u=wva CLD O} wOt=m |Ov@xWwN sD} Qwor= u} QDQwyWt
Ov}=Qi QO xv=Y} QL |wHwCUH R= sD} Qwor= u}= "OQ=O s=v PAM =} 9O} wOt R=
OwWv QHvt xv}y@ ?=wH x@ xm OQ=O OwHw u=mt= u}= w Ovm|t xO=iDU= |Ov@CtUk
'?=wH |=[i s=tD |wHwCUH |=H x@ =Q} R 'OUQ@ |rLt xv}y@ ?=wH l} x@ xmr@
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u=}t R= xWwN O=OaD Q=Okt u} QDy@ 10x} w=R XN=W |Q}oQ=mx@ =@ TBU "OwW|t
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|=yVwQ CLD O} wOt=m |Ov@xWwN sD} Qwor= |=QH= R= pY=L G}=Dv CtUk u}= QO
Oy=wN x�=Q= 4 CtUk QO xOW xO=O K}[wD |@=} RQ= Ov}=Qi j@] DTW w LCSS

hOy "OwW|t x�=Q= |Ov@xwQo G}=Dv w |Ov@xWwN G}=Dv 'CtUk wO QO G}=Dv u}= "OW
%CU= Q} R Cq=-wU x@ MU=B |@=} RQ= u}= R=

CLD l}vmD u}= CkO =@ LCSS VwQ CLD |Ov@xWwN l}vmD CkO =}; "1
#OQ=O Cw=iD DTW VwQ

pY=L xv}y@ xWwN O=OaD u}}aD QO DTW VwQ Q}F-=D =@ LCSS VwQ Q}F-=D =}; "2
#OQ=O Cw=iD |Ov@xWwN R=

CUQO xWwN x@ |DUQO x@ xm |v=tR |=y|QU O=OaD C@Uv R= CU= CQ=@a
x@U=Lt '|WRwt; xO=O xawtHt |v=tR |=y|QU pm x@ Ov=xDi=} X=YDN= OwN
'xO=O xawtHt |=Q@ xWwN O=OaD Q=Okt u} QDy@ u}}aD 's=o u}= |HwQN "OwW|t

&CU= |Ov@xWwN u} QDy@ C=YNWt w CkO u}}aD
xWwN O=OaD� pw= s=o G}=Dv R= s=o u}= QO %|W}=tR; xO=O xawtHt |Ov@xwQo "2 s=o
"OwW|t xO=iDU= |W}=tR; xO=O xawtHt |Ov@xwQo |=Q@ �=yv; xOv}=tv w xv}y@
|W}=tR; xO=O xawtHt |v=tR |QU Qy x@ xWwN xOv}=tv u} QDx}@W 'xm =vat u}O@
QO "OwW|t xO=O X=YDN= xWwN u; x@ QwmPt |v=tR |QU w OwW|t u}}aD
x@ xm |}|v=tR |=y|QU O=OaD C@Uv R= CU= CQ=@a xm |Ov@xwQo �CkO� =yDv=
xawtHt |v=tR |=y|QU pm x@ Ov=xDi=} X=YDN= OwN CUQO xWwN x@ |DUQO
C}i}m uOw@ ?U=vt |@=} RQ= 'swO s=o |HwQN "OwW|t x@U=Lt '|W}=tR; xO=O

"CU= |Ov@xWwN pw= s=o R= pY=L xWwN xOv}=tv

EL@ w |@=} RQ= G}=Dv "5
|o}=Uty u} QDl}ORv sD} Qwor= |=QH= G}=Dv "1"5

VwQ Cy=@W R=Ht OL hrDNt Q}O=kt CLD |o}=Uty u} QDl}ORv l}vmD G}=Dv
xawtHt OQwt QO p=Ft u=wvax@ "CU= xOW x�=Q= 2 pwOH QO DTW w LCSS

CU= 0 05 Q@=Q@ (2) Cy=@W R=Ht OL |Dkw �Statistical Control� |xO=O
"CU= xOW |}=U=vW |DUQO x@ |W}=tR; |v=tR |=y|QU R= �69 67 |xOQ x=ou;
'Ovm|t Q}}eDCy=@W R=Ht OL Q=Okt Q}}eD =@ xO=O xawtHt u}= |=Q@l}vmD u}=CkO
l}vmD CkO V}=Ri= x@ QHvt '0 35 =D 0 05 R= u; Q=Okt V}=Ri= =@ xm |Qw]x@
|=Q@ =yCkO u}= Q}O=kt Q=}at h=QLv= w \UwDt "OwW|t �94 67 =D �69 67 R=
R=Ht OL C=Q}}eD Q}F-=D OvwQ "CU= �8 63 w �87 95 Q@=Q@ ?}DQDx@ xawtHt u}=
uwvm = xm |DQwY x@ xO=O |=yxawtHt |t=tD |=Q@ l}vmD u}= CkO Q@ Cy=@W
Gun� xO=O xawtHt OQwt QO Q}F-=D u}= 'p=Ft u=wvax@ xmr@ CU}v OW xO=O K}[wD
|Wy=m TBU w |W}=Ri= =OD@= QO 'Cy=@W R=Ht OL Q=Okt V}=Ri= =@ �Point

OyO|t MQ 0 15 Cy=@W R=Ht OL Q=Okt QO u; |xv}W}@ xm |Qw]x@ 'Ow@ Oy=wN
"CU= �5 05 w �93 33 Q@=Q@ ?}DQDx@ R}v u; CkO Q=}at h=QLv= w \UwDt w

=yxO=O xawtHt xty |=Q@ l}vmD u}= Q=}at h=QLv= w CkO \UwDt 'pm Qw]x@
|oDU@=w Qou=}@ ẁ[wt u}= xm |Qw]x@ 'CU= �4 80 w �73 41 Q@=Q@ ?}DQDx@
OL Q=Okt CUQO=v ?=NDv= =Pr "CU= Cy=@W R=Ht OL Q=Okt x@ l}vmD u}= CkO
CkO Q=Okt u} QDW}@ xm CU= QmP u=}=W "OwW |@U=vt=v G}=Dv x@ QHvt Ov=wD|t R=Ht

"CU= �75 05 =@ Q@=Q@ w OyO|t MQ 0 25 Cy=@W R=Ht OL QO pm \UwDt
u=wvax@ "CU= xOW x�=Q= R}v DTW VwQ CLD l}vmD u}= CkO '2 pwOH QO
|xOQ '�97 33 CkO =@ '�Statistical Control� xO=O xawtHt OQwt QO p=Ft
CkO u}= 'xv=iU-=Dt =t= "CU= xOW |}=U=vW |DUQO x@ |W}=tR; |v=tR |=y|QU
OSU |xO=O xawtHt Q}_v 'CU= ?wr]t=v Q=}U@ xO=O |=yxawtHt |NQ@ |=Q@
'Qo}O CQ=@a x@ �58 4 w �46 28 CkO Q}O=kt =@ ?}DQDx@ Middle-P-T w
Qo}O |NQ@ QO w ?wN Q=}U@ xO=O |=yxawtHt R= |NQ@ QO DTW VwQ OQmrta
|=Q@ l}vmD u}= CkO 'xm u}= C}=yv QO "CU= ?U=vt=v OQ=wt |NQ@ QO w \UwDt
Qou=}@ 1 Q=Owtv "CU= �72 38 Q@=Q@ DTW VwQ CLD xO=O |=yxawtHt x}rm
DTW w LCSS |=yVwQ CLD |o}=Uty u} QDl}ORv l}vmD CkO \UwDt

"CU=
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"""C
y=@W

|Q}
oxR=

Ov=|
=yV

wQO
Qmrt

a|
xU}

=kt"DTW w LCSS |=yVwQ CLD|o}=Uty u} QDl}ORv l}vmD CkO |=Q@ t |DiH C=U}=kt uwtR; G}=Dv "3 pwOH
Paired Di�erences

T Df
sig:

Correlation
Mean Std:Deviation (2� tailed)

ALCSS� 2 65925 12 93555 1 632 62 0 108 ALCSS&ADTW =

ADTW 0 728
Con�dence Interval of the Di�erenc

�90 �92 5 �95 �97 5 �99
ALCSS �ADTW Lower 0 54818 0 28378 �0 06207 �0 59852 �1 23255

ADTW w LCSS VwQCLD |Ov@xWwNl}vmDCkO Qou=}@ALCSS Qo = 'u}=Q@=v@
uwtR; u}= C=}[Qi x=ov; 'OW=@ DTW VwQ CLD |Ov@xWwN l}vmD CkO Qou=}@

"Ow@ Oy=wN Q} R KQW x@
ALCSS = ADTW : H0

ALCSS > ADTW : H1

V}=tv u=v}t]= C}r@=k R= |irDNt Kw]U |=Q@ w 6 pwOH QO uwtR; u}= G}=Dv
xm OQm =aO= u=v}t]= �99 =@ pk=OL u=wD|t 'G}=Dv u}= T=U= Q@ "CU= xOW xO=O
QDy@ DTW VwQ CLD l}vmD u}= CkO R= LCSS VwQ CLD |Ov@xWwN CkO

"CU=
QO xU}=kt u}= G}=Dv "O=O s=Hv= R}v |i}YwD Q=t; Q_vt R= u=wD|t =Q xU}=kt u}=
CkO 'pwOH u}= QO GQOvt C=aq]= T=U= Q@ "CU= xOW xO=O V}=tv 7 pwOH
'DTW VwQ CLD |Ov@xWwN CkO x@ C@Uv LCSS VwQ CLD |Ov@xWwN
Cq=L �33 33 QO \ki w Q@=Q@ Cq=L R= �12 70 QO 'QDy@ Cq=L �53 97 QO
QO |QDy@ Q}F-=D LCSS VwQ xm OyO|t u=Wv |UQQ@ u}= xYqN Qw]x@ "CU= QDO@

"OQ=O DTW VwQ x@ C@Uv QDq=@ CkO x@ |@=}CUO
CUQO u}}aD QO DTW w LCSS |=yVwQ Q}F-=D '8 pwOH QO w xt=O= QO
p=-wU x@ MU=B |=Q@ pwOH u}= C=aq]= R= "CU= xOW xO=O u=Wv xWwN O=OaD
DTW VwQ CLD |Ov@xWwN QO 'C=aq]= u}= T=U= Q@ "s}vm|t xO=iDU= swO
xO=O xawtHt 28 |=Q@ =Q xWwN O=OaD u=wD|t 'x} w=R XN=W |Q}oQ=mx@ =@ w
u}= "O=O X}NWD OOa l} hqDN= =@ xO=O xawtHt 17 |=Q@ w |DUQOx@
xawtHt pm R= ��71 44 Q@=Q@ ,=atH� �27 w �44 44 pO=at ?}DQDx@ Q}O=kt
|Q}oQ=mx@ =@ w LCSS VwQ CLD |Ov@xWwN QO 'Qo}O |wU R= "OwW|t =yxO=O
19 |=Q@ w |DUQOx@ xO=O xawtHt 25 |=Q@ =Q xWwN O=OaD u=wD|t x} w=R XN=W
pO=at ?}DQDx@ R}v Q}O=kt u}= "O=O X}NWD OOa l} hqDN= =@ xO=O xawtHt
u}= "OvDUy =yxO=O xawtHt pm R= ��69 83 Q@=Q@ ,=atH� �30 15 w �39 68
xWwN CUQO O=OaD |}=U=vW QO =yVwQ u}= Q@=Q@ ,=D@Uv Q}F-=D R= u=Wv ?r=]t

"OQ=O
C@Uv xWwN Qy |=[a= u}}aD QO |QDy@ Q}F-=D LCSS VwQ 'xYqN Qw]x@
R= ,=@} QkD 'xWwN O=OaD CUQO u}}aD QO Q}F-=D Q_v R= |rw 'OQ=O DTW VwQ Q}F-=D x@

"OvQ=OQwNQ@ |v=Um} QF=
|W}=tR; xO=O xawtHt |Ov@xwQo G}=Dv "2"2"5

u}}aD w |WRwt; xO=O xawtHt |Ov@xWwN R= TB 'OW xO=O K}[wD ,q@k xm u=vJ
|Ov@xwQo x@C@Uv 'xWwN Qy xOv}=tv w xWwN QY=va u; `@D x@ w xWwN O=OaD u} QDy@
|=[a= xm =vat u}O@ "OwW|t s=Ok= G}=Dv u}= Q@ |vD@t |W}=tR; xO=O xawtHt

|=yVwQ CLD |o}=Uty u} QDl}ORv l}vmD CkO |Q=t; |xU}=kt "4 pwOH
" DTWw LCSS

OYQO O=OaD C=L}[wD h}OQ
71 42 45 ALCSS > ADTW 1
1 58 1 ALCSS = ADTW 2
26 98 17 ALCSS < ADTW 3

|=yVwQ CLD |WRwt; xO=O xawtHt |Ov@xWwN CkO pm \UwDt "2 Q=Owtv
"DTW w LCSS

pY=L xv}y@ xWwN xOv}=tv u}}aD QO DTW VwQ Q}F-=D =@ LCSS VwQ Q}F-=D =}; "3
#OQ=O Cw=iD |Ov@xWwN R=

|WRwt; xawtHt |Ov@xWwN G}=Dv "1"2"5
w DTW |=yVwQ CLD =Q O} wOt=m |Ov@xWwN l}vmD |=QH= G}=Dv 5 pwOH
|xO=O xawtHt |=Q@ p=Ft u=wvax@ w G}=Dv u}= T=U= Q@ "OyO|t u=Wv LCSS

Oy=wN 6 Q@=Q@ DTW VwQ CLD xWwN O=OaD u} QDy@ '�Statistical Control�
VwQ CLD xWwN O=OaD u} QDy@ "CU= �97 67 |Ov@xWwN CkO |=Q=O xm Ow@
l}vmD u}= |va} "Ow@ Oy=wN �87 33 |Ov@xWwN CkO =@ w 6 Q@=Q@ R}v LCSS

"Ovm u}}aD |DUQO x@ =Q xWwN O=OaD CU= xDUv=wD jwi VwQ wO Qy CLD
|Ov@xWwN CkO xm OwW|t xOy=Wt '5 pwOH QO GQOvt G}=Dv x@ OOHt x=ov =@
|Q=t; Qw]x@ O}=@ CUQO |Q}oxH}Dv |=Q@ xm CU= Cw=iDt 'jwi |=yVwQ CLD
xO=O |=yxawtHt x}rm |=Q@ |Ov@xWwN l}vmD CkO 'Qo}O |wU R= "OwW |UQQ@
"CU= �60 89 Q@=Q@ LCSS VwQ CLD w �56 55 Q@=Q@ DTW VwQ CLD
LCSS |=yVwQCLD|o}=Uty u} QDl}ORvl}vmDCkO\UwDt Qou=}@ 2 Q=Owtv

"CU= DTW w
"OwW|t xO=iDU= t |HwR C=U}=kt uwtR; R= 'pw= p=-wU x@ MU=B Qw_vt x@
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Ovyt "|WRwt; xawtHt |wQ OYQO ?ULQ@ |Ov@xWwN CkO w xv}y@ xWwN O=OaD� O} wOt=m |Ov@xWwN G}=Dv "5 pwOH

"DTW w LCSS |=yVwQ CLD |Ov@xWwN l}vmD CkO |=Q@ t |DiH C=U}=kt uwtR; G}=Dv "6 pwOH
Paired Di�erences

T Df
sig:

Correlation
Mean Std:Deviation (2� tailed)

ALCSS� 4 34635 12 43445 2 774 62 0 107 ALCSS&ADTW =

ADTW 0 789
Con�dence Interval of the Di�erenc

�90 �92 5 �95 �97 5 �99
ALCSS �ADTW Lower 2 31705 2 06290 1 73044 1 21477 0 60531

|Ov@xwQo CkO w xOW xO=O X=YDN= xWwN xOv}=tv u} QDx}@W x@ |W}=tR; xawtHt
xOW x�=Q= 9 pwOH QO jwi |=yVwQ CLD |Ov@xwQo u}= G}=Dv "OwW|t x@U=Lt

"CU=
�Statistical Control� |xO=O xawtHt |=Q@ p=Ft u=wvax@ w pwOH u}= QO
u}= |WRwt; xO=O xawtHt |Ov@xWwN R= pY=L xv}y@ xWwN xOv}=tv w O=OaD Qo =

" DTWw LCSS |=yVwQ CLD |Ov@xWwN CkO |Q=t; |xU}=kt "7 pwOH
OYQO O=OaD C=L}[wD h}OQ
53 97 34 ALCSS > ADTW 1
12 70 8 ALCSS = ADTW 2
33 33 21 ALCSS < ADTW 3
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xU}

=kt"DTW w LCSS |=yVwQ CLD xWwN O=OaD CUQO |v}@V}B Cq=L O=OaD xYqN "8 pwOH
LCSS DTW C=L}[wD h}OQ

25 28 CU= xOW |v}@V}B |DUQO x@ xWwN O=OaD xm |Dq=L O=OaD 1
19 17 CU= xOW |v}@V}B OOa l} hqDN= =@ 'xWwN O=OaD xm |Dq=L O=OaD 2

"DTW w LCSS |=yVwQ CLD |Ov@xWwN G}=Dv Q@ |vD@t |W}=tR; |=yxO=O xawtHt |Ov@xwQo CkO "9 pwOH

|=yVwQ CLD |W}=tR; xO=O xawtHt |Ov@xwQo CkO pm \UwDt "3 Q=Owtv
"DTW w LCSS

xm OQm =aO= w CiQ}PB =Q QiY ZQi u=wD|t 'G}=Dv u}= T=U= Q@ "CU= xOW xO=O
VwQ CLD |W}=tR; |xO=O xawtHt |Ov@xwQo CkO 'u=v}t]= hrDNt Kw]U QO
|Dw=iD 'DTW VwQ CLD |W}=tR; |xO=O xawtHt |Ov@xwQo CkO =@ LCSS

xawtHt |Ov@xWwN R= xrY=L |=yxWwN xOv}=tv C}i}m 'Qo}O CQ=@a x@ "OQ=Ov
w CU= Q=OQwNQ@ |v=Um} C}i}m R= xOW O=} |=yVwQ CLD |WRwt; |=yxO=O

"OvQ=Ov Qo}Om} =@ |Q=O=vat Cw=iD

|W}=tR; |xO=O xawtHt |Ov@xwQo |=Q@ =Q DTW VwQ CLD xO=O xawtHt
"Ow@ Oy=wN �96 Q@=Q@ |Ov@xwQo CkO 's} Q@@ Q=m x@ DTW VwQ CLD VOwN
|xO=O xawtHt |Ov@xWwN R= pY=L xv}y@ xWwN xOv}=tv w O=OaD R= xO=iDU= =@ Qo =
xawtHt |=[a= |Ov@xwQo pta 'LCSS VwQ CLD xO=O xawtHt u}ty |WRwt;
CkO x=ou; 's}yO s=Hv= LCSS VwQ CLD =Q xO=O xawtHt u}ty |W}=tR; |xO=O
s=Hv= R}v =yxO=O xawtHt Q}=U |=Q@ C=}rta u}= "Ow@ Oy=wN �85 57 Q@=Q@ |Ov@xwQo

"CU= xOW
xO=O |=yxawtHt xty |=Q@ pm |Ov@xwQo CkO \UwDt 'G}=Dv u}= T=U= Q@
QO xm CU= �56 06 w �54 35 Q@=Q@ ?}DQDx@ LCSS w DTW VwQ CLD

"CU= xOW xO=O V}=tv 3 Q=Owtv
uwtR; R= ,=OOHt 'j}kLD u}= swU p=-wU x@ MU=B Qw_vt x@ w C=L}[wD u}= =@

"s}vm|t xO=iDU= t |HwR C=U}=kt
LCSS VwQ CLD |W}=tR; xO=O xawtHt |Ov@xwQo CkO Qou=}@ ALCSS Qo =
'OW=@ DTW VwQ CLD |W}=tR; xO=O xawtHt |Ov@xwQo CkO Qou=}@ ADTW w

"Ow@ Oy=wN Q} R KQW x@ uwtR; u}= C=}[Qi x=ov;
ALCSS = ADTW : H0

ALCSS 6= ADTW : H1

V}=tv u=v}t]= C}r@=k R= |irDNt Kw]U |=Q@ w 10 pwOH QO uwtR; u}= G}=Dv
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Ovyt "DTW w LCSS |=yVwQ CLD |W}=tR; xO=O xawtHt |Ov@xwQo CkO |=Q@ t |DiH C=U}=kt uwtR; G}=Dv "10 pwOH
Paired Di�erences

T Df
sig:

Correlation
Mean Std:Deviation (2� tailed)

ALCSS� 1 71429 14 65895 0 928 62 0 357 ALCSS&ADTW=

ADTW 0 732
Con�dence Interval of the Di�erenc

�80 �90 �95 �97 5 �99
ALCSS �ADTW

Lower �0 67805 �1 36960 �1 97752 �2 52820 �3 19369
Upper 4 10662 4 79817 5 40609 5 95677 6 62226

|Q}oxH}Dv "6
|o}=Uty u} QDl}ORv l}vmD CkO xm OQm =aO= u=wD|t '|rm |Ov@`tH l} QO
CW=O Oy=wN |Dr=L C@Uv |QDy@ G}=Dv x@ �92 5 u=v}t]= =@ LCSS VwQ CLD
�99 u=v}t]= =@ xm OQm =aO= u=wD|t "OwW =QH= DTW VwQ CLD l}vmD u}= xm
G}=Dv x@ DTW VwQ x@ C@Uv LCSS VwQ CLD O} wOt=m |Ov@xWwN CkO
u}}aD QO DTW VwQ Q}F-=D x@C@Uv LCSS VwQ Q}F-=D "Ci=} s}y=wNCUO |QDy@
=@ LCSS VwQ Q}F-=D "CU= u=Um} |Q=t; CQwYx@ xO=O xawtHt |=yxWwN O=OaD
x=o xm |Qw]x@ OQ=Ov |Dw=iD ,=@} QkD R}v xWwN xOv}=tv u}}aD QO DTW VwQ Q}F-=D
Q}=U |=Q@ |Qo}O x=o w ?wN |v=tR |QU |=yxO=O xawtHt |NQ@ |=Q@ =yv; R= |m}

"CU= u}@=v}@ ,=OwOL Q}F-=D u}= w CU= ?wN |v=tR |QU |=yxO=O xawtHt
xO=O QO xOW O=} |=yVwQ Q}F-=D QD`t=H |UQQ@ Qw_vt x@ xm CU= QmP x@ sRq
|@=} RQ= OQwt R}v |w=mxO=O Qo}O |=yl}vmD QO =Q =yv; u=wD|t '|v=tR |QU |w=m
"OQm xO=iDU= =yv; |xU}=kt w |@=} RQ= |=Q@ |Qo}O |Q=t; |=yl}vmD R= =} O=O Q=Qk

" DTWw LCSS |=yVwQ CLD |Ov@xWwN CkO |Q=t; |xU}=kt "11 pwOH
OYQO O=OaD C=L}[wD h}OQ
55 56 35 ALCSS > ADTW 1
6 35 4 ALCSS = ADTW 2
38 10 24 ALCSS < ADTW 3

QO xU}=kt u}= G}=Dv "O=O s=Hv= R}v |i}YwD Q=t; Q_vt R= u=wD|t =Q xU}=kt u}=
CkO 'pwOH u}= QO GQOvt C=aq]= T=U= Q@ "CU= xOW xO=O V}=tv 11 pwOH
QO 'DTW VwQ CLD l}vmD u}= CkO x@ C@Uv LCSS VwQ CLD |Ov@xwQo
'Cq=L R= �33 33 QO \ki w Q@=Q@ Cq=L R= �6 35 QO 'QDy@ 'Cq=L R= �55 56
|Ov@xwQo CkO hqDN= Q=}at h=QLv= x=Qty x@ =yQ=t; u}= 'xYqN Qw]x@ "CU= QDO@
QO DTW VwQ Q}F-=D w LCSS VwQ Q}F-=D xm OyO|t u=Wv jwi VwQ wO CLD

"OQ=Ov |Dw=iD xWwN xOv}=tv u}}aD

=yCWwv=B
1. longest common sub sequence (LCSS)
2. dynamic time warping (DTW)
3. whole matching
4. subsequence matching
5. shape based distance measure
6. edit based distance measure
7. feature based distance measure
8. model based distance measure
9. partitioning algorithm of medoid (PAM)
10. elbow index
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