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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=
u} QDl}ORv |=yl}vmD 'swUVN@ QO "OW Oy=wNK} QWDDTW wLCSSCy=@W
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"OQ}o|t Q=Qk EL@ OQwt w x�=Q= DTW w LCSS |=yVwQ CLD jwi

C=}@O= QwQt "2
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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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Cy=@W |=vat x@ u=tR QO Cy=@W "OQm h} QaD pOt QO Cy=@W w pmW QO Cy=@W
x@ "CU= u=Um} |=yu=tR QO =yxO=O Cy=@W u=R}t |=v@t Q@ |v=tR |QU wO u}@
|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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8>>>>><>>>>>:
0 ; i = 0:or:j = 0

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

�References� `@=vt
1. Morris, B. and Trivedi, M. \Learning trajectory pat-

terns by clustering: experimental studies and compar-
ative evaluation", 2009 IEEE Conference on Computer
Vision and Pattern Recognition, pp. 312-319 (2009).

2. Fu, T.C. \A review on time series data mining", Engi-

neering Applications of Arti�cial Intelligence, 24(1) pp.
164-181 (2011).

3. Keogh, E. and Kasetty, S. \On the need for time series
data mining benchmarks: a survey and empirical demon-
stration", Data Mining and Knowledge Discovery, 7(4),
pp. 349-371 (2003).

4. Sangeeta, R. and Geeta, S. \Recent techniques of cluster-
ing of time series data: a survey", International Journal
of Computer Applications, 52(15), pp. 1-9 (2012).

5. Lin, J., Vlachos, M., Keogh, E. and et al. \Iterative in-
cremental clustering of time series", International Con-
ference on Extending Database Technology, Advances in
Database Technology, pp. 106-122 (2004).

6. Gordon, A.D. \Clustering algorithms and cluster valid-
ity", Computational Statistics, PhysicaVerlag, pp. 497-
512 (1994).

7. Milligan, G.W. and Cooper, M.C. \An examination of
procedures for determining the number of clusters in a
data set", Psychometrika, 50, pp. 159-179 (1985).

89



"""C
y=@W

|Q}
oxR=

Ov=|
=yV

wQO
Qmrt

a|
xU}

=kt8. Aghabozorgi, S., Shirkhorshidi, A.S. and Wah, T.Y.
\Time series clustering-A decade review", Information
Systems, 53, pp. 16-38 (2015).

9. Faloutsos, C. Ranganathan, M. and Manolopoulos, Y.
\Fast subsequence matching in time-series databases",
In Proceedings of the ACMSIGMOD International Con-
ference on Management of Data, 23, pp. 419-429 (1994).

10. Sakoe, H. and Chiba, S. \A dynamic programming ap-
proach to continuous speech recognition", In Proceedings
of the 7th International Congress on Acoustics, 3, pp.
65-69 (1971).

11. Sakoe, H. and Chiba, S. \Dynamic programming algo-
rithm optimization for spoken word recognition", IEEE
Transactions on Acoustics, Speech, and Signal Process-
ing, 26(1), pp. 43-49 (1987).

12. Chen, L. and Ng, R. \On the marriage of Lp-norms and
edit distance", In Proceedings of the 30th International
Conference on Very Large Data Bases, 30, pp. 792-803
(2004).

13. A�falg, J., Kriegel, H.P., Kroger, P. and et al. \Similar-
ity search on time series based on threshold queries", In
Advances in Database Technology, pp. 276-294 (2006).

14. Vlachos, M., Kollios, G. and Gunopulos, D. \Discovering
similar multidimensional trajectories", In Proceedings of
the 18th International Conference on Data Engineering,
pp. 673-684 (2002).

15. Banerjee, A. and Ghosh, J. \Clickstream clustering using
weighted longest common subsequences", In Proceedings
of the Web Mining Workshop at the 1st SIAM Confer-
ence on Data Mining, pp. 33-40 (2001).

16. Chen, L., Ozsu, M.T. and Oria, V. \Robust and fast
similarity search for moving object trajectories", In Pro-
ceedings of the ACM SIGMOD International Conference
on Management of Data, pp. 491-502 (2005).

17. Keogh, E., Lonardi, S., Ratanamahatana, C.A. and et
al. \Compression-based data mining of sequential data",
Data Mining and Knowledge Discovery, 14(1), pp. 99-
129 (2007).

18. Han, J., Kamber, M. and Pei, J., Data Mining: Concepts
and Techniques, 3rd ed (2011).

19. Rousseeuw, P.J. \Silhouettes: a graphical Aid to the in-
terpretation and validation of cluster analysis", Journal
of Computational and Applied Mathematics, 20, pp. 53-
65 (1987).

20. Hubert, L. and Arabie, P. \Comparing partitions", Jour-
nal of Classi�cation, 2, pp. 193-218 (1985).

21. Notredame, C., Higgins, D.G. and Heringa, J. \TCo�ee:
a novel method for fast and accurate multiple sequence
alignment", Journal of Molecular Biology, 302(1), pp.
205-217 (2000).

22. Murray, P.W., Agard, B. and Barajas, A. \Market seg-
mentation through data mining: a method to extract be-
haviors from a noisy data set", Computers&Industrial
Engineering, 109, pp. 233-252 (2017).

23. Ahn, G. and Hur, S. \E�cient genetic algorithm for fea-
ture selection for early time series classi�cation", Com-
puters & Industrial Engineering, 142, 106345 (2020).

24. Luzianin, I. and Krause, B. \Similarity measurement
of biological signals using dynamic time warping algo-
rithm", Proc. of the 4th International Conference on Ap-
plied Innovations in IT, (2016).

25. Barragan, J.F., Fontes, C.H. and Embicucu,
M. \A wavelet-based clustering of multivariate
time series using a multiscale SPCA approach",
Computers and Industrial Engineering (2016).
https://doi.org/10.1016/j.cie.2016.03.003.

26. Hong, Jae.Y., Park, Seung. H. and Baek, Jun-G. \SS-
DTW:Shape segment dynamic time warping", Expert
Systems with Applications, 150, 113291 (2020).

27. Just, W. \Computational complexity of multiple se-
quence alignment with SP-score", Journal of Computa-
tional Biology, 8(6), pp. 615-623 (2001).

28. Hubert, L. and Schultz, J. \Quadratic assignment as
a general data-analysis strategy", British Journal of
Mathematical and Statistical Psychology, 29, pp. 190-241
(1987).

29. Chou, C.H., Su, C. and Lai, E. \A new cluster validity
measure for clusters with di�erent densities", IASTED
International Conference on Intelligence Systems and
Control, pp. 276-281 (2003).

30. Cho, Su.G. and Kim, Seoung. B. \A Data-driven doc-
ument similarity measure based on classi�cation algo-
rithms", International Journal of Industrial Engineer-
ing: Theory, Applications and Practice, 24(3), pp.328-
339(2017).

31. Sridevi, S., Parthasarathy, S. and Rajaram, S. \An Ef-
fective prediction system for time series data using pat-
tern matching algorithms", International Journal of In-
dustrial Engineering: Theory, Applications and Practice,
25(2), pp.123-136 (2018).

32. Agnetisa, A., Al�erib, A. and Nicosia, G. \An heuristics
approach to batching and scheduling a singal machine
to minimize setup costs", Copmuters & Industrial Engi-
neering, 46, pp. 793-802 (2004).

33. Penga, B., Zhanga, Y., Lub, Z. and et al. \A learning
based memetic algorithm for the multiple vehicle pickup
and delivery problem with LIFO loading", Copmuters &
Industrial Engineering, 142, 106241 (2020).

34. Zhang, Y. and Xiaoping, L. \Estimation of distribution
algorithm for permutation ow shops with total owtime
minimization", Copmuters & Industrial Engineering, 60,
pp. 706-718 (2011).

35. Dzalbs, I. and Kalganova, T. \Accelerating supply chains
with ant colony optimization across a range of hardware
solutions", Copmuters & Industrial Engineering, 147,
106610, (2020).

90


