
���������
	����������������� ������������� �"!��#�$�%�&�('*)�!��+�
, %�.- /0�+12)��������(�����3��4��#�3�+�

57698;:=<?>@:�A+BC:=DE69FHGJILKEM3NPORQ$S3MUT�KEVHWYX[Z\DE]P<^F=_E`�>aZ�b Bc>�de<cb fHgCBPh
i DE698Ef?G$Xkjclam?hon^m?prqts?u;n9v
w <rxyG$Xkjclam?hou;n9vzq\{^v;{ru
| 6Jf�d}:~faF+��<^dedys?u?j9j
� f�]c<9F\:=��f�8;:�6^��5769��]EBC:=f�F��C>��}fa8c>&f
� 8E�}�?f�F�Z\�}:���6^��5o<^de�}��69F=8E�e<c�C�$6?Z�A�8E�9fad}fHZ
�L6?Z�A+8E�?f�defaZa��5oA��9m?m9�;vC� � �CA

A+BC:=DE69FHG ���J�H�k�;Q����%��OySUXk���o>z`�>�Zab BP>&d�<Eb fagCBPh
� f�]c<9F\:=��f�8;:�6^��5769��]EBC:=f�F��C>��}fa8c>&f
� 8E�}�?f�F�Z\�}:���6^��5o<^de�}��69F=8E�e<c�C�$6?Z�A�8E�9fad}fHZ

�¡  ��¢aVzKc£^¢9�o¤�DE��Z¥]c<9]PfaF¥]EF=faZ~f�8;:�Z#:~fH>�DE8E��¦;BEfaZ���69F�gE�eZ=>&6r�?f�F=�}8E��<98cg���<r:�>�DE�}8c�§F~Bcd}fHZ
���¨:=Dª©�«}¬z@®°¯k±
²E¬^®[®³©�´@µE@b�¶�de<?Z�:=�e>�]c<r:~:~f�F=8cZ�<^F=f¥6?F=gCfaF~fHg�d}��Z\:=Z
6^��f�def���fa8?:�Z+:=Dc<r:#>�<98§·�f
Z�:=F~f�:=>�DEfHg¸<9d}6?8E�.:~DEf�:~�e�.f�<rxC�eZab w 69F+f�xC<9��]Ed}f?�L¹kº¥»~º¥»~¼¡»=¼¡»=¼�½���Z+<98��}8cZ\:=<98c>&f#69��<98
f�d�<9Z\:~��>�]c<^:\:=f�F=8�º�¼"��DE�edef¾¹[º�»�¿�»~¼�½3��Z38E6^:Hb^¶�d�<9Z\:~��>�]c<^:\:=f�F=8cZ�<^F=f7BcZ~f&��Bcd?��6?F%gC�eZ=>&6r�?f�F~q
�}8E�#F=BEdefaZ���F=69�ÀgE<^:=<#Z~fa¦;BEf�8P>&faZ����¨:=D¡gC�¨ÁRf�F=f�8;:�Z=<^��]Ede�}8c�#F=<^:~faZab w 69F%�k<?Z�:7gE�eZ=>&6r�?f�F=�#6^�
F~BEdefaZ���DE6?Z~f�DEfa<?gEZ+Xkd}f��Â:\qtDc<^8cg0Z\��gCfaZ�h�<^8Pg�·P6CgC�efaZ
X�F=�}�?D?:~q°DP<^8cg�Z~�egCfHZ=h�<9F~f�fade<?Z�:=�e>�]P<r:\q
:~f�F=8cZa�C�7f#>�698cZ\:~F=Bc>@:�<�:~F=�}����fag¸Z~BCÃ�x0:~F=f�f
��F=69�ÄZ~Bc>�>��}8P>@:���69F=��Z�6^�3gc<r:=<�Z~fa¦;BEfa8c>&fHZ
<^8cg2_9faf�]2:~DEf�:~F=f�f#<?Zo<�>�69��]c<9>&:�F~fa]EF~fHZ\fa8;:=<r:=�}6?8¡6^�3F~Bcd}fHZ�bE¤�DEf�:=F~�e���.fHg2Z~BCÃ�x¡:=F~faf
�eZ�<^d�Z~6ÅBcZ~fagª<9Z.<^8Æ�}8cgEf&xÆZ\:~F=Bc>@:=BEF=f0��6?F¥Çc8PgC�}8c�ÈF=BEdefaZ.��<r:�>�DEfagÉ:~6Ê<§:�<^F=�9f&:.DEfa<?g
Z\fH¦?Bcf�8c>�f9b�ËYDEf�8Ì��<^:=>�DEfHg�F=BEd}fHZ
>a<^8E8c6^:
·�f���69BE8cg$�P:=DEf�>&698P>&f�]E:
6^�
´@ÍC«}©.´~©�«}¬�ÎJ¬r®°¯kÏrµ
�eZ¾�e8;:~F=6JgEBc>&fHgyb � Z~�e8E��<¸>�d}BPZ�:=f�F#DE�ef�F�<^F�>�DJ��<98cgÊ<¸8Ef��ÐgC�eZ\:=<98c>&f.��BE8P>@:~�e698Ê·c<?Z\fHgÅ6?8
F~fade<^xC<^:~�e698¡faF~F=69FH�9�of
Çc8cg0:~DEf�d}fH<9Z\:oF=f�d�<rxCfHg�F~Bcd}fHZ�:=Dc<r:�]EF=6r�J�egEf���69F=f
Z~]PfH>&�}ÇP>��}8E��69F~q
��<^:~�e698¸698�<�:�<^F=�9f�:oDEfH<9g¸Z\fH¦;BEf�8c>�f�:~Dc<980:=DEf¾6^:~Dcf�F�F=f�d�<rxCfag0F~BEdefaZ�gC6PbE¶%xC]�f�F=�}��f�8;:�Z
698�Z\�J8;:~DEf�:~��>#gE<r:�<�Z\fH¦?Bcf�8c>�faZ�Z~DE6r�+Z7:~DEf#f�Á�fH>@:~�e�9fa8EfaZ=Z�6^��69BcF�]EF~6?]P6;Z\fHg0<9]E]EF=6?<9>�DLb

Ñ �?QyÒ�ÓcVrÔ3�9�cÕ¾8c6r��d}fHgC�9f � ��Z~>�6r�9f�F=��<98cg � <r:=<�Ö��e8E�}8c�c�J¶�d�<9Z\:~��> i <r:~:~f�F=8cZa�?�JfH¦?Bcf�8c>�f
� <^:=<^·P<9Z~faZa�L�JBCÃ�xÈ¤�F~faf9�$¤7�J]Pf¡A�·cZ�:=F=<?>@:=�}6?8È���}faF=<9F=>�DJ�9�$×+BEd}f¡ÖÅ<r:=>�Dc�}8E�P�$×�BEdef¡×�f&q
de<^xC<^:~�e698



Ø

Ù Ú;Û�ÜCÝEÞ�ß
à�á�ÜEâ�Þ�Û

×�BEdef
gC��Z~>�6r�9faF~�¥��F~6?�ÀZ~fa¦;BEfa8;:~��<^dPgc<r:=<��eZ7698Ef
6^�y:=DEf���<rã�6?F7<9F~fH<9Z%�e80gE<^:=<#���e8E�}8c�¥��6?F
:~F=f�8cg�]cF~fHgC�e>&:~�e698åä jE�RurætbR¤�DEf�F=f¥Dc<z�?f�·�f�f�8ÌZ\fa�9f�F�<^d3<^]E]cF~6;<9>�DEfHZ�ä¨l9�y{C���c��lHmC��lHjE�3lHvHæ
:~6ÌgE�eZ=>&6r�?f�F¥BPZ\f���BEd�F~BEdefaZ¥��F=69�çZ\BP>�DÆgE<^:=<Eb�Ö�6;Z�:.F~BEdefaZ¥��F=69�çgE<r:�<ÅZ~fa¦;BEfa8c>&fHZ¥Dc<z�?f
:~DEf���6?F~��<r:�è é�ä ê@l&æoë�ìyä ê\nzætí$��DEfaF~f�éî<^8cg�ìÈ<^F=f�]c<r:~:~f�F=8cZ�<98cgÈê@l�<^8cgÈê\n�<^F=f�:~�e�.f
�}8;:~faF~�r<9deZab�¤�DEfa�¾<9F~f%�e8;:~faF~]EF=f&:=fag¾<9Z�ï\�}�J:~DEf7]c<r:~:~f�F=8#é�6C>�>&BcF=Zy���}:~Dc�}8#:=DEf�:=�}��f7�}8;:~faF~�r<9d
ê@l9�J:~Dcf�8¸:~DEf#]P<r:\:=f�F=8§ì0���ededy��69ded}6r�ð���¨:=DE�}8�:=DEf¾:~�e��f#�}8;:=f�F=�z<9dyê\n^ñcb
Aò]c<r:~:~f�F=8��eZ�gEf&Çc8EfHg�<9Z�<.]c<9F\:=�e<9d}de�¡69F�gCfaF~fHg2>�69ded}fH>@:~�e698¸6^��f�def���fa8?:�Z�bPA�>�>�69F�gC�e8E�

:~6�:~DEf¾>&6?8cZ�:=F=<9�}8;:�Z�6980:~DEf¾<^F=F�<^8E�?f���f�8;:�69�Lf�def���f�8;:�Z��;]c<r:~:~faF~8cZ�>a<^8¡·�f#>&d�<9Z=Z\�}Çcfag0<9ZaG
Z\faF~��<^d;]c<r:~:~faF~8cZa�z]c<^F�<^dedef�d;]c<r:~:~f�F=8cZa�r<^8cg#8c698Cq³Z\faF~��<^dJ<^8Pg�8E6?8Cq°]P<^F�<^ded}fad9]c<^:\:~faF~8PZoä �E�JlHmzæ°b
�Jf�F=�e<9d
]P<r:\:=f�F=8cZ¸F~fH¦;BE�}F=f�:=DEfÊ6J>a>&BEF=F=f�8c>�f§6^�¥fad}fa��f�8;:=Z¸�e8ó<åZ~]�fa>&�}ÇcfHgU69F�gCfaF2��DE�edef
]c<^F�<^ded}fadC]c<r:~:~faF~8cZ�F~fH¦?Bc�}F=fo:~DEf+6C>a>&BEF=F~fa8c>&f�69��fad}fa�.fa8;:=Z%���}:~DE6?BC:��e��]P6;Z\�e8E��<^8J��6?F=gEf�FHb
¤�DEf¥]c<^:\:=f�F=8cZ�DP<z�;�e8E�2·P69:~DÌZ~f�F=��<^d�<98cg�]c<9F=<9d}def�d�]c<r:~:~faF~8cZ�<^F=f¥>a<^ded}fHg�8E698EqtZ~f�F=�e<9d�<98cg
8E698Cqt]c<9F=<9d}def�dR]c<^:\:~faF~8PZ�b
A�Z�<ÈZ\BE·PZ\f�:�69��Z~f�F=�e<9d�]c<r:~:~f�F=8cZa���7f�>�<98å:=DE�e8E_É6^��©&«e¬z@®[¯k±�²E¬^®[®³©�´@µE¥��DEfaF~f¸f�def&q

�.fa8;:=Z.>�<^8å·Pf¸Z�:=F~f�:=>�DEfHgÉ<^de698E�§:~DEf0:~�e�.f�<rxC��Z�·J�ÊF~fa]Ede�e>a<r:~�e8E��:=DEf���Z~f�de�9fHZ�b�¶�d�<9Z\:~��>
]c<r:~:~f�F=8cZ�º�¼*<98cg�º�¼.¿ô<^F=f��}8;:~faF~]cF~f�:~fagÊ<?Z¥º�õ%¼�õ�<^8cg�º
õ%¼¥õ�¿¾õ���F~fHZ\]�fa>&:~�e�9fad}�?�
BcZ\�e8E�Ì:~DEf�8E69:=<^:~�e698ª6^�
<ÌF~fa�9BEd�<^F.f&xC]EF=faZ=Z~�}6?8$bo¹[º�»=¼�½�<^8Pgó¹[º�»~º¥»~¼0»~¼¡»=¼�½.<^F=f¸�}8Cq
Z�:�<^8c>�faZ�69�¥<^8îf�d�<9Z\:~��>�]c<^:\:~faF~8Uº
¼(��DE�edefå¹kº¥»=¿�»~¼.½¡��Z¡8c6^:abo¶�d�<9Z\:~��>�]c<r:~:~faF~8cZ2<^F=f
BcZ\f���BEd���69F�gC��Z~>�6r�9f�F=�e8E�#F~Bcd}fHZ���F=69�ögE<^:=<¥Z~fa¦;BEfa8c>&fHZ���DE6;Z\f�Z~<9��]Ed}�e8E��F=<^:~faZ���<z�.�r<9F~�?b
w 69F3f&xE<9�.]cd}f?�a>&6?8cZ~�egCfaFL��fagE�e>a<^dJgE<r:�<�Z~fa¦;BEf�8P>&faZL:~DP<r:�F=fa>�69F�g�:~DEf7·P6CgC�¾:=f���]�f�F�<r:~BcF~fHZ
6^��]P<r:~�ef�8;:�Z�bc�J6?��f¾gc<r:=<.Z~fa¦;BEf�8P>&faZ���<z��Dc<z�?f�:=f���]�f�F�<r:~BcF~f¾�r<^deBEfaZ7:�<^_9fa82fa�9faF~�¡gE<z�
��DE�}def�69:~DEfaF=Z$��<z��Dc<z�?f%�z<9d}BcfaZy:�<^_?f�8#f��?f�F=���of�fa_�b w BEF~:~DEfaF~��6?F~f?��f��?f�8#���}:~DE�e8¥<+Z~�e8E�9def
gE<r:�<.Z~fa¦;BEfa8c>&f?�C:~�e��f#�}8;:=f�F=�z<9deZ�·�f&:��of�fa828cf��e�9DJ·P6?F~�e8E�.:~fa��]PfaF=<^:~BEF=f¾�z<9d}BcfaZ+>a<^8¸�z<9F~�
8E698Cqtde�}8EfH<^F=d}�?bE¤�DEfaZ~f¥Z~fa¦;BEfa8c>&fHZ�>�<^8c8E6^:�·�f¥>�69��]c<^F=fag¸gC�eF~fH>@:=d}�2���¨:=DE69BC:�>&698PZ\��gCf�F=�e8E�
Z�:=F~f�:=>�DEfHZ�69F+>&6?��]EF~fHZ~Z~�e698cZ76^��f�def���f�8;:�Z�<^de698E�.:~Dcf¾:~�e�.f�<^xC�eZab
¤�DEf2F=BEdefaZ���DE6;Z\f¸DEfH<9gEZ�X�def&�Â:~q°DP<^8cgªZ\��gCfHZ=h.<^8Pgå·�6CgC�}fHZ�X�F=�}�?D?:~q°DP<^8cgÆZ\��gCfaZ�h.<^F=f

f�d�<9Z\:~��>�]P<r:\:=f�F=8cZ¾<^F=f.>a<^ded}fHgÆ©�«}¬z@®°¯k±¡´@ÍC«e©@@bL÷��e�9f�8Èf�d�<9Z\:~��>�]c<r:~:~f�F=8cZ#øY<98cgÅù��yf�d�<9Z\:~��>
F~BEdefaZ�DP<z�9f�:~DEf���69F=��<^:¾è øÊë�ù�íC:=Dc<r:
�eZ��e8;:~f�F=]EF=f&:=fag�<9Z�ï~�¨�3:~DEfaF~f#6C>a>&BEF�Z�<�Z\fH¦;BEf�8c>�f
��DE�e>�Då�eZ�<^8å�}8cZ\:=<98c>&f26^��ø7�3:~DEfa8å�}:����ed}d�·�f0��6?d}de6r�7fHgÊ·J�Ê<ÌZ\fH¦;BEf�8c>�f0��DE��>�DÉ��Z�<98
�}8cZ\:=<98c>&f.6^�7ùLñEby¤��e�.f.�e8?:=f�F=�r<^d�Z�<9F~f�8E6^:#<9Z=Z~6J>��e<^:~fHg����¨:=DÅfade<?Z�:=�e>�]c<r:~:~faF~8cZ
·�fa>�<9BcZ~f
:~DEfHZ\f#]c<^:\:=f�F=8cZ�<^F=f�úPf&xC�}·cd}f#6?80:=DEf¾:~�e��f�<rxC�eZab
¤�DEf�F=f�<^F=f2��<^8J�å:~fa>�Dc8E�e¦;BEfHZ�ä¨l?�o{;���E�+lamC��lajC�+lzvHæ+:=6ÊgE�eZ=>&6r�?f�F�F~Bcd}fHZ����¨:=DUZ\f�q

F~��<^d+]P<r:\:=f�F=8cZab�Ö§<^8J�ª6^��:~DEfa�ûBcZ\f�:=DEf§F=f�d�<r:=�}6?8cZ\Dc�}]î·�f&:��of�f�8Y]P<r:\:=f�F=8cZ¡<98cgª:~DEfa�}F
Z\BE·Eq°]c<^:\:=f�F=8cZ�bc÷��e�9fa80:=DEf#Z\faF~��<^dR]c<^:\:=f�F=8cZ�º�¼À6C>�>�BEF=F~�e8E��n^m9m¥:~�e��faZ�<98cg2º
¼¥º�¿�6C>&q
>&BEF=F~�e8E��lzv^m�:=�}��fHZ��H:~Dcf��#f&xJ:=F=<?>@:L:=DEf�F=BEdef�èüº�¼�ëçº
¿î���}:~D.>&698EÇPgCf�8P>&f�ý\þ~ÿ� ÿ=ÿ X��ªmEb {^v?h@íeb� 8C��F~fH¦;BEf�8;:�]c<r:~:~faF~8cZo��DE6;Z\f¾8JBE��·PfaF=Zo6^�36C>�>&BcF~F=f�8c>�faZo<^F=f
·�f�de6r�ó<¥:~DcF~fHZ\DE6?deg¸<^F=f��}�9q
8E69F=fag2·PfH>�<9BcZ\f#�e8C��F=fa¦;BEfa8?:+]P<r:\:=f�F=8cZ�<^F=f#>&6?8cZ\��gCfaF~fHg0�e8cZ~�}�?8E�¨Ç�>�<^8;:HbE¤L6�Çc8Pg0��F=fa¦;BEfa8;:
]c<r:~:~f�F=8cZa�J:~DEfa�¡ÇcF�Z\:oÇP8cg�Z\DE6?F\:���F=fa¦;BEfa8?:�]c<^:\:=f�F=8cZ�<^8cg0:~Dcf�8�>&6?�¥·E�e8Ef�:~DEfa� :=6��9f�8Eq
f�F�<r:~f�de698E�?f�F#>�<98cgC��gE<r:=f�]c<r:~:~f�F=8cZab35o<^8PgC�egc<r:~f�]c<^:\:=f�F=8cZ#<^F=f�>�DEfa>�_?fag§��Dcf&:~Dcf�F#:=DEf��
<^F=f���F=fa¦;BEf�8;:¾69F�8E6^:Hby¤�DEfaZ~f.>�69��·E�}8c�}8E�¸<^8cgÌ>�DEfa>�_J�e8E�0Z\:~fa]cZ¾<^F=f¥F=f�]�fa<r:=fagÅBE8;:~�ed�<9d}d
��F~fH¦?Bcf�8;:�]c<r:~:~f�F=8cZ�<9F~f
��69BE8PgybE¤�DEf�F=f&��6?F~f?�JF~fa]PfH<r:~fHg0F=fa<?gC�e8E�?Zo6^��gE<r:�<�Z\fH¦?Bcf�8c>�faZ�<^F=f
BE8c<z�96?�egc<^·Edef9b;�+6r�of��9faFa�?�¨���7f
��6C>&BcZo6982gC�eZ=>&6r�?f�F=�}8c��f�d�<9Z\:~��>+F=BEdefaZa�?·�f&:~:~f�F�<9d}�?69F=�¨:=DE��Z
:~Dc<^:+F~fH¦?Bc�}F=f���fa�7faF+gE<r:�<^·c<?Z\f#<?>�>&fHZ~Z~faZ�>a<^8¸·Pf�gCfa�9fad}6?]PfHgyb



Ø³Ø

U

Y

D E F

R1: ABD->C

R2: ABF->A

Original rules Cluster hierarchy

Rule matching system

(a) Exact rule matching

q
->
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R1: ABD->C

R2: ABF->A

R1’:ABY->C

R2’:ABU->A

Original rules
and relaxed rules

Cluster Hierarchy

Rule matching system

(b) Relaxed rule matching
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<> -> A  with confidence 15/50
<> -> BA with confidence 20/50
A  -> BC with confidence 6/15
A  -> D  with confidence 5/15
AB -> C  with confidence 1
B  -> A  with confidence 1
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(a) A part of a rule tree (b) Rules extracted from a rule tree

����� 	7ï
	 �Ý��$�V#������j�! ����K#V�!�������;"�! 3�.�2O����5#V�:��%'#!�7;T�¥�!�/�ð�j�! 3�.�K#V�!�2��*

ñ °Yà²±:³óò]~3ÜEáªô
â\Û��
×�BEdefaZ¾gC��Z~>�6r�9f�F=fag¸��F=69�*gc<r:=<¸Z~fa¦;BEf�8P>&faZ
��<z��·Pf.BcZ~fagÅ:~6¸]EF=fagC��>@:�:~DEf���BC:=BEF~f.:=F~fa8cg
6^�3<¥:=<9F~�?f&:�DEfa<?g2Z~fa¦;BEfa8c>&f�XZ �J��<�:=DEf¾]EF=6J>�faZ=Zo6^��F=BEdef
��<^:=>�DE�e8E�cb � 82:~Dc�eZ�Z~fa>&:~�e698$�J�of
]EF~fHZ\fa8;:o:=fa>�DE8c�e¦;BEfHZo:~6�Çc8cg¸��<r:�>�DEfag2F=BEd}fHZ�<^8cg2:=6�gEf�F=�}�?f
:=DEf#defa<9Z\:�F~fade<^xCfag2F~BEdefaZab

õ ��� öj�$KE£^¢�VrS3�k��ÖÉKE¢a£zO1�[M�N
¤�DEf�]EF=69·Edef�� 6^�yf&xE<9>&:%F~BEdef+��<r:�>�DE�e8E�¾�eZ7gCf&Çc8cfag�<9Z���6?d}de6r�+ZaG�·S¸ ¹/º0»U¼TÌ�Å3Í ºN¾7ÌÒº�º�Ð�¼�¾k÷3Ê5º
¼3¿/À:¾7ÌÒ¼�Æ$¾�¸ Ë�»EÂ0¸ º5Ì®¼5Ì®Æ�Â/÷�Ð�¼3»�½E¼�¾:¼0Ì�ø�º$¾jÂ/º/¼�½EÀ:º/Ä�Å,º5»�Æ$º�XZ Ð3ù�»�½L¾7Â/ºHÌkÅ�Í º�ÀUÉj¼/¾:Æ�Â,º�½L¾!ËÝXZ Ó
¤�DE�eZ�]EF~6?·Edef�� >a<^8�·�f0Z~69de�9fagÌ·J�È>�698cgEBc>@:=�}8E�§<�Z~fa¦;BEfa8;:~��<^d�Z~fa<9F=>�DÈ6r�9faF�<^ded�:~Dcf

Z�:=69F=fag¡F=BEdefaZo���}:~D�>&69��]EBE:=<r:=�}6?82>�69��]Edef&xC�¨:��eú�X��Tû ¦ XZ ¦ h7��DEfaF~fa�TûÉ�eZ7:~Dcf�8JBE��·PfaF�6^�F~BEdefaZ7<^8cg ¦ XZ ¦ �eZ�:~DEf�d}fa8E�^:=D¡6^�jXZ b;�+6r�of��9faFa�^:~DEf�Z\fH<^F�>�D�:=�}��f
�eZ�F~fHgCBc>&fHg��¨�L:~DEfaF~f+��Z�<98�}8cgEf&x§6r�9faF+:=DEf�Dcfa<9gcZ�69��F~BEdefaZab � 8cZ�:=fa<?g§6^��·cBE�}d�gC�e8E��<¡8Efa� �}8PgCf&xy�R�7f�BcZ~f�:~Dcf�F=BEdef
:~F=f�f¡<9Z#<98Ì�e8cgCf�xÊZ\:~F=Bc>&:~BEF=f.��69F#f&xE<?>@:�F=BEd}f���<r:�>�DE�e8E�cbLA
Z�<¸F~fHZ\Bcd¨:H�$��<r:=>�DcfagÈF~Bcd}fHZ
>�<^82·Pf���6?BE8cg0��F~6?�À:~DEf¾F=BEd}f�:=F~faf
���}:~D�>&6?�.]cd}f�xJ�}:��eú�X ¦ XZ ¦ h@b
W
BEF�<9]E]EF=6?<9>�D���6?F�f&xE<9>&:F~BEdef+��<r:�>�DE�e8E�¥>&6?8cZ~�eZ\:=Z%69�y:��76�Z\:~fa]cZa�9:=DEf�Z~fa<^F�>�D�Z�:=f�]0<98cg.:~Dcf+F~Bcd}f+f�xJ:~F�<9>@:=�}6?8¡Z�:=f�]$�
<9Z�gC��Z~>�BcZ=Z\fHg0�e8¸:~DEf¾��6?d}de6r���}8c�.Z~BE·cZ~fa>&:~�e698cZab

I$�JKCVr£zOäütÓPVª�3�$KE£9¢a�kQýÖåKC¢a£zO3�;Ô VzS3�k�óO��JKEÔIØ � Z\�e8E�Ê:=DEf�F~Bcd}f¸:~F=f�f�<?Z�<^8î�}8PgCf&x
Z�:=F~Bc>&:~BEF=f9�c�7f�>a<^82Çc8cg¸:~Dcf�F~Bcd}f#DEfH<9g Xþ :=Dc<r:+��Z�f&xE<?>@:~de�0��<^:=>�DEfHg0:=6¡<.:=<9F~�?f&:�DEfa<?g
Z\fH¦?Bcf�8c>�f9b9A�d}�?69F=�¨:=DE� l+Z~DE6r�+Z3:~DEf�f�xE<9>@:%��<r:�>�DE�e8E��<^de�96?F~�}:~DE�äÿ���� ���¡X[×�BEdef�¤LF=f�f � 8Cq
gCf&x���69F�¶%xE<?>@:%��<r:=>�Dc�}8E�Jh@b m 6^:=f�:~Dc<^:LXZ ��Z�>�698J�9faF\:=fag#:=6¾:~DEf+>�69��]c<?>@:�F=f�]EF=faZ~f�8;:=<^:~�e698
¿�X�Î�X,XZ h\h�·�f&��69F=f�·Pfa�9�e8E8E�e8E��:~DEf�Z~fa<9F=>�D�]cF~6C>&fHZ~ZabzËÌf�BcZ~fo:~DEf�8E69:=<^:~�e698 X�î��69F�¿�XkÎ�X/XZ h~h@b
¤�DEf¥<^de�96?F~�}:~Dc� :~F�<z�9faF=Z~faZo:=DEf�F=BEdef#:~F=f�f¥<98cg�F=f&:~BcF~8cZ�<�]c<^�eF¥X�����æRho:~DP<r:�F=f�]EF=faZ~f�8;:�Z
:~DEf¸��<r:=>�Dcfag�F=BEdef0DEfH<9g Xþ �£���9�7�,�~XQç�à�àzê!��à�ã3�?»����Åh�ë.X����9�7�,�\X����§»'�Åh�ä¨l§GgæcæÂh&b�¤�Dcf
ÇcF=Z\:+>�<9d}dy:=6.:~DEf�<9d}�?69F=�¨:=DE�öDc<9Z�:��76�<^F=�9BE��fa8?:�Z�GCF=6J6^: m 6CgCf#<^8cg X��b



¨oØ³Ø

�
	 �������������������� ���eP®�3�5;�� �_43#:�$�!)/��#�&3�2�/;bOV�2¬5 ��2�3%�� <! R
¨I(.OV(.#�#!&��K�3�5;0�"�$#% �2�.�2%�#S#!&��N%'&�(���;T�3�5;���4'& �_4�A�&3���!�)(�*,+.-/(kP0�21�& �ERB(.O��"��#!%:&3�7;�#!�U#!&3�@���!�.3��b��� <! #4��2���$C,��#!&3�K�"�$#!%'&��7;T�0�!�.33�"�¥�!�/� <! #��5 <!76�8:9:;=<>8@?A8@<CB�DFE ���HGJI�!��#! 0�!�H�U�3��(6�²PK& �_43#!&��K�.�2�3)�#!&H���×�j�"��#!%:&3�7;T���!�.3��R@#G 	ML G %7����������� ����PK& �_4 <! R@#

� �kN�ÓcV���¢HO1Ö �
Øy¶%xE<?>@:���<r:=>�Dc�}8E��<9d}�?69F=�¨:=DE� ÿN�)� �O�

Þ S3�k���3�y¢�VrKE£9¢��kÓ�M ü°VrÓ
Ö �3�$KE£9¢a�kQ\ÖÉKE¢a£zO��JÔªVrS��[�§O3�;KcÔ�Ø � Z~�}8c��:=DEf#F=f�d�<r:~�e698PZ\DE�e]
·Pf�:��7faf�8¾:~Dcf�f&xE<9>&:~de����<r:�>�DEfag�F=BEdef�DEfa<?g¾<^8cg¾�}:=Z$��69ded}6r���e8E��Z\Bc·cZ\fH¦;BEf�8c>�faZa�&�of�f&xJ:~F�<9>&:
:~DEf�F~Bcd}fHZ�bJ�$f�:7BcZ�<9Z=Z~BE��f�:~Dc<^:aÿN��� ���.Dc<9Z7F~f�:~BEF=8EfHg.:~DEf�]c<^�eF¾X����/æ�h7<^8cg�:~DEf�d}fa8E�^:=D
6^�1����$�/�~X�����»��Åh%��ZKé+b � �ªæQPué+�?:~DEfa80:=DEf¾��<r:=>�Dcfag¡F=BEdef
��Z
è ���9�7�,�\XQç�à�àzê!��à�ã3�;»'���Åh
ë
X����9�7�,�~X�����»��Åh&ä}l�G0æEæ�h+ëÈ���9�7�,�\X�����»'�Åh�ä æSRól.G
é%æ����¨:=DÌ>&6?8CÇPgCfa8c>&f2l9íeb�W�:=DEf�F=����Z\f?�
:~DEfo8JBE�¥·�f�F36^�c��<^:=>�DEfHg#F~Bcd}fHZL��Z$:=DEf�Z~<9�.fo<9ZL:~DEfo8JBE�¥·�f�F36^��>�DE�}d�gCF=f�8�69�ª��b w 6?F�fH<9>�D
>�DE�}d�g�8E6CgCf�¿a�ç6^���É�c:=DEf���<^:=>�DEfHg�F~Bcd}f��eZ¥è ���9�7�,�\XQç�à�àzê!��à�ã3�;»'�Åh�ëÈ���9�7�,�~X���»�¿a�Åh
���¨:=D�>�698CÇ�gCf�8c>�f?X°¿a�Åh@íeb

õ � � Þ �;�[K9�$�JÔªVzS3�k�=ÖåKC¢a£zO��kM3N

¤�DEf�]cF~6?·Ed}fa�ô6^��F=f�d�<rxCfag�F=BEdef¥��<r:�>�DE�e8E�2��Z�gCf&Çc8cfagÅ<?Z+��6?d}de6r�+ZaG�·S¸ ¹,º5»c¼hÌkÅ�Í ºb¾7Ì�º�º�Ðg¼
¾�÷3Ê5º²¼3¿,À!¾7Ì®¼�Æ7¾�¸ Ë�»bÂ5¸ º0ÌÒ¼0Ì®Æ�Â/÷�Ð0¼3»�½T¼U¾:¼0Ì�ø�º$¾@Â/º/¼�½"À'º�ÄªÅ/º0»,Æ�º_XZ Ð�ù�»�½�¾7Â,º�Í º�¼,À:¾KÌ�º0Í ¼=T,º/½EÌkÅ�Í º�À¾7Â,¼/¾KÆ$Ë5¹,º5Ì�XZ Ó
A+��698E����<98;�2F~fade<^xCfag¸F~Bcd}fHZ+>&6r�?f�F=�}8E�ÝXZ �P�7f¾��6C>&BPZ+698�ÇP8cgC�e8E��:~Dcf�d}fH<9Z\:+F~fade<^xCfag

F~BEdefaZ¥Z\�e8c>&f.:=DEf��È]EF=6r�;��gCf.��69F=f¡Z\]�fa>��¨ÇP>��e8C��6?F~��<r:=�}6?8Å:=Dc<^8Ê69:~DEfaF=Z�gE6cb$¤�6�Çc8cgÈ:~Dcf
d}fH<9Z\:0F~fade<^xCfagªF~Bcd}fHZ��7�7f�8EfafagU<�gE�eZ\:=<98c>&f���Bc8c>@:=�}6?8Y:~Dc<^:2��fa<?Z\BcF~fHZ.:~DEfÈgCf��?F~faf�6^�
F~fade<^xC<^:~�e698¸8Ef�fHgCfag¸��6?F�:~Dcf#F~BEdef#:=6¡>&6r�9faFeXZ b m 69:~f#:=Dc<r:�:~DEf�F=BEdef#DEfa<?g¸��DE6?Z~f#d}fa8E�^:=D
�eZL8E6^:LfH¦;Bc<^dr:=6 ¦ XZ ¦ ��<z�
·�f�Z\:~F=f&:�>�DEfag¾<^8Pg¾F~fade<^xJfHg
:~6�>�6r�9f�FjXZ bH¤�DEf�F=f&��6?F~f?�@:~Dcf�gC��Z�:�<^8c>�f��BE8c>@:=�}6?8¡Dc<?Z�:~6¥>�698cZ~��gCf�F�Z\:~F=f&:�>�DEfaZ�6^�yf�def���fa8?:�Z�<9d}6?8E�¾:~DEf+:~�e�.f�<rxC��Z�b3W
BcF7<^]c]EF~6;<9>�D
��69F¡F=f�d�<rxCfagåF~Bcd}f���<r:�>�DE�e8E�É>&6?8cZ\��Z\:=Z�6^��:��o6ÊZ\:~fa]cZa�%:~DEf§Z~fa<9F=>�DîZ\:~f�]Y<98cgÆ:~DEf�F=BEdef
f&xJ:~F�<9>&:~�e698�Z�:=f�]$�C��DE��>�D����}ded$·�f�gC��Z~>�BcZ~Z~fag2�e82:=DEf¾��69dede6r���}8E��Z~BE·cZ~fa>@:=�}6?8cZab

Þ �J�kK9�$KE¢��kÓ�MVU   KE�a�JÔÅ¢���Öå��Ò¥KCV,�B�kM3N�Ô1�[��¢HKEM�£?�Hü°S3M3£^¢��[ÓPMIØ�¤L6���fa<9Z~BEF=f�:=DEf�gCf��?F~faf
6^�RF~fade<^xC<^:~�e698.8Ef�fHgCfag���6?F%:~DEf�F=BEdef�DEfa<?g Xþ :~6¥>�6r�9faF"XZ �9�7f�]EF=69]�6?Z~f�<¾F~fade<^xE<r:~�e698Eq°faF~F=69F
·c<9Z~fagU:~�e�.fÊ��<^F=]E�e8E�ÆgC��Z\:=<^8P>&fÌ��BE8c>@:=�}6?8ón û�W X Xþ »9XZ h@����DE��>�Dð��Z¸��6JgE�¨ÇcfHgU��F=69� <98
69F=�}�?�}8c<9dJ:~�e��f+�o<9F~]c�}8E�#gC��Z\:=<^8P>&f���BE8c>&:~�e698§ä}lHnHæ���DEf�F=f�f�def���fa8?:�Z�<^F=f+<9Z=Z~BE��fag�:~6#Dc<z�?f
8;Bc�.faF~��>��r<^deBEfaZ�<98cg2:~DEfa�}F+gC��Z\:=<^8P>&faZ�<^F=f
��fa<?Z\BcF~fHg0·J�0¶�Bc>&de�egEfa<^8�gC��Z�:�<^8c>�f¾�.f�:~F=�e>9b



¨7Ø³Ø³Ø
X ��Y�M1�k¢��kÓ�Mó�P�[Z�¯®dz©�µÉ¬2´@ÍC«}©�yE©�¬0w Xþ ¬rµgw2¬2®³¬r´�z;©�®�yc©�¬0w2�©O\&Íc©�µ�±�©=XZ�] ¬2´~©�«}¬�ÎJ¬^®[¯kÏ^µ_^
©&´@´~Ï^´
`�¬z�©2w¡®°¯ x ©ba�¬r´°²R¯Âµ3zqwr¯�@®³¬rµ�±�©Un û�W X Xþ »XZ h�¯�Tw9©dc�µ�©2w2¬zfe&Ïr«Â«}Ïga�ih

n û�W X\¹[½&»a¹°½\h �ðm��
n û�W X Xþ »a¹[½~h �vn û�W X\¹[½&»XZ h��kj �
n û�W X Xþ »XZ h �vã û�W X Xþ ä¨l�æ°»9XZ ä}l&æ�hVRml_â�¡

nop oq
n û�W X Xþ »XZ ä n.G�§�æ�hn û�W X Xþ ä n.Gª§�æ°»9XZ hn û�W X Xþ ä n.Gª§�æ°»9XZ ä n�Gª§�æ�h\h

ã û�W X Xþ ä}l&æt»XZ ä}l&æ�h��v^Ui0X[¿aàrlq��à�ã��JX Xþ ä}l&æt»XZ ä}l&æ�h\hB§-^ai¡X��là�ã��JX Xþ ä}l&æ�h\h7�
^Ui0X[¿aàrlq��à�ã��JX Xþ ä}l&æt»XZ ä}l&æ�h\h7��Zo:~DEf¾F=f�d�<rxE<r:=�}6?8¡f�F=F~6?F769�L:=DEf¾d}6r�ofaZ\:o8c6JgEf¾>�698;:=<9�}8Eq

�}8E�.·�6^:~D Xþ ä¨l�æy<98cg\XZ ä}l&æt�C<^8cg_^ai¡X���à�ã3�JX Xþ ä¨l�æÂh~h7�eZ7:~Dcf�F=f�d�<rxE<^:~�e698¡faF~F=69F76^�$:=DEf¾d}6r�ofaZ\:
8E6CgCf�>&698;:�<^�e8E�}8c� Xþ ä}l&ætb$¤�DEf�F=f&��6?F~f?�gã û�W X Xþ ä}l&æt»XZ ä}l&æ�h��eZ�:=DEf�F=f�d�<rxE<r:=�}6?8Åf�F=F=69F��}8c>�F~fH<9Z~f
�}8cgEBc>&fHg2·J�¡F=f�d�<rxC�e8E�E��à�ã3�;X Xþ ä}l&æ�h�:~60¿aàrlq��à�ã3�;X Xþ ä}l&æt»XZ ä}l&æ�h@b
w 69Fyf�xE<^��]Edef9�&def&:LBPZ$>&6?8cZ\��gCfaFy:~DEf�¤3A��åZ\DE6r��8¾�e8 w �}�?BEF~f�nEb | fa>�<9BcZ~f�^Ui0X���à�ã3�JXkº
h~h

�eZ%mcb mcl7<^8Pgb^ai¡X°¿aàrlh��à�ã3�JXkº¥»'n0h~h�Xk�u^ai¡XKs
h\h���Z%mEb p9uc�/ã û�W X[º�»'n2h��îm�� p9u�§�mª� mcl@�
mEb p;{Jb3n û�W X Xþ »XZ h7>�<98¡·Pf¾>�<9de>�BEd�<r:~fHg�f&Ã¡>��}fa8?:=d}��·J�.:~DEf¾gC�J8c<9�.��>+]cF~6?�9F�<^�����}8E�¾:=fa>�DCq
8E�e¦;BEf�ä nræ?·c<?Z\fHg#698¾:=DEfoF~fH>&BEF=F~fa8c>&f%F=f�d�<r:=�}6?8�çCXQ�L»@tEh�X��h�òl?»=nC»��¥���e» ¦ Xþ ¦ �=tE��l?»=nC»��¥���e» ¦ XZ ¦ h@b¤�DEf7F=fa>�BEF=F~fa8c>&foF~fade<^:~�e698"çCX��L»�tEh3ÇPd}d�Z3�}8�:~DEf�:�<^·Edefo6^��>�BE�¥Bcde<^:~�e�9f�gC�eZ\:=<98c>&fHZ%<9Z�:~Dcf
>&69��]EBE:=<r:=�}6?80]EF=6C>&fafagEZabC¤�DEf�ÇP8c<^dy>&Bc�¥BEd�<r:=�}�?f�gC��Z\:=<^8P>&f9�çCX ¦ Xþ ¦ » ¦ XZ ¦ h@�C��Z7:~DEf#gCfa�9F=f�f
6^�F~fade<^xC<^:~�e69828Ef�fHgCfag2��69F Xþ :=6¡>&6r�?f�FcXZ bc¤�DEf#��<^]E]c�}8E��69��f�def���fa8?:�Z�:~DP<r:+�9fa8Ef�F�<r:=faZ7:~Dcf
�.�e8E�e�¥BE�ôgC��Z�:�<^8c>�f�>�<98�·Pf#:=F=<?>&fHg0·c<?>�_J�o<9F=g2�}8�:=DEf¾:=<9·Edef#q7>�DE6J6?Z~�e8E�.:~DEf�]cF~fa�;�e69BPZ
>&f�ded�Z����}:~D�:~Dcf+d}6r�ofaZ\:�>&Bc�¥BEd�<r:=�}�?f+gC�eZ\:=<98c>&f?b?¤�DEf�F=fa>�BEF=F~fa8c>&f�F=f�d�<r:~�e698HçCXQ��»�tEh���69F�>a<^d}q
>&BEd�<r:=�}8E�an û�W X Xþ »XZ hLDc<?Z�>�69��]EBC:�<r:~�e698.>&6?�.]cd}f�xJ�}:��"ú�X ¦ Xþ ¦¥¦ XZ ¦ h&b w �}�?BEF~f�v+Z~DE6r�+ZL:~DEf�>&BCq�¥BEd�<r:=�}�?f¥gC��Z�:�<^8c>�f�:=<9·Edef���69F�>&6?�.]cBC:~�e8E�_nHû�W+X Xþ �ö¹°¿�»~º�»�i�»'n§»~º
½&»XZ �À¹[¿�»�i�»~º�½\h
<^8cg§:~DEf�·�faZ\:���<^]c]E�}8c�269�7f�def���fa8?:�Z�b Xþ ��Z�>�698J�9faF\:=fag�:=6 Xþ `3·J��F~fade<^xJ�e8E�0:~DEf�Z~fa>&6?8cg
<^8cg.:=DEf+��6?BEF\:=D�f�def���f�8;:�Z%:~6 Ü <^8cgEf0�9F=faZ~]PfH>@:~�e�9fad}�?�?<98cgsXZ �eZ7>&698J�?f�F~:~fagsXZ `P·J��F=f�]Ede�}q
>�<r:=�}8c�
:=DEf�ÇcF�Z�:�<98cg�:~DEf+Z~fa>�698cg¥f�def���f�8;:=Zab m 6r�#�1XZ `C�eZ%>�6r�9faF~fHg�·J� Xþ `kb9¤�Dcf�F~fade<^xC<^:~�e698
f�F=F~6?Fo�e8c>�F~fH<9Z~f���6?F+>&698J�?f�F~:~�e8E� Xþ :=6 Xþ `$�eZ�mcb v9m�<98cgy�C:=DEf�F=f&��6?F~f�n û�W X Xþ »XZ h�� mEbüv^mcb
I$�JKCVr£zOrütÓPV
¢HO���M��JKCVr�J�a¢+VrS��[�¥O3�;KcÔ�Ø�¤�6��?f�8EfaF=<^:~f�:~DEf7d}fH<9Z\:�F=f�d�<rxCfag¾F=BEdefaZa�a�of�ÇcF�Z\:
:~F�<z�9f�F�Z~f7:=DEf�F=BEdef�:~F=f�f+:~6#Çc8Pg�:~DEf�F~BEdef+DEfH<9g Xþ :~Dc<^:7F=fa¦;BE�eF~fHZ�:~DEf
d}fH<9Z\:�F~fade<^xE<r:~�e698.:=6
>&6r�9faF�<.:=<^F=�9f�:�DEfa<?g¸Z~fa¦;BEfa8c>&flXZ b�¤�DEf�Z\�e���}d�<^F=�}:��¡��<r:=>�Dc�}8E��<9d}�?69F=�¨:=DE� ÿN�)� �vuÌXk×+BEd}f
¤LF=f�f � 8cgCf�x0��6?F
�J�e�.�ed�<^F=�¨:��¡��<^:=>�DE�e8E�;ho��Z��?�}�?f�8¸�}8�A+de�96?F~�}:~Dc� nCb m 6^:=f¾:~Dc<^:�<.:=<^F=�9f�:
DEfa<?g¥Z~fa¦;BEf�8P>&fcXZ �eZ�>�698J�9faF\:=fag¾:=6
:=DEf�>&69��]c<?>@:�F~fa]EF=faZ~f�8;:=<^:~�e698 X��Xk�¾¿�X�Î+X/XZ h\h~h�·Pf���69F=f
·Pfa�9�e8E8E�e8E�Ê:~DEf§Z~fa<9F=>�DÆ]EF=6J>�faZ=Z�b%¤�DEf§<9d}�?69F=�¨:=DE�ç��<^�e8;:=<^�e8cZ.:=DEF~faf��9de69·c<9d��z<9F~��<^·cd}fHZ
gCBEF=�}8E���}:=Z¡f&xCfa>�BC:~�e698$G�:~DEfÅ>�698J�9faF\:=fagå:=<9F~�?f&:�DEfa<?gîZ\fH¦?Bcf�8c>�f X���%:~Dcf§8Efa<9F~fHZ�:�F=BEdef
DEfa<?g Xþ ��69Bc8cgÆZ~6Ì�k<^FH��<98cgÉ�}:=Z�gE�eZ\:=<98c>&f=Ãóâ�¡×nEâ:w�ê¾��F=69� X�.b�¤�DEf¸ÇcF=Z\:�>�<^dedo:~6È:~Dcf
<^de�969F=�}:~DE�öDc<?Z�:��o6.<9F~�?BE��f�8;:=ZaGCF~6J69: m 6CgCf#<98cg0fa��]C:��C¤�<9·Ed}f?b
¤�DEf�<9d}�?69F=�¨:=DE� Z\:=<9F\:�Z���F=69� :~DEf�F~6J69:�8E6CgCf9b�ËYDEfa8Å�}:
�J�eZ~�}:=Z�<�8E6CgCf9���}:��e8cZ~]PfH>@:=Z

fa<9>�DÆ>�DE�}d�g�8E6CgCf2:~6ÅÇc8cgÆ<§8EfH<^F=f�F¥F=BEdef2Dcfa<9gå<^8cgÊ:=6ÈgEf&:~faF~���e8Ef0�}�+��BEF~:~Dcf�F��96?�}8E�9q
gC6r��8Å:=DEf�:~F=f�f���Z#8EfH>&faZ=Z=<^F=�9by�$f�:�BcZ#<9Z=Z\Bc�.f.:=Dc<r:#:=DEf¡Z\fH<^F�>�DÌ<9d}�?69F=�¨:=DE�*f&xE<9�.�e8EfHZ
:~DEf�>�DE�edeg�¿a� 69�E:~DEfo8E6CgCfK��br¤�DEf7ÇcF=Z\:%Z�:=f�].�eZL:~6�·EBE�edeg.<�>&BE��BEde<^:~�e�9fogC�eZ\:=<98c>&f7:=<9·Edef
��69F�����$�/�~X���»�¿a�Åh�X�de6C>�<^:~fag�6?82x�q³<rxC�eZ�h%<98cg X�ÀX�de6J>a<r:=fag�698Sy�qt<^xJ��Z�h@b � �×�ô��Z%:=DEf+F=6;69:



Ø{z

0.470

0.44

0.88

1.25

1.69

0.67 0.47

0.44 0.88

0.50 0.81

1.17 0.50

0.71

D

E

A

C

A

C E A

(a) Cumulative distance table for computing

      DRE(<C,A,E,D,A>,<C,E,A>)

q
->

= < C,         E,        A>  

h
->

 = < C,  A,   E,  D,  A> 

(b) Mapping of elements

q
->

’ = <  C,   C,  E,  E,  A>  

h
->

’ = <  C,   X,   E,  Y,  A>  

(c) Mapping of elements after
     time warping and relaxation

h
->

q
->
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