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[^a�op~�jqb J u �¢J z�y;_�ed[ M a
i=c=y J yn] J uquqc=eQØ�b\c=eden[^e\bd~ JÎK uqj K Ì
c J eXenc=o^enc=ydynjk[ K � M j M7K [pb;i=[ K xpc=edopc è ÷Qjqo^a�enc �^é ��ê¢~
cwç�a JLM e J bnjqi\É¥a K i=bnjq[ K �Lj K bnedz�j K oFbd[Ö}�[pbd~
}Ic#� J b;j K bn~�cw]`j M�M uqcX[ÎÉ�ynb J bncwyn_ J i=c JÎK�M }Ic K�M�M [ �¢K bn[ �hJ e Mb�ÖJ b\bd~�cÔo^[ J u�if[^e K c=e��
]7a�ydb
i=[p]�_Ic K y J bdc`}�z#a K�M c=enc=ydbnjk] J bnj K o�bd~�c`x J uqa�c=y J b1bd~
c�i=[pe K c=e7[p_�_I[^ydjqbnc�bd~
c�op[ J u �úê¢~�c=ync
a K�M c=edc=ynbdjq] J bdc=yÔbn~�c K c K u J edo^c1[ K c J i´~�jqbdc=e J bnjk[ K � J yÔbd~
c7[ K c�Ì{ydbnc=_�l | uq[�[^Ï J ~
c JLM ymc=eden[LÌ
K c=[pa�yduqz�j K�M jqi J bdc1bd~ J bw_I[^j K bdywi JLK uk[ � c=embd~�c=jqeÔc=Ñ�_Ic=i=bdc M i=[^ynb{Ì{bd[LÌ{o^[`}�z�ydbnc=_�_�j K o�É J enbd~�c=e
J?�¢J z1É¥ed[p] bd~�cÔop[ J u{�Qê¢~�cFenc=yda�uqbnj K o7_�[pukjqi=z7jqy JLK bdj¾Ì{[^_�bnjq] J u{�
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Iteration 17
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Ó{b¢] J z1ydcfc=] J y¢bd~�[pa�o^~�bn~�c M jqx^c=eno^c K ifcF[LÉÃyd]�[�[pbd~�x J uqa�cwjqbdcfe J bnjq[ K yn~�[ �¢K�J }I[Lx^cmi JLK }Ic
J bnbdenjk}
a�bdc M bn[�bn~�c7o^uq[^} J u KIJ bda
edc7[LÉ\_�[pukz K [p]�j J u�enc=o^enc=ydynjq[ K �1Ó K É J i=b?� � ~�c K bn~�c M [^] J j K
jqyX] JLM cmyduqjqo^~�bduqz1uqc=ydy¢bnedjqx�j J u{�^bn~�cÔy J ]`cwb{z�_Ic=yw[ÎÉ�j K ydb J }�jquqjqbdjqc=y J _�_Ic J e � jqbd~�c=xpc K�J ~
jkop~�uqz



ê J }�uqc ��+ g�a�]`] J edzF[ÎÉ�i=[ K xpc=edopc K i=c1edcfyda�uqbdy + g�]`[�[^bd~7x J uqa�cwjqbdcfe J bnjq[ K
lw[p] J j K û�j K c J e �ma JLM e J bnjqi ûLÕ ã ý¢J i�Ï�_�en[^_
� Ìdl�o^enj M�� [pedu M uka
i´Ï�z M jkxpc=edopc op[�[ M uqa�i�Ï�z
� Ìdl�_�a M
M uqc � [^enu M å å M jqx^c=eno^c M jqxpc=edopc
Z J e{Ì{[ K Ì bn~�c�Ì{~�jquku å å op[�[ M M jqxpc=edopc

uq[�i J u�]`c=]�[pedzpÌ } J ydc M É¥a K i=bdjq[ K�J _�_�ed[LÑ�jq] J bd[pe;yda�i�~ J y¢uq[�i J u � c=jqo^~�bdc M edc=opedc=ynydjq[ K è ûLÕ ãmé
ü Z\uqc=x^c=u JÎK�M�JÎK�M lwcfukx�j K � �?ÿ� ! �� �`÷�jqopa�edc � yd~
[ � yFbd~�c`i=[ K bnj K a�[pa�yÔo^enj M
� [pedu M�J a�o^]`c K bdc M
bd[1j K i=uqa M cÔb � [	[Lx J uz�n_�a M�M ukcfy��1bd~�en[^a�op~ � ~
jki�~`jkb¢jqy\i=[^ynbduqz�bn[	ynbdc=_Q� � uqbn~�[^a�op~�ûÎÕ ã i JLK
Ø�b¢bn~�cFi=[pededcfyd_I[ K�M j K o (*) É¥a K ifbdjq[ K�K c J eduqz�_Ic=eÊÉ¥c=i=bnukz���yn]�[�[^bn~�x J uka
cwjqbdc=e J bnjk[ K�� jkbn~�ûÎÕ ã
K [ K c=bd~
c=uqc=ydy;enc=uqj J }�uqz M jkxpc=edopc=y���� K JÎK [^bn~�c=eÃb � [LÌ M jq]�c K ynjq[ K�J u M [p] J j K ��bd~�c\i J eÊÌ [ K Ì{bd~�c�Ì{~�jququ
è ÷Qjqo^a
edc �pé ��yn]�[�[^bn~�x J uka
c·jqbnc=e J bdjq[ K�� jqbd~�ûLÕ ãYM j M if[ K x^c=eno^c^�
}�a�b J1K c=a�e J u K c=bmbde J j K c M
}�z�} J i�Ï�_
ed[^_ J o J bdjq[ K7M j M�K [pb è ync=c	÷Qjqo^a�enc �pé �Ãê J }
ukc � yda�]`] J edjqÐ=c=y;[pa�e¢edcfyda�uqbdy?�
Ó K uqjqo^~�bF[ÎÉwyda�i�~�c=Ñ�_Ic=edjq]�c K bny�� � c�i=[ K ifuka M c�bn~ J b1bd~�c�ynbde J jqo^~�b{É¥[pe �¢J e M i=[^]7}�j K�J bdjq[ K [LÉ
l |�JLK�M ÉAa K i=bnjk[ K�J _�_�en[LÑ�jq] J bdjq[ K jqy K [^bFen[^}�a�ynb�� � opc K c=e J u¾Ì{_�a�ed_I[^ync�uqc J e K j K o�]`c=bd~
[ M
� jququ�edc=ç�a�jqencwc=jqbd~
c=e¢a�ydj K o J É¥a K ifbdjq[ K�J _�_�ed[LÑ�jq] J bd[pe�i=[ K ydbne J j K c M bd[1}Icwed[p}�a�ynb M a
edj K o	l |
ü Ð c=c^� �?ÿ^ÿ^� � �I[^e JÎKÞJ uqop[^edjqbn~�] � ~�jqi�~�c=Ñ�_�uqjqi=jqbduqz�_
edc=xpc K bdy M jqx^c=eno^c K i=c7c=x^c K j K bd~�csÉ J i=c1[LÉ
jq]�_Ic=e{ÉAc=i=bÔÉ¥a K i=bdjq[ K�J _�_�ed[LÑ�jq] J bdjq[ K ��yda
i´~ J yFbn~�c�×Ôen[ � ÌÊg�a
_�_�[pedb J uqo^[^enjqbd~�] � c7_�edcfydc K b
j K g�cfi=bdjq[ K�� �
] C ] fre#x\B�sve#` TÑp{fhÒ
ê¢~�c=[pedc=bnjqi J uquqz���jqb¢jqy K [pb¢yda�en_�edjqydj K o7bn~ J b¢j K ync=edbnj K o J yd]`[�[pbd~�j K oÖ_�ed[�i=c=ynyÔj K bn[ J enc=i=a�enydjqx^c
l | _
ed[�i=c M a
edc¢i JÎK uqc JÎM bn[·bned[pa�}�uqc^�QÓ K�ü ê¢~�eda K7JLK
M g�i�~ �¢J edbnÐ^� �?ÿ^ÿ^��� [ K c\i J yncXjqy JLKIJ uqz�Ð=c M
� jqbd~Fbn~�c J ydyna�]�_
bdjq[ K bd~ J b�cfeded[pedy M a�cXbn[¢É¥a K i=bdjq[ K	J _�_
ed[LÑ�jq] J bnjq[ K }�j J y J encXj K�M cf_�c K
M c K bduqz
M jqydbnedjq}�a�bnc M � �mK [^bn~�c=e J edc J [LÉ�bd~
c=[^enc=bdjqi J u JÎK�J uqz�ydjqy�if[ K i=cfe K y\j K�JLM cfç�a J bdcfukz J _�_�en[LÑ�jk] J bnc M
(*) ÉAa K i=bnjk[ K y��QÓ K ü g�j K op~ JLK�M Ð c=c^� �?ÿ^ÿ	� � JÎK�M ü Õ)jqukuqj J ]7y?� ��ÿpÿ^� � }�[pa K�M y J edc M c=edjqxpc M É¥[pe�bd~
c
] J Ñ�jk]1a�].edc M a
i=bdjq[ K j K [^_�bnjq] J uqjqb{zFbn~ J b¢i JÎK }�cF_
ed[ M a�i=c M }�z J o^jqxpc K c=eden[^ewj K É¥a K i=bnjq[ K
J _
_�ed[LÑ�jq] J bdjq[ K �\ÓAÉ J } J ynjqywÉAa K i=bnjk[ KÞJ _
_�ed[LÑ�jq] J bd[^e\jqyÔa�ydc M ��bd~�c K bn~�c	enc M a�ifbdjq[ K i JÎK }Ic
u J eno^c ü g J }Ic=y�� ��ÿ^ÿp� � ��ê¢~�cfydc�enc=yda
ukbny J ynyda�]`c	opc K c=e J uqjqÐ J bnjk[ K É¥ed[p] J�MIJ b J ydc=b1i=[ K b J j K j K o
bdena�c1[^_�bnjk] J uIx J uqa�c=y?ùIbd~�cFbneda�c1edcfj K É¥[^eni=c=]�c K bmuqc J e K j K o7ydi=c K�J enjk[`jqywc=xpc K ~ J e M c=ew}Ic=i J a�ydc
c J i´~�jqbdcfe J bnjq[ K [LÉ;l | enc=ç�a�jqedc=ymjkbny¢[ �¢K É¥a K i=bdjq[ KtJ _�_�en[LÑ�jq] J bdjq[ K �
Ó Ü��Ô�ÖÕ Ý�ßÁ×ÙØ��¢á�ÚÁÚ�ß�Ý�Ü ��� ÕËß�Ý�Ú^Ü��Ô�
ê¢~�c¢×Ôed[ � Ìdg�a�_
_�[pedb J uqo^[pedjqbd~
]Ëjqy M c=ynjko K c M bn[·if[ K ynbdeda
i=b;bd~
c¢[^_�bnjk] J uLx J uka
c;É¥a K i=bdjq[ KF� jqbd~
J opc K c=e J uqjqÐ=j K o¢ÉAa K i=bnjk[ K	J _
_�ed[LÑ�jq] J bd[^e � ~�jquqc;}Ic=j K oÔed[^}
a�ydb JLK
M ydb J }�uqc^�QÓ{bÃedc=i=[po K jqÐ=cfy;bd~ J b
É¥a K i=bdjq[ K�J _�_�en[LÑ�jq] J bd[pedyÔi JÎK�K [^b J u �¢J z�yF}�c`edc=uqjqc M a�_�[ K bn[�Ø�b1bd~�c�j K bdc=en]�c M j J bdc7x J uqa�c
É¥a K i=bdjq[ K yw_�en[ M a�i=c M }�z�l | ��Ó K ynbdc JÎM �Ijkb J ynyda�]`c=yw[ K uqz�bn~ J bmbd~�csÉ¥a K i=bnjq[ KÞJ _�_�ed[LÑ�jq] J bd[pe
i JÎK edc=_
edc=ync K b;bd~�cOØ K�J u ( )ÃÉ¥a K i=bdjq[ KsJ i=i=a�e J bnc=uqz��Qê¢~�c;yn_�c=ifjºØIiX_�enj K i=jq_�uqc=y�[ÎÉ�×Ôed[ � Ìdg�a�_�_I[^enb
J encÔbd~�c=ync +

� �\Õ#c·] J j K b J j K7J �dyda
_�_�[pedb��7ydc=bm[LÉ�ynb J bdc=y � ~�[^yncwØ K�J u (S) x J uka
c=y¢~ J x^cm}�cfc K i=[p]7Ì
_�a�bdc M ��ynb J enbdj K o � jqbn~�o^[ J u�ynb J bdc=y?� JLK
M o^en[ � j K oÔbd~�jqy\ydc=b¢[pa�b;ÉAed[^]�bn~�cwop[ J u{�Qê¢~�c
Ø�bdbnc=e¢jqy;bde J j K c M [ K uqzF[ K bd~�c=yncÔx J uqa�c=y?� � ~�jqi�~ � c J ynyda�]`c¢jqb�jqy\i J _ J }�uqc¢[LÉ�ØIbdbdj K oI�

� �\Ó K ydbnc JLM [LÉw_�en[^_ J o J bnj K o�x J uka
c=yF}�zÞ[ K c�Ì{ydbnc=_�l | } J i´Ï�a�_
y�� � c`a�ydc7ynjk]7a
u J bdjq[ K y
� jkbn~Þbn~�c1i=a�edenc K b	opedc=c M zÞ_I[^uqjqi=z���i J uqukc M �ned[^uquq[^a
bdy��I�Ôê¢~�c=z�cfÑ�_
ukjqi=jqbnukz�xpc=edj¾É¥z�bd~
c
J i�~�jqc=x J }
jkuqjqb{z�[ÎÉ J ydb J bnc�Û y·if[^ydbÊÌ bn[LÌ{o^[`c=ydbnjk] J bnc·}Ic�É¥[pedc JLM�M j K o7bd~ J bwydb J bnc	bn[�bd~
c



yda�_�_I[^enb��ÃÓ KFJ ed[puquk[pa�b��fbd~�c ( x J uqa�c=y J enc M c=enjqx^c M ÉAed[^]Yi=[pydbdyQ[LÉ J ifbda J u^_ J bd~�yQbd[¢bd~
c
o^[ J u{� K [^bäÉ¥ed[p] bd~
cFx J uqa�c=y¢[ÎÉ�bn~�cÔ_�edc=x�jq[^a
ywjqbdc=e J bnjk[ K Û y;ÉAa K i=bnjk[ K�J _�_�ed[LÑ�jq] J bdjq[ K �
ê¢~�jqy¢_�edc=xpc K bdy M jqx^c=eno^c K ifc^�

� �\Õ#c7b J Ïpc�] J Ñ�jq]	a�] JLM x JLK b J o^c1[LÉwo^c K c=e J uqjkÐ J bdjq[ K �ÁÜ J i�~#jqbdcfe J bnjq[ K � � c JLM�M bn[
bd~�c�yda
_�_�[pedb7ync=b JLK z#y J ]�_�uqc7ynb J bnc � ~�jqi´~�i JLK �;}�z#c=Ñ�c=i=a�bnj K o J ynj K o^uqc J i=bdjq[ K �
edc J i´~ J ynb J bnc�bd~ J b	_ J ydync=y�bn~�c�ed[^uquq[^a
bFbdc=ynb���Ó K�J�M jqyni=edc=bnc�c K x�jqed[ K ]�c K b��Ãbn~�jqy
� [pa�u M i J a
ydc7bd~
c7yda�_�_I[^enbÔydc=bFbn[�c=Ñ�_ JLK�M j K [ K c�Ì ynbdc=_#if[ K i=c K bnedjqiÅ�dyn~�c=uquqy���} J i´Ï
É¥ed[p]Vbd~
c7o^[ J u{� ý a�bÖj K [^a�eÔi=[ K bnj K a
[^a�yÔi J ydc^�Ãbn~�cFÉAa K i=bnjk[ K�J _�_�en[LÑ�jq] J bd[pe¢] J z
}�c J }�uqcFbd[`c=Ñ�bde J _�[pu J bdc1i=[pededcfi=bduqz � c=uquÃ}Ic=z^[ K�M bd~
c	yna�_�_I[^edbÖedc=opjk[ K å JLK�M�� ~�c K
bd~�jqy\~ J _�_Ic K y?� � cwi JÎK�JÎM�M ] JÎK zÖ_�[pj K bnyXbn[	bn~�cwyna�_�_I[^edb¢ync=b J b\[ K i=cp�Ãê¢~�jqyXuqc JÎM y
bd[�bd~�c�x^cfedz M c=ynjqe J }
ukc�}Ic=~ J x�jq[^e1bd~ J b	bn~�c�yda�_
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Iteration 1, |Support|=4
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Iteration 2, |Support|=12
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Iteration 3, |Support|=256
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Iteration 1, |Support|=3
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Iteration 2, |Support|=213
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Iteration 5, |Support|=253

0
0.2

0.4
0.6

0.8
10

0.2

0.4
0.6
0.8
1

0
10
20
30
40

0
0.2

0.4
0.6

0.8
1�����;�����#Ï!�/Þ����L�Uµàß��!¤�¤E�L���Z������� È É�ÊW�;�{�������-���;µ_¤������	���8�;���������;�����E°�¥-º��� ´¤I¡;���������L�!���#Ä!° ª

Iteration 3, |Support|=79
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Iteration 8, |Support|=134
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Iteration 14, |Support|=206
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bd~
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Ó K ÷Qjqo^a
edc  � J ukuI}�a�b\bd~
edc=cF_I[^j K bdy J enc JLM�M c M bn[	bn~�cÔyda�_
_�[pedb � jqbn~�j K [ K uqz1Ø�xpcwjqbdc=e J bnjk[ K y��
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