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^ bed _ j5df�gOj5�Cf�sZdLu�j5|Lf�j5�Cf�sGdLu�n+l:btxylwvC��fo|'j5df�b�sw|Lf�jCz �En�vC|'ztg�f�sZ�`be|Lv7s:acf�sZdLu�	 ��vC|'bt�CvPjCs:g � v7zev7a�.�foddLb
Fdc2c,L � G ^`_ x'lSj5�Cf�sZdLui|Lf�x�f�bt�Cfkuf�sIuvC|L/ bts { vC|'acj5dLbtv7s { |'v7a dLlmfOf�sZ�`be|Lv7sIa�f�sZdPjCs:g dLjH^Cf jCx�dLbtv7s:u dv
j ��f�x�dcdLlIj5d f�sG�`be|Lv7s:a�f�sGd G N /G�4btxojCztze/�n�vC|_^ v7s g:fo�Cf�zevC�Ibtsm� uLbed _ j5df�g j5�Cf�sZdLucb�u�x�v7s:g _ x�df�g n+bedLlIbts
dLlmf { |'jCa�fon�vC|_^cv { jCsIbtacj5d�vC|�a�vC.4btzef�|LvC.�vCd�d?/0��f�dLjCu ^`u�n+lmfo|Lf�dLlmf,j5�Cf�sZd%a�vA�Cf�u%bts bedLu�f�sG�0be|'v7s:a�f�sGd
j5ddf�a��:dLbtsm� dv j��Cv7btgqg:jCsm�Cfo|'u#jCsIg jCx'l:befo�CfX�Cv7jCztu 	}prbtztuv7s Fdc2c F � ��vC|'bt�Cv Fdc2c2R � G � gmf�jCztze/ u _ x'l
j5�Cf�sZdLu�uLlmv _ ztg�.�f�btsZdf�z�ztbe�Cf�sGd�f�smv _ �7lcdv�.�f�xoj5�Ij5.Izef�v { jCx�dLb�sm��jCu$uLfo|L�0b�x�f+j5�Cf�sZdLu��0|'fo�IztjCxobtsm��l _ acjCsIu
dvc��fo| { vC|yaUdLjCu ^0u+n+l:btxylwj5|Lf�g:jCs:�Cfo|Lv _ u%vC|+b�sZ�Cv7ze�Cf�gm| _ gm�Cfo|'/ 	 	�f�x_^Cfo|�fod+jCz G&Fdc2c2c � G
� vAn�fo�Cfo|�� dLlmfcx�v7ac�Izef]ambedLbef�u,v { |Lf�jCz �En�vC|'ztg�f�sG�0bt|Lv7s:a�f�sGdLu l:j��CfPztj5|L�Cf�ze/O|Lf�ud|'b�x�df�g�dLlmf _ uf�v { uLbtd _ �
j5df�gXj5�Cf�sGdLu�dvO|Lf�ztj5dLbe�Cf�zt/ x�v7sGd|Lv7ztztf�g�f�sZ�`be|Lv7sIa�f�sZdLu�u _ xyl jCu�v 	Px�f�u�jCs:gXa _ uf _ acu 	 { vC|�f]amjCa��IztfC�
hObtz�z��jCs�	 Fdc2c,L � � G N lmf�uf�x�v7a��Izef]ambedLbef�u�bts:xoz _ gmf�jiztj5|L�Cf�udv`x'l:jCudLb�x uLdLj5df�uL�IjCx�fC�&smv7btu/wf ��f�x�dvC|'u�jCsIg
uf�s:uvC|'u��	x'l:jCs:�7btsm�wf�sG�0be|'v7s:a�f�sGdLuo��jCs:g�u'btacbtztj5| uf�sIuvC|L/ uLbed _ j5dLbev7sIu bts n+l:btxyl�uv7a�f { vC|'a v { uLlmvC|'d �
dfo|'a a�f�acvC|L/\btu |Lf�� _ be|'f�g�dvOgmfodfo|yacbtsmf�dLlmfPx�vC|L|Lf�x�d jCx�dLbev7s GKN lmf s:fof�g { vC| uLl:vC|Ld �Edfo|'a acf�a�vC|L/
btu�xojCz�zef�g 	 � � � � 	 ��� ����� ��� � ��� � ��� vC| 
 ����� � � �����	��� �,uLbtsIx�f�uv7a�f�bts { vC|'acj5dLbtv7s�smf�x�f�uLu'j5|L/ { vC|�dLlmf�j5�Cf�sGd�dv
acjH^Cf�j\gmf�xob�uLbev7s btu�l:b�g:gmf�s { |'v7a bed G � uLbed _ j5df�g j5�Cf�sGd a _ udcg:f�jCz%n+bedLl jCztz�dLl:f�uf�x�v7a��Iztf]a`bedLbtf�u
n+l:btzef,x�v7sGdLbts _ btsm��dvc.�f,|Lf�jCx�dLbe�Cf G 	�f�bts:� |'f�jCx�dLbe�Cf�a�f�jCsIu�dLl:j5d+jCx�dLbev7s:u+j5|Lf�uf�zef�x�df�g�n+bedLl:btsPj�uLacjCz�z
x�v7s:udLjCsGd+dLbta�fC�:uLv jCu%dvc|Lf�uL��v7sIgwj5�:�:|LvC�:|ybtj5df�ze/ dv |Lf�jCz �EdLbta�f�xyl:jCsm�Cf�u 	���j5f�ze.Iztb�sm� Fdc2c ¡ � G
N |'jCgIbedLbev7s:jCztzt/C�Iufo|L�`btx�f�j5�Cf�sGdLu { vC|�x�v7sGd|Lv7ztzef�gOf�sG�0be|'v7s:a�f�sGdLu 	 u _ x'l jCu+|'vC.�vCdLu ��l:j �Cf�.�fof�s��:|LvA�0btg:f�g
n+bedLl l:jCs:g��?x�v`gmf�g uv7z _ dLbev7s:u G � v n�fo�Cfo|��%l:jCs:g��?x�v`g:btsm� x�v7sGd|Lv7ztzefo|'u { vC|cuLbtd _ j5df�g j5�Cf�sGdLu bts _ s:x�v7s��
d|Lv7ztzef�gkf�sG�0be|'v7s:a�f�sGdLu l:jCu,.�fof�skztf�uLu u _ xox�f�uLu {}_ z G�� jCsIg��?x�v0gIbtsm�P|Lf�� _ be|Lf�u,jCs _ s:gmfo|yudLjCs:g:bts:�cv { dLl:f
�:|LvC.Izef�a n�l:btx'l b�u�uv\gmfodLjCbtzef�g dLl:j5d bed�acjH^Cf�uPacjCs _ jCz%u��f�xob�~4xoj5dLbev7s f]a`d|Lf�a�f�zt/ gIb 	 x _ zed 	 N lm| _ s
Fdc2c,L � G � _ |LdLlmfo|ya�vC|LfC�	�4jCud�j5ddf�a��:dLu�dvOx�v`gmf b�sZdf�ztz�be�Cf�sZd�j5�Cf�sGdLu { vC| smv7s��?uLbed _ j5df�g\gmv7acjCbtsIu�l:j��Cf
|Lf�u _ zedf�g bts j5�Cf�sZdLucn+lmv7ufP.�f�l:j��`bev _ |�btu�.:|'beddLzefPjCs:g g:b 	 x _ zed�dv�x'lIjCsm�Cf 	 � v7ztz�jCs:g Fdc2Q2T � P�btztu'uv7s
Fdc2c2R � G
� d$j5�I��f�j5|yu�dLlmf+a�v7uLd��:|Lv7acb�uLbtsm� a�fodLlmv`g { vC|�gmfo�Cf�ztvC�Ibtsm��uLbtd _ j5df�gcj5�Cf�sGdLu�btu�dv�jCztzevAn u _ xyl j5�Cf�sGdLu$dv
zef�j5|'s#uv7z _ dLbev7s:u%dv �:|LvC.Izef�a u { vC|�dLlmf�acuf�zt�Cf�u G � v n�fo�Cfo|���dv gmv dLl:btu%n+btdLl:btsijc�:|yjCx�dLbtxojCz�dLbta�f { |'jCacf
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|Lf�x�f�be�Cf�g#n�bedLlwjCs:gwn+btdLlmv _ d�dLlmf�f]a`d|'j���fo|'x�fo�:d�b�s { vC|yacj5dLbev7s G
��� N |Lfof�dLlmfo|'f { vC|Lf�jCztzev n�u�j���fo|'x�fo�:d _ jCz�ze/ jCztbtjCuLf�g#udLj5df�dvc.�f _ sIbt� _ f�ze/ btgmf�sGdLb�~If�gP.0/ f�btdLlmfo|
bts:x�vC|L��vC|'j5dLbts:��jCgIg:bedLbev7s:jCz�bta a�f�g:btj5df�ze/Pj��5jCbtztj5.Iztf { f�j5d _ |Lf�u+vC|�.0/ib�sZd|Lv`g _ xob�sm� acf�a�vC|L/Pv { |'f�x�f�sZd
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udLj5dLbtudLbtxou+j5|Lf�x�v7ztzef�x�df�g�.G/il:j �0bts:�cj�~�a`f�gwuLb "of { |'btsm�Cf _ sIgmfo|%dLlmf�zef�j { smv`gmf�u�v { dLlmf
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l:j��Cf�.�fof�swb�s:xoz _ gmf�gijCu ��v 	PxobtjCz	zef�j �Cf�u��c.0/P�:|'bevC|�uLbt�7s:b�~4xojCs:x�f,df�udLb�sm� G N lmfo/ibts:xoz _ gmf,jCg:g:bedLbev7sIjCz
{ f�j5d _ |'f�u%vC|+a�f�a�vC|'/ dLl:j5d+uLdLj5dLbtudLbtxou%j5|Lf�x�v7z�zef�x�df�g { vC| G � { j { |'btsm�Cf smv`gmf,�:|LvA�Cf�u�uLbe�7s:be~4xojCsZdo�`dLlmf�swbtd
btu%bts:xoz _ gmf�gibtsidLlmf�d|Lfof�jCu�jcsmfon ztf�j { jCs:g#dLlmf { |'btsm�Cf btu�f]a`df�s:gmf�g�v7smf�zefo�Cf�z { _ |LdLlmfo|%v7s�dLl:j5d
.:|'jCs:xyl G
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^ J	� � �m. _ d%dLl:f�zef�j5|'smf�gwuLd| _ x�d _ |Lf�u+xojCsw.�f�g:b 	 x _ ztd�dv btsZdfo|'�:|Lfod%jCs:g#uLxojCz�j5.IbtztbedJ/ dv x�v7ac�Izef]a
f�sZ�`be|Lv7s:acf�sZdLu�b�u�/Cfod+dvc.�f�jCg:gm|'f�uLuf�g G
� b�s:bedf��?udLj5df�x�v7sGd|Lv7ztztfo|'u�j5|Lf ~�s:bedf��?udLj5df�j _ dv7acj5dLjc|Lfo�I|Lf�uf�sGdLbtsm�cj���v7ztbtx�/ n+lmfo|Lf dLlmf�udLj5df�u+j5|Lf
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Fdc2c2c � G � jCs:uf�s 	 Fdc2c2Q � _ uf�u+j���v7ztbtx�/ bedfo|yj5dLbev7s#jCze�CvC|'btdLl:a dv btac�:|Lv �Cf�j�~4s:bedf��?udLj5df�x�v7sZd|Lv7z�zefo|�.0/
jCg:g:btsm�m�mxyl:jCsm�7btsm� jCs:gi�:| _ sIbtsm��j _ dv7acj5dv7skudLj5df�u 	}dLl:b�u�btu%jcuf�j5|yx'l�gIbe|Lf�x�dLze/Pbtsi��v7ztbtx�/
u�IjCx�f � 	BJ _ uf�s:j`� N v7sm�m� ^ btddLbtsm�Cfo|��mp�f�ztz�uo�:jCs:g ��v7z�g:uLacbedLl Fdc2c2c � G h�f _ zef�j _ � ��b�aw� ��j5f�ze.Iztb�sm�m�0jCsIg
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ud| _ x�d _ |'f�xojCs#.�f jCuLuf�uLuf�g�.IjCuf�gwv7s�bedLu _ dLbtz�bed?/ ��jCz _ f�f�uLdLbtacj5dfC�Idv gmf�xobtgmf n+l:fodLlmfo|%vC|�smvCd%dLlIj5d
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 .�fodJn�fof�sOudLj5df�u G � uLb�sm�7zef
d|'btjCz�btsidLlmf�acj#"of�x�v7s:uLb�udLu%v { �IztjCxobts:� dLl:f�j5�Cf�sZd�j5d+jCs�btsIbedLbtjCz�udLj5df�jCs:g�jCztzev n�btsm��bed%dvcf]a`f�x _ df�j
uf�� _ f�s:x�f�v { a�v �Cf�u _ sGdLbtz�bed%|Lf�jCxylmf�u+udLj5df T=G W,si|Lf�jCxyl:btsm� udLj5df T dLlmf�j5�Cf�sZd�|Lf�x�f�be�Cf�u+jc��v7u'bedLbe�Cf
|Lfon�j5|yg#jCs:g#btu�|'f�a�v �Cf�g { |'v7aUdLlmf�acj#"ofC��jCztz�udLj5df�u�vCdLl:fo|+dLl:jCs T l:j��Cf j "ofo|Lvc|Lfon�j5|'g G W,�Cfo|
|Lfo��f�j5df�gwd|'btjCztu�dLlmf�j5�Cf�sZd�a _ ud�zef�j5|'sw.�vCdLlidLlmf�d|'jCs:uLbedLbtv7s {}_ sIx�dLbev7swjCs:gwdLlmf |'fon�j5|'g {}_ sIx�dLbev7s G
� vC|+dLlmf�� _ |L��v7uf�u�v { dLlmf f]amjCa��Izef dLlmf�bts:bedLbtjCz�udLj5df�btu�jCzen�j�/`u�dLlmf�uLdLj5df�n+bedLlivC.4ufo|L�5j5dLbev7s FHG
� sPdLlmf { v7ztzevAn+btsm� g:btuLx _ u'uLbev7s��GdLlmf!P��?acj#"of��:|LvC.Izef�a { |Lv7a � be� _ |Lf ¡ GIF btu�jCuLu _ acf�gidv�.�f�|Lfo�:|'f�uf�sZdf�g
_ uLbtsm��jcztv0xojCztb�uf�giuf�s:uvC|+u'x'lmf�a�f � jCztz�bts { vC|'acj5dLbtv7siv7swdLlmf�x _ |L|'f�sZd+uLdLj5df�btu�zev`xoj5df�g#btsiv7s:f�.Ibed�btswj
~�a0f�g�zef�sm�CdLlwbtsm� _ d%ud|'btsm�m�`n+btdLlwv7smf .Ibed { vC|�f�jCxyl�ztj5.�f�z G � smvCdLlmfo|+��v7uLu'be.Izef,uLx'l:f�a�f�btu�dv _ uf
g:btud|'bt. _ df�gPuf�s:uvC|'u��:n+lmfo|Lf bts { vC|'a j5dLbev7siv7swdLlmf�x _ |L|Lf�sGd�udLj5df�btu�|'fo�:|Lf�uf�sGdf�g#.0/Pa _ zedLbt�Izef�.IbedLu%bts
dLlmf�btsm� _ d�uLd|'btsm��n+l:b�x'lwbtu%dLl:f dvC�Ibtx v {�^ f�x�dLbev7s�¡ G ¡ G
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N lmf�j5�Cf�sGd�zef�j5|'sIu%j5.�v _ d%dLlmf�d|'jCs:u'bedLbev7s:u�.�fod?n�fof�s�uLdLj5df�u+g _ |ybtsm� d|'btjCztu%btsidLl:f�acj#"of G � vC|+f�jCx'l
ztj5.�f�z�f]a0��fo|'bef�sIx�f�gidLlmf�j5�Cf�sZd�bts:bedLb�jCztze/cx�|Lf�j5df�u�j � � � � 	Pdv |Lfo�:|Lf�uf�sGd+bed G �,|Lv _ �Iu%n�l:btx'li|'fo�:|Lf�uf�sGd
v7s:ze/ j uLbtsm�7zef ztj5.�f�z�j5|Lf�xojCztzef�g � � � ��� � � � � 	 � G � �C|Lv _ �Obtu%acj5dLx'l:f�g�n+l:f�sidLlmf�vC.Iufo|'��j5dLbev7s
jCuLuv`xobtj5df�g#n+btdLlidLlmf�j5�Cf�sZd � u,x _ |'|Lf�sZd�uLdLj5df�x�v7sZdLjCb�s:u�dLlmf�ztj5.�f�ztu�dLlmf��C|Lv _ �w|'fo�:|Lf�uf�sGdLu G prbedLl:bts
f�jCx'lO�C|Lv _ �&�:smv`gmf�u%j5|Lf�x�|Lf�j5df�g#dvc|'fo�:|Lf�uf�sGd�f�udLbta j5df�g#d|'jCs:u'bedLbev7sP�:|LvC.Ij5.4btztbedLbef�u { |Lv7a v7smf��C|'v _ �
dv jCsmvCdLlmfo|��7be�Cf�swdLlmf�uLf�zef�x�dLbev7swv { v7smf�v { j�s _ a�.�fo|%v { ��v7uLuLbe.4zef�jCx�dLbtv7s:u G N l:f �C|Lv _ �w|Lf�u _ zedLbtsm�
{ |Lv7a�dLlmf�smv`gmf � u�jCx�dLbev7sObtu%xojCztzef�gwdLl:f�smv`gmf � u 	 ��� ��� � � � ��� G W { df�swd|'jCs:uLbtdLbev7s:u%j5|Lf
smv7s��?gmfodfo|'a bts:btudLb�x5�0u _ x'lwdLl:j5d { vC|+jc�7be�Cf�s#vC.IuLfo|L��j5dLbtv7s#j�uLbtsm�7ztf,jCx�dLbtv7s�acj /P|'f�u _ zed%btswg:b ��fo|Lf�sGd
u _ .Iuf�� _ f�sGd�vC.Iufo|L�5j5dLbev7s:u�j5d�g:b ��fo|Lf�sGd�dLbta�f�u G � sidLlmf�uf xojCuf�uo�4j�smv0g:f�btu%x�|'f�j5df�gwdv��:|Lf�g:b�x�d�f�jCxyl#v {
dLlmf���v7uLuLbe.4zef�u _ .Iuf�� _ f�sZd%vC.4ufo|L�5j5dLbev7s:u G
� bt� _ |Lf�¡ G ��uLl:v n+u�l:v n vA�Cfo|�j�s _ a�.�fo|%v { d|ybtjCztu%jcsmv`gmf acj /P|'f�x�vC|'g�j�d|'jCsIuLbedLbev7sif�udLb�acj5df�v {   GSR
{ |Lv7a�dLlmf �C|Lv _ �#|'fo�:|Lf�uf�sGdLbtsm��dLlmf vC.4ufo|L�5j5dLbev7s L dvcdLl:f��C|Lv _ �#|'fo�:|Lf�uf�sGdLbtsm��dLlmf�vC.4ufo|L�5j5dLbev7s T
�7be�Cf�swdLl:j5d�dLl:f�jCx�dLbev7s�hOv �Cf�� ^ v _ dLlOb�u%uf�zef�x�df�g G P�v`gmf�u�n+lIbtx'li|Lf�x�vC|ygwd|'jCs:uLbtdLbev7s:u { |Lv7a�j _ s:j5|'/
�C|Lv _ ��j5|Lf�xojCztzef�g � � � ��� � � � � � G
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� bt� _ |Lf�¡ G � � � �C|'v _ � n+bedLlkjwuLbtsm�7zef _ s:j5|L/Osmv0g:f�dvi|Lf�x�vC|'g�jPd|'jCsIuLbedLbev7sOf�udLbtacj5df { |Lv7a ztj5.�f�z L dv
ztj5.�f�z T=G
pSlmf�swgIbtud|'be. _ df�g uf�sIuvC|'u�j5|Lf _ uf�gij�s _ a�.�fo|�v {�_ s:j5|L/c�C|Lv _ �Iu�acj�/P.�f�acj5dLxylmf�g#uLb�a _ ztdLjCsmfov _ uLze/
.G/ijCs#vC.IuLfo|L��j5dLbtv7s#btsidLlmf�udLj5df��?uL�IjCx�f 	 b G f�a _ ztdLbe�Izef ztj5.�f�ztu�j5|Lf��I|Lf�uf�sGd�j5d�dLlmf�uLjCacf�dLbta�f � G � s
dLlmf�uf�xojCuf�u��:dLlmf�vC.IuLfo|L�Cf�g#ztj5.�f�ztu�|Lfo�I|Lf�uf�sGdf�gw.G/ _ sIj5|L/ �C|Lv _ �Iu�acj /P.�f x�v7a�.Ibtsmf�g _ uLbtsm��j
� � �
	 � � � � � � � � � 	ixojCztztf�g#j � ��� � � � � � 	 G � s#u'acjCztz�udLj5df��?u�4jCx�f�uo�  v7btsi�C|Lv _ �Iu�acj /ix�v7sIud| _ x�df�g#b�swj
acjCs:smfo|�n�l:btx'lwjCz�zev n+u�f�jCxyl�n�vC|'ztgwuLdLj5df�dv acj5��dv j _ s:b�� _ f,ufod�v { smv`gmf�u%btswj uLbtsm�7zef,�C|Lv _ � G � s
ztj5|L�Cf udLj5df��?u�IjCx�f�u��IdLl:btu�.�f�x�v7a�f�u%b�s { f�jCu'be.Izef�jCs:gwsmv`gmf�u�|Lfo�:|Lf�uf�sGdLbtsm��j n�vC|'ztgwudLj5df n+b�ztzI.�f u�:|'f�jCg
jCx�|Lv7uLu+a jCsZ/P�C|Lv _ �Iu 	 bts { jCx�d�dLlmf�uf��C|'v _ �Iu%j5|Lf � �?a�vC|L�Il:b�uLacu�� 	 � v7ztztjCs:g&� � v7ze/Cv7jH^�� P�b�u.�foddo�:jCs:g
N l:j5�7j5|'g Fdc2Q2T � G � v7b�si�C|Lv _ �Iu�j5|'f�gmf�uLx�|'be.�f�gwbts ^ f�x�dLbev7s�¡ G ¡ G

� ��� � � �	�P�+��� 
 � ����
'��-

� vC|+dLlmf P��?acj#"of�f]a`jCac�Izef n�f�j5|Lf�btsGdfo|Lf�udf�gObtswjCsmvCdLlmfo|�dJ/G��f�v { x�v7a���v7uLbedf�xojCztzef�gwj � � � 	 � � � �
��
 � ��� G N f�a���vC|'jCz&xyl:jCbts:u%j5|'f _ uf�gwdv udvC|Lf�d|'jCsIuLbedLbev7swbts { vC|'a j5dLbev7si.IjCuf�gwv7s�uf�� _ f�s:x�f�u%v {
vC.Iufo|L�5j5dLbev7s:u�jCsIg#jCx�dLbev7s:u%n�l:btx'liv`xox _ |�x�v7s:uf�x _ dLbe�Cf�zt/ vA�Cfo|�dLbtacf G � vC|+f]amjCa��IzefC�4g _ |'bts:� j�d|ybtjCz�bts

¡ c



dLlmf P��?acj#"ofC�IdLlmf�j5�Cf�sGd�a j�/i|Lf�a�f�a�.�fo|�dLlmf�uf�� _ f�s:x�f�v { vC.IuLfo|L��j5dLbtv7s:u�jCs:gwjCx�dLbev7sIu+bed�l:jCu
f]a0��fo|'bef�sIx�f�uLbts:x�f,dLlmf�b�s:bedLbtjCz�udLj5df G ��f�a�f�a�.�fo|'btsm��u _ xyl#uf�� _ f�s:x�f�u�xojCs�jCztzevAn dLlmf�j5�Cf�sGd+dv ^Cfofo�
d|'jCx_^wv { bedLu�x _ |'|Lf�sZd�uLdLj5df�btsi�:|'vC.Izef�acu�n+bedLl�l:btg:gmf�s��?udLj5df,n+lmfo|Lf�a _ zedLbe�4zef�n�vC|'ztgwuLdLj5df�u�l:j �Cf�dLlmf
uLjCa�f�vC.IuLfo|L��j5dLbtv7s G N f�ac��vC|yjCz&x'l:jCb�s:u%j5|Lf�x�v7s:uLd| _ x�df�g�b�s:x�|Lf�a�f�sGdLjCztze/C�`n+bedLlif�jCxylOs:fon bts:x�|Lf�acf�sZd
f]a0df�s:gIbtsm��dLlmf�j5�Cf�sGd � u�acf�a�vC|L/idv bts:xoz _ gmf,jCs#jCg:g:bedLbtv7s:jCz��:|'bevC|%vC.IuLfo|L��j5dLbtv7s#jCs:g#jCx�dLbev7sObtsidLlmf
|Lf�a�f�a�.�fo|'f�g#uf�� _ f�s:x�f G N l:fo/Pj5|Lf�s:f�x�f�uLuLj5|L/ { vC|�dLlmf P��?acj#"of��I|LvC.Izef�a�.�f�xoj _ uf�a jCsZ/iudLj5df�u
uLl:j5|Lf dLlmf�uLjCa�f vC.Iufo|'��j5dLbev7s 	}dLl:btu%btu�dLlmf�l:btg:g:f�s��?udLj5df �:|LvC.4zef�a { |'v7a � l:j5�:dfo|+� � G
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N v g:f�a�v7s:ud|'j5df�lmv n df�ac��vC|yjCz&x'l:jCb�s:u�lmf�ze�#uLv7ze�Cf dLlmf P��?acj#"of�sIj��`be�7j5dLbev7sw�:|'vC.Izef�aw�`d?n�v xyl:jCbts:u
x�v �Cfo|'bts:� f�jCxyli.:|'jCs:xylPv { dLlmf,acj#"of j5|Lf�g:f�uLx�|'be.�f�g G�N l:btu�gmf�uLx�|'bt�:dLbev7s�~4|'ud�f]a0�Iz�jCbts:u$l:v n x�v7a��Izefodf�g
x'l:jCbtsIu%vC��fo|'j5df�.�f { vC|'f f]a`jCacb�s:btsm��dLlmf �:|'v0x�f�uLu+btsin+l:btxylidLlmfo/wj5|Lf�x�|Lf�j5df�g G � ��vCdf�sGdLbtjCz&xyl:jCbts { vC|
dLlmf�f�jCud�.I|'jCs:x'l#v { dLlmf�acj#"of�btu�g:fo�Ibtx�df�gwjCu � l:jCbts F bts � be� _ |'f�¡ G ¡cjCs:gwjcxyl:jCbts { vC|�dLlmf�n�f�ud
.:|'jCs:xyl#btu��:|Lf�uLf�sZdf�g#b�s � be� _ |Lf�¡ GMLOG � l:jCbts F bts � be� _ |Lf�¡ G ¡�f]a`df�s:g:u%.IjCx ^ { |'v7aU��v7u'bedLbev7s T 	}v _ |
�Cv7jCz&��v7uLbedLbev7s � G J�btsO^ F btsidLl:btu%xyl:jCbts#b�u%jcx�v7a���v7uLbedf v { dLlmf _ sIj5|L/Ps:v0gmf�jCsIgi�C|Lv _ �#|Lfo�I|Lf�uf�sGdLbtsm�
dLlmf�jCx�dLbev7s#hOv �Cf�� ^ v _ dLl { |Lv7a�z�j5.�f�z L �4jCs:gwdLlmf _ sIj5|L/Ps:v0gmf jCs:g#�C|Lv _ �#|Lfo�I|Lf�uf�sGdLbtsm��dLlmf�jCx�dLbev7s
h�vA�Cf�� ^ v _ dLl { |Lv7a�dLlmf�ztj5.�f�z�¡ G J	b�sO^P��b�u%jcx�v7a���v7uLbedf v { J	b�sO^ F jCsIgidLlmf _ s:j5|'/ smv`gmf�jCs:gw�C|'v _ �
|Lfo�:|Lf�uf�sGdLbtsm��dLl:f�jCx�dLbev7s�hOv �Cf�� ^ v _ dLl { |Lv7a�ztj5.�f�z&�0�:n�l:btzef J	bts�^P¡�x�v7a��4zefodf�u%dLlmf�xyl:jCbts#jCu+j
x�v7a���v7uLbedf v { J	bts�^P��jCs:gwdLl:f _ s:j5|L/Psmv`gmf�jCs:gw�C|Lv _ �w|Lfo�:|Lf�uf�sGdLbtsm�chOv �Cf��?��jCud { |Lv7a�dLlmf�ztj5.�f�z FHG
� l:jCbts F jCztztv n+u%dLl:f�j5�Cf�sZd�dv ^`smv n btdLu�zev`xoj5dLbev7swn+l:b�zef�d|yj��Cfo|'uLb�sm�cdLlmf�f�jCuLd�.:|'jCs:xylw.0/ ^Cfofo�Ib�sm�
d|'jCx_^wv { n+lmfo|Lf�btd�l:jCu%d|'j �Cf�ztzef�g#uLb�s:x�f dLlmf _ sIjCa�.Ibt� _ v _ u�udLj5df FHG � d�n�vC|_^`u%.�f�xoj _ uf�bed%f]a`df�s:g:u
.�fo/Cv7sIgwdLlmf |Lfo�7bev7s#v { z�j5.�f�z�u�n�bedLlwl:btg:g:f�s��?udLj5df .�fod?n�fof�s#��v7uLbedLbtv7s:u F jCs:g T=G N |'jCs:u'bedLbev7s:u�dv
��v7u'bedLbev7s T j5|Lf�|'f�x�vC|'gmf�g#jCs:g�jCu+zev7sm�cjCu�f�jCx'lkztj5.�f�z�b�sidLlmf�x'lIjCbts#btu��IjCu'uf�g#btsidLlmf�x�vC|L|Lf�x�d
uf�� _ f�s:x�fC�:dLlmf�d|yjCs:uLbedLbev7s { vC|+dLlmf f�sGdLbe|Lf�xyl:jCbtswn�btztz�jCzen�j�/`u+zef�jCgwdv ��v7u'bedLbev7s T=G
� uLb�acbtztj5|%x'lIjCbts#xojCs#.�f _ uLf�gidvc|Lfo�:|Lf�uLf�sZd�dLl:f n�f�ud+.:|'jCs:xyl��mdLlmf�acjCb�swg:b ��fo|Lf�s:x�f�u%.�f�btsm��jCs
bts:bedLbtjCz�jCx�dLbev7s#v { hOv �Cf��Ep�f�uLd�|yj5dLlmfo|�dLl:jCs#hOv �Cf��?��jCud jCs:gidLlmf�dfo|yacbts:j5dLbev7siv { dLlmf�xyl:jCbts � u
uf�� _ f�s:x�f�v { ztbtsO^`u�j5d�ztj5.�f�z R |'j5dLlmfo|+dLl:jCs#ztj5.�f�z T 	 ufof � bt� _ |Lf�¡ GML � G
�$jCx'l�v { dLlmf�uf�x'lIjCbts:u { vC|'a dLlmf�a�f�a�vC|L/Pv { dLl:f�j5�Cf�sZd�jCs:g��:x�v7ztztf�x�dLbe�Cf�ze/Pn+bedLli|Lf�x�f�sGd+f]a`��fo|'bef�s:x�fC�
jCztzev n dLlmf�j5�Cf�sZd�dv ^Cfofo�kd|'jCx_^iv { bedLu%zev`xoj5dLbev7swn+l:f�s { v7z�zev n+b�sm��dLlmf�uLlmvC|Ldf�uLd��Ij5dLl#jCx�|Lv7u'u�dLlmf
|Lfo�7bev7s:u%n�bedLlwl:btg:g:f�s��?udLj5df G hkjCsZ/ivCdLlmfo|�x'l:jCbtsIu%j5|Lf���v7uLuLbe.4zef { vC|�vCdLlmfo|��Ij5dLl:uo�:jCsIgwdf�x'l:sIbt� _ f�u { vC|
x�v7sZd|Lv7z�ztbtsm��n+l:b�x'li�Ij5dLl:u+j5|Lf�|Lfo�:|'f�uf�sZdf�g#.G/wx'lIjCbts:u%j5|Lf��I|Lf�uf�sGdf�g�bts � lIj5�:dfo| T=GYN l:f�dJ/G��f�v {
a�f�a�vC|L/ibta��Iztf�a�f�sZdf�gi.0/PdLlmf�uf�xyl:jCbts:u�b�u%hOj5|_^CvA�������n+lmfo|'f�wbtu�dLlmf�ztf�sm�CdLliv { dLlmf �Ij5dLl
|Lfo�:|Lf�uf�sGdf�gw.0/idLlmf�x'l:jCb�s G
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W,smf�ztbta bedLj5dLbev7sPv { hOj5|_^CvA�����x'l:jCb�s:u�btu�dLl:j5d+dLlmfo/wj5|Lf�v7s:ze/ _ uf { _ z�n+lmf�sidLl:f��Ij5dLl 	 uf�� _ f�s:x�f�v {
vC.Iufo|L�5j5dLbev7s:u�jCsIg#jCx�dLbev7s:u���dLlmfo/ |'fo�:|Lf�uf�sGd+btu { v7ztzevAn�f�gwf]amjCx�dLze/ G � sG/Pg:fo�0btj5dLbtv7s { |'v7a dLl:btu��Ij5dLl
gmf�ud|LvA/0u%dLl:f,j5�Cf�sGd � u+acf�a�vC|L/ G � vC|+f]a`jCa��4zefC�:b { v _ |�j5�Cf�sGd�gmf�xobtg:f�gidvcgmfo�0b�j5df { |Lv7aUdLlmf�a bts:bta _ a
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Chain 1 − Chain creation for the east branch
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Chain 2 − Chain creation for the west branch
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zef�sm�CdLlw�Ij5dLl { |Lv7a���v7u'bedLbev7s F dv T v7s#dLlmf�f�jCud�.I|'jCs:x'l&�m.G/PdLjH^0b�sm� jCs#jCx�dLbev7s�n+l:btxylwa�v �Cf�gObed�btsGdv
j�n�jCz�z { vC|�f]amjCa��IztfC�:dLlmf�swd|'btf�gidv x�v7sZdLb�s _ f�g:be|Lf�x�dLze/Puv _ dLl�� � l:jCbts F n�v _ ztgwsmvcztv7sm�Cfo|�.�f _ uf { _ z
jCu+bed�gmv0f�u�smvCd%|'fo�:|Lf�uf�sGd�dLl:btu%jCztdfo|'s:j5df��Ij5dLl G � vAn�fo�Cfo|�� { vC|+uLbed _ j5dLbtv7s:u�n+lmfo|Lf�xyl:jCbtsw�4j5dLl:u�j5|Lf
{ v7ztztv n�f�g��mdLlmf�j5�Cf�sGd�acj /wzef�j5|'s _ uf { _ z�f�udLb�acj5df�u�v { dLlmf�d|'jCsIuLbedLbev7si�:|'vC.Ij5.IbtztbtdLbef�u { vC|�dLlmf
_ s:gmfo|'zt/0bts:��hkj5|_^Cv �#a�v`gmf�z&jCsIgiv { dLl:f _ dLbtztbedJ/ v { dLlmf�udLj5df�u�btsidLl:j5d�a�v0g:f�z G
� s#xojCuLf�u�n+lmfo|'f dLlmf�x'l:jCb�sw�Ij5dLl:u�j5|'f�smvCd { v7ztzevAn�f�g��mdLl:f�j5�Cf�sZd�acj�/wsmvCd�.�f�j5.Iztf dv btgmf�sGdLb { / bedLu
x _ |L|Lf�sGd�udLj5df G � vC|+f]amjCa��IzefC�:n�bedLlmv _ d { _ |LdLlmfo|�xyl:jCbts:uo�:jCsG/wgmfo�`btj5dLbev7s { |Lv7a dLlmf��4j5dLlwv { f�btdLlmfo|
� l:jCbts F �:n�lmf�siv7swdLlmf�f�jCuLd�.:|'jCs:xyl��mvC| � l:jCbtsw�0�:n+lmf�s#v7swdLlmf�n�f�ud�.:|yjCs:x'l��:jCsIgidLlmf�j5�Cf�sGd�acj /
.�f�x�v7acf�zev7uLd G � u'btacbtztj5|$�:|LvC.Izef�a�j5|'btuf�u�b { dLlmf�j5�Cf�sZd%btu$�IztjCx�f�gPbts j�udLj5df,vCdLlmfo|�dLlIjCs F j5d�dLl:f�udLj5|Ld
v { j�d|ybtjCz G N l:b�u�b�u�j���vCdf�sZdLb�jCz��:|LvC.Izef�a { vC|+j5�Cf�sGdLu+n�l:btx'lin�btuLlidvcdLjH^Cf uv7a�f�f]a`�IzevC|'j5dvC|'/PjCx�dLbev7sIu
n+l:btzef,ufof�^`btsm�c|'fon�j5|'gIu%jCs:g#btu�gIbtuLx _ uLuLf�g { _ |LdLl:fo|�bts � l:j5�:dfo| T=G � _ |LdLl:fo|'a�vC|LfC�Ib { dLlmf�btsIbedLbtjCz
udLj5|LdLbtsm�cuLdLj5df { vC|�d|'btjCztu%jCztdfo|'s:j5df�u�.�fodJn�fof�sOjCsZ/iv { dLlmf�udLj5df�u+n+bedLlmv _ d�j _ s:bt� _ f�vC.Iufo|L�5j5dLbev7s��
u _ x'lijCu�dLlmv7uLf�n�bedLlijCs vC.4ufo|L�5j5dLbev7siv { �0�:¡�vC| L �mdLlmf,j5�Cf�sZd�n�btztzIjCztn�j /0u�.�f,bts:bedLbtjCz�ze/ ztv7ud�|Lfo�7j5|'g:zef�u'u
v { n�l:j5d�x'l:jCb�s:u�bed%acj /ilIj��Cf�j ��jCb�ztj5.Izef G � swdLlmf�uf�xojCuf�uo�:dLlmf�j5�Cf�sZd�a _ uLd%f�bedLlmfo|�� _ f�u'u�bedLu�zev`xoj5dLbev7s
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� gmf�xob�uLbev7swacjCgmf�btswjcudLj5df�n�bedLlmv _ d�j _ s:bt� _ f�vC.4ufo|L�5j5dLbev7s#acj /iuLdLbtztz�.�f .�foddfo|�dLl:jCsw|'jCsIgmv7a
� _ f�uLuLbts:�cb { dLlmf�j5�Cf�sGd _ uf�u�bts { vC|'acj5dLbtv7s { |Lv7a��:|'bevC|%f]a`��fo|'bef�s:x�f G W,s:f ��v7u'uLbe.Ibtz�bed?/�btu%dv�^Cfofo��d|'jCx ^
v { �I|'bevC|�|Lfon�j5|'g:u%|Lf�x�f�bt�Cf�g G N jH^Cf { vC|�f]a`jCac�IzefC�:jCs�j5�Cf�sGd+n�bedLli�:|'bevC|�f]a`��fo|'bef�s:x�f�btsidLl:f P��?a j#"of
n+l:btxylwl:jCu L_ ud%.�fof�sw�IztjCx�f�gwj5d�dLlmf�udLj5|Ld+v { j�s:fon d|'btjCz�bts#v7smf v { dLlmf�udLj5df�u�n+bedLlidLlmf
vC.Iufo|L�5j5dLbev7s LOG � { dLlmfo|Lf�btu%s:v���f�sIjCzed?/ijCuLuv`xobtj5df�g#n�bedLli|Lf�jCx'lIbtsm�cudLj5df R { |'v7a�jcudLj5df�z�j5.�f�z�zef�g L �
dLlmf�j5�Cf�sGd�acj /Pgmf�xob�gmf dv a�vA�Cf�uv _ dLl ^0smvAn+btsm��dLlIj5d�dLlmfo|Lf�btu+jc  GSR �:|LvC.4j5.IbtztbedJ/cdLl:j5d�dLlIbtu%jCx�dLbev7s
n+btztz�zef�jCg#btd%dv udLj5df T jCsIgwdLlmf�x�vC|L|Lf�uL��v7sIg:btsm��|Lfon�j5|'g G � v n�fo�Cfo|���b { dLlmfo|'f�btu%jcztj5|'�Cf�smfo�7j5dLbe�Cf
|Lfon�j5|yg#jCuLuv`xobtj5df�g#n�bedLlwudLj5df R �4bed�acj�/wgmf�xob�gmf,dLl:j5d+jc  GSR �I|LvC.Ij5.Ibtz�bed?/cv { |Lf�x�f�bt�0bts:��dLl:btu%smfo�7j5dLbe�Cf
|Lfon�j5|ygwn�j5|'|'jCsZdLu+d|'j��Cf�z�ztbtsm��dLlmf f]a`d|'jcgIbtudLjCs:x�f�smvC|'dLlwdv _ s:jCa�.Ibe� _ v _ uLze/ g:fodfo|'acbtsmf bedLu+zev0xoj5dLbtv7s G
�,be�Cf�swdLlmf�l:btg:gmf�s��?udLj5dfC�mdLlmf�j5�Cf�sGd+n�v _ ztgwsmfof�gOj�ztj5|L�Cf�s _ a�.�fo|%v { d|'btjCz�u%btswdLlmf�acj#"of�dv l:j �Cf
u _ 	 xobef�sGd%f]a`��fo|ybef�s:x�f dv acjH^Cf�dLlmf�.�f�ud�gmf�xobtu'bev7s:u���v7uLuLbe.Iztf�btswjCz�z&xojCuf�u G � _ |LdLlmfo|'acvC|LfC�Ibed�smfof�gIu%dv
acjH^Cf�dLlmf�.�f�ud _ uf v { dLl:f�uf�d|'btjCz�u%jCs:gwdLlmf�b�s { vC|yacj5dLbev7sP|Lf�x�f�be�Cf�g { |Lv7a�dLlmf�a G N l:f�x�v7ztzef�x�dLbev7swv {
dLl:btu%bts { vC|'acj5dLbtv7swxojCs#.�f x�v7a��Iztbtxoj5df�g#.�vCdLl#.G/PdLlmf�j5�Cf�sGd � u+vAn+sw|Lfon�j5|'g#uLfof�^0bts:�c.�f�l:j��`bev _ |%jCs:g
dLlmf�bts�� _ f�s:x�f�v { x�v7sIud| _ x�dLbev7s#�:|Lv`x�f�uLuf�u { vC|+x'lIjCbts:u�	}vC|�vCdLlmfo|+ud| _ x�d _ |Lf�u���n+btdLl:btsPdLlmf�j5�Cf�sGd G
W,smf�f ��f�x�d�v { dLlmf j5�Cf�sZd � u��Cv7jCz�ufof�^0b�sm��.�f�lIj��`bev _ |�acj�/P.�f�dv�bts�� _ f�s:x�f+dLl:f,jCacv _ sZd%v { f]a0��fo|'btf�s:x�f
bed�l:jCu%n+btdLli�Ij5|LdLbtx _ z�j5|�jCu��f�x�dLu%v { dLlmf�acj#"of G � vC|+f]amjCa��IzefC�Ib { dLlmf�j5�Cf�sGd�b�u��C|Lfof�gm/C�IjCu�uvGv7s�jCu+bed
g:btuLx�vA�Cfo|'u+j�n�j�/wdvc|'f�ztbtj5.Ize/ |Lf�jCx'l�dLlmf�l:be�7li|'fon�j5|'g�udLj5df�v { T �Ibed�acj /wsmfo�7zef�x�d�f]a`�IzevC|'j5dLbtv7siv {
vCdLlmfo|+jCu��f�x�dLu%v { dLlmf�acj#"of G N l:btu�ztjCx_^Pv { f]a0��fo|'bef�sIx�f,b�si��j5|'btv _ u�j5|Lf�jCu�v { dLlmf�acj#"of�acj /if ��f�x�d�dLl:f
j5�Cf�sZd � u���fo| { vC|yacjCs:x�f n+lmf�swbtd%f�s:x�v _ sGdfo|'u+smvA�Cf�z	uLbtd _ j5dLbev7s:uo�mjCs:g#|'jCbtuf�u�jCz�z�dLlmf�btuLu _ f�u�v {
f]a0�IztvC|'j5dLbev7swn+lIbtx'lin�fo|Lf�g:btu'x _ uLuf�gwbts ^ f�x�dLbev7s�� GIF]LOG
N lmf�uf�j5|Lf�uv7a�f�v { dLlmf�.�f�l:j �0bev _ |'jCz�btuLu _ f�u�|'f�ztj5dLbtsm��dv ztf�j5|'s:btsm� { |Lv7a f]a`��fo|'bef�s:x�f G � v nqdLlmf
j5�Cf�sZd � u�x�v7s:ud| _ x�dLbev7swv { jCs#btsGdfo|'s:jCz�udLj5df u�IjCx�f�|'fo�:|Lf�uf�sGdLj5dLbev7swf ��f�x�dLu+dLl:f |Lf�x�vC|'g:bts:��v {
bts { vC|'acj5dLbev7swg _ |'btsm��zef�j5|'s:b�sm��|Lf�� _ be|Lf�u�j�|'jCsm�Cf�v { btu'u _ f�u%dvc.�f jCg:gm|'f�uLuf�g G N l:f�uf�btuLu _ f�u%btsZ�Cv7zt�Cf
d|'jCgmf��Ev ��u�.�fod?n�fof�s�a�f�acvC|L/C�Ix�v7a�� _ dLj5dLbev7s�jCs:gidLl:f�jCa�v _ sGd�v { d|'jCbts:bts:� f]a`��fo|'bef�s:x�f |'f�� _ bt|Lf�g G
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W,smf vCdLlmfo|��:|LvC.Izef�a { vC|+x'lIjCbts:u�j5|'b�uf�u%n+lmf�sidLl:f _ s:gmfo|yze/0b�sm��f�sG�0bt|Lv7s:a�f�sGd�x�v7sZdLjCb�s:u+udv`x'lIjCudLbtx
	 smv7s��?gmfodfo|'a bts:btudLb�x ��d|yjCs:uLbedLbev7sIu G � swudv`x'lIjCudLbtx�f�sG�`be|Lv7s:a�f�sGdLu 	}fo� G �I|LvC.Izef�acu�n�bedLlwbtsG�0btu'be.Izef
l:btg:gmf�s��?udLj5df 	 hOx � jCztz _ a Fdc2c2R � �y��smvcufod�v { �IjCuLd { f�j5d _ |'f�u+xojCs�l:f�ze�#bta��:|'v �Cf �:|Lf�gIbtx�dLbev7s:u�jCs:g
j5ddf�a��:dLbtsm� dv jCx'l:btfo�Cf�gmfodfo|'acb�s:btudLbtx,udLj5df�d|'jCs:uLbedLbtv7s:u%btu { _ dLbtzef G �$�Cf�s#btswuv7a�f�gmfodfo|'acbtsIbtudLbtx
f�sZ�`be|Lv7s:acf�sZdLu%. _ btztg:b�sm��btsGdfo|'s:jCz�ud| _ x�d _ |Lf�u%dv x�v7a��Izefodf�ze/ _ s:x�vA�Cfo|�dLl:f d| _ f�hkj5|_^Cv �#a�v`gmf�z&a j�/
�:|Lv �Cf�dvGvcf]a`��f�s:uLbe�Cf dv .�f n�vC|LdLlGn+l:btztf G � btsIjCztze/C�mbtsi�:|LvC.4zef�acu�n+lmfo|'f�bed�btu��:|'jCx�dLb�xojCz�dv x�v7s:ud| _ x�d
btsZdfo|ys:jCz�ud| _ x�d _ |Lf�u%dvc|Lfo�Cf�jCz	dLlmf _ s:g:fo|'ze/`btsm��hOj5|_^CvA�#a�v`gmf�z � _ sGdLbtz�dLlmf�uf�uLd| _ x�d _ |Lf�u%j5|'f
x�v7a��Izefodf�dLl:f�j5�Cf�sZd�acj�/wsmfof�gwdvPacjH^Cf�gmf�xob�uLbev7s:u�.IjCuLf�gwv7s#bedLu�b�s:x�v7a��Izefodf a�v`gmf�z G
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N f�a���vC|'jCz�xyl:jCbts:u+bta��Izef�acf�sZd�dLlmf�acf�a�vC|L/ia�f�x'l:jCsIbtuLa dLl:j5d�jCztzev n�u N � � � � dv b�a��:|LvA�Cf�bedLu
j5.IbtztbedJ/ dvc�I|Lf�g:btx�d%udLj5df�d|'jCs:uLbedLbtv7s:u%btsif�sG�0be|'v7s:a�f�sGdLu%n+bedLlwl:b�g:gmf�s��?udLj5df G � _ |LdLlmfo|+g:fodLjCbtztu�v7s
df�a���vC|'jCz&x'lIjCbts:u%jCs:gwdLl:f�be|+x�|Lf�j5dLbev7s�j5|Lf��:|LvA�0b�gmf�gwbts � l:j5�Idfo| T=G W,smf�b�uLu _ f,n+l:b�x'lin�jCu�v7acbeddf�g
{ |Lv7a�dLlmf�g:btuLx _ uLuLbev7sPv { x'l:jCb�s:u�btu�dLlmf f ��f�x�d+v {�_ u'btsm��jcg:btuLd|'be. _ df�gPuf�s:uLvC|+uLx'l:f�a�f G N lmf�uLf
uLx'lmf�acf�u+zef�jCgwdv jcs _ a�.�fo|%v { jCg:g:bedLbev7sIjCz��:|LvC.Izef�a u�jCsIgwvC�:��vC|Ld _ s:btdLbef�u�n+l:btxylwbtu�dLlmf�dvC�Ib�x,v { dLl:f
smf]a0d�uf�x�dLbev7s G
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N l:btu�uf�x�dLbev7s�btsZd|'v0g _ x�f�u � ����� � � � � 	 � G�N lmf�uf j5|Lf�jCsmvCdLl:fo|�d?/0��f v { x�v7a���v7uLbtdf�ud| _ x�d _ |'f�n�l:btx'lwxojCs
.�f�x�|'f�j5df�g#n+lmf�s�g:btud|'bt. _ df�gPuf�s:uvC|'u+j5|Lf _ uf�g G ��s:ztbI^Cf df�a���vC|'jCz�x'l:jCb�s:uo�mn+l:b�x'l _ uLf�bts { vC|'acj5dLbev7s
{ |Lv7a��:|Lfo�`bev _ u%uf�s:uLvC|L/Pb�sm� _ do�  v7b�sw�C|Lv _ �Iu%x�v7a�.Ibts:f�uf�s:uvC|L/ibts { vC|'acj5dLbtv7sidLl:j5d+btu%j ��jCbtz�j5.Izef v7s
a _ ztdLbe�Izef { f�j5d _ |Lf�u�v { dLlmf�x _ |'|Lf�sZd�uLdLj5df GYN lmf _ uf v { j�g:btud|'bt. _ df�giuf�s:uvC|�uLx'lmf�acf�|'j5dLlmfo|�dLlIjCs#j
zev0xojCz�btuf�gPuf�s:uvC|�uLxylmf�a�f�jCztztv n+u�dLlmf�u/`udf�aUdvcx�|Lf�j5df �Cf�s:fo|'jCztbtuf�giud| _ x�d _ |Lf�u�n+lIbtx'liacj / |Lf�u _ zed�b�s
jcuLacjCztztfo|�btsZdfo|ys:jCz�udLj5df�u�4jCx�f�dLl:jCs�b�u���v7u'uLbe.Izef�n+lmf�s _ uLbtsm��jczev`xojCztbtuLf�gwuf�s:uvC|+u'x'lmf�a�f G
N lmf,�:|LvC.Iztf�a�b�s � be� _ |Lf�¡ GSR btu _ uf�gidvcgmf�acv7s:ud|'j5df  v7btsi�C|Lv _ �4u G � sPdLl:b�u��:|LvC.Izef�a#�GdLlmfo|'f�j5|Lf { v _ |
x�vC|L|'btgmvC|yu�f�jCxyl#n+btdLl dJn�v udLj5df�u GYN lmf uv _ dLlmfo|'swuLdLj5df�btsPd?n�vcv { dLlmf�x�vC|L|'btg:vC|'u�l:jCu�dLlmf vC.Iufo|'��j5dLbev7s
R n+l:btzef�dLlmf,vCdLlmfo|%d?n�v l:j �Cf dLlmf vC.Iufo|'��j5dLbev7s T=G � sPf�jCx'l�d|'btjCz�v7smf,v { dLl:f { v _ |%smvC|LdLlwuLdLj5df�u%n+btztz4.�f
uf�zef�x�df�g#n�bedLlif�� _ jCz��:|LvC.Ij5.4btztbedJ/ jCu%dLlmf�b�s:bedLbtjCz�udLj5df { vC|�dLl:j5d+d|'btjCz G � vC|�uLbta��4ztbtxobedJ/C�0btsidLlIbtu
�:|LvC.Izef�aUdLl:f v7s:ze/P��v7u'uLbe.Izef,jCx�dLbev7s#b�u�h�vA�Cf�� ^ v _ dLl G�N lmf dLjCu ^wbtu�dv x�v7s:ud| _ x�d%�C|Lv _ �Iu�uLvcdLl:j5d�f�jCxyl
bts:bedLbtjCz�udLj5df�l:jCu�jcufod+v { s:v0gmf�u�n�l:btx'l _ s:bt� _ f�ze/c|Lfo�I|Lf�uf�sGd%d|'jCs:uLbedLbtv7s:u { |'v7a�bed%dvcvCdLlmfo|�udLj5df�u G
N lmf { v _ |���v7uLuLbe.4zef�udLj5df�d|'jCs:uLbtdLbev7s:u { vC|�dLlmf�smfon �I|LvC.Izef�a j5|Lf��:|Lf�uf�sGdf�g#bts � be� _ |'f�¡ GST=GYN lmf
j5|L|Lv n btsidLl:btu�~4� _ |Lf { |Lv7a f�jCx'l���v7uLuLbe.Iztf�btsIbedLbtjCz�udLj5df�btu+ztj5.�f�ztzef�gPn+bedLlidLlmf�jCx�d _ jCz&d|'jCs:u'bedLbev7s
�:|LvC.Ij5.Ib�ztbed?/ dvcf�jCx'lO|Lf�u _ ztdLbtsm� vC.Iufo|L�5j5dLbev7sw�7be�Cf�s�dLlmf�jCx�dLbev7sOh�vA�Cf�� ^ v _ dLl G �$jCx'l�v { dLlmf { v _ |
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Subordinate node’s value exceeds superior’s.
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pays

suspended: Boolean = True

matches

2

Environment

1

addsSelfTo

1

clears

2..*

initiateGroupCreation

*

matches

sendsMessagesTo

effects

UnaryGroup

1

pays

matches

sendsValueTo

steps

: Float = 0

utilityValue: Float = 0

independentETP
dependentETP: Float = 0

create suppressed 

matched: Boolean
          : Boolean = False

1

          : Boolean = False
support suppressed

Group

11
containerprediction

Effector

selected: Boolean
support: Double

1

predicts
contained

0..* 0..*

predictor

1

0..*
predictor

JoinGroup

1

Controller

1..*

10..*
superior

resets

subordinate

resets

1..*

1

1,2
0..*

subordinate

superior

Node

activationCount: Float = 0
fired: Boolean

maxValue: Float

1

0..*

1

1..*

resets

matched: Boolean

Detector

1

11

1..*

0..*

1

1

1..*

1

MatchedGroupCollection
1

predictor

prediction

1supports0..*
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Groups select
the highest value

nodes
from contained 

match()

step()
getMatched()

 

*match()
[while more    superiors]

[unsuspended] 

[while more    subordinates]

*createNewNodes()

[for each matched group] createNewNodes()

:Controller :Detector :Group :Node :GroupCollection :Effector :Environment

*createPredictorNode() [for each predicting group]

create()
*payPredictors()

[for each matched group] getSystemReward()

*getValue() [for each contained node in group]

*payReturn() [for each fired predicting node]

* updateValueAndTransitionEstimate()

checkPredictionMatched()

updateEstimates()

*createNewGroups()

[for each matched group]

[for each fired node]

createNewGroups()

[for each combination]
create()

*setToUnsuspended()

*checkForRemoval()

[for each unsuspended group ]

removeSelf()

[for each matched group ]

[while more subordinates]

*sendSupport()

addSupport()

*getTotalSupport()

[for each effector]

select()

fire()

*addToGroupcollection

[for each matched group] addSelf()

*reset() [for each group]

*reset() [for each node]

*supportSuppressSubordinates()

[for each node in an unsuspended, unsupportSuppressed group] 

[for each node in a matched group which supports the selected effector]

*createJoinGroup()

To each group which was
matched last cycle. Ensures
it has a connection to each 
group matched this cycle
which was not support 
suppressed. But only done 
if predicting group was not
support suppressed.

groups which were matched

Create a new group 
based on two predicting

last cycle and unsuspended
and not create suppressed..

*createSuppressSubordinates()

*createSuppressSubordinates()

[for each group which is suspended and contains a node which has improved on subordinates]

[if no nodes improve on subordinates]
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�-U[E9CKRTB � LuMGN$M���<�V8CK:-? � U[P^]HE;?A@-@SE9PJ@-E*U=?ABDCK�=Yt?_E9CF�$?AE*�hPJO 7 ��� Ud<$@-E9P � U=�HCK�pOQPJEGRTPJE9E*CKRTB
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Attribute 1

Attribute 2

Attribute 3

Attribute 4

Attribute 5

Attribute 6

18 19

Class bits

1 0 0  1 0   0 0 1 0  0 1 0  1 0    0 0 1  0 0
A = 11 A = 1 A = 12 3 4 5 6A = 2 A = 3 A = 3

Bit vector:

Sample input string:
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 � � � � 
��  � � � ��
 � � ?AE9CiU=\`BDE9PZ�-]-RTCK�pBDPe�-CK<9RTE*U[V8CsCK?JR*:�PJOvB9:-CK<DCiE9CF�^U[P^\S<F�
0|?JR>:aPJOB9:HCK<DCiE9CF�^U=P^\hBwYq@8CK<�E9C�,q]-U[E9CK<�?	�SU�4rCFE*CK\�B�BDCKR>:-\-U ,q]HCWOQPJEGRTE9CK?AB9U=\H�eBDCKI_@8PJE*?J�1R*:-?JUd\-<�BDP	E9CF@SE9CK<DCK\`B
B9:HCKIh� � ��P_C��H?JI_@S�[CWCK\ � U=E9P^\-I_CK\`B9<;?AE9C3]S<DCK�pBDPeC��ZCKI_@S�=U=O�Y	B9:-CK<DCiBw��Pt�SU�4rCFE*CK\�B�B¢Y`@8CK<�PJOmE9CF�^U[P^\��
� :HCWC��H?JI_@S�[CWCK\ � U=E9P^\-I_CK\`B9<;?AE9CiV8PJB9:h<9UdI_@S�[CWI	?A�FCK<G�GU[B9:h?J\hCK?J<DBu?J\-�a?_��CK<DB;V-E>?J\-R*:1� ��U[B9:-Ud\
CK?JR*:cIe?A�FC � B9:HCWBw��P	V-E*?J\SR*:HCK<�?AE9CiUd�HCK\�B9UdRF?J�XC��HRTCF@-B�OQPJE�B9:HCW@-E9CK<9CK\-RTCsPJO6?_�HPqPJE;?AB�B9:HCsCK\-�pPJO6CK?JR*:CK?J<DB;V-E*?J\SR*:1�
0f?JR*:cIe?A�FCl:-?J<�V8P^]-\S�-?AE*U[CK<��G:-UdR*:h?AE9C3UdI_@S?J<9<9?AVX�[C/?J\S�a�[PZRF?AB9U[P^\-<��GU=B9:-U=\�CK?JR*:�?AE9C
�-U � U=�HCK�pU=\`BDP	�-U=<9RTE9CFBDCi<9B9?ABDCK<G�GU=B9:h?J\aU=\H@S]-B�<DBDE>U=\H�$9QPJVS<DCFE � ?AB9U[P^\ < E9CF@-E9CK<9CK\�B9U=\-�¤CK?JR>:�<9B9?ABDC���<O�CK?AB9]HE*CK<F� �6P^<9<9U[VX�[CsO�CK?AB9]HE*CK<;?AE9CiB9:HCW@SE9CK<DCK\-RTCiPJO6�GU=\S�HP®�G< � �-P`PJE*<�?J\S�a<9]HE9E*P^]-\-�-U=\-�3�$?J�=�=<F� -b\hV8PJB9:I	?A�FCK< � ? � ?J�=]HCWPJO 7WU=\pCK?JR>:cPJO6B9:HCk1XE*<DB�OQP^]HE�VSU[B9< 9¶Ud\pPJE*�HCFE;OQE9P^I�B9:HCi�=CFO�B < Ud<�]-<DCK�hBDPeUd\-�-U=RF?ABDC��?J�=�d<$BDP	B9:HC3\HPJE*B9: � <DP^]HB9: � CK?J<9Bu?J\-�p��CK<DB;E9CK<9@rCKRTB9U � CK�[YJ� � :HC � ?J�=]HCWPJO 7iU=\pB9:-C?1SO�B9:aVSU[B�U=\-�-UdRF?ABDCK<
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?	�HPqPJEG?J\-�pB9:HCiE*CKI	?JU=\-U=\-�lB¢�fPtVSU[B9<�?AE9C3]S<DCK�hBDPeU=\S�-U=RF?ABDCW?_�GU=\S�HP®��BDP	B9:-Ci�fCK<9BG?J\-�pCK?J<DB
E9CK<D@8CKRTB9U � CK�[YJ�³M/\a?A�JCK\`Bu\-? � U[�^?AB9Ud\H�eU=\pB9:-Ud<�<9U=I_@S�dU=<DB9U=RGCK\ � U[E9P^\-I	CK\�B;I	?®Yh<DCK�[CKRTBG?J\a?JRTB9U=P^\a�G:-UdR*:
I_P � CK</U[B�OQE9P^I�U[B9<�RF]HE*E9CK\�B;<9B9?ABDC3BDP	P^\HC3PJO6U[B9<G\HCKU[�^:`VrP^]-E;<DB9?ABDCK< � ]S\-�[CK<9<�B9:HC3?JRTB9U=P^\c�[CK?J�-<$B9:-C?A�JCK\�B/U=\�BDP	?	��?J�=� � U=\p�G:-U=R>:hRF?J<DCiB9:HCl?A�JCK\�B ��</<DB9?ABDC3�uU=�=�XE9CKI	?JU=\a]S\-R*:-?J\-�JCK�1� �6P^<9<9U[VS�=Cs?JRTB9U=P^\-<G?AE9C
� P � C5/ �qP^]HB9: � � P � C5/ � PJE9B9: � � P � C5/�0f?J<DBu?J\-� � P � C5/�� CK<DBF� 1 CFOQPJE9C3<9CK�[CKRTB9U=\H�_CK?JR>:c?JRTB9U[P^\ � B9:-Ci?A�JCK\�BE9CKRTCKU � CK<;B9:-C3U=\H@S]-B�<DBDE>U=\H�5�G:-U=R>:aU=\-�SU=RF?ABDCK<$B9:HCWOQCK?AB9]HE9CK<;PJOgU[B9<�RF]-E9E9CK\`BG<DB9?ABDCJ�
� :HC?1SE*<9B$Ie?A�FClU=<��HCF@XU=RTBDCK�aU=\ 	mU[�^]HE*C 3q� 7A� � :HCsV-E>?J\-R*:HCK<GPJOvB9:SU=<�I	?A�FC3@SE9P � U=�HCW?J\hC��H?JI_@S�[CWPJOg?
:HCFBDCFE9PJ�JCK\HCFP^]-<GE9CF�^U[P^\hPJOm:-U=�S�HCK\ /w<DB9?ABDCJ�
	HPJEGB9:HCiCK?J<DB�V-E>?J\-R*:hB9:SU=<$E9CF�^U[P^\pV8CF�^U=\-<$U=\pB9:-Ci\HPJE9B9: /�CK?J<DB
RTPJE*\HCFEK�|M/\h?A�JCK\`BuI_P � U=\-�	<DP^]HB9:hOQE9P^IjB9:-?ABGRTPJE>\HCFE;�GU=�d�XC��Z@8CFE*U[CK\-RTCsB9:HCl<9?JI_CWPJVS<DCFE � ?AB9U[P^\c]-\�B9Ud�rU=B
?AE9E*U � CK<;?ABGB9:HC3<DP^]HB9:%/�CK?J<DBGRTPJE*\HCFE®��-¢B;RTP^\`B9?JU=\-<u:-U=�-�-CK\ /w<DB9?ABDCsV8CKRF?J]-<DCiCK?JR>:aPJVS<DCFE � ?AB9U[P^\cU=\pB9:HC
<DC�,`]-CK\-RTCiPJO6PJVS<DCFE � ?AB9U[P^\-<�E*CKRTCKU � CK�a�G:SU=�[C/BDE*? � CFE*<*U=\H�	B9:HC3E9CF�^U[P^\aU=< � � � �  � � 9¶U��ªC3<9:-?AE9CK� < V`Yp<DP^I_CPJB9:HCFEu<DB9?ABDClU=\pB9:HC3<DB9?ABDC¤<D@S?JRTC � Ud\pB9:-U=<�RF?J<DC � V`Y�B9:HC3<DB9?ABDCK<GPJOmB9:HCW�fCK<9B;V-E*?J\-R>:1��-B;U=<�RF?J�=�[CK�:HCFBDCFE9PJ�JCK\HCFP^]-<uV8CKRF?J]-<DCWCK?JR>:�<DB9?ABDC3�GU[B9:-U=\�B9:HCl<9:-?AE9CK�pE9CF�^U=P^\hPJOmPJVS<DCFE � ?AB9U[P^\-<;:S?J<;?	�-U�48CFE9CK\`B
U=\H@S]HB$<DBDE*Ud\H�$9QPJVS<DCFE � ?AB9U[P^\ < �-]HCsBDP	B9:HCiOQCK?AB9]HE9CK< 9Q�GU=\-�-P®�G<�U=\pB9:SU=<�RF?J<DC < @SE9CK<DCK\`B;U=\pCK?JR*:½<DB9?ABDCJ�

South

North

0 0 1 1 0 1 0

0 0 1 1 0 0 1  

0 0 1 1 0 1 1  

0 1 1 1 0 0 0

1 0 0 1 0 0 0 1 0 1 0 0 0 0

0 0 1 1 0 1 0

0 1 1 1 1 0 0

0 0 1 1 0 0 1  

0 0 1 1 0 1 1  

Which appears as:

	mU[�^]HE9C 3q� 734 �uU=�S�HCK\ /w<DB9?ABDCiE*CF�^U[P^\-<J9¶RTPJE9E*Ud�HPJE*< < �GU=B9:h?	:HCFBDCFE9PJ�JCK\HCFP^]S<uU=\-@S]HB�@S?ABDBDCFE*\1�

� :HCiI	?A�FC3Ud\ 	6U=�^]HE9C 3q� A Ud�=�=]-<DBDE>?ABDCK<fB9:-C3<DCKRTP^\-�hB¢Y`@8CiPJOm:-U=�S�HCK\ /w<DB9?ABDCJ� � :SU=<�I	?A�FC3RTP^\`B9?JU=\-<u?:HP^I_PJ�JCK\HCFP^]-<GE9CF�^U[P^\hPJOg:-Ud�-�HCK\ /w<DB9?ABDCJ� � :-U=<�E9CF�^U[P^\aUd<;�HCKI_P^\-<9BDE*?ABDCK�hVqYtB9:HCl<DCFB;PJOm<DB9?ABDCK<
BDE*? � CFE*<9CK�aVqYp?J\c?A�JCK\�B/RTP^I	I_CK\-RFU=\-�	?AB;B9:HC3\HPJE*B9: /�CK?J<DBGRTPJE*\-CFEG?J\-�aRTP^\`B9U=\q]-U=\H�_<DP^]HB9:c]-\�B9Ud�1U[B
E9CK?JR*:HCK<GB9:HC3<DP^]-B9: /�CK?J<DBGRTPJE*\-CFEK�|Mu�^?JU=\ � B9:HCiE*CF�^U[P^\aRTP^\`B9?JU=\-<;:-Ud�-�HCK\ /w<DB9?ABDCWV8CKRF?J]-<9C3?_<DC�,q]HCK\-RTCiPJOPJVS<DCFE � ?AB9U[P^\-<�E*CKRTCKU � CK�a�G:SU=�[C/BDE*? � CFE*<*U=\H�	B9:HCWE*CF�^U[P^\aU=<;<*:-?AE9CK�pVqYp<9P^I_CWPJB9:HCFEGE*CF�^U[P^\aU=\pB9:HCl<DB9?ABDC
<D@S?JRTC � U=\�B9:-Ud<�Ie?A�FCiV`YtB9:HCW��CK<DB�V-E*?J\-R>:1���uP®��C � CFE � U=\p?_:HP^I	PJ�JCK\HCFP^]-<;E*CF�^U[P^\h<9]-R>:h?J<�B9:-U=< � B9:HCFE*CU=<�?J\c?J�-�SU[B9U[P^\-?J�8�-U=I	CK\-<9U[P^\�BDP	B9:HCi:SU=�-�HCK\ /w<9B9?ABDCJ� � :HCW<9?JI_C3PJVS<DCFE � ?AB9U[P^\a?A@-@8CK?AE*<;O�PJEGI¤]-�[B9U=@S�[C
<DB9?ABDCK<G�uU[B9:-U=\tB9:HC3:-Ud�-�HCK\ /w<DB9?ABDCWE*CF�^U[P^\1�
� :-U=<��-Ud<DB9U=\-RTB9U[P^\�V8CFBw��CFCK\c:-P^I_PJ�JCK\HCFP^]-<GE9CF�^U[P^\-<�?J\-�c:HCFBDCFE9PJ�JCK\HCFP^]-<uE9CF�^U[P^\S<;U=<�RTE*U[B9UdRF?J� � ?J<:HP^I_PJ�JCK\HCFP^]-<GE9CF�^U[P^\-<G\HCFCK�hBDP	V8CWBDE9CK?ABDCK���-U�48CFE9CK\�B9�=Yt�-]HE>U=\H�5�[CK?AE*\-U=\-�H� � :HCK<DCi�-U 4rCFE9CK\SRTCK<�?AE9C
�-U=<9RF]-<*<DCK�pU=\a�HCFB9?JU=�1Ud\��qCKRTB9U[P^\�3q� �q� 7A� �GP��fC � CFE � B9:HCFE9ClU=<$P^\HCiO¶]HE9B9:HCFE�@SE9PJVS�[CKIj�GU=B9:pB9:HCK<DCiB¢�fP
I	?A�FCK< G <9Ud\-RTCi�-U=<DBDE>U[VS]HBDCK�p<DCK\-<9PJE*<�?AE9CiV8CKU=\H�_]-<9CK� � CK?JR*:�PJOvB9:-CK<DCiE9CF�^U[P^\aBwYq@rCK<GI	?KYh?A@-@8CK?AE;BDP	V8C?	RF?J<DCiPJOmB9:HCWPJB9:HCFEuBwYq@8CJ� � :-CFB9:HCFE;PJEu\-PJB�B9:-U=<�PZRFRF]HE*<;�-CF@rCK\S�-<�P^\hB9:HC3U=\S�-U � U=�-]-?J�SO�CK?AB9]HE*CK<;?J\-�
RTP^I3VSUd\-?AB9U[P^\-<�PJO6OQCK?AB9]HE9CK<G]S<DCK�pBDPeRTP^\-<DBDE>]-RTB;B9:HC3?A�JCK\`B ��</I_CKI_PJE9YJ�
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North

South

0 1 1 1 0 0 0

0 0 1 1 0 0 0  

0 0 1 1 0 0 0  

0 0 1 1 0 0 0  

0 0 1 1 0 0 0  

0 0 1 1 0 0 0  

0 0 1 1 0 0 0  

1 0 1 0 0 0 0

0 1 1 1 1 0 0

1 0 0 1 0 0 0 

Which appears as:

	mU[�^]HE9C 3q� A 4 �uU=�S�HCK\ /w<DB9?ABDCiE*CF�^U[P^\-< 9¶RTPJE9E>U=�HPJE*< < �GU=B9:h?	:HP^I_PJ�JCK\HCFP^]S<GU=\H@X]HB$@S?ABDBDCFE*\1�

� Pe? � P^U=�aB9:-CiRTP^I_@S�=U=RF?AB9U=P^\-<;?J<9<DPZRFU=?ABDCK�h�uU[B9:h�-U=<DBDE>U[VS]HBDCK�p<DCK\-<9PJE*<��G:HCK\hRTP^\S<DBDE*]-RTB9U=\-�_BDCKI_@8PJE*?J�
R*:-?JU=\S<�B9:HCWOQP^�=�[P®�uU=\H�_<DCKRTB9U[P^\-<G�G:-U=R>:h�HCK<9RTE*U=VrC/BDCKI_@8PJE*?J��R>:-?JU=\-<;O�PZRF]-<�P^\-�=YeP^\h@-E*PJVS�[CKI	<$�G:SU=R*:
]-<DCi?	�[PZRF?J�=U=<9CK��<9CK\-<DPJEG<9R>:HCKI_CJ� �u<9Ud\H�	?_�[PZRF?J�=U=<DCK�h<9R>:HCKI_CiCK?JR>:c@8P^<9<*U[VS�[C/PJVS<DCFE � ?AB9U[P^\ 9¶<9CFB;PJO
O�CK?AB9]HE*CK< < U=<$E9CF@SE9CK<DCK\`BDCK�aVqY�?	<*U=\H�^�[CW]-\-U ,`]HC/VSU[B;Ud\pB9:HCi?A�JCK\�B ��</U=\H@X]HB�<DBDE*U=\H�H�

� ��� � �5z �3z³} �14 � �W. �1}�.rz 
��

M$BG?	:-U[�^:%/w�[C � CK� � LGMGN�M E*CF@-E9CK<DCK\`B9<;I_CKI_PJE*YtOQPJEG:-U=�S�HCK\ /w<DB9?ABDCW@-E*PJVS�[CKI	<�]-<*U=\H� � � � ��
 � � � ��� ��� � ±�
0|?JR*:��=U=\��tU=\h?_BDCKI_@8PJE*?J��R>:-?JU=\aUd<�?_�JE9P^]H@cRTP^\`B9?JU=\-Ud\H�	?5E*]-�[Cs�G:SU=R*:pC��ZBDCK\-�-<u?JRTE9P^<9<;B¢�fP
B9U=I_C5/w<DBDCF@S<K� � :HCWBDCKI_@8PJE*?J�1R>:-?JU=\aRTP^\S<DBDE*]-RTB9U[P^\a@-E9PZRTCK<9<;RTP^\-<9Ud<DB9<�PJO6B9:HE9CFCiB9?J<��Z<54 ��� � � � � � � ��� � 
 � �
��� � � � ��� � � �  ��
 ��?J\-�  � � � ��� � �  � � � ��� � 
 �T9¶U��ªC3R*:S?JU=\hE9CKI_P � ?J� < � � CKI	@rPJE>?J�1R*:-?JU=\cRTE9CK?AB9U[P^\aPZRFRF]HE*<�G:HCK\h?	RTP^\-�SU[B9U[P^\h?AE*U=<9CK<��G:-U=R>:hU=\-�-UdRF?ABDCK<$B9:HC3?A�JCK\`B ��<GCK\ � U=E9P^\-I_CK\`B;I	?KYhRTP^\`B9?JU=\c:SU=�-�HCK\ /w<9B9?ABDCJ�
� :-U=<�RTP^\-�SU[B9U[P^\h?AE*U=<9CK<$�G:HCK\a?5�JE9P^]-@cU=<;U=\SRTPJE9E9CKRTB9�[Yt@-E9CK�-U=RTBDCK�pVqYh?_\HPZ�HCW�G:-U=R>:hU=<;\HPJB;<*]H@-@8PJE9B
<9]H@-@-E*CK<9<DCK���G:HCK\aU=B�C��qCKRF]HBDCK<u?J\-�hB9:HC3@-E9CK�-U=RTBDCK�p�JE*P^]H@cU=<�\HPJBu<9]H@-@8PJE9B$<9]H@-@SE9CK<9<DCK�hU=\pB9:-C
O�P^�=�=P®�GU=\-�5RTYZRF�[CJ�
N�P^\-<9U=�-CFE�B9:HCWC��Z?JI	@S�[CW@-E9CK<9CK\�BDCK�aUd\ � ?AVX�[C 3q� 7W�G:-UdR*:pE9CF@-E*CK<DCK\�B9<G?_B9?A@8CiE9CK?J�-U=\-�¤B9?J<.���uU[B9:pB9:HE9CFC
�-U�48CFE9CK\�B�B9?A@8CK<F�+0|?JR*:cB9?A@8Ci:-?J<�B9:HE9CFCl�-U�48CFE9CK\�B;�=CFBDBDCFE;@8P^<9U[B9U[P^\-<$�u:-U=R*:h?AE*CiB9:HCi�-U�48CFE9CK\`B;<DB9?ABDCK</U=\
B9:-U=<��[CK?AE*\SU=\H�5B9?J<��r� � :HCi?A�JCK\`BuU=<;�^U � CK\a?	<DCFE>U[CK<$PJO�Y BDE*U=?J�=<$P^\hB9:-CiB9:HE9CFCWB9?A@8CK<;�uU[B9:h?J�=�8B9?A@8CK<
VrCKUd\H�_]-<DCK�h�GU=B9:pC�,`]-?J�8@SE9PJVS?AVSU=�dU[BwYJ���uP®��C � CFE � B9:-Ci?A�JCK\�BuE9CKRTCKU � CK<G\-PeU=\HOQPJE*I	?AB9U[P^\�P^\c�G:-U=R>:pB9?A@rCU[B;U=<$E9CK?J�-Ud\H�	�-]HE*Ud\H�¤?	BDE*U=?J�8PJB9:HCFEuB9:-?J\hB9:HCWPJVS<9CFE � ?AB9U=P^\-<;?J<9<DPZRFU=?ABDCK�c�GU[B9:pB9:HCiB9?A@8C���<;<9C�,`]HCK\SRTCiPJO
�[CFBDBDCFE*<F��0f?JR*:cBDE*U=?J�1RTP^\-<9Ud<DB9<�PJOmB9:HE9CFCWB9U=I	CK<DBDCF@S< 9�� n BDP�� / < RTP^I	I_CK\-RFU=\-�_�GU[B9:h?J\cUd\-U[B9U=?J�r<DB9?ABDCl?J\S�PJVS<DCFE � ?AB9U[P^\a?AB�� n ��	HPJEuB9:-U=<�B9?J<�� � ?_�[PZRF?J�=U=<9CK�h<DCK\-<DPJEG<*R*:HCKI_ClU=<;]-<DCK�hUd\p�G:-U=R>:pCK?JR*:�PJVS<DCFE � ?AB9U[P^\:-?J<;?	]-\SU ,`]-CuVSU=B;U=\pB9:HCiU=\H@X]HB�<DBDE*U=\H�H�gM$BuCK?JR*:aB9UdI_CK<DBDCF@cB9:-Ci?A�JCK\�BuC��qCKRF]HBDCK<uB9:HCWE9CK?J��?JRTB9U[P^\ 9¶U[B9<
P^\-�[Ye@8P^<9<*U[VS�[Cs?JRTB9U[P^\aOQPJE;B9:-Ud<�B9?J<�� < ?AO�BDCFEu�G:-U=R>:hU[B;I_P � CK<;P^\HCi@8P^<9U=B9U[P^\h?J�[P^\H�_B9:HC3B9?A@rC � R>:-?J\H�^U=\-�<DB9?ABDCl?J\-�pE*CKRTCKU � Ud\H�	?	\HCF� PJVX<DCFE � ?AB9U[P^\1� � :-Ud<$@-E9PZRTCK<9<;U=<$E9CF@8CK?ABDCK�a]S\�B9U=�8B9:-CiCK\-�pPJOmB9:HCiB9?A@8CiU=<
E9CK?JR*:HCK� 9¶?AB�� / < ?ABG�G:-UdR*:p@8P^U=\`B�B9:-CiBDE*U=?J�8CK\-�S<F�
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� :HCWB9?A@8CWE9CK?J�-U=\-�¤B9?J<.�pUd<�]-<DCK�hU=\pB9:HCWOQP^�=�[P��GU=\H�_<9]-VS<DCKRTB9U[P^\-<$BDP_C��H?JI	U=\-C � LGMGN$M���<�@-E*PqRTCK<9<9CK<�O�PJE
RTP^\-<DBDE*]-RTB9Ud\H�_BDCKI_@8PJE*?J��R>:-?JU=\-<$�GU=B9:pB9:HCiE9CK<9]S�[B$B9:-?ABGU[B9<;Ud\�BDCFE*\S?J�1I_Pq�-CK�1RTPJE9E9CKRTB9�[YpE9CF@-E*CK<DCK\�B9<;B9:HC
BDE*]HC � ?AE �JP � I_PZ�HCK�8]-\-�HCFE*�=YqU=\-�iB9:HCsPJVS<DCFE � ?AB9U[P^\-<�U=B�E*CKRTCKU � CK<F� � :-C/B9?A@8CsE9CK?J�-Ud\H�lB9?J<.��U=<�B9:HCFE*CFO�PJE9C
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Tree root (chain prediction)Search extends down the tree

Chain execution moves up the tree
from the first group (for observation D) 

Valid path

Invalid paths

through the terminal group (for 
observation A) to the tree root, X.
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� ?J�=]-CWB9:-?J\aU[B9<�C�,q]-U � ?J�[CK\`B;<9]HV8PJE*�-Ud\-?ABDC � RF?J<9CK<G?AE9C3RTP^�d�[CKRTBDCK�aOQPJE;B9:HCiBDCK<9B;O�PJEu\HP^U=<DCi?J\-�p�u:HCK\<9] �tRFU[CK\`B;RF?J<DCK<u?AE9C3? � ?JU=�=?AVX�[CWB9:HCiRTP^I_@S?AE>U=<DP^\aU=<�Ie?J�HCJ��-OvB9:HCWBDCFE>I	U=\-?J�1\HPZ�HC���< 0 � � Ud<�\HPJB
:-U[�^:HCFE�B9:-?J\cU[B9<�C�,q]-U � ?J�[CK\�B;<*]HV8PJE*�-U=\-?ABDCs?J\-�hB9:-ClN�P � / �qB9]-?AE9BGBDCK<DBGOQPJE;BDE9CK\-�hUd\-�-U=RF?ABDCK<;\-P	]H@`�$?AE*�
BDE9CK\-� � B9:HCiR>:-?JU=\aUd<�C��qBDCK\S�HCK�1� �Z:-P^]-�=�p?5BDCFE*I	U=\S?J�1\HPq�-Ci�HCKI_P^\-<DBDE>?ABDC3?J\aU=I_@SE9P � CKI_CK\`B;P � CFE/U[B9<C�,`]-U � ?J�[CK\`B;<9]HV8PJE*�SU=\-?ABDCa9¶]-<9U=\H�5B9:HC3BDCK<DBGU=\��qCKRTB9U=P^\ IH� A � � < � B9:-CiBDCKI_@8PJE*?J�1R*:S?JU=\h�GU=�d�XV8Ci<DCFBGBDP
� � � � � � P	O¶]HE9B9:HCFE�C��ZBDCK\-<9U[P^\S<�?AE9C3I	?J�HC3BDPe? 1X\-?J�8BDCKI	@rPJE>?J�1R*:-?JU=\ � ?J\-�hB9:HC3\-Pq�HCK<�Ud\pB9:HC3R*:S?JU=\9QBDCKI_@8PJE*?J��?J\-�hBDCFE>I	U=\-?J� < ?AE9C3CK�=U[�^U[VS�=CuBDPe<9CK\-�a<9]H@S@rPJE*BfBDP	C548CKRTBDPJE*</?J<G?A@-@SE9PJ@-E*U=?ABDC:9Q�G:-CK\I	?AB9R*:HCK� < � � :HCN1SE><DB$�JE9P^]H@aU=\p? 1X\-?J�8R>:-?JU=\hI	?®Y�?J�=<9P	RTE9CK?ABDCi@-E9CK�SU=RTBDPJE*<$OQPJE;U[B9<DCK�[O·Ud\pPJB9:HCFE;�JE9P^]H@X<�G:HCK\hU[B9<;<*]HV8PJE*�-U=\-?ABDCsU=<;Ie?AB9R*:HCK�1�
� CKI_@8PJE*?J�1R>:-?JU=\-<;E9CF@-E9CK<DCK\`B9U=\H�	:-P^I_PJ�JCK\HCFP^]-<GE9CF�^U[P^\-<�PJOm:-U=�S�HCK\ /w<DB9?ABDC89¶:HP^I	PJ�JCK\HCFP^]-<;E*CF�^U[P^\-<
�fCFE9CWU=\`BDE9PZ�-]-RTCK�pU=\ �qCKRTB9U[P^\ 3q� A < @-E*CK<DCK\�B�?5�-U�48CFE9CK\`B$@-E9PJVS�[CKIa� � :-CK<DCWR*:-?JU=\S<f�uU=�=�r�HCKI_P^\-<DBDE>?ABDCs?J\U=I_@-E9P � CKI_CK\`B;P � CFEuB9:HCKU[E;@-E>U=I	?AE9Y	BDCFE>I	U=\-?J�1\HPZ�HC���<;<*]HV8PJE*�-U=\-?ABDC �9]-<DB�VqYtV8CKU=\H�5C��ZBDCK\-�HCK�1� � :-U=<
PqRFRF]HE><�V8CKRF?J]-<DCWB9:HC3<9@rCKRFU21XRFU[BwYtPJOmB9:HCWBDCKI_@8PJE*?J��R>:-?JU=\aU=\SRTE9CK?J<DCK<��GU=B9:pCK?JR*:aC��ZBDCK\-<9U=P^\ � C � CK\B9:HP^]H�^:hB9:HC3BDCKI_@8PJE*?J�1R*:-?JUd\aI	?KYh\HPJBu:-? � C3<*] �tRFU[CK\`B;�[CK\H�JB9:hBDPe@-E9C � CK\`BG?J\�Yp@8CFE*RTCF@-B9]S?J�1?J�=U=?J<9U=\-�
9¶<DCFC 	mU[�^]HE9C 3q� 3 < �+-\aB9:HCK<DC3RF?J<DCK< � B9:HCiBDCKI_@8PJE*?J�·R*:-?JU=\hUd<�E9CFB9?JU=\HCK�cU[OvU[B9<;@-E*U=I	?AE*Y	BDCFE*I	U=\S?J�1\HPq�-C���<0 � ��C��HRTCFCK�-<�B9:HCJ0 � � � ?J�=]HC/PJO6U[B9<�C�,q]-U � ?J�[CK\`B$<*]HV8PJE*�-U=\-?ABDC/?J\-�p?¤B9:HE9CK<9:HP^�d� � ?J�=]HCa9¶]-<9]S?J�=�[YeRF�[P^<9C
BDP$7A� � < RF?J�=�=CK�hB9:HC � � � ��
 � � � � � � � �� 
 � � 9 �0� < � O 0 � � RTP^I_@S?AE>U=<DP^\-<�]-<9CK�aU=\h<DB9?AB9U=<9B9U=RF?J�1BDCK<DB9<uRF?J\aV8C
VSU=?J<DCK�pBDP	O¶? � P^]-EGE9CFB9?JU=\SU=\H�	R*:S?JU=\-<�?J\-���DP^U=\-<$VqYpU=\-RTE9CK?J<9Ud\H�_\HPq�-CJ0 � �f<�V`Yp?	<9Ie?J�=�8OQ?JRTBDPJE/]-<9U=\-�
?J\ � � � � 
 ��� � � ����� � ��� 
 � 9���� < ]-@�BDP_?5I	?f�HU=I¤]-I PJO+7A� � 9¶<DCFC��qCKRTB9U[P^\ IH� A � 7Q7 < � � PZ�HCK<$�G:-P^<DCN0 � �0��<C��ZRTCFCK�cB9:HCKU[EG<9]-VrPJE>�-U=\-?ABDCK< 0 � �0��<;?A@-@X�[YeB9:HC���� � BDPeB9:HCKU[EX0 � � � ?J�=]HC89QVS]HB;\-PJB;B9:HCKU[E
<9]HV8PJE*�-U=\S?ABDCK< < �u:HCK\hE9CKRTPJE*�SU=\H�_U[B�OQPJEG]-<DCiU=\pB9:-CiBDCK<DB;OQPJEG\HP^U=<9CJ��-\pB9:-CiC��q@8CFE*UdI_CK\�B9<�Ud\cN$:-?A@-BDCFE �B9:HC����(U=<;?A@-@X�=U[CK��V`Yp\HPZ�HCK<;U=\pBDCFE>I	U=\-?J�1?J\-���DP^U=\h�JE*P^]H@S<F�
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A A A

A A A

t t t tt 2 3 4 51

Sequence 1

Sequence 2

Chain: <A,r>,<A,r>,<A,r>    X

<A,r>    XUnary  node:

	6U=�^]HE9C 3q� 3C4 -\�B9:-Ud<
1S�^]-E9C � B9:-C/BDCKI	@rPJE>?J�XR>:-?JU=\p�HPqCK<�\-PJB$:-CK�[@t<DP^� � C/B9:-Cs�=CFBDBDCFE�@SE9CK�-U=RTB9U[P^\t@-E9PJVX�[CKIVrCKRF?J]S<DC¤U=Bu:-?J<s\HPJB/V8CFCK\cC��ZBDCK\-�HCK�½BDPpU=\-RF�=]-�-C � � �uP®��C � CFE � B9:HC¤@-E*UdI	?AE9Yh\HPZ�HClU=\�B9:-U=<uR*:-?JUd\��uU=�=�?A@-@8CK?AEu?	V8CFBDBDCFE/@-E9CK�-UdRTBDPJEGB9:-?J\½U[B9<;C�,q]-U � ?J�[CK\`BG<9]HV8PJE*�SU=\-?ABDCi\HPZ�HCiV8CKRF?J]-<DC¤U[BuIe?3�JCK<u?J\½U=\-RTPJE9E*CKRTB@-E9CK�-U=RTB9U=P^\pPJO � �[CK<9<$PJOQBDCK\ 9 n� � CFE*<9]-< nO < �
� P���B9:-?AB;��C3RF?J\��HCFBDCFE*I	U=\-C/�u:HCK\h?_BDCKI_@8PJE*?J��R>:-?JU=\a<*:HP^]-�=��V8CWE9CFB9?JU=\HCK� � B9:HCWE9CKI	?JU=\SU=\H�@-E9PJVS�[CKI�Ud<$BDPe�HCFBDCFE*I	Ud\HCi:HP®� I	?J\�Yh�=Ud\��q<$<9:-P^]-�=��V8Ci?J�-�HCK�h�G:SU=�[C/BDE*U=?J�=�=Ud\H�¤?J\c]-\ 1X\-Ud<9:HCK�

� ¹8¡��g�����g�>´Z©�¡®���b��¡��>� ¯uµ±£*�¨���b������ w¡s£*��©�¡�¦��·¦������b����©�¡A£>¥u¦¨¯��D£*� �A£>�1©�¡��¦��·µ>£>������8²�¦¨���H¯®�b«J�b¥�¯G�>¥/©�¡��m�¥®µK¦ª���±¥����b¥F©DÇ
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BDCKI_@8PJE*?J��R*:S?JU=\1��-B;U=<�@8P^<9<9U[VX�[CuB9:S?AB;B9:HCi<DC�,q]HCK\-RTCiPJOg<DB9?ABDC3BDE*?J\-<9U[B9U=P^\-<$�G:-U=R>:pB9:HCiBDCKI_@8PJE*?J�1R>:-?JU=\
Il]-<9B�C��ZBDCK\-�p?JRTE9P^<9<;VrCFOQPJE9C/V8CKU=\H�3E*CFB9?JU=\HCK�pU=<$<DP_�[P^\H�¤B9:-?AB�U[B$�HP`CK<�\-PJB�@SE9P � U=�HCs?J\�YtV8CK\HC�1SB|BDP_B9:-C
<DYq<9BDCKIh��	HPJEuC��Z?JI_@X�[C � VS]-U=�d�-U=\H�¤?_BDCKI_@8PJE*?J�1R*:S?JU=\hBDP	E9CF@SE9CK<DCK\`BG?_�[P^\H�	RTPJE9E>U=�HPJEGI	?®YpVrC�fPJE9B9:`�G:-Ud�[CWU[O·B9:HC3E9CF��?AE>�hO�PJEGBDE*? � CFE*<*U=\H�	B9:-?ABuRTPJE9E*U=�HPJE;Ud<�:-U[�^: � :HP��fC � CFE � B9:HCWC548PJE9BGI	?®YpVrC��?J<DBDCK��U[O·B9:-CiE9CF�$?AE*�aU=<��[P���?J\-�hB9:-C3RTPJE9E*U=�-PJE;U=<$@8CFE*:-?A@S<$V8CFBDBDCFEu? � P^U=�HCK�1��� �HU=I	U=�=?AE>�[Y � ��C3�HPe\-PJB��?J\`B;BDP	�$?J<DBDC3E*CK<DP^]HE*RTCK<;?ABDBDCKI	@-B9U=\H�	BDPtRTE9CK?ABDC3BDCKI_@8PJE*?J�·R*:-?JU=\S<$BDPe�HCFBDCFE*I	Ud\-U=<DB9U=RF?J�d�[Y	@-E9CK�SU=RTB
<DB9?ABDCK<GOQPJE;�G:SU=R*:pBDE*?J\S<9U[B9U[P^\-<�?AE*Ci]-\-? � P^Ud�-?AVS�[Yt@-E9PJVS?AVSUd�=U=<DB9U=RuU=\pB9:HC3]S\-�HCFE*�[YZU=\H� � ?AE �JP � I_PZ�HCK���
� :HCWC��ZBDCK\-<9U[P^\hPJO6BDCKI_@8PJE*?J��R>:-?JU=\-<GU=<$E9CK<DBDE*UdRTBDCK�hV`YpB9:HCWE*CFB9]HE*\-<�?J<9<9PqRFU=?ABDCK�c�GU[B9:pB9:HC3@-E9CK�-U=RTB9U=P^\-<
PJO6BDCFE>I	U=\-?J�8\HPZ�HCK<F�
0f?JR*:a@SE9CK�-U=RTBDCK�h�JE*P^]H@aI	?JU=\`B9?JU=\-<;?J\aCK<DB9U=I	?ABDCiPJOgU[B9<�? � CFE*?A�JC¤E9CFB9]HE*\a?J\S�pB9:HC
? � CFE*?A�JC5U=I	I_CK�SU=?ABDCsE9CF��?AE>�hE9CKRTCKU � CK�c�G:HCK\aU[B�U=<GI	?AB9R*:HCK��� � :HCK<DCl?AE9CWE9CKRTCK\-RTYp��CKU[�^:�BDCK��I_P � U=\H�
? � CFE*?A�JCK</�G:-UdR*:h?AE9C3RF?J�dRF]-�=?ABDCK�a?J<GO�P^�=�=P®�G<54

� ��� n�� � ����� � � " � ��% 9 3q� A <
�G:HCFE9C � U=<�B9:HCW? � CFE*?A�JCiV8CKU=\H�¤RF?J�=RF]-�=?ABDCK�h?J\-� � Ud<fB9:-Cs�d?ABDCK<DB!1S�^]HE9C/BDP_V8C/U=\SRF�=]-�HCK�tU=\eB9:-Cs? � CFE*?A�JC?J\-� � B9:HCi]H@1�-?ABDCWE*?ABDCJ� � :HCiI	?f�HU=I¤]-IjPJOmB9:HCK<DC � ?J�=]HCK<�U=<;B9:HCWBDCFE*I	U=\S?J� � ?J�=]-C �f�G:SU=R*:hU=<G<DBDPJE9CK�
U=\pB9:HCiBDCFE*IeU=\-?J�8�JE9P^]H@a?J\S�aU=<;RF?J�=RF]S�=?ABDCK�a?J<54

� U�� ����! 9 3q� D <
�G:HCFE9C � U=<$B9:-C3U=I	I_CK�SU=?ABDCsE9CF��?AE>� � ! B9:HC3? � CFE>?A�JClE9CFB9]-E*\h?J\-� � B9:HC3�-U=<*RTP^]-\�B�O¶?JRTBDPJEK�
Mu<;<*]-R*: � B9:HCWBDCFE*I	U=\S?J� � ?J�=]-CiI	?KYpV8CW�FCFE9P � @8P^<9U[B9U � C/PJE/\HCF�^?AB9U � CJ� � :-U=< � ?J�=]HCiU=<�@X?J<9<DCK�pVS?JR �hV`YB9:HCiBDCFE*I	Ud\-?J�r�JE9P^]H@c?J�[P^\-�	B9:HCWBDCKI_@8PJE*?J��R>:-?JU=\a?J\S�aU=<��-U=<*RTP^]-\�BDCK�c?AB;CK?JR*:��=U=\��r� -¢OmU[B;U=<�?_@8P^<9U=B9U � C
� ?J�=]-Ci?J\-�aU[B�O¶?J�=�=<�V8CK�[P®� ?_@8P^<9U[B9U � CsB9:HE9CK<*:HP^�=�h?ABG?J\`Yh�=U=\��eUd\pB9:HCiBDCKI_@8PJE*?J�1R>:-?JU=\ � ?J\-�aB9:HCBDCKI_@8PJE*?J��R*:S?JU=\aU=<�\HPJB 1X\-?J� � B9:HCWBDCKI_@8PJE*?J�·R*:-?JU=\a�GU=�=�rV8CsE9CKI_P � CK��� -O6U[B;Ud<�?	\HCF�^?AB9U � C � ?J�=]-C � ?J\-�U[B�E*U=<DCK<�?AV8P � Cl?	\HCF�^?AB9U � CiB9:HE9CK<9:-P^�=� � ?J�d]HC � B9:HCiBDCKI_@8PJE*?J�1R>:-?JU=\h�uU=�=�8?J�=<DP_V8CWE9CKI_P � CK�1� -b\pB9:HCRF]HE9E9CK\`B;U=I_@S�=CKI_CK\�B9?AB9U=P^\pPJO � LGMGN$M � B9:HC3<DCFBDB9Ud\H�_PJOmB9:HCi\HCF�^?AB9U � C¤?J\-�h@8P^<9U[B9U � CsB9:HE*CK<9:HP^�=� � ?J�=]HCK<E9C�,`]SU[E9CK<�?�/�@-E*U=PJE*U �q\-P®�G�[CK�-�JCWPJO6B9:-CWE9CF��?AE>�a�=?J\-�-<*RF?A@rCJ�
� :HCi\HC��ZB�E9CK<DBDE*UdRTB9U[P^\aU=<�\HCKRTCK<*<9?AE9YpBDP	@-E9C � CK\`BG�-]-@S�=U=RF?ABDCK<F� � :SU=<$E9CK<DBDE*UdRTB9U[P^\hU=<;�-U 4rCFE9CK\`B$O�PJEX1X\-?J�
?J\-�p\HP^\ /_1X\-?J�rR*:S?JU=\-<F�
	mU=\-?J�8R>:-?JU=\-<��G:-UdR*:�?AE9CWI	?AB9R*:HCK�a@-E9C � CK\`B;\HCF��R*:-?JU=\S<fV8CKU=\-�lRTE9CK?ABDCK�aUd\tB9:-C
\HC��qBGB9U=I_CK<DBDCF@ 9QB9:SU=<�U=<�V8CKRF?J]-<DC?1r\-?J�1R*:-?JUd\-<;RF?J\aE*CF@-E9CK<DCK\`B;Il]S�[B9U[@S�[Cs?JRTB9U[P^\-<u?J<;U=<�C��Z@S�=?JUd\HCK�
<9:HPJE9B9�[Y < � � P^\ /_1X\-?J�1R>:-?JU=\-<�@SE9C � CK\�BuR*:-?JU=\S<�V8CKU=\H�_RTE9CK?ABDCK�cUd\pB9:HCiB9U=I_CK<9BDCF@cU=\p�G:-UdR*:pB9:HCKU[EC��qCKRF]HB9U=P^\h@S?AB9:p�$?J<�O�P^�d�[P®��CK�pBDP	RTP^I_@S�[CFB9U=P^\h?J\-�pB9:HCKU[E$@-E9CK�SU=RTB9U[P^\pU=<$RF]HE9E9CK\`B9�[Y�I	?AB9R*:HCK� 9QB9:HCWOQ?JRTB
B9:-?AB;B9:HC3R>:-?JU=\p@-E*CK�-U=RTB9U[P^\hI¤]-<DB�V8CiI	?AB9R>:HCK�c?J�=�=P®�G<�PJB9:-CFEGR*:-?JUd\-<�BDP	V8CWOQPJE*I_CK�aRTP^\-RF]-E9E9CK\`B9�[YtOQPJE
PJB9:HCFEG@-E*CK�-U=RTB9U[P^\-< < � 1 E9P^?J�SRF?J<DBuI_CK<*<9?A�JCK<G?AE9Cl]-<DCK�hU=\pB9:HCK<9CiBw��PtRF?J<DCK<GBDP	@-E9C � CK\`B;B9:HClRTE9CK?AB9U[P^\aPJOR*:-?JU=\S<�V`Y�PJB9:HCFEu�JE9P^]H@S<F���uP®��C � CFE � O�PJE;@SE9PJVS�[CKI	<$�u:-U=R*:hRTP^\`B9?JU=\�:HP^I_PJ�JCK\HCFP^]-<u:-U=�-�-CK\ /w<DB9?ABDCE9CF�^U[P^\-< � B9:-CK<DCiV-E9P^?J�SRF?J<DBGI_CK<9<*?A�JCK<G?AE9C3Ud\-<9] �tRFU=CK\�BF� -b\hB9:HCiRF?J<DCiPJOg:HP^I	PJ�JCK\HCFP^]-<GR>:-?JU=\-< � U[B;U=<?J�=<DP	\HCKRTCK<9<*?AE9YpBDP	@-E9C � CK\`B;BDCKI_@8PJE*?J��R>:-?JU=\-<;O�PJE*IeU=\H�_U[Ov?eR*:-?JU=\(��<�C��qCKRF]-B9U[P^\h@S?AB9:�U=<$V8CKU=\H�
O�P^�=�=P®��CK�a?J\-�hB9:HCiR>:-?JU=\*��<;@-E9CK�-U=RTB9U=P^\hU=<$@S?J<9<DCK�aVrCFOQPJE9Ci?J�=�8B9:-C3R*:-?JUd\*��<;�=U=\ �	�JE9P^]H@S<G:-? � ClVrCFCK\
I	?AB9R*:HCK��U=\h<DC�,q]HCK\-RTCJ�|M/\HPJB9:HCFEuV-E9P^?J�-RF?J<9BGI_CK<9<9?A�JClU=<�]-<DCK�hBDPt?JR*:-U[C � ClB9:-U=<F� � :-Ci?J�-�-U[B9U[P^\S?J�

� ¹8¡�¦��G¦¨�u£¤��¦���«���¦ [A b£*©�¦��±¥ �·²r�i�;£D°t£*�¨���5²8£>¥F©;©��h¾=£>¥�¯� D£>¥AÆ����b«����b���¥K©;©��b��«J�*�w£>�· ¢¡�£>¦�¥���²�¡�¦¨ w¡h«����b¯�¦� ©G�¨£*��§±�«J�¥A£>�ª©�¦��b�·����²8�g b£>¥W£DµT�>¦ ¯u¯�£*¥�§±�¢���±���·��¦ª©��A£9©�¦¨�>¥��bÇ
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�-U��tRF]-�=B9U[CK<�B9:-?ABG?AE*U=<9CiU=\pE9CK�=?AB9U[P^\pBDPtRTE9CK?AB9U=\H�eR>:-?JU=\-<;O�PJEG:-P^I_PJ�JCK\HCFP^]-<GE9CF�^U[P^\-<�PJOg:-Ud�-�HCK\ /w<DB9?ABDC
?AE9C3�-U=<*RF]-<9<DCK�pU=\h�HCFB9?JUd��U=\��qCKRTB9U[P^\ 3q� �q� 7A�
�GP��fC � CFE � ?J�=�8B9:HCK<9C3RTP^\�BDE*P^�=<�OQPJEG@-E9C � CK\`B9U=\H�	�S]H@S�=U=RF?ABDCK<�Ie?KYpOQ?JUd�1U[O·B9:HCWCK\ � U[E9P^\-I_CK\`B;U=<\HP^\ /w�HCFBDCFE*IeU=\-U=<DB9UdRGPJEGU=O6?_R>:-?JU=\*��<�C��ZCKRF]HB9U[P^\c@S?AB9:aU=<G\HPJB�B9:HCi@S?AB9:cRTP^\-<9U=<DBDCK\`B9�[Y�O�P^�d�[P®��CK�hBDP	E9CK?JR>:
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<DB9?AB9U=<DB9U=RWUd<;�HCK<9RTE*U=VrCK���G:SU=R*:hRF?J\cVrCi]S<DCK�pBDPe? � P^Ud�aB9:-U=<$@SE9PJVS�[CKIh�

��� cm£DµK¦�¥�§5�f���ª©�¦�«����/¥��K¯��b�;¦�¥h£l©������¦�¥�£>��§>���>��«�©w£ ]T�b�G£±¯®µ±£*¥K©w£*§±�W�*´m©�¡��/´o£> ©G©�¡A£9©
	Pbd�¨�b£*��¥�¦�¥�§¤²�¦��¨�·���©�����¥e©�¡���;£9¬®¦¨�f��� µ±£*�����g�>´H£>���q¥��K¯��b��¦�¥s£�§*���±��«`Ç
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t1 t2 t3 t 4 t 5

Primary 
Execution Path

a a a
L1 L2 L3 L4

P3

P1

P2

1

2

3

Alternate 

Alternate 

Execution Path1

Execution Path2fire match fire fire fire 

match 

match match match 

a

a

a

a b c

x

y

z

at this point 

Chain is 
matched 

	6U=�^]HE9C 3q��F4XM R*:-?JU=\a�GU[B9:�B9:HE9CFCi\HPZ�HCK<k9¶�=?AV8CK�=�[CK� 7 �-A ?J\-� D < Ud\pB9:HCsBDCFE*I	U=\-?J�1�dU=\��_�JE9P^]H@ 9¶�d?AVrCK�d�[CK�
� I < OQPJEGB9:HC3B9:HE9CFC3�-U 4rCFE9CK\`B;?JRTB9U[P^\-< 9¶�=?AV8CK�=�[CK��� � Yh?J\-�h� < �u:-U=R*:c:-? � ClVrCFCK\aB9?3�JCK\�?AOQBDCFEGB9:HClR*:-?JU=\��?J<pI	?AB9R>:HCK���-]HE*Ud\H� �-U�48CFE9CK\`BeBDE*U=?J�d<F� � :-CcB9U=I_CK<9BDCF@S<p<9:HP®�u\�?J< � n BDP � M ?AE9C�CK?JR>:��-U � U=�HCK� BDPU=\-�-U=RF?ABDCsB9:HC � � � ���_?J\-� � � � <DBDCF@X<;PJO � LGMGN$M���<GIe? �bPJE2/wRTYZRF�[CJ�

�������� � � ��%@�-"f�-�#"� ��' � �P, � ')�-�
�-� ��" � � '  ���+"
� :HCFE9Ci?AE9C3Bw��PeI	? �DPJEG@-E9PJVX�[CKI	<$?J<9<DPZRFU=?ABDCK�a�uU[B9:hRTP^\-<DBDE*]SRTB9U=\H� � ?AE.�JP � / � R>:-?JU=\-<;BDP	E9CF@-E9CK<9CK\�B
:HP^I_PJ�JCK\HCFP^]-<GE9CF�^U[P^\-<;PJO6:-Ud�-�HCK\ /w<DB9?ABDCJ�
� :HC?1SE*<9B�@SE9PJVS�[CKI�U=<G�HCFBDCKRTB9U=\H�	�u:HCK\pB9:HC3R>:-?JU=\p@-E9P � Ud�HCK<;?J\aU=I	@-E9P � CKI	CK\�B;P � CFEGC��HU=<DB9U=\-�
<DBDE*]-RTB9]HE*CK<F��-\aB9:HCiRF?J<DC3PJOmR*:S?JU=\-<�E9CF@SE9CK<DCK\`B9U=\H�	:HCFBDCFE9PJ�JCK\-CFP^]-<;E9CF�^U=P^\-<�B9:-U=<�RF?J\cV8Ci�HP^\HCWVqY
RTP^I_@S?AE*U=\-�_B9:HCWBDCFE*I	U=\S?J�1\HPq�-C���< 0 � � BDP	B9:HCJ0 � � PJOmB9:HCi\HPZ�HCiU=\hU=B9<;<9]HV8PJE*�-Ud\-?ABDCu�JE*P^]H@a�G:-UdR*:
:-?J<$B9:HCW<9?JI_Ci?JRTB9U[P^\c?J\-��@-E9CK�-U=RTB9<�B9:HCiR>:-?JU=\�@-E9CK�SU=RTB9U[P^\T9QB9:HCsC�,`]SU � ?J�=CK\�B�<9]HV8PJE*�SU=\-?ABDC < � -¢O � ?AO�BDCFEu?<9]-U[B9?AVS�=Cs\q]-IlV8CFE�PJOvBDE*Ud?J�=< � B9:HCWBDCFE*IeU=\-?J�1\HPZ�HCW@-E9P � Ud�HCK<�?J\cU=I	@-E9P � CKI	CK\�B�P � CFEuB9:HCl<9]HV8PJE*�-U=\S?ABDCB9:HC3R*:S?JU=\hRF?J\aV8CWE9CFB9?JU=\-CK� � PJB9:HCFE9�GUd<DCiU[B;<9:HP^]S�=��VrCWE*CKI_P � CK�1�
�GP��fC � CFE � OQPJEG?	R*:S?JU=\pE9CF@-E9CK<9CK\�B9U=\-�	?	:HP^I_PJ�JCK\HCFP^]S<;E9CF�^U[P^\ � E9CK?J��U=I_@SE9P � CKI_CK\`B9<GRF?J\S\HPJB;V8C�HCFBDCKRTBDCK��<9P_CK?J<9U=�[YJ� � :-U=<$U=<�V8CKRF?J]-<DCWB9:-CW�JE9CK?ABDCFE/<9@rCKRFU21XRFU[BwYtPJOg?	R*:-?JUd\pC��qBDCK\-�SU=\H�	?JRTE9P^<9<u?
:HP^I_PJ�JCK\HCFP^]-<GE9CF�^U[P^\aRF?J\�I	?3�JC3U[B;?A@S@rCK?AEuI_PJE9Ci]-<DCFO¶]-�8B9:-?J\cU[B�E9CK?J�=�[Y�U=<F� � :-CWBDCFE*I	U=\-?J�1\-Pq�HCWU=\
?J\�YhR*:S?JU=\h�G:-UdR*:pC��ZBDCK\-�-<�P � CFEuB¢�fP	PJE/I_PJE9CWPJVS<9CFE � ?AB9U=P^\-<��GU=�d�r:S? � Cl?_:SU[�^:HCFE 0 � � B9:-?J\a?
<9]HV8PJE*�-U=\S?ABDC/\HPZ�HCW�G:-P^<DCW�JE9P^]H@cUd\-RF�=]-�HCK<�P^\-�=YeP^\HCiPJVX<DCFE � ?AB9U[P^\1�|M/<;I_CK\`B9U[P^\HCK�aUd\pB9:HCW@-E9C � U[P^]-<
<DCKRTB9U[P^\ � � LGMGN$M���<;<DP^�=]-B9U[P^\hU=\pB9:HC3RF?J<9CiPJOg:HP^I_PJ�JCK\HCFP^]-<uR*:-?JUd\-<;U=<$BDP	E*C�,`]-U=E9CsB9:-?AB;B9:HC 0 � � PJOB9:HCi@-E*UdI	?AE9Y	BDCFE*IeU=\-?J�1\HPZ�HCWC��HRTCFCK�c?_B9:HE*CK<9:HP^�=� � ?J�=]HCJ�
� :HCi<DCKRTP^\-�a@-E9PJVS�[CKI�Ud<;�-]HCsBDP	B9:HC3@-E9PZRTCK<9<�PJOmR*:-?JU=\aC��qBDCK\-<*U[P^\1��N$:S?JU=\-<��G:-U=R>:h?AE9C3�-]-CWBDP	V8C
C��qBDCK\-�-CK�a?J�-�a?	�dU=\��	BDPeUd\-RF�=]-�HCs?J�-�-U=B9U[P^\-?J�1:-U=<9BDPJE9Ye�G:-CK\h?J\aC��ZCKRF]HB9U[P^\h@S?AB9:cU=<�OQP^�=�[P®��CK�hBDP	B9:-C
1SE*<DB��JE9P^]-@�� � :HCWC��ZBDCK\-<9U[P^\cU=<$B9:HCK\hE9CFB9?JUd\HCK�hP^\-�[Y�U[O6B9:HCi?A�JCK\�B/RTP^\�B9Ud\`]HCK<GBDP	BDE*? � CFE*<DC3B9:-CiR*:-?JU=\(��<
@S?AB9:a?J\-�hB9:S?AB;BDE*? � CFE><9?J�·�[CK?J�S<�BDP	B9:HC3R>:-?JU=\p@-E*CK�-U=RTB9U[P^\1�
	HPJEu:HCFBDCFE*PJ�JCK\HCFP^]-<uE9CF�^U[P^\-<;?J\S�pO�PJEG:-P^I_PJ�JCK\HCFP^]-<uE9CF�^U[P^\-<$C��ZBDCK\-�-Ud\H�_P � CFE/P^\-�[YtBw��Pt?J�=U=?J<9CK�
<DB9?ABDCK<GB9:SU=<$@-E9CK<DCK\`B9<�OQCF� @-E9PJVX�[CKI	<F���uP®��C � CFE � OQPJEG:HP^I	PJ�JCK\HCFP^]-<;E*CF�^U[P^\-<�C��ZBDCK\-�-U=\-�_P � CFEuI	PJE9CB9:-?J\hBw��Pt?J�dU=?J<DCK�h<DB9?ABDCK<uB9:HCFE9Ci?AE9Cl?J�-�-U[B9U[P^\S?J�1RTP^I_@S�[C��HU[B9U[CK<$�G:SU=R*:pP^\-�=Yt?AE*U=<9Ci�-]HE*U=\-�lB9:HC
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C��qBDCK\-<*U[P^\hPJOgR*:-?JUd\-<J9¶?J\-�a\HPJBGP^\-RTC3?	R>:-?JU=\aU=<�RTPJE*E9CKRTB9�[YhRTP^I_@S�[CFBDCK� < � � :HCW@-E*PJVS�[CKI�U=<$B9:-?ABGB9:HC
<DCK?AE*R*:%/�@S?AB9:aPJOm@S?AE9B9Ud?J�=�[YeRTP^\-<9BDE*]-RTBDCK�cR>:-?JU=\-<�Ie?KYhI	?AB9R*:½I¤]-�[B9U[@S�=C/�-U 4rCFE9CK\`B;<9]HV /�E9CF�^U[P^\-<$PJO6B9:HC
?J�=U=?J<DCK�pE9CF�^U=P^\aU[B;U=<�V8CKU=\-�¤VX]-U=�=�tBDP	E9CF@-E*CK<DCK\�BF� -\hB9:SU=<�<9RTCK\-?AE*U=P	U[B;U=<$@8P^<9<9U[VX�[CuB9:S?ABG?_@S?AE9B9Ud?J�=�[Y
RTP^\-<DBDE*]-RTBDCK��R*:-?JUd\a\HC � CFEG�[CK?J�S<�BDP	B9:HC3R>:-?JU=\h@SE9CK�-U=RTB9U[P^\��G:-CK\aU[B9<$@S?AB9:aUd<�O�P^�d�[P®��CK�1�

� n � � � / � K � M
� ?A@8C873�sVS<DCFE � ?AB9U[P^\a<DC�,q]HCK\-RTC � M M M �

� ?A@8C A �sVS<DCFE � ?AB9U[P^\a<DC�,q]HCK\-RTC 0 M M M �

� ?AVS�=C 3q� I�4XM B9?A@8C E9CK?J�-U=\-�(@-E*PJVS�[CKI �GU[B9: Bw��P @8P^<9<9U[VX�[Cc<DC�,q]HCK\-RTCK<hPJOlPJVS<DCFE � ?AB9U[P^\-<pRTP^\`B9?JU=\-U=\-�:HP^I_PJ�JCK\HCFP^]-<u:-U=�-�-CK\ /w<DB9?ABDCJ�
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A

E
A

A

D

D

E

E

X Valid Path

	6U=�^]HE9C�3q� l 4 � :HCs<DCK?AE*R>:tBDE*CFC/OQPJE�B9:HCuPJVX<DCFE � ?AB9U[P^\ � U=\ � ?AVS�=C�3q� I_<9:HP��GU=\H�lB9:HCu@X?AB9:tE*C�,`]-U=E9CK�	BDP5V8C
<DCK?AE*R*:-CK�aBDPeRTP^\-<9BDE*]-RTBG?_BDCKI	@rPJE>?J�1R*:-?JU=\aBDP	E9CK�=U=?AVX�[Y	@-E9CK�SU=RTB � �
� Pe�-CKI_P^\-<DBDE*?ABDC3B9:-U=<$@8P^U=\`B � RTP^\-<9U=�HCFE�B9:-CiB9?A@8CWE9CK?J�-U=\H�_@SE9PJVS�[CKI @-E9CK<9CK\�BDCK��U=\ � ?AVX�[C 3q� IH� � :-CFE9C
?AE9CiBw��P	@8P^<9<9U=VS�[Cs<DC�,`]-CK\-RTCK<;PJOmPJVS<DCFE � ?AB9U[P^\S< � P^\HCWV8CF�^U=\-\-Ud\H�l�uU[B9: � ?J\-�hBDCFE*IeU=\-?AB9U=\H�5�GU=B9: � B9:HC
PJB9:HCFE;V8CF�^U=\-\-Ud\H�l�uU[B9: 0 ?J\-�pBDCFE>I	U=\-?AB9U=\-�¤�uU[B9: � � � :HCWU=\-U[B9Ud?J�r<9B9?ABDCK< � ?J\-� 0�?AE9CiC�,q]-U�/�@-E9PJVX?AVS�[C
?J\-�h?J<GU=\�B9:HCWCK?AE>�=U[CFE�B9?A@8CWE9CK?J�-U=\-�¤B9?J<.�q<GB9:HCi?A�JCK\�B/:-?J<�?	<9Ud\H�^�[C/E9CK?J�a?JRTB9U[P^\1� -\pV8PJB9:h<DC�,q]HCK\-RTCK< �B9:HCiE9CF�^U[P^\aVrCFB¢�fCFCK\cB9:HCiU=\-U=B9U=?J�8�[CFBDBDCFEG?J\-�hB9:-CiBDCFE*I	U=\S?AB9U=\H�_�[CFBDBDCFEuUd<�?	:HP^I_PJ�JCK\HCFP^]S<;E9CF�^U[P^\aPJO
:-U=�-�HCK\%/w<DB9?ABDCW�G:-U=R>:hRTP^\-<9U=<9B9<�PJOvB9:-E9CFC3RTP^\-<DCKRF]-B9U � C3M���<F�
	6U=�^]HE9C 3q� �_�HCKI	P^\-<DBDE*?ABDCK< � ?AE*U=P^]-<;<DB9?A�JCK<uU=\pB9:HC3RTP^\-<9BDE*]-RTB9U[P^\hPJOm?	R>:-?JU=\hBDPeRTPJE*E9CKRTB9�[Yp@-E9CK�-UdRTB � �
� :HC?1SE*<9B$<9B9?A�JClU=<�B9:-CiU=\-U[B9U=?J�8RTP^\-<9BDE*]-RTB9U[P^\hPJO6B9:HC3R>:-?JU=\1��-b\hB9:-Ud<�<DB9?A�JC � B9:HClR*:-?JU=\cRTP � CFE*<uB9:HC<DCK?AE*R*:c@S?AB9:aRTP^\`B9?JU=\-U=\-�_B9:HC3<DB9?ABDCi@SE*U[PJE�BDP � ?J\-�hU[B9<GU=I	I_CK�-Ud?ABDCW@-E9CK�HCKRTCK<9<9PJEG<DB9?ABDC�9¶<9CFC 	mU[�^]HE9C
3q� ��9¶? <�< �+-b\hB9:HC3<9CKRTP^\-�a<DB9?A�JC � B9:HC3?A�JCK\`BGC��Z@rCFE>U[CK\-RTCK<�?J\HPJB9:HCFEu@-E9CK<DCK\`B9?AB9U[P^\hPJOmB9:HCi<9C�,`]HCK\SRTCVrCF�^Ud\-\-U=\H�¤�GU[B9: � � � :HC?1SE*<DB�M U=\pB9:-Ud<�<DC�,`]-CK\-RTC3I	?AB9R>:HCK<;B9:HCJ1SE*<DB��JE9P^]-@ � <DP_B9:HC3R>:-?JU=\aUd<C��qBDCK\-�-CK�pBDP5Ud\-RF�=]-�HC � 9�	mU[�^]HE*C 3q� ��9QV <�< �+�uP®��C � CFE � RTP^\`B9U=\`]SU=\H�¤B9:HC/<9C�,`]HCK\SRTC/�uU[B9:�B9:HCW<9]HVS<DC�,q]HCK\`BBw��Pe@-E9CK<9CK\�B9?AB9U[P^\S<�PJOgM �[CK?J�S<�BDP	B9:HCWE9CKI	P � ?J��PJOmB9:HCWC��ZBDCK\-<9U[P^\hBDP � � � :-U=<$E9CKI	P � ?J�·U=<��-]-CWBDP	B9:HC
�-U=<9RTP � CFE9YpB9:-?AB;OQP^�=�[P®�uU=\H�5B9:HCi\HCF�G�=YeC��ZBDCK\-�HCK�cR>:-?JU=\p@S?AB9:��HPqCK<;\HPJB;�[CK?J�hBDPeB9:HC3R*:S?JU=\h@-E9CK�SU=RTB9U[P^\
9QPJVS<DCFE � ?AB9U[P^\ � < VS]HB�E>?AB9:HCFE;B9:HCiPJVX<DCFE � ?AB9U[P^\aMl� �GP��fC � CFE � B9:HCiPZRFRF]HE9E*CK\-RTCWPJOmB9:-U=<$B9:-U[E>�hM ?A�^?JU=\
I	?AB9R*:HCK<GB9:HC?1SE*<9B��JE9P^]H@hPJO6B9:HC3R*:S?JU=\ 9¶<9U=\-RTCWB9:-CiR*:-?JU=\(��<�@S?AB9:aU=<�\-P	�[P^\H�JCFE�V8CKU=\H�5OQP^�=�[P®��CK� < ?J\-�c?\HCF��C��qBDCK\S<9U[P^\pU=<�RTE9CK?ABDCK�hBDP	Ud\-RF�=]-�HCuB9:HCs@-E*U[PJE�PJVS<DCFE � ?AB9U[P^\ � �G:-U=R>:�Ud\tB9:SU=<$RF?J<DCW��?J<$B9:-Ci<DCKRTP^\-�hM
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D A A A X

PredictionInitial Chain

A A X

Current Observation

¾=£TÆ � ¥�¦ª©�¦¨£>�K ���D£9©�¦¨�>¥$�>´�©�¡��8 w¡A£*¦�¥f´o�*�H©�¡�� � ����`F���b¥� b�±Ç¹8¡�¦��1�F b b�®���·£*©1©�¡��v�b¥A¯�©�¡��6«����b���b¥F©w£9©�¦¨�>¥/�*´Z�±¥��m��� b`F���b¥� b�6´¸���>� � ©����|Ç

D A A A X

A AD

Initial ChainFirst Extension

Current Observation

¾[�JÆXi-¬K©��b¥���¦¨�>¥½�*´�©�¡��3 w¡A£>¦�¥c´o�>�W©�¡�� � ����`F���b¥� b�±Ç¹8¡�¦��|�F b b�����f�±¥� b��©�¡��������Hbd����`F���b¥� b�$�>´ � ´¸�±�����9²r�D¯�F°/»c¡A£*�·�J��b¥/�¬®«J���¦��b¥� b�D¯^Ç

A A

D A A A X
Current Observation

AD

A
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This gets added
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¾[ 9ÆXº·�b���9µ±£*�A�>´`©�¡���[����¶©1�¬K©��b¥���¦��±¥s£*¥A¯G£>¥u£*©�©��b��«®©©��u ¢���D£*©���£*¥��*©�¡���DÇ|¹8¡��b���$�J�>©�¡i�F b ���³¦�¥3©�¡��f��£*���©�¦����b�¶©��b«��*´³£5�¨£*©���G«®���b���b¥F©w£*©�¦��±¥��>´g©�¡��/����`F���b¥� b��¶©w£*��©�¦�¥�§;²�¦ª©�¡ � £>¥�¯3�¥A¯�¦�¥�§;²�¦ª©�¡��fÇ�¹8¡��f���b���9µ>£>��F b b�®���v�J�b b£>������� ¦��·¥��*©v«®���D¯�¦� ©��b¯/�>�v«A£*�����D¯�Ç�¹8¡���¬K©��b¥���¦��>¥��b¥��������b��� ²�¦¨���v�J�s«����D¯®¦� ©��D¯t¦�¥h£3�¨£*©���«����b���¥K©w£9©�¦��±¥s�*´Z©�¡�¦�������`F���b¥� b�±Ç
	6U=�^]HE9C 3q� �C4 � :-E9CFCW�-U�48CFE9CK\�B;<9B9?A�JCK<;PJOmR*:-?JU=\hRTP^\S<DBDE*]-RTB9U[P^\h?J\S�pC��qBDCK\-<*U[P^\hOQPJE;?_<DC�,`]-CK\-RTCiBDP_E9CF@-E*C5/
<DCK\�BGB9:HCW@S?AB9:aOQE9P^I � BDP � �
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U=\pB9:HC3<DC�,q]HCK\-RTC89¶<9CFCg	mU[�^]HE9C 3q� ��9¶R <�< � � :HC?1r\-?J�8PJVS<DCFE � ?AB9U[P^\hC��Z@8CFE*U[CK\-RTCK�hUd<�?J\ � � \HPJBG?J\aM � <DPB9:HC3R*:S?JU=\*��<�@S?AB9:c:-?J<;\HPJB�V8CFCK\hOQP^�=�[P��fCK�a?J\S�hB9:-U=<�I_P^<9B;E9CKRTCK\`B;C��qBDCK\S<9U[P^\aU=<G?J�=<DP_E9CKI_P � CK�1�
� U[B9:-P^]HB;?	I_PZ�-UR1XRF?AB9U=P^\pBDP	B9:HCWE*]-�=CK<$O�PJE;C��ZBDCK\-�-Ud\H�	R*:-?JUd\-< � B9:HC3RF]-E9E9CK\`B;R*:-?JU=\a�GU=�=�r\HC � CFEGV8CC��qBDCK\-�-CK�aRTPJE9E9CKRTB9�[Yh?J\-�aB9:HCi?J�=U=?J<DCK�aE9CF�^U[P^\-<;\-C � CFEG�-U=<DB9Ud\H�^]-U=<9:-CK�1� � :-Ci\HCKRTCK<9<9?AE9YhI_PZ�-UR1rRF?AB9U[P^\hU=<
BDPe?J�=�[P���?	R*:S?JU=\hC��ZBDCK\-<9U[P^\hBDPeVrCsE9CFB9?JUd\HCK�a\HPJB;P^\S�[YtU[O6B9:HCiR>:-?JU=\h@-E*CK�-U=RTB9U[P^\pPZRFRF]HE*<;<*]HVS<DC�,q]HCK\`B
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?AE9Ci@-E9C � CK\`BDCK�aOQE9P^I�C��ZCKRF]HB9U=\-�	U=\-RTPJE9E9CKRTB9�=Y < �³M/�[B9:HP^]H�^:a�JE9P^]H@cMkU=<;\HPJB;�SU[E9CKRTB9�[Y�?�4rCKRTBDCK��V`Y�B9:HC
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�GP��fC � CFE � �G:HCK\pB9:-C3<DC�,q]HCK\-RTCWBDP�N�Ud<�C��q@8CFE*U=CK\-RTCK� 9¶?J\-�hB9:HClR*:-?JU=\(��<�@S?AB9:hOQP^�=�[P��fCK� < B9:-CFY�E*CKRTCKU � C?_E9CF�$?AE*�hPJO6�FCFE9P � <9Ud\-RTCsB9:HCKU[E;@-E*CK�-U=RTB9U[P^\pU=<;<*]H@-@8PJE9B$<9]H@-@-E*CK<9<DCK�1� -O6?J\HPJB9:-CFEuR*:S?JU=\aU=<$OQPJE*I_CK�hBDP@-E9CK�-U=RTB � � B9:HC � ?J�=]-CWPJOvB9:HCl\HPq�-CK<�<9:HP®�u\aU=\p�JE9P^]H@�M �uU=�=�r�HE9PJ@aBDP	�FCFE*Pe?J<;B9:HCFY��GU=�d�r?J�=��?®Yq<
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