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LOG � GSR ��fo�:|'f�u
f�sZdLb�sm� P W N G"G!G"G G!G"G"G"G!G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G T �
LOG � GST ��	 xobtf�s:x�/ v {$^ f�j5|yx'l#jCs:g���fo�:|Lf�uLf�sZdLj5dLbev7s G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G T ¡

be�



LOG � GVU � jCztx _ z�j5dLbtsm��� N ` jCs:g#��dLbtztbedJ/ ��u
dLbtacj5d
f�u G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G T2T
LOG � GSQ � z�zev n+b�sm� ^`_ 	 xobef�sGd N |'btjCztu { vC|���fod _ |'s:u G!G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G U  
LOG � GSc � z�zev n+b�sm� ^`_ 	 xobef�sGd N |'btjCztu { vC| � v7a��4j5|'btu
v7s:u G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G U=F
LOG � GIF   � `�|LvC.Iztf�aUn+bedLlwhOf�jCu _ |'bts:� � a��I|Lv �Cf�a�f�sGdLu G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G U �
LOG � GIF2F ��f�jCztbtsm��n+btdLl W,uLxobtz�ztj5dLbtsm� ��jCz _ f�u G!G"G"G G!G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G U �
LOG � GIF � J&v`xojCz	hkbts:bta j G!G"G"G"G!G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G UEL
LOG � GIF ¡ ����f�x�d
vC| ^ f�zef�x�dLbev7s G"G"G!G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G UHR
LOG � GIF]L�� /0��vCdLlmfodLbtxojCz8J	vGv2^��?jClmf�jCg G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G UHT

LOG ¡ ��b�j5�C|'jCacu�v { dLlmf 	�jCuLb�x ^ /`u
d
f�a G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G U2U
LOGML ^ d
fo�Iu�btsidLl:f�	�jCuLbtx ^ /`u
d
f�a G"G!G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G Q  
LOGSR � l:j5�:d
fo| ^m_ acacj5|L/ G G!G"G"G"G!G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G Q �
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��E�=> �"�!�"�"� �!�"�"�!�"�"� �!�"�"�!�"�"�!� �"�"�!��� �

R=GIF � sGd
|Lv`g _ x�dLbev7s G"G"G!G"G G!G"G"G"G!G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G Q ¡
R=G � ��f�smfo|'jCztb�uLj5dLbev7s N jCu ^`u G!G"G"G"G!G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G Q ¡

R=G � GIF N lmf�hOv7sO^�� u&`�|'vC.Izef�a G!G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G Q,L
R=G � G � �ba`��fo|'bta�f�sGdLjCz�h�fodLl:v0gmv7ztvC�C/ G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G Q2R
R=G � G ¡ ��jCztbtg:j5dLb�sm��dLlmf���f { j _ zed N |'jCbts:bts:� ^ fod G"G G!G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G Q2T
R=G � GML � s:� _ d%��fo�:|'f�u
f�sZdLj5dLbtv7s G!G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G Q2T
R=G � GSR � s:� _ d���f�smfo|'jCz�btuLj5dLbev7s ` j5|'jCacfod
fo| ^ fod
dLbts:�7u G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G Q2Q
R=G � GST ���5jCz _ j5dLbev7s � |'bed
fo|'b�j G"G!G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G Q2Q
R=G � GVU 	�jCuLbtx��+f�u _ zedLu G!G"G"G"G!G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G Q2Q
R=G � GSQ � v7a��Ij5|ybtsm� `�|Lf�gIbtx�dLbe�Cf � xox _ |'jCx�/ G!G"G"G G!G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G Q2c
R=G � GSc � v7a��Ij5|ybtsm� N |yjCbts:btsm� N b�a�f G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G c  
R=G � GIF   � v7a��Ij5|ybtsm� ^ v7z _ dLbtv7s ^ b "of G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G c �
R=G � GIF2F ^`_ aca j5|L/ v {$� v7a��4j5|'btu
v7s:u G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G c ¡

R=G ¡ � _ jCztbedLj5dLbt�Cf � s:jCzt/0uLb�u�v { N � � � � � u���f�smfo|yjCztbtuLj5dLbev7sw�+f�u _ zedLu G G!G"G"G!G"G"G!G G"G"G!G c ¡
R=G ¡ GIF � v7a��Ij5|ybtsm� N � � � � � u�`�fo| { vC|'a jCs:x�f�n+bedLl:v _ d � v7bts:u G G!G"G"G!G"G"G!G G"G"G!G c,L
R=G ¡ G � � sIjCze/0u'btu�v { h�v7sO^ F `�fo| { vC|'acjCs:x�f G"G"G G!G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G c,L
R=G ¡ G ¡ � sIjCze/0u'btu�v { h�v7sO^w� `�fo| { vC|'acjCs:x�f G"G"G G!G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G c2Q
R=G ¡ GML � sIjCze/0u'btu�v { h�v7sO^w¡ `�fo| { vC|'acjCs:x�f G"G"G G!G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G F   F
R=G ¡ GSR ^`_ aca j5|L/ v { `�fo| { vC|'acjCs:x�f � s:jCze/`uLbtu G"G G!G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G F   F

�



R=GML ����f�x�dLu+v { ` j5|'jCa�fod
fo| � l:jCsm�Cf�u%v7s ��f�smfo|'jCztb�uLj5dLbev7s `�fo| { vC|'acjCs:x�f G"G!G"G"G G!G"G"G!G F   L
R=GMLOGIF ����f�x�dLu+v { ��j5|L/`btsm��dLlmf��ba`�IzevC|'j5dLbev7sw��j5d
f G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G F   R
R=GMLOG � ����f�x�dLu+v { ��j5|L/`btsm��dLlmf J&f�j5|'s:b�sm���+j5d
f G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G F   U
R=GMLOG ¡ ����f�x�dLu+v { ��j5|L/`btsm��dLlmf P _ a�.�fo|%v {$^ dLj5dLbtu
dLbtxojCz � jCu
f�u G!G"G"G!G"G"G G!G"G"G!G F   Q
R=GMLOGML � l:jCsm�7b�sm��dLlmf � x�dLbev7s ^ f�zef�x�dLbtv7s ^ d
|'j5d
fo�C/ G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G F2F  
R=GMLOGSR hOjH^`btsm� �+dLbtztf�|yj5dLlmfo|+dLl:jCs `�fo|yx�fo�:d _ jCz � v7ac�Ij5|'btu
v7sIu G!G"G"G!G"G"G G!G"G"G!G F2F2F

R=GSR ��b�uLx _ uLuLbtv7siv { �,f�smfo|'jCztbtu'j5dLbev7s G!G"G G!G"G"G"G!G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G F2F �
R=GST � _ zef � l:jCbts:bts:� G"G!G"G G!G"G"G"G!G"G G!G"G"G"G!G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G F2F �

R=GST=GIF �ba`��fo|'bta�f�sGdLjCz���f�uLbe�7s G!G"G G!G"G"G"G!G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G F2F ¡
R=GST=G � ��f�u _ zedLu%v7swdLlmf ��|'btg G!G"G G!G"G"G"G!G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G F2F]L
R=GST=G ¡ � gIg:btsm������f�x�d
vC| P+v7btuLf G"G G!G"G"G"G!G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G F2FdR
R=GST=GML `�|LvC.4zef�acu�n+bedLlw� _ zef � lIjCbts:btsm� G"G"G!G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G F2FdR

R=GVU � /0��vCdLlmfodLbtxojCz8J	vGv2^��?jClmf�jCg G"G!G"G G!G"G"G"G!G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G F2F0U
R=GVU�GIF �ba`��fo|'bta�f�sGdLjCz���f�uLbe�7s G!G"G G!G"G"G"G!G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G F2F0U
R=GVU�G � ��f�u _ zedLu G!G"G G!G"G"G"G!G"G G!G"G"G"G!G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G F2FdQ

R=GSQ � l:j5�:d
fo| ^m_ acacj5|L/ G G!G"G"G"G!G"G G!G"G"G"G!G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G F2Fdc

� . <9<��B7+' ���=> � � *,� ��� �9� �B7+
 �"�"�!�"� �!�"�"�"�!�"� �!�"�"�!�"�"� �!�"�"�!�"�"� �!�"�"�!� C X��
T=GIF ��fo�:|Lf�uLf�sZdLbts:� � btgIgmf�s��?u
dLj5d
f G"G!G"G G!G"G"G"G!G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G F �5 
T=G � � btgIgmf�s��?u
dLj5d
f��+fo�7bev7s N /G��f�u G!G"G G!G"G"G"G!G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G F � F
T=G ¡ N lmf ^ f�j5|'xyl ^ d
|yj5d
fo�C/ G!G"G"G"G!G"G G!G"G"G"G!G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G F �C¡

T=G ¡ GIF `�|LvC.4zef�a ^ f�j5|'xyl ^ �IjCx�f G"G G!G"G"G"G!G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G F � R
T=G ¡ G � � ac�Izef�a�f�sGdLbtsm��dLlmf ^ f�j5|'x'l ^ d
|'j5d
fo�C/ G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G F � U
T=G ¡ G ¡ � `�v7u'uLbe.Izef � zed
fo|'s:j5dLbt�Cf � �I�:|Lv7jCx'l G!G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G F � U
T=G ¡ GML ` j5|'jCztzef�z&� _ zef W���fo|'j5dLbev7s G G!G"G"G"G!G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G F � Q

T=GML � a��4zef�a�f�sGdLbtsm��dLlmf � �:�:|Lv7jCxyl G!G"G G!G"G"G"G!G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G F � c
T=GMLOGIF N f�ac��vC|yjCz � l:jCbts � |'f�j5dLbev7s G!G"G"G"G!G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G F ¡5 
T=GMLOG � N f�ac��vC|yjCz � l:jCbtsi� a0d
f�s:u'bev7s G"G"G"G!G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G F ¡ F
T=GMLOG ¡ ^ f�j5|'xyl���f�uLd
|'btx�dLbev7s G"G!G"G G!G"G"G"G!G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G F ¡C�
T=GMLOGML ^`_ aca j5|L/ v {$� l:jCb�sKW,��fo|yj5dLbev7s G"G"G!G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G F ¡ R

T=GSR ��b 	 x _ zedLbef�u%b�s 	 _ btztg:bts:� N f�a���vC|'jCz � l:jCb�s:u G!G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G F ¡ T
T=GSR=GIF ��fo�:|'f�u
f�sZdLb�sm� � v7acvC�Cf�smfov _ u���fo�7bev7s:u G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G F ¡ U

�`b



T=GSR=G � N lmf � a���vC|LdLjCs:x�f v { � x�dLbev7s:u G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G F]L  
T=GSR=G ¡ ^ f�zef�x�dLbts:� � f�j5d _ |Lf�u { vC| � l:jCbtsw� a0d
f�s:u'bev7s G!G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G F]L �

T=GST � s#� a`jCac�Izef v { ��fo�:|'f�u
f�sZdLb�sm� � btgIgmf�s��?u
dLj5d
f G"G G!G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G F]L2L
T=GST=GIF N lmf�� a`jCa��4zef"`�|LvC.4zef�a G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G F]L2L
T=GST=G � � sIbedLbtjCz���fo�I|Lf�u
f�sGdLj5dLbev7s G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G F]L\R
T=GST=G ¡ � ac�:|Lv �`btsm� `$|Lf�g:btx�dLbev7sIu�n+bedLl N f�a���vC|'jCz � l:jCb�s:u G"G"G G!G"G"G!G"G"G!G G"G"G!G F]L\T
T=GST=GML � btfo|'j5|'x'lIbtxojCz&��f�z�j5dLbev7s:uLl:bt� G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G F]L\Q
T=GST=GSR N f�ac��vC|yjCz ��jCz _ f���u
dLbtacj5d
f�u G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G F]L\c
T=GST=GST � v7sGd
|Lv7ztztbts:� N f�a���vC|'jCz � lIjCbtsw�ba`d
f�s:uLbev7s G!G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G FdR F
T=GST=GVU � v7a��IztfodLbtsm��dLlmf � lIjCbts G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G FdR F
T=GST=GSQ ��fo�:|'f�u
f�sZdLb�sm� � ztd
fo|'s:j5dLbe�Cf ` j5dLl:u�jCs:g W _ dLx�v7acf�u G"G G!G"G"G!G"G"G!G G"G"G!G FdR ¡

T=GVU ^ d
fo�Iu { vC| � |'f�j5dLbtsm�cjCs:gw��uLbtsm� N f�a���vC|'jCz � lIjCbts:u G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G FdR,L
T=GSQ � l:j5�:d
fo| ^m_ acacj5|L/ G G!G"G"G"G!G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G FdR2T
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 �"�!�"�"� �!�"�"�!�"�"� �!�"�"�!�"�"�!� �"�"�!� C �  
U�GIF �ba`��fo|ybta�f�sGdLjCz�h�fodLlmv`gmv7zevC�C/ G!G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G FdR U

U�GIFHGIF �,bta�f�s:uLbtv7s:u�v { � btg:g:f�s��?u
dLj5d
f `$|LvC.Izef�acu G!G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G FdR U
U�GIFHG � `�fo| { vC|yacjCs:x�f�hOfod
|'btxou G!G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G FdR2Q
U�GIFHG ¡ N |yjCbts:btsm��jCs:g N f�u
dLb�sm� `�|Lv`x�f�g _ |'f�u G"G"G G!G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G FdR2c
U�GIFHGML ` j5|'jCa�fod
fo| ^ fod
dLbtsm�7u G"G!G"G G!G"G"G!G"G"G G!G"G"G!G"G"G G!G"G"G!G"G"G!G G"G"G!G FdT  
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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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Attribute 2

Attribute 3

Attribute 4

Attribute 5
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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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� :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$B9:-?ABGU[B9<;Ud\�BDCFE*\S?J�1I_Pq�-CK�1RTPJE9E9CKRTB9�[YpE9CF@-E*CK<DCK\�B9<;B9:HC
BDE*]HC � ?AE �JP � I_PZ�HCK�8]-\-�HCFE*�=YqU=\-�iB9:HCsPJVS<DCFE � ?AB9U[P^\-<�U=B�E*CKRTCKU � CK<F� � :-C/B9?A@8CsE9CK?J�-Ud\H�lB9?J<.��U=<�B9:HCFE*CFO�PJE9C
]-\-�=U2�JCWI_P^<9B�PJB9:HCFEGB9?J<��Z<GUd\pB9:-U=<�R*:S?A@-BDCFEu?J\-�aB9:HC3\HC��ZB � �G:HCFE9CWP^]-EGU=\`BDCFE9CK<DBGU=\pBDCKI	@rPJE>?J�1R*:-?JU=\S<;U=<\HPJB�P^\-�[YeUd\tB9:-CKU[E;?AVSU=�=U=BwY_BDP	RTPJE9E9CKRTB9�=YtE9CF@SE9CK<DCK\`B�BDE*?J\-<9U[B9U=P^\-<fUd\tB9:-Ci?A�JCK\�B ��<GCK\ � U[E9P^\-I	CK\�B � VS]HB�?J�=<9PU=\pB9:HCKU[E;?AVSUd�=U[BwYtBDPeU=I_@SE9P � C � LGMGN$M���<;?JRTB9U[P^\�<DCK�[CKRTB9U[P^\h@8P^�=UdRTYJ�
� ?A@8CK<J7 � A ?J\-� D <DB9?AE9BG�GU[B9:pB9:HC3�=CFBDBDCFE*< � � 0�?J\-� 	�E9CK<D@8CKRTB9U � CK�[YJ�fMu�=�8B9:-E9CFCi:-? � C¤M ?J<GB9:HC
<DCKRTP^\-�h�[CFBDBDCFE � :HP®��C � CFE � B9?A@8CK< A ?J\-� D :-? � C3? � ?J<�B9:-CL1r\-?J�8�[CFBDBDCFEGU=\�B9:HCKU[E�<DC�,q]HCK\-RTC � �u:-U=�[C/B9?A@8C7i:-?J<;?J\ � ?J<;U=B9< 1X\-?J�1�[CFBDBDCFE®� � :-U=<��SU�4rCFE*CK\-RTCWU=\hB9:HC?1X\S?J�1�[CFBDBDCFEGPJO6P^\HCiPJOmB9:HCi<DC�,q]HCK\-RTCK< �RTP^I3VSUd\HCK�h�GU[B9:pB9:-Ci:-U=�-�HCK\%/w<DB9?ABDCW@-E9PJVS�=CKIjE9CK<9]-�[B9Ud\H�lOQE9P^I�B9:-C3<9:-?AE9CK�h�=CFBDBDCFEuU=\pB9:HClI	U=�-�-�=CuPJO
CK?JR*:½<DC�,`]-CK\-RTC � I	?3�JCK<uRTPJE9E9CKRTB;E9CF@SE9CK<DCK\`B9?AB9U[P^\aPJO6B9:HCiBDE*?J\S<9U[B9U[P^\-<�Ud\pB9:-U=<$B9?J<��hU=I_@8P^<9<*U[VS�[Cu�G:HCK\]-<9U=\H� �9]-<DB;]-\S?AE9Ye�JE9P^]-@S<;?J\-�h\HPZ�HCK< 9Q�u:-U=R*:h?AE*C3RTE9CK?ABDCK��V`Y � LGMGN�M ?J]HBDP^Ie?AB9U=RF?J�=�[YpOQPJEG?J\�Y
B9?J<�� < � � P	RTPJE*E9CKRTB9�[YpE9CF@-E9CK<9CK\�B;B9:-CWBDE*?J\-<9U[B9U=P^\-<�U=\pB9:-U=<$B9?A@8CiE*CK?J�-U=\H�5B9?J<��h<9:HPJE*B /�BDCFE*I�I_CKI	PJE9Y�Ud<
\HCKRTCK<9<9?AE9Y � �G:-U=R>:aU=\ � LuMGN$M ��<GRF?J<DC3E9C�,q]-U[E*CK<fB9:-C3RTE9CK?AB9U[P^\cPJOvBDCKI_@8PJE*?J�·R*:-?JU=\S<F�
-­\h�JCK\-CFE*?J� � R*:S?JU=\-< 9QP^\-RTClRTE9CK?ABDCK� < ?AE*C3\HPJB;OQPJE*I_CK�hU=\S<DB9?J\�B9?J\-CFP^]-<9�[YpU=\pB9:HCKU[E�CK\`B9U[E9CFB¢Y � VS]-B;?AE9C�HC � CK�[PJ@8CK�aU=\-RTE*CKI_CK\�B9?J�d�[YeP � CFEu?	\q]-IlVrCFE�PJOmBDE*Ud?J�=<�?J<;?J�-�-U=B9U[P^\-?J�1I_CKI_PJE*Y�U=<�?J�S�HCK�1� � :-Ud<$@-E9PZRTCK<9<
PJO ��� � � � ��� � � � 
�� 
 ��?J�-�-<$@-E*U=PJE�PJVS<DCFE � ?AB9U[P^\-<;?J\S�a?JRTB9U[P^\a@X?JU[E*<$BDP	B9:HCWBDCKI	@rPJE>?J��R*:-?JUd\a]-\`B9U=�rB9:HC
R*:-?JU=\cI	?3�JCK<;E9CK�dU=?AVS�[Cs@-E9CK�SU=RTB9U[P^\-<k9¶R*:S?JU=\hC��ZBDCK\-<9U[P^\a?J\S�aI_CK?J<9]HE*CK<�PJOmE9CK�=U=?AVSUd�=U[BwY	?AE*C3�-U=<9RF]S<9<DCK�pU=\
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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�
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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�
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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>:
B9:HCWR*:-?JU=\(��<$@-E9CK�-U=RTB9U=P^\1� � :-U=<�U=<$�=U2�JCK�[YeBDP_PqRFRF]HE��u:HCK\�C��q@S�=PJE*?ABDPJE9Yt?JRTB9U=P^\-<�?AE9CWV8CKU=\H�¤B9?3�JCK\1� �ZUd\-RTC
B9:-U=<�U=<�C��ZBDE9CKI_CK�=Y��-U �tRF]-�[B�BDPt�HCFBDCKRTBu?J\-�a? � P^Ud� � BDCKI_@8PJE*?J��R>:-?JU=\-<GRTE9CK?ABDCK�cU=\pB9:-CK<DC3<9U[B9]S?AB9U[P^\-<�?AE9CU=\-U[B9U=?J�d�[Y	?J�=�[P��fCK�hBDPeO�PJE*Ia��-­\hO¶?JRTB � B9:-CFY�I	?®Y � ?J�=Ud�-�[Y	CK\-�c]H@hE9CF@-E9CK<9CK\�B9U=\-�	?J\a?J�[BDCFE*\-?ABDC3@S?AB9:hBDPB9:HCiPJE*U[�^Ud\-?J�8R*:-?JU=\(��<�@-E9CK�-UdRTB9U[P^\1� -­\aB9:HCK<DCiRF?J<DCK< � �-]H@S�dU=RF?ABDCK<�?AE9Ci@-E*C � CK\�BDCK�a?J<GCK?JR*:½R*:-?JUd\aU=<�<DCFB;BDP
� � � � ��N$:-?JUd\-<f?AE*C/P^\S�[Ye<DCFB�BDP 1X\-?J�r�G:-CK\tB9:-CFYeC��ZCKRF]HBDCi?J\-��B9:HCKU[E$@-E9CK�SU=RTB9U[P^\�U=<$I	?AB9R*:HCK��� � :-CK\h?
�JE9P^]H@cU=<$@SE9CK�-U=RTBDCK�pVqYh?	\HPZ�HCWU=\h?J\aC��HU=<DB9U=\-�g1r\-?J�1R*:-?JUd\ � ?_V-E9P^?J�SRF?J<DBGI_CK<9<*?A�JC3U=<;<DCK\`B;BDPe?J�d��JE9P^]H@S<;Ud\-�-U=RF?AB9U=\-�lB9:-?ABu?J\�YpPJB9:HCFEGR>:-?JU=\-<;�G:-U=R>:pC��qCKRF]HBDCK��?J\-�a?AE9Cl�-]HCWBDP	V8CW<DCFB;BDPa1r\-?J��<9:HP^]S�=�
VrCWE*CKI_P � CK�1� �
M�O¶]HE9B9:HCFEGC5�tRFU[CK\-RTYpRF?J\aV8Cs�^?JU=\HCK�hVqYpE9C5/w]-<9Ud\H�_?_<9U=\H�^�[CWR>:-?JU=\hBDP	@SE9CK�-U=RTB�P^]HB9RTP^I	CK<;OQE9P^I�B9:HC
�-U�48CFE9CK\�B;?JRTB9U=P^\-<�@8P^<9<9U[VX�[C/?ABGB9:HCiCK\-�hPJOm?	:-Ud�-�HCK\ /w<DB9?ABDCWE*CF�^U[P^\1�³LG?AB9:-CFEGB9:-?J\aRTE*CK?ABDCl?_<DCF@S?AE>?ABDC
R*:-?JU=\c?JRTE9P^<9<;B9:-CWE9CF�^U[P^\hOQPJEGCK?JR>:a@8P^<9<9U[VX�[CuP^]-B9RTP^I_C � P^\-RTCl?	R*:-?JUd\aU=<!1X\-?J�1?J�S�-U[B9U[P^\-?J�8\HPZ�HCK<;RF?J\VrCiRTE*CK?ABDCK�cU=\pB9:HC3BDCFE*I	U=\-?J�8�JE*P^]H@aBDP	@-E*CK�-U=RTB$B9:HCiE9CK<*]-�[B9<$PJOm?JRTB9U[P^\-<;PJB9:-CFE;B9:-?J\aB9:-CW@-E*U=I	?AE*Y
\HPq�-C���<;?JRTB9U[P^\1��� 1 CKRF?J]-<DClB9:HCFE9C3Ie?KYpV8CsI¤]-�[B9U=@S�[C/�JE9P^]H@S<�OQP^�=�[P��GU=\H�5B9:HCiIe?AB9R*:-U=\-�	PJO6?eRTP^I_@S�[CFBDCK�
R*:-?JU=\ � B9:HC3\q]-I3V8CFE�PJOmR*:-?JUd\-<;RTE9CK?ABDCK�½U=\pCK?JR*:cB9U=I_CK<DBDCF@�U=<;�=U=IeU[BDCK��BDP	P^\HC � <9Ud\-RTCWB9:-?ABG<9Ud\H�^�[CWR*:-?JUd\RF?J\aV8CW]-<DCK�hBDP	@SE9CK�-U=RTB$B9:HC3I¤]-�[B9U=@S�[C/@rP^<*<9U[VS�[C/P^]HB9RTP^I_CK<K�

�����
��� 
 �+, , $ %�) � � ��� $* �� � � � %�$ "� ���
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�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�

D

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
This gets 
removed

This gets added

A

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 � �

7 D �



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<$O�PJE;C��ZBDCK\-�-Ud\H�	R*:-?JUd\-< � B9:HC3RF]-E9E9CK\`B;R*:-?JU=\a�GU=�=�r\HC � CFEGV8CC��qBDCK\-�-CK�aRTPJE9E9CKRTB9�[Yh?J\-�aB9:HCi?J�=U=?J<DCK�aE9CF�^U[P^\-<;\-C � CFEG�-U=<DB9Ud\H�^]-U=<9:-CK�1� � :-Ci\HCKRTCK<9<9?AE9YhI_PZ�-UR1rRF?AB9U[P^\hU=<
BDPe?J�=�[P���?	R*:S?JU=\hC��ZBDCK\-<9U[P^\hBDPeVrCsE9CFB9?JUd\HCK�a\HPJB;P^\S�[YtU[O6B9:HCiR>:-?JU=\h@-E*CK�-U=RTB9U[P^\pPZRFRF]HE*<;<*]HVS<DC�,q]HCK\`B
BDP	O�P^�d�[P®�GUd\H�5B9:HC3R*:S?JU=\pC��qCKRF]-B9U[P^\a@S?AB9: � VS]HB;?J�=<DP	U=OvB9:HCWPJVX<DCFE � ?AB9U[P^\a?J<9<DPZRFU=?ABDCK�c�GU[B9:pB9:HC@-E9CK�-U=RTB9U=P^\hU=<$C��q@8CFE*U=CK\-RTCK�hU=\p@S�=?JRTC3PJO6?J\hPJVX<DCFE � ?AB9U[P^\hC��Z@rCKRTBDCK�c�G:HCK\hB9:-CiR*:-?JU=\aC��qCKRF]HB9U=P^\a@S?AB9:
U=<�VrCKUd\H�3OQP^�=�[P��fCK�1� � :-U=<�?J�=�[P®�u<fB9:-CuC��ZBDCK\-<9U[P^\hIe?J�HC/Ud\�	mU[�^]-E9C.3q� ��9¶R < BDP¤V8C/E9CFB9?JU=\HCK�p?J\-��B9:HCN1X\S?J�C��qBDCK\-<*U[P^\hBDP � BDP	V8CiI	?J�-Ci?J\-�hE9CFB9?JU=\-CK�aU=\h?	<9]-VS<DC�,q]HCK\�B$BDE*Ud?J���
-­\hB9:-CWC��q@8CFE*U=I	CK\�B9<;Ud\cN$:-?A@-BDCFE �5:-P^I_PJ�JCK\HCFP^]-<GBDCKI_@8PJE*?J��R*:S?JU=\-<;?AE9C �r?A�J�JCK�a�G:HCK\aB9:HC?1SE*<DB�B¢�fP
�=U=\��Z<$:-? � ClB9:HCi<9?JI_Ci�JE*P^]H@c?J<G?_<*]HV8PJE*�-U=\-?ABDCJ� � :SU=<$U=<;<9] ��RFU[CK\�B�OQPJE;B9:HCWC��Z@8CFE*U=I_CK\`B9<�@-E*CK<DCK\�BDCK�
U=\cN$:-?A@-BDCFE �`� �GP��fC � CFE � U=\p�JCK\-CFE*?J��U[B;I	?®YpVrCi\-CKRTCK<9<9?AE9Y�BDP �X?A�	?eR*:-?JU=\c?J<G:HP^I_PJ�JCK\-CFP^]-<GU[OvB9:HC<9]HV8PJE*�-U=\S?ABDCK<fPJOg?J\`YtB¢�fP��=U=\��Z<$U=\pB9:HC3R>:-?JU=\a?AE*CiC � CFEuI	?AB9R>:HCK�cUd\pB9:HCi<9?JI_CiB9UdI_CK<DBDCF@��

����
���� ���
���^, � �)%�"�$S� � � � � � � "� �����"
� :HCi�-U=<*RF]-<9<9U[P^\�PJO6BDCKI_@8PJE*?J��R>:-?JU=\-<;<9P_OQ?AEG:S?J<�O�PZRF]-<DCK�a@-E*U=I	?AE>U=�[Y_P^\a:HP�� � LuMGN$M E9CF@-E9CK<DCK\`B9<
:-U=�-�HCK\%/w<DB9?ABDCs@-E9PJVS�[CKIe<f�uU[B9:p?_<9U=\H�^�[Cs?JRTB9U[P^\1�+�GP��fC � CFE � U=\��JCK\HCFE*?J�1��Ci?AE9CiU=\`BDCFE9CK<DBDCK�hUd\h:HP®��B9:-?AB
E9CF@-E9CK<DCK\`B9?AB9U[P^\aRF?J\cV8Ci]-<DCK�pBDPtUdI_@-E9P � Ci?J\a?A�JCK\�B ��</?AVSU=�dU[BwYtBDPe<DCK�[CKRTBG?A@S@-E9PJ@-E*Ud?ABDCs?JRTB9U=P^\-<GU=\
�-U � CFE*<DC/CK\ � U[E*P^\-I_CK\`B9<F�f�s\HCs<9]-R>:pCK\ � U[E9P^\-I	CK\�B$U=<�B9:HCW<9U=I_@X�[Cu:HP^I	PJ�JCK\HCFP^]-<�I	?A�FCWCK\ � U=E9P^\-I_CK\`B�Ud\
	6U=�^]HE9C 3q� A OQE9P^I �qCKRTB9U=P^\�3q� A � -b\hB9:-U=<$CK\ � U[E9P^\-I_CK\`B�B9:HC3?A�JCK\`BuRF?J\c<DCK�[CKRTB;P^\HC3PJOvOQP^]HE;@8P^<9<9U=VS�[C?JRTB9U[P^\-<�BDPeI	P � ClU=B;\HPJE9B9: � <DP^]-B9: � CK?J<DB;PJE;��CK<DB � C��HRTCF@-B/U[O·B9:HCi?JRTB9U=P^\c�[CK?J�-<�U=B;U=\�BDP	?	��?J�=�1Ud\p�G:-U=R>:RF?J<DC3U[B9<�@8P^<9U=B9U[P^\pE9CKI	?JU=\S<�]-\-R*:S?J\H�JCK�1� � :-Ud<$B9?J<��hU=<�\HP®�k]-<DCK�pBDPeUd�=�=]-<DBDE>?ABDCs<9P^I_CiPJO6B9:HC
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<D@8CKRFUR1XRs?JRTB9U[P^\aVqY�B9:HC3?A�JCK\`B 9¶�[CFB;]-<G?J<9<9]-I_CWB9:S?AB;@8CFPJ@S�[CWI_P � ClP^]HB;PJO6B9:HC3?A�JCK\`B ��<G�$?KY < �:HP®��C � CFE � B9:-CFE9C3U=<�?J\a?J�S�-U[B9U[P^\-?J�8VXU[B�U=\pB9:HC3U=\-@S]HB$<DBDE*U=\H�5�G:SU=R*:hRTP^\`B9?JU=\-<u? 7W�G:HCK\h?	@rCFE><DP^\hU=<@-E9CK<DCK\`B;U=\pB9:HC3?A�JCK\`B ��</RF]HE9E9CK\`B�@8P^<9U[B9U[P^\1� �sU � CK\hB9:-?AB;B9:HC3@-E9PJVS?AVSUd�=U[BwYePJO6?_@8CFE*<9P^\pVrCKUd\H�5@-E9CK<DCK\`B
U=\h?	�[PZRF?AB9U[P^\a?ABG?J\`YpB9U=I_CiU=<��=CK<9<�B9:-?J\ 7A� � � B9:HCK\aU[B;Ie?KYpV8C/V8CFBDBDCFEuBDPe<DCK�[CKRTB;OQPJE;BDCKI_@8PJE*?J�C��qBDCK\-<*U[P^\h�JE9P^]H@X<��G:-U=R>:pE9CF@-E9CK<9CK\�B;I_PJE*CiE9CK�=U=?AVX�[CuOQCK?AB9]HE9CK<u<9]-R>:a?J<;�GUd\-�HP®�u<fE>?AB9:HCFE;B9:-?J\cB9:HC
�JE9P^]H@cU=\S�-U=RF?AB9U=\H�¤B9:HCi@SE9CK<DCK\-RTCWPJOg?5@8CFE*<DP^\1�

North

South

0 0 1 1 0 0 0 0  

0 0 1 1 0 0 0 1  

0 1 1 1 1 0 0 0

0 0 1 1 0 0 0 1  

0 1 1 1 1 0 0 0

1 0 1 0 0 0 0 0

0 0 1 1 0 0 0 0  

Move−South

Join group

Unary groups

Predicted unary group

Which appears as:
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U=\ B9:-C�@8P^<9U=B9U[P^\-<l@-E*U[PJE¤BDP B9:HCpCK\-� PJOGCK?JR>: RTPJE9E*U=�-PJE 9Q�uU[B9: � � A �½@-E9PJVS?AVSUd�=U[BwY < � � :HCp\HPZ�HC�Ud\(B9:-C
�bP^U=\ �JE9P^]-@ 9QE9CF@-E9CK<DCK\`B9U=\H�½B9:HCa<9]-E9E9P^]-\-�SU=\H�a�$?J�=�=< < @-E9CK�SU=RTB9<¤B9:HCh�HP`PJE	?J\S�(�uU=�=��:-? � Ca?J\�0 � � PJO
?A@-@-E9PH�ZU=Ie?ABDCK�[Y � � 7A� � :HCh\HPZ�HChU=\�B9:HCh]-\S?AE9Y �JE9P^]-@ E9CF@-E9CK<DCK\`B9U=\H� B9:HCp@8CFE*<DP^\ ?J�d<DP @-E9CK�-U=RTB9<5B9:-C
�HP`PJE�?J\-�t�GU=�=�H:-? � C/?J\�0 � � PJO � � �q� �uP®��C � CFE � B9:HCu@-E9CKRTCK�HCK\SRTCGE*?ABDC/O�PJE�B9:HC/\HPq�-CGU=\	B9:-C��DP^U=\_�JE9P^]H@U=<k7A� � �G:SU=�[C/B9:HCi@-E9CKRTCK�-CK\-RTCiE*?ABDCiOQPJE;B9:HCi\-Pq�HCWE*CF@-E9CK<DCK\`B9U=\H�_B9:HCW@8CFE*<9P^\aU=< � � A �q�

� :HCs]-<DC/PJOv\HPZ�HC?0 � � � ?J�=]HCK<�BDP_�-U=<DB9U=\-�^]-U=<9:	I	PJE9CsE9CK�=U=?AVS�=C;O�CK?AB9]-E9CK<$O�E*P^I �=CK<9<�E9CK�=U=?AVS�=C;P^\HCK<$��PJE.�q<
1X\HCWOQPJEG:HCFBDCFE9PJ�JCK\HCFP^]S<;BDCKI_@8PJE*?J��R>:-?JU=\-< � :HP®��C � CFE � U=B�OQ?JU=�d<$O�PJEG:-P^I_PJ�JCK\HCFP^]-<GBDCKI_@8PJE*?J��R*:S?JU=\-<F�
� :HCW@-E9PJVX�[CKI�U=\ 	mU[�^]HE9C 3q� A PJO��ZCKRTB9U[P^\�3q� A U=<G<9U=I	U=�d?AEfBDP	B9:-CiP^\HC3U=\ 	mU[�^]-E9C 3q� 7WC��HRTCF@-B;B9:-?AB;CK?JR>:PJO6B9:-CiRTPJE9E*U=�HPJE;�=PqRF?AB9U[P^\S<;:-?J<�B9:HCl<9?JI_CiOQCK?AB9]HE9CK<;?J\S�hB9:HCFE9CFOQPJE9CiB9:HCi<*?JI_C3U=\H@X]HB�<DBDE*U=\H�H� � ?3�qUd\H�
B9:-U=<$@-E9PJVX�[CKIj�fCl\HP®��?J�S�a?_VSU[B$BDPeUd\-�-U=RF?ABDCWB9:HCW@SE9CK<DCK\-RTCiPJOm?_@8CFE*<DP^\hUd\h?_@8P^<9U[B9U[P^\p?J\-�a?J�d�[P®�
�-]HE*U=\-�lBDE*Ud?J�=<�? � � A �_@SE9PJVS?AVSU=�dU[BwY	PJOm?_@8CFE*<DP^\pV8CKU=\-�5?ABGB9:HCi@8P^<9U[B9U[P^\�@-E>U[PJE�BDP	B9:HCiCK\S�p@rP^<*U[B9U[P^\pPJOCK?JR*:½RTPJE9E*U=�HPJE;�=PqRF?AB9U[P^\c?ABG?J\�YpB9U=I	CJ� � :HCK\cRTP^\-<DBDE*]-RTB9Ud\H�_BDCKI_@8PJE*?J��R>:-?JU=\-<$BDP�<9]-RFRTCK<9<DO¶]-�=�=Y
\-? � U[�^?ABDCl<9P^]HB9:aU=\pCK?JR>:cRTPJE9E*Ud�HPJE�B9:HCi�JE9P^]-@aE9CF@-E9CK<9CK\�B9U=\-�¤B9:-Ci@-E9CK<DCK\SRTCWPJOm?	@rCFE><DP^\p�GU=�=�8?A@-@8CK?AE;?
VrCFBDBDCFEG@-E9CK�-U=RTBDPJEGPJOvB9:HCl�HP`PJE 9Q�GU[B9:h?J\ 0 � � PJOg?A@-@-E*P �HU=I	?ABDCK�[Y � � � < B9:-?J\hB9:-C �bP^Ud\pPJO6B9:-CW�JE9P^]H@S<E9CF@-E9CK<DCK\`B9U=\H�_B9:-Ci<9]HE9E9P^]S\-�-U=\H�l��?J�d�1VSU[B9<J9Q�GU=B9:h?J\$0 � � PJOg?A@-@-E9PH�ZU=Ie?ABDCK�[Y � � 7 < �+-­\pB9:SU=<;RF?J<DC � U=B;U=<VrCFBDBDCFEGBDPt]-<DCi?5B9:SU[E*�hI_CFB9:HPZ�hOQPJEG<DCK�[CKRTB9Ud\H�	�=U=\��Z<$U=\pBDCKI_@8PJE*?J��R>:-?JU=\-<K� � :-U=<$B9:-U=E*�pI_CFB9:HPZ�
E9C�,`]SU[E9CK<�?	\HCF� � ?AE*Ud?AVS�[Cs�G:-U=R>:pCK<DB9U=I	?ABDCK<GB9:HCWE*?ABDC3?ABu�G:-U=R>:h?5@-E9CK�-UdRTB9U=\H�_\HPZ�HCW@-E9CKRTCK�HCK<GU[B9<
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C�,`]-?AB9U=P^\�3q� 7&9¶U=\��ZCKRTB9U[P^\�3q� IH� 7 < �GU[B9: ! V8CKU=\H� 7A� � U[OvB9:HCFYpC��qCKRF]HBDCK��U=\pB9:HCiB9UdI_CK<DBDCF@a@-E>U[PJE�BDP	B9:HC�JE9P^]H@aV8CKU=\H�_I	?AB9R>:HCK� � ?J\S�h�FCFE9P	PJB9:HCFE*�GU=<DCJ� � :-CWE9CK<9]-�[B9Ud\H�_<9U[B9]-?AB9U[P^\pOQPJE;B9:HCl:HP^I_PJ�JCK\HCFP^]-<uI	?A�FCU=<��HCF@SU=RTBDCK�cU=\ 	mU[�^]HE9C 3q� 7 A � � :HCW@-E9CKRTCK�-CK\-RTCiE*?ABDCi�uU=�=�8U=\-�-UdRF?ABDC/B9:S?ABG?��DP^U=\p�JE9P^]H@cRTP^IlVSU=\SU=\H�5B9:HCBw��PtU=\H@X]HBfVXU[B9<$VS?J<DCK�hP^\�<9]HE9E*P^]-\-�-U=\-�3�$?J�=�=<$@-E9CKRTCK�-CK<�B9:HC3�HPqPJE;�GU=B9:p@-E9PJVS?AVSUd�=U[BwY 7A� � �G:-U=�=C/B9:-C
@-E9CK<DCK\-RTCWPJOg?_@8CFE*<9P^\p�fP^]-�d�h:-? � C¤?J\a?J<9<DPZRFU=?ABDCK�a@SE9PJVS?AVSU=�dU[BwY	PJO � � A �q�fM/\hC��Z@8CFE*U=I_CK\`B�HCKI_P^\-<DBDE>?AB9U=\H�_B9:HCi<9]SRFRTCK<9<DO¶]-�1]-<DCiPJO6B9:HCi@SE9CKRTCK�HCK\-RTCWE*?ABDC¤U=<$@-E9CK<9CK\�BDCK�aUd\��qCKRTB9U[P^\ �`� �q�
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]-\-?AE9Y�?J\-���DP^U=\p�JE9P^]H@S<g9Q�G:-U=R>:a:-U[�^:-�dU[�^:�B9<$U=\S?J�HC�,`]S?JRFU[CK<$�GU[B9:pB9:HC3VS?J<9U=Rs<DYZ<DBDCKI�OQPJE;E9CF@SE9CK<DCK\`B9U=\H�
@-E9PJVS�[CKIe<$�GU[B9:h:-U=�S�HCK\ /w<DB9?ABDC < � � :-CK\aU[B�?J]H�^I_CK\`B9<;B9:HCK<9CiVS?J<9U=RW<9BDE*]-RTB9]HE9CK<;�GU[B9:pBDCKI_@8PJE*?J��R>:-?JU=\-<BDPe]-\-RTP � CFEu:-U=�S�HCK\ /w<DB9?ABDC89QB9:-Ud<;U=<��HP^\HCiUd\��qCKRTB9U[P^\�3q� 3 < �

��������� ���
� ��� $S, �+*�� #&%'�)(!* �-,
M �[CFBDBDCFEu@-E9CK�-UdRTB9U[P^\p@-E9PJVS�=CKI Ud<;]-<DCK�h?J<GB9:HCiC��H?JI_@S�[CW@-E*PJVS�[CKIh� � :-Ud<f@SE9PJVS�[CKIjE9C�,q]-U[E*CK<$B9:HC3?A�JCK\`B
BDPeRTPJE9E9CKRTB9�[Yp@-E*CK�-U=RTB$B9:HC3�[CFBDBDCFEu?ABGB9:HCWCK\-�aPJOvB¢�fPt@rP^<*<9U[VS�[Cs<DC�,q]HCK\-RTCK<GPJO6�[CFBDBDCFE><F� � :HCW@SE9PJVS�[CKI�U=<
�HCK<9U[�^\HCK�h<9P	B9:-?ABGI_CKI	PJE9YtPJOmB9:HCiUd\-U[B9U=?J�8�[CFBDBDCFE;@SE9CK<DCK\`BDCK�cU=\pB9:HCi<9C�,`]HCK\SRTC3U=<;\HCKRTCK<*<9?AE9Y�BDPe�HP	B9:-Ud<
<9]-RFRTCK<9<DO¶]-�=�=YJ� � :HCi\`]SI3V8CFE�PJOg�[CFBDBDCFE*<�V8CFB¢�fCFCK\cB9:HC3U=\-U=B9U=?J�X�=CFBDBDCFEu?J\-�hB9:-Ci�=?J<DB;E9CKIe?JU=\pB9:HCi<9?JI_ClU=\
CK?JR*:½<DC�,`]-CK\-RTCi?J\-�a�HCFBDCFE>I	U=\HCWB9:HCi<*U[�FCWPJOmB9:HCW�^?A@�?JRTE9P^<*<;�G:-UdR*:pB9:HC3Ud\-U[B9U=?J�r�[CFBDBDCFEuI¤]-<DB�V8C
E9CKI_CKIlVrCFE*CK� 9 � PJ�FCFE 7���� ACG LuU=\H� 7����fI < � � :HCWBw��Pt<9C�,`]HCK\SRTCK<;?AE9C3<9:-P®�G\aUd\ 	6U=�^]HE9C 3q� �_?J\-�aCK?JR*::-?J<�OQP^]HEG�[CFBDBDCFE*<K� �ZU=\-RTCsB¢�fP��[CFBDBDCFE*<��GUd�=�rVrCi<9CFCK\hV8CFBw��CFCK\aB9:HCk1XE*<DB�?J\-�a�=?J<9B;�[CFBDBDCFEGPJOmCK?JR*:
<DC�,`]-CK\-RTCiB9:HCW�^?A@½U=<$Bw��PH� � ]HE>U=\H�5CK?JR*:��[CK?AE*\-U=\-�¤BDE>U=?J� � �[CFBDBDCFE*<u?AE9Ci@-E9CK<9CK\�BDCK�hBDPeB9:HC3�[CK?AE*\SU=\H�?A�JCK\�B/U=\pCK?JR*:�B9U=I_CK<DBDCF@cP^\HCi?AO�BDCFE/?J\HPJB9:HCFE/]-\�B9Ud�8B9:HCWCK\-�hPJO6B9:HC3<DC�,q]HCK\-RTCJ� � :HCW@-E9CK<9CK\�B9?AB9U[P^\aPJO
?J\hCK\�B9U=E9C3<DC�,q]HCK\-RTC89QBDPtCKU[B9:HCFE/N PJE � < RTP^\-<DB9U[B9]HBDCK<u?_<9U=\H�^�=C/BDE>U=?J��� � E*U=?J�=<�?AE9ClU=\-�HCF@8CK\-�HCK\`B � :HCK\-RTCB9:HC3?A�JCK\`Bu�HPqCK<;\HPJB�BDE9Y�BDPe@SE9CK�-U=RTB$�G:-UdR*:h�[CFBDBDCFEuPJEG<DC�,q]HCK\-RTCi�GUd�=�rO�P^�=�=P®� ?	RTP^I_@X�[CFBDCK�a<DC�,q]HCK\-RTCJ�
� :HCWBw��Pt<9C�,`]HCK\SRTCK<;?AE9Ci@-E*CK<DCK\�BDCK�a�GU[B9:pC�,q]-?J�1@-E9PJVX?AVSU=�=U[B¢Ye?J\-�aUd\pCK?JR*:½RF?J<DCiB9:HC3�=CFBDBDCFE*<;M ?J\-� 1
?A@-@8CK?AE�VrCFB¢�fCFCK\aB9:HCiU=\-U[B9Ud?J�X?J\-�h�d?J<DB;�[CFBDBDCFEK��-­O·B9:-CiU=\-U[B9U=?J�r�[CFBDBDCFEGUd<�?J\ � � B9:HCWOQP^]HE9B9:h�=CFBDBDCFE;�GU=�=�XV8CN � U[O6B9:HCiU=\-U[B9Ud?J�r�=CFBDBDCFEGU=<;? � B9:HCiOQP^]HE9B9:h�=CFBDBDCFEG�GU=�d�XV8C � �
� U[B9:aCK?JR*:c�=CFBDBDCFEG@-E9CK<9CK\�BDCK�hB9:-C3�[CK?AE*\-Ud\H�_?A�JCK\�B/RF?J\a?ABDBDCKI_@-BuBDP	@-E9CK�-UdRTB��u:-U=R*:h�=CFBDBDCFEG�GU=�d�r?A@S@rCK?AE
\HC��qBF�fMu<;�-P^\HCiU=\pB9:HC3Ud\H@S]HB��JCK\HCFE*?J�=Ud<9?AB9U[P^\hC��Z@8CFE*U=I_CK\`B9<J9¶<DCFC��ZCKRTB9U[P^\��q� A � I < B9:-C3<DYZ<DBDCKIU=\-�-U=RF?ABDCK<�U=B9<�@-E9CK�-UdRTB9U[P^\pPJOvP^\-CiPJO6M � 1 � N PJE � V`YpU[B9<;R>:HP^U=RTCiPJOmP^\HCiPJO6B9:HCiOQP^]HE�@8P^<9<9U=VS�[C
C54rCKRTBDPJE*<K�$�s\-RTCi?J\cC54rCKRTBDPJEsU=<�<DCK�=CKRTBDCK� 9¶?J\-�hE*CF�^?AE*�-�[CK<9<;PJOv�G:SU=R*:pP^\HClU=<;<DCK�[CKRTBDCK� < B9:HCi\HC��ZBG�[CFBDBDCFEU=\pB9:HC3<DC�,q]HCK\-RTCiUd<�@-E9CK<DCK\`BDCK�1�
0f?JR*:aC548CKRTBDPJEsU=<;�=?AV8CK�=�[CK�p?JRFRTPJE*�SU=\H�_BDP	B9:HCl�[CFBDBDCFE;@-E9CK�SU=RTB9U[P^\hU[B
RTPJE9E9CK<D@8P^\-�-<$BDPH� � :-U=<��=?AV8CK�=�dU=\H�lUd<�O�PJEGB9:HCiRTP^\ � CK\SU[CK\-RTC3PJO6B9:HCiOQP^�=�[P��GU=\H�_�-Ud<9RF]-<9<9U=P^\t?J\-�c:-?J<;\HP
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	6U=�^]HE9C 3q� 7�3C4rMu�[BDCFE>\-?AB9U � CGE*CF@-E9CK<DCK\`B9?AB9U[P^\	PJO1P^\-CG@S?AB9:t?J�[P^\H�iB9:HCuBDCKI_@8PJE*?J�-R>:-?JU=\ � � � D Ud<|�HCF@SUdRTBDCK�?J<G:-U[CFE>?AE*R*:-UdRF?J�=�[Ye:-U=�^:HCFE � PJEG<9]H@8CFE*U=PJE � BDP	�JE9P^]H@ 1 �

��������� �&���#"Q%'��* *  ��' �N�-, � �)%�$S* ����$* � ��� "Q�-�+"� ����
� :HCW@-E9PJVX�[CKIjPJO6RTE*CK?AB9U=\H�e?J\-�aC��qBDCK\-�SU=\H�5BDCKI_@8PJE*?J��R>:-?JU=\-<��uU[B9:HP^]HB�?J\`Y��^]S?AE*?J\�BDCFClPJO
U=I_@-E9P � CKI_CK\`B�U=<�]-\-? � P^U=�-?AVS�=CJ�mM/<��GU[B9: �bP^U=\S<N9¶<DCFCiN$:-?A@SBDCFE!I < � U[B�U=<�\HPJBf@8P^<9<*U[VS�[C�BDP �Z\HP®���G:HCFB9:-CFE
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BDCKI_@8PJE*?J��RTYZRF�[CiRTP^I_@S�[CFBDCK<u?J\-�hB9:HCWBDCFE>I	U=\-?J�1\HPZ�HC���<�@SE9CK�-U=RTB9U[P^\hUd<�U=\-RTPJE9E9CKRTB 9¶\-PJBGI	?AB9R*:-CK� < �RF?J]-<9U=\H�_B9:-CiI_P^<DB;E9CKRTCK\`B;C��ZBDCK\-<9U[P^\cBDP	V8CW�-U=<9RF?AE*�-CK�1��-­\pCKU=B9:HCFEGRF?J<DC � B9:HCiR*:-?JUd\aU=<�C � CK\`B9]-?J�=�[YC��qBDCK\-�-CK�hBDP � ?AB;�G:-UdR*:p@8P^U=\`B�B9:HCiR*:-?JUd\a:-?J<;<9]%�tRFU[CK\`B;I_CKI_PJE9Y�BDPe?JRFRF]HE*?ABDCK�=Y�@SE9CK�-U=RTBuN/� � :HC
0 � ��?J\-�h]HB9U=�=U=BwYeCK<9B9U=I	?ABDCK<G\-P®��E>U=<DC:9¶�-]HCWBDP	B9:-CiE9CKRTCK\-RTYp��CKU[�^:�B9Ud\H�_PJOvB9:-C3]H@1�-?ABDCWE*]-�=CK< � <DCFC
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	mU[�^]HE*C 3q� 7 l 4XM/�[BDCFE*\-?AB9U � CWE*CF@-E9CK<DCK\`B9?AB9U[P^\aOQPJE;P^\HC3@S?AB9:a?J�[P^\H�_C��ZBDCK\-�HCK�cBDCKI_@8PJE*?J�1R*:S?JU=\1�

�qCKRTB9U[P^\ IH� A �
� < O�PJEGB9:HCi\HPZ�HCiU=\pB9:HCiBDCFE>I	U=\-?J�8�JE9P^]-@ � D ?J\-�hB9:-CiR*:-?JU=\cU=<;<DCFB�BDP81X\-?J��� �/E9P^]-@S<�G:-U=R>:h?AE9Ci@-E9CK�SU=RTBDCK�pV`Yp? 1X\S?J�1R*:-?JU=\a�GU=�=�rE9CKI_P � Cl<9]-VS<DC�,q]HCK\�B�R>:-?JU=\-<��u:-U=R*:hIe?3�JC3@-E9CK�SU=RTB9U[P^\-<
<9U=I¤]-�[B9?J\HCFP^]-<*�[Y	�GU[B9:h?eRTP^I_@S�[CFBDCK�aR>:-?JU=\1�
� :HCWRTP^I_@S�[CFB9U=P^\hPJOvB9:-CiR*:-?JU=\h�=CK?J�-<$BDP	B9:HCJ0 � � ?J\-�a]-B9U=�=U[B¢Y � ?J�d]HCK<��HCF@SU=RTBDCK�hUd\ 	6U=�^]HE9C 3q� 7 �`� � :-C
� ?J�=]-CWO�PJE;B9:-C3\HPZ�HCK<�U=\p�JE9P^]H@ 1 �G:-U=R>:p@-E9CK�-U=RTBGN O¶?J�=�8BDP	�FCFE*P 9¶?J<;B9:HCK<9C3\HPZ�HCK<;?AE9C3<*]H@-@8PJE9B
<9]H@-@-E*CK<9<DCK��CK?JR*:cB9U=I_CWB9:HC3R>:-?JU=\hU=<;O�P^�=�=P®��CK� < ?J\-�pB9:HC � ?J�=]HCsOQPJEG\HPZ�HCK<�@-E*CK�-U=RTB9U=\H� � E*U=<9Ca9¶?J<GB9:HCFY
?AE9Ci@-E9C � CK\`BDCK�aOQE9P^I�C��ZCKRF]HB9U=\-�	U=\-RTPJE9E9CKRTB9�=Y < �³M/�[B9:HP^]H�^:a�JE9P^]H@cMkU=<;\HPJB;�SU[E9CKRTB9�[Y�?�4rCKRTBDCK��V`Y�B9:HC
R*:-?JU=\ � B9:HC � ?J�=]HCK<$PJOg\HPZ�HCK<;U=\pB9:-Ud<$�JE9P^]H@a�GUd�=�X?A@S@-E9P^?JR*:$I!�q� � :SU=<�PqRFRF]HE><�V8CKRF?J]-<DC3?AOQBDCFEGB9:HC<DC�,`]-CK\-RTCsBDP � U=<�C��Z@8CFE*U[CK\-RTCK� � B9:HCFYtE9CKRTCKU � Ci?¤E9CF�$?AE*��PJO+7 ��� 9QV8CFO�PJE*Cs�SU=<9RTP^]-\`B9U=\H� < O�E*P^I{�JE*P^]H@ � �
�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=<$OQPJE*I_CK�hBDP@-E9CK�-U=RTB � � B9:HC � ?J�=]-CWPJOvB9:HCl\HPq�-CK<�<9:HP®�u\aU=\p�JE9P^]H@�M �uU=�=�r�HE9PJ@aBDP	�FCFE*Pe?J<;B9:HCFY��GU=�d�r?J�=��?®Yq<
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C��q@8CFE*U=I	CK\�B9<$�GU=B9: � LGMGN$Mk@-E*CK<DCK\�BDCK�cU=\��qCKRTB9U[P^\��`� 3q�
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