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2 ½ , ½ � `)nqmom�rwtAv �_� - ' lAkzm�e `)e;fw|)nNm�cAn � poeg�Efwnqj���������������������������������� � T ,
2 ½ , ½ � Â cAn É n�}ÀlEfwmd}���������������������������������������������������������������� � T 2

2 ½ 2 �Nu�tXÊ � cAnqf�ÊzÅBjzu�vgn�}������������������������������������������������������������������ � T �
2 ½ 2 ½ � -{n�}oa�porwkEmorwe;tze=h5m�cAn -{egjzu�rwtzu�tXÊ � p�eg�Afsnqj ������������������������������� � T �
2 ½ 2 ½ � `)nqmom�rwtAv �_� - ' lAkzm�e `)e;fw|)nNm�cAn � poeg�Efwnqj���������������������������������� � T �
2 ½ 2 ½ � Â cAn É n�}ÀlEfwmd}���������������������������������������������������������������� �;� T

2 ½ � # (GkXnqp�rwj�n�tGm¡} `�lAj�jzu�po� ����������������������������������������������������������� �;�g�
� � ± @ NGº�±?����¶���� � �)I
� ½ � � fsvgegp�rwm�cAj # |)egfslAmorsegt ������������������������������������������������������������� �;� �

� ½ � `)rsvgtXu�f�y{t ÊGnqpd}~mdu�tXÊGrwtEv[������������������������������������������������������������� �;�q�
� ½ � ' pdadcAn�}~mopdu�morsegt ��������������������������������������������������������������������� �;�-,
� ½ � �AlAtXa�m�rwe;t `�nqtX}Àrsmors|GrsmÀ� � kAkApoe (brwjzu�morsegtS��������������������������������������������� �;�-,
� ½ � � egpoÆ É nqf�u�mon�Ê�moe Â cAn�}Àr }{i5egtbmop�rw�AlAm�rwe;tX} ����������������������������������������� �;�32
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 �����Pº�����±�� ¶���� � 4 �
� ½ � i5egt a�fwlX}~rwe;tX}1����������������������������������������������������������������������� ���G�

� ½ � ½ � É nq|brwn � rwtAvVmocAnVx�egm�rw|;u=m�rwe;t"u=t Ê �+e)u�f�} ����������������������������������� ���G�
� ½ � ½ � É nq|brwn � rwtAvVmocAn � kAkEpoe)u;aZc�������������������������������������������������� ���g�
� ½ � ½ � É nq|brwn � rwtAvVmocAn¼i5egtbmop�rw�AlEmorwe;tX}%��������������������������������������������� ���g�

� ½ � �AlAmolEpon � e;poÆK����������������������������������������������������������������������� ���g�
� ½ � ½ � x"u=ÆbrwtAv Ë�nqmom�nqp
y�}ÀnNe�h � |;u=rsf�u=�Efwn Â e)egf } ��������������������������������� ���g�
� ½ � ½ � Â u�ÆGrstAv�x�e;pon � ÊG|;u�tGm¡u=vgn1e�h
`)nqtX}~rwm�rw|brwm~��ÅBtGh©egp�jzu=m�rwegt ��������������������� ��� �

� ½ � ½ � # (bmon�tXÊGrwtEv�Å É \N� Ë�lXaZÆ)n�m�Ë�p�rwv�ugÊGn ��������������������������������������� ���g�
� ½ � ½ � Â cAn \ n)(Gm 0Xnq|)nqf�e�h � p�e)uga�morw|)n � poe;vgp¡u=j i5cXu=tEvgn�}�������������������������� ���#,
� ½ � ½ � x # Â4�3� ' pdadcAn�}Àm�pdu�morwe;t+����������������������������������������������������� ���#,

5 � ¶Aº�NGº�´ë¶ 
 ¯ N�� @ ± � 4 E
6 ¯ ����´ 
�B µV¶X· M�@ ± º�±AJ��=¶ B ��NA·¹³ �?I��

ËN½ T ½ , Â cAn \ n�a�n�}o}�u=p�� Â cAn�egpon�mor�a�u=f�i5egtbh©n�}o}~rwegt ����������������������������������� ���g�
µ � J � · M�@ ±b·¾± 
 º�NGº�´©¶ 
�L ± º NA´ @ ³ �?I�

i+½ � ÅBtArwm�r�u�fwr  �rwtAv&u=t \N� kEpoegv;pdu�j ������������������������������������������������������� ���g�
i+½ � \N� u=tXÊ ��� - ' Ä tAeg�X} ����������������������������������������������������������� ���#,
i+½ � �AlApom�cAnqp+ÅBj�kAfsnqj�nqtGm¡u=m�rwegt -+nqmdu�rwf�}+������������������������������������������������� ���g�

i+½ � ½ � x�nqj�egp���l }Àn � rwm�c�Å É \N� ������������������������������������������������� ���g�
i+½ � ½ � Å�j kAfwnqj n�tbmdu�morwe;t�e�h�m�cAn ' y Â
� y Â tEebÊGn�}
rwt \N� ������������������������� � �>T
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L 6 ´ë¶ @ ¶ B���L Nbº�N �?U��
-,½ � �{�EÊGpoe;kAcAe;�Ar�a�� � � fwrwkEcXu=m�r�a�� ������������������������������������������������������� � � �
-,½ � � moegj r�a � nqrsvgcbmd} ������������������������������������������������������������������� � � �
-,½ � i5cXu�povgn�Ê � j�rstAe � a�r�ÊA} ����������������������������������������������������������� � � �
-,½ � ¿�u=t(ÊGnqp � ugu=f }�¿5egfwlEj�n+����������������������������������������������������������� � � �

D D���NA· M�@ ±AJ���¶ B �3NE·¸³ �?U�I
� J 5AL :���´©³�º�¶�� � �?U�

��½ � �{r }Àmoe;por aqu=f É nqkEpon�}~nqtGm¡u=m�rwegt }1������������������������������������������������������� � � �
��½ � # |)egfslAmorsegt � rwm�c # (bkAfwr a�rwm+`)lA�X}~mop�lXa�molEpon�������������������������������������������� � � ,

��½ � ½ � � -"��}
rwt �_� - ' ����������������������������������������������������������� � � ,
��½ � ½ � 0Xrw�Ap¡u=porsn�}
rwt �_� - ' ������������������������������������������������������� � � 2

��½ � 0Xn�u�potAn�Ê � fwv;egp�rwmocEj É n�a�e;j��ArstXu=m�rwe;t � fwv;egp�rwmocEjz} ��������������������������������� � � �
� � J ;4³��,µV± @ @ � @ NO��D 
 �)¶��4´ 
 B �?U�E
�V½ �H' |)nqpo|brwn � e=h�i5nqfwfslAf�u�p # t a�ebÊGrwtEvK��������������������������������������������������� � � �
�V½ � Â cAn�}~r�}Ni5egp�poeg�Xe;pdu=m�rwe;t�h©poegj i5nqfwfslAf�u�p # tXa�ebÊGrstAv ��������������������������������� ��� T
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� lAm�egjzu�mon�ÊzkApoe;vgp¡u=j nq|)e;fwlAm�rwegt"c ug}Nn (br�}Àm�n�Ê rst6}Àe;j�n,h©egp�j h©egp u=fwj e)}Àm+h©egpom~� �)n�u=p¡}�½¼`)rwv;tXu=f5lAt �
ÊGnqp¡}Àm¡u=tXÊGrstAv$Çën)½ vA½w�5}~rwv;tXu=f+a�f ug}�}Àr *Áaqu=m�rwegt_È1cXug}¼�XnqnqtIu"}�a�rwn�tGm�r *_a�a�egtXa�n�pot�h©e;p�fsegtAv;nqp¼mocXu�t m�cXu=m�½
�+nqtAnqp¡u=m�rwtAv(u vgn�tAnqpdu�f5jzugadcArwtEn¼fwn�u�potArstAv }Àrwv;tXu=f�lAtXÊGn�pd}Àm¡u=tXÊbrwtAv6}~�A}~monqj cXu;} j�e;pon�pon�a�nqtGm�fw� u=m �
mop¡uga�m�n�Ê,a�egtX}~r�ÊGnqp¡u=�Afsn�p�n�}Àn�u�pdadc,rstGm�nqpon�}~mq½ �²rspd}Àm��=m�cAr�}PmocEn�}Àr }�ÊGn+*XtEn�}²u�tXÊ¼a�p�n�u=m�n�}²u+vgnqtAn�pdu=fbjzu;aZcArstAn
fwn�u=potErwtAvVu=kEkApoe�ugadc�h©egp�}ÀrsvgtXu�fXlAtXÊGnqp¡}Àm¡u=tXÊGrstAv,rstXÊGnqkXnqt ÊGnqtbm�e=h mocAn�}ÀrsvgtXu�f .£}�m~�bkÁn�u=t Ê�}~r  qn)½ Â cAr�}�r }
uga�a�egj�kEfwr�}~cAn�Ê¼mocAp�eglAv;c"u�t n�|)egfwlEmorwe;tXu=p���}~mop¡u=mon�vg�ze=h�}ÀrsvgtXu�fPlAtXÊGnqp¡}Àm¡u=tXÊGrstAv�kApoe;vgpdu�jz}�moc u=m
r�}
u�t
n (bmonqt }Àrwe;t�e=h4v;nqtAnqm�r�a{kEpoegv;pdu�j�j�rwtEvA½�`)n�a�e;tXÊ��Am�cAr�}5mocAn�}~r�}5rwtbmopoebÊblXa�n�}�u¼}ÀlArsmonNe�hL}ÀlA� � j�n�adcXu�tAr�}~jz}
moc u=m
rwt a�pon�u;}Àn1mocEnNkXe � nqp
e=hLvgn�tAnqmor a{kAp�egvgp¡u=j�j rwtAv&u=tXÊza�e;tGm�porw�ElAmonNm�e�m�cAnNlAt ÊGnqpd}~mdu�tXÊGrwtEv�e�h�m�cAn
fwn�u=potErwtAv¼m�n�aZcEtArXW)lAn�ÊGnq|)nqfsegkXn�Ê�½
Â cAn
a�nqtGm�pdu�fAu�fwvge;porsmocAj�r a²rwtEtAe�|gu�morsegt¼e=h mocAr } m�cAn�}Àr } r }²mocEn�kAp�eba�n�}o}4�G� � cEr�adc¼u{tAe�|)nqf)kEporwt a�rwkAfsn�Ê

a�p�n�ÊGrwm � �Ef�u=j n�u;}o}ÀrsvgtAj nqtGm¼r },rwtbmop�ebÊGlXa�n�Ê$u=tXÊ¹rwtXa�egpokXe;pdu=m�n�Ê rwtbmoe"m�cAnznq|)egfslAmorsegt¹e=h u=fwv;egp�rwmocEjz}��
mocblX}Nrwj kApoe�|brwtAv�m�cAn�nq|)egfslAmorsegtXu�po�"kAp�eba�n�}o}�½ Â cAr�}NkAp�rwtXa�rwkAfsn�Ê"a�pon�ÊGrwm � �Af u=j�n&ug}�}Àrwv;tAj�nqtbm1r�}1ÊGe;tAn
mocEpoeglEvgc u"tAn � kApoe;vgpdu�j p�nqkApon�}Ànqtbmdu�morwe;t$aqu=fsfwn�Ê	��

������������������������������u=t Ê u=kEkAfwrsn�Ê¾mocAp�eglAv;c u
}Àn�m{e�h�kAp�rwtXa�rwkAfsn�Ê�kAp�eba�n�}o}~n�}Na�e;fwfsn�a�mors|)nqf ��aqu=fsfwn�Ê ����!"
#�$�%���&�#
#���#'(����)$

�*
#��!+���,�-
#�������%�������������������.�g½
Â cAr }�m�cAn�}~r�}5a�egt a�nqtbmopdu�mon�}4egt�m�cAn�}Àn+u�fwv;egporsmocAj r�a rstAtAe�|;u=m�rwegt } rwt¼p�n�u=f � egpof Ê�}~rwv;tXu=f_ÊGe;jzu=rstX} � cAnqp�n
mocEn,}~rwv;tXu=f }{u�pon1m~�GkAr aqu=fsfw�¼f u=pov;nVu=tXÊ ��egpNkXe)e;pofw�zlAt ÊGnqpd}~moe)ebÊ�½
Â cAr�}�nq|)e;fwlAm�rwe;tXu=p�� fsn�u=p�tArwtEvNe=h u=fsvge;porwm�cAjz}²m¡u=Æ)n�}4kAf�u;a�n�rst0/214365��buN}À�E}Àm�nqj�Êbnq|)nqfwe;kXn�Ê rst¼mocAr }

mocEn�}Àr }3h©egp87ok u=pdu�fwfsnqf�u�fwv;egporsmocAj ÊGr�}�a�e�|)nqpo� u�tXÊ e;pdadcAn�}~mopdu�morsegt�9zu=t Ê"ug}1uzÊGnqj�e;tX}Àm�pdu=�Efw�zn$:_n�a�m�rw|)n
}Àm�pdu�monqv;� h©egpzÊGrs|Gr ÊGn � u=tXÊ � a�e;t�W)lAnqp�rst }Àrwv;tXu=fVa�f ug}�}Àr *Áaqu=m�rwegt Êbegjzu�rwtX}�½ Â cAr }�mocAn�}~r�}�rstXa�fslXÊGn�}�u�t
n (bmonqt }Àrw|)n nqj�kArspor�a�u=f5nq|;u=fslXu=m�rwegt$e=h1m�cAnzmon�adcAtAr W lEn�},ÊGn�|)nqfwe;kÁn�Ê rstIu"por aZc¾|;u�porwn�mÀ� e=h1p�n�u=f � � egpof Ê
}ÀrsvgtXu�f�}�½ Â cAn�pon�}~lAfwm¡}�eg�Am¡u=rwtEn�Ê,ÊGn�j�egtX}~mop¡u=mon���u=j�e;tAv
egm�cAnqp4mocArstAv)}��gmocAn5n$:_n�a�morw|)n�tAn�}o}Xe=hXkEporwt a�rwkAfsn�Ê
a�p�n�ÊGrwm � �Ef�u=j nNu;}o}ÀrsvgtAj nqtGm�rwt u=fsvge;porwm�cAj nq|)e;fwlAm�rwe;tP½
Â cAr�} � e;poÆ6r�} lEtArXW)lAn�rwt6mocAp�nqnzug}~kXn�a�md}�½ \ e�egm�cAnqp&a�lApop�nqtbmofw�"n)(Gr }ÀmorstAv }À�E}Àm�nqj aqu=t fwn�u�pot¾m�e

a�f ug}o}~r h©��e;p{e;mocAn�p � r�}~n87d}À�bj��Áe;fwr  qn;9,}~rwv;tXu=f } � rwmoc tAe }ÀkXu;a�n1egp�}Àr  �n kXnqt u=fwm�rwn�} h©e;p
mocAnV}~rwvgt u=f .÷}{}~r  qn
egp�mÀ�bkXn)½ \ e�egmocEnqpN}~�A}~monqjÃ�Xu;}Àn�Ê�e;t"vgnqtEnqmor a kEpoegv;pdu�j�j�rwtEv�a�lApop�nqtbmofw� n (Gr }Àm¡}�mocXu�mNkAlAp�kÁe�}Àn�h©lEfwfw�
vgn�tAnqpdu�mon�} u=tXÊIegp¡aZcAn�}Àmop¡u=m�n�}�u¾|;u=porsnqm~�¹e=hVn (bkÁn�pomd} u=fwe;tAv¹kApoe;�Afwn�j }ÀkXn�a�r *_azfwrwtEn�}�½ � tXÊ��
j�e�}Àm
a�nqtbmop¡u=fsfw�)�4mocAnzmocEn�}Àr },rwtbmopoebÊblXa�n�}¼mocAn *Xp¡}Àm�u�tXu=fs�Gm�r�aqu�fwfw� }Àe;lAtXÊ¹j�n�adcXu=tAr }Àj h©e;p�n (bkAf u=rwtErwtAv(u=tXÊ
pon�rwtGh©e;pda�rstAv�}ÀkXn�a�r *_a{kXu�pom¡}3e�h�u=tznq|)e;fw|brwtAvVkApoe;vgpdu�j"½
Â cAn5vge�u=fbe=hEmocAr }�mocAn�}~r�}�r }Ámoe�u=p�vglAn��=n (bkAf u=rwt �qu=t Ê,ÊGnqj egtX}~mopdu�mon�cEe � pon�kApon�}~nqtbmdu=m�rwe;t,u�tXÊ1}Àn�u�pdadc

u=p�nNrwtbmorsjzu=m�nqfw�Va�e;tAtAn�a�mon�Ê¼rwt�n�|)egfwlEmorwe;tXu=p���a�egj kAlAmdu�morsegtzu�tXÊ�moe�u;ÊAÊGp�n�}o}�m�cAn�}Àn�ÊGlXu�fPa�e;tXa�nqp�tX} rst
mocEnza�egtbmon)(Gm1e=h+m�cAn�nq|)egfslAmorsegt6e=h Â lAporstAv"a�e;j�kAfsnqmon¼kAp�egv;pdu=j.}�½ ÅÀÊbn�u=fsfw�)�PmocEr�} m�cAn�}~r�} � rwfsf rstX}ÀkErwpon
h©lAm�lApon1pon�}Àn�u�pdadc rst�mocEr�}+}ou=j n1u=p�n�u¼u=tXÊ u=fsegtAv }Àrsj�rwf u=p�fsrwtAn�}�½
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Â cAn6ÊGn�jzu=tXÊ¾h©egp�p�eg�Al }Àm � Å¼}À�E}Àm�nqjz} � rsmoc h©n � a�e;tX}Àm�pdu=rstGm¡}�a�e;lAkAfwn�Ê � rwm�cImocAn"p�r�}~rwtAv¹a�e)}Àm e=h
kAp�egvgp¡u=j�j nqp5morwj nNponqf u=m�rw|)n+moe a�egj�kElAmonqp�a��Ea�fsn�}��bcXug}
kAlX}~cAn�Ê�mocAn"*Xn�f�ÊA}�e�h�}ÀrsvgtXu�fPlAtXÊGnqp¡}Àm¡u=tXÊGrstAv
u=t Ê jzu;aZcErwtAnVfwn�u�potArstAv�moe;vgnqm�cAnqp�½�Ë�n�aqu=lX}~n¼cGlEjzu=t"p�n�}Àn�u�pdadcAnqp¡}Naqu=tEtAegm1j�nqn�m,Ç©rB½ n�½w�XkApoe;vgpdu�j �b�
cXu�tXÊÁÈ
m�cAn1kÁn�pda�nqkEmorwe;t"ÊGn�jzu=tXÊE}�e=h5m�cAn¼a�e;tGm�rwtblArwtEv¼n (GkEfwe)}~rwe;t e�h }ÀkXn�a�r u=fwr  qn�Ê�u�tXÊ v;nqtAnqp¡u=fLu=kAkEfwr �
aqu�morwe;tX}��bmocAn�}ÀrsvgtXu�f � moe � }~�Gj��XegfXkApoe;�Afwn�j�cXug}��Xn�a�e;j�n+a�nqtbmop¡u=fAm�e¼u�pomor *_a�r u=fXrwtbmonqfsfwrsvgnqtXa�n�rwt�vgn�tAnqpdu�fB�
u=t Ê.m�e�j.ugadcArwtAn
fsn�u=p�tArwtEv¼rwtzkXu=p�mor a�lAf�u�pq½ � }
u=tzn (Eu=j�kEfwn)��� ÅBÆ)nqlXadcAr_u=tXÊ�¿5nqfwe�}ÀeE� �q�;�G2�� cArsvgcAfsrwv;cGm¡}
mocEr�}
kApoe;�Afwnqj u�tXÊ"ÊGn�}�a�pors�Án�}
u�|;u=porsnqm~��e=h�rstAtAe�|;u=mors|)n1pon�}~n�u=p¡aZczkAp�egvgp¡u=jz}+rwtzmocAn&}ÀkXn�a�r *_a,u�pon�u�e=h
a�e;j�kAlAm�nqp�|br�}~rwegt ½
Â cAn6}ÀrsvgtXu�f � moe � }~�Gj��Xegf+kApoe;�Afwnqj r } m�cAn�v;nqtAnqp¡u=fNm¡ug}ÀÆ¹e�h,f u=�XnqfsfwrwtEv¾u�kXnqp¡a�nqrs|)n�Ê¾}ÀrsvgtXu�f � rwm�c

egtEn�egp�j�e;pon }À�bj��Xe;f�}�Çën�½ vA½s� r ÊGnqtbmor h©�GrstAv�m�cAnzkAporsjzu=p��¾eg�)(on�a�m¼kApon�}~nqtbm¼rwtIu"|br�ÊGnqe6rwj.u=vgn;Èd½¹ÅBt
egm�cAnqp � egpdÊE}��_u¼}ÀegfslAmorsegt moe�mocAr }�kApoe;�Afwnqj mdu�Æ)n�}
u¼f�u=p�vgn1tblAj��Xnqp�e=hLrwtAkElAmd}1Çëm�cAnNpdu � }~rwv;tXu=f©È�u=tXÊ
mop¡u=tX}Bh©egp�jz}3rsm{rstGm�ezu�}~jzu=fsfwnqp�tGlAj��Xnqp
e=h�e;lAmokAlEmd},Ç©mocAn�}~�Gj��Xegf�}dÈd½ Â cAn�}~n¼}~�Gj��Xegf�}
u�pon¼rstGm�nqtXÊGn�Ê
moe.aqu=kAm�lApon&}Àe;j�n1lX}Àn�h©lEf�u;}ÀkXn�a�m¡} e�h5mocEn,rwtEkAlAmq½ Â cAn¼}~�Gj��Xegf } � rsfwfB�Arst�m�lApotP�XkXnqpoj rwm
cArsvgcAnqp+fwn�|)nqf
pon�ug}Àe;tArwtEv��Xu;}Àn�Êzegt mocAn1kXnqpda�nqrw|)n�Ê�}ÀrsvgtXu�f�}�½
Ë�n�aqu�lX}Àn jzugadcArwtEn�fwn�u�potArstAv }Àmop�rw|)n�} h©e;p�rwt a�pon�u;}ÀrstAv¾u�lAmoe;tAegj��)��j�lXadc¾e=h mocAn � egp�ÆIÊGe;tAn�rst

jzu;aZcArstAn�fsn�u=p�tArwtAv6moebÊEu��$cXug}��+ug}�u�tInq|)nqtbmolXu�f
vge)u�fB�+u�v;nqtAnqp¡u=f�}À�E}Àmon�j h©e;p�kEpoebÊGlXa�rwtAv¹}~lXadc u
}ÀrsvgtXu�f � moe � }~�Gj��Xegf5jzu=kEkÁn�pNmocXu�m � egpoÆE} � nqfsf²h©egp&u � r�ÊGn�|;u=porsnqm~��e�h�ÊGegjzu�rwtX}�½�x"ugadcArwtAn¼fsn�u=p�tArwtEv
mon�aZcAtErXW)lAn�} n)(Gr }Àm�m�ebÊAuq�zmocXu�m+u=mom�nqj�kAm�moe ugaqa�egj�kAfsr�}~c�m�cAr�}�v;e)u=f�ÇB}~nqn�� x�rsmdadcAnqfwf � �q�;�G2�� h©e;p+u�a�e;j �
kAp�nqcAnqtX}~rw|)n�}ÀlEpo|)nq�XÈd½ � p�mor *Áa�r�u�f \ nqlAp¡u=f \ nqm � e;poÆE}�Ç � \ \ }ZÈ�� É lAj�n�fwcXu�pom+
�!&����� � ���g�#,�� u=t Ê -{n�a�r�}~rwegt
Â ponqn�}�� ${lErwtAf u=tP� �q�;�#,�� u=pon (olX}~m�m � e1n (Eu=j�kEfwn�}�½ Â cEn�}ÀnNm�n�adcAtArXW)lAn�}4cXuq|)n+ugÊG|;u=tbmdu�vgn�}�m�cXu=m�rwtXa�fwlXÊGn
mocEnqegp�rwn�}
u��Áe;lAm�a�egtb|)nqpov;nqtXa�n u=tXÊzn (GkEpon�}�}Àrw|)n�tAn�}o}�lAt ÊGnqp�a�nqpom¡u=rstzug}�}ÀlAj�kEmorwe;tX}�½5Ë�n�aqu=lX}~n1e=hLmocAn�}~n
kXu�pomor a�lAf u=p�kXe)}~rwm�rw|)n"u�mom�porw�ElAmon�}��{n (bmon�tXÊGrwtEv�m�cAn�}Àn6}~�A}~monqj.} m�e¸|)n�po�¹vgnqtEnqpdu�f1ÊGegj.u=rwt } �Xn�a�e;j�n�}
a�e;j�kAfwr aqu=m�n�Ê�½ �Aegp1n (Eu=j�kEfwn)�brwm � eglAf Ê��Án¼c u=pdÊ"moe.u=pov;lAn�mocXu�mNrwtbmop�ebÊGlXa�rstAv�j�nqj egpo� uga�a�n�}o}�u=tXÊ
morsj�n�rstGm�e � \ \ }�r�}5uV}Àrwj kAfwn�jzu=m�monqp
Ç©n)½ vE½w� � �{rwf Ê¼u=tXÊ � u�rw�XnqfB� ���g�g� � Èd½ �+nqm�morwtEv,Êbn�a�r�}~rwe;t�m�ponqn�}�m�e
cXu�tXÊGfwn+cArsvgcAfs�¼tAegt � fwrstAn�u�p h©lAtXa�morwe;tX}��)n�}~kXn�a�r�u�fwfs�,e=hLa�egtbmorwtblAe;lX}�|gu�fwlAn�}��)pon�W)lArspon�}5a�e;tX}Àr ÊGnqpdu��Afwn+lAt �
tXu�molAp¡u=fPa�egtbmoegp�morsegt�e=hPm�cAn+egporsvgrstXu=fXmon�aZcAtErXW)lAn1Çën)½ vA½s� � `)W lErwpon�} u�tXÊ `bu�j�j�lAmq� ���g�g� � Èd½ Â cAn+egp�rwv;rwtXu�f
j�e;morw|;u�morwe;t h©e;p�m�cAr�}5mocAn�}~r�} � ug}5mocAn+h©nqnqfwrstAvNm�cXu=m��Avgrw|)n�t�m�cAnN}~fwe � kAp�egvgp�n�}o}�e�h4n (br�}Àm�rwtAvVmon�adcAtAr W lEn�}
rwtzm�cAn,v;nqtAnqp¡u=fL}Àrwv;tXu=f � m�e � }À�bj��Xe;f4ÊGegjzu�rwtP�AkXnqp�cXu=k }{u�}~rwv;tAr *_a�u=tbmofw� ÊGr :�n�ponqtbm+ÊGrwp�n�a�m�rwegt � eglAf Ê �Xn
� e;pom�c�n (bkAfwe;porstAvA½
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# |)egfslAmorsegtXu�po�6a�e;j�kAlAm¡u=morsegt$Ç # i
ÈNr }1u=tb�¾u�fwvge;porsmocAj m�cXu=mVlX}Àn�}1mocAn a�e;tXa�nqkAm¡} e�h+}Àn�fwn�a�m�rwe;t�kAp�n�} �
}ÀlEpon)� *Xm�tAn�}�},kApoe;kÁe;pom�rwegt u=monzp�nqkApoebÊblXa�morsegtP��e;p�}Àn (blXu�f�pon�kApoebÊGl a�morsegtP½ # i�c ug},�Xnqnqt¹u�t$u=pon�u�e=h
uga�morw|)n pon�}~n�u=p¡aZc$}ÀrstXa�n�m�cAn �q� , T } Çën)½ vA½w� � �Ae;vgnqf�
�! ����� � ���#,#,�� Èd½ Â cAnzf ug}Àm¼h©n � �)n�u=p¡},cXuq|)nz}Àn�nqt
u�m�ponqj�n�tXÊGegl }¼}ÀlAp�vgn"rwt$rwtbmonqp�n�}Àm�rwt u�|;u=p�rwnqm~�¾e�h,n�|)egfwlEmorwe;tXu=p��$a�egj�kElAmdu�morwe;t$}oadcAnqj�n�},rstXa�fslXÊ �
rwtEv�v;nqtAnqm�r�a,u�fwv;egporsmocAj.}NÇ � � Èd�Av;nqtAnqm�r�a1kApoe;vgpdu�j�j�rstAvzÇ � � Èd�Xnq|)egfslAmorsegtXu�po�z}~mop¡u=mon�vgrwn�} Ç # `EÈd�_u=tXÊ
nq|)e;fwlAm�rwegt u=po� kApoe;vgpdu�j�j�rstAv6Ç #5� Èd½�Å�t¹m�cAnzj�e�|)nqj�n�tGmNe;lAm�e=h ���;�@? ���A?�B '(�@C*D �����-
�? ����! � E ) �����4���FB
! 
�� � � � 

�%) 
�u=tXÊ¾moe � u=pdÊE}8�%���FG;
�� � 
 � Åd�Pnq|)egfslAmorsegt6cXug}¼mdu�Æ)nqt¾e;t u�t¾rwt a�pon�u;}ÀrstAvgfs�¾a�n�tGm�pdu=f5p�egfwn.ug}
uz}Àe;lApda�n¼e�h
rstX}ÀkArspdu�morwe;t¹Çën)½ vA½s� � Ë�poe)egÆE}�� ���g�#, ��Ë�p�e)egÆE}�� �q�;� T �4Ë�p�e)egÆE}�� ���g�>2 � Èd½VÅBt¾u;ÊAÊGrsmorwe;tP��m�cAn
j�ebÊGn�f�e=hLnq|)e;fwlAm�rwegt.ug}
u=t u�kAkApoe;kApor u=m�n,j�ebÊGn�f h©e;p
j�nqtbmdu�fÁfsn�u=p�tArwtEv¼cXug}�v�u=rwtEn�Ê�h u�|)e;p
rwt�kEcArwfse)}Àe �
kAcb� u=tXÊ a�egv;tArwm�rw|)nV}oa�rsnqtXa�n�pon�a�n�tGm�fw� Çën)½ vA½w� � -{n�tAtAnqm�mq� �q�g�;� � È¡½
Ë�n�aqu�lX}Àn1e=h�mocAn�}~n,m�ponqtXÊE}��X�Án�aqu=lX}~n
e=h&mocAn6�Ap�e)ugÊIpdu�tAvgn e=h�}~lXaqa�n�}o}Àn�} � � c ug}�cXugÊ rwtIpon�a�nqtbm��)n�u=p¡}�Çën�½ vA½s� � � tXÊGpon	
 !0����� � ���g� , �
Ä e  �u8
�! ����� � �q�;�#, � \ egp¡ÊGrwt � ���g�>2 u � Èd�bu�tXÊ��Xn�aqu�lX}Àn+e=h4m�cAn{n)(GkAp�n�}o}~rw|)nqtEn�}o}�u�tXÊIHXn)(Grs�Arwfsrwm~�Ne=h4n�|)egfw| �
rwtEv�u=fwv;egp�rwmocEjz}��Am�cAn1vgnqtAn�pdu=fPk u=pdu;ÊGrwv;jÃe=hLnq|)egfslAmorsegtXu�po�za�e;j�kAlAm¡u=m�rwegt � ug}
}Àn�fwn�a�m�n�Ê�u;}3m�cAn1�Xug}~r�}
e=h�p�n�}Àn�u�pdadc h©e;pNmocAr }3m�cAn�}~r�}{m�cXu=mNrstG|)n�}Àmorsv)u�mon�}�rsmd}{kXegm�nqtbmor�u�f�u;}1u�jzugadcArstAnNfwn�u=potErwtAv�mon�adcAtAr W lEn rst
mocEn,}~rwv;tXu=fPlAt ÊGnqpd}~mdu�tXÊGrwtEv�u�ponqtXub½
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Â cAn5kAp�nq|GrseglX}P}~n�a�m�rwegt1j�e;mors|gu�mon�Ê+mocAn�l }Àn�e�hAn�|)egfwlEmorwe;tXu=p��Na�egj�kAlEmdu=m�rwe;t,u;}�mocAn5lAt ÊGnqpofs�GrstAv
j�n�adcXu �
tAr }Àj h©e;p � egpoÆbrwtEv{e;t,mocEn�}~rwv;tXu=f � m�e � }À�bj��Xegf)kEpoeg�Efwnqj"½ Â cAnqpon�r�}��=cAe � nq|)nqpq��u h©lEtXÊAu=j nqtGm¡u=f)kAp�eg�Afsnqj
� rwm�c,nq|)e;fwlAm�rwe;tXu=p��,a�egj�kAlEmdu=m�rwe;tP�gu�tXÊ,kXu�pomor a�lAf u=pofs� � rwmocVvgnqtEnqmor a kAp�egvgp¡u=j�j rwtAvE��ug}²rsm²r }�a�lAp�ponqtbmofs�
kAp¡uga�m�r�a�n�Ê_½ Â cAn+kApoe;�Afwn�j�r�}�m�cXu=m�rwt�mocAn�}ÀkXu;a�n+e=h�h©lEtXa�morsegtX}��)nq|)nqt¼r h rwm5cXu;}��Xnqn�tzaqu=p�n�h©lAfsfw�VÊGn+*XtEn�Ê
}Àe¼m�cXu=m
j e)}Àm�egp�u=fsf�n (Eu=j�rstAn�Ê h©lAt a�morsegtX}
u�pon1fwnqv�u=f �GmocEn1ÊGnqtX}~rwm~��e=h4h©lAtXa�m�rwegt }�mocXu�m+ÊGe�}Àe;j�nqmocErwtAv
7orstGm�nqpon�}ÀmorstAv�9Nr }�|)n�po�¼fwe � ½A^ Â cAr�}�r�}5rwtXa�pon�u;}ÀrwtEvgfw�VmocAn�aqu;}Àn1u;} mocEn{n (bkAp�n�}o}~rw|)nqtAn�}o}²e�h4mocAn+f�u�tAvglXu�vgn
rwt � cEr�adc,mocEn
kApoe;vgpdu�jz}�u�pon � porsmom�nqt¼j�e�|)n�}�lAk¼m�cAn
f�u;ÊAÊGnqp²h©p�egj ponqv;lAf�u�p�f�u�tAvglXu�vgn�}�m�e Â lEporwtEv j.u �
adcArwtAn�}�½�Ë�n�aqu=lX}~n ��� - ' �bmocAn1fwn�u=potErwtAv�u�kAkApoe�ugadczkApon�}~nqtbmon�Ê�rwt mocAr }�mocAn�}~r�}��AcXug}��Xnqnqt a�e;j�j�rsmomon�Ê
moe�mocEn n�|)egfwlEmorwe;t�e=h�mocAn�}~nNj�e;pon1a�e;j�kAfsr�aqu�mon�Ê�u=fsvgegp�rwm�cAjz}��brwm
j�lX}Àm ugÊAÊbpon�}�}3m�cAr�}�kAp�eg�Afsnqj"½
Â cAr�}�fse � ÊGn�tX}ÀrsmÀ��e=h�kApoe;vgpdu�jz} 7 � egp�moc"}~n�u=p¡aZcErwtAvE� 9,a�egj��ArwtAn�Ê � rsmoczmocAn1p¡u=tXÊGe;jÃpon�a�e;j��ErwtXu �

morsegt¾m�cXu=m�adcXu�pduga�monqp�r  qn�}Nv;nqtAnqm�r�a¼kApoe;vgpdu�j�j�rstAvA�L}Ànqnqj.} m�e�cXuq|)n�j.u=pov;rwtXu�fwr  qn�Ê � � �5u�t¾n (Ea�rwm�rwtAv
u=t Ê�|;u=fwl u=�AfsnN}~lA�/*Xnqf Ê�e=h4j.ugadcArwtAn�fwn�u�potArstAvA½ Â cAn{h©e;fwfwe � rstAv�W lAe;mon�}�h©poe;j�mocAn+tAn � n�}Àm�� j e)}Àm�a�e;j �
kAfsnqmonVrwtbmopoebÊblXa�morsegt"m�e �+nqtEnqmor a � poe;vgpdu�j�j�rstAv � Ë
u=t  qc u�h�
 ! ����� � �q�g�;��� �5Ç � p�rwm�monqtP�_eg�b|GrseglX}~fw�)���b�
kAp�e � � � p�n�}Àn�u=pdadcAnqp¡}ZÈ5cArsvgcAfsrwv;cGm�mocAr }�rwtXa�e;tX}Àr }Àm�nqtXa���mocXu�mN}~morsfwf�n)(Gr }Àmd}5rwtzmocEn k u=pdu;ÊGrwv;j"½5Ë
ug}~r�aqu�fwfs�)�
mocEn�u�lAmocEegpd}�e=h�mocAr } �Xe)egÆ ugadÆGtEe � fsn�ÊGv;n��XegmocIm�cXu=mA� � tAn�n�ÊA}�}Àn�u�pdadc¸e;kXnqpdu�moegp¡}�moc u=m¼mon�tXÊ¸m�e
h©eba�lX}5egtzvge)ebÊz}~egfwlEmorwe;tX} ���_?{mocXu�m0� � }~n�u=p¡aZc�egkXnqp¡u=moe;pd}
u�pon1a�lEpopon�tGm�fw�,tEegm h©eba�lX}Àn�Ê_�G�AlAm�rwtX}~mon�u;Ê
u=p�n1vglAr ÊGn�Ê��G� pdu=t ÊGegjÃmop¡u=tX}Bh©egp�jzu=m�rwegt }�½
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Â cAr�}�m�cAn�}~r�}�Êbnq|)nqfwe;kX}�u,tEe=|)n�f�}~egfslAmorsegtzmoe¼m�cAr�}�ÊGr�}~kXu=p�rwm~���Xnqm � nqnqt � cXu�m � � r�}�u=tXÊ � cXu�m�� �
� u�tGm¡} m�e"�Án�a�egj�n�½ � } kXu�pom¼e�h+mocAn�n�|)egfwlEmorwe;tXu=p���kEpoeba�n�}�}���m�cAn�mocEn�}Àr } rwtbmop�ebÊGlXa�n�},u j nqmocAebÊ6e=h
kAp�egvgp¡u=j mop¡u=tX}Bh©egp�jzu=m�rwegt },mocXu�m�r },kAporstXa�rwkEfwn�Ê��4�Xug}~n�Ê¾egt$mocAnzkAp�egvgp¡u=jK.÷},�XnqcXuq|Grsegp��5u=tXÊ$}Àrwv;tAr h �
r�a�u=tbmofw�"j egpon fwrwÆ)n�fw��m�e"r�ÊGn�tGm�r h©��tEn � kEpoegv;pdu�jz},mocXu�m�u=p�n � e;pomoc$}~n�u=p¡aZcArstAv"moc u=t¹pdu�tXÊGegj%fwebaqu�f
}ou�j�kAfsrwtAvE½ Â cEn�}~rwtAv;fwnzj�e�}Àm,tEegmdu��Afwn a�e;tGm�pors�AlAmorsegt¾e�hNm�cAr�},m�cAn�}~r�},r�},m�cAn�r ÊGnqtbmor *Áaqu=m�rwegt e=h�mocAr }
kAp�eg�Afsnqj rwt vgnqtEnqmor a kEpoegv;pdu�j�j�rwtEv�u=tXÊ u�ÊGnqm¡u=rwfsn�Êzu=kAkEpoe)u;aZc �Á�Xegm�c6a�egj kAponqcEnqtX}Àrs|)nNu�tXÊ"u=t u=fw�bm �
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Â cAn�eg�)(on�a�morw|)n�}3e�h
mocEr�}NmocAn�}Àr�}1u�por�}~n h©p�egj uza�e;j��ArstXu=m�rwe;t�e=h mocAp�nqn¼h uga�m�egpd} � m�cAn ÊGn�}Àrspon¼m�e�}~nqn u
j�e;pon1vgnqtEnqpdu�f5}Àe;fwlAm�rwegt moe�m�cAn¼jzu;aZcArstAnNfsn�u=p�tArwtAv�kAp�eg�AfsnqjÃe=h *XtXÊGrstAv�jzu�kAkArstAv)}
�Xnqm � nqnqt(}ÀrsvgtXu�f
u=t Ê }~�Gj��Xegf_}Àn�md}��Am�cAn1a�e;tG|br�a�morwe;t�m�cXu=m
tEn � u=kAkEpoe)u;aZcEn�}NÇërst�kXu=p�mor a�lAf�u�pq�begtAn�}�l }ÀrwtEv¼nq|)egfslAmorsegtXu�po�
a�e;j�kAlAm¡u=morsegt�È�u�pon � e;pom�c�rwtb|)n�}~morwv�u=m�rwtAv
�Au=t Ê.m�cAn¼a�fwn�u�p
u=t Ê kAp�eg�Afsnqjzu=m�r�a{f ugadÆ�e�h5n (bkAfwr a�rwm�a�p�n�ÊGrsm �
�Af u=j�n1u;}o}~rwvgtEj�nqtbm�egp+a�pon�ÊGrsm � �Af�u�j�n+lX}ÀnVrwt�v;nqtAnqm�r�aNkApoe;vgp¡u=j�j�rstAvA½
# (Gr }ÀmorstAv�jzugadcArwtEnNfwn�u�potArstAv�m�n�aZcEtArXW)lAn�}�cXuq|)nV}Àe;j�nVugÊG|;u�tGm¡u=vgn�} u�tXÊ"ÊGr }ougÊb|gu�tGm¡u=v;n�} � rwmoc pon �

}ÀkXn�a�m,moe *Xt ÊGrwtAv(}Àe;fwlAm�rwegt } moe mocAn�vgn�tAnqpdu�f
}~rwvgt u=f � moe � }~�Gj��Xegf5kAp�eg�Afsnqj"½�i5egtXa�ponqm�nqfw�)�Pm�cAr�}NmocEn�}Àr }
� e;poÆ$cXug}zu=m�monqj kAmon�Ê¾m�e¸e�|)nqp¡a�egj nz}Àe;j�n�e�h¼mocEn�}Àn(ÊGr�}�ugÊG|;u=tbmdu�vgn�} � rsmocAe;lAmzfwe)}~rwtAv u=tb� e=hVm�cAn
rwj kÁe;pom¡u=tbm
ugÊb|gu�tGm¡u=v;n�}{e=hLn (br�}~morwtEv�}À�E}Àmon�jz}�½
-{r�}�ugÊG|;u�tGm¡u=vgn�}�e=hPn)(Gr }ÀmorstAv1jzugadcArstAn5fwn�u�potArstAv1mon�adcAtAr W lAn�} h©egp�}ÀrsvgtXu�f�lAt ÊGnqpd}~mdu�tXÊGrwtEv,rwt a�fwlXÊbn+u

tblAj��Xnqp5e�h²h u;a�moe;pd}�½ �4rwpd}~mq�bmocAn1rwtEkAlAm�j�lX}~m�u�fwj�e�}Àm u=f � uq�A}5�Án1kAp�nqkAp�eba�n�}o}~n�Ê�½ Â cAr }�mocAn�}Àr�}�a�pon�u=mon�}
u¼jzugadcArwtEn{fsn�u=p�tArwtAv�mon�aZcAtErXW)lAn{rst � cAr aZc.}Àrwv;tXu=f4kAp�nqkApoeba�n�}o}~rwtAv�r�}
lAtAtAn�a�n�}o}�u=p��)½3`�n�a�egt Ê��XÊGegj.u=rwt
ÆbtAe � fwn�ÊGv;nNj�lX}Àm��Án1rstAkAlAm�rwtzmocAnNh©e;poj e=hLkAponqkEpoeba�n�}�}ÀrstAv�e;p
e=hLmon�adcAtAr aqu=f_ÊGn�mdu=rsf�}5e=h5m�cAnNjzu;aZcArstAn
fwn�u=potErwtAv }Àm�pdu=m�nqvg�¹m�cXu=m u=p�n�tAe;m�e;�G|brwe;lX} m�e¾u }Àrwv;tXu=f+n (bkXnqpom�½ Â cAr } m�cAn�}~r�}�a�pon�u�mon�}¼u"jzu;aZcArstAn
fwn�u=potErwtAvVmon�adcAtAr W lAn
rst � cAr aZc ÊGegj.u=rwt�ÆbtAe � fwn�ÊGv;n1aqu�t��XnNvgrs|)nqt�moeVmocAn�fwn�u�potArstAv¼}~�A}~monqj�rstzu � u��
moc u=m�ÊGe)n�}
tAegm
p�n�W lErwpon�rwtbmorwj.u=mon+ÆbtAe � fwn�ÊGv;n1e=hLmocAn1fwn�u=potErwtAv¼m�n�aZcEtArXW)lAn)½
� ÊG|;u=tbmdu�vgn�},e�h+n (br�}Àm�rwtAvzjzu;aZcErwtAn¼fsn�u=p�tArwtAvzm�n�aZcEtArXW)lAn�}{h©egp&}ÀrsvgtXu�f�lAtXÊbnqpd}~mdu=t ÊGrwtAv"rstXa�fslXÊGn u

tblAj��XnqpLe=hPh uga�moegp¡}�½ �²rspd}~mq� 7op�n�u=f � � egpof Ê%9,}~rwv;tXu=f }�aqu�t��XnNcXu=t ÊGfwn�Ê_½ Â cAr�}5r�}5u,a�p�lXa�r u=f_ug}~kÁn�a�m � cAr aZc
mocEn�fwn�u=potErwtAv6kXu=p¡ugÊGrsvgj e=h1m�cAr�}¼mocAn�}Àr�}�u=f }Àe¾kEpoe�|Gr ÊGn�}�½ `)n�a�e;tXÊ��
nq|)nqt � cAn�t fwn�u=potErwtAv6j�l }Àm¼�Xn
ÊGe;tAn¼e : fwrstAn)�AmocEn,fwn�u=potEn�Ê.h©lAt a�morsegt"a�u=t"�Xn,p�lAt"rwt pon�u�f²m�rwj�n)½�x�e�|GrstAv�moe�m�cAn,p�n�u=fsj e�h�fwn�u�potAn�Ê
Çën�|)egfw|)n�ÊÁÈ¼u�fwv;egporsmocAj.}�ÊGe)n�} ugÊAÊ u;ÊAÊGrsmorwe;tXu=f1m�rwj�n moe¹rwm¡}.m�pdu�rwtArstAv¹kApoeba�n�ÊGlApon��{�AlAmzm�cAr�}�mocEn�}Àr }
jzu�rwtbmdu=rstX} p�nqkAp�n�}Ànqtbmdu�morsegtX}¼mocXu�m�v;nqtAnqp¡u=m�n"u=fsvge;porwm�cAjz},m�cXu=m aqu=t$�Xn�polEt rwt¹p�n�u=f+morsj�n)½ Â cArspdÊ��
� cb�"mocAn�kXegkAlAf u=pVjzugadcArwtEn,fwn�u=potErwtAv�m�n�adcAtArXW)lAn�} � egp�Æ"r�} � n�fwf�lAt ÊGnqpd}~moe)ebÊ���m�cAnqp�nq�G� vgnqtEnqpdu�morwtEv
h u=rsmoc�rst�mocEe)}Àn1j�n�mocAebÊA}�½ Â cAr }�mocAn�}Àr�}��Grst�kApoe�|br�ÊGrstAv¼uVa�pon�ÊGrwm � �Af u=j�n+u;}o}~rwvgtEj�nqtbm�u�kAkAp�e)ugadc�m�e,m�cAn
fwn�u=potErwtAv�e=h�j�ebÊGn�f�}
u=fsegtAv � rsmoc"u�j�egp�n kEporwt a�rwkAfsn�Êz}Àn�u�pdadc�j�n�aZcXu�tAr�}~j l }ÀrwtEv�mocXu�mNa�pon�ÊGrsm � �Af�u�j�n
ug}�}ÀrsvgtAj�n�tGm��Ga�pon�u�mon�}5mocAnNv;poe;lAtXÊ � egpoÆ�h©egp
mocEn1}ou�j�n{lEtXÊGnqp¡}Àmdu�tXÊGrstAv�ÊGnqj�e;tX}Àm�pdu�morwtEv,mocEnNn$:_n�a�m�rw|)n
lX}~n e�h5vgn�tAnqmor a{kAp�egvgp¡u=j�j rwtAv&ug}+u,jzugadcArwtEn{fsn�u=p�tArwtAv�u�kAkAp�e)ugadcP½
Â cAr�}�m�cAn�}~r�}�Êbnqj�egt }Àmop¡u=m�n�}�mocXu�m+u,fwn�u�potArstAv¼}~�A}~monqj �Xu;}Àn�Êzegtznq|)egfslAmorsegtXu�po� a�egj kAlAmdu�morsegtzaqu�t

�Xn,�AlErwfwm�mocXu�m{m¡u=Æ)n�}
}~rwv;tXu=f }{u;}3rstAkAlAm+u�tXÊ�kApoebÊblXa�n�}+}À�bj��Xe;f�}�u;}3e;lAmokElAmq½�x�egp�n¼}ÀkXn�a�r *_aqu�fwfs�)�)mocAr }
mocEn�}Àr },ÊGnqj egtX}~mopdu�mon�}Nm�cXu=m�}~lXaZc u"}À�E}Àmon�j � rwfwf5rstG|)e;fw|)n¼mocEnza�e)egp¡ÊGrwt u=morsegt¹e=h�nq|)e;fw|)n�Ê�kAp�egv;pdu=j.}
� cAe�}ÀnN�Xu;}Àr a3ÆbtAe � fwn�Êbvgn+e=h4mocEnN}~rwvgt u=f�}�a�egj n�}��gtEegm h©p�egj�kAp�nqkAp�eba�n�}o}~rwtAvE�G�AlEm�h©p�egj�kXu�pdu�j�nqmon�por  �u �
morsegt e=h ÊGegj.u=rwt ÆGtEe � fsn�ÊGv;n rst�m�cAn h©e;poj e�h�C(� ���%�������$����� ! �bG 
oC�½�x�egponVrwj�kXe;pomdu�tGm�fw�)�bmocAr }3fsn�u=p�tArwtEv
mdu�Æ)n�}{kAf uga�n�} � rwm�c"tAezkAporsegpNÆbtAe � fwn�Êbvgn¼e=h mocAn�}~rwv;tXu=f5m~�GkXn¼e;p1}Àr  qn�u=tXÊ � rwm�c"tAe a�egt }Àmop¡u=rstGm¡} e;t
mocEn,}~�Gj��Xegf_mÀ�bkXn1moe��Án1p�nqmolAp�tAn�Ê��b��mocAnVfwn�u�potAn�Ê�u=fsvgegp�rwm�cAjz}�½ Â cEn,fwn�u=potErwtAvE�GmocEpoeglEvgc"nq|)e;fwlAm�rwegt
rwt¹m�cAr�}1mocAn�}~r�}�� r },ÊGp�rw|)nqt¾�b� u kAp�rwtXa�rwkAfsn�Ê lEk�ÊEu=mon
��}Àn�u=pdadc kEpoeba�n�ÊblAponzrwt mocAn a�e;tGm�n (GmVe=h u�kApoe �
vgp¡u=jÃpon�kApon�}~nqtbmdu=m�rwe;t�moc u=m
h uga�rsfwrwm¡u=m�n�}�mocAnVu;ÊAÊGrwm�rwe;t�e=h�kAp�rwtXa�rwkAfsn�Ê�}Àn�u=pdadczcAnqlAp�r�}~mor�a�}�rwtbmoe�vgnqtAn�mor�a
kAp�egvgp¡u=j�j rwtAvE½
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u=p�n
u{tblAj��XnqpPe=hXp�nqf�u�mon�Ê"*Xnqf ÊA} m�cXu=mLu=fsfB�gm�eN}~egj�n5n (bmon�tGm��gaqu�t,�Xn
mocEeglAv;cGm�e�h_ug}LugÊAÊGp�n�}o} �

rwtEv�mocAn�}~rwv;tXu=f�lEtXÊGnqp¡}Àmdu�tXÊGrstAv�kAp�eg�Afsnqj � i5e;j�kAlAm�nqp{¿�r�}ÀrsegtP�_x"ugadcArstAn 0Xn�u�potArstAvA� -{rwv;rwmdu�f�`)rsvgtXu�f
� poeba�n�}o}ÀrstAvA� � u�mom�nqpot É n�a�e;vgtArsmorwe;tP��nqm¡ag½Vx�e)}Àm�vgnqtAn�pdu=fsfw�)�_mocAn¼kAp�eg�AfsnqjÃe=h3}Àrwv;tXu=fLlAtXÊGnqp¡}Àm¡u=tXÊGrstAv
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�Aegp¼n (Eu=j�kEfwn)�4vgrw|)n�t¹u�|Gr ÊGnqe"rsjzu=v;n�Ç©n)½ vE½w� � T T#T ( � T#T#T kAr (Gn�f�} � cEnqpon�n�ugadc¸kEr (bnqf5r�}¼u �g�q� �Erwm
a�e;fwegp�|gu�fwlAn;Èd��cAe � aqu�t � n,n (bmop¡uga�mNkErwn�a�n�}3e�h�rstGh©egp�jzu=m�rwe;t"u=�Xe;lAm,m�cAn�}ÀrsvgtXu�f5}ÀlXadc6ug}07 Â cXu=m1r�}�u
kAr a�molAp�n¼e=h3u a�e ��
 9 ug},}~cAe � t�rst �4rwvglEpon � ½ � ½ Â cAr } }~egp�m,e=h W lEn�}Àm�rwegt"r }NmocAn¼j�e;mors|gu�morsegt�h©egp1m�cAn
u=p�n�u¼e=h�u=kAkAfsr�aqu�morsegtze=h5m�cAr�}�m�cAn�}~r�}�½
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ÔÀÍ1Ô~Ý76gÔLÔoÐ;*8( Û Þ�*qÔ~Ñ£Í)('4
Â cAr�}1mocAn�}Àr�}Va�egt }Àr�}~md}1e=h�m � e�jzu�rwt6a�e;j�kXegtAn�tGm¡}�½ Â cAn *Xp¡}Àm,rstG|)e;fw|)n�}�ÊGnq|)nqfsegkArstAv u jzu;aZcArstAn

fwn�u=potErwtAvzj�n�adcXu�tAr�}~j � rwm�c�m�cAn�h©e;fwfwe � rstAvzkApoe;kÁn�pomorsn�}�½ Â cEr�},u�kAkAp�e)ugadcP� �_� - ' �Pr�}1u�}~lAkXnqpo|br�}~n�Ê
jzu;aZcArstAn�fsn�u=p�tArwtAv+mon�aZcAtErXW)lAn�h©egpL}Àrwv;tXu=fElAtXÊGnqp¡}Àm¡u=tXÊGrstAvNm�cXu=m4nqj�kAfse��A}�nq|)e;fwlAm�rwe;tXu=p��1a�egj kAlAmdu�morsegtP½
Â cAn rwtAkAlEmd},moe6mocEn�}~�A}~monqj u�pon u�}~nqm�e=h�f�u=�Xnqfsn�Ê¾n (Eu=j�kAfsnz}ÀrsvgtXu�f�}�u=tXÊ$u�}~nqm¼e=h�h©lAtXa�m�rwegt }&h©e;p
n (Eu=j�rstArwtEv m�cAe)}~n¼}~rwvgt u=f�}�½ Â cEn e;lAmokElAm{e�h�m�cAnV}À�E}Àm�nqj r�}
u¼fwn�u=potEn�Êz}Àrwv;tXu=f4a�f�ug}�}Àr *Xnqpq½
Â cAnz}~n�a�egt Ê�eg�)(on�a�morw|)n�u�tXÊ¹a�egj kÁe;tAnqtbm1e=h+mocEr�} m�cAn�}~r�}Nr�}1mocAn�m�cAnqe;ponqm�r�aqu�f�u�tXÊ�kAp¡uga�m�r�aqu�f5n ( �

kAfsegpdu�morsegtIe=h ����! 
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Â cAr },mocAn�}~r�}Va�egtbmop�rw�AlAm�n�},u�j.ugadcArwtAn�fwn�u=potErwtAv j�n�adcXu=tAr }Àj mocXu�m�}ou=m�r�} *Xn�},mocEn e;�)(on�a�m�rw|)n�}1u=�Xe�|)n)½
Â cAn�}Ànq|)n�pdu=f_}~kÁn�a�r *_a�n�fwnqj�n�tGm¡} e�hPmocEr�} j.ugadcArwtAn�fwn�u�potArstAv1j�n�adcXu=tEr�}Àj u�pon+mon�adcAtAr aqu=fXu�tXÊ�}�a�rwnqtbmor *_a
a�e;tGm�porw�ElAmorsegtX}5moe,m�cAn *Xnqf�ÊE} e=hLu�fwv;egporsmocAj nq|)e;fwlAm�rwegt u=t Ê�}ÀrsvgtXu�f�lAtXÊbnqpd}~mdu=t ÊGrwtAvE½ Â cEn{h©egfsfwe � rwtAv1r }
u¼fwr�}~m�e�h5mocAe�}Àn"*Xnqf ÊA}
u=t Ê�}ÀlE�/*Xnqf ÊA}
u=tXÊzmocAnV}~kÁn�a�r *_a1a�e;tGm�pors�AlAmorsegtX}�m�e�m�cAnqj"½

, i5e;tGm�porw�ElAmorsegtX}�m�e�m�cAn"*Xnqf�Ê�e�h � fsvge;porwm�cAj # |)egfslAmorsegt

� i5e;tGm�pors�AlAmorsegtX}
moe # iIrst É nqkEpon�}~nqtGm¡u=m�rwegt }
� ±?����N @ J���¶ B �3NE·¸·¹´ 
 B 1 N B ± 
 ±)��N @ B �3N M ° ��NGº�N -�� ¶>= @ N 
�B ��N B ±R8�¶�� M ��¶ B ��NA·
±>;_¶ @ �Pº�´©¶ 

� Ý�Î)ÐBÝ Û Ý3(=Ô *qÔ~Ñ£Í)( Û *8( : ÐBÝ Õ Í / 1gÑ�(+*qÔÀÑ÷Í (�Í;Î)Ý�Ð *qÔ~Í;Ð Û *�ÐBÝNÑ�(=Ô~Ñ�/�*qÔ~ÝdÞ£ÏzÞ£Ñ�(
	qÝ7: *8( :�Ô�ÓgÑ Û ÐBÝ�Î)ÐBÝ Û Ý3( ,
Ô *qÔ~Ñ£Í)(¼Ó+* Û 1)ÝdÝ3( Õ Ð�Ý3*qÔ~Ý7:�ÔÀÍ�� * Õ Ñ£Þ£Ñ£Ô *qÔ~Ý{Ñ (=Ô~Ý�Ð;(+*�Þ_ÐBÝdÑ�(
� ÍgÐ Õ Ý3/NÝ3(=Ô34

� i5e;tGm�pors�AlAmorsegtX}
moe # iIrst Å�tEkAlAmJ NO��NA·¹±)º�±?��´��)±?� � ´ B 
 N @ J���´©·¸´�º�´X;_±G³
Ü5ÓgÝ�Ý79�Í�Þ 9;Ñ�(gÒ+Î)ÐBÍ=Ò;Ð;*8/ Û (gÝdÝ7: Û Í)/NÝ * ÕdÕ Ý Û~Û Ô~Í5Ô�ÓgÝ Û Ñ£Ò)(+*�Þ Û 4 Ü ÓgÑ Û * ÕdÕ Ý Û~Û Ñ Û Ò�Ñ 9�Ý3({Ô~Í�� Ú���� 1�Ï
Ô�ÓgÝ�� Û Ý�Ð²Ñ�(¼Ô�ÓgÝ�� ÍgÐ;/ Í�� Î+*�Ð;* /NÝdÔ~Ý�ÐBÑ��dÝ7: Û �+1)ÐBÍ��gÔ~Ñ�(gÝ Û 44Ü5ÓgÑ Û /NÝ3* ( Û Ô�Ó+*qÔ :)Í)/�*�Ñ (�	 (gÍ�� Þ÷Ý7:)Ò=Ý
Õ *8( 1 Ý
Ò�Ñ 9�Ý3(¼Ô~Í Ô�ÓgÝ
Ý79�Í�Þ 9gÑ (gÒ¼Î)ÐBÍ�ÒgÐ;*8/ Û Ñ�( * Û Ñ / ÎgÞ÷Ý1Î)ÐBÍ=Ò;Ð;*8/�/ *qÔ~Ñ Õ ��Í;Ð;/ 4

� i5e;tGm�pors�AlAmorsegtX}
moe # iIrst É n�a�egj��ArwtXu�morsegt� 
 º�±?� 
 N @�� ±b´ 
 8�¶����)±G·¹± 
 º��4³q´ 
 B N¾µ���±?�4´�º - 6 @ NA·¹±�·[N M
� Ô�ÓgÝ�Ð /�* Õ ÓgÑ�(gÝzÞ£Ý3*�Ð;(gÑ�(gÒ¾Ô~Ý Õ Ó+(gÑ����gÝ Û � Ý84 Ò 4"! Ú$#�# Û�% Ó+*!9�Ý�Ô�ÓgÝ * :+9 *8(�Ô *qÒ�Ý�Ô�Ó+*qÔ,Ô�ÓgÝdÏ Õ *8(
ÐBÝdÑ�(
� Í;Ð Õ Ý Û Î Ý Õ Ñ'& Õ Î+*�Ð�Ô Û Í��LÔoÓgÝ(�)�+( Õ ÔÀÑ÷Í ( 1 ÝdÑ (gÒ Õ ÐBÝ3*�Ô~Ý7: 1)Ý Õ **� Û Ý,Ô�ÓgÝ1ÔÀÝ Õ Ó+(gÑ��
�gÝ *qÞ£Þ£Í�� Û ��Í;Ð
Ñ (=Ô�ÐBÍ Û Î)Ý Õ Ô~Ñ£Í)( *8( : * ÛÀÛ Ñ£Ò)(+/NÝ3(=ÔVÍ�� Õ Ð�Ý7:)Ñ÷Ô * ( : 1gÞ�*8/NÝ�Ô~Í Î+*=ÐBÔ Û Í��+Ô�ÓgÝ+���+( Õ Ô~Ñ£Í)('4IÜ5ÓgÑ Û Ñ Û
Ò�Í;Í : (gÍ�ÔNÍ)(gÞ£Ï 1)Ý Õ *
� Û Ý¼Ñ£Ô1Ñ�/1Î)ÐBÍ 9�Ý Û Þ£Ý3*�Ð;(gÑ�(gÒ,! 1
�gÔ *qÞ Û Í 1)Ý Õ **� Û Ý�Ñ£ÔVÓgÝdÞ Î Û ÐBÝ Û Ý3*�Ð Õ ÓgÝ�Ð Û Ô~Í
�+( :)Ý�Ð Û Ô *8( : ��Ó�Ï *8( :"ÓgÍ�� Ô�ÓgÝ¼ÔÀÝ Õ Ó+(gÑ��
�gÝ-��Í;Ð.	 Û 4 Ú (¾�w�b�������G���4�B���w�d d¤��B«o���N���G�4Î)Í�Þ£Ñ Õ Ï ��Í;Ð*qÞ£Ò�Í;ÐBÑ£Ô�Ó+/�Ý79�Í=Þ/�gÔÀÑ÷Í (�Ñ Û
Û ÓgÍ���( Ô~Í 1 Ý Î Í Û~Û Ñ�1gÞ£Ý1Ñ�(�Ô�ÓgÑ Û Ô�ÓgÝ Û Ñ Û 4
Ü5ÓgÑ Û Ñ�(�ÔÀÝ�Ð;(+*qÞ4ÐBÝdÑ�(
��Í;Ð Õ Ý3/NÝ3(=Ô
Î)Í�Þ£Ñ Õ Ï�Ñ Û � Û Ý7:�Ô~ÍNÑ�/1Î)ÐBÍ 9�Ý
Þ£Ý3*�Ð (gÑ (gÒ���Í;Ð²Ô�ÓgÝ
Ý79�Í=Þ�9gÑ�(gÒ&Î)Ð�Í�Ò;Ð;*8/ Û 4

� i5e;tGm�pors�AlAmorsegtX}
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 N 
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 ¶ 8 · � @ º�´ M�@ ±�±>;�¶ @ ;_±?�$³ M ±?�)´ N @ ´ë³�º&± � M ±)�qº�³
� (6ÔoÓgÝ ÓgÑ£Ò;ÓgÝ Û Ô Õ Í)( Õ Ý�ÎgÔ0�+*qÞ�Þ£Ý79�ÝdÞ1!�Ô�ÓgÝ2� Ú���� /NÝ Õ Ó+*8(gÑ Û / Þ£Ý3*�Ð;( Û *qÞ£Ò�Í;ÐBÑ£Ô�Ó+/ Û ��Í;Ð Û Ñ÷Ò (+*qÞ:)Ñ Û Õ ÐBÑ�/NÑ�(+*qÔ~Ñ£Í)(3� Û Ñ�(gÒ *8(�Ý79=Í�Þ"�gÔ~Ñ£Í)(+*�ÐBÏ Õ Í)/ Î
�gÔ *qÔ~Ñ£Í)(4� Ð;* /NÝ5��Í;Ð.	 46Ü5ÓgÝ Û Ý�*qÞ£Ò�Í;ÐBÑ£Ô�Ó+/ Û *�ÐBÝ
Ô�Ð;*qÑ�(gÝ7: 1=Ï-� Ú6��� Ô~Í¼Þ£Ý3*�Ð;(�*qÞ£Í)(gÒ 7 Û Î)Ý Õ Ñ�*qÞ£Ñ Û Ô.8�Þ÷Ñ�(gÝ Û 41Ü ÓgÝ3(9� Ú���� Í;Ð Õ ÓgÝ Û Ô�Ð;*qÔÀÝ Û Ô�ÓgÝ�1 Ý Û Ô
Í�� ÔoÓgÝ Û Ý
Þ£Ý3*�Ð;(gÝ7:zÎ)ÐBÍ�Ò;Ð *8/ Û Ñ�(�Ô~Í * Õ Í)/1ÎgÞ£ÝdÔ~Ý Û Ñ£Ò)(+*qÞ:�+( :)Ý�Ð Û Ô *8( :)Ñ�(gÒ Û Ï Û ÔÀÝ3/54

, i5e;tGm�porw�ElAmorsegtX}�m�e�m�cAn"*Xnqf�Ê�e�h�0Xn�u�potAn�Ê `)rsvgtXu�f4y{tXÊGnqp¡}Àm¡u=tXÊGrstAv

� 5 � �4´�º���NO� � ³�´ B 
 N @ ³q´��)±RN 
 �Iº ��M ±
Ü5ÓgÝ�/NÝ Õ Ó+*8(gÑ Û / � � Ú����;% Õ ÐBÝ3*qÔÀÝ Û * Û Ï Û Ô~Ý3/ Ô�Ó+*�ÔPÔ **	qÝ ÛPÛ Ñ£Ò)(+*�Þ Û * Û Ñ�()Î
�gÔ *8( :1ÐBÝdÔ��)Ð;( Û Í)(gÝ�Í;Ð/NÍ;ÐBÝ Û Ï0/21 Í�Þ Û * Û Í��gÔ�Î
�gÔ<!GÑ ( :)Ý�Î Ý3( :)Ý3(�Ô{Í��4Ô�ÓgÝ Û Ñ£Ò)(+*qÞPÔBÏ�Î Ý *8( : Û Ñ��dÝ84�=²Ï 7~Ñ�( :)Ý�Î)Ý3( :)Ý3(=Ô+Í��
Ô�ÓgÝ Û Ñ£Ò)(+*qÞAÔBÏ�Î Ý * ( : Û Ñ��dÝ58>��Ý /NÝ3* (1Ý76+* Õ Ô~Þ£Ï,Ô�Ó+*qÔ�Ô�ÓgÝN�b�g� �À����¤B +���ë¨;�B�o�d§�¤� P ¡�B�o����¤=� �w���w¥g�
��¤������@? �E�B¤~¨g� �=�BA1�~���s�=¨1�÷�o���o�b�o�+�G���o�N�b¤��P«Z¥;����¨g�C��ÓgÝ3(1Ô�ÓgÝ Û Ñ£Ò)(+*qÞGÔBÏ�Î Ý�Í;Ð Û Ñ��dÝ *�ÐBÝ�*�Þ÷ÔÀÝ�ÐBÝ7: 4
Ü5ÓgÝ /NÝ Õ Ó+*8(gÑ Û / Ñ Û *�Î)ÎgÞ£Ñ Õ * 1gÞ÷Ý�Ô~Í�Þ�*�ÐBÒ�Ý*!C�+()Î)Ð�Í Õ Ý Û~Û Ý7: Û Ñ£Ò)(+*qÞ Û 4zÜ5ÓgÑ Û * Û Î)Ý Õ ÔNÍ��D7�Ð�Ý3*qÞ£Ñ Û /(8
Ñ Û Ñ�/1Î)Í;Ð�Ô *8(=ÔB��Í;Ð Ô�ÓgÑ Û Ô�ÓgÝ Û Ñ Û
Û Ñ�( Õ ÝVÐ�Í)1
� Û Ô
Þ£Ý3*�Ð;(gÝ7: Û Ñ÷Ò (+*qÞE�+( :)Ý�Ð Û Ô *8( :)Ñ�(gÒ Û Ï Û ÔÀÝ3/ Û (gÝdÝ7:zÔ~Í
Ó+*8( :)Þ£Ý Ð�Ý3*qÞF�LÍgÐBÞ : Û Ñ£Ò)(+*qÞ Û � Ñ÷ÔoÓgÍG�gÔ�Ý76)ÎgÞ£Ñ Õ Ñ÷Ô+Î)Ð�Ý�Î)ÐBÍ Õ Ý ÛÀÛ Ñ�(gÒ 4
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� D � M ±)�qº � 
 ¶G= @ ±)� B ±�´ 
�M �PºANbº�º�°4±�³ � · �5¶ @ ´ ��� M ��¶ B ��NA·¹·
Nbº�´ �	� @ ±>;_± @
� *�Ð;*8/NÝdÔÀÝ�ÐBÑ��dÝ7:�
gÑ÷Ò (+*qÞE�²ÐBÑ�/NÑ£Ô~Ñ 9�Ý Û 4

Â cAn * tXu=f�ugadcArwn�|)nqj�nqt)m¡} e=h mocAr } p�n�}Àn�u�pdadc$u=pon m � e"h©egf�Ê_½��²rwp¡}Àm���mocAr } m�cAn�}~r�}¼a�e;j�j�lEtAr�aqu�mon�}
mocEn n)(Aa�rsmorstAv�p�n�}ÀlAfsm¼mocXu�m�m�cApoe;lAvgc$mocAnzn (bkAfsegpdu�morsegt¹e=h1tEn � kEpoegv;pdu�j p�nqkAp�n�}Ànqtbmdu�morsegtX} � n c u�|)n
aqu�kAmolAp�n�Ê"mocAn¼n (bkAf u=tXu�morwe;t¾u�tXÊ"kAporstXa�rwkEfwn�Ê�lAk_ÊAu�mon�kXe � nqp1e=h n (GkEfwr�a�rwm�a�pon�Êbrwm � �Af u=j�nVug}�}ÀrsvgtAj�n�tGm
� rwm�c m�cAniHXn)(Grs�Arwfsrwm~�¾u�tXÊ vgn�tAnqpdu�fwrsmÀ� e=h1v;nqtAnqm�r�a kEpoegv;pdu�j�j�rwtEvA½ `)n�a�egtXÊ_��mocAr } m�cAn�}~r�}¼kApoebÊGl a�n�}
u k u=pdu;ÊGrwv;j�moc u=m,kEpoe�|Gr ÊGn�}Npon�u=f�v;nqtAnqp¡u=fsrwm~��rst¾mocAn.}Àrwv;tXu=f � m�e � }À�bj��Xe;f kEpoeg�Efwnqj � cArwfsn�p�nqjzu�rwtArstAv
mop¡uga�m¡u=�Afsn)½
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i5cXu�kAmonqp � kAp�e�|Gr ÊGn�}4u=t,rstGm�poebÊGl a�morsegt,m�eNnq|)e;fwlAm�rwegt u=po� a�egj�kElAmdu�morwe;t h©e;p²m�cAe)}~n � cAe1u=p�n�lAtbh u=j�rsfwr�u�p
� rwm�c1mocAn5�Xu;}Àr�a�m�nqpoj�rstAegfsegv;�Nu�tXÊNj�nqmocEebÊA}�½4ÅBm4aqu=tV}�u�h©nqfs�N�Xn�}~ÆGrskAkXn�ÊN�G��mocAe�}Àn � cAe�u=fwp�n�ugÊb�NcXuq|)n�u
�Xu;aZÆbvgp�eglAtXÊ¼rwt¼m�cAn�*Xnqf ÊA}²e�h�v;nqtAnqm�r�a5kApoe;vgpdu�j�j�rstAvA��nq|)egfslAmorsegtXu�po�&}Àmop¡u=m�nqvgrsn�}��gv;nqtAnqm�r�a�u=fwv;egp�rwmocEjz}��
u=t Ê nq|)e;fwlAm�rwegt u=po��kAp�egvgp¡u=j�j rwtAvE½
i5cXu=kEmonqp � ÊGn�}�a�pors�Xn�} �_� - ' �5mocAn vgnqtAn�pdu=f�}ÀrsvgtXu�f � moe � }~�Gj��Xegf+jzu=kAkXnqp¼m�cXu=m r�}¼rwmd}~nqf h�egtEn"e=h

mocEn¼a�e;tGm�porw�ElAmorsegtX}
e=h�mocEr�}
mocAn�}~r�}Nu�tXÊ�r�}
mocEn¼a�e;tGm�n (Gm � rsmocArst � cAr aZc mocAnVegm�cAnqp1a�e;tGm�pors�AlAmorsegtX}+u=p�n
ÊGn�}�a�pors�Xn�Ê�½ Â cAn�fwn�u�potAn�Ê�kEpoegv;pdu�jz} rstX}Àr ÊGn ��� - ' u=p�n�n�u;aZc"n)(GkXn�a�m�n�Ê�moe fwn�u�pot"m�e"ÊGr }oa�p�rwj�rstXu=m�n
egtEn�}Àrwv;tXu=fLmÀ�bkXn,h©poe;j u�fwf�e;mocAn�pd}{rst"uz}Ànqm+e=h f�u��Án�fwn�Ê }Àrwv;tXu=fLmopdu�rwtArstAv�n (Eu=j kAfwn�}�½ -{nqmdu�rwf4r�}{v;rw|)nqt
moe�mocEn |)n�pd}Àrsegt�e�h ��� - ' lX}~n�Êzug}
mocAnV}~kÁn�a�r *_a�a�egtbmon (bm�h©egp
n)(GkXnqp�rwj�nqtbmd}�m�cApoe;lAvgcAe;lAmNm�cAr�}�m�cAn�}Àr }�½
i5cXu=kEmonqp � h©eba�lX}~n�}3e;t�m�cAn1egpdadcAn�}~mop¡u=morsegtzkAcXu;}ÀnVe=h �_� - ' ½
i5cXu=kEmonqp � rwtbmop�ebÊGlXa�n�}Pu�tXÊ,Êbn�}oa�p�rw�Xn�}XrwtVÊGnqm¡u=rwf)m�cAn5a�lEpopon�tGmPkAp�egv;pdu=j p�nqkApon�}Ànqtbmdu�morwe;tNe=h ��� - ' �

�-

� ���������������������������;½ Â cAr�}¼ponqkEpon�}~nqtGm¡u=m�rwegt$r�},m�cAn��Xu;}Àr } h©egp�mocAnznq|)e;fwlAm�rwe;t¸e�hVkApoe;vgpdu�jz}¼mocXu�m
h uga�rwfwrsmdu�mon�}5mocAnVa�p�n�u=m�rwegtze�h�u�� �#
�?�� ! B��+� ���*
 ���$��u�tXÊ jzu�Æ)n�}�rwtbmonqp�tXu=fPp�nqrwtbh©egpda�nqj�nqt)m5kXe)}�}Àrw�Efwn)½
i5cXu=kEmonqp , kApon�}Ànqtbmd}���� !"

�
�%��� �#
#���#'(����)$

�*
#��!ë�_mocAn¼m�cAn�}Àr }{j�n�adcXu�tAr�}~j m�cXu=m�kApoe�|br�ÊGn�}�}Àegj n¼e=h

mocEn �XnqtEn+*Xmd}
u�tXÊ�adcXu�pduga�monqp�r�}Àm�r�aq}5e=h5v;pdu;ÊGrwnqtbm+ÊGn�}�a�nqtbm�rst kEpoegv;pdu�j }~kXuga�n)½
i5cXu=kEmonqp 2 ÊGnqj egtX}~mopdu�mon�}+u�tblAj��Án�p�e=h�m�cAnVa�f�u�rwjz}�e�h5mocAr }3m�cAn�}~r�}
mocAp�eglAv;c6u=t"n (bmonqt }Àrw|)n�nqj �

kArspor�a�u=fAnq|;u�fwlXu�morwe;t�lX}~rwtAvVu,}~nqporsn�}�e=h rwfwfslX}Àm�pdu�morw|)n��gpon�u�f � � e;pof�Ê�}ÀrsvgtXu�f_a�f�u;}o}Àr *_aqu�morwe;t�m¡ug}~ÆA}�ug} � nqfwf ug}
u�}Àrwj kAfwn)��h©eba�lX}Àn�Ê��Ajzu=tblGh u;a�molAp�n�Ê�v;nqtAnqp�r�a1}ÀrsvgtXu�f4ÊGegjzu�rwtP½
i5cXu=kEmonqp � a�egtbmdu�rwtX}�u }~lApo|)n�� e�h
m�cAn�a�fwe�}Ànqfs��p�nqf�u�mon�Ê��_}À�btAnqp�vgr }Àmor a � e;poÆ�m�ezmocAn � egpoÆ e=h mocAr }

mocEn�}Àr }�½6ÅBt¹ugÊAÊbrwmorsegtP��rsm,p�nqkXegpom¡},egt$u�tblAj��Xnqp1e�h�u=fwm�nqpot u=mors|)n�j nqmocAebÊE} moc u=m¼cXuq|)n��Xnqnqt egp�u=p�n
a�lAp�ponqtbmofs���XnqrstAv¼n (Eu=j�rstAn�Ê,h©egp�}Àe;fw|brwtAv�}~egj�nNe�h5mocEn v;nqtAnqp¡u=fPkAp�eg�Afsnqjz}�ugÊAÊGp�n�}o}~n�Ê�rwtzmocEr�}�mocEn�}Àr }�½
i5cXu=kEmonqp � a�e;tXa�fslXÊGn�}
mocAnVmocAn�}Àr�}�u=tXÊ"ÊGr }oa�l }o}Àn�}Nu�tblAj��Xnqp
e�h�n (Aa�rwmorstAv }ÀkXn�a�r *_a,ÊGrspon�a�morwe;tX}
e=h

h©lAm�lApon � egpoÆ"rst"mocAr }Nu=p�n�uG½ Â cAn�pon�u=p�n�u�tGlAj��Xnqp+e=h+u�kAkXnqtXÊGr a�n�}Nmoc u=mNcXuq|)n�u;ÊAÊGrwm�rwe;tXu=f5rwtbh©egpoj.u �
morsegtzegt rwj�kEfwnqj�nqtbmdu=m�r egt ÊGnqmdu�rwf }��Gn)(Au�j�kAfwn+kAp�egvgp¡u=jz}��X}Àm¡u=mor }Àm�r�aqu�f4}Àrwv;tAr *Áaqu=tXa�n e�h�p�n�}ÀlEfwmd}�� Â lEporwtEv
a�e;j�kAfwn�monqtAn�}o}�Êbr�}oa�lX}o}~rwegt �Xu=tXÊ��Xu;aZÆbvgp�eglAt Ê�ÊGnqm¡u=rsfPegt6}Àe;j�n1e=h5m�cAn1kXu=p¡u=j�n�monqp�r  qn�Ê }Àrwv;tXu=f4kAp�rwj�r �
mors|)n�}�lX}Àn�Ê�rwt�m�cAnNm�cAn�}Àr } n (bkXnqporsj�nqtbmd}�½ ' h4kXu=p�mor�a�lAf�u�p�rwj kÁe;pom¡u=tbm r } � kEkÁn�tXÊGr ( � mocXu�m
a�e;tGm¡u=rwt }
u
a�e;j�kAfwn�mon)�)u�tAtAe;mdu=m�n�Ê�fwr }Àm�e=h5m�cAn1jzu=m�cAnqjzu�mor�a�u=fAtAe;mdu�morwe;t�lX}~n�Ê rst�mocEr�}
mocAn�}~r�}�½
� h©n � u;ÊAÊGrwm�rwe;tXu=f_ponqjzu�poÆE}²egtzm�cAnN}~mop�lXa�molEponNe�h4mocAnNm�cAn�}~r�} � rsfwfXcAnqfsk�m�e,h©pdu�j�n�h©lApom�cAnqp ÊGr�}�a�lX} �

}ÀrsegtX}�½ Â cEr�}�mocEn�}Àr } �AlArsf�ÊA}�lEkÁe;tzmocAn1lAtXÊbnqpofs�GrstAv¼u;}o}ÀlEj�kAmorsegtzmoc u=m
lAtXÊbnqpd}~mdu=t ÊGrwtAv�cAe � moe¼nq|)e;fw|)n
Â lAporstAv�a�egj�kAfsnqmon+u�fwv;egporsmocAj.} h©egp+a�e;j�kAfwn)(¼mdug}~ÆA}
r�}
u�t�rsj�kXegpom¡u=tbm�kAp�eg�Afsnqj"½
ÅBm�a�e;lAf�Ê¹�Xn"u=p�vglAn�Ê¸moc u=m �-
#���������������������������.��u=tXÊ ��� !"
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� !{u�pon(}Àegfs|GrstAv u

kAp�eg�Afsnqj moc u=m+ÊGe)n�}
tAe;m{n (br�}~m � 7�cAe � aqu=tzv;pdugÊbrwnqtbm+ÊGn�}�a�nqtbm
rwt�kAp�egv;pdu=j }ÀkXu;a�n1�Xn,u;aqa�e;j�kAfwr }ÀcAn�Ê��
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kXu�pomor a�lAf u=pofs�zrwt6u Â lAporstAvza�e;j�kAfsnqmon��
kAp�egvgp¡u=j }ÀkXu;a�n#"(9 $+lArwm�n,m�cAn�a�egtbmop¡u=p��)��Å�h©nqnqf4moc u=m1}~egfw|brwtEv
mocEr�}�kAp�eg�Afsnqj r }�rwj�kXe;pomdu�tGm�n (Euga�m�fw���Án�aqu=lX}~n1rwm ?���
oC �%��!4a�egj�n+lAkzrwtznq|)e;fwlAm�rwe;tXu=p���a�e;j�kAlAm¡u=m�rwegt
� rwm�c�p�nqvglAf u=p�rwm~�)½ Â cAn,p�n�ug}~egt Â lAporstAvza�e;j�kAfsnqmonNkEpoegv;pdu�jz}{u�pon&u=fwj e)}Àm+tAnq|)n�p
nq|)egfs|)n�Ê�r�}
�Án�aqu=lX}~n
u�tGlEj��Xnqp+e=h3a�porsmor�a�u=f4r�}o}~lAn�}Nj�lX}Àm+�Xn�u;ÊAÊGpon�}o}Àn�Ê �Xn�h©e;pon�mocAr } n�|)egfwlEmorwe;t6aqu=t6cXu�kAkXnqt�n
:�n�a�mors|)nqfw�)½
' tXa�n � n�aqu=t"�Xnqv;rwt6moeznq|)egfs|)n Â lAp�rwtAv a�e;j�kAfsnqmon1kAp�egvgp¡u=jz}��PrwmNjzuq� W)lAr�adÆGfs���Xn�a�e;j�n¼a�fsn�u=p�mocXu�m
moc u=m1r�}NmocEn�a�p�rwm�r�aqu�f�u;}ÀkXn�a�m1h©egp # i moe(ugÊAÊbpon�}�}�½ � kAkXnqtXÊGr ("Ë n (bkAf�u�rwtX}NmocEn�a�egj�kEfwr�a�u=morsegtX}+mocXu�m
nq|)e;fw|brwtAv Â lAp�rwtAvVa�e;j�kAfwn�mon�u=fsvgegp�rwm�cAjz}²�Ap�rwtAv�}�moe,m�cAn�*Xnqf Ê e�hPnq|)e;fwlAm�rwe;tXu=p��¼a�e;j�kAlAm¡u=morsegt�u�tXÊ c ug}
u=t6rwj kÁe;pom¡u=tbm{tAe;mon u=�XeglEm,mocEn�uga�m�lXu=f5a�egj�kAlEmdu=m�rwe;tXu=f�n)(GkAp�n�}o}~rw|)nqtEn�}o}
e=h�mocEn¼kApoe;vgpdu�jz}Nnq|)egfs|)n�Ê
rwtzm�cAr�}�m�cAn�}Àr }�½
Â cAr�}
mocEn�}Àr }
u=mom�nqj�kAm¡}�moe ugÊAÊbpon�}�}3m�cAr�}
kApoe;�Afwn�j"�)tAegm+moe (olX}Àm�r h©��m�cAr�}
kAp�eg�AfsnqjK.£}5n (br�}Àm�nqtXa�n�½�ÅBt

kXu�pomor a�lAf u=pq�AtEezÊGnqm¡u=rwfsn�Êza�egj kXu=p�r�}Àe;tX} � rwfwf_�Xn¼jzugÊGn��Án�m � nqnqt ��� - ' u=tXÊ"}~mdu�tXÊAu=p¡Ê Â p�nqn � � � ug}
}ÀlEkAkXegpom�rwtAv�nq|br�ÊGn�tXa�n+mocXu�m ��� - ' r�}�ugÊAÊGp�n�}o}~rwtAv u,kAp�eg�Afsnqj m�cXu=m
n)(Gr }Àmd}5rwt � � u;}�rwm�r }
a�lAp�ponqtbmofs�
kAp¡uga�m�r�a�n�Ê_½ `�rwj�rsf�u=p�fw�)�4a�e;j�kXu�por�}~egt � rwm�c¾egm�cAnqp�x 0Im�n�adcAtArXW)lAn�}1u�ponztAegm�kXnqpÀh©e;poj�n�Ê �Xn�aqu�lX}Ànzrsm
ÊGe)n�}+tAegmV}Àn�po|)n1mocAn¼kElApokXe)}~n�}Ne=h�mocEr�}
mocAn�}~r�}�½ Â cAn�}Àn&a�egj kXu=p�r�}Àe;tX} � eglAf Ê rwtb|brwmonVa�p�rwm�r�a�r }ÀjÃu��Áe;lAm
mocEn h u�rwpotEn�}o}1e=h+mocEn�a�e;j�kXu�por�}~egtX} � cAn�t¹}ÀlXadc a�egj�k u=por }Àe;tX}1u=pon �Án�}Àr�Êbn�m�cAn�kXe;rwtbm ��mocEr�}Nr�}1tAegm&u7oj�� }À�E}Àmon�j e;lAmokXnqp~h©egpoj.}��)eglAp�}À�E}Àm�nqj89 m�cAn�}~r�}�½
Â cAn5vge�u=fbe=hEmocAr }�mocAn�}~r�}�r }Ámoe�u=p�vglAn��=n (bkAf u=rwt �qu=t Ê,ÊGnqj egtX}~mopdu�mon�cEe � pon�kApon�}~nqtbmdu=m�rwe;t,u�tXÊ1}Àn�u�pdadc

u=p�nNrwtbmorsjzu=m�nqfw�Va�e;tAtAn�a�mon�Ê¼rwt�n�|)egfwlEmorwe;tXu=p���a�egj kAlAmdu�morsegtzu�tXÊ�moe�u;ÊAÊGp�n�}o}�m�cAn�}Àn�ÊGlXu�fPa�e;tXa�nqp�tX} rst
mocEnza�egtbmon)(Gm1e=h+m�cAn�nq|)egfslAmorsegt6e=h Â lAporstAv"a�e;j�kAfsnqmon¼kAp�egv;pdu=j.}�½ ÅÀÊbn�u=fsfw�)�PmocEr�} m�cAn�}~r�} � rwfsf rstX}ÀkErwpon
h©lAm�lApon1pon�}Àn�u�pdadc rst�mocEr�}+}ou=j n1u=p�n�u¼u=tXÊ u=fsegtAv }Àrsj�rwf u=p�fsrwtAn�}�½

� ó=ã�äPæ�ì�ä©ð£ü+áÀä_ã�é+ßAê�ä©ð£é�ï�ù~ã�ü+ì�ú£á~íëá~é�á~çëç�ÿgç©á~á w õ4ã�ì;ùÀä©ãdòwí4ædé�î �4ú£ú£ü�æZébÿ 	��zy��|{ ø
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Â cAn�morwm�fwn�e�hXmocEr�}PmocAn�}~r�}Pr�} 7 � fwv;egporsmocAj # |)egfslAmorsegt � rwm�c¼ÅBtbmonqp�tXu=f É nqrwtbh©egpda�nqj�nqtbmGh©egp5`)rsvgtXu�fAy{t ÊGnqp �
}Àm¡u=tXÊbrwtAvE½ 9"Ë�n�h©e;pon�n�tGm�nqporstAv
rwtbmoe+mocAn ÊGnqm¡u=rwf } e�hXmocEn�mocEn�}Àr }��gm�cAr�}4aZc u=kAm�nqp � rsfwf)v;rw|)n�u=t¼rstGm�poebÊGlXa�morwe;t
moe�u�tXÊ e�|)nqp�|Grsn � e�h�m�cAn1vgnqtEnqpdu�f1*Xnqf�Ê�e=h 14� �����
� ! D ���0G ��� ��! �����b½3`)rstXa�nNm�cAr�}
adcXu�kAmonqp�cXug}
�Xnqnqt ÊGn �
}ÀrsvgtAn�Ê u;}{u¼vgn�tAnqpdu�fPrwtbmop�ebÊGlXa�m�rwegt �Grwm
r }
}ouqh©n,moe�}~ÆGrskzmoe�mocAn1tAn (bm+adcXu=kAm�nqp�r h5}~lXadc�u�t�e�|)nqp�|Grsn � r }
lAtAtEn�a�n�}�}ou=p���h©egp+mocEn p�n�ugÊbnqpq½

� 
�	 ������������	q���(!¼��� � ��� 	¾���5!,��	q��� !�2 
 !�*

6	��"� �I� !¼�
��	��(�

-Nu�p � rwt .£}PmocAnqe;po�Ne�hAn�|)egfwlEmorwe;tNcXu;} �Xnqnqt&u�kXegrwtbm4e=hErwtX}~kArwp¡u=morsegtVu=t Ê pon�h©nqponqt a�n²h©egpPm�cAn�ÊGnq|)nqfsegkAj nqtGm
e=h�}Àrsj�lEf�u=m�n�Ê¼nq|)egfslAmorsegtXu�po�za�e;j�kAlAm¡u=m�rwegt�h©egp
fwn�u=potErwtAv�a�e;j�kAfsn (¼j�ebÊGnqf }�½ Â cAn1egporsvgrstXu=f4u�tXÊ j�e�}Àm
�Xu;}Àr�a{h©e;pojÃe=hLmocAr }�j�egm�rw|;u=m�rwe;t r }���7 # |)e;fwlAm�rwe;t�a�pon�u�mon�Êza�e;j�kAfwn)(¼�Án�cXuq|Grsegp
rwtzm�cAnNh©egpojÃe�h�cAe;j�e �
}ou�kArwn�tX}��_}Àe�kXnqp�cXu=k }{nq|)egfslAmorsegt aqu�t��Xn¼lX}Àn�Ê moe a�p�n�u=m�n,egm�cAnqp+ÆGrstXÊA}
e=h�a�egj�kAfsn (��Án�cXuq|Grsegpq½ 9 Â cAn
ÊGnqm¡u=rsf�}
e=h5�Arsegfsegvg�(u=tXÊzcAe � rwm�u :_n�a�m¡}{nq|)egfslAmorsegtzcXuq|)n1rwtGh©e;poj�n�Ê.j�lXadc�e=h�m�cAn � egpoÆ ÊGe;tAn,rst�m�cAn
*Xnqf Ê�e=h # |)e;fwlAm�rwe;tXu=p���i5egj�kElAmdu�morwe;t6Ç # i
Èd½
`)n�u�pdadc"r�}{nqj��Xn�ÊAÊGn�Ê.rst"j�e)}~m � Å
u=fwv;egp�rwmocEjz}�½1ÅBt"kXu�pomor a�lAf u=pq�_jzugadcArwtEn fsn�u=p�tArwtEvzaqu=t6u�fwj�e�}Àm

u=f � uq�E}²�XnNÊGn�}oa�p�rw�Xn�Ê¼ug}5u3h©e;poj�e�hP}~n�u=p¡aZc¼rst � cAr�adc¼mocEnqpon
r }�u1}ÀkXu;a�n
e=h j�ebÊGnqf } m�e,}~nqfwn�a�m h©p�egj u=tXÊ
mocEn{kAp�eg�Afsnqj�r�}5moe&ÊGn�}Àrsvgtzu�tzu=fsvge;porwm�cAj�moc u=m * tXÊA} m�cAnNj�e;pon+ÊGn�}Àrwp¡u=�Afsn{j ebÊGnqf�} � cArsfwn+}~kÁn�tXÊGrwtEv�u
j�rstArwj u=f_u=j eglAtbm
e=h5m�rwj�n�n (Au�j�rwtErwtAvVj�ebÊGnqf }�h©poe;jÃmocAnV}Àk uga�n)½ Â cAn�}ÀnVj�ebÊGnqf } m¡u=Æ)n,j.u=tb� h©e;pojz}
rwtzjzu;aZcErwtAn+fwn�u�potArstAvA�)h©poe;j mocAn � nqrwv;cGm¡} rwt u�t � \ \ moe�mocEn1}ÀkAfsrwm¡}�rwt u¼ÊGn�a�r }Àrsegtzmop�nqnNmoe�u¼|)n�a�m�egp
e=h+p�n�u=f5tblAj��Án�pd}
mocXu�m,egkEmorwj r  qn&}Àegj n�m¡u=pov;nqmNh©lAtXa�m�rwe;tP½zË�n�aqu�lX}Àn�}~n�u=p¡aZc6r�}1mocAn��Xug}~r�a¼f�u�tAvglXu�vgn
e=h � Åd�Anq|)e;fwlAm�rwe;t � rsfwfP�Xn,n)(GkAf u=rstAn�Ê rstzmocAr }NaZc u=kAm�nqp
rwt monqp�jz}�e=h�}~n�u=p¡aZc ½ \ egmor a�n1mocXu�m1}Àrsj�lEf�u=m�n�Ê
nq|)e;fwlAm�rwegt r�}
u,h©egpoj e=h ����)hD ����
 � 
����$� �����g½
Â cAr�}�m�cAn�}~r�}�pon�h©nqpd}5moe�u,tblAj��Xnqp5e�h�m�nqpojz}5mdu�Æ)nqt�h©poe;j �Arsegfwe;vg��m�cXu=m+u�pon1tAe � a�egj�j egtAfs�,lX}~n�Ê
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� cAnqtEnq|)nqp5kXe)}o}~rw�Afsn)�)mocAr } m�cAn�}Àr } � rsfwfXu�momon�j�kAm5moe&a�f�u�por h©�¼kXe;monqtbmor u=f_a�egtbh©lX}ÀrsegtX}
u�por�}~rwtAv1h©poe;j�mocAn�}~n
ÊGr :�n�ponqtXa�n�}�½
Â cAn1ÊGn�}oa�p�rwkAm�rwegt�e=h u fsrw|brwtAv1mocErwtAv1r�} � porsmomon�t�rst�uV}Ànqp�rwn�}�e=h )*D �������@C(���*
oC�½4x�e)}~m�j�lAfwm�r � a�nqfsf n�Ê

fwrs|GrstAv,m�cArwtEv)}�cXuq|)n1jzu=tb��adcApoe;j�e)}~egj�n�}�rst m�cAnqrsp - \N� Ç É0\N� rwt�m�cAnVaqug}~n�}�e=h�}~egj�n�egpov�u=tAr }Àjz}dÈd�
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e�|)nqpo|brwn � �GmocEn¼j�e)}~m
n$:_n�a�mors|)nVa�egj�j�lAtArsaqu�morsegt�e�h5mocAr }{|;u=p�rwnqm~� � rsfwf4}Àrsj�kAfs���Xn¼moe vgrw|)nVu�tblAj��Xnqp
e=h�n (Au�j�kAfsn�}�½
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      a confidence (as does the lower level orchestration).
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Then these confidences are orchestrated and that 
     that the signal comes from some class I.
Each program examines that signal and returns a confidence
At this layer, a set of B evolved programs is shown a signal.

     orchestration returns a discrimination-solution confidence
      for class I.

Signal Classification

At this layer, a set of discrimination-solution confidences
      is taken and orchestrated.
This level of orchestration returns a classification, not
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|�a�SCN	W8Zlh8k �2bdU*t�W8S'k+Zob_c'e>\jh8SVWqa�k] �X*\@ZdN"U#\>W�NQZ5Z5k c'SV�@ZobdU]SVk+f�\>hqW2bdU*W�X*SpNQWqSVU�R-WqSV\jU¤^�h8\jk W8h2bjX*S��
W8S'\>U�bdc�W8h8ZlZ���N�W8hqP�R-W8P#h8Z\"��sf�hq\>ejh2b_kO\>U#cVt�i/Z�R5b_P�N�Z"Wqa�\@N�Z�f�hq\>e>h{b_kgNyX*\oU�\>Wyh8P�UvcV\>U#erZ5U�\jP�e>avP�U*WqSVc
W8a#Z5t�a�b_c'W�Wq\ri�Zob_UgSpN8NQP#Z)½ B�P�W`R-\>U�NQSCX�Z5h�W8a�bdW	SVU�\>h2X�Z5h�Wq\re>ZlW�W8a#Ze�2bdU�NQxyZ5h7 %^�hq\>kOb*"�����Wqh8Z5Z��@Wqa�Z
Z5U�W8S'h8Z�Wqh8Z5Zok�P�NQWyi/Z}Z5�jb_c'P�b_WqZdX�½;��^wW8a�ZoZ5U�W8S'h8Z�Wqh8Z5ZoSCN	U�\jW"Z5�jbdcVP�bdW8ZdX���Wqa�ZrhqZdNQf�\jU�NQZ}SCN	P�U�X*Z-[�U�ZdX�½
M"U�X�X*ZT[�U�SVU#e�b]X*Z-^:b_P#cVWrhqZdNQf�\jU�NQZg^�\>h�buf�hqZ5kgb_WqP�h8ZlcVt]a�bdcVW8Z�X "����:W8h8ZlZ¤SpNrN�W8SVc'c�U�\jW�b_U	��
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b_c'e>\jh8SVWqa�k i�ZdR5bdP�NQZ�W8a�Zlh8Z	SCN�U�\o\>f�f�\>hqW8P�U#SVW�tr^�\>h�W8a#Z�"�����Wqh8Z5Z�W8\oS'W8Z5h{b_W8S'�@Z5cVt�SVk+f�hq\d�@Z1S'W2NAhqZdNQf�\jU�NQZ
P�U�W8S'c�W8a�b_W�h8ZdN�f/\jU�NQZ}SCN�hqZ���P#SVh8Z�X�½
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R2a�b_f�WqZ5h\��W8a�ZvW8a�ZdN�SCNoP�NQZdNoZ5��f/Zlh8SVkvZ5U*W{b_c�Zl�*SpX*Z5U�R-Z�Wq\]X*Zlk+\>U�N�W8h{b_W8Zvkgb_U�tu\d^�Wqa�ZgR-cpb_SVk�Nr��bdi/\jP�W
��M��%� bdU�XuU�Z5P#h2b_cwf�h8\je>h2bdk+k+S'U�e � Wqa�b_W}b_hqZ�kgb>X�Z)½�|�a�Z�NQZ�X*Z5kv\>U�N�W8h2bdW8S'\>U�N	k�P�NQW�i/Z�X�\>U�Z�S'U�b
NQf�ZdRTS [�R�S'U�NQW{b_U�W8SCbdW8S'\>U�\_^ ��M��%�d�>U�\jW�b�a*t�f�\>W8a#Z5W8SpR5b_c�\jh�b_i�NQW8h{b>R-W��@Z5h{NQS'\>U�\_^ ��M��%�V½@|�a�SpN�NQZdRTW8SV\jU
e>S'�@ZdN�X*Z5W{b_SVcpN�b_i�\>P�W�W8a#Z�N�f/Z�R-S [�R���M��%� NQt#NQW8Zlk�P�N�ZdX�Wq\rSVc'cVP�kvSVU�bdW8Z�Wqa�Z�k+\jh8Z	Wqa�Z5\>hqZ5W8SpR5b_c�R-cpb_S'kgN
\_^ W8a�SpN�W8a�ZdN�SCN�½�|�a*P�N%�>^�h8\>k Wqa�SCN�f�\>S'U*W�^�\jh8x	bdh2X�S'U�Wqa�Z	W8a#ZdNQSpN ��P�U�c'ZdN8N�\>Wqa�Z5hqx	SCNQZ�U�\jW8ZdX � hqZ-^�Z5h8ZlU�R-ZdN
W8\v��M��%��hqZ-^�Z5h�Wq\�Wqa�SCN	N�f�ZdR-S [/RYWqa�ZdN�SCN�SVU�NQW2bdU*WqSCbdW8SV\jUg\_^wW8a�Zok+Z5Wqa�\�X�½

B�Z-^�\>hqZgW8a�Z X*Z5W2bdSVcpNr\_^oWqa�ZzR-P�h8hqZ5U�W���M��%��N�t�N�W8Z5k b_h8Z X*ZdNqR-h8S'i/Z�X��1S'W�SCN�x�\jh8W8a k+Z5U�W8S'\>U�S'U�e
x	a�tuW8a#SCN"f�bdh8WqSCR-P�cpb_ho��M��%� NQt#NQWqZ5k x`b>NoR a#\@NQZlUu^�\>h�Wqa�Z�W8a�Z�NQSCN�Z5k�i�\�X*S'k+Z5U�Wq½�M�N"k�b�tgi�Z�NQZlZ5U
^�h8\jk W8a#Z¤f#h8Z5��SV\jP�N�NQZdRTW8SV\jU�Nr\_^YW8a�SpN�R a�bdf�W8Zlh\��W8a�Z5hqZgb_hqZ]buU�P�k�i/Zlhr\_^YSCN8N�P�ZdN+�:NQZ5�@Z5h{b_cy\_^oWqa�Z5k
U�\d�@Z5c � b_c'cA\d^�x	a�SpR aga�b5�@Z�i�Z5Z5Uzf�b_hqW"\d^�W8a#Z�R2a�b_U�ejSVU�ev��M��%� N�t�N�W8Z5k�\d�@Z5h	Wqa�Zot@Zdb_h{N�½	|�a#Z%kv\>h8Z
W8a#ZdNQZvX*SCN�f�b_h{b_WqZ�SpN8NQP#ZdN�h8Z5kgbdSVUzSVU ��M��%�d��Wqa�Z�k+\>hqZ�R-\>k+f#cVSCRlb_W8Z�X�S'Wox�\>P#cCX]i/Z�W8\zN�\>h8W}\>P�WoWqa�Z
h8Z�NQf�\>U�N�SVi�S'cVS'WQt�^�\>h�N�P�R5R-Z�N8N	\>h�^:b_S'cVP�hqZoSVU+f�bdh8WqSCR-P�cpb_h	Z5��f�Z5h8S'k+Z5U�W2N�½

|�a�SCN�c'Zdb>X#N Wq\�W8a�Z �@P�ZdNQWqSV\jUx���v�QN	W8a#SCN�W8a#ZdNQSpN�f�h8S'kgb_hqSVcVt�b_i�\>P#W�W8a�ZoWqa�Z5\>hqt+\>h	f#h8SVk�b_h8S'cVt�bdi/\jP�W
W8a#Z¤hqZdNQP#cVW2N!�_  |�a�ZuWqa�ZdN�SCNrSCN�\>U#cVts�jb_c'P�b_i#cVZuS�^�i�\jW8a�bjNQf�ZdR-W{N�Z5��SCN�WrSVU e>\@\�XIk+Z�b>NQP#h8Z���i�P#W�Wqa�Z
X*ZdRTSCNQS'\>U}x	b>NGkgbjX*Z�W8\"^�\�R-P�NA\>U�kgbd�*S'U�e�R-c'Zdb_hGWqa�Z�Wqa�Z5\>hqZ5W8SpR5b_c�RT\>U�W8h8S'i�P�WqSV\>U�NH�>Z5�@ZlUrbdWAWqa�Z�Zl�*f�Z5U�N�Z
\_^ br^�Z5x�f�Z5h{R-Z5U�W2bde>Zof�\>SVU�W2N�S'UgW8a�ZoZ5��f�Z5h8S'k+Z5U�W2b_c#h8ZdN�P�cVW{N�½�M�N	brhqZdNQP�c'W\��x	a�SVc'ZrN�\>k+Z�\_^wW8a�ZoSCNqNQP�Z�N
X*SpN8R-P�NqNQZdXIS'UIWqa�Zuf�hqZ5��SV\>P�N�N�ZdR-W8S'\>U bdh8Zuc'Z5e>S'W8S'kgb_WqZ5cVt]f�bdh8W+\d^���M��%�d��W8a�Zlt�xyZ5h8Zzf�P�hqf/\�NQZ-^�P#cVcVt
Z5�#R-cVP�X*ZdX ^�hq\>k Wqa�ZgSVk+f�c'Z5k�Z5U@W8ZdXuWqa�ZdN�SCNr�@Z5h{NQSV\jU�\_^Y��M��%� SVU�\>h{X*Z5h�W8\]kgbdSVU�W2bdSVUsWqa�ZzX*ZdNQS'h8ZdX
R-cpb_h8S'W�t�\d^�R-\jU*Wqh8S'i�P�W8S'\>UP½

$`�
�
��� � ������� (L��� � �q�# ��#"%$
¦�cVZ�b_h8c't}NQ\>kvZ�NQf�ZdR-S�[�R�h8Z5f#h8ZdN�Z5U*W{b_WqSV\>U}a�b>X�W8\oi�Z�R a�\�NQZ5Ur^�\jh���M��%�V½@|�a�b_W�hqZ5f�h8Z�NQZ5U�W2bdW8SV\jUx�@bjN a�b>N
b_c'h8ZdbjX*t�i�Z5Z5U+kvZ5U*WqSV\jU�ZdX��dSCN � Z5P�h{b_c���h8\>ejh2bdk+k+SVU#e�� � � � ½*|�a#Z�Z5U�W8SVhqZ5W�to\_^�¦�a�bdf�W8Z5h ,%SpN�X*Z5�@\jW8ZdX
§R½ ¦ &s¸/­'«E¬3} �4&�¬ ¨ ª1«
$=²´²Rª
&\¬ n ¾�¿�À�²´ªE±=²RªW©Rª
&\¬�­'¬^�¥³,&,}��-ª
$=²)­7¯ n ²´³%µ%²)­7¶�¶+�%&=µZ}H¬ ¨ ªE²Rª��¥© &=³S®6$1�¥¯°¬ »F�%&s¶SªW« ¨ ­!&1�¥©R¶�¸<³H²¨ ­'¯°¬~�%&=µ�©~�%&=«EªL�¥¬�S�­'©x·=ªE©^�¥µ�&=ªE·s¬R³;®5ª $=©´ªE·��4&s¬ ¨ �¥©-­!&\¹\¬^�¥¶Sª�Sx­Z¹_¼




������ � 	�� � � ��� ���7������� ��� � 	;� 	���
 
 �$� 
 � 	 � ��� � �#�
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� �"\dx kgb_U�t�f�h8\je>h2bdkgN�W8\�W2bd�@Z"^�h8\jk Zdb>R2agX*SpN8R-hqSVk+S'U�b_WqSV\>U�f�\@\>c���� � � �

� �"\dx W8\�f�SCR2��W8a�\�NQZof�h8\je>h{b_kgN!�
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� � \�\jh2R2a�ZdN�W8h2bdW8S'\>UgU�ZdR-Z�N8N8bdh8t+x	S'W8a�S'Uz�"SCNqR-h8S'k+SVU�bdW8S'\>U �nNQ\jcVP�WqSV\>U�N�½	� � � �*� � ��� �
� �"\dx W8a�Z�NQZ6� f�h8\je>h{b_kgN�x	S'cVc�i�Z}\>h2R2a�ZdN�W8h{b_W8Z�X�SpN�W8a�Z}N�P�iPl8ZdR-Wy\_^�Wqa�ZoU�Z5��W�R a�bdf�W8Zlhq½
� ��h2R2a�ZdN�W8h{b_W8S'\>Ugx	SVc'c�\jU�cVt+W{b_�@Zof�cpb>R-ZoX�P�h8S'U�e�Wqh2bdSVU�S'U�eA½

� ��h2R2a�ZdN�W8h{b_W8S'\>Ugx	SVc'c�i�Zoi�b>N�ZdX¤ZlU*WqSVh8ZlcVt�\>UzW8a�Z}Nqb_k+Z�Wqh2bdSVU�S'U�e�X�b_W{bG½
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kgbdU*t X*S�P�R-P�c'W%f#h8\>i#cVZ5kgN}��f�bdh8W8SpR-P�cpb_h8c't]\>U�Z�N%SVU x	a�SCR2a ^�\d�@ZdbdW8S'\>U�SCN�h8Z��@P�S'h8ZdX � bdh8Z+k�P�R2a]Zdb>N�SVZ5h
W8\�N�\>c'�@Z�x	a�ZlU�S'W8Z5h{b_WqSV\>U�N���\jh�h8ZdRTP�h2N�SV\>U � b_U�X kvZ5k+\>hqt]bdh8ZgbjNQf�ZdR-W{Nr\_^�W8a�Z+c'Zdb_hqU�ZdX�kv\�X*Z5cB½l��U
W8a#Z [�h{NQW	W�x�\}��M��%� h8Z5f#h8ZdN�Z5U*W{b_WqSV\>U�N �:X*ZdNqR-h8S'i/Z�X S'UgM"f�f�Z5U�X�SV�N� � ��kvZ5k+\>hqtox	b>N�SVU�RTcVP�X*Z�X S'U�Wqa�Z
cVZ�b_h8U#ZdXuk+\�X*Z5cpN Wqa�h8\jP�e>a�W8a#Z�P�NQZ�\d^S��U�X*Z5��ZdX � Z5k+\>hqt+f�hqSVk+S'W8SV�@ZlN�� ; |GZ5cVc'Z5h\�-��.1.���b @�� ½}|�a�SCN"x`b>N%�
^�\>h�W8a#\@NQZohqZ5f�h8Z�NQZ5U�W2bdW8SV\jU�NH��Wqa�Zok+\@N�W	N�Zdb_k+c'ZdN8N�x	b5t+Wq\+bjX�X+k+Z5k+\jh8t�W8\�Wqa�ZoZ5�@\>c'�*S'U�erf#h8\>ejh2bdkgN�½

�"\dx�Z5�@Zlh\��x	a�Z5U ��M��o� k+\d�@ZdX�W8\vSVW2N�R-P�hqh8Z5U�W�h8Z5f�hqZdNQZlU*W{b_W8S'\>Ug^�\>h�Z5�@\>c'�*S'U�e�f�h8\je>h{b_kgNr� � � � �
W8a#ZrX#b_W2b �
��\_x U�bdW8P�hqZr\d^�W8a�bdW	h8Z5f#h8ZdN�Z5U*W{b_WqSV\>UzR-hqZdb_WqZdXgb_U�\jW8a�Zlh"��SVU�X+\d^�U�b_WqP�h2bdcAkvZ5k+\>hqtr^�\>h	Wqa�Z
Z5�@\jcV��SVU�e�f�h8\je>h{b_kgN�½�|�a�SpN kvZ5k+\>hqt�N�\>P�h{R-Z	SCN�W8a�Z	hqZdR-P�hqh8Z5U�WAc'\@\>f�k+Z5k+\jh8t�NQS'k+SVcpb_hGW8\ok+Zlk+\>hqt"P�N�Z
SVUghqZdR-P�hqh8Z5U�WyNQt#NQW8ZlkgN1c'SV�@Z�h8ZdR-P#h8h8ZlU*WyU�Z5P�h{b_c�U#Z5W�x�\>hq��N�½���U�X*Z5��ZdX � Z5kv\>h8t�Rlb_UzNQWqSVcVc�i�Z%P�NQZdX+x	SVWqa
Z5�@\jcV��SVU�e � � f�hq\>ejh2b_k�NH�Ai#P�Woi/Z�R5b_P�N�Z�S'WoSCN"cpb_h8ejZ5cVtzh8ZdX�P�U�X�bdU*W_�ASVU�X*Z5��ZdXuk+Z5k+\jh8t+x`b>NoX*hq\>f�f�ZdX
b>N�b k+Zlk+\>hqt�NQ\>P#h2R-Zo^�\>h���M��%�V½ � ZdR-WqSV\jU �b½ ��X*Z5k+\jU�NQWqh2bdW8ZdN	W8a�bdW"S'U�X*Z5��ZdX+k+Z5kv\>h8t�Rlb_U]N�W8S'cVcGi�Z
P�N�ZdX+x	SVW8agWqa�Z � ��hqZ5f�h8Z�NQZ5U�W2bdW8SV\jUP½
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�@Z5hqt�c'SVW8WqcVZ�W8\�c'Zdb_hqU�^�h8\jkm��Z)½ eA½"!*\>U#cVtl� � � � ��cCb_i�Z5c'ZdX+N�SVe>U�b_cCN1^�hq\>k�Z�b>R2agR-cCbjN8N�Wq\�i�ZoX*SpN8R-hqSVk+S'U�b_WqZdX
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W8\of�hqZ5�@Z5U�W���\>hyb_WwcVZdbjNQW�^�\>hqZdNQW{b_cVc � \d�@Z5hQ[�W8W8S'U�e�W8\oW8a�Z	Wqh2bdSVU�S'U�e}NQZ5W�½�|�a�SpN�b>X�X�SVW8S'\>U�x	bjNw^�\jP�U�X�W8\oi�Z
�@P�SVWqZ�Z���ZdR-WqSV�@ZySVUrkv\@NQWw\_^�W8a�Z�X�\>kgbdSVU�N���M��%� a�b>N�i�Z5Z5U�bdf�f�c'SVZdXrWq\�\d�@Z5h�W8a#Z	t@Zdb_h{N�½��"ZdN�f�SVWqZ	W8a�SpN
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b_U b_U�U#\>W2bdW8ZdXg�@Z5h2N�SV\jU¤\d^�Wqa�ZdN�Z%f�b_h2bdk+Z5WqZ5h2N�½



� � ��� ���	� 


� � 
 � � ����� �����������������

|�a�SpN Wqa�ZdN�SCNAS'U*Wqh8\�X*P�RTZdNAf�bdh8W8SpR-P�cpb_h�bjNQf�ZdR-W{N \d^GWqa�Z	f�h8\�RTZdN8N�\_^ b_P�Wq\>kgbdW8SpR5b_c'cVt}NQP�i ��X*S'�*SpX*SVU#eob�f�h8\ji �
cVZlk'!�X�Z5�@Z5cV\jf�SVU#e�k�P�cVWqSVf�c'ZgNQ\jcVP�WqSV\jU�N�W8\�ZdbjR a¡NQP�i ��f�hq\>i�c'Z5k'!	bdU�X�W8a�Z5U��
� �.(�
"!$# � �%#�� 
��uW8a#Z]NQP#i �
NQ\jcVP�WqSV\jU�N S'U*Wq\�b�RT\>k+f�c'Z5W8Z�NQ\jcVP�WqSV\jUP½�|�a#SCN	R2a�b_f�WqZ5h	ZdN�W2b_i#cVSCN�a�ZdN�Wqa�h8\jP�e>a b�N�Z5h8S'ZdN�\_^�Zl�*f�Z5hqSVk+Z5U�W2N
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      a confidence (as does the lower level orchestration).
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Then these confidences are orchestrated and that 
     that the signal comes from some class I.
Each program examines that signal and returns a confidence
At this layer, a set of B evolved programs is shown a signal.

     orchestration returns a discrimination-solution confidence
      for class I.

Signal Classification

At this layer, a set of discrimination-solution confidences
      is taken and orchestrated.
This level of orchestration returns a classification, not
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At this level a set of discrimination-solution confidences
      is taken and orchestrated.
This level of orchestration returns a classification, not

        a confidence level.

In this simplified PADO strategy only one program is chosen 

     for each discrimination-solution, so there is no

     orchestration at this level.

I

WC

Signal Classification

Signal

IProg

i = 1

C

F Wi i* Output(System  )

Discrimination-solution    Confidence

��� �)�4�0/U1 3�� 5N_PaONQP�$ K8K > Y�[ F > ] 9 b < AIH 7%9JK : A?EG:?> < D K?: A EG:?9JB&%
|�a�SCN�i#h8SVU#e@N	P�N�W8\�W8a�Z�W8\>f#SCR�\_^wW8a�SpN	R a�b_f�WqZ5h('�a�\dx W8\�cVZdbdh8U+Wq\�\jh2R2a�ZdN�W8h2bdW8ZoW8a#Z�i�ZdNQW�f�\@N8N�SVi�c'Z

W8Z�b_k ^�\>h�R-cCbjN8N�S [�R5bdW8S'\>U�)v|�a�SCN}R a�bdf�W8Zlh�x	SVc'c�bjX�X*hqZdN8NoSCN8N�P�ZdN�\_^�x	a#SCR2a�f�hq\>ejh2b_k�NYWq\u\jh2R2a�ZdNQWqh2bdW8Z
!
a�\dx�W8\o\>h{R a#ZdNQWqh2b_WqZ�Wqa�Z5k'!jb_U�Xra#\_x�Wq\%i#SCb>Nwb_U�XrS'k+f�h8\d�@Z�\>h{R a#ZdNQWqh2b_WqSV\jU�W8a�hq\>P�eja�Z5�@\jcVP�WqSV\jUrSVW{NQZ5c�^*)

� �,+ -������/.������10����! �" 23.���� " �&48�/.��
|G\�P�U�X*Z5h2N�W2bdU�XIW8a�Z X*\>k�b_SVU bdU�X�h{b_U�ejZ]\_^oWqa�SCN�\>h{R a�Z�NQW8h{b_WqSV\>U x�\jh8��!1S'W�x	S'cVc	a�Z5c'f�W8\ NQW2bdh8W+i�t
X*ZdNqR-h8S'i�SVU#euW8a#Z+\>h{R a�Z�NQW8h{b_WqSV\>U�\jf�W8S'\>U�NrWqa�b_W�xyZ+SVU��@ZdNQWqSVe�b_W8Z�SVU W8a�ZgRT\>P�h{NQZg\_^�Wqa�SCNrxy\>h8�5)76u\@N�W
i�hqSVZ ��t�!*W8a#ZdNQZ}b_hqZ8'

�:9 (<; �>=@?(?BA�C,D�-�DEC(;
(FD��>G@;&=IHJC&K&LM=N?O;&C&G@; (FD�� �]W8a#Z+h8ZdbjNQ\jU�b_i�c'Zgi�P�W%[��*ZdX�R-\jU*Wqh8\>c`b_e�b_SVU�NQW
x	a�SpR avW8a�ZocVZ�b_h8U#ZdX+\>h2R2a�ZdN�W8h{b_W8S'\>Ugf�bdh2b>X�SVe>k�N	b_h8Z}k+ZdbjNQP�hqZdXP)

�:Q R DES R =NTUHJC&K&LM=N?O;&C&G@;
(VD�� ��S'k+f�c'SCR-S'W�\>h{R a�Z�NQW8h{b_WqSV\>U�i*t�Zl�@\>cVP#W8SV\jU�x	SVWqaob	h8Z5��SCN�ZdX \jh2R2a�ZdN�W8h2bdW8S'\>U �
N�Z5U�NQS'W8S'�@Z"[�W8U#ZdN8N1^�P�U�R-W8S'\>U�)

�XW = ( 
5LY;[Z(�\=@G]C&K&L�H^C,K&L>=@?�;&C&G@;
(VD � �+\jh2R2a�ZdNQWqh2bdW8SV\jUgi*t+Wqa�ZocVZdbdh8U�S'U�e�\_^wf�bdh2b_kvZ5W8Z5h{NO)

� A�C&D 
PC&G]_XZ���=NG]C&K&L`HJC&K,L>=N?O;&C&G@;
(VD�� �}\>h{R a�Z�NQW8h{b_WqSV\>U�i�trWqa�Z�NQZlcVZdR-WqSV\jU�\_^ b_f�f#h8\>f#h8SCbdW8Z�f�h8\ �
ejh2b_k�N1^�h8\>k W8a�Z}X*SpN8R-hqSVk+S'U�b_WqSV\>U�f�\@\>cpNO)

� �B=@G]C&=N?O;(Z �U= ( 
5LPa�DEC�HJC&K&L>=@?O;bC,GN;
(FD����}\>h{R a#ZdNQWqh2b_WqSV\jU�i�t�W8a�Z�R-hqZdb_WqSV\>U�\d^wb_Uvb_f�f#h8\>f#h8SCbdW8Z
U�\jU �:cVSVU#Zdb_h	\jh2R2a�ZdNQWqh2bdW8SV\jU¤^�P�U�R-W8S'\>U�)



�8��� � ��
�����	�����
���������� ��	 ��� ����� � 	�� &��

|�a�Z�N�SVk+f#cVZdN�W�\>f#W8SV\jU]SCN	W8\vX*\�U�\+k+\jh8ZoW8a�bdUuU�Z�R-ZdN8Nqb_hqt8)�|�a�SCNx-8#�
 
"!J!���� �O�6�
� #�� ��
��%# 
 �
�"�C(�
"!,�
# � �%#�� ��
�x	SVcVcGi�Z�W8a�Z}i�b>N�Z5cVS'U�Z�b_e�b_S'U�NQWox	a�SpR azx�Z�x	SVc'cGk+ZdbjNQP�hqZr\>Wqa�Z5h�WqZdR2a�U�S#�@P�ZdN�)s��U]W8a#SCN [�WqU�ZdNqN
f�hq\>f�\>hqW8SV\jU�b_WqZg\>h2R2a�ZdN�W8h{b_W8S'\>U !w��M��o� f�SCR2�#NYWqa�Z�i/Z�NQWrf#h8\>ejh2bdk ^�h8\jkmZdb>R2asX�SCN8RTh8SVkvSVU�bdW8SV\jU]f�\@\>c
b_U�Xu\>h2R2a�ZdN�W8h{b_W8Z�N Wqa�Z5k�P�N�SVU�e�b [���ZdX�^�P�U�R-WqSV\>Uzx	SVWqa¤[���ZdX¤f�b_h2bdk+Z5WqZ5h2N���S ) Z
)�!�U�\�cVZdbdh8U�S'U�e � )�|�a�Z
U�Z5��WoN�SVk+f�c'ZdNQW�N�W8h{b_W8Zle>t]SCN�W8\gkgb_S'U*W{b_S'UuW8a#Zr[�W8U�Z�N8N�f�h8\jf�\>h8WqSV\jU�b_WqZ+\>h{R a�Z�NQW8h{b_WqSV\>U]x	a#SVZ�SVU�R-\>hqf/\ �
h2bdW8S'U�e�S'W2N�f�bdh8WqSCR-P�cpb_h�X*Zlkgb_U�X#N1SVU�W8\�Wqa�Z�[�W8U#ZdN8N�^�P�U�R-WqSV\jU�)�|�a�SCN�SpN 
��G����� 
3/ �
�"�C(�
"!$# � �%# � ��
N)

M�N�cV\jU�e}b>N1Wqa�Z5hqZ�b_h8Z�b�U*P#k�i�Z5h�\_^��8f�bdh2b_kvZ5W8Z5h{N	��\>h`�{R-\@Z P�R-SVZ5U�W2N
�"SVU�W8a#Z [���ZdXr\jh2R2a�ZdNQWqh2bdW8SV\jU
^�P�U�RTW8SV\jU !�b_U�\jW8a�Zlh%WqZdR2a�U�S#�@P�Zo^�\>hrS'k+f�hq\_��SVU#e�\>h2R2a�ZdN�W8h{b_W8S'\>U R-\>P#cCX]i/Z�W8\gc'Zdb_hqU !�^�\>h}b+f�b_hqW8SCRTP�cCbdh
NQZlW"\d^�f�h8\je>h{b_kgN�!/x	a�SpR a R-\@Z P�R-SVZlU*Wy�>bdcVP�Z�N"\>f�WqSVk+S��5Z�W8a�Z}e>h8\jP�f *£N�R-\@\>h{X*SVU�b_W8S'\>U�)�|�a�SCN	SCN � 
 �
� 
 
3/

�
 ����( # �
�"�C(�
"!$# � �%# � ��
N)
��\>U��@Z5h2N�Z5cVt�!ASVU � 
 �
��
�
3/ ��� ����� ��. �
� �.(�
"!$# � �%#�� ��
 !�x	SVWqasW8a#ZdNQZgRT\@Z PgRTSVZ5U�W2N
[���ZdX%!�b>N�SVUzW8a�Zr[�W8U�ZdNqN"f�hq\>f�\>hqW8SV\jU�b_WqZ�\jh2R2a�ZdN�W8h2bdW8S'\>U�R5bjNQZ
!�x�Z�R5bdU]cVZdbdh8Uzx	a�SCR2auf�hq\>ejh2b_k�Nr��\jU�Z
^�h8\jk Z�b>R2asX*SpN8R-hqSVk+S'U�b_WqSV\jU]f/\@\jc � xy\>P�cpX�f�h8\�X�P�R-ZgW8a�Z�i�ZdNQW�ejh8\jP�fs^�\>hrW{b>N��sR-\@\jh2X*S'U�b_WqSV\jU�)��nWoSpN
f�\@NqNQSVi#cVZ�Wq\"c'Zdb_hqU !-^�\>hwb�[��*Z�XYf#h8\>ejh2bdk NQZlWGx	SVW8ao[���ZdX�f�b_h{b_k+Z5WqZ5h2N�!5x	a�b_Wv4�� 
 �0#�� ��
"x�\>P#cCX�\>f�WqSVk+S��5Z
W8a�b_Wrf�b_h8WqSCR-P#cCb_hoejh8\>P#f *¥NoR-\@\jh2X*S'U�b_WqSV\>U\)u|�a�SpN�SCN�� 
 �
� 
 
3/�4�� 
6�0# � ��
 �
�"�.(�
 !$# � �%# � ��
@)�|�a�Z�^�P�U�RTW8SV\jU
b_f#f�h8\d��SVkgbdW8\>hyP�NQZ�X¤SVUgWqa�SCN	R2a�b_f#W8Z5h	SpN	brU�Zdb_hqZdNQW ��U#Z5SVeja*i�\>h�NQf�b>R-Z8)

|�a�ZdN�Zgb_hqZ¤\jh8Wqa�\>ej\>U�bdc	W2b>RTW8SCRlNY^�\>h�S'k+f�hq\_��SVU#e+\>h{R a�Z�NQW8h{b_WqSV\>U i/Zla�b5�*S'\>h() & P#W8P�hqZ+x�\jh8� R-\>P�cpX
SVU��@ZdN�W8SVe�b_WqZ2�J��.FE � 
��%#�� ��
 !	\d^�W8a�Z�NQZof�h8\�RTZdX*P�hqZdN S'UzNQZ5hqSVZdN�\jh"Z5�@ZlU+SVUgf�bdh2b_c'cVZ5c���W8a�\jP�e>azW8a�SpN�cCbdW8W8Zlh
R5bjNQZ}R-\>P#cCX+i�Zrk+\jh8ZoR-\jk+f�c'Z5�r^�\>h�N�\>k+Z�f#h8\�R-ZdX�P�h8Z�R-\>k�i�SVU�b_W8S'\>U�N � )

 "�$#N�$# �8(;2B*-< & & 0�A�3NH 3NA 2B($39*-O�24<�� A��~
-< & 2�A�O 2B($39*
|�a�SpNAN�ZdR-W8S'\>U}X*ZdNqR-h8S'i�ZdN�W8a�ZB-8#�
 
"!J! ���"�O�6�
�J# � ��
��%# 
8�
� �.(�
"!$# � �%#�� ��
�f�h8\�R-Z�X*P�h8Zybde@b_S'U�NQWwx	a�SCR2aocVZdbdh8U�ZdX
\>h{R a#ZdNQWqh2b_WqSV\jUsW8ZdR2a�U�S ��P#ZdN"x	SVc'c�i/Zvk+Zdb>N�P�h8Z�X]b_U�X ^�hq\>k¢x	a�SCR2a�W8a�Z+c'Zdb_hqU�ZdX]\>h{R a�Z�NQW8h{b_WqSV\>U W8ZdR2a �
U�S ��P�Z�N�x	SVcVc NQW{b_h8W[)

|�a�Z	[�h2N�W�NQWqZ5f�S'Ur[�W8U#ZdN8N�f�hq\>f�\>hqW8SV\jU�b_WqZ"\jh2R2a�ZdN�W8h2bdW8S'\>U�SCNAWq\%f#SCR2�%Wqa�Z	i�ZdNQW�f�hq\>ejh2b_k ^�hq\>k ZdbjR a
X*SpN8R-hqSVk+S'U�b_WqSV\>Ugf�\@\>c�Wq\¤i�Z�SVUzW8a�Z�\jh2R2a�ZdNQWqh2bdW8ZdX]N�Z5W()���f/Z�R-S [�Rlb_cVc't
!�W8a#Z�f�h8\�R-Z�X*P�h8Z�SCN�W8\gN�\>h8WoWqa�Z
f�hq\>e>h{b_kgNoSVUsZ�b>R2asX*SpN8R-hqSVk+S'U�b_WqSV\jU]f/\@\jc�b>R5RT\>h2X�SVU�ezW8\uWqh2bdSVU�S'U�e]N�Z5W%[�WqU�ZdNqNrb_U�X�R2a�\@\�NQZ+Wqa�Z+W8\jf
h2bdU��@ZdX�f#h8\>ejh2bdk�^�h8\jk�ZdbjR a�X*SCNqR-h8S'k+SVU�bdW8S'\>U�f�\@\>c )��	Z5k+Z5k�i�Z5h�!_Wqa�Z5hqZ�SCN�\>U�ZoX�SCN8RTh8SVkvSVU�bdW8SV\jU�f�\@\>c
^�\>hwZdb>R2a�R-cpb>NqN�b_U�XrWqa�Z	f�hq\>e>h{b_kgN�b>NqNQS'e>U�ZdX�W8\�W8a�SpN~f�\@\>c�bdh8Z	Z5�@\jcV�@ZdX�x	SVWqarWqa�Z	f�P�hqf/\�NQZ	\d^GRTh8ZdbdW8SVU#e
boX*SCNqR-h8S'k+SVU�b_W8S'\>U �nNQ\jcVP�WqSV\jU%^�\>hwW8a�bdW�RTcCb>NqN	��S ) Z8)�!jNQ\jcV��SVU�e�W8a�Z	i�S'U�b_hqt�R-cpb>NqNQS [/R5b_WqSV\>U�f�hq\>i�c'Z5k �7��N�W8a�SpN
^�h8\jk R-cpb>N8N��A\jh"U�\jW���� � )

|�a�SCN�NQZlcVZdR-WqZdX+f�h8\je>h{b_kmN�Z5W�SCN�\>h{R a#ZdNQWqh2b_WqZdX¤x	S'W8a b�N�SVk+f�c'Z"^�P�U�RTW8SV\jUuP�N�SVU�e�h8Z�b>NQ\jU�b_i#cVZ
!�[���ZdX
R-\@Z P�R-S'Z5U*W{N"��a�Z5h8Z�b�^�W8Zlh�h8ZT^�Z5h8hqZdX+W8\�b>N	x�ZlSVe>a�W2N � )

� b>R2a�f�h8\je>h2bdk ��a�b>Ngb [�WqU�ZdNqN(!�� � ��b5�@Z5h2bde>ZdX�\d�@Z5h+bdcVc�Wqh2bdSVU�S'U�esZ5�#b_k+f#cVZdN � !�Wqa�b_W+h{b_U�ejZdN
i�Z5W�x�Z5ZlU �@) �obdU�X ( ) �@)�!�Z5W�P�N�ejSV�@Z	ZdbjR a�f�h8\je>h{b_k"��N�Z5cVZ�R-W8ZdX�bjN�f�b_hqW�\_^ W8a�Z	[�U�bdc���M��%� R-cCbjN8NQS�[�Z5h
b_Uv\>h2R2a�ZdN�W8h{b_W8S'\>U+xyZ5SVeja*Wy\_^8T#�%$&� �8) & \>h`b%f�bdh8WqSCR-P�cpb_hyW8ZdN�W	NQS'e>U�bdc !�Zdb>R2a�f#h8\>ejh2bdk�SCNyNQa�\dx	U+Wqa�Z
NQS'e>U�bdc�b_U�Xgh8Z5WqP�h8U�N"brhqZdNQf�\>U�NQZ�'(��i�Z5W�x�ZlZ5U)' *,+.-�b_U�X)' *0/21N)�!�Z5W	P�N	h8Z-[�U#Z3'(�objR5R-\>h{X*SVU#e�W8\]'

' U�Z5x� '4$ �?T �(5 ' �d�76 �"( 6 T �d�85 ' *9/:1 6 ' *7+;-" � & ))( �
!"\dx�S ^ W8a�Z}f�h8\je>h2bdk��+^�h8\jk RTcCb>NqN%�1a�b>N	W8a�Z}a�SVeja�ZdNQW�<%'�� !���M��o� R-\>U�RTcVP�X*Z�N Wqa�ZrWqZdNQW�NQS'e>U�bdc

SCN�^�h8\>k R-cCbjN8N=�*) -"\dxyZ5�@Z5h�!�i�ZdR5bdP�NQZ]\d^ �?> P�b_W8S'\>U�& ))(�!���M��o� �qcVSCN�W8Z5U�N�k+\>hqZ]bdW8W8ZlU*WqSV�@Z5c't@�uWq\
A ¦2B C�B;DFEHG�IJEHGLKNM�OQP�RFS�C2TVUXWZY\[]O�WLY;Y_^a`#b,O�[dceC2P7fFP]O�gQPhWLikj�lNC2m;nFg O�P]ohceC2jd[]PhWL[]C2p\B



&�� ����������	�
 �
������������
�����	�����
����������

f�hq\>e>h{b_kgN�Wqa�b_W�b_h8Z�!~\jUsb5�@Z5h{b_ejZ
!;�8k+\jh8Z�h8ZlcVSCbdi�cVZ �u��S ) Z8)ra�b��@Z�a#SVe>a#Z5h�[�W8U�Z�N8N � ) !"\jW8SpR-Z�W8a�bdWoW8a�SpN
[�WqU�ZdN8N	f�hq\>f�\>hqW8SV\jU�b_WqZr\jh2R2a�ZdNQWqh2bdW8SV\jUgkgb_�@ZdN�U�\vb_W8WqZ5k+f�WyW8\r[�U�XP'

� br[�W8U#ZdN8N1^�P�U�R-W8S'\>UgW8a�bdW"f#h8\>kv\>W8Z�N�\>h2R2a�ZdN�W8h{b_W8S'\>U
� Wqa�Zo\>f�WqSVkgbdc�x�ZlSVe>a�W T � ^�\>h�Zdb>R2agf�h8\je>h2bdk
� Wqa�Zo\>f�WqSVkgbdc�f�hq\>e>h{b_kgN�Wq\�\jh2R2a�ZdN�W8h2bdW8Z
� Wqa�Zo\>f�WqSVkgbdc/^�P�U�RTW8SV\jUg\>Uux	a#SCR2a+W8a�ZoxyZ5SVeja*W{N	b>R-W

��������
 	�

�
��

��� �����������������������! 
��cVZ�b_h8c't
!�b_U b_c'W8Z5hqU�b_WqSV�@ZoW8\+c'Zdb_hqU�SVU#e�a�\dx i�ZdN�W"Wq\+\>h{R a#ZdNQWqh2b_WqZ}b�U*P#k�i�Z5hy\_^�f�hq\>ejh2b_k�N(!�\>h�x	a�SpR a
f�hq\>e>h{b_kgN�W8\+\jh2R2a�ZdNQWqh2bdW8Z
!�SCN	W8\+Wqh8tgW8\�R a�bdU�e>Z�Wqa�Zri�b>NQSpRrcVZdbdh8U�S'U�e�\_^yW8a�Z}f�h8\je>h{b_kgN�N�\+W8a�b_W�Wqa�Z
f�hq\>e>h{b_kgN�Wqa�b_W}f/ZlhQ^�\>hqkmi�ZdNQW}\>U�W8a�Z�W8h{b_SVU#SVU�ezNQZlW%x	S'cVc�bdcCN�\ui�Z�Wqa�Z�i/Z�NQWr\jh2R2a�ZdN�W8h2bdW8ZdX]x	SVWqa�\>P#W
^�P�hqW8a�Z5hGc'Zdb_hqU�SVU#e])#"�ZdR5bdP�NQZ���M��%� cVZdbdh8U�N�f�hq\>ejh2b_k�N�SVU}b_UoZ5�@\jcVP�WqSV\>U�b_h8t	^�h2bdk+Z5xy\>h8��!5W8a#SCNGb_kv\>P�U�W2N
W8\}SVU�RT\>h8f�\jh2b_WqSVU�e}W8a�Z�X*Z5k�b_U�X�N�\_^�bof�b_hqW8SpR-P�cCbdh�\>h2R2a�ZdN�W8h{b_W8S'\>UvNQWqh2b_WqZ5e>t�SVU�W8\�W8a�Z%$8#�
 
"!J!�&�� 
 �0#�� ��
@)

M W}Zdb>R2a�e>Z5U#Z5h2bdW8SV\jU !yb�^�W8Zlh�R-\>k+f#P�W8S'U�euWqa�Z�[�WqU�ZdN8N�\_^�ZdbjR a�Z5�@\jcV��SVU�egf�hq\>e>h{b_k'!y��M��%� R5bdU
b>NqNQS'e>U]ZdbjR agf�hq\>e>h{b_k b U�Zlx�[�W8U#ZdN8N"i�b>NQZ�X¤\>UzSVW{N"bdi�SVc'SVW�t�Wq\+\>h{R a#ZdNQWqh2b_WqZox	SVW8aza�SVeja¤[�WqU�ZdNqN S'U�X*S��
��SCX*P�bdcCN1^�hq\>k�Wqa�Zo\>W8a#Z5h�X*SCNqR-h8S'k+SVU�b_W8S'\>U�e>hq\>P�f�N�)
& \>h�ZdbjR a X*SCNqR-h8S'k+SVU�b_W8S'\>U+f�\@\jc?� !���M��%� RTh8ZdbdW8ZdN�'si�Spb>N�ZdX �:h2b_U�X*\>k)( �
�"���(� !o��P�NQSVU#e+\>U�Z}f�h8\ �

e>h{b_k�^�h8\jk�ZdbjR a�\d^�W8a#Z1\jW8a�Zlh�* 6 (yX*SCNqR-h8S'k+SVU�bdW8S'\>U�f/\@\jcCN � R5bdcVc'ZdX,+�+< ) )-+k+. ) & \jhAZdbjR aYX*SCNqR-h8S'k+SVU�bdW8S'\>Ue>hq\>P�f � !*^�\>h	Z�b>R2a¤f#h8\>ejh2bdk �gSVUgWqa�Zoe>h8\jP�f�'

� -0/21� $43 .576 < Q�8:9�; ��<��>=
?@+k+5BA T �
' � & )#" �

Q �jb_c:�C<��>=D?E+�+5 A T � SpN"W8a#Z�f�Z5h{R-Z5U�W2b_ejZ�\d^�W8h{b_SVU#SVU�egZ5�#b_k+f#cVZdN	W8a�bdWoW8a�Z�\>h{R a�Z�NQW8h{b_WqZdX���M��%�
f�hq\>e>h{b_k¢N�Z5W"\d^F<��>=D?G+ +5 R-\>hqh8ZdRTW8cVtzR-cpb>NqNQS [�ZdN(!�\>h{R a�Z�NQW8h{b_WqZdXux	SVWqauW8a#Z�x�Z5S'e>a�W�N�Z5W T ��N�P�R2a]W8a�bdW
T � $�� � ^�\>hoZdbjR a�f�hq\>e>h{b_k ��S'UH<���=,?I+ +5 � )v|�a�SCNo�>bdcVP�Z�SCNobdU�b_f�f#h8\d�*S'kgb_WqSV\jU]W8\ua#\_x xyZ5cVc �
�8\jh2R2a�ZdN�W8h2bdW8ZdN	SVUve>Z5U�Zlh2b_c � !�hqZ5cCbdW8SV�@Z�W8\�\>Wqa�Z5h�f�h8\je>h{b_kgN�S'U¤Wqa�Z}N8bdk+ZoX*SpN8R-hqSVk+S'U�b_WqSV\>U�f�\@\>c )
& h8\>k W8a�SpNAf�\>S'U*W�\jU !���M��o��^�\jcVcV\dx�NAWqa�Z�[�WqU�ZdN8N�f�hq\>f�\>hqW8S'\>U�bdW8Z�\>h2R2a�ZdN�W8h{b_W8S'\>UvNQWqh2b_WqZ5e>t}Z5�#R-Z5f�W

W8a�b_W�W8a�Z�f�hq\>e>h{b_k�^�h8\jk�ZdbjR a}X*SpN8R-hqSVk+S'U�b_WqSV\>U�f�\@\>c#R a#\@NQZlUY^�\jhA\jh2R2a�ZdN�W8h2bdW8S'\>Uox	SVc'c>i�Z�Wqa�Z�J�
"!$#@i�b>N�ZdX
\>U ��-K/L1� h{b_W8a#Z5hrWqa�b_U�\>cpX�[�W8U�Z�N8NO)���UsZ5�@\jcV�@ZdX]\>h{R a#ZdNQWqh2b_WqSV\jU !���-0/21� h8Z5f#cCb>RTZdN � �vSVU W8a�Z+ZlU*WqSVh8Z
f�hq\�R-ZdN8N�)
�@\]Wqa�Z+U�P�k�i�Z5h�\_^�R-\jf�SVZdNoW8a�bdWrf�hq\>ejh2b_k �sSCN%c'SV�@Z5c'tgW8\]a�b5�@Z�SVU�W8a�Z+U#Z5�*W}e>Z5U#Z5h2bdW8SV\jU
SCNob�^�P�U�RTW8SV\jU]\_^ �k-K/21� bdU�X�Wqa�Z5h8ZT^�\>h8Z�b�^�P�U�R-W8S'\>U]\_^`a�\dx xyZ5cVc8���q\>h2R2a�ZdN�W8h{b_W8Z�N	�+x	SVWqa�f�hq\>ejh2b_k�N
^�h8\jk Wqa�Z�\>Wqa�Z5hoX*SpN8R-hqSVk+S'U�b_WqSV\jU¤f�\@\jcCNO) � *¥N ^:bdW8Z�SCN�U�\gcV\>U#e>Z5hob�^�P�U�R-W8S'\>U]\_^9� *¥N"f�Z5h�^�\>h8k�b_U�R-Z�\jU
SVW{N	b>NqNQSVejU�ZdXzX*SCNqR-h8S'k+SVU�bdW8S'\>U�W2b>N��P)

�������NM O �P��Q
���SR�TF���%����� �����U���V�:�������W���! 
M"U�\jW8a�Zlh��jb_h8Spb_WqSV\>U]\jU]W8a�Zr[�W8U�ZdNqN"f�hq\>f�\>hqW8SV\jU�b_WqZ+\>h{R a#ZdNQWqh2b_WqSV\jU]SVU]��M��%� SCN"Wq\+W8hqtuWq\�[�U�XuWqa�Z
i�ZdNQW}N�Z5W�\_^`x�Z5S'e>a�W2N ^�\jhoW8a�ZvR a#\@NQZlU�NQZ5Wo\_^`f�h8\je>h{b_kgN"Wq\gi/Z�\>h{R a#ZdNQWqh2b_WqZdXWXGW8a#SCN�SCNZY 
 ���\[ #^] ! 
 �
�"�_[
`ba m;oNc�C2paPhWLnepFO�ikYedVD@lFm�WLj]C2p#[]Ogf WZPdp=cFm;g�cFC:P
hX[]nFC2jdj�m.nepFmji�m;pFUNWLY;j WZo2o2OQPdpFm;nFg�[dO [dceC j WLi�C%j]ohceC2pFUFY;C jdcFOgf8n=m;nk m;g�UFP]C�leB;b�BSkFOQP8[dcFm;jH[dcFC2j]m;j
D:mnf8WLjHjdC2[,[dOFoqp�^ B



� ��� � ��
�����	�����
���������� ��	 ��� ������� 	�� &��

�
�"�g[��"!$# ���%#
	 ���N)�
���������������������������� �!�"�����#���%$&�"�%�'�)(�*,+.-/���%���,(#$0���213�4���5*6+��#78���,( ���#�91;:.( <=<>�#?�@>���
�#(%*6+A��<>��$B�����;T#�2� �C��+/�D?E��@=��+;�478��� T ���GF%( ��:H1����I?E�����KJG( ��� (GLM@=��78���#(��H� �N78@=$O-/<=:O7I������@>�/�.@=�
��� � �#P )�QE+/�����R@S7�(T?E�)( <>��+U�#�V<>@=�����5( ��W����4( 1��%W/��-�( �5( $O����������W��/@>�/�D(#�����"���X��+/@S7Y�����/���,( <Z78@=��W�(#��@>�%�
LM-[( �,(#$O�������!��W/�/@>���\�"�%��<=@>�/�#(#�!�"W/��*]��@>�%�!P,^#���#*,+/�/@ > W��#7!7IW�*6+_(�7`<>@=�/�#( �`���������#7�7I@>�%�OLM�
)a�])=^2bdcY���#7�7\�J#V��e=fg^
(�h%h ";^8�\@S*]��^ (�h�i���j
P�+�(�F��21������H?E��<><V78��W���@=�#�P)XQE+/���"��<><=�#?�@>�/�.$O����+/�;�U�"���4��W��/@>�/�G��+��T-[( �,(#$O�������,7
?�(%7R*,+/�k78���A78@=$O-/<=:.���G-�( �5( <><=��<!��+/�2$O����+/�;�UW�7I�#�l@=� �k�#*]��@=��� & ))( ) &])

Qm�.1����%@>�`^/��+/@n7X78���,( ������:B?�@><><Z*]���)( ���o(.78���X� �p-/���%���,(#$H7Rqr���.�%�,*,+/�#78���,(#���8)�qs?�@=<><�1��2$H(����t� �
��+��G78@>����<>�.1��#7I��-/�������5( $u�"����$u�)(�*,+���@n7�*]��@=$O@>��(#��@=���H-�����<�1�(�7I�#�v�������5( @=�/@>�/�w78���Rx[���/�#7�7O) !R��y;��^
��+��O7I���,(#�����%:K?�@><=<Y@>�/@=��@S( <>@����2��+/�G?E��@>��+;�27I��� T �"�%�T�%�,*,+/�#7I���,(#��@=���z78W�*,+{��+�( � T#� $ � �9�"�%�9�#(%*6+
-/�������5( $ �|7I��<>�#*}���#�v�"���.q2^�~�W�78�_(�7T@=�{��+/�Ux����/�#7�7T-/����-�������@>�%��( ���O���5*6+��#78���,( ��@>�%��*�(�7I�8) !R�#?�?X�
*�(#�K78�)( �,*,+l�"�%��(.1����������t78�����#�EF%(#<>W/�#7'�"�%� T )����"������@=�/@>��@n( <=@ �#(#��@=���`^;��+/�2�"��<><=�#?�@>�/�.��+/�����_78����-�7�� �
(G78@>$B-/<>�t78@=$UW/<S( ���#�U(#�/�/�#(#<>@=�/�.-/���;*}�#7�74( ���T����-��#( ���#���o�3��@>$O�#7�)

� ��@>��@S( <=@ ���8'B�� $ (2( ��� TK� /"�n� $ T
( )4cY@n*,� �C1����I?X����� (D( ���)��)
"@)ST + $�T +/��� 5 � +
V@) � � Q F%( <
LIq2^ T�PN� Q F%( <�L8q2^MTK� /"�n� P,^/��+���� TK� /"��� $ T ��<n78� � + $ 6 � + X

� @n74(w�t( W[7�78@S( ���,(#������$��;W/$G13���������/���,( �����[) �k����- (9@S7\-����I�"����$B�#�U1;:v*,+/���k78@>���#���"����$���+/�
�,(#�/��� b (��=� * j ?�@>��+K(U-/����1�(#1/@><=@>�I:H��@S78����@>1�W/��@=���v� > W�(#<`���O��+/�.7�( $O-�<>�#�H78W[*�*]�#7�7\�5( ���)7R(#�278����- VU�%�
-/����F�@=��W�7�7I��<>�#*}��@>�%��7��#�9�m@=�O7I����- ( )�������- V�@n7�(#�/�/�#(#<>�#�O7I�9��+�( ��<>�;*�( <!$B@>�/@=$O(4( ���R-�(#����<>:G(�F���@S���#�P)
QE+/@S7�( �/�/�)( <>@=�/�G�,( ���)7'��+��o�"�%��$��#��7I��<>�)*]��@=�/�9��+/�2@>���"����@>�%�E��-���@>�%�v?�@=��+H-/���%1�( 1�@><>@=�I:U� > W�(#<`���K����� �( � �L"(2���X���o��P )

�������^�  E����Q ���N¡ R�TF���%����� �����U���V�:�������W���! 
�R�/�%��+/���YF%( ��@S( ��@>���G���G��+��Ex����/�)7�7Y-/���%-�������@>�%��( �������5*6+/�)78���5( ��@>���.@=�Gc!��¢2£�@n7�����x�y9��+/��?E��@=��+;��78���
T (#�'��+/��@=�����]��(#W/<>�YF%(#<>W/�#7�L?Ta� $ � ���"�����#(%*6+.-������%�,(#$ �O78��<>�#*]���#�o�"�%�����,*,+/�#7I���5( ��@=���!Pp(#�������2����:
���.x����H��+/�_78�����#��-/�������5( $H7���+[( �413�)78��x��R��+/��7I�9?X��@>�%+��57 X/��+�@n7�@n71��¤"�,¥�¤���. ] !#����¤"�g['��¤"�_[��"!$#�¤��%#�	 ���@)

��.�����2�����O�����������.� �E�"�����#���%$u-����D*]<S(�7�7.L"@ )a�
)3�%�/�.-����2���,*,+/�#7I���5( ��@=����?E��@=��+;�]P�1;:K(#<><=� ?�@=�/�O��+/�
-/�������5( $ �������5*6+��#78���,( ���v�"���A��@S7�*]��@>$O@=��( ��@>���;¦I7I��<>W���@>�%� �.����F%( ��:�� F����H( <=<�� �_��+/�K-/�����%�,( $w7w@=�
��@S7�*]��@>$O@=��( ��@>���t-3���%<�� )pQE+/�E�5( ��@=����(#<>���"���V-/@n*,��@=�/�478�%$O��-/���%���5( $��%��+/������+�( �.��+/�9§�13�)78�L�4-/���%���,(#$
LM+�@>��+��#78�2x����/�)7�7T$B�#(�7IW/���#�v�%�|��+��O���5( @>��@>�/�A78���]PR�"����$¨(v��@S7�*]��@>$O@=��( ��@>�%�v-�����<�@S7o��+/�U�"�%<><>�#?�@=�/�])
cY@n*,��@=�/�t78��$B������+����Y-/�������5( $©$H(�:GLM�%��$H(�:T�����]PZ���#��W[*]����+/��@=����@=F�@S��W�( <���@S7�*]��@>$O@=��( ������:t-3�#?X����� �
��+[( ���%�/�.-/���%���5( $ª��@S7�*]��@>$O@=��( ��@>���;¦I7I��<>W���@>�%�`^/1/W/�t$H(�:H���#*]���#(�7I�9��+/�9�/�%��¦�<>@>���#( ������<n(#��@=����7R@=�v��+/�
���5*6+��#78���,( ��@>�%�|-/���;*}�#7�791;:{���/��W/�%+����v-����;��W�*}�v(v�����.*]<S(�7�78@�x3*�( ��@>���z-3���8�"����$H( �[*]�U@=$O-/��� F���$U�}���
�"���4��+��T������@>���tc!�t¢T£�7I:/7I����$ )

Qm��1����%@>�`^4��+/@S7O78���,( ������:�?�@><=<�@>�/@=��@S( <>@����O��+/��78���Kq����|1��{��+/�K1��#78�O-������%�,(#$ �«�"����$ �#(%*6+
��@S7�*]��@>$O@=��( ��@>���A-�����<�1�(�7I�#�{�%�|7I�,( �[�/( �5��x������#7�7.L:� � P )UQE+��U�%�,*,+/�#78���,(#��@>�%�{?X��@>�%+��o78����^�T¬^m?�@=<><
1��278���'�"�����)(�*,+U-/�����%�,( $ �O���91����%�,*,+/�#7I���,(#���#�G���.@>�57E���}��( W/<=�'F%(#<>W/��^�� � )�!R�#?�?E�2*�(#�H78�)( �,*,+U�"�%�
(U1����������4-/���%���5( $ª78���Tq­LIq $ <�� < A �=� ��®�=�P )t�\�"�����R@=�/@>��@n( <=@ �#(#��@=���`^;��+/�9�"�%<><>�#?�@=�/�U��+/�����.78����-�7R�#�N(
78@=$O-/<=��7I@>$GW/<n(#���#�G( �/���#( <=@>�/�G-/���;*}�#7�74( ���T����-��#( ���#�v�2����@>$B�#7O)



&�i ����������	�
 � ������������
�����	�����
����������

� ��@>��@S( <=@ ���8'Yqp� /"��� $ q

( )4cY@n*,� �C1����I?X����� (D( ���)��)
"@) � y�*6+�(#�/���.q + � �"���4( ������+����R-������%�,(#$ �"����$���+/�D��@n7�*]��@=$O@>�[( ��@=���B*]<n(%7�7���-�����< )
V@) � � Q F%( <
LIq2^ T�PN� Q F%( <�L8qp�������}^ T�P,^;��+/��� qp� /"��� $¬q

������-�(�@S7R-����8�"�%��$O�)�l1;:K*,+/����7I@>�/� �'�"���%$u��+/�.�,(#�/��� b (%�>� * j ?�@>��+�(w-�����1[( 1/@=<>@>�I:A��@S78����@>1/W���@>�%�
� > W�( <4���z��+/� 7�( $B-/<>�#��7IW�*�*]�#7�7��5( ���#7O( �B78����- V{�%� -/����F�@=��W�7B78��<=�#*]��@=����79�#� �T@>� 78����- ( ) ������-
"v@n79-����I�"����$O�#�{?�@=��+�(v1/@n(%7����#?�( �5�|$O�����O+/@>�%+/<>:Kx��.-/�����%�,( $w7�W�7I@>�/�K��+/�A7�*,+/�#��W�<>�H7I+/�#?��«@=�
� @=��W/����"@) ( ) ������- V9@S7E( ���/�#( <=�#�H78�G��+�(#��<>�;*�(#<`$O@>��@>$B(T(#���2-�(#����<=:O(�F��%@n���#�5)YQE+/@S7�( �/�/�)( <>@=�/�G�,( ���
��+��o�"�%��$��#�X78��<>�#*]��@>�/�D��+/�2@=���"����@=���X��-/��@>���A?�@>��+l-�����1[( 1/@=<>@>�I:G� > W�( <`���{��� � �( � � L"(2���E� �o��P )

��������� 	 �V�P�������SR
	 �P��Q
���Z� � �����������:�������W���
 
QE+/��@=�������;��W�*}�#�9?E��@=��+;�8¦�1�(�7I�#�.���,*,+/�#7I���5( ��@=���G7�*6+/��$O�#7`��y�-�<>�����#�T@=�.��+/��-�����F;@>�%W�7��"��?�78�#*]��@>�%��7Y( ���
eg	n�3����¤;��¤ �_[��"!$#�¤��%#�	 ��� !�)Y�4�9��y�( $O-�<>�Y?�@=<><;+/@>�%+/<>@=��+;����+/����@S78��@>��*]��@>�%�91����I?E�����9��+��#78�N( ���A� ���:]
e 	n�3����¤
��¤"�g[��"!$#
¤��%#
	 ���D78���5( ������@=�#7 X/��+/�D78W/1;~��#*}��� ����+/@n7�7I�#*]��@=����)

��W/-/-��k78�O��+�( ��?�+����{��+/�.-/�������5( $H72*,+/��7I���K���A��@S7�*]��@>$O@=��( ���R�"���D*]<S(�7�78�#7%�4( �[��
IJJ�%#L[G������W/���
+/@=��+z*]����x3������*]�k^m@=�2@n7���+/�B*�(%78�Hh V@)#"
��� �4��+/�U��@>$O�D��+�(#�2��+/�H7I@>�%��( <�@>� > W/�#78��@>�%�{@S7o���#( <=<>:H�"����$
*]<S(�7�7��!^�( �[��@=�Y@n7���+/��*�(�78�4h%h@) (���� ����+/����@=$O��?�+/���`^�@=�G(��/�;@>��@=���`^%��+/�4*]<S(�7�7���-������%�,(#$­*]����x3������*]�
F%( <=W/�2@n7'-[( ����@n*]W�<n( ��<>:G<>�#?�) � �O����+/����?X���,��7]^/��+�������$w():.1��D(.78����� �C78@>�%��( <S7'�"���%$�*]<n(%7�7��O��+[( �4( ���
�/�%�278W�*�*]�#7�7
�"W/<><=:O���)*]���%�/@ ���)�w1;:H��+/�_*]<n(%7�7��l-/�����%�,( $ ��@n7�*]��@=$O@>�[( ���%��^;1/W/����+/�#78�D7�( $O�_*]�����"W[78@>���
*,+�( �5(�*]������@S78��@S*�7E*�( W�7I�9(.����<>@n(#1/<>�t-�( ���������l�#�����)78-�����7I�#7�@>�H��+/�2�%��+/����-������%�,(#$u�;@n7�*}��@>$B@>��(#�����57O)

� � ���5�����O���|�,(#���A(���F%( �;�,(#����� �D��+��#78� (��/��@=��@=����(#<R@=����@n*�( ���%�,7��#^�c!��¢2£��/���#�/7G������$O-/<=� : (
�"W/��*}��@>�%��( -/-����#y�@=$H( �����4��+�(#�2*�(#�|*�(#-/��W����.�/�%��¦
<=@>�/�)( ������<n(#��@>�%��78+�@>-�7�)�!R�#( ���#78�I¦ !4��@>�%+�1����4@n7t78W�*,+
(9�"W/��*]��@>���w( -/-/���#y�@=$H( �����4( �[�l?E�t?�@><><��/�#?����#7�*]��@=1���+/�#? @>�N*�( �A1��T@=��*]�%��-����5( ���)�v(�7�(#�v�%�,*,+/�#7 ¦
���5( ��@>��� 78���,( ������:
)

!����9W[79(�7�78W/$B��^Y(%7T?E�B��@S�{@>����+/�Gx����/�)7�7 ¦�-/����-�������@>�%��( ���H���,*,+/�#7I���5( ��@=����(#���|@>����+/�B?E��@=��+;�8¦
78�)( �,*,+O�%�,*,+/�#78���,(#��@>�%�`^/��+[( ��?E�t?�@><><�7I@>$O-/<=:G*6+�����78�2�%�/��-/�������5( $��"���%$0�)(�*,+v�;@n7�*}��@>$B@>��(#��@>�%�.-�����<
( �[�l��+[( �4��+�(#�R-/�����%�,( $ ?�@><=<!1��9��+/�D78@>����<>�21��#7I�R-/�����%�,( $��"�%�R��+�( �4���������,(#��@>�%�|L�(�7�$O�#(�7IW/���)�w�%�
��+��T���,(#@>�/@=�/�G78���}P )
� ���H( * *}<n(�7�7U*}<n(�7�78@gx�*�( ��@>�%� -/����1/<=��$K^�?E�v?�@=<><4*]���#( ���K( *R¦ ��@>$B����78@=����(#<E�/�)( ���)78�8¦��/��@=��+;1����

78-[(�*]�B*�( <=<>�#� �� )�!R�#?¬c!��¢T£¬x�<><S7\��+/@n7278-[(�*]�.?�@=��+�<n( 1���<=�#�l-��%@>�;�,7O) � ���t�#(�*,+K<n(#13��<>�#�v���,( @=�/@>���
@>��-/W/��� + ^Xc!�t¢T£­���/�#?47.+/�#?0�)(�*,+«�#����+/�#7I�l-������%�,(#$H79���K1��H���5*6+/�)78���5( ���#�|���#7I-3�%�����#�5) � �4?X�
*�(#<><4��+/�K<S( 1���<DL
*]�%�����)*]�O*}<n(�7�76P9�"�%�H��+/@S7����,( @=�/@>���|��y�( $O-/<=��� + ( ����?E� *�( <=<R��+/�#78� * ���)78-�����7I�#7
�"���%$���+/�#7I�Z*�-/�����%�,( $w7k' <��� ��+/���%W/��+ '

®
��� ^/��+/���A?E�D*�(#�K78���R��+/�9-���@=���4@>�G*4¦I��@=$O����7I@>�%��( <Z78-�(%*]�

� b ' <��� A �>�=� A ' ®��� j ���K+�(�F��U��+/�OF%( <=W/� � + )K���"�����_����@=�/�v��+/@n7��"���G( <=<���+/�H(�F%( @=<n(#1/<>�O���,(#@>�/@=�/�v@=�/-/W/�57
L"(D�&�'�"!#��! P,^/?E�2+�(�F��D(.-/@n*]��W/���t� ��+/�#? ��+/@n7�������W/-A� ��-������%�,(#$H7\@=�������,(%*]�,7E�#F����N(U7�( $O-�<>@>���.� �
@>��-/W/�,7�)�QE+/�9-����;*]�#7�7E� ��1�W/@><S��@>�/�.��+/@n7E���#( ���#78�I¦
�/��@>��+;1����t78-�(%*]�2@n7E�%W/��<=@>�/�#�O@=�vQV( 1�<>� &]) ( )
$&% cXWZnFg�m;nFg�')(@M�P]O�i Rk[dO?ReS�o cXWLnFgQC2j+*,(@M�P]O�i.- G [dO�-8GLKdB
/10 cFC�neO�n32 Y;m.neC
WLP PdC2Y�WL[]m;O�nFj lXC2[2fHC2C2n fePdO�gQPhWZi P]C2jdfNO�nFj]C2jH[dcXWZ[�fHC2PdCHi�m;jdj]C2p?l0d0[dcFCHO�[]cFC2P O�Pdo cFC:jd[dP WL[]m.OQn(ikC2[dceO�pej

pFC2j]o2Pdm;lNC2p m.nk[dcFm;j8o cXWZfF[dC2P	B



� ��� � ��
�����	�����
���������� ��	 ��� ������� 	�� &�h

� < A�9$EGHJ7 FME��W9JF@9�� : A EG>MD%> D%B > D����%:	� +�
 >@: 7 HJFMEGK K.FME�� 9JF
� +� < A8EGF@F <�� : 7%9	�WA < B%A?E��SK=: <S< AIHJ7%9JK?: A EG:?9��������������� 9J: � � ! � �W9 : 7%9 A 9JK"� < D%K 9 <�� �WA < B A?E��#� : < : A?EG>MD%>MD%B >MD����%:	� +$#% � <����&(')')')& � � ���*&+')',')& � ®���.-0/ � +

1325476 / 1 3*865:9 7%9;�WA < HJ9JK?K <�� ���%>@F<�W>MD%BU: 7%9QD%9$E AI9JK?:>= D%9J> B%7?� < A8K@�WEGHJ9 � < A < AIHJ7%9JK?: A?EL:?> < D R

� y����,(�*}��@>���T��+/�t( ��7I?E���4LM<S( 1���<"P!�"���%$­(o���#( ���#78�I¦
�/��@>��+;1����N78-�(%*]�R@S7Y(T?X��<><�78��W���@=�#��-����;*]�#7�7�( ���
c!�t¢T£rW�78�#7}^��5( ��+�������+�(#�v(%�/�/7����/^;��+/@S7Cx���<n�P)pQE+/�����}�"�����k^ ��+/��7I�����)(������57C��(#$O@><=@n( �p?�@>��+G��+���W�78�t� �
�/�#(#���#7I�8¦��/��@=��+;13�%��7I-�(�*}�#7�*�( �A�/�#? 7�()�"��<=:H78�;@>-H�%�v���=�k�#*]��@=��� &]) ( )e�@)

QBA ;&C&G]K ; (DC:E ;&L>=GFHCM?+I =NCKJ*C&DE_ LU=NG]C&=@?O;[Z�LU= (MEPL5a�DYCON�->G]K8=
!R�#?���+�(#�.c���¢T£¬+�(�7���+�@n7278����W�*]��W/���k^��� ^`(O-/���;*]�#7�7T� �N*,+/����7I@>�/� (H*]<n(%7�7����z( ��W/�/<S( 1���<>�)�v���#7I�
@>��-/W/��$GW�78�X13�_���#7�*]��@=13�)�P)E£4�v���)78��@>��-/W/��P + ^/��+/�D78���R�#�Y-/�����%�,( $w7\?�@=<><!+[()F��D(G78�����#�����)78-�����7I�#7
��+[( �2*]�%�����#78-����[�/7����O��+/�9-���@=��� b '%<Q �NA �>�=� A ' � Q)�2A �=�>� A ' ®Q)� j @=�v��+/�.�/�#(#���#7I�8¦��/��@>�%+�1��%�278-�(%*]�8) � �%�����)( <�¦
?E�%��<S�T-/����1/<=��$H7]^}��+/�N*6+[( ��*]�)7`( ���XF�����:4<>�#?|��+�( �V��+�@n7!-���@=���V@>�D��+/�X78-[(�*]�X?�@><><k( <=���#(%��:2+�(�F��E(�<n(#1���< )
QE+/@S7o$B�#( ��7���+[( �Dc!��¢2£�$GW�78�t<>�����A���H�/�#(#��1;:v-���@=���57����A����������$O@=�/�D(O<>@>����<>:H*]<S(�7�7O).QE+/�����G( ���
$H(#��:G7IW�*6+H��¦
���#( ���#78�I¦
�/��@>��+;1����47I���,(#�����%@>�#7�)E£4�/��� �p��+��97I@>$O-�<>�#7I��^�(#���O��+/�2�����9c���¢T£rW�7I�#7E@n7E���
��@=F�����F�����:9<n(#1���<>�#�9-��%@>�;��(�F�������^�1/W/�����D?E��@=��+;�Y��+�(#�EF��%����1;: (SR�T (E?�+/������To@S7Y��+/�t��@n7I�,(#��*]��@>�)*R¦
��@=$O����7I@>���[( <�7I-�(�*]�t13���8?X�����G��+/�4<n(#1���<>�#�.-���@=���X@>� > W/�#7I��@>�%�O(#���O��+/�4-���@=��� b '%<Q �NA �>�=� A ' � Q)�2A �=�>� A ' ®Q)� j )QE+/�����2( ���R�I?E�D@>$O-��%���,(#����@S7�78W��#7�78W/������W�����@>���.+/�#?����9$w( y;@>$O@�������+/�4�(Uw*]@>���[*]:9�#�V-/���#�;@n*]��@>���
�"���4(9���#( ���#78�I¦
�/��@>��+;1����t78-�(%*]�2��+�(#������<S( �������.�/�%��$H(#<>@��#( ��@>���B� �p��+/�2�;@>$O���[78@>�%��7O) � 7�78������@n( <=<>:�^���+/�
x��578��-/����1/<=��$�@n7�@��p��+/�t-/���%���,(#$ ��@n7�*]��@=$O@>��(#���%�C�"�%�4*]<n(%7�70�A( <=?�(�:/7�7�(�:/7}^ �"���4��y�( $O-�<>��^���@>��+����S(�J (
��� (�J �k^�1/W��Y@n7V( <=?�(�:/7V��@>�%+��WV�^�@>�V?E�%W/<n�91����/@S*]�E���2*]�%W/���p��+/@S7Y��@>$B����78@=���2@>�.��+/��!�!�78-�(%*]�4(�7�$B�����
@>$B-3�%���5( �;�E��+[( �K7I��$O�t����+����4��@>$B����78@=��� ; @>�H?�+/@S*6+H��+/�2-/���%���,(#$ ( <>?N(�:/7�7�():�7E��@=��+/��� (�J (T�%� (�J �
1/W/�X��+/�k78�����#78-��%��78�#7����/<=:U+[()F��4(DJ@)g�F�.*]�%������<n( ��@>�%�U?�@=��+G��+/�t*]�������#*}�E�;@n7�*}��@>$B@>��(#��@>�%�G*]���;x�������*}�#7O)
c!�t¢T£ 78��<=F��#7���+/@S7�-/���%1/<>��$ 1;:K?E��@>��+;��@=�/�H�#(�*,+z��@>$O����78@=��� * 7RF%( <>W��O1�: � �%^V��+/�Ux[���/�#7�7T�#�4��+�(#�
��@=$O����7I@>��� * 7Y����-����#7I�����5( ��@>F���-/�����%�,( $/)

QE+/��7I�#*]�%���T@S7�78W��'@S7!��+�(#��@g�/��+/�����'@S7�(4��@S7�*]��@>$O@=��( ������-/���%���5( $&�"�%�Y*}<n(�7�78�/��+�(#�Y(#<>?�(�:�7m���#78-��%���/7
?�@>��+2��@>��+/���=(�J (����8(�J �X?�@>��+oJ@)�� �R*}��������<n(#��@=���2������+/��*]�%�����)*]�V��@n7�*]��@=$O@>�[( ��@=���4*]�%��x�������*]��^#(#���T��+/�����
@n74( ������+�����-/�������5( $��"���t*]<n(%7�7 ; ��+�( �t���#7I-3�%���/7R?�@=��+A��@>��+/���4JU�%��"X��JU?�@=��+v��+/�.7�( $O�D*]�%������<n(#��@>�%�
������+/��*]�������#*}�H��@n7�*]��@=$O@>�[( ��@=����*]�%��x������[*]�#7]^�?X�K?E��W�<n� <>@=���v���«?X��@>�%+��G��+���78� !�! ��@>$O����78@=����7
� > W�( <=<>:�7I@>��*}�l��+/��:�*}���;F���:{��+/�K7�( $O�A(#$O��W/�;�.� �T78�,(#��@S78��@S*�( <�@=���"����$H( ��@>�%��)�-4� ?X��F�����^Y13�)*�( W�7I�
?E�A(#���H$O�#(%78W/��@>�/� ��@n7I�,( �[*]�#7]^���+��l-������%�,(#$ �"�%�G*]<n(%7�7 ; ?�@=<><X+�(�F��H(�<S( �������.�(X��#*}�9������+/�A*]<S(�7�7
*,+/��7I���{��+�( �z?�@><><p��+/�G-/���%���5( $ �"���.*}<n(�7�7 � )OQE+/�w78��<=W/��@=����@>����+/@S72*�(�7I�O@n7����A����������$O@>�/�ZY��%� � ^
��+��UF%( ��@n(#��*]�G� �4��+��a' � ��� �#F����D( <=<���^Z�"�%���{1����I?E������(G( �[�H*�)BQE+/���|�#(%*6+z��@=$O����7I@>��� �|*�(#�|1��
?E��@>��+;���)�o1;:2(SR[Y��%� � )YQE+�@n7`�/����$H( <=@ �#(#��@>�%�2@n7V( <>?N(�:/7���+/�E��@>�%+��`��+/@>�/�t���t��� Y�[��}�2#L[��]\�	/.U�}� !�	 ��� !
��¤6�B	n�^\�� �3�6�^\��}� #V) � F����{��+/��W���+ ��+/�O-/�����%�,( $w79�/��F����2��y;-/<>@S*]@>��<>:A@>�;�����5(�*]�D( �[�«(#���H?E�%���;@>�/�K�%�
��@)X!�������;�G��@n7�*]��@=$O@>�[( ��@=����-/���%1/<>��$H7]^Y1��#*�(#W�78�A��+/��:�( ���l���#78-��%����@>���|������+/�A7�( $O�A78���.� �2@=�/-/W/�57
_�0 cXWZ[�m.j	D	[dcFC2P]C m;j@W8fNC2P M�C:o2[@o2O�P]PdC2Y�WL[]m;O�n?lNC2[2fHC2C2n�[dcFC�fePdO�gQPhWZiZ` jXP]C2jdfNO�nejdCUi�WLY;UFC�WZnFp?[dceC�o2O�P]PdC2o:[ pem.j]o2Pdm;ikm.nNWL[dm;OQn

o2OQn0hXpFC2neo2C�B



��J ����������	�
 � ������������
�����	�����
����������

��+���@>�D���#7I-3�%��78�)79?�@><><��/�%�.1��O@>���;��-����������;�() � $B-/@>��@n*�(#<><>:H+/�#?X��F�����^V��+/@S7T�/�%��$H(#<>@��#( ��@>����@n7 > W�@>���
*]<=��78�2���.��+/�D78�%���4� ��������$w( <>@��#( ��@>�%�H����������$O@=�/�#�91;:O$O�%���2*]�%$O-/<=��y.$O����+/�;�/7�78W[*6+A(�74c��X� )

Q�(#1/<>� & )#"|7I+/�#?47H({�/�#(#���#7I�8¦��/��@>�%+�1��%�O1�(�7I�#��( <=���%��@>��+/$ �"�%�H*,+/����7I@>�/��(|*]<S(�7�7U<n(#13��<\�"�%�v(#�
W/�/<S( 1���<=�#�O���#7I�478@>�%��( < )

� ��¤����W�_[J��¤"�,¥�¤���. � # � ��¤ �_[��"!$#�¤��%#I�RL (2� �H� *DP
!�����' � Q 1��2��+/�2���#78-����[78�9�#��-/�������5( $ �H���.���)78��@>��-/W/��P

!������ Q 1��2��+/�2-���@=��� b ' <Q ^ ) ) )=^4' 5 Q ^ ) ) )=^4' ®Q j @=�G*R¦ ��@>$O����78@=����(#<!7I-�(�*}�

� ��¤9���W�_[Heg��J]�5e>�"\ #�¤���	n�/	n�%¥O	n�,� �W#�� + YY	)#L[��]e �C!J!9e ��J]�,e � +!������ ��� 1��9��+��T-��%@>�;� b ' <���NA �>�=� A ' ®��� j @>�G*R¦ ��@>$B����78@=����(#<`7I-�(�*]�
!������­1��2��+/�2?X��@>�%+����#�!^�������$w( <>@����#�J?��	�>G]C&=@T�^H�X( �����#7I@n( � ��@n7I�,(#��*]�21����I?E�����
� Q (#����� ���

� ��¤T���W�g[���¤"�,¥�¤���. � #I� ��¤ �_[��"!$#�¤��%#I�4L"(2� �l� *DP
� $�� � L:' � Q 6 ' � ��� P (,5 
���YC�%�

�Q�(#1/W/<n(#���_(�F��%���R�"�%�R<S( 1���<�� + ?�@>��+v7I�������/����+v� > W�(#<`��� <
�

N\=@SV=NK ; ;&L>=USVG]a�=@S�;&L>G@; C&=@K8= ( R =NTX;&LM=BL�(ME5LM=N?O; R D];&=U?�;&C&= C:EE;&L

13254�6 / 1 3�� 5 9 7%9	�WA < HJ9JK?K <�� �%K?>MD%B : 7%9 D%9$E A 9JK?:�= D%9J>@B 7 � < A < AIHJ7%9JK?: A?EL:?> < D � < A���� NQP HJFMEGK?K?>�� H$EG:?> < D R

QE+/�.-/���;*]�#7�727I+/�#?��K@>��QV( 1/<=� &])#"B78@>$B-/<>:O?X�����/7�(%7R�"��<><=�#?47O)�
�+/����(O-�(#����@n*]W/<S( �t78���t� �X-/���#¦
���5( $H74������W/����*]�%��x�������*]�#74( 1���W��.78�%$O�9-[( ����@n*]W�<n( �t���#7I��@>���H78@=����(#<
^!��+/�G��@n7I�,(#��*]�.@n7�$O�#(%78W/���#�l@=�
��+���*R¦ ��@>$O����78@=����(#<��/�#(#���#7I�8¦��/��@=��+;13�%�X78-�(%*]��L �� P�13���8?X�����D��+�(#�Y-���@>�;��(#������F�����:�<S( 1���<=�#�T���,( @=�/@>���
-���@=���[)YQE+/@S7Y��@n7I�,(#��*]��@n7`?E��@>��+;���)�9( <=���/�2�#(%*6+_��@>$B����78@=���21;:9��+��'x����/�#7�7Y�#�!��+/�E-������%�,(#$©���#7I-3�%��78@g¦
1/<=�\�"�%�E��+[( �4��@=$O����7I@>���G(#���O�/����$H( <=@ ���)�91�:.��+/��F%( ��@n( �[*]�R�#�Y��+/�4���,(#@>�/@=�/�.7I@>�%��( <����#7I-3�%��78�)7�( <>�%�/�
��+[( �.�;@>$O���[78@>�%�{���v����$O�#F��.���/�w78��W��,*]�O�#�G§��/�%@n7I�F�l�"���%$ ��+/�U�"W/��*}��@>�%��) � (%*6+�<S( 1���<>�)�����,( @=�/@>���
-���@=����@=�O��+/��!�! 78-[(�*]�2F������#7C�"�%��@>�57E<n( 1���<pL
*]<S(�7�76P�?�@>��+H(9F������278������������+H�#� <

�
)�QE+/�2<S( 1���<YL�*]<n(%7�7,P

��+[( �4���#*]��@>F��#7Y��+��T<S( �����#7I�������5( <VF������278�������/�%��+A@n7�*,+/��7I���A(�7���+/�D78@=����(#<Y*}<n(�7�7E���G-/���)��@n*]�[)

��������� � �W����� � � �U�����:�������W���! ��q�0�U�D ,���������
QBA G]_! >SF=�" DY_7a$#DC>G@;%#VD C N5;&C&G@;&=�E&#V=N?
� �R@S7\-��k7�78@=1/<>�.���H*]�%$U1/@=�/���%�,*,+/�#78���,(#��@>�%�KF%( ��@S( ��@>���[7R<>@=������+/�.�%�/�#7��;�#7�*]��@>1��#�A( 1��#F��9@>� (UF%( ��@>���I:
� �p?�(�:�7O) � ���X��y�( $O-/<=��^�?X�2*�( �Ox��578�N78�#(#�,*,+O��+/����W/�%+v-/�����%�,( $ 78-�(%*]��?�@>��+A(.78���X� �Vx�y��)�U?E��@=��+;�,7
L:�k�#*]��@=���+&]))( ) &;P,^�(#���9����*}��?E�'x[���9��+/@S7Y*]���%-3���,( ��@>F��N78���Y�#��-/�������5( $H7V?E��*�( �.��+����G78�#(#�,*,+9��+/���%W/��+
?E��@>��+;�478-[(�*]�GL:�k�#*]��@=��� &]) ( ) V PY�"���4��+�@n7���@S7�*]�#F������#�O78����� ��-/�����%�,( $w7E@>�H���5�����4���.x����O��+/�2�%-/��@=$H( <
?E��@>��+;��7I�����"������+���78�D-/���%���5( $H7�)

�R�/�%��+/���C*]��$G1/@>�[( ��@=���D-3�k7�7I@>1/@=<>@>�I:2@n7V���2��F���<=F���13���������Y���5*6+/�)78���5( ��@>���HL2���#*]��@>�%� &]))( )#"�PV( ���.��+����
( �4���5*6+��#78���,( ��@>�%�l��@>$O�k^ ���G���B(U7I�#( �5*6+O����x[���l��+/�213�)78��-/�������5( $ 78���2L:���#*}��@>�%� &]))( ) &;P )



� ���@� 	�� ��	�
���� 	���� ���:����� �E��
 � ������� � (

6K( �;:H*]�%$U1/@=��( ��@>�%�v7I���5( ������@>�)7�*�( �A13�D@>�;������<>�#(�F��#�.�,(#��+/���R��+�( � �����/�D@>�A78����@>�)7O) � ��@S7\�)(�78:H���
@>$w( ��@=�/��^��"���4��y�( $O-�<>��^�@=��������<=�#(�F�@=�/�D78�#(#�,*,+H@>�H-/���%���5( $ 78-�(%*]�.(#���l?X��@>�%+��N78-�(%*]�8)

£4�/�H$O�����O�,(#�/�����;��@S( <�W�7I�H� �2��+/�H���,*,+/�#7I���5( ��@=����@>�;�"����$w( ��@=���|��+�( �G@n79?X������+ $B������@>�%�/@>�/�H@S7
��+���@n���)(T� �
	N¤"�_[��"!$#�¤��%#�	 �����4�C!#�"\�
Xeg	)#�	 !�� ) � �O�/�%��$H(#<3��<>@>��@n7I$�@>�B��F���<=W/��@=����(#��:G*]�%$O-/W/�5( ��@=���`^���+/�
§�1��#7I�L�v�%�/�U�%�T�"��?¬@>���;@>F;@n��W�(#<n7�@>����+��U-���-�W/<n(#��@>�%��( ���O��W[( �,(#�������#�{���K7IW/��F;@>F��.W/�[*6+�(#�/���)��@=�����
��+��T����y����%���/���5( ��@>���\)�Q':;-/@n*�( <><=:U��+/�H§�1��#7I�L�U@=����@>F;@n�;W�( <S7E( ���.���}x��/�#�O1;:O��+/��@>�Ex����/�#7�7�F%( <=W/�#7O) � �
£4�,*,+/�#7I���,(#��@=���E"�(�7I�#� � <>@=��@n7I$K^���+/�K§�1��#7I�L�O@>�[��@>F;@n��W[( <n7}^[�"�%�2��<>@=��@n7I$�-/W/��-���78�)7]^V*]��W�<n�v1��.�����#( ���#�
���21��4��+/�k78�4-/���%���,(#$H7Y��+�(#��?E���G?�+�(#����F����p���,*,+/�#7I���5( ��@=���B78���,( ������:.?N(�7�*]W/�������;��<=:2@>�GW�78�8) � �!?�+[( �
��+���7I:/7I����$©���#( <=<>:.*�( ���)7E( 1��%W/�E@S7C�%������@>�/�D��+/�41��#78�X���5*6+/�)78���5( ���#���%���%W/-`^���+/���G-�����+�(#-�7E@>�p@n7'��+/��7I�
-/�������5( $H74��+�(#�R?�@=�K��+/�D���,*,+/�#7I���5( ��@=��� 78�#(#�,*,+v��+[( �27I+/��W/<S�v$O��7I��*}�����5( @>��<>:O1��9-����#7I����F��#�5) �k@>��*]�
c!�t¢T£r�����#7Y�/�%��W�78�4��<>@=��@S78$K^���+/@n7Y*}��$O-�(#��@S78���.?X��W/<S��1��4��y;���,(#�/���%W�7Y+/������1�W/��@n7Y*]�����,(#@>�/<=:9?X������+
-/W/�578W/@=�/�G@>�O�"W/��W����2?E�%���5)

� # A ; �MC&= D J QBA  �=NC(;&?
cY(%78�9?X�����|*]�����,(#@>�/<=:K��y;@n78�57�����*]��$G1/@=�/@>�/�B$UW/<=��@=-/<>�2$O�;����<n7�<>�#(#���/�)���"���D��+/�H7�( $O�G-/W/��-���78�w78�
��+[( �O��+/��@>�w*]��$G1/@>���#�|���#7I-3�%��78�K@S7]^���� (�F����,(#����^�1����������O��+�( ����+�( �H�#�.(#��:����/�K�#�D��+/�K$O�;�;��<n7
LM�
)a�])=^`b !�@>����<=�#78�����/��^ (�h�i%i�^8!�@>����<>�#7I���%�/�D( ���H
|(#��$GW/��+`^ (�h%hC&/^�"E<>W�$K^ (�h�hX��^�"E@>��<S( ��^ (�h�h V�( j P )

QE+/�����O(#���G�8?X�H$H( @=�K<>��F���<S7\�#���%�,*,+/�#78���,(#��@>�%�{@=�|c���¢T£ )`���2��+/�.<=� ?X����<=��F���<XL�����P,^`$GW/<>��@>-/<=�
-/�������5( $H7t*�( �A13�G*,+/�k78���H�"����$ (O7I@>�/�%<>�_��@n7�*]��@=$O@>��(#��@=���O-�����<X(#���v��+/��@>�4���#7I-3�%��78�)7R���5*6+/�)78���5( ���#�
���B��1/�5( @>�z(O7I@>�/�%<>�9���#78-��%��78�.�"������+�( �o��@n7�*]��@=$O@>��(#��@=����¦ 78�%<>W/��@>���\)�cY����F;@>�%W�7�?E�����v@=��c!��¢T£­L"�8)a� )>^
baQ`��<=<>���X( �[� Y���<>�k78��^4(�h%h � j P�+�(�74����$O�%��78���,(#���#�U��+�( ����+/@n7E<=��F���<�� �p���5*6+��#78���,( ��@>�%�v*�( �H1��T�+X!�)*]��@=F��8)
� �K(%�/��@>��@>�%�`^/��+/�2��(�*]�4��+[( �4��F���<=W/��@=���v@S7EW�78�)�v(�74��+/�D<>�#(#���/@=�/�9�"���5*]�9@=�Kc!�t¢T£ -/���#F�@S���#74(����#(���:
78�%W/�,*}��� �`-������%�,(#$H7���+[( �����5*6+/�)78���5( ����( ����+/@n7�<=��F���< ) -R�#?E��F�����^�1�����+U1��#*�(#W�78�tc!�t¢T£�*�( �9�"W/��*}��@>�%�
?�+/��� (v78@=�/��<=�O-/�������5( $ª@n7D78��<=�#*]���)�l�"����$ª�#(%*6+z��@n7�*]��@=$O@>�[( ��@=���K-�����<�^E(#���{1��#*�(#W�78�Gx�����@=�/�v��+/�
��@=��+;�9$O@=y���W/���D� �t��y;-3�����,72@n7��/�%�.��+/�O-���@>$w( ��:A?E�%����� �t��+/@S7o��+/�#7I@n7]^Y��+/@n7D(�7I-3�)*]�9�#�2c���¢T£­?�(%7
������-/-��#���"����$­��+/�4��+��#78@S7C@=��78�5( �;��@S( ��@=���O�#�pc!��¢2£r(�7X���#7�*}��@>1��#�.@>�B��+/�4-/����F�@=��W�7�*,+�( -/�����() � W/��W/���
?E�%����@>����+/@S79(#���#(K7I+/��W/<S�|*]�����,(#@>�/<=:v@>�[*]<>W��;�U��+/�O@>�[*]����-3�%�,(#��@>�%�|� �t����+/���D?E�����{�%�|$O@=y���W/���#74� �
��y;-������57E@>�;���.��+�@n7E<>�#?X���E<=��F���<�c!��¢2£����,*,+/�#7I���5( ��@=����)

QE+/�27I�#*]���[��<=��F���<;� �pc!�t¢T£�L����\Pp���5*6+/�)78���5( ���#7Y��+/�t��@,X��������;����@n7�*]��@=$O@>�[( ��@=����¦ 78�%<>W/��@>�%��7ELM@=�����]¦
-�������������� �V+�� ?�$H( �;:9��F���<>F��)�9-/���%���,(#$H7Y$H( ����W�-U�#(%*6+G� �V��+/��7I�2��@S7�*]��@>$O@=��( ��@>���;¦I7I��<>W���@>�%��76P )V�\�
��+�@n7Y<>��F���<
^#$UW�*,+9�#�V��+/�4?E�%���.�%�H*]��$G1/@=�/@>�/�t��+/�4���#7I-�����7I�#7'�#�V$UW/<=��@=-/<>����y;-������57C@S7Y�/���N( -/-/<=@n*�(#1/<>�
1��#*�(#W�78����+/�#78�N��@n7�*]��@=$O@>�[( ��@=����¦ 78�%<>W/��@>�%��7�(#���X�/���Y���#78-��%����@>���T������+��47�( $B� > W/�#7I��@=����)pQE+/@n7�@S7m$B�����
(G78@>��W�( ��@>�%�v� �'��@>F;@n���o( ���A*]��� > W/����^/@>�H?�+/@S*6+H��+�@n7�78�)*]�����H<>��F���<3�#�����5*6+��#78���,( ��@>�%�v@n7E��+/�D*]��� > W/���
78����-H(��"��������+�����@=F�@S���#�G78W/1;¦
-/����1/<=��$H7Y+�(�F���1������H7I��<=F��#�P)Yc���¢T£r�;���#7�(��/�;���#7�7'��+�@n7Y-/���%1/<>��$­( ���
���5*6+��#78���,( ��@>�%�v(#�R��+/@n7E<=��F���<�@n7E��+/�D78W/1;~��)*]��� �p��+/@S7�*6+[( -/�����()

����� ��� � ."!�#%$ .'&)(�0�*,+.-/$ �`00!�#%12-)&31

���54F��� 	76��N¡98 ���;: ��¡ ���g 
QE+/@S7o��+/�#7I@n7�����F������)7�( �����;��@>���.*,+�( -������.L2��+�( -������.��P4���v�;��$O���[78���5( ��@>�/�O��+/�G�,( �����B( ��������$w( @>�
� �Nc���¢T£ )!QE+������_( ���G(#<n7I�H(U�;W/$U1������#��@n7�78W/�)7R@>�A��+/@S7R��+/�)78@n7E�"���t?�+/@n*,+v��$B-/@>��@n*�(#<!*}��$O-�(#��@S78���[7
( ���9W�7I�]�"W/< ) � ���4��+��#78�D*]�%$O-�( ��@n7I����7}^�(�$H(#��W;��(�*]��W/���#�B����$H(#@>�H-/���#78���;���)�w@=�v��+/@n7�7I�#*]��@=���H@n7�W�7I�#�



� " ����������	�
 � ������������
�����	�����
����������

��+�����W���+/�%W/�2��+/�2���)78�4� �X��+/@S7\��+/�#7I@n7O)NQE+/@n7�7I�#*]��@>���H-/���#78�����57\��+�( �2�;��$H(#@>�H+/�����91��#*�(#W�78�D��+/�2x��,7I�
��y;-�����@=$O���;�YW�78@=�/�G��+/@S7�����$H(#@>�H�,(#���#7'-�<n(�*}�T@=�)���#*]��@>��� & )#"@) "@)

"E�]�"������?E�t-/���#7I���;�E��+��2����$w( @>�Z^ <=���EW[7E��y/(#$O@>������+/�D*]��@>������@n(R�"�%�4(9�����;�v�;��$H(#@>�O@=�O?�+/@n*,+O���
���)78��$H(#��:G� �p��+/�D*]<S( @=$H7'�#�Y��+/@n7E��+/�#78@S7O)�QE+/@S7R�;��$H(#@>�H7I+/��W/<S�l1��8'

� � �;��$H(#@>�O@=�l?�+�@n*,+H(9�/�#(#��-3���8�"�#*]�47I��<=W/��@=���A*�( �H�#�"�����H1��2���#(%*6+/�)�U?�@>��+/@>�O��+/�2���������,(#��@>�%�
1���W����P)

� ���;��$H(#@>��@>�|?�+�@n*,+�(����#( �.-����I�"�#*]�.7I��<=W/��@=����*�( ���/���G1��l���#(�*,+/�#��?�@>��+���W/�G(K���#(%78�%��( 1/<=�
(#$O��W/�;�E�#��<>�)( ����@>�/� )

� � �;��$H(#@>�G@>�O?�+/@S*6+w(9�/�#( �X-����8�"�#*}��78�%<>W/��@>�%�l@S7'@=$O-���7�7I@>1/<=�R?�@=��+/�%W/�E���]�"��������*]�4���.$GW/<>��@>-/<=��^
<=�;*�( <D78@=����(#<2(�7I-��#*]�,7�) � ������+/���H?E�%�,�/7}^R@=�v7I+/��W�<n��13��@>$B-3�k7�7I@>1/<=�v�������;��@=����<=:�78�%<>F��K��+/�
-/����1/<=��$�1�:2��+/����<=��1�(#<�( -/-�<>@n*�( ��@=����7V� ����+/�XW�78���Y-/���#F;@n���)�T-�(#�,( $B��������@ ���)��78@=����(#</-/��@=$O@>��@>F��#7
L"���41�:B( �;:H78@=�/��<=�2<>�;*�(#<V( -/-/<=@n*�(#��@=���H� ����+/�D7�(#$O��P )

� �����%$H( @=�O@>�H?�+/@S*6+O��+/������@n7�7IW UH*}@>���;��*]�%$O-/<=��y�@=�I:9���.+�@>��+�<>@>�%+���$w( �;:.� ����+/�D��@n7I��@>�[*]��@=����7
��+/�2��+/�#7I@n7E?�@=<><!1���@>���.W/-�)

� �©���%$H( @=�{��+�( �2@S7T7I@>$O-�<>�2���/�%W/��+|��+�( �2?X�O*�(#�{+[()F��.+�@>��+z*]�%��x������[*]�U��+�( �2@=��@n7����;��@=����<=:
W/�[�����,7I�����;�P)_QE+/@n7R@S7R@>$B-3�%���5( �;�R1��#*�(#W�78�.@=�v���#( <Y?X����<n�K���%$H( @=��7]^�@>��@S7\���#( ��<>:v@=$O-���7�78@>1�<>�
���9(%*�*]�%W/���V�"���X( <=</��$O-/@=��@S*�( <;�/(#�,(2�;�/��@>��@>�#7V��+�(#�E(#���t*�( W[78�#�91;:.W/�/��y;-��#*]���#�9*,+�( �5(�*]������@S78��@n*�7
�#�Y��+/�D����$H(#@>�H@>�578��<g�*)

QE+/��$H(#��W;��(�*]��W/���#�.�;��$H(#@>�G��+/@S7C��+/�#7I@n7YW�78�)7'+�(%7C�"��W���*]<S(�7�7I�#7O)��4�U��y�( $B-/<>�N78@>�%��( <��"���%$0�#(%*6+
� �C��+/���"��W��4*]<n(%7�78�)7]^��"���%$�1�����+v��+��T���,(#@>�/@=�/�O(#���O���#7I��@=�/�O7I���,7E@S7�78+/�#?��A@>� � @>�%W/��� & )@V@)

��7E:���WA*�(#�A78����@=� � @>�%W/���S& )@V;^/��+/�D��@S78��@=�/��W�@n78+�@>�/�_78@>�%��( <`�"�#(#��W/����@>�H��+�@n7E�;��$H(#@>�H@n7;!}eM�O��� )��
+/@=��+H<>��F���<!*}�������#*]�4*]<S(�7�78@�x[����� �p��+/���"�%W/��*}<n(�7�78�#7E@S7O'

��<n(%7�7 (.+�(%7�(U-���7I@>��@>F��.7I<>�%-3�G(#<><V��+/�.?N(�:l��+/���%W/��+\)3��<S(�7�7 "U+�(�7��/����( ��@>F��_78<>�%-��
�"�%�E��+��Rx��,7I�E+�(#<��V�#�V��+/�27I@>�%��( <Z( ���U��+/���H(2-���78@=��@=F��278<=��-��R�"���X��+/�o78�#*]�%���U+�(#<��*)?��<n(�7�7
V9+�(%7R(9������(#��@>F��o78<>�%-��.( <=<!��+/�2?�(�:U��+/���%W/��+\)k��<n(%7�7O&G+�(�7�(.-���78@=��@=F��278<=��-����"��<><=�#?E�#�
1;:H(9�/���k( ��@>F��D78<=��-��8)

� (�*,+ 7I@>�%��( <4@n7.(vF��#*}�����D� � "X� �KF%( <>W��#7]^��#(�*,+|�#�2?�+/@n*,+|@S7.( � @=�����������91����I?E������J{(#���:"N�X�@)
QE+/�#7I�D( ���2��+/�D78��W��,*]�#7�� �C�/��@S78�2@>�H��+�@n7����%$H( @=��'

� QE+/�D7I<>��-��#7�F%( ��:OW/�/@g�"����$B<>:G?�@>��+�@>�O��+/�2�,( �����#7 b ¦ J@) (V� �;^ ¦ J@) J �#i j ( �[� b JN) J��#i�^ J@) (V� � j
� QE+/��$O@S��<>@=�/�O� �_��+/�z78@=����(#<GLM$O�#(#� �#�G( <=<278@=����(#<2F�(#<>W/�)76PG1��]�"�����{�/�%@n7I�K@n7H(��/�;�#�!^RF%(#��@>�)7

W/��@��"����$O<>:.?�@=��+/@=�H��+/�2�,(#�/��� b � ��^)(�h�J j
� � (�*,+K-���@=�����#�X��+/�G7I@>���[( <YF%( ��@>�#74W/�/@��"�%��$ �,( �[����$O<=:U�"���%$u��+/�K§,*]�%�����#*]�L�G<>@>���OL
�;�]x��/�#�v1;:

��+/�2$O@n��<=@>�/��+���@>�%+��4(#���l��+/�D*6+/�k78���A7I<>��-��#7,PE1;:B( �v��XZ78���4@>�H��+��T�5( �/�%� b ¦ "X��^#"X� j



� ���@� 	�� ��	�
���� 	���� ���:����� �E��
 � ������� �%V

���������
	 �
������������� �������������
��<n(%7�7�� ��<S(�7�7�� ��<n(%7�7�� ��<n(%7�7��

0

50

100

150

200

250

0 50 100 150 200 250
0

50

100

150

200

250

0 50 100 150 200 250
0

50

100

150

200

250

0 50 100 150 200 250
0

50

100

150

200

250

0 50 100 150 200 250

���������
	 �
	 �!�
����� �������������
��<n(%7�7�� ��<S(�7�7�� ��<n(%7�7�� ��<n(%7�7��

0

50

100

150

200

250

0 50 100 150 200 250
0

50

100

150

200

250

0 50 100 150 200 250
0

50

100

150

200

250

0 50 100 150 200 250
0

50

100

150

200

250

0 50 100 150 200 250

"$#&%('()+* ,.-0/(1325476 ���98;:�<=:?>=<=@0A9B 6 A �C<ED 6 @FA9@0A9BG>=@;BHA 6 8;> � DJI �K<ML9:�: 4N6 � �98O:B�7I?� 6 @0AQP
QE+/�H��@)UH*}W/<>�I:H� �4��+/�O�;��$H(#@>��@n7]^`�#�t*]��W/�578��^V<n(#������<>:�����-����[�����;�T�%�{��+/�HcSR;c�7T�%@>F����K���v��+/�

��F��%<>F;@>�/�2-/�������5( $H7UT � $H( �%@>�/�4(.cSR;c�*�(#<><>�)�VR@!`£tc � LXW A?Y Pp7IW�*6+B��+�(#�ZR@!`£tc � LXW A[Y Pp������W/���/�)����+/�
(�F����,(#���47I<>��-��4� �Z��+/�t78@=����(#<!7I����$B�����V1�����@=�/�/@=�/�2?�@>��+ Rk@>���[( < b y j ( ���.������@=�/�2?�@>��+ R�@>�%��( < b : j T!R�W�*,+
(OcSR;c�?E�%W/<n�H��1;F�@=��W�7I<>:H1��9F�����:OW�78�}�"W/<JT4
�@>��+ 78W�*,+K(.�"W/��*]��@>��� ( ��@=�,74��@n7I-���7�(#<
^3x[��W/��@>�/�O�%W/��@g�
(O7I@>���[( <V?�(�7��"����$ *]<S(�7�7\�O*}��W/<S�l1��.(%7�78@=$O-/<>�o(�7+]Z^`_
acb�_
a d e�e Ngfh^`b�iCeMj5kmlQnQoqpsrtjqp
u Cwvxe Ngfh^`b�iCe+lQnyo5kzn({y|qp`}�jqp�p~T

� �v���5�����4���G$H( ���t��+/�D-/���%1/<>��$ (�<=@>����<>��$B�����D��@)UH*}W/<>��^ Ngfh^`b�i9L A AM� P�?�@=<><��/����1��D-/���#F;@n���#�
(�74(Gc�R c3T�QE+/�2�I?E�GcSR;c�7�-/���#F;@n���#�O���Gc!��¢T£r�"���4��+/@S7E-�( ����@S*]W/<n(#�4����$w( @>�w( ���N]
b N5bZ�[b�^��(L�a e A pA��+/@S7'�"W/��*]��@>�%�v�,(#���#7�(.-3�%@>�;�R�%�v��+/�D78@>�%��( <p( �[�l������W/����7\��+/�9F%(#<>W/�9��+/��@=��+;��� �

��+/�D78@>�%��( <V(#�R��+�( �4-���@=����T
b N5bZ�WFh�
i
�HF��
iCe A k � pA��+/@S7N�"W���*]��@=���H�,(#���#74(�������@=���K���A��+/�_78@=����(#<Y(#���v������W/���[7\��+/�D()F����,( �%�

F%( <=W/�9��+/��@>�%+����#�Y��+/�D78@=����(#<�@=�l��+�( ��������@=���5T
� ����@n*]�K��+�( �H�#7I��@=$H( ��@>�/����+/��7I<>�%-3��W�7I@>�/���$�Q� ]��
	��M���S���M��?�@=<><4�,( ���K$w( �;: �"W���*]��@=��� *�( <=<n7

��@=F�������+/� ( $O�%W/�;�.� �D�/��@S78�A@>� ��+/�A78:�78����$�T � 78��@>$H(#��@=�/�K��+/� 78<=��-��l�"�%�U+�(#<��2��+/�K7I@>�%��( <�W[78@>���
�$�Q� ]�����
$���c� 
������X�M�t*�( �B�,( ���o(�7C�"��?r(�7'�I?X�.cSR;c�¦I� Y��$ R���
���"W/��*]��@>�%�H*�( <=<n7}^ 1�W/�E��+/�#78�4$GW�78�
1���*�( ���}�"W/<><=:.*,+/��7I���5T � �mc�R cp¦ �3Y��$ 4�o�
��LMy�^a:�P�@n7�( -/-�<>@>�)�9���2$O��������+�(#�H( 1��%W/�Z�~���9�#�`��+/��7I@>�%��( <�^
@>��1��#*}��$O�#7�W�78��<>�#7�7'�"������+�@n7����%$H( @=�5T
¡ �/<=�#7�7E�%��+/����?�@n7I�97I-��#*]@�x[�#�!^/(#<><`��y;-�����@=$O���;�,7Y�;�#7�*]��@>1��#�O?�@>��+H��+/@S7�78@>�%��( <`W[78�#�H(.���,(#@>�/@=�/�G78���

78@£¢��G� ���%J�JK7I@>���[( <n7D( ���z(l���)78��@=�/�A78���D7I@¤¢��G� �
¥%J�Jv7I@>�%��( <S7+T@"E�#*�( W[78�G78@=����(#<n7��"����$ª��+�@n72����$w( @>�
*�(#�K�#(�7I@><>:A1��.�����/���,( ���#�!^`��+��#78�_78���57T(#���.�%���/���5( ���)�v�,( �[����$O<=:l�"�%���#(�*,+K��W��K���O�"W/����+/���27I$O������+



¥�� ����������	�
 �
� ����������
�����	�����
����������

��W��T��+/�.�(X��#*]�57R� �X�5( �����%$O<>:A*,+/����7I@>�/�A(#�|(#1/�/����$H( <C7�( $B-/<>�2�"������@=��+/���R��+/�.���5( @>��@>�/�H���t���#7I��@>���
78����T�QE+/@S7R�;��$H(#@>�H?�@><=<!1��9���]�"�������#�O����^[�"�%�R��+/�9����$H( @=�������X� ����+/@n7E��+/�#7I@n7]^�(�7���+������}�3�}¤}	�����	 ¥�����e
 "! �.��	n� T

���54F�54 	76
8Z���W�,¡ �% ����$# ���W�&% �('U�����:�������W���! 
QE+/����y�-�����@>$O���;�p��@n7�*]W�7�7I�#�.@>�O��+/@n7�78�)*]��@=���G@n7'��+/���"��W/�N*]<n(%7�7E*}<n(�7�78@gx�*�( ��@>�%�O-/���%1/<>��$K^���+�� ���}�3�6¤]	��
��	 ¥�����e  "! �.��	n� T*)

QE+/�G�8?X�O@>$B-3�%���5( �;����y;-3����@>$B�����5( <,+ W/�)78��@=����7����v(%78��(#���K§,¢4�K( �;:v�#����+/�#78�.<=�#( ���/�#�v�%�,*,+/�#7 ¦
���5( ��@>���B78���,(#�����%@>�#7Y-����8�"�%��$©$O�%���.�.-/��	M�6�10MeF�R��+�(#�U��+/�\x[���/�#7�7Y-/���%-3�%����@>���[( ���t���,*,+/�#7I���5( ��@=���B78���,( �I¦
���%:(243 (#��� §5¢R�K(#��:A� �N��+/�#7I�.<>�#(#���/�)�v���,*,+/�#7I���5( ��@=����7I���,(#�����%@>�#7�-����I�"����$ $O�����v�.52�6��0
	�7 �5e0����+�( �
��+���x����/�#7�7T-/����-�������@>�%��( ���H���,*,+/�#7I���5( ��@=���z78���,( ������:8243 � �%�9��+�@n7���+/�)78@n7}^���+/�#78�G�I?E�A������$H7R?�@><=<Y1��
W/���;���,7I�����;�v���G$O�#(#�5]

9;:=< # 9 C < � ��+/�.$B�#( �A��@>$B�UL"W�78W[( <><=:v$O�)(�78W����#�O@>�K�%���/���5( ��@>���[76P4@>�4�,(#���#7R��+��G78���5( ������:A���H���#(%*6+
(.-�( ����@S*]W/<n(#�E<=��F���<!�#�Y�%���/���5( <=@¤¢#(#��@>�%�H-3���8�"����$H( �[*]�7T

9;>?9@<BA #�C 9 C 91D4D ��+��l$B�#( �|<=��F���<�� �t�����/���,(#<>@£¢#( ��@>���z-3���8�"����$H( �[*]�O���)(�*,+/�#�{1;:�(v-�(#����@S*]W/<S( �.��@=$O�
��+/���#7I+/��<S�KLMW�7IW�( <=<>:FEK�HG4¦��
� � �$ R��Q � £ � R/P[T

� � � @=��W/�����QT ��^�?E�K*�( �r78���v��+[( �O��+/�����A@n7.@>���;���#� 7I��$O����+/@=�/�{���|1��v�k( @>���#� 1�:�<=�#( ���/@>�/� (
1����������O�%�,*,+/�#78���,(#��@>�%�5T�QE+/� Y'�6	 ¥\[@0 ]JI#����¤K�_[ ! ¤K�_[��KI�0�¤��B0�	 ! ��-����I�"����$H7U(#-/-/��� y;@>$w( ����<>:���J � $B�����
�(Uw*]@>������<>:9��+�( �B��+/�Rx[���/�#7�7E-/���%-�������@>�%��( ���9���5*6+��#78���,( ��@>�%�H( ���O��+/��L�¤ ! ¥�¤�� � ]MI#����¤K�g[ ! ¤K�g[��KI�0
¤��B0
	 ! �
-����8�"�%��$H72(#-/-/���#y;@>$H(#����<=:��%J � $O�����.�(UH*}@>���;��<=:l��+�( ����+/��x[���/�#7�7T-/����-�������@=����(#���H���5*6+/�)78���5( ��@>���gT
QE+/�#7I�����)78W/<=�,7Y$H( ���47I����7I��(%7E��+/�����R@S7Y���/<=:O7I�9$GW�*6+G(%�/��@=��@>�%��( <�@=���"����$H( ��@>���G��+[( ��*�( �O1����k( @>���#�
?�@>��+/@>�H��+/�D*]���;����y;�E�#����+�@n7E<>@=�/�#(#�E���5*6+��#78���,( ��@>�%�5T

0.7

0.75

0.8

0.85

0.9

0.95

0 5 10 15 20 25 30 35 40

T
es

t-
S

et
 g

en
er

al
iz

at
io

n 
%

 C
or

re
ct

Generations

NP evolution in PADO in the Generic Signal Domain
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NP evolution in PADO in the Generic Signal Domain

Evolved (Fitness Proportionate) Orch
Fitness Proportionate Orch

Weight-Search Orch
Program-Search Orch

Nearest-Neighbor Orch
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NP evolution using IRNP and Fitness Proportionate Orchestration

Fitness Proportionate Orch
Fitness Proportionate AND Evolved Orch
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NP evolution using IRNP and Weight-Search orchestration

Weight-Search orchestraiton
Weight-Search AND Evolved Orch
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NP evolution using IRNP and Prog-Search orchestration

Prog-Search Orch
Prog-Search AND Evolved Orch

0.75

0.8

0.85

0.9

0.95

1

0 5 10 15 20 25 30 35 40

T
es

t-
S

et
 g

en
er

al
iz

at
io

n 
%

 C
or

re
ct

Generations

NP evolution using IRNP and Nearest Neighbor orchestration

Nearest Neighbor Orch
Nearest Neighbor AND Evolved Orch
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Create initial population of Neural Programs

Determine each program’s fitness over the training set

Create a Credit-Blame map for each program

Genetic Recombination Operators act on Mating-Pool

Compute Function Sensitivity Approximations

Accumulate explicit Credit-Blame values using collected statistics
Refine Credit-Blame map using bucket brigade procedure

MUTATION(p, Credit-Blame map for p)
CROSSOVER(p, Credit-Blame map for p)

Use Credit-Blame map for program p:
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Fitness Proportionate Selection       Mating-Pool

Keep statistics on the outputs of each node of each program

IRNP additions to EC 
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NP evolution in PADO in the Generic Signal Domain

IRNP Nearest-Neighbor
IRNP Weight-Search
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PADO learning using Search-Weight orchestration on the Generic Signal Domain

IRNP Weight-Search C60M36
Without IRNP Weight-Search C60M36
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PADO learning using Nearest-Neighbor orchestration on the Generic Signal Domain

IRNP Nearest-Neighbor C60M36
Without IRNP Nearest-Neighbor C60M36
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PADO learning using Weight-Search orchestration on the Generic Signal Domain

IRNP Weight-Search C60M36
IRNP Nearest-Neighbor C60M36
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NP evolution in PADO in the Natural Image classification domain

NP -WITH- IRNP recombination
NP -WITHOUT- IRNP recombination
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NP evolution in PADO in the Natural Image classification domain

NP -WITH- IRNP recombination
NP -WITHOUT- IRNP recombination
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NP evolution in PADO in the Natural Image classification domain
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NP learning in PADO in an acoustic classification domain

NP -WITH- IRNP recombination
NP -WITHOUT- IRNP recombination

���! #"#$ % '-(+*�O , ����C34�A@9�>�0<> H � ���	�  �

��� ���	���#"�� X � ��� � F�0<> H � K >�� �Q470AH5HJ?:Z G�4�A@9�D7H�=�9�D H�47F�?I9�AD?�0A=5>�J

[ �4��?	��$VS xYT �5!��	� y !(�%�	$���$/)	$,�1
�>4����
��%�4��)#;&$,�1�T$/)��U�T���%��$��'�*¼O� ANM ��$�
����	$B!|��)Z
B<�$/�1
���$=��)]$�
����
��$/)	$,�1
�������)IY y �����A
�)&C y �4�%�	��?	� ÀUq�r ¼KY7?&!���)	�����	$ r $�
���$�!���� r $,�����7~W���@���:���	$B!����:
��%�4��) x

[ �4��?	��$VS xYT �A!��	� y !(�%�	$���$/)	$,�1
�>4����
��%�4��)#;&$,�1�T$/)��U�T���%��$��'�*¼O� ANM ��$�
����	$B!|��)Z
B<�$/�1
���$=��)]$�
����
��$/)	$,�1
�������)IY y ����� ÀUqEr ¼³{.���]~&����� �%�	$ . $/�4���7���%¹�$�
��1�1� 
�)0C r $�
��%$�!���� r $/�4���7~&���V���1�1�	$�!��%�1
����4��)
!��%�1
���$,���4$�! x�r �����"�'$F�%�&
��-�4)=�%�	$�!�$�$,�>;&$,����+2$,)7�1!TY1{.���#~&���������:���E$�!��%�1
��%�4��)�!����:
��%$,����$�!TY ÀUq�r ¼;>�$�
��%)	�4)E�
�"!@
�>4+2�8!��UbhcEf1d1d*b o krd���e���d4n k,o d'p�b-
�!@>4$�
���)	��)	� y �4�%�	��?E�(��� x

��� ��"�~���|mk��7|1|mkJ~ |��[�m� �J� �Jq �m�@�=|�~���|N��~�|�� k���"�~	�7��~)"�~����t�J�T�5~��/�% )���3q����%$3�  ����y��~I�m�uk=�)$<�m���I�



T9a`a ����� �����	��� 
 �����	�	��
����	��� ��� ������� � ���

0.5

0.55

0.6

0.65

0.7

0.75

0 10 20 30 40 50 60 70 80

T
es

t-
S

et
 g

en
er

al
iz

at
io

n 
%

 C
or

re
ct

Generations

NP learning in PADO in an acoustic classification domain

NP -WITH- IRNP recombination
NP -WITHOUT- IRNP recombination
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NP learning in PADO in an acoustic classification domain

IRNP Nearest-Neighbor
IRNP Weight-Search
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NP learning in PADO in an acoustic classification domain

IRNP and Weight-Search and Timestep Threshold = 20
IRNP and Weight-Search and Timestep Threshold = 10
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NP learning in PADO in an acoustic classification domain

IRNP Nearest-Neighbor Timestep Threshold = 20
IRNP Nearest-Neighbor Timestep Threshold = 10
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NP learning in PADO in an acoustic classification domain

IRNP and Weight-Search and Timestep Threshold = 20
IRNP and Weight-Search and Timestep Threshold = 10
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NP learning in PADO in an acoustic classification domain

IRNP Nearest-Neighbor and Timestep Threshold = 20
IRNP Nearest-Neighbor and Timestep Threshold = 10
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Test-Set generalization performance: Percentage Correct

NP evolution in PADO in the Hand-help Images classification domain

IRNP Nearest-Neighbor
IRNP Weight-Search
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Classifier Systems

Recurrent Neural Networks
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The Structure of a Population Individual

Indexed Memory of Integers

Main Loop

$�%'&)()*,+.$�/21y36V�MG=�H�;>ATtQA E<Rqv l<RK?SAT_�?SLN;�wG_@LNw<;P=�HqJ8R�	", ��$ 9<;PHDt�;SRDY�x

ÒU��=>=W���]$G&)( � ��=>?A�;?MQ�¢-£S£UTS(bÖ¨²����i�;��&/�]$�� $G&MHS��?'³�²)?!�TB>��B>6!�`���@²�BW��B5D-$G=/���'�T9�=>�E� ³R?S�V��®�B5�]�;�'D�?S&)(me�Å�Ü �$G=WHS?I��B>��®��%����²����i�;��&/� $'��B>?I&@?S&_$�&/9��C7��-��?'³�(/?S��$'B>&)��B>&)D2=W9)(bBW&�H���®����TØP?Z6/B5�T9)$G=×$G&)(@?S&M��$ID2?S9F�;��BcD�;BWHS&)$'=)(b?I��$GBW&)�×³R?I��ØV®�B5D ®����^²�B>��B5D�$'=S���i�;9�=W� ��$'���PHIB>6!��&\B>&Z��®�B5�Y��®��'�TB5�2N � &��P?'³U��®M�P=>?I&�HGv4���-���­HI?!$'=5�?G³]��®��pe�Å�Ü � ØP?S��g8®)$I��7)����&���? �)&)(8Ø�$i¯M����?@B>�@²M��?'6!����®M�����âD2B>�-&)D2¯�$'&)(8�2e��'D2��B>6!��&��i���P?G³]��®��HS�-&�����BcDP?S²)���E$G��?I� �P7/¯CDk®F$G&�HIB>&�H\��®��`����²M���'�T��&b�E$G��B>?S&C?G³×��®��`��6!?I=>6/B>&�H�²M��?SHI� $'����B°³U&��'D��'����$G��¯AN�ÒP®�Bc�&���ØL����²����'�;��&/� $'��BW?S&�=>�-&b�[B>�E�;��=°³]��?8��®��C=>�'$'��&�BW&�H8?'³VB>�^²���?'6!�'(����'D2?I�y7MB>&)$'��B>?I&	t;Ú���Åfa�Ò�|`?S²)��� $�v��?I� �V��®���?S9�HI®�D2?'v��-6!?S=>9M��B>?I& Ó ÒU��=W=>���-Q�¢�£I£KI Ö t4�;���\�;�iD2��BW?S& � Náä!|]$G&)(@��®������-7b¯C��$S(/��²���?IHS���'������?'ØV$G�E($8��$	��?I��HI?!$G=4N O ?'ØP��6!�-��Q�$8�T¯/²�B5D-$G=[z2Ú���Åfa�ÒV{8?S²)���E$G��?I�K` �¸²���?/D2�'���¸?'³ �)&F(bB>&�Hp$'&:$G&)�TØP���CØV$I�n!9�B>����B>&)��D2��9M� $G7M=>�!Q!7)�'D�$'9)�;�[?G³���®M�hzE�)?'ØK?'³�D�?S&/����?I=5{Z$I�;²)�'D2�V?'³���®��[����²����'�;�-&b�E$G��BW?S&UN�ÒP®�B5�VD-$G9)�T�'($h²M��?S7M=>��� ³R?S��®/9���$'&)��ØVB5�T®�B>&�H���?8B>&F�;²)�'D2�\$@=>�'$'��&��i(µ²���?SHI� $G�xN@ÙP9��[B>�[Ø�$S��$'=5�T?�$h7F$G����B>���[��?³R9�����®����ZBW�@²���?G6!�-�y��&b� ?G³ ��®��@HI��&�����B5Dy?I²)��� $'��?S�E�yØV®�BcDk®l��?�7)�h�^?S���C�2e��'D2��B>6!�C�y9F�;��Q�Ø]��$G��HS9��AQ&��'D��'����$G��BW=>¯pz���qM$G�^B>&��'{[��®��[��6!?I=>6/B>&�H\²���?IHS�E$G���PBW&8(/��� $'B>=�N
� ��� ��� 7 +9� &($*7 " ��$'&�� ��� 4F+ $�� $'& � � 
 ��& 5 �
� &��15��
ß�&���®��ZJfe �)�-=5(�Q���®������ ®)$S�V7)����&_D2?S&F�;B5(/��� $'7�=>�[�2e�?S���VB>&/6!�'�;���'(yBW&h���'�;�i$G� D ®�BW&�H�®�?'Øà�T9�7)�T����9FD2��9����tu�AN H�NWQ����2³R�-����&)D��'$G7�=W�[�;9M7���?I9���BW&��'�k|�D�$'&87)����6!?I=>6!�'(�NPÚ!9�7)�T����9FD2��9�����Bc�2Q�?G³�D2?S9��E�;�!Q�$Z�@�'$G&F�P&�?S�[$'&��&)(�N&�8?/(b9�=c$G��B>�T¯_$G&)(8®�BW��� $'� D ®b¯â$G���Z��®����-&)(�����®)$G�[�T9�7)�T����9FD2��9�����³4$ID2B>=WB>� $'���'��N`ÒP®��C$G��HS9��@�-&b�VBc���®F$G�[�T9�7)�;����9)D���9�������$'g!�'����®�����6!?I=>6!�'(�D2?/(/�Z�;�â$G=>=W����Q/�'$S�TB>���`��?C���i$S(�Q�$G&)(8²M��?'6bBc(b�'�`$¸����HS9M=5$G��B>�T¯��?C²���?SHS�E$G���V��®F$G��Bc�V$S(b6I$G&/� $'HS��?I9)��ØV®���&_��®������[B5�V��qb²M=>?SBW� $'7�=>������HS9M=5$G��B>�T¯@BW&8��®M��²M��?S7M=>��� ��?C7)��;?I=>6!�'(�N�ÒP®������ B5�`$G�@²�=W���-�@²�B>��B5D�$'=���6/B5(b�-&)D2�Zt4�;���^Ó � ?S¶'$/QU¢�£S£ ASÖT|���®)$'�V��®�Bc�ÂBc�PB>&)(/���'(y��®��\D�$S�T�!N
� � � ��� �
	�� � +?3 (��
	 �

ß���J	e¨Q�����Å�Ü � t���������������� �!�Sº>º°±@�b�#"%$����'&(�)$*�+��� ��$�|-,/.2³0.1,�243657��²*89.�:;.<5'³=.-qb²*>#8 :+8#3-2@?*AB2C3/,6?B:;36?*,/.<8#�
3�®D.E.1F�5G>9?*3/895��H�I,�¯�²*,/5):+.�2/2+J

�
5�,K.(L*��M@²*>9.ONP.��G:k®_²*,65GQ�,!��MR:+5G?*> S8®H�TF�.U5��*.sÅ�Ü �

�G262C5):;8 �I3/.�S8Ø-893�®



��� � � ��� ��������
F����� 
F��� �6�0����
F��
F� #W�6
�#����������	��� � ¢ AbÕ

M

L11

L91
L17

M

X

ADF(s)Main Program
q

M

mq

mX

Indexed Memory

$�%'&)()*,+r$�/ji)3 V�MG= l<RK?SAT_^?�LN;�wG_@LNw<;>=WHqJ R�	", ��$ 9<;PHQt�;�RDY w<EGk<=F;8LNMG=�9<M<RK?�= M M ;P=F9<;P=@?�=FEQLNRKL�ACH�Eyx�V�MG=F;>=�_FRDE
l<=�H�EG=	H�;�Y	H�;P=�, ��
 9<;PHQt�;�RDY	?^J H�;I=FRK_@M 	", ��$ 9<;PHDt�;�RQY�x 56Rq_ M , ��
 9<;>HDt�;�RDY Y"R,[pl<=0;P= Js=F;>=FEG_@=@k
J�;PH�Y!LNMG=�0 RKAjE�9<;PHQt�;�RDY�+<RDEGHQLNMG=F;�vCH�_FRqvI, ��
 9<;>HDt�;�RDY +DH�;�R����	��

��
���9<;PHDt�;�RQY�x

893 �I�HS 3�®B�I3[Å Ü�� :+5G?*> S 3�����.�N�³05�, .1L*��M@²*>#.�NP3TØ45 �I,6QG?*M .1�)3!2;J�Ü ?D,689�DQ .1F�5�>#?*368#5�� NB.��G:k®_²*,65GQ�,!��M
M ��¯ �*5�3 5��*>W¯ ,6.�³0.1,-365 893�2�Å�Ü�� �G2 3�®*5�?DQS® 3�®H�I3 Å�Ü��lØ4.1,/.U2C89M^²*>>¯ ���*5�3�®*.1, 3;Ø%5�� �I,/893T¯y³0?*�B:;36895G�
� .OJ Q*J#N�Å�Ü Ü 5G,&��Ô"b!Ò���N*A*?*3-.��G:k®�²*,/5�Q�,��IM�` 2VÅ�Ü��lØ-89>#> �I> 2C5�AB.�2@?*A �6.�:+3/.�S 365 Q�.(�*.1368 :K5S²B.1,!��365G,!2
2C5 3�®B��31N�5�F�.1, 368#M .�N13�®D.`Å�Ü�� ���BSE3�®D.V²*,65GQ�,!��M�M ��¯ :;5���.1F�5�>#F�.4365 3!����. ��SPFG���P3��IQ�. 5G³ 5G�*.-���*5�3�®*.1,
89� 5G,!SP.1,-3/5 AB.13/36.1, 2@5�>#F�.K3�®*. 3���2�� ��3�®B���BS�Jß�� 3�®*.V²�®B�G2C.[ß �I�BSC²�®B��2@.�ß�ß ,6.-²*,6.�2@.1�)3!�I3/895G�B2 5G³We�Å�Ü � N!Å�Ü��=2�Ø4.1,/.-?B2C.�SZØ-893�® 3�®*.P³05�>#>95'Ø-89�DQ
SP8 2C368#�B:+3/895�� J�Ò ,!�GSP893/895G�B�I>#>>¯�N��feKÅ�Ü��=2 M ��� �*5G3 :1��>9> 3��*.1M 2C.1>#F�.�242@89�B:+. 3��B�I3K8 2K�¸³05G,6M 5G³%,6.T:+?*,��
2C8#5�� �I�BS 2C5 8#�P3/,65)SP?H:+.�2K5��*. 5G³ 3��*. M �I8#� .1F�5�>#?*368#5��B��,�� :;5�M! *>#8 :1��368#5��B2K�G262@5):+8 ��36.�SXØ-8#3��mÒ ?D,689�DQ
:+5GM! *>9.(36. > �I�DQ�?B��Q�.�2;J#" 5�$4.1F�.(,1N)2C8#�B:+."e&%�' � $-�G2 ��>9,/.���S(�7.1L( D>98 :;8936>)��SP.T�I>98#�*Q*$-893�� 3��*.�2@. 8 262@?*.�2;N
�I>#>95�$-89�DQE3��D.+%�'��=2-,05G,-.���:��! *,/5�QG,!�IM 3/5 :+5��)3!��89� 2@.1>.,	��,6./,0.(,6.1�B:;.�20$-��24�D5 �GS*SP893/895G�B�I> A*?*,!S).1� J21��
�I>#> 5�3��*.1,#$-���D2+N*3��*.435%�' � %�'��=26$%.1,6.U:+5G�B:+.� D36?B��>9>7� 3��D.E2/�IM .'��2-36,!�GSP893/895G�B�I>0��38%�'�� 2+J

� � � � � 9!:�;=<?>@<5:�A0B8:�C (��
	 �

D �*.FE �	G�H/�IH/J� D,65�QG,!��M 2 � .�J QDJ9N5K #ML 89�N� 89QG?*,6.��4JPOI�-��,6.�QG>95�AH�I>9>)� �TFG��89> ��A*>9.= *,/5�QG,!�IM 2 3��B��3K:(�I� AB.
.1L).�:+?*3/.�S �I3 �I�Q� 3689M7. ���BSR,0,65�M �I�Q�Q$#�*.1,6.��6?B2C3�>#87��. 3��*.! D,689FG��36.S%�'��T *,65GQ�,��IM 2SU D .1>9>#.1,U�I�BS
� .1>95O2C5DN�V�WXWIY�Z@J2[4?*3-?D�*>98)��.K3��*.4%�'��\ D,65�QG,!��M 2+NQ$#�*.1,6. .��G:]�^%�'�� M �_� AB. ,6?*� 5��*>)� SP?*,/89�*Q�3��*.
.1L).�:+?*3/895G� 5�, 3��*.^35%�'a`b *,/5�QG,!�IM 5�,�$#�*8 :]� 893E8 2E�c B��,63(N 3��*.cE �	G�H6�IHdJ+ *,65GQ�,!��M 2��I,/.S *?*A*>#8 :+>)�
�1FG�I89> �IA*>#.K365 3��D.K.1�)3689,/.� B5X *?D> �I3/895G� JeUf% �*QG.1>98#�*. �I�HSg3 5�>9> ��:���N&V�WhWXi�Z SP.�2/:+,68#AB.�24� 2C8#M 89> �I, :+5G�B:+.� D3
:1��>9>9.TSkj ��l��Im7n�o;J D �*. SP8 2@368#�B:+368#5�� 8 2+ *,/89M ��,68#>7� 8#�p�*5�$ 3��*.�2@.S *?*A*>#8 : 2C?*A*,/5�?*3/89�*.T2��I,6. :+,/.��I3/.�S�J
% �*5G3��*.(,K,6.1> �I3/.�S :+5��H:+.� *3�,05G, 8 SP.1�)368q,r�P8#�*Q* *?*AD>98 :;>7� ?B2C.d,0?*> 2C?DA*,65G?*368#�*.�2 :1�I� AB.*,05�?*�HS 8#� Uts 5�2/:1�
�I�HSc[-�I>#> ��,!S�N&V�WXWUI Z J

1��*893/8 �I>#>7� ��>9>vuB8#A*,!��,��! D,65�QG,!��M 2-�I,/.<8#�*893/8 ��>987w(.�S 3/5�AB.<,��I�BS)5�M >#.1Q���>� *,65GQ�,!��M 26$-893�� 3��D.E2/�IM .
:��B�I,���:+3/.1,68 2C368 :12-��2�%�'��=2;J#% 3 3��D.E.1�BS 5�, .(F�.1,�� QG.1�*.1,��I3/895�� N 3��*.*xS$45�,�2C3=uB89A*,��I,��c *,/5�Q�,��IM 2 �I,/.
,6.(M 5�F�.�Sy,0,/5�M 3��*.+uB8#A*,!��,��7�I�BS ,/.� *> �G:+.�S*$-893�� 3��*.�%�'�� 2 5�, 3��*.=x M75�2C3%2@?B:1:+.�2/2z,0?*>& *,65GQ�,��IM 2 5�,
3��D.KQ�.1�D.1,!��36895G� J D �*.!{/Q�5�5)SP�D.�262�| 5�, �}uB8#A*,!��,��F *,65GQ�,!��M 8 2 3��*.'2C?*M 5�, 3��*.'��S	�6?B2@36.�S*~B36�*.T262C.T245�,
�I>#>0 *,/5�Q�,��IM 2 3��B��3E:(�I>9>#.�S 8#31N�M ?*>#3687 D>989.TS A(�^�*5�$
5�,036.(� 3��*.�� :(�I>9>#.�S 8#31J D �*. ��S �6?B2C3/.�SN~H36�*.�2/2K5�,
.��G:]�4 *,65GQ�,!��M�8 2 s �I��� U ; Z�� �M� �IL s ����� � � 8#� s ���������_OPJ2� 5G368 :+. 3��B��31N�?*�D>987��. 3��*. � %�1�� ���BS+%�'��
 *,/5�Q�,��IM 2;N�3��D.-89�BSP8#FP8 SP?B��>�uB89A*,��I,��4 *,65GQ�,��IM 2=S)5K�*5�3 .1F�5�>#F�.�J s �I3��D.1,=3��D.��U�I,6. � 2C365G,!��Q�.� *> �G:+.@,05G,



V���� ��������	�
���
#��������
��G�������������

2C5GM .-5�, 3��*. A .T2C3={68 SP.���2�|<8#� 3��*.� B5h *?*> ��368#5�� ���BS 3��D. AB�GS 8 S).���2 �I,/.KM 5�F�.�S 5�?*3%89�+,��1F�5�, 5�, 5G3��*.(,
8 S).���243��B�I3#�B�1F�. �EAB.13/36.1, :��B���B:+.K5�,=AB.18#�*Q�Q�5�5)S�J 1 � 3��*8 2%2C.1�B2@.�N*3��D.+uB89A*,��I,��! B5X *?*> �I3/895�� n��1�Xm���n�o
� 8#�p,���:+3 :+5���.(F�5�>9F�.T2a$-893�� 3��*. M �I8#�p B5X *?*> �I3/895�� �I�BS 3��*.�� � % s D 5h B.1,!��365�,  5h *?*> �I368#5��5�U.1F�.1�
3��D5�?*Qh� 3��*. 89�BSP8#FP8 SP?B��> >#89A*,��I,��* *,65GQ�,!��M 2=,6.�:;.189F�.-�*.(893��D.1,0~B36�*.T262@ D,65X B5G,6368#5��B��36. ,6.  *,65)SP?H:+368#5�� 5G,
Q�.(�*.1368 :E,6.�:;5�M A*89�B��368#5�� J4�*?*,63��*.1,USP.13��I89> 2 5�� 3��D8 2 2C?*A �6.T:+3 :1��� AB.*,05�?*�BS 89� U D .1>#>9.1, �I�BS � .(>95�2@5*N
V�WhW Y Z J

� �"! # ��$�%�&��(' )+*-,/.0%�1�24365 �+7(89.:5 ;<1=&>$(241-.:& )?*@,/./%A1�243B5 C

` �*. 5�, 3��D. :;?*,6,/.1�P3 S).1AB�I3/.�2�89� 3��*.!~B.1> S 5�,*��3 8 2+�*5�$ 365 .1F�5�>#F�. 2C3/,6?B:+3/?*,6.T2E3��B��3 ��,6. M75�,6.
:+5GM! *>98 :1�I3/.�S 3��B��� 2C8#M! *>9.�,0?*�H:+368#5��B��> 3/,6.1.�2;J+` �*. �I,/Q�?*M .(�P3 � 3��Q *8.~B.TS AQ� 3��*.�:;.1>9>#?*> ��, .1�H:+5)SP89�DQ
$45G,�� 5�,-U � ,6?B��? N?V�WhWD��A Z
� ��,6Q�?D.�2 3��H�I36��3 2��D5�?*> SEA .->#./,03 ��2 8 2+N�A*?*3 3��H�I3=3��*.4.1F�5G>9F�.�S+��3g,0?*�B:;36895G�
36,/.1. 2��*5G?*> S .(L( *,/.�2624ED�GF 3/5EA*?D89> S �<M75�,6. :;5�M! *>#8 :1��36.�SU2C3/,6?B:+3/?*,6. � >#87��. ��,0.1.�S+,05�,�$ �I,�S!��� 5�,-���
�I,/A*893/,!��,�� Q�,!�� ��5��J6% �D5�3��D.1,%:1�IM! 89�73��*8 2 S)8 26:;?B262@895�� � 5�, $#�*8 :]� 3��*8 2@$%5�,�� 8 2 �+ B��,63d� �I,/Q�?*.T243��B��3
3��D.�2C. M 5�,/. :+5�M  *>98 :1�I3/.�SE2@36,6?H:+36?*,/.�242��*5�?D> S AB. .1F�5�>#F�.�S�SP89,/.�:+3/>7��N�,!��3��*.1,%3��B��� 89�HSP89,/.�:+36>)��J U D .1>#>9.1,(N
V�WhWIH Z �I�BS U ��89M 2+N5V WXW=� Z �I,/.E.1LD�IM! D>9.�2 5�, 2C?B:�� ��F)89.�$ J�1�� U D .1>9>#.1,1N�V WXWIH Z $4.���S*S),6.�2/2 3��*.���S*S).�S
:+5GM! *>98 :1�I3/895G�B2=3��B��3K:+5GM .�$-8#3�� M �I�D87 *?*> �I3/895��75�, M 5G,6. :+5�M  *>9.1L 2@36,/?B:+36?D,6.�2;J

D �*.-AB�G2C8 :@,0?D�B:+368#5���5�, 3��D.-Q�.1�*.(368 : ,6.�:;5�M A*89�B��368#5�� 5X B.1,��I365G,+{�:+,65O262C5�F�.1, | 8 2 365 3!����.#x � ?H2C?B��>9>7�
3�$45Q�5 *,/5�QG,!�IM 2 �G2 8#�� *?*3 �I�BSE3/5� D,65)SP?B:;.-2C5GM . � ?B2@?B�I>#>7�4x � �*.�$  *,65GQ�,��IM 2=�G2 5G?*3� D?*3=3��H�I3 ,6.� *> ��:+.
3��D.489�  *?*3� *,/5�Q�,��IM 2 89�U3��*.  B5X *?*> �I3/895��+,0,/5�M $#�D8 :��E3��D.���$4.(,6.%SP,!��$-� J D �*.-:;5��)36.1L)3 5�,B3��*.#3&%�'a`
,6.  *,6.�2@.1�)3!�I3/895G�<>#.���SD2 3/5 3��*. �*.1.�S�,05�, ,6.T:+5�M A*89�H�I368#5�� � :+,65O262@5IF�.(,/�B5�,H3�$%5K��,6A*8#36,��I,�� QG,!�� �B2+J23=��,63/>7�
AB.�:1��?B2C.K3��*.F{6,68#QX�)3�|=$-����365USP5UQ�,!�� �� ,6.�:;5�M A*89�B��368#5��E8 2=�*5�3%5�A)FP8#5�?B2;NP>9.T�I,6�D89�*Q=�*5�$ 3/5�SP5UQ�,��� ��
,6.T:+5�M A*89�H�I368#5�� 89�)36.1>#>98#Q�.1�)36>)�E8 2-���B��36?*,��I> SP.�2C8#,6.�J

D �*.J� � % s D 5h .(,!�I3/5�,�2��I,6./K&H6�"LIH/���ao-3��H�I3E>#.��I,/� 3/5 SP5 3��*8 2<QG,!�� � :+,65O262@5IF�.(,<AB.13/36.1, 3��B�I�
,6.T:+5�M A*89�H�I368#5�� 5X B.1,!��365G,!2 �G:+368#�*Q �I3 ,!���BSP5GM J D �*.�2C.M� � % s D ,/.�:+5GM A*8#�B�I3/895G� 5h B.1,!��365�,�2 :+5��
.1F�5G>9F�.2$-893���3��*.-M ��89�= B5X *?D> �I3/895G� J6uB87��.-3��*.6 *,/5�QG,!�IM 2 89��3��*.-M �I8#�= 5h *?*> �I368#5�� N)3��*.  *,65GQ�,��IM 2 8#�
3��D.N� � % s D 5h B.1,!��365�,2 B5X D?*> ��36895G��M ���KAB.1Q�8#� ��2=,!���BSP5GM >7�KQG.1�*.1,��I3/.�S+ *,65GQ�,��IM 2;J D �*.# *,/5�QG,!�IM 2
89� 3��*8 20� � % s D 5h B.1,!��365�,  5h *?*> �I368#5�� �I,6. 36.�2@36.�S AQ� �I>#>95�$-89�DQ 3��*.1M 365 ���+���)�Xm7m J>K?ndH9&(�IH;� �OE?n
H]n/�!���*G(� $*����� ��$Io7��$ �PE?n7����� $JK*��K �Im ����� ��$PJ D �*.18#,a~B3/�*.�2/2<FG�I>#?*.�2 �I,/. � ,0?*�H:+368#5�� 5�, 3��D. ,6.1> �I3/89F�.
~B3/�*.�262 5�,E3��*.  *,/5�Q�,��IM 2 3��*.�� 3!����. ��2 8#�� *?*3 ���BS 3��*.c~B3/�*.�2/2 5�,� *,65GQ�,!��M 2 3��*.��  D,65)SP?B:;. ��2
5�?D3� *?*3(J U D .1>9>#.1,1N?V WXWIH Z �B�G2 �E> �I,6QG.���M 5�?*�)345�,%SP.13��I8#>�5�� 3��*8 2-2C?*ARQ6.T:+31J
S �*89>#. U D .1>9>#.1,1N V�WXWTH Z :+5��)3!��89�B2=�*54 *,65�5�,=3��B�I3 3��D.��)?*,!S)>9.�2=5�, .(F�5�>9F)89�DQ �KM 5�,/. :+5�M! D>9.1L ,6.  *,6./�

2C.(�P3��I368#5��S�B�1F�.KAB.1.1� :+>#.��I,/.�S�N)89348 2-��SP89,/.�:+3/895��75�, ,6.�2@.��I,�:]�S$#�*8 :]� M �_��3/?*,6� 5�?*3-3/5�AB.E�G2 F)8 ��A*>9.
�I�HS :+5��H2C8 S).1,!��A*>7�UM 5�,/.4UB.1L)89A*>#.-3��B��� 3��*. {/Q�,/5�$-3��! ��B�G2C.�|U2C3/,!�I3/.1QX�OJ21 �7��SDSP893/895�� N $#�D89>9.#$%.��H�TF�.
5��D>7� ,/.� B5�,63/.�Sp B5�2C8#368#F�. ,6.�2@?*>93�2E?B2C8#�*QM� � % s D 5h .(,!�I3/5�,�2�,05G,�3��*. �I,/A*893/,!��,�� QG,!�� � 2C3/,6?B:;36?*,/.�S
> ���*Q�?H�IQ�.ON*3��*.1,/. 8 2 QG5�5)S ,6.T��2C5G� 365�AB.1>98#.1F�.-3��H�I343��*8 2 36.�:��*�*8WV�?D. :1�I� AB.K?B2@.�S .�X .�:+3/89F�.1>)�EAQ��893�2C.1>q,
5�,U89� :+5��YQ6?*�B:+3/895�� $-893�� 5G3��*.(,��I3/36.1M  *3!2 3/5 M ����.E3��*. 2@.��I,�:]� 89�[Z4\
M 5�,/.�89�)36.1>#>98#Q�.1�)3 8#� 5G3��*.(,
,6.  *,6.�2@.1�)3!�I3/895G�B2+J



� � � ��� � ��� 	


 � � 
�� � ������� ������� � ��� � ��� �

s! #"%$'&)(*"+$, #-/.102(%&435"%6879&):<;=68:>08-@?BA@(+;=?=(C #DFEFGH&I:<&)- DKJ (+02-@?L35;=DMA'62&)"+&MA@(%;N?=(C #DFEPOQ NE*-@& J (C #6!A@(%;SR?=(C #DMDT02-@?U.>;<&SEWVX08"�0YE�A,;<E+EZ08[@62&!"%;\.>0]E%EZ;13W0Y #"+&^"+$@&_?=&I-@;="`71Aa& , (%;NDb"+$@&^A'$@&)-@;N"Z71A,&! #-,.TEZ;c"%;c&):<;N62:<&35;NDMA@62&IdeA'(%;=?N(P SDFEf08-,.>02(+&S35"+627<g \ &)686 J 6] #(c&)-,35;1.102-@? Uih ( J  J V V�WhWD�  Z 0YEj"+$@&MDM;kEZ"c02DMA,;N(%"P S->"U&)dXR #DTA@62&c; , "%$@0]El"+&S3m$'-@0 V J &c S-,.n02"!0YE_op;N(%"%$q$@02?N$@6208?=$1"%08-@?*"+$@&Q.10 X &)(%&I-,35&SEp08-nA,&)(PE`A,&S35"%08:<&c; , -@& J (P S6A@(+;=?=(C #DMDT02-@?r #-,.q35&)626 J 6Y S(�&)-,35;1.>08-@?@g

s �St u�v 7�%wv 1-7cx .*y{z 7(*=*S|6*-$�%~} &B89.J'B1D&>,
D $@&)(+&j0YEw �(P S-@?=&c; , A, NEZ"! #-�.e3 J (%(+&)->"w(%&SE`&S #(C3m$�& X ;=(+"PE_"%$, S" J E`& hj� E�"%;�.102(%&435"%687Q&):<;=68:<&! =EZA,&S3W"PE; ,�~ d>&S.�"%;=A,;N62;=?N7M-@& J (P #6,-@&I"Zow;=(+�@EWg_GH&<g�?@g2V U 3 ;N(%"%; nP�w�Xm2� V V WXWN� V [  #6 J Q  >V V WXW=� V \ $, #D�[,&)(PEWV V�WXWN� Z�OCg
1 -�3W;=-1"%(P NEZ"IV�� n�m7m��Im��IHknm� �P� l<�Y�IL 0YEF �"%&S3P$@-@0 V J & , ;=(F&):<;N62:102-@?� �.>&SE+35(%08A@"%08;=-�; , $';#o�"%;��������H� #-� #(%['02"%(C #(+7 ����� g {�[ J 086Y.>08-@?\ #-F S(%[@08"%(P S(%7 ������| DM&4 #-,E�"%$@&!&):<;=6 J "%08;=-�; , "%$@& ����� R�"+;=A,;=68;=?=7kV"%$'(%&SE`$@;=6].@E5VN #-,.c[@0Y NEZ&SE� NEKow&)626N NEK"+$@&�op&)08?=$1"PEa"+$@&)DFE`&)62:<&4E5g 1 -\35&I626 J 6Y #(,&)-�35;1.>02-'?@VS&S =3P$cAa;NA J 6] #"%08;=-02-�.>02:10Y. J  #6<0YE� ^E`"P #-�.@ #(C. h�3 "%(%&I&<g D $@&_"%&)(+DM02-� #6YE� S-,.�-@;N->R�"+&)(%DT02-, S6YE� #(+&_-@&)"`op;N(%�<R`3W;=-,E`"%( J 35"%08-@?@V-@& J (%;=-1R`35(+&S #"+02-@?'V, #-,.F-@& J (+;=->R� =. Q J EZ"+02-@?M-';1.>&SE5g

D $@&c35&I626 J 6Y #(�&)-,35;1.>08-@?Q"%(+&)&!0YEp���@�j"%$'& ����� g 1 "p0]E�"%$'&^?N&)-@;="`71A,&<g D $@& ����� 35;N-,EZ"+( J 3W"%&S.*[17"%$'&c #A@A'620Y3I #"%08;=-M;S � Q3W&)626 J 6Y S(�&I-,35;1.>&S.M"+(%&)&!0YEp"+$@&jA@$@&I-@;="`71Aa&kg D $@& ~ "+-@&SE%Ep;S �"+$@&j?N&)-@;="`71A,&QGH"+$@&35&)686 J 6] #(j&I-,35;1.>08-@?F"%(%&I&=O!0YEjDM&S NE J (+&S.n"%$@(+; J ?N$9"%$'&*A,&)(` �;=(%D� #-,35&�;# ¡"%$@&�A@$@&I-@;="`71Aa&qGH"+$@& ����� O;=-q"%$@&\.>&4EZ02(+&S.*"C =EZ�¢g
D $@&B N.>:N #-1"P S?=&£;# \35&I626 J 6Y #(Q&I-,35;1.>08-@?90YEQ"%$� #"T #626!;# \"+$@&BE`"P #-�.@ #(C. h�3 "%&43m$@-'0 V J &SE�3I #-�[,& #A'A@6208&S.�o_02"+$@; J "�DM;1.10 ~ 3) S"%08;=-Q"%;U"%$@&!&):<;=6 J "%08;=-\;# � cE J [,EZ"C #-1"%0] #62687Q.>0 X &)(%&)-1"�35;NDMA J "C #"+02;=-�.1&):>0]35&G� S- ����� 02-F"%$'0YE_3) NEZ&=OCg D $@0]El0]Ep[,&S3) J EZ&\35&)686 J 6] #(p&I-,35;1.>08-@?*0]E_ #- ��KGK?m�� � �=��� � � ;# �"+(%&)&WR h�3 V@-';="U -@&)o/(%&IA@(%&SE`&)-1"P #"+02;N-e08"PE`&)6¤ +g
sl& J E% S[@62&j-'& J (P S6�E J [>R¥-@&)"`op;N(%�'E^GH6802�<& �j¦j§ EPO�3) S-M[,&j02DTA@62&)D�&)-1"%&I.�02-T35&)686 J 6] #(�&)-,35;1.102-@?'g2sl&5R3 J (CEZ08;=-�3) S-¨[,&M08DMA@68&)D*&I-<"%&S.F"%;q35(%&4 #"%&�-@& J (P #6w-@&)"`op;N(%�'E^ �;=(c$@02?N$>R¥;=(P.1&)(QE`7>DMDT&)"%(+7n S-,.¨$@08?=$>R;=(C.>&)(QA, S(%08"Z7£  J -,35"+02;=-�E5g \ &)626 J 6Y S(�&)-,3W;1.>02-@?£$, NE©[,&)&)-� SA@A@6208&S.9"%;£"%$@& O R�A,;=68&5R¥[, #6] #-,3508-@?£A@(%;N[>R62&ID U S $@02"+62&)7 nP���Xm2� V V�WhW=��Z V="%;\EZ08dXR¥62&I?=?=&4.Q35(%&S S" J (+&_o_ S62�102-@?![,&)$, ):>08;=( Uªh ( J  J  S-,.�« J  S"%(C #DF S(P #-¬V

V�WhWIH�Z V, #-,.F"%; § 08-@02"+& � J "+;=DF S"P Q.>&):<&I62;=A'DM&)-1" U [ (C 4:<&kV V WXWTH [ Z g
V�� W



V)��� ��� ����	�
���
��9� 	 ���4����� �	�
����� ���N��	
����
���	
�

input

0

output

E E

P

S

S

P

A

E

E

-

E

0

0 0

0

1

input

output

�	����������������� ��!#"$"&%'")(+*,!.-'/#0'132&-'4
56*7!#!98:!.;=<3*7>+0'-'2?/9-'!.%3*@0�-BA:CDC

s �.E F 3>7(C�1DC z .0% %4./; .0% $(241-.:& yG%4. 5 z 7(*D*S|B*-$�%~} &B89.J'61=&>,
� E � &S35"%08;=- h g�G_DF S�<&SE�3562&S S()V<3W&)626 J 6Y S(�&)-�35;1.>02-'?f0]E� jDM&)"+$@;1.f �;=(�08-,.>08(%&S35"+627c62&4 #(%-'02-@?jDT;1.>&)6YE�"%$, S"3) S-@-@;="!&S NEZ02687*[,&c62&4 #(%-'&S.*02-F"+$@&j"%(C =.>08"%08;=-, S6  �;=(%D� #"p;S �?N&)-@&)"+0Y3^A'(%;=?N(P SDMDM02-'?@g�Hp$'0YEp0YEp"+( J &  #-,.35&)686 J 6] #(w&)-,35;1.>08-@?Q0YE_3W&)(%"C #02-'627T ©:N #6 J  #['62&\ #(+&S ©;S �  J " J (+&fow;=(+�M02-F?=&I-@&)"%0]3jA@(%;N?=(P SDMDM08-@?@g

I ;Sop&):<&I()V�"%$@&� ¥ =35"\"%$, S"Q(%&SE`&S #(C3m$@&I(PEj$, ):<&M?=;N-@&M"+;£E J 3P$962&I-@?="+$,Ef"+;n �;=(P3W&*"+$@&M&):<;N6 J "+02;=- ;# 35;NDMA@62&Id V@-@;N->R¥"%(%&I&Q[, =E`&S.nDM;1.>&)6]El08->"+;*"+$@&Q"%(+&)&5R¥[, =E`&S.e �;=(+DF #"!$@08?=$@6802?=$1"PE_"%$'&� ¥ =35"j"+$, #"U?=&)-@&I"%0Y3A@(+;=?=(C #DMDT02-@?M08-¨08"PEcEZ"C #-,.' #(P.¨ �;N(%D~0YEj[@(+02"+"%62&� S-,.93) S-@-@;N"Q.>08(%&S35"+627q&):<;=68:<&QDF #-17F;# !"%$'&*�102-,.'E;# \A@(+;=?N(P #D�E©;S �08->"+&)(%&4EZ"Q"%; (%&SE`&S #(C3m$@&I(PE5V F E'� � E ��Jq�OE�KMLP�NJI� � �PE�K6JI��J �PO �PE'��JRQSK6J+K+�3Q � E g:Hp$@0]E©0]E-@;N"^"+;ME+ 47F"+$, #"U35&)686 J 6] #(p&I-,35;1.>08-@?M.1;<&SEl-';="!op;=(+� V@[ J "^(C #"+$@&)(!"%$, S"^"+$@&\35&)626 J 6Y S(p&)-�35;1.>02-'?*ow;=(%�35;N(%(%;N[,;=(P S"%&SEp"+$@&U356Y S02D�;# ¬"%$@0]E�"+$@&SEZ0]E�"%$, S" hUT D J E`"�[,&jDM;1.>0)V,&S.�;N(_ J ?=DM&)-1"%&4.�02-�;=(P.1&)(p"+;�?=&I"02DTAa;N(%"C #-1"p-@&)o  =EZA,&S3W"PEp02-1"%;Q"+$@&cA, #(C =.>08?=DBg
S $@&)"+$@&)(�02"�0YE�[a&I"%"%&I(�"+;j3P$, #-'?=&p"+$@&p?N&)-@&)"+0Y3�A@(+;=?=(C #DMDT02-@?_A, S(P N.>02?NDb"%;U02-,35;N(%A,;=(C #"+&p?=(C =.>08&)-1".>&SE+35&)-1"QE`"Z7162&T(%&S35;ND*['02-, S"%02;N-¨;NA,&)(P S"%;=(CE*6208�<&*"+$@;<E`&nA@(+&SEZ&I->"+&S.¨02-�"+$@0YE�"+$@&SEZ0]E5V�;N(*o_$@&I"%$@&)(Q08"�0]E[,&)"%"+&)(_"%;�62&4 4:<& hUT  =E_02"_0]E_ #-,.Fop;=(+�F;=-n"+$@0YEXWC.>&):<&)68;=A@DT&)->"C #6@A'(%;135&SE+E5V?Y* NEl"`71A@0�V,&4.�08-q35&)626 J 6Y S(&)-,3W;1.>02-@?�0YE_E`"%08626� S-F;=A,&)-n(+&SEZ&4 #(P3P$ V J &SEZ"+02;=-¬g



� � � ��� � ��� �

���L����� 
 ��������� � ���~� ��� ����� � � �B� �^� �
	 �������~�

Z  =3P$¨;S w"%$@&Q �;=6862;So_02-@?T?=(P SA@$,E\EZ$@;So!Ej"%$@&TEZ"C #-,.' #(P. .>&):10Y #"+02;N-���
�
S��
f �;=(c&S =3P$£3 J (+:<&QA@(%&4EZ&)-1"%&S.02-T"%$@&!(%&5 �&I(%&)-,3W&S. V�? J (+&j02-M"+$@&!DF #08-*[,;1.>7M;S �"%$@&U"%$@&SE`0YEWg��<"P S-,.@ #(C.M&)(%(+;=(p0]E�EZ"P S-,.@ S(P.n.1&):>0] #"+02;=-�����������1����� "%$@& E V J  #(+&n(%;<;N"M;#  "%$@&q- J D�[,&)(�;S \02-,.>&IAa&I-,.>&)-1"�E% SDMA@62&4Ef �;=(�"%$, S"*A,;=08->"Ig Hp$@&EZ08DMA@68&SEZ"jo¡ )7B"%;n(+&S =.£"%$@&SE`&F3 J (+:<&SEj0YE W#Hp$'&)(%&M0]Ef;N-@627  �� ��� 3m$, S-,35&�"%$, S"�"+$@&��ª"+( J &���3 J (%:<&Q0]E; J "PEZ0].>&c;# �"+$@& J A@A,&)(! S-,.e68;#ow&)(�� H ¦ 3 J (+:<&SE_EZ$';#o_-q02-F&S N3m$ V�? J (+&<g$Y

0.4

0.5

0.6

0.7

0.8

0.9

1

0 5 10 15 20 25 30 35 40

T
es

t-
S

et
 g

en
er

al
iz

at
io

n 
%

 C
or

re
ct

Generations

NP evolution in PADO in the Generic Signal Domain

1 STD Above WITH IRNP recombination and Weight-Search Orch
1 STD Below WITH IRNP recombination and Weight-Search Orch

1 STD Above WITHOUT IRNP recombination and Weight-Search Orch
1 STD Below WITHOUT IRNP recombination and Weight-Search Orch
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NP evolution in PADO in the Generic Signal Domain

1 STD Above WITH IRNP recombination and Nearest-Neighbor Orch
1 STD Below WITH IRNP recombination and Nearest-Neighbor Orch

1 STD Above WITHOUT IRNP recombination and Nearest-Neighbor Orch
1 STD Below WITHOUT IRNP recombination and Nearest-Neighbor Orch
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Generations

NP evolution in PADO in the Generic Signal Domain

1 STD Above IRNP Nearest-Neighbor
1 STD Below IRNP Nearest-Neighbor

1 STD Above IRNP Weight-Search
1 STD Below IRNP Weight-Search
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PADO learning using Weight-Search orchestration on the Generic Signal Domain

1 STD Above IRNP Weight-Search C60M36
1 STD Below IRNP Weight-Search C60M36

1 STD Above Without IRNP Weight-Search C60M36
1 STD Below Without IRNP Weight-Search C60M36
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Generations

PADO learning using Nearest-Neighbor orchestration on the Generic Signal Domain

1 STD Above IRNP Nearest-Neighbor C60M36
1 STD Below IRNP Nearest-Neighbor C60M36

1 STD Above Without IRNP Nearest-Neighbor C60M36
1 STD Below Without IRNP Nearest-Neighbor C60M36
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Generations

PADO learning using Nearest-Neighbor orchestration on the Generic Signal Domain

1 STD Above IRNP Nearest-Neighbor C60M36
1 STD Below IRNP Nearest-Neighbor C60M36

1 STD Above IRNP Weight-Search C60M36
1 STD Below IRNP Weight-Search C60M36
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Generations

NP evolution in PADO in the Natural Image classification domain

1 STD Above NP -WITH- IRNP recombination and Weight-Search Orch
1 STD Below NP -WITH- IRNP recombination and Weight-Search Orch

1 STD Above NP -WITHOUT- IRNP recombination and Weight-Search Orch
1 STD Below NP -WITHOUT- IRNP recombination and Weight-Search Orch
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Generations

NP evolution in PADO in the Natural Image classification domain

1 STD Above NP -WITH- IRNP recombination
1 STD Below NP -WITH- IRNP recombination

1 STD Above NP -WITHOUT- IRNP recombination
1 STD Below NP -WITHOUT- IRNP recombination
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NP evolution in PADO in the Natural Image classification domain

1 STD Above IRNP Nearest-Neighbor
1 STD Below IRNP Nearest-Neighbor

1 STD Above IRNP Weight-Search
1 STD Below IRNP Weight-Search
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NP learning in PADO in an acoustic classification domain

1 STD Above NP -WITH- IRNP recombination
1 STD Below NP -WITH- IRNP recombination

1 STD Above NP -WITHOUT- IRNP recombination
1 STD Below NP -WITHOUT- IRNP recombination
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NP learning in PADO in an acoustic classification domain

1 STD Above NP -WITH- IRNP recombination
1 STD Below NP -WITH- IRNP recombination

1 STD Above NP -WITHOUT- IRNP recombination
1 STD Below NP -WITHOUT- IRNP recombination
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Generations

NP learning in PADO in an acoustic classification domain

1 STD Above IRNP Nearest-Neighbor
1 STD Below IRNP Nearest-Neighbor

1 STD Above IRNP Weight-Search
1 STD Below IRNP Weight-Search
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Generations

NP learning in PADO in an acoustic classification domain

1 STD Above IRNP and Weight-Search and Timestep Threshold = 20
1 STD Below IRNP and Weight-Search and Timestep Threshold = 20
1 STD Above IRNP and Weight-Search and Timestep Threshold = 10
1 STD Below IRNP and Weight-Search and Timestep Threshold = 10

�	�)� � ���  ��� + � "$#'!&%('*),+.-�) �/- �3� �10���/.%3* 2+!*465 0�*67
2$4�%3*7!&8<9�� 8<9



G �TH ���������	�	
���
��������	��
�����
���� ����
.���	
���
.�����
����
��	�! �"$#%�	��
& ��

0.45

0.5

0.55

0.6

0.65

0.7

0.75

0.8

0.85

0 10 20 30 40 50 60 70 80

T
es

t-
S

et
 g

en
er

al
iz

at
io

n 
%

 C
or

re
ct

Generations

NP learning in PADO in an acoustic classification domain

1 STD Above IRNP Nearest-Neighbor Timestep Threshold = 20
1 STD Below IRNP Nearest-Neighbor Timestep Threshold = 20
1 STD Above IRNP Nearest-Neighbor Timestep Threshold = 10
1 STD Below IRNP Nearest-Neighbor Timestep Threshold = 10
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NP evolution in PADO in the Hand-Held Image classification domain

1 STD Above NP -WITH- IRNP recombination and Weight-Search Orch
1 STD Below NP -WITH- IRNP recombination and Weight-Search Orch

1 STD Above NP -WITH- IRNP recombination and Nearest-Neighbor Orch
1 STD Below NP -WITH- IRNP recombination and Nearest-Neighbor Orch
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