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(b)(a)

 a-

 a+
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[~x & ~y]d

<6,10>
[f | g]

<2,5><2,5>

[e]
<3,6> <6,10>

[x | y]d
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Ôlv

out2+

out2-

[10,30]
[20,50] [out1 & c]d

[~clk2]d

Conflicts:

a+ # $a1
b+ # $b1
c+ # $c1
a- # $a2

c- # $c2
b- # $b2

out1-

out1+

[50, 70]

[a | b] d[10,20]
[~clk1]d

clk1+

clk2+

clk2-

clk1-

[10,30] 

[30,30]

[10,30] 

[30,30]

b+ $b1 a+ $a1c+ $c1

[40,100] [40,50][40,100]
[70,100]

[70,100]

Gclk+

Gclk-

[500,500][500,500]

c- $c2 b- $b2 a- $a2

[40,50]

[10,20][10,20]

[10,20]

[Gclk]
[~Gclk]

[clk1]
[~clk1]

[(c)]
[(b)] [(a)][10,20] [10,20] [10,20]

[(~c)] [(~b)] [(~a)]
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�J�|� ¤ �¦����� ¤ ���ø�r�4�
� « jmc�dtjÔÕ�l�ú4z<l�`Ôirn�ik`�e�e%_"e)jmiÏe)cFÕÏi
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cFz�`b_�e*lÜn¦l���cFÛ�e)c�ÕÏikÛ=s4qtcF`buÜz%ikÒ��bik`mdfihz)cF`mdfiMe)jbiCs4q�cF`buPe)c�ÕÏikz�l�q)ih`b_�e*ÕÏ_�`b_�e%_�`mcFdrl����p{�cF`mdfqtikl�z)cF`bub]
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e)cFÕÏikÛJz%e)l�e%i�] > e�df_�Õ�g4c�`bikz�l��F��e)jbiGik�FikÕÏik`	e)z�_�v,e)jbiMe)cFÕÏikÛAz%e)l�e%iDcF`�e%_7lÜÛ4l�e)lÜz)e%qt�mdfe)�bq)i�Þoó1ôCÞ�l�`mÛ
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���¬���û� �(·o�	���Ïs,`mÛ e)c�ÕÏikÛ z)e)l�e%ikz ±���� � �f�á���m�Ö�á���)� ��� ��� ¼�� ¾tÊ ¡ ¾��=¾)¸�¾)ÂJ¾)Â ¡ ¾�Î�Á ²tµ
Â Ñ ´ Â ¡��
ÊÖü ´ Ê ¡��
Â × ¤J´2µ�¼ °�¾t©�¾)¯¿¾%À³¾t®rÁD¶/Â Ñ Ä�®�±[ÊÖü ²tÐ �
ò ´ �R�m�R�á�[���è�"!�� �á�
�A�R��# ±áÂ × ¤ ¾ ó ¸�Ç ²$�
Â�ù ´öõ
�á���ø�)¥ ���¬���û��ó�ô ´ Â × ¤kõ Â Ñ õ Ê�ü õ Â1ù õ,ò%�
�r�r� �>� ���¬���û�f�Lý�´�µ �'& Ð �
�r�r� �>� �á�>���b���á�á�á���b��þ·´åõ��
���o�F� � �|���)( � ´ùs,`mÛ e)cFÕÏikÛ ik`ml�g4�pikÛ ± ó1ô ¾���� � ²$�
�)�k����¥������ � �f���Ù�k�*�
+ �UO � V ±-, w3N î³° ²tµ

�r���f�,� � �)�)¥ �/. � � 
ÖV0�
���o�p� « ´y¼ °�¾t©�¾)¯ ¾%ÀU¾t®rÁ � jbikl�Û ± ( � ²$�
ú4�4z)j21 �'& çIe)l�c�� ± ( � ²%²$�
Â43 Ú Û ´ Â × ¤0�
Â1ù ´ Â1ù65?« �
ÂLÑ ´ Â�Ñ�H « �
Â × ¤J´ Â × ¤ H « �
O . ±�» « Æ ´y¼ ° Æ ¾t©�¾)¯ Æ ¾%À Æ ¾t® Æ ÁG¶ÃÂ~Ä,±%±R« Æ ¶ Â1ù ²oË ±¬Å�« ÌP´y¼ ° Ì ¾t©�¾)¯ Ì ¾%À Ì ¾t® Æ ÁC¶ÃÂ�ùÏÄ	° Æ ÎÏ° Ì�²%²%²%²tµ

�f���f�4� � �)�)¥ � �ÖT¦SUV7�
O . ±[© ´y¼ é Æ x ¾ è Á ² ÊÖü F Ê ªûî w °wé�±
é Æ ²5KI´ ���
V � 
kVÔO . ±[© ´y¼ é Æ H<¾ è Á ² Ê ü F Ê ª¬î w °�é�±
é Æû²5KI´98:�
Â Ñ ´ Â Ñ H µ « Ì ¶ Â~Ä	©·¶ }*;*N ª } ° Ê¦° ÿ ±R« Ì�²tÐ �
ÂLÑ ´ ÂLÑ�5 µ�¼ ° Æ ¾t© Æ ¾)¯ Æ ¾%À Æ ¾t® Æ ÁC¶ÃÂ~Ä	° Æ³´ © Ð �
Â1ù ´ Â1ù�H µ�¼ °�¾t© Æ ¾)¯ Æ ¾%À Æ ¾t® Æ ÁG¶ Â1ùJÄ	© Æ ´ © Ð �
Â1ù ´ Â1ù�H µ « Ì ¶ Â~Ä	©·¶ }<;�N ª } ° Ê�° ÿ ±R« Ì�²tÐ �
Â × ¤Ï´ Â × ¤ H µ « Ì ¶ÃÂ~Ä�©Ã¶ }<;�N ª } ° Ê¦° ÿ ±R« Ì�²tÐ �
Â × ¤Ï´ Â × ¤ 5 µ « Ì ¶ÃÂ Ñ Ä	® Æ ±[Ê�ü ²tÐ �
. �,T�V��>=�� ±R« Æ�´y¼ ° Æ ¾t© Æ ¾)¯ Æ ¾%À Æ ¾t® Æ ÁC¶ Â × ¤ 5?Â1ù Ä?« Æh�|�=¥��|�f�	�r� �R��#�²
O . ±-,*® Æ ±[ÊÖü ²%²
O . ± �f���|� ��� ¥��|�f�	�r�p��²PT¦V���S³T�� . �4O � �
V � 
kV Â × ¤Ï´ Â × ¤ H « Æ �

Ð
ò ´2�@·o¥����û� ± ó ¸=ÇD¾ ò ¾%«�¾)Â × ¤ ¾)Â × ¤ HàÂ?3 Ú Û�¾ �f���f�4� � �)�)¥�²$�
ó�ô 3 Ú Û ´�ó�ô@�
ó�ô ´ Â × ¤kõ Â Ñ õ Ê�ü õ Â1ù õmòA�
O . ± ó�ô8�¶ ýD² ���UV��
ý�´8ô 5 µ �'& Ð �
þ·´�þ 5 µ ± ó�ô 3 Ú Û�¾ ó�ô ²tÐ �
( �B� s,`mÛ e)cFÕÏikÛ ik`ml�g4�pikÛ21 �'& ç ��� � ²$�

V � 
kV·O . ±��'&ø¶ ýD²h���³Vo�
þ·´�þ 5 µ ± ó�ô 3 Ú Û�¾ ó�ô ²tÐ �
O . ± z%e)l�dq¢/cFzh`m_�eDikÕÏúme {b²D���UV��C1 �'& ç�ä �EDF� ú�_�ú ± ²$�
V � 
kV wdN î³° ´%ÿ «�À�° �

Ð
T�V���SUT¦� ± ý ¾ þ�²$�

Ð
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x+jbik`Ke)jbi7�p_�_�ú"gIiru�cF`mzrÞ�e)jbi8vR�4`mdfe)cp_�`
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e)jml�eAik`ml�g4�pi?cpe=l�qti�ikcpe)jmirqAcF` Â1ù _�qJjmlkn�iKik`ml�g,�FcF`bu/irn�ik`�e)zAe)jml�eÏdf_�`oa,cFdfe�?Pcpe)j e)jbi�ik`4l�g4�FcF`bu
irn�ik`�eh_�vUlAqt�m�piÈe)jml�ehcFzMcF` Â�ù ] > vUl�`?irn�ik`�eDdrl�`?s4q)i�Þoe)jbi8l��pu�_�qtcpe)j4Õ �múIÛ4l�e%ikzBe)jbi7z%e)l�e%i7n�ikdfe%_�qÖÞ
�mz)c�`bu"e)jbi/� �|�,¥��q�'vá�m`mdfe)cp_�`Xe%_ s,`mÛ e)jbiøcF`mÛmi	�Ô_�vhe)jmiøz)cpu�`ml��Be)jml�e=c�z�dtj4l�`bu�cF`bu z)e)l�e%i?cF` e)jbi
z%e)l�e%i�n�ikdfe%_�qÖ] > vGl"z)ikÒ��bik`4drcF`buKirn�ik`	e8s,q)ikzrÞ#e)jbi�z%e)l�e%iøn�ikdfe%_�q�q)ikÕ�l�c�`mz8�m`mdtj4l�`bu�ikÛ#]�÷Èi	�oe<e)jbi
l��pu�_�qtcFe)jmÕ �bú#Ûml�e%ikzCe)jbi8qt�m�pi8z%ire)zhe%_Jq)ifa4ikdfehe)jmiÈs,qtcF`bu=_�v�lJ`biw?öirn�ik`�er]BÑDjbi7Õ�l�qn¢�ikÛ"z%irerÞ Â Ñ Þ
�p_�z%ikzMl��F��qt�4�pikzBe)j4l�eMdf_�`�e)l�cF` © cF`?e)jbikcpqMdtjb_�cFdfi<z)ire)zrÞbz)cF`mdfiÜe)jbir{�j4lkn�i7�p_�z%eMe)jbikcpqMdtj4l�`mdfi7e%_As4q)i�]
ÑDjbi7Õ�l�qn¢�ikÛ"z%ireMu�l�cF`mzhl��F��qt�m�FikzBe)jml�eDj4lkn�i © Þoe)jbiÜs4qtcF`mu=irn�ik`�erÞ4l�zMe)jbikcpqMik`ml�g,�FcF`buAirn�ik`	er]GÑDjbi
s4q)ikÛ'z%ireJ�p_�z%ikzAl��F� q��m�pikz=e)jml�e=ik`4l�g4�pi © Þ*l�`mÛ'l��F�Bqt�m�pikz�e)jml�eAdf_�`�e)l�cF` © c�` e)jbikcpqJdtjm_�cFdfi?z)ire)zr]
ÑDjbikz)iøqt�m�Fikz�l�q)iK`b_Ã�F_�`bu�irqA�4z)l�g4�pi?z)cF`mdfi�e)jbir{ jmlkn�iKikcpe)jmirq=gIirik`'�mz%ikÛ _�qJgIikdf_�ÕÏiK�m`��mz)l�g4�pi
Ûm�biøe)jbiøe)jbi�s4qtcF`bu"_�vDl�` irn�ik`	eJcF`Xe)jmikcpq=d�jb_�cFdfi�z)ire)zr]/ÑDjbi�ik`4l�g4�pikÛ z)ire=cFz<l���z%_Ã�bú#Ûml�e%ikÛ Ä cpe
�p_�z%ikzhl����,q��m�pikzGe)jml�eDdf_�`	e)l�c�` © cF`?e)jbikcFqMd�jb_�cFdfi<z%ire)zhl�`4ÛKu�l�cF`mzMl��F��qt�m�pikzMcF` Â Ñ ?Pjb_�z)iÜgI_�_��pikl�`
i	�oúmq)ikz)z)cF_�`mzhl�q)i�z)l�e)c�z>s4ikÛ/cF`Ke)jmi�`biw?�z)e)l�e%i�]GÑDjbi=l��pu�_�qtcpe)jmÕ e)jmik` dtjmikdq¢ozPvR_�qDqt�m�FikzMe)jml�eÈjmlÖn�i
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gIirik`XÛmcFz)l�g,�pikÛ#] > vGl"Ûmc�z)l�g4�FcF`muøqt�m�FiAcFz7c�`Ãe)jmiÏik`ml�g4�pikÛÔz%ire<l�`mÛXcFe)z8g�_�_��pikl�`Ôi	�oúmq)ikz)ztcp_�`ÔcFz7`b_
�p_�`bu�irq8e%qt�miJÛ4�bi=e%_Ke)jbiAs4q�cF`buø_�v © Þ#cpeÜj4l�zÈgIirik`ÔÛmcFztl�g4�pikÛ#]7ÑDjmc�zÈdrl�`Ôq)ikzt�m�peÈc�` ei?G_/Ûmcüã�irq)ik`�e
_��be)df_�ÕÏikzk] > v³e)jbi7Ûbikz)cFu�`birq�?PcFz)jmikzGe%_�df_�`4z)cFÛbirqDÛmc�z)l�g4�FcF`mu�z vál�cF�F�bq)ikzkÞ�z)c�`mdfi8e)jbir{?df_�qtq)ikz%úI_�`mÛ?e%_
jmloûkl�qtÛ4zD_�`/e)jmi�cF`bú4�me)zM_�v*u�l�e%ikzrÞ,e)jmik`/l�ePe)jmc�zhúI_�cF`	ehe)jmi=l��pu�_�qtcFe)jmÕ q)ire)�bq�`mzDlÏvál�cF��df_�`mÛ4cpe)cp_�`#]
> vGe)jbi�Ûmikz)cpu�`birq�Ûm_�ikz<`m_�e1?Cl�`�e<e)jbiøl��Fu�_�qtcpe)jmÕ(e%_/vál�cF��_�` l ÛmcFz)l�g4��cF`bubÞIe)jbi�_oãIik`mÛmcF`mu?q��m�piÏcFz
q)ikÕÏ_�n�ikÛXvRq)_�Õ(e)jbiJik`ml�g4�pikÛÔz%ire<l�`4ÛÃe)jmi�l��pu�_�qtcpe)jmÕ(df_�`�e)cF`��bikzr]=ÓÈvRe%irq<l��F��e)jbiJqt�m�piJz%ire)z<jmlÖn�i
gIirik` �bú#Ûml�e%ikÛ�Þme)jbi=l��Fu�_�qtcpe)jmÕ �bú#Ûml�e%ikzDe)jbi=e)cFÕ�cF`muøcF`bvR_�qtÕ�l�e)cp_�`�òæ]DÑDjmi=Ûbire)l�cF��zD_�v*e)jmcFzÈl�q)i
ÛmcFztdr�mz)z%ikÛÃcF` e)jmiA`bi	�oe8z%ikdfe)cp_�`#]�÷Pi	�oerÞ#e)jbiA_��FÛÃe)cFÕÏikÛ·z%e)l�e%iÏcFzÈztlkn�ikÛXcF`�ó�ô 3 Ú Û l�`mÛ·l��F�U_�v e)jbi
z%ire)zhl�q)i8df_�Õ=g4cF`bikÛ?cF`�e%_Ae)jmiÜ`biw?+e)cFÕ�ikÛ�z%e)l�e%i�]GÑDjbi8l��pu�_�qtcpe)jmÕ e)jbik`Kdtjmikdq¢ozhe%_Ïz%iriÜcFv#e)jmcFzC`biw?
z%e)l�e%iJcFzPl��Fq)ikl�Ûb{"cF`"e)jbiAz%e)l�e%iJz%ú4l�dfi�] > v*cpePcFzÈ`b_�eÈcF`/e)jbi=z%e)l�e%iJz%ú4l�dfi�Þ�e)jbiA`biw?�z%e)l�e%iJcFzÈl�ÛmÛbikÛ
cFzÜl�ÛmÛbikÛÃe%_,ýìl�`mÛ·l�`miw?�e%qtl�`4z)cpe)cp_�`#Þ,v|qt_�Õ ó1ô 3 Ú Û e%_kó�ôMÞ�cFzÈl�ÛmÛbikÛÃe%_Ke)jbi=e%q�l�`mz)cpe)cp_�`Ãz%ire�þ ]
ÑDjbik`·lK`biw?y�FcFz%eÈ_�v qt�m�FikzPe%_?s4q)iJcFzÜdf_�ÕÏú4�be%ikÛÔvRq)_�Õ e)jbiÏdr�bq)q)ik`�e8z%e)l�e%i�] > v e)jbiJdr�bq)q)ik`�e7z%e)l�e%i
cFzhl��pqtikl�Ûb{�cF`�ý8Þbe)jbi<l��pu�_�qtcpe)j4Õ q)ikÕÏ_Ön�ikzÈl�z%e)l�e%i�l�`4ÛKqt�m�pi7�FcFz)eCvRq)_�Õ e)jbi<z)e)l�dq¢"l�`mÛ/df_�`�e)cF`��bikz
e)jbi<Õ�l�c�`/�p_�_�ú�] > v�e)jbi<z%e)l�dn¢/cFzMikÕÏúme {�Þ4e)jbik`"e)jmirq)i<l�q)i�`b_�Õ�_�q)i<`biw?ìz%e)l�e%ikzPe%_�gIi7v|_��4`mÛ"l�`mÛ
e)jbi�l��Fu�_�qtcpe)jmÕ cFzhdf_�Õ�ú4�pire%ikÛ#]
ú `	e)cFÕ�ikÛ?z)e)l�e%ikzDl�q)i8_�`m�p{�i	��ú4�F_�q)ikÛKcpv�e)jbir{?drl�`Kg�iÜq)ikl�d�jbikÛ"u�cpn�ik`Ke)jbi8e)cFÕøcF`buJcF`bvR_�qtÕ�l�e)cp_�`

cF`Je)jbiDz)ú�ikdrcps,drl�e)cp_�`#]�ÑDjmcFz�drl�`Ïik��cFÕ�cF`ml�e%ih�Fl�qtu�ihú�_�qte)cp_�`mz�_�v,e)jmiD�m`	e)c�ÕÏikÛÏz%e)l�e%iPz%ú,l�dfiDv|_�qGz%_�ÕÏi
Ûbikz)cFu�`mz
?Pjmik`Ïe)jbiÈl��Fu�_�qtcpe)jmÕ cFzB�mz)ikÛ�vR_�qCz%{o`�e)jbikz)cFzr]IP·l�`	{øz)e)l�e%ikzGe)j4l�eGl�q)iÜq)ikl�dtj4l�g4�pi�?Ècpe)jb_��be
e)cFÕ�c�`buÃcF`mv|_�qtÕøl�e)cp_�` l�q)i"`b_�eJq)ikl�dtjml�g,�piKu�cpn�ik` e)jbiKe)cFÕ�cF`muÃdf_�`mz%e%q�l�cF`	e)zÏc�`àe)jmiKz)ú�ikdrcps,drl�e)cp_�`#]
�È_J?Cirn�irqkÞ³e)jbi�l��Fu�_�qtcpe)jmÕ�i	�oú4�p_�q)ikzÜe)jbiJik`�e)cpq)i"�á���ø�t¥Ïz%e)l�e%iøz%ú,l�dfi�Þ³l�`mÛ·e)jbiÏz)cüûriJ_�vBe)jmiÏe)cFÕÏikÛ
z%e)l�e%iAz%ú4l�dfi�ÛbirúIik`mÛ4zG_�`/e)jbi<q)irúmqtikz%ik`	e)l�e)cF_�`/dtjb_�z)ik`/vR_�qDe)jbi<e)cFÕøcF`buÏcF`bvR_�qtÕ�l�e)cp_�`�]

�å�T� « À<ïÅ �À
Ë�À<ÂLí�ÃnÂÅÄ © Ã¸��À
ÑDjbiJe)cFÕøcF`buKl�`ml��p{oz)cFz8l��pu�_�qtcpe)j4Õ(úmq)ikz%ik`�e%ikÛXjbirq)i��mz)ikz8u�ir_�ÕÏire%qtcFdÏqtiru�cp_�`mz ± l��Fz%_,¢o`b_@?P`Xl�z

ûr_�`bikz�²Je%_ q)irúmq)ikz)ik`	e�e)jmi"e)cFÕ�cF`buXcF`mv|_�qtÕøl�e)cp_�`�?Pcpe)jmc�`àlXe)c�ÕÏikÛ�z%e)l�e%i�]ùÓÜzøÛ4cFz)dr�mz)z)ikÛàikl�q��Fcpirq
cF`·e)jbiÏdtj4l�úme%irqkÞ�?Pjmik`birn�irq<lKqt�m�pi « ÆCcFzÜik`ml�g4�pikÛ#Þ�lKdr�p_odq¢Ô}�ÆGcFz7dfqtikl�e%ikÛXe%_"gIiA�mz)ikÛXcF` e)c�Õ�cF`bu
l�`ml��p{oz)cFzk]KÑPjbiøÕ�cF`4cFÕ=�4Õ l�`mÛ ÕølX�ocFÕA�mÕ l�u�i?Ûmcüã�irq)ik`4dfikz<_�vDl��F�Be)jbi�dr�p_odq¢ozJl�q)i�z)e%_�q)ikÛàc�` l
�t���b���á�%���R�4�������á���ü�Eò ± l���z%_r¢�`b_@?P`Xl�z7lKÛmcäãIirq)ik`mdfiAgI_��m`mÛ·Õ�l�e%qtcä�4²�] � l�d�jÔik`	e%qt{�è Æ ÌJcF`·e)jbi
Õ�l�e%qtcü�bò jml�zMe)jbiÜn�l��F�bi��Ï�J� ± }%Ì H } Æ ²�Þ�?PjmcFd�j?c�zBe)jbi7Õ�lX�bcFÕA�mÕ l�u�i<ÛmcäãIirq)ik`mdfiÜ_�v³e)jbi8dr�p_odq¢ozr]
Ó½Ûm�4Õ�Õ�{"dr�p_odq¢Ã}�¡�?Pjb_�z%iAl�u�iÏcFzPl��ü?Mlk{oz48�c�zPl��Fz%_KcF`mdr���mÛbikÛ#]hÑDjbiAÕ�lX�bcFÕ=�4Õ l�u�iJÛmcäãIirq)ik`mdfi
gIire5?Cirik`K} Æ l�`mÛ�}f¡ ± è/¡ Æ ²BcFzGe)jbi8Õ�lX�oc�Õ=�mÕ l�u�i8_�v³} Æ ] ÑDjmiÈÕ�lX�bcFÕA�mÕæl�u�i7ÛmcäãIirq)ik`mdfiÈgIire5?Cirik`
}f¡�l�`mÛ'} Æ ± è Æ ¡k²<cFz<e)jbi?`biru�l�e)cp_�`à_�vhe)jbi�ÕøcF`mcFÕA�mÕ$l�u�i?_�vD} Æ ]m÷È_�e%i�e)jml�e�ò _�`m�p{X`birikÛmz�e%_
df_�`�e)l�cF`�cF`bvR_�qtÕ�l�e)cp_�` _�` e)jbi?e)cFÕ�cF`buÃ_�vÈdr�bqtq)ik`	e)�F{Xik`ml�g4�pikÛàqt�m�pikzkÞ `b_�e=_�`'irn�irq){'qt�m�Fi�cF`àe)jbi
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Ñ �GÝ z%e%q��mdfe)�bq)i�] ÑPjmcFz7ú4l�qte)cFdr�m�Fl�q�?ClÖ{ _�vhq)irúmq)ikz)ik`	e)cF`mu e)cFÕÏikÛ q)iru�cp_�`mz�?Ml�z<s4q�z%e=cF`�e%q)_oÛm�mdfikÛ
g�{ × cF�F�ÜcF` F ØOuOK¬]½ÑDjbiÔdf_�`mz%e%qtl�c�`	e"Õ�l�e%qtcü�.q)irúmq)ikz)ik`	e)zKl df_�`	n�i	� ¹ Â × ¤ ¹ ÛmcFÕÏik`mztcp_�`ml��Dqtiru�cp_�`#]
� l�d�j Ûmc�ÕÏik`mz)cp_�`Kdf_�q)qtikz%úI_�`mÛmzMe%_øl�`"ik`4l�g4�pikÛ"qt�4�pi�Þbl�`mÛ"e)jbi<l�u�iAl�eÉ?PjmcFd�j"lÏqt�m�FiÈs,q)ikzDdrl�`/gIi
l�`�{3?Pjmirq)i1?Pcpe)jmc�`�e)jmi�z%ú4l�dfi�]

P·l�`	{7Õ�l�e%qtc�dfikz�drl�`<gIi*�mz%ikÛ7e%_Pq)irúmq)ikz%ik`�e#e)jbiBztl�ÕÏi q)iru�cp_�`�cF`7z%ú4l�dfiBztcF`mdfi*z%_�ÕÏi ik`�e%qtcpikz³Õ�lk{
gIiD�m`mÛbirq�df_�`mz%e%qtl�cF`mikÛ#].�È_J?Cirn�irqkÞoe)jbirq)iDcFz*l<drl�`m_�`mcFdrl��bq)irú4q)ikz%ik`�e)l�e)cp_�`�?Pjbirqtihirn�irq){Ïdf_�`mz%e%qtl�cF`�e
cFz��������������R� ç������b�f�á�>���R�m�R��#�]*Ó'z%ire�_�vbdf_�`mz%e%q�l�cF`	e)z³cFz�Õ�lX�bcFÕ�l��F�F{Pdf_�`mz%e%qtl�c�`mcF`buhcpv�ikl�dtjAdf_�`mz%e%qtl�cF`�e
drl�`àq)ikl�dtj'cpe)z�ÕølX�ocFÕA�mÕ$n�l��F�biøv|_�qAz%_�ÕÏiøe)c�Õ�cF`bu/l�z)ztcpu�`mÕÏik`�eå?Pcpe)jm_��be7n�cF_��Fl�e)cF`bu/l�`�{X_�vhe)jbi
_�e)jbirqÜdf_�`mz%e%qtl�cF`�e)zr] > `Ke)jbi=l��pu�_�qtcpe)jmÕ/Þbe)jbi�Õ�l�e%qtcü�KcFzPÕ�l�Ûbi�Õ�lX�bcFÕ�l����p{ødf_�`mz%e%q�l�cF`mcF`buÏe)jmq)_��bu�j
l�ú4q)_�dfikztzÈdrl��F�FikÛ �)�)�t���,���m�[�t���è�Q!k���á�[���m]SRDikdrl�`m_�`mcFdrl��Fcüûkl�e)cF_�`/e)lo¢�ikz8løÕ�l�e%q�cä�mò ?Pjbirq)iAz%_�ÕÏi�_�v
e)jbi�è Æ ÌFN z8l�q)iJu�q)ikl�e%irq7e)jml�`¬����� ± }>Ì H } Æ ²Pl�`mÛ·úmq)_oÛm�mdfikzÜl?Õ�l�e%qtcä��?Èjbirq)iJl��F�³e)jmi�è Æ Ì�N z7jmlÖn�i
e)jbikcpq=Õ�lX�oc�Õ=�mÕºl��F�p_J?CikÛ n�l��F�bi�]KÑDjbi�l�ztz)cpu�`mÕÏik`�e<_�vMe)jbibè Æ ÌFN z�z%_Ãe)jml�e<e)jbir{ l��F�Bjmlkn�i�e)jbikcpq
Õ�lX�bcFÕA�mÕ$n�l��F�biøcFz=l��ü?Mlk{oz=�m`4cFÒ��mi�Þ³z%_ e)jmi�l��pu�_�qtcFe)jmÕ drl�`'Ûbire%irqtÕ�cF`mi�?Pjbik` l u�cpn�ik` qtiru�cp_�`
cFz8ikÒ��mcpn�l��pik`�e7e%_/_�q=df_�`�e)l�cF`bikÛ c�`Xl"q)iru�cp_�`Xe)j4l�e�jml�z7gIirik` z%irik` g�irvR_�q)i�]LRPikdrl�`b_�`mcFdrl��Fc�ûkl�e)cp_�`
cFzAikz)z%ik`�e)cFl��F�F{ e)jbiKl��F�Cú4l�cpqtzAz)jb_�q)e%ikz)eÏú4l�e)j'úmq)_�g4�pikÕ l�`mÛ drl�` gIi"Ûb_�`biKcF`�T ±RîVU ²�e)cFÕÏik?Pcpe)j
���p_Ö{oÛ�N zDl��Fu�_�qtcpe)jmÕ F ØOuoK¬]

W ir_�ÕÏire%q�cFd7q)iru�cp_�`4zDl�q)i=�4z%ikÛ"g�{XRP_O¢�cFdn¢�cUcF`ZY a [#Z�\�y F ÚOubÞ,ÚO�oÞ,ÚOAXKUe%_�Ûb_Ïe)cFÕ�ikÛ/z%e)l�e%i=z)ú4l�dfi
i	�oú4�p_�qtl�e)cp_�`ø_�`X]Üqtg4cpe)l��b`bireCz%úIikdrc s,drl�e)cp_�`mz
?Pcpe)jÏe)jbiÜz)cF`bu��Fihg�ikj4lknocp_�qtl��bú4��l�dfiDq)ikz%e%qtc�dfe)cp_�`#]�ÑDjbi
z)cF`mu��pihgIikjmlknocp_�qtl��bú,�Fl�dfiPq)ikz)e%qtcFdfe)cp_�`�c�zBÕ�l�ÛbiÈcF`XY a [#Z�\�y e%_=ik`mzt�bq)ihe)jml�eGe)jbiPu�ir_�ÕÏire%q�cFdDq)iru�cF_�`mz
e)jml�ehq)irú4q)ikz%ik`�ehe)jbi7e)cFÕÏi8gIikjmlknocp_�qh_�v�e)jbi<z%{oz%e%ikÕ l�q)i<l���?ClÖ{�zDdf_�`�n�i	�I] > vUe)jbi7n�l��F�bikzM_�v�dr�p_odq¢oz
drl�` i	�bdfirikÛ e)jmikcpq��búmúIirq8gI_��m`mÛmzkÞ#e)jbi�q)iru�cp_�`4z7q)irúmq)ikz)ik`	e)cF`mu?e)jmi�e)cFÕÏiÏgIikjmlÖn�cp_�q=Õ�lk{X`b_�e<gIi
df_�`�n�i	��]L��cFu��bq)i�A�]BA�z)jb_@?PzÈl�` i	�ol�Õ�ú4�pi�_�v*e)j4cFzr] > ` e)jmcFzÈz%úIikdrc s,drl�e)cp_�`#Þ4ikcpe)jbirqPe)jmi=z%irú4l�q�l�e)cp_�`
gIire5?Cirik` ­ xæl�`mÛÔ}kx½ÕA�mz%e8`b_�eÜi	�odfirikÛ Ú�Þ#_�q8e)jbiJz%irú4l�q�l�e)cp_�` gIirei?Girik` ® x l�`mÛ·}rx ÕA�mz%e8`b_�e
i	�bdfirikÛ�Cb] P cF`mdfi Ñ �BÝ z)e%qt�mdfe)�bq)i z)ikÕ�l�`	e)c�drz³Ûb_�ikz�`b_�e�qtikÒ��mcFq)i*gI_�e)j<�búmúIirq#gI_��m`mÛ8df_�`mz%e%q�l�cF`	e)z³e%_
gIiPÕÏirerÞ�e)jbiDq)ikzt�m�pe)cF`bu7qtiru�cp_�`øcFzG`b_�`�Ìûdf_�`�n�i	��] P cF`mdfi����p_�{�Û�N zGl��pu�_�qtcpe)j4Õ½_�`m�p{Å?C_�qq¢oz _�`ødf_�`�n�i	�
q)iru�cp_�`4zrÞ,e)j4cFzPÕA�mz%eÈg�iAlkn�_�cFÛmikÛ#]��È_J?Cirn�irqkÞ�?Pjmik`/qt�m�FikzPl�q)iJl��F�p_@?GikÛÃe%_øs,q)i=cF`4ÛbirúIik`mÛbik`�e)�p{�_�v
irn�ik`�e)zÜl�zÈe)jbir{"l�q)iAcF`"e)jbiAz%e)l�e%iAz)ú4l�dfi�i	�oú4�p_�qtl�e)cF_�` l��pu�_�qtcFe)jmÕ z%ikdfe)cp_�`�Þ,dr�p_odq¢ozÈdrl�`·`b_ø�F_�`bu�irq
i	�bdfirikÛ�e)jbikcpq �múmúIirq�gI_��m`4ÛmzrÞ�l�`mÛJe)jbiDqtiru�cp_�`mz*l�q)ihu��ml�q�l�`	e%irikÛøe%_<gIiMdf_�`�n�i	�I] > `Je)j4cFz�i	�ol�Õ�ú4�pi�Þ
ØJq)iru�cF_�`mz�?C_��m�FÛKgIi8u�ik`birqtl�e%ikÛÃe%_ødf_Ön�irqÜe)jbi�z%ú,l�dfi�z)jb_@?P`"cF`Ke)jbi7s,u��bq)i�]

ÑDjbi<l��Fu�_�qtcpe)jmÕ c�`,��cFu��bq)i�A�]DC?z)jb_J?ÈzDjb_J?�e)jbi<vá�m`mdfe)cp_�`/v|_�qP�múIÛ4l�e)cF`buJe)cFÕ�cF`mu�cF`bvR_�qtÕ�l�e)cp_�`
�mz%ikÛXc�`���cFu��bq)iEA�]���cFz7cFÕ�ú4�pikÕÏik`�e%ikÛ~?Pcpe)j·u�ir_�ÕÏire%qtc�dÏq)iru�cp_�`mzk]JÑPjbiÏvR�4`mdfe)cp_�`·e)lo¢�ikz=l�z�cF`bú4�be
e)jbiJÑ �BÝ z%e%q��mdfe)�bq)iJz%úIikdrc s,drl�e)cp_�`�Þ,e)jbiJdf_�`mz%e%q�l�cF`	e8Õ�l�e%qtcü��Þ�e)jbiJqt�m�pi�e)jml�e7cFzDs,qtcF`bubÞ,e)jbiAz)ireÜ_�v
ik`ml�g4�FikÛàq��m�pikzrÞ e)jmi/z%ireÏ_�vÜ`miw?P�p{ ik`ml�g,�pikÛ'qt�m�pikzrÞGl�`mÛ�lÔg4cpe�?PjmcFd�j�cF`mÛmc�drl�e%ikzAcFvPl�`�irn�ik`�eøcFz
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a+

c+

b+
r2r1

[2,4][3,5]

^"_a` ^"b
`

5

3

2 4

t(c+)-t(a+)

t(c+)-t(b+)

NPORQ,SUT¦V�Ò#Y�Ò#] ± l	²BÑ �BÝ z%e%qt�4dfe)�bq)iL?Pcpe)jKÕ=�4�pe)cpú4�piPg�ikj4lknocp_�qMqt�m�pikzrÞ�l�`mÛ ± g�²G`b_�`�Ìûdf_�`�n�i	�?qtiru�cp_�`#]

��� Q4�4T�O|����� Ò#Y�Ò�YáZ��dcfe2	��b�ÖV0�
�¦���á¥·�bú#Ûml�e%i ±���� � �f�á���m�k�á�o�)� ��� � ¼�� ¾tÊ ¡ ¾��=¾)¸�¾)ÂJ¾)Â ¡ ¾�ÎøÁ ç
#��)�o�ø�r�á���[�J�%�g#��[���hJ�ç

���o�p� « ´y¼ °�¾t©�¾)¯¿¾%ÀU¾t®fÁ çC���o�F���r�k� Â × ¤Vç Â ¤ ×ji çC�t�k��� �f���r�4� � �%�t¥Ö²<µ
O . ± ò F ª¬î w °wé�±R« ²5K F 8XKIk HP¯ ²h���³Vo��ò F ªûî w °wé�±R« ²5K F 8XK�´ HÈ¯ �
q)ikdrl�`b_�`mcFdrl���cüûri ± ò~²$�
úmq)_�l%ikdfe ± J�çB�R�,¥	�n�>1¬�)²%²$�
O . ± �f���f�4� � �)�)¥Ö²tµ

. �4T�� ��� ±R« Æ ´½¼ ° Æ ¾t© Æ ¾)¯ Æ ¾%À Æ ¾t® Æ ¶ Â ¤ ×gi ²tµ
ò F 8XK F ªûî w °wé�±R« Æ ²5KI´98:�
ò F ªûî w °wé�±R« Æ ²5K F 8XK#´98:�
. �,T�� ��� ±R« Ì ¶/Â ¤ ×ji ²
ò F ª¬î w °wé�±R« Ì ²5K F ª¬î w °wé�±R« Æ ²5KI´m8:�
ò F ª¬î w °wé�±R« Æ ²5K F ª¬î w °�é�±R« Ì�²5KI´m8:�

. �,T�� ��� ±R« Ì ¶/Â × ¤ H Â ¤ ×ji ²
ò F ª¬î w °wé�±R« Ì¦²5K F ª¬î w °wé�±R« Æ ²5K � ò F ªûî w °wé�±R« Ì�²5K F 8XK-�
ò F ª¬î w °wé�±R« Æ ²5K F ª¬î w °�é�±R« Ì�²5K � ò F 8XK F ªûî w °wé�±R« Ì�²5K-�

Ð
Ð
. �4T�� ��� ±R« Æ³´y¼ ° Æ ¾t© Æ ¾)¯ Æ ¾%À Æ ¾t® Æ ÁC¶/Â × ¤ ²
ò F 8XK F ª¬î w °�é�±R« Æ ²5K � À Æ �

q)ikdrl�`b_�`mcFdrl���cüûri ± J ²$�
`b_�qtÕ�l��Fc�ûri ± J ²$�

Ð

NPORQ�S³T¦V�Ò�Y"n�]<ÍBq)_�dfikÛ4�bq)i7vR_�qP�bú#Ûml�e)cF`buAe)jbi<u�ir_�Õ�ire%qtcFd7q)iru�cF_�`#]
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s4qtc�`bub]=ÑDjmi?�R�,¥	�n� vá�m`mdfe)cF_�`X�mz%ikÛÔcF`Ôe)jbi�l��pu�_�q�cpe)jmÕ(e)lo¢�ikz�lKq��m�pi�Þ#l�`mÛXq)ire)�mqt`mzÜe)jbi�cF`mÛmi	�ÃcF`
e)jbi�df_�`4z%e%qtl�cF`�eÈÕ�l�e%q�cä�?e)j4l�eÈdf_�q)q)ikz)ú�_�`4ÛmzMe%_�cper]MÑDjbi8s,qtz%ePz%e%irúÃ_�v�e)jbi<vá�m`mdfe)cp_�`/c�zhe%_�d�jbikdq¢ cFv
e)jbi�ÕøcF`mcFÕA�mÕ l�u�i�_�v*e)jmi7s4qtcF`muÏqt�m�piFN zDdr�F_�dn¢Kc�`"e)jbi=Õøl�e%qtcä�"cFzD�pikz)zPe)jml�`/e)jmi��p_J?CirqÜg�_��4`mÛK_�`
e)jbihqt�4�pi�] > v,cpe*cFzkÞ�e)jbih�p_J?Cirq gI_��m`mÛ=_�`Je)jbiDl�u�ih_�v�e)jbiMqt�m�piMcF`Ae)jbiDÕ�l�e%qtcü�AcFz�z%ire*e%_7e)jbiD`miru�l�e)cp_�`
_�v Õ�cF`4cFÕ=�4Õ l�u�iA_�v�e)jbi�q��m�pi�]GÑPjmcFzhik`mzt�bq)ikzhe)jml�eÈe)jbi=ÕøcF`mcFÕA�mÕ l�u�i=_�v*ikl�d�jÃdr�F_�dn¢/cFzD`b_?�pikz)z
e)jml�`Ke)jbi7Ûmcüã�irq)ik`4dfiÜgIirei?Girik`"e)jmiÜe)c�ÕÏi7cpehcFzMdfq)ikl�e%ikÛ l�`mÛ?e)jbi7e)c�ÕÏi8e)jml�ehe)jbi7�Fl�z%eMirn�ik`�ePcF`?e)jbi
z%ikÒ��bik`mdfiÈs4q)ikzr]*ÑDjmiPq)_@?+l�`4Û�df_��F�4Õ�`ødf_�q)qtikz%úI_�`mÛmcF`bu�e%_=e)jbiÈs4q)ikÛ�qt�m�FiPcFzGe)jbik`øqtikÕÏ_Ön�ikÛ?vRq)_�Õ
e)jbiøÕøl�e%qtcä�Ôg�{Ôe)jbiÅ·��>�pok�)�Ö� _�úIirqtl�e)cp_�`�]b÷Èi	��erÞ�cpvMl�` irn�ik`�e<s4q)ikÛ�Þ³e)jbiøl��Fu�_�qtcpe)jmÕ l�Û4Ûmz<dr�p_odq¢oz
vR_�qP`biw?P�p{�ik`ml�g4�pikÛ/qt�m�pikzr]*Ó�qt�m�pi<c�zh`biw?P�p{�ik`ml�g4�pikÛ"cpv�cpeDcFzhc�` Â ¤ ×ji ]
x+jbik`/lÏqt�4�pi7cFzhcF`mcpe)c�l��F�p{
ik`ml�g4�FikÛ#Þ,cpe)zÜl�u�iJcFz�ûrirqt_bÞ�z%_?e)jbi=ik`	e%qtcFikzÈcF` e)jbiJÕ�l�e%qtcä�/vR_�qÜcFe)zPÕ�cF`4cFÕ=�4Õ l�`mÛ·Õ�lX�oc�Õ=�mÕ l�u�i
l�q)iJz%ireÜe%_bûrirq)_b] > v l?z%ireÜ_�v qt�m�FikzPcFzPik`ml�g4�pikÛÃl�eÜe)jmi=z)l�ÕÏiAe)cFÕÏi�Þ�e)jbi=q)ik�Fl�e)cpn�iJl�u�ikz8ÛmcäãIirq)ik`mdfi
gIire5?Cirik` l��F�Iú,l�cpqtzC_�vUq��m�pikzhcF`?e)jbi�z)ireDcFzQûrirq)_b]GÑPjbirq)irvR_�q)i�Þbik`	e%q�cpikzhcF`Ke)jbi<Õ�l�e%q�cä�?qtirúmq)ikz%ik`�e)cF`bu
l�u�iPÛmcüã�irq)ik`4dfikz*gIire5?Cirik`Ïirn�ik`	e)zCcF` Â ¤ ×gi l�qtiDz%ire e%_1ûrirq)_b] ÓÈu�iDq)ik�Fl�e)cF_�`mz)jmcpú,zUgIirei?Girik`Ïe)jmiD`biw?
qt�m�FikzBl�`mÛøe)jbiÈú4q)irn�cF_��mz)�p{Ai	�oc�z%e)cF`bu<_�`mikzGÕA�mz%eCl��Fz%_Ag�iPik`	e%irq)ikÛKcF`øe)jbiÈÕøl�e%qtcä�I]�ÑPjbiÈÕ�lX�bcFÕA�mÕ
l�u�iJÛmcäãIirq)ik`mdfi�gIirei?Girik`·l�`miw?ìqt�m�Fi�l�`mÛ l�`�{"úmq)irnocp_��mzt�p{�i	�bcFz%e)c�`bu�qt�m�Fi�cFzIl)�mz%ePe)jbi=Õ�lX�bcFÕA�mÕ
l�u�i�_�vCe)jbiÏúmq)irnocp_��mzt�p{/i	�bcFz%e)cF`buKqt�4�pi�]AÑPjbirq)irvR_�q)i�Þ�e)jbi�`biw? Õ�lX�oc�Õ=�mÕ$l�u�i�ÛmcäãIirq)ik`mdfiJik`	e%q�cpikz
l�q)i/df_�ú4cFikÛ�v|qt_�Õòq)_J?¦ûrirqt_ _�vÈe)jmi/Õ�l�e%qtcä�¬?PjmcFd�j�df_�`	e)l�cF`4zÏe)jbi/Õ�lX�bcFÕA�mÕ l�u�ikz�_�vÜi	�oc�z%e)cF`bu
qt�m�Fikzr]ÜÑPjbiAÕøcF`mcFÕA�mÕ l�u�iÏÛmcäãIirq)ik`mdfiAgIire5?Cirik`Ôe)jbiJ`biw?~qt�m�piAl�`mÛÃl?úmqtirn�cp_��4z)�p{Ki	�oc�z%e)cF`bu�qt�m�pi
cFzCe)jbi8Õ�cF`mc�Õ=�mÕ l�u�i7_�v³e)jbi8úmqtirn�cp_��4z)�p{Ji	�oc�z%e)cF`buAqt�m�pi�Þol�`mÛ?e)jmcFzCÕ�cF`4cFÕ=�4Õæl�u�i<cFzCdf_�ú4cpikÛ?vRq)_�Õ
df_��F�mÕø`mûrirq)_�_�v*e)jbi=Õ�l�e%q�cä��]���cF`ml����p{�Þme)jbiAl��pu�_�qtcpe)jmÕ z%ire)zÈe)jbi=Õ�lX�bcFÕA�mÕ l�u�iA_�v*ikl�dtj·qt�4�pi<cF`
e)jbi�Õøl�e%qtcä�Ke%_øcpe)zDz%úIikdrc s,ikÛ"Õ�lX�oc�Õ=�mÕ l�u�i�Þ À Þ,l�`mÛ"q)ikdrl�`b_�`4cFdrl��FcüûrikzPe)jbi�Õ�l�e%qtcü��]BÑPjmcFzhl��F�p_@?Pz
e)cFÕÏi�e%_�l�Ûbn�l�`mdfi=l�zÈvál�qÈl�zÈú�_�ztz)cpg4�pi�?PcFe)jb_��bePdrl��mztcF`bu�l�`�{"qt�m�pi7e%_?i	�odfirikÛ·cpe)zÈÕ�lX�oc�Õ=�mÕ l�u�i�]
ÑDjbiJs�`ml��*z%e%irúàc�z<`b_�qtÕ�l���cüûkl�e)cp_�`#]�ÑDjmi�`b_�qtÕ�l��Fc�ûkl�e)cp_�`Xz%e%irúàc�z<`bikdfikz)z)l�qt{·e%_ÃÛbikl��!?Pcpe)jÔq��m�pikz
e)jml�e�j4lkn�iøcF`bs,`mcpe%iJ�búmúIirq8gI_��m`mÛmz8l�`mÛXcFz7Ûmikz)dfqtcpgIikÛÔcF`XÛbire)l�cF��g�{qRD_O¢ocFdq¢oc cF` F ÚOuXK¬]�ÑPjbiÏ`biw?
q)iru�cp_�` `b_J? q)irúmq)ikz%ik`�e)z<l��F� ú�_�ztz)cpg4�piJdr�p_odq¢Xl�u�ikz=u�cpn�ik`Xe)jbiÏs,qtcF`bu"z%ikÒ��bik`mdfi�e)j4l�e�cFz<dr�bqtq)ik`	e)�F{
gIikcF`buJi	�oú4�p_�q)ikÛ#]

�1�gr ªÏð �É��ï�ÈqÀ
Ë
��cpu��bq)i1A�]ÙÚÏz)jm_J?Pzhl�`Ki	�bl�ÕÏú4�pi8_�v�jb_J?öe)jmi7u�ir_�ÕÏire%qtcFd7l��pu�_�q�cpe)jmÕ ?C_��m�FÛ?gIiÜl�úmú,�FcpikÛ?e%_Ïe)jbi

z)cFÕ�ú4�pi*Ñ �BÝ z%e%qt�mdfe)�mq)i z)jb_@?P`<l�e�e)jbiBe%_�ú�_�voe)jbi*s4u��mq)i�]UÑDjmi�s4qtz%e�df_��F�4Õ�`7z)jb_@?Pz�e)jbiGdf_�`mz%e%qtl�cF`�e
Õ�l�e%qtcü�?l�ehikl�dtjÃz%e%irú/l�`mÛKe)jbi7z%ikdf_�`4Û/df_��F�mÕ�`Kz)jm_J?PzMe)jbi7qtiru�cp_�`"cF`Kz%ú4l�dfi7q)irú4q)ikz%ik`�e%ikÛKg�{?e)jbi
Õ�l�e%qtcü��]XÑDjbi�q)ikdrl�`b_�`mc�drl��Fcüûkl�e)cp_�`'úmq)_odfikÛm�bqtiøe)jml�eÏcFzAl�úmú4�FcFikÛ l�vRe%irqÏikl�dtj�z%e%irú�cFzA`b_�eÏz)jb_@?P`
jbirq)i�Þ³g4�be<cFz7ÛbikztdfqtcpgIikÛÃc�`XÛbire)l�cF��g�{sRP_O¢�cFdn¢�cBcF` F ÚOuoK¬] > `4cpe)cFl��F�p{�ÞIqt�4�pikz « ð l�`mÛ «�t ?Pj4cFdtjXjmlÖn�i
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A+

B+

D+

C+

E+

F+

0 0       5          5

0       0          0

0       0          0

0       c1      c2

c1

c2

5

5

c1

c2

0 0       5          2

-3       0          -3

0       5          0

0      c1      c4

c1

c4

Constraint Matrix                                        Geometric Region

2

c4

5

0

0       2          0         0

0       2          0         0

0     c4       c3       c5

c4

c3

c5

0       2          2         2

0       0          0         0

Constraint Matrix                                        Geometric Region
(Projected onto 2 dimentions)

2

7

c4

2
c3

Constraint Matrix                                        Geometric Region

0
0      c3       c5

c3

c5

0       0          0

0       0          0

0      10       10

c3

c5

10

10

0

0         10         0

0         10          4
0         c5         c6

c5

c6

-6          0        -6

10

4

c5

c6

Constraint Matrix                                        Geometric Region

c1~r1, c2~r2, c3~r3
[2,5][3,7]

[6,10][1,2] [2,10]

r2 r1

r4 r3
r5

c1

RL=r3,r5   Current firing sequence=[r2,B+,r1,C+,r4]

Constraint Matrix                              Geometric Region

RL=r6,r5   Current firing sequence=[r2,B+,r1,C+,r4,r3,D+]

RL=r4,r5   Current firing sequence=[r2,B+,r1,C+]

RL=r1,r4  Current firing sequence=[r2, B+]

RL =  r1,r2   Current firing sequence=[]

[2,5]
r6

c4~r4, c5~r5, c6~r6

NPORQ,SUT�V~Ò#Y��I]{��cFqtcF`buJqt�m�Fikzr]
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e%_O¢�ik`mz"e%_�c�`mÛmcFdrl�e%iÔe)jbir{:l�q)i cF`mcpe)c�l��F�p{�Õ�l�qq¢�ikÛ#Þ8l�q)iXu�cpn�ik`ödr�F_�dn¢�z/} ð l�`mÛö} t ] ÑPjbiXcF`mcpe)cFl��
df_�`mz%e%q�l�cF`	e8Õ�l�e%qtcü�ÃcF`mÛmc�drl�e%ikzPe)jml�e8e)jbiJÕ�lX�bcFÕA�mÕ l�u�iÏvR_�qÜg�_�e)jÔdr�p_odq¢oz8cFz7Ú�] P cF`mdfi=e)jbiÏ�p_J?Cirq
e)cFÕ�c�`bu=gI_��m`4ÛmzB_�`/g�_�e)j « ðhl�`4Û « t l�q)i7�pikz)zMe)jml�` Ú�Þbe)jmir{?l�q)i7gI_�e)j"l�ÛmÛmikÛ�e%_øe)jbi7�FcFz%eM_�v³q��m�pikz
e)jml�e7drl�`·s4q)i�Þ'( � ]#ÑDjbiAqt�m�pi «�t cFzÈd�jb_�z%ik`Xe%_?s4qti�]<ÑDjbiJdr�p_�dn¢ vR_�q «�t c�zÈú4q)_�l>ikdfe%ikÛÔ_��meÜ_�vGe)jbi
df_�`mz%e%q�l�cF`	eCÕ�l�e%qtcä�IÞ�l�`4Û�e)jbiPÕøl�e%qtcä��cFzBdf_�`4z%e%qtl�cF`bikÛ�z%_�e)j4l�eBe)jml�eCl��F�4dr�p_odq¢oz e)j4l�eGi	�bcFz%e%ikÛ�?Pjbik`
«�t s4q)ikÛ?Õ=�mz)eCjmlÖn�i7lAÕøcF`mcFÕA�mÕ½l�u�i8_�vöA�] Óå`miw?+dr�F_�dn¢øcFzCl�ÛmÛbikÛ?v|_�qCe)jbi8`biw?P�p{Ïik`4l�g4�pikÛ�qt�m�pi�Þ
«�u ] > eÈÕA�mz%eÈg�i�g�irei?Girik`�Aøl�`mÛÃÚøe)cFÕÏi��4`mcpe)zD{�_��4`bu�irqÈe)j4l�` e)jbiAdr�p_odq¢"vR_�q « ð z)cF`mdfi<e)jmiAdr�p_odq¢
vR_�q « ð j4l�zÜl�`Xl�u�iÏgIirei?Girik` AKl�`mÛXÚ�e)cFÕÏiJ�m`mcFe)z�?Èjbik`ÃcFe8c�zÜl�Û4ÛbikÛ#]<ÑDjbiJ�FcFz)eÈ_�vGqt�m�pikzÈe%_?s4q)i
`b_@? df_�`�e)l�cF`mz « ð l�`mÛ «�u ]ÃÑDjmi�qt�4�pi « ð cFz=d�jb_�z%ik`'e%_·s4q)i?`bi	��erÞ drl��4z)cF`buÃqt�m�pikz « U l�`4Û «�v e%_
gIikdf_�ÕÏiAik`ml�g4�pikÛ#]8ÑDjbiA`biw?~qt�m�piA�FcFz%eÈdf_�`	e)l�cF`4z «�u l�`mÛ «�v g4�be8`b_�e « U z)cF`4dfi=e)jbiJ�p_@?Girq8gI_��m`mÛ
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l�z)z%_odrcFl�e%ikÛ ?Ècpe)j� �Ì�N zødrl��mz)l��hqt�4�piKq)ikl�dtjbikz�cpe)zÏ�búmúIirqJgI_��m`mÛ#]'ÑDjbirq)irvR_�q)i"e)jbirqti/cFzÏl��ü?Mlk{ozøl
q)ir_�qtÛmirqtcF`buE?Èjbirq)i�e)jmi=Õ�lX�bcFÕA�mÕ z)irú4l�qtl�e)cp_�`ÃgIire5?Cirik`·  Æ l�`mÛ· �Ì=cFz À�±  �Ì ï#ð ²�]ÈÑDjmc�zDÕÏikl�`mzÜcpe
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a+ c+b+

r1 r2 r3 r4

x+ y+

x+ # y+

[1,2]
[1,2] [1,2]

[1,100]

Constraint Matrix 

c1

0 0      2      2

-1    0      0

-1    0      0

before r4 fires

0     c1    c4       

c4

NPORQ,SUT�Vsn�Y[Zm]GÓ2d�jb_�cFdfi�df_�Õ�ú4�be)l�e)cp_�`#]

Õ�cF`4cFÕ=�4Õ e)cFÕÏi�l��F�F_J?CikÛ g�{"e)jbi�q��m�pikzhik`ml�g,�FcF`bu�cper]DÑPjmcFzDÕ�c�`mcFÕA�mÕ e)cFÕÏi�c�zDe)jbi=ikl�qt�Fcpikz%ePe)cFÕÏi
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e%_7e)jbiMs4q�cF`buP_�v ° Æ e)jml�e l�q)iDcF`Ae)jbihqtiru�cp_�`Jl�q)ihn¦l���cFÛAv|_�q*e)jbihdr�bqtq)ik`	e�s,qtcF`buÜz%ikÒ��mik`mdfi�]*ÑDjbirq)irvR_�q)i
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Ûmcpqtikdfe)�p{8_�`=z)�4dtjAlÈz%úIikdrc s�drl�e)cp_�`#]ö��cF`4l��F�p{�ÞJ?CiMjmlkn�iCv|_��4`mÛ<e)jml�e�vR_�q�ÕÏ_�z)e�drcpq�dr�mcpe³z%úIikdrc s�drl�e)cp_�`mzrÞ
e)jbiXl�ÛmÛmcFe)cp_�`ml��Èq)ikz%e%qtcFdfe)cF_�`:c�ÕÏúI_�z%ikÛ.g�{ùd�jb_�cFdfi jml�z"��cpe%e)�piÔcFÕÏú4l�dfe?_�`+e)jbiXu�ik`birqtl�e%ikÛìz%e)l�e%i
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_�vhe)jbi?l�dfe)�ml��Bqtiru�cp_�`mzrÞUg4�be�`biw? �m`�e)cFÕÏikÛ z)e)l�e%ikz=l�q)i�qtl�q)ik�p{ÔvR_��m`mÛ#]KÑDjbirqtirv|_�q)i�Þ�ik�Fc�Õ�cF`ml�e)cF`mu
e)jbi�qtikz%e%qtcFdfe)cp_�` Õ�lk{Xúmqt_�Ûm�4dfi�l/df_�`mz%irq)n�l�e)cpn�i?z%_��F�be)cp_�` vRl�z%e%irqÖ] > vMe)jmcFz<cFz�l�drdfirúme)l�g4�pi�Þ�irn�ik`�e)z
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G � ÿ H � ë � ±  0��²���� ±  �Ì�²�µ�} °Ö©�ª¬î#ª ÿ ª N î Ø�ºÙØ�ºBuøl�`mÛ�} °Ö©�ª¬î#ª ÿ ª N î Ø�ºÙØ�ºxO�Ð
� ±  0��² K � ±  �ÌÖ² ÉX± C�º��Ö² ë � ±  �Ì¦² K � ±   Æ ²�x ¯>±  7�¦²

�Cirv|_�qtim?GiÃdrl�`�úmq)_�n�i Ý ikÕøÕ�l�z�Cb]���]BAàl�`mÛ Cb]���]DC vRq)_�Õ e)jmi/e%i	��erÞQ?Ci `birikÛ�e%_ úmq)_Ön�iÃe5?C_
z)�bú4ú�_�qteD�pikÕ�Õ�l�zÈdf_�`mdfirqt`mcF`mu�q)ir_�qtÛbirq�cF`bu�zr]MÑDjbi7s,qtz%eP�pikÕøÕ�lÏúmq)_�n�ikzPe)j4l�eÜl�s4qtcF`buJ_�v løqt�m�pi «



ÚO�

drl�`m`b_�ehgIi7q)ir_�q�Ûbirq)ikÛKe%_Ï_odrdr�bqPl�vRe%irqPl��Fl�e%irqMs4q�cF`buA_�v « cF`?e)jbi<z%ikÒ��bik`mdfi�]GÑDjbi7z%ikdf_�`mÛ/�FikÕ�Õ�l
úmq)_�n�ikz7e)jml�e�l�`Ôirn�ik`�e�drl�`m`m_�e<gIiAqtir_�qtÛbirq)ikÛÔe%_"_odrdr�bq�l�vRe%irq�l�`�{Ãvá�be)�bq)iAs4q�cF`bu�zÈ_�vGqt�4�pikzÜe)jml�e
ik`ml�g4�Fi<cper]

� V������qn³Y�n³Y[Z»�M�R���r�X� � ����  ¶ ß�çV�Ô�|�=�ø�����è�á¥��)�)���%¥	�f���R��# �>�È 9çC���,¥ ÇÈ±   Æ ² ¶ Â ¨
±áÇÈ±   Æ ²*´ ÇÈ±  �Ì�² É�ª�� ÿ�² ë � ±   Æ ² � � ±  �Ì¦²fê

´<T¦�#� .�¹ P cF`mdfi ÇÈ±  4Æ[²h´ ÇÜ±   Ì ²�ÞIe)jbir{·z)jml�q)i=e)jbiÏz)l�ÕÏiAik`ml�g4�Fc�`bu�irn�ik`�e<l�`mÛ e)jmiJztl�ÕÏi=ik`4l�g4�pikÛ
irn�ik`�er] × ifs,`mcpe)cp_�`�Cb]���]BA ± C�²Gú4�Fl�dfikzGe)jbiDs,qtcF`bu<_�v�  Æ N zGik`ml�g4�FikÛ�irn�ik`�eMc�`�e)jbiÈq)ikÒ��4cpq)ikÛ�z%ireC_�v� �Ì N z
ik`ml�g4��cF`buAirn�ik`	er] P cF`mdfi7  Æ cFzhc�`Ke)jbi<q)ikÒ��mcpq)ikÛKz%ireP_�v�cpe)zDik`ml�g4�pikÛKirn�ik`�erÞ, �Ì�N zDik`ml�g,�FcF`buAirn�ik`	eÜcFz
cF`Ôe)jbiÏqtikÒ��mcFq)ikÛÔz%ire<_�vM �Ì�Þ�l�`mÛÔq)ikÒ��mcpq)ikÛÔz%ire)z=l�q)iÏe%qtl�`mz)cFe)cpn�ik�p{Ãdr�F_�z%ikÛ#Þ³  Æ cFz7c�`Ôe)jbiÏq)ikÒ��mcpq)ikÛ
z%ireD_�v� �Ì�]BÑDjbirqtirv|_�q)i<  Æ drl�`4`b_�eDgIi7q)ir_�qtÛbirqtikÛ"e%_�_odrdr�bqPl�vRe%irqÈ �Ì�]

� V������qn³Y�n³Y�W%�M�R���r�X� � ����  ¶ ß�çV�Ô�|�=�ø�����è�á¥��)�)���%¥	�f���R��# �>�È 9çC���,¥ ÇÈ±  4Æû²*´ °<¶Ã¸ ¨
±áÇÈ±   Æ ²*´ ÇÈ±  �Ì�² É�ª�� ÿ�² ë � ±   Æ ² � � ±  �Ì¦²fê

ÑDjbi8qt�4�pikzCe)jml�ehik`ml�g4�pi ÇÜ±   Æ ²Cl�`mÛ ÇÈ±  �Ì�²Cl�q)i<c�`Ke)jbikcpqMq)ikÒ��mcpq)ikÛKz%ire)zr] P cF`mdfi ÇÈ±   Æ ²B´ ÇÈ±  �Ì�²
e)jbikz%i�qt�m�pikzDl�qti�cFÛbik`�e)cFdrl��[] P c�`mdfi7e)jbikcpqDik`4l�g4�FcF`buJqt�4�pikzhl�q)i�cFÛmik`	e)cFdrl��¬Þbe)jbikcpqDik`ml�g,�FcF`buJqt�m�FikzDl�q)i
_�qtÛbirqtikÛJg�{ Ý ikÕ�Õøl�Cb]DCb]���] P cF`mdfiMe)jbihq��m�pikz*cF`Je)jbihqtikÒ��mcFq)ikÛJz%ire _�vI  Æ l�q)ihq)ikÒ��mcpq)ikÛAg�{=e)jbihq��m�pikz
cF`Ke)jbi�q)ikÒ��4cpq)ikÛKz%ireD_�v*  Ì Þ4 mÆ�cFzDcF`Ke)jmi7q)ikÒ��4cpq)ikÛ"z%ireD_�v�  Ì l�`mÛ"e)jbir{KÕA�mz%ehq)ikÕ�l�c�`"_�qtÛbirq)ikÛ�]
÷È_J?l?Ci<drl�`/ú4q)_Ön�i<e)jmi<q)ikz%eh_�v�e)jbi��FikÕ�Õ�l�zMvRq)_�Õ e)jbi�d�jml�úme%irqk]

� V������qn³YáZ4Y�ÒA�M�R���r�:� � ���8  ¶ ß ���,¥s�+��� �à�¦���è�[¥ �)�)���>¥	�r���R��#ù�>�� 9çA� ��  Í ´¼� ±  ³² � � �r�
  ÍI¶ ß7ê

´<T¦�#� .�¹ xXi=`mirikÛ/e%_�ztjb_J?�e)jml�e »   Í� ¶   Í Þ,  Í� Õ�irire)zPe)jbi=q)ikÒ��mcpq)ikÕÏik`�e)zhvR_�qÈl�z)ikÒ��bik`4dfi�e%_øgIi
cF`Ôß ± × ifs,`mcpe)cF_�`ÃØ�]ÙØ�]xO�²�]���cFqtz%e�?Ci=Ûmikl��.?PcFe)j/irn�ik`�ePs4q�cF`bu�zr]hÑDjbi=_�`m�p{Kq)ikÒ��mcpq)ikÕ�ik`	eD_�`Ãirn�ik`�e
s4qtc�`bu�zMcFzDz%e)l�e%ikÛÃcF` × ifs,`mcpe)cp_�`/Ø�]ÙØ�]xO ± Ø�²�]hÓÜ�F�Iirn�ik`�eDs4qtc�`bu�zMÕ=�mz)eDz)l�e)cFz%vR{�e)jmi<q)ikÒ��mcpq)ikÕÏik`�er]
^Ml�z%ib� ÄBÇÈ±   Í� ²*´ °<¶ ¸ ]
xXiM`birikÛ�e%_Üz)jb_@?àe)jml�e ÇÈ±   Í� ² ¶Ã©�ª¬«�­�®�¯[°	±   Í¡�¢£¢£¢ � ï#ð ²�]�ÑDjbiGÛbifs,`mcpe)cF_�`7_�vos4qtl�g4�Fi ± × ifs�`mcpe)cp_�`AØ�]ÙØ�]ÙÚ�²
vR_�qDirn�ik`	e)zÜjml�zDløz)cF`bu��pi8q)ikÒ��mcpqtikÕÏik`	er] ÓÜ`"irn�ik`�e ÇÜ±   Æ ²McFzhcF`Ke)jbi<s4qtl�g4�pi7z%irePv|_�qP  ÆRï#ð cFv Ä

»,« ´½¼ °�¾t©�¾)¯¿¾%À³¾t®rÁM¶ÃÂ~Ä�Å   Æ ¶   Ä	ÇÜ±   Æ ²*´ «PÉ   Æ cFzD�4z)l�g4�piBË
Å  �Ì ¶   Ä�ÇÈ±  �Ì�² ´y¼ ° Í ¾t©�¾)¯¿¾%À³¾t®rÁ�É/° Í ÎÏ°GÉ  �Ì7cFzP�mz)l�g4�pi

P cF`4dfi<  ¶ ô ª-½ è ­ Þ,e)jmcFzDdf_�`4Ûmcpe)cp_�`/c�zhe%qt�bi7vR_�qÈ  Æ ] > eÈcFzDl��Fz%_øe%qt�bi7vR_�qÈ  Í� cFv�`b_Ïq��m�pi8s4qtc�`buJe)jml�e
cFz7`birikÛmikÛÔe%_"s4q)iÏ  Æ cF`X �Þ³drl�` gIiJÕ�_Ön�ikÛ l�vRe%irq�  Í� c�`·  Í Þ³l�`4ÛX`b_"irn�ik`	e<s4qtcF`bur?Pj4cFdtj�?C_��m�FÛ



O�8

drl��mz%i�lK`birikÛmikÛÃq��m�pi=s4qtcF`bubÞI �Ì�Þ#e%_"gIikdf_�ÕÏiÏ�m`��4z)l�g4�pi=g�irvR_�q)iÏ  Æ s4q)ikz8cFz8ÕÏ_�n�ikÛXgIire5?Cirik`Xe)jbi
s4qtc�`bu"_�vD �Ì�l�`mÛ   Æ ] > vDl/qt�4�piJs4qtcF`mu/cFz�`birikÛmikÛ e%_/s,q)i�  Æ e)jmik`àcpe=cFz�cF` e)jbiøq)ikÒ��mcpqtikÛ z%ire�_�v
 mÆ¿ÞIe)jbirq)irvR_�q)iJcpeDs4qtikzPgIirvR_�q)i=  Í� g�{"e)jbiAÛmifs,`mcpe)cp_�`/_�vBløn�l��FcFÛ q)ir_�qtÛbirq�cF`bu ± × irv¿]#Cb]���]DC�²�]8ÑPjbirq)i
l�q)i7ei?G_�úmq)_�_�v³_�g4�FcFu�l�e)cp_�`mzMe%_�ik`mzt�bq)i8e)jml�eD`b_Ïirn�ik`�eDs4q�cF`bu�?PjmcFd�jr?G_��m��Û"drl��mz%i<l�`birikÛmikÛKqt�m�pi
s4qtc�`bubÞb  Ì Þme%_øg�ikdf_�Õ�i��m`��mz)l�g4�pi7cFzhÕ�_Ön�ikÛ/gIirei?Girik` e)jbi7s4qtc�`buJ_�v�  Ì l�`mÛ/ 4Æ ]

��] > vB �ÌJcFzÜl�q��m�pi<s,qtcF`bu?�mz%ikÛ·e%_?s4q)iJ  Æ Þ#l�`mÛÔ 0��cFz8l�`·irn�ik`�e8s4qtcF`bub?PjmcFd�j·_�drdr�bq�zÜl�vRe%irq<  Æ
l�`mÛr?G_��4�FÛKÕ�lo¢�i� �Ì<�m`��4z)l�g4�pi�Þoe)jbik`" 7��drl�`m`b_�ePg�i8q)ir_�q�Ûbirq)ikÛKe%_Ï_odrdr�bqDgIirv|_�qti8  Æ ]GÑDjmcFz
cFzMúmq)_�n�ikÛ l�zhvR_��F�p_@?Pz Ä
P �búmúI_�z%i<e)j4l�e ÇÜ±   Æ ²h´ ° l�`mÛ ÇÈ±  �Ì�²h´ « ´ ¼ ° Í ¾t°�¾)¯¿¾%ÀU¾t®fÁ ]=ÓÈ`·irn�ik`�eÈs,qtcF`bu?df_��m�FÛ·Õ�lo¢�i
ÇÈ±  �Ì�²J�m`��mz)l�g4�piKcpv8cpeÏcFz�l·s4q�cF`buÔ_�v ° _�qøcpe�c�zÏlÔs4qtcF`muÃ_�v7l�`�irn�ik`�e�cF` e)jmi/dtjb_�cFdfiÃz%ire
_�v « ] P �búmúI_�z%iøe)jml�eA 7�"cFzAz)�mdtj'l�`'irn�ik`	eAs4q�cF`bub] > v ÇÈ±  0��²A´ ° Þ*e)jbik` ° Í cFz=_�`bi?_�vPcpe)z
ik`ml�g4�FcF`mu"irn�ik`	e)zrÞGcpv ÇÈ±  7�¦²A´ © l�`4Û © cFz�cF`àe)jbi?dtjb_�cFdfi"z%ireA_�v « Þ °rÍ cFzAl��Fz%_Ã_�`bi?_�vPcpe)z
ik`ml�g4�FcF`muÜirn�ik`�e)zr]BÑPjbirq)iPÕA�mz%e gIiDz%_�Õ�iDs4qtc�`bu7_�v ° Í gIire5?Cirik`�  Æ l�`mÛø 7�Èe%_=ik`ml�g4�pi ÇÈ±  0��²�]
ÑDjbirq)irvR_�q)ihe)jbiMs4q�cF`bu8_�v °rÍ ?PjmcFd�jJ_�drdr�mqtz*gIire5?Cirik`ø  Æ l�`4Û� 0�ÜcFz*cF`Je)jbiPq)ikÒ��4cpq)ikÛÏz%ire _�vI 0��]
ÑDjbi7s4q�cF`buÏ  Æ cFzÈcF`"e)jbi=q)ikÒ��mcpq)ikÛ"z%ireÈ_�v l�`	{"vá�be)�bqti7s4qtcF`mu�zM_�v ° Í g�{ × ifs�`mcpe)cp_�`,Cb]���]BA ± C�²�]
ÑDjbiÈs4qtcF`bu=_�v ° Í cFzMcF`�e)jbi8q)ikÒ��4cpq)ikÛ?z%ireM_�vU 0��Þbl�`mÛK mÆ³c�zCc�`øe)jbi8q)ikÒ��mcpqtikÛ�z%ireM_�vUe)jbiÜs4qtcF`bu
_�v ° Í Þ,e)jmirq)irv|_�qti�ÞIztcF`mdfi�qtikÒ��mcFq)ikÛ/z%ire8l�q)iAe%qtl�`mz)cpe)cFn�ik�p{"dr�p_�z%ikÛ#Þ#lø 7��drl�`m`b_�eÜgIi�q)ir_�q�Ûbirq)ikÛ
e%_�_�drdr�mqDgIirv|_�q)i< 4Æ ]

Ø�] > v� �Ì<c�zhlJqt�m�piÜs4qtc�`buÏ�mz%ikÛKe%_Ïs4qti8  Æ Þ,l�`mÛ" 0�AcFzhl�`"irn�ik`�eDs4q�cF`bu�?PjmcFd�jK_�drdr�bq�zhgIirv|_�q)i< �Ì
l�`mÛ�?C_��m�FÛ·Õ�lo¢�iJ �ÌJ�m`��mz)l�g,�pi�Þ4e)jbik`Ô 7�Ïdrl�`m`b_�e8gIi�q)ir_�qtÛmirq)ikÛ e%_K_odrdr�bq7l�v|e%irq7 �Ì�]7ÑDjmcFz
cFzMúmq)_�n�ikÛ l�zhvR_��F�p_@?Pz Ä
P �búmúI_�z%iAe)jbi ÇÈ±   Æ ²8´ ° l�`4Û ÇÈ±  �Ì¦²È´ « ´�¼ ° Í ¾t°�¾)¯¿¾%À³¾t®rÁ ]øÓÜ`Xirn�ik`	e�s4qtcF`mu?df_��m��ÛXÕ�lo¢�i
ÇÈ±  �Ì�²Ü�m`��4z)l�g4�piÏcpvBcFe<cFz7l?s4qtcF`mu�_�v ° _�q�cFe<cFz8lKs4qtcF`mu�_�vMl�`Xirn�ik`�e�cF`Ôe)jbi�d�jb_�cFdfi�z%ire<_�v
« ] P �búmúI_�z%i<e)jml�eÜ 0�ÏcFzÈz)�md�jÃl�`Ãirn�ik`	eÜs4q�cF`bub] > v  7�J_�drdr�mqtzPgIirvR_�q)i� �Ì�Þ�e)jbirq)i=ÕA�mz%eÈgIi=l
s4qtcF`buÏ_�v °rÍ e)jml�eÜ_odrdr�bqtzÈg�irei?Girik`Ô 7��l�`mÛ  �Ì�]ÜÑDjmcFzDs4qtcF`bu�c�zÈ`birikÛmikÛÃcF` _�qtÛbirqÜe%_?s4q)i= �Ì
l�`mÛ cFzÜcF` e)jbi�q)ikÒ��mcpqtikÛ z%ireÜ_�vB �Ì�]ÈÑDjbi�s4qtcF`muÏ_�vB 0�ÏcFzÈcF`/e)jmi=q)ikÒ��mcpqtikÛ z%ireÜ_�v*e)jbi=s4qtcF`bu
_�v °kÍ g�{ × ifs,`mcpe)cp_�`rCb]���]BA ± C�²�]DÑPjbirq)irvR_�q)i< 0�AcFzDcF`/e)jbi7q)ikÒ��mcpq)ikÛ"z%ireP_�v� �Ì<l�`mÛ drl�`m`b_�ePgIi
q)ir_�qtÛbirq)ikÛKe%_ø_�drdr�bqÜl�v|e%irqÜ �Ì�]

ÑDjmc�zDz)jb_@?PzDe)jml�e ÇÈ±   Í� ² ¶X©�ª¬«�­�®�¯[°	±   Í¡�¢£¢£¢ � ï#ð ²�]DÑPjbi�`bi	�oePei?G_Kdrl�z%ikz8Ûbikl���?Ècpe)j/e)jbi=q)ikÒ��mcpq)i	Ì
ÕÏik`�e)zDú4��l�dfikÛK_�`/qt�m�FiÈs,qtcF`bu�zCg�{ × ifs,`4cpe)cp_�`/Ø�]ÙØ�]xO



O��

^Ml�z%i/Ø Ä?ÇÈ±   Í� ²Ï´ « ´ò¼ °�¾t©�¾)¯¿¾%À³¾t®rÁ?¶öÂJÄ xXi/`mirikÛ e%_Ôztjb_J? e)jml�e « cFzJl��ü?ClÖ{�zJik`4l�g4�pikÛ
?Pjbik`XcFe8s4q)ikz ± × ifs,`mcpe)cF_�` Ø�]ÙØ�]xO ± �Ö²%²�]?ÑDjmiAqtikÒ��mcFq)ikÕÏik`�e)z8v|_�q�l/qt�m�piAe%_/gIiÏik`ml�g4�pikÛXl�qtiÏu�cpn�ik`
cF` × ifs,`mcpe)cp_�`ÔØ�]ÙØ�]BA�]åxXiÏ`birikÛ·e%_"z)jb_@?2e)j4l�e8c�` e)jbiJq)ir_�q�ÛbirqtcF`bu�e)jbirq)iJcFzÜl��ü?ClÖ{�z7l�s4q�cF`bu�_�v °
e%_Ïik`ml�g4�FiÜe)jmiÜq��m�piÜe)jml�eDjml�zh`b_�ehgIi7�mz%ikÛ?g�{?l�`b_�e)jmirqMs4qtcF`buA_�v « _�qhg�{�e)jbiÜs4q�cF`buA_�vUl�`Kirn�ik`�e
cF` « N z7dtjb_�c�dfiøz%irer] ±(P cF`mdfi�?Ci�l�q)i�l�z)z)�mÕøcF`bu"l��F��gI_�_��pikl�`Ôi	�oúmq)ikztz)cp_�`mz8l�q)iÏ�ÖT�SUV4Þ#e)jbiÏgI_�_��pikl�`
i	�oúmq)ikz)z)cF_�`/ú4l�q)eP_�v*e)jbi�ik`ml�g,�pikÛ Ûbifs�`mcpe)cp_�`/c�zDl��ü?Mlk{ozÜztl�e)cFz>s4ikÛ#] ²b�b_�q�Õ�l��F�p{�Þ�?GiA`birikÛ/e%_Kz)jb_@?
e)jml�e Ä
Å   Í¾ ¶   Í¡�¢£¢ ¤ Ä�ÇÈ±   Í¾ ²*´ °JÉ
, Å   Íi ¶   Í� ÷Uð ¢£¢ ¤ Ä	ÇÈ±   Íi ² ´ ±   Í� ² É
, Å   Í¿ ¶   Í� ÷Uð ¢£¢ ¤ Ä�ÇÈ±   Í¿ ²*´ö}*;*N ª } ° Ê¦° ÿ ±áÇÈ±   Í� ²%²
P cF`4dfi<  ¶ ß+e)jmcFzÈdf_�`mÛmcpe)cF_�`/cFzDz)l�e)c�z>s4ikÛ/g�{"l��F��q��m�pi8s4qtc�`bu�zD  Æ ¶  �] > `/_�qtÛbirqPe%_?z)jb_@?�e)jml�eÜcFz
cFzÈz)l�e)cFz>s4ikÛÃcF`/  Í ?Ci=`birikÛÃe%_�ztjb_J?2e)jml�eÈ  Æ N zÜdrl��mz)l��Uirn�ik`�ePs4q�cF`bubÞm �Ì�Þ,cFzÈ`b_�eÈÕ�_Ön�ikÛ·l�v|e%irq7  Æ Þ
`b_øs4qtcF`bu� 0�Å?Pjbirqti ÇÈ±  7�¦²M´ ÇÈ±   Æ ²Ddrl�`·g�iAÕÏ_Ön�ikÛ·gIire5?Cirik`·e)jbi=s4qtcF`buÏ_�vG �Ì=l�`mÛÃ  Æ ÞIl�`mÛ·`b_
s4qtc�`buÏ 0��?Pjbirq)i ÇÈ±  7��² ¶ }<;�N ª } ° Ê¦° ÿ ±áÇÈ±  mÆû²%²Mdrl�`/g�i<Õ�_Ön�ikÛ/gIirei?Girik`Ã  Ì l�`4Û/ mÆ¿]

ÑDjbiÔq)ir_�q�ÛbirqtcF`bu'q)ikz%e%q�cFdfe)cp_�`+_�`öe)jbiÔs,qtcF`bu'_�vA  Æ N z drl��mz)l��7irn�ik`�erÞ< �Ì�ÞÜcFzKu��4l�qtl�`	e%irikÛìg�{
× ifs,`mcpe)cF_�`rCb]���]BA ± Ø�²�]CÑDjmi8s4qtcF`buA_�v ¸ ü ±  mÆ ¾  ³²McFzhc�`Ke)jbi7q)ikÒ��mcpq)ikÛ"z%ireh_�v�_�v* mÆ�l�`mÛKe)jbirq)irvR_�q)i�  Ì
drl�`m`b_�ePg�i7qtir_�qtÛbirq)ikÛ/l�vRe%irqP  Æ g�{?e)jbi�Ûbifs,`4cpe)cp_�`?_�vUqtir_�qtÛbirqtcF`mub]

ÑDjbi7qtir_�qtÛbirqtcF`muÏq)ikz%e%qtcFdfe)cF_�`"_�`/_�e)jbirqPs4qtcF`mu�zM_�v ÇÜ±   Æ ²McFzDu��ml�qtl�`�e%irikÛ g�{ Ý ikÕ�Õ�lECb]DCb]���vR_�q
l��F��s4qtc�`bu�z³_�v ÇÈ±   Æ ²Ui	�bdfirúme*e)jbiM_�`bihcFÕ�Õ�ikÛmcFl�e%ik�p{<ú4q)ikdfikÛmcF`buÜ  Æ ]�ÑDjmcFz³s4qtcF`mubÞX?ÈjmcFdtj�?CiQ?PcF�F��drl��F�
 0��drl�`ÔgIiJÕ�_Ön�ikÛXgIire5?Cirik`  �ÌJl�`mÛX  Æ ?Pcpe)jb_��beÜnocp_��Fl�e)cF`bu?e)jbiÏq)ikÒ��mcpqtikÕÏik`	eÜe)jml�e7qt�4�pi�s,qtcF`bu�z
q)ikÕ�l�c�`�_�q�Ûbirq)ikÛ#]
�È_J?Cirn�irqkÞ,ztcF`mdfi8e)jbi<Ñ �GÝ z%e%qt�mdfe)�mq)i7cFzC_�`bi	Ìûz)l�vRi<e)jmcFzMdrl�`m`b_�eDj4l�úmúIik`#] P cF`mdfi
 0�"c�z�e)jbi�s4qtc�`bu _�v ÇÜ±   Æ ²<c�Õ�ÕÏikÛmcFl�e%ik�F{·ú4q)ikdfikÛmcF`bu·  Æ Þ  �Ì?cFz=e)jbi?_�`m�p{Ôs4qtc�`bu _�vDirn�ik`�e ÇÈ±  �Ì�²
e)jml�eC_�drdr�mqtzCg�irei?Girik`K 7�7l�`mÛK  Æ ] P cF`mdfiPe)jmiÜÑ �GÝ z%e%qt�mdfe)�bqtiÈcFzG_�`bi	Ìûz)l�vRi�Þbe)jmcFzGcFÕÏú4�FcFikz*e)jml�eMe)jbi
s4qtc�`bu"_�vM_�vD 0�KÕ=�4z%e<_odrdr�bq�gIirvR_�q)i�e)jbiÏs,qtcF`bu"_�vD �Ì�z)cF`4dfi�e)jbi�s,qtcF`bu" 0�KcFz=`bikdfikz)z)l�qt{·gIirvR_�q)i
e)jbiÜik`ml�g4�pikÛøirn�ik`	eM_�v ÇÜ±  mÆû² drl�`øs4q)i�Þol��F�p_@?PcF`bu=l<s4q�cF`bu7_�v³cpe)zGik`ml�g4��cF`bu<irn�ik`�erÞ ÇÈ±   Ì ²*e%_A_odrdr�bqk]
ÑDjbirqtirv|_�q)i�Þo`b_Aqt�m�piPs4qtcF`mu<_�e)jbirqMe)jml�`?e)jbiÈs4qtcF`bu�_�v ÇÈ±   Æ ²Bdrl�`?gIiPq)ir_�qtÛmirq)ikÛ?e%_A_odrdr�bqCgIire5?Cirik`
  Ì l�`mÛ/ 4Æ ]

ÑDjbiJs�`ml���q)ikz%e%qtc�dfe)cp_�` cFz8e)jml�eAl�`	{X 7� Ä�ÇÈ±  7��² ¶ }<;�N ª } ° Ê¦° ÿ ±áÇÈ±   Æ ²%²7drl�`m`b_�e<gIi�q)ir_�q�Ûbirq)ikÛ
gIire5?Cirik`X �ÌÏl�`4Û·  Æ ]=ÓÈ`�{/s4q�cF`bu�zÈ_�vG 0�øjmlkn�i ÇÜ±  �Ì�²Èl�z7l�`Ôik`ml�g,�FcF`bu�irn�ik`	e<g�{/e)jbiÏÛbifs�`mcpe)cp_�`
_�vP}<;�N ª } ° Ê�° ÿ�]XÑDjbirqtirv|_�q)i?lÃs4qtcF`bu _�vÈ 0�"l���?ClÖ{�zÏjml�zJlÃs4qtc�`bu/_�v ÇÜ±  �Ì�²�cF`'cpe)zAq)ikÒ��mcpq)ikÛàz%irer]
P cF`4dfi�irn�ik`�eJs4qtcF`mu�z=ÕA�mz%eJq)ikÕ�l�c�`à_�q�Ûbirq)ikÛ'g�{ Ý ikÕ�Õøl�Cb]DCb]ÙØ�ÞGs4qtc�`bu�z�_�vÜ 0�/z)irú4l�qtl�e%ikÛ vRq)_�Õ
  Æ g�{XÕÏ_�q)i�e)jml�` _�`biÏs4q�cF`bu"_�v ÇÈ±  �ÌÖ²7l�q)iøi	�odr�F�4ÛbikÛ#]b÷È_J?®?Gi?df_�`mz)cFÛmirq�lKs4qtc�`bu"_�vh 0��e)jml�e
_odrdr�bqtzMl�v|e%irqh  Æ Þbz%irú4l�q�l�e%ikÛKg�{�_�`miPs4q�cF`bu<_�v ÇÜ±  �Ì¦²�] ÑDjbiÈs4qtcF`bu�_�v³  Æ c�zG`bikdfikztz)l�q){�c�`ø_�qtÛmirqGvR_�q



O�Ø

  Æ N zDik`4l�g4�pikÛKirn�ik`�ePe%_Ïs4qti<l�u�l�cF`#] ÇÜ±   Æ ²$N zDik`ml�g,�FcF`buAirn�ik`	erÞ ÇÈ±  �ÌÖ²�Þ4drl�`m`m_�ehs4q)i<l�u�l�cF`Ã�m`�e)cF�#cpe)z
ik`ml�g4�FikÛÃirn�ik`�e7s4qtikzr]=ÑDjmirq)irv|_�qti�Þ�  Æ ÕA�mz%eÜs4qtiAgIirvR_�q)i ÇÈ±  �Ì�²Èdrl�`Ôs4q)iJl�u�l�cF`#ÞUl�`mÛXcpe8cFz7cF`·e)jbi
q)ikÒ��mcpq)ikÛÔz%ire7_�vCe)jbiÏ`bi	�oe8s4qtcF`mu�_�v ÇÈ±   Ì ²�]ÏÑDjmcFz8ÕÏikl�`mz7cFe8c�z7l��Fz%_"cF`Ôe)jbiÏq)ikÒ��mcpqtikÛÃz%ire7_�vM 0��Þ
l�`mÛà 0�Kdrl�`m`b_�e=g�iÏqtir_�qtÛbirq)ikÛ e%_/s4q)iøg�irvR_�q)iø  Æ ],��cF`ml����p{�?Ci�df_�`mztcFÛbirq�e)jmiÏs4qtcF`mu"_�vM 7�?e)jml�e
_odrdr�bqtzMgIirv|_�qtiÜ 4Æ¿Þbz%irú,l�qtl�e%ikÛ"vRq)_�Õ  mÆ¿Þbg�{�_�`biÜs4qtcF`bu=_�v ÇÜ±   Ì ²{?ÈjmcFdtj?cFzCe)jbi<l�dfe)�ml��#  Ì ] > `?e)jmcFz
drl�z%i< 7�<cFzCcF`øe)jmiÜqtikÒ��mcFq)ikÛøz%ireM_�v� �Ì8z)cF`4dfiÜ 7�<Õ=�4z%eBs,q)iÜc�`ø_�qtÛmirqCe%_As4qtiÈe)jbi8irn�ik`�ehe)jml�e ÇÈ±  �Ì�²
ik`ml�g4�Fikzr]DÑDjmcFzDirn�ik`	e8Õ=�4z%eDs4qti<gIirv|_�q)iA �Ì=drl�`/s,q)i�l�`mÛÃik`ml�g4�pi�e)jbi�qt�4�pi�l�u�l�cF`#]DÑPjbirq)irvR_�q)i� 0�
cFzhcF`Ke)jmi<q)ikÒ��mcpq)ikÛ"z%ireP_�v� �Ì<l�`mÛ/drl�`4`b_�eDgIi8q)ir_�qtÛbirq)ikÛ/e%_�_�drdr�mqPl�v|e%irqÜcper]
xXi�`b_@?ì`birikÛ e%_�úmq)_�n�i<e)jml�eDe)jbi7qtikÕ�l�cF`mcF`muJdf_�`4Ûmcpe)cp_�`KvRq)_�Õ × ifs,`mcFe)cp_�`/Ø�]ÙØ�]xO�cFzhÕ�irer]

^Ml�z%i�A ÄBÇÈ±   Í� ² ¶ÃÂ Þ�?Gi<`mirikÛ/e%_øz)jm_J?åe)jml�e Ä

ÇÈ±   Í� ² ¶ Â É"©�ª¬«�­o®�¯[°�±   Í¡�¢£¢ � ²Üô´öõ ëòÇÜ±   Í� ÷Uð ² ¶Ã©�ª¬«�­o®�¯á°�±   Í¡�¢£¢ � ² ± Cb]ÙØ�²

> v*e)jbi�s,qtl�g4�pi�z)ireÈ_�v e)jmiAz)�mg4z%ikÒ��bik`mdfi�ik`4ÛmcF`buøc�`   Æ cFzÈ`m_�`�Ì¬ikÕÏúme { cF`  �ÞIcpe8cFzDvR_��F�p_@?GikÛ·g�{/l�`
irn�ik`�eMs4qtcF`bu= mÆF÷Uðr] > `Kl=n¦l��Fc�Ûøq)ir_�q�Ûbirq)ikÛ?z%ikÒ��mik`mdfi�Þml�`	{�s4qtcF`bu�?PjmcFd�jøjml�zMlJ`b_�`�Ì¬ikÕ�úmeû{Ïs,qtl�g4�pi
z%ire�cF`� öc�zJv|_��F�F_J?CikÛ g�{ l�`�irn�ik`�eøcF`�  Í ] ÑPjbirq)irvR_�q)i�ÞCcFvP`b_Xqt�m�Fi�s,qtcF`bu·e)jml�e�jml�z�l�`�ikÕÏúmeû{
s4qtl�g,�pi�z%ireJcF`' ùj4l�z=lÔ`b_�`�Ì¬ikÕ�úmeû{ _�`mi?cF`'  Í Þ*e)jbi�qtikÒ��mcFq)ikÕÏik`�eAcFzAz)l�e)cFz%s4ikÛ#]�÷È_J?¼?CiK`birikÛ
e%_Ôz)jb_J? e)jml�eJcF` lÃn�l��FcFÛ qtir_�qtÛbirqtcF`mu cpe�cFzA`b_�e=ú�_�ztz)cpg4�piÏvR_�qJl qt�4�piÏs4qtc�`bu/e%_Ôjmlkn�iKl�`'ikÕÏúmeû{
s4qtl�g,�pi�z%ireÏcF`  :l�`mÛ lÔ`b_�`�Ì¬ikÕÏúme { _�`bi"cF`'  Í ] � n�ik`�eJs4qtcF`bu�zAl�`mÛ'e)jbikcpqJdrl��mz)l��Mq��m�pi�s,qtcF`bu�z
l�q)iAq)ir_�qtÛbirqtikÛ·df_�`4z%ikdr�be)cpn�ik�p{�]7ÑDjmirq)irv|_�qti�ÞIcFv l�q��m�pi<s,qtcF`bubÞ�  Æ jml�z8l�`·ikÕÏúme {"s4qtl�g,�pi=z%ire7cF`· �Þ
l�`mÛÃe)jbi�qtikz)�m�peD_�vGcpe)zPqtir_�qtÛbirqtcF`mubÞ4  Í� ÞIjml�zÈl?`b_�`�Ì¬ikÕ�úmeû{Ks4q�l�g4�pi�z%ire8cF`Ã  Í Þ�e)jbik`·l�`	{"irn�ik`�e7cF`
e)jbi8s4q�l�g4�pi8z%ireh_�v³e)jbi7qtir_�qtÛbirq)ikÛ"  Æ cFzh`b_�ehe)jmi8ztl�ÕÏi7irn�ik`	ePe)jml�eDl�dfe)�ml��F�p{?�mz%ikÛKe)jbi7q��m�piÈs4qtcF`bu
cF`' �] ÑDjmc�z�drl�` _�`m�p{ _�drdr�bqÏcpvPe)jbi"z%ikÒ��mik`mdfi"cFz�qtir_�qtÛbirq)ikÛ cF`'z)�md�j�l�?Mlk{àe)jml�eÏdtjb_�c�dfikz�l�q)i
q)ikz%_��Fn�ikÛÃÛmcüã�irq)ik`�e)�p{"cF`Ã àl�`mÛ·  Í ]ÈÑDjbiAÛbifs,`mcFe)cp_�`"_�v l�n¦l��Fc�Û/q)ir_�qtÛmirqtcF`bu ± × ifs,`4cpe)cp_�`mCb]���]DC ± A�²
À ± C�²%²?vR_�qtdfikz/l����7dtjb_�cFdfikz e%_�gIiXq)ikz%_��pn�ikÛöcF`+e)jmi z)l�ÕÏi ÛmcFq)ikdfe)cp_�`+cF`ö ycF`+  Í ] ÑDjbirq)irvR_�q)i
ÇÈ±   ÍÆ ² ¶ � É"©�ª¬«�­o®�¯á°�±   Í¡�¢£¢ Æ ²Èô´öõ ëòÇÜ±   ÍÆF÷Uð ² ¶Ã©�ª¬«�­o®�¯á°�±   Í¡�¢£¢ Æ ²Mjb_��FÛmzk]
xXi�jmlÖn�i=`b_@?ìz)jb_@?P`"e)jml�eÈ  Í�¶ ß

� V������qn³YáZ4Y"nøæ|�È} ­�À�Ê�­�¯>±   ¾   Æ ¾  �ÌÖ²=���,¥��Ô�|�=�ø�����è�á¥��)�)���%¥	�f���R��#"���r�t¥?�¬�k�Ï��·/ :�¬�A  Í ç
� � �r�K} ­�À�Ê�­�¯%±   Í ¾   Í Ü¢�wÜÞÝwÔ â â ¾   Í Ü¢�wÜÞÝ�¡	â â ²

´<T¦�#� .�¹'× ifs,`mcFe)cp_�` Cb]���]DC ± Ø�²�z%e)l�e%ikz?e)jml�e ÇÜ±   Æ ² ¶½¸ ë � ±   Æ ²K´Á� ±   ÆRï#ð ²Cx®��]öÑDjbirq)irvR_�q)i
  Æ N z�drl��mztl��Mqt�m�pi�s4qtcF`mu·cFzJe)jmi/z)l�ÕÏi"cF` gI_�e)j�z%ikÒ��bik`mdfikzr]�÷P_@?¦?Ci�l%�mz)eJ`mirikÛ�e%_ z)jb_@? e)jml�e
 �Ì�´ ¸Èük±   ÆRï#ð ¾  ³² ë   Í�wÜÞÝ�¡	â ´ ¸Pür±   Í�wÜÞÝwÔQÂ�ÃTâ ¾   Í ²�] > v� �Ì�´ ¸Èük±   ÆRï#ð ¾  ³²�Þ8e)jbik`öcpeKcFz"cF`:e)jbi
q)ikÒ��mcpq)ikÛXz)ire�_�vh mÆhl�`mÛ drl�`4`b_�e<gIi�q)ir_�qtÛmirq)ikÛXe%_/s,q)i��Fl�e%irq�e)j4l�`  mÆ¿]�ÑPjmcFz7z)l�e)cFz%s4ikz<e)jbi�s4qtz%e



OOA

df_�`mz%e%q�l�cF`	e�_�v × ifs,`mcFe)cp_�`=Ø�]ÙØ�] ý�]
÷È_J?�?CiM`mirikÛ�e%_7z)jb_@?àe)j4l�e�`m_P_�e)jbirq�irn�ik`�eUs,qtcF`buDe)j4l�e�ik`4l�g4�pikz
  ÆRï#ð drl�`àgIiøÕ�l�úmúIikÛXgIirei?Girik`' �Ì�l�`mÛ   ÆRï#ð ]KÑPjmcFz7irn�ik`�e�s,qtcF`bu,?C_��m�FÛ j4lkn�i?e%_ÃgIiøl/s4qtcF`bu
_�v ÇÜ±   Ì ²Üz)cF`mdfiAe)jbirq)i�l�q)iÏ`b_"gI_�_��pikl�`·i	��ú4q)ikz)z)cp_�`4zr] P cF`4dfi�s4q�cF`bu�zÜ_�vBe)jbi�ztl�ÕÏiJirn�ik`	e<qtikÕ�l�cF`
_�qtÛbirqtikÛ#Þbe)jbi7_�`m�p{øirn�ik`	ePs4qtcF`buAe)jml�eDdf_��m��Û"ÕÏ_Ön�i<gIirei?Girik`Ã �Ì7l�`mÛ"  ÆRï#ð c�zMe)jbi8s4qtcF`mu=_�v ÇÈ±  �Ì�²
cFÕ�Õ�ikÛmcFl�e%ik�p{·v|_����p_J?Pc�`bu  mÆRï#ðr]��M�berÞ* mÆDcFz�e)jbi�s,qtcF`bu"_�vPl�` irn�ik`	eJik`ml�g,�pikÛ g�{X  Ì Þ*z%_·cpe�cFz=cF`
e)jbiKq)ikÒ��mcpq)ikÛ z%ireÏ_�vÈe)jbi"`bi	�oeJs4qtcF`buÃ_�v ÇÜ±  �ÌÖ²�] ÑDj��mzrÞ e)jmiK`mi	��eJs4q�cF`bu _�v ÇÈ±  �ÌÖ²Adrl�`m`b_�eÏgIi
q)ir_�qtÛmirq)ikÛÏe%_�_odrdr�bqGg�irvR_�q)iP  Æ ]*ÑDjmirq)irv|_�qti�Þ	e)jbirq)iÈcFzB`b_�n¦l��Fc�ÛJq)ir_�qtÛbirqtc�`bu7_�vIe)jbihs4qtc�`bu<z%ikÒ��bik`mdfi
?Pjbirqti=  Í��Ü�Ä�¡nâ ô´ ¸Pür±   Í�wÜÞÝwÔQÂ�ÃTâ ¾   Í ²�]ÈÑDjbirqtirv|_�q)i�Þ�} ­	ÀIÊÖ­�¯%±   ÍR¾   Í Ü �wÜäÝwÔ
â�â ¾   Í Ü �wÜäÝ�¡�â�â ²DcFzDe%q��bi�vR_�qÜl����³n�l��FcFÛ
q)ir_�qtÛmirqtcF`bu�zr]

> `�_�q�ÛbirqXe%_öúmq)_�n�i�e)jbi e5?C_åe)jbir_�q)ikÕ�zkÞJl�Û4Ûmcpe)cp_�`ml��JÛbifs�`mcpe)cp_�`mzÃl�q)i�`bikdfikz)ztl�q){�] ÑPjbikz%i
Ûbifs,`4cpe)cp_�`mzCz%úIikdrcpvR{�e)jbi<�Fl�e%ikz%eDl�`4ÛKikl�qt�Fcpikz%eMe)cFÕ�ikzMe)jml�eMs4qtcF`mu�zCdrl�`/_�drdr�bq�?Ècpe)j"lJn¦l���cFÛøe)c�Õ�cF`bu
l�z)z)cFu�`mÕÏik`�e Ä

� V�����O|��OR�,�Gn�YQÅ#Y[ZMÆJ�á� �I�"� � �øÕ�lX� n�l��FcFÛ+�á�
�A�R��#'�¦�t����#����ø�f�4�=�¬� ���ö�f���f�4��� ���R��#   Æ �%�t�r�o�¸¹
���R���r� çK�¦� �r���|�p��§��r¨

é	ê ÇÈ±   Æ ² ¶/Âìë è ­dé � ­�¯Rª w ±   Æ ² ´%è ª¬îB± è ­3é � ­�¯Rª w ±á¸ÈüÖ±   Æ ¾  ³²%²)x À�±   Æ ² ¾ è ­3é � ­�¯Rª w ±   ÆF÷Uð ²%²%²
ñ�ê ÇÈ±   Æ ² ¶/¸yë è ­3é � ­�¯|ª w ±   Æ ²*´�è ­dé � ­�¯Rª w ±   ÆRï#ð ²

� V�����O|��OR�,�Gn�YQÅ#Y�W9ÆJ�á� �I�"� � ��Õ�cF` n�l��FcFÛö�á�
�A�R��# �¦�����"#����ø�f�,���¬�'��� ���R��#·  Æ �%�t�r�o�����R���f�èçà�¦�
�r���|�p��§��r¨

é	ê ÇÈ±  mÆ¬² ¶/Âìë è ª¬î � ­�¯Rª w ±  mÆû² ´%è ­3é�± è ªûî � ­�¯Rª w ±á¸ ü ±  4Æ ¾  ³²%²³x ¯%±  mÆ¬² ¾ è ª¬î � ­�¯|ª w ±  mÆRï#ðf²%²
ñ�ê ÇÈ±   Æ ² ¶ ó ë è ª¬î � ­�¯|ª w ±   Æ ² ´�è ª¬î � ­�¯Rª w ±   ÆRï#ð ²

ÑDjbikz)i Ûbifs,`mcpe)cF_�`mzøvR_��F�p_@?ºÛmcpqtikdfe)�p{.vRq)_�Õ e)jbi Ûmifs,`mcpe)cp_�`:_�vJl�n�l��FcFÛ:e)cFÕ�cF`mu l�ztz)cpu�`mÕÏik`�er]
� n�ik`�e)zBl���?ClÖ{�z�s,q)iDz)cFÕA�m�pe)l�`bir_��4z)�p{å?PcFe)j=e)jmikcpq drl��mz)l��bq��m�pi�Þ�z%_7e)jbikcFq Õ�cF`mcFÕA�mÕ~l�`mÛÏÕ�lX�bcFÕA�mÕ
s4qtc�`bu�e)cFÕ�ikzCl�qti8Ûmire%irqtÕ�cF`bikÛ�g�{øe)jbi7Õ�cF`4cFÕ=�4Õæl�`mÛKÕ�lX�bcFÕA�mÕ½s,qtcF`bu=e)cFÕÏikzC_�v³e)jmc�zGq��m�pi�]�ÑDjbi
Õ�cF`4cFÕ=�4Õ l�`4Û"Õ�lX�oc�Õ=�mÕ s4qtcF`buAe)cFÕÏikzD_�v�l�qt�m�pi7l�q)i<Ûbire%irq�Õ�cF`bikÛKg�{r?Pjbik`Ke)jbi<q��m�pi8gIikdf_�ÕÏikz
ik`ml�g4�FikÛ#Þ�l�`mÛÔg�{Ãe)jbiJ_�e)jbirq<s4qtcF`bu�z8z)�mq)q)_��m`mÛ4cF`bu�cFe8c�`Ãe)jmi�z%ikÒ��mik`mdfi�] P cF`mdfiJe)jbiJs4q�cF`buø_�q�Ûbirq
_�v e)jbiÏz%ikÒ��bik`mdfiJÕA�mz%e8gIi�q)ifa4ikdfe%ikÛÔg�{/e)jbiJe)cFÕøcF`buøl�z)ztcpu�`mÕÏik`�erÞIe)jbiÏÕ�lX�oc�Õ=�mÕ n�l��FcFÛ/e)c�Õ�cF`bu
l�z)z)cFu�`mÕÏik`�eAe%_Xl·qt�m�Fiøs4q�cF`buÃc�zA��cFÕ�cpe%ikÛ g�{àe)jbi"Õ�lX�oc�Õ=�mÕ n�l��FcFÛàe)cFÕ�cF`buÔl�z)z)cFu�`mÕÏik`�e)z=_�vÜl��F�
s4qtc�`bu�z<vR_��F�p_@?PcF`bu cFer]��b_�qJe)jbiKÕ�cF`mc�Õ=�mÕ n¦l��Fc�ÛXs4qtc�`bu/e)cFÕÏi�Þ�e)jbi?qt�m�Fiødrl�`m`b_�e=s4q)i?gIirv|_�q)i�e)jbi
Õ�cF`4cFÕ=�4Õ n�l��FcFÛ·s4q�cF`bu?e)cFÕÏiÏ_�vMl��F��qt�m�pikz8ú4q)ikdfikÛmcF`bu"cper]ÏÑDjmikz%i�Ûbifs,`mcFe)cp_�`mzÜl��F�p_J? �mz8e%_/úmq)_�n�i



OXC

�búmúIirq l�`mÛø�p_J?Cirq gI_��m`mÛmz�_�`�e)jbiDe)cFÕÏikz g�irei?Girik`øirn�ik`	eBs4qtcF`mu�z�e)jml�eBl�q)iDúI_�z)ztcpg4�piC_Ön�irqMl��F�bn�l��FcFÛ
q)ir_�qtÛmirqtcF`bu�zM_�v�lJs4qtc�`buÏz%ikÒ��mik`mdfi�]

¤��³V��4T¦V��¥n�Y[ZmY[Z�¦����h���mçU�B���R��#8�k�)�k�m�r�,���*  ¶ ß:� � ��� � ���M�8����� �[¥7�á�
�J�|��#��¦�t����#����ø�f�4�
ç�� �U  Æ �|�
�t�����r���³�¬�A  Ì çG���,¥A  Ì ¥��Ö�f���,���M�t����ÇG�[�k�G§*�á� � ���mç?��� � �f�A�r���f�,�
çB� � �f�)�Ï�q�����f�R�<�È� ���R��#ø�r�)�k�4�f�,���
  Í7¶ ßy�f���"§ � �á� � � � �f�)�Ã���/� �����è�á¥à�á���J�R��# �¦�t����#����ø�f�4�L� Í § � �f�)�k� Í[±   Í Ü ��ÜÞÝwÔ â â ²Gx À�±  �Ì ï#ð ²�´
� Í ±   Í Ü ��ÜÞÝ�¡wâ â ²fê

´<T¦�#� .�¹D× ifs�`mcpe)cp_�`bCb]B��]��<z%e)l�e%ikzPe)jml�eMe)jmcFzCikÒ��4l�e)cp_�`"drl�`/l��ü?Mlk{ozMgIi8ztl�e)cFz>s4ikÛ?vR_�qDl�`	{? �?Èjbirq)i
  Æ cFz8drl��mz)l���e%_" �ÌJ�m`m�Fikz)zDe)jbirqtiJc�zÈz%_�Õ�iJ 7�Je)jml�e7�FcFÕ�cFe)zDe)jbiÏÕ�lX�bcFÕA�mÕ s,qtcF`bu�e)cFÕÏi�_�vC �Ì�]<Ó
s4qtc�`bu? 7����cFÕ�cpe)zÜe)jml�e�ÕølX�ocFÕA�mÕ�s4q�cF`bu?e)cFÕÏiÏ_�vh �ÌÏcFvCcpeÜs4qtikz<l�v|e%irqA �ÌÏc�`X �l�`mÛ jml�z<l �p_J?Cirq
Õ�lX�bcFÕA�mÕæn�l��FcFÛ�s4qtcF`mu<e)cFÕÏiÜe)jml�`K  Ì ] P cF`mdfiÈ  Ì cFzCl�`�irn�ik`�erÞmcpeCÕ=�mz)eBs4qtiÜl�eCe)jbi7z)l�ÕÏiÜe)cFÕÏi8l�z
cpe)z8drl��mz)l���q��m�pi<s,qtcF`bu? �Ì ï#ð ]�ÓÜ�F�³s4qtcF`mu�zÈ�Fc�Õ�cpe)cF`buøe)jbiAs4qtcF`buøe)cFÕÏiJ_�vG �ÌJl�q)iÏl�dfe)�ml��F�p{ ��cFÕ�cpe)cF`mu
e)jbiøs4qtcF`bu e)cFÕÏiø_�vD  Ì ï#ð�l�`4ÛàÕA�mz%e=g�i�ÕÏ_Ön�ikÛ e%_ s4q)iøgIirvR_�q)i�  Ì ï#ðf]mxXi"`birikÛ e%_·z)jm_J? e)jml�e
?CiAdrl�`Ôdfq)ikl�e%iÏl�n¦l��Fc�Û/q)ir_�qtÛmirqtcF`buL�r?Pj4cFdtjÃu�ik`birqtl�e%ikz8l?z%ikÒ��mik`mdfi�?Èjbirq)i=l����Uz)�4dtj s4qtcF`bu�zÈl�q)i
ÕÏ_�n�ikÛ�gIirv|_�qtiCe)jmiMs4qtcF`buÈ_�v� �Ì ï#ð ] P cF`4dfiC �ÌhcFz*`b_�e*ik`ml�g,�pikÛAg�{Jl8qt�m�pi�?Pcpe)jJl7`b_�`VÌ¬ikÕÏúmeû{Jdtjm_�cFdfi
z%irerÞ�_�`m�p{�qtikÒ��mcFq)ikÕÏik`�e ± �Ö²�_�v × ifs,`4cpe)cp_�`ÅCb]���]DC=l�ú4ú4�Fcpikz�e%_<e)jbiP_�qtÛbirq*_�v�s4qtcF`mu�zUqtik�Fl�e)cpn�ihe%_� �Ì ï#ð ]
ÑDjbirqtirv|_�q)i�Þ*?GiAdrl�` ÕÏ_�n�i=l��F�� 7� Ä  �Ìr�¶ «�°JI�À,ª¬«�° w ±  0��²CgIirv|_�q)i�e)jbi7s4qtc�`buJ_�v  �Ì ï#ð ]�xXi=dfq)ikl�e%iJl
q)ir_�qtÛmirqtcF`bu¶��?Èjbirq)i Ä

� ±  7��²@kM� ±  �Ì ï#ð ² ë ± Gø´�ÿ�²�ËK �Ì ¶/«�°�I¦À,ª¬«�° w ±  7��²³Ë ± Cb]BA�²
è ­3é � ­�¯|ª w ±  0��² K è ­dé � ­�¯Rª w ±á¸ÈüÖ±  �Ì ï#ð ¾  ³²%²³x À�±  �Ì ï#ð ²%² ± Cb]DC�²

ÑDjmc�zhcFÕÏú4�FcFikzBe)jbi�v|_��F�F_J?PcF`muJc�`"lÏz%ikÒ��mik`mdfi�  Í ´�� ±  ³²Q?Pjbirq)iS� ±   Ì ²*´ é l�`mÛ�� ±  0��² ´�£ Ä

£Xk éKë   Í� ¶/«�°�I¦À4ª¬«�° w ±   Í¾ ²#Ëkè ­3é � ­�¯|ª w ±   Í¾ ² K è ­3é � ­�¯Rª w ±á¸ÈüÖ±   Í� ï#ð ¾   Í ²%²�x À�±   Í� ï#ð ² ± Cb]ÙÚ�²

ÓÜ`	{Ôs4q�cF`bu/e)jml�eA_odrdr�bqtz�l�vRe%irqÏ  Í� ± ?ÈjmcFdtj'cFz�e)jbiøq)ir_�q�Ûbirq)ikÛ' �ÌÖ²�cF` e)jmi�`biw? z%ikÒ��bik`mdfiøikcFe)jbirq
ÛmcFÛà`b_�eJ�FcFÕ�cpe�e)jbiøs,qtcF`bu/e)c�ÕÏi�_�vÈ  Ì cF`à ._�qJq)ikÒ��mcpq)ikzA  Ì e%_·s4q)i�]ÔÓÜ�F�*s4q�cF`bu�z<e)j4l�eJj4lkn�i"  Í�
cF`Ôe)jbikcFq<q)ikÒ��mcpq)ikÛÔz%ire)z=drl�` `b_@?ægIiÏu�cpn�ik`Xe)cFÕøcF`bu"l�z)z)cpu�`4ÕÏik`	e)z<e)jml�e�Ûb_ `m_�e��FcFÕ�cFeÈe)jbi�s4qtcF`bu
e)cFÕÏi _�v<  Í� gIikdrl��mz%i   Í� Õ=�4z%eÏs4q)i g�irvR_�q)i/e)jmir{ drl�`.s4q)i�Þhl�`mÛùÕÏ_ÖnocF`buàcpe)z�Õ�lX�bcFÕA�mÕín�l��FcFÛ
e)cFÕ�c�`bu�l�z)z)cFu�`mÕÏik`�eC�Fl�e%irqhl��Fz)_=ÕÏ_�n�ikzMe)jbikcpqtzC�Fl�e%irqk] P c�`mdfiÈ`b_�s4qtcF`mu�z e)jml�eh�FcFÕøcpe*e)jbiÈs4qtcF`bu�e)cFÕÏi
_�vB  Í� _odrdr�bq7l�v|e%irq<  Í� ÞIe)jmc�zÈdrl�`Xl��ü?Mlk{ozÜgIiAÛb_�`mi�?PcFe)jb_��bePnocp_��Fl�e)c�`buøe)jbiJ_�qtÛmirqtcF`bu?df_�`mz%e%qtl�cF`�er]
ÑDjbirqtirv|_�q)iCe)jbirq)iCi	�bcFz%e)z�lDs4q�cF`buPz%ikÒ��bik`mdfiM  ÍI¶ ß v|_�q�?Pjmc�dtj=e)jbirq)iMcFz³lÜn�l��FcFÛ<e)c�Õ�cF`buPl�ztz)cpu�`mÕÏik`�e
� Í ?Pjbirq)iå� Í ±   Í Ü¢�wÜÞÝ�Èwâ�â ²#x À�±  �Ì ï#ð ² ´�� Í ±   Í Ü ��ÜÞÝ�¡	â â ²
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¤��³V��4T¦V��¥n�Y[ZmY�Wm¦����=���mçÈ� ���R��#��r�t�r�4�f�,���È  ¶ ß½� � ��� � ���=������� �[¥?�á���J�R��#K�¦�t����#����ø�f�4�
ç � �D  Æ
�|�A� � �h� ���R��#Ã�>�Ï�r���r�4� ° �R�  9çM� � �f�)���n���|���R�J���M�p�t�¦���P�����J���o�p�h� ���R��#ø �Ì ÄbÇÈ±  �Ì�²M´ ¼ ° Í ¾t°�¾)¯ ¾%ÀU¾t®
�r���Ï§ � �[� � �|�à�f�o�ø�P� ���|��#/�k�)�k�m�r�,����  Í ¶ ß �t���b���á���m�k�û�)¥A���%�o�ª��� � �f�)�K�q�����f�R��� �¦��� �[¥ �á�
�J�|��#
�¦�����"#����ø�f�,�9� Í �R�Ô§ � �[� � � Í ±   Í Ü ��Ü¢«>¬¸ÜÞÝ�¡�­ Ý@â�â ²#x ¯>±  �Ì�²*´�� Í ±   Í Ü �wÜäÝwÔ
â�â ²fê

´<T¦�#� .�¹ ÑDjbi8úmq)_�_�v³_�vUe)jmcFzMe)jbir_�q)ikÕ cFzMz)cFÕ�cF��l�qGe%_Ïe)jbi7ú4q)_�_�vU_�v³e)jbi<ÑPjbir_�q)ikÕ Cb]���]���]GÑPjbi8u�_�l��
cFz=e%_XÕÏ_Ön�i"l�`�{ s4qtc�`bu�z<e)jml�eÏl�q)iK�FcFÕøcpe)cF`bu"e)jbiKÕ�cF`4cFÕ=�4Õ(s4qtcF`mu e)cFÕÏi?_�vP  Æ e%_·s4q)i�l�vRe%irq�  Æ ]
P cF`4dfiÏe)jbi�s4q�cF`buKe)cFÕÏi�_�vDl�` irn�ik`	eJcFz<Ûmire%irqtÕ�cF`bikÛ g�{Ôe)jbi�qt�m�piJs4q�cF`bubÞ�?Ci�l�q)i?l�u�l�cF` Ûmikl��FcF`bu
?Pcpe)j/e)jbi<s4q�cF`buJe)cFÕÏi<_�v*e)jmi<qt�m�pi<s4qtcF`buÏ  Æ|ï#ð ] P cF`4dfi7e)jmcFzDe)c�ÕÏiå?Ci=l�q)i<e%qt{�cF`mu�e%_�ÕÏ_�n�i�s,qtcF`bu�z
e%_·_�drdr�bqJl�vRe%irqJ  Æ cF`mz%e%ikl�Û _�vDgIirv|_�qti�  Æ Þ × ifs,`mcpe)cp_�`ÏCb]���]DC ± A�²AÛb_�ikz=`b_�e=q)ikz%e%qtc�dfe�e)jbi�ú�_�ztz)cpg4�pi
q)ir_�qtÛmirqtcF`bu�zPq)ik�Fl�e)cpn�i=e%_?  Æ ]PÓÜ�Fz%_?l�`	{Ks,qtcF`bu�e)j4l�eÈ_odrdr�bqtzÈl�v|e%irq7  Æ drl�`4`b_�eÈgIiAcF`"e)jbiAq)ikÒ��mcpq)ikÛ
z%ireM_�vUl�`�{�s,qtcF`bu=e)jml�eh_�drdr�mqtzCg�irvR_�q)i8  Æ z)cF`mdfi8  ¶ ßÜ]*ÑDjmirq)irv|_�qti8l����4s,qtcF`bu�zBe)jml�eh_�drdr�mqCgIirvR_�q)i
  Æ e)j4l�eÜl�q)iJ`b_�e8cF`/e)jmi=q)ikÒ��mcpqtikÛ/z%ireÜ_�vB  Æ l�`mÛ·�FcFÕøcpehe)jbiJÕ�cF`mcFÕA�mÕ s4q�cF`bu�e)cFÕ�i�_�v   Æ drl�`ÃgIi
q)ir_�qtÛmirq)ikÛ e%_?s4qti=l�vRe%irq8 4Æ ]Lx+jbik` e)j4cFzÈc�zPÛb_�`bi�ÞI_�`m�F{�s,qtcF`bu�zPe)jml�eÜl�qtiAcF`Ãe)jbiAq)ikÒ��mcpq)ikÛÃz%ireÈ_�v
  Æ �FcFÕ�cpe cFe)zGÕ�c�`mcFÕA�mÕ~s4qtc�`bu<e)cFÕÏi�] P cF`mdfiÈl����m_�v�e)jbiÜqt�m�FiDs4qtc�`bu�z `bikdfikz)ztl�q){øe%_=s4q)iÜ  Æ l�q)i8cF`?cpe)z
q)ikÒ��mcpq)ikÛ"z)irerÞme)jbirq)i<cFzPl�eP�pikl�z%eh_�`bi�qt�m�pi8vR_�qÉ?PjmcFd�j" mÆ*drl�`"s,q)i7l�ePcpe)zDÕ�c�`mcFÕA�mÕ s4qtcF`buAe)cFÕÏi�]
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ÑDjbi�úmq)irnocp_��mzDd�jml�úme%irqÜúmq)ikz%ik`�e)zÈløn�irqtz)cp_�` _�v*e)jbi�Í�] P � Ñål��pu�_�qtcpe)j4Õ e)jml�e8l�`ml��p{MûrikzÈÑ �GÝ
z%e%qt�4dfe)�bq)ikzÅ?Pcpe)j ÕA�m�pe)cpú,�piøgIikjmlÖn�cp_�q�l��Gq��m�pikzr]'ÑDjmcFzAn�irqtz)cF_�` _�vPe)jbi/l��pu�_�q�cpe)jmÕòl�z)z)�mÕ�ikzJe)jml�e
l��F��gI_�_��Fikl�`Ôi	��úmqtikz)z)cp_�`mz8cF`·e)jbi�Ñ �BÝ z%e%qt�4dfe)�bq)iÏl�q)iÏ�ÖT�S³V,Þ�?Pj4cFdtjÔcFz8dr�pikl�qt�F{Ãl"z%irn�irq)i���cFÕ�cpe)lXÌ
e)cp_�`#]=ÑDjbirq)irvR_�q)i�Þ#e)jmcFz8d�jml�úme%irq7i	�oe%ik`mÛmz8e)jbiÏl��pu�_�qtcFe)jmÕ�vR�bqte)jbirqkÞIe%_/l��F�p_@?~cFeÜe%_"l�`ml��F{3ûri�Ñ �GÝ
z%e%qt�4dfe)�bq)ikz�?PcFe)j"`b_�`�Ì¬e%qtcpnocFl��I�pirn�ik�#i	�oúmq)ikztz)cp_�`mzr]

ÑDjbi"l��pu�_�q�cpe)jmÕòcF`.^Mjml�ú4e%irq�C cFzAg4l�z%ikÛ _�`�e)jbi/l�g,cF�Fcpe { e%_Xe)lo¢�i lXz%ikÒ��bik`mdfi/  ¶ ß l�`mÛ
dtj4l�`bu�iÈe)jmiDs4qtc�`bu7_�qtÛbirqMz%_�e)j4l�eGl=u�cpn�ik`øe)c�Õ�cF`bu<l�z)ztcpu�`mÕÏik`�eGdrl�`�gIiPÕ�l�ÛbiÈe%_Acper]*ÑDjmiPdtjml�ú4e%irq
úmq)ikz)ik`	e)zDlÏ`��mÕ=gIirqh_�v�df_�`mÛ4cpe)cp_�`mzQ?Pj4cFdtj"ÕA�mz%ehgIi7ÕÏireDg�{�e)jmi7q)ir_�qtÛbirqtc�`buÏcF`?_�qtÛbirqDe%_�ik`4z)�bq)i
e)jml�ehe)jbi<`miw?åz%ikÒ��mik`mdfi<cFzMlJn¦l���cFÛ�s4qtcF`buAz%ikÒ��bik`mdfi7vR_�qDe)jbi7Ñ �BÝ z%e%qt�mdfe)�bqti�] ÑDjbikz%i8q)ir_�qtÛmirqtcF`bu
df_�`mÛmcFe)cp_�`mzAÛb_X`b_�eÏdf_�`mz)cFÛbirqJe)jbi"cFÕ�ú4l�dfeJ_�vPgI_�_��Fikl�`ài	�oúmq)ikztz)cp_�`mzr] > `'_�qtÛbirqJe%_ ÕÏ_oÛmcpvR{Xe)jbi
l��pu�_�qtcFe)jmÕòv|qt_�Õòe)jbi/�Fl�z%eÏdtj4l�úme%irq�e%_ ?C_�qq¢'_�`�Ñ �BÝ z)e%qt�mdfe)�bq)ikzÅ?Ècpe)j'g�_�_��pikl�` i	�oúmq)ikz)ztcp_�`mzrÞ
l�ÛmÛmcFe)cp_�`ml��Cq)ir_�qtÛbirq�cF`buXdf_�`mÛmcpe)cF_�`mzÅ?PjmcFd�j�df_�`mz)cFÛmirqÏe)jbi cFÕÏú,l�dfeÏ_�vÈgI_�_��pikl�`�i	�oúmq)ikz)z)cF_�`mzÏl�q)i
`birikÛbikÛ?e%_Ju��ml�qtl�`�e%iri8e)jml�eMe)jbiÜq)ir_�qtÛbirq)ikÛKz%ikÒ��bik`mdfiÜúmq)ikz)irq)n�ikzMdrl��mz)l��Fcpe {�l�`mÛ?df_�`bvR_�qtÕ�zCe%_Je)jbi
q)ikÒ��mcpq)ikÕ�ik`	e)zhcF` × ifs,`4cpe)cp_�`/Ø�]ÙØ�]xO�]

�1�n¾ ª ð í�À<ÂÅëEÃ¸ÂÅÄîí¯®ÅÀ « À Æ ��Ãn �À
ëì��À�í
ÑDjbi s4qtz%e?q)ir_�qtÛmirqtcF`buàq)ikz%e%qtcFdfe)cF_�`ùcF` × ifs,`mcpe)cF_�`�Cb]���]DC�_�qtÛmirqtz�s,qtcF`bu�z�g4l�z%ikÛ:_�`:q)ikÒ��mcpq)ikÛ

z%ire)zr] > vDlÃs4qtcF`buÃ �Ì?cFzAcF` e)jmi�q)ikÒ��mcpqtikÛ z%ireA_�vÈ  Æ Þ  �Ì�ÕA�mz%e=s4q)i�gIirv|_�q)iK  Æ cF` e)jbiKq)ir_�q�Ûbirq)ikÛ
z%ikÒ��bik`mdfi�]ìÑPjmcFzÏq)ikÒ��mcpqtikÕÏik`	e�z%e)cF�F�Dl�ú4ú4�FcpikzÏe%_'Ñ �BÝ z%e%qt�4dfe)�bq)ikzb?Pcpe)j�gI_�_��pikl�`�i	�oúmq)ikz)ztcp_�`mzrÞ
g4�beMe)jbi<Ûmifs,`mcpe)cp_�`�_�v³qtikÒ��mcFq)ikÛ#Þ × ifs,`mcpe)cp_�`kCb]���]BA�Þ4`mirikÛmzhe%_ÏgIi8i	��e%ik`mÛmikÛKe%_�df_�`mz)cFÛbirqhgI_�_��pikl�`
i	�oúmq)ikz)z)cF_�`mzr]*ÑDjbi<`biw?�Ûbifs,`mcpe)cF_�`�_�v�e)jbi7qtikÒ��mcFq)ikÛ"z%irePcFzhztjb_J?P` cF` × ifs,`mcpe)cp_�`/Ú�]���]���gIik�p_J?<]



O�ý

� V�����O|��OR�,�+�IY[ZmY[Z �'� �h�%�t�r�o�|�)�)¥<�r�k�³�>��  Æ �R�� 4¡�¢£¢ ¤ ±R«�°JI¦À4ª¬«�° w ±   Æ ¾  4¡�¢£¢ ¤o²%²C���D¥	�[� ���)¥<�%�t�r�o�����R���f�èç
�¦� �r���R� ��§��r¨

é	ê ÇÈ±   Æ ² ´ «J¶ Â ¡ É�, Å  �Ì ¶  ,¡�¢£¢ Æ Ä	ÇÜ±  �ÌÖ²B´ ÇÈ±   Æ ² ëò«�°JI¦À4ª¬«�° w ±   Æ ¾  4¡�¢£¢ ¤b²*´öõ
ñ�ê ÇÈ±   Æ ² ´ «J¶ Â.É�,D±áÇÈ±   Æ ² ¶ Â ¡ É�, Å  �Ì ¶  ,¡�¢£¢ ÆRï#ð Ä�ÇÜ±  �Ì¦² ´ ÇÈ±   Æ ²%² ë
¸ ü ±  mÆ ¾   ¡�¢£¢ ¤ ² ¶/«�°�I¦À4ªû«�° w ±  4Æ ¾   ¡�¢£¢ ¤ ²fê

ó�ê ÇÈ±  mÆ¬² ´ ° ÉøÇÈ±   Ì ² ´y¼ ° Í ¾t°�¾)¯¿¾%À³¾t®rÁIÉ ±-,BÅ  0� ¶   Ì ÷Uð ¢£¢ Æ Ä�ÇÜ±  0��² ´y¼ ° Í ¾t°�¾)¯¿¾%À³¾t®rÁ Ë ±áÇÜ±  0��²*´
¼ °rÍá¾t©�¾)¯¿¾%À³¾t®rÁ�É"©�ÎÏ° ²%² ë  �Ì ¶/«�°�I¦À4ªû«�° w ±   Æ ¾  ,¡�¢£¢ ¤�²fê

�,ê ÇÈ±   Æ ² ´ °MÉKÇÈ±  �ÌÖ² ´ ©�É ¼ °�¾t©�¾)¯¿¾%À³¾t®rÁM¶ Â.ÉKª kàÿ ë  �Ì ¶/«�°�I¦À4ª¬«�° w ±   Æ ¾  ,¡�¢£¢ ¤o²
�	êM  Æ ¶/«�°�I¦À4ª¬«�° w ±  �Ì ¾  4¡�¢£¢ ¤b² É  �Ì ¶/«�°�I¦À4ª¬«�° w ±  0� ¾  4¡�¢£¢ ¤b² ë   Æ ¶/«�°JI�À,«�ª ° w ±  0� ¾  4¡�¢£¢ ¤o²
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Ê�ê ÇÈ±   Æ ² ´~¼ °�¾t©�¾)¯ ¾%ÀU¾t®rÁUÉ?ÇÜ±  �Ì�²B´ °GÉ ÿ ��ª�ÉZ, Å  0� ¶  �Ìt¢£¢ Æ Ä�ÇÈ±  0��² ´ °Üë
 �Ì ¶/«�°JI�À,ª¬«�° w ±   Æ ¾  ³²

Ë�ê ÇÈ±   Æ ² ´ « ´y¼ °�¾t©�¾)¯ ¾%ÀU¾t®rÁ³É?« �|�=¥��|�f�	�r� �R��# É2, ®¦±ÍÌ�±  ,¡�¢£¢ Ì ïmÆ ­ Ì ÷Uð ¢£¢ Æ|ï#ð ²%² ë
 �Ì ¶/«�°JI�À,ª¬«�° w ±   Æ ¾  ³²

Î�ê ÇÈ±   Æ ² ´ « ´y¼ °�¾t©�¾)¯ ¾%ÀU¾t®rÁ³É?« �|�<�,���*¹>¥��|�f���f�è�|��# É  �ÌÜ´ ¸Pük±   Æ ¾  ,¡�¢£¢ ¤o² É
,*®�±ÍÌ�±   ¡�¢£¢ � ï#ð ­ � ÷Uð ¢£¢ Ì ²%² ë  0� ¶/«�°�I¦À4ª¬«�° w ±   Æ ¾  ³²

ÑDjbiÜs4q�z%eCs4n�i<cpe%ikÕ�zhcF`Ke)jmi8Ûmifs,`mcpe)cp_�`Kl�q)i7vRq)_�Õ e)jbi7ú4q)irn�cF_��mzMdtjml�úme%irqÈl�`mÛKe)jbi<�Fl�z%ehe)jmq)iri<l�q)i
i	�oe%ik`mz)cp_�`mzk]ÜÑDjmi<s4qtz)ePi	�oe%ik`mz)cp_�`Ôdf_�`mdfirqt`4zPik`ml�g,�FcF`bu�irn�ik`	e)zr] × ifs,`mcFe)cp_�`ÃÚ�]���]�� ± Ø�²8z)e)l�e%ikz8e)jml�e
e)jbi"drl��mz)l��Mirn�ik`�e�_�vÜlÔqt�m�piøs4qtcF`buÔcFzJcF`'e)jbiKq)ikÒ��mcpq)ikÛ'z%ireÏ_�vÈe)jml�eÏqt�m�pi�s4qtc�`bub]�x:jmik` e)jbirq)i
l�q)i"`b_ÔgI_�_��Fikl�` i	��úmqtikz)z)cp_�`mzkÞ*e)jmcFzJdrl��mz)l��Mirn�ik`�e�cFzJl��ü?Mlk{ozÏe)jbiKik`ml�g4�Fc�`buÃirn�ik`�eÏ_�vÜe)jbiKqt�m�pi�]
x+jbik`ÔgI_�_��pikl�`·i	�oúmq)ikz)ztcp_�`mz8l�q)iÏl�ÛmÛbikÛ#Þ#e)jmiAik`4l�g4�FcF`bu?irn�ik`�e<df_��m�FÛÔgIiAl�`Ôirn�ik`�e<e)jml�e<drl��4z%ikz
e)jbi8gI_�_��Fikl�`Ki	��úmqtikz)z)cp_�`?e%_JgIikdf_�ÕÏi7e%qt�bi�] > v³e)jmc�zCc�zGe)jmi<drl�z%i�Þbe)jbi<Ûbifs,`4cpe)cp_�`�_�v³q)ikÒ��mcpq)ikÛ?Ûb_�ikz
`b_�eBc�`mdr�F�mÛbiCe)jbiDik`4l�g4�FcF`bu8irn�ik`�eB_�vIirn�irq){Jqt�m�FiMc�`�cpe)z*q)ikÒ��mcpqtikÛAz)ireBl�`mÛÏe)jmc�z `birikÛmz*e%_�g�iDl�Û4ÛbikÛ#]
ÑDjmc�zhcFzhÛb_�`bi7vR_�qtÕ�l��F�F{�cF` × ifs,`mcFe)cp_�`/Ú�]���]�� ± O�²�]

ÓÜÛmÛmcpe)cp_�`4z*e%_Je)jbi8q)ikÒ��4cpq)ikÛøz)ireMl�qtiÜl��Fz)_A`bikdfikztz)l�q){øe%_Jik`mzt�bq)iPe)j4l�eCe)jmiÈgI_�_��pikl�`øi	�oúmq)ikztz)cp_�`
cFzDztl�e)cFz>s4ikÛ,?Èjbik`"l�qt�4�piÜs4q)ikzr]BÑPjbi�drl��mz)l���irn�ik`	eÜcFzDcF`"e)jmi<q)ikÒ��mcpq)ikÛ"z%irerÞ,l�`mÛ"e)jmcFzDirn�ik`	eÜÕ�lk{
gIi=e)jmiA_�`mi�?Èjb_�z%i=s4qtcF`bu?drl��mz%ikz8e)jbiJn�l��F�biA_�vBe)jbiJgI_�_��pikl�`·i	��úmqtikz)z)cp_�`Ãe%_"dtjml�`bu�iÏvRq)_�Õ�vál��Fz%i
e%_øe%q��bi�]{�È_J?Cirn�irqkÞIl��F�#_�v�e)jbi<_�e)jbirqÈirn�ik`	eÈs4qtc�`bu�zQ?PjmcFd�j"l�q)i�`bikdfikztz)l�q){"e%_ødrl��mz)i�e)jbi<gI_�_��pikl�`
i	�oúmq)ikz)z)cF_�`Xe%_ irn�l��F�ml�e%i�e%_Ãe%qt�biøl�qtiø`b_�e=c�`mdr�F�mÛbikÛ·g�{Ôe)jbi�_�qtcpu�c�`ml��*Ûbifs,`mcFe)cp_�`#]?^C_�`4z)cFÛbirq7vR_�q
i	�bl�ÕÏú4�piAe)jbiAqt�m�pi ° xÐÏ © xµ?PjmcFd�j jml�z8l�g�_�_��pikl�`Ãi	��ú4q)ikz)z)cp_�` ­�É/® Þ#l�`mÛ·l�z)z)�mÕ�i=e)jml�e8cpe8cFz
ik`ml�g4�FikÛKg�{?e)jbi8s4qtc�`buÏz%ikÒ��mik`mdfi ­ x ¾t° x ¾t® xA]BÑPjbi7_�qtcpu�cF`4l��,qtikÒ��mcFq)ikÛKÛbifs,`mcpe)cF_�`?c�`mdr�F�mÛbikzC_�`m�F{
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e)jbi7s,qtcF`buJ_�v ® x~cF`Ke)jbi<qtikÒ��mcFq)ikÛ"z%ireD_�v F ° x ¾t© x�K¬] × ifs,`mcpe)cF_�`/Ú�]���]�� ± O�²Pc�`mdr�F�mÛbikzCe)jbi<s4qtcF`bu�zM_�v
° x l�`mÛ ® x cF` e)jmiøq)ikÒ��mcpq)ikÛXz)irer] ÑDjbiÏs,qtcF`bu"_�v ­ x cFz=`b_�e=c�`mdr�F�mÛbikÛÔg�{Xikcpe)jbirq=e)jbiø_�q�cpu�cF`ml��
Ûbifs,`4cpe)cp_�`J_�q × ifs�`mcpe)cp_�`øÚ�]���]�� ± O�²�Þbg,�beBcpeBc�zB`birikÛbikÛ�cF`Ï_�qtÛmirqBvR_�q F ° x ¾t© x�K4e%_AgIihik`ml�g4�pikÛ�?Pjbik`
cpeÜs4q)ikzk]�xXiø`mirikÛÔe%_/l�ÛmÛXl�` l�ÛmÛmcFe)cp_�`ml���df_�`mÛmcpe)cp_�`Ôe%_"e)jmiÏq)ikÒ��4cpq)ikÛ·Ûbifs,`mcpe)cF_�`Ãe%_/Ûmikl���?Pcpe)j
e)jmcFzk]àÑDjbi"df_�`mÛ4cpe)cp_�` cFzJz)�Fcpu�j�e)�p{ Û4cäã�irqtik`	eÏÛbirúIik`mÛmc�`bu/_�` ?Pjmire)jbirqJe)jbi"qt�m�piKcFzÏÛmc�z)l�g4�FcF`mu/_�q
`b_�`�ÌûÛ4cFz)l�g4�Fc�`bu<l�`mÛKÛbifs,`bikÛ?vR_�qtÕ�l��F�F{�cF` × ifs,`4cpe)cp_�`"Ú�]���]�� ± ý�²Ml�`mÛ ± u�²�] > v�e)jbi8qt�4�piÈcFzMÛmc�z)l�g4�FcF`mubÞ
e)jbiKgI_�_��Fikl�`'df_�`4Ûmcpe)cp_�`'Õ=�4z%eJg�i?e%qt�bir?Pjmik`àe)jmi?q��m�pi�s,q)ikzÏl�`mÛ l��F�Gs4qtcF`mu�z=`bikdfikztz)l�q){ vR_�qÏcpe
e%_XgIi�e%q��bi"Õ=�mz)eAgIiKcF`'e)jbiKq)ikÒ��mcpq)ikÛ z%irer] > vÈe)jbiKqt�m�piKcFzJ`b_�`�ÌûÛmc�z)l�g4�FcF`mubÞUe)jbik` e)jmi?gI_�_��pikl�`
i	�oúmq)ikz)z)cF_�`�_�`4�p{ø`birikÛmzMe%_ÏgIiÜe%qt�bi�?Pjbik`?e)jbi7q��m�piPgIikdf_�ÕÏikzDik`ml�g4�pikÛ#]*ÓÈv|e%irqPe)jbi8qt�m�piÜgIikdf_�ÕÏikz
ik`ml�g4�FikÛ#Þ�e)jmiÈgI_�_��pikl�`�i	�oúmq)ikz)ztcp_�`�drl�`?gIikdf_�ÕÏi8vál��Fz%iPgIirvR_�q)iÜe)jbiÈq��m�pihs4qtikzGl�`mÛ?e)jbiÜqt�m�FiPcFzCz%e)cF�F�
ik`ml�g4�FikÛÏ?Pjmik`'cFe�s4qtikzr] × ifs�`mcpe)cp_�` Ú�]���]�� ± ý�²ÏcFz=vR_�q�ÛmcFz)l�g4��cF`bu"qt�m�Fikzr] > vPl·qt�4�pi�s4q�cF`bu   Æ cFzJl
ÛmcFztl�g4�FcF`bu=qt�m�pi�Þbl�`mÛ/e)jbi7q)ikÕÏ_�n¦l��#_�v*l�`b_�e)jmirqhs4qtcF`mubÞ� �Ì�ÞbvRq)_�Õ e)jbi<z%ikÒ��bik`mdfi�?G_��m��Û"drl��mz%i ® e%_
irn�l��F�ml�e%i7e%_Ïvál��Fz%i8_�`Ke)jbi<z%e)l�e%i7u�ik`birq�l�e%ikÛ"g�{?e)jbi7z%ikÒ��bik`mdfi�Þbe)jbik`" �Ì7cFzMcF`?e)jbi7q)ikÒ��mcpqtikÛ�z%ireh_�v
 mÆ¿] × ifs,`mcFe)cp_�`"Ú�]���]�� ± u�²DcFzCvR_�qP`b_�`�ÌûÛ4cFz)l�g4�Fc�`bu<qt�m�Fikzr]*ÑDjbi<df_�`mÛmcFe)cp_�`KcFzhz)cFÕ�c��Fl�qkÞ	g,�behcpeMq)ikÒ��4cpq)ikz
e)jml�e<e)jmi�gI_�_��pikl�` i	��úmqtikz)z)cp_�`XcFz<e%qt�bi�?Pjbik` e)jbiÏqt�m�pi�c�zø�f�,�	�r�p�t¥�Þ�`b_�eå?Pjbik` cpe8s4q)ikzr]b��cFqtcF`bu�z
e)jml�eCl�q)iÈcF`4dr�F�mÛbikÛÏcF`�e)jbiPq)ikÒ��mcpqtikÛ�z%ireB_�v� 4Æ#Ûm�biDe%_Ae)jbiPdf_�`mÛ4cpe)cp_�`mzGcF` × ifs,`mcpe)cF_�`øÚ�]���]�� ± ý�²Cl�`mÛ
± u�²Bl�q)iDq)irvRirq)q)ikÛøe%_=l�zGe)jbiA�����4�û�q�	�4z%ireG_�v�  Æ Þ ± }	N î ÿ °�é ÿ ±   Æ ¾  ³²%²�Þbz)cF`mdfiPe)jbikcpq*s4q�cF`bu�z l�q)iÈq)ikÒ��mcpq)ikÛ
e%_�dfq)ikl�e%i<lAgI_�_��Fikl�`?z)e)l�e%i<cF`k?PjmcFd�j�  Æ drl�`KgIiÈik`4l�g4�pikÛ#] ÑDjmikz%iÜdf_�`4Ûmcpe)cp_�`mzMcF`4dr�F�mÛbiPl����4s,qtcF`bu�z
`birikÛbikÛ/v|_�qPl�qt�m�pi8e%_�gIi7ik`ml�g4�FikÛr?Pjbik`/cpeCs4qtikzDcF`Ke)jbi�z)ikÒ��bik`4dfi�cF`Ke)jbi7q)ikÒ��mcpqtikÛ"z%irer]
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u��ml�qtl�`�e%iri�e)jml�e<l�`�{·n¦l��Fc�ÛÃqtir_�qtÛbirqtcF`mu�_�vMl"z%ikÒ��bik`mdfi�  ¶ ß~cFz8l��Fz)_/cF` ßÜ]AÓÜÛmÛmcFe)cp_�`mzÈe%_/e)jbi
Ûbifs,`4cpe)cp_�`=_�v�l7n�l��FcFÛAq)ir_�q�ÛbirqtcF`bu8l�q)iDl��Fz)_<`bikdfikz)z)l�q){�] ÑPjbih`biw?�Ûbifs,`mcFe)cp_�`A_�v�l8n�l��FcFÛAq)ir_�qtÛmirqtcF`bu
cFzhz)jm_J?P`/c�` × ifs�`mcpe)cp_�`/Ú�]ÙØ�]���g�ik�F_J? Ä
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é	êM �Ì ¶/«�°JI�À,ª¬«�° w ±   Æ ¾  ³² ë � ±  �Ì�² � � ±   Æ ²
ñ�ê ÇÈ±   Æ ² ´ °�¶ ¸yë � ±   Æ ² ´m� ±   ÆRï#ð ²�x��
ó�ê ÇÈ±   Æ ² ´ « ´y¼ °�¾t©�¾)¯ ¾%ÀU¾t®rÁM¶ Â.É }<;*N ª } ° Ê�° ÿ ±R« ²Èô´öõ ÉKÇÈ±   Ñ ²*´ î³°�é ÿ ±   Æ ¾   ¾t° ²B´ ©/ë
»   Ì ¶  mÆF÷Uð ¢£¢ Ñ<¾¿»  7� ¶   Ä
±áÇÈ±  �Ì¦²*´y¼ °rÍá¾t©�¾)¯RÍR¾%À4Íá¾t®�ÍFÁ ² ÉX±áÇÈ±  7��² ¶ }<;*N ª } ° Ê�° ÿ ±R« ²%² ë � ±  �Ì¦² � � ±  0��²
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�,ê ÇÈ±   Æ ²8´ « ´(¼ °�¾t©�¾)¯ ¾%ÀU¾t®rÁA¶�ÂöÉ }<;�N ª } ° Ê�° ÿ ±R« ²øô´ õ É ÇÜ±   Ñ ²Ü´ î³°�é ÿ ±   Æ ¾   ¾t° ²�ô´ © ë
� ±   Æ ² � � ±   Ñ ²

�	êÉæ|�D �Ì ¶ }	N î ÿ °wé ÿ ±   Æ ¾  ³² ÉX±%±áÇÈ±  �Ì¦²B´ø�>Ñ É"ÇÈ±  0��² ´ éJH ²#Ë ±áÇÜ±  �Ì¦² ´ é3H'ÉùÇÈ±  0��² ´ø�0ÑB²%²
� � �f� ± GXk ª*ë � ±  7��²@kM� ±   Æ ²%² ÉX± G � ÿ ë � ±  0��² � � ±  �Ì�²%²fê

Ê�êÉæ|�P �Ì8´ ¸Èük±   Æ ¾  ³²J���,¥J 7� �k�t�k�o�t���t�á�r���)�8 �Ì"���,¥K� � �C� ���R��#/�>�Ü 0�"§B���o�p¥ �t�J�������f�����¬�J  Æ
� �7�á�G�k���r�o���%�t¥/�>�f�û�f�P �Ì�� � �f�f� ±  7��² � � ±  �Ì¦²fê

Ë�êÉæ|�C  Ì ´ ¸ ü ±  mÆ ¾  ³²<���,¥= 0�"�k���r�o���<�%���û�r�D  Ì ���,¥ø� � � �B���R��#?�>�h 0�?§B���o� ¥K�t�=�t�����r�����¬�= mÆM� �
�R�C�k�t�k�����)�)¥ ���á�r���%�Ü �Ì?� � �f��� ±  7��²�k�� ±  �Ì�²fê

ÑDjbi s4qtz%e�vR_��bqUú4l�q)e)zU_�vbe)jbiGÛbifs�`mcpe)cp_�`<l�qtiBvRq)_�Õìe)jmiBúmq)irnocp_��mz³Ûbifs,`mcpe)cF_�`7_�vbn¦l���cFÛ7q)ir_�qtÛmirqtcF`bub]
ÑDjbikz)i<q)ikÒ��mcpq)ikÕÏik`�e)zrÞml��p_�`muE?Pcpe)j"e)jmi�`biw?ìqtikÒ��mcFq)ikÛ"z%irePÛbifs�`mcpe)cp_�`"Ûb_øik`mz)�bq)i7e)j4l�eÈ`b_Ïs,qtcF`bu�z
`birikÛbikÛàe%_·ik`ml�g4�pi?l qt�4�piøl�q)i?q)ir_�qtÛbirqtikÛ e%_·_�drdr�mqAl�vRe%irqÏcper]��È_J?Cirn�irqkÞBe)jbir{ Ûm_·`b_�e=úmq)irn�ik`�e
irn�ik`�e)z�?Pjm_�z%iKs4qtcF`muÔÕølk{�ÛmcFz)l�g,�pi"lXqt�m�pi?s4q�cF`buÔv|qt_�Õ gIikcF`buÔq)ir_�qtÛbirqtikÛ�e%_ _odrdr�bq�gIirv|_�qti cpe)z
s4qtc�`bub] ^C_�`mz)cFÛmirq�l�u�l�cF`àe)jbiøqt�4�pi ° xÒÏ © x¼?Pcpe)jXgI_�_��pikl�` i	�oúmq)ikztz)cp_�` ­ÏÉÔ® l�`mÛ e)jbi�s4qtcF`bu
z%ikÒ��bik`mdfi ° x ¾)­ x ¾t® x ¾ F ° x ¾t© x�K¬]PÓÜ�F��_�v*e)jbi�s4qtcF`mu�zDcF`/e)jmi=z%ikÒ��bik`mdfiJl�q)i=`m_J?~cF`/e)jbi=q)ikÒ��mcpq)ikÛ
z%ire�_�v F ° x ¾t© x�K¬Þ�g4�beUe)jbirq)iMcFz�`b_�e)jmcF`bu8cF`�e)jbihÛbifs,`mcpe)cF_�`7_�v4q)ir_�q�ÛbirqtcF`buÈe%_Èú4q)irn�ik`	e*lÈs4qtc�`buD_�v ­�H
vRq)_�Õ gIikcF`buAq)ir_�qtÛbirq)ikÛKe%_ø_�drdr�bqhgIirvR_�q)i F ° x ¾t© xLK³l�zMv|_��F�F_J?Pz ÄB° x ¾)­ x ¾t® x ¾)­*H�¾ F ° x ¾t© x�K¬]{÷P_@?<Þ
l�z)z)�4Õ�cF`buÃe)jml�e F ° x ¾t© x�KDcFzAÛmcFz)l�g,�FcF`bubÞ�cpeAc�z=`b_�eAik`ml�g4�FikÛÏ?Pjmik`'cFe<s4q)ikzk]ÔÑPjmcFz<ú4q)_�g4�pikÕ drl�`
l��Fz%_ø_�drdr�bq�?Pcpe)j/`m_�`�ÌûÛmcFz)l�g,�FcF`buJqt�m�Fikzr]M^C_�`4z)cFÛbirqhe)jml�eÈe)jbi<s,qtcF`buJ_�v ­�H cFzhqtir_�qtÛbirq)ikÛ e%_ø_odrdr�bq
gIirv|_�qtiÏe)jbiÏs4qtc�`buK_�v ® xAÞ�dfq)ikl�e)cF`bu e)jbiÏv|_����p_J?Pc�`bu?s4qtcF`bu"z%ikÒ��bik`mdfi ÄJ° x ¾)­ x ¾)­�H<¾t® x ¾ F ° x ¾t© x�K¬]
> `/e)jmcFzÈz%ikÒ��bik`mdfi�ÞIe)jbi�q��m�pi F ° x ¾t© x�K�c�zP`birn�irq8ik`ml�g4�FikÛ l�e8l��F�³z)c�`mdfi�cpe)zÈgI_�_��pikl�` i	��ú4q)ikz)z)cp_�`ÃcFz
`birn�irqÜz)l�e)cFz>s4ikÛ�]

ÑDjbi s4qtz%e�i	��e%ik`�e)cp_�`+e%_ e)jbiÔÛbifs,`mcFe)cp_�`�_�v<n�l��FcFÛùq)ir_�qtÛmirqtcF`bu ± cFe%ikÕ Ú�²øik`mzt�bq)ikz�e)jml�eKe)jmcFz
drl�`m`b_�eAjml�úmúIik`#]øÑPjmcFz7l�ÛmÛmcFe)cp_�`Ôe%_ e)jbiøq)ir_�qtÛbirqtc�`bu/Ûbifs,`mcFe)cp_�`·ik`mz)�bq)ikz<e)jml�e=cpvMlKs4q�cF`bu/ �ÌøcFz
df_�`�e%i	��eKe%_  mÆ>ÞD`b_às4qtcF`bu�?ÈjmcFdtj.q)irn�irqtz%ikz?e)jbi·i	ãIikdfe?_�v=  Ì cFzøqtir_�qtÛbirq)ikÛùe%_à_odrdr�bq?gIire5?Cirik`
 �Ì?l�`mÛ'  Æ ]ÃÑPjmcFz�l�Û4Ûmcpe)cp_�`#Þ�l��p_�`bu�?Pcpe)j e)jbiK`biw? qtikÒ��mcFq)ikÛ z%irerÞBc�z�z)�o�?drcpik`	e=e%_Ôik`mz)�bq)iøe)jml�e
l��F�*qtir_�qtÛbirqtcF`mu�z7_�vhl z%ikÒ��bik`mdfi? mÆhl�q)iøn�l��FcFÛ�]øÑDjbiøl�Û4Ûmcpe)cp_�`XcFz=l"g4cpe�_Ön�irqt�p{Ôq)ikz)e%qtcFdfe)cpn�i?z)cF`mdfi
cpeJúmq)irn�ik`�e)z�lÔq)irn�irq�z)cF`buÔirn�ik`�e�v|qt_�Õòg�ikc�`buÃqtir_�qtÛbirq)ikÛ gIire5?Cirik`�lXdf_�`�e%i	��eøirn�ik`	eÏs,qtcF`buÔl�`mÛ
e)jbi�q��m�piAs4qtcF`mu?cF`Xl����*drl�z%ikzr]b�m_�q=`b_�`�ÌûÛ4cFz)l�g4�Fc�`buøqt�4�pikz8e)jbirq)i�l�q)i�z%_�ÕÏiøz)cFe)�ml�e)cp_�`mz�?Pjmirq)iÏe)jbi
q)irn�irqtztcF`buAirn�ik`	ePÛm_�ikzM`b_�ehÛmcFztl�g4�piPe)jmiÜq��m�pi�]!�P_@?Girn�irqÖÞ4vR_�qMl��Fu�_�qtcpe)jmÕ�c�dPú4�mq)úI_�z%ikzGcFeCcFzMz)c�ÕÏú4�pirq
e%_øl�z)zt�mÕÏi7e)jml�eDqtirn�irqtz)cF`buÏirn�ik`�e)zÜdrl�`/`birn�irqPgIi7q)ir_�q�Ûbirq)ikÛ#]

ÓÜ`b_�e)jbirq8df_�`mdfirqt`·cFzPe)jmi�úmq)ikz)irq)n¦l�e)cF_�` _�vBdrl��4z)l��Fcpe {�]�x+jbik` e)jmirq)i=l�q)iJ`b_?gI_�_��pikl�` i	��ú4q)ikz}Ì
z)cp_�`4zrÞUl�`�{Xq)ir_�qtÛbirq�cF`bu/_�vhe)jbi?z%ikÒ��bik`mdfi�?Èjbirq)i�e)jbi�qt�m�piJs,qtcF`bu/cFÕøÕÏikÛmcFl�e%ik�p{·úmq)ikdfikÛ4cF`bu/ikl�d�j
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irn�ik`�ehs4qtcF`muAÛb_�ikzh`b_�eDd�jml�`bu�i�Þmúmqtikz%irq)n�ikzhe)jbi<drl��4z)l��Fcpe {?cF`?e)jbi<z)ikÒ��bik`4dfi�]BÑDjbi7�Fl�z%eMqt�4�piÜs4qtcF`bu
gIirv|_�qtiÃl�`ùirn�ik`	erÞÜ  Æ ÞMs4q)ikz?cFzøl��ü?Mlk{oz?e)jbiÃdrl��4z)l��Pq��m�pi/_�v<  Æ g�{�Ûbifs�`mcpe)cp_�`#] > v<l��F�DgI_�_��pikl�`
i	�oúmq)ikz)z)cF_�`mzGl�qtiÜ��T¦SUV4Þoe)jbik`?e)jbiÜik`ml�g4��cF`bu�irn�ik`�ehvR_�qCe)jmiÜq��m�piÈ 4ÆRï#ðMcFzCl��ü?Mlk{ozMe)jbi7drl��mz)l���irn�ik`�e
vR_�qÜirn�ik`�e8s4qtc�`bu�  Æ ]1x+cpe)j·gI_�_��pikl�`·i	�oúmq)ikz)ztcp_�`mzrÞ�e)jmcFzÜcFz8`b_�eÜe)jbiÏdrl�z%i�]�ÓÜ`b_�e)jbirq7irn�ik`�e8s4qtcF`bu
Õ�lÖ{ jmlkn�i?drl��mz%ikÛ e)jmi�qt�m�piÏe)j4l�e<s4q)ikz�cF`  mÆRï#ð<e%_Ãg�ikdf_�Õ�iøik`ml�g4�FikÛ#Þ�g�{Ôdrl��4z)cF`bu/e)jmiødr�bq)q)ik`�e
z%e)l�e%i�e%_ z)l�e)cFz%vR{Ôcpe)z7gI_�_��Fikl�`Xi	��ú4q)ikz)z)cp_�`�]�Óæs,qtcF`buKz%ikÒ��bik`mdfiø �ÕA�mz%e=`b_�e7gIiÏq)ir_�qtÛbirq)ikÛ cF` l
?Mlk{�e)jml�eMdtj4l�`bu�ikzCe)jbiÜc�Ûbik`	e)cFeû{Ï_�v#e)jmcFzBirn�ik`	er]GÑDjbirq)irvR_�q)i�Þ�e)jbiÜl��Fu�_�qtcpe)jmÕ `birikÛmzCl�`�l�ÛmÛ4cpe)cp_�`ml��
q)ir_�qtÛmirqtcF`buJq)ikz%e%q�cFdfe)cp_�`Ke)jml�eDik`4z)�bq)ikzMe)jml�ePe)jbi�cFÛbik`�e)cpe {ø_�v�e)jbi<drl��mz)l���irn�ik`	eÜÛb_�ikzP`b_�ePdtj4l�`bu�i�]
ÑDjbikz)i7q)ikz%e%qtcFdfe)cF_�`mzhl�q)i�z%úIikdrc s,ikÛ"cF`"cpe%ikÕ�z�O�l�`mÛ ýA_�v × ifs,`mcpe)cp_�`/Ú�]ÙØ�]���]
xXiÏjmlkn�iÏ`b_@?½Ûbifs,`bikÛ·l?z%ire8_�vBq)ikz%e%q�cFdfe)cp_�`mzÈ_�`·q)ir_�qtÛbirqtc�`buøe%_Kik`mz)�mq)i�e)jml�e8e)jbiJq)ir_�q�Ûbirq)ikÛ

z%ikÒ��bik`mdfi�cFz8n�l��FcFÛXl�`4ÛÔe)jml�e�cpe8úmq)ikz)irq)n�ikz7e)jbi�drl��mztl��Fcpeû{·_�vCe)jbi�_�qtcpu�c�`ml���z%ikÒ��mik`mdfi�]E�P_@?Girn�irqÖÞ
Ûbire%irqtÕøcF`mcF`bu�?Pjmc�dtj�q)ir_�q�ÛbirqtcF`bu�zÏÕ�irire�e)jbikz%i/qtikz%e%qtcFdfe)cp_�`4z�l��pu�_�qtcpe)j4Õ�cFdrl��F�p{àcFzÏÛmc ��dr�4�peÅ?Pjbik`
gI_�_��Fikl�` i	�oúmq)ikz)ztcp_�`mzPl�qtiJdf_�Õ�ú4�pi	�I]�x+jbik`Ã_�`m�p{"e)jbiJq)ikz%e%q�cFdfe)cp_�`mzPv|q)_�Õ�e)jbiAúmq)irnocp_��mzÈdtjml�ú4e%irq
l�q)i?�mz%ikÛ#ÞUe)jbi�l�g4c��Fcpeû{·e%_ qtir_�qtÛbirq=l�`àirn�ik`�e�s4q�cF`bu/cFz<c�`mÛbirúIik`mÛbik`�e8_�vh_�e)jbirq=qtir_�qtÛbirqtcF`mu/ÛbikdrcäÌ
z)cp_�`4zÏl�`mÛ ikl�dtj.irn�ik`	eøÕ�_Ön�ikÕÏik`�e�drl�`�gIi"Õ�l�Ûbi/c�`mÛbirúIik`mÛbik`�e)�p{�] x+jbik`�l�q)g4cFe%qtl�q){ gI_�_��pikl�`
i	�oúmq)ikz)z)cF_�`mzÈl�qtiJc�`mdr�F�mÛbikÛ�Þ4e)jbiÏl�g4cF��cpeû{/e%_"d�jml�`bu�iÏe)jbiAs4qtc�`buø_�qtÛmirqÜ_�vC mÆBl�`4ÛX  Ì drl�`XÛbirúIik`mÛ
_�`E?Èjbire)jbirq e)jbiÈ�p_�drl�e)cF_�`�_�v#l�`b_�e)jbirqGirn�ik`	eM 0�Üjml�z gIirik`�d�jml�`bu�ikÛ#]
�m_�qGi	�bl�ÕÏú4�pi�Þ�df_�`mz)cFÛmirq e)jbi
gI_�_��Fikl�`"i	��ú4q)ikz)z)cp_�` ­7É ±[® ËK}k²M_�`Ãl�qt�m�FiL?Èjbirq)i<e)jbi=ik`ml�g4�pikÛ/irn�ik`	e8cFz © xA] P �búmúI_�z%i8e)jml�eÜcF`
e)jbi7_�qtcFu�cF`ml��,s4qtcF`muAz%ikÒ��bik`mdfi ­ Þ ® Þml�`mÛ"}8l�q)i�l����,e%q��bi1?Pjbik` © xìs4qtikzr] � cpe)jmirq ® x�_�qÈ}rxydf_��m�FÛ
gIi=qtir_�qtÛbirq)ikÛ·e%_K_�drdr�mq8l�vRe%irq © x½g�ikdrl��4z%iAÛm_�cF`buKz%_r?G_��m��ÛÃ`b_�e8drl��mz%i × ifs,`mcFe)cp_�`·Ú�]���]��Je%_"gIi
nocp_��Fl�e%ikÛ#]��P_@?Girn�irqÖÞ�_�`mdfiAe)jbiAÛmikdrcFz)cp_�`·jml�zÜgIirik`ÃÕ�l�Ûmi=e%_?q)ir_�qtÛbirq ® xæl�v|e%irq © xAÞ�}kxædrl�`4`b_�e
gIihq)ir_�qtÛbirqtikÛøl�vRe%irq © xA] P cF`mdfihqtir_�qtÛbirqtcF`mu<ÛbikdrcFz)cp_�`4z l�q)iP`b_=�p_�`bu�irqGc�`mÛbirúIik`mÛbik`�erÞ�cpeBcFz Û4c ��dr�m�pe
e%_"i	�bl�Õ�cF`biJl��F��úI_�z)z)cpg4�Fi<q)ir_�qtÛbirq�cF`bu�z8l�e7_�`mdfiÏz)cF`mdfiJlKq)ir_�qtÛmirqtcF`bu�_�vB_�`biÏirn�ik`�e<Õ�lk{·i	�bdr�F�mÛbi
e)jbi<qtir_�qtÛbirqtcF`muA_�v�l�`b_�e)jbirqÈirn�ik`	er]

ÑDjbirqtirv|_�q)i�Þ¦cpv�Í@] P � ÑÔe)cFÕ�cF`muMc�z��mz%ikÛ#Þ�e)jbiBÑ �GÝ z%e%q��mdfe)�bq)ikz�l�qtiB�FcFÕ�cFe%ikÛ8e%_De)jb_�z%i{?Pjbirq)i*ikl�d�j
gI_�_��Fikl�`�i	�oúmq)ikztz)cp_�`?cFzCikcpe)jbirqhlJz)cF`bu��pi?�4�
	Xe%irqtÕ _�qDlJz)cF`bu��FiÈ�4T�e%irqtÕ"]!x+jbik`?e)jmcFzCq)ikz%e%q�cFdfe)cp_�`
cFz7�mz)ikÛXq)ir_�qtÛbirq�cF`bu�z7drl�` l�u�l�cF` g�i�df_�`4z)cFÛbirq)ikÛXc�`mÛbirúIik`mÛbik`�e)�p{�] > `Xl/ztcFÕÏú4�pi¶�4�
	.i	�oúmq)ikztz)cp_�`
l��F��df_�`	e%i	�oe�z)cFu�`ml��FzÜÕ=�mz)eÜqtikÕ�l�cF`Ãg�irvR_�q)iAe)jbiJqt�m�pi�s4qtcF`mub] > `Ôl�`Ô�4T�Þ#e)jbiJ_�`m�p{ df_�`�e%i	��e<ztcpu�`ml��
s4qtc�`bu�z8l�q)iÏe)jbi�drl��mz)l���irn�ik`�e7s4q�cF`buKl�`mÛÔe)jbiÏik`ml�g4��cF`bu?irn�ik`	er]�ÓÜ`	{Ã_�e)jbirq7s4q�cF`bu�z8cF`�n�_��pn�ikÛXcF`
e)jbiK�4T"i	�oúmq)ikztz)cp_�`'drl�`àgIi�q)ir_�qtÛbirq)ikÛàe%_Ô_�drdr�mqAl�vRe%irqÏe)jbi?qt�m�piÏs,qtcF`bub] > `àúmqtl�dfe)cFdfi�Þ ��cFÕ�cpe)cF`mu
e)jbiAz%úIikdrc s,drl�e)cp_�` e%_?z)c�`bu��pi°�4�
	�zÈl�`mÛÃ�4T¦z8Ûb_�ikzÈ`b_�eÜúmq)_Ön�iAe%_?g�i=l�z)cFu�`mc s,drl�`�eP�FcFÕøcpe)l�e)cp_�`#] > v
l/ÕÏ_�qti�df_�ÕÏú4�pi	�ÔgI_�_��pikl�`Ôi	�oúmq)ikztz)cp_�`XcFz8q)ikÒ��mcpqtikÛ#Þ#e)jbiÏq)ikz)�4�pe)z8v|qt_�Õ$e)jbiEÍ@] P � Ñyl��pu�_�q�cpe)jmÕ
l�q)iÔdf_�`mz%irq)n�l�e)cpn�i�] > v<l�`ùi	�bl�dfeKq)ikz)�m�Fe�?Pcpe)j:l�q)g4cFe%qtl�q){ i	��ú4q)ikz)z)cp_�`4zøcFz?`birikÛbikÛ#ÞPe)jbik`.ikcFe)jbirq
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$1 # $22,5

f+

e+ e+

$1 $2

f+
0,0 0,0

2,5 2,5[(a & b) | (c & d)]
[(c & d)][(a & b)]

NPORQ�S³T¦VÔ�#Y[Zm]BÑUqtl�`mz%vR_�qtÕ�l�e)cF_�`mzhe%_øz)c�ÕÏú4�pi4�4�
	àl�`mÛ �4T�]

e)jbi·z)cFÕÏú4�FirqkÞBu�ir_�ÕÏire%q�cFdÃl��Fu�_�qtcpe)jmÕ vR_�qKÑ �BÝ z%e%qt�mdfe)�mq)ikz�vRq)_�Õ ^hjml�úme%irqkA drl�`.gIi �4z%ikÛ#ÞM_�q
e)jbiXz%úIikdrc s,drl�e)cF_�`:drl�`åg�i·e%qtl�`mz)v|_�qtÕ�ikÛöcF`	e%_ _�`biÔe)jml�e/df_�`�e)l�cF`mz/_�`m�p{.z)c�ÕÏú4�pis�4�'	 l�`mÛö�4T
i	�oúmq)ikz)z)cF_�`mzr]
��cpu��bq)i�Ú�]���z)jb_J?ÈzDe)jbi7e%qtl�`4z%v|_�q�Õ�l�e)cp_�`#]B�CirvR_�q)i=l�u�qtl�ú4j/drl�`"gIi7e%qtl�`4z%v|_�q�ÕÏikÛ#Þml��F�#gI_�_��pikl�`

i	�oúmq)ikz)z)cF_�`mzDÕA�mz%ePgIi�c�` z)�mÕ _�v�úmq)_oÛm�mdfe)zDvR_�qtÕ"] P ikÒ��bik`mdrc�`bu�irn�ik`�e)zÜl�qti=dfq)ikl�e%ikÛ·vR_�qÈikl�d�jÃ_�v
e)jbi e%irq�Õ�zUl�`4Û7qt�m�pikz³l�q)iGl�ÛmÛmikÛ7gIire5?Cirik`�e)jbiGqt�m�piFN z�ik`ml�g4�FcF`muCirn�ik`�e�l�`mÛ7ikl�dtjA_�voe)jbiCz%ikÒ��mik`mdrcF`bu
irn�ik`�e)zr]2RP�m�Fikz³l�q)iMl��Fz%_8l�ÛmÛbikÛ=gIire5?Cirik`=ikl�d�jJ_�vme)jbiMz%ikÒ��bik`mdrcF`buÈirn�ik`	e)z*l�`4Û�e)jbiCik`ml�g4�FikÛ<irn�ik`�er]
� l�d�jÔ_�v e)jbiJqt�m�FikzP�pikl�Ûmc�`buøvRq)_�Õ�e)jbiJik`ml�g4�Fc�`bu�irn�ik`�e<cFzÈl�ztz)cpu�`bikÛ·_�`biA_�v e)jbiJe%irqtÕ�zÜvRq)_�Õ�e)jbi
z)�mÕ�_�v4ú4q)_�Û4�mdfe)zUl�`4Û=e)jmiMÛmik�Flk{<vRq)_�Õ2e)jbiM_�qtcpu�c�`ml���qt�4�pi�]UÑDjmiGqt�4�pikz³ik`4l�g4�pikÛAg�{�e)jbihz%ikÒ��mik`mdrcF`bu
irn�ik`�e)z<l�q)iÏl�z)z)cpu�`mikÛÃl?gI_�_��Fikl�`Ãi	�oúmq)ikztz)cp_�`Ã_�v �ÖT�S³VÃl�`mÛÃlKÛbik��lk{ _�v�8o]�ÓÈ���³úI_�z)z)cFg4�pi<ú4l�cFqtzP_�v
z%ikÒ��bik`mdrcF`muÏirn�ik`	e)z8l�q)iAl�ÛmÛbikÛ"e%_�e)jbi=df_�`oa�cFdfePz%irer]�]8`m�F{ø_�`bi=_�v�e)jmi=z%ikÒ��bik`mdrcF`muÏirn�ik`	e)z8ÕA�mz%e
s4q)ihcF`A_�qtÛmirq*e%_8s4q)iMe)jbiMik`ml�g4�pikÛAirn�ik`�er]BÑDjmc�z³e%qtl�`4z%v|_�q�Õ�l�e)cp_�`Å?C_�qq¢�z�?Ècpe)jb_��be*l�`mÛJl��pu�_�qtcFe)jmÕ�cFd
dtj4l�`bu�ikzÈcFv³e)jbi<q��m�pikz�?PcFe)j"df_�ÕÏú4�pi	�KgI_�_��pikl�`/i	��úmqtikz)z)cp_�`mzhl�qti=`b_�`�ÌûÛ4cFz)l�g4�Fc�`bub] > v�e)jbi<qt�m�FikzDl�q)i
l�q)iÏÛmcFztl�g4�FcF`bubÞ,e)jbi�l��pu�_�qtcFe)jmÕ(Õ=�mz)e�¢�irirú ¢o`b_@?�?PjmcFd�jÃq��m�pikzÜl�q)i�dfq)ikl�e%ikÛXg�{ e%qtl�`4z%v|_�q�Õ�l�e)cp_�`
l�`mÛÏ_�`4�p{=u�ik`mirqtl�e%iÈl<Û4cFz)l�g4�Fc�`buÈirqtq)_�qBcpv�l��F�b_�vIe)jbikÕygIikdf_�ÕÏiPÛ4cFz)l�g4�pikÛ�]UÑDjmc�z*cFz `bikdfikz)ztl�q){Ïz)cF`mdfi
e)jbiAÛmcFz)l�g4��cF`buJ_�v _�`m�p{K_�`bi=_�v e)jbi=qt�m�pikzPu�ik`birqtl�e%ikÛ·g�{"e)jmi�e%qtl�`mz)v|_�qtÕøl�e)cp_�`ÃÛm_�ikzÈ`b_�eÜc�`mÛmcFdrl�e%i
e)jml�e�e)jbiC_�qtcpu�cF`4cFl���qt�4�piGcFz�ÛmcFztl�g4�pikÛ#]³ÓÜ�pe)jb_��mu�j=e)j4cFz³e%q�l�`mz%vR_�qtÕ�l�e)cp_�`Jl�ÛmÛmz�l8z)cpu�`mcps,drl�`	e�`��4Õ�gIirq
_�v�i	��e%q�lÏqt�m�pikzhl�`4ÛKirn�ik`	e)zÈv|_�qÈ�Fl�q)u�i<i	�oúmq)ikz)ztcp_�`mzrÞb�Fl�q)u�i7i	�oúmq)ikztz)cp_�`mzhl�q)i�qtl�q)i�]
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��J F ª¬î w °wé�±[° Æ ²5K F ª¬î w °�é�±[©�ü ²5K#´ HP¯ �
O . ±[° Æ³´ ° Ó ü É �BJ F ªûî w °wé�±[°Jù ²5K F ª¬î w °�é�±[° Æ ²5K
k HP¯ ²h���³Vo�

��J F ª¬î w °wé�±[° Ó ü ²5K F ª¬î w °wé�±[° Æ ²5KI´ HP¯ �
O . ±á­�î w }	N î ÿ °wé ÿ ±[° Æ ¾%« ² É ��J F ª¬î w °�é�±[° Ó ü ²5K F ª¬î w °�é�±[° Æ ²5K
kM8	²h���³Vo�

��J F ª¬î w °wé�±[° Ó ü ²5K F ª¬î w °wé�±[° Æ ²5KI´m8:�
O . ± N « }	N î ÿ °wé ÿ ±[° Æ ¾%« ² É �BJ F ªûî w °wé�±[° Æ ²5K F ª¬î w °wé�±[° Ó ü ²5K'k�8	²P���UV��

��J F ª¬î w °wé�±[° Æû²5K F ª¬î w °�é�±[° Ó ü ²5KI´m8:�
Ð

Ð
q)ikdrl�`b_�`mcFdrl���cüûri ± �BJ/²$�
. �4T�� ��� 1 ° Æ Ä	° Æ ���<�)�i·,�)���k�f�4�û�t¥K�R�f��J D µ

O . ±-, Å�« Æ ´y¼ ° Æ ¾t© Æ ¾)¯ Æ ¾%À Æ ¾t® Æ ÁG¶ Â × ¤ É�, è ­ ÿ¿}<; ±[° Æ ¾tÊÖü ²%²P���UV��
ú4q)_�l>ikdfe ± ��J�ç �|��¥	�q�71 ° Æ ²%²$�

. �4T�� ��� ±R« Æ³´y¼ ° Æ ¾t© Æ ¾)¯ Æ ¾%À Æ ¾t® Æ ÁC¶/Â × ¤ ²8µ
ò F ª¬î w °�é�±R« Æ ²5K F 8XK#´m8:�
. �4T�� ��� ±R« Ì ¶/Â × ¤o²tµ
ò F ªûî w °wé�±R« Æ ²5K F ª¬î w °wé�±R« Ì¦²5KI´/�BJ F ª¬î w °wé�± } ­�À�Ê�­�¯>±R« Æ ²5K F ª¬î w °�é�± } ­	ÀIÊÖ­�¯%±R« Ì�²%²5K-�

Ð
Ð

Ð
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��cpu��bq)iCÚ�]BAPz)jm_J?Pz³e)jbiGl�úmú,�FcFdrl�e)cp_�`�_�vbe)jbi{Í�] P � Ñ l��pu�_�qtcpe)jmÕ�l�úmú4�FcFikÛ7e%_Pe)jbiCÑ �BÝ z%e%qt�4dfe)�bq)i
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e)jbi�irn�ik`	eAs4qtc�`bub]?ÑÉ?G_Ãn�irqtz)cp_�`mz=_�vhe)jbikÍ@] P � Ñ½Õ�l�e%qtcü� l�q)i�z)jm_J?P`àl�v|e%irqJikl�dtjàs4q�cF`bub]KÑDjbi
s4qtz)e�z)jb_J?Èz�e)jbi Õøl�e%qtcä��l�v|e%irq?e)jbi l��pu�_�q�cpe)jmÕíz%ire)zøe)jbiÃdf_�`4z%e%qtl�cF`�e)z�g4�meÏg�irvR_�q)i/cpe�jml�z�gIirik`
q)ikdrl�`b_�`4cFdrl��FcüûrikÛàl�`mÛ i	�oe%qtl�`bir_��mzAirn�ik`�e)zJjmlkn�i?gIirik` úmq)_�l%ikdfe%ikÛ#]/ÑDjmi�z%ikdf_�`mÛ'df_��F�mÕø` z)jb_@?Pz
e)jbiDÕ�l�e%q�cFdfikz l�vRe%irqBe)jbir{Jjmlkn�iPg�irik`Jqtikdrl�`b_�`mcFdrl��Fc�ûrikÛÏl�`mÛÏúmq)_�l%ikdfe%ikÛ#]*ÑDjmc�z�Û4cFz%e)cF`mdfe)cF_�`Ac�z*Õ�l�Ûbi
e%_Kz)jb_J?g?PjmcFd�j z%irú,l�qtl�e)cp_�`mzÈl�q)i=z%ireÜi	�oú4�FcFdrcpe)�F{øg�{"e)jbi=l��pu�_�q�cpe)jmÕ l�`mÛ�?Pjmc�dtj/z%irú,l�qtl�e)cp_�`mzÜl�q)i
Ûbire%irqtÕøcF`bikÛKg�{�e)jbi�q)ikdrl�`b_�`mcFdrl���cüûkl�e)cp_�`"úmqt_�dfikz)zk]

ÑDjbi8s,qtz%ehirn�ik`�eÈe%_øs4q)i<l�vRe%irqÈe)jbi=cF`mcpe)cFl��Iirn�ik`�e)zÜcFz é xJ]CÑDjmi7qt�m�pi7ik`ml�g,�FcF`bu é x½jml�zPlø�pirn�ik�
i	�oúmq)ikz)z)cF_�`"_�v��ÖT¦SUV,Þ,z%_ø`m_�`bi�_�v�e)jbi<i	�oe%qtl�df_�`mÛmcpe)cp_�`4zDl�ÛmÛbikÛ g�{Ke)jmcFzPdtjml�úme%irq8l�q)iA�mz%ikÛ#]CÑDjbi
Õ�lX�bcFÕA�mÕ z%irú4l�qtl�e)cF_�`mz�gIire5?Cirik` é x(l�`mÛ�cFe)z�drl��mz)l��hirn�ik`�e��bx$cFzÏz)ire�e%_'Ú�ÞCe)jbi Õ�lX�bcFÕA�mÕ
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a+

x+
v+

a+

x+
v+

a+ v+ x+

0   0   -1
0   0   -1

5    5    0

a+ v+ x+ y+
a+

x+
v+

y+

0   0   -1   -
0   0   -1  -1
5   5    0    -
-   5    -    0

a+ v+ x+ y+
a+

x+
v+

y+

0   0   -1  -1
0   0   -1  -1

5   5    0    4
5   5    4    0

x+
v+

y+5   5    4    0   -2
5   5    0    0   -2

15  15  14  10   0

a+
a+ v+ x+ y+  b+
0   0   -1  -1  -3
0   0   -1  -1  -3

b+

x+
v+

y+

a+

b+

a+ v+  x+  y+  b+  w+

w+

0   0   -1  -1  -3    -
0   0   -1  -1  -3    -
5   5    0    0   -2   -3
5   5    4    0   -2    -
15  15  14  10   0  -3
-   -    -    -    7    0

z+
22  22  21  17   7    0    -
-    -    -    -    7    -   0

x+
v+

y+

a+

b+
w+

a+ v+  x+  y+  b+  w+  z+
0   0   -1  -1  -3   -6   -
0   0   -1  -1  -3   -6   -
5   5    0    0   -2   -5   -
5   5    4    0   -2   -5   -3
15  15  14  10   0  -3   -3

z+

x+
v+

y+

a+

b+
w+

a+ v+  x+  y+  b+  w+  z+
0   0   -1  -1  -3   -6  -6

15  15  14  10   0  -3   -3

0   0   -1  -1  -3   -6  -6
5   5    0    0   -2   -5  -5
5   5    4    0   -2   -5  -5

22  22  21  17   7    0    4
22  22  21  17   7    4    0

a+

b+

a-

[x & y]

[w | z]<2,5>

<2,10>

v+

x+ y+

w+ z+

[b] [b]<3,7> <3,7>

[1,5] [1,5]

a+
v+

0 0
0 0

a+v+
POSET matrix

Initially:  Firing sequence={a+,v+} 

Firing: x+   Firing sequence={a+,v+,x+}, causal=v+ and_context={} or_context={}
POSET before recanon:

a+ v+ x+

0   0   -1

Firing: y+   Firing sequence={a+,v+,x+,y+}, causal=v+ and_context={} or_context={}

POSET before recanon:

Firing: b+   Firing sequence={a+,v+,x+,y+,b+}, causal=y+ and_context={a+,x+} or_context={}

POSET after recanon and project:

POSET after recanon and project:

x+
v+

y+
b+

5   5    4    0   -2
-   -    -  10    0

a+
a+ v+ x+ y+  b+

POSET before recanon: POSET after recanon and project:

0   0   -1  -1  -2
0   0   -1  -1    -

Firing: w+   Firing sequence={a+,v+,x+,y+,b+,w+}, causal=b+ and_context={x+} or_context={}

POSET before recanon: POSET after recanon and project:

Firing: z+   Firing sequence={a+,v+,x+,y+,b+,w+,z+}, causal=b+ and_context={y+} or_context={}

POSET before recanon: POSET after recanon and project:

x+
v+

y+

a+

b+

a+ v+  x+  y+  b+  w+

w+

0   0   -1  -1  -3   -6
0   0   -1  -1  -3   -6

5   5    0    0   -2   -5
5   5    4    0   -2   -5
15  15  14  10   0  -3
22  22  21  17   7   0

Firing: a-   Firing sequence={a+,v+,x+,y+,b+,w+,z+,a-}, causal=w+ and_context={} or_context={z+}

POSET before recanon: POSET after recanon and project:

v+  x+  y+  b+  w+  z+  a-

z+

x+
v+

y+
b+
w+

a-
22  21  17   7    4    0    0

0   -1  -1  -3   -6  -6  -8
5    0    0   -2   -5  -5  -8
5    4    0   -2   -5  -5  -7
15  14  10   0  -3  -3  -5
22  21  17   7    0    0  -2

z+

x+
v+

y+

a+

b+
w+

a+ v+  x+  y+  b+  w+  z+  a-

a-

0   0   -1  -1  -3   -6  -6   0
0   0   -1  -1  -3   -6  -6   -
5   5    0    0   -2   -5  -5   -
5   5    4    0   -2   -5  -5   -
15  15  14  10   0  -3  -3  -2

-     -   -     -   -    5    -    0

22  22  21  17   7    0    0 -2
22  22  21  17   7    4    0    - 27  26  22  15   5    5    0

5   5    0    0     -

0   0    -

-   5     0

NPORQ�S³T¦VÔ�#Y�Ò#] � �ol�Õ�ú4�pi8v|_�q�Í@] P � Ñöl��pu�_�qtcpe)j4Õ¼?Pcpe)j"�pirn�ik��zr]
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gI_��m`mÛø_�`Ke)jbiÈq��m�piÈdf_�`4`bikdfe)cF`buJe)jbikÕ"] ÑPjbiÜÕøcF`mcFÕA�mÕ½cFzMz%ireM_�v�Ìn��ÞV?ÈjmcFdtj?cFzCe)jbi8Õ�cF`mc�Õ=�mÕæ_�`
�oxÔÏ é xJ]DÑDjbi<_�e)jbirq7z%irú,l�qtl�e)cp_�`mzÈl�q)iA�Firv|eP�4`mdf_�`mz%e%qtl�c�`bikÛ l�`mÛÃz%ireÜe%_�cF`os�`mcpeû{�Þ,l�zÈcF`4ÛmcFdrl�e%ikÛ
g�{ùl Ûml�z)j ±TH ²�]æÓÈvRe%irq"e)jbiXÕ�l�e%qtcä�ùc�zøq)ikdrl�`m_�`mcFdrl��FcüûrikÛ�ÞPe)jbi9Ù H�Ú ik`�e%qtcpikz"l�q)iXdf_�`mz%e%q�l�cF`bikÛ
Ûb_@?P`Ôe%_/e)jbi�Õ�lX�bcFÕA�mÕ$l��F�p_@?GikÛ g�{Ãe)jbiÏ_�e)jbirq�ik`�e%qtcpikzk]JÑPjbiJq)ikdrl�`b_�`mcFdrl���cüûrikÛXÕ�l�e%qtcä�Ôz)jb_@?Pz
e)jml�e é x$s4q)ikz�� e%_�ÚXe)cFÕ�iÃ�m`mcFe)zøl�vRe%irq ­ xA]l÷Èi	�oerÞ6£bx$s4q)ikzk] > e)z?ik`ml�g4��cF`buXqt�m�Fi l��Fz%_'jml�z
`b_Ô�pirn�ik�Mi	�oúmq)ikz)z)cF_�`#Þ*z%_Ôe)jbi"l�ÛmÛmcpe)cp_�`4l�� q)ikz%e%q�cFdfe)cp_�`mzJl�q)i"`b_�eJ�mz%ikÛ#] ÑPjbi�qtikz)�m�pe)cF`mu�Í@] P � Ñ
Õ�l�e%qtcü�Jz)jm_J?PzBe)jml�e é x+l�`mÛ�£mxödrl�`�s4q)iDcF`ÏikcFe)jbirqB_�qtÛmirqBcF`Ïe)jbi�Í@] P � Ñ�Ûbifs,`bikÛ�g�{Je)jmcFz*s4qtcF`bu
z%ikÒ��bik`mdfi<z)c�`mdfi é x2cFzhl��F�p_@?GikÛKe%_Js,q)i7�búKe%_�CÏe)cFÕÏi7�m`mcpe)zMl�vRe%irq~£bx2l�`4Û�£bx2cFzMl��F�F_J?CikÛKe%_Js4q)i
�búÔe%_mCKe)cFÕÏiÏ�m`4cpe)z8l�v|e%irq é xA]JÑDjbiAs4qtcF`muø_�v@£bx cFz8drl��mz)ikz7e)jbi�`bi	�oeÜs4qtcF`bubÞ ® xA]JÑDjmcFzÈirn�ik`�e
cFz=ik`ml�g4�pikÛàg�{ l q��m�pi�?Ècpe)jàlÃgI_�_��Fikl�` i	�oúmq)ikz)ztcp_�`àl�`4ÛàcFzJ�mz)ikÛ e%_XcF�F���mz%e%qtl�e%i�e)jmi?l�ÛmÛ4cpe)cp_�`ml��
q)ir_�qtÛmirqtcF`bu"q)ikz)e%qtcFdfe)cp_�`mzk] P cF`mdfi�£mx cFz<drl��4z)l�� e%_ ® x e)jbiøÕ�lX�bcFÕA�mÕ$z%irú4l�qtl�e)cF_�` gIire5?Cirik`±£mx
l�`mÛ ® x cFz<z%ire<e%_¬�<8o]?ÑPjbirq)iøl�q)i�l��Fz%_/ei?G_ ���,¥ �����4�û�q�	� irn�ik`�e)zrÞ ­ x l�`mÛ é xA]�ÑDjmikz%i�irn�ik`�e)z
ÕA�mz%e�_odrdr�bq=g�irvR_�q)iz£bx e%_ ik`mz)�mq)i�e)jml�eJcpe<q)ikÕøl�cF`mz�drl��4z)l��[]"ÑDjbi?Õ�l�e%qtcä� cF`mÛ4cFdrl�e%ikz7e)jml�eAe)jbi
s4qtc�`bu=_�v ­ x2c�zhl��pq)ikl�Ûb{�q)ikz%e%qtcFdfe%ikÛKe%_Js,q)i8g�irvR_�q)i4£mx2z)cF`mdfi4�åò F ­ x�K F £mx�K³cFzMz%irehe%_EÌn��Þbg4�beMe)jbi
z%irú4l�q�l�e)cp_�`·g�irei?Girik` é x½l�`4Ûh£mxæ`birikÛmzÜe%_Kg�i=q)ikz%e%qtc�dfe%ikÛ#]7ÑDjbi=Õøl�e%qtcä� e)jml�e8cFzÜdfq)ikl�e%ikÛXl�vRe%irq
e)jbiøs4qtcF`buK_�v~£mx z)jb_@?Pz<e)j4l�e é x l�`mÛ±£mx drl�` s4q)iøc�`Xikcpe)jbirq=_�qtÛbirq=l�`4ÛXe)jbi�s,qtcF`bu"_�v é x cFz
l��F�p_@?GikÛ e%_ _odrdr�bq=�mú e%_mC e)c�ÕÏiø�m`mcFe)z7l�v|e%irqAe)jbiÏs4q�cF`buK_�v�£bxA]KÓÈv|e%irq ® x s4q)ikzrÞUe)jbi�ik`�e%q){XcF`
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e%_Ôs4q)i"l�vRe%irq�£bxJ]¨P·cF`mcFÕA�mÕ z%irú4l�qtl�e)cp_�`4zÏl�q)i"l��Fz%_ l�ÛmÛbikÛ'e%_Xe)jbi"Õ�l�e%q�cä�àgIire5?Cirik`Û£mx�l�`mÛ
® x z)cF`4dfi�£mx cFz7drl��4z)l��*e%_ ® xAÞ�l�`mÛ ­ x l�`mÛ ® x z)cF`4dfi ­ x ik`ml�g,�pikz ® xA]ÏÓPvRe%irq�e)jmi�Õ�l�e%qtcä�XcFz
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l��pq)ikl�Ûm{�Aøz)_KcFeÈÛb_�ikz8`b_�e7`birikÛ·e%_�gIiJdtjml�`bu�ikÛ�]<ÓPvRe%irq8e)jbiJúmq)irnocp_��mzhs,qtcF`buzÜ8x cFzÜl��F�p_J?CikÛ·e%_
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P·cF`mcFÕA�mÕ�zGl�q)iÜl���z%_Az)ireGgIire5?Cirik`Ke)jbiÜirn�ik`	e)z ­�H l�`mÛzÜ8xAÞbl�`mÛ?e)jbiÜirn�ik`	e)z ­�H l�`mÛ ®JH ] ÓPvRe%irq
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q)ikdrl�`b_�`4cFdrl��Fcüûkl�e)cp_�` e)jbiø�m`mdf_�`4z%e%qtl�cF`bikÛÔik`�e%qtcpikz=l�q)iÏs,���pikÛXcF`Xl�`mÛXik`�e%qtcpikz=df_�`mdfirqt`mc�`bu ­ x l�q)i
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l��pu�_�qtcFe)jmÕ"]



£%¤¦¥¨§�©%ª¬« Þ

¯g§�©%±V° ±Eßr¥Ð©%±�¯g² �

&>� ��§����D�7� � ���%��� # � �èç8�f���á���R�C�)¥å�Ï���Vç³���,¥�æB§*�R�|�
� � ��§+ç����·�È�f���|�è�o�%�Öê
¹ �'� �o���¦�7ä�ê � ¥����r���

ÑDjbirqtiAl�q)iÏlK`��mÕ�gIirq8_�vB_�ú4e)cFÕ�cüûkl�e)cp_�`4zPe%_"e)jbi�Í�] P � Ñ2l��pu�_�qtcFe)jmÕ(Ûbirn�ik�p_�úIikÛXcF`Ãe)jbiÏ�Fl�z%e
e5?C_Xdtjml�ú4e%irqtzJe)jml�eJdrl�`àqtikÛm�mdfi?e)jbi?`��mÕ=gIirq=_�vDu�ir_�Õ�ire%qtcFd�q)iru�cp_�`mzAu�ik`birqtl�e%ikÛ�l�`4ÛàÛbikdfqtikl�z%i
z%e)l�e%iJz%ú4l�dfi�ztcüûri�]CÑPjmcFzDd�jml�úme%irqÈc�`	e%q)_oÛm�mdfikzhs4n�i�_�úme)c�Õ�cüûkl�e)cp_�`mz Ä z)�bg4z)ire)zrÞ4z)�búIirqtz)ire)zrÞm�m`�e)cFÕÏikÛ
qt�m�FikzrÞ	ÕÏirq)u�i�Þol�`mÛ�cF`	e%irq��piklknocF`bub]*ÑDjbiDs4qtz%e ei?G_A_�úme)cFÕøcüûkl�e)cp_�`mzrÞ�z)�bg4z%ire)zGl�`mÛøzt�búIirqtz%ire)zrÞ�qtikÛm�mdfi
e)jbiP`��mÕ=gIirq*_�v�qtiru�cp_�`mz*u�ik`birq�l�e%ikÛøg�{Ad�jbikdq¢ocF`buAcpv4e)jmiPdr�bq)q)ik`�e*q)iru�cp_�`�df_�`	e)l�c�`mz*_�qGc�z df_�`	e)l�c�`bikÛ
cF`�l q)iru�cp_�`.e)jml�e�jml�z�l��pq)ikl�Ûb{ gIirik`�vR_��m`mÛ#]+ÑDjbi/�4`	e)cFÕ�ikÛ�qt�m�pi _�úme)cFÕ�cüûkl�e)cF_�`�q)ikÛm�mdfikzøe)jbi
`��mÕ�gIirqh_�v�q)iru�cp_�`4zhu�ik`birqtl�e%ikÛ g�{Kik�FcFÕøcF`ml�e)cF`buAqt�m�FiÈs,qtcF`buÏcF`�e%irqt�piklÖn�cF`mu�zQ?Pcpe)j"qt�4�pikzMe)jml�ePjmlÖn�i
l F 8 ¾ Ø K�g�_��4`mÛ#]�ÑDjbi<ÕÏirq)u�i7_�ú4e)cFÕ�cüûkl�e)cp_�`KqtikÛm�mdfikzhe)jbi<`��mÕ=gIirqC_�v*�m`�e)cFÕÏikÛKz%e)l�e%ikzPv|_��4`mÛKg�{
df_�`mz)c�ÛbirqtcF`bu7Õ�l�qn¢�cF`mu�z*ikÒ��4cpn¦l��Fik`	e cpv�e)jbir{Å?C_��m�FÛJgIihikÒ��4cpn¦l��Fik`	e cF`ølåÍ�ire%qtc4`birer]*ÑDjmiPcF`�e%irqt�piklkn3Ì
cF`buÏ_�ú4e)cFÕ�cüûkl�e)cp_�`/q)ikÛm�mdfikzÈz%e)l�e%i=z%ú,l�dfi�z)cüûri<g�{Kik�FcFÕ�c�`ml�e)cF`buJz%_�ÕÏiAcF`	e%irq��piklknocF`bu�zhgIirei?Girik` qt�m�pi
s4qtc�`bu�z�v|qt_�Õ½df_�`mz)cFÛmirqtl�e)cp_�`#]�ÑDjbikz%iP_�úme)cFÕ�cüûkl�e)cF_�`mz*z)cpu�`mcps,drl�`	e)�F{=cF`mdfqtikl�z%iDe)jbiPztcüûrih_�vIi	�ol�ÕÏú,�pikz
e)jml�eDe)jmi�l��pu�_�qtcpe)j4Õ drl�` l�`ml��p{Mûri�]

Þ1�¸¾ ����àÅË�À�í�Ë
ÑDjbi7z)c�ÕÏú4�pikz%eM_�úme)c�Õ�cüûkl�e)cp_�`"cFzMe%_�dtjbikdn¢"v|_�q7���4���r�k�R�{?Pjmik`"dtjbikdn¢�cF`mu�e%_øz%iri�cFvUlJq)iru�cp_�` jml�z

gIirik`Xi	�oú4�p_�q)ikÛ l��Fq)ikl�Ûb{�] > vhl"q)iru�cp_�` cFz<l/z)�mg4z%ire<_�vhl"q)iru�cF_�` e)jml�e�j4l�z<gIirik`Xi	�oú4�p_�q)ikÛ#Þ³e)jbik`
l��F��_�vhcpe)z8úI_�z)z)cFg4�piAvR�be)�mq)iÏgIikjmlknocp_�qtz7l�q)iøi	��ú4�F_�q)ikÛÔg�{·e)jbi�i	�oú4�p_�q�l�e)cp_�`Ô_�vMe)jbi��Fl�q)u�irq<qtiru�cp_�`#]
ÓÜ`	{?i	��ú,�p_�qtl�e)cp_�`"z%e)l�qte)cF`buÏvRq)_�Õ e)jbi<z)Õ�l����pirqhq)iru�cp_�`Ku�ik`birq�l�e%ikzPq)ikÛ4�m`mÛml�`�eGqtiru�cp_�`mzr]G^Mjmikdq¢ocF`bu
vR_�qÈløzt�bg4z%ireDdrl�`ÃgIi<Ûb_�`bi�z)c�ÕÏú4�p{�g�{"dtjmikdq¢ocF`buøe%_?z%iri=cFv�l��F�³_�v�e)jbi<ik`�e%qtcpikzPc�`"_�`bi=Õøl�e%qtcä�/l�q)i
z)Õ�l����pirqhe)jml�`"e)jbikcFqDdf_��m`	e%irqtú4l�q)e)zPc�`Ke)jbi<_�e)jbirqPÕøl�e%qtcä�I]
P _�ÕÏiMi	�bl�ÕÏú4�pikz�_�v,q)iru�cp_�`ÏÕ�l�e%q�cFdfikz*l�q)iDz)jb_@?P`JcF`Å��cpu��bq)i6O�]���] ÑDjbiCq)iru�cp_�`Ïc�`���cpu��mq)i6O�]�� ± g�²

cFz�l z)�bg,z%ire�_�v7e)jbiÃq)iru�cp_�`.c�`���cpu��bq)isO�]�� ± l	²øztcF`mdfi l��F�P_�v8e)jbi ik`�e%qtcpikz?cF`Ð��cpu��bqtisO�]�� ± g�²øl�q)i
z)Õ�l����pirqPe)jml�`Ãe)jbikcpq8df_�q)q)ikz)ú�_�`4ÛmcF`buÏik`�e%qtcpikzÜcF`���cpu��mq)i�O�]�� ± l	²�]7ÑDjbiAÕ�l�e%qtcFdfikz8cF`���cpu��bq)i¶O�]�� ± dÖ²



u��

r3
r2
r1

r3
r2
r1

r3
r2
r1

r3
r2
r1

r1  r2   r3

-1   0     0
-2   0     0

r1  r2   r3
0     5     4

-1   0     0
-1   0     0

0     5     5
-1   0     0

r1  r2   r3
0     5     6

-2   0     0

(a) (b) (c) (d)

-1   0     0

r1  r2   r3

  0   0     0

0     5     6

NPORQ,SUT�VÔã#Y[Zm]�RDiru�cp_�`ÃÕ�l�e%qtcFdfikzr]

l�`mÛm��cpu��mq)i�O�]�� ± Û,²Dl�q)i�`b_�ePzt�bg4z%ire)zh_�v�e)jbi=Õ�l�e%qtcä�"cF`m��cpu��bqti°O�]�� ± l	²Dz)c�`mdfi7e)jbir{KgI_�e)j/jmlkn�iAl�e
�pikl�z%eP_�`bi7ik`	e%qt{?e)j4l�ePcFzh�Fl�q)u�irqPe)jml�` cpe)zhdf_��4`	e%irq)ú,l�q)ePcF`,��cpu��bqti%O�]�� ± l	²�]

Þ1�t� ����ïkÀ
 �Ë�À�í�Ë
ÓÜ`�_�ú4e)cFÕ�cüûkl�e)cp_�`?cFzMl��Fz%_ÏÕ�l�Ûmi�?Pjmik`�e)jmi8dr�mq)q)ik`�eGq)iru�cF_�`?c�zClJz)�mú�irq�z%ireG_�vUl=qtiru�cp_�`Ke)jml�ehcFz

l��pq)ikl�Ûm{Kc�`Ke)jbi=z%e)l�e%iAz%ú4l�dfi�] P �bú4ú�_�z)iÜe)j4l�ePq)iru�cp_�`�ò�ðÈc�zDløz)�mú�irq�z%ireh_�v�q)iru�cp_�`�ò t Þ,l�`mÛ/e)jml�e
q)iru�cp_�`Åò t c�z³vR_��m`mÛ=s4qtz)er].x+jbik`Ae)jbihl��pu�_�qtcpe)jmÕìs,`mÛ4zöò ð l�`4ÛAdf_�Õ�ú4l�q)ikz*cpe�e%_1ò t cpeUs,`mÛmz³e)jml�e
l��F��_�vCe)jbiJik`	e%qtcFikz7cF`~ò ð l�q)i��Fl�qtu�irqÜe)j4l�`Xe)jbikcpq7df_�q)q)ikz)ú�_�`4ÛmcF`bu�ik`	e%qtcFikz7cF`~ò t ]�x:jbik`�ò ð cFz
z%e%_�q)ikÛ cF`?e)jbi<z%e)l�e%i�e)l�g,�pi�Þ�ò t drl�`"gIi8q)ikÕÏ_�n�ikÛ z)c�`mdfi1ò ð q)irú4q)ikz%ik`�e)zhl��F�Ie)cFÕ�cF`muAl�z)ztcpu�`mÕÏik`�e)z
e)jml�e�l�q)i/l����p_J?CikÛ g�{¬ò ð ]'ÑDjmcFzJz)lÖn�ikzøÕÏikÕ�_�q){àcF`'q)irú4q)ikz%ik`�e)cF`bu·e)jbi/z%e)l�e%i z%ú,l�dfi/l�`mÛ Õ�lk{
l��Fz%_"z)lÖn�iøz%_�ÕÏiÏe)c�ÕÏiÏz)cF`mdfiAe)jbirq)i�l�q)iJvRiw?Girq�q)iru�cp_�`mz8cF`·e)jbi�z%e)l�e%i�z)ú4l�dfiÏe%_/df_�ÕÏú4l�q)i�l�u�l�c�`mz%e
?Pjbik`Ãlø`biw?�q)iru�cp_�`·cFzDvR_��m`mÛ�]CÑDjmirq)i=cFzÈl��Fz%_ø��cü¢�ik�p{Ke%_øgIi=l�z%ireP_�v �4`bi	��ú,�p_�q)ikÛKs4q�cF`bu�zh_�`Ãe)jbi
z%e)l�dn¢�e)jml�ehl�q)i8ú4��l�dfikÛ�e)jmirq)i�?Èjbik`rò t cFzCe)jbi8dr�bq)q)ik`�eGqtiru�cp_�`#] P cF`4dfiLò ð c�zGlJz)�búIirqtz)ireB_�vöò t Þ
l��F�U_�vBe)jbiJ�m`bi	�oú4�p_�qtikÛ/s4q�cF`bu�zDú,�Fl�dfikÛ·_�`Ãe)jmiJz)e)l�dq¢�?Pjbik`�ò t cFzÜe)jbiJdr�bq)q)ik`�eÈqtiru�cp_�`Ôl�q)iÏl��Fz%_
u�ik`birqtl�e%ikÛÔg�{�ò.ðk]7ÑDjbiAi	��e%qtl�`mir_��mz8z%e)l�dq¢·ik�pikÕÏik`�e7dfq)ikl�e%ikÛ~?Pjbik`�ò t cFzÈe)jbiJdr�bq)q)ik`�eÈqtiru�cp_�`
drl�`ÏgIiMq)ikÕÏ_�n�ikÛÏ_�`mdfiDe)jbihl��pu�_�q�cpe)jmÕ2s,`mÛ4z9ò ð ]*ÑDjmcFz�ú4l�q)e�_�v�e)jbih_�úme)cFÕøcüûkl�e)cp_�`Jz)lkn�ikzGÕÏikÕÏ_�q){
g�{·qtikÛm�mdrcF`bu"e)jmiøz)cüûri�_�vMe)jbi?z%e)l�dq¢�],�P_@?Girn�irqÖÞ cpe�drl�` c�`mdfq)ikl�z%i�q��m`	e)c�ÕÏikz1?Pjbik` e)jbiøz%e)l�dn¢ cFz
�Fl�q)u�i<ztcF`mdfi<cpehq)ikÒ��mcpqtikzMi	�ol�Õ�c�`mcF`buJe)jbi7ik`�e)cpq)i�z)e)l�dq¢,?Pjbik`Kikl�d�jÃ`miw?öq)iru�cp_�`/cFzDu�ik`birqtl�e%ikÛ#]
��cpu��bq)i�O�]��=cFzÈl��Fz%_?�mz%ikÛ/e%_?cF�F�F�4z%e%qtl�e%iå?Pj4cFdtj"qtiru�cp_�`mzÜl�q)i=z)�mú�irq�z%ire)zr]hÓÈzÜÛmcFztdr�mz)z%ikÛ"ikl�q��FcpirqkÞ

e)jbi�q)iru�cp_�` c�`Ï��cpu��bq)iXO�]�� ± g�²<c�z�l zt�bg4z%ire<_�vhe)jmiøq)iru�cp_�`'cF` ��cpu��mq)iXO�]�� ± l	²=z%_·cpe�drl�`m`b_�e=gIi�l
z)�búIirqtz)irer]�ÑPjbiÈqtiru�cp_�`"cF`k��cFu��bq)iSO�]�� ± dÖ²McFzMlJz)�búIirqtz%ireC_�v³e)jbi8q)iru�cF_�`?c�`k��cpu��mq)i4O�]�� ± l	²hz)cF`mdfi8l��F�
_�vGcFe)zÈik�FikÕÏik`	e)z7l�qtiAu�qtikl�e%irq<e)jml�`·_�q7ikÒ��4l��Ue%_Ke)jbiÏdf_�q)qtikz%úI_�`mÛmcF`bu�ik�pikÕÏik`�e7cF`���cpu��mq)i¶O�]�� ± l	²�]
ÑDjbiCq)iru�cp_�`JcF`���cpu��bq)i~O�]�� ± Û,²�cFz�`bikcpe)jmirq�lÜz)�bg,z%ire�`m_�q�l8z)�mú�irq�z%ire³_�v,e)jbiMq)iru�cp_�`JcF`���cFu��bq)i~O�]�� ± l	²
z)cF`4dfiÜcpehjml�zM_�`miÜik�FikÕÏik`	e�?ÈjmcFdtjKcFzM�Fl�qtu�irqhe)jml�`Ke)jbi7df_�q)q)ikz%úI_�`mÛ4cF`bu�ik�FikÕÏik`	eDc�`k��cpu��mq)i4O�]�� ± l	²�Þ
± ò F « ��K F « A@KR²Dl�`mÛ"_�`bi<ik�FikÕÏik`	e�?ÈjmcFdtj cFzhz)Õ�l��F�FirqkÞ ± ò F « A@K F « ��KR²�]



u�Ø

a- b-

c-

a-# b-
a- b-

c-

TEL merge Petri net merge

(a) (b)
NÈO|Q�S³T¦VÔã#Y�WI]BPÃirq)u�ikzr]

Þ1�T� á ÂLí#Ã¸��À
ë « ��ÈnÀ ¯ ï�í�Ãn�êÃ�â!��í#Ãnñ�Â
> vGlKqt�m�FiJj4l�z7lKe)cFÕ�cF`buKgI_��m`mÛ·_�v F 8 ¾ Ø KGcpe7cFz8qtirv|irq)qtikÛÔe%_/l�z�l�`X�m`�e)cFÕÏikÛÔqt�4�pi�] ú `�e)cFÕÏikÛ

qt�m�FikzÈik`mv|_�qtdfiø_�qtÛbirqtcF`mu�gIire5?Cirik`Xirn�ik`�e)z<g4�me7e)jbir{ÃÛb_/`m_�e<z%úIikdrcpv|{Ãl�`	{Ôe)cFÕ�c�`bub]=ÓÜ`X�m`�e)cFÕÏikÛ
qt�m�Fi�cFz<l��ü?Mlk{oz=ztl�e)cFz>s4ikÛ l�zAz%_�_�` l�z=cpe�cFz7ik`4l�g4�pikÛ ztcF`mdfi�cpe)z=�p_J?Cirq�gI_��m`mÛ cFzw8oÞ�l�`mÛ cpe=`birn�irq
q)ikz%e%q�cFdfe)z*e)jbihs,qtcF`buÜe)cFÕÏikz*_�vI_�e)jbirqGik`ml�g4�pikÛJq��m�pikz*z)cF`4dfiDcpe)z �búmúIirq�gI_��m`mÛJcFz�Ø+] P cF`mdfih�m`�e)cFÕÏikÛ
qt�m�FikzøÛb_ `b_�e?i	ã�ikdfeKe)jbiÃs4qtcF`muXe)cFÕÏikz?_�v7_�e)jbirqKqt�m�pikz�l�`mÛ+l�q)iÔl��ü?ClÖ{�zKz)l�e)c�z>s4ikÛ.l�zKz%_�_�`+l�z
e)jbir{ l�q)i?ik`ml�g4�FikÛ#ÞUe)jmir{ Ûb_Ã`b_�eA`birikÛàe%_ÃgIiøcF`4dr�F�mÛbikÛXcF` e)jbiøu�ir_�Õ�ire%qtcFd?q)iru�cp_�`#],x+jbik`àe)jbi
�m`�e)cFÕÏikÛàqt�m�pi?_�úme)cFÕøcüûkl�e)cp_�` cFzJl�úmú4�FcFikÛ#Þ�ik`	e%qtcFikz=vR_�qÏik`ml�g4�FikÛà�m`�e)cFÕÏikÛ'qt�4�pikz=l�qtiK`m_�eAú,�Fl�dfikÛ
cF`Xe)jmi�u�ir_�ÕÏire%qtcFd�q)iru�cp_�`#]?ÑDjbiøl��pu�_�q�cpe)jmÕ$�mz)�4l��F�p{Ãdf_�Õ�ú4�be%ikz<e)jmiø�FcFz%e7_�vMqt�4�pikz8e)jml�e�drl�` s4q)i
g�{ùÛbire%irqtÕøcF`mcF`bu¬?Pjmc�dtj:qt�m�pikz?q)irú4q)ikz%ik`�e%ikÛöcF`:e)jbi dr�bq)q)ik`�eKu�ir_�ÕÏire%qtcFd q)iru�cp_�`öl�q)i z)l�e)c�z>s4ikÛ#]
ÑDjbirqtirv|_�q)i�ÞBe)jmcFz=_�úme)cFÕ�cüûkl�e)cF_�`àqtikÒ��mcFq)ikz�e)j4l�eAe)jmiKl��Fu�_�qtcpe)jmÕ l��Fz%_Xdtjmikdq¢'e)jbi?z)ireÏ_�vP�m`�e)cFÕÏikÛ
qt�m�FikzMe%_øÛbire%irqtÕ�c�`bi<cpvUl�`�{"l�q)i<ik`ml�g,�pikÛ"l�`mÛ/l�ÛmÛ/e)jb_�z%i<e)jml�eÈl�q)i<e%_�e)jbi=�FcFz%eM_�v�qt�m�pikzMe)j4l�ePdrl�`
s4q)i�]/ÑPjmcFz<_�ú4e)cFÕ�cüûkl�e)cp_�`àÕ�lo¢�ikz=e)jbi�qtiru�cp_�`mz�ztÕ�l��F�pirqAcF` z%úIikdrc s�drl�e)cp_�`mz1?PcFe)j Õ�l�`�{ �m`�e)cFÕÏikÛ
qt�m�FikzÈl�`mÛÔcpe8drl�`Xl��Fz%_"Õ�lo¢�iJe)jbiÏz%e)l�e%i�z)ú4l�dfiÏz)Õ�l��F�pirq8z)cF`4dfi=q)iru�cF_�`mzL?PjmcFd�jÃl�q)iJu�ik`birq�l�e%ikÛXg�{
ÛmcäãIirq)ik`�eDcF`�e%irqt�piklknocF`bu�zM_�v*�m`�e)cFÕÏikÛKq��m�piÜs4qtcF`mu�zhl�q)i<`b_�ePÛmc�z%e)cF`bu��mc�z)jbikÛ#]

Þå�-r ° À
 �Ä�À
ÑDjbiC`bi	�oeU_�úme)c�Õ�cüûkl�e)cp_�`AÛbikl��Fz9?Pcpe)jAÕÏirq)u�ikzkÞO?PjmcFd�j=l�q)iM�mz%ikÛJcF`AlÜz%úIikdrc s,drl�e)cp_�`=e%_8q)irúmq)ikz%ik`�e

ÛmcFz�l%�m`4dfe)cpn�iD�4T<drl��4z)l��Fcpe {�]
��cFu��bq)i?O�]ÙØ=z)jb_@?PzGi	�ol�ÕÏú,�pikzB_�v�Õ�irq)u�ikzM�mz)cF`bu=l�Ñ �GÝ z)e%qt�mdfe)�bq)iÜl�`mÛ
�mz)c�`bu/l�Í�ire%qtcC`birer] > ` gI_�e)j drl�z%ikzkÞ�ikcFe)jbirq=e)jmiÏs4qtcF`mu"_�v ­*H _�q ®@H drl��mz%ikz=e)jbi�s4q�cF`bu"_�vD} H ]
�C_�e)j z%úIikdrc s�drl�e)cp_�`mzhq)ikÒ��mcpqtiÜe)j4l�ePe)jbi7s,qtcF`bu�zC_�v ­*H l�`mÛ ®@H l�q)i=Õ=�be)�4l��F�p{?i	�odr�F�4z)cpn�i�]BÑDj4cFzhcFz
cF`mÛ4cFdrl�e%ikÛøi	�oú4�Fc�drcpe)�p{ÏcF`?e)jbi8Ñ �BÝ z%e%q��mdfe)�bq)iL?Pcpe)j�e)jbi7df_�`oa,cFdfehl�`mÛKcFÕ�ú4�FcFdrcpe)�F{=cF`?e)jbi�Í�ire%qtc#`bire
g�{�e)jbi=l�z)z)�mÕÏú4e)cp_�`Ke)jml�eDe)jbi<`mirePcFzM_�`bi	Ìûz)l�vRi�]



uOA

x+jbik`Je)jbiPl��pu�_�q�cpe)jmÕycFz�i	�oú4�p_�qtc�`bu8e)jbiDz%e)l�e%iÈz)ú4l�dfiDcpe df_�ÕÏú4l�qtikz e)jbiDdr�bqtq)ik`	e z)ire _�v,ik`4l�g4�pikÛ
qt�m�Fikz�l�u�l�cF`mz)e=e)jbiKz%ire)zA_�vDik`ml�g,�pikÛ q��m�pikz<e)j4l�eAjmlÖn�i"l��pq)ikl�Ûb{XgIirik`àv|_��m`4Ûàl�`mÛ'z%e%_�q)ikÛ'cF`àe)jbi
z%e)l�e%iÈe)l�g4�pi�] > v,e)jbiÈz%ire)zB_�vIik`ml�g,�pikÛÏqt�m�Fikz l�q)iPÛmcüã�irq)ik`�erÞ	e)jmiPl��pu�_�qtcpe)j4Õ½l�z)z)�mÕ�ikzBcpe jml�zBv|_��4`mÛ�l
`biw?öz%e)l�e%i�] P e)l�e%i<z%ú4l�dfi8i	��ú,�p_�qtl�e)cp_�`Kl��pu�_�qtcFe)jmÕ�zGv|_�q�Í�ire%qtc#`bire)zCúIirq)vR_�qtÕ lJz)c�Õ�cF�Fl�qG_�ú�irq�l�e)cp_�`#]
ÑDjbir{Ôdtjmikdq¢Ôe%_ z%iriøcFvBe)jbi�dr�bqtq)ik`	e<Õøl�qq¢�c�`bu"jml�z8gIirik`Xv|_��4`mÛÔgIirv|_�q)i�ÞUl�`mÛXcpvGcFe<jml�z7`b_�e<e)jbir{
l�z)z)�4ÕÏi=e)jmir{ jmlkn�iÏvR_��m`mÛ·l?`biw?yz%e)l�e%i�]°PÃ_�z%e8_�v e)jbiAe)cFÕÏiJl�q��m�pi=c�`Ãl?Ñ �BÝ z)e%qt�mdfe)�bq)iJjml�z8l
df_�q)q)ikz)ú�_�`4ÛmcF`bu=ú4�Fl�dfi8cF`Kl�Í�ire%qtc#`mirer]
�P_@?Girn�irqkÞ�?Pjbik`�e)jbi7z%úIikdrc s,drl�e)cp_�`Kdf_�`�e)l�cF`mzhÕÏirqtu�ikzMe)jmcFz
cFzÈ`b_�eÈe)jmi=drl�z%i�]���cpu��bq)i¶O�]ÙØ ± l	²Pj4l�zÈei?G_?qt�m�FikzrÞ*?Pj4cF�piå��cpu��bq)i¶O�]ÙØ ± g�²Èjml�zÈ_�`m�p{K_�`biAú4�Fl�dfi�]PÓÜ`
l��pu�_�qtcFe)jmÕ�i	��ú4�F_�qtcF`bu?e)jbi�z%e)l�e%iøz)ú4l�dfiÏv|_�q<lKÑ �GÝ z%e%qt�4dfe)�bq)iAs,`mÛmz8l"Ûmcüã�irq)ik`�e8z%ire7_�vGik`4l�g4�pikÛ
qt�m�Fikz³ÛbirúIik`mÛmc�`buh_�`�?Pjbire)jbirq ­*H _�q ®@H s4qtikÛ#Þ�g4�be³e)jmiCl��pu�_�q�cpe)jmÕåi	�oú4�p_�q�cF`buDe)jbiQÍ�ire%qtco`bireUs,`mÛmz
e)jbihz)l�ÕÏiDÕøl�qq¢�ikÛJú4�Fl�dfiMq)iru�l�qtÛ4�pikz)z�_�v*?Èjbire)jbirq ­*H _�q ®@H s4qtikzr]�ÑPjmcFz�Õ�lk{Jdrl��mz%iDl�`Ïl��pu�_�q�cpe)jmÕ
?Pjmc�dtj�i	��ú4�F_�q)ikzQÍUire%q�c�`mire)zMe%_AúIirq)vR_�qtÕ gIire%e%irqCe)j4l�`Ke)jbiLÍ�] P � Ñùl��pu�_�q�cpe)jmÕ Ûbikz)dfqtcFg�ikÛ�cF`�e)jmcFz
e)jbikz)c�zDz)cF`mdfi8e)jbi�Í@] P � Ñöl��pu�_�qtcpe)j4Õ jml�zhe%_Ïs,`4Û"Õ�l�`	{"ÕÏ_�qti<�m`	e)c�ÕÏikÛ"z%e)l�e%ikzr]
�b_�q)e)�4`ml�e%ik�p{�Þ�Õ�irq)u�ikz
?Pj4cFdtjÏdf_�q)qtikz%úI_�`mÛJe%_�Í�ire%qtcm`bire)zBdrl�`�gIihÛbire%ikdfe%ikÛ�Û4�bqtcF`bu8z%e)l�e%iPz)ú4l�dfi

i	�oú4�p_�qtl�e)cp_�`�] > v*e)jmi=dr�bq)qtik`	eÜz%ireÈ_�vBik`ml�g4�pikÛ qt�m�pikzÈÛmcäãIirqtzDvRq)_�Õ�l�z%ire8cF` e)jbi=z%e)l�e%iÏz%ú,l�dfi=_�`m�F{
g�{'Ûmcüã�irq)ik`4dfikz�cF`�l ÕÏirqtu�i�ÞCe)jmi"e5?C_àz%ire)zø_�vÈik`ml�g,�pikÛ�qt�m�FikzÏdrl�`�gIi/df_�`mz)cFÛbirqtikÛ ikÒ��mcFn¦l��pik`�er]
��cpu��bq)iLO�]BAKz)jm_J?Pz8e)jbiÏl��pu�_�q�cpe)jmÕ�v|_�q7úIirq)vR_�qtÕ�c�`buøe)jmc�zÜd�jbikdq¢�] > e7Ûbire%irq�Õ�cF`bikz8cpv e)jmiÏe5?C_"qt�m�pi
z%ire)zAcpe�cFz<u�cpn�ik`#Þ Â ð l�`mÛ Â4t Þ�l�qti�ikÒ��4cpn¦l��Fik`	er]kx:jmik` �mz%ikÛàcF` z%e)l�e%iKz%ú4l�dfiøi	��ú4�F_�qtl�e)cp_�`#Þ�_�`bi
_�v�e)jmi·q��m�piÔz%ire)z"cFz?e)jbiXdr�bq)q)ik`�eKz%ire"_�v�ik`ml�g,�pikÛ:qt�m�pikz?l�`mÛ:e)jbiÔ_�e)jbirq/cFzKl�z%ireK_�v�ik`4l�g4�pikÛ
qt�m�Fikz�cF` e)jbi?z)e)l�e%i�e)l�g4�Fi�]ÃÑDjbi?l��pu�_�qtcpe)j4Õ e%qtcpikz=e%_ÔÕ�l�e)dtj'irn�irq){ q��m�pi�c�` Â ð e%_Ôi	�ol�dfe)�F{ _�`bi
df_�q)q)ikz)ú�_�`4ÛmcF`buJqt�m�Fi�cF` Â4t ] > ePs4qtz%ePd�jbikdq¢ozL?Pjbire)jbirqÈe)jbi<qt�4�pi<z%ire)zÜl�q)i�e)jbiAz)l�ÕÏiAz)cüûri�] > v�e)jbir{
l�q)i?`b_�erÞ*e)jbik` e)jmirq)i�cFzA`b_�eAl/_�`bi	Ì¬e%_oÌ¬_�`bi"Õ�l�e)d�j l�`mÛ e)jmiøvá�m`mdfe)cp_�`Xqtire)�bqt`mz�vRl��Fz)i�]/ÑDjbik`#Þ�cpe
dtjmikdq¢oz�e%_·z%iri�cpvCe)jbi�q��m�pi « ð ¶�Â ð cFz<c�` Â?t ] > vhcpe=cFzrÞ�e)jbi�l��pu�_�qtcpe)jmÕ ÕÏ_Ön�ikz=_�` e%_Ãe)jbiø`bi	�oe
qt�m�Fi�] > v « ð cFz8`b_�e7cF` Â?t e)jbi�l��pu�_�q�cpe)jmÕ(dtjbikdn¢�z�cpv e)jbirq)iÏl�q)i�l�`�{ q��m�pikz8cF` Â4t e)jml�e<ztjml�q)iJe)jbi
ik`ml�g4�FikÛøirn�ik`�eh_�v « ðrÞ © Þol�`mÛKjmlkn�i7ik`ml�g,�FcF`bu<irn�ik`�e)zhe)jml�ehdf_�`oa�cFdfe{?Ècpe)j « ð�N zGik`4l�g4�FcF`bu=irn�ik`	erÞ ° ]
x+jbik`Xe)jbi�l��pu�_�q�cpe)jmÕ s,`mÛmz7zt�mdtjXl�`Xirn�ik`�erÞ�cpe)z7z%ire)zh�r���o�,¥Je%_/e%q��bi�l�`mÛXdf_�`�e)cF`��mikz7e%_/z%ikl�qtd�j
l��F�G_�vDe)jbi?qt�m�pikz=cF` Â t ] > vDcpe<s,`4Ûmz=l�`m_�e)jbirqÏÕ�l�e)dtj#ÞBe)jbik` e)jmi?ÕÏirqtu�iKc�z=`b_�eJl·z)cFÕÏú4�Fi�Í�ire%qtc
`bire}Ìû�Fc�¢�i8Õ�irq)u�i�] > eMc�zClÏÕ�_�q)i7df_�ÕÏú4�pi	�Kz%e%qt�mdfe)�bqtiÜe)j4l�eDdrl�`m`b_�ehgIiÈe%q�l�`mz)�Fl�e%ikÛ"cF`�e%_Ïl�Í�ire%qtc#`bire
?Pcpe)jm_��behdfq)ikl�e)cF`bu�l�ÛmÛ4cpe)cp_�`ml���ú4�Fl�dfikzPl�`mÛKe%qtl�`mz)cFe)cp_�`mzr]�x+jbik`Ke)jmcFzQ¢ocF`mÛ?_�v�ÕÏirq)u�i�cFzMÛbire%ikdfe%ikÛ�Þ
e)jbiÏl��pu�_�qtcFe)jmÕ�q)ire)�bqt`mz . � � 
kV4Þ#cF`4ÛmcFdrl�e)cF`bu�e)jml�e7e)jbiJqt�m�Fi=z%ire)z<l�qtiJÛ4cäã�irqtik`	er] > vBe)jbiÏl��pu�_�q�cpe)jmÕ
z%ikl�qtd�jbikz7e)jbqt_��bu�jÃl����U_�vGe)jbiAqt�m�pikz8cF` Â4t l�`mÛÔdrl�`m`m_�eÈs�`mÛÃlKÕ�l�e)d�j#Þ�e)jbiJe)jbiJl��pu�_�qtcFe)jmÕ(l��Fz%_
q)ire)�bq�`mz . � � 
kV�z)cF`mdfi8e)jbirq)i7cFzM`b_ÏÕ�l�e)d�j"e%_Ïe)jbi7qt�4�piÈvRq)_�Õ Â ð ] > v�l��F��_�v³e)jbi7q��m�pikzMcF` Â ð drl�`"gIi
Õ�l�e)d�jbikÛ"e%_Ïi	�bl�dfe)�p{�_�`mi7qt�m�pi8cF` Â4t Þ�e)jmi<l��pu�_�qtcpe)jmÕ q)ire)�mqt`mzC�ÖT�S³V,]BÑDjmc�zGl��pu�_�q�cpe)jmÕ Ûb_�ikzDl�ÛmÛ
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z%_�ÕÏi�l z)�FcFu�j	e<l�ÕÏ_��4`	e<_�vM_�n�irqtjbikl�Û ±æ� ��ç�²Üe%_Ãe)jbiøl��pu�_�qtcFe)jmÕ"Þ³g,�be7v|_�qAz%úIikdrc s,drl�e)cp_�`4z�?Pcpe)j
Õ�l�`�{?Õ�irq)u�ikzrÞ,cFeMztcpu�`mc s,drl�`�e)�p{�q)ikÛm�mdfikzDÕ�ikÕÏ_�q){Kdf_�`mz)�mÕÏú4e)cp_�`"l�`mÛ"qt�4`	e)cFÕ�i�]
> `7_�qtÛbirq�e%_Èu�ire³e)jbiGvR�4�F�¦g�ik`mifs4e�_�voe)jmcFz#_�ú4e)cFÕ�cüûkl�e)cp_�`�ÞÖq)iru�cp_�`4z�`birikÛ<e%_ÈgIiBdtjbikdn¢�ikÛAv|_�q³Õ�irq)u�i

ikÒ��mcpn�l��pik`mdfi�l�zÅ?Cik�F�[]�x:cFe)jb_��beAe)jmcFz=_�úme)cFÕ�cüûkl�e)cF_�`#Þ�q)iru�cp_�`mzAl�q)iK_�`m�p{ df_�`mztcFÛbirq)ikÛ ikÒ��mcFn¦l��pik`�e
cpvCe)jbir{Xq)irúmqtikz%ik`	e=l�u�i�ÛmcäãIirq)ik`mdfikz�gIire5?Cirik` e)jbi�z)l�ÕÏi�z)ire�_�vMik`ml�g4�pikÛ qt�m�pikzr]k�P_@?Girn�irqÖÞ!?Pcpe)j
e)jbiÃ_�úme)cFÕ�cüûkl�e)cF_�`#Þhcpv8e5?C_'z%ire)z�_�v<ik`ml�g,�pikÛ�qt�m�Fikzøl�q)i·Ûbire%irqtÕ�cF`mikÛ�e%_ gIiÃikÒ��mcFn¦l��pik`�e�g�{�e)jbi
Õ�l�e)d�jmcF`bu�l��pu�_�q�cpe)jmÕ"ÞÈe)jbik`öqt�m�Fikz?c�`+e)jbiXq)iru�cp_�`ödrl�`ögIiXÕ�l�e)d�jbikÛìl�z,?Cik�F�[] > v�q)iru�cp_�`øò.ð
df_�`�e)l�cF`mz8qt�m�Fi « ð ´ ¼ °�¾t©�¾)¯ ¾%ÀU¾t®rÁ l�`mÛÔq)iru�cp_�`~ò t df_�`	e)l�cF`4z7qt�m�pi «�t ´ ¼ °rÍá¾t©�¾)¯¿¾%À³¾t®rÁ l�`mÛ °¦ÎÏ°rÍ Þ
e)jbik`�ò ð drl�`�gIiBdf_�ÕÏú,l�q)ikÛ�e%_�ò t g�{<zt�bg4z%e)cpe)�me)cF`bu « ð vR_�q «�t ?Pjbik`=Ûb_�cF`buhe)jmiCl�u�iMdf_�ÕÏú4l�qtc�z%_�`mzr]
ÑDjmc�z³_�úme)c�Õ�cüûkl�e)cp_�`Júmqtirn�ik`	e)z*z%e)l�e%iÈz%ú4l�dfihi	�oú4�p_�qtl�e)cp_�`J�mztcF`bu8Ñ �BÝ z)e%qt�mdfe)�bq)ikz�vRq)_�Õ~úIirq)vR_�qtÕ�cF`bu
?C_�qtz%i<e)jml�` z%e)l�e%i=z%ú,l�dfi<i	��ú,�p_�qtl�e)cp_�`"�mztcF`bu�Í�ire%qtc�`bire)zP_�`/z%úIikdrc s,drl�e)cp_�`4zQ?Pcpe)j"Õ�l�`�{?Õ�irq)u�ikzr]
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e5?C_�z%e)l�e%ikzDl�qtiÜe)jmiÜz)l�Õ�i�]BÑDjmcFzG_�úme)cFÕøcüûkl�e)cp_�`�q)ikÛm�mdfikzCe)jbi7z%e)l�e%i<z%ú,l�dfiÜg�{øú4q)irn�ik`	e)c�`buAdfirqte)l�cF`
q)ikÛm�4`mÛml�`�ehe)cFÕÏikÛ z)e)l�e%ikzPvRq)_�Õ gIikcF`muÏu�ik`birqtl�e%ikÛÃg�{Kq)ikÕÏ_�n�c�`bu�dfirq)e)l�c�` cF`�e%irqt�piklÖn�cF`mu�zhgIire5?Cirik`
qt�m�Fi8s4qtcF`bu�zMvRq)_�Õ df_�`mz)cFÛbirq�l�e)cp_�`#]MÑDjbi7ú4�bqtú�_�z)i7_�v�i	�oú4�p_�q�cF`bu�ÛmcäãIirq)ik`�ePcF`�e%irqt�piklÖn�cF`mu�zhgIire5?Cirik`
qt�m�Fi=s,qtcF`bu�z7cFz<e%_/ik`mz)�bqtiÏe)jml�e�l��F��úI_�z)z)cFg4�piJdrl��mz)l�� q��m�pikz8vR_�q<ikl�dtjàirn�ik`	e�s4qtcF`muKl�qti�i	��ú,�p_�q)ikÛ#]



u�Ú

e0[0,5] [0,5]

Firing sequence: e0, r1, e1

[0,5]
r1 r3

e1 e2 e3
[2,4]

r6r5
[2,3]

r4

e4

[2,3]

r2

NPORQ,SUT¦V·ã�Y�n³] � �ol�ÕÏú,�pi8_�v�c�`	e%irqt�FiklknocF`buJ_�úme)cFÕ�c�ûkl�e)cp_�`#]

> vGei?G_·ÛmcäãIirq)ik`	e7q��m�piJs4qtc�`bu"cF`	e%irq��piklknocF`bu�z8q)ikzt�m�pe<cF`Ôe)jbi�z)l�ÕÏiødrl��mztl�� qt�m�FiAvR_�q=l/u�cpn�ik`Xirn�ik`�e
s4qtc�`bubÞb`b_�l�ÛmÛmcpe)cF_�`ml��#cF`bvR_�qtÕ�l�e)cp_�`KcFzDu�ik`birqtl�e%ikÛ/g�{Ki	��ú,�p_�qtcF`buAgI_�e)j"_�v�e)jbikÕ"ÞmÛm�mi7e%_�e)jbiå?Mlk{
e)jbi1Í@] P � Ñ:l��pu�_�qtcpe)j4Õæu�ik`birq�l�e%ikzÉÍ@] P � Ñ:Õ�l�e%qtcFdfikzr]!x+jbik`KcF`bvR_�qtÕ�l�e)cF_�`ø_�`KlJ`biw?+irn�ik`	erÞ ° Þ
cFzhl�ÛmÛmikÛKe%_�e)jbiåÍ@] P � Ñ+Õ�l�e%qtcü��Þbe)jbi<drl��4z)l��Iqt�m�pi7Ûbire%irq�Õ�cF`bikzMe)jbi<�múmúIirqCgI_��m`4Ûø_�`"e)jmi7e)cFÕÏi
z%irú4l�q�l�e)cp_�` gIirei?Girik`'e)jbi�s4qtcF`mu/_�v ° l�`mÛ'cpe)z=drl��4z)l��Cirn�ik`	er] > vhe)jmi?drl��mztl��Bqt�4�pi�jml�zA`b_·�pirn�ik�
i	�oúmq)ikz)z)cF_�`#Þ	ei?G_As4qtc�`bu=z%ikÒ��bik`mdfikz�?PcFe)j�e)jbi8z)l�ÕÏi8drl��mz)l���qt�m�FiDv|_�q ° l��ü?Mlk{ozCq)ikz)�m�FeGcF`�e)jbi8z)l�ÕÏi
e)cFÕÏi<z)irú4l�qtl�e)cp_�`mzDg�irei?Girik` e)jbi7s4q�cF`buA_�v ° l�`mÛ"e)jbi�_�e)jbirqDirn�ik`�e)zÈcF`Ke)jmi�Õ�l�e%qtcä�I]
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(b)(a)

e1     e2     e3     e4

e1      0       5       5     -2

e2      5       0       5     -2

e3      5       5       0     -2

e4      3       8       8       0

e1     e2     e3     e4

e1      0       5       5     -2

e2      5       0       5     -2

e3      5       5       0     -2

e4      8       3       8       0

(c)

e1     e2     e3     e4

e1      0       5       5     -2

e2      5       0       5     -2

e3      5       5       0     -2

e4      9       9       4       0

POSET matrix: r4 is causal POSET matrix: r5 is causal POSET matrix: r6 is causal
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e0[3,5] [0,2]

Firing sequence: e0, r1, e1

[0,2]
r1 r3

e1 e2 e3
[2,4]

r6r5

e4

[0,20]

r4

[2,3]

r2
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Restricted POSET matrix:

r4 is causal and e1 fires first

e1     e2     e3     e4

e1      0       5       5     -2

e2      5       0       5     -2

e3      5       5       0     -2

e4      3       3       3       0
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>�NL^ _a`+bTcd;fe/W$KMDIKgBEDIKgGih�>j@TDI>�@�KMDIGIH:K kVGIWTBEGlR$KMK mnG+>po�KAJ�KMDFHrqCK m8sutv\�wVK B�SFWxmTBEGIByJEB�Z:z$KA>�zTG+@Cz$G
o|{}GIW$KgG+DFB�RCkI?QH[G+G+KMD~?�zTkIGLo�KgH:RTk+KMDFG+K mnH:R�G+>jGIW$Ku���a�4��o�KMNO>�DFKQGIW$KfRTKUY|G�>�R$KfH:kl>�z$G+@Cz$Gut�H';�K�;[�
���M� tv\�wP��@TDFK SUK m$K k=��t���wP������B�RTm���t���wP������w�B�RTm�t']�w�BAR$KMh�mTBEGIB�JEB�Z:z$K
?~zTk+G=o�K�>�zTG+@Cz$G=o�{fGIW$K
���a����o�KMNO>�DIKAK B�SPWnB�SF�|R$>�h/Z[K m$��?QK R�GLN1DI>�?�GIW$KADFK SUK H[J�KMDft�H';�K�;[����t1�4wP���+� >�DL��t1�4wP�����¡@TDFK SUK m$K k
¢|£U¤ t1���}\�wP��w¥^�¦¨§�cd;�e4>L��zTBEDFB�R�G+KMK©GIW$K/kIK SU>�RTmA@TDI>�@�KMDIGª{���H[G«H:k�RTK SUK kIkIBEDI{�G+>LH:RTH:GIH:B�Z:H[¬MK�GIW$K©���a���
G+>jo�KQBE@T@CDI> Y$H:?QBEG+K Z[{�WTB�Z[NO­dN�zTZ:Z¥^�®�®Ecd;f�aR¯B�mTmTH[GIH[>�R�G+>(GIW$K k+KQGªh°>(@TDI>�@�KMDIGIH[K k ��h°KuB�Z:k+>pJ�KMDPHrqCK m
GIWTBEG�KMJ�KMDI{p��BEG+KAH:k�WTBE¬ BEDFm#­dN1DIKMK�t�H';�K�;[��>�RTSUK~Bf��BEG+KAH:k©K RCBEoCZ[K m8��H[G�SMB�RTRT>�G�o�K�mCH:kIBEoCZ[K mjzTR�GIH±Z�H[G
WTB�k=q�DIK m�wP;

         ... [x(i).t-, x(i).t+], [x(i).f-, x(i).f-], [ack(i)+, ack(i)-] ...}

R0={[clk-, clk+], [x(0).t-, x(0).t+], [x(0).t-, x(0).f+], [ack(n)+, ack(n)-], 

clk+

clk- x(0).t+ x(0).f+

x(0).t- x(0).f-

[clk] [clk]
[~clk][~clk] [clk]

[clk]

[clk] [~clk]

(a) (b) (c)

[ack(i+1) & x(i-1).t]

x(i).t+

x(i).t-

[~ack(i+1) & ~x(i-1).t]

x(i).f+

x(i).f-

[ack(i+1) & x(i-1).f]

ack(i)+

ack(i)-

[x(i).t | x(i).f] [~x(i).t & ~x(i).f]

[~ack(i+1) & ~x(i-1).f]

(d)

ack(n+1)+

ack(n+1)-

x(0).t+ # x(0).f+
x(0).t- # x(0).f-

-/.10�243¨5x6�7[6�;Ae©²´³µkIG+DFzTSUGIz$DIK kLNO>�D
GIW$Kf¶$e4·�¸©��KUY#B�?A@�Z[Kjt�B�w�GIW$KASMZ[>#SI��@TDI>#SUK kIkVh/H:GIW(GIH±?QH:R$�
SU>�RTk+G+DPB�H:R�GIk�¹º^ »�`I»�cd¼�t1o�w°GIWTK
G+DFB�RTkI?QH:G+G+KMD©@TDI>#SUK kIk©B�RTm�t�S�w¥GIW$K
DIK SUK H[J�KMD�@TDI>#SUK kIk¥h/H:GIWfGIH±?QH:R$�
SU>�RTk+G+DPB�H:R�GIk�¹º^ �#`U½ ��¾U¿ cd¼TB�RCmnt�m�w=Bf¶$e4·�¸©���4�v�4�Àk+GIBE��Klh/H:GIW�GIH:?QH:R$�ASU>�RTkIG+DFB�H:R�GIk�¹º^ _a`+bTcd;

e©W$KMDFK�WTB�J�K}o�KMK RÁRCH:SUK(@CDI>�>�N�ku>�N~¶#e�·�¸/�PÂÃkySU>�DFDIK SUGIR$K kIk�o|{ÅÄ�DFKMK RTk+G+DIKMKMGn^�®�®¨cLB�RTmÅÆ�zTZr­
��B�BEDFmÇ^�®�È¨cd��oCz$G�GIW$KM{jWTB�J�K�o�KMK R(>�R�BEoCk+G+DFB�SUG
?A>#m$K Z:kM;/�aRÉ^�¦¨§�cd��e4B�kFH[DFB�R�k+GIBEG+K kVGIWTBEG
Ê|Ë|Ì�Í#Î�Ï��
h/WTH±SFWµzTkIK kQGIW$KjzCRTH[Gv­iSMz$o�Knt1>�DgDFKM��H[>�R�w~G+K SPWTRTH:Ð|z$KpN1>�DgGIH:?gH:R$�}J�KMDFHrq�SMBEGIH[>�RÑ^�¦�cd�¥DFzCRTk�>�z$Gg>�N
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COSPAN uses 92MB for abstract

COSPAN does not complete in 1GB for gate level
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?AK ?A>�DF{�BEG+G+K ?Q@TGIH:R$�QG+>gJ�KMDFH[N1{�Bf®Ak+GIBE��Kl��BEG+KU­iZ:KMJ�K Z4J�KMDPkIH[>�Ry>�N´¶#e�·�¸/�=>�RpBQ?QB�SPWTH:R$KLh�H[GIW�\
ÄVXÖ>�N=?AK ?A>�DI{�;Qe/WTH:k�@CBE@�KMD
��>�K kl>�R}G+>jm$K kFSUDFH[o�K~B�RnBEoCk+G+DFB�SUGl?Q>|m$K Z�>�N©¶#e�·�¸/�/N1>�DLh/WTH±SFW
GIW$KM{QSU>�zTZ±mQJ�KMDFH[N1{QÈLk+GIBE��K k=H:Rf×�]|;�§~Ø�Xµ>�N�?AK ?Q>�DI{AB�RTmj\E;�¦�Ù�W$>�z$DPkM;4Ú}K�qCDFkIG«J�KMDFHrqCK mu¶#e4·�¸©�
BEGVGIW$K���BEG+KU­iZ[KMJ�K Z«h�H[GIW(mTK Z:B {#k�NODI>�?Û^�¦¨§�c©t�Hd;�K�;[��»n¹Ü\ ]|��½ ��¾U¿ ¹�\E��_´¹ \E��B�RTm�b}¹À]�wP;�Ý�kIH:R$�
Ô��l¶#²´e¡GIH:?QH:RT�$�4h�KySMB�R¯J�KMDPH[NO{¯B�®�k+GIBE��Kj¶#e�·�¸/�lH:R¯�#;ÞÙ�§�Ø(X�H:R¯>�RTZ[{��#;�§���k+K SU>�RTmTk ;��T>�D
B�RÉÈjk+GIBE��Kj¶#e�·�¸©���ßGIW$KfJ�KMDFHrq�SMBEGIH[>�R¯G+>|>��à\ ]jØ�XáB�RCmn>�RTZ:{}â�â(k+K SU>�RTmCkM;j�vR�N�B�SUGM�«Ô��L¶$²´e
GIH:?QH±R$�ASU>�zTZ:myJ�KMDFH:NO{}\M�Qk+GIBE��K kVH:R}\ ]¨§uØ(X�>�N�?QK ?A>�DI{yH:RyZ[K kIk©GIWTB�R(]E�f?QH:R|z$G+K kM;´e©WCH:k¥kIW$>�h/k
B�RTH:SUK�H:?A@TDF>�J�K ?AK R�G
>�J�KMDLGIWTK�BEo�k+G+DFB�SUGIH[>�R}?AKMGIWT>|m�B�RTm�B�m$DFB�?QBEGIH±S~H±?A@TDI>�J�K ?AK R�GV>�J�KMDLGIW$K
��BEG+KU­iZ[KMJ�K Z�J�KMDFHrq�SMBEGIH:>�RàH:RµÊ#Ë�Ì�Í#Î�Ï�;«�$>�D(\M�¯k+GIBE��K kM�©Ô=�L¶#²´e GIH±?QH:R$�}N1>�zTRTm�\U§$��â�]�×¯zTR�GIH:?AK m
k+GIBEG+K k�B�RTmp>�RCZ[{uRTKMK m$K mn\ â|��®¨§�×g��KM>�?AKMG+DFH:SlDIKM��H[>�RTk/G+>fm$K kFSUDFH[o�KVGIW$KlGIH:?QK mpk+GIBEG+K�kI@CB�SUK�;¥e©WTH:k
DIKM@TDFK k+K R�GIk/BADFBEGIH[>A>�N�>�RTZ[{�\E;Ã��¦A��KM>�?AKMG+DPH:SLDIKM��H:>�RTk¥@�KMD©zTR�GIH:?AK myk+GIBEG+K�;

��H:RTB�Z:Z:{���GIWTK¯SU>�?A@CZ:KUY#H[Gª{�>�NQÔ��L¶$²´eãGIH±?QH:R$�µH:kjDIK Z:BEGIH[J�K Z:{ÅH±RTm$KM@�K RTm$K R�Gy>�NAGIW$KnGIH±?QH:R$�
o�>�zTRTmTkuzTk+K m�;ºÚ}K�B�Z:k+>ÉDFB�RÁ>�z$D�KUY|@�KMDFH±?AK R�GIk�zTkFH:R$�¯_�¹ä×�ÙxB�RCmåb¡¹æ]E�$\E�~½ ��¾U¿ ¹ç\M�$\E�
B�RTm}»Ç¹�\�\ ×�®ph/WTH:SPW�NO>�zTRCm}?A>�DIKQzTR�GIH:?AK m�k+GIBEG+K kM;gÚÁH[GIW}_=¹�\M��]|�4h°KgNO>�zTRCm�Z:K kIk
zTR�GIH:?AK m
k+GIBEG+K kM;
X�>�GIW�SMB�k+K kVh/H[GIW(WTH[��W$KMD�@TDIK SMH:kFH[>�Rjm$K Z±B {jR|zT?�o�KMDPk/WTB�m�SU>�?A@CBEDFBEo�Z[Kl@�KMDIN1>�DF?QB�RTSUK�G+>
GIW$Kp>�RTKph/H[GIWÇZ[>�h°KMDf@TDIK SMH:kFH[>�RÉm$K Z:B {ÇR|zT?�o�KMDPkM;Çe©WTH:kAkIWT>�h/kAGIWCBEGfWTH[��WTKMDA@TDIK SMH:kIH:>�R¯GIH±?QH:R$�
o�>�zTRTmTklSMB�Rno�KgKUèuSMH[K R�GIZ:{}J�KMDFHrqCK m¯B�RTm¯SMB�RxZ[K B�m¯G+>�mCHré�KMDFK R�G�o�K WCB J#H[>�DFkM;y�aGlh�>�zTZ:m¯R$>�G�o�K
@�>�kIkIH[o�Z[K
G+>yzTk+K~GIWTH:k�Z[KMJ�K Zß>�N´@TDIK SMH:kIH:>�Rjh/H:GIWjB�mTH:kISUDFKMG+KU­dGIH:?AKl>�D
zTRCH[Gv­iSMz$o�KLoCB�k+K m�G+K SPWTRTH:Ð|z$K��
kIH:RCSUK
GIW$KLR�zC?lo�KMD¥>�N�k+GIBEG+K k©h�>�zTZ:mpKUY|@CZ:>|m$KVh/H:GIWykIzTSFWjZ:BEDI��KlR|zT?�o�KMDPkM;

êLëaì íTîðïAñFòFó«òvôºõ ö�ô�÷�øLùAú
e©WTH±k�k+K SUGIH[>�Rum$K kISUDFH[o�K k�GIWTK�?AK ?A>�DF{QH:?A@TDI>�J�K ?AK R�GIk´GIWTBEG�BEDIK�B�SPWTH[KMJ�K muo|{AGIW$K�BE@T@�Z:H:SMBEGIH[>�R

>�NlGIWTK�Ø�e©X=ûVûüDIKM��H[>�RÁDIKM@TDFK k+K R�GIBEGIH:>�R�m$K kISUDFH[o�K mÁH:R�<=WTBE@TG+KMDjÙ�;�¸©K kIzTZ:GIkyBEDIK�@TDIK k+K R�G+K m
>�R�Bg@�BEDFB�?AKMG+KMDFH[¬MK m(J�KMDFkIH:>�Rj>�N«GIWTK~WTH:��W#­d@�KMDINO>�DP?QB�RTSUKl���v�4�áK Z[K ?AK R�G�m$K kFSUDFH[o�K mpo|{pØj>�Z±RTBED
H:RÉ^ §�È¨c«B�RTm�GIW$KABEDIoCH[G+KMDV@TDFK k+K R�G+K m�o|{�Ä�DFKMK RTk+G+DIKMKMG
H:RÇ^�®�]¨cd;Le©WTK k+KAk+@�K SMHrq�SMBEGIH[>�RTk�BEDIKAWTH[��WCZ[{
SU>�RTSMz$DFDIK R�G�B�RTm�@TDI>#mTzTSUKLBAZ:BEDF��KlR�zC?lo�KMD¥>�N���KM>�?AKMG+DFH:SlDIKM��H[>�RTkM;

��H[��z$DIK}×|;:\�\�kIWT>�h/k�GIW$K}?AK ?Q>�DI{åzTkFBE��K}@CBEG+G+KMDFRÅ>�NlGIWTK�kIGIBEG+Knk+@CB�SUK�KUY#@CZ[>�DFBEGIH[>�RÅN1>�Dy§
k+GIBE��K k
>�N´GIW$K�GIH:?AK m����a�4�¡N1>�DVo�>�GIW(GIWTK~KUY#@CZ:H±SMH[G/B�RTm�H:?A@�Z:H:SMH[G/?QKMGIW$>|mCkM;
e©W$K�Y�­iB¨Y$H:kVkIW$>�h/k
GIW$KVR�zC?lo�KMD�>�N�DIKM��H[>�RTk�KUY#@CZ[>�DIK muB�RTmuGIW$K�{�­iB¨Y$H:k=kIW$>�h/k�GIW$KV?QB¨Y#H±?�zT?�?AK ?A>�DF{gzTk+K mfG+>�GIWTBEG
@�>�H:R�G4H:R~GIW$K=k+GIBEG+K©k+@CB�SUK=KUY#@CZ[>�DFBEGIH:>�R8;�e/W$K�kI>�Z:H:m~Z:H:R$K kßDIKM@TDIK k+K R�G�GIW$K=H:?A@CZ:H±SMH[Gß?AKMGIW$>#m�B�RTm~GIW$K
mTB�kIWTK m�Z:H±R$K k�DIKM@CDIK k+K R�G4GIW$K�KUY#@CZ:H:SMH[G�?AKMGIW$>#m8;4e/W$K°��DPBE@CWTk�kIW$>�hÉGIWTBEG�GIW$K=H:?A@CZ±H:SMH[G�?AKMGIW$>#m�R$>�G
>�RTZ[{�{#H[K Z:mTk´B�kIH:��RTHrq�SMB�R�G«>�J�KMDPB�Z:Z�H±?A@TDI>�J�K ?AK R�G�H:Rg?QK ?A>�DI{QzTkIBE��K��|oCz$G°B�Z:k+>lGIWCBEG°GIW$K�?AK ?A>�DI{
zTkIBE��KAG+DFK RTmTk�NO>�DlGIW$KAH:?A@CZ:H±SMH[G/?AKMGIW$>#m}BEDIKQ?~zTSFW�o�KMG+G+KMD ;�·�k
GIW$KAR�zC?lo�KMDV>�N°DFKM��H[>�RTk���DI>�h�k
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R$>�G=B�mTm�kIH[��RTH[q�SMB�R�G�?AK ?A>�DI{fmTz$K/G+>�GIW$KVR$>#m$KVkIWTBEDFH:RT�Lo�K WTB J#H[>�D�>�N4X=ûVû�k ;«ÚÁWTK RfGIWTK�X=ûVûVk
��KMG�Z±BEDI��K�B�RTm(BQR$KMhÑDIKM��H[>�RjH±k©B�mTm$K m8��?A>�k+G©>�N�GIWTKlR$>#m$K k/R$KMK mTK mpN1>�D/GIWTH:k/k+GIBEG+K~BEDFKlB�Z[DIK B�m${
H:RfGIW$K
SMz$DIDIK R�G=X�ûVû~�TB�RTmuJ�KMDI{uZ:H[G+GIZ[K�R$KMh�?AK ?A>�DI{gH±k�RTK SUK kIkIBEDI{�;«ÚÅH[GIWuKUY#@CZ:H:SMH[G�?AKMGIW$>#mTkM�|>�R
GIW$K�>�GIW$KMDlWCB�RTm8��K B�SFW�RTKMhºDIKM��H[>�R�GIW$DI>�zT��W$>�z$G�GIW$KQk+GIBEG+KQk+@CB�SUKAKUY#@CZ[>�DPBEGIH[>�R�DIK Ð�zCH[DIK kVB�R$KMh
B�Z:Z[>#SMBEGIH[>�Ry>�N�?AK ?Q>�DI{��CSMB�zTkIH±R$�AGIW$Kl?AK ?Q>�DI{uzCkIBE��KL>�N�GIW$KLKUY#@CZ:H:SMH:G=?QKMGIW$>|mpG+>Q��DI>�hýZ:H:R$K BEDPZ[{
h/H[GIW�GIWTKlR�zC?lo�KMD¥>�N�DIKM��H[>�RTkM;
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e©W$K©kIK SU>�RTmgKUY$B�?A@CZ:K©H:k«GIW$K�BEDIoCH[G+KMD´mTK kIH[��RA@TDFK k+K R�G+K muH:Rj^�®�]Ecd;�Ø(>�k+G�BEDIoCH[G+KMDFk°BEDIK/m$K kFH[��R$K m
G+>�?gH:RTH:?QH:¬MK�GIW$K«@TDI>�o�BEoCH:Z:H[Gª{�>�NTB�?AKMGIB�k+GIBEoCH±Z:H[Gi{VN�B�H:Z:z$DFK�;ßÆ/>�h°KMJ�KMD���kIH:RTSUK°?AKMGIB�k+GIBEoCH:Z±H[Gi{
H:kßDFBEDIK��
GIWTH:k4BEDIoCH[G+KMD4H:kßm$K kFH[��R$K mLG+>�?QB¨Y$H:?QH[¬MK«@�KMDIN1>�DF?QB�RCSUK«h/W$K RlGIW$KMDIK´H:k4R$>�?QKMGIB�k+GIBEoCH:Z:H:Gi{�;��ªGßmT>�K k�k+>
o|{fzTkIH±R$��B�WTH[��WCZ[{QSU>�RTSMz$DIDFK R�GM�$GIH:?QK mumTK kIH[��R8;��vRTk+G+K B�m�>�N4B�k+GIB�RCmTBEDFmuNO>�zTD+­d@CWTB�k+KVWTB�RTmCkIWTBE��K��
GIWTH:k�BEDIoCH[G+KMD�zTk+K k�B�R � ½+þ«ÿL@TDI>�G+>#SU>�Z�^ §�È�c4h/WCH:SFW(zTk+K k�GIH:?AK mp@�zTZ:k+K k/NO>�DVSU>�?Q?~zTRTH:SMBEGIH[>�R�;©e©W$K
BEDIoCH:G+KMDL>�RTZ[{�h�>�DI�|k�H[N�GIW$KQGIH:?QH±R$�y>�R�GIW$Kg@CzTZ:k+K klH:kLSU>�DIDIK SUGM;ye©WTKQGIH:?AK m�kIGIBEG+Kuk+@�B�SUKQ>�N¥GIW$K
BEDIoCH:G+KMD~H:k~J�KMDI{¯Z:BEDI��KymTz$KuG+>}H[GIk�WCH[��W¯SU>�RCSMz$DIDIK RTSU{�;�e/W$Kue/²´³Åk+G+DFzTSUGIzTDIKfDFKM@TDIK k+K R�GIH:R$��GIW$K
BEDIoCH:G+KMDQWTB�kQ®E�}kIH[��RTB�Z±kM�°¦�Ù(KMJ�K R�GIkgB�RTmàÙE®�DFzCZ[K kM;É¶$H:RTSUK�GIW$KyR�zC?lo�KMDA>�N/DPzTZ[K k�H:kAWTH[��W��«GIW$K
?QBEG+DFH±SUK k
DIKM@TDIK kIK R�GIH:RT�yGIW$K k+KQDIKM��H:>�RTk
BEDIKgÐ|zTH[G+KQZ:BEDF��KQB�RTm�zTk+KQBjZ[>�G
>�N�?QK ?A>�DI{�;ge©WTKQZ:BEDI��K
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k+GIBEG+KAk+@CB�SUK�B�RTm(GIW$K�Z:BEDI��K�kFH[¬MKl>�N«GIWTK�DIKM��H:>�RTk�?gBE��K�GIW$K�BEDIoCH:G+KMD�B�R(KUY#SUK Z±Z[K R�GVSMB�RTmTH±mTBEG+KlN1>�D
GIW$KlzCk+K
>�N�Ø�e©X=ûVûVk/G+>gH±?A@TDI>�J�KL?AK ?A>�DI{u@�KMDINO>�DP?QB�RTSUK�;

e©W$K�R|zT?�o�KMDy>�N~DFK B�SFWTBEoCZ:Kno�>�>�Z:K B�R�k+GIBEG+K k�H:kyWTH[��WTZ:{åm$KM@�K RTm$K R�Gy>�R�GIWTKnm$K Z:B�{ÁDPB�R$��K k
k+@�K SMHrqCK m�;pe¥h°>(J�KMDFkIH[>�RCkL>�N©GIW$KuBEDIoCH[G+KMD~BEDIK�zTk+K m�G+>�?AK B�kIzTDIKfGIWTKfØ�e©X=û�û H:?A@TDF>�J�K ?AK R�GM;
e©W$K�m$K Z:B�{|k�H:RåGIW$K�qCDFkIGfJ�KMDFkFH[>�RÁDIK kIzTZ[GuH:RåGIW$K���K R$KMDFBEGIH[>�RÁ>�N~]�]|��×�â�®µzTR�GIH±?AK måkIGIBEG+K kpB�RTm
\M�$\E��]�ÙE®nDIKM��H[>�RTk�h/WTK R¯GIWTKpÔ��L¶#²°e B�Z[��>�DFH[GIWT? H±k~zCk+K m8;µ¶|GIBEG+Kpk+@CB�SUKpKUY#@CZ[>�DPBEGIH[>�RxDIK Ð�zCH[DIK k
� â�âE��Ø(o(>�N�?AK ?Q>�DI{yzTkIH:R$��GIW$K�KUY|@�Z:H:SMH[G=DIKM@TDFK k+K R�GIBEGIH:>�RjB�RTm � \ ®E��Øjo�>�N�?AK ?A>�DI{yzTkIH±R$�AGIW$K
Ø�e©X=û�û�DFKM@TDIK k+K R�GIBEGIH[>�R8�=h/WTH±SFWÇH:kAkIZ±H[��W�GIZ:{¯?A>�DIKyGIWCB�RµBn®�GIH:?AK kg?AK ?A>�DI{ÉH:?A@TDF>�J�K ?AK R�GM;
Ý�R$NO>�DFGIzTRTBEG+K Z[{��#GIW$KLØ�e©X=ûVûÑDFKM@TDIK k+K R�GIBEGIH[>�R�DIK kIzCZ[GIk=H:R�B�R�>�DFm$KMD¥>�N4?gBE��RTH[GIzTm$KVm$KM��DFB�mCBEGIH[>�R
H:RàDFzTR�GIH:?AK�;��aGuGIBE��K k � ×E�����Çk+K SU>�RTmTkfG+>ÇSU>�?A@CZ[KMG+K�SU>�?A@CBEDFK måG+> � ]�ÈE���Çk+K SU>�RCmTkgN1>�D�GIW$K
KUY#@CZ:H:SMH[GyDFKM@TDIK k+K R�GIBEGIH[>�R8; e©WTH±kpH:kjRT>�G(Bµ��>|>#m�G+DFB�m$KM>Eé�H[N�GIWTKMDIK¯H:k(kIz#èfSMH:K R�Gj?QK ?A>�DI{ÅG+>
SU>�?A@CZ:KMG+K©GIW$K/k+GIBEG+KVk+@CB�SUK/KUY|@CZ:>�DFBEGIH[>�RQzTkFH:R$�
GIW$K©KUY#@CZ:H±SMH[G�?AKMGIW$>#m8;�Æ/>�h°KMJ�KMD �#GIW$K/KUY|@�KMDFH:?QK R�G
zTkIH±R$�QGIW$K�BEDIoCH[G+KMD�h/H[GIW(GIW$K�Z±BEDI��KMD
k+GIBEG+KAk+@CB�SUK�kIW$>�h�k/GIWTBEG�GIW$K�Ø(e/X�ûVû�?AKMGIW$>#m(SMB�R�B�Z:Z[>�h
Z:BEDI��KMDlKUY#B�?A@�Z[K kVG+>po�KAB�RTB�Z[{|¬MK m8;QX�{�H:RCSUDIK B�kIH:R$��GIW$KQmTK Z:B {�DFB�R$��K kM�4GIW$KQk+GIBEG+KgkI@CB�SUKgkIH[¬MKA>�N
GIW$K�BEDIoCH[G+KMD�H:k�H:RTSUDIK B�k+K mjG+>�§�â|��â�â�]�zTR�GIH±?AK mjk+GIBEG+K kVB�RTmx\U§�×|�ÞÙ¨��È�DIKM��H:>�RTkM;��VR(GIWTH:k/KUY#B�?Q@CZ[K��
GIW$KVKUY#@CZ:H:SMH[G�?AKMGIW$>#muDFzTRTk°>�z$G�>�N4?AK ?A>�DF{fBEN1G+KMD©SU>�RTkIzT?QH±R$�l>�J�KMD�È�âE��Øjoyh�WTH:Z[K�GIW$K
Ø(e©X=ûVû
?AKMGIW$>#mnSU>�?Q@CZ[KMG+KfzCkIH:R$� � ®E����ØjoÉB�RTm � \�Ù��Ã������kIK SU>�RTmTkM;pe©WTK k+KgDIK kFzTZ[GIkLkIWT>�h�GIWTBEGM��h/WTH:Z[K
kIZ[>�hL�=GIW$KjØ�e©X=ûVûð?AKMGIW$>#màmT>�K kQB�Z±Z[>�h KUY#B�?A@�Z[K kQG+>xSU>�?A@CZ[KMG+K(GIWTBEGfSU>�zTZ±mµR$>�GgSU>�?A@�Z[KMG+K
zTkIH±R$��GIW$K
KUY|@�Z:H:SMH[G¥?AKMGIW$>#m8;
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��zTe�¶gt1��H[��B�W$KMDIG+¬=zTRTH:G�eßK k+G«¶#H[G+K�w�H:R�G+KM��KMD�?QH±SUDI>�@TDI>#SUK kIk+>�D�m$K kIH[��R$K mlBEG4�vX=ØnÂÃk�·�zTk+GIH:RL¸/K k+K BEDFSPW
³ßBEo�>�DFBEG+>�DF{�B�RTm�@CDIK k+K R�G+K m}o�{�Æ�>�N1k+G+KMKfH:RÇ^�®�âEcd;Ae©W$K�DIK kIzCZ[GIkV>�N°GIWCH:kVKUY|@�KMDFH±?AK R�GM�8h�WTH:SFW�h�K
qCDFkIG´qCDPk+G°@CDIK k+K R�G=H±R�^r\M�Ecd�TmTK ?A>�RTk+G+DFBEG+KVGIWTBEG©B�kI{|RTSPW$DI>�R$>�zCk�B�RCB�Z[{|kFH:k´G+K SPWTRTH:Ð|z$K k¥SMB�R�o�KVzTk+K m
G+>Aq�Z±Z���BE@�k/H:Ryk+{#RTSPW$DI>�R$>�zTk¥mTK kIH[��Rp?AKMGIWT>|m$>�Z:>���{fN1>�D/WTH[��WCZ[{gGIH:?QK myk+{|RCSFW$DI>�RT>�zTk©SMH[DFSMzCH[GIkM;

e©W$Ku@Cz$DF@�>�kIKg>�N/GIWTKu��zCe�¶¯m$K kIH[��RxH:k~G+>�m$K ?A>�RTkIG+DFBEG+K�GIW$K�@�KMDFNO>�DF?gB�RTSUKf��B�H±RTk~GIWTBEGQSMB�R
o�KlB�SFWCH[KMJ�K m(zCkIH:R$�QBE����DIK kFkIH[J�K�SMH[DFSMzTH[G©mTK kIH[��R8;��ªG�H:k/H:?Q@CZ[K ?AK R�G+K mpH:RpBf�#��]�â��Ç<¥Ø��L¶�@TDI>#SUK kIk
B JEB�H:Z:BEo�Z[KgH:RÇ\ ×�×�Ù�;pe©WTKgWTH[��W#­d@�KMDIN1>�DF?QB�RCSUKA>�N�GIWTKgSMH[DFSMzTH:GLH:kLBpDFK kIzTZ[G
>�N=GIW$KuSMH[DFSMzTH[GLmTK kIH[��R8�
h/WTH±SFWgH±k´m$>�R$K�H:RgB~m${#RTB�?QH:S/SMH[DFSMzTH[G°k+Gi{#Z[K/�#R$>�h/RfB�k=m$K Z±B {�K m#­dDIK kIKMG�m$>�?gH:R$>lB�RTmum$K kISUDPH[o�K mAo�{
Õ�>���h=B�H±Rj^�â�â¨c�B�RCm�<=WCBE@T@�K Z:Z#H:R(^�]#\Ucd;«·�Z[GIW$>�zT��WQe©²´³�k+G+DFzCSUGIz$DIK k�B�RTmQGIW$K�Ô��L¶$²´eµB�Z[��>�DPH[GIWT?
h�KMDIKf>�DPH[��H:RTB�Z:Z:{�m$KMJ�K Z:>�@�K m¯G+>�B�RTB�Z[{|¬MKuB�k+{#RTSPW$DI>�R$>�zTk~SMH[DFSMzCH[GIkM��GIW$KM{nBEDIKuh°K Z±Z´kIzTH:G+K m�G+>�GIW$K
B�RTB�Z[{#kIH:k=>�N�m$K Z:B�{�K m#­dDIK k+KMG�m$>�?QH:RT>�SMH:DFSMzTH[GIkM;
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e©W$KA��zCe�¶}?QH±SUDI>�@TDI>#SUK kIk+>�DlSU>�R�GIB�H:RTk~Bpk+KMG�>�N©?QB�SUDI>�k�h/WTH:SPW}>�@�KMDFBEG+KfkI{|RTSPW$DI>�R$>�zCkIZ[{�;f·
m$K Z:B�{�K m#­dDIK k+KMG«mT>�?QH:R$>V?QB�SUDI>LSU>�RTkFH:k+GIk�>�N�BVR|zT?�o�KMD�>�N�Z[KMJ�K Z:k�>�N�mT{|RTB�?gH:S´��BEG+K k ��K B�SFWQ>�NCh/WTH±SFW
DIK SUK H[J�K k
H±R$@Cz$GIk/NODI>�? @TDFK SUK mTH:R$�uZ:B {�KMDFk ;L¶#GIB�RTmTBEDFm�m$>�?QH:RT>g��BEG+K kLzTkIK~BuSU>�?Q?A>�R}SMZ[>#SI�jGIWTBEG
B�SUGIk©B�k=B~GIH:?QH:RT�lDIKMN1KMDIK RTSUK�;«�vR�B�mTK Z:B {�K m#­dDFK k+KMG©m$K kIH[��R���K B�SPWpZ[KMJ�K Z�>�N4m${#RTB�?QH±S©��BEG+K k¥DIK SUK H:J�K k
H[GIk�>�h/R���@TDIK SMH:k+K Z:{}GIH:?AK mxSMZ[>|SF����h�WTH:SFWxH:k���K R$KMDFBEG+K mÉo|{�Bjo�z#é�KMD�SFWCB�H:Rxh/H[GIWTH:R�GIW$Ku?gB�SUDI>$;
e©W$K�Z[>|SMB�ZCSMZ[>|SF�|k´G+DFB J�K Z�GIW$DF>�z$��WAGIW$K/Z:>���H:S©B�Z[>�R$�lh/H[GIWAGIW$K�mTBEGIB#��BlDIK k+KMG°h�B�J�K�@TDFK SUK mTH:R$�
K B�SPW
SU>�?A@CzTGIBEGIH[>�R�h�B�J�K�;�e©WCH:k/G+K SPWTRTH:Ð|z$KAB�Z:Z[>�h/kVBE@T@TDI>�Y#H±?QBEG+K Z[{p>�R$KU­iWCB�Z[N´SU{#SMZ[K�NO>�D
K B�SPW}��BEG+KAG+>
DIK k+KMGfB�RTmÉ>�R$KU­iWTB�Z[NVSU{#SMZ[KyNO>�DgK B�SFWµ��BEG+K(G+>}KMJ¨B�Z±zTBEG+K�;àe©W$KySU{#SMZ[KpGIH:?QKuN1>�DgB�mTK Z:B {�K m#­dDFK k+KMG
m$>�?QH±R$>y?QB�SUDI>jH:klk+KMGLo|{�B�mTmCH:R$��GIW$KgR$K SUK kFkIBEDI{�@TDIK SPWTBEDI��KgB�RTm�KMJ¨B�Z:zCBEG+KQGIH:?AK k
N1>�DlBpkFH:R$��Z[K
��BEG+K�;��ªN�?~zTZ[GIH[@CZ:K���BEG+K k�>�@�KMDFBEG+Kl>�RjGIW$KLkIB�?AK�@TDIK SFWCBEDI��KlkIH[��RCB�Z'�TSU{|SMZ:KLGIH:?AKlH±k¥k+KMG/o|{uB�mCmTH:R$�
GIW$KLKMJEB�Z:zTBEG+K�m$K Z:B {�GIW$DF>�z$��WpB�Z:Z�GIW$K�k+GIBE��K k/G+>gGIW$KL@TDIK SPWTBEDI��K~m$K Z:B {�;�ûVz$K
G+>gGIW$Kl>�J�KMDFZ:BE@C@CH:R$�
>�N�GIW$Kp@TDIK SPWTBEDI��KjB�RCmÉKMJ¨B�Z:zCBEG+Kp@CWTB�k+K k �´GIW$KjmTK Z:B {�K m#­dDFK k+KMGgm$>�?QH±R$>}BE@T@TDI>�B�SPWàkIH[��RCHrq�SMB�R�GIZ[{
H:RTSUDFK B�k+K k~GIW$KuB�?Q>�zTR�G~>�N/m${#RTB�?QH±S�­iZ[>���H:SQGIWCBEG~SMB�Rxo�Kg@CZ±B�SUK mxH±RnB�?QB�SUDI>}BEG~B���H[J�K RÉSMZ[>#SI�
N1DIK Ð�zTK RTSU{�;

e©W$KpmTK Z:B {�K m#­dDFK k+KMGgm$>�?QH±R$>}��BEG+K kfzCk+K mµH:RÉGIW$Kj��zTe�¶¯@TDI>#SUK kIk+>�DfZ:B�SI�ÉGIW$K��vN1>|>�G��nm$KMJ#H:SUK
GIWTBEG/H±k¥H:RTSMZ:zTmTK mfH:RyBgk+GIB�RTmTBEDFmymT>�?QH:R$>���BEG+K�;°e/W$K
@Cz$DI@�>�k+KV>�N�GIWTH:k¥m$KMJ#H:SUKLH:k=G+>gGIz$DFR�>Eé}GIW$K
��BEG+K kMÂ�@CzTZ:Z±m$>�h/R�k+GIB�SF�jmTz$DPH:R$�~GIW$Kl@TDFK SFWTBEDI��K�@CWTB�k+K�;�¸©K ?A>�J|H±R$�gGIWTH±k©m$KMJ#H:SUKlB�Z:Z[>�h/k¥GIW$Kl��BEG+K
G+>jk+h�H[GISFW�â�� G+>¯\ â�� N1B�kIG+KMD ;Q·�Z:G+KMDFRTBEGIH[J�K Z[{��ßGIW$KA��BEG+KfSMB�R�SU>�?Q@Cz$G+KQBp?A>�DFKQSU>�?A@CZ[KUY�Z[>���H:S
N�zTRTSUGIH[>�RfzTkIH:R$�lGIW$K�kIB�?QK�G+DFB�RCkIH:k+G+>�D�k+GIB�SI�uW$K H[��W�G�^�â�â¨cd;��vRQ>�DFmTKMD°G+>~DIK ?A>�J�K�GIWCH:k«G+DFB�RCkIH:k+G+>�D �|H[G
H:k¥R$K SUK kFkIBEDI{�G+>QK RTkIzTDIKVGIWTBEG©GIW$K
KMJEB�Z:zTBEG+KlZ:>���H:S
H:k©R$>�G¥>�RjmTz$DFH:RT��GIW$K
@CDIK SFWTBEDF��KL@CWTB�k+K�;°e©WTH:k
H:k=GIW$KLSMB�kIKlH[N4B�Z±Z8H:R$@Cz$GIk�G+>QGIWTK
��BEG+K�BEDIK
��zTBEDPB�R�G+KMK mjG+>Qo�KVZ:>�h�mTzTDFH:R$�~GIW$K
@TDIK SPWTBEDI��KL@�WTB�k+K�;
e4>u?AKMKMGVGIWTH±k©DIK Ð|zTH[DIK ?QK R�GM��GIW$K�H:R$@Cz$GIk©G+>uGIWTK~?QB�SUDF>u?~zTk+G�o�Kl@CzTZ±k+K m8;�<�>�?�oCH:R$K mjh/H[GIW(GIW$K
DIK Ð|zTH[DIK ?QK R�GVGIWTBEGLGIWTKQH:R$@Cz$GIk�G+>pK B�SPW���BEG+KgDFK ?QB�H:R�k+GIBEoCZ[KQWCH[��W}Z[>�R$��K R$>�z$��W�G+>pk+h/H[GISPW}GIW$K
m${#RTB�?QH:SART>|m$K��4GIWTH:k
DFK kIzTZ[GIkLH±R�BpGªh°>�kIH:m$K m}GIH±?QH:R$��J�KMDFHrq�SMBEGIH[>�R�@TDF>�oCZ[K ? h/WCH:SFW�H±kLzTR|zTkIzTB�Z
N1>�D/BQk+{#RTSFWTDI>�R$>�zTk¥m$K kFH[��R8;

�vRµGIW$K���zTe�¶Ç@TDI>#SUK kIk+>�D �¥GIW$K�?QB�SUDI>ÉZ[KMJ�K Z�GIH:?QH:RT��J�KMDFHrq�SMBEGIH:>�RåH:kfm$>�R$K�zTkIH:R$�nKUY|G+K RTkFH[J�K
¶#Ô´�+<=²jZ[KMJ�K Z�SMH[DPSMzTH[G8kIH:?~zTZ:BEGIH[>�RQ^�â�Ù¨cd;�·�NOG+KMD4GIW$K´m$K Z±B {�o�K WCB J#H[>�D�>�N#GIW$K´?QB�SUDF>�kßH:k�SPWTBEDFB�SUG+KMDFH:¬MK m
o|{nm$K kIH[��RTKMDFk�H±Rx¶#Ô´�+<=²/�4H[G�H:k�H:RTSU>�DI@�>�DFBEG+K mxH:R�G+>�B�SFWCH[@xZ:KMJ�K Z´GIH:?gH:R$�(?Q>|m$K Z°N1>�D~SPWTH[@ÉZ[KMJ�K Z
k+GIBEGIH:S�GIH:?QH:R$�ÉJ�KMDFH[q�SMBEGIH[>�R8;�e©WCH:kuh�B�k(BÇkIzTSMSUK kIk+N�zTZ
BE@T@CDI>�B�SFW�NO>�DpGIWCH:k�@TDI>#SUK kIk+>�DjkFH:RTSUK}H[G
h�>�DI��K m(H±R�qCDFk+G�kIH:Z:H:SU>�R�;´Æ/>�h°KMJ�KMD���H±Ry>�DFm$KMD�G+>gK RTkIzTDIKLGIW$KlSU>�DFDIK SUGIR$K kIk�>�N�GIW$Kl@CDI>|SUK kFk+>�D/>�J�KMD
B�Z:Z�JEBEDFH:BEGIH:>�RTk
H:R�m$K Z±B {��4Z±BEDI��KgB�?A>�zTR�GIkL>�N¥m$K Z±B {}?QBEDI��H:R}BEDFKgH:RTSMZ:zCm$K m�H:R�GIW$Kgm$K kFH[��R}>�N=GIW$K
?QB�SUDI>�k ;A�ªN�H[G
H:kV@�>�kIkIH[oCZ:KlG+>pN1>�DF?QB�Z:Z:{pJ�KMDFH[N1{(GIWTKQ?QB�SUDI>�kM�ßZ:K kIk
?QBEDI��H:R}H±k
R$K SUK kIkIBEDI{�G+>jWTB�J�K
SU>�R#q�mTK RTSUKpH:RxGIW$Ky@TDI>#SUK kIk+>�D�ÂÃkQSU>�DIDIK SUGIR$K kFkM�°h�WTH:SFWÉ�vX=Ø�mTK kIH[��R$KMDFk�K kIGIH:?QBEG+Kp?QB�{xDFK kIzTZ[G�H:R
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@�KMDIN1>�DF?QB�RTSUK©H:?Q@TDI>�J�K ?QK R�GIk°z$@AG+>f\M� �u;«e/W$K¥GIH:?QH:RT�VSU>�RCk+G+DFB�H:R�GIk«GIWTBEG°R$KMK mAG+>lo�K©SPW$K SI��K muH:R
GIW$K�m$K Z:B {�K mfDIK k+KMG=m$>�?QH±R$>L?QB�SUDI>�k=BEDIK�J�KMDI{QkIH:?QH±Z:BED�G+>�GIWTK�SU>�DIDIK SUGIRTK kIk=SU>�RTk+G+DFB�H:R�GIk�R$K SUK kIkIBEDI{
N1>�DjB�k+{#RTSFW$DF>�R$>�zTkpSMH[DPSMzTH[GIkM�VB�RTm�GIW$K¯m$K Z:B {�K m�DIK k+KMGjm$>�?gH:R$>µSMH[DFSMzCH[GIkyBEDIKnÐ|zTH[G+K}kIH:?gH:Z:BED�G+>
B�k+{#RTSFWTDI>�R$>�zTk�SMH[DFSMzTH[GIk ;ge©W$KMDIKMN1>�DIK���B�RnB�k+{#RTSPW$DI>�R$>�zTklGIH:?QH:RT�uJ�KMDPHrq�SMBEGIH[>�RnG+>�>�Z°H:kLBjRCBEGIz$DFB�Z
SFWT>�H:SUKLG+>Qo�KLzTk+K mpNO>�D©N1>�DF?QB�Z�J�KMDPHrq�SMBEGIH[>�Ry>�N�GIW$KL?gB�SUDI>�kM;

!#"%$�"�& ')(+* ,.-0/2143�,�57685:9<;=1>3?(A@B(DC7(4EGFH5�I�(+EKJ
Î��|Î#Ê|Ì¯H:kfzTk+K måG+>¯J�KMDPH[NO{µkIKMJ�KMDFB�Z�>�NLGIW$K(?gB�SUDI>�kuNODI>�?)GIW$K(��zTe�¶µ@TDI>#SUK kIk+>�D ;ýe©W$KjqCDFk+G

SMH[DFSMzCH[G°H:k�B�SU>�?lo�H:R$K m�?�zCZ[GIH[@CZ[KUY#>�D°B�RCmuZ±BEGISFW}t�Ø(³4²�wP;$e©WTH±k°SMH[DPSMzTH[G°H±k°kI?gB�Z:ZCK RT>�z$��WuG+>AJ�KMDFH[N1{
BEG¥GIW$KV��BEG+KlZ[KMJ�K Zd�TB�RTm�H:k¥kIW$>�h/R�H:R���H:��z$DIKL×|;:\ ]|;°e©WTK���>�B�Z�h�H[GIWuGIWTH:k=SMH[DFSMzTH:G�H:k=G+>AJ�KMDPH[NO{gGIWTBEG
GIW$KpGIH±?QH:R$�}k+@�K SMHrq�SMBEGIH:>�RÇh/WTH:SPWµH:kQkFz$@T@CZ:H:K mnh/H:GIWÇGIW$KjSMH[DPSMzTH[GQH:RTmTKMK mÉ��zTBEDFB�R�G+KMK kgGIWTBEGfGIW$K
SMH[DFSMzCH[G/h�>�DI�#k�SU>�DFDIK SUGIZ[{�;
e©W$K�GIH:?QH:R$�uk+@�K SMHrq�SMBEGIH[>�R�m$K kISUDPH[o�K k©GIW$K~GIH:?QH:RT�QDIK Ð|zTH[DIK ?AK R�GIk�GIWTBEG
?~zTk+GQo�Kp?AKMGQo|{ÇB�R�{ÇSMH[DPSMzTH[GQSU>�?Q?~zTRTH:SMBEGIH±R$�}h/H[GIWÇGIWTKjØ(³4²©;«�aGgH:kgm$KMDFH[J�K mÇN1DI>�?æ¶$Ô«�I<=²
Z[KMJ�K Z~kIH:?~zTZ:BEGIH[>�R�B�RTm�GIW$KxSMH[DFSMzTH:Gjm$K kIH[��RTKMDFky�#R$>�h/Z:K m$��Kn>�NQW$>�h GIWTK¯SMH[DFSMzCH[Gph�>�DI�|k ;ãe©W$K
GIH:?QH±R$�pk+@�K SMHrq�SMBEGIH[>�RCkLBEDIKfB�Z±k+>jzTk+K m¯B�klGIWTKgoCB�kIH±k
NO>�D~SFWTH:@¯Z[KMJ�K Z°k+GIBEGIH:SQGIH±?QH:R$�pB�RTB�Z:{|kIH±kM;f�vR
>�DFm$KMD=G+>AK RTkFz$DIK�GIWTBEG¥GIW$K
SFWTH:@$­iZ[KMJ�K Z�k+GIBEGIH:S�GIH:?QH±R$�~B�RCB�Z[{|kFH:k°H±k�?Q>|m$K Z±H:R$��B�Z±Z�GIH±?QH:R$�~o�K WTB J#H[>�D �
K B�SFWÅ?QB�SUDF>¯R$KMK mTkgG+>no�KpN1>�DF?QB�Z:Z:{¯J�KMDFH[qCK mµH:RÇGIWTKjK R�J|H[DF>�RT?AK R�Ggm$K kISUDFH:o�K mÉo|{ÇGIW$KpGIH±?QH:R$�
k+@�K SMHrq�SMBEGIH:>�R8;�·�e�·/<©¶gJ�KMDFHrq�K k«GIW$KVØ(³4²ÉSMH[DFSMzTH[G«H±RgB�NOKMhÁk+K SU>�RTmTk°>�RfB�§�����Ø�Æ/¬
Ô�K R�GIH±zT?á�F�P;

e©W$K�Ø(³4²ÁSMH:DFSMzTH[G/SU>�R�GIB�H:RTk�o�>�GIW(kIGIBEGIH:SlB�RTm�m${#RTB�?QH:SL��BEG+K kM;�e©WTK�H:R$@�z$GIk¥G+>�k+GIBEGIH:SL��BEG+K k
BEDIKQB�Z:Z:>�h�K m}G+>yo�KQzTRTk+GIBEoCZ:K~kIH±RTSUK�GIWTH:k
m$>|K kLR$>�GLH:?g?AK mTH:BEG+K Z[{(SMB�zTk+KQB�N�B�H:Z:z$DIK�;�Æ�>�h�KMJ�KMD ��H:N
BQ��Z±H[GISFWy>�RjGIW$Kl>�zTG+@Cz$G¥>�N«BQk+GIBEGIH±SL��BEG+K~@TDI>�@CBE��BEG+K k�G+>gGIW$K�H:R$@Cz$G=>�N�BgmT{|RTB�?gH:SV��BEG+K���H:G/SMB�R
SMB�zTk+K�BQN�B�H:Z:zTDIK�;=�aR(GIW$K�Ø�³ß²ÅSMH[DPSMzTH[GM�TGIW$K~��BEG+K�m$DFH[J#H:R$�AGIW$K~kIH[��RTB�Z��v>�z$G+@Cz$G�SU>�?A@CZ[K ?QK R�G��uH:k
k+GIBEGIH:SE;��vR�KMJ�KMDI{}SU{|SMZ[K�h/WTKMDIKL�v>�z$G+@Cz$GLSU>�?A@�Z[K ?AK R�G��ym$>�K k
RT>�G
N1B�Z:Zd��GIWTKMDIKQH:kVB���Z:H[GISPW�>�R�H[GIk
H:R$@�z$GIkM;f·=G�GIW$KQK RTmn>�N¥GIW$KQ@TDFK SFWTBEDI��Kf@CWTB�k+K���GIW$KgkFH[��RTB�ZM�F�
z$G+@Cz$G �pH:klB�Z:h�B�{|k~WTH[��W�B�RCm�H[G
N1KMK mTkL>�R$KA>�N=GIW$KfH:R$@Cz$GIkVG+>jGIW$Kgk+GIBEGIH:SQ��BEG+K�;fÚÅW$K R�GIWTKQSMZ[>|SF��DFH:k+K kM���v>�z$G+@Cz$GLSU>�?Q@CZ[K ?AK R�G��
B�Z[h=B {#kVo�KM��H:RTk�G+>uN�B�Z:Z';LÆ�>�h�KMJ�KMD ��GIWTK�kFH[��RTB�Z��F�Vz$G+@Cz$G �uN1B�Z:Z±k�Z±BEG+KMDVH±RjGIW$KASMZ[>#SI��SU{|SMZ:K�H:N«GIW$K
k+K Z[K SUG+K m¯mTBEGIByJEB�Z:z$KQH:k
WCH[��W8;�ÚÁWTK RN�F�Vz$G+@�z$G ��N�B�Z:Z:kM�ß>�R$KA>�N=GIW$KQH:R$@CzTGIkVG+>pGIW$KQk+GIBEGIH:SQ��BEG+K
H:k�m$DFH[J�K R(Z[>�hºB�RTmO�v>�z$G+@CzTG�SU>�?A@�Z[K ?AK R�G��fDPH:k+K k/BE��B�H±R8��@TDI>#mTzTSMH:R$�fBg��Z:H:GISFW8;�·�e4·/<©¶�mTKMG+K SUGIk
GIWTH:k=��Z±H[GISFWpB�RCmpm$KMG+KMDF?QH±R$K k=GIWTBEG/H[G©SMB�RCR$>�G©@TDI>�@�BE��BEG+KlG+>QGIW$K
>�zTG+@Cz$G¥>�N�GIW$KlSMH[DPSMzTH[GM;

e©W$KQRTKUY|G~SMH[DFSMzTH[GLH±kLBjm${#RTB�?QH±SAÔ´³ß·�GIWTBEG~H:kLzTkIK mnH:R}GIWTKQ@TDI>#SUK kIk+>�D ÂÃk�SU>�R�G+DF>�Z°SMH[DPSMzTH[G+DI{�;
û�{|RCB�?QH:SlÔ°³ß·�k/BEDIK�K B�k+{pG+>f��K R$KMDFBEG+K�B�z$G+>�?QBEGIH:SMB�Z:Z:{pB�RTmjWTB�J�K�@CDIK mTH:SUGIBEoCZ:KLBEDIK BfB�RCmjm$K Z:B�{�;
�vRÉ>�DFm$KMD�G+>n?QBE��KyGIW$KyÔ°³ß·�kAN1B�kIGM�´GIW$KM{xBEDIKpSU>�R�G+DF>�Z:Z[K mÇzTkIH±R$��kIK Z[N±­dDFK k+KMG+GIH:R$�}SMH[DFSMzCH[G+DI{�;n·�R
KUY$B�?A@CZ[K�>�NCGIW$K=SU>�R�G+DI>�Z$SMH[DFSMzTH:G+DI{LH:k�kIW$>�h�R~H±R���H[��z$DFK=×|;:\ ®|;«e©WTK�SMH[DPSMzTH[G4zCk+K k�B�J�KMDF{�BE����DIK kIkFH[J�K
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Sel0

D0

Seln

Dn

Output Complement

Output True
Output_

CLK_

CLK

Output Latched

CLK

-/.10�243¨5�6�7�Ò2P�;�e©W$KLØ�³ß²àSMH:DFSMzTH[GM;

and plane control propogate control

n2

n1

sensor transistors

p1

dual-rail inputs

-/.10�243¨5�6�7�ÒRQ8;´Ô°³ß·ýSU>�R�G+DF>�Z';

G+K SFWCRTH:Ð|z$KnG+>Åm$KMG+KMDF?QH±R$Knh/WTK R�H[GIk�H:R$@CzTGIkpBEDIKxJ¨B�Z:H±m8;ãe©W$KnH±R$@Cz$GIk(BEDIKn@TDFK k+K R�G+K mýG+>ÁGIW$K
SMH[DFSMzCH[G/mTzTB�Z[­dDFB�H:Z';©ÚÅW$K R(GIW$K�H:R$@Cz$GIk�BEDIK~J¨B�Z:H±mpGIW$K�k+K RTk+>�D�G+DFB�RTkFH:k+G+>�DFk�BEDIK~GIz$DFR$K m(>�R8;�e/W$K k+K
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Clk1

Clk2

Clk3

D=Celldelay

Designed Celldelay = Evaluate:129 - 139, Precharge:149-153

-�.O0�2ß3¨5�687'Ò Sß;´Øj>#m$K Z8N1>�D©GIW$K�SU>�?A@CBEDIKlzCRTH[GM;

G+DFB�RTkFH:k+G+>�DFk�BEDIK~B�Z±Z�SU>�RTR$K SUG+K m�G+>�BfkIH±R$��Z[KLR$>#m$K��C�«\E��h/WTH±SFWjWCB�k©o�KMK Rj@CDIK SFWTBEDF��K m(WTH:��W8;¥e©W$K
k+K RTkI>�D´G+DFB�RTkFH:k+G+>�DFk°BEDIK�kIH:¬MK mgk+>�GIWTBEG´>�R$K�>�N8GIW$K ?á?~zTk+G°o�K¥GIz$DFR$K mg>�RQN1>�D°K B�SPWuH±R$@Cz$G�H:RA>�DPm$KMD
N1>�DA�«\�G+>nmTH:kISPWTBEDI��KyÐ|zTH:SI�#Z[{�;ÉÆ/>�h°KMJ�KMD��=H:N/>�R$KpH:RT@Cz$G�BEDIDFH[J�K kA?~zTSFWµK BEDFZ:H[KMD�GIWTB�RÇGIWTKyDIK k+GM�
KMJ�K R�GIzTB�Z:Z[{jH:GIk�kIH±R$��Z[K�kIK RTk+>�D�G+DFB�RTkIH:kIG+>�D�SMB�R�mTH:kFSFWTBEDI��K~�«\E��KMDIDI>�R$KM>�zCkIZ[{ySMB�zTkIH:RT�fGIW$K�Ô´³4·ÖG+>
o�KM��H:RuKMJ¨B�Z±zTBEGIH:R$�~K BEDFZ[{�;«e©WCH:k=SU>�?A@CZ[KMGIH[>�R�m$KMG+K SUGIH:>�RySMH[DFSMzTH[G=H:k=WTH[��WCZ[{AGIH:?QH:RT�~m$KM@�K RTmTK R�G=B�RTm
>�RTZ[{�h�>�DI�#k´H[N�GIW$K�H:R$@Cz$GIk�BEDFK/��zTBEDFB�R�G+KMK muG+>�BEDIDPH[J�K/h/H:GIWTH:RABlRCBEDIDI>�håGIH:?AK/H±R�G+KMDIJEB�Z';�·�NOG+KMD�GIW$K
N�B�Z:Z:H:R$�gK m$��K�>�N´�«\l@TDF>�@CBE��BEG+K kVGIW$DI>�z$��W(N1>�z$D�H±R�J�KMDIG+KMDPkM��GIWTK~R$>#m$K��ß]QN�B�Z:Z:kM;/ÚÁW$K R�GIWTH±k�R$>#m$K
N�B�Z:Z:kM�$G+DFB�RCkIH:k+G+>�D�T�\LH:k¥GIz$DPR$K my>�Rph�WTH:SFWpDFB�H:k+K k©RT>|m$K
�«\E��DIK k+KMG+GIH:RT�QGIW$KlSU>�?A@�Z[KMGIH[>�Rpm$KMG+K SUGIH:>�R
SMH[DFSMzCH[GM;�e©WTKQZ:H:R$K=�+B�RTm�@CZ:B�RTK�SU>�R�G+DI>�Z%�jH:kVzTk+K m�G+>p��BEG+KQG+DPB�RTkIH:k+G+>�DPkVh/WTH:SPW�mTKMG+KMDF?QH:R$KAH[N°GIW$K
B�RTm#­d@�Z:B�R$K
>�N�GIW$KlÔ°³ß·ÖH:k�H:Ry@TDIK SPWTBEDI��K�>�D/KMJEB�Z:zTBEG+K�?Q>|m$K�;=e©W$K�Z:H:R$KU�v@TDF>�@CBE��BEG+K~SU>�R�G+DI>�Z%�fH:k
zTk+K m�H:R(BfkIH±?QH:Z:BED�?QB�RTR$KMD�G+>�SU>�R�G+DI>�Z�h/W$KMGIWTKMD�GIW$K~>�z$G+@CzTG/>�N«GIW$K�B�RTm#­d@�Z:B�R$K�SMB�R�@TDF>�@CBE��BEG+K
G+>xGIW$Kj>�D+­d@�Z:B�R$Kp>�N
GIW$K�Ô´³4·l�°h/WTH:SPWàH:kfR$>�GfkIWT>�h/R8;�e/WTH:kQSU>�R�G+DI>�ZVSMH[DFSMzTH:G+DI{xH±kQK kIk+K R�GIH:B�Z:Z:{
B�k+{#RTSFWTDI>�R$>�zTkM;«·�k+{#RTSFWTDI>�R$>�zTkM�#k+K Z[NO­dDIK k+KMG+GIH±R$�~SMH:DFSMzTH[GIk=BEDIK
mTHrèuSMzTZ[G«N1>�D¥k+GIBEGIH:SVG+>|>�Z:k�G+>�WCB�RTmTZ[K
kIH:RCSUKlGIW$KM{p>�N1G+K R}B�kIkIzC?AKlGIWTBEG
BfG+DFB�RTkIH:GIH[>�Rj>�R�B�R�H:R$@CzTG/SMB�zTk+K kV>�RTZ:{pBfkIH±R$��Z[KlG+DPB�RTkIH[GIH[>�Rj>�R
B�RA>�z$G+@�z$GM;�·�e4·/<©¶QH:k«BEoCZ:K¥G+>LJ�KMDFH[N1{�GIWTK/SMH[DFSMzTH:G�zCkIH:R$�VGIW$K/mTK kIH[��R$K mAm$K Z±B {#k«H:RQBVN1KMhåk+K SU>�RCmTkM;

!#"%$�"WV ')(+* ,.-0/2143�,�57685:9
X=YZJ[3?*�1\/R3?(+I]FH5�I�(+EKJ
e©W$KLRTKUY|G©SMH[DPSMzTH[G©H:k¥BQSU>�?Q@CBEDIK�zCRTH[G=NO>�D/Gih�>u¦¨§go�H[G¥Ð�zTB�R�GIH[GIH[K k ;«�ªG�SU>�RTkIH:k+GIk©>�N�®Qk+GIBE��K k/>�N

m$K Z:B�{�K m#­dDIK k+KMG�m$>�?QH:R$>AZ[>���H±SE;«e©W$K
Z[>���H:S
H:R�K B�SPWjk+GIBE��K�H:k=KUY#B�SUGIZ:{fGIW$KLkFB�?AK�;´·ýk+GIBE��KlSU>�RTkIH±k+GIk
>�N4B�k+KMG¥>�N4oCZ[>#SI�#k�GIWTBEG¥@TDI>#mTzTSUK�B�R�>�z$G+@Cz$G=h/WTH±SFWuH:RTmTH:SMBEG+K k�h/WTKMGIW$KMD¥H[GIk=Gih�>ANO>�zTD�o�H[G�H±R$@Cz$GIk
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BEDIK�K Ð|zTB�Z';Veß>ym$>�Bu¦¨§�oCH:G�SU>�?A@CBEDFK���BgG+DIKMKAk+G+DPzTSUGIz$DIK�H:k�zTk+K m(h/W$KMDIK~GIW$K�qCDFk+GVk+GIBE��KAWTB�k�\ ¦
Z[>���H:SgoCZ[>#SI�#kM��GIW$Kfk+K SU>�RCm¯k+GIBE��KyWTB�k�§(Z:>���H:SQoCZ:>|SF�|kM��B�RTm¯GIW$KQq�RTB�Z´k+GIBE��K�WTB�ku\gZ[>���H±SQoCZ[>#SI��;
Ý�RTZ:H[��K�GIW$KV@TDIKMJ#H[>�zTk°Gih�>AKUY#B�?Q@CZ[K kM�#GIWTH:k=SMH[DPSMzTH[G=H:k�G+>�>AZ:BEDI��KVN1>�D©·�e4·/</¶fG+>AJ�KMDFH[N1{gH[G=zTkIH:R$��B
DIKM@TDFK k+K R�GIBEGIH:>�RumTKMDFH[J�K mgmCH[DIK SUGIZ[{AN1DI>�?�H[GIk´G+DPB�RTkIH:k+G+>�D=Z[KMJ�K Z�kISFWTK ?QBEGIH:SE;´Æ�>�h�KMJ�KMD �$h/H[GIWfB�kF?QB�Z:Z
B�?A>�zTR�G�>�N4BEoCk+G+DPB�SUGIH[>�R8�#H[G�SMB�Ruo�K�J�KMDFHrqCK muÐ�zCH:SI�#Z[{�;��ªG=H:k�R$>�G=R$K SUK kIkIBEDI{fG+>A?A>|mTK ZTK B�SFWp>�N�GIW$K
¦¨§VoCH[GIkßK R�G+KMDFH±R$��GIWTK�SU>�?A@�BEDIK�zCRTH[GM;4²°B�SFW~oCZ[>#SI�LH±RlGIW$K´qCDFk+G�Z[KMJ�K Z|>�NCZ[>���H:S°H:k�?A>|mTK Z[K mlB�k�B���BEG+K
GIWTBEG=h=B�H[GIk�NO>�D¥B~kIH:R$��Z[K�H:R$@CzTG´B�RTmu@TDI>#mTzTSUK k°H[GIk�>�z$G+@Cz$G=k+>�?AK�J¨BEDPH:BEoCZ[K�B�?A>�zTR�G�>�NßGIH:?AKVZ:BEG+KMD ;
^ BEDFH:BEo�H:Z:H[Gª{�H±RfH:RT@Cz$G´kIH:��RTB�Z�BEDFDFH[JEB�ZTGIH:?AK k=H:k�B�SMSU>�zTR�G+K myN1>�D°o|{Q@Cz$G+GIH±R$��B�R�H:RTmTKM@�K RCm$K R�G°m$K Z:B {
DFB�R$��K
>�R�GIWTKVBEDFDFH[JEB�Z�GIH±?AKV>�NßGIW$KLBEoCkIG+DFB�SUG+K mpH:R$@�z$G°kIH:��RTB�Z�NO>�D¥K B�SPWp>�NßGIWTK
oCZ[>#SI�#k�H±RfGIWTKVqCDFk+G
Z[KMJ�K Z8>�N�Z[>���H:SE;´ÚÁW$K RpGIWTH:k¥kIH[��RCB�Z�DFH:k+K k¥H:R�GIWTKlBEoCk+G+DFB�SUG+K m(?A>#m$K Z'�$H[G©H:k¥K Ð|zTH[JEB�Z[K R�G=G+>gB�Z:Z8K H[��W�G
H:R$@�z$G�oCH[GIk°G+>~BloCZ[>#SI�Ao�K SU>�?QH:RT��k+GIBEoCZ:K�H:RgGIW$K�B�SUGIzCB�Z�SMH[DPSMzTH[GM;�·�mCmTH[GIH[>�RTB�Z±Z[{���kIH:RTSUK�GIW$K/GIH±?QH:R$�
o�K WTB J#H[>�D�>�N´K B�SPW�oCZ[>#SI�jH:k�GIW$K�kIB�?AK��8GIW$K�R|zT?lo�KMD�>�N´H:R$@�z$G©oCZ[>#SI�#kVSMB�R�o�K~DIK mTzCSUK mjN1DI>�?ü\ ¦
G+>QÈ�h/H[GIW$>�z$G°KUé�K SUGIH±R$��GIW$KVGIH:?QH:R$��o�K WTB J#H[>�D�>�NßGIW$KVSMH[DFSMzTH:GM;���H[��zTDIKV×|;:\U§QkFW$>�h/k�GIW$KVk+G+DFzCSUGIz$DIK
>�N8GIW$K�?A>|mTK Z';�²´B�SFWfoCZ[>#SI�QH±k«DIKM@TDFK k+K R�G+K mfB�k=Ble©²°³(k+G+DPzTSUGIz$DIK©h�WTH:SFWgDFB�H:k+K k°H[GIk°>�z$G+@Cz$G´kFH[��RTB�Z
\ ]�×AG+>�\ ®�×QGIH±?AKlzTRTH:GIk¥BENOG+KMD�GIW$KLoCZ:>|SF�uDFK SUK H[J�K k�B�Z±Z8>�N�H[GIk/H:RT@Cz$GIkM�$B�RTm(Z[>�h�KMDFk/H:GIk©>�z$G+@CzTGl\U§�×
G+>}\ â�®fGIH:?AK�zTRTH[GIk�BENOG+KMD
H[GIkVZ[>#SMB�Z�SMZ[>|SF�jN�B�Z:Z:kM;�·À��Z[>�o�B�Z4SMZ[>#SI�(h/WTH:SPW(SU>�R�G+DI>�Z:k�GIW$K~G+DFB�RTkFH[GIH[>�R
GIH:?AK k�>�N�GIWTK�Z[>#SMB�Z�SMZ[>#SI�#k�H±k°B�Z:kI>~?A>#m$K Z[K mfoCz$G�R$>�G¥kIW$>�h/R8;��ªG�GIBE��K k/®�k+K SU>�RTmTk�G+>�KUY#@CZ[>�DIK�GIW$K
k+GIBEG+KLk+@�B�SUK
>�NßGIWTH:k¥?Q>|m$K Z�zTkIH±R$��GIWTKVÔ=�L¶#²°eÁkIGIBEG+Klk+@CB�SUK
B�Z[��>�DFH:GIWT? >�RyB~§�����Ø(Æ�¬lÔ�K R�GIH±zT?
�I��;�e©WTH:k�SMH:DFSMzTH[G�KUY$B�?A@CZ[K©B�Z±k+>lm$K ?A>�RCk+G+DFBEG+K k«GIWTK/B�m$JEB�R�GIBE��K k�>�N�GIW$K/Z[KMJ�K ZToCB�k+K mgkI@�K SMH[q�SMBEGIH[>�R8;
·Ñ@Cz$DIK Z[{AKMJ�K R�G©oCB�kIK m�DIKM@TDIK k+K R�GIBEGIH[>�Ry>�N�GIW$K
SU>�?A@CBEDPBEG+>�D/GIBE��K k�Ù~kIK SU>�RTmTk=G+>QSU>�?A@CZ:KMG+K
h/H[GIW
GIW$K�Ô��L¶$²´e�B�Z[��>�DFH[GIWT? B�RTmx��K R$KMDFBEG+K kQGIW$DIKMKuGIH:?AK k�B�kA?QB�R�{�DIKM��H[>�RTk ;�e/W$KfH[G+KMDPBEGIH[>�RxGIH:?AK
@TDI>�J|H±m$K mAo|{~GIWTK/Ô��L¶$²´eµB�Z[��>�DPH[GIWT?À?QBE��K k�H[G«DFK B�k+>�RTBEoCZ[K/G+>�H[G+KMDFBEGIH:J�K Z[{~B�m`_+zTkIG«GIW$K�<�K Z±Z:m$K Z:B�{
JEB�Z:z$K kM����Z[>�oCB�ZCSMZ:>|SF��kI@�KMK m���B�RTmfZ[>|SMB�Z�SMZ[>#SI��GIH:?QH:RT��k�G+>�m$KMG+KMDP?QH:R$K©GIWTK/h�>�DI�|H±R$�
DFB�R$��K k°>�N8GIW$K
SMH[DFSMzCH[G�zTRCm$KMD
BfJEBEDFH[KMGª{j>�N�B�kIkIzT?A@CGIH[>�RTkM;
e©W$K�SMH[DFSMzCH[G�J�KMDPHrqCK k�NO>�DV��Z[>�o�B�Z�SMZ:>|SF��SU{#SMZ[K k
z$@�G+>
\M���E@Ck°Z[K kIk�GIWTB�RgGIW$K©SMZ[>#SI�ASU{#SMZ[K/R$K SUK kIkFBEDI{�NO>�D�SU>�DIDIK SUG´>�@�KMDFBEGIH:>�RQH:R�GIW$K�Ä
H[��B�W$KMDIG+¬©@CDI>|SUK kFk+>�D ;

e©W$K�R$KUY|G�KUY#B�?Q@CZ[KlH:k/GIW$KlJ�KMDPHrq�SMBEGIH[>�Rj>�N�GIW$K~¦¨§E­doCH:G�B�mTm$KMD�@�>�DIGIH[>�Rp>�N�GIWTK�Ø�zTZ[GIH[N�zTRTSUGIH[>�R
��HrY#K màÔ�>�H:R�GfÝ�RTH[G(t�Ø��ba�Ý
wP;¥e©WTH:kQzCRTH[GgSU>�?A@�z$G+K kgGIWTKjDIK kIzCZ[GIkA>�N
GIW$K�B�mTm8�©kIz$oCG+DFB�SUGM�©B�RTm
SU>�?A@CBEDFK~H:RCk+G+DFzTSUGIH[>�RCk¥NO>�D�GIW$K�@TDI>#SUK kIk+>�D ;�e©W$KlSU>�DIK~>�N«GIW$K~zTRTH[G�H:k/GIWTK~¦¨§E­doCH[G�@CBEDFB�Z±Z[K Z8@TDIKUqCY
B�mTm$KMD
m$K kFH[��Rj@CDIK k+K R�G+K m(o|{�¶#H±Z[o�KMDF?QB�RyH:RÉ^�¦�]¨cd�8h/WTH±SFW�H:k/o�B�k+K m�>�R(GIWTK~B�Z[��>�DPH[GIWT? m$K kISUDFH[o�K m
o|{dc
>�����KfH:Rµ^�®�×¨cd;Qe©W$KQØ��ba�Ý B�mTmTKMDLSU>�R�GIB�H:RCkVqCJ�Kgk+GIBE��K kl>�N�mTK Z:B {�K m}DFK k+KMGlm$>�?QH±R$>yZ[>���H:SE;
e©W$K�q�DFk+G
k+GIBE��KfSU>�R�GIB�H:RTklByG+DFz$K[e¨SU>�?A@�Z[K ?AK R�Gl?�z$Y��ßkIGIBE��K klGªh°>pGIWTDI>�z$��W}N1>�z$DLSU>�?A@CzTG+KQGIW$K
@TDI>�@�BE��BEG+KVB�RCmg��K R$KMDPBEG+KVkFH[��RTB�Z:k°NO>�D�GIW$KVB�mTm$KMD �#B�RTmfGIW$K�qCNOGIWuk+GIBE��K
H:?A@�Z[K ?AK R�GIk´B~Z:BEDI��KV?�z#Y
h/WTH±SFWu?AKMDI��K k=?QB�R�{gmTHré�KMDIK R�G°kIH[��RCB�Z:kM;�²´B�SPWfo�Z[>|SF�gSU>�R�GIB�H:RTk=BlN1KMh�m$>�?QH:RT>l��BEG+K kM�$h/WCH:SFWuSMB�R
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JEBEDI{¯H:RÇmTK Z:B {�;Ç·=G+G+K ?A@TGIkQG+>�J�KMDFH[N1{nGIWTH±k~SMH:DFSMzTH[G�BEGQGIW$K���BEG+K(Z:KMJ�K Z¥Ð�zTH±SI�#Z[{nzTk+Ky?A>�DFKyGIWTB�R
WTB�Z[N�>�N«Bg��H[��BEo�{|G+K~>�N«?AK ?A>�DI{pB�RTm(m$>fRT>�G�SU>�?A@CZ:KMG+K�;/Æ/>�h°KMJ�KMD���BgSU>�RTk+KMDFJ¨BEGIH[J�K�BEoCk+G+DPB�SUGIH[>�R
>�N�GIW$KQØ(�baVÝ�J�KMDFHrqCK kLH±R}·�e4·/<©¶}zTkIH:R$��GIW$KQÔ=�L¶#²°eºB�Z[��>�DFH[GIWT? H±R�BEo�>�z$Gl®p?QH:R|z$G+K kM;�e©W$K
J�KMDFHrq�SMBEGIH[>�Rpm$>|K k©R$>�G/SU>�?Q@CZ[KMG+KLzTkIH±R$��GIW$KL��KM>�?AKMG+DFH±SLB�Z[��>�DFH[GIWC?y;

e©W$K
k+G+DPzTSUGIz$DIKV>�N�GIW$KLØ(�baVÝÖBEoCk+G+DFB�SUGIH[>�RjH:k=kIW$>�h�RpH:R���H[��z$DIKL×|;:\ â|;°e/W$KMDIKLBEDIK
Gªh°>gkIG+KM@Ck
H:R�J�>�Z[J�K m�H:RgSUDFK BEGIH:R$��GIW$KVSU>�RTk+KMDIJEBEGIH[J�K
BEoCk+G+DFB�SUGIH:>�Rf>�N4GIW$KVØ(�baVÝl;$e©W$K�qCDFkIG°H:k°G+>�DIK mTzTSUK�GIW$K
SU>�?A@CZ:KUY#H[Gª{l>�N�K B�SFWAo�Z[>|SF�lo|{~Z±zT?A@CH:RT�©GIW$K©m$K Z:B�{lDFB�RT��K k�NO>�D«B�Z±Z�>�N�GIW$K¥mTHré�KMDIK R�G���BEG+K k´H:R�G+>
>�R$K
m$K Z:B�{�DFB�R$��Kuh/WTH±SFW�DFKM@TDIK k+K R�GIk~GIW$Ku?gH:RTH:?~zT?ãB�RTmx?QB¨Y$H:?~zT?ðGIH±?AKfmTH[é�KMDIK RCSUKgo�KMGih�KMK RÉGIW$K
oCZ[>#SI�jDIK SUK H[J#H:R$��B�Z:Zß>�N�H[GIkVH:R$@CzTGIk/B�RTm���K R$KMDFBEGIH±R$�yB�Z:Zß>�N�H[GIk�>�z$G+@Cz$GIkM;L�T>�D
KUY#B�?A@�Z[K��8kIz$@T@�>�k+K
B�oCZ[>#SI��SU>�R�GIB�H:RTk�Gªh°>}m$>�?QH±R$>(��BEG+K k ;¯�VR$Ku>�N©GIW$K���BEG+K kAGIBE��K ky\M���E@Ck�G+>�KMJEB�Z:zTBEG+KyB�RTmxGIW$K
>�GIW$KMD�GIBE��K k�\ âE�E@Ck~G+>(KMJEB�Z:zTBEG+K�;��aG�H:k�SU>�RTk+KMDIJEBEGIH[J�K�G+>�?gBE��KuB�?A>#m$K Z«N1>�D�GIWTKfoCZ:>|SF��h�W$KMDIK
GIW$Kg?gH:RTH:?~zT? KMJ¨B�Z±zTBEG+KQGIH:?AKAN1>�DlGIWTKQoCZ[>#SI��H:kQ\M���E@Ck�B�RTm}GIW$Kf?QB¨Y#H±?�zT?�KMJEB�Z:zTBEG+KfGIH:?AKAN1>�D
GIW$KQo�Z[>|SF�}H:kQ\ âE�E@CkM;�e©WTH±k
BEoCk+G+DFB�SUGIH[>�R¯m$>|K klR$>�GlSMBE@CGIz$DIKQGIW$Kf��BEG+KfZ[KMJ�K Z´o�K WTB J#H[>�DLGIWTBEG�>�R$K
>�z$G+@CzTG/>�N�GIW$K~oCZ[>#SI�yH:k�B JEB�H:Z:BEoCZ:KlBENOG+KMDA\M���E@CkVB�RTmjGIW$K~>�GIW$KMD�H±k�B�J¨B�H:Z±BEoCZ[KlBEN1G+KMDA\ âE�E@CkM��oCz$G�H:N
BySMH[DFSMzCH[GVJ�KMDFHrqCK k
zTkFH:R$��GIW$KQBEoCk+G+DPB�SUGIH[>�R8�4H:GIk
B�SUGIzTB�Z�o�K WTB J#H[>�D
J�KMDFH[qCK kLB�Z:k+>$;A·�R�BEoCk+G+DPB�SUGIH[>�R
Z:H[��K�GIWTH:k¥H±k�?gB�m$KVNO>�D¥GIW$KV@TDFK SFWTBEDI��K
@�WTB�k+K
B�RTm�GIW$KVKMJEB�Z:zTBEG+K
@CWTB�kIK�>�N4K B�SFWjoCZ[>#SI��;«e©W$K RuGIW$K
R|zT?lo�KMD�>�N�oCZ[>#SI�#k�H±k�m$K SUDIK B�k+K m8;�e©WTK���>�B�ZCH:k�G+>
DIK mTzTSUK¥GIW$K¥R|zT?�o�KMD�>�N�oCZ[>#SI�#kM��h/H[GIWT>�z$G�WTH:mTH:RT�
B�R�{�H:R�G+KMDFK k+GIH:R$�yoCZ:>|SF��H±R�G+KMDFB�SUGIH:>�RTkM;ye©WTH:k
H±klm$>�R$Kgo�{}B�RTB�Z[{|¬ H:R$�pB�®�]�­doCH[G�h/H:m$KQkIZ±H:SUKA>�N¥GIW$K
m$K kIH:��R8;´¶#H:RTSUKVK B�SFWjoCZ[>#SI�f>�@�KMDPBEG+K k¥>�R�NO>�zTD¥oCH[GIk�>�N�H±R$@Cz$GM�|GIWTH:k¥SU>�DIDFK k+@�>�RTmTk�G+>QBA?A>#m$K Z�GIWTBEG
H:k°K H[��W�G�o�Z[>|SF�|k°h/H:mTK�BEG¥H[GIk=H:R$@CzTGM;�e©WCH:k´?A>#m$K Z�H:k�Z:BEDI��K�K R$>�z$��WuG+>AH:RTSMZ:zTmTK/B�Z:Z�>�N�GIW$KVGi{|@�K k°>�N
H:R�G+KMDIoCZ[>#SI�fDIK Z:BEGIH[>�RCkIWTH[@Ck�>�N�GIW$KLZ:BEDF��KMD/m$K kIH[��R��TB�RTmpH:k¥kI?gB�Z:Z�K R$>�z$��WyG+>gJ�KMDFH[N1{uÐ|zTH:SF�|Z[{�;

e©WTH±k«H:k´mT>�R$K/o|{Qk+GIBEDIGIH:RT��BEG�GIW$K�Z:B�kIG°k+GIBE��K
B�RTmgh°>�DI�#H:R$��G+>�h=BEDFmuGIW$K©q�DFk+GM;�²«J�KMDI{goCZ[>#SI�AH:R
GIW$K~Z:B�k+G�kIGIBE��K~H:k�H:RTSMZ:zCm$K m8;=e©W$K R8�TN1>�D�KMJ�KMDI{poCZ[>#SI�yH:RjGIW$K�Z±B�k+G/k+GIBE��K��8BEGVZ[K B�k+G/Gªh°>�H:RTkIGIB�RTSUK k
>�N©K B�SPWÇGi{|@�Kf>�N©o�Z[>|SF��GIWTBEG~@TDI>�J|H:mTK k�H:RT@Cz$GIkLG+>�GIW$K�Z:B�k+G�k+GIBE��KpBEDIK�H:RTSMZ±zTm$K mnH±RnGIW$KuN1>�z$DIGIW
k+GIBE��K�;��aRjGIWTH:k/SMB�kIK���N1>�z$D�H:RTk+GIB�RTSUK k�>�N�GIW$Kgfih ¿ Ñ[j ¾lk o�Z[>|SF��h/WTH:SPWpN1KMK mTkL½nm2oph?m2q4oCZ[>#SI�yH:RjGIW$K
qCN1GIW}k+GIBE��KgBEDIKfH:RTSMZ:zTmTK m8;~�VRTZ:{p>�R$KQH:RTkIGIB�RTSUKA>�N°GIWTKsr �`t u ½nmRoÜo�Z[>|SF�(H:k
H±RTSMZ:zTm$K m�kIH±RTSUK�GIW$KMDIK
H:k�>�RTZ[{y>�RTKgr �`t u ½vm2o oCZ[>#SI�(H:RjGIWTK�SU>�?Q@CZ[KMG+KASMH[DFSMzTH:GM;�e©WCH:k/@CDI>|SUK kFk�H±k�GIWTK R(DFKM@�K BEG+K m�N1>�D
GIW$K
N1>�z$DIGIW�GIW$DI>�z$��W(qCDPk+G
k+GIBE��K kM;�e/W$K�DIK kIzTZ[GIH±R$�f?A>#m$K Z�DIKM@TDFK k+K R�GIk
B�SU>�RTkIKMDIJ¨BEGIH:J�KQ?A>|mTK Z4>�N°GIW$K
@�>�kIkIH[o�Z[K�GIH±?QH:R$��DIK Z:BEGIH:>�RTkIWTH[@�k°H:R�GIWTKlSMH[DFSMzTH:GM�#B�RCmpH:k©kI?gB�Z:Z�K R$>�z$��WpG+>gJ�KMDFH[N1{fÐ|zTH:SI�#Z[{�;

e©W$K©SMH:DFSMzTH[GM��BEo�k+G+DFB�SUG+K m�H:RAGIWTH±k�h�B�{��#J�KMDFHrqCK k«BEG�H[GIk´H±R�G+K RTmTK mQSMZ[>#SI�Qk+@�KMK m8;�e©W$KMDIKMN1>�DIK��#B�R�{
��BEG+KU­iZ[KMJ�K Z¥GIH±?QH:R$�(DIK Z:BEGIH[>�RTkFWTH[@Ck
GIWCBEG�BEDFKu?QH±kIk+K m¯o�{�GIWTKuBEoCkIG+DFB�SUGIH[>�RÇBEDIK�R$>�GAR$K SUK kIkIBEDF{nH:R
>�DFm$KMD¥N1>�D©GIW$KLSMH:DFSMzTH[G�G+>QDFzTR�BEG©GIWTKLk+@�K SMHrqCK m�k+@�KMK m8;��aNßGIWTH:k¥H±k¥R$>�G¥GIW$KLSMB�k+K��TGIWTK RyGIW$K
oCZ[>#SI�#k
>�R�GIW$K�N�B�H:Z:z$DIK~@CBEGIW}SMB�R�o�KAk+@�K SMHrqCK m�H:R�?A>�DIKQm$KMGIB�H±Z';l·�Z[GIW$>�z$��W�GIWTH:kVH:RCSUDIK B�k+K kVJ�KMDFHrq�SMBEGIH[>�R
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Initprop

Row2gen Row2gen Row2gen Row2gen Row2gen Row2gen Row2gen Row2gen

Row1prop Row1prop Row1prop Row1prop Row1prop Row1prop Row1propRow1prop

Row2prop Row2prop Row2prop

Row3gen Row3gen Row3gen
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Row3gen
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Sumout
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Abuf0 Bbuf0

Clk2

Clk1

Halfsum

Initgen

Clk4

-�.O0�2ß3¨5�687'ÒRw8;´Ø(�baVÝºk+G+DFzTSUGIzTDIK�;

GIH:?AK��TH:G=kFW$>�zTZ:m�R$>�G©?QBE��K
GIWTK
@TDI>�oCZ[K ? H:R�G+DFB�SUGIBEoCZ:KLkIH:RTSUKVGIW$KLB�mTmCH[GIH[>�RTB�Z�m$KMGIB�H:Z8H:k¥Z±H:?QH[G+K mfG+>
BpN1KMháo�Z[>|SF�|k ;�²´J�K RnGIWTKfBEoCk+G+DPB�SUG+K m¯J�KMDPkIH[>�R�>�N=GIWTH±klSMH[DFSMzCH[GLH:klÐ|zTH[G+KfZ:BEDI��K���H[GlWTB�k�SU>�?A@CZ[KUY
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Ä�>#m$KMN1DI>�H:m8ÂÃk~@CBEDIGIH±B�Z=>�DFm$KMDQBE@T@TDF>�B�SFW�^�¦�Ù|�´®#\Mc=h�H[GIWÉGIW$KpÔ��l¶#²´e B�Z[��>�DFH:GIWT? G+>�KUY|@�Z[>�DIK�GIW$K
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h/WTH±SFWjzCk+K k�B�R�{pGª{�@�Kl>�N´GIH:?QH:R$�QB�kFkIzT?A@TGIH:>�RTkM;©Æ�>�h�KMJ�KMD ��k+{#RTSFW$DF>�R$>�zTk�SMH[DFSMzTH[GIk�?QBE��K�BgJ�KMDI{
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>�RyGIH:?QK mpk+{#RTSFW$DF>�R$>�zTk¥SMH[DFSMzCH[GIkM;
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t���B�R�\ ×�×¨§�wP��\ È#\�
|]E��®|;

^�¦�c�Ø|Ù�Ú:Û�Ü:ÝgÞÁÜ:ñ:ò:ó��<Ú:Û7ðÄÿ7ñ:ò®Ü\Ý)Þ��MÞ�e©H:?QH:RT�LB�RTB�Z[{#kIH:k´H±RgSU>�k+@CB�R�;��vR�� è � f À ¿ ç+è ½nq ¾ o�½ õ{õ{õ
tv\ ×�×�¦�wP�8¶|@CDFH:R$��KMD+­ ^ KMDPZ:BE�$;

^ÃÙ�c"!�í�Ù Ù�ÚÑê$#�ïÊò7ïKÜ%�µÞÂÜ+ñ:ò7ó'&)(7í�Û7ð�Ü\é
Þ ^ KMDFHrq�SMBEGIH[>�RQ>�N�GIH:?QK mAk+{|kIG+K ?Qk�zTkIH:RT�VÔ=�L¶#²°e©kM;ß�vR
õ k q ¾ f k�� q À h k��`t ÷�h köu ¾ f ¾lk��P¾ h k ÷�h`o�ø4mDq ¾ fGá À ¿ ¾ ¿ ãC¾ f À å°�F� q À h k tv\ ×�×�È�wP�ß¶|@TDPH:R$��KMD+­ ^ KMDFZ±BE�$;

^�È�c"!�í�Ù Ù�ÚÑê$#�ïÊò7ïKÜ�� ÞÁÜZñ:ò:ó*&)(7í+Û7ð�Ü é
Þ,+:Þ~e©H±?AK mjKMJ�K R�Gve¨Z[KMJ�K Z°k+G+DFzTSUGIz$DFK kM;
�aR�SU>�Z:Z:K SUGIH[>�R
>�N4@CBE@�KMDFk©NODI>�? e4·¥Ý�Â�×�Ù�;

^�×�c"!�í�Ù Ù�ÚÑê$#�ïÊò7ïKÜ%�µÞÂÜ+ñ:ò7ó'&)(7í�Û7ð�Ü:é
Þ-+:Þ´²�èfSMH[K R�G�GIH:?QH±R$�
B�RTB�Z[{#kIH:k�B�Z[��>�DFH[GIWC?Qk�NO>�D´GIH:?AK m
k+GIBEG+K
k+@CB�SUK�KUY|@CZ:>�DFBEGIH[>�R8;��vR�þ~fih � Ã õ k q ¾ f k�� q À h k��`t\ç4è o�ø2hE½ À mRo²h k á�¿/. �`k��P¾ ¿ æ©¾ ½ ¾I� f � r ÀÁk
áV½ è�k�� r f{h k h`m|½�÷ À f � m À q1½ �?k ¿ ç+è ½lq ¾ o~½àt�·/@TD�;V\ ×�×�Ù�wP�V�v²´²°² <�>�?A@Cz$G+KMDj¶|>#SMH[KMGª{åÔ«DFK kIkM�
@T@�;TÈ�È�
�\M���#;

^r\M�¨c"!�í�Ù Ù�ÚÑê$#�ïÊò7ïKÜ0�µÞÂÜ1&)(7í�Û7ð�Üâé
Þ2+:ÞÂÜ~ñ7ò:ó]ý�ê$3�ðöî>í�í7ÜBýÈÞ2�MÞ ^ KMDPHrq�SMBEGIH[>�R¯>�N©m$K Z:B�{�K m#­
DIK k+KMG¥m$>�?QH:RT>�SMH[DFSMzCH[GIk´zTkFH:R$��·�e�·/<©¶�;��vRpþ0f{h � Ã õ k q ¾ f k�� q À h k��`t\ç+è o�ø2h¨½ À m2o h k á�¿/. �`k��P¾ ¿
æ©¾ ½ ¾I� f � r ÀÁk áV½ è�k�� r f{h k h`m|½ä÷ À f � m À q1½ �`k ¿ ç+è ½nq ¾ o�½�t�·/@TD�;�\ ×�×�×�wP��@T@ß;$®�
�\ ]|;

^r\�\�c"!�í�ò��Ñî�ð[ð�ê7ò®Ü4+:ÞÂÜ4+4ê:òÑð[ð�ê7ò®Ü0!�ÞÂÜ65�ïWÙ ïWÚÑð�Ü2+7ÞÂÜ~ñ:ò:ó87�ï Ü4�µÞpÔ�BEDFGIH:B�Z«>�DFmTKMDlDIK mTzCSUGIH[>�RTk
NO>�D=GIH:?AK m�k+{#k+G+K ?Qk ;��aR õ k q ¾ f k�� q À h k��?t ÷�h köu ¾ f ¾lk���¾ h k ÷�h k�� m2fvf ¾lk��Äè ß7r ¾ h`f è td¶|KM@TG+K ?�o�KMD
\ ×�×�È�wP;

^r\ ]�c"!�í�ÛDî4ÿbê$#�ïÊí�ÚZÜ9!�ÞÂÜ�ñ:ò7óµô
ïÊñ��DÜ:&¥Þ¡Ø(>|m$K Z±H:R$�¯B�RCmåJ�KMDPHrq�SMBEGIH[>�Rå>�NlGIH:?QK�m$KM@�K RTmTK R�G
k+{|kIG+K ?QkAzTkIH:RT�jGIH:?AKu@�KMG+DFH�R$KMGIkM; õ<;
;=; ß�f �`k ½ ��� q À h k ½ h k×ç h u q ¿´� f ¾ ; k j ÀWk�¾F¾ f ÀÁk j ú?> ��®
t�Ø(BEDFSPWn\ ×�×#\�wP;



\U§�§

^r\ ®�c"!Gê��@�7ñ®Ü9&¥ÞÂÜ9&«ñ7Ù í�Û�ÜBAsÞÂÜB�~ò:Ú:í+Ù ïKÜ
ØsÞÂÜ|ñ7ò:óC7)êEDÑïÊò:í7Ü:FbÞº¶|>�?AK(@TDI>���DIK kFkfH:RàGIW$K
k+{|?�o�>�Z:H:SnJ�KMDFHrq�SMBEGIH[>�RÖ>�NuGIH:?AK mÖB�z$G+>�?gBEGIB#;æ�vRáþ0f{h � Ã õ k q ¾ f k�� q À h k��`t ÷�h köu ¾ f ¾lk��P¾ h k
÷�h`o�ø4mDq ¾ fâá À ¿ ¾ ¿ ãC¾ f À å��F� q À h k tv\ ×�×�Ù�wP;

^r\U§Ec"!�Û�ê>þgò:í7Ü"&¥ÞMé
ÞÂÜ�é�Ù ñ:Û�Gbí7Ü"HMÞI&¥ÞÂÜ
ô
ïÊÙ Ù>Ü|ôsÞJ5BÞÂÜMñ:ò:óK&«ïÂðÄÿ:Û\ñZÜ"!�ÞÁ·�z$G+>�?gBEGIH:S
J�KMDFHrq�SMBEGIH[>�R�>�NjkIK Ð�z$K R�GIH:B�Z�SMH[DFSMzCH[GIk¯zCkIH:R$��G+K ?Q@�>�DPB�ZuZ:>���H:SE; õ<;
;
; ß�f �?k ½ ��� q À h k ½ h k
÷�h`o�ø4mDq ¾ fP½ � L ��\ ]pt�û�K SE;4\ ×�È�¦�wP��\M��®�â�
�\M�E§�§$;

^r\ â�c"!�Û4Ú:ò�DRñ:ò7óZÜMH�ÞÂÜÖñ:ò:óNF%O�Û\ê:Ú7Ù Ù4Ü ÝgÞP�âÞ e4DFB�RTkIZ:BEGIH±R$��SU>�RTSMz$DFDIK R�G¯@TDI>���DFB�?gk¯H:R�G+>
m$K Z:B {�­iH:RTkIK RTkIH[GIH[J�KQSMH:DFSMzTH[GIkM;f�aR õ k q ¾ f k�� q À h k��?t ÷�h köuM¾ f ¾Äk��P¾ h k ÷�h`o�ø4mDq ¾ f Å á À ¿ ¾ ¿PQ ¾ ½ À j k�R
õ ÷~÷:á6Q Å ú@SUT S tv\ ×�È�×�wP���a²°²´²Á<=>�?A@Cz$G+KMD�¶#>|SMH[KMGª{uÔ´DIK kIkM;

^r\ ¦�c"!�ÛV(�ñ7ò7î#Ü�Ý)Þ�HMÞLÄ�DFBE@CW#­do�B�k+K m(B�Z:��>�DFH[GIWT?Qk/NO>�D�o�>�>�Z:K B�RpN�zTRTSUGIH[>�R(?QB�RTH[@CzCZ:BEGIH[>�R8; õ<;
;=;
ßDf �`k ½ ��� q À h k ½ph k ÷�h`o�ø4mDq ¾ fP½ � L ��Èpt�·�zT�$;ß\ ×�È�¦�wP��¦�Ù�Ù�
|¦�×#\E;

^r\�Ù�c"!�Ú:Û�ë4ÿ®Ü�+7Þ�ÝgÞ=<�>�?lo�H:RTH:R$�
SUGIZ'��G+DFB�SUK�GIW$KM>�DI{QB�RTmgGIH:?QH:R$�L?Q>|m$K Z±kM;ß�vRuþ~fih ��¾F¾ ¿ ÀWk jE½�h u qÁr ¾
Æ À fP½nq ¾ h?f � ½�rRhvø h k áâm2q�h?o � q À�� ãC¾ f À å��F� q À h k � ¾ qÁrRhö¿E½ u h`f Æ ÀWk�À q ¾�ç q � q ¾âç4è ½lq ¾ o~½�tv\ ×�È�×�wP;

^r\ È�c"!�Ú:Û�ë4ÿ®Ü�+:Þ#Ý)Þ�Ø(>|mTK Z:H:R$��GIH:?QH±R$�AB�kIkIzT?A@CGIH[>�RTk=h/H[GIW�G+DPB�SUKLGIW$KM>�DI{�;°�aR õ ÷~÷�Q tv\ ×�È�×�wP;
^r\ ×�c"!�Ú:Û�ë4ÿ®ÜW+:Þ®ÝgÞ ßÑf ���P¾ á t j ¾�� f �Gu h`fMá�m2q�h?o � q À��«ã�¾ f À å°�P� q À h k h uMæL¾F�`t Å ß À o ¾ ÷�h k�� m2fnf ¾Äk q

ç+è ½nq ¾ o~½�;´Ô´WTûÖGIWTK kIH:kM�C<=BEDFRTKM��H[KLØjK Z±Z[>�RpÝ�RTH[J�KMDFkIH:Gi{���\ ×�×�]|;
^�]E�¨c"!�Ú:Û\òÑð�Ü4FbÞ,&¥Þuþ ¾ f u h?fvo �`k���¾ á k��?t è ½ À ½ �`k ¿�XÑø>q À o À É � q À h k h u áV½ è�k�� r f{h k h`m|½d÷ À f � m À q1½�;

Ô´WTûýGIW$K kIH±kM��<=B�Z:H[N1>�DFRTH±Bl�vRTk+GIH[GIzTG+K
>�N�e4K SFWTRT>�Z[>���{��4\ ×�×#\E;
^�]#\�c
é�ÿ:ñ�O�O+í�Ù Ù>Ü6�<Þ6Y�ÞÂÜ|é�ÿ:ñ$O�O�í�Ù�Ù4ÜI!�ÞùØsÞÂÜZF\ë+ÿ7ÚÑðöî>í�Û�ÜJFbÞ6HMÞÁÜGØ
Ù�Ù ñ:ò®ÜI+:ÞÂÜJ�pÙ�í�O�ò:í+Û�Ü

FbÞÂÜ6++êbðÄÿ7ïKÜ�ÝgÞÂÜBñ:ò7ó[� Û\ñ:òbë+ÿZÜùÝ)Þ�·�]�­iRCk�SU{#SMZ[K��´®|;�È�­iRTk�B�SMSUK kIkQâ#\ ]�­d�|oà<=Ø��l¶�²=<=³
¶#¸/·�Øãh/H:GIWuB�N�zTZ:Z:{A@CH[@�K Z:H:R$K mfBEDFSFWCH[G+K SUGIz$DIK�; õ<;=;
;*� h?mRf k��`t h uâç h t À ¿ Å ç q � q ¾ ÷ À f � m À q1½I\^]¨�
\�\gt�Õ/>�J�;�\ ×�×#\�wP��\ â�Ù�Ù�
�\ â�È�â|;

^�]�]�c
é�ÿ:Ú®Ü��<Þ_�{ØsÞ ç+è`k qÁr ¾ ½ À ½Mh uâç�¾lt u Å ß À o ¾ ¿ ã-`bç õ ÷ À f � m À q1½ u f{h`oba0f � ø+r Å ß7r ¾ h`f ¾ q À���ç ø ¾I�öÀ å��F� Åq À h k ½P;´Ô°WTûýGIW$K kIH:kM�TØ(�ve�³ßBEo�>�DFBEG+>�DI{�N1>�D�<�>�?A@�z$G+KMD�¶#SMH[K RCSUK��c��zTR$KA\ ×�È�Ù�;
^�]�®�c
é�Ù ñ:Û�Gbí7ÜdH�ÞÂÜdH2#ùí+Û7ð�ê7ò®ÜeH�ÞÂÜÈñ:ò:ófF4ïÁð�î4Ù�ñ®Ü<ØsÞ ·�z$G+>�?gBEGIH:S}J�KMDFHrq�SMBEGIH[>�RÅ>�N~q�RTH[G+KU­

k+GIBEG+K�SU>�RTSMzTDIDIK R�G/k+{#k+G+K ?Qk/zCkIH:R$�AG+K ?A@�>�DFB�ZßZ[>���H:SLk+@�K SMHrq�SMBEGIH[>�RTkM; á<÷�� ß�f �`k ½ ��� q À h k ½�h k
þ0f{h�j?f � o�o ÀWk j `��`k j?m � q ¾ ½ �`k ¿ ç+è ½nq ¾ o�½ T ��]pt��$KMoß;ß\ ×�È�¦�wP��]¨§�§g
|]�¦�®|;

^�]¨§Ec
é�Ù ñ:Û�Gbí7Ü"HMÞÂÜh� Ú$inïWî�ñ®Ü"&¥ÞÂÜGñ7ò:ókjÑÿ7ñ\êZÜJläÞÁ·/@C@CZ:H:SMBEGIH[>�RÉ>�N
?~zTZ[GIHr­dG+KMDP?QH:RTB�Z�oCH:RCBEDI{
m$K SMH:kIH[>�RymCH:BE��DFB�?QkM;«e4K SFW�;C¸©KM@�;�<=Ø(Ý/­a<©¶�­ª×�â�­F\ ¦E�#��<=BEDFRTKM��H[KU­iØjK Z±Z[>�RyÝ�RCH[J�KMDFkIH[Gª{���\ ×�×�â|;

^�]�â�c
éâê�ñ�î>í4ð�Ü�!�ÞÂÜ�ôGñVD7ïÁð ÜbØsÞÂÜbñ:ò:ómF�î4í�D7í�òÑð Ü��UÞ=e/W$KLÔ«>�k+GV��èfSUKLKUY#@�KMDFH[K RTSUK�s´û�K kIH:��RTH:R$�
BlZ:BEDI��K�B�k+{|RCSFW$DI>�RT>�zTk´SPWTH[@�; õ k q ¾ j�f � q À h k�R qÁr ¾Uã-`bç õ�n h`m2f k��?t�ú@L �$®ftd�VSUGM;�\ ×�×�®�wP�C®¨§T\�
|®�¦�¦|;

^�]�¦�c
éâê:ÛDî�ñ:ó7í+Ù Ù ñZÜ�+:ÞÂÜ
�pïÂðÄÿ:ïWò:í?Dbð�G$( Ü�&¥ÞÁÜW5�ñVDRñ��7òÑêZÜ
5BÞÂÜ�ñ7ò:ó�7�ñ�GÑêED7Ù�í?DZÜ�ØsÞ�¶#{|R�GIW$KU­
kIH[¬ H:R$��@�KMG+DFH#R$KMGIk�NODI>�?ºkIGIBEG+KU­doCB�k+K mQ?A>#m$K Z:k ;ß�vR õ k q ¾ f k�� q À h k��`t ÷�h köu ¾ f ¾lk���¾ h k ÷�h`o�ø4mDq ¾ f Åá À ¿ ¾ ¿BQ ¾ ½ À j k t�Õ/>�J�K ?lo�KMD�\ ×�×�â�wP;

^�]�Ù�cMô
ïÊÙ Ù>Ü�ôsÞ�5BÞ eßDFB�SUK¡GIW$KM>�DI{�N1>�DÑB�z$G+>�?QBEGIH±SáWTH[KMDPBEDFSFWTH±SMB�Z}J�KMDFHrq�SMBEGIH:>�Rã>�NÇk+@�KMK m#­
H:RTm$KM@�K RTm$K R�GQSMH[DFSMzCH[GIkM;Å�aR¥áù¿U. �`k���¾ ¿ æ/¾ ½ ¾F� f � r ÀÁkµãE`#ç õ tv\ ×�È�È�wP�J�$;´·�Z:Z[K RåB�RTmÁ�°;�e
;
³�K H[��W�G+>�R8�C²°mTkM;[�TØ(�ae�Ô´DIK kIkM�$@C@�;Câ#\�
|¦�â|;



\U§�â

^�]�È�cMô
ïÊÙ Ù>Ü7ôsÞ$5ùÞ´e©H±?QH:R$�LB�kIkFzT?A@TGIH[>�RCk´B�RTmfJ�KMDFHrq�SMBEGIH:>�Rg>�N�q�RCH[G+KU­ik+GIBEG+KVSU>�RTSMz$DIDIK R�G=k+{|kIG+K ?QkM;
�aR(þ~fih �P¾F¾ ¿ ÀÁk jE½ph u qÁr ¾ ¾ h`f � ½�rRhnøAh k á�mDq�h`o � q À'� ãC¾ f À å°�F� q À h k � ¾ qÁrRhö¿¨½ u h?f Æ ÀWk�À q ¾ Å ç q � q ¾
ç+è ½nq ¾ o~½utv\ ×�È�×�wP;

^�]�×�cMô
ïÊÙ Ù>Ü�ôsÞM5ùÞ ß�f ���P¾ ß7r ¾ h`f è�u h?f×áâm2q�h?o � q À�� � Àd¾ f � f � r À'�F�?t�ãC¾ f À å°�F� q À h k h uOç ø ¾P¾ ¿ Åõ k ¿ ¾ ø ¾lk ¿ ¾Äk qG÷ À f � m À q1½P;´Ø(�ve�Ô«DIK kFkM�ß\ ×�È�×|;
^�®E�¨cMô
ïÊÙ Ù>Ü�ôsÞ�5ùÞÂÜÑñ7ò:ó¥é�Ù�ñ:Û�GÑíÑÜ�HMÞ�&¥Þ©·�z$G+>�?gBEGIH:S
J�KMDFHrq�SMBEGIH[>�Ry>�N�B�k+{#RTSFW$DF>�R$>�zTk©SMH[DPSMzTH[GIk

zTkIH:R$�(G+K ?A@�>�DFB�Z�Z[>���H:SE;��aR ú@SUTVL ÷Ñr � ø ¾lt � ÀWtÁt ÷�h k�uM¾ f ¾Äk��P¾ h k ã-`bç õ tv\ ×�È�â�wP��Æ�;��TzTSFWCkM�
²´m8;[��<�>�?Q@Cz$G+KMD�¶#SMH:K RTSUKLÔ«DIK kFkM�$@T@�;�\ ]�Ù�
�\U§�®|;

^�®#\�cpopê7ó7í�32Û\ê:ïWóZÜ���Þ�Ý�kIH:R$��@CBEDIGIH:B�ZC>�DFm$KMDFk°G+>AH:?A@TDF>�J�K�B�zTG+>�?QBEGIH:S�J�KMDFHrq�SMBEGIH:>�Rf?AKMGIWT>|mTk ;��vR
õ k q ¾ f k�� q À h k��`t ÷�h k�uM¾ f ¾Äk��P¾ h k ÷�h`o�ø4mDq ¾ f Å á À ¿ ¾ ¿ ãC¾ f À å°�P� q À h k t���zTRTKl\ ×�×E��wP�$@T@�;C\�ÙE¦�
�\ È�â|;

^�®�]�cpo
Û\í�í�òbðöî>Û\í�í+î#ÜP&¥ÞÂÜdñ:ò:óqA�òÑê��<��í4ðr3öñ^(Ñí7ÜP�<Þ�·æN1B�k+GM�QB�kFÔ0s��Q¸©ÄVû BEDIoCH:G+KMD ;æ�vR
þ0f{h � Ã õ k q ¾ f k�� q À h k��`t>ç+è o�ø2h¨½ À m2o¦h k á�¿/. �?k��P¾ ¿ æ©¾ ½ ¾I� f � r ÀWk á
½ è`k�� r�fih k h`m|½�÷ À f � m À q1½ �`k ¿
ç+è ½nq ¾ o~½ut�·�@TD ;�\ ×�×�×�wP��@T@�;8\�ÙE®�
�\ È�â|;

^�®�®�cpo
Û\í�í�òbðöî>Û\í�í+î#Ü[&¥Þ�ÝgÞ ¶#GIBEDFH's ¶|��KMh G+>�Z:KMDFB�R�GºSU>�?Q?~zTRTH±SMBEGIH[>�R8; zTR$@�z$oCZ:H:kFW$K m
?QB�R�zCkISUDFH[@TGM�8\ ×�×�Ù�;

^�®¨§Ecpo
Û\í�í�òbðöî>Û\í�í+î#Ü
&¥Þ0Ý)Þ ç ßRá æ õut á�ß ¾I� r k�ÀÂà m ¾~u h`fh� À j?r Å�v �`k ¿ ¿�À ¿�qÁr×÷�h?o
o�m k�À'�F� q À h k ;
Ô´WTûýGIW$K kIH±kM�TÔ«DFH±RTSUKMG+>�RyÝ�RCH[J�KMDFkIH[Gª{��ß\ ×�×�®|;

^�®�â�cMý
ê$3�ðöî>í�í7Ü
ýÈÞZ��ÞÂÜpô
ÿÑê:ò��®ÜeFbÞ�ýÈÞÂÜp&«í+Ù�î��`í�Û�Ü|ôsÞÂÜB��ê>þeGbñ®Üh� Þ"+:ÞÂÜ:F4ïÊÙRì+í+Û�#ùñ:òZÜ
+:ÞBØsÞÂÜJ!�Ú:Û\òÑð�Ü1+:Þ25ùÞÂÜI��êÑðöÙ ÚÑðw�`ò�(ZÜJFbÞùôsÞÂÜ�ñ:ò:ó[�®ñ$GÑñ:ÿ7ñÑðÄÿ:ï ÜJAäÞ�û�K kIH[��RCH:R$��NO>�DAB
ÄVH[��B�W$KMDIG+¬�; õ<;
;
; � õ ÷ æ X t�Ø�B {�­x��zTR$Kf\ ×�×�È�wP;

^�®�¦�cMýMÚ7Ùy�7ñ:ñ:Û\óZÜbýÈÞ�ß À o ÀWk j�á k��`t è ½ À ½ �`k ¿ ãC¾ f À å��F� q À h k h u ß À o ¾ ¿páV½ è�k�� r f{h k h`m|½È÷ À f � m À q1½�;
Ô´WTûýGIW$K kIH±kM�Tû�KM@CBEDIGI?AK R�G©>�N´<�>�?A@CzTG+KMD�¶#SMH[K RTSUK��CÝ�RTH[J�KMDPkIH[Gi{u>�N�Ú�B�kIWTH:R$��G+>�R��ß\ ×�×�â|;

^�®�Ù�cMýMÚ7Ùy�7ñ:ñ:Û\óZÜZýgÞÂÜ®ñ:ò:ó*!�Ú:Û\òÑð ÜWFbÞ�X°>�zCRTm$K m�m$K Z:B {(GIH:?QH:RT�gB�RTB�Z[{#kIH:k�>�N°BuSMZ:B�kIk�>�N=</¶#Ô
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